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Abstract. Dissolved organic matter (DOM) is the major source of carbon in aquatic environments and may be derived
from allochthonous or autochthonous sources. This study presents the first DOM characterisation in streams from two
contrasting Argentinean regions (the Pampas and Patagonia). We found that dissolved organic carbon (DOC) concentra-

tions and absorption coefficients at 254 and 350 nm (a254 and a350) were higher in Pampean than in Patagonian streams.
DOM from streams in both regions contained compounds with highmolecular weight and highly variable a350 per DOC; it
has been suggested that this could be an indicator of lignin content. The characterisation of DOM reflects the agricultural

signal and the effect of autochthonous sources in Pampean streams, whereas amore pristine conditionwith high input from
terrestrial environments was recorded in Patagonian streams. No sign of DOM photodegradation was observed in either
region. Fluorescence-based indices suggest a more recent input of DOM in Pampean streams, whereas a highly humified
component was recorded in Patagonian streams. The combined use of absorbance and fluorescence-based techniques was

useful for understanding the quantity and quality of DOM in these contrasting regions in Argentina.

Additional keywords: allochthonous dissolved organic matter, autochthonous dissolved organic matter, dissolved
organic carbon concentration, multivariate analysis.
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Introduction

Fluvial networks link multiple components of the biosphere and
transport, process and transform a large quantity of organic
carbon (C; Battin et al. 2009; Aufdenkampe et al. 2011). Most C

is associatedwith dissolved organicmatter (DOM) pool, defined
as the size fraction below 0.7 mm, primarily derived from ter-
restrial sources and entering streams through multiple flow

pathways from the surrounding landscape (Aitkenhead-Peter-
son et al. 2003; Jaffé et al. 2008; Graeber et al. 2012). Climatic
and hydrogeomorphic variables are usually strong predictors of

DOM characteristics in streams, because these features often
control terrestrial organic matter storage and hydrological
connectivity between catchments and streams (Stanley et al.

2012).

Terrestrial DOM input plays an important role in the carbon
budgets of catchments, affecting the biogeochemistry and ecol-
ogy of surface waters (Cole et al. 2007; Nilsson et al. 2008).

The role of hydrology in delivering DOM to streams is affected
by land cover (Laudon et al. 2011; Larson et al. 2014), water-
shed soils (Hosen et al. 2014; Huang et al. 2015), the location of
the stream in the catchment and landscape topography (Ågren

et al. 2007). DOM is composed of different organic substances
with different reactivity and ecological functions (Benner 2003;
Jaffé et al. 2008; Aiken 2014). Low molecular weight (LMW)

DOM (amino acids, polyamines and nucleotides, among others)
has been shown to be directly available for plant and algal
uptake (Jones et al. 2005; Fransson and Jones 2007; Jansson

et al. 2012). Similarly, high molecular weight (HMW) DOM is
available for microbial assimilation in terrestrial and aquatic
environments (Antia et al. 1991; Seitzinger and Sanders 1997)
and could be susceptible to photodegradation, releasing bio-

available inorganic or LMW organic C, nitrogen and phospho-
rus for subsequent microbial utilisation (Mostofa et al. 2007;
Chen and Jaffé 2014).
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Recent studies have made extensive use of optical measure-
ments of the chromophoric fraction of DOM (CDOM) to

provide useful insights into DOM composition (Fellman et al.

2010; Pérez et al. 2010; Spencer et al. 2012; Gerea et al. 2017).
CDOM absorbs light in the visible (UV-Vis), ultraviolet (UV)-A

and UV-B wavelength ranges, therefore parameters derived
from CDOM absorption are powerful tools for distinguishing
the composition characteristics of DOM, providing further

insights into its source and degradation state across a range of
environments (Helms et al. 2008; Peter et al. 2012; Yates et al.
2016).

