J. Mt. Sci. (2020) 17(6): 1374-1386
https://doi.org/10.1007/s11629-019-5813-0

e-mail: jms@imde.ac.cn

http://jms.imde.ac.cn

Seasonal influence

and

local factors affecting

macroinvertebrate structure in a high-altitude Andean

stream

SCHEIBLER Erica Ev2*#

https://orcid.org/0000-0001-6802-8702; >le-mail: escheib@mendoza-conicet.gob.ar

FERNANDEZ CAMPON Florencia®23# "~ https://orcid.org/0000-0002-3463-4242; e-mail: feampon@mendoza-conicet.gob.ar

LAGOS SILNIK Susana-2

WELLNITZ Todd4

*Corresponding Author

# These authors contributed equally to this work

https://orcid.org/0000-0002-2501-0112; e-mail: slagos@mendoza-conicet.gob.ar

https://orcid.org/0000-0003-2358-6334; e-mail: WELLNITA@uwec.edu

1 Laboratorio de Entomologia, IADIZA, CCT CONICET Mendoza, Avenida Ruiz Leal s/n, Parque Gral. San Martin, CC 507,

5500, Mendoza, Argentina

2 Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET). Avenida Rivadavia 1917, C1033AAJ, CABA,

Argentina

3 Facultad de Ciencias Exactas y Naturales, Universidad Nacional de Cuyo, Padre Jorge Contreras 1300, M5502JMA

Mendoza, Argentina

4 Biology Department, University of Wisconsin — Eau Claire, 105 Garfield Avenue, 54701, Eau Claire, Wisconsin, USA

Citation: Scheibler EE, Ferndndez Camp6n F, Lagos Silnik S, et al. (2020) Seasonal influence and local factors affecting

macroinvertebrate  structure in a high-altitude
https://doi.org/10.1007/511629-019-5813-0

Andean

stream. Journal of Mountain Science 17(6).

© Science Press, Institute of Mountain Hazards and Environment, CAS and Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract: Small water bodies are critical for
maintaining freshwater biodiversity, but are among
the least investigated aquatic environments. We
examined physical and chemical variables at two
reaches in Arroyo Tambillos, a small, high-elevation
Andean stream, in NW Mendoza province, Argentina,
across four seasons to examine how local factors and
seasonality  affected the structure of the
macroinvertebrate community. The Arroyo Tambillos
community was numerically dominated by
ephemeropterans (mainly Massartellopsis
trarrazavali) while the dipteran Chironomidae were
the most species rich. Total macroinvertebrate
abundance was highest in summer, driven mainly by
taxa that were secondary in dominance (Austrelmis
sp. and Andesiops peruvianus), while richness did not
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differ  between However, benthic
composition was different in Fall 2013 (March)
compared to other seasons, largely because of the
increased abundance of Chironomidae. Canonical
correspondence analysis discriminated Chironomidae
species distributions in Fall 2013 by substrate type
(i.e., big and small boulder substrate). By contrast,
discharge, velocity, and depth were the variables
which most affected the macroinvertebrate
abundance and distributions. Contrary to our
expectations, most community changes observed
occurred in fall instead of summer. Nivo-kryal stream
communities like the one described here have become
increasingly important for conserving mountain
stream biodiversity as anthropogentic impacts and
climate change increasingly impact lower stream
reaches. Therefore, monitoring high-altitude streams
like the Arroyo Tambillos may be critical for
preventing the future loss of unique and sensitive

seasons.



stream biota.
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Introduction

Mountain streams are highly heterogeneous
systems that exhibit wide variation in physical and
chemical conditions, attributes that make them
ideal for understanding how environmental
variation shapes biological patterns (Wellnitz et al.
2001; Finn and Poff 2005; Scheibler et al. 2014).
Identifying and investigating these patterns can
reveal functional processes indicative of biological
integrity or stream ‘health’ (Heino et al. 2004;
Feld and Hering 2007). Benthic macroinvertebrate
communities are especially useful for discerning
biological patterns because they readily respond to
environmental variation at multiple scales of space
and time (Fireder 1999; Beisel et al. 2000;
Jacobsen 2004; Costa and Melo 2008).

