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A critical component of assessing the impacts of climate change on watershed

ecosystems involves understanding the role that dissolved organic matter (DOM) plays

in driving whole ecosystem metabolism. The hyporheic zone—a biogeochemical control

point where ground water and river water mix—is characterized by high DOM turnover

and microbial activity and is responsible for a large fraction of lotic respiration. Yet,

the dynamic nature of this ecotone provides a challenging but important environment

to parse out different DOM influences on watershed function and net carbon and

nutrient fluxes. We used high-resolution Fourier-transform ion cyclotron resonance

mass spectrometry to provide a detailed molecular characterization of DOM and its

transformation pathways in the Columbia river watershed. Samples were collected from

ground water (adjacent unconfined aquifer underlying the Hanford 300 Area), Columbia

river water, and its hyporheic zone. The hyporheic zone was sampled at five locations

to capture spatial heterogeneity within the hyporheic zone. Our results revealed that

abiotic transformation pathways (e.g., carboxylation), potentially driven by abiotic factors

such as sunlight, in both the ground water and river water are likely influencing DOM

availability to the hyporheic zone, which could then be coupled with biotic processes

for enhanced microbial activity. The ground water profile revealed high rates of N

and S transformations via abiotic reactions. The river profile showed enhanced abiotic

photodegradation of lignin-like molecules that subsequently entered the hyporheic zone

as low molecular weight, more degraded compounds. While the compounds in river

water were in part bio-unavailable, somewere further shown to increase rates of microbial

respiration. Together, river water and ground water enhance microbial activity within the

hyporheic zone, regardless of river stage, as shown by elevated putative amino-acid

transformations and the abundance of amino-sugar and protein-like compounds. This

enhanced microbial activity is further dependent on the composition of ground water and

river water inputs. Our results further suggest that abiotic controls on DOM should be

incorporated into predictive modeling for understanding watershed dynamics, especially

as climate variability and land use could affect light exposure and changes to ground

water essential elements, both shown to impact the Columbia river hyporheic zone.
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FIGURE 4 | (A) Van Krevelen (VK) diagrams of all peaks observed in each system combined over different river stages, ground water wells and piezometers locations;

(B) VK diagrams (with contoured lines) and (C) Gibbs free energy (GFE) ridge lines of unique peaks (i.e., peaks present in one ecosystem but not the other), filtered as

pairwise comparisons between the following groups: ground water vs. river water, ground water vs. hyporheic zone, hyporheic zone vs. river water, regardless of river

stage and piezometers location. Lines along with numbers in panel C represent the median of each distribution.

sampling stage A revealed an increase in the number of
transformations with the increase in river water contribution
(Supplementary Figures 2A,B) regardless of transformation
type. However, the number of transformations observed in the
hyporheic zone at sampling stage A were significantly higher
than those predicted under pure transport, regardless of mixing
ratio and transformation type (Supplementary Figures 3A,B).
Furthermore, when the number of transformations observed in

the hyporheic zone were plotted as a function of those observed
under pure mixing (Supplementary Figure 4), steeper slopes
were observed under pure mixing conditions which indicate
significantly higher transformation in hyporheic zone. The high
number of transformations observed in the hyporheic zone
was also independent of the total number of peaks observed in
these sample, in contrast to those observed under pure transport
(Supplementary Figure 5).
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FIGURE 5 | Principle component analysis (PCA) on centered log ratio (CLR) transformed putative chemical transformation abundances in each system (ground water,

hyporheic zone, and river water) from the four-time intervals (A–D) (i.e., different river level stages) and piezometer locations in November 2013; (A) Score plot (B)

Loading plot. Shaded circles represent 95% confidence regions.

DOM Transformations in River System Are
Driven by Abiotic Factors
Network analysis was utilized to reveal patterns of biochemical
transformations by plotting all exact masses within a system
connected by their related transformations. This allowed us to
visualize how each mass was connected to others, providing
a graphical illustration of all putative organic compounds’
connections and transformations. Network heterogeneity was
then calculated from these networks to gauge the extent to
which molecules were transformed. Briefly, a higher network
heterogeneity signifies more connections and greater variation
of connection types between each mass, indicating more organic
compounds transformations, turnover, and degradation to
different types of species (i.e., a more transformed system).
For visual simplicity, the networks provided here only relate
to river stage “A” since similar trends were observed between
GW, HZ, and RW from all stages. Network heterogeneity,
however, is comprised of values from all river stages and
replication to provide a holistic analysis. Across the ground
water to river gradient, networks of the hyporheic zone visually
looked like those closer to their source (i.e., piezometer 2
contained less ground water contribution as compared to
piezometer 5, which contained the most). Interestingly, across
a gradient of increasing river water contribution within the
hyporheic and ultimately to river water itself, there was an
increasing cluster of compounds removed from the main
larger cluster (Figure 7A). This is herein called the small
cluster or network. These two networks (large and small)
were connected primarily through three transformation types:
palmitoylation, lysine addition, and ethyl addition. To discern

