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Summary .  The effects of hydroperiod on decomposition 
rates of senescent Acer rubrum leaves were tested in micro- 
cosms in a controlled laboratory environment. Microcosm 
treatments included continuously flooded, continuously 
unflooded, and fluctuating hydroperiods. All flooding 
treatments promoted decomposition but variations in hy- 
droperiod had no significant effects. A leaching experiment 
indicated the higher decay rates under flooded conditions 
were primarily due to high leaching losses from soaking. 
Unlike nutrient dynamics in the field, where net accumula- 
tion occurs, nitrogen and phosphorus in the litter in the 
microcosms exhibited net losses. The major external inputs 
which provide a source of nitrogen and phosphorus for 
immobilization in the field were lacking in the microcosms. 
Calcium, magnesium, and potassium exhibited net losses 
except for calcium in the unflooded microcosms. The micro- 
cosm results demonstrated the importance of external 
inputs to litter nutrient relations. 

Introduct ion 

The mechanisms and controlling factors of decomposition 
processes in terrestrial and aquatic habitats have been well 
described (Dickinson and Pugh 1974; Anderson and Mac- 
fadyen 1976; Singh and Gupta 1977; Swift et al. 1979). 
However, information is still lacking on critical aspects of 
decay in wetland ecosystems, which are quite varied and 
complex (Brinson et al. 1981). Several studies have shown 
litter decomposition to be faster in flooded habitats than 
in adjacent drier sites (Brinson 1977; Bell et al. 1978; Ewel 
and Odum 1978; Merritt and Lawson 1979; Shure et al. 
1980 and 1981; Day 1982), but the exact causes of these 
site differences have not been definitely established. In re- 
viewing the literature, Brinson et al. (1981) could not con- 
clude that increased flooding leads to increased decay rates. 
I have previously reported that litter quality (phosphorus 
concentration, C :N ratio, lignin and tannic acid content) 
is primarily responsible for variation in decomposition rates 
among sites experiencing different hydroperiods in the 
Great Dismal Swamp (Day 1982). Tree species (e.g. Nyssa 
aquatica) found on the more extensively flooded sites were 
more susceptable to rapid decay. Davis (1981) also found 
litter quality to be more important than environmental con- 
ditions (including water logging) in affecting decay rates 
of mosses in the Antarctic. The Dismal Swamp study gave 
some indications of at least indirect effects of hydroperiod 

on decomposition, but the results from the field did not 
establish a direct relationship between flooding and decay 
rates (Day 1982). Recognizing that other factors, especially 
oxygen availability, affect decay in wetlands (Brinson et al. 
1981), I conducted a study to evaluate the effects of flooding 
under controlled conditions. 

The present study, a follow-up to the field research, 
tested the direct effects of hydroperiod on decomposition 
rates by using a single litter type in microcosms in a con- 
trolled laboratory environment. An experiment was con- 
ducted to evaluate the importance of leaching in this test 
system. Nutrient dynamics in the microcosms were also ex- 
amined. 

M e t h o d s  

Microcosm Experiment 

The microcosms consisted of 38 1 (10 gal) styrofoam coolers 
lined with plastic. Blocks of soil (0.02 m3; 15 cm deep), 
including litter, were removed from the maple-gum site de- 
scribed by Dabel and Day (1977) and Day (1982) and 
placed in each of twenty-five coolers. The maple-gum site 
is periodically flooded during winter and spring, is domi- 
nated by Nyssa aquatica, Acer rubrum, and Nyssa sylvatica, 
and has a mineral soil high in organics with an average 
pH of about 4.9. Five treatments representing varied hydro- 
periods (Table 1) were assigned to the microcosms (five rep- 
licates each). Flooding was simulated with deionized water 
carefully poured to a depth of 6 to 7 cm above the soil 
surface and drydown was simulated by siphoning until the 
water level was at least 10 cm below the soil surface. Deion- 
ized water was used so nutrient additions would not be 
a factor in the experiment. In the A treatment (no flooding) 

Table 1. Hydroperiods of the experimental microcosms. The study 
period is divided into eight segments (one month intervals) and 
an F indicates the microcosm was flooded during that time 

Treat- Days Days Days Days Days Days Days 
ment 0 to 28 to 63 to 90 to 119 to 154 to 183 to 

28 63 90 119 154 183 215 

A 
B F F F F F 
C F F F F F 
D F F F 
E F F 

F F 
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the soil surface was kept moist with dionized water; this Results 
was necessary only a couple of  times during the study. All 
microcosms were kept in a darkened room at 22.5~ C so 
that light and temperature conditions were constants. Soil 
and water pH and rodex potential, which were monitored 
throughout  the study, decreased in all microcosms. Water  
pH ranged from 5.05 to 4.10 and redox potential in the 
water ranged from 250 mv to 125 mv. Apparently all micro- 
cosms remained aerobic in the water column. 

