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SUMMARY

1. Seasonal changes in longi dinal patterns of environmental conditions and macroin-
vertebrate cornmunity distrib tions were examined in an alpine glacial stream (Roseg

River, Switzerland).
2. Physico-chemical paramete s reflected seasonal changes in glacial in.fluence via shifts in
water sources and flowpaths ( lacial meltwater versus ground water), and were best
described by turbidity , partic ,late phosphorus and specific conductan.ce. High nitrogen
concentrations indicated sno elt was the main water source in June.
3. Macroinvertebrate densities and taxon richness were highest during spring (4526 m-2
and 16 taxa, all sites combined and late autumn/early winter (8676-13 398 m-2 with 16-18
taxa), indicating these periods may be more favourable for these anirnals than summer
when glacial melting is maxim 1. Diamesa spp. (Chironornidae) domina ted the fauna at the
upper three sites (>95% of zoo enthos) and were abundant at alllocations. Other common
taxa at lower sites (1.2-10.6 k downstrearn of the glacier terminus) i:I1cluded other
chironomids (Orthocladiinae, anytarsini), the rnayflies Baetis alpinus and Rhithrogena spp.,
the stoneflies Leuctra spp. and Protonemura spp., blackflies (Simulium s pp., Prosimulium

spp.), and Oligochaeta.
4. Co-inertia analysis revealed a strong relationship between environr:nental conditions
and benthic rnacroinvertebrat assernblages. Furthermore, it elucidated temporal variab-
ility in longitudinal response atterns, as well as a similarity in temp(>ral patterns among
individual sites.
5. Our results suggest that zo benthic gradients are not solely related to temperature and
channel stability. Seasonal shi~s in sources and pathways of water (l.e. extent of glacial
influence), and periods of favqurable environmental conditions (in spring and late
autumn/ early winter) also str~ngly influenced zoobenthic distributions.
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sedge-mat vegetation that gradually fades into grass
hummocks and cushion plants i:n the subnival zone
(Landolt, 1992). Three principal types of stream
ecosystems can be distinguishe<i in areas of high

altitude (Ward, 1994): kryal (glaci.er-melt dominated),
krenal (groundwater-fed) and rhit:hral (seasonal snow-
melt dominated). Environmental harshness (low tem-
peratures and scarce food res~urces) is a general
feature of these alpine streams. BEcause of heterogen-
eity in the climate, geomorphology and hydrology of
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Introduction

Treeline and the permanent snowline compriSej two

important boundaries for life in alpine environm nts.

Above treeline the alpine zone is characterize by
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alpine environments, alpine stream networks often
form a complex mosaic of kryal, krenal and rhithral

segments (Ward, 1994; McGregor et al., 1995).
Kryal stream segments are characterized by (1)

year-round low temperatures (T max = 4 °C), (2) large
diel flow fluctuations in summer with peaks in late
aftemoon from glacial melting, (3) highly turbid water
from suspended rock flour through glacial scouring
and (4) usually low channel stability close to the
glacier, but with increasing stability downstream
(Milner & Petts, 1994; Ward, 1994). Furthermore,
instream environmental conditions depend on dis-
tance from the glacier terminus, season, and the
contribution of non-glacial water sources. Down-
stream of the kryal segment, a glacio-rhithral zone,
fed by a mixture of water sources, can extend for a
considerable distance, with temporal changes in
discharge and temperature reflecting the relative
proportion of glacial influence (Füreder, 1999).

Alpine streams play an important role in river
systems throughout the world (Füreder, 1999), and
may be more affected by global climate change and
anthropogenic impacts than mountain streams at
lower altitude (Chapin & Körner, 1994; McGregor
et al., 1995). Despite a well-documented interest in high
mountain streams and their fauna at the beginning of
the 20th century (Steinmann, 1907; Thienemann, 1912;

Steinböck, 1934; Dorier, 1937), most later studies have
dealt principally with hydrology, glaciology , geomor-
phology and physico-chemical attributes (e.g. Gumell
& Fenn, 1985; Röthlisberger & Lang, 1987; Prowse,
1994; Gumell et al., 1999). In contrast, comprehensive
studies examining longitudinal distribution pattems
of alpine benthic communities are few (e.g. Saether,

1968; Steffan, 1971; Kownacka & Kownacki, 1972;
Kownacki, 1991), and typically of limited duration or
intensity. Year-round studies, such as conducted by
Lavandier & Decamps (1984) in the Estaragne, an
alpine headwater stream in the French Pyrenees, are
scarce although of major importance to understand

temporal dynamics.
Synthesizing the available literature on the ecology

of glacial-fed streams, Milner & Petts (1994) proposed
a qualitative model that relates longitudinal gradients
of zoobenthic communities to temperature and chan-
nel stability; both being a function of distance from the
glacier terminus and time since deglaciation. Close to
the glacier, where summer temperatures typically do
not exceed 2 °C, chironomids of the genus Diamesa

generally dominate, or are the sole animals found.

