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Abstract
Background: Although intermittent rivers account for over half of the global fluvial network and could increase in
length and quantity in Mediterranean climates (in response to climate changes), there is little documentation of
organic matter input to them. This study was made possible by the cooperation of the Concepción Chiguayante
School community and the Explora project (Chile), with the support of citizen science. The aim was to compare
coarse particulate organic matter quantities and types in the Lonquén basin.
Methods: Samplings were performed in two perennial rivers and two intermittent rivers. First, the riparian vegetation
of the streams was characterized through photointerpretation and subsequently the organic matter accumulated in
the selected river beds was quantified and typified. Spearman’s correlation was used.
Results: The riparian vegetation was similar in both types of rivers, though significantly greater (p < 0.05) plant material
accumulation was found in intermittent rivers compared to perennial rivers (1029 and 337 g m− 2, respectively).
Likewise, there was a significant relationship among leaves, smaller organic matter, seeds, herbs and shrubs in
intermittent rivers.
Conclusions: The results reveal the importance of the intermittent rivers that were sampled as transitory reservoirs of
organic matter with high productive potential, especially in the first flood pulses, when this material is transported
downstream.
Keywords: Intermittent rivers, Citizen science, Coarse particulate organic matter, Mediterranean climate

Introduction
The transformation of coarse particulate organic matter
(CPOM) into smaller particles and dissolved organic
matter is fundamental to sustain all life forms in continental aquatic systems [35] and is considered one of the
most important ecosystem processes in the biosphere
[40]. Allochthonous terrestrial plant material is the fundamental source of energy and organic matter in both
rivers and streams [76]. Its decomposition by means of
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detritivorous macroinvertebrates and microbes [54, 61]
releases energy and nutrients, which in turn support the
food web, and is a key process in the local, regional and
even global carbon cycle [5, 10].
Intermittent rivers and ephemeral streams (IRES) have
not been considered in the global carbon balance of continental aquatic systems and other biogeochemical processes [24–26]. This exclusion could be a serious failure
due to the fact that they are important biogeochemical
reactors [26, 48] and because recently it has been shown
that they can store large amounts of organic matter during dry seasons [20, 25, 32]. In addition, IRES account
for more than half of the global fluvial network [1, 48].
For example, they account for 59% of the total length of
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the rivers in the United States of America [53] and it has
been observed that due to anthropogenic pressures such
as water extraction, land-use changes and global climate
change phenomena [1, 37, 45], the flows of many perennial rivers are decreasing, extending their dry season and
transforming them into intermittent or even ephemeral
rivers in the short term [48]. These flow variations can
be more drastic in areas with a Mediterranean climate [1, 21, 48] such as Chile [44, 77], where, according to modeling, the flows of some rivers could
decrease by up to 45% [71].
IRES are characterized by abrupt hydrological changes,
with large flows during winter and cessation of flows for
days or months in summer. During flow seasons, IRES
receive, transport and process organic matter from the
drainage basin, as perennial rivers do, whereas dry seasons favor the accumulation of allochthonous organic
matter in intermittent river beds [20, 50]. This accumulation is related to river morphology, characteristics of
the river bed substrates, physical properties of organic
matter and hydrology [43, 63]. Thus, surface and underground flows influence the abundance of flora and the
types present. For example, streams with deeper groundwater levels have more shrub cover and less forest cover,
affecting the production of leaf litter and the concentration of inorganic nitrogen in the soil [49, 68].
Organic matter input depends on forest structure,
composition and phenology [38]. For example, in Eucalyptus forests, both the input of different types and qualities of leaf litter and nutrient contributions are reduced
compared with mixed deciduous forests [11, 52, 58].
Abiotic factors such as rainfall or summer droughts can
also influence the quantity and quality of leaf litter [7,
51, 66], and it has even been proved that latitude is an
important predictor of leaf litter quality, which would increase at higher latitudes and decrease toward the equator [9]. Furthermore, a recent study showed the organic
matter process is faster at low latitudes [74].
Once organic matter enters rivers, it is chemically and
physically transformed [35]. This accumulation and decomposition process is mediated by climate and increases under humid and warm conditions [2, 13, 18, 25,
65]. On another note, the physical and chemical defenses
of leaves such as waxes and polyphenols can remain active for a long time, preventing decomposition [17, 72].
This leads to diminished CPOM input, affecting the nutrient cycle and productivity of the system [39].
In intermittent rivers, summer water shortages reduce
microbial activity, end organic matter leaching and interrupt aquatic macroinvertebrate colonization [48]. By
contrast, photodegradation is promoted as a result of increased exposure to the action of ultraviolet radiation
and the presence of terrestrial consumers increases [3,
19]. Meanwhile, autumn frost periods could promote the
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decomposition process and increase the quality of organic matter [46, 51]. Once the drought is over and the
reconnection to the fluvial continuum established, all
the material that was accumulated and transformed during the dry phase is mobilized and transported [64]. This
organic matter is transformed into an essential source of
carbon and nutrients for downstream heterotrophic organisms [48]. During the first flood pulses, excess material can cause adverse effects, such as stress in aquatic
biota or eutrophication and hypoxia, which sometimes
cause the death of fishes, macroinvertebrates and other
aquatic organisms [12, 42]. Therefore, the first flood
pulses can cause little understood intermediate disruptions [16, 27, 31, 59], with effects that could be catastrophic and require restorative mechanisms [21, 55, 75].
Disruptions caused by flow variation are more significant
in Mediterranean rivers and crucial in the regulation of
biotic variables [34]. Furthermore, the number of intermittent rivers will increase over time [1, 48], as will the
input of organic matter accumulated in the beds of these
rivers [25]. Accumulated organic matter has been recognized as an important source of nutrients [69] and global carbon emissions [25], which until now have been
underestimated; more research on this is matter required. Specifically, the studied basin provides diverse
ecosystem services to towns and isolated houses located
near the studied rivers. Groundwater abstraction is carried out through deep wells for the benefit of the agriculture, animals, villages and the forestry industry.
Meanwhile, surface water is directly used by the animals
of the people living in the basin. Given the local importance of intermittent rivers in Mediterranean Chile to
local economic activities and the biogeochemical importance of organic matter that accumulates in their beds
during the dry phase, the objective of this study was to
compare the quantities and types of organic matter that
accumulates during the dry season in the intermittent
and perennial river beds of Mediterranean Chile.
The field sampling, laboratory analysis and preparation of this article were carried out with the support
of students from the Concepción Chiguayante School
(Chile). Citizen science is a research collaboration that
involves the participation of the public in scientific research activities at different levels, since the data collection methodologies are simple and the activities can
have significant impacts on the people involved [28,
73]. This approach promotes critical and scientific
thinking among the participants and changes perspectives on the natural environment [57]. The present research was performed within the framework of a
National Commission for Scientific and Technological
Research (CONICYT) EXPLORA project, an initiative
created by the Chilean government in 1990 to
promote the social dissemination of science and
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technology and strengthen bonds between the scientific community and schools [60, 78].