Senescent Acer rubrum leaves were picked from a single 
t ree 'on  the maple-gum site on November  7, 1979. After 
air drying and subsampling for oven-dry mass conversions, 
leaves were weighed individually, labeled with a plastic tag, 
and placed into the microcosms (24 leaves each). One to 
two leaves were collected monthly from each microcosm, 
oven dried and weighed. Toward the latter part  of  the study 
it became difficult to recover two leaves from every micro- 
cosm because some leaves were separated from their labels. 
Decay rates were computed on the basis of  percent dry 
mass remaining using an exponential decay model (Olson 
1963). 

The oven-dried leaves were pooled by treatment and 
date for nutrient analysis, ground in a Wiley Mill using 
a 40 mesh screen, and digested in a Technicon block diges- Elapsed 
tot  by the sulfuric acid-hydrogen peroxide technique. Total time 
Kjeldahl nitrogen concentrations and phosphorus concen- (days) 
trations detected by the molybdate blue method were deter- 
mined on a Scientific Instruments autoanalyzer (Technicon 154 
Industrial Method 329-74 W/B). Calcium, potassium, and 
magnesium concentrations were determined on a Perkin- 
Elmer 603 atomic absorption spectrophotometer. National 
Bureau of  Standards orchard leaves were processed with 
each group of  samples digested and analyzed. 

Leaching Experiment 

The significance of  leaching losses of  mass and nutrients 
from litter in flooded conditions was tested by soaking se- 
nescent Acer rubrum leaves using two different treatments 
(five replicates and two controls each). The leaves came 
from the same group collected for the microcosm experi- 
ment. One treatment, patterned after Brinson (1977), con- 
sisted of  soaking approximately 5 g of  air dry senescent 
Acer rubrum leaves in five successive changes of  1 1 deion- 
ized water in 2,000 ml polyethylene beakers in the dark 
at 22.5 ~ C. Intervals of  soaking, in hours, were 0-2, ~5 .5 ,  
5.5-21, 21-45.5, and 45.5-93. The other treatment simu- 
lated periods of  alternate soaking and drying, which might 
occur with a fluctuating hydroperiod, by drying the leaves 
in an oven at 70 ~ C for approximately 1 h between each 
soaking interval. The controls for the two treatments con- 
tained no leaves. The leachate was filtered through glass 
fiber filters, acidified for preservation, stored at 4 ~ C, and 
analyzed within 48 h. The leachate was digested and ana- 
lyzed for nitrogen, phosphorus, potassium, calcium, and 
magnesium by the methods described for the microcosm 
experiment. Leaching rates were expressed as milligrams 
of  nutrient appearing in the water per grain of  leaf dry 
mass per hour. The leaves were oven dried, weighed, ground 
in a Wiley Mill, and analyzed for nitrogen, phosphorus, 
potassium, calcium, and magnesium. Mass and nutrient 
losses from the leaves were computed. The experiment was 
repeated with green Acer rubrum leaves collected from a 
single tree on the maple-gum site on July 17, 1980. 

Decomposition Rates 

By chance, a large population of  chironomids developed 
in microcosm BI. Decay rates in B1 were higher than in 
all treatments; however, tests for statistical significance 
were influenced by the small sample size. By day 215, leaves 
collected from BI had lost 70% of  their original mass, and 
unlike the leaves in all other microcosms, they were ob- 
served to be highly skeletonized. As indicated in Table 2, 
statistical analyses were conducted with and without BI 
and the results involving treatment B were unaffected. 

Decomposit ion through day 154 in treatment B and C 
(both continuously flooded at that  time) was significantly 
faster than in treatment A (continuously unflooded) (t test, 
P<0 .05)  (Table 2). Leaves were not recovered from treat- 

Table 2. Daily decomposition rates ( - k) for senescent Acer rubrum 
leaves based on the exponential decay model. Leaves were not 
recovered from treatments D and E after day 154, so two sets 
of rates were computed 

Treatment Daily 
- k  
( X 10 -3) 

r* F* n 

215 

A 2.89 0.847 96 40 
B 4.65 0.781 50 34 
B w/o BI 4.39 0.778 43 30 
B1 a 9.36 0.916 10 4 
C 4.60 0.788 48 31 
D 5.58 0.623 14 24 
E 3.70 0.782 54 36 
A 1.68 0.725 71 66 
B 3.58 0.755 56 44 
B w/o Bt 3.17 0.752 46 37 
B1 a 4.85 0.790 8 7 
C 2.58 0.669 30 39 