Where maximum temperatures are between 2 and

4 °C, other Diamesinae, Orthocladiinae and Simulii-

dae are typically present. When water temperatures

exceed 4 °C, Baetidae, Nemouridae and Chloroperli-

dae typically colonize glacial streams. Further down-

stream, other Ephemeroptera, Plecoptera and Diptera,

as well as Trichoptera, are predicted to appear. Milner

& Petts (1994) also suggested that modifications of

downstream patterns may result from tributaries,

changes in valley confinement and lakes. For example,

Burgherr & Ward (2000) reported distinct differences

in the zoobenthic communities of a kryal channel and

an adjacent proglaciallake outlet stream.

The study of relationships between faunal assern-

blages and their environment is a central theme of

community ecology. Whenever possible, the inherent

spatial and temporal variation of both the environ-

ment and the faunal assemblage should be considered

(e.g. Borcard, Legendre & Drapeau, 1992; Franquet,

Doledec & Chessel, 1995) to gain a better understand-

ing of the ecological phenomenon under study (Resh

& Rosenberg, 1989). Ordination techniques, designed

to summarize and simplify complex di1t(l SL'tS, provide

a powerful tool for analysing patterl~s of biotic

assernblages, and relating them to measured environ-

mental variables (ter Braak & Verdonschot, 1995).

Recently, co-inertia analysis has been proposed as an

alternative to canonical correspondence analysis for

the study of relationships between faunistic data and

environmental measurements (Doledec & Chessel,

1994). This technique is particularly suitable for the

simultaneous detection of faunistic and environmen-

tal features in studies of ecosystem structure.

The principal objective of this study "Was to relate

longitudinal patterns in macroinvertebrate assem-

blages to environmental conditions in the glacial-fed

Roseg River, Switzerland. Specifically, the following

questions were addressed: (1) Do environmental

conditions exhibit distinct patterns with increasing

distance from the glacier terminus and across sea-

sons? (2) Are there predictable spatio-temporal pat-

terns reflected in zoobenthic assemblages ? (3) Is there

concordance among environmental and biotic gradi-

ents? Because the relationship between fauna and

environment may vary in space and time, we use an

approach to separate the spatial variability among

sampling dates and the temporal variability among

sampling sites.
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spp.). In the lower alpine zone, mat-grass (Nardus
stricta L.) vegetation was dominant. Curved sedge
(Carex curvula All.) characterized the middle and
upper alpine zone. In the subnival zone, sparse
hummocks of curved sedge tussocks occurred, other-
wise only lichens and mosses developed.

Methods

Study sites

Five distinct reaches characterize the Roseg River: an
unstable braided proglacial reach (length 900 m)
below Tschierva glacier (Fig. 1), a lake outlet stream
below proglacial Lake Roseg (length 950 rn), a single
thread channel incised in glacial till (length 600 m) ,
the main glacial flood plain (length 2750 rn), and a
canyon-con- strained reach thatextends downstream to
the river mouth at Pontresina (length 7050 rn) (Figs 2
and 3a). In the main flood plain, six distinct channel
types can be distinguished (Tockner et al., 1997).

Ten sampling sites (Fig. 3a) were located along the
main channel (thalweg) of the Roseg River from just
below terminus of the Tschierva glacier (site M1 )
down to the river mouth (sjte M10), covering an
altitudinal gradient from 2150 to 1760 rn a.s.l. For
comparison with previous work on the hydrology and
ecology of this glacial river system, sites numbered
M1-M10 in this paper corresponded to codes M-20,
M-15, M-10, M-1, M10, M12, M20, M30, M32 and M40
used in previous papers (Tockner et al., 1997; Malard,
Tockner & Ward, 1999; Ward et al., 1999). Some
general site characteristics are summarized in Table 1.

