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Abstract. Moisture seasonality may control forest floor decomposition rates in tropical
forests. We used a mass balance model and 5 yr (December 1986 through December 1990)
of weekly litterfall and monthly forest floor mass measurements from control and dry season
irrigated plots to test this hypothesis on Barro Colorado Island, Panama. Litterfall and forest
floor mass were greater in the dry season than in the wet season. Irrigation affected neither
the timing nor the quantity of litterfall. In contrast, dry season irrigation reduced forest
floor mass throughout the year, not just during the dry season. Forest floor decomposition
during the dry season was enhanced by irrigation. During the dry season, net decomposition
(in grams per square metre per day) and exponential decay coefficients (per day) averaged
48 and 42% greater, respectively, in irrigated plots than in control plots. As a consequence,
seasonal differences in decomposition rates were more pronounced in the control plots than
in the irrigated plots. Net decomposition rates, for example, averaged 105 and 22% greater
during the wet season than during the dry season on control and irrigated plots, respectively.
Net decomposition was positively correlated with rainfall in the control plots, but not in
the irrigated plots. These results support the hypothesis that moisture seasonality controls

forest floor decomposition in tropical moist forests.
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INTRODUCTION

Leaf litter deposition and decomposition are critical
pathways of organic matter and nutrient flux in tropical
forest systems (cf. Golley et al. 1975, Swift et al. 1979,
Sanchez et al. 1982, Anderson and Swift 1983, Golley
1983, Proctor 1983, 1984, Swift and Anderson 1989).
In tropical forests with alternating dry and wet seasons,
litter often exhibits a distinct seasonality. Although in
some forests peak litterfall occurs during the wet sea-
son, more commonly maximum litterfall occurs during
the dry season (cf. Wright and Cornejo 1990, Herbohn
and Congdon 1993). In forests with pulsed dry season
litterfall, an inhibition of litter decomposition, presum-
ably because of moisture stress, results in a transient
accumulation of litter on the forest floor during the dry
season (Madge 1965, Golley et al. 1975, Swift and
Anderson 1989). At the onset of the wet season, ac-
celerated decomposition in the accumulated litter layer
may result in an ephemeral enhancement of soil nutri-
ent availability (cf. Swift et al. 1981, Swift and An-
derson 1989, Lodge et al. 1994). Seasonal changes in
litterfall and in forest floor litter mass have been well
documented in tropical forests with marked wet and
dry seasons (Haines and Foster 1977, Leigh and
Smythe 1978, Martinez-Yrizou and Sarukhan 1990),
but there is less evidence for an associated seasonality
in litter decomposition rates (Swift et al. 1979, An-
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derson and Swift 1983, Swift and Anderson 1989).
Therefore, over a 5-yr period, we collected litterfall
and forest floor litter in a tropical moist forest on Barro
Colorado Island (BCI), Panama. A mass balance ap-
proach was employed to test the hypothesis that litter
decomposition on the forest floor exhibits seasonal
variation, being substantially lower in the dry season
than in the wet season. Furthermore, experimental dry
season irrigation allowed us to test the hypothesis that
litter decomposition rates are controlled by seasonality
in moisture availability.

STUuDY SITE

BCI(9°09’ N, 79°51" W) receives =95% of its annual
average of 2600 mm of rainfall during the 8-mo wet
season, extending approximately from mid-April
through mid-December (Fig. 1). During the remaining
4-mo dry season, monthly rainfall averages <60 mm
(Windsor 1990). This precipitation regime supports
lowland tropical moist forest vegetation (Holdridge and
Budowski 1956) with both dry season deciduous and
evergreen broadleaf species in the forest canopy. About
12% of the tree species shed their leaves at some tinie
during the dry season (Croat 1978), and as a result
litterfall deposition peaks early in the dry season and
generally remains high throughout the dry season
(Haines and Foster 1977, Leigh and Smythe 1978).
Detailed descriptions of the geology, climate, and veg-
etation of BCI can be found in Woodring (1958),
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Knight (1975), Croat (1978), Leigh et al. (1982), and
Windsor (1990).

Forest irrigation

The main study site was located on Poacher’s Pen-
insula, the southernmost extension of BCI. The soils
are Alfisols and the forest in this area has been rela-
tively undisturbed by human activity for >500 yr (Pi-
perno 1990). Four 2.25-ha plots were established, two
to serve as controls and two to be manipulated by dry
season irrigation. Irrigation was accomplished using
160 sprinklers, elevated 1.8 m above the ground, and
placed 15.3 m apart in an hexagonal array. The irri-
gation schedule was continuously adjusted to maintain
soil water potential near —0.03 MPa (cf. Wright 1991).
During a typical dry season week, irrigation water was
applied for 3 h/d on each of five successive days, so
that each plot typically received ~675 Mg of water per
week (equivalent of 30 mm/wk of rainfall). Irrigation
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separation between the dry season and the wet season. Italicized values on either side of the vertical line are total dry season
and wet season rainfall (millimetres).

water was taken from Gatun Lake, in which nutrient
concentrations are typically lower than in rainwater
collected on BCI (Gonzalez et al. 1975).