the origin of the small network organic compounds, we colored
the transformations of the hyporheic zone and river system
networks based on transformations that were significantly
more common in the river (Supplementary Table 3) (colored
red—carboxylation, acetylation, hydroxylation, glycoxylation,
Figure 7A). These side clusters were composed primarily of
transformations that were significantly more common in the
river (i.e., >50% of the transformations observed in these
small networks were attributed to carboxylation, acetylation,
hydroxylation, and glycoxylation), of which carboxylation
reactions were the dominant transformations. Network
heterogeneity increased significantly across the ground water
to river water gradient (p values = 0.0058, 0.0010, and 0.0072,
Figures 7B,C, Supplementary Table 5). Additionally, when
parsing out river stage variability, the hyporheic zone showed an
increase in network heterogeneity in stages C and D compared
to stages A and B; hence the contribution of river water to the
HZ was higher.

We used Kendrick mass defect (KMD, normalized by -
CH2) to further understand differences between each system’s
molecular composition (Figure 8). Homologous species (i.e.,
those with the same Kendrick mass) that have larger KMD values
signify less degraded, more oxygen incorporated compounds.
Compounds with lower KMD values in a homologous species are
more degraded, less oxygenated, and H-enriched. Interestingly,
the ground water only showed one grouping of masses with
higher KMD, and a greater abundance of high molecular weight
compounds (average m/z ratio ∼375, Supplementary Figure 6).
Two distinct groupings were revealed in both the hyporheic zone
and river water, and when assessed further, the lower mass deficit
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FIGURE 6 | (A) Bar plot of the relative abundance of putative amino acid transformations in each system grouped over four stages (A–D); Box plot of normalized

abundance of putative (B) carboxylation, (C) Acetylation, (D) H2S, (E) NO
−

3 , and (F) PO3−
4 transformations in each system grouped over four-time intervals.
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FIGURE 7 | (A) Networks calculated during the network analysis using the full set of chemical transformations (88 transformations) for time interval (river stage) A for

each system (ground water, hyporheic zone per piezometer location (where P stands for “piezometer” where as the number next to it refers to the P number. The

number after the hyphen refers to the piezometer depth), and river with the system name indicated at the bottom left corner of each panel. Each dot within the figure

is an m/z value found within a sample. The lines connecting the m/z values, defined as edges, are chemical transformations. Yellow edges within the ground water

network represent the following ground water upregulated transformations (H2S, NO
−

3 , and PO3−
4 , inorganic phosphate, diphosphate, S2O

2−
3 ) intervals. Red edges

within the river and hyporheic network represent the following river upregulated transformations (carboxylation, acetylation, malonyl group, glucose transformation,

and glycoxylation). Blue edges within the hyporheic network represent the upregulated 20 amino-acids transformations from Figure 5A. Samples from the Hyporheic

Zone are organized in descending order which relates to declining ground water input. Large to small networks in hyporheic and river samples are connected by three

types of putative transformations: palmitoylation, lysine addition, and ethyl addition; Bar and box plots of changes in the network heterogeneity index (calculated from

the network) (B) as function of four-time intervals for each system and (C) grouped over all river stages respectively (with ANOVA and Tuckey test significance

represented as*).

compounds were associated with the distinct clusters observed in
the network analysis and were of lower molecular weight. This
suggests that the subnetwork clusters observed in the hyporheic
zone and river network plots are associated with less oxygen-
incorporated, more degraded low molecular weight (LMW)
compounds. These LMW KMD compounds were also classified
as lignin-like molecules in van Krevelen diagram. Overall, the
hyporheic zone and river water compounds were composed
of slightly less LMW compounds as compared to the ground
water (average m/z ratio ∼325–375 and ∼325–350, respectively,
Supplementary Figure 6).

