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Abstract: Aim: Understanding riverine carbon cycling is a major issue for stream ecologists.
Over the past 60 years, important advance in carbon dynamics and ecosystem energy flow have
been made mainly through the Budget and Metabolism approaches. However, much less focus has
been given to the quantification of longitudinal movement of organic matter. The concept “Organic
Carbon Spiraling” (S, ) was formulated in the early 80s, and represented a substantial advance in
the understanding of the longitudinal flow of elements in lotic systems. Methods: In this review, we
summarize the history behind the S, concept, cover the major advances at the time of its creation,
describe the operational variables and the equation for S . calculation, and discuss future directions
and current applications of this approach. Results/Conclusions: We emphasize the need for integrating
the C spiraling approach in other regions of the globe, given that measurements are almost exclusive
of North America. Such comparative studies can elucidate important drivers of C export, storage and
oxidation. Advance in dissolved organic carbon characterization, and improvements in heterotrophic
respiration measurements are required to improve S . accuracy, as well as realistic estimates of benthic
stock. With the current interest in examining how lotic systems contribute to regional and global C
budgets, we argue that Soc is an effective way to achieve this goal and answer classical questions in
stream ecology.

Keywords: carbon turnover; spiraling length; stream; energy flow; longitudinal transport;
ecosystem function.

Resumo: Objetivo: Compreender o ciclo fluvial do carbono ¢ uma questio essencial para ecélogos
de riachos. Nos tltimos 60 anos, avancos importantes na dindmica do carbono e fluxo de energia do
ecossistema foram feitos principalmente através das abordagens de Budget e Metabolismo. Apesar
disso, pouco foco tem sido dado a quantificagio do movimento longitudinal da matéria organica.
O conceito “Espiral do Carbono Organico” (S,) foi formulado no inicio dos anos 80, e representou
um avanco substancial no entendimento do fluxo longitudinal dos elementos em ecossistemas l6ticos.
Meétodos: Nessa revisao, nés resumimos a histéria por trds do conceito de S, cobrimos os principais
avangos na época de sua criagio, descrevemos as varidveis operacionais e a equagio para o cdlculo de
S, € discutimos diregoes futuras e aplicagoes atuais dessa abordagem. Resultados/Conclusées: Nés
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enfatizamos a necessidade de integrar a abordagem de espiral de C em outras regides do globo, dado
que medidas de S, . sao quase que exclusivas da América do Norte. Tais estudos comparativos poderiam
elucidar importantes varidveis controladoras da exportagio, estocagem e oxidagio do carbono fluvial.
Avangos na caracterizagio do carbono organico dissolvido, ¢ melhorias nas medidas de respiracao

heterotréfica sao necessdrios para aumentar a acurdcia nos célculos de S

oc assim como estimativas

realistas de estoque béntico. Com o recente interesse em examinar como sistemas 16ticos contribuem
para o balango regional e global de C, nés argumentamos que a abordagem de espiral ¢ uma maneira
efetiva de atingir esses objetivos e auxiliar a responder questoes cldssicas da ecologia de riachos.

Palavras-chave: turnover de carbono; comprimento de espiral; riacho; fluxo de energia; transporte

longitudinal; funcionamento de ecossistemas.

1. Introduction

The school of G. E. Hutchinson was responsible
for the development of ecosystem metabolism and
ecosystem biogeochemistry in the 1940s and 1950s
(Fisher etal., 2004), publishing classical papers about
energy cycling and trophic succession in aquatic
ecosystems (Lindeman, 1942). Stream metabolism
grew specifically from Howard T. Odum, a student
of Hutchinson who advanced stream and ecosystem
ecology with pioneering studies in Florida, where he
used an oxygen mass-balance approach to quantify
primary production and community respiration and
characterize energy flow and trophic structure of
Silver Springs (Odum, 1956, 1957). Those energy
budget approaches started an era of holistic studies
in stream ecology, grounded in carbon dynamics
and ecosystem energy flow (Minshall et al., 1985;
Fisher et al., 2004).

