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ABSTRACT

Licter disappearance was examined before (1989) and after (1990) Hurricane Hugo in the Luquillo Experimental
Forest, Puerto Rico using mesh liteerbags containing abscised Cyrille racemiflora or Dacryodes excelsa leaves or fresh
Prestoea montana leaves. Biomass and nitrogen dynamics were compared among;: (i) species; (i) mid- and high elevacion
forest types; (iii) riparian and upland sites; and (iv) pre- and post-husricane disturbed environments, Biomass disap-
pearance was compared using mulriple regression and negative exponential models in which the slopes were estimates
of the decomposition rates subsequent to apparent leaching losses and the y-interceprs were indices of initial mass
losses (leaching), Cyrilla racemifiora leaves with low nitrogen (0.39%) and high lignin (22.1%) concent decayed at a
low rate and immobilized available nitrogen. Dacryodes excelia leaves had moderate nitrogen (0.67%) and lignin
(16.6%) content, decayed ar moderate rates, and maintained the initial nitrogen mass. Prestoea montana foliage had
high nitrogen (1.76%) and moderate lignin (16.7%) content and rapidiy lost both mass and nitrogen. There were
no significant differences in litter disappearance and nitrogen dynamics among forest types and slope positions. Initial
mass loss of C. racemiffora leaves was lower in 1990 buc the subsequent decomposition rate did not change. Inidal
mass losses and the overall decomposition rates were lower in 1990 than in 1989 for Dacryodes excelsa. Dacryodes
excelia and C. racemiflora liter immobilized nitrogen in 1990 but released 10-15 percen of their initial nitrogen in
1989, whereas P montana released nitrogen in both years (25-40%). Observed differences in litter disappearance rates
between years may have been due to differences in the timing of precipiration. Foliar litter inpucs during post-hutricane
tecovery of vegetation in Puerto Rico may serve to immobilize and conserve sice nitrogen. :

Key words: Cyrilla racemifiora; Dacryodes excelsa; decomposirion; hurricane; nitrogen; Prestoea montana; Puerso Rico;
sropical forest.

HURRICANES ARE AN INTEGRAL PART OF THE ECOSYS-
Tems in Puerto Rico and other Caribbean islands.
On average, 4.6 hurricanes pass through the Ca-
ribbean annually. The recurrence interval for hur-
ricanes in Puerto Rico is about 20 years (Scatena
& Larsen 1991), and they clearly have the potential
to alter the structure of Puerto Rican forests (Crow
1980; Weaver, 1986a, b, 1987; Basnet er al. 19923;
Zimmerman et al. 1996). Special issues of Biotrap-
ica have addressed the immediate impacts and
short-term ecosystem responses to hurricane Hugo
(Walker ef al 1991) as well as long-term responses
(Zimmerman et af 1996). Hurricane disturbance
may influence decomposition dynamics by affect-
ing the biotic and abiotic agents of licter decay.
Immediate impacts on the forest may include al-

I Received 25 June 1997; revision accepred 27 February
1998.

tered forest floor quality (e.g., increased forest floor
licter and nutrient availability, altered carbon qual-
ity, and carbon:nitrogen ratios) and altered micro-
climate conditions (e.g, increased air flow, in-
creased substrate temperature, increased insolation,
and altered moisture availability). These factors
have been shown to affect decomposition rates
(Bonner & Fergus 1960, Witkamp & Van der
Drift 1961, Swift er al 1979, Covingron 1981,
Dwyer & Merriam 1981, Day 1983, Waring &
Schlesinger 1985, Moore 1986, Corncjo et 4l
1994). ,

The range of clevations in Puerro Rico results
in several vegetation types. This study was con-
ducted within the Luquillo Experimental Forest
(LEF) and included the two most common forest
types: the tabonuco forest association and the col-
orado forest associacion. The tabonuco forest type
has been examined extensively (Odum & Pigeon
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1970, Brown er 2l 1983), but the colorado forest
type has received much less attention. Long-term
studies of foliar decomposition in tabonuco forests
have included: (i) the effects of radiation on forest
floor litter disappearance (Weigert 1970); (ii) the
effects of successional stage and leaf structure on
decomposition and nutrient dynamics (La Caro &
Rudd 1985); and (jii} examinations of fine root
and foliar decay (Bloomfield er 2l 1993, Zou er al
1995). |
This study, as one component of a study on
riparian nitrogen cycling in two forest types (Bow-
den ez al 1992; McDowell ¢ al. 1992, 1996), was
originally designed to examine short-term disap-
pearance of foliage from three important montane
tree species: Prestoea montana (R. Grah.) Nichols,
Dacryodes excelsa (Vahl), and Cyrilla racemiflora L.
Several studies have examined the long-term de-
composition of D. excelsa and P montana (eg.,
Frangi & Lugo 1985, La Caro & Rudd 1985,
- Bloomfield er al 1993, Zou ez al. 1995, Vogt et al.
1996). We are not aware of any previous studies
on the decomposition of C. razemiflora foliage.
We conducted a decomposition study using lic-
terbags from June to Auguse of 1989. Hurricane
Hugo struck Puerto Rico about five weeks after the
last sample collection. The hurricane provided a
unique opportuniry to study the effects of this type
of natural disturbance on decomposition. With
some modifications to the design, we repeated the
study in 1990. The research design allowed for
comparisons of short-term foliar litter biomass and
nitrogen dynamics: (i) among the three tree species,
P montana, D. excelsa, and C. racemiflora; (ii) be-
tween the colorado and Tabonuco forest types; (iii)
berween riparian and upland sites; and (iv) berween
pre- and post-hurricane environments.