Methodology
As mentioned, the objective of this study was to compare the quantities and types of organic matter that accumulates during the dry season in intermittent and
perennial river beds of Mediterranean Chile.
The Lonquén River basin is located in the dryland of
the Coastal Mountains in central Chile (36° 25′ 59,88″
S; 72° 42′ 0″ E). The river is predominantly intermittent,
but there are some perennial streams in the basin [30].
The basin has an irregular shape and drains an area of
1075 km2 (Fig. 1). Its geomorphology is heavily weathered and of old relief, with granitic rocks and metamorphic slates. Its soils are eroded, with little
permeability and high silt, clay and sand content [30].
The catchment land use comprises mainly forest plantation (Pinus radiata and Eucalyptus globulus) and agricultural monocultures, which are typical of the
Mediterranean climate of Chile [6, 33, 41]. The annual
average temperature is 14.1 °C and annual rainfall is
897.9 mm [30]. The study area rainfall data was collected
from the San Agustín de Puñual weather station (code
08118004–0) of the Chilean General Water Directorate
(2019) [29] (DGA, for its initials in Spanish).
CPOM larger than 1 mm was collected by students
from the beds of two perennial rivers (Goropeumo and
Los Robles) and two intermittent rivers (Las Minas and
Arrayán) at the beginning of autumn on May 24, 2017,

