Arch. Hydrebiol. 158 4 461-483 7 Stuttgart, December 2003

Habitat type and macroinvertebrate assemblages
in low order Patagonian streams

Stella Maris Velasquez and M. Laura Miserendino'

Laboratorio de Ecologia Acuatica. Unpat, Esquel, Argentina

With 8 figures and 4 tables

Abstract: Benthic macroinvertebrate community structure was studied with respect to
stream habitat type in four low-order Patagonian streams (Argentina). Scven habitat
types were sampled during high and low water periods in cach river. Boulders, cob-
bles, pebbles and gravels were sampled in run/riffie sections, whereas sand, leal packs
and macrophytes were sampled in pools. Run-nffles supported higher densities and
biomasses of invertebrates than sand in pools but had densities similar to those in
macrophytes. Benthic organic matter was highest in leaf packs in pools (4.21g DM/
0.1 m?) and was composed of leaf fragments. wood and entire leaves. The dry weight
of organic matter among boulders, cobbles and pebbles in riffles arcas ranged from
0.69 to 0.85 g DM/0.1 m’. Detrended correspondence analysis showed that species as-
semblages differed seasonally, and that species associations differed markedly amonyg
substrata and rivers. Proportions of five functional feeding groups differed among hab-
itats, although gatherers were dominant in most habitat types. Shredders and collector-
gatherers co-dominated numerically in leaf packs but shredder biomass was highest
among boulders and gravels. Filterers were numericatly dominant on macrophytes and
gravels, whereay scrapers were common on all riffle substrata. At the habitat scale,
current velocity, water temperature and organic matler availability appear to be major
factors affecting the distribution and abundance of Patagonian stream invertebrates.
Our results provide baseline data on peorly studied river systems whose integrity is
threatened by sediment inputs from forestry and agriculture.
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Introduction

The physical habitat of stream biota is a spatially and temporally dynamic en-
tity determined by the interaction of structural features of the channel and the
hydrological regime (MADDOCK 1999). A stream may be viewed as a4 mosaic
of patches characterized by different environmental conditions (PRINGLE et al.
1988) in which the distribution of benthic macroinvertebrates reflects the dis-
tribution of benthic resources. Since variation in benthic community structure
can be explained at the level of habitat type, several authors have quantified
habitat units in rivers as well as distribution of benthic resources (WoHI. et al.
1995, ANGRADI 1996). In low order streams, “pools”™ are depositional habitats
in which fine sediments accumulate during low water periods, whereas
“runfriffles” are erosional habitats, from which small particles are exported
{CumMMINs 1972}, The nature of the benthic organic matter trapped among dif-
ferent hard substrata (gravel vs. boulder) in riffles can determine variation in
macroinvertebrate abundance (ParRKER 1989). Some authors have found that
run/riffles in mountain rivers support higher diversity and species richness
than depositional zones (HYNEs 1970, BurracNt & ComiN 2000). However.
leaf packs in run/riffles can also have high invertebrate diversity and abun-
dance (RaMirLz & PRINGLE 1998).

Habitat heterogeneity. defined on the basis of availability of resources
{food, refuges) at diverse spatial scales, is one of the most important features
determining the distribution of species (FRISELL et al. 1986, VINsoN & Haw-
KINS 1998, Brs et al. 2000). In lowland streams, species richness typically in-
creases on aquatic plants, which contribute a greater amount of habitat (ArMI-
IAGE et al. 1995). In low order streams, species richness is higher on stable
substrata such as cobbles and within leaf packs in riffles (MARCHANT 1988,
MARCHANT & BarmuTa 1994, MooG & JANECEK 1991).

River management practices and anthropogenic stress can affect ecological
processes at the habitat scale in several ways. For example. they result in in-
creases in sediment deposition, alterations in streamflow, and changes in the
nature of benthic organic matter (HUBERT et al. 1996, BARBOUR et al. 1999).
Changes in stream benthos resulting from the manipulation or disturbance of
rivers have been documented for Patagonian mountain streams (MISERENDINO
& Przzol 6N 1999, 2000). Benthic assemblages of invertebrates, and patterns
of distributions along an altitudinal gradient have also been described (Wals
1987, ALBARING 1997). However, there appear to be no studies of benthos in
relation to habitat types, which might reveal potential conscquences of habitat
manipulation as a result of recent land development in the area. Forestry prac-
tices. conversion to pasture, fisheries, and mining are activities that are in-
creasing rapidly in the northwest of Patagonia.
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The main goals of the study were 1) to assess whether particular macroin-
vertebrate species assemblages are associated with particular habital types.
and 2) to examine functional organization and benthie maller storage at the
habitat scale in low-order streams in Patagonia,

