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3. Beyond longitudinal changes in primary basal resource to consumer paths, other
allochthonous (e.g. riparian arthropod inputs) and autochthonous (e.g. fish prey)
inputs subsidising higher level consumers may show longitudinal changes, that
is, terrestrial invertebrates decreasing but piscivory increasing downstream.
However, the role of these inputs, that can alter predator niche variation and
have indirect community-based effects, on both food web structure and energy
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4. Incorporating energy mobilisation and food web structure into RCC principles is
necessary for a broad understanding of ecosystem functioning and trophic di-
versity in riverine systems, driving the emergence of novel insights. How func-
tion and structure of riverine food webs adapt to longitudinal changes in physical
and biological environments represent a challenge for next generation of stream
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1 | INTRODUCTION

Although spatial changes in animal communities of freshwater eco-
systems are well documented, our comprehension of such changes is
incomplete because we currently lack holistic concepts that apply to
spatially diverse systems and regions. The River Continuum Concept
(RCC) is a long-standing framework in stream ecology that de-
scribes lotic ecosystems from headwaters to river mouths (Vannote
et al., 1980). In particular, the RCC predicts a continuous gradient in
the structure of animal communities (both macroinvertebrates and
fish) according to physical (stream discharge, stream width and ri-
parian vegetation) and biophysical (energy input and organic matter
for production and stream metabolism or P/R) conditions (Vannote
et al., 1980). Here, | review the historical background of the RCC,
addressing the knowledge gaps, new ways of thinking about the
RCC and some methodological pitfalls to be considered in future
research. Overall, | hope this paper will stimulate scientific debate
and bring increased attention to the recognition of new patterns in
energy mobilisation routes and food web structure along the river
continuum and its importance for a compressive understanding of

stream ecology.

2 | HISTORICAL CONTEXT

Ever since the RCC was introduced in the late-20th century

(Vannote et al., 1980), much attention has been paid to validate

(a) . River Continuum (Topic) - River Continuum Concept (Topic)

the RCC's predictions with a steep increase in the number of publi-
cations over the last decade mainly focused on macroinvertebrate
communities (Figure 1). The RCC has been considered appropriate
at the level of the flow-through time of a river but the view of a
longitudinal succession on a geological time scale is wrong, thus
validity of theories with a worldwide perspective may depend on
the temporal dimensions (Minshall, 1988). Regarding spatial scales,
the RCC can be broadly applied to typical temperate systems
(Greathouse & Pringle, 2006; Larsen et al., 2019; Rosi-Marshall &
Wallace, 2002) and many riverine ecosystems can be generally ac-
commodated within the RCC (Minshall, Cummins, et al., 1985). For
example, Tomanova et al. (2007) highlighted that RRC's principles
can be accommodated to neotropical streams, showing that lon-
gitudinal changes of macroinvertebrate communities in neotropi-
cal streams are similar to temperate riverine systems. However,
the RCC may not apply to all river types and biomes (Doretto
etal., 2020; Ryder & Scott, 1988; Winterbourn et al., 1981). In fact,
Winterbourn et al. (1981) questioned the validity of the RCC to
New Zealand streams due to physical (geomorphology and hydrol-
ogy) and biological differences. These include, for example, heavy
rainfalls, mountainous areas, short rivers having a stream order
of only 6 or 7, low proportion of shredders, paucity of deciduous
trees and low riparian vegetation in upland catchments (Ryder &
Scott, 1988; Winterbourn et al., 1981). Thus, it is reasonable to
expect some deviations from the expected RRC pattern in rivers of
high altitude, latitude and xeric regions (Statzner & Higler, 1985).
In addition, the RCC was formulated for perennial rivers with
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permanent flow (Vannote et al., 1980), being not compatible for
intermittent rivers (Datry et al., 2014). Still, similar patterns are
expected to be found among riverine systems with comparable
climate and geomorphology conditions. However, we currently do
not know whether patterns remained the same at global scales
within those similar river systems like, for example, permanent riv-
ers found in Mediterranean climate regions (i.e. areas surrounding
the Mediterranean Sea and parts of America, Australia, Africa and
Asia). Thus, research covering broad geographic territories should
be prioritised to corroborate or refute general conclusions about
the RCC principles.