MATERIALS AND METHODS

Forest TyrEs,—Beginning at elevations of ca 200
m, the Luquillo forest is classified as a subtropical
wer forest (Holdridge 1970, Ewel & Whitmore
1973). Temperatures average ez 25°C, rainfall av-
erages ¢z 3500 mm/yr with lirtle seasonality, and
soil drainage is relatively rapid (Briscoe 1966, Sca-
tena 1989). The forest at these elevations (tabon-
uco forest), typically has a canopy height of 30 m
with two subcanopy layets and is dominared by D.
excelsa and Manilkara bidentata (Crow 1980); how-
ever, the relative importance of D. excelra in the
Luguillo forest fluctuates and these shifts have been
linked to natural and anthropogenic disturbance
(Crow 1980, Garcia-Monteith & Scatena 1994).
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The wbonuco forest extends to the elevation of
average cloud condensation (cz 600 m). The in-
crease in moisture above 600 m resules in 2 gradi-
ent in vegetation to the subtropical lower montane
wet forest association (colorzde forest type). The
nearest weather station to our study site in the col-

orado forest (La Mina, 716 m) records abour 4700

~mm of rainfall annually with temperarures gener-

ally about 2°C lower than the tabonuco sites.

The increase in precipiration at higher cleva-
tions could increase licter mass loss through leach-
ing. Conversely, the decrease in temperature could
decrease mass loss by lowering biclogical activity.
Soil moisture drainage in the colorado forest is of-
ten impeded by a gley horizon resulting in water
filled depressions on the forest floor at some sites.
Canopy gaps and herbaceous ground cover are
common. The dominant species, C. racemiflora, is
found.as 2 small tree or shrub along the south-
eastern coast of the United States from Virginia to
southeastern Texas but can grow to a height of 15
m and a diameter of 2 m ar higher elevations in
the Greater Antilles (Weaver 1986a, Lirtle & Wads-
worth 1989),

Abour half (ce 5900 ha) of the LEF is the col-
orado forest type and roughly half (5300 ha) is the
tabonuco type (adapted from Brown e al 1983).
A third forest type, the montane palm floodplain
forest, consists of nearly pure stands of P montana,
a small- to medium-sized palm (<15 m height). 2
montana is usually found along streams above 600
m (Frangi & Lugo 1985} but is also interspersed
throughout the colorado and mbonuco forests (Lit-
tle & Wadsworth 1989).

Stupy srres.—A study site was established in the
colorado forest between 620 and 630 m elevation
within the Rio Icacos watershed (18°16'15"N,
65°46'58"W). The Icacos area has not been studied
extensively, although Brown & 4/ (1983) and
Weaver (1987) have described the colorado forest
type. The second study site was established at an
elevation of 240 m (18°18'43"N, 65°45'0"W)
within the Luquillo Long-Term Ecological Re-
search Site, a tabonuco forest in the Bisley water-
shed. The Bisley area has been described by Brown
et al, (1983), Scatena (1989), Basnet er 2 (1992a,
b), and Garcia-Monteith and Scatena (1994). In
general, the Bisley study plots are in an area with
relatively steep slopes (cz 32%) and poorly defined
riparian zones. The Icacos area also has steep slopes
{ca 25%) but has a well-defined riparian zone.
Hurricane Hugo passed over the northeast cor-
ner of Puerto Rico on 18 September 1989. The
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recurrence inrervals for wind velocity (148 lm/hr
at San Juan), stream discharge, and precipitation
were 50, 10~31, and 5 yrs, respectively (Scatena &
Larsen 1991). Of six hurricanes that passed over
Puerto Rico ‘berween 1899 and 1989, Hugo was
moderace in intensity but was ranked second in
terms of damage to the Luquillo Experimental For-
est (Scatena & Larsen 1991).

