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Abstract
Decomposition of vegetal detritus is one of the most fundamental ecosystem pro-
cesses. In complex landscapes, the fate of litter of terrestrial plants may depend on 
whether it ends up decomposing in terrestrial or aquatic conditions. However, (1) to 
what extent decomposition rates are controlled by environmental conditions or by 
detritus type, and (2) how important the composition of the detritivorous fauna is in 
mediating decomposition in different habitats, remain as unanswered questions. We 
incubated two contrasting detritus types in three distinct habitat types in Coastal 
Georgia, USA, to test the hypotheses that (1) the litter fauna composition depends 
on the habitat and the litter type available, and (2) litter mass loss (as a proxy for 
decomposition) depends on environmental conditions (habitat) and the litter type. 
We found that the abundance of most taxa of the litter fauna depends primarily 
on habitat. Litter type became a stronger driver for some taxa over time, but the 
overall faunal composition was only weakly affected by litter type. Decomposition 
also depends strongly on habitat, with up to ca. 80% of the initial detrital mass lost 
over 25 months in the marsh and forest habitats, but less than 50% lost in the creek 
bank habitat. Mass loss rates of oak versus pine litter differed initially but converged 
within habitat types within 12 months. We conclude that, although the habitat type 
is the principle driver of the community composition of the litter fauna, litter type is a 
significant driver of litter mass loss in the early stages of the decomposition process. 
With time, however, litter types become more and more similar, and habitat becomes 
the dominating factor in determining decomposition of older litter. Thus, the major 
driver of litter mass loss changes over time from being the litter type in the early 
stages to the habitat (environmental conditions) in later stages.
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1  | INTRODUC TION

The leaf litter of terrestrial trees can end up in multiple habitats with 
different abiotic conditions and faunas. In coastal ecosystems, for 
instance, litter may fall into terrestrial habitats, into high marsh habi-
tats that are periodically inundated with seawater, or into creeks that 
are periodically inundated with freshwater. Thus, litter from a single 
tree might experience very different fates with regard to decay and 
decomposition. This matters because decomposition is one of the 
most fundamental ecosystem processes, transforming dead organic 
matter into freely available inorganic nutrients and providing the 
basis for essentially all nutrient cycles.

Decomposition is mediated by a complex network of interac-
tions between microbes and detritivorous animals that, in turn, are 
controlled by environmental conditions, litter abundance and traits, 
and predators (for summary: Zimmer, 2019). For example, Treplin 
and Zimmer (2012) demonstrated that decomposition processes 
in aquatic versus terrestrial systems diverge fundamentally. In ter-
restrial systems, temperature and moisture strongly affect decom-
position rates (Cisneros-Dozal et al., 2007; Ise & Moorcroft, 2006). 
Species-specific decomposition rates of different detrital (leaf lit-
ter) sources have been repeatedly documented, with variation in 
decomposition depending on chemical and physical characteristics 
of the leaves (for review: Gessner et al., 2010). However, leaf litter 
chemistry changes over time owing to leaching of soluble, and mi-
crobial decay of readily available, litter compounds (Nykvist, 1962; 
Schofield et al., 1998; Zimmer, 2002), and when submerged in water, 
species-specific characteristics of different litter types converge 
within weeks (Treplin & Zimmer, 2012). Because of this convergence, 
it is likely that the relevance of the litter type, that is, different phys-
icochemical characteristics, as predictors of the decomposition pro-
cesses will decrease over time.

The role of the detritivorous fauna in decomposition has been 
debated. By shredding, consuming, and translocating detritus, 
macro-detritivores accelerate microbial decay of detrital matter and 
nutrient cycling, and also directly contribute to detrital mass loss 
(Seeber et al., 2006; Treplin & Zimmer, 2012). Meso-detritivores, 
by contrast, predominantly act as grazers on detrital surfaces and 
the colonizing microbial biofilms (Chauvat et al., 2011; Chen & 
Ferris, 1999) and, hence, mostly affect decomposition indirectly 
by mediating microbial communities. According to the plethora of 
studies on this topic, the contribution of the fauna to decomposition 
processes depends on litter traits, environmental conditions, and 
the taxonomic group studied. Predators impair detritivore activity 
through top-down effects, which alters habitat-specific communi-
ties of detritivores and ecosystem processes and can result in tro-
phic cascades (Woodward et al., 2008; Jabiol et al., 2014). As one 
example, an omnivorous crab predator in an Atlantic U.S. salt marsh 
counteracted the activity of detritivorous snails on high-quality 
detritus, but synergistically interacted with detritivores on low-
quality detritus (Ewers et al., 2012). Kajak (1995) concluded from 
a literature survey that micro-predators in soils tend to increase, 
but macro-predators tend to decrease, decomposition processes. 

Hence, the habitat-specific composition of the litter fauna can be 
expected to influence whether and how decomposition is affected 
by animal activities (c.f. Peralta-Maraver et al., 2019). Exactly how 
this works, however, often remains obscure. While some detri-
tivore species seem to facilitate each other or interact synergis-
tically (Hedde et al., 2010; Zimmer et al., 2005), others compete 
for high-quality food sources (Costantini et al., 2005; Chang et al., 
2016) or exert top-down effects on one another through predation 
(Ewers et al., 2012). In all these cases, however, their interactions 
may depend on the quality of their detrital resources. Some stud-
ies have suggested that detritivores may occupy a variety of niches, 
such that niche complementarity allows high detritivore diversity 
(Wardle, 2006). However, in a saltmarsh system complementarity 
of detritivores did not explain decomposition process, rather it was 
the dominant detritivore species that drove decomposition (Treplin 
et al., 2013). Further, even beyond the borders of biogeographical 
realms, detritivores exhibit similar preferences for different detrital 
food sources (Quadros et al., 2015), which suggests that opportuni-
ties for niche complementarity are limited. In summary, variation in 
litter type, and habitat conditions is likely to favor different taxa of 
detritivores, and these may have species-specific interactions with 
each other. In the end, however, the limited opportunities for niche 
specialization upon litter resources argue that the species compo-
sition of the detritivore community may not be a primary factor af-
fecting decomposition rates.

In order to disentangle which factors most greatly affect mass 
loss rates of tree-derived leaf litter in coastal habitats, we performed 
a three-factor field study with different litter types (oak versus pine) 
that were incubated in different habitats (upper saltmarsh, creek 
bank, and coastal forest) in the presence and absence of macrofauna 
(small- versus large-meshed litterbags). We measured litter fauna 
and mass loss to test the hypotheses that (1) the fauna composition 
depends on (1.i) habitat characteristics and (1.ii) litter type; and (2) 
decomposition rates depend on (2.i) habitat characteristics, (2.ii) lit-
ter type, and (2.iii) faunal community composition (mesofauna only 
versus meso- and macrofauna). We predict that the explanatory 
power of the faunal composition of the detritivore community is 
lower than that of the litter type; the latter will decrease in relevance 
over time, while the habitat type will become the most relevant pre-
dictor of decomposition processes over time.

2  | MATERIAL S AND METHODS

Our field sites were situated on Sapelo Island, GA, USA (31°27' N, 
81°15' W). At this site, the coastal forest includes abundant coastal 
oak (Quercus virginiana) and pine (Pinus palustris) trees (Callaway 
et al., 2002), both henceforth referred to by their common names. 
Terrestrial, marsh, and freshwater habitats occur in close prox-
imity to each other, and we chose these three habitat types for 
analyzing the effects of litter quality (oak versus pine), habitat (for-
est, creek bank, and saltmarsh), and the corresponding meso- and 
macrofauna.
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W e c oll e c t e d l e af ( o a k) a n d n e e dl e ( pi n e) lit t er d uri n g s pri n g 2 0 0 7. 

