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ABSTRACT.—We studied changes that occurred between 1980 and 2000 in forest floor biomass (necromass
+ biomass of herbaceous plants), nutrient stocks, and plant composition of a Prestoea montana floodplain
forest. The forest was located in the Luquillo Mountains of Puerto Rico. Several storms and hurricanes
passed near the study site during that period, the most severe being hurricane Hugo in 1989, and Georges in
1998. Hugo opened the canopy and increased the nutrient and biomass stocks of the forest floor. Six years
after the passage of Hugo and two years after Georges, the forest floor necromass was at prehurricane (1980)
levels. By October 2000, fine litter mass and nutrient stocks were below 1980 and 1990 levels (respectively).
However, the distribution of biomass and nutrients on the forest floor in 2000 was different from pre-Hugo
conditions due to the growth of herbaceous vegetation that included grasses and ferns that were not present
in 1980. These plants concentrated nutrients in disproportion to their biomass and had leaves with low C/N.
Attention to change in species composition on the forest floor as well as to necromass and nutrient distri-

bution in fine litter, improves understanding of the recovery of the forest floor from disturbance.

INTRODUCTION

The litter of mature forests in the Lu-
quillo Mountains of northeastern Puerto
Rico should be at steady state with respect
to nutrients and necromass for two main
reasons. First, annual litterfall is relatively
constant in these forests (Lugo and Scatena
1995) and secondly, litter stocks are rela-
tively small, which allows the compart-
ment to quickly reach steady state after a
perturbation (Scatena 1995). Notwithstand-
ing this fact, the litter compartment oscil-
lates on a monthly basis due to variation
in litterfall (Frangi and Lugo 1985, Lugo
1992). These oscillations do not affect the
annual steady state behavior of the litter
compartment because stocks remain at a
mean level of necromass. However, high
wind events interrupt the steady state.
These events increase the input of litter and
temporarily overwhelm litter decomposi-
tion processes (Ostertag et al. 2003). The re-
lation between wind speed (x in km/h) and
monthly litterfall (y in g/m?) for the tabo-
nuco forest at the Luquillo Experimental
Forest (LEF) is y = 1.347x — 63.483 (1> =
0.92). Wind events that last hours, add 1.2
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to 1.9 times the annual input of organic
matter and nutrients to the forest floor
(Lodge et al. 1991).

Another effect of wind events on the for-
est floor is the change in microclimate (e.g.,
increased light, temperature), which can fa-
cilitate the invasion of herbaceous plants.
Soon after hurricane Hugo for example, the
forest floor in the Bisley Experimental Wa-
tersheds at LEF experienced a rapid in-
crease in the biomass of herbaceous vegeta-
tion in response to increased availability of
light and nutrients (Scatena et al. 1996).
Five years after the hurricane, the bio-
mass of the herbaceous layer on the forest
floor was still three times higher than pre-
hurricane conditions, particularly because
the invasion of herbaceous species not pre-
viously recorded for these sites (Chinea
1999).

After hurricane Georges, Ostertag et al.
(2003) monitored nutrient stocks and nec-
romass in litter of several forest types in the
Luquillo Mountains and found that within
two to ten months these parameters had
reached pre-hurricane values. A P. montana
palm brake forest had the slowest rate of
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decomposition among the sites studied (k =
0.74/yr + 0.12).

We report data for the year 2000 on the
necromass and nutrient content of fine lit-
ter and ground vegetation in a P. montana
palm floodplain forest in the Luquillo Moun-
tains. We compare our data with published
information for the same forest (Frangi and
Lugo 1985, 1991, 1998). Because the meth-
odology used since 1980 was the same as
ours in 2000, we were interested in estab-
lishing the time required for the forest floor
to recover from hurricane disturbances.
Prior to hurricane Hugo, this forest had a
low necromass and no herbaceous under-
story (Frangi and Lugo 1985), and a hurri-
cane had not passed over the site since
1932. The study site is within the protected
LEF and the forest type is a mature com-
munity (Lugo et al. 1995).

