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ABSTRACT: M a n g r o v e  r o o t  d e c o m p o s i t i o n  rates  w e r e  m e a s u r e d  by distributing mesh  bags contahfing fine root  material  
across  fix sites with different  soil fertility and hydroper iod to c o m p a r e  ambient  differences to substa-ate quality. Roots f rom 
a sile x~81h lower soil phosphorus  concentrat ion were used  as a reference and  compared 1o an~bient roots  at f ive o t h e r  s i tes  
with increased phosphorus  concentra t ion .  F o u r  mesh  bags of each root  type (ambient  verstls reference)~ separa ted  into four  
10 t'm replicate intervals, w e r e  b u r i e d  up to 42  c m  d e p t h  at e a c h  site and  i n c u b a t e d  f o r  250  d (initiation in May 2004) .  Mass  
loss  o f  a m b i e n t  m a n g r o v e  roo t s  was  s ign i f i cant  at all s tudy  s i tes  a n d  r a n g e d  f r o m  17% to 54%; t h e r e  was  no  s ign i f i cant  
difference with d e p t h  at any o n e  s i te .  R e f e r e n c e  d e c o m p o s i t i o n  constants  ( k)  ranged f rom 0 .0012  to 0 .0018  d z among  
Taylor Slough si tes  c o m p a r e d  to 0 . 0 0 2 3 - 0 . 0 0 2 8  d z among  Shark River sites, indicath~g slower d e c o m p o s i t i o n  rates  
a s soc ia ted  with lower so i l  p h o s p h o r o u s  a n d  l o n g e r  f l o o d  durat ion .  R e f e r e n c e  roots  had  shnilar  d e c o m p o s i t i o n  rates  as 
an~bient roots in four  o f  the  six sites, and  t h e r e  were no significant correlations belareen indices of  root  s-ubstrate quality and 
decomposi t ion rates. Among  these distinct landscape gradients of  south  Florida mangroves ,  soil en~fronmental  condit ions 
have a g r e a t e r  e f f e c t  on belowground r o o t  d e c o m p o s i t i o n  than  r o o t  substrate  quality. 

Intro duetion 

Several processes control soil formation in man- 
grove wetlands including aboveground and below- 
ground organic matter  product ion;  organic matter  
export,  decomposit ion,  mid burial; and allochtho- 
nous ino~,anic matter input (Chen and Twilley 
1999a). Most mangrove decomposit ion studies have 
focused on aboveground components  o~ litter fall 
(e.g., Twilley et al. 1986, 1997; Roberzson 1988), but  
few studies have investigated belowgrmtnd decom- 
position (e.g., Van der Valk and Attiwill 1984; Feiier 
et al. 1999, 2002; McKee and Faulkner  2000; 
Middleton and McKee 2001), A large par t  of  
sedimentary organic matter  in mangroves is derived 
from root organic matter  (Alongi et al. 2001) and 
otten roots can be the principle source of  organic 
matter in many forest systems in the deeper  soil 
la}ers (L~dovici et al. 2002). A cohor t  model  
(NUI~L~'q) has shown that root  p roduc t ion  and 
the concentrat ion of  refractory organic matter  in 
dead roots are important  in controlling organic 
matmr accumulation in mangrove soils (Chen and 
Twilley 1999a). Deposition and slow degradation of  
mangrove roots may contr ibute more to organic 
ma t t e r  accumula t ion  and  vertical bui ld ing  of  
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mangrove islands in Belize than total litter fall 
(Middleton and McKee 2001). In carbonate set- 
tings, like those of south Florida, belowground peat 
p roduc t ion  is the primary control  of  sediment 
accretion (Lynch et al. 1989; Parkinson et al. 1994). 

The  objective of  our  study was to discern whether  
there are site differences in root decomposit ion,  
and if those di{!{ierences follow pa~erns related to 
environmental  conditions o r  substra~e quality o~ 
root  material described above, We hypothesized 
that: decomposit ion rates of  mangrove roots will 
decrease with increasing depth at all study sites, 
decomposit ion rates will decrease at sites with lower 
soil fertilit} (measured as soil total phosphorus  [P] 
concentrat ion) and increased hydroper iod (dura- 
t ion),  and ditterences in root  substrate quality will 
have an ettect  on decomposi t ion rates such that 
lower ni trogen (N) content  and higher  lignin will 
result in lower decay coefficients. 

