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ABSTRACT
Aquatic habitat change caused by flooding was quan-
tified along the Fiume Tagliamento, a morphologi-
cally intact gravel-bed river ecosystem in northeast
Italy. Five different geomorphic reaches (each around
1.5 km), ranging from near the headwaters at 800 m
above sea level (a.s.l.) to near the mouth at 5 m a.s.l.,
were studied over a 1-year period. All floodplain wa-
ter bodies in each reach were delineated in August
1999 using a differential global positioning system.
Each reach was remapped twice (in December 1999
and August 2000) to investigate the impact of autumn
and spring flood seasons on aquatic habitat composi-
tion and configuration. A high degree (nearly 62%) of
aquatic habitat turnover was documented in a braided
headwater floodplain. The degree of aquatic habitat

turnover decreased with decreasing elevation to ap-
proximately 20% turnover in a meandering reach at
5 m a.s.l. In contrast to turnover, braiding, sinuosity,
and aquatic habitat composition changed little in re-
sponse to flooding in all reaches. Location of aquatic
habitats in floodplains changed considerably (turn-
over), whereas habitat configuration and composition
remained relatively stable. These results support the
applicability of the shifting mosaic steady-state model
to riverine floodplain environments.

Key words: river geomorphology; floodplain; hy-
drology; flood pulse; flow pulse; fluvioscape; fluvial
dynamics.

INTRODUCTION

Disturbances are important determinants of biotic
community structure and function (Grime 1977;
Stanford and Ward 1983; Junk and others 1989;
Pickett and others 1989; Poff and Ward 1990;
Townsend and others 1997; Sparks and Spink
1998) and may manifest in a hierarchical manner,
affecting several levels of organization, from an in-
dividual to an ecosystem and the landscape. Distur-
bances also rearrange the environment, destroying
certain habitats and creating others. According to
Pickett and others (1989), to recognize disturbance,
the object or entity being influenced needs to be

identified; in addition, the conceptual framework
should recognize a broad spectrum of effects, rang-
ing from the complete destruction of an entity at
one end to subtle but significant changes at the
other. White and Pickett’s (1985) broad definition
of disturbance encompasses what is meant by “dis-
turbance” in this manuscript: “A disturbance is any
relatively discrete event in time that disrupts eco-
system, community, or population structure and
changes resources and the physical environment.”

Flooding represents the dominant type of natural
disturbance along most river corridors (Welcomme
1979; Junk and others 1989; Puckridge and others
1998; Swanson and others 1998; Tockner and oth-
ers 2000), and it is likely that all stream ecosystems
are disturbed by fluvial forces to some degree (Reice
1985; Statzner and Higler 1986; Ward 1989). More-
over, floodplains are disturbance-driven ecosystems
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(Junk and others 1989). Flood dynamics have been
well studied in riverine ecosystems; however, rela-
tively little information is available on the effects of
disturbance at a scale large enough (for example, an
entire river corridor) to match that operating in
nature (Fisher 1987; Pickett and others 1989; Dud-
geon 1992), although recent important advances
have been made (Michener and Haeuber 1998;
Swanson and others 1998; Nakamura and others
2000). Brinson (1993) states that little has been
synthesized regarding landscape patterns of wet-
land/floodplain structure and dynamics along the
river continuum, from streamside riparian zones in
headwater regions to broad lowland floodplains.

The major physical drivers in river–floodplain
systems are fluvial dynamics and temperature
(Puckridge and others 1998; Tockner and others
2000; Poole and Berman 2001). The thermal het-
erogeneity of aquatic water bodies along the Taglia-
mento River (the system of interest in this study)
has been investigated in detail (Arscott and others
2001; Claret and others 2002). However, the influ-
ence of flooding on dynamics of aquatic structure
has not been examined (but see Kollmann and
others 1999; Gurnell and others 2001; van der Nat
and others 2002).

