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Abstract 

Growth strategies of six species of trees are compared and used to analyze forest architecture. They included 

the overstory species Fagus grandifolia, Magnolia grandiflora, Pinus glabra and Liquidambar styraciflua, and 

the understory species Ostrya virginiana and Ilex opaca. The six species were abundant in Woodyard Hammock, 

an old-growth forest in northern Florida, USA. Height, stem diameter, crown projection and radial growth were 

measured in trees between 5 and 35 m tall. Three different, but non-exclusive, growth strategies were identified 

for the tree species: 'survival' (Fagus grandifolia, Magnolia grandiflora, Ilex opaca), 'occupy open space' (Fagus 

grandifolia, Ostrya virginiana, Ilex opaca), and 'reach above competitors' (Liquidambar styraciflua, Pinus glabra). 

In two transects (0.42 ha) and one quadrat (1 ha), heights of dominant trees were used to distinguish different phases 

of forest development, which were mapped. In the quadrat, juvenile canopy trees in the undergrowth were mapped. 

The combination of presence of different developmental phases, presence of juveniles in the undergrowth, growth 

strategies of main tree species, and disturbance regime was used to assess forest development in the near future. 

Fagus grandifolia is predicted to become the main dominant species, but the frequent hurricanes open the forest 

canopy and provide opportunities for understory species (Ostrya virginiana and Ilex opaca), and light-demanding 

overstory species (Liquidambar styraciflua and Pinus glabra). 

Introduction 

In the northern hemisphere, mixed evergreen 

deciduous forests occur in a transition zone between 

deciduous broad-leaved forests of the cool temperate 
zone and evergreen broad-leaved forests of the subtrop 

ical zone (Braun 1950; Knapp 1965; Greller 1980; Platt 

& Schwartz 1990). In these warm temperate forests, 

Fagus is typically co-dominant with evergreen broad 

leaved trees, usually members of the Magnoliaceae 
or 

Fagaceae. For 
example, Fagus grandifolia domi 

nates with Magnolia grandiflora in hardwood forests 

in the coastal plain of the southeastern United States 

(Braun 1950; Blaisdell etal. 1914; Harcombe & Marks 

1977, 1978; Platt & Schwartz 1990). Similarly, in the 

mountains of central Mexico, Fagus grandifolia subsp. 

mexicana 
Camp 

ex Shen forms mixed-species stands 

with evergreen Quercus spp. and Magnolia schiedeana 

Schlecht. (Miranda & Sharp 1950; Puig 1976; Rze 

dowski 1981; Peters 1995). In hardwood forests in 

mountains of southern China, Fagus lucida Rehd. et 

Wils. and F. longipetiolata Seem, dominate with Cas 

tanopsis spp., Lithocarpus spp. Cyclobalanopsis spp. 

and Manglietia chingii Dandy (Wu et al. 1980; Wang 
& Li 1986; Cao 1995). 

Mixed evergreen-deciduous forests are rich in tree 

species (Marks & Harcombe 1975; Platt & Hermann 

1986; Platt & Schwartz 1990). Poulson and Platt 

(1989) suggest that a diversity of overstory species 
can be maintained in Fagus grandifolia 

- 
Acer saccha 

rum forests by species-specific differences in response 

to spatial and temporal differences in light regimes 

caused by variability in the scale, intensity, and fre 

quency of disturbance. Platt & Hermann (1986) esti 

mated that any given location on the forest floor of 

the Fagus 
- 
Magnolia forest in Woodyard Hammock 
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in northern Florida, would, on the average, be direct 

ly below a canopy gap about once a century, but that 

increased illumination from partial openings and prox 

imity to other gaps would result in increased light at 

any given point 
about once a decade. Moreover, at any 

given time, a wide range of gap sizes might be present 

in such forests. 

Species of trees in such forests with highly hetero 

geneous light regimes might exhibit different growth 

strategies. For example, a tree that invested relatively 

more resources in height growth than in stem diame 

ter and crown 
growth (i.e., 

a 
larger tree-height/ 

stem 

diameter (hid) ratio, but a smaller crown projection 

on the forest floor) might reach higher light levels in 

the forest canopy more quickly. In contrast, a tree that 

invested relatively more energy in crown expansion 

and stem-diameter growth than in height growth (i.e., 

a lower hid ratio, but a larger crown projection) might 

occupy space in a gap more quickly. 

We compared growth strategies of six species of 

trees abundant in Woodyard Hammock, an old-growth 

mixed species forest in warm temperate northern Flori 

da, USA (Batista & Platt, in press), by comparing 

tree 
height, 

stem diameter, crown 
projection 

and stem 

diameter growth rates. We examined four overstory 

species, two of which are deciduous [Fagus grandifo 

lia and Liquidambar styraciflua], and two of which are 

evergreen [Magnolia grandiflora and Pinus glabra]. 

We also included two smaller-statured species that do 

not reach the forest canopy: the deciduous Ostrya vir 

giniana and evergreen Ilex opaca. Below, only genus 

names of the six species 
are used. We used the compar 

ative data on 
growth strategies 

to analyze forest archi 

tecture. These analyses enabled us to project whether 

current diversity of this old-growth forest is likely to 

be maintained over time (as projected by the distur 

bance dynamics theory, sensu Platt & Schwartz 1990) 

or whether there is any directional change towards a 

'climax' with one or two dominant species (Fagus and 

Magnolia, sensu Braun 1950 and Quarterman & Kee 

ver 1962). 

