
Oecologia (1990) 85:8-13 Oecologia 
�9 Springer-Verlag 1990 

The role of litter in an old-field community: impact of litter quantity 
in different seasons on plant species richness and abundance 
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S u m m a r y .  We studied the effect of removing and adding 
plant litter in different seasons on biomass, density, and 
species richness in a Solidago dominated old-field com- 
munity in New Jersey, USA. We removed all the natural- 
ly accumulated plant litter in November (658 g/m 2) and 
in May (856 g/m 2) and doubled the amount of litter 
in November and May in replicated plots (1 m2). An 
equal number of plots were left as controls. Litter remov- 
al and addition had little impact on total plant biomass 
or individual species biomass in the growing season fol- 
lowing the manipulations. Litter removal, however, sig- 
nificantly increased plant densities but this varied de- 
pending upon the season of litter removal, species, and 
life history type. Specifically, the fall litter removal had 
a much greater impact than the spring litter removal 
suggesting that litter has its greatest impact after plant 
senescence in the fall and prior to major periods of early 
plant growth in spring. Annual species showed the grea- 
test response, especially early in the growing season. 
Both spring and fall litter removal significantly increased 
species richness throughout the study. Litter additions 
in both spring and fall reduced both plant densities and 
species richness in June, but these differences disap- 
peared near the end of the growing season in September. 
We concluded that in productive communities where lit- 
ter accumulation may be substantial, litter may promote 
low species richness and plant density. This explanation 
does not invoke resource competition for the decline 
in species richness. Finally, we hypothesize that there 
may be broad thresholds of litter accumulation in differ- 
ent community types that may act to either increase or 
decrease plant yield and diversity. 

Key words: D i s turbance  - Litter - Old- f ie ld  - Plant den- 
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Litter is an important component of most plant commu- 
nities (Facelli and Pickett in press). Most studies of litter 
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have focused on inputs and outputs of litter, litter nu- 
trient dynamics and rates of litter decomposition (e.g., 
Weigert and McGinnis 1975; Abbot and Crossley 1982; 
Vitousek 1982; Seastedt 1988). Less attention has fo- 
cused on how plant litter may affect species diversity 
and plant abundance. In this study, we investigate the 
role of litter in the organization of an old-field plant 
community. 

Spatially variable rates of litter input or decomposi- 
tion can create an array of microhabitats which may 
favor different plant species (A1-Mufti et al. 1977; Sydes 
and Grime 1981 a; Monk and Gabrielson 1985). A series 
of studies have verified that a given quantity of litter 
may promote or inhibit the performance of particular 
plant species (e.g., Barrett 1931 ; Gross and Werner 1982; 
Gross 1984; de Jong and Klinkhamer 1985; Fowler 
1986, 1988; Hamrick and Lee 1987; Cheplick and Quinn 
1987). With the exception of extensive work in North 
American prairies (see below) only a few studies have 
investigated the effect of litter on the entire community 
(Heady 1956; Monk and Gabrielson 1985; Beatty and 
Sholes 1988). 

Litter accumulation is a major structuring force in 
prairies. In tallgrass prairies, fire works as an agent that 
removes the litter layer thereby increasing yield and al- 
tering species diversity and composition (Dyksterhuis 
and Schmutz 1947; Weaver and Roland 1954; Old 1969; 
Hulbert 1969; Knapp and Seastedt 1986). Knapp and 
Seastedt (1986) concluded that the impact of litter on 
key ecological processes made the tall grass prairie un- 
ique among North American vegetation types. Watt 
(1971, 1974) observed similar effects of litter on grass- 
land vegetation in England. In contrast, in dryer less 
productive grasslands, litter may help to conserve soil 
moisture and thus increase yield and plant diversity 
(Willms et al. 1986; Fowler 1986; but see Fowler 1988). 

Only a few studies have examined the impact of litter 
on terrestrial communities other than grasslands. In any 
community where production is high or decomposition 
rates are low or both, litter accumulation may alter com- 
munity dynamics (e.g., Grime 1979). For example, in 
a deciduous forest community in England, Sydes and 
Grime (1981 a) found that the distribution of understory 



herbs was closely correlated with the quant i ty  o f  leaf 
litter (see also Beat ty and  Sholes 1988; M o n k  and  Ga-  
brielson 1985). 

