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Abstract

The exports of carbon and nitrogen with water flowing in the headwater streams
could be important components of material mitigation in forest ecosystems. Plant
debris is a major source of dissolved organic matter for headwater streams, but few
studies have investigated the differences between the impacts of woody debris and
non-woody debris inputs on headwater streams in terms of carbon and nitrogen
exports. Here, we assessed the effects of plant debris (i.e., woody debris, non-woody
debris and mixed debris) on the concentrations and exports of dissolved organic
carbon (DOC) and total dissolved nitrogen (TDN) in the headwater streams of an
alpine forest on the eastern Tibetan Plateau. Woody and non-woody debris only
weakly affected the DOC and TDN concentrations in the headwater streams.
Compared with those in the reference stream excluding plant debris, woody debris
increased the exports of DOC and TDN by 19% and 13%, whereas non-woody debris
decreased the exports of DOC and TDN by 22% and 25%, respectively. However,
when fall approached, the role of non-woody debris reversed to enhance the stream-
water exports of DOC and TDN. The effect of non-woody debris during the fall
season differed from that during the overall growing season, indicating that restrict-
ing non-woody debris inputs might improve the ability of the stream to retain forest
carbon and nitrogen. Notwithstanding the relatively limited experimental period, this
work revealed the critical importance of plant debris for carbon and nutrients within

water conservation regions like alpine forests.

KEYWORDS
alpine forest, dissolved organic carbon, headwater stream, non-woody debris, total dissolved
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1 | INTRODUCTION

Streams and rivers significantly contribute to global carbon and
nitrogen migration. Numerous studies on the carbon and nitrogen
cycles have emphasized the importance of river networks in the
storage and export of terrestrial carbon and nitrogen in recent years
(Allan & Castillo, 2007; Aufdenkampe et al., 2011; Sutfin et al., 2016;
Wohl et al., 2012; Xia et al., 2018). Headwater streams are an essen-
tial part of the river network, which account for 75% of the global
sum of stream lengths and continuously exchange water with
sediments and stream banks (Battin et al., 2008; Downing et al., 2012;
Wondzell, 2011). Their close relationship with adjacent uplands allows
headwater streams to play a critical role in terrestrial carbon and
nitrogen migration. The bulk of terrestrial organic matter from dense
riparian vegetation and canopies enters headwater streams through
litterfall, throughfall and surface runoff. These plant debris in the
headwater stream are the primary sources of organic matter (Allan &
Castillo, 2007; Vannote et al., 1980) and have the potential to influ-
ence the export of carbon and nitrogen from the stream-water not
only by releasing the carbon and nitrogen stored in them during the
decomposition but also by converting and storing carbon and nitrogen
in the stream through the adsorption/absorption processes (Cole &
Caraco, 2001; Corson-Rikert et al., 2016; Webster et al., 2000).
Because the heavy canopies of riparian vegetation block
considerable amounts of light from reaching forest floors, autotrophic
production accounts for only a small part of the food web in forest
headwater streams; in contrast, high inputs of riparian organic matter
are the main energy supply (Hill, 1995; Webster, 2007). Plant debris
supplied from forests to streams consists mainly of woody and non-
woody debris, with fallen wood, root stumps and large dead branches
being the main woody debris components; leaves, barks, flowers, fruit,
seeds and twigs less than 1 cm in diameter are the main non-woody
debris components (Harmon & Sexton, 1996). These plant debris are
broken down, decomposed and leached as dissolved organic matter
in the channel (Bunte et al., 2016; Franca et al., 2009; Meyer
et al, 1998; Wallace, Cuffney, et al., 1997). Woody debris is an
important link between forest and aquatic ecosystems and not only
provides the main biological pathway for energy and nutrient transfer
(Chen et al., 2005; Richardson & Danehy, 2007) but also increases
habitat diversity for stream biota (Burrows et al., 2012; Rinella
et al., 2009). In addition, some large woody debris, such as deadwood
and small logs, can alter the morphology and biological functioning of
streams (Gomi et al., 2001), and many studies have shown that large
woody debris is critical for the physical retention of sediments and
organic matter (Eggert et al., 2012; Nakamura & Swanson, 1993;
Thompson, 1995; Wohl & Scott, 2017). Non-woody debris can decay
more rapidly in running water than in forests (Graca et al., 2015), and
its decomposition rate increases with increasing temperature
(Taylor & Chauvet, 2014), introducing more dissolved carbon and
nitrogen into streams. As non-woody debris enters a stream, it is
often retained locally or is transported over a short distance until it is
trapped around obstacles (Muto et al., 2009; Osei et al., 2015;
Webster et al., 1999), such as root masses, instream wood or other

woody debris. Hence, non-woody debris is drawn into the water by
flow and then submerged and accumulated around woody debris
(Turowski et al., 2016) or buried within the streambed by sediment
movement and flooding (Cornut et al., 2012), thus extending the resi-
dence time of the non-woody debris and promoting the transforma-
tion of dissolved organic matter.

