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Abstract: Secondary production is the formation of heterotrophic biomass across
time, which integrates several important ecological processes that affect the life of
organisms, populations, communities and ecosystems, but its study has poor developed
in South America. The objectives of this work were to describe the diversity of benthic
macroinvertebrate assemblages in terms of abundance and biomass, and to quantify
their secondary production for the first time in Andean rivers. A quantitative sampling
scheme was implemented, using a Surber sampler, in three forested streams. Physical-
chemical variables, nutrients, organic matter and chlorophyll were measured also. The
macroinvertebrates were separated and identified mostly at the species level. Each
taxon was assigned to a functional feeding group. Secondary production was estimated
for 38 taxa, mostly Diptera, Trichoptera, Coleoptera, and Ephemeroptera. The annual
production varied from 3769 to 13916 mg dry mass m” y'. Most abundant taxa were
also those with higher production, dominated by Ephemeroptera (Baetidae), Trichoptera
(Hydropsychidae) and Diptera (Chironomidae and Simuliidae). Density, biomass, and
production of collectors and predators were much higher than the other feeding groups.
We expect that our results will be useful to evaluate the effects on stream functioning
produced by global warming and other anthropogenic disturbances in our region.

Key words: Aquatic insects, body mass, functional feeding groups, secondary production,
size class.

Secondary production (P) is the formation
of heterotrophic biomass (B) across time,

Mountain streams usually present low
temperatures, coarse sediments, high level
of dissolved oxygen, and have a wide range
of flow rates, dependent on regional rain and
flood patterns (Allan & Castillo 2007). The low
conductivity that characterizes them, with low
nutrient content and scarce solar incidence
(especially in forested ecoregions) entails one
of the lowest ecosystems production on Earth
(Jacobsen et al. 2008).

regardless of the taxon or trophic level (Benke
1993). The annual P/B rate represents the
turnover rate for an entire year; that is, the
number of times the biomass (annual average)
is renewed during that period (Benke 1993).
Generally, secondary production studies have
been framed by bioenergetic theory (Odum 1968,
Benke 2010), which deals with the transfer of
energy between species and trophic levels in an
ecosystem. Secondary production is a measure
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of population fitness, i.e. represents a measure
of “ecological success”. This parameter integrates
several very important ecological factors and
processes, such as individual growth, body size,
development time, population mortality, intra-
and interspecific competition, and predation,
among others, that affect the life of an organism
and of the population, and consequently the
community and the ecosystem (Benke 1993,
Dolbeth et al. 2012).

Secondary production is very useful
to approach different types of ecological
questions. Initially, to determine the carrying
capacity in fish farming for commercial fishing
(Waters & Crawford 1973). In recent decades,
secondary production was a useful response
variable to asses functional and ecological
questions in aquatic ecosystems (Dolbeth et
al. 2012). For example, secondary production
allows differentiation between the ecosystems
functioning of basins with different land use; or
it's a useful tool for assessing and quantifying
chemical flows (Benke 2010). For the tropical
area of America, Ramirez & Pringle (1998) carried
out the first study on the production of a stream
macroinvertebrate assemblage in Costa Rica.
They found a lower production than expected
for a tropical stream, with a major contribution
of shrimps. In lakes from Brazil, the issue was
dealt with by Leal & de Assis Esteves (2000) and
Dos Santos Lima & Pamplin (2017), focusing on
the mayfly genus Campsurus. In streams from
Argentina, the few studies we have found are
focused on production and life cycles of one
or two species or of a particular trophic guild,
being also concentrated in Patagonia (ARGN
Suarez & Albarifno 2001, Anderson & Rosemond
2007, Epele & Miserendino 2011, Epele et al. 2011,
Brand & Miserendino 2011), except one study
from our area (Molineri 2010). We did not find
studies of secondary production for the entire
assemblage of benthic macroinvertebrates in
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Andean mountain rivers. Nevertheless, many
studies focus on the structure and dynamics of
the community in relation to seasonal changes
or pollution effects (Fernandez et al. 2001,
Jacobsen 2003, Romero et al. 2010, Rios-Pulgarin
et al. 2016, Pero et al. 2019).