Study site and methods 

Study site 

Woodyard Hammock is an old-growth mixed species 

forest located within headwaters of the drainage basin 

of Lake Iamonia in northern Leon County, Florida 

(30?40'N). Situated about 40 m above mean sea level, 

the stand is located on a gentle (Io) south-facing slope. 
The species composition of the forest was described 

initially by Blaisdell et al (1974). In 1978, a 4.5 

ha plot was established in the central region of the 

forest where 
anthropogenic disturbance was minimal. 

Locations were mapped and diameters measured for all 

trees > 2 cm dbh. Between 1978 and 1994, diameters 

have been remeasured and survival recorded every two 

years; these data have been used to describe stand struc 

ture and forest dynamics (Platt & Hermann 1986; Platt 

& Schwartz 1990). This forest was affected by hurri 

canes in 1919 and 1941 (E.V. Komarek, pers. comm.). 

The right eye of Hurricane Kate passed over Woody ard 

Hammock on November 21, 1985 (Batista & Platt in 

press). 

Two transects, each 70 x 30 m, were established in 

the region of the 4.5-ha study plot in 1989. The site cov 

ered by the transects was not strongly affected by Hur 

ricane Kate. 
Although 

crown 
parts of several oversto 

ry trees were broken, no treefalls were recorded in the 

transects. The transects were selected so that patches of 

forest trees were present that differed in composition 
of the dominant overstory species. We distinguished 
four patch types: 1) Fagus (F), 2) Magnolia (M), 3) 

other overstory tree species (O), and 3) understory tree 

species (U) (no overstory species present). Each patch 
was in one of four phases of development, i.e., innova 

tion, aggradation, biostatic, and degradation. A patch 
in the innovation phase is dominated by tree seedlings 
or sprouts; in the aggradation phase by juvenile trees; 

in the biostatic phase by 
mature trees; and in the degra 

dation phase by senescent trees (Oldeman 1990; Peters 

1992). 

We defined the difference between juvenile and 

mature trees 
using the relation between height, stem 

diameter and 
crown-projection. For juvenile trees 

height growth towards the light is important, and for 

mature trees crown 
expansion is important. Where 

as in juvenile trees height-growth rate is strong com 

pared to stem-diameter or 
crown-expansion growth 

rate, in mature trees height-growth rate becomes rela 

tively weak. The result is that the height/diameter ratio 

becomes smaller in mature trees. In this definition the 

transition between juvenile and mature trees is gradual. 

Overstory trees that had reached a height at which they 

could no longer be suppressed by neighbor trees, had 

reached the mature phase. This was used in determin 

ing the threshold for mature trees. The forest canopy 

is defined by mature trees of tall tree species. 
In each transect all trees taller than 5 m were record 

ed, and, in a sub-transect (50 m x 4 m) in the center, all 
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trees and shrubs from 0.5 m to 5 m tall were recorded. 

Along the center line in 28 quadrats (5 m x 5 m) cover 

was estimated for trees and shrubs from 0.5 m to 5 

m tall and for vegetation below 0.5 m. Height, diam 

eter (at 0.5 m height), position and crown projection 
were measured for all trees. Crown projections 

were 

determined by checking the positions of about 10 to 20 

points, depending on the crown size, vertically below 

the edge of the crown on a grid laid out in the field. 

Tree growth strategy 

For the six tree species studied, we analyzed relations 

between height (h), diameter (d) and crown projec 

tion (cp) in individuals taller than 5m. Using empirical 

parameters a, b and c, regression analysis 
was carried 

out, and the multiplicative model gave the best descrip 

tions for relationships between height & diameter (d 
= a * 

hb), diameter & crown projection (cp 
- a * 

dh), 

and height & crown projection & diameter (d 
= a * 

hh 
* 

cpc). With a one-tailed F-test, we tested whether 

h-d, d-cp and h-cp-d relations were significantly dif 

ferent by comparing residual sums of squares (RSS) 

from regression curves for individual species (I & II) 

and their combination: 

F = [RSSI&II-(RSSI+RSSII)]/2 
* 

l/[(RSSI+RSSII)/(nI+nII-4)]. 

Coefficients of variation were calculated from the 

estimated values from the h-d and h-cp-d regression 

curves, which is the variance not explained by the 

regression 
curves. For the regression 

curves that esti 

mated diameter from height and/or crown projection, 

the coefficient of variation was the mean square of 

residuals divided by the average diameter and multi 

plied by 100. The larger the coefficient of variation, 

the weaker is the predictability of the regression curve. 

A large coefficient of variation is also an indication of 

a larger flexibility within a tree species, e.g., variation 

among individuals in relative investment in height and 

diameter 
growth. 

We compared radial growth of suppressed trees, 

released-growing juvenile trees and mature trees for 

the six tree species. A juvenile tree was defined as 

suppressed if more than 50% of its crown projection 
was covered by the crown of a taller tree. 

Forest Architecture 

In April and May 1985 (prior to hurricane Kate), a 

crown projection map was made of all recorded trees 

in a 1-ha section of the 4.5-ha mapped plot (see Platt 

& Hermann 1986 for methods). In this map, trees were 

divided into three classes based on heights of crowns: 

taller than about 25 m, about 15 m to 25 m tall, and 

less than about 15 m. We analyzed the presence of 

tree species in the three height classes (>25 m, 15-25 

m, <15 m) of the 1-ha mapped quadrat and the two 

transects, and in the understory (>5 m) of the two 

transects. 