METHODS

The site is a floodplain forest located at
750 m in the Luquillo Mountains of Puerto
Rico. In March 1980, we established a 5 x 5
m grid on the 0.2525-ha forest (Frangi and
Lugo 1985). Trees in this grid were inven-
toried in 1980, 1990, 1995, and 2000. Fine
litter accumulation was measured in 1980,
1990, 1996, and 2000 with 20-1.0 x 0.5 m
subplots selected at random. Samples were
sorted into palm leaves, dicotyledonous
leaves, ferns, wood <2 cm diameter, wood
=2 cm diameter, flowers and fruits, miscel-
laneous <0.85 mm, and miscellaneous
=0.85 mm. We excluded logs and large
branches (coarse woody debris =4 cm di-
ameter) from the sampling and followed
the methods of Frangi and Lugo (1985,
1991, 1998). In 1980 and 2000, sampling in-
cluded herbaceous vegetation of the forest
floor. We clipped all aboveground live her-
baceous biomass on 20 randomly selected
1.0 x 0.5 m subplots. Plots were selected
randomly each sampling date. We sorted
vegetation into three plant groups: dicoty-
ledonous, grasses, and ferns.

All samples were oven dried to constant
weight, ground individually by sorted
category with a Wiley mill (1 mm? mesh),
and sent to the International Institute of

Tropical Forestry laboratory for chemical
analysis. We digested sample aliquots with
concentrated HNO; and 30 percent H,O,
(Luh Huang and Schulte 1985). The con-
centration of P, K, Ca, Mg, Mn, Fe, and Al
was determined with a plasma emission
spectrometer (Beckman Spectra Span V).
Total carbon and nitrogen concentration in
samples were determined according to the
dry combustion method recommended by
Tabatabai and Bremmer (1991) using a
LECO CNS-2000. Before 1991, we only mea-
sured biomass in the fine litter samples. Ash
content was obtained by incineration of ali-
quots in a microwave oven. The precision
of chemical analyses was obtained by run-
ning samples of known chemical composi-
tion every forty determinations. Control
plant material consisted of pine, peach, and
citric leaves from the National Bureau of
Standards (USA).

We estimated necromass by dividing the
dry weight of a sorted category by the area
sampled. We estimated the standing stock
of elements for each sample by multiplying
element concentration by the necromass, or
biomass in the case of herbaceous vegeta-
tion, of the respective category. We then
averaged values by category. We compared
the mean concentration and stocks of ele-
ments among categories of the forest floor
herbaceous vegetation and fine litter with
ANOVA and the Tukey test for multiple
comparisons (Sokal and Rohlf 1979). We
used the Barlett test for homogeneity of
variance. When variances were homoge-
neous we used a p = 0.05 for significance.
When the variance was not homogeneous,
we used a significance of p = 0.01 to reduce
the probability of erroneously rejecting the
null hypothesis.

RESULTS

In October 2000, the forest floor had five
times more necromass as fine litter than
live herbaceous vegetation (Table 1). Wood,
miscellaneous, and dicotyledonous and
palm leaves, were the most important cat-
egories in terms of necromass on the forest
floor. Ferns and reproductive parts were
minor components of fine litter necromass.



TABLE 1. Mean dry weight (DW), carbon, and mineral content in herbaceous vegetation and fine litter on the forest floor of a floodplain forest in the Luquillo
Mountains of Puerto Rico. Standard errors are shown below the mean (n = 20). Different letters within herbaceous vegetation or fine litter compartment significant
differences for an element content among compartments. Difference between total herbaceous and total fine litter storages are in bold. Data 2000. Empty cells = no