Environmental variation and hydrology across
time often depends on the regional climate and
water sources (Richards et al. 1997; Fiireder et al.
2005). Climate can affect such key environmental
factors as stream temperature, discharge and
current (Hawkins et al. 1997). For high mountain
streams, seasonal differences in these factors are
often driven by snow and glacial melt, which in turn
affect a variety of biotic and abiotic factors
(Burgherr and Ward 2001; Miserendino and
Pizzolon 2003; Fiireder 2005 et al.; Bogan and Lytle
2007; Scheibler and Debandi 2008). Previous work
in large, high-elevation Andean rivers has shown
macroinvertebrate  richness and abundance
responds to temporal variation in environmental
variables linked to discharge, which markedly
increases in summer as snow and glacial melt rates
increase (Scheibler et al. 2014). Small Andean
streams may respond similarly, but there is a lack of
knowledge about the functioning of these systems.

Like other small water bodies, first- and
second-order mountain streams are critical for
maintaining freshwater biodiversity. They have
been increasingly recognized for their role in
providing ecosystem services (carbon cycling,
removing excess nutrients, degrading waste and
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toxic substances) and their cultural value
(recreation) (Biggs et al. 2016). Small streams may
also respond differently to perturbations and
disturbances than do large rivers. For example,
Miserendino et al. (2012) found that the recovery
of benthic communities in Patagonian streams
affected by volcanic eruptions were more rapid in
large rivers than small streams, suggesting that
small streams may be more vulnerable and less
resilient to environmental changes, especially when
changes are unpredictable and stochastic (Poff
1997). Similarly, small streams may be more
vulnerable than large rivers to climate change and
other anthropogenic impacts (Haghkerdar et al.
2019). Thus, it is important that small mountain

streams be monitored across seasons to
understand how annual variations in
environmental conditions affect their
macroinvertebrate =~ communities.  Such  an

understanding could lead to more effective
management of these systems and help managers
address the threats they face (Biggs et al. 2016).

We designed a study to examine how local
environmental factors and seasonality affected
macroinvertebrate community structure in a high-
elevation Andean stream in Central Argentina.
Headwater streams in this region are poorly
studied and little is known about their
macroinvertebrate composition, much less how
their macroinvertebrate communities respond to
variations in environmental factors (Scheibler PhD
Thesis 2007). We examined physical and chemical
variables in two reaches of the stream for a year.
We predicted that the greatest change in the
macroinvertebrate community structure
(abundance, richness, and composition) would
occur in summer due to increased snowmelt
discharge, in a manner similar to what was found
in large mountain rivers.

1 Materials and Methods

1.1 Study area

The Arroyo Tambillos (channel slope: 12.16%,
Strahler order 2, discharge: 0.58 ms3 s?) is a
permanent stream that drains the Cordillera del
Tigre sub-basin of the dry and arid Cordillera
Frontal (Andean Frontal Range) in NW Mendoza
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province, Argentina

(32°22'7.56" S,
69°26'9.66" W) (Figure 1). Argentina
The Cordillera del Tigre
lies approximately 30 km

east of Cerro Aconcagua
and runs parallel to the
Cordillera Principal
(Andean Principal Range),
extending north and south.
Arroyo Tambillos
originates on the eastern
slope of Cerro los
Tambillos (5580 m) and is
fed by snowmelt and
glacial runoff. The stream
is turbid during periods of
high discharge in spring
and summer, becoming
clear during baseflow in
fall and winter (Scheibler
2007 unpublished data).
The study area has a
mountain tundra climate
typical of the High Andes
region (Trombotto 1991).
Mean annual precipitation
is 127 mm, with 69% of it
occurring during October
and March. Mean annual temperature is 12.4°C,
with a mean annual minimum of 3.8°C and
maximum of 18.6°C (Servicio Meteoroldgico
Nacional). The Tambillos flows through rangeland
where livestock grazing is common, but sampling
sites were located upstream of the main grazing
areas.

Mendoza

1.2 Sampling and laboratory procedures

Benthic samples of macroinvertebrates and
physicochemical parameters were collected four
times during the study period: in March 2012 (Fall
2012), December 2012 (Early summer 2012),
February 2013 (Late summer 2013), and March
2013 (Fall 2013).