Stream ecologists incorporated and extended
these early studies through experiments assessing the
importance of allochthonous input (Minshall, 1967;
Kaushik & Hynes, 1971; Cummins et al., 1973),
elucidating patterns in trophic web (Cummins,
1973) and discoursing about heterotrophy
(Cummins, 1974) or autotrophy (Minshall, 1978)
of these systems. After the development of the
“small-watershed ecosystem” concept by Bormann
& Likens (1968) at Hubbard Brook, Fisher &
Likens (1972, 1973) quantified the annual budget
of the Bear Brook stream, in which they measured
all input and output energy flows in the form of
organic matter (OM). From these fluxes, the authors
initiated research in total OM budget, promulgating
the view of streams being open ecosystems strongly
connected with the watershed.

The complexity and diversity of lotic ecosystems
complicate the creation of unifying concepts
and theories about them (Minshall et al., 1983).
However, progress has been made starting with
carly ideas addressing longitudinal succession
and community structure by Odum (1956)
and Margalef (1960). The unidirectional flow
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of water longitudinally connects streams and
rivers through the transport of dissolved and
particulate material. This means that much of the
nutrient and food resources available at a specific
location are delivered from upstream sources and
modified by the functioning of the stream above it
(Webster & Patten, 1979). Considering the spatial
aspect (transversal and longitudinal) of material
movement, and the use by downstream organisms,
the term “spiraling” was proposed first by Webster
(1975, apud Webster & Patten, 1979), and after by
Wallace et al. (1977), referring to both transport
and cycling process in streams. Along with the
River Continuum Concept (Vannote et al., 1980),
spiraling concept represented a shift away from the
segment approach toward a view of the stream as
a longitudinally distributed, transporting system
(Newbold et al., 1982b).

Even though the “spiraling” concept was first
proposed for carbon fluxes downstream (Webster,
1975 apud Webster & Patten, 1979), and later
amplified to include biogeochemical cycling of
nutrients between the organic and inorganic form
(Newbold et al., 1981; Elwood et al., 1983), the
first reference of “organic carbon spiraling” was
published only in 1982 by Newbold et al., who
adapted the concept to organic carbon processing
in streams. In the paper, the authors develop the
concept of organic carbon “turnover length” (S )
and derive expressions for calculating comparing
this new index with two others previously proposed
in the literature.

“Carbon turnover length” is defined as the
average or expected downstream distance travelled by
organic carbon molecules during its residence in the
stream in a fixed or reduced form (Newbold et al.,
1982a). Basically, it is the distance travelled by a
carbon atom between its entry or fixation in the
stream and its ultimate oxidation via respiration.
Thus, S . values are a function of the rate at which
the organic carbon pool moves downstream (V)
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and the rate of its oxidation via respiration (K .)
(Equation 1):

o (1)

Soc =
Koc

Before Newbold’s paper there were other terms
referring to organic carbon processing in lotic
ecosystems, like “ecosystem efficiency” (EE) and
“stream metabolism index” (SMI) (Newbold et al.,
1982a). EE was defined by Fisher & Likens (1973)
as the ratio between the energy utilized and the total
energy input to the system = CR/IL The ratio derived
from the P/R diagram created by Odum (1956) to
evaluate autotrophy or heterotrophy in ecosystems
(Rosenfeld & Mackay, 1987) observed later that the
transition between autotrophy and heterotrophy in
streams is not properly expressed by the P/R ratio
because it does not shows the extent of production
that comes from instream primary producers, and
the extent that comes from external input). The EE
index allowed the assessment whether a stream was
accumulating or losing organic carbon. However,
it showed some limitations that hamper comparing
different open ecosystems (Fisher, 1977) because it
did not measured the degree to which respiration
rates were in balance with inputs (Newbold et al.,
1982a).

