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Abstract

Longitudinal and seasonal distributions of Plecoptera species were examined along the Chubut River in the
Patagonian Precordillera and Plateau, Argentina. Chubut River (>1000 km) is the largest river in the area
and the hydrological regime is modified in the lower section by an artificial reservoir (Florentino Ameghino
Dam). Quantitative samples were collected in 13 sites in the higher, middle, and lower sections of the river
basin. Sites were visited four times during 2004, and a total of nine species and 5772 individuals were
collected in the study. Plecoptera richness decreased dramatically from the headwaters to the mouth of the
river system. Two species, Antarctoperla michaelseni and Potamoperla myrmidon, were able to live below the
impoundment but they were not abundant. Notoperlopsis femina and A. michaelseni abundances were
higher in summer than in the other seasons, while Limnoperla jaffueli peaked in spring. Species–environ-
mental relationships were examined using Canonical Correspondence Analysis and six independent vari-
ables were identified as the major factors structuring stoneflies assemblages. First axis was highly related to
environmental variables reflecting the hydro-geological and land use gradients in the basin (conductivity,
total suspended solids, periphyton Chlorophyll a). Second axis was more related to variables that changed
seasonally (wet width, water temperature and soluble reactive phosphate).

Introduction

Lotic insects, including stoneflies, are subject to
both natural and man-induced disturbance and
change (Resh et al., 1988). Natural factors such as
temperature, elevation, latitude, substrate type,
discharge, and current velocity are related to
geology, climate, and vegetation of a particular
region are primary factors determining stoneflies
distribution (Ward, 1992; Morse et al., 1993;
Malmqvist, 1999). On the other hand, humans
have impacted, and are impacting, the river faunas
in several significant ways: introduction of exotic
species, impoundment construction (reservoirs),
sedimentation processes (road construction,
deforestation), toxic substances releases (industrial

effluents, fertilizers), and organic enrichment
(agriculture, urbanization). Among studies that
explain how these impacts are affecting aquatic
communities, Plecoptera appears as one of the
most sensitive groups of organisms. Stoneflies
have been used in biomonitoring organic pollution
(Metcalfe, 1989), and also as part of the EPT
groups assessing logging effects, deforestation and
pasture conversion (Scarsbrook & Halliday 1999;
Harding et al., 2000). Some Plecoptera species are
also affected by river regulation (Brittain, 1991),
and stonefly richness decreases when the habitat
diversity is diminished (Landa et al., 1997).

Plecopteran fauna in the Patagonia ecoregion is
rich and diversified, in the Argentinean side there
are six different families represented (Illies, 1969).
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Since stoneflies are more abundant and common
in the Subantarctic Forest, most of the studies on
the group have been focused in the Cordillera
(Andean-Humid and Sub-Andean Sub-humic
biozones). Spatial distribution of Plecoptera across
altitudinal gradients has been well described in
mountainous areas (Albariño, 1997; Miserendino
& Pizzolon, 1999) and stonefly responses to or-
ganic enrichment have also been studied (Miser-
endino & Pizzolon, 1999). However, landscape
approaches to explain lotic insects distribution are
scarce (Miserendino, 2001), and studies on aquatic
insects in the Patagonian Plateau have been prac-
tically neglected (Wais, 1984, 1987). Chubut River
is certainly the most important watercourse in the
Province. The basin is subject to multiple activi-
ties/uses, including agriculture, cattle raising, irri-
gation and river regulation. This river provides a
unique opportunity to study the longitudinal dis-
tribution patterns of stoneflies and their environ-
mental relationships.

The aims of this study were to: (1) analyze
stonefly species distribution and (2) identify those
key variables that influence Plecoptera community
patterns along a large Patagonian river, from the
upper tributaries to the outlet in the Atlantic
Ocean.

Study area

Chubut River flows from the West to the East of
the Patagonia ecoregion and drains to the Atlantic
Ocean. The Chubut basin (25,225 km2) covers two
main biozones: the Extra-Andean oriental and
Extra-Andean occidental (Del Valle et al., 1995;
Paruelo et al., 1999). Geomorphologic features
and local climatic characteristics allowed us to
divide the basin in three areas. The upper basin
(7000 km2) is characterized by a strong rainfall
gradient (500–100 mm y)1) and near the Cordil-
lera shows the lowest air temperatures (mean an-
nual temperature 8.5 �C). The middle basin
(12,000 km2) is the driest area with £ 150 mm y)1

rainfall and 13.2 �C mean annual temperature.
The lower basin, the regulated section of the river,
has the smallest area 6000 km2 being the rainfall
‡150 mm y)1 (Coronato & del Valle, 1988).
Dominant orders of soils in the basin are aridisols,
entisols and vertisols (del Valle et al., 1998),

characteristic of the arid and semiarid areas of
Patagonia. Most of the river is located in the
Patagonian Steppe, where the scarce precipitation
in the Patagonian Plateau causes the dominance of
xerophytic vegetation. Mulinum spinosum Pers.,
Stipa spp., Colletia spinosissima Gmel., Adesmia
campestris (Rendle) Rowlee, Larrea divaricata
Cav., Fabiana imbricata Ruiz et pav, and Chuqui-
raga avellanedae Lorentz represent the herba-
ceous-shrub-like steppe (Tell et al., 1997). In
several sections of the river at the upper and
middle basins, the riparian corridor has been
completely invaded by the exotic Salix fragilis L.,
in some lower sections the native S. humboldtiana
Willd is also present.