Most studies have focused on the biological functions of riparian
matter and its influence on channel morphology (Foucreau
et al., 2013; Merten et al., 2013), emphasizing the role of organic
matter in contributing and storing carbon and nitrogen for stream
ecosystems (Elosegi et al., 2007). However, few studies have reported
the relative contributions of plant debris inputs to stream carbon and
nitrogen concentrations and exports. In addition, woody debris can
regulate the width and gradient of streams and provide more habitats
for instream communities (Gomi et al., 2001; Hall et al., 2000; Tank
et al., 2010). On the other hand, non-woody debris decomposes
rapidly in aquatic systems (Yue et al., 2018). These differences suggest
that woody and non-woody debris have different effects on stream-
water dissolved organic carbon (DOC) and total dissolved nitrogen
(TDN) concentrations and exports, but few studies have distinguished
them through comparison experiments. Here, we examine how woody
and non-woody debris influence the waters in headwater streams in
alpine forests. This study focused on the stream-water DOC and TDN
concentrations and exports, which generally depend on the climatic,
geologic, geomorphic and hydrological characteristics of the
ecosystem and the physical complexity of the channel (Beckman &
Wohl, 2014; Sutfin et al., 2016). To highlight the inputs of plant
debris, we used artificially excavated streams as the representative
systems in an alpine forest located on the eastern Tibetan Plateau
because relatively smooth and straight channels can reduce bank
erosion, physical complexity and the lateral impact of surface runoff.
We compared the concentrations and exports of DOC and TDN
among the streams with different plant debris inputs to examine the
effect of plant debris. We hypothesized that (1) non-woody debris
would increase the concentrations and exports of DOC and TDN and
(2) woody debris could reduce the exports of DOC and TDN.

2 | MATERIALS AND METHODS

21 | Site description

The experiment was conducted at the Long-term Research Station of
Alpine Forest Ecosystem in the Miyaluo Nature Reserve (31°14'-
31°19' N, 102°53'-102°57' E, 2458-4169 m a.s.l.), which is located
in Li county, Sichuan, China (Figure 1). This region is in the eastern
Tibetan Plateau and the upper Yangtze River. The annual mean air
temperature is 2.7°C, and the maximum and minimum temperatures
are 23 and —18°C, respectively. The annual precipitation is approxi-
mately 850 mm, with heavy rainfall in summer and smaller in winter.
The growing season is short, and snow is accumulated from late
October to late April of the following year. The study streams are

located in an alpine coniferous forest, and the dominant tree species
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FIGURE 2 Schematic diagram of experimental design.

are Abies faxoniana, Picea asperata and associated Cerasus duclouxii
and Sabina saltuaria. The main understory shrubs include Salix

paraplesia, Rosa omeiensis and Rhododendron lapponicum.

2.2 | Experimental design

To highlight the effects of plant inputs, the role of geological,
geomorphological, climatical and hydrological features on streamflow
needed to be eliminated or reduced. Therefore, we used artificially

excavated channels as the study streams and used nylon nets to
intercept and control the entry of plant debris into the streams in
order to reduce lateral, longitudinal and vertical carbon and nitrogen
transport.

Every channel shared the similar substrate, slope, length (25 m),
width (0.5 m) and depth (0.15 m) to avoid influencing the travel time
and retention of water; moreover, smooth channels can reduce the
effects of streambank erosion and promote the control of lateral
inputs from riparian vegetation. We divided the streams into three

types of plant debris inputs: only non-woody debris, only woody
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debris and mixed debris. Moreover, a stream that did not include plant
debris was served as the reference.
This experiment included four kinds of plant debris inputs

(Figure 2), each with three replicates. The settings were as follows:

1. a stream with exclusion of plant debris as a reference: all plant
debris were removed from the channel, and then, two kinds of
intercepting traps with diameters of 1 and 5 mm were installed at
the inlet of the stream to prevent longitudinal inputs of litter. A
nylon net with an aperture of 1 mm was placed above the stream
to prevent vertical inputs of litter. Intercepted debris was cleared
during each sampling to prevent its decomposition and influence
on water flow.