The study of secondary production in
aquatic ecosystems is also a valid alternative
to integrate taxonomic and functional feeding
groups (FFG) approaches (Dolbeth et al. 2012).
The FFG concept, since its introduction by
Cummins (1973) has contributed to a better
understanding of lotic ecosystems functioning
(Reynaga 2009, Reynaga & Rueda Martin 2010,
2014, Cummins 2016). Both analyses are here
combined for an integrated understanding of
the system.

The objectives of this work were:
1) to describe the diversity of benthic
macroinvertebrate assemblages in terms of
abundance and biomass; 2) to quantify their
secondary production; and 3) to assess how
production is distributed among taxa and FFG.

MATERIALS AND METHODS

Study area

Samplings were carried out in the province of
Tucuman, Northwestern Argentina, a subtropical
area profuse in mountain rivers. The climate
is subtropical, with hot and wet summers and
cooler and drier winters (Rodriguez & D'Urso
2005). The rains (annual average of 1141 mm)
are unevenly distributed, with about 80% of it
falling between November and April (summer-
autumn, Sirombra & Mesa 2010), causing well-
marked wet and dry seasons.

Sampling sites
The field work was carried out in three mountain

streams (Figure 1): Las Conchas (800 m a.s.L.), El
Siambon (1100 m a.s.l.), and Apeadero Mufioz
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Figure 1. Sampled sites in the province of Tucuman,
Northwestern Argentina. Sites coordinates: Las
Conchas = 26° 47’ 04.1"S, 65° 20’ 17.9”"W; El Siambon =
26° 43'3.9"S, 65° 26’ 47.6"W; Apeadero Muinoz = 26° 59’
14.0”S, 65° 39’ 49.4"W. Map elaborated with QGIS 3.16.

(1550 m a.s.l.). These streams have stony beds
and clear waters and present a high frequency
of disturbs (spates) during summer (January to
March). They are covered by riparian vegetation
(Yungas Cloud Forest), so the direct solar
incidence is scarce, except in El Siambon with a
more open canopy. Las Conchas stream is in the
Yungas ecoregion, within the montane jungle
altitudinal floor, within a protected area (the
Parque Sierra de San Javier). El Siambon stream
is in the transition zone between the Yungas
and Chaco Serrano ecoregions, in a region of
disperse rural population, with agricultural and
recreational use. While, the Apeadero Munoz
stream is also found in the Yungas ecoregion,
in the montane forest altitudinal floor, which is
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almost a monospecific mountain alder forest
(Alnus acuminatus), within a protected area
(Reserva Provincial Los Sosa).

Field sampling and laboratory work

A quantitative sampling scheme was
implemented, usinga Surber sampler (area =0.09
m-2, pore size = 300 pm). At each site, 3 Surber
samples were taken from 3 individual riffles;
each sample was collected at least 20 m above
the previous one, in a 100 m reach. Las Conchas
and Apeadero Munoz sites were sampled, 12 and
9 times respectively, between June 2015 and July
2016. El Siambon was sampled 4 times between
June 2016 and June 2017. Climatic conditions
were similar among these years, so we did
not expect important inter-annual differences
among studied streams.

In each sampling date, the following
environmental parameters were measured
(Table 1): water temperature, pH, electrical
conductivity, dissolved oxygen, turbidity,
channel width, average depth, and current
velocity. Measurements were taken with a
multiparametric probe Horiba U-52 (Kyoto,
Japan). Seasonally, water samples were taken
to determine major ions and nutrients (with a
Metrohm lon Chromatograph 881 Compact IC
pro). The depth and velocity data were measured
(using a Globalwater Flow Probe FP111, College
Station, Texas) through transects across the
stream, and then averaged and multiplied by
the channel width to obtain the average flow
rate.

Chlorophyll a: At each sampling event, five
rocks exposed to the current were randomly
collected in different riffles of the studied reach.
For each rock, an acetate template was used and
a25cm’ (5 cm x 5 cm) surface was removed with
a brush. The brushed material was placed in a
container with 100 ml of distilled water and was
kept cold (not more than 24 h). In the laboratory,
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Table I. Location, and physicochemical parameters of the sampling sites. The mean and range of each variable are

given in brackets.