The adjacent land management is mainly
agricultural, with extensive livestock in the upper
and middle sections, and predominantly farms
and industries in the lower section. Chubut
Province produces 4,000,000 sheep per year. In
the section between Paso de Indios and Rawson,
a typical cattle farm has between 300 and 500
sheep every 2500 h. From Paso the Indios to the
Cordillera the increases and ranges between 400
and 650 sheep every 2500 h (Rimoldi, pers. com.).
In the middle basin, anthropogenic activities in
the last century (overgrazing, wood collection)
have accelerated land cover degradation in the
adjacent zones, and broad areas exhibit extreme
land degradation as is shown by the status of
desertification that ranges from moderate to very
severe (del Valle et al., 1998). This situation re-
sulted in low productivity of the land and land-
owners have recently started to cultivate potatoes,
corn, and alfalfa. Therefore, various segments of
the river are used for watering, particularly dur-
ing the low water period in summer. For exam-
ple, in the agricultural middle valley, 2,000,000 l
per hectare are pumped from the Chubut River
for water supply in the alfalfa fields (800 h
approximately). No fertilizers or herbicides are
used and water returns into the river by natural
gravity (Luque et al., 2000). Main cities next to
the river in the lower basin use water from the
Florentino Ameghino Dam mainly as potable
water supply and irrigation via a channel network
in the lower valley. Chubut River outlet is on the
estuary next to Playa Union town.

Thirteen sampling sites were established within
the river system (Fig 1), LA (Lepá River) and AM
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(Madera Stream) were located on upper tributar-
ies, site EM was placed on the Chubut River next
to the locality of El Maitén (3500 inhabitants), and
FO on the Chubut River further downstream. Le
(Lepá River) was located by the side of Gualjaina
City (1000 inhabitants) and LG further down after
Gualjaina River joins Lepá River. To assess pos-
sible changes in response to land use on the upper
and middle basin, four sites on the Chubut main
channel were established: PP, PB, VA, and LP, the
sampling site LP was next to the rural town of Las
Plumas (500 inhabitants). DA was placed just be-
low the impoundment. D2 and EE were located in
the more developed lower Chubut River basin; in
which the cities Gaiman, Trelew, and Rawson to-
gether comprises more than 250,000 inhabitants.
This corresponds with the most urbanized area
since 77% of the Chubut Province population is
concentrated on the coast.

Materials and methods

Field methods

A total of 13 sites were sampled in February, May,
September, and December of 2004 (Fig. 1).
Stonefly larvae were collected taking three quan-
titative replicates on run/riffles sections with a
modified kick net sampler (surface of the frame:
0.25 m2, 250 lm pore size) (Hauer & Resh, 1996).
Samples were fixed with 4% formaldehyde solu-
tion. A total of 156 replicates were analyzed. At
the laboratory samples were sorted out under 5�
magnification and then stored in 70% ethyl alco-
hol. Species were identified using available keys
(Illies, 1963; Fernández & Domı́nguez, 2001).

Substrate composition was estimated as per-
centage of boulder, cobble, gravel, pebble, and
sand using a 1)m2 grid (Gordon et al., 1994).

Figure 1. Study area showing the locations of the 13 sampling sites in the Chubut River, Patagonia Argentina. Names of the sites are

in Table 1.
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Stream order was obtained from Coronato & del
Valle (1988). Average depth was estimated from
five measurements along one transversal profile
across the channel with a calibrated stick. Surface
current speed was obtained by timing a bobber
(average of three times) as it moved over a distance
of 10 m (Gordon et al., 1994). At each site air and
water temperatures were measured with a mercury
thermometer ()10/+60 �C).

Water samples were collected below the water
surface and kept at 4 �C prior to analysis. At the
laboratory specific conductance, pH, total alka-
linity, total suspended solids, and main nutrients
were analyzed. Specific conductance was measured
with a Horiba U2-probe, and pH with an ORION
720 SA meter, both at 20 �C. Total alkalinity
(eriocrome black) was determined by titration with
colorimetric end-point; total nitrogen (TN) and
total phosphorus (TP) were determined on unfil-
tered samples digested with persulphate, nitrate
plus nitrite nitrogen (NO3–NO2), ammonium
(NH4), and soluble reactive phosphate (SRP) were
analyzed following APHA (1994).

Algal biomass (as Chlorophyll a) was deter-
mined by scraping algae from five rocks within a
20 m reach at each site. Samples (120 ml) were
kept on ice in the dark until they were brought
back to the laboratory and filtered onto GF/F
filters. Chlorophyll a (Chl a) was extracted from
filters in 90% acetone and the extract was mea-
sured spectrophotometrically (Wetzel & Likens,
1991).