The occurrences of the four patch types differ 

ing in the dominant species (Fagus, Magnolia, oth 

er 
overstory trees, and no dominant overstory trees) 

were determined on the 
crown-projection map, and 

the areas encompassed by these different patches were 

measured. To predict the direction of change in com 

position of different patch types in the near future 

(assuming 
no disturbance), we also measured the area 

under mature trees occupied by juvenile trees taller 

than 5 m. 

Results 

Tree Growth 

Ranges of stem diameters and crown projections were 

much larger for overstory trees taller than 25 m than for 

smaller trees of these same species (Table 1). Most of 

the overstory trees taller than 25 m had reached a height 
at which they could not be suppressed by a neighbor 
tree. Hence, height thresholds used to separate juvenile 
trees from mature trees were set at 25 m for overstory 

trees (Table 2). The understory trees did not show 

a change in height-diameter relations with increasing 

height; an empirical threshold was set at 15 m. 

While the ranges in heights and diameters of mature 

trees were similar for the overstory species, there were 

different ranges in the crown projections (Table 2). 

Both minimum and maximum crown projections for 

mature Fagus trees were much larger than those of 

the other three overstory species examined. The maxi 

mum crown 
projections for mature Liquidambar trees 

were much smaller than those of the other species. Liq 

uidambar trees much larger than those in the transects 

are present in Woodyard Hammock; the largest has a 

diameter of 90 cm, a height of 35 m, and a crown 

projection of 150 m2, putting the largest sizes of this 
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Table 1. Variances of diameters (d in cm) and crown pro 

jections (cp in m2) for different height ranges in overstory 

tree species. 

Height Fagus Magnolia Pinus Liquidambar 

range 

(m) d cp d cp d cp d cp 

5-9 5 63- 
- 

0 1 

10-14 12 56- 
- 

2 2 

15-19 31 310 28 9 - 0 0 

20-24 26 133 63 159 13 9 15 12 

25-29 234 1370 140 230 34 60 29 19 

30-35 243 2205 222 570 102 784 

Table 2. Sizes ranges of mature trees, i.e., trees taller than 

frmin (bold numbers). For overstory species, this hmin is based 

on position in canopy and h 
? 

d relationship. For understory 

species, this hm\n is based on the 
fomin/^max 

ratio observed in 

overstory species. 

Species Height Diameter Crown projection 

(m) (cm) (m2) 

hmin fcmax range range 

Fagus IS 35 31 97 45 229 

Magnolia 25 33 29 91 15 89 

Pinus 25 35 22 71 
* 

92 

Liquidambar IS 35 32 43 10 22 

Ostrya 15 21 14 24 11 68 

Ilex 15 24 15 35 7 35 

species in the ranges of the largest-sized trees of the 

other overstory species. Maximum heights for mature 

trees of understory species 
were smaller than threshold 

heights of mature trees of overstory species. 

Regression curves for height-diameter (h-d), 

diameter-crown projection (d-cp), and height-crown 

projection-diameter (h-cp-d) differed significantly 

among the species (Table 3). Exception were h-d 

curves, which were similar for Fagus and Magnolia, 

and for Liquidambar and Pinus. Also, d-cp curves were 

similar for Liquidambar and Pinus. 

Fitted h-d regression curves for Fagus and Mag 

nolia were lower than the curves for Pinus and Li 

quidambar, indicating that the latter species had larger 

increases in height per unit increase in diameter (Fig. 

1). The regression for Ostrya and Ilex were virtually 

straight lines, again underlining the difficulty of setting 

a height threshold for mature trees of these understory 

Table 3. One-tailed F-test analyzing whether residual sums 

of squares from regression curves of a population are sig 

nificantly larger than those of subpopulations. Significance 

level: 
- 

p>0.05; 
* 

p<0.05; 
*** 

p<0.001. 

Subpopulations sign, level 

h-d d-cp h-cp-d 

overstory versus understory 

Fagus & Magnolia versus 

Lquidambar & Pinus 

Fagus versus Magnolia 

Liquidambar versus Pinus 

Ostrya versus Ilex 

40 

30 

S 20 

10 

Liquidambar 

Magnolia 

/ Ostrya 

50 

stem diameter (cm) 

100 

Fig. 1. Regression curves for height (h) and stem-diameter (d) 

relations: d - a * 
hb. Although d is the 'dependent variable' in 

the models it is presented on the x-axis for comparison with other 

studies. 

species. The d-cp relation analyses produced correla 

tions that were 
strong for Fagus, less strong for Mag 

nolia and Pinus, and weak for Liquidambar, Ostrya 

and Ilex (Table 4). 

The h-cp-d curves were compared with the h-d 

curves from Fig. 1 (Fig. 2). Reference h-cp-d curves 

were calculated for crown projections of 5, 10, 25, 50, 

100 and 200 m2. The h-d curve crosses these reference 

h-cp-d 
curves. If these reference h-cp-d 

curves were 

far apart, like in Fagus or Magnolia, then cp changes 

gradually with h-d. If the h-d curve runs more parallel 
to the reference curves, then cp size is not related to 

h and d. If the h-d curve ascends quickly 
across refer 

ence curves for large 
crown 

projections, then the tree 

species tends to have large crown projection with low 



43 

Table 4. Coefficients of determination (R2, %) and coef 

ficients of variation (V, %) for regression analysis of h-d, 

d-cp, and h-cp-d relationships. For Fagus and Liquidambar, 

juvenile trees were analyzed separately. 