Over the last decades, emergent developments such the meta-
ecosystem and the river wave concepts have been relevant for im-
proving our understanding of stream ecology integrating aquatic and
terrestrial ecosystems across ecosystem boundaries (e.g. Gounand
et al., 2018; Humphries et al., 2014; Loreau et al., 2003), perspec-
tives that have recently highlighted for studies aiming to explore
research questions relate to the RCC (Doretto et al., 2020). For ex-
ample, the river wave concept by Humphries et al. (2014) proposes
that rivers are commonly dominated by both local autochthonous
and allochthonous inputs in normal situations, but the origin of al-
lochthonous input shows substantial differences over the phases of
the flood pulse. That is, floodplain allochthonous production during
the peaks and upstream allochthonous production during ascend-
ing and descending flows (Humphries et al., 2014). This underlines
longitudinal and lateral aspects of energy mobilisation in riverine
systems, which has been recently explored by Guo et al. (2021) in
one-predator scenario (through brown trout Salmo trutta L. as apex
organism and macroinvertebrates as mid-level consumers), showing
the importance of longitudinal shifts in energy mobilisation other
than detritus-bound nutrients to consumer paths such as, for ex-
ample, periphyton. However, the importance of considering multi-
predator systems and different aspects of competition theory (e.g.
intraguild predation and competitive interactions among species) are
still needed to reach extensive generalisations in ecological research
about longitudinal shifts in energy mobilisation.

The exploration of changes in energy mobilisation routes of
other allochthonous (i.e. riparian arthropod inputs) and autochtho-
nous (cannibalism and intraguild predation such as for example pi-
scivory) resources, that can alter predator niche variation and have
indirect community-based effects (Nakano et al., 1999; Sanchez-
Hernandez et al., 2021), remains unexplored from a RCC perspec-
tive. Terrestrial invertebrates and fish prey can subsidise higher level
consumers, representing an important resource budget with import-
ant biological benefits (growth and survival) for animal communi-
ties (e.g. Kawaguchi & Nakano, 2001; Mittelbach & Persson, 1998;
Sanchez-Hernandez, 2020b). In addition, decreases in riparian ar-
thropod inputs have an indirect effect on stream benthic communi-
ties by altering the intensity of fish predation in the food web, that
is, predators increase the feeding on aquatic invertebrates which
drives a subsequent increase in periphyton biomass via cascading
trophic effects (Nakano et al., 1999). Because resource availabil-
ity commonly shows spatial differences (e.g. Sanchez-Hernandez,

Finstad, et al., 2019), it is pertinent to ask if those allochthonous
(terrestrial invertebrates) and autochthonous (macroinvertebrates
and fish prey) energy sources fuelling food webs maintain consistent
support for higher trophic levels along the river continuum. Despite
some incipient studies about allochthonous and autochthonous car-
bon flows in food webs, showing that the principal energy source is
allochthonous (riparian forest) in tropical forest streams (Neres-Lima
et al., 2017), we need to know whether energy flow-path patterns
and food web structure vary longitudinally and can be linked to the
RCC principles. This would engage novel approaches focussed on
structural and functional responses of food webs, enabling insights
into understanding how riverine food web fuel differs longitudinally
and how animal communities adapt to such changes.

Thus far, little attention has been paid to studies directed towards
verifying whether food web structure shows longitudinal changes. A
remarkable exception can be found in Romanuk et al. (2006), who
observed that the increasing connectance downstream is due to an
increased number of links, likely because the increasing probabil-
ity that consumers are themselves resources for other consumers.
Thus, we should expect longitudinal changes in consumer-resource
relationships driving changes in the trophic niche of predators and
food web structure through bottom-up mechanisms (e.g. Curtis
et al, 2018; Romanuk et al., 2006; Sanchez-Hernandez, Finstad,
etal., 2019).