Study area

The study was conducted in four rivers in northwestern Patagonia (437 12°S: 717317 W),
The present landscape is strongly influenced by glacial action and strong fluvial cro-
siun, and is characterized by steep slopes, narrow valleys and high rainfall. Carchments
are dominated by granites and diorite rocks, Exlensive outerops of crystalline bedrock
produce jonically dilule waters, a distinctive characteristic of the Andean-Patagonian
Cordillera region (DraGo & QUIRGS 1996). All four studied streams are 2™ (Blanco)
or 3™ (Baggilt, Rifleros and Nant y Fall) order tributaries of the Futaleufd River
(Fig. 1}

Mean annual conductivity of river water at the study sites ranged frem 17 Lo
90uSem |, whereas alkalinity ranged trom 0.5 to 1.38 meq ™ (MistrENDING & Ple-
zoLON 1996), Streamflow in the region is strongly linked to precipitarion and snow-
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Fig. 1. Study area showing the location of sampling sites.
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melt, which result in winter and spring spates. However, during summer, river flow is
low and stable {CORONATO & DEL VALLE [988). The Blanco and Buggilt River water-
sheds are covered by native deciduous forest dominated by Nothofugus pumilio
(PoePP. cf ENDEL.) KraseN, and the perennial cypress Awstrocedrus chilensis (D.
Don). The latter is also common in the high forest of the Rifleros watershed. The low
basin of the Rifleros River. and the Nant y Fall basin downstream of Rosario Lake
(Fig. 1}, are covered by deciduous Nothofugus antarctica (FORsT. ¥.) OERsT forest, but
at the study sites native riparian vegetation has been replaced by introduced willow
Salix fragitis L. Willows and grasses also dominated the riparian zone at the Rifleros
and Nant y Fall study sites, whereas native forest bordered the Blanco and Baggilt Riv-
ers.

Materials and methods

Sampling design

Sampling was undertaken during high (November 1999) and low water periods {March
2000). Each of the rivers (Blanco, Baggilt, Rifleros, Nant y Fall) was visited twice.
The selected sites were at comparable elevation (350-400 m a.s.1). In depositional
areas (pools) three habitat types were sampled: sand (S), leaf pack (LP) and mucro-
phytes (M). In run-riffle areas four-differcnt habitats were sampled: boulder (B).
cobble (C), pebble (P) and gravel {G). The relative proportion of each habitar type was
assessed using a grid, as described by RaMIREZ et al. (1998). The dimensions of the
erid were 4 m x river width, with the grid being divided into 16 equal sections. The
percentage of all habitats occupying each section of the grid at each site was estimated.

At each site. water and air temperature were measured with a thermometer, during
the morning. Current speed was estimated by timing a bobber (average of 3 times] as it
moved over a distance of 10 metres (GorpoN et al. 1994). Average depth of the reach
was caleulated from three measurements taken al equal intervals across the channel
with a calibrated stick. Wet and dry widths of the streambed were measured as in Bar-
BOUR et al, (1999).

Three Surber samples (0.1 m~2, 250 um pore size) were taken from each habitat in
cach stream, during the dry and wet seasons. for a total of 78 samples. Samples were
fixed with formaldehyde in the field and were sorted and preserved in 70 % ethanol in
the laboratory. Sorting involved elutriation and the collection of materials on a serics
of sicves (mesh width 250p—1000 um). Detritus was divided into fine (250 5 -1000 um)
and coarse (>1000pm) particulate fractions (FPOM and CPOM., respectively). CPOM
was separated into wood, leaves (mainly entire leaves) and others (fragments of leaves,
grass, seeds, roots, buds, ete) (VorLz & WaRD 1990). All fructions were dried (105 °C
for 24 h) and weighed on an clectronic balance to 0.5 mg,

All organisms were identified to the lowest taxonomic level possible using avail-
able keys (ANGRISANO 1995, ANGRISANO & TREMOUNLLES 1995, BENEDETTO 1974,
DoMINGUEZ et al. 1994, BAcHMANN 1995). Density was caleulated from counts of all
the individuals in a sample, whereas biomass was estimaled using length-mass rela-
tionships as in MISERENDING (2001 a). Functional feeding groups were assigned by gut
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analyses and using available references (Merrirr & Cumming 1978, DomiNGuEZ et
al. 1994, ALBARING & Barstiro 1998).

Statistical analyses

Fixed-effects 3-factor ANOVA models were used to assess significant differences in
species richness, total density, total biomass and benthic organic matter (dry mass) be-
lween habitats (7), streams (4) and dates (2). The interaction hetween stream and sca-
son, and habitat and season were also assessed. A posteriori comparisons among habi-
tats were performed with Tukey’s (HSD} test (p<0.05).