The objective of this study was to investigate the
spatial/temporal dynamics of aquatic habitat com-
position and configuration along the Tagliamento
River (northeast Italy) in response to flooding. Hab-
itat, in this study, refers to different geomorphic
units across the floodplain (that is, main channel,
side channel, backwaters, isolated pool) where dif-
ferent aquatic invertebrate (see Arscott 2001) and
algal communities (D. B. Arscott unpublished) oc-
cur. Because of its morphologically intact nature,
the Tagliamento River, is considered to represent a
reference condition for many of the rivers draining
the European Alps (Ward and others 1999),
thereby offering an excellent opportunity to study
the influence of hydrology (particularly flooding)
on geomorphology and biology. This research was
conducted to determine the extent to which aquatic
habitat morphodynamics were influenced by hy-
drological factors operating at the scales of the en-
tire corridor (172 km length) and reach (1–2 km
length). We hypothesized (a) that aquatic habitat
turnover following a single flood season is greater
than the amount of aquatic habitat that is un-
changed, (b) that the composition and abundance
of habitat types do not change over time despite
high habitat turnover rates, and (c) that fluctua-
tions in habitat composition and abundance are
caused primarily by water-level changes rather
than morphological change related to flooding.

SITE DESCRIPTION

The Tagliamento River in northeast Italy (Friuli-Veni-
zia Giulia; 46°N, 12°30�E) (Figure 1) is a gravel-bed
river characterized by a diverse array of geomorphic
units (Ward and others 1999; Gurnell and others
2000a). Seventy percent of the catchment is located
within the southern edge of the Alps (dominated by
limestone–dolomite). In its lower reaches, the river
traverses a coastal plain to the Adriatic Sea. The river
arises at 1195 m a.s.l. in an alpine climate and flows
for approximately 172 km, crossing into a Mediterra-
nean climate in its lower reaches (85–172 river km).
Five distinct geomorphic reaches along the main-stem
corridor were selected for further study (see Arscott
and others 2000) (Figure 1 and Table 1): headwater
island-braided floodplain (reach II), bar-braided
floodplain (reach III), lower island-braided floodplain
(reach IV), braided-to-meandering transition flood-
plain (reach V), and meandering channel floodplain
(reach VI). Reach I, constrained headwaters (Arscott
and others 2000), was not included in this study.

Along the main-stem corridor of the Tagliamento,
the level of direct engineering (that is, levees, dams,
embankments) is remarkably low, and the common
recurrence of floods (three to four times per year)
regularly resets floodplain morphology. Owing to the
low level of human control and frequent flooding, the
river has been described as the last morphologically
intact river corridor draining the European Alps (Mül-
ler 1995; Ward and others 1999).

The spatial distribution of precipitation in the
catchment is highly variable (Tockner and others
forthcoming). In general, precipitation is lowest in
the lower reaches (around 1200 mm y�1); peaks to
the north, where the flat coastal plain gives way to
the Alps (around 2600–3200 mm y�1); and de-
clines again at the northern border of the catch-
ment (around 1600 mm y�1). The wettest month in
the catchment is November (160–240 mm); the
driest is February (60–100 mm).

The hydrograph is described as a flashy pluvioni-
val flow regime (Figure 2a) defined by peak flows in
autumn because of torrential rains and smaller peak
flows in spring from snowmelt runoff and precipi-
tation. Despite the seasonal periodicity, individual
flood events are stochastic and can occur any time
during the year. Average discharge at river-km 59
(seventh order) is 90 m3 s�1 with 2-, 5-, and 10-
year return period floods estimated to be 1100,
1500, and 2150 m3 s�1 (Gurnell and others 2000b).
From field observations, it was estimated that geo-
morphic work (that is, bed-load transport, avulsion,
and visible cut-and-fill alluviation) occurred at dis-
charges below the 2-year return interval. Based on

Fluvioscape Dynamics along a Braided Alpine River 803



these observations, we estimated that partial flood-
plain inundation and initiation of geomorphic work
occurred at a discharge of approximately 2.5 times
the average or approximately 225 m3 s�1. This
threshold value was used to assess flood risk to
benthic development times of 10, 21, 35, and 50
days (Figure 2b) so that flood probability could be
related to biological communities. Our choice of 2.5
times the average discharge represents only a
benchmark to assess “flood” probability and timing.
Two “ecological windows,” indicating when there
was low risk from bed-moving spates, were identi-
fied for summer and winter periods. The winter
window (low flood risk) occurs from December un-
til the end of March; the summer window is much

shorter, lasting only 1 month (July). Consequently,
changes in aquatic habitat configuration and com-
position were assessed before and after two flood
periods (see Methods).