We selected two sampling sites having
different streambed morphology that we called
Tambillos upstream (TU) and Tambillos
downstream (TD) (Figure 1). The TU site was
located 2630 m above sea level (asl), and
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Figure 1 Location of the study sites in the Arroyo Tambillos. Reach 1 (TU) is the
upstream site at 2630 m asl, Reach 2 (TD) is the downstream site at 2470 m asl
elevation. The map shows Uspallata valley with Arroyo Tambillos, Arroyo San
Alberto and Arroyo Uspallata draining into the Mendoza River basin. Blue lines
indicate rivers and streams.

approximately 15.5 km from the source glacier that
fed the stream (e.g., the nivo-kryal section, Milner
et al. 2010). This reach was wide and shallow
compared to TD which was deeper and narrower
and located at 2470 m asl and 3.2 km downstream
from TU. The TU riparian zone was dominated by
Adesmia trifuga (40%), Senecio Uspallatensis
(35%), and Mulinum patagonico (15%). TD had
riparian vegetation comprised largely of Senecio
subulatus (82%) with patches of Stipa ichu (7%)
and Junellia ligustrina (7%). Wetted width for
both reaches was between 2.5 and 4 m depending
on the season (Table 1).

We established a 20 m study reach at each site.
Each study reach had four transects running
perpendicular to the stream, with sampling points
at o0, 5, 10 and 15 m. Across each transect there
were three locations for collecting Surber samples,
one at each stream margin and one at the stream
center, giving a total of 12 samples per reach. The
samples were treated as replicates for analyses.
Surber samples were taken with a Fieldmaster®
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Table 1 Environmental parameters measured at the two reaches in Arroyo Tambillos between the 2012 Fall and
2013 Fall. Mean values and standard deviation (in parentheses). Water and air temperatures are minimum and

maximum values. Temperatures for 2012 Fall were lost.

TU: Reach 1

Early summer

Late summer

Factor 2012 Fall 2013 Fall
(2012) (2013)
pH 7.21 (0.46) 7.91 (0.15) 7.61 (0.06) 7.49 (0.12)
Water temperature (°C) - 5.1-19.1 8.0-25.4 4.8-18.5
Air temperature (°C) - 4.4-32.4 6.0-42.1 1.63-1.9
Conductivity (uS cm™) 248 (2) 234 (6) 138 (1) 250 (3)
Wet Width (m) 2.55 (0.49) 2.13 (0.18) 2.88 (0.18) 4 (0.42)
Discharge (m3 s?) 0.47 (0.13) 0.44 (0.02) 0.85 (0.09) 1.15 (0.35)
Depth (m) 0.21 (0.14) 0.15 (0.05) 0.18 (0.08) 0.23 (0.09)
Velocity (m2s?) 0.21 (0.12) 0.30 (0.14) 0.36 (0.12) 0.35 (0.13)
Big block (%) 0 0 0 0
Median block (%) 0 0 0 0
Small block (%) 0 0 o) 0
Pebble (%) 54.58 (38.05) 56.25 (30.83) 59.58 (31.66) 28.33 (34.60)
Gravel (%) 41.25 (41.07) 33.33 (29.80) 31.67 (29.87) 32.08 (29.73)
Sand (%) 4.17 (11.65) 10.42 (13.05) 1.67 (5.77) 1.67 (5.77)
TD: Reach 2
Factor 2012 Fall EEzaéll};)s Ummer %‘;(t)i;;l Tmer 2013 Fall
pH 7.69 (0.38) 8.23 (0.03) 6.78 (0.51) 7.49 (0.12)
Water temperature (°C) - 5.8-19.7 11.1-22.7 5.8-18.1
Air temperature (°C) - 6.6-44.3 10.9-46.0 0.6-35.1
Conductivity (uS cm™) 236 (3) 222 (1) 138 (1) 250 (3)
Wet Width (m) 2.43 (0.04) 2.5 (0.35) 3.6 (0.85) 2.8 (0.28)
Discharge (m3 s%) 0.89 (0.35) 0.90 (0.14) 1.28 0.91 (0.15)
Depth (m) 0.28 (0.14) 0.27 (0.07) 0.30 (0.09) 0.23 (0.09)
Velocity (m2s) 0.27 (0.13) 0.37 (0.18) 0.44 (0.18) 0.33 (0.11)
Big block (%) 0 o) o) 1.67 (5.77)
Median block (%) 8.33 (28.87) o) 0 0
Small block (%) 0 2.92 (10.10) 0 55 (36.87)
Pebble (%) 37.50 (35) 56.67 (37.13) 59.58 (31.66) 28.33 (34.60)
Gravel (%) 49.17 (35.09) 33.33 (34.86) 18.75 (20.01) 9.17 (16.21)
Sand (%) 5 (14.46) 7.08 (24.54) 21.67 (35.63) 5.83 (6.34)

“mini-Surber” having a 0.023 m2sample area and a
500 um mesh collecting net.