* All correlation coefficients (r) and F - statistics are significant 
(P<0.05) 

a Microcosm B1 contained a large population of chironomids 
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Fig. 3. Leaching rates of nutrients from Acer rubrum leaf litter 
and green leaves. Data points represent midpoint of successive 
leaching intervals. Note scale differences on y-axes 

Table 3. Total losses of dry mass and nutrients from Acer rubrum leaves in the leaching experiment. Total soaking time was 93 h. 
Error terms are 1 S.E, (n = 5) 

Treatment Oven-dry N loss P loss Ca loss Mg loss K loss 
mass loss (%) (%) (%) (%) (%) (%) 

Soak litter 30.8+1.1 1 8 . 7 _ + 3 . 3  35.1+2.7 38.1_+ 2.7 65 .6_+1 .3  98.1_+0.4 
Soak-dry litter 30.6_+7.6 1 6 . 5 _ + 9 . 0  38.5+7.5 28.1+10.0 55.8+6.3 99.6-+0.2 
Soak green leaves 22.6___0.7 2.7+ 1.7 31.4_+2.6 34.2_+ 2.8 61.4___0.3 87.2_+ 1.3 
Soak-dry green leaves 20.0__6.7 13.4+6.5 31.1_+5.5 25.4_+ 7.5 39.2___5.1 83.3_+2.5 

ments D and E after day 154 of the experiment, so decom- 
position rates ( - k )  were computed for two time periods, 
through day 154 and day 215 respectively. Through day 
215, decay in only B was greater than in A (t test, P=<0.01). 
There were no other significant differences in decay rates 
between treatments over these two periods. Treatments E 
to day 154 and C to day 215 exhibited intermediate decay 
rates and both were periodically flooded during those time 
spans. Treatment D simulated a highly fluctuating hydro- 
period and had the highest decay rate through day 154. 
However, high variability in the data apparently masked 
any possible significant differences with the other treat- 
ments. All three periodically flooded treatments (C, D, E) 
exhibited variability in mass loss dynamics during the study 
(Fig. 1). Flooding apparently promoted decomposition 
with aerobic conditions persisting (based on comparisons 
between the unflooded and flooded microcosms), but varia- 

tions in hydroperiod were not demonstrated to have a sig- 
nificant effect. 

Microcosm Nutrient Dynamics 

Nitrogen and phosphorus were released from the decaying 
leaves initially and then were immobilized in all but the 
B treatment (continuously flooded) (Fig. 2). Treatment E 
(unflooded initially, then flooded) was the only one to show 
a net gain of nitrogen and phosphorus. Potassium, calcium 
and magnesium were released throughout the study in all 
treatments except A (continuously unflooded), which was 
variable but exhibited net accumulation of calcium. Trends 
in leaf cation levels in E approximated those in A until 
E was flooded, after which cation levels in E dramatically 
dropped to levels found in the other flooded treatments. 
Cation levels (indicated by percent of original content) were 



highest in treatment A (continuously unflooded); this sug- 
gests that leaching is an important mechanism of losses 
from leaf litter in flooded conditions. 

Leaching Losses 

Losses of mass and nutrients from leaves in the leaching 
experiment were substantial and were generally greater in 
senescent leaves than green leaves (Table 3). Most potassi- 
um in the leaves was lost during the 93 h of leaching. Mass 
loss due to leaching (31% in senescent leaves) could explain 
most of the difference in decay rates between flooded and 
unflooded conditions. 

Nutrient leaching rates decreased sharply, following ini- 
tial increases, during the experiment with senescent leaves 
and showed less change with green leaves (Fig. 3). Values 
were corrected for nutrient levels in the controls which did 
not change. Phosphorus levels in the green leaf leachate 
were too low to detect by the methods used. The decrease 
in senescent leaves was gradual for calcium and magnesium 
and very rapid and high for potassium. Leaching rates were 
greater in senescent leaves than in green leaves, except for 
nitrogen (ANOVA and Duncan's Multiple Range test, 
P<0.01). Loss of structural integrity in senescent leaves 
likely results in greater leaching losses. There was no signifi- 
cant difference between treatments (soak and soak-dry). 
The drying treatment appeared to be harsher than what 
might occur in the field, but it apparently had no effect 
on leaching rates. 

Discussion 

Effects of Hydroperiod on Decomposition 

The results of the present study indicate a direct relationship 
between flooding and decomposition rates. Decay was 
faster in the microcosms than in the field (probably due 
to the constant mild temperatures of the microcosms); how- 
ever acceleration of the decay processes probably did no 
more than accentuate the differences between flooded and 
unflooded conditions in the relatively short term study. The 
progress of decay was compressed in time. 