General description of the study area

The study was conducted in the Val Roseg located in
the Bernina Massif of the Swiss Alps (9°53'57" E,
46°29'28" N). The 11.3 km long Roseg River (Ova da
Roseg) drained a catchment area of 66.5 km2, of which
30% was covered by glaciers, 40% was bare rock or
glacial till without vegetative cover, and 9% was used
for pasture. Bedrock consists of granite and diorite of
the Bernina-, Corvatsch- and Sella-Nappes, which all
belong to the austroalpine I1appes. Altitude ranged
from 1760 m a.s.l. (confluence with Bemina River) to

4049 m a.s.l. (Piz Bemina). Precipitation averaged
1600 mm year-l, of which 50% is snow (1951-80;
Spreafico, Leibundgut & Weingartner, 1992). Glacial
meltwater from the Tschierva and Roseg glaciers was
the primary water source of the Roseg River. Mean
annual discharge of the Roseg River was 2.76 m3 S-I
(1955-97; Swiss Hydrological and Geological Society).
Discharge peaked in late summer when diel flow
fluctuations also were highest. In winter, the system

was fed largely by groundwater.
Treeline was about 2300 m a.s.l. in the Val Roseg,

with subalpine coniferous forests restricted to the
lower parts of the valley slopes, whereas no trees
occurred on the fluvio-glacial gravel of the valley
floor. Dominant tree species were larch (Larix decidua
Mill.), stone pine (Pinus cembra L.) and mugo pine
(P. mugo Turra). Shrubs consisted mainly of green
alder [Ainus viridis (Chaix) DC] and willow (Salix

Fig. 1 Pro-glacial area below Tschierva
Glacier.
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Fig.3 (i1) Longitllliini11 i1nd altjtudina] 1()(i\ti(llll't si1m~.'lil1g Sitl.~
along the Roseg River. Dashed lines indicate reach borders.
(b) Annual discharge of the Roseg River in 1997. Arrows indicate
sampling dates for environmen tal variables and macroinverte-

brates.

Switzerland). Specific conductance and temperature

were measured in the field using a pocket conductiv-
ity meter (WTW LF323-B; Wissenschaftliche- Techni-

sche Werkstätten, Gerrnany). Suspended soIids (55)
were estimated according to American Public Health

Association (APHA) (19B9). Nitrate (NO3-N) was

determined according to Downes (1978) and modifi-

cations by Stöck1i (1985). 5<>Iuble reactive phosphorus

(SRP) was analysed according to the molybdenurn

blue method (Vogler, 1965). Particulate nitrogen (PN)
and particulate phosphon..:1s (PP) were quantified as

NO3-N and SRP after digestion with K2S2O8 at 121 °C

(Ebina, Tsutsui & Shirai, 1983). Dissolved organic
carbon (DOC) was measured by wet oxidation with

subsequent acidification and IR-detection of CO2t

whereas total inorganic ca.rbon (TIC) was measured

as CO2 with a Horiba IR-detector after sampIes had

been acidified and heated to 860 °C. For further

details see Tockner et al. (1 997). Continuous tempera-

ture records (1 h intervaIs; StowAway XTI tempera-

@ 2001 Blackwell Science Ltd, Fre5hwater Biology, 46, 1705-1721

Fig. 2 (a) Geographica1location of the Val Roseg study site in
the Bernina Massif of the Swiss Alps. (b) Catchment area of the
Val Roseg and indication of glaciers, lakes and forests. Black
circles indicate locations of sampling sites.

Sampies were collected in June (increasing dis-
charge), August (high discharge), October (decreasing
discharge) and November 1997 (low and constant
discharge) (Fig. 3b). For sites MI and M2, sampies
were collected only in August and October .

Data collection and analysis

Physico-chemical parameters were collected in the
morning at each site and sampling date to rninimize
the influence of daily discharge fluctuations and
ensure data cornparability .Turbidity was determined
with a portable turbidity meter (Cosrnos; Züllig,
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Table 1 General characteristics of the sampling sites. Means and ranges in parentheses are given for near-bed velocity and annual
mean temperature. Annual degree days are expressed as centigrade temperature units (CTU)

Altitude

(rn a.s.l.)

