Dissolved organic carbon uptake In streams: A review and assessment of reach-scale measurements
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Results Results

Introduction Methods

When scaled to whole river networks in NE USA,
the bioavaillability scaled stream water DOC v,
resulted in plausible DOC runoff concentration and
watershed yield (Figure 3). Leachate v; may also
be plausible, especially in hot spot or hot moment
of DOC processing.

We conducted a literature review of reach-scale
DOC uptake measurements and bioassays to
compare ambient stream water DOC and leaf
leachate DOC bioavallability.

Quantifying the role of freshwater ecosystems in
large scale carbon cycling requires accurate
measurement and scaling of dissolved organic
carbon (DOC) processing In river networks.
Despite this need for large-scale assessment, most
measurements of DOC processing are made at the
scale of bottles or, at most, stream reaches.

Median uptake velocity was faster for simple
compounds (2.94 mm mint) than for leachates
(1.11 mm min-, Figure 1).

The median ratio of ambient DOC k to leaf
leachates DOC k in reviewed bioassays is 0.234
(Table 1). Scaling leaf leachate v; with this
bioavallability ratio, we estimate an ambient DOC v,
of 0.26 mm min-1.

To scale uptake velocity to whole river networks,
we used the Framework for Aguatic Ecosystem
Modeling of the Earth System (FrAMES) to model
hydrology and DOC inputs, removal, and in-stream
concentration.

Conclusion
We reviewed reach-scale measurements,
evaluated potential drivers of DOC uptake in
streams, and assessed the scalability of reach-
scale measurements to whole river networks.

At river network scale DOC v; must be lower than
reach-scale measurements but is still likely
significant with the lowest v; used In figure 3 still
reducing in-stream DOC concentrations by 27 to
45%

DOC vf was negatively correlated with ambient
DOC concentration, SRP concentration, mean
annual temperature, and mean annual precipitation
(Figure 2).

Figure 1. DOC uptake velocity (v,) from reach-scale

additions of simple compounds and leachates Figure 3. Scaling reach-scale DOC v, to whole river networks. Panel A shows DOC

runoff concentration necessary to generate mean annual DOC concentration at

o - A o - B
~ 3 ~ . 9 basin mouth for a given DOC v;. Panel B shows watershed DOC yield necessary to
o o P =0.003 £ T o gz%v f@o g °° £ s o8 2% o o generate mean annual DOC concentration at basin mouth for a given DOC v..
' O o¥o : : :
g | g ) 8); 0@ ) g 8 @%900 Pom 0 Reference lines are shown for typical forested headwater stream DOC and organic
- —- S - OO S - o ©O . . .
- > 0o o ° 0 > %o o 08 z soil water DOC, and estimate of forest floor leaching from Hubbard Brook.
I ®)
£ 20 - 0 = °e R ° o
> © LT 0 T T L
E 15 £ ’ s A w 400 | @ Penobscot
e 2 ~ o E 350 - ® Kennebec ®
) ) | I I I | I | | I I .
8 10 ! o 1.0 1.5 2.0 2.5 3.0 -0 00 1.0 2.0 3.0 g 300 O Androscoggin
- i E log - DOC (WM C) log —NOs (WM N) & ® Susquehana °
l—l ' . o _ o 250 @ Potomac
; I—l C “ Do O . @
ol | | ~ S o S 200 @ @ lpswich
s -4y 8e° oo = " > ® Lampre 0
compounds leachates g og 8 o6 © ° o = = d o O 150 prey
= o o) o) = O o) @)
n=79 n=22 Eo e o] C 100 *
. . >~ 00 o© ~ o= -
Table 1. Review of bioassays to scale leaf leachate DOC uptake 2 o° > O ® ® 8 .
. . o = o 2 S 50 - . Soil water DOC
to ambient stream water DOC based on bioavailability. LT - a = ‘
S
0 e Forested headwater
Ambient DOC k Leaf leachate DOC k Ambient k:leachate k 2 stream DOC
I | I | | |
-15  -10 -05 00 05 10 0 10 20 30 B < 0.50 o
day? day? log — SRP (uM P) Mean annual air temperature (deg C) ;O
0.011 0.086 0.128 =dE - SD 0.40 ®
0.009 0.085 0.106 _ 2 Figure 2. Relating DOC Uptake %
[ 5 velocity to ambient stream > 0.30 ® ®
0.104 0.363 0.287 g o o : @
= water chemistry and O O
E = : -
0.010 0.018 0.556 s o ©° ° environmental factors to - 0.20 ® -
ORI - . Q
SEE 5LGEE 556 2 ° g 0 S evaluate potential drivers of < . p
v - Q S
5 0 0 stream DOC uptake. e 0.10 O @ HBEF forest floor C
0.014 0.026 0.538 s Sof =
=1 | =0 " | = leaching (Fahey et
0.229 0.978 0.234 0 500 1000 1500 2000 0.00 . | | | | | al. 2010)
Ce —1
7.698 62.807 0.123 Mean annual precipitation (mm year™) 0 0.5 1 1.5 2 2.5 3
0.051 0.245 0.208 . - 1
Acknowledgements: Funding provided by NASA, the Northern States Research Cooperative through funding available by the USDA Forest Service, and the Hubbard Endowment DOC upta ke VEIOCIty mm mln
. of the Earth Systems Research Center at UNH. We thank all participants of the “Strategies to Improve Understanding of DOC Dynamics through Time-Varying Regional to
MEdIaI‘I 0.234 ContinentaISZaIe Models” workshop for stimulating conversztionsin this topic. We aigso thank Eobert Stewart for agssistance V\»/Iith the modeligng. e e