Data analysis

Principal Component analysis (PCA) on log
(x+1) transformed data was used to examine
variation in physical and chemical parameters
across sites in the entire basin. The PCA is a
method of breaking down or partitioning a
resemblance matrix into a set of orthogonal axes
(linear model). This method used within of its in-
tended limits is a valuable procedure to detect
structure in the relationships between variables
(Ludwing & Reynolds, 1988).

Canonical Correspondence Analysis (CCA)
was performed using the package CANOCO (ter
Braak & Smilauer, 1999) to assess the relationships
between stonefly assemblages and environmental
variables. We included the basin and reach

descriptors and land-use related variables in the
analysis. The CCA is a direct gradient analysis that
assumes a unimodal model for the relationships
between the response of each species to environ-
mental gradients and ordination axes are linear
combinations of the environmental variables (ter
Braak, 1986). Variables (except pH and Chl a) and
species density were transformed as log (x+1),
prior to analysis. Also, variables that covaried
with other measured variables (Pearson correla-
tion coefficient r>0.65; p<0.01) were removed
prior to CCA. Thus, channel dry width and stream
order were omitted in the analysis as they covaried
with channel wet width and elevation respectively.
To extract a reduced set of variables, covariable
environmental factors were excluded if the variable
inflation factor was greater than 10 (ter Braak &
Smilauer, 1998). A Monte Carlo permutation test
(9999 permutations) was used to verify the signif-
icance of the model.

Results

Environmental features of the Chubut River

River orders ranged from 3 to 6 and elevation of
the sites was between 4 and 936 m.a.s.l. Substrate
size was similar at most sites and mainly com-
prised boulders, cobbles, and pebbles (Table 1).
Sites PB, VA, and EE had more sand in the sub-
strate composition than the other sites. Water
temperature ranged from a minimum of 5 �C in
May to a maximum of 22.2 �C in February (Ta-
ble 1). Maximum current velocity recorded was
2.1 m s)1 during February (FO) and the minimum
was 0.2 m s)1 also in summer (LA), at that section
the river suffered water abstraction for irrigation.

Chemical and physical data provided a clear
distinction among the upper catchment sites and
those on the middle and lower catchments as is
shown in the PCA ordination graph (Fig. 2).
Samples taken in the upper basin and tributaries
(AM, LA, FO, EM, Le, and LG) were placed on
the upper and lower left quadrants, those from the
lower basin (DA, D and EE) were positioned in
the upper right quadrant, and samples from sites
on the middle basin (PB, VA and LP) were plotted
on the lower right quadrant. First three factors
accounted for most of the variation in the data set
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(66.2% of total variation). The PC1 (39.6% of
total) consisted in water chemical variables and
physical attributes of the sites (i.e., high positive
loadings by conductivity, SRP, TSS, and NO3;
negative loading by elevation) and PC2 (13.3% of
total) consisted mostly of physical variables (i.e.,
high negative loadings by elevation and river wet
width).

Conductivity in the middle basin increased from
99.2 to 189.5 lS cm)1 from FO to LP, and reached
1528 lS cm)1 at EE, at this site consistent with the
ocean proximity. The TSS values were higher at
PB, VA, LP, and EE than the rest of the sites.
However, an increase in TSS values was observed
on the Chubut main channel sites, starting at FO,
near to the point where Fita-Michi River connects
from the North. Parent rocks at this section
(Collon Cura Formation) are dominated by tuffs,
which are friable material. These particular rocks
in contact with the water can easily produce clay
sediments. The highest mean values of NH4 and
NO3 were observed at EE, which probably reflected
the important industrial and urban development in
the area (Table 2). Several post-impoundment
changes in the environmental parameters were
observed when comparing mean values on LP
(non-regulated) with DA (regulated); NO3, SRP

and Chl a increased, while NH4, TP, and TSS de-
creased (Table 2).

Stonefly distribution and seasonal patterns

Nine Plecoptera species were collected but just four
of them were frequent and abundant along the
system. Plecoptera species decreased from the up-
per basin to the lower basin sites. Regarding to the
relative abundance of the species, Notoperlopsis
femina was dominant at AM, LA, Le, LG. Lim-
noperla jaffueli peaked at EM, while Potamoperla
myrmidon predominated at FO, and in all the study
sites from PP to D. Mean total stoneflies density
ranged from 0 ind m)2 (EE) to 297 ind m)2 (FO),
and they were practically absent below the
impoundment (DA) (Table 3).

Most of the species were very abundant in
February, N femina and Antarctoperla michaelseni
abundances were higher in summer than in the rest
of the seasons, while L. jaffueli peaked in spring,
being also recorded in December (Fig. 3).