This concept was improved later when Fisher
(1977) developed the SMI index, as a loading factor
that indicates the rate of increase or decrease of total
organic matter concentration per unit ecosystem.
SMI was defined as simply the ratio of observed
respiration to respiration required for zero loading
in the system, which can be used to compare
total processing efficiencies in streams of any size
(Fisher, 1977). Newbold et al. (1982a) suggested
that organic carbon turnover length and SMI
are complementary, and proposed an Equation 2
relating the two indices:

SMI(x)=1- exp[l‘) 2)

Soc

where “x” is the distance (m) from headwaters to the
studied reach. Both indices use similar properties of
a stream, but the difference relies on the fact that EE
and SMI are reach length dependent, while S . can
be calculated (at least theoretically) for any given
point of the stream (Newbold et al., 1982a). While
SMI measures the processing of organic carbon from
lateral input, S_ . calculates the relative processing
of all the carbon that is within the ecosystem
considering upstream input.
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The present paper focuses on organic carbon
spiraling considering that this approach represents
asubstantial advance in the problem of longitudinal
flow of elements in lotic systems (Fisher et al., 2004;
Webster, 2007). Many studies have been done within
the physical description of biological process and
experimentation with inorganic nutrients, but little
progress was made on the quantification of organic
matter longitudinal movement (Minshall et al.,
2000). Still, as attested Fisher et al. (2004),
despite of the calculation of spiraling length being
intensively laborious, it gets to the essence of
stream biogeochemistry and solves some present
gaps in the “total budget” approaches. The current
discussions about carbon cycling, exportation and
emissions in lotic ecosystem can be improved with
well-grounded concepts of stream ecology, and this
review aims to enlighten the C spiraling approach
in this perspective. Nevertheless, one of the goals
of this paper is to be a good aggregate of data and
detailed information about the parameters required
for S calculation. We searched papers with the
topics “carbon spiraling” + “stream” and “carbon
turnover” + “stream’ in title, abstract and key-words
in Web of Science and Scopus bases during 2015.

2. Organic Carbon Components

Organic carbon (OC) pool is not homogenous,
and specific pools are likely to travel and transform
at different rates. Measurements of different
components of OC are necessary for estimates
of C turnover rates and spiraling length. These
components are summarized as autochthonous
and allochthonous particles of carbon transported
downstream, and those that are stocked in the
riverbed.

The water column of streams transports both
particulate and dissolved forms of OC (POC and
DOGC, respectively). This mobile C is defined as the
transported organic carbon (TOC). Authors have
classified C particles in a variety of size ranges, but
basically all of them categorize POC classes into
coarse particulate organic carbon (CPOC: x > 1 mm
orx>0.25 mm) and fine particulate organic carbon
(FPOC: 1 mm > x > 0.45 pm) (Young & Huryn,
1997; Wallace et al., 2006). FPOC can further be
subdivided into the categories of medium-large
(I mm-250 pm), small (250-100 pum), fine
(100-45 pm), very fine (VFPOC: 25-45 um,
15-52 pm or 30-60 pm) and ultrafine (UPOC:
52-0.45 pm or 25-0.45 um) (Young & Huryn,
1997; Newbold et al., 2005; Thomas et al., 2005;
Wallace et al., 2006). Particles smaller than 0.45 um
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are considered to be DOC (Thomas et al., 2005).
These components represent all organic carbon
present in the water column that is transported
downstream. Suspended particulate forms are also
known as seston or sestonic carbon, which includes
plankton and organic detritus.

TOC originates from internal sources
(mainly periphyton and detritus) or external
sources (terrestrial vegetation, soil, atmosphere)
(Wallace et al., 1982), and its concentration depends
on the biota (Wallace et al., 1991) physical abrasion
and channel retention (Bilby, 1981; Wallace et al.,
1995). The particulate fraction is composed
primarily of unidentifiable detritus and fragments
of vascular plant and algae (Webster et al., 1995).
Studies have shown that most of the TOC in
streams is composed of the smallest fractions of
organic C, as ultrafine (Minshall et al., 1983;
Young & Huryn, 1997; Thomas et al., 2005) or
even dissolved organic carbon (Mulholland, 1981;
Griffiths et al., 2012). The balance of transport and
metabolic processing results in the accumulation
of fine particles downstream (Young & Huryn,
1997), and mean particle size typically gets smaller
with increasing river order (Minshall et al., 1983).
The amount of coarse particulate OC (CPOC) is
usually at least one order of magnitude lower than
FPOC (Minshall et al., 1992) and becomes almost
negligible for the calculation of total TOC base flow
of small streams. According Webster et al. (1995),
the ecosystem may lose sestonic POC through three
mechanisms: microbial decomposition, filter-feeder
removal and deposition.

