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Abstract – Flow regulation can alter the structure and dynamics of lotic communities, especially in rivers
with unpredictable high-flow events, such as those flowing through the Páramo, an endemic ecosystem of the

high-altitude Neotropical Andes. This study evaluated how flow regulation affects invertebrate assemblage
structure in a Páramo river. In both the wet and dry seasons, the study assessed flow history, water chemistry
and mesohabitat characteristics in their relation to assemblage structures upstream (undisturbed reach)

and downstream (disturbed reach) of a water diversion structure. The elimination of spates through flow
regulation did not lead to a complete change in the assemblage components at the disturbed reach. Instead,
it led to an assemblage structure with a greater genera-richness, a lower genera-evenness and a greater

occurrence of certain genera, e.g., Pristina, Alotanypus, Polypedilum and Austrolimnius. These genera lacked
resistance-resilience adaptations, which would allow them to survive in mesohabitat conditions resulting
from increased hydromorphological stability, namely higher fine sediment retention, higher benthic organic
matter (BOM) and lower hydraulic stress. Overall, the results of this study reinforce the assertion that, in

Páramo rivers, the temporal dynamics of the natural flow regime significantly control the structure of
invertebrate assemblages. Thus, to preserve these rivers’ biotic assemblages, it will be necessary to implement
new regulation plans that mimic their natural flow histories.
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Introduction

Flow regulation is a global-scale impairment
(Rosenberg et al., 2000), which alters the quantity, timing
and variability of discharge in streams and rivers (Ward
and Stanford, 1995; Nilsson, 2005). Several authors
have brought to light that a decrease in temporal flow
variability – linked to a decrease in flow magnitude and
frequency – can drive changes in sediment and organic
matter transport, water chemistry and the structure of
invertebrate assemblages (Bunn and Arthington, 2002;
Allan and Castillo, 2007; Martı́nez et al., 2013; Mbaka
and Wanjiru Mwaniki, 2015). However, the effects of flow
regulation on invertebrate assemblages depend on how
this impairment alters their physical habitat (Armitage,
1984; Petts, 1984). Since different flow regimes can regu-
late physical habitats in different ways (Poff and Ward,
1990), exploring changes in assemblage structure among
regulated rivers with different flow regimes is likely to

improve our knowledge of the effects of flow regulation on
invertebrate assemblages.

At 3000 m.a.s.l. in the Northern Andes is a unique,
endemic ecosystem called the “Páramo.” Largely depen-
dent on local precipitation, winds and topography,
the flow regime of “Páramo streams” varies with geo-
graphical location. Páramos located on the western
slopes of the Colombian and Northern Ecuadorean
mountains, for instance, receive continuous rain through-
out the year, while those further north have marked
wet and dry seasons (Vargas and Pedraza, 2004; Buytaert
et al., 2006). Nevertheless, a common feature of these
high-altitude streams is that they are frequently subject
to unpredictable “spates” or high-flow events during
rainy seasons, and these events seem to be the main
determining factor of the streams’ chemical, physical
and biological processes (Jacobsen, 2008). Indeed, greater
hydraulic stress and streambed movement during high-
flow events seem to be the main causes of disturbances
that alter the structure of invertebrate assemblages at
lower spatio-temporal scales (Flecker and Feifarek, 1994;
Jacobsen, 2005).*Corresponding author: jdgonzalezt@unal.edu.co
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Páramos have been considered a “priority ecosystem”
not only because they are “hotspots” of biodiversity
(Myers et al., 2000), but also because a growing number
of anthropogenic pressures are threatening their integrity
and functioning (Buytaert et al., 2006). Among these, flow
regulation has emerged as one of the major threats to
the biodiversity and functioning of Páramo streams, since
the elimination of high-flow events may enhance hydro-
morphological stability, thereby affecting invertebrate
assemblages in terms of taxa life-history strategies (Resh
et al., 1988; Péru and Dolédec, 2010). Some studies
have found that key components of life-history strategies
(e.g., emergence, drift and colonization) are linked
to the dynamics of high-flow events in high-altitude
streams (Rı́os-Touma et al., 2012; Castro-Rebolledo
and Donato-Rondon, 2015). However, knowledge about
the effects of flow regulation on invertebrate assemblages
in Páramo streams is still scarce, and even more so
for those with two distinctive seasons. Therefore, under-
standing how invertebrate assemblages respond to
greater hydromorphological stability may be necessary
before we can successfully mitigate the effects of flow
regulation.