Materials and Methods 

The  southeast region of  Everglades National Park, 
Florida, provides sites to test these hypotheses as 
part  of  tile Florida Coastal Everglades Long Term 
Ecological Research (FCE-LTER)program (Fig. 1). 
FCE-LTER mangrove sites are located in an oligo- 
trophic, caibonate setting where torest  productivity 
differs along environmental  gradients related to 
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Fig. 1. Everglades National Park. SRS4, SRS5, and SRS6 
indicate the smnpling sites along the Shark River Slough. TS/ 
Ph6 mad TS/Ph7 indicate the sampling sites along the Taylor 
Slough and TS/Ph8 indicates the sampling site in.Joe Bay. 

hydropeffod and soil fertility (Koch 1996; Chen and 
Twilley 1999b; Ewe et al. 2006). Soil fertility, 
measured ,~s P availabilit% decre~es  inland fi:om 
the coast and is thought  to be a major limiting 
factor to mangrove productivity in southwest and 
southeas t  Florida (Table 1; Chen and Twilley 
1999b). Yet it has not  been established if root  
decomposit ion tbllows these same patterns across 
these gradients in soil fertility. 

Three mangrove sites have been established each 
along Shark River and Taylor Slough in FCE-LTER 
dominated by four mangroves species in the six 
sites: Rh, izophora mangle I.., Avieennia germinans (I..) 
Steam, Lag~neularia racemosa (I..) Gaertn., and 
C<mocarpus erectus I, (Chen and Twilley 19991); 
Coronado-Molina 2004). Mangroves at the mouth  
of  Shark River are considered ffveffne mangroves 
and  those a long the Taylor Slough sites are 
characterized as scrub mangrove tbrest types (Ewe 
et al. 2006). The Shark River sites (SRS4, SRS5, and 
SRS6) are inflttenccd by a str(>ng tidal rcginte and 
exhibit daily inundation. The Taylor Slough sites 

are located inland fi~om Florida Bay (TS/Ph6 and 
TS/Ph7)  and on the edge of  Joe Bay (TS/Ph8).  Soil 
fertility, as defined by soil P, is low at TS/Ph6  and 
TS/Ph7  compm'ed u:) the other four sites, with SRS6 
having the highest P concenU'ation (84.2 g m 2; 
Chen and Twilley 1999b; Table 1). 

Root decomposition rates were compared among 
sites ahmg these two FCE transects using the mesh 
bag approach (Ham(rod et al. 1999) by monitoring 
changes in the amount  of root mass after 250 d of 
field incubation. Mesh bags of  10 • 40 cm dimen- 
sions and l-ram 2 mesh were divided into tbur 10-cm 
sections, which were considered the experimental 
units. Each 10-cm section held 10.0 g of  fi-esh root  
material ~4th an equal nfixture of three size classes: 
1-4, 4-8, and 8-12 ram. Live, belowground roots 
were excavated by cor ing at each of  the six 
treatment sites (SRS4, SRS5, SRS6, TS/Ph6,  TS/  
Ph7, TS/Ph8) ,  air dried to a constant mass, placed 
in bags, and buffed. The use of  ambient  roots at 
each site, measures the effect of  plant substrate 
quality coml)itmd with environmental conditions on 
root  decomposition (called atnbient). To remove 
the e.ffects of subs/rate quality, and determine the 
effect of  environmental  conditions (called refer- 
ence) on decomposition, roots from TS/Ph6  (i.e., 
R. mangle roots) were buried at all six sites (Fig. 1). 
The bags were buffed in May 2004 and retrieved 
after 250 d in the field. Seven bags were buried at 
each site, three with alnbiellt roots (except for TS /  
Ph8 where four were buried) and four with roots 
from TS/Ph6.  Two control bags with ambient  roots 
from each site were inserted in the soil and removed 
one minute later to estimate initial mass and 
substrate quality indices. 