The role o f  herbaceous  litter in s t ructur ing old-field 
communi t ies  is virtually unexplored (but  see M o n k  and 
Gabr ie lson (1985) for  the effects o f  tree leaf litter), even 
though  herbaceous  litter has been shown to effect the 
germinat ion  and  survivorship o f  several old-field species 
(e.g., Werner  1975; Gross  and  Werner  1982; Goldberg  
and Werner  1983). Old-field communi t ies  often have 
high rates o f  annua l  net  p r imary  product ivi ty  (e.g., Baz- 
zaz and Mezga  1973; Carson  and Barret t  1988) resulting 
in large amoun t s  o f  accumula ted  litter (e.g., O d u m  1960; 
Weigert  and  McGinn i s  1975). Fur thermore ,  m a n y  old- 
fields have served as mode l  systems to test theories o f  
resource compet i t ion  and c o m m u n i t y  organiza t ion  via 
multiple year  nutr ient  enr ichment  experiments (most  re- 
cently e.g., T i lman 1987; Ca r son  and  Barret t  1988). 
These studies have repor ted  decreases in species richness 
fol lowing fertilization and interpreted these decreases in 
terms o f  resource compet i t ion.  They  generally have no t  
considered that  substantial  litter accumula t ion  m a y  also 
lead to lower levels o f  species richness and  plant  density. 

On  the p i edmont  o f  New Jersey where we conduc ted  
this study, litter levels in old-fields are quite pa tchy  rang- 
ing f rom 400-900 g/m 2 (Facelli and Carson  1990). Simi- 
lar levels o f  litter in grasslands have been shown to either 
have no impact  or  to decrease c o m m u n i t y  biomass,  den- 
sity and  species richness (Penfound  1964; Willms et al. 
1986). M u c h  lower levels o f  leaf litter reduced total bio- 
mass in British wood lands  and  p r o m o t e d  forbs at the 
expense o f  grasses (Sydes and Gr ime 1981 a, b). For  this 
study, we addressed two quest ions:  (1) wha t  is the short  
term impac t  o f  litter on  plant  biomass,  density and spe- 
cies richness and (2) does this impact  vary  with litter 
quant i ty  and  season? To answer these questions, we ei- 
ther  added  or  r emoved  plant  litter in replicated plots 
in spring and fall in a Solidago domina ted  old-field com-  
muni ty .  

Treatments were randomly assigned to each plot. On 19 November 
1985 we conducted the fall litter removal; all litter and standing 
dead within 20 replicate plots was removed, dried for 48 h, and 
weighed to the nearest 0.1 g. Immediately thereafter, this litter was 
used for the fall litter addition treatment. We determined the mean 
weight of the litter removed per plot and then spread this amount 
evenly throughout each of 20 fall litter addition plots using the 
litter that we had just removed. This approximately doubled the 
average amomat of litter within each plot. On 15 April 1986, we 
conducted a spring litter removal and addition exactly as described 
for the fall treatments. Thus, there were five different treatments, 
each replicated 20 times. We made every effort not to disturb the 
soil surface during our removal treatments. We chose not to remove 
and then immediately replace the litter in the control plots (thus 
strictly controlling for potential experimental artifacts) because this 
would have severely altered the natural structure (e.g., compaction) 
of the litter. 

Vegetation analysis 

We randomly selected ten of the twenty replicate plots from each 
treatment for sampling on 29 May-1 June t986. First, we measured 
plant density in 100 cm 2 subplots in the center of each 1 m 2 plot. 
Then we determined above-ground biomass for each species by 
harvesting in 0.25 m 2 plots located at the center of each replicate 
plot. This same sampling procedure was repeated in the remaining 
plots (10 plots per treatment) on 10-14 September 1986. 

Statistical analysis 

We used an analysis of variance (ANOVA) for a completely ran- 
domized design and Student-Newman-Keuls multiple comparison 
tests to determine significant treatment effects within each sample 
date (SAS Institute 1985). Analyses were done on species richness, 
biomass and density of the common species and life history types. 
A t-test was used to compare the amount of litter between No- 
vember and April. Because the means of some data were not nor- 
mally distributed, all data were log-transformed before analysis 
(Sokal and Rohlf 1981). We excluded one significant outlier (Dix- 
on's test p < 0.01) from the spring litter addition treatment sampled 
in May in the analysis of the density of annuals (Sokal and Rohlf 
1981 ; Snedecor and Cochran 1989). 