Environmental relationships

The CCA ordination showed a strong relationship
between Plecoptera species distribution and the

Table 1. Environmental features measured at 13 sampling sites on the Chubut River basin, Patagonia, Argentina. Mean values ± SD

(n=4). T – tributary, MC – main channel. B – boulder, C – cobble, P – pebble G – gravel, S – sand, c – coarse, f – fine. Ch – Chubut

River. Land use codes: Cr – cattle raising, U – urban, A: – agriculture, R – flow regulation

Sites

codes

River location Main

land

use

Altitude

(m.a.s.m.)

Stream

order

Dry

width

(m)

Mean

Wet width

(m)

Depth

(min–max)

(cm)

Velocity

(min–max)

(m s)1)

Water

temperature

(min–max) (�C)

Substrate

type

AM Madera Stream (T) Cr 936 3 12 8.5±8 8–19.2 0.3–1.7 4.5–20 C/P

LA Lepa River (T) Cr 829 4 20 2.7±3 17–40 0.2–1.2 5–20 B/C

EM Ch (MC) El Maitén U 702 4 100 51.7±39 38–45 1.2–1.7 5–17 C/P

FO Ch (MC) Fofo Cahuel Cr 500 4 80 52.5±24 36.6–45 1.1–2.1 8–21.4 P/G

Le Lepa River (T) Gualjaina U 518 5 100 32.4±20 27.2–45 0.3–1.6 9–21 P/G

LG Gualjaina River (T)

After Gualjaina

Cr 476 6 50 30.5±16 32.8–45 1–1.4 7–22.2 P/G

PP Ch (MC) Piedra Parada Cr 440 5 200 105±65 45–53.7 0.9–1.2 7–21.4 C/P

PB Ch (MC) Paso Berwyn Cr/A 308 5 160 125±56 23–45 0.5–1.6 6–21.4 C/P/S

VA Ch (MC) Los Altares Cr/A 243 6 200 117±58 30–45 0.8–1.2 7–21.6 P/G/S

LP Ch (MC) Las Plumas U 158 6 300 215±23 19.6–45 1.7–1.9 7–20.7 B/C

DA Ch (MC) D. F. Ameghino R 74 6 70 64±5 45–60 0.7–0.9 8–15.5 C/P

D Ch (MC) 28 de Julio R-U 32 6 40 35±4 46.7–60 0.9–1.4 8–18.1 cG

EE Ch (MC) Estuario U 4 6 160 151±2 33–60 0.8–1.1 9–21.1 fG/S
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measured environmental variables. The environ-
mental variables selected in the analysis are rep-
resented in the figure by arrows, which point in the
direction of maximum change in the value of the
associated variable (Fig. 4). The species–environ-
mental correlation were: 0.87, 0.86 and 0.62 for the
first, second, and third axis, respectively (Table 4),
suggesting a close relationship between the envi-
ronmental variables selected. The Monte Carlo
test of significance of canonical axes (to judge the
significance of that relation) produced significant
values for all the axes (Table 4). The strongest
explanatory factors were physico-chemical vari-
ables, but only 37.2% of variation in the species
data was accounted for by the environmental
variables measured (Table 4). The main environ-
mental gradient (axis 1) was determined by con-
ductivity, Chl a biomass, and total suspended
solids. The triplot displayed in Fig. 4 highlights
the existence of a hydro-geological and land use
gradient along CCA axis 1. Thus conductivity,

total suspended solids were negatively related, and
Chl a was positively related with the first axis.
Samples on the upper and lower left quadrant were
from sites with less diluted waters and higher total
suspended solids contents, whereas samples on the
upper and lower right quadrants were from sites
with more diluted waters, minor suspended solids
contents but more Chl a biomass.

The second axis showed an environmental
gradient associated mainly with factors that
changed seasonally, as shown by strong correla-
tions with wet width, water temperature, and also
with the soluble reactive phosphate concentration.

The triplot illustrates the position of the
stoneflies species along the same gradients. L. jaf-
fueli, which peaked on September at EM, FO, was
positioned on the lower right quadrant, those
sites showed high values of Chl a at that month.
P. myrmidon, was placed on the lower left quad-
rant, the species peaked in FO, PP, LP, PB (middle
basin sites) in February, coincident with higher
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Figure 2. Ordination of sites according to PCA on the environmental variables measured at 13 sites on the Chubut River basin during

2004. February (1), May (2), September (3), and December (4).
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temperatures and TSS values. A. michaelseni and
N. femina were species more characteristics from
upper sites on the Chubut river and tributaries
(AM, EM, LA, and Le). They appear mostly in
May; both species were placed on the upper right
quadrant in the triplot.