The post-discurbance study began nine months

after the hurricane. Although it arguably may have
been better to begin the study immediately after
the hurricane, a short-term study would have
missed a potentially important stage of post-hur-
ricane response. Recovery of vegetation after the
hurricane was delayed, perhaps because of a
drought lasting approximarely three months caused
by unusual regional weather patterns and microcli-
mare changes induced by the hurricane (Scarena &
Larsen 1991). In late October 1989, shoots had
just begun to develop from adventitious buds of
fallen ot standing stems and early successional
woody or herbaceous species had not become es-
tablished near the study sites. The state of the for-
est, however, changed rapidly. When the post-hur-
ricane study was implemented, vines, grasses, and
pioneer trees had become established This early
successional stage lasted longer than the non-veg-
ctated/defoliated stage. Most trees were defoliated
by the hurricane, and thus could not produce lit-
terfall unzil well after they had refoliated. There-
fore, placement of foliar litter from less disturbed
sites to hurricane disturbed study plots would be
contradictory to a narural sequence of events. Re-
foliation prior to the 1990 study was evidenced by
our zbility to collecr foliage near the Icacos plots.
Disturbance to the arez around the Icacos site due
to Hurricane Hugo was variable; fallen trees created
canopy gaps, ftees in some areas were defoliated or
had branches broken, and some areas were mini-
mally disturbed. The forest surrounding the Bisley
site was altered more uniformly and severely than
the forest surrounding the Icacos site. Most trees
were toppled and only the main stem remained of
those that were not fallen (Basnet 1992a), It was
both necessary and desirable to establish some ad-
ditional study plots for the post-hurricane study to
replace pre-hurricane plots that were inaccessible
due to fallen trees and also to include severely dis-
turbed sites when pre-hurricane plots were mini-
mally disturbed. '

Two plots (each 8 X 16 m) were established ac
cach of the lcacos and Bisley study sites in 1989,
thus allowing us to make comparisons of decom-
position among riparian and upland plots within

watersheds and between watersheds. Similar plots
were established in 1990 (riparian and upland, Bis-
ley & Icacos). Since the leacos upland plot was
only minimally disturbed (defoliated), a fifth plot
(hereafter referred to as 1990 Icacos upland blow-
down plot) was established in an adjacent area that
was severely disturbed. To summarize:

1989: (2 watersheds X 2 slope positions)
= 4 plots

1990: (2 watersheds X 2 slope positions)
+ 1 blowdown plot = 5 plots

LITTERBAG PREPARATION AND coLtecTiON.—The use
of mesh litterbags to study decomposition has been
criticized (e.g., Wieder & Lang 1982) because the
lircer is placed in an unnatural environment and
the resulting dara may nor describe true rates of
decay (Swift e al 1979, Anderson er al. 1983, Ste-
wart & Davies 1989). The fine-mesh licterbag
method as used in this study may underestimate
decomposition rates but does allow comparison of
species, site, and other trearment effects.

Recendy abscised D, excelsa leaflets for each
year were collected immediately prior to each study
period from the forest floor near the El Verde field
station (350 m elev.). Recendy abscised C. racem-
iffora leaves were collected at or near the Icacos site
for each year and also ¢z 1.5 km south of the El
Verde field station in 1990 (575 m elev.). Fresh
(green) palm foliage was used due to the inconsis-
tent and gradual way the species replaces fronds.
Fronds were collected near the Ieacos sire; leaflers
were stipped from the fronds and cur into 15- to
20-cm segments. The rhacises of the fronds were
discarded.

Foliage for the 1989 study was stored as col-
lected for two days before being weighed. To im-
prove our estimates of inirial dry mass, the foliage
collected for the 1990 study was air-dried for three
days before being weighed, An unknown amount
of moisture was lost from litter during storage in
1990. Foliage from a single species was weighed
and placed in 20 X 30 cm litrerbags (c2 1 mm
fiberglass mesh). A sample of approximately onc
per six licterbags (randomly stracified across the
processing interval) was retained and dried to later
estimate the initial moisture, nitrogen, lignin, cel-
lulose, and ash content of treatment samples. Be-
tween 8 and 14 g (oven-dried equivalent; Table 1)
of foliage were placed in each litcerbag, although
the dry mass per lirterbag varied by < 1 g for a
given species and study year.
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TABLE 1. Initial quantities and qualities of foliage. P-values are for t-teses for nirrogen and ash content between years.