The dissolved fraction can be transformed into
CO, either by microbial oxidation or photolysis
(Battin et al., 2008). Usually the largest amount
of carbon in TOC is represented by the dissolved
organic C, that can vary from 1,97 t0 41,8 mg C.L"!
(Meyer & Edwards, 1990; Griffiths et al., 2012).
The major classes of organic carbon in river water
are fluvic acid, humic acid, hydrophilic acids,
carbohydrates, carboxylic acids and amino acids
(Kaplan & Newbold, 2003). As for its lability,
DOC can be separated in humic substances as more
susceptible to oxidation, and monomers (mainly
carboxylic acids) as more refractory (Kaplan &
Newbold, 2003).

The fraction of carbon that is deposited in
riverbeds becomes part of the benthic stock
of organic matter (BOM), or benthic organic
catbon (BOC). According one of the Ten Laws of
Ecosystem Theory, “mass, including biomass, and
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energy are conserved” (Jorgensen, 2009). In this
perspective of energy conservation, BOC can be
understood as the net results of input and output
process: B = I — O. Input includes allochthonous
input, primary production, consumers egestion
and deposition of OC transported from upstream.
Output includes consumption, microbial
decomposition, leaching of matter and downstream
transport (Webster et al., 1995).

The benthic stock has been measured in
a variety of size classes, but most researches
classify it only into coarse benthic organic matter
(CBOM: x > 1 mm) and fine benthic organic
matter (FBOM: 1 mm — 0.45 pm). Some authors
classified yet a third category of ultrafine benthic
matter (UBOM: 52-0.45 pm) (Minshall et al.,
1983; Thomas et al., 2005). Measurements of
BOM in streams are complicated due to the patchy
distribution and deep storage (Webster & Meyer,
1997), and are often underestimated by the lack
of measures of FBOM (Wallace et al., 20006).
Moreover, standing crop could show large variation
between erosive (riffles) and depositional (pools)
stretches (Wallace et al., 2006). However, BOC is
essential in calculating spiraling lengths and can
strongly influence the final result. Without realistic
estimates of the benthic storage all calculation may
be compromised.

The composition of particle size classes of
benthic stock can vary largely among streams
according characteristics of deposition, retention,
processing and transport peculiar to each system.
Studies have shown that more than half of the
BOC is made up of the smallest carbon fractions,
like FBOC (Geriffiths et al., 2012) or UBOC
(Minshall et al., 1983; Thomas et al., 2005).
However, as the processing rates of wood debris
are quite slow, benthic storage of woody material
may be much higher than leaves (Jones Junior,
1997), and large logs deposited in streams can
remain years in the same place with low evidence
of mass decay (Webster et al., 1999). Due to high
allochthonous inputs and efficient retention,
headwaters tend to have the BOC composed of
coarser particles (Newbold et al., 1982a), which
decreases in size downstream by physical, chemical
and biological process (Minshall et al., 1983;
Webster et al., 1999). Nevertheless, as made
explicit by Minshall et al. (1983), local geomorphic
factors are more important for explaining variance
of detritus standing crop than either stream size
(order) or season.
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3. Metabolism

Primary productivity is defined as the
formation rate of OM from inorganic carbon.
Photoautotrophy via photosynthesis is the most
common form of autotrophy in most ecosystems,
though chemoautotrophy (e.g. nitrification) can be
locally important (Strauss et al., 2002). Some of this
total fixed carbon (gross primary production; GPP)
is lost via autotrophic respiration (R ), the remaining
builds biomass and is referred to as net primary
productivity (NPP) (Bott, 2006). The processes
of production and respiration in streams directly
influence dissolved oxygen (DO) and CO,
concentrations in water, and their production
and consumption combine to quantify the
metabolism of a stream (Odum, 1956). Respiration
measures include heterotrophic respiration (R,)
and R, and therefore are also called community
respiration (CR). The main primary producers
are algae in periphyton, bryophytes, macrophytes
and cyanobacteria (Bott, 2006). Considering
respiration, that of heterotrophic microbiota greatly
exceeds algae consumption (despite periphytic
algae respiration being very significant in unshaded
streams), and fauna contribute the smallest portion
of CR (Webster et al., 1995).