3 | PROMISING AREAS FOR FUTURE
RESEARCH: INTEGRATING TROPHIC
ECOLOGY INTO THE RCC PRINCIPLES

Trophic ecology can be integrated into RCC principles through
changes in predator-prey relationships, food web structure and en-
ergy mobilisation routes along the river continuum (Figure 2). The
RCC supports the view that headwater macroinvertebrate com-
munities show a large reliance on riparian vegetation via allochtho-
nous resources (tree leaves and leaf detritus), but the importance
of such resource decreases along the river continuum (Vannote
et al., 1980). Guo et al. (2021) have recently demonstrated that the
proportion of long-chain polyunsaturated fatty acids in periphy-
ton increased longitudinally, such differences were also reflected
in consumers (grazers) and predators (invertebrate and fish) via
trophic transfer through riverine food webs. Thus, energy mobi-
lisation among trophic levels can be expected to follow a longitu-
dinal gradient in terms of basal food sources; that is, a progressive
shift from allochthonous (leaf litter consumed by shredders mainly
in the headwaters) to autochthonous-based (periphyton and de-
tritus via grazers and collectors respectively) food webs (Vannote
etal., 1980). However, terrestrial invertebrates, congeners (cannibal-
ism) and fish prey (piscivory) are key food resource fuelling species
at higher trophic levels (e.g. fish and salamanders) in riverine food
webs (Kawaguchi & Nakano, 2001; Mittelbach & Persson, 1998;
Sanchez-Hernandez, 2020b), which have not been considered into
RRC principles.
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FIGURE 2 |lllustrative example of changes in food web structure and energy mobilisation routes along the river continuum (modified from

Vannote et al., 1980).

Terrestrial invertebrates are key to understand the mainte-
nance of riverine food webs, for example, sustaining fish biomass,
allowing predators to coexist (via food resource partitioning) and
reducing fish predation pressure on benthic communities with con-
comitant effects on periphyton biomass (Edwards & Huryn, 1996;
Nakano et al., 1999; Sdnchez-Hernandez et al., 2016). However, ter-
restrial invertebrate inputs to the riverine systems greatly depend
on riparian canopy cover (Edwards & Huryn, 1996; Kawaguchi &
Nakano, 2001; Ryan & Kelly-Quinn, 2015) and sparse riparian vege-
tation is commonly found towards river mouths compared to head-
waters (Vannote et al., 1980). In this context, Syrjanen et al. (2011)
observed a weak relationship between the consumption of terres-
trial invertebrates by salmonids and channel width in streams flow-
ing through deciduous forests, but they did not provide evidence for
a longitudinal association in terrestrial feeding. Thus, it is possible
that the consumption of terrestrial invertebrates decreases down-
stream, but the longitudinal perspective in the transfer of animal
energy and biomass from terrestrial into aquatic ecosystems rep-
resents an important pitfall in the current state of knowledge. Future
longitudinal studies, applying meta-ecosystem concepts, on the flux
of terrestrial into the aquatic food webs will allow us to have im-
portant insights into how the donor system (terrestrial) contributes
to the maintenance of communities in the recipient system (river)
according to longitudinal physical and biological changes. In addi-
tion, the suggested future research direction may help disentangle
whether terrestrial prey can mitigate deficiencies of aquatic energy
flow-paths (detritus and periphyton-based via aquatic macroinverte-
brate communities), considering that terrestrial prey supplies occur

primarily during summer, when aquatic invertebrate biomass is usu-
ally low in many riverine systems (Nakano & Murakami, 2001).

From another standpoint, study designs testing the RRC prin-
ciples require more attention to biotic interactions among multiple
trophic levels instead of focusing only on the aquatic macroinverte-
brate community (e.g. Larsen et al., 2019; Tomanova et al., 2007).
The integration of trophic interactions between mid-level consum-
ers (macroinvertebrates) and the main predators (fish and salaman-
ders) can improve our understanding of ecological processes (e.g.
predator-prey relationships and cascading trophic interactions)
and food web structure (e.g. food-chain length and trophic posi-
tion) along the longitudinal physical and biological gradients. Food
web structure is expected to change along the river continuum, as
both connectance and number of links have been shown to increase
downstream (Romanuk et al., 2006). The variation in these food web
structural properties likely depends on patterns in species richness
along the longitudinal gradient. It is possible that the higher spe-
cies richness (both macroinvertebrates and fish) downstream (e.g.
Minshall, Petersen, et al., 1985; Oberdorff et al., 1993; Vannote
et al., 1980) may play an important role in determining longitudinal
variation in food web structure, primarily due to changes in the tro-
phic relationships between the fish species (Romanuk et al., 2006).
However, longitudinal patterns in taxa richness are not continu-
ous as both macroinvertebrate and fish species richness increase
with stream size, reaching maximum values in mid-size rivers, but
then decrease in large rivers (e.g. Minshall, Petersen, et al., 1985;
Oberdorff et al.,, 1993; Vannote et al., 1980). Prey communities,
especially prey diversity rather than abundance, have a pivotal role
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in shaping niche variation and trophic specialisation of riverine ani-
mals expecting niche expansion and a higher number of feeding links
when prey diversity increases (Sanchez-Hernandez et al., 2021).
Thus, structural properties of food webs likely follow shifts in spe-
cies richness, reaching maximum complexity (e.g. connectance and
number of links) in mid-size rivers (Figure 2). The little knowledge on
this research topic comes from the study of Romanuk et al. (2006),
which only covered a specific geographic area (South Saskatchewan
River Basin in Alberta, Canada) and may not include large (high order)
river systems despite covering longitudinal shifts from mountain to
prairie regions. Thus, conclusions may not apply to broad geographic
zones, especially considering that the number of feeding links
based on predator(fish/salamanders)-prey(macroinvertebrates) in-
teractions can show remarkable geographical variation (Sdnchez-
Herndndez, 2020a; Sdnchez-Herndndez, Finstad, et al., 2019). That
said, how food web structure changes consistent with the RCC has
not been resolved yet and represents a challenge in animal ecology
research.