Improving the management of Páramo streams
and rivers, and conserving their inherent biodiversity, will
require a deeper understanding of the role and significance
of natural flow and the consequences of its regulation
on the assemblages in Páramo streams. The primary goal
of this study was to assess the effects of flow regulation on
macroinvertebrate assemblages in a Páramo river. In order
to accomplish this, we analyzed the structure of benthic
invertebrate assemblages upstream and downstream of a
water diversion structure. We also evaluated whether flow
regulation has the same effects during different seasons,
and among distinct mesohabitats, i.e., units that combine
substrate type with local hydraulic stress. Given that flow
regulation enhances hydromorphological stability, we
expected more resilient and resistant genera to be replaced
by genera adapted to stable flow conditions and that could
not survive in-stream changes associated with high-flow
events downstream of the diversion structure.

Methods

Study site

The study was carried out in the Guatiquia River, a
Páramo river formed by the union of three small streams
at an elevation of 3500 m.a.s.l. The river flows through
Chingaza National Park (Colombia) for approximately
20 km until it reaches the park border. Inside the park,
the river flows through an area covered by typical Páramo
vegetation: Espeletia, Polylepis, Chusquea tessellata,
Calamagrostis, Hypericum and several species of
Bryophytes. This area has the following features typical
of tropical, high mountain climates: a mean precipitation
of 2522 mm; mean evo-transpiration of 566 mm; and a
mean temperature of 9 xC, with high intraday variability.

Additionally, rivers draining the area have two
distinguishable seasons: a dry season characterized by a
low-flow period between December and February, and a
wet season between April and September characterized by
the occurrence of unpredictable high-flow events (Vargas
and Pedraza, 2004).

Two 60-m long reaches were selected inside Chingaza
National Park, one above a diversion structure (San José;
04x32k19.5kkN – 73x44k40.5kkW; 3180 m.a.s.l) and one
below the structure (Leticia; 04x32k24,1kkN; 37x43k51,4kkW;
3030 m.a.s.l). San José was selected as a “reference reach”
because it was thought to reflect the river’s flow con-
ditions before the building of the diversion structure.
Downstream of the diversion structure, the flow regime
has changed from a unimodal distribution to a uniform
distribution, i.e., a constant flow throughout the year
(Fig. 1). Therefore, only 8% of the daily flows equaled or
exceeded the annual mean flow (0.9 m3.sx1) over a Julian
year. Meanwhile, San José’s flow equaled or exceeded
this mean flow almost 60% of the time. We found that the
flow regimes at the two reaches had a similar temporal
trend before the installation of the diversion structure
(González-Trujillo and Donato-Rondon, unpublished
data).

Invertebrate sampling

Invertebrate samples were taken in the wet season
(June 30, 2013) and dry season (January 30, 2014) in four
mesohabitat types. Mesohabitat types (Armitage and
Pardo, 1995; Beisel et al., 2000) were defined as a com-
bination of substrate types and a range of flow velocities
that were both visually recognisable within a stream.
We established these mesohabitat types because they
summarized the possible impact of flow on the inverte-
brates’ physical habitat. For this reason, samples were
taken under two different flow conditions and in two
different substrate types with different degrees of hydraulic
stability: boulders in zones with a range of current velocity
of 0.25–0.8 (“high-flow boulder”) or 0.01–0.24 (“low-flow
boulder”), or gravel and sand in zones with a range
of current velocity of 0.25–0.8 (“high-flow gravel”) or
0.01–0.24 (“low-flow gravel”). For every mesohabitat at
each reach, 5 random samples were taken with a Surber
(0.09 m2, 200 mm mesh size). A total of 80 samples were
taken (2 seasonsr2 reachesr4 mesohabitatsr5 sam-
ples) and preserved individually in 95% ethanol. In
the laboratory, all individuals were identified to the genus
level following Domı́nguez and Fernández (2009) and Prat
et al. (2011).