To investigate macroinvertebrate distribution per habitat, Detrended Correspond-
ence Analysis (DCA: an eigen analysis ordination technique based on reciprocal aver-
aging; HuL & GaucH 1980) was performed for each river, separately, using the PC-
ORD statistical package {version 3.0, McCuUNE & Merrorn 1997). Log (x+1) trans-
formed species abundance data were used. Cluster analysis was also carried out on log
(x+1) transformed abundance data and on percentage occurrence data for all species
within a habitat and with seasons combined (LupwiG & RevynovLns 1988). Clustering
was performed with Ward’s linkage and the one minus Pearson correlation distance
(dissimilarity} measure, (McGariGal et al. 2000}, using the Statistica package.

To explore species-environmental relationships in habitats at all river sites, a Ca-
nonical correspondence analysis {(CCA) was performed using CANOCO version 4.3
(TER BRAAK & Smirauer 1998). This multivariate, direct gradient analysis cnables
non-linear species abundance data to be analyzed along with linear environmental data
(TER BRAAK 1986). Two environmental variables, altitude and dry river width, were
omitted because multicolinearity was indicated by a large variance inflation factor
(>20) (TER BRAAK & SMILAUER 1998, 1999). In CCA biplots the first and the second
axes represent the most important environmental gradicnts along which species and
samples are distributed. The significance of relationships on this pair of axes was
tested using a Monte Cario Test (999 permutations} (JOKEL 1986},

Results

Physical features and particulate organic matter

Habitat proportions differed among the study sites (Table 1). In Blanco River,
boulders in riffles were most abundant, whereas in Baggilt cobbles and pebb-
les were the dominant substrata. At the Rifleros River site, sund made up
31.25 % of the substrata. Macrophytes were mainly recorded at Nant y Fall,
where the most abundant species was Myriophvllum sp. Temperature was
lower in the wet than dry season, and current speed was approximately twice
as high in the wet season at all sites except Nant y Fall where differences were
not so marked.

Biomass of benthic organic matier differed among streams and habitat ty-
pes (Table 1, Fig.2), and was highest in thc Baggilt River. The fraction
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Table 1. Physical characteristics, percentage of substrate types and mean total values
of fine (FPOM) and coarse organic matter (CPOM) per sample (0.1 m?) measured dur-
ing high and low water periods.

Blanco Buggilt Los Rifleros  Nant y Fall
High Low High Low High Low High Low

Width (wet) of the strcam {(m) 21 13.20 9.5 7 4 7 11.5 9
Width (dry) of the stream (m) 23 1420 13 12 125 105 15 12
Water Temperature ("C) 5 Ll 7 125 8 145 9 il
Current speed (cm-s~") 56 25 81 46 85 38 86 79
Riftles

Boulder (%) 50 0 25 0

Cobble (%) 31.25 25 25 0

Pebble (%) 18.75 4375 18.75 31.25

Gravel (%) 0 0 0 37.50
Pools

Sand (%) 0] G 31.25 0

Leaf-puck (%) 0 31.25 0

Macrophytes (%} 0 G 31.25
FPOM

(g DM/0.1 m®) 0 .74 0.33 1.13
CPOM

Leaves (g DM/O.1 m?) 1.34 6.23 (.84 1.05

Wood (g DM/0.1 m?) 1.64 11.71 (.83 0.36

Others (g DM/0.1 m:) 5.51 21.51 13.14 12.64

Table 2. Mean total dry mass of organic matter by habitat type (2 DM 0.1 m %) and
percentage composition {in parentheses) of each detrital category at all sites combined.

Riftle Pool
Boulder Cobble  Pebble  Gravel  Leaf-packs Sand
FPOM 0.09(1y 0.02¢2) 001{1y 019011y 0.23 (& 0
Other 0.53(69) 049(62) 046(57) 14886y 2.21(52) 0.72(100)
Woaod 0.14(19) 0.15(20) 0.14(17) O 1.12(26) 0O
Leaves 0.09 (11 0.12¢15) 0.08(25% 0042} 065(15) 0O
Mean total benthic  0.85 0.79 0.70 1.71 4.21 0.72

organic matter

“others” dominated in most habitats, especially among gravel and boulders in
riffles and leaf packs in pools (Table 2}. The percentage of wood was similar
on boulder, cobble, and pebble substrata, but more wood was associated with
leaf packs. Leaf packs and gravels had higher contributions of FPOM (6 % and
11 %, respectively) than the other habitats. In most habitat types the FPOM
fraction was higher in spring (high water period) than summer (low water pe-
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riod) (Fig. 2). Conversely, more leaves were present in summer than spring
(Fig. 2, Table 3). Leaf fall in the deciduous Nothofugus pumitio and Salix fragi-
lis occurred in autumn and coincided with the first high discharge peak.
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Fig. 3. Inter-habitat variation in mean (£ 1 SE) species richness (top), density (middie)
and biomass (bottom) (n = 6), for each stream.
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Effect of habitat type on macroinvertebrates