Cyrilla racemifiora " Dacryodes excelra Prestoea montana
Number of litcerb: 184 211 208
Dry masslli:tcrbagzg} 8-12 10-13 9-14
Leaves/litterbag (approx.) 60 18 122
Initial subsample Year N SE P>kl N 2 SE P>|{ N = SE P> |
Nitrogen (%) 89 11 043 (0.009) 8 067 (0.007) 9 177 (0.045)
. % 18 033 gg.og)&) 00000 17 067 (0.007) 10000 & g %o;ozo) DzeAl
% 89 5 O 0 11 1136 (0.06) 10 8.14 (028
00 18 181 (002 "% 18 1147 (g 07051 7 33 %o.m; 0.0090
Lignin (%) 18 22.1 (0.90) 18 166 (0.30) 17 167 (0.71)
Cellulose (%) 18 258 (0.58) 18 435 (1.04) 17 429 (0.63)
* Leaf segmencs.

Each 8 X 16 m plor was divided into a grid of
2 X 2 m subplots. With three species and five rep-
licares per species to distribute, 15 subplots were
randomly selected from the 32 total subplots. As-
signment of species per subplot also was selecred
randomly. Litterbags were placed on the forest floor
within the subplots and tethered to an anchor. The
1989 samples were disuibuted on 2 June and the
1990 samples were distributed on 7 July (Bisley)
and 10 July (Icacos). A single litterbag was collect-
ed from each subplort after: (i) 14, 35, 52 (Bisley),
55 (Icacos), and 78 days in 1989; (i) 12, 23, 45,
73, and 102 days at Icacos plots in 1990; and (iii)
11, 22, 42, 69, and 99 days at Bisley plots in 1990,
Samples were collected more frequendy at the be-
ginning of each study period to account for the
rapid changes that occurred in litter during this
period. To summarize:

1989: (3 spp.) X (4 plots) X (5 replicates)
X (4 collections) = 240 litterbags

1990: (3 spp.) X (5 plots) X (5 replicates}

X (5 collections) = 375 litrerbags

Mass aND QuALITY anALysEs.—Foliage samples were
oven-dried on the day of collection (¢ 50°C),
shipped to Durham, New Hampshire, redried
(65°C), removed from the litterbag, separated from
loose soil, weighed, and milled to pass through a
1-mm sieve. The ash content of each sample was
estimated by combusting a ¢z 1-g subsample
(500°C for G h). Estimartes of ash content were
used to adjust the biomass and nitrogen values for
soil contamination; therefore, disappearance rates
were calculated on an ash-free basis. Total nitrogen
was estimated using 2 micro-Kjeldahl digestion
method and Technicon Autoanalyzer (Bremner &

Mulvaney 1973, Technicon 1983). Initial lignin
and cellulose content was estimated using a near-
infrared reflectance (NIR) spectrometer (Pacific
Scientific, CITY, Oregon, Wessman er al. 1985,
McLellan er o/ 1991).

Data anaLyses.— The fraction of the initial bio-
mass remaining (FBMR) and the fraction of initial
nitrogen remaining (FNR) were examined using
several approaches. Foliar litter generally displays a
negative exponential pattern of disappearance dur-
ing carly stages of decomposition (Jenny 1949,
Swift er al. 1979, Wieder & Lang 1982). This de-
composition rate often is described by the modek:
y = e%, where y = FBMR, t is the clapsed time
in years, and £ is a litter-specific constant. We used
a simple least squares regression [In(FBMR) =
—#t] to fit 2 model to our dara for comparing the
results of this study to other studies (CRC-STATA
1990); however, application of this general model
across all litter types and species often has been
found to underestimate initial mass loss (Wieder &
Lang 1982, McClaugherty 8 Berg 1987, Gallardo
& Merino 1993). Models that facror the variable
mobility of lircer constituents and the muld-stage
nature of decomposition betrer describe mass loss
(Ezcurra & Becerra 1987). Forcing the y-intercept
to zero as in the y = ¥ model can asserr an
undesirable leverage when modeling and other sta-
tistical procedures are applied. This arrificial affect -
is partcularly influential when applied to 2 study -
focusing on short-term decomposition dynamics.
For example, immigration and incorporation of de-
composer organisms can increase litter mass or bio-
mass loss through leaching, but may not occur im-
mediately upon placement on the forest floor.
The single exponent model described above
was modified to test for differences among species,
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site, and year categories. The rare component of
the modified model was renamed £’ and the modet

included a y-intercepr rerm:
In(FBMR) = —&'t + yin,

The y-intercept in this model may be viewed as an
index of the initial leaching losses or delay in mass
loss that can occur. The slope (#) may be viewed
as the second stage in the muldstage process of
decomposition. We used regression techniques to
fir this model with category indicaror variables to
simultancously and efficiently test for differences in
biomass loss among categories (Hamilton 1990,
Bloomfield er /. 1993). Binary indicator variables
(1 or 0) were facrored for each category (e.g., year,
watershed, slope position) along with elapsed time
such that the influence of the category was reflected
by a deviation in the rate and a deviation in the y-
intercept (an example interpretation is included in
the results section).