The Pampas and Patagonia are two contrasting regions in

Argentina. Pampean streams are highly productive, with ele-
vated nutrients levels, low current flows and high irradiance
because of the lack of riparian vegetation (Feijoó and Lombardo

2007; Garcı́a et al. 2017). Messetta et al. (2018) found high
levels of dissolved organic carbon (DOC; .5 mg L�1), high
DOM humification and aromaticity, suggesting relevant contri-

bution from soils and terrestrial plants to the DOM pool in a
Pampean stream. However, these features may also originate
from macrophyte breakdown. In contrast, Andean Patagonian
catchments are generally characterised by a low nutrient content

because of their ultra-oligotrophic condition (Diaz et al. 2007;
Dı́az Villanueva et al. 2016), steep slopes favouring high flow in
the headstreams (Garcia et al. 2015a) and typically forested

catchments. DOM in Patagonian streams also derives from an
allochthonous input, which is highly correlated with precipita-
tion, as suggested by results of fluorescence analysis and high

aromaticity (Garcia et al. 2015a). However, low DOC concen-
trations (,1 mg L�1) have been found in some streams in the
area (Garcia et al. 2015a). Although both regions are vast and

contain different kinds of streams and rivers, there is little
information available on DOM quality in either region (Garcia
et al. 2015a).

The aim of the present study was to assess DOMquantity and

quality by evaluating variations in the CDOM and fluorescent
DOM (FDOM) fractions from streams in two contrasting
regions in Argentina (Pampa and Patagonia). Our hypothesis

was that differences in DOM concentration and composition
between regions are driven by: (1) dominant vegetation in the
catchments (grassland for Pampean streams v. forested for

Patagonian streams); and (2) in-stream autochthonous produc-
tion. Thus, we expected more indicators of allochthonous
sources and a lower DOMprocessing rate in Patagonian streams
because of the low nutrient levels, low temperatures and the

presence of riparian forest. In contrast, we expected indicators of
an autochthonous source and LMW DOM because of high
processing in Pampean streams, associated with algal and

macrophyte production.

Materials and methods

Study sites

Pampean region

The Pampa is a vast grassland system covering an area of
500 000 km2 in central Argentina (Fig. 1a). The climate is

temperate humid, with a mean annual temperature between 14
and 208C. Mean annual precipitation ranges from 600 to
1200 mm and is evenly distributed throughout the year, with

maximum rainfall in spring and autumn (Vilches and Giorgi
2010). The natural vegetation is grassland, and natural perennial

plants are absent except for two species of trees (Celtis talaGill.
ex Planch and Salix humboldtiana Willd.) that only grow in
isolated areas with particular soil conditions. Occasional small

forested areas are composed of introduced species (Feijoó and
Lombardo 2007).

Pampean streams have low water velocity and their dis-

charge is laminar due to the gentle slope in the region. Stream-
beds consist of silt and clay without stones or pebbles. High
nutrient levels promote the development of rich, dense macro-
phyte communities that provide substrate for biofilm, as well as

food and refuge for macroinvertebrates and fishes (Giorgi et al.
2005; Rodrigues Capı́tulo et al. 2010; Ferreiro et al. 2014).
Owing to the absence of riparian forest, solar radiation reaches

the stream bottom, favouring the development of abundant
macrophyte and biofilm communities. Furthermore, a potential
higher photodegradation process can be expected.

Patagonian region

The sampling area was located in the Glacial Lake district of
the Southern Andes (Iriondo 1989), in Nahuel Huapi National

Park (Patagonia, Argentina; Fig. 1b). The vegetation is similar to
temperate rain forest, with deciduous forest of Nothofagus

pumilio (austral beech) and the evergreen trees Nothofagus

dombeyi and Austrocedrus chilensis in piedmont areas (Daniels
and Veblen 2003). The area is characterised by a transitional
oceanic–continental cold climate with a dry summer. Mean
annual precipitation is,1800 mm and the mean annual temper-

ature is ,68C (Paruelo et al. 1998; Rapacioli 2011).
Streambeds are dominated by cobble–boulder substrates.