Environmental variables

At each sampling date, environmental variables
related a priori to the river flow regime were measured
at mesohabitat and reach level. For each sampled meso-
habitat, we measured Froude number, benthic organic
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matter (BOM) and the dominant substrate type (“Sust”)
between cobbles (Particle size >31 mm), gravel (particle
size 3–31 mm) and sand (particle size >2 mm). The ash-
free dry weight of each sample was used as an estimation
of the BOM content (Elosegi and Sabater, 2009).
The Froude number was calculated using the formula
Fr=V/(g*D)0.5, where g is the acceleration due to gravity,
D is water depth, and V is the flow velocity measured by
a digital flow meter (SCHILTKNECHT – MiniAir 20).
At the reach level, we measured a set of physical-chemical
variables in situ using a HACH HQ14D multiparameter:
pH, conductivity, temperature and dissolved oxygen
(“DO”). Additionally, we used historical flow data to
estimate four parameters: the mean of the daily flows
15 days before each sampling (“15_flow”); the coefficient
of variation of the daily flows 30 days before each
sampling (“CV_flow”); the number of the days since the
last high-flow event (a high-flow event was identified as a
daily flow equal to or above the P75 of the historical data;
“days_after”); and, the mean of all negative differences
between consecutive daily values 30 days before each
sampling (“freq”). These parameters summarized four
of the five components of the flow history (Poff et al.,
1997): magnitude, timing, frequency and rate of change.
The duration component was not included because of the
study’s short duration.

Data analyses

We assessed the changes in structure of invertebrate
assemblages betweeen the two reaches and the two seasons

using a series of alpha and beta diversity metrics. Alpha
indices were used to evaluate the local diversity at the
mesohabitat and reach levels. The following indices were
estimated for all samples: genera density (“D”); genera
richness, defined as the number of genera in a sample
(“S”); Shannon-Wiener diversity index (“H” – Shannon,
1948), a descriptor of diversity; Pielou index (“J” – Pielou,
1966), a descriptor of the distribution evenness of indivi-
dual specimens among genera; and, Berger-Parker index
(“d” – Berger and Parker, 1970), a descriptor of the
extent of the most abundant genera. Differences in these
descriptors (D, S, H, J, d) were tested using a three-way
ANOVA model (factors: reach, season and mesohabitat).
We used logarithmic-transformed genera density because
it was the only variable violating ANOVA assumptions.

Beta diversity metrics were also used to evaluate the
degree of dissimilarity among the mesohabitats at each
reach over the two seasons. Finding differences among
mesohabitats could suggest that flow regulation did not
have the same effect over assemblages inhabiting different
substrates with dissimilar hydraulic stability. The dis-
similarity was measured as the average distance from
each sample to its respective centroid using three dis-
tance measures (Jaccard, Modified Gower, Euclidean).
The centroids were defined in the principal coordinate
space of each dissimilarity measure. These measures were
selected because they represented a continuum from
species (or taxa) composition to relative species abundance
data (Anderson et al., 2006). Therefore, we could evaluate
how much of the dissimilarity was driven by differences in
composition and how much was driven by differences in
relative abundance. Finally, spatio-temporal differences

Fig. 1. Hydrograph of daily discharge as a function of sampling date (arrows) for the two study reaches. San José and Leticia daily
flows are represented in grey and black, respectively. Data Provided by EAB.
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in beta diversity between reaches and seasons were
evaluated by homogeneity tests in multivariate dispersions
(Anderson, 2006). If a signifficant overall F-ratio was
found when comparing groups (P-value <0.05, 9999 per-
mutations), pairwise comparisons were performed to
analyze differences between reaches and mesohabitats
over the seasons.

Using redundancy analysis (RDA), the relationship
between the environmental variables and the assemblage
structure was assessed. To retain only the signifficant
environmental variables, a forward selection procedure
was followed using the “ordiR2step” function of the
Vegan Package (Oksanen et al., 2015) of the R Statistical
Program. This function builds a model that maximizes
R2
adj at every step until: (1) the adjusted R2

adj starts to
decrease, (2) the scope R2

adj is exceeded, or (3) the selected
permutation P-value is exceeded (Blanchet et al., 2008).
Variance inflation factors (VIF) were assessed for each
selected variable to prevent multicollinearity between the
model’s variables. Furthermore, we used a partial RDA
analysis to determine how sets of mesohabitat-scale and
reach-scale variables explained the variation in the assem-
blage structure (Borcard et al., 1992). Finally, following
Spiesman and Cumming (2008), a set of generalized linear
models was used to determine how the occurrence of each
genus varied in response to the first RDA axis. All stat-
istical analyses and graphical outputs were computed in
the R Statistical Program (Version 3.2.1 – R Development
Core Team 2015, available at: www.r-project.org) using
the packages “psych”, “vegan” and “MASS”.