Benthic samples were preserved in 90%
ethanol and macroinvertebrates were identified to
the lowest feasible taxonomic level using the keys
by Dominguez and Fernandez (2009), Paggi (2009)
and Prat et al. (2011, 2014). Ephemeroptera,
Plecoptera, Trichoptera, and Coleoptera were
identified to genus or species. Diptera were
identified to family, except for Chironomidae,
which were identified to genus. Water mites were
grouped into the superfamily Hydracarina, and
Annelida and Nematoda were identified to class.

Environmental measurements included depth,
near-bed current velocity and substrate grain size
using the Wentworth scale (Allan 2007). Boulder
substrate were subdivided into three size categories:
big block (1-2 m); median block (0.5-1 m), and

small block (0.25-0.5 m). Near-bed current was
measured between 11:00-14:00 during each
sampling period using a MiniWater2o Micro-
velocity probe (Schiltknecht Messtechnik AG,
Ziirich). The velocity probe was placed at each
corner of the square Surber sampler frame for 6 s,
and the Schiltknecht meter “rep” function was used
to find the mean near-bed current velocity. The
four measures were averaged to determine near-
bed current for each Surber sample. We also
measured pH (Hanna pH meter HI 9025),
conductivity (uS cm-, Hanna conductivity meter
HI 9033), water transparency (m, Secchi disk), air
and water temperature (°C), and discharge (ms3 s1).
Discharge was estimated using the formula Q=
maximum depth (m) x maximum current velocity
(m sec!) x wetted width of the streambed (m).
Wetted width was measured twice, at the upstream
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and downstream end of each reach and the average
was calculated for each reach for each sampling
period. Average maximum depth and maximum
velocity were calculated from 12 measurements
taken across a single transverse profile. Air and
water temperatures were recorded every hour
using Onset Hobo® Pendant data loggers (UA-
002-08) for a period of five days.

1.3 Data analysis

1.3.1 Environmental features of the system

We used the R-Project program (version 3.3.2,
R Core Team 2016) for statistical analyses, except
where otherwise stated.

To examine differences in physical and
chemical variables among seasons and reaches, we
used Generalized Linear Models (GLMs). Reach
and season were the response variables and
conductivity, pH, discharge, depth, velocity, and
substrate type were explanatory variables. These
parameters were analyzed using a normal
distribution and identity link function. Substrate
type was analyzed using binomial distribution and
logit link function (Binomials totals = 100). The
percent variation explained by the GLMs for each
environmental variable was estimated as: % of
explained variability = (explained variance/total
variance) (100).

1.3.2 Macroinvertebrate community
patterns
GLMs were used to analyze how

macroinvertebrate structure (i.e., richness, total
abundance, and abundance of dominant taxa)
varied among seasons and reaches. Stepwise
regression (Poisson distribution with logit link
function) was used to model relationships, and the
best-fitted models were selected based on the
Akaike Information Criterion (AIC). In the event of
having multiple delta AIC values < 2, we selected
the most parsimonious model. The percent
variation in the data explained by the model was
estimated as: % of explained variability = (model
deviance/null deviance) (100) of the best model
(Aydin and Tuzemen 2010).

1.3.3 Response of macroinvertebrate

community

We performed Canonical Correspondence
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Analysis (CCA) to compare distribution of
macroinvertebrates across seasons and in relation
to the environmental variables measured. None of
the variables were strongly correlated ( < 0.6) and
all were included in the analysis.

An Analysis of Similarity (ANOSIM) was
performed with PRIMER 6 (Clarke and Gorley
2006) to compare community composition among
seasons and reaches. ANOSIM tests the null
hypothesis that the similarity between groups
(different seasons or reaches) is greater than or
equal to the similarity within the groups. R values
(i.e. the strength of the factor on the samples)
varied between 0 (no separation of groups with the
factor analyzed) and 1 (high separation between
groups of the factor), and the P value denotes the
significance level of the R value.