Fig. 1 Study area
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during the dry phase of the intermittent rivers (Fig. 1).
The sampling date was chosen in order to have a maximum of days since senescence and thus the greatest
possible CPOM accumulation before the reconnection
of the aquatic system. At the time of the sampling, the
air temperature was 18 °C and the intermittent rivers
had no water flow, while both perennial rivers had a
baseflow of 0.3 m3 s− 1, which was determined using the
speed-area method. There was only one sampling season, since the students were involved in Explora CONICYT activities for just one year and the following year
the opportunity to participate in another project would
be given to a different group of students.
Prior to the collection, students attended three training sessions on intermittent rivers, biogeochemistry and
sampling techniques. A section ten times longer than
the active average width (see Table 1) of the channel was
sampled in order to ensure a consistent sampling effort
and obtain representative samples of each reach [47]. To
this end, m2 quadrants were used, with collection in at
least the 5% of the entire area; thus, twelve randomly
distributed samplings of each reach were carried out
[25]. CPOM was collected by hand and stored in properly labeled airtight plastic bags. The types of CPOM
collected were leaves, smaller organic matter (CPOMms,
corresponding to 1 mm < CPOM< 30 mm fragments,
predominantly pieces of decomposing leaves and plant
material), woods, seeds, herbs, shrubs and others (insects and fungi). In the laboratory the wet samples of
each CPOM type contained in paper bags were weighed,
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Table 1 Soil use of the microbasins, photointerpretation of the reach, including influence area, and characteristics of the studied
riverbeds in the Lonquén river basin
Intermittent
Land use (%)

Photointerpretation (%)

Streambed

Area (ha)

Perennial

Goropeumo

Los Robles

Las Minas

Arrayan

135.0

954.0

378.0

1084.0

Forest plantation

66.0

56.6

81.5

76.8

Farming

0.2

27.9

1.5

15.9

Shrubs

33.7

12.4

12.4

4.7

Native forest

0.0

0.2

0.0

2.2

Exotic forest

0.0

2.9

4.6

0.4

Area (ha)

3.9

6.8

3.9

3.9

Agricultural

49.9

52.5

42.5

53.5

Exotic wild trees

30.6

17.6

11.4

27.5

Exotic monoculture trees

2.2

0.0

4.2

0.0

Exotic trees isolated

1.5

1.6

2.0

0.2

Exotic trees adult

0.0

11.9

0.0

0.0

Exotic shrub (Ulex spp)

3.1

0.0

0.0

0.0

Shrubs-matorral

8.8

1.5

30.2

8.8

Hygrophilous

0.2

4.1

0.0

0.0

Roads

3.1

6.2

4.0

4.1

Edification

0.0

1.9

2.9

1.5

Fallow land

0.5

2.7

2.8

4.4

Visual coverage of riparian vegetation (%)

90.0

80.0

95.0

95.0

Active channel width (m)

2.0

4.0

5.0

4.0

Floodplain width (m)

10.0

10.0

10.0

7.0

Silt (%)

70.0

20.0

0.0

90.0

Sand (%)

30.0

80.0

100.0

10.0

CPOMproductivity

0.5

0.5

0.3

0.1

CPOM moisture (%)

50.4

45.5

47.5

40.0

and subsequently the bags were put into a Memmert
oven for 48 h. The bags were then weighed again to determine the water content percentage. In order to identify the rivers with greater productive potential, an
equation was defined,
CPOMproductivity = CPOMms/CPOMtotal [1],
with values close to 1 indicating greater productive
potential of the ecosystem. For the characterization of
the study area, the soil uses of each micro-basin were
identified and modeled based on data from 2015 provided by CONAF [15] by means of Arcgis 10.1 software. In order to characterize the riparian vegetation
of the studied reaches, photointerpretation was used
after anchoring, correction and georeferencing of images. A radius of 50 m around the channel and an
area of influence of up to 300 m upstream of each
sampled reach were defined. Thus, the vegetation that
could affect the deposition of plant material in the
studied reaches was included.

To determine if there were significant differences between CPOM, CPOMproductivity [1] and soil classifications according to photointerpretation results, the
Shapiro & Wilk normality test was applied, but as the
data had a non-normal distribution, the Kruskal-Wallis
nonparametric method was used (p < 0.05). To examine
the relationship between CPOM classifications and
moisture in perennial and intermittent rivers, Spearman’s correlation was used. All analyses were performed
with R software version 3.1.1 using Vegan and Performance Analysis packages.