Materials and methods 

Study site and experimental design 

We conducted this study in a 14 yr old-field at the William L. 
Hutcheson Memorial Forest Center (HMF) located 14 km west 
of New Brunswick, New Jersey, USA. The soil is a well drained 
loam derived from the Brunswick red shale formation (Ugolini 
1964). The climate is subcontinental with a mean annual rainfall 
of 115 cm distributed fairly evenly through the year. The growing 
period generally extends from late March to mid-November and 
the frost free period extends from late April to mid-October (Robi- 
chaud and Buell 1973). Solidago spp. (primarily S, canadensis and 
secondarily S. rugosa) accounted for about 70% of the biomass 
in this old-field; S_ graminifolia, and Aster pilosus were also present 
in the canopy. Fragaria virginiana was the dominant species in 
the subcanopy. Nomenclature follows Gleason and Cronquist 
(1963). 

In November 1985, we established 100, 1.0 m 2 experimental 
plots in a 10 • 10 array within this old-field. All plots were 1.5 m 
apart. We had five treatments: fall litter removal, fall litter addi- 
tion, spring litter removal, spring litter addition, and a control. 

Results 

Biomass 

Litter biomass  was significantly higher in the spring than  
in the fall (t-test, p < 0 . 0 0 1 ) .  We removed  a mean  o f  
657.7 g /m a in N o v e m b e r  o f  1985 and 855.7 g /m 2 in April  
o f  1986. These differences likely reflected litter deposi- 
t ion into the plots f rom sur rounding  s tanding dead vege- 
ta t ion coupled with the fur ther  senescence o f  leaves and  
stems dur ing the winter. Therefore,  litter removals  and 
addit ions were no t  equivalent  between the two seasons 
(Table 1). Our  litter manipula t ions  had  their intended 
effects; litter was significantly lower in the removal  plots 
and significantly higher in the addi t ion  plots compared  
to the cont ro l  plots (Table 1). 

Remova l  and  addi t ion  t reatments  never significantly 
altered total  plant  b iomass  or  the b iomass  o f  species 
other  than  Solidago in either M a y  or  September  (Ta- 
ble 1). The fall litter addi t ion significantly reduced the 
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Table 1. The effect of litter manipulations on plant litter and biomass (g/0.25 m2). C = Control, SR = Spring removal, FR = Fall removal, 
SA=Spring addition, FA=Fa l l  addition. Asterisks indicate the significance level of the ANOVA (* =p<0.05;  ** =p<0.01;  *** = p <  
0.00t). Treatment means were separated by an S-N-K multiple comparison test. The absence of letters indicates that all treatments 
were statistically equivalent. All statistical comparisons are among treatments within a sampling date 

Removals Additions 

C FR SR FA SA 

BIOMASS 
Litter (May)*** 188.4a 53.0b 6.7c 402.2d 481.6e 
Litter (Sept)*** 165Aa 65.3b 16.2c 318.8d 414.3e 
Total plant biomass (May) 79.7 85.5 61.8 82.3 69.1 
Total plant biomass (Sept) 156.0 170.9 160.2 t 62.4 134.7 
Solidago canadensis (May) 45.8 38.2 38.1 45.1 41.1 
Solidago eanadensis (Sept)* ll0.2a 99.9ab 92.2ab 71.lab 49.6b 
Solidago rugosa (May) 4.7 4.5 2.1 5.7 8.3 
Solidago rugosa (Sept) ** 1.8a 21.2b 21.8b 42.2b 42.2b 
Fragaria virginiana (May) 3.6 2.4 2.0 3.2 1.7 
Fragaria virginiana (Sept) 2.9 2.2 3.5 4.3 2.3 
Non-Solidago spp. (May) 8.6 10.1 8.5 7.5 6.5 
Non-Solidago spp. (Sept) 7.9 7.2 13.3 9.7 8.8 

Table 2. The effect of the litter manipulations on total density 
and the density of annuals, biennials and perennials. Values repre- 
sent means for 10 x 10 cm subplots. Abbreviations as in Table 1. 
All statistical comparisons are among treatments within a sampling 
date. Total densities will not equal the sum of perennials, biennials, 
and annuals because numerous small individuals could not be ac- 
curately identified 

Removals Additions 

C FR SR FA SA 

Total density (May)*** 10.2a 56.9b 22.2a 3.0c 4.4c 
Total density (Sept)*** 3.0a 23.2b 7.5c 2.6a 3.3a 
Annuals (May)** 0.7bc 10.2a 1.5b 0.1bc 0.0c 
Annuals (Sept) * 0.0a 1.4b 1.2b 0.0a 0.0a 
Biennials (May)** 0.3a 3.3b 2.lab 0.0a 0.0a 
Biennials (Sept) 0.0 4.7 0.5 0.0 0.0 
Perennials (May)*** 4.3a 10.3b 5.6a 2.5a 3.0a 
Perennials (Sept)*** 2.7a 11.7b 3.5a 2.6a 3.1a 

b i omass  o f  S. canadensis re la t ive  to the  con t ro l  t r e a t m e n t  
in Sep tember .  S. rugosa h a d  s igni f icant ly  lower  b i o m a s s  
in the con t ro l  t r e a t m e n t  re la t ive  to a n y  o the r  t r ea tmen t .  