Previous studies of streams in the area reported low concentra-

tions of nutrients and C, low conductivity, neutral pH and high
levels of dissolved oxygen (Garcı́a and Añón Suárez 2007;
Garcia et al. 2015a; Dı́az Villanueva et al. 2016). Most of the

study streams belong to the Limay catchment area, which drains
into the Atlantic Ocean.

Water sampling and field measurements

This study analysed 38 streams in the Pampas region and 30 in
the Patagonian region. The Pampean streams were sampled
during February 2016, whereas the Patagonian streams were
sampled between December 2016 and February 2017.

At each sampling date, stream discharge (Q) was determined
by the velocity–area method (Gordon et al. 1992) using a
multiprobe anemometer (MiniAir 20; Schiltknecht, Gossau,

Switzerland) in Pampean streams and a flowmeter (FP101;
Global Water Instrumentation, Sacramento, CA, USA) in Pata-
gonian streams. Conductivity, pH and temperature were mea-

sured in situ in each stream using a HQ40D multiprobe (Hach
Company, Loveland, CO, USA) for Pampean streams and
HI98150 (Hanna Instruments, Woonsocket, RI, USA) and
YSI85 (Yellow Springs, OH, USA) multiprobes for Patagonian

streams. Subsurface water samples in both regions were col-
lected in acid-washed polycarbonate carboys (5 L) that were
rinsed tree times with stream water before sample collection.

Samples were kept in the dark and immediately transported to
the laboratory and processed.
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Characterisation of DOM

Water samples for DOC analysis were collected in amber glass
bottles after filtration through precombusted glass fibre filters

(0.7 mm; Munktell Filter AB, Falun, Sweden). DOC and dis-
solved inorganic C (DIC) concentrations were measured in a
Shimadzu (Kyoto, Japan) TOC-L analyser for Patagonian

samples and in a Shimadzu TOC-V CSH analyser for Pampean
samples. All DOC samples were acidified with 10% HCl and
preserved at 48C in the dark until analysis. All samples we

measured within 24 h of collection, so the effect of biodegra-
dation was negligible.

DOM was characterised by UV and fluorescence spectros-

copy. The absorbance spectra (200–800 nm) from filtered water
samples were obtained at 1-nm intervals in a UV-Vis spectro-
photometer (Model 8453; Hewlett-Packard, Palo Alto, CA,
USA), using a 10-mm quartz cuvette for samples from the

Pampas Region and a 100-mm quartz cuvette for samples from
the Patagonian region. Milli-Q water was used as the reference
blank and subtracted from each sample spectrum. The averaged

UV-Vis absorbance between 700 and 800 nm was subtracted

from each spectrum to correct for offsets due to several instru-
ment baseline effects (Helms et al. 2008). All absorbance data

were converted to absorption coefficients as follows:

a ¼ 2:303ACl

where a is the Napierian absorption coefficient (m�1), A is
the absorbance and l is the cuvette’s path length (m).

Absorption coefficients at 254 and 350 nm (a254 and a350)
were used as an indicator of DOM aromaticity and as an

indicator of lignin content (a tracer for terrigenous DOM)
respectively (Hernes and Benner 2003; Weishaar et al. 2003;
Spencer et al. 2010; Walker et al. 2013). For comparative

purposes, the a350 was normalised by DOC concentration (a350
DOC�1; Fichot and Benner 2012). The absorption ratio at 250 to
365 nm (E2 : E3) was used to track changes in the relative weight

and size of DOM molecules (De Haan and De Boer 1987;
Peuravuori and Pihlaja 1997). The spectral slopes for the
intervals 275–295 nm (S275–295) and 350–400 nm (S350–400)

were calculated by fitting the log-transformed spectral data to a
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Fig. 1. Map showing the location of the sampling sites (dots) for (a) Pampean and (b) Patagonian streams.
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linear model. The S275–295 is inversely related to DOMmolecu-
lar size and was used as a proxy for DOM photodegradation

(Helms et al. 2008; Spencer et al. 2010). The slope ratio (SR)was
calculated as the ratio of S275–295 to S350–400 and was used as a
proxy for the relative molecular weight and source of the DOM,

with low values indicating higher molecular weight DOM
(Helms et al. 2008; Guéguen and Cuss 2011).