METHODS

A Trimble model TSC1 Pathfinder differential
Global Position System (dGPS) receiver was used to
collect spatial data from approximately 1.5-km–
long reaches of five different floodplains along the
Tagliamento River. A second dGPS receiver was
installed at a fixed position near the study sites to
simultaneously record the variability of the dGPS
signal. This stationary data set was then used for

Figure 1. Tagliamento catch-
ment (northeast Italy) and five
study reaches along the river cor-
ridor.
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postprocessing procedures to correct field data, re-
sulting in two-dimensional (that is, latitude–longi-
tude) accuracy of less than 0.30 m for most points
(approximately 85%).

Using the dGPS, major floodplain features (water,
gravel, vegetated islands, and banks of the active
floodplain) in study reaches II, III, IV, V, and VI
(Figure 1) were delineated by walking each fea-
ture’s perimeter. Reach I (constrained headwater
streams) was not mapped with dGPS because of
dense canopy cover and incised channels that pre-
vented reception of the satellite signal. For reaches
II, III, V, and VI, mapping occurred on three dates
(in August and December 1999 and August 2000);
reach IV was mapped twice (in June 1999 and May
2000). Between the August and December 1999
mappings, three flood pulses occurred. Each event
exceeded 225 m3 s�1 (Figure 2), thus surpassing the
predicted threshold limit for significant geomorphic
work. Between December 1999 and August 2000,
only four small “flow pulses” (that is, events below
bank full discharge) occurred.

Spatial data from each map were analyzed using
both MapInfo Professional 4.1 (MapInfo Corporation,
Troy, NY, USA, 1996) and ArcView GIS 3.1 (Environ-
mental Systems Research Institute, Inc., Redlands,
CA, USA, 1969). All floodplain features were treated
as polygons, and each map was examined to deter-
mine the areal extent of each feature. Aquatic fea-
tures were categorized, based on field observations
while mapping, as either up- and downstream sur-
face-connected channels (two-way connected chan-
nels), downstream surface-connected alluvial chan-
nels (that is, one-way connected channels with
flowing water), backwaters (one-way connected with

standing water [BW]), or isolated water bodies (ISO).
Two-way and one-way connected channels were fur-
ther subdivided into primary (1°), secondary (2°), or
tertiary (3°) braided channels based on the ordering
system discussed by Bristow (1987). Degrees of braid-
ing and meandering were assessed for each map using
a braiding parameter, B, and a sinuosity parameter, P,
as reported in Friend and Sinha (1993). The braiding
parameter is:

B � Lctot/Lcmax

where Lctot is the sum of the midchannel lengths of
all the segments of upstream connected channels in
a reach, and Lcmax is the midchannel length of the
widest channel through the reach. The sinuosity
parameter is:

P � Lcmax/LR

where LR is the overall length of the channel-belt
reach measured along a straight line. Finally, the time
series maps (either two or three dates) for each reach
were overlaid to quantify floodplain change. Specifi-
cally, aquatic polygons were assessed for their spatial
similarity between two dates by calculating the spatial
extent of overlap. This produced two classes of aquatic
area for the more recent map in the comparison—
aquatic area of no change and new aquatic area. The
amount of new aquatic area occurring in each flood-
plain was expressed as percent new aquatic area and
was considered to be an estimate of aquatic habitat
turnover between the two dates in question.