Root material was cleaned with deionized water 
and oven dried at 6 0 C  to a constant weight to 
determine dry mass. Live roots were considered 
those that were growing through the mesh and were 
white in color; these roots were not  included in 
an alyse s. Tit e nt e sit de tetTe d the growth of an y r()o ts 
larger than 1 (w 2 ntm. Carbon (C) attd N (rag g ') 
were dctcrnfincd on initial and final root  material 

TABLE 1. Porewater and soil characteristics of the six mangrove sites (SRS4, SRS5, SRS6, TS/Ph6, TS/Ph7 TS/Ph8) in the Florida 
Everglades Nati(mal Park. (Modified from Chen and Twilley 1999b; Twilley and Rivera-Monroy unpublished data.) 

rl s / 'Ph6 TS/  Ph7 1 S/'l 'h8 SRS4 S1~$5 SRS6 

Porewater characteristics 
Redox (45 cm) 80.57 
Salini~, (g kg 1) 16.79 
pH 7.67 

Soil characteristics 
Bulk density (gcm 3) 0.55 
Total nitrogen ( g m  2) (to 40 cm depth) 586.7 
Total phosphorous (g In z) (to 40 cm depth) 13.8 
N:P ratios 42.6 
C:N ratios 34.9 

81.83 100.87 64.13 16.1 39.19 
20.00 20.24 4.56 20.78 26.99 

7.82 7.84 7.21 7.80 7.78 

0.15 0.21 0.12 0.18 0.21 
1075.2 1104.3 967.4 1014.9 1153.8 

25.0 45.2 21.8 50.7 93.2 
"12.1 24.4 44.3 20.0 12.4 
19.9 21.0 18.1 22.4 16.2 



TABLE 2. Statistical results for each componen t  of mass toss 
inc luding  depth, reference roots, and ambien t  roots (decay 
coefficient, kd). The last row shows a comparison of k d for 
reference roots versus ambien t  roots within each site using Least 
Squares Means Contrast. Decrease the number  of  decimal places 
from <0.0001 to <0.001. 

source elf SS F p 

Depth  3 0.0441 0.11 0.9M7 
Trea tment  (site) 11 15.32 10~33 <0.001 
Depth X treatment  33 2.30 0.52 0.9858 
Tre.am~en[: Reference roots 5 0.00 38.2G .<0.001 
Treatment:  Ambient  roots 5 0.00 5~18 0.004 

Ret'erence roo~s versus 34 0.000003 2.9"4 0.02 
ambient  roots 

using a NC 2500 Elemental  Analyzer (CE Elantech, 
Lakewood, New jersey).  Lignin analysis on  selected 
control  samples used the Van Soest Acid Detergent  
Fiber and  Lignin P rocedure  (Soil and  Forage 
Analysis L a b o r a t o ~  at the University- of  Wisconsin), 
which reports pe rcen t  dry- mass of  root  material  that 
is lignin (Van Soest 1963). 

Mass loss was tested with depth  along the vertical 
gradient  and among  t rea tment  sites using two-way 
analysis of  variance (ANOVA). Mass losses mad 
decompositior~ rate values at the u e a t m e n t  sites 
were anal}zeal using one-way ANOVA fbllowed by 
Student ' s  g-test or Least Squares Contrast  test (SAS 
JMP 2004). Decomposi t ion  rate was de te rmined  by 
the relationship between the natural  logari thm of  
dry mass r e m a i n i n g  and  the sampl ing  pe r iod  
(Twilley et al. 1997). Nutr ient  data (indices) were 
analyzed using one-way ANOVA followed by Sn> 
den t ' s  t-test. All data  m e t  the assumpt ions  of  
normality- and homoscedastici ty and  no translbrma- 
tions were necessary. Relationships between initial 
nut r ien t  data mad decomposi t ion  rate values were 
examined  by regression analysis (SASJMP 2004). 

Results 

There  was no significant difference in mass loss 
with depth  (p = 0.96) or with the interaction of  
depth  and t reatments  (p - 0.99; Table 2), so depth  
was removed  f rom fur ther  analyses. Decomposi t ion  
rates of  ambien t  roots were significantly diflbrent 
a m o n g  the FCE-LTER sites (p < 0.001; Fig. 2 m~d 
Table  2). The highest losses among  the ambient  
roots occurred  along the Shark River transect in 
SRS5 (50% loss), SRS4 (45% loss), and SRS6 (43% 
loss). The lowest ]osses occurred along the Taylor 
Slough transect in T S / P h 7  (35% loss), T S / P h 8  
(31% loss), and  TS/Phf5 (25% loss). Decay rams of, 
ambien t  roots in Shark River estuary were also 
similar a m o n g  the th ree  sites f rom 0.0023 to 
0.0028 d :, The  high rate in Taylor Slough (TS/  
Ph7) was significantly different f rom the high rate 
in Shark River (SRSb), but  similar to the lower rates 
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Fig. 2. Decay constants for both ambient  (solid bars) and 
reference (open bars) roots compared across sites (capital letters 
are for ambient,  small letters for reference) and within each 
site (asterisk). 

in Shark River (SRS4 and SRS6). The  lower rates in 
Taylor Slough (TS/Ph6  m~d TS/Ph8)  were signifi- 
cantly lower than all the sites in Shark River (Fig. 2). 
Ambien t  decay rates were lower a m o n g  Taylor 
Slough sites than in the Shark River sites, ~dth the 
except ion of TS/Ph7.  