The FDOM analysis was performed by scanning water

samples in a Hitachi F-7000 spectrofluorometer (Tokyo, Japan)
for Pampean samples and a Perkin-Elmer 55B spectrofluorom-
eter (Whaltman, MA, USA) for Patagonian samples, using a
10-mm quartz fluorescence cell in both cases. Three fluorescent

DOM compositional indicators were used. The humification
index (HIX) was calculated as the sum of emission intensities
between 435 and 480 nm divided by the sum of the emission

intensities between 300 and 345 nm at an excitation wavelength
of 254 nm, following Zsolnay et al. (1999), and was used as an
indicator of the source, diagenesis and sorptive capacity (Ohno

2002). The freshness index (b : a or BIX) was used to assess the
relative contribution of DOM processed by microbiota and
measured as the ratio of emission intensity at 380 nm divided
by the maximum emission intensity between 420 and 435 nm, at

an excitationwavelength of 310 nm (Parlanti et al. 2000;Wilson
and Xenopoulos 2009). BIX values .0.8 indicate freshly
produced DOM of biological or microbial origin, whereas

values ,0.6 are indicative of DOM derived from an allochtho-
nous source (Birdwell and Engel 2010; Walker et al. 2013).
Finally, the fluorescence index (FI) was calculated as the ratio of

emissions at 470 nm and 520 nm at an excitation wavelength of
370 nm for corrected spectra, following Cory et al. (2010), and
used as an indicator of relative autochthonous or microbial

versus terrestrial contributions to the DOM pool.

Data analysis

DOM characteristics were compared between regions (Patago-
nian v. Pampean regions) using t-tests. All data were previously

tested for distribution and homoscedasticity using normality and
equal variance tests. Principal component analysis (PCA) was
conducted on log-transformed data that were centred and stan-

dardised using R framework (ver. 3.3.3, R Core Team, Boston,
MA, USA) with FactoMiner package (ver. 1.31.4, Lê, Josse &
Husson, Renne, France). Only principal components (PC) with

Eigenvalues higher than 1 were considered for the PCA.
Unless indicated otherwise, data are given as the mean� s.d.

Results

Physicochemical characteristics

As expected, considerable differences were observed in the
physicochemical characteristics of the stream water from the
two regions. Water temperature was significantly higher in
Pampean than Patagonian streams (27.6� 3.6 v. 7.9� 2.58C
respectively; t¼ 25.2, P, 0.001). Conductivity exhibited
broader variation and was significantly higher in Pampean
streams (1971� 2461 mS cm�1), with Patagonian streams hav-

ing extremely low conductivity values (49.3� 20.7 mS cm�1;
t¼ 4.2, P, 0.001). Finally, pH was significantly more alkaline
in Pampean than Patagonian streams (8.63� 0.50 v. 7.40� 0.38

respectively; t¼ 11.15, P, 0.001). Water flow was higher in

Patagonian than Pampean streams (0.94� 1.81 v.

0.30� 0.49m3 s�1 respectively), although the difference did not
reach statistical significance (t¼�1.7, P¼ 0.095; see Table S1,

available as Supplementary Material to this paper).

DOM characterisation through absorbance and
fluorescence

Considerable differences were found in DOM features between

regions (Table 1). DOC concentration was significantly higher
in Pampean than Patagonian streams (t¼�12.9, P, 0.001). In
addition, a254 and a350 differed significantly between regions,

being higher in Pampean than Patagonian streams (t¼�7.6,
P, 0.001 for a254; t¼�7.02, P, 0.001 for a350). Conversely,
there were no significant differences in spectral slopes S275–295
(mean 0.014 nm�1 for both regions), S350–400, SR and E2 : E3

between regions (P. 0.05; Table 1).
There was a non-linear negative relationship between a350