The dynamic nature of ground water and river water
mixing within the hyporheic zone is illustrated by the
variation in KMD composition between two different
hyporheic zone samples (Figure 7D–Hyporheic zone AP5-
1 vs. AP2-1). The hyporheic zone sample with greater
river contribution (AP2-1) showed closer similarity to
river water KMD distribution, as opposed to the hyporheic
zone sample (AP5-1) with larger ground water contribution
(Figures 1, 7A, 8D).

DISCUSSION

We used high resolution, Fourier transform ion cyclotron
resonance mass-spectrometry to provide an in-depth molecular
characterization of the Columbia River hyporheic zone DOM,
and its constituents (river water and ground water). These
in depth profiles (1) provided a deeper understanding of
DOM chemical composition of the Columbia River hyporheic
zone, and ground and river water (Figures 2–4), (2) confirmed
and extrapolated upon a previous hypothesized mechanism by
which microbial activity is enhanced in the hyporheic zone
(Figures 5–7), (3) revealed abiotic drivers in river systems are
transforming DOM before it is introduced into the hyporheic
zone (Figures 6, 8).

The ground water profile was characterized by a more
diverse suite of N and S containing compounds than the
river, P compounds localized within the lipid- and condensed
hydrocarbon-region of the van Krevelen diagram (Figure 3), as
well as transformations that cycle these nutrients (NO−

3 , H2S,
and PO3−

4 ) (Figures 5, 6). Further, more thermodynamically
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FIGURE 8 | Kendrick plot comparison of molecular formulas that were used in network analysis for representative samples from time interval A. (A) Ground water vs.

Hyporheic zone (AP5-1); (B) Ground water vs. River water; (C) River water vs. Hyporheic zone (AP5-1); (D) Hyporheic zone (AP5-1) vs. Hyporheic zone (AP2-1), For

river water and Hyporheic zone samples, peaks that were part of the small network (represented by the black empty circle) from subpanel A were identified as

lignin-like compounds and were colored with a lighter color than peaks that were part of the big network from subpanel A.

favorable DOM and lower network heterogeneity suggest that
DOM in the ground water was not as actively transformed as
the river water and hyporheic zone, even thoughmicroorganisms
were present (Figure 4). While these data together could suggest
anaerobic respiration, a slower and less energetically favorable
reaction utilizing NO−

3 and SO2−
4 as terminal electron acceptors

(Kim et al., 2015; U.S. Geological Survey, 2016), the ground water
aquifer is known to be highly oxygenated (Stegen et al., 2018),
and thus, persistence of labile DOM would not be limited by
anaerobic conditions. While the effective rates of such reactions
were shown to be as fast as aerobic mineralization (Kolbe et al.,
2019; Bochet et al., 2020), Oldham et al. 2013 showed that
the exposure time (i.e., the proportion of residence time with

requisite conditions) plays a major role in regulating reactions
(Oldham et al., 2013). The low residence time of DOM in ground
water, which is dependent on river water fluctuations, could play
a role in decreased DOM processing. Stegen et al. (2018) further
showed that DOM within the ground water aquifer was at low
enough concentrations that this labile C was likely protected
more so by the energetics of the system—that is, the odds a
microbial cell comes across a DOM molecule is unlikely, and
even if it does, it is not worth the microorganism’s energy to
consume it. Due to the limitation of electron donors in this
system, we hypothesize the upregulation of putative -NO3 and
-H2S transformations (Figures 5, 6) could be due to the abiotic
incorporation of these elements into DOM (Sleighter et al., 2014;
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Pohlabeln et al., 2017). This hypothesis suggests that N and S
“nutrients” could be supplied to the hyporheic zone as abiotically
transformed DOM. Chemical reactions involving P such as loss
of gain of a phosphate group are attributed to agricultural inputs
in the area, likely due to phosphate leaching from surrounding
sediments (Reddy and DeLaune, 2008). Predicted increase in
the frequency of extreme events, induced by climate change,
could alter DOM residence time in ground water and the input
of phosphate from surrounding land, leading to changes in
ground water DOM composition with direct impact on DOM
composition and microbial metabolism in the hyporheic zone.