Flooding promoted higher leaf litter decomposition 
rates in the microcosms (Table 2). Slow decay is frequently 
attributed to water logged litter due to anaerobic conditions 
(Williams and Gray 1974). However, the litter environment 
in the microcosms remained aerobic, as it does in shallow 
water seasonal swamps. Apparently though, the higher 
decay rates were due primarily to high leaching losses from 
continous soaking (Table 3) rather than greater microbial 
activity. McDowell and Fisher (1976) and Brinson (1977) 
have noted large mass losses due to leaching after a few 
days in a stream and riverine swamp respectively. Witkamp 
and Frank (1969) found greater mass loss from litter in 
an aquatic habitat than in a terrestrial one, and they attrib- 
uted the primary cause of higher mass loss in the aquatic 
habitat to leaching. Brinson et al. (1981) suggest that a fun- 
demental difference between leaching in wetland and 
upland ecosystems lies in constant soaking in the wetland 
versus leaching by periodic rainfall in the upland. There 
was no attempt in the present study to evaluate the role 
that microorganisms and invertebrates play in the leaching 
process. Their importance was certainly greatly minimized 
in the leaching experiment itself. Decay organisms do ira- 
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mobilize nutrients from the litter and they also increase 
the surface area of the litter from which physical leaching 
occurs. However, much of the initial, rapid loss of nutrients 
and organics is apparently the result of physical leaching 
(Willoughby 1974; Witkamp and Ausmus 1976; Brinson 
et al. 1981). 

I had hypothesized that fluctuating hydroperiods would 
result in the highest decay rates because of increased physi- 
cal weathering and leaching due to wetting and drying and 
flushing action. Anderson (1973) suggested that leaching 
was perhaps accentuated in aerial litter bags as a result 
of frequent wetting and drying. Treatment D (highly fluc- 
tuating hydroperiod) did exhibit the highest decay rate (Ta- 
ble 2), but it was not significantly different from the un- 
flooded treatment (A) because of the great variability in 
treatment D. There were also no significant differences be- 
tween the soak and soak-dry treatments in the leaching 
experiment (Fig. 3). Wetting and drying apparently had no 
effect on mass and nutrient losses. Flushing effects of fluc- 
tuating hydroperiods could still be an important factor as 
both leaching treatments involved changes of water (flush- 
ing); however, the present study indicated variation in hy- 
droperiod had no significant effect on decomposition rates. 
Temporal changes in decay trends obviously occurred in 
response to changing hydroperiod (Fig. 1). 

Microcosm B1, with the chironomid population, indi- 
cates the importance of dipteran larvae in the decay process 
in wetlands (Table 2). The leaves in BI were visually more 
physically altered than leaves from the other microcosms. 
Other studies have indicated the importance of macroinver- 
tebrates in litter processing in streams and swamps (Reice 
1977; Merritt and Lawson 1979; Short et al. 1980; Yates 
1981). 

Microcosm Nutrient Dynamics 

The loss and subsequent immobilization of nitrogen and 
phosphorus in litter in the microcosms, except in treatment 
B (continuously flooded), (Fig. 2) was quite different from 
dynamics observed in the field. Net accumulations in the 
field were probably due to immobilization from external 
sources (primarily throughfall) by decomposer microorgan- 
isms (Day 1982). The main difference between field and 
microcosm conditions was the lack of inputs of nitrogen 
and phosporus and more rapid decay in the microcosms; 
thus, net losses occurred. The microcosm soil may have 
been the source for the later immobilizations. Treatment 
B was continuously flooded, and perhaps conditions in the 
constantly waterlogged soil were not adequate for such re- 
leases. Anaerobic conditions may have developed within 
the waterlogged soils of treatment B, even though the water 
column was aerobic. 

Potassium, magnesium and calcium were lost from the 
litter in the microcosms, except in treatment A (contin- 
uously unflooded), which apparently accumulated calcium. 
Release of calcium, primarily a structural element, might 
be expected to be slow with slower decay and a lack of 
leaching, conditions which existed in treatment A. All 
cations were lost more slowly in treatment A, probably 
due to these conditions. However, it is difficult to explain 
why net accumulations of calcium occurred. 

The closed microcosms demonstrate internal cycling and 
redistribution of nutrients, but results of this study indicate 
the importance of external inputs to litter nutrient relations. 



184 

Acknowledgements. This material is based upon work supported 
by the National Science Foundation under grant number DEB- 
7708609 A01. I thank the following individuals for their assistance 
and advice: Joe Atchue, James Matta, Joe Rule, and Fred Yates. 