DOC�1 and S275–295. Values of a350 DOC�1 were higher and
varied more broadly in Pampean than Patagonian streams
(18.73–812.64 v. 61.36–359.74 L mol�1 cm�1 respectively).
The S275–295 was ,0.021 nm�1 in both regions. Although

no significant differences were observed between regions,
a broader variation in S275–295 was observed in streams in
the Pampean region, with the highest a350 DOC�1 values

(Fig. 2).
Both regions had FI values between 1.4 and 1.8 (mean

1.58� 0.06 and 1.71� 0.17 for Pampean and Patagonian

regions respectively; t¼ 6.35, P, 0.001), representing a mix-
ture of allochthonous and autochthonous DOM sources. Only a
few Patagonian streams showed autochthonous or microbial
origin (FI .1.8; Fig. 3a). The HIX was higher in Patagonian

than Pampean streams (5.58� 2.20 v. 3.73� 2.17 respectively;

Table 1. Absorbance and fluorescent-based characterisation of natu-

ral dissolved organic matter (DOM) in streams from the Pampas

(n5 38) and Patagonian (n5 30) regions

Data are the mean� s.d. a254, absorption coefficient at 254 nm; a350,

absorption coefficient at 350 nm; BIX, freshness index; CDOM, chro-

mophoric fraction of DOM; DOC, dissolved organic carbon; E2 : E3, ratio

of the absorption coefficients at 250 and 365 nm; FDOM, fluorescent DOM;

FI, fluorescence index; HIX, humification index; SR, slope ratio; SS275–295,

spectral slope for the interval 275–295 nm; SS350–400, spectral slope for the

interval 350–400 nm

Pampean streams Patagonian streams

DOM concentration

DOC (mgL�1) 11.75� 4.68 0.62� 0.21

CDOM features

a254 (m
�1) 92.30� 63.94 3.31� 1.63

a350 (m
�1) 26.62� 19.98 0.95� 0.51

SS275–295 (nm
�1) 0.014� 0.001 0.014� 0.002

SS350–400 (nm
�1) 0.013� 0.002 0.014� 0.003

SR 1.07� 0.14 1.09� 0.37

E2 : E3 4.71� 0.91 4.52� 1.07

FDOM features

BIX 0.81� 0.22 0.61� 0.07

FI 1.58� 0.06 1.71� 0.10

HIX 3.73� 2.17 5.58� 2.20

DOM in streams from Pampa and Patagonia regions Marine and Freshwater Research 701



t¼ 3.45, P, 0.001). Moreover, low (,4) HIX values were
observed in most Pampean streams, indicating fresher DOM

(Fig. 3a). BIX was higher in Pampean than Patagonian streams
(0.81� 0.22 v. 0.61� 0.07 respectively; t¼�4.8, P, 0.001);
in fact, BIX values were,0.7 for most Patagonian streams (low

fresh component), whereas there was greater variation in BIX
values in Pampean streams (ranging from 0.6 to 1.8), indicating
freshly produced DOM (Fig. 3b).

Multivariate analysis of DOM

PCA was used to discriminate different regions with the maxi-

mum variation in DOM optical features. The PCA identified
three components with Eigenvalues .1 (PC1, PC2 and PC3),
which explained 88.14% of the total variance of data (Table S2).

PC1 explained 48.78% of the variance and was positively cor-
related with DOC concentration and the absorption coefficients
a254 and a350, but was negatively correlated with FI. PC1 clearly
separates streams with high DOC concentration and absorption

indices (right in both graphs in Fig. 4; Pampean streams) from
those with lowDOC concentrations (left in both graphs in Fig. 4;
Patagonian streams). PC2 explained 20.84% of the variance and

was positively correlated with E2 : E3 and S275–295. PC2 was
characterised by S275–295 (lower values indicate an increase in
molecular size) and E2 : E3 (indicator of molecular size), both of

which are independent of DOC concentration, showing a gra-
dient of molecular size in streams from both regions. Finally,
PC3 explained 18.52%of the total variation, with a high positive
correlation with HIX and a negative correlation with BIX. PC3

separated streams with more degraded DOM (top in graph in
Fig. 4b) from those with fresher DOM (bottom in graph in Fig.
4b; Table S2).
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Discussion