Relationship: h-d d-cp h-cp-d 

Coefficients: Species N R2 V R2 V R2 V 

All trees Fagus 54 87 33 87 37 92 26 

Magnolia 36 47 23 63 56 66 19 

Pinus 12 83 23 68 59 97 10 

Liquidambar 22 83 18 46 43 83 18 

Ostrya 34 67 19 38 52 76 16 

Ilex 36 81 21 39 43 86 18 

Juvenile trees Fagus 36 91 20 79 35 94 18 

Liquidambar 18 81 14 37 45 81 14 

height and/or diameter. For a given height, Fagus trees 

tended to have larger crown projections than the other 

trees (Fig. 2). Pinus and Magnolia trees had similar 

h-cp-d relations and Ostrya trees tended to have a larg 

er crown projections than Ilex trees. In Liquidambar, 

crown projections tended to be smallest among canopy 

species, and were less related to tree height and stem 

diameter (Table 4). However, only a limited range of 

sizes of Liquidambar were examined, so a different 

pattern might occur if larger trees had been examined. 

The coefficient of variation for h-d and h-cp-d was 

largest in Fagus among all trees, indicating large vari 

ation among Fagus trees (Table 4). 

Radial growth was larger for mature trees than juve 

nile trees, regardless of whether those latter trees were 

released or suppressed (Table 5). Standard deviations 

were 
large, however. Among suppressed and released 

growing juvenile trees, Fagus had the largest radi 

al growth 
rates. 

Among 
mature trees, Pinus had the 

largest radial growth rates, followed by Liquidambar 

and then Fagus. Magnolia had the slowest growth rates 

of the overstory species. Unless suppressed, Magno 

lia was still growing faster than the understory tree 

species, 
even those that were released. 

Forest architecture 

In the quadrat and the transects, the woody species 
were divided into four groups: overstory Magnolia 

dominant in the canopy, overstory Fagus dominant in 

the 15 to 25 m height layer, other overstory species, 

and understory species (Table 6; Fig. 3). Overstory 

tree species had a maximum height of more than 25m, 

and for understory tree species this was less than 25m. 

Magnolia and Pinus occurred almost exclusively in the 

canopy, while Liquidambar and Fagus 
were 

present in 

many different strata. Ilex and Ostrya 
were among the 

dominant species in the understory. 

In both the quadrat and the transects, the four dis 

tinguished patch types comprised 88% of the area on 

the average. The remainder, about 12%, was in inno 

vation to very early aggradation, 
with no trees at least 

2cm dbh and/or 5 m tall. The understory species patch 

comprised 5% of the area on the average; this area was 

split between aggradation and biostatic phases. Many 

canopy gaps were dominated by understory species, 

which were often present as large trees without any 

overstory species present. Each of the three overstory 

tree patch types, which together comprised 83% of the 

cover, was divided into three different phases: early 

aggradation (trees 5 m to 15 m tall), late aggradation 

(trees 15 m to 25 m tall), and biostatic (trees > 25 

m tall) (Fig. 4). Early aggradation phases (3%: Fagus 

2%, Magnolia 0%, others 1%) comprised less of the 

cover than late aggradation phases (12%: Fagus 6%, 

Magnolia 1%, others 5%). Most of the overstory-tree 

patches were in the biostatic phase (68%: Fagus 17%, 

Magnolia 31%, others 20%). 

The projected replacement of canopy trees in the 

one-ha quadrat and in the transects by juvenile trees 

between 5 and 25 m tall is presented in Table 7. 

Half of the area under the canopy was without juve 

nile trees taller than 5 m. In this part of the one-ha 

quadrat there will be space for new trees to become 

established after disturbance. About one-fourth of the 

area beneath overstory trees contained juvenile trees of 

Fagus that ranged in size from 5 to 25 m in height. Only 

4% contained Magnolia (all large subcanopy trees) 

and 7% contained juvenile trees of other overstory 

species. About 15% of the area contained understo 

ry tree species; death of overstory species in these 

areas probably would result in the understory species 

forming an patch dominated by mature trees of these 

species. Because Magnolia comprised almost half of 

the overstory patches, it appears likely that death of 

large trees of this species are much more likely to result 

in Fagus or understory species becoming the dominant 

species rather than replacement by other Magnolia. 

The 0 to 5 m height layer of the areas containing 

the transects was rather open (cf. Braun, 1950; Platt 

& Hermann, 1986; Platt & Schwartz, 1990). Trees and 

shrubs from 0.5m to 5m tall covered less than 10% of 

the area, and also the vegetation below 0.5 m covered 

less than 10% of the area. Between 0.5 and 5 m shrubs 
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cpc. For Fig. 2. Regression curves showing the height (h) and stem-diameter (d) relations for given crown projections (cp): d = a * 

reference the height-diameter regression lines from figure 1 are given. Although d is the 'dependent variable' in the models it is presented on 

the x-axis for comparison with other studies. 
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Table 5. Average annual radial growth measured in tree census (quadrat, 

1978-1986). Standard deviations and sample sizes are given in parentheses. 