A c c or di n g t o Zi m m er et al. ( 2 0 0 2), t h e s e lit t er t y p e s r e pr e s e nt dif-

f er e nt q u aliti e s of d etrit u s wit h r e s p e ct t o C: N r ati o a n d c o n d e n s e d 

t a n ni n s ( T a bl e 1). Lit t er w a s c oll e ct e d i n m e s h b a s k et s pl a c e d b el o w 

tr e e s; t hi s pr e v e nt e d s h e d l e a v e s fr o m f alli n g o nt o t h e gr o u n d, a n d 

t h er e b y li mit e d d e c o m p o siti o n pri or t o o ur st u d y. Lit t er w a s r et ur n e d 

t o t h e l a b or at or y a n d air-dri e d f or > 7 d a y s at r o o m t e m p er at ur e. W e 

c h o s e t o air- dr y  lit t er  t o  a v oi d  t h e  ar tif a ct s  t h at  c a n  b e  c a u s e d  b y 

o v e n- dr yi n g. E a c h lit t er t y p e w a s w ei g h e d ( 4. 0 0 ± 0. 0 1 g dr y w ei g ht) 

s e p ar at el y i nt o m e s h b a g s. W e ori gi n all y i nt e n d e d t o c o m p ar e lit t er 

d e c o m p o siti o n i n t h e pr e s e n c e of m e s of a u n a o nl y v er s u s wit h b ot h 

m e s o-  a n d m a cr of a u n a b y e n cl o si n g lit t er i n b a g s wit h t w o diff er e nt 

m e s h si z e s ( 2 ×  2 m m² v er s u s 8 ×  8 m m²). B a g s w er e pl a c e d i n gr o u p s 

of f o ur ( 2 lit t er t y p e s ×  2 m e s h si z e s) wit h si x r e pli c at e s p er h a bit at 

( 3) a n d s a m pli n g d at e ( 4), a n d e m b e d d e d i n t h e e xi sti n g lit t er pr e s e nt 

at t h e sit e. Si n c e m e s h si z e h a d o nl y a s m all eff e ct o n t h e c o m p o si-

ti o n of t h e f a u n a c ol o ni zi n g t h e lit t er b a g s ( s e e R e s ult s), r e s ult s fr o m 

s m all-   a n d  l ar g e-m e s h e d b a g s fr o m e a c h h a bit at * d at e c o m bi n ati o n 

w er e p o ol e d t o d e s cri b e t h e f a u n al a s s e m bl a g e s u si n g m ulti di m e n -

si o n al s c ali n g, a n d w e di d n ot e x pl or e t hi s c o ntr a st f ur t h er.

Lit t er b a g s  w er e  d e pl o y e d  i n  A u g u st  2 0 0 7  a n d  r e m o v e d  fr o m 

t h e  fi el d  af t er  1 m o nt h  ( S e pt e m b er  2 0 0 7),  6  m o nt h s  ( F e br u ar y 

2 0 0 8), 1 2  m o nt h s ( A u g u st 2 0 0 8), a n d 2 5  m o nt h s ( S e pt e m b er 2 0 0 9). 

Lit t er b a g s w er e i n di vi d u all y st or e d i n pl a sti c b a g s f or tr a n s p or t t o t h e 

U ni v er sit y of G e or gi a M ari n e I n stit ut e ( U G A MI), w h er e f a u n a w er e 

e x tr a ct e d  i n  a  B erl e s e  a p p ar at u s,  a n d  t h e  r e m ai ni n g  lit t er  cl e a n e d 

of s oil p ar ti cl e s, dri e d at 6 0 ° C f or 7 2 hr, a n d w ei g h e d. I n v er t e br at e s 

e x tr a ct e d fr o m t h e m e s h b a g s w er e i d e ntifi e d t o t h e hi g h e st t a x o-

n o mi c l e v el p o s si bl e a n d a s si g n e d t o o n e of t hr e e f u n cti o n al gr o u p s: 

d etriti v or e s,  pr e d at or s,  or  o m ni v or e s.  F or  l o gi sti c al  r e a s o n s,  it  w a s 

i m p o s si bl e  t o  i d e ntif y  t h e  f a u n a  fr o m  lit t er b a g s  r e m o v e d  fr o m  t h e 

fi el d i n S e pt e m b er 2 0 0 9.

T o vi s u ali z e si mil ariti e s i n t h e s oil f a u n a b et w e e n lit t er t y p e s a n d 

a m o n g h a bit at s, w e r a n m ulti di m e n si o n al s c ali n g wit h t h e s of t w ar e 

p a c k a g e  P A S T  ( ht t p: //f ol k. ui o. n o / o h a m m er / p a st /).  W e  a n al y z e d 

o ur  f a u ni sti c  d at a  u si n g  P E R M A N O V A  a n d  A N O SI M  f or  d e pi cti n g 

w h et h er t h e c o m m u nit y c o m p o siti o n i n t h e lit t er b a g s w a s dri v e n b y 

t h e  h a bit at  or  t h e  lit t er  t y p e.  T h o s e  t a x a  t h at  dr o v e  diff er e n c e s  i n 

c o m m u nit y  c o m p o siti o n  w er e  i d e ntifi e d  t hr o u g h  SI M P E R  a n al y si s. 

T w o- w a y A N O V A s s er v e d t o i n di c at e si g nifi c a nt pr e di ct or s ( h a bit at 

v er s u s  lit t er  t y p e)  of  lit t er  m a s s  l o s s  o v er  ti m e  ( Gr a p h P a d  Pri s m). 

T o  e sti m at e  t h e  eff e ct s  of  h a bit at,  lit t er  t y p e,  a n d  lit t er  f a u n a  o n 

lit t er  m a s s  l o s s  o n  e a c h  s a m pli n g  d at e,  w e  p er f or m e d  r e gr e s si o n 

tr e e a n al y si s, u si n g t h e R ( ht t p: // w w w.r- pr oj e ct. or g /) p a c k a g e r p ar t. 

R e gr e s si o n tr e e s pr o d u c e pr e di cti v e m o d el s fr o m e x p eri m e nt al d at a 

b y r e c ur si v el y p ar titi o ni n g t h e d at a s p a c e a n d d e v el o pi n g a pr e di c-

ti o n  m o d el  t h at  c a n  b e  r e pr e s e nt e d  gr a p hi c all y  a s  a  d e ci si o n  tr e e 

( L o h, 2 0 1 1).

3   |  R E S U L T S

3. 1   |  D etrit u s- a s s o ci at e d f a u n a

T o  t e st  w h et h er  t h e  s oil  f a u n a  c o m p o siti o n  d e p e n d s  o n  h a bit at 

c h ar a ct eri sti c s or lit t er t y p e, w e di sti n g ui s h e d fi v e t a x a t h at w e c o n -

si d er e d  e ntir el y  d etriti v or o u s  (i n cl u di n g  mi cr o bi v or e s):  C oll e m b ol a, 

G a str o p o d a  ( M el a m p u s  bi d e nt at u s ),  Di pt er a  (l ar v a e),  I s o p o d a,  a n d 

A m p hi p o d a ( Or c h e sti a gr yll u s ); t hr e e t a x a t h at c o n si st e d e ntir el y of 

pr e d at or s:  Ar a c h ni d a,  P s e u d o s c or pi o n e s,  a n d  C hil o p o d a;  a n d  fi v e 

t a x a t h at i n cl u d e d d etriti v or e s, pr e d at or s, or o m ni v or e s: D e c a p o d a 

(Ar m a s e s ci n c er e u m ),  C ol e o pt er a  (l ar v a e  a n d  a d ult s),  H y m e n o pt er a 

( a nt s), A c ari n a, a n d N e m at o d a.