This study found high variability in DOM origin and composi-
tion, as well as in DOC concentrations, in both Pampean and
Patagonian regions (Table 1). DOC concentrations and

absorption coefficients (a254 and a350) were significantly higher
in streams in the Pampas than in Patagonia. It is well known that
CDOM is strongly related to DOC concentration (Spencer et al.
2007; Helms et al. 2008). Higher DOC values in Pampean

streams may be related to their higher aquatic productivity
(Acuña et al. 2011; Garcı́a et al. 2017). Conversely, Andean
Patagonian streams are considered to be ultra-oligotrophic

environments, with limited nutrients and characterised by low
DOC concentrations (Queimaliños et al. 2012; Garcia et al.

2015a, 2015b).
The DOM in the Pampean streams studied was characterised

by high a254 and a350, indicative of high aromaticity and HMW

compounds. In this context, the broad variation observed in a350
DOC�1, also considered a proxy for DOM-related lignin con-
tent, suggests an allochthonous source of DOM in Pampean

streams. The fluorescence-based DOM indices provide useful
supplementary information for studying and comparing the
chemical characteristics of DOM between different regions
(Fig. 3). FI has been widely used to track autochthonous versus

allochthonous DOM in freshwater environments (Hood et al.

2005; Miller and McKnight 2010; Williams et al. 2010). In this
regard, the FI values in Pampean streams could be interpreted as

a signal ofmixed allochthonous and autochthonous sources. The
low HIX values indicate that DOM consists of poorly degraded
material. In this region, the humic-like fluorescence may derive

from the breakdown of highly productive macrophyte commu-
nities (Catalán et al. 2013) and biological processes. It is well
known that the Pampas region is undergoing a process of
agriculture intensification that affects the riparian zone of

streams and rivers as a result of the replacement of the original
herbaceous vegetation. Agricultural activities increase dis-
solved nutrient levels in the water, favouring microbiological

activity (Feijoó and Lombardo 2007; Amuchástegui et al. 2016;
Casas-Ruiz et al. 2017). Interestingly, the freshness index or
BIX showed broad variation in Pampean streams, in which

values ranged from 0.6 to 1.8, suggesting that the DOM consists
of fresh DOM compounds. As mentioned above, these finding
could be explained by the fact that Pampean streams are highly

productive and by the presence of aquatic vegetation (sub-
merged and floating macrophytes) and herbaceous litter decom-
position, which provide more biodegradable DOM. Our results
are in agreement with those of previous studies, which have

suggested that CDOM derived from macrophytes usually has
lower BIX values (,1), but high absorbance coefficient a350
compared with phytoplankton-derived CDOM (Zhang et al.

2013).
DOM characterisation of Patagonian streams showed low

absorption coefficients a254 and a350 and low DOC concentra-

tions, which are indicative of the ultra-oligotrophic conditions
of these streams (Queimaliños et al. 2012; Garcia et al. 2015a).
The high values of a350 DOC�1 suggest low degradation
progresses in both regions. Similar to previous findings in

streams from the Patagonian region, the values were distributed
more to the left in the model proposed by Fichot and Benner
(2012), with high a350 DOC

�1 values and low S275–295 values

(Garcia et al. 2015a). In this regard, it is known that DOM in
Patagonian streams is derived from an allochthonous source,
primarily soil and riparian forest along the catchment (Albariño

andDı́azVillanueva 2006;Garcia et al. 2015a). The FI showed a
mixed signal (allochthonous and autochthonous sources); this
index provides insight into the source of DOC (McKnight et al.