Juvenile trees Juvenile trees Mature trees 

suppressed released growing 

(mm) (mm) (mm) 

Fagus 

Magnolia 

Pinus 

Liquidambar 

Ostrya 

Ilex 

0.85 

0.41 

0.31 

0.49 

0.30 

(0.62; 95) 

(0.44; 8) 

(0.50; 53) 

(0.44; 16) 

(0.39; 23) 

1.51 

1.16 

1.34 

0.84 

0.94 

0.31 

(0.91; 17) 

(2.12; 2) 

(1.52; 11) 

(0.59; 21) 

(0.70; 14) 

(0.00; 1) 

2.17 

1.04 

3.06 

2.26 

(0.76; 8) 

(0.61; 54) 

(1.46; 14) 

(0.93; 25) 

10 m 10 m i 

Fig. 3. The 1-ha quadrat showing stem position (letters) and crown projection of different tree species in different phases of development. Left 

(>25 m): mature overstory trees; Right (15-25 m): understory trees and juvenile overstory trees (broken lines if underneath mature overstory 

trees). The mature overstory trees are white (= biostatic phase), canopy gaps are hatched and juvenile overstory trees in the canopy gaps are 

dotted (= aggradation phase). F = 
Fagus grandifolia; M = 

Magnolia grandiflora; P = Pinus glabra; L = 
Liquidambar styraciflua; N = 

Nyssa 

sylvatica; Q 
= 

Quercus spp.; C = 
Carya spp. 

were not abundant and overstory and understory 
trees 

were about equally important, with Pinus and Ostrya 

dominant. The cover of juveniles of tree species below 

0.5 m was low; it was highest for Fagus ( 1 %) and Pinus 

(1%). No juveniles of Magnolia were present. 

Discussion 

Tree growth 

Three different, but non-exclusive growth strategies 
can be identified for the tree species in Woodyard 

Hammock: 'survival' (Fagus grandifolia, Magno 

lia grandiflora, Ilex opaca), 'occupy open space' 

(Fagus grandifolia, Ostrya virginiana, Ilex opaca), 

and 'reach above competitors' (Pinus glabra, Liq 

uidambar styraciflua). 
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PROFILE 
DIAGRAM 

CROWN 
PROJECTION 
MAP 

M-biostatic 

M-late aggr 

F-biostatic 

F-late aggr 

F-early aggr 

O-biostatic 

O-late aggr 

Understory 

Fig. 4. Transect showing the four patch types (M, F, O, U) and their different phases of development. Above is a profile diagram and below 

is a crown projection map of the same area. In the crown projection map, the rectangle shows the outer boundary of the 70 x 30 m transect. 

Patches are dominated by Magnolia (M), Fagus (F), other overstory tree species (O) or understory tree species. Where present, three phases of 

development (biostatic, late aggradation and early aggradation; aggr 
= 

aggradation) are indicated for these four patch types. 

Growth patterns of Fagus were more flexible than 

those of other species (Table 4). Fagus exhibited 

greater diameter growth relatively to height growth 

(low h/d) and larger horizontal crown expansion com 

pared 
to the other species. Also, when suppressed, 

Fagus had the largest diameter growth rates. These 

characteristics suggest a strategy of survival in the 

shade and growth into open space containing increased 

light levels. A somewhat similar growth pattern 

appears to characterize large Magnolia, which also 

had a low h/d ratio. Small trees of this species were not 

sampled, however. 

Our data suggest that both Liquidambar and Pinus 

have growth patterns that involve rapid height growth, 

with trees reaching the forest canopy before the crown 

expands and substantial increments occur in trunk 

diameter (Figs 2 & 3). Both Pinus and Liquidambar 

have high h/d ratios when trees are small, suggesting 

rapid growth to tall tree size. In this study, the h/d 

ratio of Pinus decreased rapidly with increasing size, 

suggesting a shift to greater diameter growth as trees 

reached the canopy. This was observed as mature Pinus 

trees had much larger diameter-growth rates than juve 

nile Pinus trees (Table 5). Large Liquidambar trees 

were not sampled in the current study, but small Liq 

uidambar trees had high h/d ratios, with relatively lit 

tle diameter growth. Fowells (1965) also indicated that 

Liquidambar saplings may grow fast in height, more 

than 1.5 m in the first 5 years. Root sprouts of Liq 

uidambar have especially rapid initial height growth 

(W.J. Platt, personal observation). Both Pinus and Liq 

uidambar had smaller coefficients of variation than 

Fagus, which indicates that they were less flexible in 

the relative allocation of energy to height, diameter 

and crown growth. Although Pinus and Liquidambar 

have similar growth patterns, they have very different 

life histories. Liquidambar is very long lived, reaching 

ages of about 300 yr (Platt 1984). Pinus tend to be much 

shorter lived (Hirsh & Platt 1981). Also, Liquidambar 

is clonal, and genets may be very old. 
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Table 6. Species presence (number of stems) in different height 

layers in the quadrat and the two transects (1.42 ha).. Groups are 

F. Fagus, M. Magnolia and O. other overstory tree species, U. 

understory species. 