Size structure of many fish populations in terms of mean length
at age, such as salmonids, increases downstream (Parra et al., 2009),
and this comes with increases in the piscivorous behaviour which,
in turn, increases species' trophic position, food-chain length and
complexity of food webs (Sanchez-Hernandez, 2020a; Sanchez-
Hernandez, Nunn, et al., 2019). Thus, if larger individual fish are
found in higher stream orders, food-chain length, trophic position of
piscivorous species and energy mobilisation routes are expected to
change along the river continuum (Figure 2) but remains unexplored

and should be prioritised for further research.

4 | THINKING OUTSIDE THE MAIN
STEM RIVER: META-ECOSYSTEM, META-
COMMUNITY AND RIVER NETWORK
CONCEPTS

We require novel approaches to examine dynamics and functioning
of ecosystems along longitudinal environmental gradients integrat-
ing meta-ecosystem, meta-community and river network concepts
(Doretto et al., 2020 and references therein), as flow connectivity
across longitudinal and lateral (aquatic-terrestrial linkage) dimen-
sions aligns well with meta-ecosystem and meta-community per-
spectives (Humpbhries et al., 2014). Network topology is crucial to
understand response of meta-community to changing connectiv-
ity by altering dispersal patterns (Carraro & Altermatt, 2022; Lee
et al., 2022), but also changing connectivity regimes impact on spe-
cies richness as local species richness is mediated by spatial loss of
connectivity (Lee et al., 2022). As already pointed out, food web
structure and energy mobilisation routes may respond to biodiver-
sity patterns along the river continuum (Figure 2). Thus, changes in
food web structure and trophic transfer along the river continuum
are expected to be dynamic integrating local and spatial processes in
meta-communities and thus dependent on species-specific disper-
sal dynamics and aquatic-terrestrial linkages at the landscape scale.

Moreover, changes in resource availability linked to flood pulse dy-
namics can be reflected in consumers' feeding and energy mobili-
sation routes through stable isotopes (e.g. Pool et al., 2017). Thus,
flood pulse concepts can be accommodated with trophic ecology
considerations (energy flow-paths and food web structure) on the
RCC. However, methodological approaches should be closely linked
to the research questions to be addressed. For example, short-term
diet-tracing techniques like stomach-content analysis could be used
to evaluate changes in food web structure (feeding links and con-
nectance) during specific time moments of pulse phases (e.g. in-
creasing, peaking and decreasing), whereas long-term diet-tracing
techniques (e.g. stable isotopes and biomarkers) are recommended
to explore changes in energy mobilisation routes over broader time
periods such as dry and wet seasons (Pool et al., 2017).

The RCC predicts a shift from cold-stenothermal and inverti-
vores fish species to warm-eurythermal and piscivorous fish species
(Vannote et al., 1980), which has been empirically demonstrated,
showing that the proportion of piscivorous and omnivorous fish in-
creases with river size (Oberdorff et al., 1993). Apex predators and
omnivorous species are expected to increase food-chain lengths
(Sommer et al., 2018), therefore feeding guilds of the fish communi-
ties emerge as key factor to understand longitudinal changes in food
web structure within river dendritic networks. In addition, general-
ist consumers with numerous prey types increase food web struc-
tural properties (number of links, connectance and linkage density)
(Sanchez-Hernandez, 2016). Thus, the increasing presence of apex
predators along stream-size gradients would increase food-chain
length and food web complexity, especially when apex predators
are specialised on generalist consumers. However, the perception
of food web becoming increasingly complex along the river con-
tinuum as consequence of apex predators increase may have some
exceptions as food web structure rely largely on prey richness, and
thereby expecting to be maximum at mid-size rivers (Figure 2).