2001). In the present study we found some streams with high
microbial signature (Fig. 3); nevertheless, FI values are not as
high as those reported for algal leachates or phytoplankton
production (FI.2; Korak et al. 2015). Conversely, HIX values

were high in Patagonian streams, which is indicative of highly
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humified material, commonly observed in ultra-oligotrophic
Patagonian aquatic environments (Garcia et al. 2015a, 2015b;

Soto Cárdenas et al. 2017). In contrast, BIX values were low
(mean value ,0.61), reflecting the small fresh component
present in the DOM.

Both regions showed unexpected similarities in relation to
DOM characterisation. Values of absorbance-based indicators
independent of DOC concentration, such as S275–295 (molecular

size), E2 : E3 (average molecular size), S350–400 and SR, were
similar among streams, suggesting that DOM consists of HMW
compounds. This idea is reinforced by the fact that a non-linear
relationship was found between a350 DOC

�1 and S275–295 (used

as a dual trace of terrestrial DOM and photobleaching), indicat-
ing that in both regionsDOMconsists of HMWcompoundswith
highly variable lignin content. In addition, we found that the

relationship between a350 DOC
�1 and S275–295 for both regions

fell at the lower end of themodel proposed by Fichot and Benner
(2012; Fig. 2). The low variation in S275–295 is indicative of the

absence of a photodegradation processes. Photodegradation
processes are not observed in Pampean streams, probably due
to a combination of factors, such as a decrease in water
transparency (self-shading or an inner-filter effect), dissolved

oxygen concentrations in autumn and summer as a result of
livestock in the Pampean region (Amuchástegui et al. 2016) or a
high humic substances content in some streams (Messetta et al.

2018). Conversely, streams in the Patagonian region have high
transparency and the water receives high solar radiation levels
(Zagarese et al. 2001). However, the short residence time of

water and low temperature in the region probably do not allow
DOM photodegradation processes to take place (Garcia et al.

2015a).

The PCA was useful for discriminating both region in terms
of DOC and absorbance coefficients. Moreover, this analysis
can provide signs of interference among the different DOM
quality indicators. For example, PC2 sorted the streams accord-

ing to the molecular size of the DOM (S275–350, E2 : E3) and was
not related to the degree of humification (HIX) in PC3. This
could suggest that DOM size is independent of age in these

environments. Previous studies have also suggested interference
between CDOM and FDOM indicators, reporting that a peak at
275 nm can affect S275–295 in leachates, or that polyphenol-like

fluorescence may interfere with HIX and could be interpreted as
increasing humification or aromaticity (Cuss and Guéguen
2015). Despite the fact that seasonal variation was not taken
into account, the present study emphasises the importance of

surrounding landscape in C contribution to lotic environments in
both the Pampas and Patagonia regions. In this regard, the effect
of hydrology on DOC concentration has been observed previ-

ously, suggesting an increase in DOC concentration with
increasing discharge (Garcia et al. 2015a; Messetta et al.

2018). Alternatively, LMW aromatic compounds such as poly-

phenols can be derived from the decomposition of tannin or
through the photohumification of LMW compounds from bio-
mass material and increase the CDOM signal (Chen and Jaffé

2014). Throughout the year, the inputs into Patagonian streams
are from allochthonous sources, whereas in Pampean streams
the source of DOM could shift from a mixture of autochthonous
and allochthonous compounds to a more allochthonous humic

material during rainfall.

Previous studies have documented significant variations in
stream DOM composition under different vegetation types

across different climatic regions (Jaffé et al. 2008, 2012;
Watanabe et al. 2012; Yates et al. 2016). Some studies have
reported that vegetation type and, in some cases, different

species have their own optical and fluorescence features (Cuss
and Guéguen 2013). Thus, it is generally assumed that lotic
DOM is dominated by terrestrial sources (Stanley et al. 2012;

Stedmon and Cory 2014). The biogeochemical input of DOM is
determined by soil and vegetation, but also regulated by hydrol-
ogy. Indeed, the Patagonian and Pampean regions are very
different in this regard. The Pampas region is covered in

cropland and grassland (Amuchástegui et al. 2016). It is impor-
tant to note that the Pampean region is undergoing a process of
agricultural intensification that could alter the chemical compo-

sition and dynamics of DOM; therefore, an increase in the BIX
and a decrease in humification can be expected. The Patagonian
streams flow through poorly developed soils covered in the

endemic Nothofagus forest (a type of austral beech) that sheds
its leaves in autumn (Garcia et al. 2015a, 2018).