Mean species richness per sampic was highest in riffles. Boulders supported
most species at the Blanco and Rifleros sites. cobbles in the Baggilt and gravel
in Nant y Fall, however, values were not significantly different among coarse
substrata at individual sites (Fig. 3). Sand in pools had significantly lower spe-
cies richness than the other habitats (ANOVA, P<0.005) (Tables 3 and 4).

Mean abundance per unit area showed differences among substratum types
(Fig. 3). Pools containing sand had significantly lower densities of inverte-
brates than the other habitats {ANOVA, P <0.005), and leaf packs had lower
densities than macrophytes, although the diffcrence was not significant
(P=0.05, Table 4). Boulders and gravel in riffles had high mean macroinverte-
brate biomass, and sand supported the lowest biomass (Fig. 3, Table 3). Sea-
sonal differences were observed in total biomass (ANOVA, F = 3.9, P<0.05;
Table 3), which was higher in spring than summer.

Except for the sand habitat in the Rifleros River, all habitats had diffcrent
assemblages of invertebrates during the high and low water periods {Fig. 4).
Thus, DCA axis | in Blanco, Baggilt and Nant y Fall, and DCA axis 2 in Rif-
leros, showed a clear separation among habitats sampled during high and low
water periods. Morcover, coarse substrata (B, C, P) were separated from or-
ganic substrata along DCA axis 2 in Baggilt, although the separation between
macrophytes. cobbles and gravels was less clear in Nant y Fall. At Nant y Fall
Gr and M were identified as separate groups only during the low water period.

The macroinvertebrate assemblages in each habitat type are shown in Table
4. Only five taxa were associated with one habitat type more than 80 % of the
times, Hexatoma sp. (Tipulidae) with macrophytes, Meridialaris laminata
(Leptophlchiidae), Lumbriculidae sp2, Chilina patagonica (Gasteropoda), and
Lumbriculidae sp! with sand. However, 15 species were associated with one
or two substratam types more than 49 % of the time. They included Paraseri-

Table 3. Results of three-way ANOV As examining the effects of habitat type, strcam
and season on total density, biomass, species richness and fractions of benthic organic
matter. Variables log (x+ 1} transformed. * = <p <0.05, ** = p <0.005.

Habitat Stream Season Stream X Seuason X

Fie.52, Fiasm F 52, Seuson Habitat
Fiisy Fiosz
Species richness 27.8%* 6.2%% 0.06 224 1.15
Total density T.07H% 4.5% 1.86 1.10 1.21
Total Biomass 4.6%* 4% 3.92% 0.03 .79
FPOM 7.3k 3.74% 1.21 0.58 137
Leaves 887+ 14.26%* 26.29%# 6.8 7.TEE
Wood 4, 74%% 9.77%* 0.02 0.39 0.24

Other 11.39%% I11.46%* 0.02 | 4.04+*




470  Stella Maris Velasquez and M. Laura Miserendino

Table 4. Mean abundance of macroinvertebrates (ind. 0.1 m ) and percentage occur-
rence (in parentheses} of 36 taxa in different habitat types in low order strcams in Pata-
gonia. Taxa arc assigned according to their abundance values thigher o lower) in all
habitats combined. Taxonomic group: G: Gripopterygidue, P: Perlidae. A: Austroperli-
dae, B: Baetidae, L: Leptophlehiidac, Am: Ameletopsidae, S: Sericostomatidae. H:
Hydrobiosidae, Hp: Hydropsychidae, Lp: Leptoceridae, C: Chironomidae, T: Tipuli-
dae, At Athericidae, Si: Simulidae, E: Elmidae, Hy: Hyalellidac, Ch: Chilinidae, and
Lu: Lumbriculidae. L: list of taxa codes used in the CCA analysis. Functional fecding
groups (FFGs) assigned: S, shredder; P, predator; Sc. scraper: CG. collector-gatherer,
and CF, collector-filterer. Numbers with the same subscript are not different in
ANOVA test (P <(1.005).