Site
Latitude (S)
Longitude (W)
Altitude (m a.s.l)
Number of sampling dates
Water temperature (°C)
pH
Electrical Conductivity (uS cm™)
Dissolved Oxygen (mg L)
% 02 saturation
Turbity (NTU)
Channel width (m)
Average depth (m)
Current velocity (m s™)
Discharge (m’s™)

Las Conchas
26° 47" 041"
65° 20" 17.9”
710
12
16.6 (16.2-17)
8.81(8.3-9.6)
344 (300-441)
12.3 (6.3-14.3)
126 (69 - 141)
0(0)

14 (01-3.3)
0.08 (0.03-0.14)
0.35 (0.05-0.8)

0.06 (0.003-0.21)

Chlorophyll a (ug cm?) 485
NO3 (mg L") 35
NH4" (mg L") 0.033
PO4* (mg L") 0.45

Alkalinity (mg L") 177.5
Chloride (mg L") 1.77
Sulphate (mg L") 5.60
Calcium (mg L") 435
Magnesium (mg L") 14.5
Sodium (mg L") 13
Potasium (mg L") 316
BOM (g DM m?) 821

the original sample was homogenized using a
vortex and 50 ml was separated and reserved
for the quantification of chlorophyll a. To
quantify chlorophyll a, the monochromatic
spectrophotometric method was applied (Loez
1995). The 50 ml sample was filtered, using
Whatman GF/C filters as recommended by
Holm-Hansen & Riemann (1978) by means of an
ECAM Aspirex diaphragm aspirator. To complete
the cell lysis, the filters were frozen at -18 °C
for 12 h. Subsequently, the filters were crushed
and macerated in the dark, using methanol as a

EL Siambon Apeadero Muioz
26° 43' 03.9" 26° 59’ 14.0”
65° 26 47.6" 65° 39" 49.4"
1126 1622
4 9
14.2 (12.3-17) 104 (9.4-11.6)
814 (6.5-8.7) 7.8 (7.2-83)
230 (92-272) 68 (40-92)
11 (9.2-14.3) 1.4 (7.5-15.8)
115 (93-153) 102 (73-141)
04 (0-4.8) 0.25(0-1.2)
1.8 (0.7-5.4) 3.5(1.6-54)
0.09 (0.04-0.2) 017 (0.08-0.26)
0.6 (0.2-1.5) 04 (0.2-0.7)
0.2 (0.02-1.8) 0.28 (0.05-0.59)
6.65 4.8
19 91
0.029 0.025
011 012
102.7 4ty.2
116 046
3.88 2.24
29.8 10.8
5.79 2.74
8.20 3.34
2.51 2.62
170.6 193.0

solvent, because ithas greater penetration power
in the cell membranes of the algae. The extract
obtained was filtered again and the reading was
carried out by means of a spectrophotometer
at the optical densities of 665 nm and 750 nm
before and after acidification of 3 ml of the
extract with 0.1 ml of 01 N HCL

The concentration of chlorophyll a (ug of
chlorophyll a/cm?) was calculated according to
the formula of Talling & Driver (Ros 1979):

chlorophyll a = 2,43 x (Db-Da)x 1,33x V
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BxL

Db: 0.D.665-D. 0.750 (before acidification).

Da: 0.D. 665-D. 0.750 (after acidification).

V:volume of methanol used in the extraction
(in ml).

B: volume of filtered water (in liters and /
or ml).

L: length of the cuvette (cm).