It should be noted that lakes and tributaries may cause devia-
tions from the expected RRC pattern, that is, serial discontinuities,
through local variation of biotic (animal communities), physical
(water and sediment fluxes) and biophysical (energy input and or-
ganic matter) conditions (e.g. Doretto et al., 2020; Jones, 2010;
Malmqvist & Bronmark, 1985; Rice et al., 2001). The physical and
biological consequences that natural discontinuities (lake or trib-
utary) might have on the RRC principles can be dependent on its
position and size within the river system (Jones, 2010; Jones &
Schmidt, 2016; Rice et al.,, 2001). For example, large tributaries
can revert functional composition of animal communities towards
those expected upstream, whereas small tributaries may accelerate
longitudinal trends of animal communities (Doretto et al., 2020).
Another important point is that environmental variation has a
greater importance than branching on determining diversity main-
tenance at the watershed scale, but hierarchical dendritic branch-
ing pattern can affect stream community structure when streams
are small relative to the scales of environmental change or disper-
sal (Holt & Chesson, 2018). Thus, large main stem rivers buffer
the effect of small tributaries without causing noticeable changes,

85U8017 SUOWIWOD aA1ea.1D 3|qealjdde au Aq pausenoh 8 ssole YO ‘8sn Jo Sa|n. 10§ ARlqiTauljuo A8|1M UO (SUORIPUCO-pUe-SWRIAL0Y A8 | 1M Aeiq 1 Ul |UO//:Sdny) SUORIPUOD pue swie | 8yi8es *[£202/0T/S0] uo Afiqiauliuo A|iIM ‘0olIp3 NS tedin1/0 soled uene Ay pepsieAaiun Aq 826ET'9592-G9ET/TTTT 0T/I0p/w00 | 1m AR.qpuUl|uo'S uIN0Baqy/:sdny Wwo.y papeojumod ‘G ‘€202 ‘9592595 T



962 | Journal of Animal Ecology

SANCHEZ-HERNANDEZ

whereas the effect is more evident in headwaters of main stem
rivers (Jones & Schmidt, 2016). The role of terrestrial invertebrates
in aquatic food web fuelling may likely increase after a tributary
confluence, which provides terrestrial inputs available for pred-
ators in the main stem (Figure 3). Lakes are another natural dis-
continuity in river-lake systems, species diversity increases with
distance below lakes in support of the serial discontinuity concept
(Green et al., 2022). Overall, | posit that environmental and eco-
logical changes downstream of the discontinuity (tributary conflu-
ence or lake) are expected to drive changes in food web structure
and energy mobilisation routes as part of the complex and dynamic
processes involved in dendritic river networks. However, despite

(@) Headwater

Food web
complexity

() *)

River mouth

FIGURE 3 Importance of terrestrial invertebrates and fish

prey in aquatic food web fuelling along the river continuum. A
hypothetical river network (a) and the same network rendered

as a graph showing longitudinal trends in the consumption of
terrestrial invertebrates (b) and fish prey (c). Darker and lighter
colours represent high and low values respectively. Red arrows
show discontinuity (lake or tributary confluence) in the longitudinal
patterns of energy mobilisation routes involved in dendritic river
networks.

punctual deviations could be found downstream of natural discon-
tinuities (Figure 3), overall trends in food web structure and energy
mobilisation routes should prevalence at broader spatial scales fol-

lowing the tenets proposed in this concept (Figure 2).

5 | WHAT IS THE BEST PREDICTOR TO
EXPLORE APPROACHES RELATED TO THE
RCC?