Plant densities 

Li t t e r  m a n i p u l a t i o n s  h a d  thei r  mos t  p r o n o u n c e d  affects 
on  p l a n t  densi t ies  (Tables 2 and  3). The  m a g n i t u d e  o f  
this effect, however ,  va r i ed  wi th  season o f  r emova l .  The  
fall  r e m o v a l  s igni f icant ly  inc reased  b o t h  to ta l  p l a n t  den-  
sity a n d  the dens i ty  o f  annua l s  and  pe renn ia l s  over  all  
o the r  t r ea tmen t s  in the M a y  sampl ing  (Table 2). In  the  
Sep t ember  sampl ing ,  the  fall  r e m o v a l  h a d  s ignif icant ly  
grea te r  to ta l  dens i ty  a n d  dens i ty  o f  pe renn ia l s  t han  all 
o the r  t r ea tments .  Overa l l ,  the spr ing  l i t ter  r e m o v a l  p ro -  
duced  less o f  an  effect;  on ly  annua l s  and  to ta l  p l a n t  
dens i ty  were s igni f icant ly  h igher  by  Sep t ember  re la t ive  
to cont ro ls .  The  on ly  m a j o r  effect o f  the  l i t ter  a d d i t i o n s  

Table 3. Densities for the common species in May and September 
for each treatment. Values represent means for 10 x 10 cm subplots. 
Full species names are in the text. Statistical analysis, significance 
levels, and abbreviations as in Table 1, except that P=Perennial, 
B = Biennial, A = Annual 

May 

C FR SR FA SA 

Fragaria (P) 0.2 0.6 0.4 0.1 0,3 
Oxalis*** (P) 0.5a 5.8b 0.9a 0.2a 0.0a 
Barbarea*** (B) 0.2a 3.4b 2.1b 0.0a 0.0a 
Oenothera** (B) 0.1a 0.9b 0.0a 0.0a 0.0a 
Ambrosia** (A) 0.0a 0.8b 0.1a 0.0a 0.0a 
Abutilon*** (A) 0.5a 5.8b a.la 0.1a 0.0a 
Setaria* (A) 0.1a 3.7b 0.3a 0.0a 0.0a 

September 

C FR SR FA SA 

Fragaria (P) 0.4 0.5 0.4 0.6 0.4 
Oxalis*** (P) 0.4a 2.8b 0.1a 0.0a 0.0a 
Aster*** (P) 0,5a 5.4b 0.7a 0.0a 0Aa 
Barbarea (]3) 0.0 4.2 0.5 0.0 0.0 
Oenothera (B) 0.0 0.2 0.0 0.0 0.0 
Abutilon * (A) 0.0a 0.7b 0.9b 0.0a 0.0a 
Ambrosia (A) 0.0 0.3 0.2 0.0 0.0 
Setaria (A) 0.0 0.1 0.1 0.0 0.0 

re la t ive  to the con t ro l s  was  in M a y  when  bo th  spr ing  
a n d  fall  a d d i t i o n  p lo ts  had  s ignif icant ly  lower  to ta l  p l a n t  
densi ty .  

The  fall  l i t ter  r e mova l  s ignif icant ly  inc reased  the  den-  
si ty o f  several  d i f ferent  species, p r i m a r i l y  annua l s  and  
b iennia ls  (Table 3). In  M a y ,  Ambrosia artemisiifolia, 
Abutilon theophrasti, Setaria faberii, Oenothera biennis, 
and  Oxalis stricta had  s ignif icant ly  h igher  densi t ies  in 
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Table 4. Species richness in May and September for each treatment. 
Abbreviations, statistical analysis and significance levels as in Ta- 
ble 1 

Removals Additions 

C FR SR FA SA 

Species richness 12.8a 16.1b 15.3b 9.3c 8.7c 
(May)*** 
Species richness 9.9a 14.7b 12.9b 9.5a 9.1a 
(Sept)*** 

the fall removal than any other treatment. Only Barbar- 
ea vulgaris had significantly higher densities in both the 
spring and fall removal relative to the other treatments. 
Litter additions had no significant effect on the density 
of any individual species relative to control plots. Litter 
manipulations did not affect the dominant subcanopy 
species, Fragaria virginiana. 