Surber samples were processed under a
binocular stereomicroscope, separating the
macroinvertebrates from the organic matter.
These were identified down to the lowest
possible taxonomic level (in most cases,
genus or species), using dichotomous keys
for this region (Dominguez & Fernandez 2009,
Dominguez et al. 2006, Merritt & Cummins 1996).
We use “taxonomic operational units or OTUs”
for data treatment because the taxonomic level
was not the same in all groups; in this study, OTU
refers to the lowest taxonomic level achieved
in each group. While the macroinvertebrates
were identified, each individual was measured
and sorted into a size class. The size classes for
each taxon were determined considering the
minimum and maximum size range, dividing it
into 4 (in species with small body range) to 6 (in
those with larger body ranges) classes. To obtain
dry mass of the specimens we used published
length-body mass regressions (Benke et al.
1999, Miserendino 2001a). The assignment of
each taxon to a FFG was made through stomach
content analysis, except for some taxa, for
which we used previous publications (Reynaga
& Dos Santos 2012, Ramirez & Gutiérrez-Fonseca
2014). Benthic organic matter (BOM, g DM. m~)
was separated from the mineral fraction, and
then dried in an oven for 24 hours at 60°C
(Miserendino 2001b).

STRUCTURE, BIOMASS, AND SECONDARY PRODUCTION

Data treatment

To describe the benthic assemblages in terms
of individual abundance and biomass, we used
Whittaker curves. The following diversity metrics
and indices were calculated using the annual
average abundance: taxa richness (S), Shannon’s
index (H’), Simpson’s diversity index (expressed
as 1-D), and evenness (J'). These indices were
calculated using the Vegan package (Oksanen et
al. 2019) in R software (R Core Team 2018).

Body size data (length) of each specimen
were turned into tables by OTU to perform the
secondary production calculations (available
at https://ibn.conicet.gov.ar/recursos/). Annual
production (P) was calculated using the size-
frequency method (Benke 1984). The production
interval of the cohort (CPI) was estimated
using the method developed by Marchant &
Yule (1996). Production values were informed
as dry mass by area and time (mg DM m? y™).
Although Trichoptera were diverse and an
important component of the biomass, they were
not abundant, so the calculation of production
was limited to a few groups. We calculate the
secondary production only for OTUs that
exceeded 60 individuals in the sampling time (a
year). This minimum number of individuals (an
arbitrary limit) to be included in the production
calculation and produce consistent results is not
established orreportedintheliterature. However,
at the time of assembling the spreadsheets to
make the calculations, it was detected that with
a smaller number of individuals, the productivity
values were not consistent (they do not coincide
with other groups of similar size and growth).
Pearson correlations between production vs.
physicochemical parameters and nutrients were
performed, using the soft R (R Core Team 2018).
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RESULTS
Physico-chemical characterization

All sites showed low conductivities, being higher
in Las Conchas (Table 1). In the same way, all
streams showed well oxygenated and alkaline
waters. Regarding the composition of major
ions, Las Conchas, El Siambon, and Apeadero
Munoz presented calcium-bicarbonate waters.
Apeadero Munoz and El Siambon presented
similar BOM values, doubling that present in Las
Conchas (Table 1).

Structure and biomass of the communities

A total of 32526 specimens of benthic
macroinvertebrates were separated and
identified, classified into 90 OTUs (including
49 families). The total annual abundance (all
specimens collected in all sampling dates) was
similar in the three rivers: 10815 in Las Conchas,
9960 in ElSiambon, and 11751 in Apeadero Munoz.
El Siambon presented the highest density and
richness (Table I1). The Shannon, Simpson, and
Pielou indices pointed to the Apeadero Munoz
as the site with the greatest diversity, while
Las Conchas presented the lowest values. The
Whittaker abundance curves (Figure 2), also
showed that the assemblage with the greatest
evenness was that of Apeadero Munoz (i.e.,
the curve presents a moderate slope). The
general structure was similar in all sites, with
Ephemeroptera being the most abundant taxon
representing about 50% of total abundance in
each site. The most abundant taxon at all sites
was a small mayfly inhabiting riffles, Baetodes
huaico (Baetidae). Diptera was the second
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taxon in importance, followed by Trichoptera.
In Apeadero Mufoz, Oligochaeta (mostly
Pristina, Naididae) was the third important
component. Plecoptera (Anacroneuria, Perlidae)
was important in El Siambon and Apeadero
Munoz, but not in Las Conchas. The maximum
abundances in all sites were recorded during
winter (June to August), coinciding with the low
water period.