T h e  a b u n d a n c e  of  e a c h  t a x o n  v ari e d  o v er  ti m e,  b et w e e n  h a bi-

t at s,  a n d  b et w e e n  lit t er  t y p e s  ( Fi g ur e  S 1).  C oll e m b ol a  ( s pri n g t ail s) 

w er e r ar e i n t h e m ar s h w h er e t h e y o nl y o c c urr e d i n si g nifi c a nt n u m -

b er s af t er 1 2  m o nt h s. T h eir a b u n d a n c e o n o a k lit t er fl u ct u at e d o v er 

ti m e at t h e cr e e k b a n k a n d i n t h e f or e st. T h e y w er e l e s s a b u n d a nt 

i n  t h e  e arl y  st a g e s  of  pi n e  d e c o m p o siti o n.  G a str o p o d a  (t h e  d etri-

ti v or o u s  c off e e  b e a n  s n ail, M el a m p u s bi d e nt at u s )  w er e  a b u n d a nt  i n 

e arl y lit t er b a g s i n t h e m ar s h b ut s h ar pl y d e cr e a s e d i n n u m b er o v er 

ti m e; t h e y w er e e s s e nti all y a b s e nt at t h e cr e e k b a n k a n d i n t h e f or-

e st. Si mil arl y, Di pt er a n l ar v a e w er e a b u n d a nt d uri n g e arl y d e c o m p o -

siti o n,  p ar ti c ul arl y  o n  pi n e  lit t er,  b ut  di s a p p e ar e d  o v er  l at er  st a g e s 

of  d e c o m p o siti o n.  Pr e d at or s  w er e  g e n er all y  r ar e  a n d  o c c urr e d  i n 

si g nifi c a nt  n u m b er s  ( Ar a c h ni d a:  s pi d er s)  o nl y  i n  t h e  f or e st,  m ai nl y 

o n pi n e lit t er or d uri n g l at e st a g e s of o a k d e c o m p o siti o n. Si mil arl y, 

C ol e o pt er a  ( b e etl e s)  o n  o a k  lit t er  w er e  o nl y  pr e s e nt  i n  t h e  f or e st, 

w h er e a s pi n e lit t er- d w elli n g b e etl e s w er e f o u n d, al b eit i n r el ati v el y 

l o w  n u m b er s,  d uri n g  e arl y  d e c o m p o siti o n  i n  all  st u di e d  h a bit at s. 

A c ari n a ( mit e s) m o stl y i n cr e a s e d i n n u m b er o v er t h e fir st si x m o nt h s 

o n o a k lit t er, af t er w hi c h t h eir n u m b er sli g htl y i n cr e a s e d f ur t h er or 

r e m ai n e d st a bl e o v er t h e f oll o wi n g 6  m o nt h s. O n pi n e lit t er, t hi s p at-

t er n w a s o nl y o b s er v e d i n t h e m ar s h, b ut t h e y s h o w e d a t e n d e n c y t o 

Q u er c u s vir gi ni a n a

Pi n u s 

p al u stri s

C ar b o n, m g / g 4 1 8 ± 1 1 4 4 7 ± 1 1

Nitr o g e n, m g / g 1 3. 2 ± 0. 2 1 0. 3 ± 0. 5

C :N r ati o 3 2 4 3

Si m pl e p h e n oli c s (f er uli c a ci d e q ui v al e nt s), m g / g 1 5. 9 ± 0. 5 1 5. 8 ± 0. 3

H y dr ol y z a bl e t a n ni n s (t a n ni c a ci d e q ui v al e nt s), m g / g 1 1 5 ± 3 1 1 6 ± 3

C o n d e n s e d t a n ni n s ( q u e br a c h o e q ui v al e nt s), m g / g 4 2 ± 9 1 1 2 ± 8

T A B L E 1   K e y c h e mi c al tr ait s of t h e 

diff er e nt lit t er t y p e s ( Zi m m er et al.,  2 0 0 2)

http://folk.uio.no/ohammer/past/
http://www.r-project.org/
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d e cr e a s e i n n u m b er s i niti all y a n d t h e n i n cr e a s e a g ai n. L e s s a b u n d a nt 

t a x a  ar e  s u m m ari z e d  a s  " ot h er s"  i n  Fi g ur e  S 1  b ut  w er e  c o n si d er e d 

s e p ar at el y i n st ati sti c al a n al y s e s.

A s i n di c at e d b y t h e vi s u ali z ati o n of f a u ni sti c d at a t hr o u g h n o n-

m etri c  m ulti di m e n si o n al  s c ali n g  of  t h e  f a u n al  d at a  ( Fi g ur e 1),  t h e 

d e p e n d e n c y  of  all  t a x a  o n  diff er e nt  a s p e ct s  of  t h eir  e n vir o n m e nt 

(" h a bit at " v er s u s "lit t er ") c h a n g e d o v er ti m e. T hr o u g h o ut ti m e, v ari-

ati o n a m o n g lit t er b a g s of t h e s a m e tr e at m e nt (lit t er t y p e s a n d h a b-

it at s) w a s hi g h, a s i n di c at e d b y t h e wi d e s c at t eri n g of d at a p oi nt s.

Aft er 1 m o nt h ( Fi g ur e 1 a), t h e f a u n a of t h e litt er b a g s at t h e m ar s h 

w a s  di sti n ct  fr o m  t h at  of  t h e  ot h er  h a bit at s  (f or e st  a n d  cr e e k  b a n k) 

t h at,  i n  t ur n,  e x hi bit e d  o nl y  v er y  w e a k  di sti n cti o n.  O v er all,  t h e  i n di -

vi d u al b a g s at t h e cr e e k b a n k h a bit at w er e m or e si mil ar t o e a c h ot h er 

t h a n t h o s e i n t h e m ar s h or i n t h e f or e st. Aft er 6 m o nt h s ( Fi g ur e 1 b), 

t h e  litt er b a g  f a u n a  of  t h e  f or e st  a n d  t h e  m ar s h  w er e  cl e arl y  diff er-

e nt  fr o m  e a c h  ot h er,  w hil e  t h e  cr e e k  b a n k  f a u n a  w a s  i nt er m e di at e 

a n d  e x hi bit e d  littl e  diff er e n c e s  t o  t h e  m ar s h  f a u n a.  F a u n a  i n  litt er b -

a g s  i n  t h e  cr e e k  b a n k  h a bit at  w er e  m or e  diff er e nt  fr o m  e a c h  ot h er 

t h a n aft er o n e m o nt h b ut still l e s s s o t h a n t h o s e i n t h e ot h er h a bit at s. 

A  t e n d e n c y  of  o a k  litt er b a g s  t o  cl u st er  t o g et h er,  w hil e  pi n e  litt er b -

a g s  b e c a m e  m or e  di sti n ct  fr o m  e a c h  ot h er,  b e c a m e  a p p ar e nt.  Aft er 

1 2 m o nt h s ( Fi g ur e 1 c), t h e litt er b a g f a u n a i n t h e f or e st diff er e d cl e arl y 

fr o m t h at i n t h e m ar s h b ut m u c h l e s s s o fr o m t h at at t h e cr e e k b a n k. 