Annual mean

temperature ('C)

Annual degree

days (CTU)

Near-bed

velocity (rn 5-1)Site Reach type

Distance frorn
glacier terminus (rn)

MI

M2

M3

M4

M5"

M6

M7

MB

M9

MIO

Proglacial
Proglacial
Proglacial
lncised
Flood plain
Flood plain
Constrained
Constrained
Constrained
Constrained

2137
2122
2096
2064
2021
2009
1981
1901
1862
1773

147
414
769

1324
2579
3218
4389
6612
7659

10642

0.45 (0.22-0.74)
0.67 (0.39-Q.96)
0.46 (0.1~.69)
0.48 (0.0s-Q.76)
0.40 (0.13-0.64)
0.45 (0.29-0.62)
0.39 (0.24-0.59)
0.42 (0.15-0.68)
0.50 (0.13-0.80)
0.49 (0.10-0.73)

154

248

365

666

945

964

0.42 (0.00-0.92)
0.68 (0.00-1.86)
1.00 (0.00-3.54)
1.82 (0.00-4.83)

2.59 (0.00-6.11)

2.64 (0.00-6.73)

..In cantrast ta all ather sites, site MS was nat permanently flawing. Surface water was nat present fro:m mid Oecember 1996
ta the first half af April 1997, and mid-Oecember 1997 ta the secand half af April 1998.

split into two fractions (>I and <I mm), dried at
60 °C, weighed, ashed at 550 °C and reweighed for
determination of coarse and fi:ne benthic organic
matter (BOM) as ash-free dry maSs (AFDM).

Macroinvttrtebrate community analyses included
estimates of mean densities, taxon richness and
Simpson's i1!ldex of concentration (SI) as a measure
of djversjty.

SI = ~[(n21- n)/(N2 -N)]

where n is t~e number of individl:Lals in a species, and
N = Ln. As recommended by Rosenzweig (1995) , SI

values were' converted to -In 5] such that values
increase as the number of spedes does, independently
of sample si:l.e.

Co-inertia analysis (CIA) was used to simulta-
neously examine the structure ifL the environmental
and faunistic data, and to identify the corresponding
variations (i.e. co-structure) of tbese two structures
(Doledec & Chessel, 1994). Co-inertia analysis is a
two-table or~ination method, as is canonical corres-
pondence analysis (CCA). However, CIA enables the
joint analysis of tables having siJ::nilar (even low) as
well as diffe~nt numbers of environmental variables,
species, and)or samples (Doledec & Chessel, 1994). In
contrast, in CCA a small number of environmental
variables is required to predict the faunistic structure,
otherwise it would be reduced to .a simple correspon-
dence analysis of the faunistic table. Environmental
data were normalized to ensure e <Iual weights for all
variables, w~reas the faunistic data were lOg10(X + 1)
transformed and centred to re<iuce strong inter-
taxonomic d~fferences in densiti ES. A Monte-Carlo

ture loggers, Onset Corporation, U.S.A.) were avail-

able for six of the 10 sites (U. Uehlinger, personal

communication). Near-bed current velocities were

measured at the same positions where benthic sam-

ples were taken using a flow meter {Mini Air 2;

Schiltknecht Messtechnik AG, switzerland). Substrate

size was assessed in the field by measuring 100

randomly selected stones (b-axis, width). Initiation of

sediment transport was used as a measure of channel

stability because it was also considered as a useful

disturbance threshold for benthic macroinvertebrates.

Estimates of dimensionless critical shear stress (based

on channel geometry and grain size distributions;

Gessler, 1965) were used to determine the critical

discharge at which bed sediments start to move, using

the software FLUSSBAU (Laboratory of Hydraulics,

Hydrology and Glaciology , Swiss Federal Institute of

Technology , Zurich, switzerIand).

Three Hess samples (area 0.043 m2, 100 ~m mesh

size) from randomly selected locations in riffle/run

habitats were collected at each site and date, and

preserved in 4% formalin. In the laboratory, macro-

invertebrates were sorted, counted and identified to

the lowest practical taxonomic level for most groups

using a dissecting microscope. However, all Chiro-

nomidae were identified to subfamilies and tribes,

and species groups were qualified for some Diamesa

spp. Limnephilid caddiesflies also were pooled, as

identification to the species level is only possible

using fifth instar larvae (Waringer & Graf, 1997).