In addition, a Similarity Percentage Analysis
(SIMPER) was performed with PRIMER 6 to
determine which taxa best explained the differences
among groups differentiated by ANOSIM. Bray-
Curtis distance was used to quantify dissimilarity
between groups and data were square root-
transformed to decrease the influence of dominant
species. To examine how environmental variables
affected the distribution of common taxa, GLMs
(Poisson distribution with logit link function) were
performed. Response variables were taxonomic
richness and abundance of total and dominant taxa.
The full model included reach, season, and their
interaction. Best-fitted models were selected using
AIC values as stated above.

2 Results

2.1 Environmental features of the system

Table 1 shows the physical and chemical
characteristics of the sites during the study period.
Environmental variables changed across seasons
and reaches (Table 2, Figure 2). With the exception
of depth and substrate type (although small block
was more abundant in Fall 2013), measured
variables changed with season (Table 2).
pH values were neutral in Fall (March = 6.88-7.64)
and Late Summer (February 2013 = 6.08-7.69) and
more alkaline in Early Summer (December = 7.72-
8.27). Velocity was higher in both Early and Late
Summer, and discharge was higher during Late



Summer and Fall 2013. Conductivity was higher
during the fall. Reaches showed some differences
in physical variables. TD had greater discharge
(maximum = 2.43 m3 s, Late Summer) and was
deeper than TU. Substrate type distribution was
similar between reaches, with the exception of
blocks of all size categories that were present only
at TD.

2.2 Macroinvertebrate community patterns

Macroinvertebrate samples from Arroyo
Tambillos contained 4379 individuals representing
31 taxa (Appendix 1). Four taxa accounted for over
90% of the individuals: the ephemeropterans
Massartellopsis irarrazavali and Andesiops
peruvianus (777%), the coleopteran Austrelmis sp.
(6%), and dipterans of the Chironomidae family
(10%) (Figure 3).

Total macroinvertebrate abundance differed
across seasons and reaches, but the best model
explained only 16% of the variance (Table 3),
suggesting variables other than those measured
could be associated with variation in
macroinvertebrate abundance. Total abundance
was greatest at the TU site and varied across season
(Figure 3). In terms of individual taxa, we found
that M. irarrazavali abundance tracked total
macroinvertebrate abundance. By contrast,
Austrelmis sp., A. peruvianus and Chironomidae
showed only seasonal changes, with the model
explaining nearly 50% of the variability for A.
peruvianus and Chironomidae (Table 3). Higher
abundances were recorded for Austrelmis sp. and
A. peruvianus during the summer (Figure 3),
whereas Chironomids reached their highest
abundance in Fall 2013 (Figure 3).

We found 33 taxa in total. Diptera exhibited
the greatest richness (19 taxa), and were comprised
largely of Chironomidae (11 taxa). Chironomids
were represented by four subfamilies, of which
Orthocladiinae was the richest (7 taxa). The best
model for richness explained approximately 30% of
the variance and included reach, season and their
interaction; however, none of these variables were
significant by themselves (Table 3).

Community composition was similar between
reaches and across seasons. Though we did detect
differences, these were quite small as judged by R
values (reaches: R = 0.14, p = 0.00; seasons: R=
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0.14, p = 0.001). Pairwise tests revealed that
macroinvertebrate composition in Fall 2013
differed significantly from that of all other seasons
(Fall 2012: R= 0.26, p = 0.001, Early Summer: R=
0.26, p = 0.001, Late Summer: R= 0.20, p = 0.001).
SIMPER analysis showed that differences in
taxonomic composition were driven by groups that
were secondary in abundance after the most
common taxon, which in all cases was M.
irarrazavali. Across seasons, and reaches, M.
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Figure 2 Mean and standard error of physical variables
(discharge, velocity, and depth) at both reaches across
seasons. TU: reach 1, TD: reach 2, F12: Fall 2012, ES:
Early Summer 2012; LS: Late Summer 2013, F13: Fall
2013.
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Table 2 Summary of Generalized Linear Model (GLMs) analysis used to examine differences in environmental
variables among sampling reaches, and seasons. “%” is the percent variability explained by significant factors in the

model, n/a = not applicable.