The  exper imenta l  design assumed that decompo-  
sition rates between reference and  ambien t  roots at 
T S / P h 6  would be simile" and  lower compa red  to 
the other  five sites. At each of the o ther  sites, the 
d i f te rences  in d e c o m p o s i t i o n  of  a m b i e n t  and  
reference roots would detect  the relative influence 
of  env i ronment  versus substrate tactors on root  
decomposi t ion,  since root snbstrate is held  constant  
using reference roots at each site. Decay- rates of 
reference and ambient  roots were similar at T S / P h 6  
(0.00085 and 0,0012 d -~) m~d there were significant 
differences in decay rates of  reference roots at the 
o ther  fh,e sites compared  to TS/Ph(5 (Fig~. 2). Root 
decomposi t ion  rates fbr T S / P h g  and TS/Pi18 were 
similar at 0.001 d t and significantly lower than 
d e c o m p o s i t i o n  of  r e f e r ence  roots  at T S / P h 7  
(0.0025 d 1). Reference roots had  similar decom- 
posit ion rates in all three Shark River sites (ranging 
f rom 0.0029 to 0.0031 d-l) ,  and decay at SRS4 was 
similar to TS/Ph7 .  In four  of the six sites, the 
reference and  ambient  roots were not  significantly 
different in decay- rates (Fig. 2). The  two exceptions 
were reference and  ambient  roots at T S / P h 7  and 
SRS6, where in both cases the reference roots had 
higher  decomposi t ion rates than ambien t  roots. 
Based on re ference  roots, there  is significant 
difference in decomposi t ion  a~ T S / P h 7  compared  
to TS /Ph6  and TS/Ph8;  in Shark River, sites near  
the mou th  of the estuary have higher  rates than in 
the u p p e r  estuary. 

The  initial substrate quality characteristics of  
roots show significant dJ_f~erences in root  N (mg 
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TABLE 3. Statistical results %r initial nitrogen content (mg g :), initial C:N ratio, mad initial lignin (% dry mass) in roots from the six 
sites. Means (-- 1 SE) followed by a similar letter in each row ac'e not significantly different (p > 0.05). 

Mean 

Source 4s SS F p TS/Ph6  TS/Ph3" TS/Ph8  SRS4 $RS5 SRS6 

Initial N 5 5~g80 17.40 <0OOl 324 b (0.09) 2_9Y (009) ~3.0z] <= (0.09) 2.96= (009) 2.54 ~ (&Og) 37<> (00el) 
Initial C:N 5 16314 37.37 <0.001 104 = (3.3) 120 ~ (3.3) 11"7 ~ (33) 147 ~ (3.$) 148 ~ (3~3) 103 = (3.3) 
Initiallignm 5 I34.9 6 . 1 9 7  0 .002  18,5 ~ (1,04) 2~9 ~ (1.04) 23A <~ (1.04) 24.5 ~ (I.04) 20.5 b~ (1.04) 25.5 ~ (i.04) 
Lignin :N 5.7 7.9 7.7 8.3 8A 6.9 