Biomass followed the abundance pattern,
with maximum records from June to October, and
minimum in January and February; except for El
Siambon (with a minimum in May). Trichoptera
and Ephemeroptera were the most important
groups, reaching both combined, more than 50%
of the annual biomass in each site. The Whittaker
curves for biomass (Figure 3) showed Leptonema
(Hydropsychidae) as the largest contributor in
Las Conchas and Apeadero Munoz, and Baetodes
huaico in El Siambdn. Other relevant groups
include: Odonata and Decapoda in Las Conchas;
Coleoptera in El Siambdn, and Megaloptera at
Apeadero Munoz.

Secondary production

It was possible to estimate the secondary
production for 38 OTUs, those most frequent and
abundant: 14 Diptera (mostly Chironomidae),
11 Ephemeroptera, 5 Coleoptera, 5 Trichoptera,
2 Odonata, and 1 Plecoptera. The complete
list of production (P) values estimated is in
the Appendix. For the Apeadero Munoz, P was
calculated for 23 OTUs, reaching 9034 mg DM m~
y". In Las Conchas, it was calculated for 18 OTUs,
totaling 3769 mg DM m?y. Finally, in El Siambon

Table II. Density (mean annual, individuals m? y™) and Diversity indices for each site are shown (mean and SD): S
(Richness), H (Shannon), 1-D (Simpson), J"(Pielou, evenness).

Site Density S
Las Conchas 3341 (2133) 31(9)
El Siambon 9210 (4572) 46 (8)

Apeadero Mufoz 4688 (2954) 41 (9)

H' 1-D J
2.22 (0.47) 0.78 (014) 0.65 (013)
2.24(0.31) 0.79 (0.08) 0.63 (0.06)
2.64 (0.30) 0.87 (0.05) 0.72 (0.07)
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16 OTUs produced 13916 mg DM m™y" (Table Il1).
This represents, on average, 40% of the OTUs
and 71% of the biomass.

The FFG with the highest contribution to
secondary production in all the sites was that
of collectors (CG, around 70% on average, Figure
4) followed by predators (PR, around 25%).
In Las Conchas there was also a contribution
to production by shredders (SH, 16.7%) and
scrapers (SC, 4.2%).

Secondary production in the three sites
was dominated by Baetidae (Appendix): in Las
Conchas, Baetodes huaico (P = 998.6 mg DM
m?y™") and Nanomis galera (801.3 mg DM m™
y"). In El Siambon, Baetodes huaico (5356.8 mg
DM m?y"): and, in Apeadero Mufnoz Andesiops
peruvianus (1779.9 mg DM m?y"). The correlation
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between secondary production and alkalinity
was negative (p= 0.01, r = -0.99).

The annual P/B ratios, for the entire
assemblage ranged 4.5-8.6 in the studied
sites (Table I11). Highest ratios for each site
corresponded to Staphylinidae (35.1), and
Maruina (34.4, Diptera, Psychodidae) in Las
Conchas; and for Simulium (Simuliidae) in El
Siambon (30.7) and Apeadero Munoz (18.5).

DISCUSSION

This is the first study to assess the structure,
diversity, and secondary production of
macroinvertebrate assemblages in three
mountain streams in the Subtropical Andes. The
high diversity of the streams from Las Yungas
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Figure 2. Rank-abundance curves showing taxon abundance for the three sites. Codes for the species: Aeg=