Discussion

The results suggested that stonefly communities in
the basin, which were highly influenced by hydro-
geological features, were less affected by the

impoundment. Although, a strong reduction in
stonefly density was noticed at DA, species rich-
ness values remained similar to those above the
reservoir. Natural factors such as geology and
agricultural land use in the arid area resulted in
high TSS and TP values in the Chubut middle
basin. The SRP values were higher in the lower
basin in concurrence with a more urbanized and
developed area. In spite of the high total phos-
phorous concentration in the middle basin,
periphyton Chl a was not consistent with TP
concentration (rTP=0.24, ns), mean values of this
nutrient showed a high correlation with TSS

Table 3. Relative abundance (%), total species richness and mean density (n=12) of stonefly species along the Chubut river during the

study (2004)

AM LA EM FO Le LG PP PB VA LP DA D EE

Austroperlidae

Klapopteryx kuscheli Illies 0.5

Gripopterygidae

Notoperla sp. 1 18.7

Notoperlopsis femina Illies 43 42.7 20.2 3.6 50.1 56.7 7.7

Antarctoperla michaelseni Klapálek 36.5 17.7 1.6 3.8 30.3 13.3 0.8 26.8

Limnoperla jaffueli Navás 4.9 8.6 67.1 6.7 1.8 0.6 9.1

Potamoperla myrmidon Illies 8.3 2.8 0.8 85.6 17.7 29.3 92.3 100 90.9 99.2 100 73.2

Chilenoperla semitincta Illies 0.2

Aubertoperla illiesi Froehlich 5.6 9.2 10

Perlidae

Kempnyella genualis Navás 0.2 0.1

Plecoptera richness 7 6 7 5 4 4 2 1 2 2 1 2 0

Mean Plecoptera abundance (ind m)2) 136 36 163 297 252 238 241 131 135 232 1 62 0

Table 2. Range of chemical and biological variables measured on the upper (AM, LA, EM, FO, Le, LG, PP), middle (PB, VA, LP),

and lower (DA, D, EE) basin sites of the Chubut River, Patagonia, Argentina. Data correspond to four sampling dates (February,

May, September, and December 2004)

Range

Upper Middle Lower

pH 7.1–8.3 7.3–8.2 7.3–8.1

Conductivity (lS cm)1) 42–308 141–275 177–2,960

Total alkalinity (meq l)1) 0.11–3.39 1.45–2.05 1.52–1.94

Total Nitrogen (lg l)1) 13.6–387.8 154.5–511 150.1–695.9

Nitrate plus nitrate–nitrogen (lg l)1) 6.9–81.2 8.5–23.2 7.3–229.4

Ammonia (lg l)1) 1.9–42.8 9–72.6 3.3–176.3

Total phosphorus (lg l)1) 6.5–44.1 42.5–126.2 28.7–94.1

Phosphate Reactive Soluble (lg l)1) 3.1–11.6 3–22.1 8.3–43.8

Chlorophyll a (mg m)2) 0.01–8.5 0.7–5.45 1.3–17.59

Total suspended solids (mg l)1) 0.2–27.8 20.9–171.1 2.1–55.3
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(rTSS=0.80; p<0.001) suggesting that much of the
phosphorous at this section was bound to sus-
pended material. Additionally, it is probable that
an increase in TSS at the middle section dramati-
cally limited the transparency. However, signifi-
cant correlations among mean values of Chl a and

other nutrients were obtained (rNO3–NO2=0.78;
rNH4=0.63, rTN=0.57, and rSRP=0.63 p<0.001;
n=13), and in a multiple regression model inor-
ganic dissolved nitrogen and SRP explained 80%
of primary production. The decrease in suspended
solids and TP downstream of the reservoir is in

Notoperlopsis femina Antarctoperla michaelseni

Limnoperla jaffueli Potamoperla myrmidon
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Figure 3. Seasonal density (ind m)2) ± SD of the most important species of Plecoptera along the Chubut River and tributaries (n=3).
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agreement with one of the most common effects
of impoundments (Ward & Stanford, 1982),
which is the increase in Chl a as a consequence of
higher water transparency (Ward & Stanford,
1990). Species that seem to take advantage of a
high periphyton production were L. jaffueli and
A. illiesi, as shown in Fig. 4. Both gripopterygids
are herbivorous detritivores (Miserendino, 2000).

The serial discontinuity concept predicts that
reservoirs placed in lower reaches of river sys-
tems could increase the biotic diversity (Ward &
Stanford, 1982). Florentino Ameghino Dam did
not affect much the stonefly richness even though
density was at least locally reduced. The annual
thermal range can be strongly diminished below
impoundments in middle and lower reaches, and
stoneflies seem to be very sensitive to thermal
changes after river regulation (Miserendino &
Stanford, 2004). DA had the lowest temperature
comparing maximum water temperature among

sites (Table 1). With the exception of P. myrmidon,
it is possible that discharge fluctuation and lower
water temperatures by hypolimnetic releases neg-
atively affected the establishment of other stonefly
species populations at DA. An interesting fact is
that in February A. michaelseni was recorded
above the reservoir at LP, then was absent at DA,
and reappeared at D. Although the riparian cor-
ridor was similar and quite dense at both DA and
D sites, maximum water temperature at D was
3 �C higher than at DA suggesting that this
condition probably favored this species. Voelz &
Ward (1990) reported gradients in faunal com-
position due to additions of invertebrate species
downstream hypolimnetic release dams, reflecting
changes in water temperature and food resources.