Reach Seasons
F df p % F df p %

Velocity 3.12 1-95 0.081 n/a 5.80 3-95 0.001 15.40
Depth 15.94 1-95 <0.001 13.47 0.64 3-95 0.592 n/a
Discharge 20.00 1-95 <0.001 12.00 18.90 3-95 <0.001 34.01
Conductivity 45.09 1-95 <0.001 0.43 3449.18 3-95 <0.001 99
pH 0.01 1-95 0.925 n/a 22.03 3-95 <0.001 42
Small block n/a n/a n/a n/a 57.83 3-95 <0.001 45.38
Pebbles 4.03 1-95 0.048 4.10 1.06 3-95 0.372 n/a
Gravel 1.09 1-95 0.298 n/a 2.48 3-95 0.066 n/a
Sand 3.87 1-95 0.052 3.86 1.74 3-95 0.164 n/a

Table 3 Effect of reach and season on richness, total abundance, and abundance of the four most common taxa in
response to environmental variables. Values are regression coefficients from Generalized Linear Model (GLMs)
analyses. The sign and magnitude of the coefficient relate to the factors of the corresponding variable being compared.
Bold coefficients were significant at p<0.05.

Response variables Richness Total Abundance M. irarrazavali A.peruvianus Austrelmis Chironomidae
% variability explained 28.65 16.32 16.82 47.16 22.66 53.29
Reach (TU vs TD) -0.0834 0.3145 0.5850 0.1022 0.2392 -0.1643
Season
F12 vs ES -0.2638 -0.2468 -0.1795 -0.2595 -1.3652 -1.2528
F13 vs ES -0.3629 -0.7297 -0.6142 -2.5998 -1.3652 -0.2412
LS vs ES 0.2767  -0.0076 0.0827 -0.5013 -0.2392 -0.1967
Reach*Season
TU-Fi12 0.0647 0.0275 -0.1650 1.1019 -1.1216 -0.3212
TU-F13 -0.4762 -0.6294 -0.0803 0.6710 -1.8319 -2.1337
TU-LS 0.4834 0.2400 0.1888 0.7546 -0.4995 1.1026

Notes: for season, F12 = Fall 2012, ES = Early summer, LS = Late summer, and F13 = Fall 2013. TU = reach 1; TD =

reach 2.

irarrazavali comprised from 46% to 62% of the
individuals in the samples, whereas taxa of
secondary importance varied across seasons and
reaches (Table 3). Seasonally, A. peruvianus was
the second most abundant taxon for Fall 2012
(March), Early Summer (December) and Late
Summer (February), whereas three species of
Chironomidae (Genus 1, Cricotopus sp. 3, and
Cricotopus f. 1. 6) were the second most abundant
taxa for Fall 2013 (March). For reaches, A.
peruvianus was of secondary importance in TU,
whereas Austrelmis sp. was the second most
abundant group in TD.

Some taxa were found exclusively in one reach
or season (Appendix 1). For example, the dipterans
Blephariceridae and Athericidae, and Hirudinea
and Nematoda were only found at TU, whereas
Ephydridae (Diptera) and the Acari were present
only at TD. Among the Chironomidae, Podonomus
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sp. and Bardocladius andinus (Cranston and
Krosh 2011) were present only at TU, whereas
Limnophyes sp., Cricotopus sp. 1 and Cricotopus
(Isocladius) were exclusive to TD. Similarly, taxa
such as Hirudinea, Nematoda and Ephydridae, and
the chironomids Cricotopus sp.1 and Cricotopus
(Isocladius) were found only in one season.

The CCA ordination distinguished samples
between reaches, with TD samples in Fall 2013
dispersed along axis 1, while most of the remaining
samples were clustered in the center of the graph.
Only axis 1 was significant at separating samples
(Table 4) and the variables that significantly
contributed to this axis where small and big blocks
(both present only at TD) (Table 5; Figure 4a). In
the species ordination graph, species of
chironomids (sp. 10 to sp. 20 in Figure 4b; see
Appendix 1) were the most dispersed in the
environmental space delineated by the CCA axes.



Table 4 Results of Monte Carlo permutation test
showing the significance of the first Canonical
Correspondence Analysis (CCA) axis.