2. a stream with non-woody debris input only: all woody debris were
removed from the stream during each sampling.

3. a stream with woody debris input only: intercepting traps and
nylon nets identical to those installed in (1) were employed to pre-
vent longitudinal and vertical inputs of plant debris. A large dead
branch from the surrounding riparian vegetation was added to the
stream as the woody debris input, and any intercepted non-woody
debris was removed from the stream during each sampling.

4. a stream with mixed non-woody and woody debris input: woody
debris identical to that in was added to the stream at the beginning
of the experiment, but additional non-woody debris was not
added; instead, the plant debris input originated mainly from natu-
ral litterfall from riparian vegetation.

Non-woody debris included leaves, fruit, small bark fragments,
twigs and flowers. Woody debris included wood, branches and roots.
The stream parameter indices (water temperature, dissolved oxygen,
conductivity, etc.) were measured by a YSI Professional Plus
multiparameter meter (Pro Plus, YSI, Yellow Springs, OH, USA). The
water samples were collected once a month from May to October
2017, because the field sample was difficult with cruel frozen
condition in winter. For each stream, three replicate 0.5 L water
samples were collected at random points at approximately one-half of
the water depth using precleaned polyethylene bottles. The water
samples were taken back to the laboratory within 24 h and stored at

4°C for chemical analyses.

2.3 | Chemical analyses

All water samples were passed through a 0.45 um polyether sulfone
(PES) filter membranes prior to the chemical analyses (State
Environmental Protection Administration of China, 2002). The DOC
content was determined using a total organic carbon analyser (multi
N/C 2100, Analytik Jena, Thuringen, Germany). To determine the
TDN concentration, potassium persulfate was first used as the oxidant
under alkaline conditions at 120-124°C to oxidize ammonia nitrogen,
nitrate nitrogen and most of the organic nitrogen compounds in the
water samples into nitrate. Then, an ultraviolet-visible spectropho-
tometer (TU-1901, Puxi, Beijing, China) was used to determine the
absorbances at 220 and 275 nm to calculate the TDN concentration.

2.4 | Calculations and statistical analyses

DOC and TDN exports were calculated as follows: E = ¢ x Q, where
c is either the DOC or the TDN concentration (mg/L) and Q is the
discharge at the outlet of the stream (L/s).

Repeated-measures analysis of variance (ANOVA) was performed
to test the effects of litter inputs and time on environmental factors,
DOC and TDN concentrations, and DOC and TDN exports. One-way
ANOVA was employed to test for significant (p < 0.05) differences in
the environmental factors, DOC and TDN concentrations, and DOC
and TDN exports among the monthly samples and litter inputs.
Spearman's correlation was selected to test the correlation
coefficients between the environmental factors and DOC and TDN
concentrations and exports. These statistical analyses were performed
using SPSS 22.0 (IBM SPSS Statistics Inc., Chicago, IL, USA).

3 | RESULTS

3.1 | Effects of plant debris inputs on water
environmental characteristics

During the growth season, different plant debris inputs have few
effects on the dynamics of the water temperature, dissolved oxygen,
conductivity or pH but had significant effects on the flow velocity and
discharge (Table S1). Compared with the reference stream, woody
debris input substantially increased the flow velocity; in contrast,
non-woody debris input significantly decreased the flow velocity. In
the woody debris and mixed debris streams, the monthly dynamic
changes in the flow velocity and discharge were more stable than
those in the non-woody debris stream (Figure S2).

3.2 | Effects of plant debris inputs on DOC
The inputs of plant debris to the headwater streams slightly increased
the average DOC concentration (Table 1), but the effects were
insignificant (p = 0.111, Table S2). In addition, the monthly dynamics
of the DOC concentrations in the streams were not affected by the
various debris inputs, and the peaks all occurred in October
(Figure S3). However, plant debris inputs had a significant impact on
the DOC export in the headwater streams (p < 0.001, Table $2). Com-
pared with the reference stream, non-woody debris input significantly
reduced DOC export by 22%, whereas woody debris input signifi-
cantly increased DOC export, with the DOC in the woody debris only
stream increasing by 19%, and that in the mixed debris stream
increased by 23%. Furthermore, the plant debris input changed the
monthly dynamics of DOC export, with woody debris input increasing
DOC export and causing it to peak in October (Figure 3c,d).
Non-woody debris input initially decreased DOC export before
increasing to a peak in October (Figure 3b).