Results

Assemblage structure

A total of 15 179 individuals from 29 genera in
11 families were identified (Appendix 1). Rarefaction
Analysis indicated that the sites were well sampled, as
curves for both reaches appeared to approach an asym-
ptote. Chironomidae was the most important family
in terms of genera richness, since about half of the
identified genera belonged to this family. Chironomidae
and Naididae were the predominant families in both

seasons. They accounted for 47 and 44% of the assem-
blage’s total abundance in the wet and dry seasons,
respectively.

ANOVA F values indicated that flow regulation had
only a significant influence on invertebrate density and
richness, and on assemblage evenness. We cannot assert
that flow regulation always affect richness and density
because the interaction “ReachrSeason” was significant
for them (Table 1). However, their average values suggest
that flow regulation could lead to a seasonal change in
assemblage structure (Fig. 2). Indeed, Season only had
a significant influence on invertebrate density at the
regulated reach – where density of individuals inhabiting
boulders increased more than twice in the dry season.
In addition, genera richness was higher at the disturbed
reach (mean 11.43¡3.71) than at the undisturbed reach
(mean 7.75¡2.87), especially in the dry season.

ANOVA identified significant differences in evenness
(Pielou index) due to Season, Reach and Mesohabitat.
Evenness was higher at the undisturbed site (mean
0.74¡0.15) than at the disturbed site (mean 0.64¡0.14)
during both seasons and tended to decrease at the
disturbed site in the dry season (Fig. 2). ANOVA indicated
that Season had the strongest influence on the Shannon
and Berger–Parker indices. For both indices, the model
did not identify a significant difference between the
reaches, which suggests that flow regulation does not
affect them at all (Table 1).

The homogeneity test for multivariate dispersions
indicated that flow regulation led to a significant differ-
ence between seasons at the disturbed site (Table 2).
These differences were driven by a greater similarity
among mesohabitats in terms of genera composition
and by a greater dissimilarity among mesohabitats in
terms of the relative abundances of the genera (Fig. 3).
In this sense, flow regulation allowed the incorporation
of different genera at those mesohabitats with low
hydraulic stability (e.g., gravel and sand; Fig. 2). This
incorporation led to a more “homogenous” assemblage
at the disturbed reach. Indeed, the highest similarity
of genera composition among mesohabitats was found
at the dry season. Conversely, the test did not find a
significant difference between the two seasons at the
undisturbed reach (Fig. 3).

Table 1. Results of three-way ANOVA tests for genera density, genera richness, Shannon–Wiener index (H), Pielou index (J), and

Berger–Parker index (d).

Source d.f.

Log10 (Density) Richness Shannon index Pielou index Berger–Parker index

F P-value F P-value F P-value F P-value F P-value
Reach 1 77.69 0.00001 36.8 0.00001 1.14 0.290 12.1 0.0009 0.11 0.7360
Season 1 4.07 0.0478 0.04 0.8372 6.28 0.015 6.59 0.0126 9.15 0.0036

Mesohabitat 3 7.95 0.0001 4.39 0.0072 2.91 0.041 3.81 0.0141 1.86 0.1449
ReachrSeason 1 6.52 0.0131 5.5 0.0218 1.65 0.203 0.10 0.7519 0.35 0.5537
ReachrMesohabitat 3 2.30 0.085 6.67 0.0001 3.02 0.036 2.04 0.1175 1.46 0.2338
SeasonrMesohabitat 3 4.89 0.004 3.96 0.0118 2.75 0.050 0.31 0.8205 0.80 0.4963
ReachrSeasonrMesohabitat 3 0.94 0.428 0.68 0.0569 0.68 0.567 0.61 0.6105 0.68 0.5693
Residuals 64
Total 79