The eight aquatic habitat categories were then
considered as habitat types; their total area divided
by the active floodplain area in each reach was

Table 1. Characteristics of Five Geomorphic Floodplain Types, as Measured from Maps Created in the
Field using dGPS and Field Observations

Metric

II III IV V VI

Headwater
Island-Braided
Floodplain

Bar-Braided
Floodplain

Lower
Island-Braided
Floodplain

Braided-to-
Meandering
Floodplain

Meandering
Floodplain

Location of study reach (km) 13.3 73.7 80.3 120 127.5
Elevation (m.a.s.l.) 705 165 140 20 5
Slope (%) 1.65 0.4 0.35 0.18 0.07
Active floodplain width (m) 106–263 611–832 670–999 449–834 138–254
Active floodplain area

delineated (ha) 36.4 109.9 108.2 55.1 15.4
Dominant sediment class boulder/cobble cobble/gravel cobble/gravel gravel gravel/sand
Estimated base-flow

discharge (m3s�1) 4 40 45 7 20
Vegetation riparian/island riparian riparian/island riparian/island riparian
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considered as habitat abundance. Habitat diversity
was quantified by considering the specific habitat
types as “species” and their abundances as repre-
senting “species abundance” values and then calcu-
lating Shannon’s diversity (H�) for each map (each
reach and date), similar to Arscott and others
(2000). Significant differences (P � 0.05) in H�
were assessed using bootstrapping techniques to
determine 95% confidence intervals for each esti-
mate of H� and comparing indexes using a random-
ization test for computing significant differences in
diversity between two samples (Solow 1993).
Reach IV was eliminated from this analysis because
of different mapping dates. Pearson’s product-mo-
ment correlation analyses were used to investigate
relationships between habitat variables and water
level.

RESULTS

Aquatic habitat turnover (represented in Figure 3)
between the first two mapping dates (August and
December 1999), as well as between the first and
third mapping dates (August 1999 and August
2000), was highest in the headwater island-braided
reach (reach II) (61.5%) and decreased down-
stream (Figure 4a). The magnitude of aquatic hab-
itat turnover between the second and third map-
ping dates was lower than that of other
comparisons but followed the same downstream
pattern. Comparison of reach IV maps, created over
a different time period (June 1999 and May 2000),
yielded a turnover estimate of nearly 40%, closely
following the downstream trend observed for other
reaches despite different numbers and magnitudes

Figure 2. The Tagliamento hydro-
graph at river-km 59 (seventh or-
der) from 1997 to 2001 (a). The
lower panel (b) shows flood risk
to development times of aquatic
biota over a year, expressed as the
percent chance of no flood occur-
ring for 10, 21, 35, and 50 days,
based on a 10-year record and a
flood defined as 2.5 times the av-
erage flow.
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of flow/flood pulses between mapping dates (see
Figure 2a). The magnitude of aquatic habitat turn-
over was higher after the autumnal flood season
when flood magnitudes were high (peak discharge,
approximately 1150 m3 s�1). However, aquatic
habitat turnover was not additive among seasons
(Figure 4a). This indicated that some aquatic habi-
tats reoccupied abandoned channels and pools.

Comparison of the braiding index B and the sin-
uosity index S in Figure 4b and c indicated no

consistent and very little change in these variables
between dates. The braiding index correlated signif-
icantly with water level (P � 0.04), but variance
explained was low (r2 � 0.31). Reach III had the
highest degree of braiding (average, 4.89). Sinuos-
ity was low in reaches II–V (average, 1.1), but it
doubled in reach VI (2.06).

Habitat composition was assessed by examining
changes in the area of each geomorphic type among
dates in relation to water level. Percent inundation of

Figure 3. Results of map-
ping reaches II, III, V, and VI
on three dates using dGPS.
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the active floodplain and the total area of all two-way
connected channels (1°, 2°, and 3° combined) corre-
lated significantly with water level (Table 2). Standing
water area (backwaters and isolated water bodies)
was marginally negatively correlated (P � 0.06) with
water level. Total area of one-way connected chan-
nels (1°, 2°, and 3° combined) did not correlate with
water level (Table 2). All correlations in Table 2 in-
cluded reach II water bodies except for standing wa-
ter. The analysis was repeated for standing water bod-
ies after excluding reach II because the relatively steep
floodplain slope favors flowing rather than standing
water conditions and causes inundation to occur via
upstream movement of emerging groundwater rather
than overbank or lateral flooding.