Axis Eigenval_ues Eigenvaluqs I
(constrained) (unconstrained)

1 0.2835 0.0797 14.755 0.001%**

2 0.0516 0.0569 2.6890 0.43

Table 5 Significance values of environmental variables
selected by the Canonical Correspondence Analysis
model

Variables F D
Velocity 1.055 0.346
Depth 1.153 0.273

Big block 7.506 0.002 ***
Median block 0.345 0.845
Small block 8.844 0.001 ***
Pebble 0.758 0.584
Gravel 0.613 0.672
Sand 0.687 0.675

pH 0.929 0.442
Conductivity 1.293 0.192
Discharge 1.140 0.285

Note: *** significant p value

When analyzing how physical variables affected
the richness and abundances of major taxa, GLM
results revealed that only depth was associated with
richness changes (approximately 19% of variance
explained), whereas depth, velocity and discharge
affected total abundance (28% of variance
explained). In general, greater depths were
associated with lower abundances and richness.
Near-bed current velocity had a positive effect on
total abundance, A. peruvianus and Austrelmis sp.,
while M. irarrazavali and Chironomidae were not
affected by this variable. Discharge had a negative
effect on A. peruvianus abundance, while
abundances of Chironomidae and Austrelmis sp.
increased with discharge (Table 6).

3 Discussion

3.1 Macroinvertebrate assemblage composition

Examined in the context of other high-altitude
Andean streams, the macroinvertebrate
assemblage in the Tambillos was typical for small,
cold water streams of the region (Miserendino and
Pizzolon 2000; 2003; Scheibler and Debandi 2008;
Scheibler 2007 PhD thesis). Ephemeropterans
comprised approximately 80% of
macroinvertebrates, and the Chironomidae
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Table 6 Change in total richness, total abundance, and abundance of the four most common taxa in response to
environmental variables. Values are regression coefficients from Generalizad Linear Model (GLMs) analyses. Only
variables from the best fitted model have their corresponding values shown. Bold coefficients were significant at

Pp<0.05.
Response variables Richness Total Abundance M. irarrazavali A.peruvianus Austrelmis Chironomidae
% Variance explained 18.66 28.44 39.84 63.40 48.84 59.95
Velocity 1.186 2.174 2.590

Depth -1.731 -3.934 -4.908 -5.594 -8.342 -2.438

Small block -0.016 -0.033 -0.032 -0.010 0.004

Pebble -0.010 -0.0.13 -0.017 -0.007

Gravel -0.016 -0.021 -0.022 -0.019

Sand -0.013 -0.035 -0.013 -0.031

pH 0.325 0.165 1.205 -0.800
Conductivity 0.006 -0.068 0.033 0.057
Discharge 0.815 0.182 -5.662 3.471 2.098

vegetation and high desert environment through
which the Tambillos flows (Scheibler et al. 2014 a,
b). Alternatively, it could be due to biogeographic
filters (e.g., desiccation stress) that reduce the pool
of available colonizing species (sensu Poff 1997).

Though the macroinvertebrate assemblage in
Arroyo Tambillos stream showed low richness, the
dipteran family Chironomidae was represented by
a large number of species. Chironomid
distributions in Tambillos were similar to those
seen in other glacier-fed streams (Milner 2016),
such as those described by Robinson et al. (2016)
for Swiss alpine systems. As in Tambillos,
Robinson et al. (2016) found that Orthocladiinae
were common and Diamesinae were rare in
streams having less glacial influence.

3.2 Seasonal changes in macroinvertebrate
assemblage

We predicted that an important driver of
seasonal change would be stream discharge.
Discharge in Arroyo Tambillos is subject to glacier
snowmelt and follows the classic pattern of high
flow in late spring and summer and baseflow in fall
and winter (Poff and Ward 1989; Scheibler 2007,
PhD thesis). Discharge from glacial runoff and
snowmelt create physical conditions (e.g., water
temperature, substrate and suspended sediment
load) that produce ecological gradients that allow
benthic species to coexist (Fiireder 2007). We
found that discharge, and the related variables of
current velocity and depth, were the factors that
most affected the abundance and distribution of
macroinvertebrates in Arroyo Tambillos. Discharge
had a  positive relationship to  total
macroinvertebrate abundance in general, and the