Height layer species >25 m 15-25 m <15 m group 

Fagus grandifolia Ehrh. 30 

Magnolia grandiflora L. 87 

Pinus glabra Walt. 23 

Liquidambar styraciflua L. 28 

Nyssa sylvatica Marsh. 8 

Quercus shumardii Buckl. 2 

Quercus nigra L. 2 

Carya glabra (Mill.) Sweet 2 

Quercus michauxii Nutt. 3 

Carya cordiformis 

(Wangenh.) K. Koch 0 

Oxydendrum arboreum DC 0 

Acer rubrum L. 0 

Ilex opaca Ait. 0 

Cornus florida L. 0 

Ostrya virginiana 

(Mill.) K. Koch 0 

Carpinus caroliniana Walt. 0 

Total 121 

41 

19 

5 

30 

5 

1 

0 

1 

22 

0 

71 

132 

1 

0 

42 

3 

0 

6 

0 

62 

66 

66 

334 

F 

M 

O 

O 

O 

o 

o 

o 

o 

2 O 

4 O 

1 O 

33 U 

14 U 

U 

u 

Table 7. Percentage of area under the canopy occupied by juvenile 

trees between 5 and 25 m tall. F = 
Fagus; M = 

Magnolia; O = other 

overstory tree species. (+ 
= < 0.5%) 

Patch type 

1 -ha quadrat transects 

F M O F M 

Total 

Understory: 

Fagus 

15<H<25m 

5 <H<15m 

Magnolia 

15<H<25m 

5<H<15m 

Other overstory species 

Understory tree species 

No juvenile trees 

Total 

14 

5 

+ 

+ 

4 

4 

9 

4 

2 

+ 

4 

1 

1 

0 

0 4 4 114 7 

+ 4 1 9 9 7 15 

11 27 12 31 10 7 49 

14 54 32 48 28 24 100 

19 

6 

The understory species, Ostrya and Ilex, had low 

diameter growth and large h/d ratios. When sup 

pressed, Ilex often dies back and regrows from basal 

sprouts (W.J. Platt, personal observation). Neither 

Ostrya nor Ilex showed a clear decrease in h/d ratio 

with increasing height. Other understory trees may 

exhibit decreases in h/d ratios, e.g., in tropical rain 

forests in Surinam where the h/d ratio was less than 50 

in 22 m tall trees of the understory Eschweilera, while 

Couratari and Quala trees formed a canopy at about 40 

m height (Schulz 1960). Ilex and Ostrya appear to be 

fugitive rather than persistent subcanopy species (Platt 

& Schwartz 1990). Their recruitment and growth are 

associated with canopy gaps (W.J. Platt, unpublished 

data), but in these gaps they usually become overgrown 

by taller canopy trees. Therefore, Ilex and Ostrya may 

not remain very long in a mature phase, even if they 

reach this phase. 

Regeneration and dominance 

The old-growth forest in Woodyard hammock can 

be considered a mosaic of patches in different phas 
es of development. Although Magnolia trees were 

most frequently the dominant tree in biostatic patch 

es, they 
were rare in aggrading patches. Fagus and 

light-demanding species dominated both early and late 

aggrading patches; continued recruitment by these 

species into the forest canopy is likely to occur. Ear 

ly aggrading patches covered less area of the forest 

than late aggrading, but this is compensated by older 

juvenile trees having larger crown projections. Not all 

light-demanding species were equally present in the 

different phases. Pinus was only dominant in biostatic 

phases, while Liquidambar dominated both early and 

late 
aggradation, 

as well as biostatic phases. Because 

the Pinus and Liquidambar entered the canopy follow 

ing the 1941 hurricane, the differences in size distri 

bution and patch phases dominated by each species 

appear attributable to faster height growth of Pinus 

and/or larger size at the time of the hurricane. 

Few juvenile Magnolia trees were present in Wood 

yard Hammock (Blaisdell et al. 1974; Platt & Her 

mann 1986), although seedlings are abundant (Platt & 

Hermann 1986). Apparently the Magnolia seedlings 

recorded by Blaisdell et al. (1974) did not survive and 

form juvenile trees. Prior to Hurricane Kate, Magnolia 

seedlings were present in plots both beneath the canopy 

and in gaps (Platt & Hermann 1986), but seedlings 

survived no more than 3-4 yr in either microhabitat. 

Almost no seedlings were found for several years after 

Hurricane Kate; but this appeared to be a result of 

extensive damage to large Magnolia trees and, hence, 

reduced seed production (Platt, pers. obs.). Platt and 

Hermann (1986) and Platt and Schwartz (1990) sug 
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gest that higher light intensities than those occurring 
at the current time in Woodyard Hammock may be 

needed for growth and survival of seedlings, which 

would result in Magnolia being less shade tolerant 

than Fagus. In contrast, Glitzenstein et al. (1986) sug 

gest that 
Magnolia may even be more shade-tolerant 

than Fagus, because only small saplings of Magnolia 

showed net recruitment and substantial height growth 

in the understory of the mixed Fagus-Magnolia for 

est of Weir Woods in Texas. Furthermore, Magnolia 

does not always occur above Fagus in the canopy; in 

other forests Magnolia may be present in all layers or 

even as juveniles in forest dominated by Fagus (Quar 

terman & Keever 1962; Harcombe & Marks 1977; 

Glitzenstein et al. 1986; White 1987). In Weir Woods, 

Harcombe and Marks (1978) found low densities of 

Magnolia and Fagus saplings, but small juveniles of 

both species were present. This means that tolerance 

of understory conditions is not very high in Magnolia 

seedlings. Because Magnolia is evergreen, seedlings 

may photosynthesize and profit from warm days in the 

winter when the leaves are off the deciduous canopy 

trees. A difference in abundance of deciduous trees in 

the canopy may cause some difference in survival of 

Magnolia seedlings. 