The values in bold are P-values below 0.05 (P<0.05).
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Fig. 2. Box plots for genera density (D), genera richness, diversity (Shannon index), evenness (Pielou index) and dominance

(Berger–Parker index) grouped by mesohabitat type and season (dry-wet). Average values have been drawn using black triangles.
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Environmental variable influences

The RDA forward selection procedure identified seven
significant environmental variables. All of these had a VIF
below 3. These variables explained a range of Reach- and
Mesohabitat-related variations, and explained 35.9% of
the total genera abundance variability. Results from the
partial RDA showed that Mesohabitat-related and Reach-
related variables explained 17.12 and 23.9% of the total
variation, respectively. There was also considerable over-
lap between these variables (Radj=0.052), suggesting that
they both influenced assemblage structure.

Ordination along the first RDA axis was mainly
determined by mesohabitat substrate type and flow
history. Therefore, these factors were important in differ-
entiating the samples according to “Reach” or “Reachr
Mesohabitat”, both factors indicating the impact of flow
regulation over the assemblages’ structure. Several of the
Leticia samples were highly correlated to “days-after”,
“cond”, “SustSand” and “BOM”. Meanwhile, San José
samples tended to be correlated to “CV-flow” and
“froude”. Some mesohabitat-related variables – such
as gravel and cobble substrates – largely constrained
the sample distribution along the second RDA axis
(Fig. 4). In this way, positive scores of axis 1 reflected a
decrease in flow predictability and higher hydraulic stress.
On the other hand, negative scores reflected a reduction
in flow frequency, and an increase in flow timing (or pre-
dictability) and in BOM and small particle retention.
From the 29 identified genera, the occurrence of 11 of
those significantly responded to the environmental vari-
ability explained by the first RDA axis (Fig. 5).

Discussion

The stochastic nature of high-flow events has
been proposed to be the main factor governing the spatial
variation of invertebrate assemblages in High-Andean
streams (Jacobsen and Encalada, 1998; Jacobsen, 2008).
High-flow events or spates are the major source of natural
disturbance in these streams, given that spates have
a direct effect on the characteristics of the physical habitat
of invertebrates (Lake, 2000; Jacobsen, 2005). In the
Guatiquia river, the mesohabitat and reach level explained
a considerable proportion of the total variance in the
RDA model. These findings suggest that the structure
of invertebrate assemblages living in this river is shaped
by the interaction of factors acting at two distinct scales.
Thus, structural differences between the upstream and
downstream assemblages were a consequence of a top-
down disruption caused by the flow regulation. Firstly,
the diversion structure disrupts the timing, magnitude
and rate of change of the natural flow regime at the reach
level. Secondly, this disruption causes changes of factors
at the mesohabitat level – such as hydraulic stress, as
well as BOM and sediment composition – that affected
invertebrate assemblages.

High-flows directly affect mesohabitat-level factors,
such as streambed movement, sediment regime and avail-
ability of algae or BOM, which shape the local structure of

Table 2. Homogeneity test results for multivariate dispersions based on three dissimilarity measures.

Distance measure F P-value Significant pairwise comparisons
Jaccard 3.1944 0.027 DW-DD/UW-DD/UD-DD
Modified gower (Base 10) 17.177 <0.0001 UW-DW/UW-DD/UD-DW/UW-DD
Euclidean (excluding joint absences) 9.1344 <0.0001 UW-DW/UW-DD/UD-DW/DW-DD/UD-DD

UW, upstream reach in the wet season; UD, upstream reach in the dry season; DW, downstream reach in the wet season; DD,
downstream reach in the dry season. Tests were performed with 9999 permutations.

Fig. 3. Average distance to centroid (¡1 SE) of invertebrate
assemblages classified into each of the four groups according to

reach and season. Distances were estimated using Jaccard (A),
Modified Gower (Base 10, B) and Euclidean (C) measures.
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Fig. 4. RDA triplot for the first and second significant axes (P<0.001), scaling 2. Genera data (Hellinger-transformed abundance)
constrained by seven significant variables identified by the forward selection procedure are shown. The angle between vectors

represents the correlation degree of the environmental variables with the axes, and between themselves.