Aegla, Ame= Americabaetis alphus, Ana= Anacroneuria, And= Andesiops peruvianus, Arg= Argia joergenseni, Ato=
Atopsyche, AuA= Austrelmis (adulto), Bae= Baetodes huaico, Cam= Camelobaetidius penai, Chi= Chironominae,
Clo= Cloeodes penai, Cor= Corydalus, Far= Farrodes yungaensis, Hel= Helicopsychidae, Hid= Hydroptilidae, Leh=
Leptohyphes eximius, Lep= Leptonema, Mac= Macrelmis (larva), Mar= Maruina, Mer= Meridialaris tintinnabula,
Nan= Nanomis galera, NeA= Neoelmis (adulto), Nec= Nectopsyche, Neo= Neoelmis (larva), Ort= Orthocladiinae, Pol=
Polycentropus, Pri= Pristina, Pse= Psephenidae, Sim= Simuliidae, Smi= Smicridea, StA= Staphylinidae (adult), Stp=
Staphylinidae (larva), Tan= Tanypodinae, Thr= Thraulodes consortis, Tip= Tipulidae.
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rain forest (von Ellenrieder 2007, Molineri et al.
2009, Romero et al. 2011, Pero et al. 2019) was
correctly included by our sampling design.
Biomass and secondary production, much
less studied parameters in these streams, was
dominated by Ephemeroptera and Trichoptera.
Macroinvertebrate production values were low
(in the order of 10 g DM m*for an entire year), but
this is commonly reported in mountain streams
with very low nutrient contents (ranging 3 to
50 ¢ DM m?y", Huryn & Wallace 2000, Ramirez
& Pringle 1998). Collectors and predators were
the most important FFG in all three parameters
(abundance, biomass and production),
shredders were almost absent in spite of high
quantities of coarse particulate organic matter
(leaf packs and twigs), that is almost entirely
decomposed by microorganisms (Molineri et al.
2009, Romero et al. 2010).

Some taxa were not available for production
calculation (ranging 22-36% of the total
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biomass sampled) because their frequency and
abundance were not enough to estimate it with
the method used. This happened in Las Conchas
and Apeadero Mufoz, with Aegla (Decapoda)
and Corydalus (Megaloptera), both with large
body sizes but low frequency, what prevented
production calculations with the frequency
size method. Similar limitations were found
by Ramirez & Pringle (1998) whose production
study covered only 30% of the total biomass
of their site, because they could not include
shrimps. Other studies in tropical streams have
shown that shrimps and other crustaceans can
be a very important component (Jacobsen et al.
2008).

El Siambon (with only 16 OTUs available
for P calculation) showed the highest annual
production, almost doubling that of Apeadero
Munoz and Las Conchas, both with more OTUs
included in the analysis. The high densities of
algae, mainly epilithic and represented mostly
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Figure 3. Rank-abundance curves showing biomass for the three sites. Codes for the species as in Fig. 2.
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by diatoms (M.A. Taboada, unpublished data)
at El Siambon, could be one of the factors that
favored higher secondary production (Krueger
& Waters 1983). ELl Siambon stream presented
a more open canopy allowing some direct
incidence of solar radiation in the bottom,
generating a greater development of algae
in the dry season, in spite of low nutrient
concentrations (Guasch et al. 1995). It will be
important to continue monitoring long-term
changes to better understand the dynamics
of these systems and prevent eutrophication
processes.

During low water period, the stability of
the water column, that reduced detachment
and sediment removal (Horner & Welch 1981,
Horner et al. 1990) favored the increment of
algal and macroinvertebrate biomass. This
was reported in different studies in tropical
and subtropical rivers and streams (Huertas-
Farias et al. 2019, Godoy-Lozada & Pelaez-
Rodriguez 2020). Although the samplings of
benthic communities were developed in two
consecutive years, we consider that this did not
influence our production estimates, because
there were no extraordinary events that affected
differently the water regime of each stream. In
this work we have not focused on the seasonal
variation of biomass and productivity, however,
in concordance with a previous study (Molineri
2010) our results point to a significant reduction
of both parameters during the flood season.

There are no estimates of secondary
production for macroinvertebrate assemblages
in mountain streams for other regions of
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Argentina or subtropical South America.
However, there are numerous studies from
temperate zones, especially from North America,
and some from Central America with which we
can make comparisons. For example, annual
production estimates in the present study were
one order of magnitude higher than those found
by Ramirez & Pringle (1998) in a stream in Costa
Rica & Colon-Gaud et al. (2009) in streams from
Panama. Numerous studies coincide with the
results mentioned here in pointing to the orders
Ephemeroptera, Trichoptera, Diptera, Odonata,
and Plecoptera as the main ones responsible for
secondary production (Fisher & Gray 1983, Benke
1993, Grubaugh et al. 1996, Ramirez & Pringle
1998, Stagliano & Whiles 2002, Rosas et al. 2019,
Rios-Touma et al. 2022). P/B ratios indicate the
frequency with which biomass is renewed in
the system; higher values are associated with
shorter life cycles (Benke 1993). As shorter
life cycles are associated with higher water
temperatures itis not surprising that our warmer
sites presented higher P/B ratios. Krueger &
Waters (1983) estimated the production for
three mountain streams in Minnesota (USA) with
different alkalinity conditions (range 34-245 mg
L"), of which only one (with the higher alkalinity)
presented higher production (22.5 g DM m? y™)
than that found by us. Griffith et al. (1994) also
found a positive correlation between production
(they only evaluated shredders) and alkalinity,
in four sites with alkalinity ranging between
0-40 mg L. Instead, we obtained a negative
correlation between alkalinity and secondary
production, with similar alkalinity values to the