Cr e e k b a n k a n d m ar s h f a u n a h ar dl y diff er e d fr o m e a c h ot h er a n d v ar -

i e d l e s s a m o n g b a g s t h a n t h e f or e st f a u n a. T h e s e fi n di n g s w er e l ar g el y 

c orr o b or at e d b y b ot h P E R M A N O V A ( T a bl e 2), c o m p ari n g t h e gr o u p s' 

(" h a bit at " v er s u s "litt er") c e ntr oi d s a n d t h eir di s p er si o n, a n d A N O SI M 

( T a bl e 3), c o m p ari n g t h e si mil ariti e s b et w e e n a n d wit hi n gr o u p s. B ot h 

a n al y s e s i n di c at e d a hi g hl y si g nifi c a nt eff e ct of " h a bit at " o n t h e f a u -

n al  c o m p o siti o n  of  t h e  litt er b a g s.  Aft er  6  m o nt h s,  "litt er"  w a s  al s o  a 

si g nifi c a nt pr e di ct or, b ut " h a bit at " c o ntri b ut e d al m o st t wi c e a s m u c h 

t o t h e t ot al s u m. T h e m o st i m p ort a nt dri v er s of f a u ni sti c diff er e n c e s 

a m o n g h a bit at s w er e A c ari n a ( all m o nt h s), Di pt er a n l ar v a e ( all m o nt h s), 

G a str o p o d a  ( m o nt h  1),  a n d  C oll e m b ol a  ( m o nt h  6  a n d  1 2)  ( SI M P E R 

a n al y si s: T a bl e s S 1 a n d S 2; a m or e d et ail e d a n al y si s of t e m p or al p at -

t er n s i n f a u ni sti c s i n t h e diff er e nt h a bit at s a n d o n diff er e nt litt er t y p e s 

u si n g r e p e at e d m e a s ur e s A N O V A c a n b e f o u n d i n T a bl e s S 3 a n d S 4).

3. 2   |  D etrit al m a s s l o s s

O v er all,  u p  t o  c a.  8 0 %  of  t h e  i niti al  lit t er  m a s s  w a s  l o st  o v er 

2 5 m o nt h s i n t h e m ar s h a n d t h e f or e st, b ut o nl y < 5 0 % o n t h e cr e e k 

b a n k ( Fi g ur e 2). N o cl e ar o v er all p at t er n ar o s e wit h r e s p e ct t o diff er -

e n c e s i n d e c o m p o siti o n r at e s of t h e diff er e nt lit t er t y p e s, b e c a u s e 

t h e or d er of lit t er-s p e cifi c d e c o m p o siti o n r at e s c h a n g e d o v er ti m e. 

I n di vi d u al  A N O V A s  f or  e a c h  d at e  h el p e d  cl arif y  t hi s  o b s er v ati o n. 

Af t er b ot h o n e m o nt h ( T a bl e 4 a) a n d 6 m o nt h s ( T a bl e 4 b) of d e c o m -

p o siti o n, "lit t er " w a s t h e o nl y si g nifi c a nt f a ct or ( p < . 0 0 1; p = . 0 0 3, 

r e s p e cti v el y)  e x pl ai ni n g  m a s s  l o s s.  O v er  1 2 m o nt h s  ( T a bl e 4 c), 

m a s s l o s s s ol el y d e p e n d e d o n " h a bit at " ( p < . 0 0 1). O v er 2 5  m o nt h s 

( T a bl e 4 d), t h e eff e ct of " h a bit at " ( p < . 0 0 1) w a s si g nifi c a ntl y s h a p e d 

b y "lit t er " ( h a bit at x lit t er i nt er a cti o n: p = . 0 0 7).

A c c or di n g t o r e gr e s si o n tr e e a n al y si s ( R T A: Fi g ur e 3),  ti m e  w a s 

t h e b e st pr e di ct or of lit t er m a s s l o s s. D uri n g t h e e arl y st a g e s of d e -

c o m p o siti o n ( < 3. 5 m o nt h s), lit t er t y p e m e di at e d m a s s l o s s r at e, wit h 

o a k pr e di ct e d t o l o s e 1 5 4  m g / g a n d pi n e 2 1 0  m g / g ( 7 6 % e x pl ai n e d). 

D uri n g l at er st a g e s ( > 9 m o nt h s), h a bit at t y p e s h a p e d d e c o m p o siti o n 

wit h l o w er m a s s l o s s r at e s o n t h e cr e e k b a n k ( pr e di ct e d: 3 6 7 m g / g) 

t h a n i n t h e s alt m ar s h or t h e f or e st ( pr e di ct e d: 5 0 9 m g / g).

D e c o m p o siti o n  o v er  o n e  m o nt h  ( Fi g ur e 4 a)  w a s  m o stl y  dri v e n 

b y  "lit t er ",  wit h  pi n e  ( pr e di ct e d:  1 8 3 – 2 4 7 m g / g)  l o si n g  m a s s  f a st er 

t h a n  o a k  ( pr e di ct e d:  1 3 6 –1 7 4 m g / g).  O n  o a k  lit t er,  a  hi g h er  a b u n-

d a n c e  of  Di pt er a  w a s  a s s o ci at e d  wit h  hi g h er  m a s s  l o s s  ( pr e di ct e d: 

1 6 7 m g / g v er s u s 1 4 4 m g / g) ( 4 0 % e x pl ai n e d: Fi g ur e 4 a). O n pi n e lit-

t er, G a str o p o d a ( c off e e b e a n s n ail s) w er e a s s o ci at e d wit h l o w er m a s s 

l o s s ( pr e di ct e d: 1 8 3 m g / g v er s u s 2 0 4 – 2 4 7 m g / g); w h e n t h er e w er e 

f e w c off e e b e a n s n ail s, A c ari n a ( p o s si bl y pr e d a ci o u s) w er e al s o a s s o -

ci at e d wit h l o w er m a s s l o s s ( pr e di ct e d: 2 0 4  m g / g v er s u s 2 4 7 m g / g).

D e c o m p o siti o n  o v er  6  m o nt h s  ( Fi g ur e 4 b)  w a s  al s o  m e di at e d 

b y "lit t er ", wit h pi n e ( pr e di ct e d: 2 9 4 – 3 5 4 m g / g)  l o si n g  m a s s  f a st er 

t h a n  o a k  ( pr e di ct e d:  2 3 3 –3 0 3 m g / g)  ( 2 6 %  e x pl ai n e d:  Fi g ur e 4 b). 

O n o a k lit t er, G a str o p o d a w er e a s s o ci at e d wit h l o w m a s s l o s s, a n d 

c o m p ari n g lit t er wit h f e w c off e e b e a n s n ail s, d e c o m p o siti o n i n t h e 

f or e st w a s f a st er ( pr e di ct e d: 3 0 3  m g / g) t h a n i n t h e m ar s h or o n t h e 

cr e e k  b a n k  ( pr e di ct e d:  2 7 5 m g / g).  O n  pi n e  lit t er,  C oll e m b ol a  w er e 

a s s o ci at e d  wit h  hi g h  m a s s  l o s s  ( pr e di ct e d:  3 0 7 – 3 4 5 m g / g  v er s u s 

2 9 4 m g / g),  a n d,  w h e n  t h e y  w er e  a b u n d a nt,  a c c e s s  b y  Di pt er a  w a s 

a s s o ci at e d wit h l o w er m a s s l o s s ( pr e di ct e d: 3 0 7 v er s u s 3 4 5 m g / g).