The relationship between Magnolia and Fagus in 

Woodyard Hammock, which involves at least some 

degree of shade tolerance in both species, appears 

different from the relationships between Fagus trees 

and evergreen broad-leaved species in other forests. 

While Fagus grandifolia appears capable of recruit 

ment beneath an largely evergreen overstory, large dis 

turbances appear necessary for establishment of Fagus 

in China (Peters 1992) or Nothofagus in Chile (Veblen 

1985). In these other forests, evergreen broad-leaved 

trees are 
present in the canopy or 

understory, and the 

Fagus species tend to be less shade tolerant than these 

evergreen broad-leaved species. In contrast, in the 

southeastern United States, Fagus appears capable of 

reaching the canopy beneath Magnolia. 

In the undergrowth of biostatic patches, juvenile 

trees of Fagus 
were most abundant, whereas light 

demanding species were uncommon (Table 7). Fagus 

occurred underneath all tall tree species, but the light 

demanding species 
were more common beneath Mag 

nolia or other light-demanding trees. On the other 

hand, in a substantial part of the area beneath biostatic 

patches there were few or no juvenile trees (Tables 8 

& 9), which suggests that only after gap formation are 

light-demanding species likely to grow into the small 

tree category (see Platt & Hermann 1986). Because 

Fagus dominated most of the aggradation phases and 

was most frequent in the undergrowth of biostatic phas 
es (Table 7), we would expect Fagus to increase in 

dominance in the forest canopy, replacing Magnolia 
trees that die. 

Pinus seedlings survive only if they are located in 

gaps (Platt & Hermann 1986). Juveniles in gaps survive 

for several years, but do not reach the forest canopy 

in those gaps unless there is a second disturbance 

that results in increased light levels (Platt & Schwartz 

1990). As a result of increased light levels following 
Hurricane Kate, Pinus became the most abundant tree 

species in the layer below 5 m (Batista & Platt, in 

press). The age distribution of Pinus reveals that most 

trees of this species in Woodyard Hammock regener 

ated in gaps created by a hurricane in 1941 (Hirsh & 

Platt 1981). The age distribution of Liquidambar also 

indicates that the most recent successful establishment 

of this species occurred after the hurricane of 1941 

(Platt 1984). 

The future relative importance of light-demanding 
tree species is uncertain. The higher ratio of aggrada 

tion area to biostatic area in the mapped plot suggests 

that light-demanding overstory species will increase 

in importance relative to more shade-tolerant oversto 

ry tree species (Table 7). Conversely, the paucity of 

regeneration by light-demanding species in the biostat 

ic phases (Table 8) suggests a decrease in importance, 

but the presence of large areas in biostatic phases with 

out any juvenile trees indicates that light-demanding 

overstory species might regenerate following large dis 

turbances. Changes in species abundances following 

Hurricane Kate reveal that while all species have been 

recruited during the past seven years, Pinus and Ostrya 

have been recruited in vastly disproportionate numbers 

(Batista & Platt, in press). The disturbance regime is 

clearly an important factor determining the future com 

position of the forest stand. The relatively large (6%) 

annual probability of hurricanes along the Florida pan 

handle coastline (Simpson & Lawrence 1971; Van der 

Leeden & Troise 1974) favors creation of large canopy 

gaps in which regeneration of light-demanding over 

story species 
can occur. The most recent disturbance 

prior to 1985, the hurricane of 1941 resulted in estab 

lishment of both Pinus and Liquidambar (Hirsh & Platt 

1981; Platt 1984). 

The combination of forest architecture and distur 

bance regime 
makes an assessment of future forest 

development possible. In the absence of large dis 

turbances, like hurricanes, Fagus will become more 

dominant relative to Magnolia. Frequent hurricanes 
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open space, providing the opportunity for understory 

species and light demanding species like Pinus and 

Liquidambar to become established and grow into the 

forest canopy. 

Acknowledgements 

The authors thank Sharon Herman, William B. Batista, 

M.A.J. van Montfort for their help and advice, and 

Tall Timbers Research Station for hospitality dur 

ing the field work. The research was made possible 

through grants from Tall Timbers Research Station and 

the Netherlands Organization for Scientific Research 

(NWO;L84-316.89). 

References 

Batista, W. B. & Platt, W. J. in press. Old-growth condition in mesic 

hardwood forests of the southeastern coastal plain, USA United 

States Forest Service Technical Report. 

Blaisdell, R. S., Wooten, J. & Godfrey R. K. 1974. The role of mag 

nolia and beech in forest processes in the Tallahassee, Florida, 

Thomasville, Georgia Area. Proceedings Annual Tall Timbers 

Fire Ecology Conference. 13: 363-397. 

Braun, E. L. 1950. Deciduous forests of eastern North America. 

Blakiston Comp., Philadelphia. 

Cao, K. F, 1995. Fagus dominance in Chinese montane forests: natu 

ral regeneration of Fagus lucida and Fagus hayatae var. pashani 

ca. Thesis, Wageningen Agricultural University, the Netherlands. 