Tax. Taxa L FFG Boulder Cobble  Pebble  Gravel  Maceoph. Sand Leaf
Group packs

S Purasericosiomo ovale SUHMID Poo S 150500 453033 34439 122067 033(33) 05331 0833}
Hp Smicrideq aniudicorais BLANCarn Smo T L3750 48030y 32(56) 1867 15167

G Chilenoperio puerilty N0ES Cp S 6(42) L1421y 2901h

G Seazilioides panguipadli NavAs Sp 8 12417 .85

B Buenssp.2 B2 CG 22y 06dh Ty 0067 BI6 T

B Bueilssp.3 B OO L7225 138 D928

G Rhithroperta ressi FROEHLICH R S 028

E  Awstrelmis sp. An Sco 2563 275 20066y Q3 (16) 03333 217 tob)

G Aubertoperiu iffiesi ILLIES Af 0 Sc 1733 242% F.7(28) 02{1h 02117

P Picietoperka goyi Preten Py P 1{21) 0.0

Am Chiluporter eatonf LESTAGE e P 20017y DYy 0.2422)

A Klapopteryy kouseheli 1LLIES Kk 8 0.5¢21) 0207

G Pelurgoperla personate LS Pp CG 0%y 02 000l

Lp Neciopsyohe unisping Fuiny Nu S 055 02035

G Arewcanioperta bulocki Navis Ak Sc 0313 .2¢1h

H  Rhcochorema sp. Ry P 0.1

L Meridialaris chidoeensis (DEMOULINYG Me GG 1.1(33) 3729 133 (28)

G Limnoperla juffueti Navas Li  Sc 05117y O8I 43030 1201

G Notoperfopsis feming Il NS 02 042 1L302E 03017 12030

G Amtarctoperia sp. A 5 02007

L Meridialaris diguifing ULVER Md CG 23025 33, 16030 0833

C Purochlus sp. Par CG 15042 2(33) 13122y 03022y 4R 1.3133)

C  Pawdtrichoclidies sp. 20O 99483 9R8R 596ty 1967 3167 13867}

I Hexatoma (Erfocera) sp. H P 2.5025) 6823 O6010) 35(50 2778y

C  Abtabesmyia sp. Abl CG 30833 070221 032N 27450

Hy Hyaltefa curvisping SHOLMAKER He CG (L7 {33}

Si - Sinraliunt sp. Si CF 14350 475020) 7.3(33) 56.8(33) 438i33) [ EEXS]

L Meridiafaris luminara (ULMER) Mi CG 56050 65032y 4.7(3) 123180 0.3 (33

Lu Fumbricilidae sp. 2 Lu2 CG 130257 32038y 1322y 5483 277y 03 (1 28133

Ch Chilina patagonica SOWERBY Cpa Sc 1642y 142y 06E2) LT3 D8 05an 03an

Lu  Lambriculidae sp. | Luf CG 058 17021 0201 307 12017y O8R5

L.p Brachysetodes mujor SCHMID Bm 8 56050y 6707y 155 23000 3367 9283

L Penaphlebia chilensis (EATON) Pehh OGO 02 (8 1.2(29) D307 083 42433

1. Nowsic bella PEscanor & Prikks Np CGo0 sy 04017y 0.3¢22) 33050y DB (S 3567y

B Baetissp. i Bl CG 1417 1.7¢33) (b6 139y 06033 03 (33) 1745

Al Dasyomea sp. P L3538y 120461 1L.5{50) 1 {560
Total species richness 29 3 R) 17 20 4 17
Mean species richness 1t 1y 1 B 9! Ih ks
Mean total abundance {ind. 0.1 m ) y7 T 73 125°% 125° U 45

Mean total biomass (g DM (.1 m™) oest 033" 03t ot ot oozt ot
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Fig. 4. Ordination of habitat types sampled in four strcams in the Patagonian moun-
tains using Detrended Community Analysis, Symbol codes as follows: Circles: large
inorganic particles, Squarces: sand, Triangles: organic substrata. Open symbols: low
water period, filled symbols: high water period. B: boulder, C: cobble, P: pebble, Gr:
gravel, Sz sand, LP: leaf packs, M: macrophytes,

costoma ovale (Scricostomatidae), Smicridea annulicornis (Hydropsychidae),
Austrelmis sp. (Elmidae), Paratrichocladius sp. (Chironomidae), and Da-
svoma sp. (Athericidae). The taxon with the highest occurrence in sand was a
species of Lumbriculidae. whereas on macrophytes Hexatoma sp. was most
abundant. Several species were held in common by macrophytes and gravel:
Hexaroma sp., Lumbriculidac sp2, Hyallela curvispina (Amphipoda), Abla-
pesmya sp. (Chironomidae), Chilina patagonica and Meridialaris laminata.