Stoneflies were completely absent from PB to
LP in September. On the previous month, strong
and continuous rains resulted in a historical record
of discharge of the Chubut River (the highest of
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the last 50 years), with the middle basin being the
most affected by the flooding. This unusual
expansion of the river on the floodplain dramati-
cally increased TSS, TP, and SRP values, but also
resulted in severe erosion and sedimentation
reducing habitat availability. Stream invertebrates
are adapted to strong currents, but few can persist
under conditions of extreme and unpredictable
flow fluctuation (Borchard & Statzner, 1990). Few
months after the flooding, channel cleanup and
dredging was carried out in some affected towns.
In fact, our sampling of December was coincident
with the dredging actions at Le (Gualjaina City).
At that month, stoneflies were present at LA and
LG, but absent at Le. Probably the local elimina-
tion of Plecoptera species was related with sub-
strate removal during dredging.

In this study, altitude, stream order, substrate
size, and topographic variables were not selected as
major variables structuring stoneflies distribution.
This is partially consistent with a previous study
achieved in a river system in the cordillera in which
best predictors of Plecoptera assemblages were
variables related to river size (stream order, sub-
strate size) and those associated with urban im-
pacts (biochemical oxygen demand, conductivity
and pH) (Miserendino, 2000). In the Chubut river
system stonefly assemblages could be partly pre-
dicted by river size related variables (wet width),
but land use variables (conductivity, nutrients le-
vel, TSS) also showed strong and significant cor-
relations. Chl a was also selected in our CCA
analysis indicating the important role of periphy-
ton as food resource for Plecoptera in the system.
In a study of 56 Swedish streams and rivers

Malmqvist (1999) concluded that stonefly preda-
tory species increased with river size, and non-
predatory species increased with pH, distance from
upstream lakes, but were negatively affected by
sandy and silty substrates.

Catchment land uses and riparian vegetation
play a strong role in structuring habitat features
which in turn influence composition of invertebrate
communities (Roth et al., 1996). Even though we
ignore which was the situation of the middle
Chubut basin prior to colonization, there is strong
evidence that for more than a century overgrazing,
wood cutting and inappropriate land uses on the
arid area resulted in a severe land degradation
process and loss of vegetation cover (del Valle
et al., 1995). For example sites PB, VA, and LP are
situated on the most degraded areas (very severe
desertification status) compared to EM and FO
sites (lightly to moderate desertification status) in
the Chubut province (del Valle et al., 1998). The
decrease in stonefly richness along the longitudinal
river gradient could possibly correspond to natural
causes, but this pattern was also consistent with an
increase in TSS and nutrient contents and habitat
impoverishment at the middle basin. Of all the re-
corded species, the small sized P. myrmidon seems
to be the most ubiquitous and tolerant, existing in a
wide range of ecological conditions. Seven Ple-
coptera species co-occurred at EM, at this site most
nutrient concentrations were relatively low indi-
cating good water conditions. Moreover, food
availability was large from both terrestrial (ripar-
ian forest) and autochthonous sources as was
shown by important values of Chl a. In medium
sized rivers, retention of riparian forest can act

Table 4. Intraset correlation of environmental variables with the axes of CCA of Plecoptera species data in the Chubut river basin,

Patagonia, Argentina. Codes for environmental variables in parenthesis

Variable Axis 1 Axis 2 Axis 3

Conductivity )0.71 0.03 0.12

Total suspended solids (TSS) )0.30 )0.24 0.02

Phosphate reactive soluble (SRP) 0.05 0.51 0.34

Chlorophyll a (CHLA) 0.58 )0.22 0.27

Wet Width )0.29 )0.54 )0.11

Water temperature (TEMP) )0.10 )0.37 0.40

Eigenvalues 0.629 0.390 0.042

Species-environment correlation 0.87 0.86 0.62

Cumulative percentage variance of species data 23 37.2 38.7

p-values for Monte-Carlo Permutation testAxis1: F=8.045, p< 0.03.All canonical axes: F=2.87, p< 0.009.
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improving instream habitats by buffering nutrient
inputs, supplying allochthonous organic matter,
and providing habitat for the terrestrial adult
stages of insects with stream-dwelling larvae (Wi-
berg-Larsen et al., 2000).

Except for the sites below the dam, macro-
phytes were absent at most studied sites. Accord-
ing to the River Continuum Concept as the stream
width/shoreline ratio increases from headwaters to
the mouth, shading from riparian canopy declines
enabling aquatic macrophytes to develop (Van-
note et al., 1980). Again, total suspended solids
strongly diminished transparency avoiding aquatic
plant colonization on the river bottom at most
reaches in the main channel.

The results of this paper are in agreement with
a previous study carried out in the Chubut lower
basin in which the authors concluded that there
is a longitudinal gradient of eutrophication as
revealed by physicochemical features and phyto-
plankton composition (Sastre et al., 1997). In
some sectors of Europe stoneflies are being com-
pletely exterminated in potamal sections by grad-
ual habitat fragmentation, pollution, and loss of
biotopes after reservoir constructions (Landa
et al., 1997; Küry, 1997). As a consequence of the
increase in human development in the Patagonian
provinces, there is a high demand of electrical
power. There are plans to construct three new
hydroelectric dams in Patagonia. This study shows
a number of complex relationships between Ple-
coptera and the environmental variables along the
Chubut River, and could be considered for man-
agement purposes in the future.