data.
Category DW C N p K Ca Mg S Mn Fe Al Ash
(Mg/ha) (kg/ha)
Herbaceous layer'
Dicotyledonous 0.28 a 013 a 293 a 014 a 2.06 a 220 a 1.04 a 0.70 a 011 a 040 a 226 a 26512 a
0.12 0.05 1.01 0.05 0.74 0.90 0.44 0.23 0.04 0.19 1.15 10.40
Grasses 0.09 a 0.04 a 201 a 0.08 a 147 a 0.16 a 0.25 a 047 a 0.05 a 0.18 a 0.35 a 13.67 a
0.03 0.01 0.77 0.03 0.50 0.05 0.09 0.15 0.01 0.05 0.09 4.04
Ferns 0.16 a 0.07 a 2.02 a 0.09 a 123 a 0.66 a 0.54 a 0.82 a 0.05 a 0.32 a 0.62 a 2220 a
0.32 0.03 0.85 0.04 0.51 0.34 0.28 0.47 0.03 0.12 0.23 10.33
Total herbaceous? 0.53 a 0.25 a 6.96 a 0.32 a 475 a 3.02 a 1.83 a 198 a 0.20 a 0.90 a 324 a 61.99 a
0.13 0.07 1.67 0.07 1.12 0.98 0.52 0.55 0.06 0.22 1.17 15.15
Fine litter®
Palm leaves 0.53 ab 0.25 ab 416 ab 0.15 ab 0.60 ab 1.92 ab 0.89 ab 093 b 0.15 ab 1.13 a 2.08 a 53.79 a
0.14 0.07 1.29 0.05 0.22 0.67 0.40 0.32 0.04 0.32 0.62 15.61
Dicotyledonous leaves ~ 0.47 ab  0.24 ab 5.08 a 013 ab  0.81 bc 3.05bc 084 ab 090 ab 023 ab 129 a 2.60 a 55.30 a
0.08 0.04 0.93 0.03 0.17 0.56 0.15 0.16 0.05 0.25 0.49 9.08
Ferns 0.02 a 0.01 a 0.22 bc 0.01 a 0.04 ac 0.10 ac 0.05 a 0.04 ab 0.01 a 0.07 a 0.15 a 3.68 a
0.01 0.00 0.09 0.00 0.01 0.03 0.01 0.02 0.00 0.02 0.05 1.44
Wood <2 cm 0.77 b 0.39 b 492 ac 0.12 ab  0.81 bc 4.63 b 0.72 ab 086 ab 0.24 ab 0.78 a 144 a 36.95 a
0.18 0.09 1.14 0.03 0.18 1.07 0.19 0.20 0.09 0.18 0.36 8.59
Wood =2 cm 042 ab  0.26 ab 298 ab 007 ab 0.34 ab 1.60 ab 030 ab 047 ab  0.09 ab 1.17 a 2.10 a 49.25 a
0.18 0.10 1.15 0.03 0.12 0.59 0.11 0.18 0.04 0.59 1.06 24.00
Flowers and fruits 0.01 a 0.00 a 0.06 b 0.00 a 0.01 a 0.03 a 0.01 a 0.01 a 0.00 a 0.02 a 0.03 a —
0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 —
Miscellaneous 0.61 ab 0.18 ab 5.26 a 021 b 0.89 b 2.19 ab 1.09 b 084 ab 029 b 599 b 797 b 249.60 b
0.13 0.04 1.22 0.05 0.22 0.53 0.27 0.19 0.08 1.72 2.02 60.65
Total litter? 2.83 b 134 b 22.69 b 0.70 b 3.50 b 135 b 3.90 b 4.05 b 1.01 b 1045 b 1635 b  448.60 b
0.40 0.20 3.20 0.11 0.52 2.11 0.64 0.58 0.21 1.95 2.69 68.99
Total Forest floor 3.37 1.58 29.65 1.02 8.26 16.5 5.88 5.88 1.21 11.35 19.59 510.50
0.38 0.20 3.27 0.11 1.09 2.02 0.78 0.65 0.21 1.96 2.97 72.41

1. For N and K, p = 0.05; for others, p = 0.01

2. For P, Mg, and S, p = 0.05; for others, p = 0.01.

3.p=00L
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The weighted concentration of N, P, K,
Mg, and S of herbaceous vegetation in 2000
was higher than that of fine litter (Table 2).
However, fine litter had higher concentra-
tion of Fe and higher C/N. The concentra-
tion of C, Ca, Mn, Al, and ash was similar
in both categories.

In 2000, dicotyledonous herbs had the
highest concentration of Ca and Mg. Grasses
had the highest concentration of K, S, and
ash, the lowest concentration of C, and the
lowest C/N. Grasses and dicotyledonous
herbs had the highest concentrations of N
and P. Ferns had the lowest Mn concentra-
tions, and with dicotyledonous herbs, the
highest C/N. There was no difference in
the concentration of Fe and Al of herba-
ceous vegetation.

In 2000, there was no difference in the
concentrations of C, N, Ca, S, Mn, Fe, Al,
ash, and C/N in leaf litter (palms, dicoty-
ledonous leaves, and fern leaves; Table 2).
Fern litter had high concentration of P and
Mg, while fern and dicotyledonous litter
had high concentration of K. The high Ca
concentration in fern leaves was not signifi-
cantly different from that of other litter.
Palm leaf litter was low in K. Woody litter
had the highest C/N of all litter material
while the miscellaneous fraction had the
lowest C/N. Miscellaneous litter, particu-
larly the finest fraction, had the highest ash,
Fe, and Al concentrations and the lowest C
concentration.