Nematoda, Hydrachnellae, Crustacea and Oligochaeta

were not identified further. After removal of inverte-

brates, the remaining material from each sample was

@ 2001 Blackwell Science Ltd, Freshwater Biology, 46, 1705-1721
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permutation test was used to check the significance of
the co-structure between the two data sets as revealed
by CIA. The temporal and spatial components of
variation in the two data sets were examined using
within-class CIA (Franquet & Chessel, 1994; Franquet
et al., 1995). All multivariate analyses were computed
using the ADE-4 software (Chessel & Doledec, 1996;
Thioulouse et al., 1997).

(a)

(b)
Results

Environmental conditions

A detailed description of the physico-chemical tem-
plet of the Val Roseg was previously summarized
(Tockner et al., 1997; Malard et al., 1999); therefore,
only a selection of parameters distinctive for kryal
streams will be presented here. Substrata at a1l sites
consisted mainly of cobbles and boulders. Average
particle size (b-axis, width) ranged between 9 and
12 cm. Estimates of critical shear stress indicated that
bed sediments in the main channel of the Roseg River
start to move if discharge exceeds 8 m3 S-1. This
threshold was exceeded on 41 days in 1997; 15x in
June, 6x in July, and 20x in August. Daily mean water
temperature in the main channel ranged from 0.00 to
0.92 °C at site M2, 0.00 to 4.83 °C at M5, and 0.00 to
6.73 °C at M10. Annual degree days increased from
154 centigrade temperature units (CTU) at site M2, to
666 CTU at M5, and 964 CTU at M10 (Table 1). Nitrate
(NO3-N) was the dominant nitrogen species (87%) in
the surface water of the Roseg River (Malard et al.,
1999). The average nitrate concentration was highest
in June at 421 :t 17 J.lg L -1 (mean :t SD), and between
180 and 266 J.lg L -1 on the other sampling dates

(Fig. 4a). Specific conductance (Fig. 4b) was lower
during the peak of glacier melting (36 :t 5 J.lS cm-l in
August, 38 :t 5 J.lS cm-1 in October) and highest in
November (69 :t 7 J.lS cm-1) when glacial melting was
minimal. Intermediate levels were found in June
(55 :t 9 J.lS cm-1) when snowmelt was sti1l the main
source of water, but glacier melting already started.

Turbidity and particulate phosphorus (PP)
(Fig. 4c,d) peaked in August because of glacier
melting and associated high loads of glacial flour,
with an average of 84 :t 11 nephelometric turbidity
units (NTU) for turbidity and 49 :t 16 J.lg L -1 for PP. In

June and October (when discharge was increasing and
decreasing, respectively) intermediate levels were

(c)

(d)

0 2 4 6 8 10

Distance from glacier terminus (km)

12

Fig. 4 Longitudinal patterns of (a) NO3-N, (b) specific con-
ductance, (c) turbidity and (d) particulate phosphorus (PP) on
each sampling date. Dashed lines indicate reach borders. Order
of sampling sites and names shown in Fig. 2a.

observed (turbidity: 51 j: 13 and 58 j: 18 NTU; pp:

29 j: 7 and 29 j: 6 ~g L -1), whereas during low flow in

November minimum values were recorded (13 :t:
12 NTU for turbidity, 11 j: 5 ~g L -1 for PP). Turbidity

and to a lesser extent pp reached substantially higher

values in the incised reach compared with the

@ 2001 Blackwell Science Ltd, Freshwater Biology, 46, 1705-1721



proglacial area, whereas further downstream values
were attenuated again. Overall, longitudinal patterns in
physico-chemical parameters exhibited pronounced
seasonal changes.

Spatio-temporal patterns of glacial zoobenthos 1711

in Table 3. These were Ecdyonurus picteti Meyer-Dür ,
Dictyogenus spp., Siphonoperla spp., Rhyacophila inter-
media McLachlan, Ceratopogonidae, and Collembola.