Considering a larger diversity of N and S containing
compounds were observed in the ground water as compared to
the river water (Figure 3) in this current study, it is likely that
a more heterogeneous set of substrates with these incorporated
essential elements could be provided to the hyporheic zone.
This diversity could in turn be utilized in a larger suite
of microbial processes. Our results also further enhance the
hypothesis that labile DOM is protected within the ground
water ecosystem (Figure 4C), since we observed an abundance
of labile DOM even in the presence of microorganisms. This
implies that labile DOM with abiotically incorporated essential
elements could be energetically protected until these compounds
enter the hyporheic zone, which would only further influence
microbial activity and respiration. Abiotic-driven DOM sources
of essential elements to the hyporheic zone is an important topic
for further exploration as it is speculated that hyporheic zone
microorganisms within the Columbia river are N-limited (Stegen
et al., 2018). Future research should be performed to understand
how various land inputs, residence time and temperature can
affect abiotic transformations of these molecules, explore the
different levels of bioavailability of these DOM essential elements
to microorganisms, and confirm linkages between essential
elements integrated into labile DOM and how these molecules
affect hyporheic zone microbial activity.

DOM composition (Figures 2–4) and transformation data
(Figures 5–7) results revealed that the hyporheic zone is
metabolically active with an over-representation of N containing
compounds, relative to river water and ground water. These
results were consistent with the conceptual model that was
developed by Stegen et al. (2016, 2018) that suggests a
stimulation of respiration by mixing of ground water with
river water. While we show that changes in stage can either
increase or decrease hyporheic exchange depending on the
substrate materials and driver of the change in flow with
direct impact on DOM composition in the hyporheic zone
(Figure 8) (Wroblicky et al., 1998; Sawyer et al., 2009; Mojarrad
et al., 2019), our end-member transformation data results
revealed that all chemical transformations were deviated from
mixing expectations regardless of mixing ratios and thus river
stage. A clear direction for future research is to use our
chemical transformation approach to combine mixing models
with biogeochemistry to better characterize how the hyporheic
response to changes in river stage, driven by climate change (e.g.,
extreme events, sunlight, temperature, water turbidity, and land
inputs) would influence biogeochemistry and microbial activity
at the watershed scale.

DOM of river systems is a mixture of autochthonous and
allochthonous DOM (Creed et al., 2015; Bertuzzo et al., 2017;
Abbott et al., 2018; Shogren et al., 2019) with the latter been
widely understood to be composed of plant-inputs, generally in
the form of recalcitrant lignin phenols (Raymond and Spencer,
2015). Previous research on DOM processing within the river
suggested complicated interactions between autochthonous and
allochthonous DOM (Creed et al., 2015; Bertuzzo et al., 2017;
Abbott et al., 2018; Shogren et al., 2019). Lignin-like compounds
can undergo continuous degradation and mineralization within
the river corridor, which can either be completely mineralized or
only partially degraded for microbial utilization in the hyporheic
zone (Hedges et al., 1997; Koehler et al., 2012; Raymond
and Spencer, 2015; Stegen et al., 2016, 2018). At first look,
our results revealed that the river profile was composed of
less thermodynamically favorable (high GFE) and lignin-like
organic matter, which would suggest less bioavailable compounds
to microorganisms (Figure 4). However, this does not fully
illustrate the dynamics of how these lignin-like compounds
are being degraded and how degradation influences microbial
activity in the hyporheic zone. That is, are larger lignin-like
compounds themselves being introduced into the hyporheic
zone, which then undergo degradation under heightened
biogeochemical activity (e.g., the priming effect)? Or, are lignin-
like compounds from the river entering the hyporheic zone
as lignin degradation biproducts, changing their bioavailability
to microorganisms in the hyporheic zone? And if the latter is
true, do river water transformations of lignin molecules enhance
or decrease the bioavailability of these biproducts to hyporheic
microbial communities?

The answer to “where” lignin degradation reactions occur
can be partially unveiled by network analysis. A distinct small
network of organic compounds was observed only in the river
and hyporheic zone systems and was composed of lignin-
like molecules (Figure 7). By coloring the transformations in
these clusters by significant transformations to each system, the
transformations inherent to these small networks were those
observed to be significantly more common in the river system.
Further, network heterogeneity values were highest in the river
(p value = 0.0072, Supplementary Table 5). This suggests that
the total DOM of the river system is more transformed and
degraded, which in part is related to this lignin-like compound
small network. Taken together, it is likely that a component of
DOM lignin degradation is occurring predominantly within the
river, and the byproducts of these reactions subsequently enter
the hyporheic zone.