References 

Anderson JM (1973) The breakdown and decomposition of sweet 
chestnut and beech leaf litter in two deciduous woodland soils. 
I. Breakdown, leaching and decomposition. Oecologia 
12:251-274 

Anderson JM, MacFadyen A (1976) The role of terrestrial and 
aquatic organisms in decomposition processes. Blackwell Scien- 
tific Pub., London 

Bell DT, Johnson FL, Gilmore AR (1978) Dynamics of litter fall, 
decomposition, and incorporation in the streamside forest eco- 
system. Oikos 30:76-82 

Brinson MM (i 977) Decomposition and nutrient exchange of litter 
in an alluvial swamp forest. Ecology 58 : 601-609 

Brinson MM, Lugo AE, Brown S (1981) Primary productivity, 
decomposition and consumer activity in freshwater wetlands. 
Ann Rev Ecol Syst 12:123-161 

Dabel CV, Day FP (1977) Structural comparison of four plant 
communities in the Great Dismal Swamp, Virginia. Bulletin 
of the Torrey Botanical Club 104:352-360 

Davis RC (1981) Structure and function of two Antarctic terrestrial 
moss communities. Ecological Monographs 51 : 125-143 

Day FP (1982) Litter decomposition rates in the seasonally flooded 
Great Dismal Swamp. Ecology 63:670-678 

Dickinson CH, Pugh GJF (1974) Biology of plant litter decomposi- 
tion. Academic Press, NY 

Ewel KC, Odum HT (1978) Cypress domes: nature's tertiary treat- 
ment filter. In: Odum HT, Ewel KC (ed) Cypress wetlands 
for water management, recycling and conservation. Fourth An- 
nual Report to NSF-RANN and the Rockfeller Foundation. 
Gainesville, Florida, p 35-60 

McDowell WH, Fisher SG (1976) Autumnal processing of dis- 
solved organic matter in a small woodland stream ecosystem. 
Ecology 57:561 569 

Merritt RW, Lawson DL (1979) Leaf litter processing in floodplain 
and stream communities. In: Johnson RR, McCormick JF 

(technical coordinators). Strategies for protection and manage- 
ment of floodplain wetlands and other riparian ecosystems. 
General Technical Report WO-12, Forest Service, USDA, 
Washington, DC, p 93-105 

Olson JS (1963) Energy storage and the balance of producers and 
decomposers in ecological systems. Ecology 44:322-331 

Reice SR (1977) The role of animal associations and current veloci- 
ty in sediment specific leaf litter decomposition. Oikos 
29:357-365 

Short RA, Canton SP, Ward JV (1980) Detrital processing and 
associated macroinvertebrates in a Colorado mountain stream.. 
Ecology 61 : 727-732 

Shure DJ, Gottschalk MR, Parsons KA (1980) Litter decomposi- 
tion dynamics in a South Carolina floodplain forest. Associa- 
tion of Southeastern Biologists Bulletin 27(2) : 63 

Shure D J, Gottschalk MR, Parsons KA (1981) Decomposition 
and nutrient release from litter in a South Carolina floodplain 
forest. Ecological Society of America Bulletin 62:112 

Singh JS, Gupta SR (1977) Plant decomposition and soil respira- 
tion in terrestrial ecosystems. Bot Rev 43:449-528 

Swift M J, Heal OW, Anderson JM (1979) Decomposition in terres- 
trial ecosystems. Blackwell Scientific Pub., London 

Williams ST, Gray TRG (1974) Decomposition of litter on the 
soil surface. In: Dickinson CH, Pugh GJF (eds) Biology of 
plant litter decomposition. Academic Press, NY, p 611-632 

Willoughby LG (1974) Decomposition of litter in fresh water. In: 
Dickinson CH, Pugh GJF (eds) Biology of plant litter decom- 
position. Academic Press, NY, p 659-681 

Witkamp M, Frank ML (1969) Loss of weight, 6~ and 137Cs 
from tree litter in three subsystems of a watershed. Environmen- 
tal Science and Technology 3:1195-1198 

Witkamp M, Ausmus BS (1976) Processes in decomposition and 
nutrient transfer in forest systems. In: Anderson JM, MacFa- 
dyen A (ed) The role of terrestrial and aquatic organisms in 
decomposition processes. Blackwell Scientific Pub, London, 
p 375-396 

Yates FK (1981) Decay rates and nutrient dynamics in confined 
and nonconfined leaf litter in the Great Dismal Swamp. 
Master's Thesis. Old Dominion University. Norfolk, Virginia 

Received July 27, 1982 