In September, two perennial species, Oxalis stricta 
and Aster pilosus had significantly higher densities in 
the fall removal treatment relative to the other treat- 
ments (Table 3). Additionally, Abutilon theophrasti, an 
annual, had significantly higher densities in both the 
spring and fall removal treatments relative to the other 
treatments. Overall, the effect of the fall removal treat- 
ment on seedling densities was less pronounced by Sep- 
tember. Aster pilosus, which was important in Sep- 
tember, was likely present in the May sample but was 
too small to be accurately identified. 

Species richness 

Litter removals significantly increased species richness 
over control plots and litter addition plots in both May 
and September (Table 4). Litter additions significantly 
decreased species richness relative to controls in May, 
but not in September. 

Discussion 

Biomass 

Short-term litter manipulations did not alter the biomass 
of any species with the exception of a negative impact 
on S. canadensis in the spring litter addition treatment 
(Table 1). Because there was more litter added in the 
spring then in the fall, we cannot determine whether 
this reduction in biomass was a seasonal effect or due 
to different amounts of litter added or both. Nonethe- 
less, only litter in very high quantities (> approx. 1500 g/ 
m 2) appears to affect plant biomass in this Solidago- 
dominated old-field community, at least in the short 
term. Litter of this magnitude also decreases standing 
biomass in tall grass prairie communities (e.g., Weaver 
and Roland 1954; Old 1969; Hulbert 1969). Litter only 
rarely reaches such high levels, however, in old-fields 
in this area (Facelli and Carson 1990). 

Plant densities and species richness 

Litter removals significantly increased both plant densi- 
ties and species richness, particularly in the fall litter 
removal plots (Tables 2 and 3). There are several possible 
but not mutually exclusive explanations for this re- 
sponse. First, some seeds may have dispersed into the 
plots after the fall removal and before the spring remov- 
al. Thus, we may have removed seeds when we removed 
the litter in the spring accounting for the differences 
in the effect of the fall vs the spring removal. We consider 
this unlikely because adults of the species that had high 
densities in the litter removal plots were at very low 
abundance or completely absent in this community (see 
the biomass of non-Solidago spp. Table 1) and old-field 
soil seed banks usually contain seeds of the species that 
we found in our plots (Oosting and Humphreys 1940; 
Livingston and Allesio 1968). 

A second, more likely explanation for the increase 
in both density and species richness is that many of the 
seeds of the species found in our litter removal plots 
require germination cues including moisture, tempera- 
ture, and light fluctuations (e.g., Pickett and Baskin 
1973; Baskin and Baskin 1977, 1988; Peterson and Baz- 
zaz 1978; Bazzaz 1979; Goldberg and Werner 1983; 
Gross 1984; Fenner 1985). Both the fall and spring litter 
removal would have changed several of these factors 
(Mackinney 1929; Hopkins 1954; Sydes and Grime 
1981b; Goldberg and Werner 1983; Beatty and Sholes 
1988), accounting for at least part of the increase in 
plant density in the removal plots. The fall removal 
plots, however, with a higher density of seedlings had 
an entire winter without a thick litter layer thereby ex- 
posing seeds to different germination cues than seeds 
in the spring removal. Also, some seeds in the fall remov- 
al treatment may have germinated very early in the 
growing season before the spring litter removal. The ab- 
sence of these germination cues may also account for 
the lower density of seedlings and species richness found 
in the litter addition plots. This study, however, was 
not designed to determine whether seeds failed to germi- 
nate or germinated and then failed to penetrate the litter 
layer (see below). 

Litter may also act as a physical obstruction barring 
plants from access to light (Sydes and Grime 1981b). 
Also, small seeded species may not have enough stored 
reserves to penetrate a thick litter layer (Fenner 1985; 
Gross 1984). The greater response of the vegetation to 
the fall removal suggests that litter is having its main 
impact outside of the main growing season following 
senescence of the vegetation in the fall or very early 
in the growing season prior to major periods of plant 
growth. 

Another factor that may have promoted higher den- 
sities in the fall removal treatment was the small amount 
of litter found in these plots in May (50 g; Table 1) as 
compared to the almost complete absence of litter in 
the spring removal treatment (7 g). For some species, 
small amounts of litter of this magnitude may ameliorate 
the local microclimate and increase germination 
and survivorship (Glendenning 1942; Gross 1984; 
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Willms etal .  1986; Fowler 1986; Hamrick and Lee 
1987). 