Interestingly, around half of the transformations within the
small networks were characterized by carboxylation reactions,
and further, carboxylation transformations were significantly
more common in the river compared to both the hyporheic
zone and ground water (Figures 7, 8). Carboxylation has been
widely thought to be a byproduct of DOM photo-chemical
oxidation (Ward and Cory, 2016), and photodegradation of
lignin in river systems has been well established (Opsahl
and and, 1998; Spencer et al., 2009; Raymond and Spencer,
2015). Additionally, the sky cover was very low throughout
the sampling period in November 2013 with relatively high
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observed daily shortwave radiation. Thus, our results may suggest
that photo-chemical oxidation is partially oxidizing lignin-
like compounds within the river system to lower molecular
weight compounds. The Kendrick mass defect analysis of these
subset of compounds confirms this observation—the organic
compounds were (1) lower in molecular weight compared to
other compounds in the system (i.e., more degraded), and (2)
lower in Kendrick mass deficit values (i.e., loss of oxygen),
likely a product of carboxylic acid group removal via photo-
chemical oxidation. This finding has important implications to
the extent that the relative change in photo-oxidative control
on bioavailability can either amplify or hamper microbial
respiration within the hyporheic zone. It has been shown that
byproducts of photo-chemical oxidation of DOM in water
systems can largely stimulate microbial respiration (Judd et al.,
2007; Ward et al., 2017). However, these pathways are complex,
since utilization of partially photo-oxidized biproducts depends
on microbial community composition as well as the extent
of DOM degradation from sun exposure. A recent study by
Soares et al. (2019) illustrated that DOM bioavailability in
streams actually increased as water residence time and photo
exposure increased, suggesting longer exposure of water to sun
can enhance the transformation of DOM to usable substrates.
While the abundance of LMW compounds in our system
from abiotic degradation pathways such as photodegradation, as
revealed by transformation analysis revealed, could potentially
be used by microorganisms, the relatively large separation
of these compounds from others in the hyporheic zone
network analysis suggests that lignin photo-oxidized biproducts
are not significantly being used by microorganisms. Future
research should focus on how changes in environmental
conditions such sky cover, temperature and observed daily
shortwave radiation could impact abiotic degradation of
DOM in river water and how the increase in the intensity
of extreme events could impact water turbidity and water
residence time.

The two network clusters observed in Figure 7, however,
were still connected rather than completely separate (Figure 7).
Across all hyporheic zone networks, three types of putative
transformations made up the majority of all connections
between large and small networks in the hyporheic zone:
palmitoylation, lysine addition, and ethyl addition. Palmitic acid
plays an important role in cell membrane organization, signal
transduction and energy storage. In palmitoylation reactions,
proteins are modified by the addition of palmitoyl chains,
which are subsequently used in protein localization for biotic
cellular membrane interactions and processes (Linder and
Deschenes, 2003). This process typically occurs with cysteine
amino acid-containing peptides, although it can also occur
with lysine (Smotrys and Linder, 2004). While putative, these
transformation data suggest it is possible that photo degraded
organic compounds from the river system are then partially
utilized for biotic palmitoylation processes in the hyporheic zone,
even if only to a minimal extent. Ethyl-addition is also generally
indicative of abiotic DOM degradation, which could further
suggest coupled abiotic-biotic DOM degradation influences on
hyporheic zone DOM turnover.

It is also interesting to note that network heterogeneity
(indicative of larger transformations and degradation) was always
greater in the river than the hyporheic zone, regardless of river
stage (Figure 7). These results directly oppose the current dogma
of watershed organic matter degradation, where much of DOM
turnover is thought to occur due to enhanced microbial activity
in the hyporheic zone but agrees with recent work by Lee-
Cullin et al. (2018), which suggested that hyporheic exchange
homogenizes DOMdiversity in surface water. Our results suggest
abiotic degradation may be playing a significant role in DOM
degradation within watershed systems. Therefore, we believe
it is important to consider the abiotic controls on Columbia
River DOM and its influence on hyporheic zone respiration.
It remains unclear, however, how representative this site is of
the whole Columbia River system, and more generally to other
river systems in different ecological contexts. This is an open
research question that can only be evaluated through future
work that involves distributed sampling/experimental campaigns
across river corridors.