In leaf packs, three mayflics species (Nousia befla. Baetis spt and Penaph-
lebia chilensis) had the highest occurrences {Table 4). The main assemblages
in the boulder-cobble-pebble habitat were the stonetlies Chilenoperla puerilis
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Fig. 5. Cluster analyses (r-Pearson, Ward linkage method) based on abundance (top)
and percentage occurrence (bottom) dissimilarity of macroinvertebrates per habitat
type in all studied sites combined,

and Aubertoperia ifliest, and the mayflies Meridialaris chiloeensis, Baetis sp2
and Baetis sp3.

Clustcr analyses, based on both mean abundance and percentage occur-
rence of taxa, showed that boulders, cobbles and pebbles had similar assem-
blages. Furthermore. gravel and macrophytle assemblages were grouped to-
gether (Fig. 5), consistent with the DCA results.

Functional feeding groups

Collector-gatherers, mostly chironomids and leptophlebiids, had the highest
densities in practically all habitat types, an exception being in gravels where
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the fillerers Swiicridea annulicormis anid Sisdiv sp. were dominants (Table
4, Fig. 6). Shredders had the highest biemass at most sites, except on macro-
phyics where lilterers had the highest biomass. Shredder density was high on
boulders, but low among pebbles and cobbles. and in leal packs. The most
common shredders were Brachvsetodes major, Klapoprervy kuscheli and Pa-
rusericostoma ovale. 'The highest density of predators occurred vm macro-
phytes where {fexatoma sp. was common. However, (he highest biomass of
predators was on cobbles where the large lurvac of Picietoperla gayvi (Plecop-
tera) and Chiloporter earoni (Fphemeroptera) were found (Fig, 6). Scrapers
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had high hiomass on cobbley, pebbles and gravels, where the most common
scraper taxa were Austrelmis sp., Linmoperld jaffueli, and Chilina patagonica.

Environmental relationships

Stream wet width, current velocity, water temperature, depth and wood bio-
mass were the main environmental variables correlated with CCA axes, indi-

+2.0

Water
temperature

10 1
g.ﬂ 1* o

Width
-1.5 4% FPOM +2.5
4%44)( 33 / Wood 1[-| i1®

33 ,* 1
4 ﬂ%-(}'ﬂ o
4 4

+ 2.2
2

Current
speed

-2.5

Fig. 7. Canonical correspondence unalysis ordination plot for sites and environmental

viriables. Ciode for streams: 1 Blanco,
ol habitat types: @: boulders. Il sand, 4,

mucrophyles and +: gravel.

2 Baggle, 3: Rifleros and 42 Nant y Fall. Code
leal packs, O: pebbles, <1 cobbles, X:



Habitat type and macroinvertebrate assemblages 475

cating that predictors of macroinvertebrate assemblages at the habital scale
were associated with the size of the reach, bul also were alfected by variables
that changed, seasonally. The ordination obtained was tested by the Monte-
carlo test (Tor the Nirst axis F =7.087 and P <0.005 all the axes: F = 3.358 and
P <(1.005) meaning that canonical axes extracted were significant. Species-
environmental factor corrclations were CCA L - 0.89 and CCAZ2 = (L&8, indi-
cating high correlation of the environmental variahles selected. The CCA indi-
cated stronger relationships among habitats within a river, than among similar
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Fig. 8. Cunonical correspondence analysis ordination plot for species and environ-
mental variables. Code of specics in Table 4,
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habitat types in different rivers. Thus, samples (row g particular tiver elusiered
together in the biplot (Fig. 7). Habitats sampled during low water period were
positioned in both the lett and right upper quadrants. Conversely, habitats
sampled during high water period were located only in the lower quadrants,
meaning that discharge probably affected habital persistence and also benthic
organic resources. During spring, the fraction "other’ and FPOM 1ncreased.
Species recorded during (he low waler period were positioned in both the left
and right upper quadrants, while those recorded in the wet season were posi-
tioned in the lower quadrants (Fig. 8).