The results presented in this study are the first records of
absorbance and fluorescence-based DOM for Pampean streams,

and provide new information on Andean streams in the Patago-
nian region. The main conclusion of this study is that different
landscape features (vegetation, relief, soil composition, irradia-

tion etc.) may explain the differences in DOC concentration,
whereas other parameters based on fluorescence data could
reflect DOM transformation and source (Fig. 4). As a general

result, the comparison of DOM features between regionsmay be
important for the ecosystem function response to changes in
terrestrial inputs due to increases in rainfall that could affect

stream transparency and thereby DOM dynamics. Sustained
environmental monitoring in relation to seasonal variation is
required in order to assess the dynamics of the streams in both
regions. The data presented herein could provide a useful

baseline for characterising DOM in different regions in Argen-
tina, taking into account these values as background levels for
future scenarios of climate change.
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Amuchástegui, G., Di Franco, L., and Feijoó, C. (2016). Catchment
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Rapacioli, R. A., Reissig, M., and Queimaliños, C. (2017). Interplay

between climate and hydrogeomorphic features and their effect on the

seasonal variation of dissolved organicmatter in shallow temperate lakes

of the Southern Andes (Patagonia, Argentina): a field study based on

optical properties. Ecohydrology 10, e1872. doi:10.1002/ECO.1872

Spencer, R. G. M., Baker, A., Ahad, J. M. E., Cowie, G. L., Ganeshram, R.,

Upstill-Goddard, R. C., and Uher, G. (2007). Discriminatory classifica-

tion of natural and anthropogenic waters in two UK estuaries. The

Science of the Total Environment 373, 305–323. doi:10.1016/J.SCITO

TENV.2006.10.052

Spencer, R. G. M., Hernes, P. J., Ruf, R., Baker, A., Dyda, R. Y., Stubbins,

A., and Six, J. (2010). Temporal controls on dissolved organicmatter and

lignin biogeochemistry in a pristine tropical river, Democratic Republic

of Congo. Journal of Geophysical Research – Biogeosciences 115,

G03013. doi:10.1029/2009JG001180

Spencer, R. G.M., Butler, K. D., and Aiken, G. R. (2012). Dissolved organic

matter and chromophoric dissolved organicmatter properties of rivers in

the USA. Journal of Geophysical Research – Biogeosciences 117,

G03001.

Stanley, E. H., Powers, S. M., Lottig, N. R., Buffam, I., and Crawford, J. T.

(2012). Contemporary changes in dissolved organic carbon (DOC) in

human-dominated rivers: is there a role for DOC management? Fresh-

water Biology 57, 26–42. doi:10.1111/J.1365-2427.2011.02613.X

Stedmon, C. A., and Cory, R. M. (2014). Biological origins and fate

of fluorescent dissolved organic matter in aquatic environments.

In ‘Aquatic Organic Matter Fluorescence’. (Eds P. Coble, J. Lead, A.

Baker, D. Reynolds, and R. G. M. Spencer.) pp. 278–299. (Cambridge

University Press: New York, NY, USA.)

Vilches, C., and Giorgi, A. (2010). Metabolism in a macrophyte-rich stream

exposed to flooding. Hydrobiologia 654(1), 57–65. doi:10.1007/

S10750-010-0368-7

Walker, S. A., Amon, R. M., and Stedmon, C. A. (2013). Variations in high-

latitude riverine fluorescent dissolved organic matter: a comparison of

large Arctic rivers. Journal of Geophysical Research – Biogeosciences

118(4), 1689–1702. doi:10.1002/2013JG002320

Watanabe, A., Moroi, K., Sato, H., Tsutsuki, K., Maie, N., Melling, L., and
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