The highest element stocks in fine litter
relative to total forest floor stocks were Fe
and ash at 92 and 88 percent, respectively
(Table 1). The lowest were N, S, P, and Mg
at77,69, 69, 66, and 42 percent respectively.
Manganese, Al, and Ca occurred in the
same proportion as dry matter (82 to 84
percent). All three herbaceous vegetation
categories had the same mineral element
stocks. In the case of K, the stock in vegeta-
tion was higher than the stock in fine litter.

DISCUSSION

The forest floor of this palm floodplain
forest has undergone changes in biomass
(Fig. 1), nutrient stocks (Fig. 2), and species
composition since it was first studied for 12

months in 1980 (Frangi and Lugo 1985). In
1980, forest floor vegetation was composed
mostly of palm and dicotyledonous seed-
lings with a combined biomass of 0.03 Mg/
ha and traces of P. There was no evidence
of ferns or grasses in this system, although
bryophytes were abundant (Frangi and
Lugo 1992). Fine litter averaged 5.5 Mg/ha
and 1.4 kgP/ha (Frangi and Lugo 1985).
Hurricane Hugo increased the amount of
coarse and fine woody debris into the forest
floor and opened several canopy gaps
(Frangi and Lugo 1991). In 1998, hurricane
Georges further added to the organic load
of the forest floor but not as significant as
did hurricane Hugo (Ostertag et al. 2003).
Ferns appeared in 1995 and grasses in 2000.
In 2000, biomass of herbaceous plants was
17.7 times higher than it was in 1980.
Woody material comprised most of the
increase in fine litter stocks after hurricane
Hugo and we found no increase in litter
stocks attributed to hurricane Georges (Fig.
1). By 1995, wood and total litter standing
stocks were at pre-hurricane levels. The
standing stock of dicotyledonous and palm
leaves in fine litter remained constant be-
tween 1980 and 1996, and declined after
1996. However, this component is subject
to high variation due to exports by floods
(Frangi and Lugo 1985). We believe we
missed the hurricane pulses of leaf addition
to the forest floor because we sampled the
material several months after the passage
of hurricane Hugo and two years after hur-
ricane Georges, and it is likely that leaf lit-
ter was decayed or flushed from the flood-
plain by the time we sampled. The same is
true of flowers and fruits, and other litter
components. Moreover, the floodplain for-
est exhibits mast fruit production that can
significantly influence their standing stock
on the forest floor (Lugo and Frangi 1993).
Nutrient stocks on the forest floor also
reached high values after Hugo (Fig. 2).
The only pre-hurricane value that we have
is for P in 1980, which was 2.4 times lower.
Ten years after hurricane Hugo and two
after hurricane Georges, fine litter necro-
mass was lower than in 1980, and nutrient
stocks were lower than in 1990. Phosphorus
stocks were lower in fine litter but they
were much higher in herbaceous vegeta-



TABLE 2. Mean element concentration in herbaceous vegetation and fine litter on the forest floor of a floodplain palm forest in the Luquillo Mountains in Puerto
Rico. Standard errors are below the mean. Different letters within herbaceous vegetation or fine litter compartments indicate significant differences for an element
concentration among categories. Data are for October 2000. Empty cells = no data.