Table lll. Annual mean biomass (B, in brackets standard deviation), annual secondary production (P), and total P/B

rate at the sampled sites.

Site B (mg DM m?)
559.4 (367.6)

1616.6 (670.4)
1980.9 (146.4)

Las Conchas
EL Siambon

Apeadero Munoz

P (mg DM m?y™) P/B
3769.3 6.7
13916.4 8.6
9034.2 4.5
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Figure 4. Secondary production according to feeding functional groups in the three sampled sites. CG: collectors-

gatherers, PR: predators, SC; scrappers, SH: shredders.

referred studies. In our study region, Fernandez
et al. (2019) reported strong calcite precipitation
on algal masses (Cladophora sp.) facilitated
by epiphytic diatom metabolism (mainly
Gomphonema spp.), resulting in a thick layer of
microbiolites that may prevent herbivory. Since
alkalinity and calcite precipitation are related,
more research is necessary to elucidate the
relationship between them and production.

In relation to the production of the different
FFG, our results (collectors and predators being
the principal contributors ) coincide with many
other studies (Krueger & Waters 1983, Lugthart
& Wallace 1992, Grubaugh et al. 1996, Ramirez &
Pringle 1998, Meyer & Poepperl 2003, Frauendorf
et al. 2013). The major difference with those
previously cited studies is that scrapers
exceeded shredders in production; which
is common in Yungas, because of a natural
shortage of both groups (Molineri et al. 2009,
Romero et al. 2010), due to the shady nature of
the rivers, and competition with decomposing

microorganisms (Dudgeon 2000). Aquatic top
predators in our systems are 3 species of small
catfishes (Trichomycterus and Heptapterus) and
introduced rainbow trout. Their top-down effect
affecting macroinvertebrate production is still
under study, but it seems small because of low
fish density and biomass.

The study of trophic relationships,
biomass, and production has important
general implications for the conservation and
management of water courses and the services
they provide to our societies. These parameters
are complex outcomes of an ecosystem
evidencing its correct function and health. We
expect that our results will serve as a baseline
for future monitoring of global warming in our
region, and its effects on stream functioning.
We hope that this is the first step to increasing
studies of this type, including other ecoregions
and river types.
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Appendix. Cohort productive interval (CPI), mean annual biomass (B, mg DM m?), annual secondary production (P,
mg DM m?y™) and annual P/B rate for macroinvertebrates community of the three studied sites. CPI is expressed
in days. CPI from other works are provided for comparison when available.

Las Conchas:

Family Genus or species CPI literature CPI B P P/B
Psephenidae Psephenus 136.0 17.5 204.5 1.7
Staphylinidae - 60.7 19 66.8 351
Chironomidae Chironominae 248 841 4.5 1161 25.6
Chironomidae Orthocladiinae 248 75.0 9.7 250.7 25.7
Chironomidae Tanypodinae 248 454 2.8 76.8 271
Psychodidae Maruina 494 0.6 20.0 344