Diamesa spp. was the only genus of Chironomidae
found close to the glacier terminus. Orthocladiinae
first appeared at M3, but in low abundance. At M4,
relative densities of Diamesa spp. declined by c. 30%,
whereas the share of Orthocladiinae further in-
creased. Further downstream, the ratio of Diamesa
spp. to Orthocladiinae varied between 1 and 4.
Tanytarsini always constituted a minor part of total
Chironomidae present. Common Diamesa-groups
found, were D. steinboecki-gr., D. latitarsis-gr., D.
bertrami-gr., D. cinerella-zernyi-gr., and D. cf. incallida.
Baetis alpinus was c. 2.5x more abundant than
Rhithrogena species. Rhithrogena loyolaea Navas and
R. nivata Eaton were the two predominant Rhithro-
gena-species at all sites, while R. alpestris Eaton and
R. degrangei Sowa were most abundant in the
constrained reach. Simpson's Index was low in the
proglacial reach, but increased in the incised reach
and the flood plain, and reached a maximum at sites
in the constrained reach (Table 2).

Macroinvertebrates

Total densities of macroinvertebrates ranged from
116 m-2 (M2 in August) to 24 380 m-2 (M10 in Octo-
ber), varying along both temporal and spatial dimen-
sions. Lowest densities, all sites combined, were found
in August (1472 :t 1355 m-2), intermediate in June
(4526 :t 2723 m-2) and November (8676 :t 4434 m-1,
and highest in October (13 398 :t 6113 m-1. Generally,
average densities per site increased with increasing
distance from the glacier terminus (Table 2). Coeffi-
cients of variations were highest in the proglacial
reach (M1-M3), decreased to a minimum at M6, and
then increased again downstream to M10.

The number of taxa recorded at a site ranged from 1
to 26. Lowest taxon richness was found within the
proglacial reach (M1-M3), followed by a progressive
increase to M6 at the lower end of the flood plain, then
similar richness at the four lowermost sites (Table 2).
Overall, Chironomidae, Baetis alpinus Pictet, Rhithro-
gena spp., Leuctra spp., Protonemura spp., Simu1iidae,
and Oligochaeta were the predominant taxa (Table 3).
Other taxa generally made up <1% of the total
community , although some exceptions on certain
dates and sites occurred (e.g. Rhypholophus sp. com-
prised 6-13% in the proglacial area in August,
Crenobia alpina c. 3% at M3 and M4 in August, and
Limnephilidae 7% at M10 in October). The few large
individuals of limnephi1id Trichoptera were identified
as Acrophylax zerberus Brauer and Drusus biguttatus
Pictet. Taxa not used in multivariate analyses «0.05%
of the assemblage or semiaquatic) were not included

Relationships between fauna and environment

The co-structure between the environmental and
faunistic data sets revealed by CIA was highly
significant, as confirmed by a Monte-Carlo permuta-
tion test (P = 0). The first two CIA axes explained 81.1

and 14.5% of the total inertia. Turbidity, PP and SS
were negatively related to Factor 1 of ClA, while
TIC and specific conductance showed a positive
relationship (Fig. 5a). Factor 2 was related to tem-
perature, NO3-N, PN and BOM in the positive region.
Axis F1 of the corresponding faunistic structure
(Fig. 5b) was best explained byOrthocladiinae, Proto-

Table 2 Mean :I: 1 SD, and in parentheses
coefficients of variation (CV in percent-
age) for densities, taxon richness, and
Simpson's index (-ln Sl) of the macroin-
vertebrate communities at the 10 sampling
sites

Density (m-1Site Taxon richness Simpson's Index (-In SI)

Ml
M2
M3
M4
MS
M6
M7
MB
M9
Ml0

2632 :f: 3536 (134)

2469 :f: 3327 (135)

5417:f: 8020 (148)

5048 :f: 4562 (90)

8438 :f: 5237 (62)

7936 :f: 4504 (57)

8136 :f: 5991 (74)

9138 :f: 7074 (76)

8504 :f: 7074 (83)

8415 :f: 10753 (128)

5 :t 1 (16)
2:t 1 (71)
8:t 1 (6)

11 :t 4 (36)
16 :t 4 (26)
20 :t 5 (25)
20 :t 4 (20)
19 :t 3 (16)
19 :t 2 (12)
18 :t 5 (30)

0.27 :t 0.37 (134)
0.21 :t 0.29 (141)
0.38 :t 0.39 (104)
0.71 :t 0.39 (54)
1.11 :t 0.41 (37)
1.21 :t 0.35 (29)
1.42 :t 0.10 (7)
1.43 :t 0.27 (19)
1.46 :t 0.44 (30)
1.34 :t 0.50 (37)

@ 2001 Blackwell Science Ltd, Freshwater Biology, 46, 1705-1721
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