Fig. 5. Genera responses to the first axis of the RDA. Black- and grey-dotted lines show the increase or the decrease of genera

occurrence along the axis. Results illustrate the positive and negative effects of flow regulation on the occurrence of some genera of the
Guatiquia river. Occurrence data were Hellinger-transformed. The significance of each response was identified by generalized linear
models (GLM): *P<0.05, **P<0.01, ***P<0.001.
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invertebrate assemblages by filtering species according
to their life-histories (Scarsbrook and Townsend, 1993;
Wood and Armitage, 1997; Lamouroux et al., 2004;
Merigoux and Doledec, 2004; Buendia et al., 2013).
Following this idea, the relationship of assemblage struc-
ture with a high frequency of spates, cobble substrates and
a high hydraulic stress at the undisturbed reach, suggests
that Páramo assemblages are mainly composed of highly
“resistant” genera possessing adaptations or strategies
that allow them to endure high-flow–induced stressors. In
this sense, the assemblage structure after such a high-flow
event will be similar to that before the event, because only
the “adapted genera” could survive this disturbance event
(Minshall and Minshall, 1977; Pickett and White, 1985;
Townsend et al., 1997). This restriction explained why we
did not identify a seasonal change of assemblage structure
at the undisturbed reach, and why we found a greater
occurrence of rheophilic genera at this reach, such as some
orthocladinae chironomids (e.g., Cricotopus, Corynoneura;
Pinder and Reiss, 1983). However, to more fully under-
stand structural responses to the stochastic flow behavior
of Páramo rivers, it will be necessary to assess the
assemblage structure before and after spates over a longer
period of time.

The shifts at the mesohabitat level induced by flow
regulation could also explain the structural changes at the
disturbed reach. At this reach, assemblages were mainly
composed of genera whose fitness is enhanced in con-
ditions of greater hydromorphological stability, i.e., low
hydraulic stress, higher BOM and sand availability. In
general, it was possible to find a particularity in the life-
history of these genera that increased their occurrence at
the regulated reach. Greater stability and food availability
in gravel, could benefit Alotanypus, and other members of
Tanypodinae, since they have been recorded mainly as pre-
dators and burrowers inhabiting fine sediments in zones
with low current velocity (Pinder and Reiss, 1983; Tejerina
and Malizia, 2012). The low hydraulic stress could also
encourage the presence of other burrowers such as
Polypedilum orAustrolimnius. The presence of hemoglobin
allows Polypedilum to survive more successfully in spite
of the low oxygen concentrations in the sand substrates
(Heinis et al., 1994), where it was mainly found. The com-
pact and heavily sclerotized body of Austrolimnius allows
it to inhabit depositional zones composed of gravel or
sand substrates (Brown, 1987). Finally, the high occur-
rence of oligochaeta, and specifically, of Pristina at the
disturbed reach could be explained by its lack of adapta-
tion to water flow constraints. Moreover, the diet of these
genera and of Hydroptila included Cyanobacteria and
filamentous algae, which were abundant in boulders at
the undisturbed reach (Donato-Rondón, personal obser-
vations). The other genera did not have a perceptible or
literature-reported life-history, which helps to explain the
differences in their occurrences. In light of this, applying a
trait-based approach could lead to a greater understanding
of biological responses in relation to flow regulation.

Although both reaches showed different environmental
conditions at reach and mesohabitat level due to flow

regulation, these differences did not drive a complete
turnover of genera composition. Instead, they allowed the
increase in density of genera without specific resistance-
resilience adaptations. As a result, we found at the regu-
lated reach an uneven assemblage with greater richness,
which was composed mainly of genera: (i) without adapt-
ations to flow constrains, and (ii) with adaptations to live
in gravel or sand. Furthermore, the higher similarity
among mesohabitats in the dry season – only in terms of
genera composition – suggests that structural changes
caused by flow regulation were also driven by the increase
in density of those genera with capabilities to swim and
colonize in conditions of greater hydromorphological sta-
bility (aquatic active dispersion). These results are different
from those found in Ecuadorian Páramo streams, where
flow regulation was found to not alter the natural seasonal
changes in the assemblage structure (Rı́os-Touma et al.,
2011; Rosero, 2011). Notwithstanding, this difference in
findings might be due to the level of taxonomic identifica-
tion, since, in the current study, almost half the genera
identified were chironomids, whereas those in the
Ecuadorian studies were midges at family or subfamily
level.