abundance of Austrelmis sp., and Chironomidae in
particular. A. peruvianus, by contrast, had a
negative relationship to discharge. We also found
that while velocity had positive effects on the
abundance of the dominant taxa, the effects of
depth were negative. Seasonal variation in
discharge could be entangled with other variables
such as water temperature, insect emergence, and
nutrient inputs. In Tambillos stream, there is little
riparian vegetation, and as a consequence
allochthonous input to the stream is very limited
and unlikely to be an influential factor. However,
considering that samples were taken during the
warmer summer months when insect emergence
peaks (from December to March),
macroinvertebrate life history patterns could also
be important (Fiireder et al. 2005). Thus, we
should consider life history as well as discharge
effects to explain changes in macroinvertebrate
abundance.

Hydraulic  conditions are critical for
understanding the structure and function of stream
communities. In running waters, hydraulic
conditions influence species distributions because
many have preferred hydraulic ranges. Any
hydrological change, therefore, reduces the
availability of suitable microhabitat for some species,
while increasing it for others (Mérigoux and Dolédec
2004). As a consequence of climate change,
temperature extremes are predicted to increase in
the coming years and decades (Meade et al. 2018),
leading to stochastic changes in glacier- and snow-
fed water systems that include unusual increases of
discharge and subsequent modifications of physical
and chemical conditions in streams. Increasing the
frequency and intensity of hydrological extremes
may not be in accordance with the environmental
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conditions under which stream taxa have evolved
(Boersma et al. 2013), and are likely to have
important community and ecosystem level
consequences (Woodward et al. 2016).

This study helps increasing our knowledge
about the structure of function of small streams in
the Andes mountains. It was carried out in a
central Andes stream characterized by semi-arid
conditions, which distinguishes it from streams
studied at higher latitudes. In addition, these
systems generally show fewer and lower human
impacts compared to the large rivers of the region,
and consequently, they have physico-chemical
conditions more closely matching the stream’s
natural state. The Arroyo Tambillos and similar
streams are also dominated by ephemeropterans, a
group that is especially sensitive to environmental
deterioration. Monitoring high-altitude streams
like the Arroyo Tambillos may be critical for
preventing the potential loss of unique and
sensitive stream biota. Anthropogenic activities
such as dam construction, cattle grazing and
human recreation modify mountain habitats and
cause mountain streams to change (Milner et al.
2015; Uieda et al. 2017). These activities in
combination with the pervasive effects of climate
change will likely result in biodiversity loss for
many  glacial-fed and snowmelt stream
communities that are especially sensitive to
environmental alteration (Milner et al. 2015; 2016;
Robinson et al. 2016). As the Earth warms, glaciers
disappear, and cold-adapted macroinvertebrates
retreat to even higher elevations, the nivo-kryal
communities like the one described here will
become increasingly important for conserving
mountain stream biodiversity (Robinson et al.
2003; Jacobsen et al. 2012). Thus, it is critical that
we understand how these communities respond to
variation in local factors across temporal scales to
improve our understanding of these sentinels of
anthropogenic change.

4 Conclusions

The macroinvertebrate assemblage of the high
Andean stream studied was represented by nivo-
kryal communities typical of small, cold water
streams of the region. The community was
dominated by Ephemeropterans (80% of total
abundance) which are especially sensitive to

1384

environmental deterioration, while the dipteran
family Chironomidae was the best represented in
terms of richness. Taxonomic richness was low
compared with other mountain streams, and could
be due to the small amount of allochthonous input
from the sparse riparian vegetation and the high
altitude arid environment through which the
Tambillos stream flows. Among the physical and
chemical variables studied, discharge and the
associated variables like current velocity and depth,
were the environmental variables that most
affected the abundance and distribution of
macroinvertebrates in this high mountain stream.
We expected the greatest change in the structure of
the macroinvertebrate community during the
summer as found in large mountain rivers.
However, we did not find this change caused by
increased snowmelt discharge. Instead, we
detected some non-significant changes. This study
contributes to our knowledge about the structure
and function of small streams in the Andes
Mountains, which generally in this kind of
environments have physical and chemical
conditions more closely matching the stream’s
natural state. In the future, it would be interesting
to know the ecological status of several small
Andean streams mainly because they are sentinel
of clime change, host sensitive species, and serve as
reservoir of these species in the event of
contamination of large rivers preserving the
regional biodiversity.
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