The pattern of the fraction of nitrogen remain-
ing over time was curvilinear and the degree and
shape of curvilinearity varied among sample
groups. No single transformation technique would
linearize the data for analyses using regression.
Consequently, nonparametric Kruskal-Wallis rank
sum tests were used to compare nitrogen response
(FNR) over time and among sites for each study
year. Statistical comparisons between study years
were complicated by unequal sampling intervals,
To address this, the dara were divided into groups
with year, species, and treatment interval in com-
mon (Kruskall-Wallis comparisons of FNR among
sites showed that sites did not differ significandy
in nitrogen dynamics). The fraction of nitrogen re-
maining at a given sampling time in 1989 was
compared to the closest two sampling times (before
and after) in 1990. For example, the 35-day sam-
ples from 1989 were compared to both 23- and
44-day samples from 1990.

RESULTS

INrTIAL FOLIAGE QUALTTY.—Abscised C. racemiflora

foliage contained relatively low concentrations of

nitrogen and cellulose {cz 0.38 and 26%, respec-
tively) and a relatively high lignin concentration
{22%; Table 1). The D. excelsa and P montana
initial state samples had similar lignin (cz 17%)
and cellulose (cz 43%) concentrations. The ab-
scised D, excelra foliage, however, had about one
third the N concentrition of fresh 2 montana (0.67
vs. 1.77%). Thus, foliar litter of these three species
span 2 wide range of nitrogen and carbon quality.

The nitrogen concentration of the foliage collected
for the study did not differ significandy berween
years for D. excelsa and P montana (Table 1), Al-
though there was a statistically significant differ-
ence in nitrogen content berween years for C. ra-
mﬂ;rm the differenca” was less than 0.1 per
cent N. *

Biomass prsaprearance.— The rates of disappear-
ance among the three species varied significancly
(P<0.0005); therefore, the species were modeled
separately for further comparisons. The relation-
ships among watersheds, slope positions, and study
years can be described by simultaneously factoring
all indicator variables (Table 2). The rate of bio-
mass disappearance was lower in- 1990 than in
1989 for most combinations of species, site, and
slope position (Fig. 1). Using D. excelsa as an ex-
ample, Table 2 can be interpreted as follows: (1)
the slope of the base model for this species (k' =
—1.174, P<0.001) and intercept (—0.073, P<
0.05) are significant; (2) there was a significant dif-
ference berween pre- and post-hurricane lireer dis-
appearances (deviation due to year = —0.619 in
1989 for the slope and —0.063 for the intercept);
and (3) there were no significanc differences among
watersheds and slope positions.

The y-intercept for the C. racemiflora model
differed between years (deviation = —0.112, P<
0.001), bur the decompoasition rate did not (£’,990
= —0.724 and k'!989 = =0.724 - 0.119 or
0.843). The only significant differences among wa-
tersheds and slope positions occurred for C. racem-
iflora in which initial disappearance (y-intercept)
was significantly greater on the upland plots than
on riparian plots. This difference is particularly no-
table for pre-hurricane Bisley samples (Fig. 1). The
decomposition rate and y-intercept for P montana
did not differ significantly among ‘years, water-
sheds, or slope positions,

The y-intercepts from the 4’ models were sig-
nificantly less than 0 (P< 0.0005), indicating that
the traditional single exponent model (#) underes-
timated the initial rate of biomass loss. Nonethe-
less, the two decay coefficients, # and k', suggest
the same relationships among species and study
years. The rate of litrer biomass disappearance us-
ing k follows the same pactern: 2 montana > D.
excelsa > C. racemiflora and 1989 > 1990 for each
species. Apparent differences in & berween upland
and riparian sites in 1989 were due to the leverage
of the y-intercept = 0 term; 4’ models indicate
these sites did not differ after initial leaching losses.
The fit of regression models based on the tradi- -
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TABLE 2. Multivariase regression models by species for redicting biomass remasning over time. Category indicator var-
iables (1 or 0) were factored ta :imul:aneomf; sest for differences among sises and besween study years. Param-
eters for siudy year, watershed, and slope position indicate the change in the base parameters when the category
variable is 1. The standard error is in parentheses with the significance level indicated as ™ = P < ]‘tfv--

0.001, * =P <1 = 0.05, and NS = not significant.