In the reference stream, the key factor influencing the DOC con-

centration was the flow velocity, which had a significant negative

85U8017 SUOWIWIOD BA1E81D) 8|t idde 8y Aq peusenob a2 sajolie YO '8SN 0 S8|nJ 10} AR1q1T 8UIUO AB|IM UO (SUONIPUOD-PUE-SWRI/LIY"AB | 1M Ale.q1jBul [Uo//:Sthiy) SUORIPUOD pue SIS | 8U1 89S *[£202/90/.2] U ARIq1T8UlUO AS|IM *BIUBD U21e8s9y HAWS Yo1Ine winiuezsBunyasiod Aq TEGZ'099/200T 0T/I0p/wod" A im Azelq jput|uoy/sdny Wwo.y pepeojumoq ‘v ‘€202 ‘2650986T



LIANG ET AL Wl LEY 5of 10

TABLE 1 Effects of different plant debris inputs on DOC and TDN concentrations and export.

Variations DOC concentration (mg/L) DOC export (kg/d) TDN concentration (mg/L) TDN export (kg/d)
EAD 721+124a 5.06 £0.96b 0.88 +0.08 a 0.63+0.15a
NWD 726 +122a 3.93+117c 0.87 £0.09 a 047 +£0.13b
WD 7.35+1.10a 601+149ab 0.87 £ 0.06 a 0.71+0.16a
NWD + WD 7.71+1.05a 6.22+140a 0.86 + 0.06 a 0.69 +0.13 a

Note: Mean + SD (n = 36), different lowercase letters in the same column denote significant (p < 0.05) differences among different plant debris inputs
based on repeated-measure ANOVA followed by multiple comparisons.

Abbreviations: DOC, dissolved organic carbon; TDN, total dissolved nitrogen; EAD, exclusion of allochthonous debris; NWD, non-

woody debris; WD, woody debris.
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TABLE 2 Correlation coefficients (r) between the environmental factors and DOC in the streams.

EAD NWD WD NWD + WD
Factor DOC conc. DOC export DOC conc. DOC export DOC conc. DOC export DOC conc. DOC export
Temperature F 0.232 -0.277 0.412 -0.119 0.090 0.417 0.253 0.380
p 0.174 0.102 0.013 0.489 0.603 0.011 0.137 0.022
Dissolved oxygen F  —0.286 0.264 —0.180 —0.659 —-0.310 0.034 -0.414 -0.117
p 0.091 0.120 0.294 <0.001 0.065 0.845 0.012 0.496
Conductivity F  -0.009 -0.111 -0.027 —-0.045 -0.151 —-0.020 0.214 0.123
p 0.961 0.518 0.878 0.793 0380 0.910 0.210 0.476
pH F -0.072 —-0.310 —0.242 0.051 —-0.120 —0.269 0.132 -0.117
p 0.678 0.065 0.155 0.767 0.487 0.112 0.441 0.497
Flow velocity F -0.59 0.676 -0.187 0.478 —-0.223 0.596 —-0.302 0.298
p <0.001 <0.001 0.276 0.003 0.191 <0.001 0.073 0.077

Abbreviations: DOC, dissolved organic carbon; EAD, exclusion of allochthonous debris; NWD, non-woody debris; WD, woody debris.

correlation with the DOC concentration (p < 0.001) and a significant velocity on the DOC concentration was weakened. However, the
positive correlation with DOC export (p < 0.001). After non-woody correlation between the flow velocity and DOC export was not
and woody debris were input to the streams, the effect of the flow significant only in the mixed debris stream (Table 2).
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3.3 | Effects of plant debris input on TDN

There were few differences in TDN concentration or export over the
growing season in the reference stream, whereas TDN export tended
to decrease in the reference stream (Figure 4a). The inputs of plant
debris had no effects on the TDN concentrations during the growth
season (Figure S3), but non-woody debris significantly influenced
TDN export in the headwater streams. Non-woody debris input
reduced TDN export by 160 g/d, a 25% reduction over the reference
stream; TDN export first declined and then increased, reaching a mini-
mum in August and a peak in October (Figure 4b). Although woody
debris input increased TDN export, the difference was not significant
(Table 1): woody debris increased TDN export by only 80 g/d, while
mixed debris increased TDN export by only 60 g/d, constituting 13%