Finally, we cannot exclude the possibility that litter 
removal also removed allelopathic agents that were inim- 
ical to seed germination and survivorship (e.g., Rice 1984 
and citations therein). 

Litter and plant community organization 

Our data suggest that litter may be an important and 
overlooked factor promoting low diversity and density 
in fertile old-fields where productivity is high (e.g., Baz- 
zaz and Mezga 1973; Swieringa and Wilson 1972) and 
litter accumulation is substantial. Fertilization experi- 
ments generally increase productivity and decrease diver- 
sity (e.g., Bakelaar and Odum 1978; Tilman 1987; Car- 
son and Barrett 1988). Light preemption by a well devel- 
oped canopy is usually suggested as the factor causing 
the decrease in diversity (e.g., Tilman 1987; Carson and 
Barrett 1988; but see Carson and Pickett 1990 for the 
interacting role of  light and water). Litter accumulation 
and decomposition are rarely measured and manipulat- 
ed concommitantly with these enrichment experiments. 
We suggest that both litter accumulation and resource 
competition (e.g., light preemption by the canopy) may 
combine to promote low plant diversity in productive 
communities or following fertilization. Watt (1971, 
1972), Wheeler and Giller (1982), and van der Valk 
(1986) came to similar conclusions concerning the role 
of litter for grassland, fen, and marsh communities re- 
spectively. Indeed, Tilman (1987) found that litter accu- 
mulation following fertilization in some old-fields in 
Minnesota promoted low plant diversity. Thus, competi- 
tive exclusion in productive communities may not always 
be the direct result of resource competition as previously 
argued (e.g., Tilman 1987; Carson and Barrett 1988), 
but also a result of  litter accumulation (see also Grime 
1979). 

Litter and disturbance. Tilman (1983) found that animal 
disturbances that reduce the litter layer had their greatest 
impact in nutrient rich conditions where litter layers are 
likely to be highest. Thus, the importance of small distur- 
bances in promoting species diversity in some communi- 
ties (e.g., Armesto and Pickett 1985) may be linked to 
removal of the litter layer as well as to disrupting the 
established plant canopy (see also Watt 1971). A distur- 
bance that only affects the canopy but not the litter 
layer may not provide seeds with the proper germination 
cues and consequently have little effect on diversity. A 
disturbance that only alters the litter layer may increase 
germination but allow only a few seedlings to survive 
into the fall (as in this study, Tables 2 and 3) partially 
due to light preemption by the canopy (Gibson 1988; 
Carson and Pickett 1990). Thus, similar canopy distur- 
bances may have very different results in communities 
with similar architectures but different quantities of  lit- 
ter. 

Community organization and litter thresholds. Our study 
and studies from other communities suggest that there 

may be broad thresholds above or below which litter 
will either increase yield and diversity, have only a minor 
negative impact, or significantly reduce yield and diver- 
sity (see also Grime 1979 p. 164). We recognize that 
the effect of litter on the community may be influenced 
by individual species and in turn that many species will 
respond individually to litter quantity or quality (e.g., 
Winn 1985; A1-Mufti etal .  1977). Still, litter quantity 
alone may be a good predictor for community attributes 
such as diversity and productivity. Specifically, litter be- 
low approximately 100-300 g per m 2 has been shown 
to increase yield and diversity, probably by conserving 
soil moisture (e.g., Glendenning 1942; Winn 1985; 
Willms 1986). Litter accumulation between 300 and 
900 g per m z often has little effect on community pro- 
duction or biomass and variable effects on plant diver- 
sity and density (Penfound 1964; Willms 1986; this 
study). Litter above 900 g per m 2 generally decreases 
productivity and diversity as well as plant reproduction 
(Weaver and Rowland 1954; Old 1969; Knapp and Seas- 
tedt 1986; this study). Although the thresholds for each 
threshold category were lower, Sydes and Grime (1981 a) 
came to similar conclusions for the effects of deciduous 
tree leaf litter on woodland herbs in England. Deciduous 
tree leaf litter characteristically has a higher surface to 
volume ratio than herbaceous litter. Therefore, a smaller 
quantity of tree leaf litter may intercept more light and 
also act as a more formidable barrier to seedlings than 
herbaceous litter. These generalizations may not hold 
up in all communities, nevertheless, they may serve as 
approximate indicators or testable hypotheses concern- 
ing the potential impact of litter on community organi- 
zation. 
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