Results
Weather data indicated low rainfall during summer: 0
mm in January, 8.3 in February, 17.7 mm in March, 26.6
mm in April and 84.3 in May, prior to the sampling.
According to the characterization of the study area,
the predominant land uses in the four micro-basins were
forest plantations, followed by shrubs and agriculture
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(70, 15.8 and 11.3% on average, respectively) (Table 1,
Fig. 1 and Fig. 2), with agriculture predominant along
the middle reaches. In accordance with the photointerpretation (Fig. 2), when comparing the soil uses along
intermittent and perennial rivers (reach and its influence
area included), significant differences were not found
(p > 0.05).
Regarding CPOM, intermittent rivers accumulated organic matter with higher productive potential for the
ecosystem (CPOMproductivity, p < 0.5) and in greater
quantities (1029 g m− 2) than perennial rivers (337 g m− 2,
p < 0.05) (see Table 1 and Fig. 3). The difference is
thought to be due to a larger quantity of leaves,
CPOMms, seeds, herbs and shrubs in the intermittent
rivers. Additionally, no significant differences in wood
and other types of organic matter were found (p > 0.05).
Furthermore, no herbs or shrubs were found along either perennial river (Fig. 3). CPOMproductivity in both
intermittent rivers was identical, as was the case in perennial rivers (p > 0.05) (see Table 1).
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No relationship between the moisture of the organic
matter and the types of CPOM was found in any river.
In intermittent rivers, there was a strong relationship
(p > 0.05) between different types of organic matter, especially between CPOMms and wood, in contrast to the
perennial rivers, in which only a relationship between
leaves and CPOMms was observed (Fig. 4).

Discussion
Low-order rivers drain small hydrographic networks and
have narrow channels bordered by abundant riparian
vegetation [35, 40, 61, 79]. Therefore, organic matter is
processed within the channel and transported downstream, where it continues to be processed along the
longitudinal profile [76]. However, it also happens that
most low-order rivers in Mediterranean climates have
intermittent behavior [8] and therefore are crucial in the
regulation and processing of organic matter, since the
climate and latitude are the key factors that determine
the characteristics of the riparian area, type of

Fig. 2 Soil uses of the microbasins and photointerpretation of the sampled reaches and its influence area [15]
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Fig. 3 Coarse particulate organic matter (CPOM) sampled in intermittent rives (I, green color) and perennial rivers (P, gray color),* p value< 0.05.
*The boundary of the box closest to zero indicates the 25th percentile, a line within the box marks the median, and the boundary of the box
farthest from zero indicates the 75th percentile. Whiskers (error bars) above and below the box indicate the 90th and 10th percentiles; mean
values are shown with a dotted line)

vegetation, flow regime and biomass input [25, 47, 74].
This ultimately impacts the accumulation and decomposition of organic matter [25]. In contrast to perennial
rivers, intermittent rivers accumulate this material to a
greater extent, subjecting it to photodegradation and/or
biodegradation, according to humidity and light conditions in the river bed [3, 19].
The results indicated that there was a greater accumulation of CPOM, especially of a smaller size, in intermittent river beds and that it had higher productive
potential and more complex relationships with the different types of organic matter, even when the land use of
the basins, river order, morphology, substrate, physical

properties and vegetation characteristics were similar in
both types of rivers. Therefore, the variable that most affected the accumulation of organic matter in this study
was hydrology. Similar results were observed by Hoover
et al. [43] and Richardson et al. [63]; in these studies, hydrology, river channel characteristics and physical properties of the plant material are involved in CPOM
retention and decomposition. In this sense, surface and
underground water flow can limit the growth of different
types of vegetation [67]. Thus, in the perennial rivers, although they receive allochthonous material, the continuous flow throughout the hydrological year reduced the
accumulation of plant material, which made the growth