1.4

and 10% increases over the reference stream, respectively. In contrast
with the non-woody debris only stream, the TDN export of the
woody debris only stream first increased and then decreased after
peaking in August (Figure 4c). The seasonal variation in TDN export
was diminished in the mixed stream (Figure 4d). In the streams with
plant debris inputs, the TDN concentration was negatively correlated
with dissolved oxygen (p < 0.01). For TDN export, flow velocity was

the main parameter affecting all streams (Table 3).

4 | DISCUSSION

As mentioned previously, several reports have noted the importance
of leaf and wood inputs to forested headwater streams (Tank &
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TABLE 3 Correlation coefficients (r) between the environmental factors and TDN in the streams.

EAD NwWD WD NWD + WD
Factor TDN conc. TDN export TDN conc. TDN export TDN conc. TDN export TDN conc. TDN export
Temperature F 0.092 —0.248 0.267 —0.255 0.191 0.524 0.186 0.403
p 0.592 0.144 0.115 0.134 0.264 0.001 0.277 0.015
Dissolved oxygen F —0.313 0.301 -0.478 —0.758 —0.607 0.128 —0.600 0.018
p 0.063 0.075 0.003 <0.001 <0.001 0.458 <0.001 0.917
Conductivity F 0.235 0.046 0.153 —-0.043 0.125 0.117 0.291 0.065
p 0.167 0.791 0.374 0.802 0.467 0.498 0.085 0.707
pH B 0.060 —0.091 —0.025 0.194 —0.125 —0.205 0.204 —0.237
p 0.729 0.596 0.884 0.258 0.467 0.230 0.232 0.164
Flow velocity F —0.309 0.826 0.012 0.592 -0.132 0.824 -0.267 0.553
p 0.067 <0.001 0.943 <0.001 0.444 <0.001 0.115 <0.001

Abbreviations: NWD, non-woody debris; TDN, total dissolved nitrogen; WD, woody debris; EAD, exclusion of allochthonous debris.
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Webster, 1998; Wallace, Eggert, et al., 1997). However, none of them
distinguish between the effects of these non-woody and woody
debris input into stream on water DOC and TDN. Prior studies have
noted that non-woody debris decomposes faster, is important in
supporting the activities of microbes, algae and fungi (Eggert &
Wallace, 2007; Wallace, Cuffney, et al., 1997; Gulis et al., 2008), and
is the main source of carbon and nitrogen (Bantle et al., 2014; Meyer
et al., 1998). Therefore, our first hypothesis is that non-woody debris
can increase the concentration and export of DOC and TDN. Unfortu-
nately, in our study, we found that the inputs of non-woody debris
did not have much impact on the concentrations of DOC and TDN in
the headwater stream. Some studies have found that non-woody
debris can rapidly decompose in streams due to the strong effects of
leaching and the mechanical forces of running water (Yue et al., 2016),
and the decomposition of non-woody debris releases up to 50% of its
initial nitrogen concentration into the dissolved nitrogen pool (Triska
et al,, 1984). However, this result was not observed in this study,
which may be attributed to the rapid removal of dissolved nitrogen
from the water by a series of biological processes, such as uptake,
sorption, assimilation, deposition and immobilization (Peterson
et al., 2001; Swank & Caskey, 1982).

Furthermore, some studies have reported that the flow velocity
has significant influences not only on the retention and redistribution
of non-woody debris inputs in the channel but also on the decomposi-
tion rate of non-woody debris (Bastias et al., 2020). An interesting
finding in our study was that non-woody debris significantly reduced
the flow velocity, but this effect disappeared during the fall season
(October). This suggests that the effect of flow velocity on the distri-
bution of non-woody debris in streams may not be a purely linear
relationship. The results from comparative analysis suggest that non-
woody debris plays a role in immobilizing the exports of DOC and
TDN when it first enters the stream. The density of directly falling
non-woody debris is generally lower than that of water, and a large
portion of non-woody debris flows downstream until it becomes
entangled in the water column or trapped by obstacles (Quinn
et al., 2007). Because types of non-woody debris have larger surface
areas and more irregular boundaries than woody debris, they provide
more opportunities for the retention of carbon and nitrogen
(Beckman & Wohl, 2014). Therefore, the adsorption and storage
capacity of non-woody debris after initially entering a stream might
predominantly explain the reduced DOC and TDN exports in headwa-
ter streams.