I n  c o ntr a st,  d e c o m p o siti o n  o v er  1 2  m o nt h s  ( Fi g ur e 4 c)  w a s 

m o stl y  c o ntr oll e d  b y  " h a bit at ",  wit h  hi g h er  m a s s  l o s s  i n  t h e  m ar s h 

a n d f or e st ( pr e di ct e d: 4 5 3 – 5 7 2 m g / g) t h a n o n t h e cr e e k b a n k ( pr e-

di ct e d:  3 3 5 – 3 9 3 m g / g)  ( 4 7 %  e x pl ai n e d:  Fi g ur e 4 c).  O n  t h e  cr e e k 

b a n k,  A c ari n a  ( p o s si bl y  pr e d a ci o u s)  w er e  a s s o ci at e d  wit h  l o w er 

m a s s  l o s s  ( pr e di ct e d:  3 3 5  m g / g  v er s u s  3 9 3  m g / g).  I n  t h e  f or e st 

a n d  m ar s h,  Di pt er a n  l ar v a e  w er e  a s s o ci at e d  wit h  l o w er  m a s s  l o s s 

( pr e di ct e d: 4 5 3 m g / g v er s u s 4 7 9 – 5 7 2 m g / g). W h e n t h er e w er e f e w 

Di pt er a n l ar v a e, A c ari n a w er e a s s o ci at e d wit h hi g h er m a s s l o s s ( pr e -

di ct e d: 5 7 2 m g / g), b ut w h e n t h er e w er e f e w Di pt er a n l ar v a e a n d f e w 

A c ari n a ( pr e di ct e d: 4 7 9 – 5 4 6 m g / g), m a s s l o s s w a s f a st er w h e n t h er e 

w er e v er y f e w A c ari n a.

4   |  D I S C U S S I O N

B a s e d o n t h e e xi sti n g k n o wl e d g e a b o ut lit t er t y p e, f a u n al c o m p o si-

ti o n, a n d h a bit at c o n diti o n s ( s e e I ntr o d u cti o n) a s dri v er s of d e c o m-

p o siti o n pr o c e s s e s, w e d e v el o p e d a c o n c e pt u al m o d el t h at d e s cri b e s 

t h e  c h a n g e  i n  t h eir  r el ati v e  i m p or t a n c e  a s  pr e di ct or s  o v er  ti m e 

( Fi g ur e 5 a).  T a ki n g  i nt o  a c c o u nt  t h at  e v e n  d etriti v or e s  fr o m  diff er-

e nt  bi o g e o gr a p hi c al  r e al m s  e x hi bit  si mil ar  f e e di n g  pr ef er e n c e s  f or 

c o ntr a sti n g  lit t er  t y p e s  ( Q u a dr o s  et al., 2 0 1 5),  w e  e x p e ct e d  t h e 

c o m p o siti o n of t h e d etriti v or e f a u n a ( m e s of a u n a v er s u s m e s o- a n d 

m a cr of a u n a)  t o  o v er all  e x er t  r el ati v el y  lit tl e  eff e ct  o n  t h e  pr o c e s s 

of d e c o m p o siti o n. Alt h o u g h p ar ti c ul ar t a x a of t h e s oil f a u n a d o af-

f e ct d e c o m p o siti o n pr o c e s s e s i n diff er e nt w a y s, t h e s e eff e ct s mi g ht 
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c o u nt er a c t e a c h ot h er i n di v er s e c o m m u niti e s. A c c or di n g t o Tr e pli n 

a n d  Zi m m er  ( 2 0 1 2),  diff er e nt  l e af  lit t er  t y p e s  b e c o m e  m or e  a n d 

m or e si mil ar o v er t h e c o ur s e of l e a c hi n g, d e c a y, a n d d e c o m p o siti o n. 

H e n c e, w e e x p e ct e d t h e pr e di cti v e p o w er of t h e lit t er t y p e f or d e-

c o m p o siti o n pr o c e s s e s t o d e cr e a s e o v er ti m e, w hil e t h e i m p or t a n c e 

of t h e h a bit at c o n diti o n s w o ul d i n cr e a s e at t h e s a m e ti m e.

O ur  r e s ult s  c o nfir m  t h at  dri v er s  of  f a u n al  c o m p o siti o n  i n  lit-

t er  p at c h e s  ( h y p ot h e si s  1)  a n d  lit t er  d e c o m p o siti o n  ( h y p ot h e si s  2; 

Fi g ur e 5 b) c h a n g e o v er ti m e. I niti al c ol o ni z ati o n of lit t er p at c h e s b y 

t h e f a u n a w a s dri v e n pri m aril y b y h a bit at t y p e, w h er e a s i niti al d etri -

t al m a s s l o s s r at e s w er e g o v er n e d pri m aril y b y lit t er tr ait s. H o w e v er, 

c orr o b or ati n g  pr e vi o u s  fi n di n g s  ( Tr e pli n  &  Zi m m er, 2 0 1 2),  diff er -

e n c e s  i n  lit t er  tr ait s  di mi ni s h  u p o n  a gi n g,  a n d  o v er  t h e  l o n g  t er m, 

h a bit at  c o n diti o n s  c o ntr ol  b ot h  c o m m u nit y  c o m p o siti o n  a n d  lit t er 

m a s s l o s s, c o nfir mi n g b ot h o ur h y p ot h e s e s. T h e m e s h si z e of t h e lit-

t er b a g s e x hi bit e d lit tl e eff e ct o n t h e f a u n al c o m p o siti o n a n d, t h u s, 

di d n ot aff e ct lit t er d e c o m p o siti o n a s a tr e at m e nt i n o ur e x p eri m e nt. 

H o w e v er,  v ari ati o n  i n  f a u n al  c o m p o siti o n  wit hi n  tr e at m e nt s  ( wi d e 

s c at t er of p oi nt s i n N M D S pl ot s: Fi g ur e 1) di d e x hi bit a n eff e ct, a s 

s h o w n  b y  R T A  ( Fi g ur e s 3  a n d  4).  L ar g er  diff er e n c e s  i n  t h e  s p e ci e s 

c o m p o siti o n  of  d etriti v or e  c o m m u niti e s  mi g ht  r e s ult  i n  a  str o n g er 

pr e di cti v e p o w er of t h e f a u n al c o m p o siti o n.

F I G U R E 1   M ulti di m e n si o n al s c ali n g 

of f a u n al a s s e m bl a g e s i n lit t er b a g s wit h 

r e s p e ct t o diff er e nt h a bit at s a n d d etrit al 

s o ur c e s af t er 1  m o nt h ( a), 6  m o nt h s 

( b), a n d 1 2  m o nt h s ( c). P oi nt s r efl e ct 

i n di vi d u al lit t er b a g s t hr o u g h t h eir 

f a u ni sti c c o m p o siti o n ( s e e al s o Fi g ur e S 1 

a n d T a bl e S 1). O a k: cir cl e s, pi n e: tri a n gl e s; 

m ar s h: bl u e; cr e e k b a n k: gr e e n; f or e st: 

br o w n

( a) ( b)

( c)

T A B L E 2   T w o- w a y P E R M A N O V A ( 9, 9 9 9 p er m ut ati o n s) 

c o m p ari n g t h e f a u n al c o m p o siti o n i n lit t er b a g s af t er 1  m o nt h ( a), 

6  m o nt h s ( b), a n d 1 2  m o nt h s ( c) a s b ei n g dri v e n b y t h e e x p eri m e nt al 

f a ct or s h a bit at c o n diti o n s (" h a bit at ") a n d lit t er t y p e ("lit t er ”)

T w o - w a y P E R M A N O V A

S o ur c e S S df M S F p

( a)