Fig. 4 Relations of the coarse particulate organic matter in intermittent (a) and perennial (b) rivers. *Arrows and numbers indicate significant
relation and r value, respectively
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of herbs and shrubs in the river bed impossible, limiting
the relationships among types of organic matter. The accumulation of plant material was highly dependent on
the leaves provided by riparian vegetation that can decompose and generate bioavailable organic matter. This
took place through processes that include biotic factors,
such as benthic macroinvertebrates, bacteria and other
physical factors that are related to geomorphology (for
example, pools and riffles), water velocity in the reach
and even climate and latitude [22, 23, 25, 74, 76].
The studied reaches in the intermittent and perennial
rivers presented high CPOM moisture (ca. 50%) and
high riparian coverage, which promoted the generation
of shade in the river bed. These conditions favored bacterial decomposition of organic matter in the intermittent rivers during the season without flows, which was
also favored by rainfall prior to sampling. Moisture can
be maintained in piles of wood and CPOM, predominantly of larger sizes [56]. In addition, in the intermittent
rivers there was a higher amount of CPOM and decomposing organic matter, even though based on a visual
examination there appeared to be a greater percentage
of riparian coverage in the perennial reaches and the
photointerpretation analyses indicated a similar soil use
classification (Fig. 2). This showed that intermittent rivers follow other biogeochemical pathways than those described in classical processes, since water flow transports
solutes and particulate organic matter downstream and
toward the coastal area, especially in the first flood
pulses [25], and then acts as a longitudinal biogeochemical reactor that rapidly processes this material, as Vannote et al. [76] describe. However, particularly in
intermittent rivers, bacteria that are involved in processing are highly adapted to extreme water conditions and
to the cessation of flow/rewetting [4, 70]. During
droughts, meanwhile, most of the little processing in
river beds is mediated by photodegradation, and there is
isolated processing in pools by macroinvertebrates and
microbial activity [48]. Therefore, biological participation
is high (e.g., microorganisms and shredder macroinvertebrates), since intermittent rivers are critical sites for the
accumulation of organic matter that has the potential to
generate large-scale point pulses downstream in the first
flood pulse, as well as high emissions of CO2 into the atmosphere. For example, [25, 64] found up to 13 g m− 2
d− 1 CO2 emissions into the atmosphere. The Mediterranean IRES of central Chile sampled in this study were
included in the 1000 Intermittent Rivers project [25].
In summer and autumn periods without flows, the
transformation of organic matter slows and the material
accumulates [3, 32]. Consequently, this material with
low processing rates and higher-quantity labile and bioavailable matter [20] is exported to the watercourse
when the flow of the rivers restarts [19, 48, 62], a
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phenomenon that was studied by Casas-Ruíz et al. [14]
to determine when the river acted as an active reactor or
passive tubing in the processing of dissolved organic
matter. The opposite takes place in perennial rivers,
which transport organic material from the riparian vegetation with low levels of processing and continuous
CPOM renewal.
According to the results of previous studies [3, 7, 19,
51, 66], drought affected both the decomposition and
quality of organic matter due to a higher carbon:nitrogen molar ratio in the leaf litter, a decrease in microbial
activity and an interruption of organic matter
colonization, and in the IRES studied, it is assumed that
the summer drought of 2017 also affected the accumulated CPOM. Despite this phenomenon, a large amount
of decomposing organic matter was found, probably associated with the moisture content of the samples after a
wet autumn [2, 36, 46, 51, 65]. This, together with the
latitude of the rivers, favors the formation of good quality organic matter. In a global study, Boyero et al. [9]
found that in the tropics leaf litter is of lower quality
and phosphorous is limiting, which restricts decomposition by detritivores, unlike what happens at
higher latitudes. Therefore, the results indicate, on
one hand, the importance of IRES in the functioning
of aquatic ecosystems during the first flood pulses
and indicates the high potential of these rivers as a
source of carbon, organic matter and energy for the
productivity of the ecosystem [35, 39, 61]. On the
other hand, perennial rivers accumulate less allochthonous organic matter and transport it continuously,
which is important at critical moments (spring-summer) when high energy inputs are required.
IRES should be analyzed in a climate change context,
since these rivers are increasingly expanding in both
length and area [1, 37, 48]. What is more, perennial rivers
are at risk of undergoing hydrology and water quality
modifications [71, 77, 80] and thus of becoming intermittent. The results of this study, the first in the region, were
consistent, although further data are required, and the
support of the public may prove important. There is great
interest in Chile in science- and technology-related environmental issues, but both the dissemination of technoscientific knowledge and understanding of the scientific
method are deficient [60, 78]. Therefore, it is essential to
promote initiatives that involve science and citizens. This
study acquainted students with the scientific method, enabling them to view intermittent rivers not as temporarily
dead systems, but rather as systems of local and global importance in the ecosystem. Students shared their results
and what they learned in the Provincial and Regional Science and Technology Congress organized by EXPLORA
(CONICYT) and in the National Science and Technology
Fair at Biobío University, Chile.
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Conclusions
Intermittent rivers can accumulate greater quantities of
CPOM with a higher productive potential than perennial
rivers. According to previous studies, the organic matter
that accumulates generates downstream nutrient emissions
and CO2 emissions into the atmosphere in the first flood
pulses. In addition, more than half of the global fluvial network is made up of intermittent rivers and it is predicted
that they will increase in quantity and length, especially in
areas with a Mediterranean climate. Therefore, it is important to study the amount and type of CPOM that these rivers can accumulate to determine the consequences of the
first flood pulses. Research in larger geographical areas in
collaboration with citizens, to foster a deeper knowledge of
intermittent rivers, is recommended.
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