Research questions related to the RCC have been commonly ex-
plored using stream order as predictor (e.g. Curtis et al., 2018;
Larsen et al., 2019; Rosi-Marshall & Wallace, 2002), but less ex-
plored using altitude (Tomanova et al., 2007) and distance from
the stream source (Miserendino, 2004). Quantitative geomorphic
methods developed to measure stream order, such as Strahler
stream order (Strahler, 1957), can reflect continuous variables
measuring longitudinal scales of riverine such as, for example, dis-
tance from the stream source or altitude. This relies on the premise
that high stream orders are located downstream where altitude
is lower, but distance to the stream source is higher, compared to
headwaters. However, locations with the same stream order can
be situated differently along the longitudinal river gradient and
hence with different environmental conditions (e.g. temperature
and riparian canopy cover; Tomanova et al., 2007). Following the
same reasoning, distance from the stream source may not com-
pletely overlap with stream order. Thus, the choice of the variable
used to measure river continuum (stream order, distance from the
stream source or altitude) in ecological studies can be key to avoid-
ing misleading results. Because the concept behind the RCC is one
of continuous change from source to sea, it is likely that a much
more convincing statistical approach would be including the posi-
tion of the sampling site as a continuous variable (distance from
the stream source or altitude) rather than a categorical one (stream
order). This would help to adopt spatial-scale approaches more ac-
curate to explore trophic considerations (here food web structure
and energy mobilisation routes) relate to environmental heteroge-
neity along the river continuum because consumer's feeding can
be explained by site-specific prey community structures along en-
vironmental gradients through bottom-up mechanisms (Sanchez-
Hernandez, Finstad, et al., 2019).

6 | CONCLUSIONS AND OUTLOOKS

This concept details several ways that a trophic ecology perspec-
tive can help meet challenges facing ecologists today to provide a
holistic understanding of the function and energy transfer in animal
communities in response to changes along spatially diverse systems
and regions. Because aquatic communities are structured according
to cascading trophic mechanisms, a food web approach on the RCC
would improve our understanding of the structure and functioning
across several ecological scales (community and ecosystem levels).
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1. Consumer's diet can be integrated into the RCC because
stream-dwelling species can follow a gradual replacement
of the dominant food resources along the river continuum
through bottom-up mechanisms (Figure 2). So, energy flow-
paths are expected to change between headwaters (leaf litter)
and downstream (biofilm and detritus) via changes in aquatic
macroinvertebrate communities, but we currently do not know
the role that terrestrial invertebrates and fish prey (piscivory)
play in such transition. This represents a unique opportunity
to test research hypotheses exploring spatial differences in
terrestrial-aquatic linkages aiming to undercover the role of
terrestrial invertebrates in aquatic food web fuelling and for the
maintenance of aquatic communities, especially when aquatic
invertebrate biomass can be limiting due to both natural (seasonal
life-history traits such as hatching and emergence) and anthro-
pogenic (e.g. water contamination and habitat alteration) causes.
In this regard, stoichiometric and stable isotope approaches (e.g.
Evans-White & Halvorson, 2017; Middelburg, 2014) emerge as
key methods to understand how riverine food webs are fuelled
along spatially diverse systems and regions, and thus in line
with the RCC principles.

2. Trophic ecology considerations (energy flow-paths and food web
structure) on the RCC represent novel research lines and emerg-
ing frameworks that should receive further attention. The few
available works (Guo et al., 2021; Romanuk et al., 2006) could
be replicated geographically along biomes or climatic domains to
provide generalisation of outcomes. For example, Englmaier et
al. (2020) observed that biodiversity patterns (maximum at mid-
size river systems) are similar in Afrotropical compared to tem-
perate regions, which might match with tenets proposed in this
concept supporting highest food web complexity at mid-size river
systems regardless of geographic regions.

3. Theinclusion of meta-ecosystem theories underlying longitudinal
patterns of riverine networks may be relevant for a broader range
of systems than those mountainous temperate and forested
headwater catchments described in the original RCC concep-
tion. Meta-analyses approaches (Sdnchez-Hernandez, Finstad, et
al., 2019 and references therein) could be implemented to test
longitudinal shifts in terrestrial-aquatic linkages (consumption of
terrestrial prey) to uncover broadscale patterns in energy flow-
paths according to RRC principles. Also, the exploration of lon-
gitudinal changes in cannibalism and intraguild predation within
size-structured communities represent promising insights into the
development of the RCC.

4. For astandardisation of methods for studies addressing RRC prin-
ciples, it may be preferably combining continuous (preferably, dis-
tance from the stream source) with categorical variables (stream
order) to obtain more reliable conclusions and avoid misleading

results.
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