Category C N P K Ca Mg S Mn Fe Al Ash C/N
(%) (ng/g) (%)
Herbaceous layer®
Dicotyledonous 4732 a 1499 ab 0.66 ab 911 a 930a 39 a 360 a 047 a 152 a 6.77 a 949 a 38 a
(n=17) 0.71 1.58 0.05 0.71 1.12 0.40 0.40 0.07 0.33 1.08 0.79 5
Grasses 4152 b 2138 b 0.80 b 15.0 b 2.00 b 284 b 571 b 0.55 a 273 a 544 a 1739 b 2 b
(n=17) 0.79 1.99 0.05 1.05 0.18 0.17 0.43 0.04 0.40 0.70 1.66 2
Ferns 46.13 a 1326 a 0.59 a 8.30 a 377 b 3.05 b 392 a 022 b 233 a 4.60 a 12.86 a 35 a
(n=14) 0.92 0.62 0.03 0.77 0.49 0.26 0.35 0.04 0.58 0.84 134 2
Weighted total herbaceous® 44.88 a  16.78 a 0.70 a 11.2 a 529 a 342 a 435 a 040 a 223 a 598 a 13.32 a 31 a
(n =20) 0.59 1.26 0.05 1.00 0.81 0.26 0.33 0.03 0.34 0.80 0.79 3
Fine litter®
Palm leaves 4795 a 8.15 a 0.29 ac 1.11 a 3.60 ab 1.32 ad 1.70 ab 0.34 ab 2.87 ac 479 a 11.95 a 65 ab
(n = 20) 0.92 0.50 0.02 0.08 0.37 0.14 0.11 0.04 0.48 0.67 1.71 6
Dicotyledonous leaves 50.88 a 10.80 a  0.30 ac 183 ab 670 ab 1.78 ac 192.a 050 ab 3.66 ac 6.65 a 12.68 ab 51 ad
(n =20) 1.06 0.83 0.04 0.22 0.69 0.13 0.08 0.06 0.70 1.11 1.24 3
Fern fronds 46.39 ac  10.81 a 0.50 b 246 b 751 a 331 b 2.03 ac 0.37 ab 4.08 ac 8.29 ab 1797 a 46 ac
(n=28) 1.48 0.94 0.05 0.35 1.61 0.55 0.26 0.06 0.74 1.36 1.84 5
Wood <2 cm diam. 53.08 a 7.36 a 021 ¢ 1.38 a 6.63 ab 1.04 d 1.26 bc 032 b 1.72 a 2.30 a 573 a 78 b
(n=18) 0.35 0.45 0.03 0.23 0.72 0.10 0.06 0.04 0.36 0.29 0.49 6
Wood =2 ¢m diam. 51.81 a 6.53 a 0.15 ¢ 0.88 a 543 ab 074 d 1.07 bc 022 b 1.97 ac 3.56 a 8.78 a 87 b
n=7) 1.08 0.95 0.02 0.19 2.20 0.12 0.17 0.08 0.60 0.94 1.92 9
Flowers and fruits 55.22 a 8.59 a 0.44 abc 157 ab 475 ab 157 abecd 129 ab 0.25 ab 3.17 ac 4.33 abc — 64 abc
(n=2) 0.76 0.24 0.09 0.56 1.79 0.31 0.03 0.10 1.25 1.16 — 3
Miscellaneous <0.85 mm 20.45 b 721 a 0.41 ab 1.65 ab 3.09 b 214 ¢ 111 b 0.51 ab 1457 b 16.39 ¢ 62.63 ¢ 28 ¢
(n=18) 3.59 1.23 0.04 0.12 0.56 0.13 0.20 0.04 1.95 1.65 6.35 1
Miscellaneous =0.85 mm 39.99 ¢ 10.75 a 0.40 ab 1.65 ab 4.60 ab 1.70 ac 1.82 ac 054 a 7.83 ¢ 12.33 bc 2717 b 38 ¢
(n = 20) 1.21 0.42 0.03 0.16 0.51 0.16 0.07 0.07 1.11 1.34 2.45 2
Weighed total fine litter” 45.14 a 797 b 026 Db 130 b 459 a 146 b 143 b 037 a 471 b 6.65 a 18.76 a 59 b
(n =20) 1.47 0.42 0.02 0.09 0.31 0.13 0.07 0.04 0.70 0.81 242 3

1. For C, K, Ca, S, Mn and Al, p = 0.05; for others, p = 0.01.

2.p=00L

3. For P, K, Mg and Mn, p = 0.05; for others, p = 0.01.
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FIG. 1. Temporal pattern in the necromass of fine litter in a Prestoea montana floodplain forest, Luquillo
Experimental Forest. Standard error bars correspond to n = 20. Data prior to 2000 are from Frangi and Lugo

(1998).

tion in 2000 than in 1980. It appears that the
litter compartment of the palm floodplain
forest was at pre-hurricane levels six years
after Hugo. However, the presence of
grasses and other herbaceous plants, with
their high nutrient concentrations and low
C/N, represents a change in the composi-
tion and partitioning of nutrients on the
forest floor. This aspect of the forest floor
had not returned to pre-hurricane condi-
tions ten years after Hugo. Ferns appeared
in 1996 fine litter but their contribution de-
creased in 2000.