Our results suggest that the flow regime could be the
main factor constraining the structure of invertebrate
assemblages in Páramo rivers. The high number of spates
seems to restrict the occurrence of genera that could
have adaptations that confer them a higher resistance or
resilience to the effects of spates. The elimination of spates
by flow regulation seems to enhance the establishment and
growth of genera without resistance/resilience adapta-
tions, which also exploit the habitat conditions resulting
from the higher hydromorphological stability. The ob-
served patterns suggest that a new regulation plan should
be implemented to conserve the natural biodiversity of this
Páramo stream. To achieve this goal, it could be necessary
to establish a new regulation plan that mimics the
stochastic flow of these streams.
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Buytaert W., Célleri R., De Bièvre B., Cisneros F., Wyseure G.,
Deckers J. and Hofstede R., 2006. Human impact
on the hydrology of the Andean páramos. Earth-Sci. Rev.,
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Appendix 1. Mean abundance (¡1 SD) of the invertebrate genera at the Guatiquia river reaches.

Disturbed reach Undisturbed reach

Wet season Dry season Wet season Dry season

Order Family Genus Mean SD Mean SD Mean SD Mean SD
Annelida Naididae Limnodrilus 7.7 10.0 25.4 40.4 4.7 7.9 26.8 38.7

Pristina 3.7 4.5 210.3 282.1 3.0 1.4 64.8 72.1
Tubifex 1.0 0.0 1.7 0.8 1.5 0.7 3.0 2.5

Coleoptera Elmidae Austrolimnius 1.0 0.0 2.0 0.0 1.0 0.0 2.5 1.3
Neoelmis 1.5 0.7 2.0 0.8 1.8 1.7 4.4 2.9

Diptera Ceratopogonidae cf. Bezzia 1.5 0.7 1.8 0.4 1.3 0.6 1.3 0.5
Chironomidae Alotanypus 1.0 0.0 2.8 3.1 – – 1.7 0.6

Corynoneura 1.1 0.4 1.3 0.5 5.2 5.0 1.0 0.0
Cricotopus 12.6 13.7 27.3 35.1 12.0 17.0 22.2 27.2
Genus 1 6.1 4.9 16.4 18.2 5.7 6.5 17.6 27.5
Lymnophyes 1.0 0.0 2.0 0.0 1.0 0.0 – –
Morfo X 1.0 0.0 2.0 1.7 1.0 0.0 3.8 2.4
Oliveiriella 1.5 1.0 – – 1.2 0.4 – –
Parakiefferiella 9.9 7.8 27.1 22.5 6.0 9.6 34.6 63.6
Parametriocnemus 2.0 0.8 1.5 0.5 1.5 0.6 6.0 4.5
Pentaneura 1.0 0.0 3.2 2.3 4.3 2.7 14.1 13.3
Polypedilum 2.1 1.7 23.7 32.3 – – 1.8 1.0
Rheotanytarsus 3.4 3.3 12.4 12.6 5.2 9.8 16.9 31.5
Tanytarsus – – 1.3 0.6 – – 2.0 1.0
Thiennemaniella 2.5 1.8 8.9 9.4 1.3 0.5 2.7 2.7

Empididae Neoplasta 2.3 2.3 1.4 0.5 3.3 4.5 3.7 5.2
Tipulidae Hexatoma 1.0 0.0 – – 1.0 0.0 1.0 0.0

Ephemeroptera Baetidae Camelobaetidius – – 1.8 1.0 1.0 0.0 2.0 0.0
Varipes – – 2.0 1.0 – – 2.3 1.5

Leptohyphidae Vacupernius – – 1.5 0.7 1.0 0.0 – –

Trichoptera Hydrobiosidae Atopsyche 1.0 0.0 2.0 1.4 1.0 0.0 2.6 3.2
Hydroptilidae Hydroptila 3.0 2.6 29.7 42.2 1.0 0.0 6.5 5.1

Ochrotrichia 2.3 2.3 6.5 6.4 3.8 2.6 12.8 37.2
Xiphocentronidae c.f. Xiphocentron 8.0 0.0 1.3 0.5 3.0 2.8 3.5 2.1
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