METHODS
Litterfall and forest floor litter collection

Litterfall and forest floor mass were collected over
a 5-yr period from December 1986 through December
1990. Litterfall was collected weekly in 40 screened
traps (10 traps in each plot), each with a surface area
of 0.25 m?, elevated above the forest floor surface (see
Wright and Cornejo 1990). Forest floor litter was col-
lected monthly within 2 m of each litterfall trap from
a randomly located 29.5 X 29.5 c¢cm area which was
marked and excluded from future forest floor collec-
tions. Pieces of litterfall or forest floor litter with a
diameter =2 cm were excluded from all collections.
The boundary between the organic forest floor layer
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and the underlying mineral soil was consistently dis-
tinct. Collected litterfall or forest floor litter samples
were returned to the laboratory, oven-dried at 60°C,
and weighed. In addition, for all forest floor litter sam-
ples collected between July 1986 and August 1988, 0.5
g subsamples were combusted at 800°C in a muffle
furnace; organic matter was calculated as loss on ig-
nition.

Quantification of litter decomposition

In using a mass balance approach to estimate de-
composition rates, it was assumed that: (1) litterfall
began to decompose as soon as it landed in one of the
raised screen traps, (2) litterfall in the traps decom-
posed at the same rate as litterfall on the ground, (3)
the rate of litterfall deposition was equal for each of
the 7 d of the interval between litterfall collection dates,
and (4) litter decomposition follows a simple expo-
nential decay function.

Daily litterfall was not calculated by dividing the
mass of the collected litterfall by 7, because this ap-
proach fails to take into consideration that litterfall
within the trap undergoes decomposition (cf. Kirita and
Hozumi 1969). Thus, daily litterfall was estimated as

LFW
LFD = - o)
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where LFW is the weekly litterfall rate in grams per
square metre per week (dry mass of the litter collected
in the litterfall traps each week), LFD is the daily lit-
terfall rate in grams per square metre per day (assuming
that equal amounts of litterfall were deposited on each
day of the week), k is the exponential decay constant
(d™"), and i indexes the seven days of a week.

Decomposition rates (k values) were estimated by
assuming that the mass of litter on the forest floor
(FFLM) at month x is equal to the mass of litter on the
forest floor at month x — 1 adjusted for 28 d of de-
composition at a rate of k, plus each day’s litterfall
inputs during the month (Eq. 1) adjusted for the number
of days within the month for which that litterfall de-
composed at a rate of k, or

FFLMmonthx = FFLMmomhx—l X e_28k
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where w indexes the 4 wk of each- month and LFD,,
denotes the daily litterfall for each of the 4 wk of the
month. This equation was fit to the weekly litterfall
and monthly forest floor littermass data using nonlinear
least squares regression (PROC NLIN; SAS 1989) with
the stipulation that estimated k values could not be <0.

Net decomposition during a 28-d interval (NETDEC;
grams per square metre per day) was estimated as the
forest floor mass at the beginning of the 28-d sampling
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interval plus litterfall inputs during the interval minus
the forest floor littermass at the end of the 28-d interval:

NETDEC

28
= (FFLMmm + >, LFD, — FFLM) / 28,
3)

Jj=1
where j indexes the 28 d of the interval. Net decom-
position was estimated using k values calculated sep-
arately for each plot and litterfall and forest floor mass
values for each of the 40 sampling locations.

Statistical analysis

Weekly litterfall, monthly forest floor littermass, and
daily net decomposition data were analyzed using re-
peated measures analysis of variance. A repeated mea-
sures design is appropriate because litterfall and forest
floor littermass were collected from the same 40 lo-
cations (10 in each plot) throughout the duration of the
study. The analyses were performed with between-sub-
jects effects of irrigation (control vs. irrigated plots)
and plot nested within the irrigation effect (two control
and two irrigated plots), within-subjects effects of year
and season (dry season vs. wet season), and all possible
interactions. The significance of each term in the anal-
ysis was evaluated using the multivariate Wilks’ lamb-
da test (cf. PROC GLM; SAS 1989). To facilitate sta-
tistical analysis, we somewhat artificially set the re-
spective durations of the dry season and wet season to
be the same in each of the five years of the study. This
delimitation is consistent with the experimental design
in that the dry season closely corresponded to the pe-
riod of experimental irrigation.

RESULTS
Litterfall

Total litterfall averaged 1239 g-m~2-yr-! (Table 1;
Fig. 2). Litterfall was greater in the dry season than in
the wet season, but the magnitude of the difference
between wet season and dry season litterfall was not
consistent across all years (significant year by season
interaction in the ANOVA; Table 2). Weekly litterfall
rates ranged from 1.4 to 1.8 times greater during the
dry season than during the wet season. Dry season
irrigation did not affect litterfall (non-significant irri-
gation effect and season by irrigation interaction; Table
2).

Forest floor litter

Forest floor littermass was consistently lower in the
irrigated plots than in the control plots (Table 1, Fig.
3; significant irrigation effect, but no significant inter-
actions with irrigation in Table 2). Superimposed on
the irrigation effect, forest floor littermass consistently
was greater during the dry season than during the wet
season, but the magnitude of the season effect was not
consistent across all years (Fig. 3; significant year by