The palm floodplain forest has a low for-
est floor mass and low nutrient content
when compared to the forest floors of other
forest types in the LEF. This comparison
includes secondary forests, mature forests,
and plantation forests in the LEF (Lugo
1992, Lugo and Scatena 1995). Biomass
stocks in these other forest types are typi-

cally higher than 5.5 Mg/ha, which was the
mean value measured in the floodplain
prior to the hurricane. Nutrient stocks in
other LEF forest types are also well above
the values measured in the floodplain, in
some cases even after the hurricane. For ex-
ample, the N stocks in fine litter of mature
and secondary tabonuco forest and mature
mahogany plantations at LEF were (respec-
tively) 87, 50, and 93 kg/ha (Lugo 1992).
These values are higher than those in Table
1 and Fig. 2 for the floodplain forest. Peri-
odic flooding prevents litter accumulation
in the floodplain and resulting anaerobic
conditions limit the growth of understory
herbaceous vegetation (Frangi and Lugo
1998). Notably, the accumulation of mass
and nutrients in live bryophytes in the
floodplain is similar to the stocks measured
on the forest floor before the hurricane and
in 2000 (compare our Table 1 with Table 1
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FIG. 2. Change between 1990 and 2000 in the nutrient stocks in fine litter in a Prestoea montana floodplain
forest, Luquillo Experimental Forest. Standard errors (n = 20) are for 2000 data. The 1990 data are from Frangi
and Lugo (1991). In 1980, before hurricane Hugo, the P stock was 1.4 kg/ha.

in Frangi and Lugo 1992). Storage in live
plants adapted to flooding doubles the
standing stock of biomass and nutrients on
the forest floor in this floodplain forest.

We found high rates of palm regenera-
tion and stem turnover in the floodplain
forest in 2000 (Lugo and Frangi, unpub-
lished). The wind events created a pulse in
stand biomass and nutrient stocks that im-
pacted all levels of forest structure: over-
story and forest floor. In 2000, overstory
forest vegetation was still in a rapid rate of
change and re-adjustment, perhaps still de-
cades from pre-hurricane values. In con-
trast, the forest floor, with its lower stocks
and exposure to periodic flooding, appears
to rapidly reach peak values of biomass
and nutrient content, followed by a rapid
decline (6 yr) to pre-hurricane levels. How-
ever, due to the invasion of plant groups
such as grasses and ferns, the forest floor in
2000 was still different from what is was in
1980.

The forest floor reaches nutrient and nec-

romass steady state more rapidly than it
does in terms of stabilizing the species com-
position. At the scale of the whole ecosys-
tem, the high dominance of trees over-
comes any large-scale effect that changes in
herbaceous species composition might
have on litter quality or turnover. How-
ever, at the scale of the forest floor, the ef-
fects of altered understory species compo-
sition might be different than they are at
larger scales, particularly in light of their
disproportional high nutrient concentra-
tions and low C/N. Moreover, the changes
in nutrient distribution due to the presence
of herbaceous vegetation and the observed
temporal pattern of necromass and nutrient
stocks (Figs. 1 and 2, Table 1) suggest that
the forest is undergoing decadal-level pro-
cesses of change in its stocks of necromass
and nutrients. The length of time required
for these processes to return the forest floor
to pre-hurricane conditions appear to con-
tradict the one-year turnover rate expected
from the ratios of input to accumulation
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(Scatena 1995). The reason is that after a
disturbance both the input and accumula-
tion of fine litter change in a direction that
reduces their ratio. We lack data for the re-
covery of fine litter input, but the data on
accumulation (Fig. 1) show at least a six-
year delay in the return of pre-disturbance
values.

Two processes acting in concert might
explain the results of this study. One is the
change in nutrient distribution and tissue
quality due to the establishment of an her-
baceous plant layer. The other is the appar-
ent delay in woody debris decomposition
relative to inputs, which resulted in the ac-
cumulation of woody debris on the forest
floor in spite of the flushing effect of flood-
ing. The behavior of the woody component
accounts for the increase of stocks on the
forest floor over the first six years after hur-
ricane Hugo. The invasion of herbaceous
plants might remain influential on forest
floor processes until the canopy closes.
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