g ~), C:N ratios, a nd  lignin a m o n g  the  six sites 
(Table 3). T h e  h igh  N c o n t e n t  o f  SRS6 roots  
dif tbred significantly f r o m  all o the r  sites; the  low 
N c o n t e n t  m SRS5 roots  also dif tbred significantly 
fi-om all o the r  sites (p < 0.05). T h e  high C:N ratios 
o f  SRS4 (147) mad SRS5 (148) dirtier significantly 
i}om the o the r  four  sites. T h e  lowest C:N ratios were 
f rom sites T S / P h 6  (104) a nd  SRS6 (103); these 
ratios were similar and  dff lered significantly ii-om 
the o t h e r  ~bur sites. Root l ignin con ten t  iCrom T S /  
Ph6  (18.5%) was significantly lower than the o ther  
sites. The  values o f  roo t  l ignin con ten t  f i o m  SRS6 
(25.5%) and  SRS4 (24,5%) were significantly h igher  
than  the o ther  sims. Regressions of  decompos i t i on  
constants,  kd, as a i unc t ion  of  N con ten t ,  C:N ratios, 
lignin, l ignin:N ratios, and  change  in N con ten t  
showed no  clear relat ionships for  any o f  the  indices 
re la ted  to ka (data  n o t  shown).  T h e  s t rongest  
re la t ionships  were l ignin  c o n t e n t  a n d  l ignin:N 
ratios, yet they were opposi te  o f  what  was expec ted  
based  on  the hypotheses  descr ibed  above. 

Discuss ion  

Out- study {ound  no di f ference in mass loss ~dth 
depth fi-om 2 to 42 cm below the soil surface, 
J d t h o u g h  diKerences in root. decompos i t i on  xdth 
dep th  (to 20 and  30 cm) have b e e n  f o u n d  in sMt 
marshes  (Hackney and  De La Cruz 1980; Buth 
1987), of  the few mangrove  roo t  decompos i t i on  
studies only Midd le ton  a nd  McKee (2001) tested 
dep th  and  they f o u n d  no  d i f ference  in rates to 
d e p t h  o f  30 cm. T h e r e  was s i g n i f c a n t  loss o f  
original  mass in bags f r o m  all the  study sites with 
d e c o m p o s i t i o n  rates varying th reefo ld  be tween  T S /  
Ph6  and  SRS5 for  b o t h  re fe rence  and  amb ien t  
roots .  T h e  Sha rk  River sites cons i s ten t ly  h a d  
significantly h igher  decompos i t i on  rates than  T S /  
Ph6  and  TS /PhS .  Roots from T S / P h 6  ha d  o n e  o f  
the  highest  N contents ,  the  lowest C:N ratio, and  
lnidal lignin c on t e m ,  yet had  the lowest rates of 

mass loss for  bo th  ambien t  and  reference  roots. 
VChen the T S / P h 6  roots  were Buried in SRoS4 ,m~d 
SRS5, whose ox~m roots  ha d  low N content ,  high C:N 
ratios, and  high l ignin content ,  rates of  d e c o m p o -  
sition were h ighe r  and  similar to ambien t  roots. 

Decay- rates o f  re ie rence  roots  c o m p a r e d  across the  
six sites indicate a substantial  effect of  env i ronmen-  
tal condi t ions  on  the pat terns  of  roo t  decompos i -  
tion. 

Patterns in mangrove  leaf decompos i t i on  have 
b e e n  re la ted to initial substrate quality such that  
h igh  N and  P content ,  low C,:N ratio, and  low lignin 
con t en t  result  in h ighe r  decompos i t i on  rates (Twil- 
ley et al, 1986; Rober t son  1988), as has been  t b u n d  
%r  o~her wetland ecosystems (Brinson et al, 1981; 
Mellilo e t a ] .  1982; Aber  et al. I990) .  Apparent ly  
r o o t  d e c o m p o s i t i o n  may not  follow such a predict-  
able pa t t e rn  since C:N ratios and  l ignin con t e n t  do 
no t  correlate  to roo t  degrada t ion  rates (McGlaugh- 
erty et al. 1982, 1984; Richert  et al, 2000; Scheffer  
and  ALerts 2000) as was i b u n d  in ou r  study. Instead,  
indices o f  total nons t ruc tu ra l  ca rbohydra te  a n d  
l ign in :N rat ios co r r e l a t e  m o r e  accura te ly  with 
pat terns  o f  roo t  decompos i t i on  (McGlaugher ty  et 
al. 1982, 1984). Yet l ignin:N ratios showed no  
rela t ionship to spatial pat terns  in ou r  study o f  
m a n g r o v e  roots. 