Acknowledgements

This study was partially supported by CONICET,
Project A.W.A.R.E. Foundation and the Direc-
ción General de Protección Ambiental de la Pro-
vincia de Chubut. Special thanks to Cecilia Di
Prinzio, Eugenia Hollman and Carolina Masi for
fieldtrip assistance and to Dr. Miguel Archangel-
sky for helpful comments on the English version of
the paper. Ing. Pablo Rimoldi (INTA) provided
agricultural and cattle live stock data. Thanks to
an anonymous reviewer for valuable comments
that greatly improved the manuscript. This is Sci-
entific Contribution no 8 from LIESA.

References

American Public Health Association, 1994. Standard Methods

for the Examination of Water and Wastewater. American

Water Works Association, Hanover, Maryland USA.

Albariño, R., 1997. Spatial distribution of Plecoptera from an

Andean-Patagonic lotic environment in Argentina. Revista

Brasileira de Biologia 57: 629–636.

Ardolino, A., M. Franchi, M. Remesal & F. Salani, 1999. El

volcanismo en la Patagonia Extrandina. In Caminos, R.

(ed.), Geologı́a Argentina. Instituto de Geologı́a y Recursos

Minerales, Buenos Aires, 579–612.

Borchard, D. & B. Statzner, 1990. Ecological impacts of urban

stormwater runoff studied in experimental flumes: popula-

tion loss by drift and availability of refugial space. Aquatic

Sciences 52: 299–227.

Brittain, J., 1991. Life history characteristics as a determinant

of the response of mayflies and stoneflies to man-made

environmental disturbance (Ephemeroptera and Plecoptera).

In Alba-Tercedor, J. & A. Sanchez Ortega (eds), Overview

and Strategies of Ephemeroptera and Plecoptera. Sandhill

Crane Press. Gainesville, FL, USA.

Coronado, F.R.&H.F. del Valle, 1988. CaracterizaciónHı́drica

de las Cuencas Hidrográficas de la Provincia del Chubut.

Cenpat-Conicet, Puerto Madryn, Chubut, Argentina.

Fernández, H. R. & E. Domı́nguez, 2001. Guı́a Para la De-

terminación de los Artrópodos Bentónicos Sudamericanos.

EUDET, Tucumán, Argentina.

Gordon, N. D., T. A. McMahon & B. L. Finlayson, 1994.

Stream Hydrology, an Introduction for Ecologists. Wiley &

Sons, New York.

Harding, J. S., J. M. Quinn & C. W. Hickey, 2000. Effects of

mining and production forestry. In Collier, K. J. & M. J.

Winterbourn (eds), New Zealand Stream Invertebrates:

Ecology and Implications for Management. New Zealand

Limnological Society, Christchurch, 230–259.

Hauer, F. R. & V. H. Resh, 1996. Benthic macroinvertebrates.

In Hauer, F. R. & G. A. Lamberti (eds), Methods in stream

ecology. Academic press, San Diego, California, 339–369.

Illies, J., 1963. Revision der sudamerikanischen Geipopterygi-

dae (Plecoptera). Abdruck aus den Mitteilungen der

Schweizerischen Entomologischen Gesellschaft 3: 145–248.

Illies, J., 1969. Biogeography and ecology of Neotropical

freshwater insects, especially those from running waters. In

Fittkau, E. J., J. Illies, H. Kling, G. H. Schabe & H. Sioli

(eds), Biogeography and ecology in South America, Vol. 2.

Dr W. Junk, The Hague, 685–708.
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Chubut). Reporte técnico INTA, Chubut. Argentina, 6 pp.

Malmqvist, B., 1999. Lotic stoneflies (Plecoptera) in northern

Sweden: patterns in species richness and assemblage struc-

ture. In Frigerg, C. & J. D. Carl (eds), Biodiversity in Ben-

thic Ecology, Denmark, 63–72.

Metcalfe, J. L., 1989. Biological water quality assessment of

running waters based on macroinvertebrate communities:

History present status in Europe. Environmental Pollution

60: 101–139.

Miserendino, M. L. & L. A. Pizzolón, 1999. Rapid assessment

of river water quality using macroinvertebrates: a family

level biotic index for the Patagonic Andean zone. Acta

Limnologica Brasieliensa 11: 137–148.

Miserendino, M. L., 2000. Distribución y variación estacional

de Plecoptera en un sistema fluvial de cordillera Patagónica.

Revista de la Sociedad Entomológica Argentina 59: 149–160.

Miserendino, M. L., 2001. Macroinvertebrate assemblages in

Andean Patagonian rivers and streams. Hydrobiologia 444:

147–158.