Change in base parameter due to:

B Study year Watershed Slope position
] . 1989 =1, . Bisley = 1, Upland = 1,
: ‘;l‘;pe 1990 = 0 leacos = 0 Riparian = 0
(£)  Intercepr Slope Intercept Slope  Intercepr  Slope  Intercepr
Cyrilla racemiflora —0.724 0.044 -0.112 -0.112 =0.025 -0.029 0.138 -0.04
N =184, R? = 0.70 (0.094) (0.014) (0.117) (0.016) 0.098) (0.015) (0.098) (0.015)
e * NS e NS NS NS *
Dacryodes excelsa -1.174 —0.073 ~0.619 —0.063 -0.102 0.004 0.002 -0.009
N'=211, R? = 0.68 (0.148)  (0.023) (0.171) (0.025)  (0.153) (0.024)  {0.154) {0.024)
- * - * NS NS NS NS
Prestoea montana —-2707 -0.042 -0303 -0.042 0.179 0.020 0.365 -0.023
N =208, R = 0.75 (0.197)  (0.030) (0.231) (0.034)  (0.205) (0.031) (0.206) (0.031)
- NS NS NS NS NS NS NS
14 [ Prestoes momtana QBisley Upland Alcacos Upland

W Bisley Riparian & Icacos Riparian
Q1990 Icacos Blowdown
—I1990 -~ —1089

Fraction biomass remaining

40 60 80 100
Elapsed time (days)

FIGURE 1. Short-term biomass loss over time by species, site, and wo study periods,
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TABLE 3. Nonlinear regression models for extimating decay

biomass remaining = ¢ and t = time in years.

coefficients (k) in the single exponens model where: fraction

Cyrilla racemiflora Dacryodes excelsa Prestoea montana
& N k2 k N R? * N Rt
Bisley riparian 1989 -1.54 16 085 -2.08 22 090 -3.31 23 0.96
Bisley upla.nd 1989 -2.03 13 084 -3.08 24 0.91 -334 20 096
Icacos riparian 1989 -1.10 20 091 -3.22 200 092 -3.19 20 0,96
Icacos upland 1989 -1.30 20 0.8% -2.60 21 095 - -327 20 0.93
Bisley riparian 1990 -0.61 25 093 -1.76 25 094 -2.51 25 0.88
Bisley upland 1990 -0.65 22 094 -1.78 25 0.8 —2.28 25 093
Icacos riparian 1990 ~0.67 23 090 -1.49 25 091 -3.24 25 0.94
Icacos upland 1990 —0.57 45 079 ~-1.48 49 095 -2.66 50 0.92
Owverall -0.85 184 071 -1.99 211 0.85 -287 ° 208 092

tional single negative exponential equation im-
proved as the sample sets became more site specific
(R2 = 0.707-0.964; Table 3), suggesting that sam-
ples from the same ploc or year were following
more closely the same pamern of disappearance
over uume.

Nitrocen.—Patterns of nitrogen (N) dynamics
over time were curvilinear and differed berween
years. In general, the fraction of nitrogen remaining
over time in 1990 exceeded thar in 1989. Of 222
paired Kruskal-Wallis tests among plots by year and
species, less than ten percent showed a significant
difference in FNR with no apparent pattern to the
occurrences of these differences (Sullivan 1993).
There were significant differences between study
years, however, for these three species (Fig. 2; Table
4). ,

In 1990, C. racemiflora samples immobilized
nitrogen up to the end of the scudy (110% of the
initial N ar 102 days) whereas 1989 samples re-
leased abour 10 percent of the original nitrogen
before the first collection and maintained 90 per-
cent of the initial N mass for the remaining 78 d
of the study. Between year relationships for C. ra-
cemiflora were similar for all sites; i.e., 1990 sam-
ples immobilized N and 1989 samples released N
before the first collection.

In 1989, D, excelsa samples maintained their
original N mass for cz 20 d and then declined grad-
ually to abour 82 percent of the original N mass.
The 1990 D. excelsa samples maintained the same
N mass throughour the study. The pattrern of ni-
trogen dynamics for D. excelsa at the Icacos fiparian
sites in 1990 differed from thar of other sites. Ni-
trogen content was > 100 percent of the initial
content throughour the study, although this litter
began to release N ar 70 d. One or two subplots
that contained D. excelsa foliage were flooded after

licterbag distribution, perhaps leading to these un-
usual results. In 1989, the first collection of D,
excelsa litrer from the Bisley riparian site had high
and variable N mass (89-141% of the initial mass,
SD = 21%), although the biomass results (87~
101%, SD = 7%) for tha replicate set were similar
to other plots.