T h e  two m a i n  d i f t e r en t i a t i ng  e n v i r o n m e n t a l  
factors be tween  Shark River and  Taylor  River sites 
are  soil fertility and  hyd rope r iod  (Table 1). Co t ton  
strip assays Lound that  b e l o w g r o u n d  decompos i t i on  
increased with increasing nut r ien t  availability (Fell- 
er et al, 1999), and  P fertilization caused a dramat ic  
increase in be lowground  decompos i t i on  (Feller et 
al. 2002). Total  P in the  soil varies greatly a m o n g  
ou r  six study- sites ii-om 12.9 g m -~ in T S / P h 6  to 
84.2 g m -2 in SRS6 (Table 1), yet there  was no 
genera l  mode l  that  cor re la ted  ambien t  roo t  de- 
compos i t i on  to soil P fertilit~ in ou r  study-. T h e  
three  SRS sites increase in soil P fi-om SRS4 (21.6 g 
m -s) to SRS6 (84.2 g m-S), yet the d e c o m p o s i t i o n  
rates of  amb ien t  roots  at these three  sites were no t  
significantly d i f ferent  f lora  one  another .  Decay-rates 
ibr  re fe rence  roots are significantly h igher  in SRS6 
and  SRS5 c o m p a r e d  to SRS4. Soil total P in T S / P h 8  
is comparab l e  to concen t ra t ions  in SRS5, but  bo th  
a m b i e n t  a n d  r e % f e n c e  roo t s  at T S / P h 8  h a d  
significantly lower decompos i t i on  rates than SRS5, 
by a fac tor  o f  m o r e  than 2. Roots d e g r a d e d  ta.ster in 
T S / P h 7  than  T S / P h 8 ,  a l t hough  T S / P h 7  has ha l t  
the  soil P con ten t  and  nearly double  the  N:P ratio. 



One  additional tactor could be  the difterential 
eftects of hydroper iod  a m o n g  these sites (Krauss et 
al. 2006). The  Shark River sites are inf luenced by 
semidiurnal  tides, whereas the Taylor Slough sites 
are seasonally inundated,  with f looding dur ing the 
rainy season (from May through  October) .  More 
f requent  tidal inundat ion,  which prevents hypersa- 
l ine condi t ions  (Wolanski and  G a r d n e r  1981; 
Twilley and  Chen  1998), has been  correlated with 
higher  rates of  mangrove  leaf litter decomposi t ion  
(Twilley et al. 1986; Robertson 1988; Mackey and 
Small 1996; Woitehik et al. 1997; Feller et al. 2002). 
Tidal processes also flush out toxins such as sulfides 
and tannins that may accumulate  in soil and slow 
decomposi t ion  rates (Howarth and Hobbie  1982; 
Robertson 1988). Microbial popula t ion  densities 
and respiration also increase during rewetting in 
habitats  expe r i enc ing  wet-dry cycles (Sorensen  
1974; Brinson et al. 1981). These condit ions best 
fit the Shark River sites, which have more  positive 
redox values and  a wet<try regime in contrast  to the 
more  pe rmanen t ly  f looded  sites in Taylor Slough. 

Studies on product ion,  turnover,  and decompo-  
sition of  mangrove roots have lagged far beh ind  
similar studies on aboveground  componen t s  of  
mangrove  wetlands, limiting our  unders tanding  of  
how root  dynamics contr ibute  to nutr ient  cycling 
and soil accretion in mangrove ecosystems. The  
r a n g e  of  values t o r  this s tudy (0.00085 and  
0.00031 d -z) is within the  lowest and  highest  
r ecorded  for mangroves (0.0007 and 0.0039 d-Zre - 
spectively). Several studies have tbund  that decay of  
be lowgronnd  material  is slower than leaf litter 
(Hackney and de la Cruz 1980; Van der  Valk and 
Attiwill 1984; McKee and Faulkner  2000; Middleton 
and McKee 2001). Others  have found  that man- 
grove roots are a major  por t ion  of  soil organic 
mat ter  (Alongi et al. 2004) and  are critical to 
accretion rates and pea t  format ion  (Cahoon and 
Lynch 1997; Middleton and  McKee 2001). Model 
simulations suggest that  root  p roduc t ion  and  dead 
root  refractory c o m p o n e n t s  are critical to soil 
accumula t ion  (Chen  and  Twilley 1999a). O u r  
results point  to greater  control  of  be lowgronnd 
processes by the part icular  envi ronmenta l  setting of  
each site ra ther  than the chemical  componen t s  of  
the roots. This suggests that  difterences in hydro- 
period,  soil tertility, tidal regime, topography,  and 
o the r  microscale  changes  in sites could  have 
a greater  effect on decomposi t ion than the plant  
material  itself in the short te rm dynamics in which 
this study- was conducted.  
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