Stream metabolism is measured generally from
daily curves of OD change, although primary
productivity can also be measured through
chlorophyll of periphyton (Morin et al., 1999;
Moulton et al., 2015). Based on the premise that
changes in OD are related to photosynthesis,
respiration, and gas exchange with atmosphere,
productivity can be directly calculated from the
net oxygen change in light (balance of GPP and
CR) and respiration in the dark (Bott, 2006).
Dissolved O, change can be measured in enclosed
chambers with the relevant substrate and stream
water (Bott et al., 1978), or by the “open-channel”
method directly in the stream (Odum, 1956).
Specifically, CR can be computed in a simple way
by the formula (Equation 3):

Z0600ROC+(D*K)  (3)
At

CR(mgO2L-1dia-1) =

where ROC is the change rate of O, per hour, D is
O, deficitand #is the reaeration coefhicient, divided
by time interval (to return a rate per time). For S .
calculations, respiration rates must be transformed
firstly in g O, m™ day' (dividing by depth), then
converted to unities of carbon using a respiratory
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coeflicient (RQ) of 0,85, according Bott (2006)
(Equation 4):

gC:gOZ*RQ*% (4)

where 12 is the atomic weight of carbon, and
32 the atomic weight of oxygen. Finally, as S
requires only heterotrophic respiration, the CR is
converted in R using a coefficient of p = 0.38, with
the formula (Thomas et al., 2005) (Equation 5):

Rpec = CR — pGPP 5)

A difficulty in the open-channel method is
that the rate of “reaeration” needs to be estimated
adjusting the changes caused by metabolism.
The problem is most critical in turbulent streams
with low productivity. The rate of reaeration
is a function of the slope, deep, water velocity,
channel irregularity and the difference between
the observed oxygen concentration in the water
and the concentration at 100% saturation — i.e.
O2 deficit (Young & Huryn, 1999). Measures of
reaeration are calculated from empirical equations
(based on flow, slope and deep), inert gas injection
in the water as a tracer, or from changes in oxygen
concentration during the dark (Young & Huryn,
1999; Bott, 2006)

From metabolism, authors summarize the
calculus of ecosystem efficiency to indicates
whether a stream is a net producer or consumer
of OM, simply by the ratio of primary production
and community respiration: GPP/CR or simply
P/R. Primary determinants of metabolism rates in
stream are incident light and a variety of site-specific
factors controlling the channel morphology (such
as “canyon shading”, turbidity, organic matter
retention, width and depth) (Young & Huryn,
1999), and on a larger scale, the discharge, nutrients
and system temperature (Mclntire & Phinney,
1965; Young & Huryn, 1996). The rates of GPD,
CR and P/R tend to increase downstream along
with the increasing scale of the ecosystem and
higher insolation rates (Minshall et al., 1983;
Bott et al., 1985; Naiman et al., 1987), although
some systems do not show relative increase in GPP
nor P/R ratio downstream (Meyer & Edwards,
1990; Young & Huryn, 1996), and falls under
the continuum that presents unshaded headwaters
(Minshall et al., 1985). It is known that increasing
river width increases the incidence of photosynthetic
active radiation (PAR) in the water, which is the
main determinant of GPP and NPP in streams
(Mulholand et al., 2001).
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A good way to represent the stream metabolism
considering organic matter fluxes and concentrations
is from the organic carbon turnover perspective.
As explained Young & Huryn (1999), relation
between stream metabolism and its community, the
transport of OM and land uses are probably more
useful when expressed as carbon spiraling length.