In 1989, P montana samples began to release
nitrogen immediately and declined to 60 percent
of the initial N mass within 78 d. During the sec-
ond study year, P montana samples immobilized N
briefly (105% ac day 12) and declined at a rate
similar to 1989 (70% of the initial N). The vari-
ability in nitrogen content of P montana diffeced
among sites and years. A brief period of immobi-
lization occutred in 1990 at the Icacos sites, where-
as there was a relatively long immobilization period
at the Bisley sites, Once the immobilization period
had passed, the rate of loss becween years was sim-
ilar. '

Nitrogen dynamics berween the 1990 defoli-
ated and blowdown plots did nor differ for D. ex-
celia and P monsana. However, C. racemiflora sam-
ples from the blowdown plot initially immobilized
significantly more nitrogen (cz 10% of the initial
nitrogen mass) than the defoliated ploc (P< 0.05).

DISCUSSION

The concentrations of nitrogen and lignin in licter
are imporrant controllers of decomposition {Aber
& Melillo 1982, Bosarta & Staff 1982, Melillo e
al 1982, Gallardo & Merino 1993). Based on
these criteria, the species chosen for this study rep-
resent a range of litter qualities from low (C 72-
cemiflora) o high (P montana). The differences in
rates of biomass disappearance for these three spe-
cies are consistent with expectations based on the
inicial qualities of the foliage. For example, the very
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1.2  Prestoea montana
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FIGURE 2. Short-term nitrogen dynamics over time by species, site, and two study periods.

low nitrogen and relatively high lignin concentra-
tions of C. racemiflora foliage resulted in low decay
rates and intermediate N retention despire favor-
able moisture and temperatures found in this trop-
ical rain forest. B montana, on the other hand, de-
composed rapidly but with lictle N rerencion. The
intermediare N and lignin content of D. excelsa led
10 a moderarte disappearance rate.

The overall mean £ values for the three species
in this study (—~0.85, —=1.99, and —2.87; Table 3)
span ranges reported in other studies of foliar de-
composition. Edwards (1982) characterized £ val-
ues for Neorropical sites as being berween ~1.1
and —1.7. In a long-term study conducted during
nearly the same period as our two study periods,
Bloomfield er al (1993) found similar shorr-term
results for P montana and D. excelsa (based on their
FBMR ar 109 d); however, their overall % values
(=1.6) were lower than ours for P montana, prob-
ably due to the short duration of our study and
the effect of initial leaching. Our data also did not

reflect the long-term persistence of palm foliage
noted by Bloomfield er al (1993) and Frangi and
Lugo (1985). Eliminating the opportuniry for re-
sorption of nutrients by harvesting fresh fronds, as
well as the high nitrogen concentracion of the 2
montana foliage in our study, may have contribured
to its relatively high initial disappearance rate.

As in other studies in tropical locations (eg,
Edwards 1977, Ewel 1977, Bloomfield ez 2 1993),
we did not find significane differences in decay
rates or nitrogen dynamics among sites for either
study year. The direction of orientation of slopes
in tropical forests is not as imporrant in terms of
energy influx as it is in higher latitudes (2., Mur-
dick ez al 1994). Environmental differences among
subplots were notable, Part of the within-site var-
iabiliry in licter disappearance may have been duc
to variation in the distribution of decomposer or-
ganisms. Mycelium were apparent and abundant in
some litterbags, several times within two weeks,
while others displayed no visible sign of fungi
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TABLE 4. Results of testing for differences in mean frac-
tion nitrogen remaining (FNR) between seudy
years using nonparamesric Kruskal-Wallis rank
sum mevhods. Means from 1989 samples were
compared to the two nearest (Mean Elapsed
Time (M.E.T]) means from 1990 samples.

1989 1990 P>
MET Mean MET. Mean berween
{days) N FNR (dayss N FNR  years
Cyrilla racemiffora
14 18 0.92 12 13 103 0.0002
14 18 092 23 14 104 0.0010
35 19 090 23 14 104 0.0003
35 19 0.90 44 15 105 0.0001
54 14 0.86 44 15 1.05  0.0001
54 14 0.86 71 16 1,08 0.0001
78 17  0.89 71 16 1.08  0.0001
78 17  0.89 102 17 112 0.0001
Dacryodes excelsa
14 22 1.02 12 18 i.00 0.8890
14 22 1.02 23 19 102 04954
35 21 0.91 23 19 102 0.0013
35 21 091 44 20 0.99 0.0062
54 21 0.85 44 20 099 0.0001
54 21 0.85 71 21 098 0.0005
78 23 082 71 21 098 0.0001
78 23 0382 102 22 099 0.0001
Prestoea montana
14 21 0.88 12 23 1.05 0.000]
14 21 0.88 23 24 094 0.0642
35 21 0.72 23 24 094 0.0001
35 21 0.72 4 25 0.87 0.0005
54 20 0.64 44 25 0.87 0.0001
54 20 0.64 71 26 0783 0.0028
78 21  0.63 71 26 078 0.0014 .
78 21 0.63 102 27 070 0,0504