Fowells, H. A. 1965. Silvics of forest trees of the united states. 

USDA Forest Service, Agricultural Handbook No. 271. 

Glitzenstein, J. S., Harcombe, P. A. & Streng, D. R. 1986. Distur 

bance, succession, and maintenance of species diversity in an 

east Texas forest. Ecological Monographs 56 (3): 243-258. 

Greller, A. M. 1980. Correlation of some climate statistics with 

distribution of broadleaved forest zones in Florida. Bulletin of 

the Torrey Botanical Club 107 (2): 189-219. 

Harcombe, P. A. & Marks, P. L. 1977. Understory structure of a 

mesic forest in southeast Texas. Ecology 58: 1144-1151. 

Harcombe, P. A. & Marks, P. L. 1978. Tree diameter distributions and 

replacement processes in southeast Texas forests. Forest Science 

24(2): 153-166. 

Hirsh, D. W. & Platt, W. J. 1981. Dynamics of regeneration within 

a spruce pine (Pinus glabra) population in a beech 
- 
magnolia 

forest in north-central Florida. Bulletin of the Ecological Society 

of America 62 (2 supp): 71-72. 

Knapp, R. 1965. Die Vegetation von Nord- und Mittelamerika und 

der Hawaii-Inseln. Gustav Fischer, Stuttgart. 

Marks, P. L. & Harcombe, P. A. 1975. Community diversity of 

coastal plain forests in southern east Texas. Ecology 56: 1004 

1008. 

Miranda, F. & Sharp, A. J. 1950. Characteristics of the vegetation in 

certain temperate regions of eastern Mexico. Ecology 31: 313 

333. 

Oldeman, R. A. A. 1990. Forests: Elements of silvology. Springer, 

Berlin. 

Peters, R. 1992. Ecology of beech forests in the Northern Hemi 

sphere. Thesis, Wageningen Agricultural University, the Nether 

lands. 

Peters, R. 1995. Architecture and development of mexican beech 

forest, pp. 325-343. In: Box, E. O., Peet, R. K., Masuzawa, T., 

Yamada, I., Fujiwara, K. & Maycock, P. F. (eds), Vegetation 

science in forestry. Kluwer Academic Publisher, Dordrecht, the 

Netherlands. 

Platt, W. J. 1984. Composition and dynamics of a sweetgum (Liq 

uidambar styraciflua) population in an old growth magnolia 
- 

beech forest (Woodyard Hammock, Leon County, Florida). Bul 

letin of the Ecological Society of America 65 (2 supp): 149. 

Platt, W. J. & Hermann, S. M. 1986. Relationship between dispersal 

syndrome and characteristics of populations of trees in a mixed 
- 

species forest, pp. 309-321. In: Estrada, A. & Fleming, T.H. (eds), 

Fugivores and seed dispersal. Dr.W.Junk Publishers, Dordrecht, 

the Netherlands. 

Platt, W. J. & Schwartz, M. 1990. Temperate hardwood forests, 

pp. 194-229. In: Myers, R. & Ewel, J. (eds), Ecosystems of 

Florida. Academic Presses, Orlando, Florida. 

Poulson, T. L. & Platt, W. J. 1989. Gap light regimes influence 

canopy tree diversity. Ecology 70: 553-555. 

Puig, H. 1976. V?g?tation de la Huasteca, Mexique. Etudes 

Mesoamericines Vol.V Mission Arch?ologique et Ethnologique 

Fran?aise au Mexique. 

Quarterman, E. & Keever, C. 1962. Southern mixed hardwood for 

est: Climax in the southeastern coastal plain, USA Ecological 

Monographs 32 (2): 167-185. 

Rzedowski, J. 1981. Vegetaci?n de Mexico. Limusa, M?xico. 

Schulz, P. J. 1960. Ecological studies on rain forest in Northern 

Surinam. Proceedings Koninklijke Nederlands Akadamie voor 

Wetenschappen, Afdeling Natuurkunde, Reeks 253: 1-267. 

Simpson, R. H. & Lawrence, M. B. 1971. Atlantic hurricane frequen 

cies along the U.S. coastline. National Oceanic & Atmospheric 

Administration, Technical Memo no. NWS ST-58. 

Van der Leeden, F. & Troise, F. L. 1974. Climates of the States, 

vol.1. Port Washington, Water Information Center. 

Veblen, T. T. 1985. Stand dynamics in Chilean Nothofagus forests, 

pp. 35-51. In: Pickett, S. T. A. & White, P. S. (eds) Natural 

disturbance and patch dynamics. Academic Press, New York. 

Wang, X. P. & Li, X. X. 1986. General situation of vegetation in 

Miaoershan reserve of Xingan county, Guangxi. Guihaia 6 ( 1-2): 

79-91. (in Chinese, with English abstract) 

White, D. A. 1987. An American beech 
- 
dominated original growth 

forest in southeast Louisiana. Bulletin of the Torrey Botanical 

Club 114 (2): 127-133. 

Wu, Z. Y (ed) 1980. Vegetation of China. Science Press, Beijing. 


	Article Contents
	p. 39
	p. 40
	p. 41
	p. 42
	p. 43
	p. 44
	p. 45
	p. 46
	p. 47
	p. 48
	p. 49

	Issue Table of Contents
	Vegetatio, Vol. 123, No. 1 (Mar., 1996), pp. 1-108