H a bit at 2, 4 4 3. 5 2 1, 2 2 1. 8 5. 1 4 0 5 . 0 0 0 1

Lit t er 7 9. 1 1 7 9. 1 0. 3 3 2 7 . 8 1 7 0

I nt er a c ti o n 7 1 0. 1 2 3 5 5. 0 1. 4 9 3 8 . 1 7 3 6

R e si d u al 1 5, 6 8 6. 0 6 6 2 3 7. 7

T ot al 1 8, 9 1 9. 0 7 1

( b)

H a bit at 3, 2 1 9. 1 2 1 6 0 9. 6 4. 2 7 5 5 . 0 0 1 1

Lit t er 1 9 3 7. 4 1 1 9 3 7. 4 5. 1 4 6 3 . 0 0 2 1

I nt er a c ti o n 7 6 7. 8 2 3 8 3. 9 1. 0 1 9 7 . 4 0 4 3

R e si d u al 2 4, 8 4 6. 0 6 6 3 7 6. 5

T ot al 3 0, 7 7 1. 0 7 1

( c)

H a bit at 3 8, 1 2 4. 0 2 1 9, 0 6 2. 0 1 7. 3 4 7 . 0 0 0 1

Lit t er 1, 0 1 7. 7 1 1, 0 1 7. 7 0. 9 2 6 1 . 3 8 0 2

I nt er a c ti o n 1 4, 4 7 7. 0 2 7 3 8. 5 0. 6 7 2 1 . 6 1 0 6

R e si d u al 7 2, 5 2 4. 0 6 6 1, 0 9 8. 8

T ot al 1 1 3, 1 4 0. 0 7 1

T A B L E 3   T w o- w a y A N O SI M ( 9, 9 9 9 p er m ut ati o n s) c o m p ari n g t h e 

f a u n al c o m p o siti o n i n lit t er b a g s af t er 1  m o nt h ( a), 6  m o nt h s ( b), a n d 

1 2 m o nt h s ( c) a s b ei n g dri v e n b y t h e e x p eri m e nt al f a ct or s h a bit at 

c o n diti o n s (" h a bit at ") a n d lit t er t y p e ("lit t er)

T w o - w a y A N O SI M

F a c t o r R p

( a)

H a bit at 0. 1 5 9 1 8 . 0 0 0 1

Lit t er 0. 0 1 8 8 5 . 2 2 8 1

( b)

H a bit at 0. 0 9 2 2 9 . 0 0 0 4

Lit t er 0. 0 8 5 3 3 . 0 0 4 1

( c)

H a bit at 0. 2 0 4 0 1 . 0 0 0 1

Lit t er − 0. 0 2 2 1 3 . 8 0 0 1
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W h et h er it i s m o stl y lit t er t y p e ( h y p ot h e si s 1.i) or e n vir o n m e nt al 

c o n diti o n s ( h a bit at: h y p ot h e si s 1.ii) t h at s h a p e t h e s oil a ni m al c o m-

m u nit y h a s b e e n r e p e at e dl y d e b at e d. T h e r ol e of t h e lit t er l a y er i n 

c o ntr olli n g t h e f a u n al c o m p o siti o n h a d b e e n o n e of t h e m aj or i s s u e s 

i n s oil e c ol o g y si n c e it s i n v e nti o n a s a bi ol o gi c al di s ci pli n e. O b vi o u sl y, 

t h e pr e s e n c e v er s u s a b s e n c e of l e af lit t er s h a p e s t h e l o c al c o m m u-

nit y  c o m p o siti o n,  a s  t h e  d etrit al  m at t er  i s  t h e  b a si s  f or  d etriti v or e 

o c c urr e n c e, a n d t h e s m all- s c al e di stri b uti o n of d etriti v or e s d e p e n d s 

o n  lit t er  q u alit y  a s  d et er mi n e d  b y  t h e  d e c a y  st a g e  ( P o n g e, 1 9 9 9). 

C orr o b or ati n g  t hi s  h y p ot h e si s,  lit t er  q u alit y  aff e ct e d  e ar t h w or m 

( L u m bri ci d a e) c o m m u niti e s i n a n u m b er of mi x e d d e ci d u o u s f or e st s 

( M u y s & L u st, 1 9 9 2; M u y s et al., 1 9 9 2), a n d c o n v er ti n g p ur e c o nif-

er o u s st a n d s i nt o mi x e d ( d e ci d u o u s) st a n d s l e d t o m ar k e d s hif t s i n 

s pri n g t ail ( C oll e m b ol a) c o m m u niti e s ( C h a u v at et al., 2 0 1 1). H o w e v er, 

t a ki n g i nt o a c c o u nt t h at s p e ci e s- s p e cifi c diff er e n c e s a m o n g l e af lit -

t er of diff er e nt ori gi n s di mi ni s h o v er ti m e u p o n a gi n g, d e c a y, a n d d e -

c o m p o siti o n of t h e lit t er ( Tr e pli n & Zi m m er, 2 0 1 2), w e h y p ot h e si z e d 

t h at  lit t er  c h ar a ct eri sti c s  w o ul d  b e  r e pl a c e d  o v er  ti m e  b y  h a bit at 

c h ar a ct eri sti c s a s a dri vi n g f or c e of lit t er f a u n a c o m p o siti o n, a n d t h e 

pr e s e nt fi n di n g s s u p p or t t hi s h y p ot h e si s.

T h e n at ur e of t h e a bi oti c h a bit at pr o vi d e s c o n st r ai nt s o n t h e s oil 

f a u n a i n d e p e n d e nt of lit t er t y p e. S oil m oi st ur e w a s a st r o n g dri v er 

of ( mi cr o - ar t hr o p o d) c o m m u nit y c o m p o siti o n i n a c o nif er o u s f or e st 

i n  S w e d e n  ( Li n d b er g  et al., 2 0 0 2). Pr e d a ci o u s A c ari n a ( G a m a si d a) 

d e n sit y,  o n  t h e  c o nt r ar y,  w a s  c o nt r oll e d  b y  s oil  t y p e  r at h er  t h a n 

m oi st ur e ( Wi s s u w a et al., 2 0 1 2). R uf et al. ( 2 0 0 3) w er e a bl e t o a s-

si g n  s oil  f a u n a  a s s e m bl a g e s  t o  p ar ti c ul ar  sit e  c h ar a c t eri sti c s.  I n 

a gri c ult ur al  l a n d s c a p e s,  t h e  s oil  f a u n a  c o m p o siti o n  w a s  g o v er n e d 

b y  t h e  h a bit at,  b ut  dif f er e nt  a ni m al  t a x a  r e s p o n d e d  t o  dif f er e nt 

h a bit at c h ar a c t eri sti c s ( D a u b er et al., 2 0 0 5; Zi m m er et al., 2 0 0 0). 

B e y o n d s m all- s c al e h a bit at ef f e c t s o n t h e s oil f a u n a c o m p o siti o n, 

l ar g e -s c al e  h a bit at  c h ar a c t eri sti c s  a n d  s p e ci e s- s p e cifi c  mi gr ati o n 

p at t er n s  a m o n g  h a bit at  t y p e s  g o v er n  c o m m u nit y  c o m p o siti o n 

( M ar ti n s d a Sil v a et al., 2 0 1 2). A c c or di n gl y, t h e h a bit at w a s t h e b e st 

pr e di c t or f or t h e t a x o n o mi c c o m p o siti o n of t h e lit t er f a u n a i n t h e 

pr e s e nt st u d y.

Diff er e nt lit t er t y p e s c a n v ar y s u b st a nti all y i n tr ait s t h at aff e ct 

f a u n al c ol o ni z ati o n a n d d e c o m p o siti o n, b ut t h e s e tr ait s ar e li k el y t o 

c o n v er g e  wit h  ti m e.  I n  t h e  pr e s e nt  st u d y,  b ot h  o b s er v e d  a n d  pr e-

di ct e d m a s s l o s s e s of pi n e lit t er w er e hi g h er t h a n t h o s e of o a k lit t er. 