4. Carbon Turnover and Spiraling

The expressions C spiraling and C turnover are
used as synonymous, apart from the condition
that spiraling only makes sense in terms of length
(km, m), and turnover can be used both as a
rate (day”!, representing KOC), as length (km, mj;
oc) of carbon oxidation. Authors have
been using mainly the expression C turnover length
(Meyer & Edwards, 1990; Minshall et al., 1992;
Thomas et al., 2005), representing the efficiency
of the system in processing organic carbon (Meyer
& Edwards, 1990).

As seen above (Equation 1), calculation of

representing S

C turnover length is a function of the carbon
fluxes and its oxidation rates, factors directly
determined by organic carbon components and
system metabolism. After the conceptualization and
initial proposition of the formula by Newbold et al.
(1982a), spiral length estimates were applied by
several authors, with the summarization of S__
calculation (Thomas et al., 2005) according the
Equations 6, 7, 8 and 9:

TOC*Q
VOC =300 w ©)
Ry,
K — et
OC “BoC+(TOC2) @)
v,
Soc =% (8)
v
IR = wat
Voc ©)

where V. is the longitudinal velocity of organic
carbon (m day'), TOC = total concentration of
transported organic carbon (g m?), Q = discharge
(m® day!), BOC = total organic carbon benthic
standing stock (g m?), w = mean stream width (m),
K. = biotic turnover rate of organic carbon (day),
R, . = heterotrophic respiration rate, z = mean
stream deep (m), S,. = organic carbon turnover
length (m), IR = retention index, and v = mean
water velocity (Thomas et al., 2005).

Carbon spiraling lengths may show large
variation between streams and within the own
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ecosystem. However, the majority of the authors
evidence a strong relation with hydrological factors,
where SOC increases along with the discharge of the
river (Minshall ecal., 1983; Meyer & Edwards, 1990;
Minshall et al., 1992; Young & Huryn, 1997, 1999;
Thomas etal., 2005; Webster, 2007; Griffiths et al.,
2012). Sdill, S is affected by temporal patterns
(Thomas et al., 2005), land use (Young & Huryn,
1999; Griffiths et al., 2012), and distance from the
headwaters (Newbold et al., 1982a; Webster, 2007),
lately because these factors actuate directly in the
basic parameters of S . calculation, determining
C component concentrations and metabolic rates.
Thus, all the factors that changes concentrations of
DOC, sestonic POC, BOC storage, CR and GPP
rates, in addition to hydrological factors, influences
directly the outcome of the organic carbon turnover
lengths in streams.

In headwaters and small ecosystem orders,
because of the smaller discharge, higher retentiveness
and higher processing rates (Newbold et al., 1982a),
a carbon molecule does not need to travel long
distance downstream to its oxidation. Griffiths et al.
(2012) analyzed six 3 order streams in Indiana,
USA, and found a S__ ranging from 0.2 km to
54.4 km, with an average of only 15 km to the
oxidation of an organic carbon molecule fixed in the
systems. Other authors found even smaller values in
systems ranging from 1% to 6* order (Minshall et al.,
1983; Meyer & Edwards, 1990). With the increasing
in orders, the C spiraling lengths tend to increase,
both because the discharge increases, as because
the system retentiveness decreases (Newbold et al.,
1982a; Meyer & Edwards, 1990). Analyzing four
sites of a 8™ order stream, Thomas et al. (2005)
found a S ranging from 11 km to 184 km, with
an average of 64 km, distance more than four times
higher than the average found in Griffiths et al.
(2012).

In spite of this, increases of stream order and
ecosystem scale are also positively related to higher
CR, and higher respiration rates decreases the
relative S . length. According to Webster (2007),
turnover length increases downstream from
headwaters, peaking at about S_ . = 130 km, at a
distance of 70 km from the headwaters. From this
point, C turnover length starts to decreases, mainly
influenced by the respiration of autochthonous
particles which become increasingly important to
C budgets. As pointed out by Meyer & Edwards
(1990), although rivers of bigger orders are less
efficient in processing organic C (higher S ), they
still are responsible for most of the metabolic activity
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of the watershed. Still, Young & Huryn (1999)
found maximum S, . values of 408 km in a 3" order
stream, relating this high length with the increase
in discharge in the winter and low metabolic rate.