Miserendino M. L. & J. A. Stanford, 2004. Life histories,

abundance and distribution of stoneflies in the Flathead

River Basin Montana (USA): continuity over 30 years. XI

International Conference on Ephemeroptera. XV Interna-

tional Symposium on Plecoptera, 15. Edited by The Uni-

versity of Montana. F.L.B.S. USA.

Morse, J. C., B. P. Stark & W. P. Mc Cafferty, 1993. Southern

Appalachian stream at risk: implications for mayflies,

stoneflies, caddisflies, and other aquatic biota. Aquatic

Conservation:Marine and Freshwater Ecosystem 3: 293–303.

Paruelo, J. M., E. G Jobbagy & O. E. Sala, 1999. Biozones of

Patagonia (Argentina). Ecologia Austral 8: 170–178.

Resh V. H., A. V. Brown, A. P. Covich, M. E. Gurtz, H. W. Li,

G. W. Minshall, S. R. Reice, A. L. Sheldon, J. B. Wallace &

R. C. Wissmar, 1988. The role of disturbance in stream

ecology. Journal of the North American Benthological

Society 7: 433–455.

Roth, N. E., J. D. Allan & D. L. Erickson, 1996. Landscapes

influences on stream biotic integrity assesssed at multiple

spatial scales. Landscape Ecology 11: 141–156.

Sastre, A. V., N. H. Santinelli, S. H. Otaño & M. E. Ivanise-

vich, 1997. Water quality in the lower section of the Chubut

River, Patagonia, Argentina. Verhandlungen der Interna-

tionale Vereinigung für Theoretische und Angewandte der

Limnologie 26: 951–955.

Scarsbrook, M. R. & J. Halliday, 1999. Transition from pasture

to native forest land-use along stream continua: effects on

stream ecosystems and implications for restoration. New

Zealand Journal of Marine and Freshwater Research 33:

293–310.

Tell, G., I. Izaguirre & R. Quintana, 1997. Flora y Fauna Pat-

agónicas. Ediciones Caleuche, Bariloche, Argentina, 175 pp.

ter Braak, C. J. F., 1986. Canonical correspondence analysis: a

new eigenvector technique for multivariate direct gradient

analysis. Ecology 67: 1167–1179.

ter Braak, C. J. F., Smilauer P., 1998. CANOCO Reference

Manual and User’s Guide to Canoco for Windows: Software

for Canonical Community Ordination (version 4). Micro-

computer power. (Ithaca, NY, USA), 352.

ter Braak, C. J. F. & P. Smilauer, 1999. CANOCO for Win-

dows (version 4.02) a FORTRAN Program for Canonical

Community Ordination. Centre for biometry, Wageningen,

The Netherlands.

del Valle, H. F., N. O. Elissalde, D. A.Gagliardini & J.Milovich,

1998. Status of desertification in the Patagonian region:

Assessment and mapping from satellite imagery. Arid Soil

Research and Rehabilitation 12(2): 1–27.

del Valle H. F., Labraga J. C., Goergen J. 1995. Biozonas de la

Región Patagónica. In Evaluación del Estado Actual de la

desertificación en Areas representativas de la Patagonia:

Informe Final de la etapa I. Edited by INTA-GTZ, Rı́o

Gallegos-Trelew-Puerto Madryn-Bariloche, 37–55.

Vannote, R. L., G. W. Minshall, K. W Cummins, J. R. Sedell &

C. E. Cushing, 1980. The river continuum concept. Cana-

dian Journal of Fisheries and Aquatic Sciences 37: 130–137.

Voelz, N. J. & J. V. Ward, 1990. Macroinvertebrate responses

along a complex regulated stream environmental gradient.

Regulated rivers: Research and Management 5: 365–374.

Wais, I. R., 1984. Two Patagonian Basins, Negro (Argentina)

and Valdivia (Chile) as habitats for Plecoptera. Annales de

Limnologie 20: 155–122.

Wais, I. R., 1987. Macrozoobenthos of Negro River Basin,

Argentine, Patagonia. Studies on Neotropical Fauna and

Environment 22: 73–91.

Ward, J. V., 1992. Aquatic insect ecology. Wiley, New York-

London, 438 pp.

Ward, J. V. & J. A. Stanford, 1982. The serial discontinuity

concept of lotic ecosystems. In Fontaine, T. D. & S. M.

Bartell (eds), Dinamics of lotic Ecosystems. Ann Arbor

Science Publishers, MI, 29–42.

Ward, J. V. & J. A. Stanford, 1990. Ephemeroptera of the

Gunnison River, Colorado, USA. In Campbell, I. C. (ed.),

Mayflies and Stoneflies. Kluwer Academic Publishers,

Dordrecht, 215–220.

Wetzel, R. G. & G. E. Likens, 1991. Limnological analysis (2nd

ed.). Springer-Verlag, New York.

Wiberg-Larsen, P., K. P. Brodersen, S. Birkholm, P. N. Grons

& J. Skriver, 2000. Species richness and assemblage structure

of Trichoptera in Danish streams. Freshwater Biology 43:

633–647.

274

View publication stats