throughout the study periods. The increase in light
at the forest floor duec to toppled trees, fewer
branches, and reduced leaf area after the hurricane
resulred in dense, herbaceous ground cover. With
the exception of the Icacos “defoliared” plor, all
other subplots were dominated by herbs. All Icacos
upland blowdown subplots, all Bisley upland sub-
plots, most of the Icacos riparian subplots, and half
of the Bisley riparian subplots were occupied by
herbs. In effect, the canopy was lowered to the for-
est floor (Brokaw & Walker 1991). Transpiration
from herbaceous vegetation along with reduced air
circulation at the forest loor may have maintained
a high moisture conrent in foliar litter and de-
creased the vapor pressure gradient from the liter
to the atmosphere, despite apparently increased in-
solation and temperatures. The herbaceous layer
also may have prevented litrerbags from being in
contact with the litter layer and sources of micro-
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FIGURE 3. Rainfall during the two study periods. The
lcacos site rainfall was estimated from daily Rio Icacos
stream discharge recorded atc gage 50075000 abour 100
meters from the study plots (Curtis et al. 1990; 1991).
Smoothed-lines were fir to Bisley mean daily rainfall from
weekly collections (F. N. Scatena, pers. comm.)

bial decomposers. In a similar situation, Mahes-
waren and Gunatitleke (1988) found thar licter dis-
appearance in a cleared tropical lowland forest that
was subsequencly populated by low-starured vege-
tation (ferns) was 20 percent less than an adjacent
intact rain forest. '

. While the comparisons among slope positions
and forest types did not suggest statistically differ-
ent initial decomposition rates, the disappearance
tates and nitrogen dynamics of C. racemiflora and
D. excelsa did differ berween study years. Leaching
by precipitation and the physical impact of rainfall
may have interacted to cause differences in biomass
loss between years. Leaching can result in signifi-
cant mass loss. For example, Day (1983) found
that Acer rubrum leaves lost 30.8 percenc of their
biomass and 18.7 percent of their nitrogen in 2 93-
h leaching experiment. In our study, the amount
and pactern of precipitation was similar during the -
two study periods (Fig. 3). Precipitation in 1989,
however, was greater than in 1990 during the pe-
riod in which foliage was being collecred for use
and for 2 to 3 days after lirrerbags were deployed.
This may have caused the higher initial biomass
loss rates for C. racemiflora and D. excelsa. B mon-
tana foliage also displayed this delay in mass loss
at the Bisley sites, although not at the Icacos sites.
Among year differences in biomass loss and nitro-
gen dynamics berween litterbag distribution and



the first collection corresponds to a period of low
rainfall (Bisley) and low stream discharge (Icacos).
While rainfall would be expected to alter mass and
nitrogen dynamics by removing material through
leaching, the physical impacs of precipitation im-
mediately preceding the study may have caused
leaves to fall to the forest floor before some soluble
compounds could be translocated to woody tissue;
thus, apparent initial biomass losses might have
been higher than would otherwise be the case. The
relative proportions of leachable and non-leachable
constituents is not known for this study. The no-
tion thac differences in precipitation early in the
study periods rather than hurricane disturbance
contributed to the differences in initial decompo-
sition rate is supporred by the observaton that
samples from the 1990 defoliated plot and the
1990 blowdown plot did not differ in biomass loss.

The differences between pre- and post-hurri-

cane nitrogen dynamics may have been due 1o a
combination of precipitation and availability of ni-
trogen in the ecosystem. The brief period of nitro-
gen immobilization by B mentana in 1990 and
persistent retention of nitrogen by D. excelsa and
C. racemifiora' may have been related to greater
availability of inorganic nitrogen due to hurricane
livter inpurs and, initally, lower precipitation and
thus fower losses through leaching (Lodge er al
1991, McDowell er 2l 1992, Sitver & Vogt 1993).
When nitrogen is available, some fungal species are
capable of increasing nitrogen in mycelium by up
to 20 times the minimum nitrogen content (Swift
e al. 1979). Contact berween lirterbags and herbs
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in disturbed sites and leaching from vegeration ac-
tively taking in nutrients may have increased nitro-
gen in licrerbags.

,The results of this study scemed to be affected
by variability in the timing and intensicy of weather
events. Differences in lirrer mass disappearance be-
tween study years apparently was due to differential
initial leaching that may have been related to dif-
ferences in precipitation. Exploration of the timing,
frequency, and intensity of non-carastrophic cli-
matic events, their effect on the amounts of nurri-
ent translocation during leaf senescence and on
leaching from fresh litter, and their subsequent ef-
fects on hydrologic nutrient export and dynamics
could advance our understanding of disturbed eco-
systems.
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