I n c o ntr a st t o o ur fi n di n g s, a g e o gr a p hi c al c o m p ari s o n of lit t er m a s s 

l o s s o b s er v e d lit tl e diff er e n c e b et w e e n A si a n pi n e a n d o a k s p e ci e s 

( S o h n g et al., 2 0 1 4). O ur r e s ult s ar e c o n si st e nt wit h p a st st u di e s o n 

S a p el o I sl a n d. I n fi el d m e s o c o s m s, pi n e a n d o a k lit t er e x hi bit e d t h e 

s a m e  m a s s  l o s s  r at e s  w h e n  eit h er  cr a b  ( Ar m a s e s ci n er e u m )  or  s n ail 

(M el a m p u s bi d e nt at u s   a n d Littt or ari a irr or at a )  f e d  o n  t h e  lit t er,  b ut 

pi n e  lit t er  l o st  m a s s  si g nifi c a ntl y  f a st er  t h a n  o a k  lit t er  w h e n  b ot h 

cr a b s  a n d  s n ail s  w er e  pr e s e nt  or  w h e n  b ot h  w er e  a b s e nt  ( E w er s 

et al., 2 0 1 2). Si mil arl y, t h e t err e stri al i s o p o d ( Litt or o p hil o s ci a vitt at a ) 

e x hi bit e d hi g h er f e e di n g r at e s o n pi n e lit t er t h a n o a k lit t er i n a l a b o -

r at or y e x p eri m e nt o n S a p el o I sl a n d ( Zi m m er et al.,  2 0 0 2).

F I G U R E 2   C u m ul ati v e m a s s l o s s of t w o lit t er t y p e s ( o a k v er s u s 

pi n e) t hr o u g h t h e j oi nt a cti o n of mi cr o b e s a n d f a u n a o v er ti m e i n 

t hr e e h a bit at s ( s alt m ar s h, cr e e k b a n k, a n d f or e st). D at a p oi nt s ar e 

m e di a n ±  m e di a n a b s ol ut e d e vi ati o n
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Species-specific litter characteristics that drive differences in 
decomposition rates (e.g., Gessner et al., 2010) diminish quickly 
upon leaching and early decay, particularly in aquatic environments 
(c.f. Treplin & Zimmer, 2012). This happens because the most labile 
compounds are the ones that are most attractive to both microbial 
decomposers and detritivores—once the leaves are leached and 
decayed, they mostly consist of recalcitrant and unpalatable struc-
tural material, such as cellulose, lignins, and insoluble polyphenolics. 

Hence, litter mass loss under permanently submerged conditions 
may be slower in the long run than under terrestrial or tidally af-
fected conditions, as the palatability of the litter decreases more 
rapidly over time under water than on land.

Our present results corroborate the expectation that the rele-
vance of litter type as driver of both the composition of the litter 
fauna and litter mass loss diminishes over time, and habitat became 
the major driver of these processes (Figure 5). As this pattern was 

F I G U R E  3   Regression tree explaining 
76% of the mass loss of litter as it depends 
on time, habitat (marsh, creek bank, and 
forest), and litter type (oak and pine)

F I G U R E  4   Regression tree explaining the mass loss of different litter types (oak and pine) as it depends on the fauna during 1 month (a), 
6 months (b), and 12 months (c)
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o b s er v e d  i n  all  h a bit at s  st u di e d  h er ei n — t err e stri al,  fr e s h w at er-

i nfl u e n c e d, a n d s e a w at er-i nfl u e n c e d —a n d w a s pr e vi o u sl y s h o w n i n 

t err e stri al a n d a q u ati c m e s o c o s m s ( Tr e pli n & Zi m m er, 2 0 1 2), w e h y-

p ot h e si z e  t h at  t h e  di mi ni s hi n g  si g nifi c a n c e  of  lit t er  c h ar a ct eri sti c s 

i n d et er mi ni n g f a u n al a s s e m bl a g e s a n d lit t er m a s s l o s s o v er ti m e i s a 

g e n er al c h ar a ct eri sti c of d e c o m p o siti o n pr o c e s s e s.

W h et h er  or  n ot  t h e  a b u n d a n c e  a n d  di v er sit y  of  t h e  ( d etriti v o-

r o u s)  f a u n a  dri v e  d e c o m p o siti o n  r at e s  m a y  d e p e n d  o n  t h e  lit t er 

t y p e( s)  pr e s e nt  ( b ut  s e e  Tr e pli n  et al., 2 0 1 3).  T h u s,  t h e  eff e ct s  of 

i nt er a cti o n s of a di v er s e f a u n a ar e c o nt e x t- s p e cifi c: i n a l a b or at or y 

e x p eri m e nt,  s y n er gi sti c  i nt er a cti o n s  of  e ar t h w or m s  a n d  i s o p o d s 

pr o m ot e d  t h e  d e c o m p o siti o n  of  hi g h-  ( al d er)  b ut  n ot  l o w- q u alit y 

( o a k)  lit t er  ( Zi m m er  et al., 2 0 0 5).  Si mil arl y,  milli p e d e s  a n d  i s o p o d s 

i nt er a ct e d s y n er gi sti c all y a n d j oi ntl y i n cr e a s e d d e c o m p o siti o n r at e s 

u n d er  n at ur al  r ai nf all  c o n diti o n s,  b ut  t hi s  j oi nt  eff e ct  di mi ni s h e d 

w h e n r ai nf all q u a ntit y w a s r e d u c e d ( J ol y et al., 2 0 2 1). H e n c e, b ot h 

h a bit at  c o n diti o n s  a n d  lit t er  q u alit y  s h o ul d  b e  t a k e n  i nt o  a c c o u nt 

w h e n pr e di cti n g d e c o m p o siti o n r at e s b a s e d o n f a u n al c o m p o siti o n 

or di v er sit y.

I n t h e pr e s e nt st u d y, t h e si z e of t h e m e s h h a d lit tl e eff e ct o n t h e 

f a u n al c o m p o siti o n or o n d e c o m p o siti o n r at e s, e s p e ci all y l at e i n t h e 

e x p eri m e nt. T hi s w a s pr o b a bl y b e c a u s e t h e m a cr o-i n v er t e br at e t a x a 

t h at w e f o u n d i n l ar g e- m e s h e d lit t er b a g s w er e al s o pr e s e nt i n m a n y 

s m all- m e s h e d b a g s, p o s si bl y h a vi n g e nt er e d a s s m all er lif e st a g e s a n d 

d e v el o p e d i n si d e t h e b a g s. H e n c e, it w a s m o stl y t h e s ur f a c e- d w elli n g 

m e g a- f a u n a ( e. g., cr a b s) t h at w er e n ot pr e s e nt i n s m all- m e s h e d b a g s, 

b ut  t hi s  f a u n al  c o m p o n e nt  w a s  al s o  r ar e  i n  l ar g e- m e s h e d  b a g s.  A s 

a  r e s ult,  t h e  f a u n a  f o u n d  i n  s m all-  a n d l ar g e-m e s h e d  b a g s  diff er e d 

o nl y sli g htl y, a n d t h e s e diff er e n c e s h a d lit tl e eff e ct o n d e c o m p o si-

ti o n. T hi s i s u nli k el y t o r efl e ct t h e a ct u al i m p or t a n c e of diff er e ntl y 