The greatest changes in the percent of flowing
channels were observed in reach II, where two-way
connected 1° channels (August 1999) were re-

placed by two-way connected 2° channels and one-
way connected 1° channels (Figure 5a and b) on the
subsequent mapping dates (December 1999 and
August 2000). This change was partly explained by
the significant negative correlation between water
level and percent of aquatic area as two-way con-
nected 2° channels (Table 3), particularly when all
reaches were included in the model (as opposed to
excluding reach II). Reach III had no two-way con-
nected 1° channel on the last two mapping dates, as
compared to approximately 10% coverage in Au-
gust 1999 (Figure 5a). In general, percent of two-
way connected 3° channels correlated positively
with water level, while percent of aquatic area as
standing water (BW and ISO) in reaches III, V, and
VI was significantly negatively correlated with wa-
ter level (Table 3) when reach II water bodies were
eliminated from the analysis. Percent standing wa-
ter (BW and ISO) varied to a greater degree over
time than did flowing water channels (Figure 5c).

Diversity of geomorphic habitat types, assessed us-
ing Shannon’s H�, indicated that change in H� among
dates was significant (P � 0.05) for one of the three
dates for each reach (Figure 5c). Aquatic habitat di-
versity (H�) did not correlate with water level.

DISCUSSION

Natural rivers are highly dynamic in space and
time, with aquatic habitat characteristics being vari-
able, but predictable, along lateral, longitudinal,
and temporal dimensions (Townsend 1989; Ward
1989; Spink and others 1998). The occurrence of
bed-moving floods is especially important in sus-
taining the functional integrity of many natural
rivers. These floods represent the primary mecha-
nism by which a river interacts with the lateral
fluvioscape (Junk and others 1989; Benke and oth-
ers 2000). Flooding constrains autogenic and favors
allogenic processes by, for example, removing the
buildup of living and decaying organic matter and
depositing or eroding mineral material (D. B. Ar-
scott personal observation). These processes create
a mosaic of patches in time and space with differing
trajectories of ecological succession (Amoros and
others 1996; Ward and others 2002).

The hydrological regime of a catchment varies
regionally because of river size and geographical
variations in climate, geology, topography, and veg-
etation cover. Description of the hydrological re-
gime includes magnitude, duration, frequency, tim-
ing, and predictability of flood events (Poff and
Ward 1989; Puckridge and others 1998). Unfortu-
nately, because of irregularities in the stage height
time series and a limited rating curve (Campolo and

Figure 4. Percent of new water area (a), braiding index
(b), and sinuosity (c) from reaches along the main-stem
corridor as calculated from maps (Figure 3). Stars indicate
different dates of maps for calculations from reach IV
(June 1999 and May 2000).
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others 1999), precise measures of hydrological vari-
ability cannot be calculated for the Tagliamento;
therefore, only qualitative observations on the gen-
eral shape, timing, and predictability are reported
herein. Flood probabilities in the Tagliamento are
higher in autumn and spring and to some extent
flood seasons are predictable (Figure 2b), although
the prediction of a single flood event is difficult.
Flood pulses are rare in winter and summer.

Within the Tagliamento catchment, an accurate
flood forecast is possible only up to 5 h before
flooding because of torrential rains and the short
response time of the basin (Campolo and others
1999). From 1990 to 2001, high-magnitude flood
events (more than 2.5 times the average flow) oc-
curred more than three times a year. Flow pulses
(that is, flooding below bank-full discharge) oc-
curred with a much greater frequency, perhaps five
to six times a year. Flow pulses in the Tagliamento
also typically cause bed movement since bed sedi-
ment is unconsolidated and highly mobile. Dura-
tion of most hydrological events is very short in the
Tagliamento, and inundation of the entire active
floodplain, although fairly frequent (around three
times a year), rarely lasts longer than 3 days (van
der Nat and others 2002), in part owing to very
high infiltration rates in some locations.