Currently models such as CLM4.5 classify OM lability
broadly using operationally defined categories derived from
mineral soils (Campbell and Paustian, 2015) by defining
three categories of OM stabilization mechanisms: (1) mineral-
associations (chemical protection); (2) physical protection
through aggregate compartmentalization; and (3) protection
through inherent recalcitrance of OM (biochemical protection),
with the remaining OM in the unprotected pool (Six and
Paustian, 2014). These categories, however, fail to capture the
full complexity of DOM, and are not necessarily representative of
the chemical classes observed in watersheds. The high-resolution
analytical techniques that were employed in this study can
address these critiques and improve the efficiency of models like
CLM4.5 by providing a quantitative assessment of OM quality,
quantity, complexity, and heterogeneity (GFE and network
heterogeneity). Further, the relationship is mathematically simple
to describe, applicable to both terrestrial and aquatic systems,
and could replace the operationally defined, often ambiguous,
compound classes currently being used. DOM complexity
and heterogeneity may also affect DOM resident time with
implication on GHG emissions, which is thought to enhance the
stability and productivity of an ecosystem.

While the importance of rivers in watershed functioning,
particularly with regard to DOM chemistry, transport and
production of CO2 is becoming widely recognized, these
processes remain underrepresented in current Earth System
Models (Regnier et al., 2014) leading to overestimation of
the terrestrial C sink (Lauerwald et al., 2017). In response,
Bisht et al. (2017) recently described CP v1.0 a coupled
Community Land Model (CLM4.5) and reactive transport
model (PFLOTRAN) which they implemented at the Hanford
Reach Columbia River site and optimized using ground
water monitoring wells, river gaging, vegetation surveys, and
topographic surveys of the site. Their simulations suggested
that riparian zone inundation and enhanced moisture in
the vadose zone could increase coupling among terrestrial-
aquatic-subsurface processes (Bisht et al., 2017), both of which
could influence DOM transformation through expansion of
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the anaerobic zone and may alter the relative contribution of
abiotic processes to mineralization rates. However, it remains
unclear how expansion of the anaerobic zone will alter the
relative contribution of abiotic DOM transformations to CO2

production. Hence, more observation-level data is needed to
parameterize both microbial and abiotic DOM transformation
rates and interactions with the physiochemical conditions of the
system. In PFLOTRAN, microbial redox reactions are modeled
via a microbial biomass term. However, reaction rates are
not necessarily correlated with biomass or even abundances
of the specific microorganism performing the reaction of
interest. Proteomic and transcriptomic data provide more direct
measures of microbial activity useful for informing rates. While
incorporation of all microbial activities for each reaction will
likely remain computationally impractical, identifying the critical
reactions for the process of interest, and the activities of the
microorganisms responsible for those is within the reach of
current omics approaches. We believe that our study can narrow
this gap by providing information regarding specific DOM
transformations leading to mineralization/CO2 production.
Future work should focus on how these reactions interact with
environmental parameters such as pH and temperature thereby
informing future transcriptomic and proteomics studies that
could be used to parameterizing RTMs.

CONCLUSIONS

Here, we show that in-depth molecular characterization of
DOM in watershed ecosystems can be used to understand
the potential mechanisms by which ground and river water
influence microbial turnover of DOM in the Columbia River
hyporheic zone. The results of DOM composition and chemical
transformation revealed that the hyporheic zone is metabolically
active with an over-representation of N containing compounds
relative to river and ground water, regardless of river stage.
Abiotic degradation, potentially driven by sunlight due to low
sky cover and high observed daily shortwave radiation, in
both the ground water and river water can influence DOM
availability to the hyporheic zone, which could then be coupled
with biotic processes for enhanced microbial activity. These
results can be used to identify chemical transformations that are
most important for CO2 production in this system, informing
further studies to determine equilibrium and rate constants,
and other key parameters that will facilitate the inclusion of
these critical reactions into RTMs. In ground water systems,
future work should be performed to understand the mechanisms
behind nutrient (N, P, and S) incorporation into labile DOM
in ground water aquifers with special consideration to land
use. Changes in land use could affect ground water DOM
lability and subsequently impact hyporheic zone respiration.
Additionally, research that aims to understand coupled
hydrologic, biogeochemical, and microbial function within river
corridors experiencing recurring, episodic, or chronic hydrologic
perturbations will be highly valuable to ultimately provide the

scientific basis for improved management of dynamic river
corridors throughout the world. Similarly, as climate effects
could contribute to changes in upstream DOM river inputs,
such as pronounced abiotic photodegradation of lignin to more
bioavailable substrates for hyporheic respiration, incorporating
abiotic controls on DOM chemistry into predictive models
should be further established. Using molecular characterization
to unravel watershed biogeochemical cycling can thus provide
important insights into the hydrologic ecosystems and how these
influence essential Critical Zone processes.
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