si z e d  d etriti v or e s,  or  diff er e nt  d etriti v or e  t a x a,  b ut  si m pl y  r efl e ct s 

t h e c h all e n g e i n s e p ar ati n g t h e c o m m u nit y b y si z e o v er a l o n g-t er m 

e x p eri m e nt  i n  t h e  fi el d.  B e c a u s e  t h er e  w a s  c o n si d er a bl e  v ari ati o n 

i n f a u n al c o m p o siti o n wit hi n tr e at m e nt s, R T A u si n g i n di vi d u al b a g s 

a s  r e pli c at e s  pr o vi d e d  m or e  i n si g ht  i nt o  w hi c h  gr o u p  of  s oil  f a u n a 

w a s a s s o ci at e d wit h i n cr e a s e d or r e d u c e d d e c o m p o siti o n r at e s. W e 

s p e c ul at e t h at, h a d o ur lit t er b a g c o m m u niti e s b e e n m or e diff er e nt 

fr o m e a c h ot h er, w e mi g ht h a v e o b s er v e d a gr e at er eff e ct of f a u n al 

c o m p o siti o n  o n  d e c o m p o siti o n  r at e s.  F ur t h er  st u di e s  s h o ul d  r e a s-

s e s s o ur c o n cl u si o n t h at t h e f a u n al c o m p o siti o n h a s o nl y lit tl e eff e ct. 

B et t er a p pr o a c h e s i n t hi s st u d y s y st e m mi g ht b e t o u s e s h or t-t er m 

fi el d  i n c u b ati o n s  t o  i s ol at e  t h e  i m p or t a n c e  of  diff er e nt- si z e d  i n di -

vi d u al s u si n g diff er e nt m e s h e s, or t o u s e m e s o c o s m e x p eri m e nt s t o 

i s ol at e t h e i m p or t a n c e of diff er e nt t a x a.

R e gr e s si o n tr e e a n al y si s i n di c at e d t h at s o m e of t h e t a x a i n o ur 

s a m pl e s  ( G a str o p o d a  a n d  A c ari n a)  w er e  a s s o ci at e d  wit h  l o w  lit t er 

m a s s l o s s r at e s, w h er e a s w e f o u n d c o ntr a sti n g a s s o ci ati o n s f or ot h-

er s ( Di pt er a n l ar v a e, C oll e m b ol a, a n d A c ari n a i n c o m bi n ati o n). T h e s e 

t a x a  w er e  al s o  t h o s e  t h at  dr o v e  diff er e n c e s  i n  f a u n al  c o m p o siti o n 

a cr o s s  h a bit at s,  a c c or di n g  t o  SI M P E R  a n al y s e s.  A s  R T A,  h o w e v er, 

i s  p ur el y  c orr el ati v e  a n d  n ot  c a u s ati v e,  o ur  i nt er pr et ati o n  of  t h e s e 

fi n di n g s  r e m ai n s  i n e vit a bl y  s p e c ul ati v e  a n d  w arr a nt s  f ur t h er  t e st-

i n g. G a str o p o d a i n o ur lit t er b a g s w er e e x cl u si v el y c off e e b e a n s n ail s 

(M el a m p u s bi d e nt at u s ),  a  c o m m o n  s p e ci e s  i n  s alt m ar s h e s  al o n g  t h e 

e ntir e U. S. E a st c o a st ( L e e & Silli m a n, 2 0 0 6). T h e m u c u s t h at s n ail s 

l e a v e  o n  d etrit al  m at t er  pr o m ot e s  mi cr o bi al  a cti vit y  ( T h e e n h a u s  & 

S c h e u, 1 9 9 6; c.f. Zi m m er et al., 2 0 0 5) a n d w o ul d, h e n c e, b e e x p e ct e d 

t o i m pr o v e lit t er m a s s l o s s. It i s p o s si bl e, h o w e v er, t h at t hi s p o siti v e 

eff e ct i s c o u nt er a ct e d b y r e d u c e d p al at a bilit y of d etrit al m at t er wit h 

s n ail m u c u s t o ot h er d etriti v or e s, or b y gr a zi n g of s n ail s u p o n mi cr o-

bi al fil m s.

A c ari n a ar e a tr o p hi c all y v er y di v er s e gr o u p. R e d u cti o n i n lit t er 

m a s s  l o s s  t hr o u g h  t h e  pr e s e n c e  of  t hi s  m e s of a u n al  t a x o n  m a y  b e 

c a u s e d b y m o st of t h e s p e ci e s f o u n d i n lit t er b a g s i n t hi s st u d y b ei n g 

pr e d a ci o u s  ( p ot e nti all y  i n cl u di n g  mi cr o bi v or o u s)  r at h er  t h a n  d etri -

ti v or o u s. A c c or di n g t o K aj a k ( 1 9 9 5), mi cr o- pr e d at or s  ( e. g.,  A c ari n a) 

i n s oil s t e n d t o i n cr e a s e b ut m a cr o- pr e d at or s t e n d t o d e cr e a s e d e-

c o m p o siti o n  pr o c e s s e s.  T hi s  i s  i n  c o ntr a st  t o  o ur  fi n di n g s,  b ut  a n y 

c o n cl u si v e i nt er pr et ati o n of o ur r e s ult s w o ul d r e q uir e d et ail e d st u d -

i e s of h o w t h e v ari o u s a ni m al s i nt er a ct wit h e a c h ot h er a n d wit h t h e 

mi cr o bi al c o m m u niti e s.

Di pt er a n  l ar v a e  a n d  C oll e m b ol a  ar e  c o m m o nl y  c o n si d er e d  d e -

triti v or o u s. H e n c e, t h e d e cr e a s e d lit t er m a s s l o s s t h at w e o b s er v e d 

i n t h e pr e s e n c e of t h e s e t a x a i s i n c o ntr a st wit h a l ar g e b o d y of lit-

er at ur e  (f or  r e vi e w:  K a m pli c h er  &  Br u c k n er, 2 0 0 9).  A g ai n,  u n d er-

st a n di n g  t hi s  fi n di n g  will  r e q uir e  m or e  d et ail e d  st u di e s  of  s p e ci e s 

i nt er a cti o n s a m o n g t h e s oil f a u n a ( s e e al s o: Ei s e n h a u er et al., 2 0 1 7).

W e  n ot e  t h at,  alt h o u g h  r e g r e s si o n  t r e e  a n al y si s  di d  i d e ntif y 

s o m e f a u n al ef f e c t s o n d e c o m p o siti o n, t h e r ol e s of t h e s e s p e ci e s 

w e r e  al w a y s  s m all  a n d  s e c o n d a r y  t o  t h e  p ri m a r y  f a c t o r  ( eit h e r 

F I G U R E 5   C o n c e pt u al m o d el 
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litter type or habitat) affecting decomposition on each date. 
Again, this conclusion might have been different if we had been 
able to create larger differences in faunal composition, and we 
agree that the details of the interactions among detritivore species 
and their effects on decomposition are still ripe areas for further 
investigation.

We conclude that, although the habitat type is the principle driver 
of the faunal community composition of the litter layer, litter quality is 
a significant driver of litter mass loss in the early stages of the decom-
position process. With time, however, litter types become more and 
more similar (chemically and structurally: Treplin & Zimmer, 2012) so 
that habitat becomes the dominating factor in determining both fauna 
and decomposition processes when litter ages. Hence, how the litter 
of terrestrial trees growing in coastal areas is decomposed depends 
primarily on where it is transported upon leaf fall—to terrestrial, fresh-
water, or marine habitats. More generally, considering how the factors 
that affect decomposition change over time may help reconcile seem-
ingly disparate findings in the literature.
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