Baetidae Americabaetis alphus 51° 152.0 6.6 87.5 13.3

Baetidae Baetodes huaico 142.6 881 998.6 1.3

Baetidae Cloeodes penai 1434 101 158.5 15.7

Baetidae Nanomis galera 183.2 497 8013 161

Caenidae Caenis ludicra 365° 1401 15 18.0 121

Leptohyphidae Leptohyphes eximius 74° 88.6 04 6.4 17.5
Leptophlebiidae Farrodes yungensis 105.9 8.0 1417 17.6
Leptophlebiidae Thraulodes consortis 124° 147 4 43 68.4 15.9
Caenogrionidae Argia joergenseni 390.3 423 1289 3.0
Libellulidae Brechmorhoga nubecula 519.0 39.0 1201 31
Hydropsychidae Leptonema 365° 286.9 56.7 389.4 6.9
Polycentropodidae Polycentropus joergenseni 2176 15.4 115.7 7.5
Total 359.2 3769.3 6.7

El Siambon:

Family Genus or species CPI literature CPI B P P/B
Perlidae Anacroneuria 120 4147 121.8 586.3 4.8
Baetidae Baetodes huaico 86.8 3734 5356.8 144
Baetidae Nanomis galera 226.2 681 688.7 101
Baetidae Americabaetis alphus 51° 181.9 33.0 433.38 131

Leptohyphidae Leptohyphes eximius 74° 350.6 54.2 536.8 9.9
Leptophlebiidae Thraulodes consortis 124° 506.8 84.9 576.2 6.8
Simulidae Simulium 30° 1.2 75.2 2307.9 30.7
Hydropsychidae Smicridea 365° 182.3 1529 990.5 6.5
Elmidae Austrelmis 68.0 4.9 78.58 16.2
Elmidae Macrelmis 124.0 91.2 8071 8.9
Staphylinidae Staphylinidae 37.5 68.8 857.8 125
Chironomidae Pentaneura 248 24.3 6.6 120.5 18.2
Chironomidae Rheotanytarsus 35 529 3.8 72.8 19.0
Chironomidae Cricotopus 245 22.8 141 267.8 19.0
Chironomidae Paramectrionemus 35 8.5 129 2259 17.5
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Appendix. Continuation.

Chironomidae Onconeura 245 0.6 0.4 9.3 236

Total 1166.1 13916.4 8.6
Apeadero Muioz:

Family Genus or species CPI literature CPI B P P/B
Perlidae Anacroneuria 120 4201 148.5 622.2 4.2
Baetidae Baetodes huaico 275.9 69.7 694.4 10.0
Baetidae Andesiops peruvianus 365" 2217 2601 1779.9 6.8
Baetidae Americabaetis alphus 51° 2269 2.0 26.8 133
Baetidae Camelobaetidius penai 185.9 68.5 468.7 6.8
Baetidae Leptohyphes eximius 74° 413.8 1381 1038.5 7.5

Leptophlebiidae Meridialaris tintinnabula 218° 486.6 80.9 452.0 5.6
Leptophlebiidae Thraulodes consortis 124° 3873 373 208.3 5.6
Simulidae Simulium 30° 43.8 5.0 91.6 18.5
Tipulidae - 239.3 242 1719 71
Elmidae Austrelmis 100.3 19 19.3 10.0
Elmidae Neoelmis 112.8 23 18.5 8.0
Chironomidae Onconeura 248 35.8 0.6 101 171
Chironomidae Paramectrionemus 35° 13.0 10.0 129.8 13.0
Chironomidae Cricotopus 22 43.0 5] 70.6 14.0
Chironomidae Corynoneura 24* 293 0.2 31 18.2
Chironomidae Tanytarsus 35° 81.3 16 219 14.0
Chironomidae Rheotanytarsus 35° 107.2 22 303 14.0
Ceratopogonidae Bezzia 334 83 1041 12.6
Helicopsychidae Helycopsyche 86" 162.3 30.2 151.3 5.0
Leptoceridae Nectopsyche 365¢ 305.7 162.2 795.0 49
Hydropsychidae Leptonema 365" 169.0 8781 1903.6 4.7
Hydropsychidae Smicridea 365¢ 2519 441 2224 5.0
Total 1980.9 9034.2 3.6

Molineri (2010) *Epele et al. (2011) ‘Contador & Kennedy (2016) “Brand & Miserendino (2011) *Suarez & Albarifio (2001) ‘Jackson &
Sweeney (1995) Gaines et al. 1992.
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