Discussion

Macroinvertebrate assemblages exhibited differences in species richness, den-
sity, and biomass among substrata and habitat types in the rivers studicl
stony substrata in ritfles supported higher density and biomass of macroinver-
tebrates than sand and leat packs in depositional arcas, in both dry and wet
scasons. These results are consistent with those observed tor other low-order
rivers in mountain areas {Ilynes 1970, Brown & Brussock 1991), and con
irasl the observations ol ANGrADI (1996} whe found that debris pools sup-
ported higher densitics of inverlebraies than riffles in hcadwaters Appalachian
streams. Leaf packs and pebbles in riffles often support a high density and bio-
mass of macroinvertebrates (RaMiREZ & PRINGLE 1998, WIHITLEDGT & Ra-
BENI] 20{H]). Although leat packs were not a priesi identilied as entities in riff-
les in our study. considerable amounts of course organic matter including en-
tire and fragmented leaves were associated with boulders and cobbles in these
arcas,

Some authors have Touwd thal pools or depositional habitats in tropical
areas have lower density and biomass of macroinverichrates than other habitat
types, because they are subjected to greater predation and physical disturbance
(BrOwN & Brussock 1991, PrincLr 1990). In our study, ritfles had more
taxa and supported u greater density ot invertebrates than sand or leat packs in
pools, probably because the latter depositional environments were unstable
{dominated by sand) and disturbed by increases in discharge. In contrast, the
macrophyle Myriophyliion supporied a similar density of invertebrates in de-
positienal area (pools) as did boulders and cobbles, suggesting il provides a
stable substratum and feeding site.

GILLER & MALMEVIST (199%) postulated that most benthic taxa are sub-
stratum generalists, although many may show a degree of preference tor broad
subsiratum categories. TTowever. despite weak substratum speciticity there are
some taxa that do occur only on particular substrata {ALLaN [1995), In the pre-
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sent study, Klapopteryx kuscheli, Dictetoperla gavi and Araucanioperia bu-
locki fell into this category, as they were found only on cobbles and pebbles,
We also lound particular assemblages of species on large substrata in riffles
(houlders, pebbles, cobbles), gravels in riffles, and macrophytes, sand, and
leaf packs in pools. Thus, specific habitat preferences seemed to be related
principally to the category (organic-inorganic). and stability (stable-unstable}
ol the substratum. When we analyzed preferences for substratum size within
the coarse category (boulder. cobble and pebble), ditferences were not so
marked, but assemblages were still different from those on gravel and sand.
These findings are consistent with those of previous Patagonian studics, which
have indicaled that inorganic substralum size was a good predictor of stonefly
assemblages (MisrrENDING 2000), and some taxonomically more diverse
macroinvertebrate assemblages at a landscape scale (MISERENDING 2001 b),
and along altitudinal gradients (MISERENDINO & Przzolon 2000). WINTER-
BOURN & GREGSON (1989) indicated that many stream invertebrates in New
Zealand have substratum preferences: many of these are related (o endemic
Patagonian taxa (e.g. Austroperlidae, Notonemouriidac, Ameletopsidae). Fur-
thermore, Quann & Hickey (1990) found that taxonomic richness and density
in New Zealand streams were highest on small cobbles, large cobbles and
boulders. They also noted preferences of individual taxa for large particles be-
cause these were more stable and accumulated periphyton and coarse organic
matter, Some of our findings are in agreement with these results. Thus, the
scrapers Rhirroperla rossi and Araucanioperia bulocki were found only on
cobbles and pebbles. where several shredders (Chilenaperia pueriis, Klapeop-
reryx kuscheli, Antarctoperfer sp.), which probably leed on trapped, frag-
mented delrtus, were also commaon. On the other hand, several taxa did not
show substratum preferences. The lack of specificity for a parcticular substra-
tum noticed in the nominal shredders Parasericestoma avale and Brachyseto
des major, could indicate that these species have fairly general teeding habits,
No studies have been undertaken on their feeding ecology, but VaLverne &
MISERENDING (1997) suggested that at least £ oveade could complement its diet
with epilithic algae.

The main taxa recorded on Myriophyifun in our study were the ubiquitous
Paratrichocladins sp. (Chitonomidae), a tipulid Hexatoma, and less com-
manly, the amphipod Hyvalella curvispina, Paratrichoctadins also co domi-
nated with H. curvisping in a piedmont siream dominated by Myvriophilium
(MISERENDINO & PizzoLON 2000). In leaf packs, the shredders (Brachvseto-
des major) and collector-gatherers co-dominated, with scrapers, mainly repre-
sented by Awustrelmis sp. (Flmidac), in thinl place. The numerical dominance
of collector — gatherers, and biomass dominance of shredders in leal packs is
consistent with the findings of ALBARINO & Barstiro (2002) in other Patago-
nian streams.
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Of the three species of Meridiafaris (Leplophlebiidae) recorded in the pre-
sent study, M. chifoeensis seemed to he more habitat specilic than M. laminara
and M. diguilina. Tlowever, none ol the species was recorded on sand. Indeed.
practically no insects were recorded on sand where the more common specics
were Lumbriculidac, and less trequently, the gastropod Chitina patugonica.
These findings are consistent with the resulls of an experimental study on the
effects of sediment addition on stream fauna in Auvstralia, which showed that
that high sediment levels caused a reduction in invericbrate density and divers
ity (DonG & MILLEDGE 1991), We suspect thal an increase in {ine sediment in-
puts could result in severe modificalions Lo habitats und tauna in headwater
streams in Patagonia, and there is evidence that invertebrate communities are
disrupted by sediments derived trom forestry and agricultural activiics (Piz-
ZOLON & MISFRENTING 2001).