5. Perspectives

Despite the relative progress to stream
biogeochemistry that the C spiraling approach
has represented (Fisher et al., 2004), its practical
use (Young & Huryn, 1999) and the fact that
this concept was made still in the early 1980s
(Newbold et al., 1982a), published data of C
turnover length are almost exclusive of USA, with
few studies in other countries such as New Zeeland
(Young & Huryn, 1997, 1999), Germany (Proft,
1998) and Canada (Naiman et al., 1987). The lack
of studies using this approach in the tropics is
a large gap, seen that tropical streams may have
different functionality (Dudgeon, 2008), regarding
that they can show higher labile organic matter
concentrations dissolved in the water - such as
amino acid -when compared to temperate streams
(Jaffé et al., 2012). Sdill, it is clear that temporal
patterns in the tropics show no restrictions for low
temperatures and have strong influence of heavy
floods in rainy periods, which certainly changes the
basic parameters for the calculation of S, ..

DPerspectives in C spiraling presupposes new
studies about the qualitative differentiation of the
organic carbon components seen their different
metabolic rates (Fisher etal., 2004), experimentation
of specific oxidation of the smallest fractions of C
(Richardson et al., 2013) and improvement of
approaches to calculate the resuspension of fine
particles in the system (Newbold et al., 2005).
Furthermore, as DOC represents the largest organic
matter pool in freshwater systems (Wetzel, 1992),
and assuming that this component is the most
important intermediate in global carbon cycling
(Battin et al., 2008), more detailed analyses of its
molecular structure and chemical composition could
provide critical information for carbon dynamics on
a global scale (Jaffé et al., 2012). Improvements
of analytical methods to identify whole classes of
compounds such as amino acids, peptides, proteins
and carbohydrate-like compounds are being made
combining chromatography techniques with
highly sensitive detectors that can approach the
nanomolar range (Kaplan & Newbold, 2003).
Characterization of DOC should also consider
recent technics of mass spectrometry in organic
molecules such as electrospray and atmospheric
pressure photoionization (Hockaday et al.,
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2009), compounds could be determined by gas
chromatography—mass spectrometer (Jaffé et al.,
2012) and biodegradable DOC measured with
bioreactors (McLaughlin & Kaplan, 2013).

In addition, more precise measurements
of heterotrophically respired C are needed to
allow more accurate calculations of C spiraling
length (Hall Junior & Beaulieu, 2013), and good
estimations of both groundwater metabolism
and reaeration are essential to this achievement.
Advancements on the utilization of “tracers” to
calculate reacration in the open-channel method are
making use of sulfur hexafluoride (SF6) or argon
(Ar). Argon is seen to have advantages in the way
that this gas is physically indistinguishable from
oxygen, is very cheap, it solves problems of propane
(explosion) or SF6 (is not a greenhouse gas), and
can be easily measured in a membrane inlet mass
spec (Hall, 2015).

The view that riverine systems export much more
organic matter then they receive (Naiman et al.,
1987; Webster & Meyer, 1997; Webster et al.,
1999) is no longer consistent with carbon fluxes
estimates (Jaffé etal., 2012). Instead, inland aquatic
systems represent places of active transformation
transporting to oceans less than half of the received
terrestrial carbon (Cole et al., 2007), and are
responsible for a large amount of carbon dioxide
outgassing to the atmosphere (Battin et al., 2008).
In this perspective, we assume that the carbon
spiraling approach is a good way to calculate the
specific C dynamics of different lotic systems, firstly
because it demands the detailed admeasurement
of the main components driving C cycling, and
combine them into an ecological sense of view.
As affirmed Hall et al. (2016), metabolism and C
spiraling are a good way to examine biogeochemical
mechanisms controlling riverine C cycling. Lastly,
we suggest that this approach could be utilized to
understand rivers C dynamics in a broader global
scale, and can help to answer classical questions of
river ecologists as: “What happens to allochthonous
material that falls into streams?” (Webster et al.,
1999, p. 687), and: “How can organic carbon be
oxidized during its route from continents to oceans
given transit times in fluvial ecosystems of days to
weeks relative to extended residence times in soils?”

(Battin et al., 2008, p. 95).
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