Many studies have shown the critical effects of woody debris on
the physical storage of carbon in headwater streams (Guyette
et al, 2002; Nakamura & Swanson, 1993; Thompson, 1995), and
woody debris also serves as a carbon sink (Tank et al., 2010; Wohl
et al., 2012). However, our results are contrary to the second hypoth-
esis, that woody debris increased the export of DOC and TDN. Varia-
tions in absorption, mineralization, nitrification and denitrification, as
well as changes in the carbon and nitrogen concentrations in the
streams, may be attributed to the concentrations, available types and
relative abundances of substrates (Kemp & Dodds, 2002; Webster
et al., 2000). Considering that the decomposition rate of woody debris

is relatively slow, its low impact on the concentrations of DOC and
TDN is not surprising. Our results showed that the increase in DOC
and TDN export from woody debris is related to its effect on stream
flow and discharge. Yochum et al. (2012) showed that woody debris
may reduce the flow velocity by increasing hydraulic resistance within
channels. Our findings suggest a different outcome; a possible expla-
nation for this might be that woody debris input could alter (narrow)
the channel morphology (Jackson et al., 2001), by obstructing the flow
space and thus accelerating the flow velocity. This effect was first
observed 3 months after woody debris was introduced into the head-
water streams, and the promoting effects of woody debris on DOC
and TDN exports arose simultaneously.

In addition, the abundances and distributions of non-woody and
woody debris in headwater streams determine the species richness of
decomposers (Riedl et al., 2013). Although plant debris supports more
instream habitats (Wilkins & Peterson, 2000), aquatic biodiversity
(Floyd et al, 2009) and invertebrate densities (Eggert &
Wallace, 2007), too few ‘new residents’ colonized this environment,
thus affecting the release of carbon and nitrogen. The comparative
results found that non-woody debris need to be submerged and
accumulated before they can affect stream DOC concentrations; this
implies that the abundance and distribution of non-woody debris in a
stream may be the key to affecting the DOC concentration. After
more non-woody debris is intercepted and gradually accumulated by
woody debris, the non-woody debris may experience physical
abrasion due to sediment transport in the running water (Graga
et al., 2015), undergo microbial colonization (such as forming new
habitats for denitrifying bacteria) (Swank & Caskey, 1982; Webster
et al, 2000) and/or be subjected to shredding by invertebrates
(Merten et al., 2013); as a result, non-woody debris may release nitro-
gen from the stream sediments to the water (Peterson et al., 2001) or
it may leach more carbon into the water (Foucreau et al., 2013).
Hence, increasing amounts of DOC and TDN can enter the water
column and be exported with the flow downstream. Overall,
non-woody and woody debris did not affect the concentrations of
DOC and TDN in the initial period after being introduced to the head-
water streams, and the effect of flow on the DOC concentration was
reduced with the increasing input of plant debris. These results clearly
reflect the potential influences of non-woody and woody debris
inputs on the concentrations of carbon and nitrogen in headwater

streams.

5 | CONCLUSION

Throughout the growing season, non-woody and woody debris inputs
had different effects on the exports of carbon and nitrogen in the
artificially excavated alpine forested headwater streams investigated
herein. Woody debris dominates stream DOC and TDN export, and
non-woody debris reduced the exports of DOC and TDN. Compared
with the reference stream, woody debris increased the exports of
DOC and TDN by 19% and 13%, non-woody debris significantly
reduced the exports of DOC and TDN by 22% and 25%, respectively.
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However, the reduction of non-woody debris gradually weakened
with the arrival of fall; that is, the role non-woody debris played in
diminishing the exports of DOC and TDN disappeared with the
accumulation of non-woody debris in the stream. In contrast, woody
debris input enhanced the exports of DOC and TDN throughout the
growing season. A comparison between the results in the woody
debris only and mixed debris streams also showed that non-woody
debris can reduce the exports of carbon and nitrogen with the flow of
water before it becomes submerged and sinks to the bottom.
Therefore, notwithstanding the relatively limited experimental period,
these results contribute to further understanding of DOC and TDN
migration processes in the forest-stream continuum, and provide a
basis for the management and protection of headwater stream

forests.
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