Seasonal variation in discharge can play a major role in determining hab-
ilat and faunal persistence. Some meschabitats (gravel) constitute discrete
habitat units throughout the year, whereas others {macrophytes, silt, sand) may
only be available in a particular scason (ARMITAGE et ul. [995). At Nant y Fall
the fauna on macrophytes and gravels differed more in spring than in summer
as shown by the DCA. However, more species of macroinvertebrate were re-
corded on macrophyles in spring, suggesting that they may provide a refuge at
the time ol year when variable, high tlows can be expecled.

Fxcept for macrophytes, sand and leaf packs, the CCA separated rivers
maore strongly than habitat types. Moreover, marked ditferences were tound
between macroinvertcbrate assemblages in the dry and wet seasons. Current
velocity, water lemperature, depth and the amount of detritus were 1dentified
as important factors strucluring macroinvertebrate communities. ErMAN &
ERMAN (1984) also found that particle size, current velocity and detritus had
major effects on the densities of species in Californian streams, anl Parno &
ARMUTAGE (1997} found that water velocity, flow dynamics and the nature of
the substratum influenced the compasition of benthic communities in streams
of England.

As expected, large-bodied shredders dominated biomass in most habitats,
confirming that energy resources were detrital based. as is common in low or-
der forested streams (VANNOTE et al. 1980). Surprisingly, shredder densily and
biomass were higher among boulders and gravel than in Jeal packs. In con-
trast, ANGRATH (1996} found that in some North American streams shredders
were miost abundant in leaf packs in pools. which were more relentive than
riffles. We also found that organic maller was most abundant in pools. How-
ever, boulders had high contribulion of shredders that were only recorded in
hard substrata (e.g. Senzifloides panguipulli, Chilenoperia puerilis), whercas
species of shredders recorded in leaf packs, were not limited to (his habital
type.
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Substratum type is onc ol the main environmental factors that affects dis-
tribution and abundance of lotic invertebrates (WRIGHT et al. 1983, MINSHALL
1984). However, as the water level rises and falls, stream habital expands and
contracts and resource availability changes (POwER et al. 1988). Then, shifts in
detritus distribution can alter species distribution. Unstable substrata such as
sand andd leaves are easily aftected by discharge, whereas larger particles such
as houlders and cobbles are more stable. Thus, the substratum-taxon relation-
ships observed in our sludy seem to be explained, in part. by substratum stabil-
ity at the habitat scale. Qur work indicates that riffles in low order Patagonian
streams arc persistent habitats, which have well-defined inveriebrate assem-
blages that respond seasonally to changes in discharge, temperature and or-
ganic matter inputs. Changes in discharge, sedimentation, and inpuls of or-
gumnic maltler derived from forestry activities can be expected te affect habitat
quality and macroinverlebrate assemblages.

Additionally, headwater strcams in Patagonia support a diverse fauna of
exotic and endemic fishes that feed on invertebrates, including the introduced
salmonids Oncorhynchus mykivs, Sulma trutter and Salvelinus fonrinalis (OR-
TUBAY et al. 1997, Pascual et al. 2002). It is interesting (hal invertebrate di-
versity recorded at our study sites was lower than in similar sircam environ-
ments in Ausiralia where fish communities are not so diverse (MARCHANT ¢
al. 1985, 1999). This suggests that predatory fish may be atfecting the com-
position ol invericbrate communities in low-medium order Patagonian streams
as oceurs in parts of New Zealand (McIntose 2000). In some developed
countries (e.g.. England, United States) a scquence of linked management op
tions {e.g.. selective removal or addition of debris, retention of butfer strips)
has been suggested to control sediments and organic matter iransport within
river systems draining catchments subject to commercial forestry, in order (o
enhance channel stability and physical habitat diversity (GURNELL et al.
1995). Although there is evidence that land development is affecting aquatic
environmenls in Patagonia, mitigation practices have yet to be tested or im-
plemented, adequately. The present study bas provided much needed informa-
tion on invertebrate assemblages and their environmental associations at the
habitat scale and should help provide a bascline for conservation purposes and
for the management of low order streams in Patagonia.
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