Morphodynamics

River change has been quantified at several spatial
and temporal scales using various approaches, includ-
ing historical maps (Warburton and others 1993),
aerial photographs (Zah and others 2001), satellite
images (Thorne and others 1993), and ground-based
surveys using GPS (Brasington and others 2000).
Gurnell and others (2000b), Petts and others (2000),
and Arscott and others (2000) provide information on
longitudinal patterns of river planform, sediment
structure, and aquatic habitat structure along the Ta-
gliamento River, and this study extends that informa-
tion by incorporating a temporal dimension to geo-
morphology using dGPS field mapping surveys.

Turnover of aquatic geomorphic types along the
entire river corridor was high (Figure 4a) compared to
most accounts of geomorphic change in river corri-
dors (Warburton and others 1993; Brasington and
others 2000; Zah and others 2001). Results indicated
a propensity for aquatic areas in the headwater island-
braided floodplain (reach II) to turn over more rapidly
than those in lower floodplain reaches. However, this
propensity can be influenced by local conditions and
does not necessarily characterize all headwater flood-
plains. This was evident when we compared the
aquatic habitat turnover in reach II (approximately

Table 2. Water Level, Discharge, Percent Surface Water in Active Floodplain, and Habitat-Specific Area
Calculated from Each Mapping Date

Reach Date
Water
Level (cm)a

Discharge
(m3s�1)a

% Surface
Water in
Active FP

Two-way
Connected
(m2/m)

One-way
Connected
(m2/m)

Standing
Water
(m2/m)

II
Aug. 1999 36 52.3 16 47.1 14.8 0.4
Dec. 1999 21 31.3 11 12.7 11.7 0.1
Aug. 2000 30 43.1 12 15.4 10.9 0.1

III
Aug. 1999 40 58.9 32 237.1 22.3 13.3
Dec. 1999 40 58.9 27 191.4 31 11.8
Aug. 2000 30 43.1 15 103.7 16.6 14.6

V
Aug. 1999 30 43.1 15 81 8.8 17.6
Dec. 1999 30 43.1 16 107 6.2 17.2
Aug. 2000 20 30.1 10 53.8 12.3 17.5

VI
Aug. 1999 35 50.7 17 125 0 13.6
Dec. 1999 32 46.4 15 108.6 0 20.5
Aug. 2000 20 30.1 12 84.1 0 17.7

Correlation with water level (r2) 0.67 0.47 0.23 �0.41b

P value 0.001 0.01 0.11 0.06b

Pearson’s product-moment correlations for each category versus water level are reported. Boldface values are significant.
aWater level and discharge are from a station halfway along the river corridor corresponding to river-km 59.
bStanding water in reach II excluded.
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700 m a.s.l.) with a headwater floodplain (approxi-
mately 800 m a.s.l.) on the But River (a tributary of
the Tagliamento) near the village of Timau (Figure 1).

Arscott and others (forthcoming) reported that
aquatic habitat turnover was considerably lower (less
than 30% change after an autumnal flood season) for

Table 3. Pearson’s Product-Moment Correlations between Water Level and Percent of Aquatic Area of
Each Habitat Type for All Reaches and with Reach II Excluded

Two-way Connected One-way Connected Standing Water

1° 2° 3° 1° 2° 3° BW ISO

All reaches
r2 �0.01 �0.34 0.38 �0.08 0.01 �0.03 �0.15 �0.18
P value 0.79 0.05 0.03 0.38 0.75 0.57 0.22 0.17

Without reach II
r2 �0.16 �0.33 0.47 0.00 0.22 0.23 �0.60 �0.70
P value 0.28 0.10 0.04 0.96 0.21 0.20 0.01 �0.01

BW, backwaters; ISO, isolated water bodies. Boldface values are significant.

Figure 5. Percent cover of to-
tal aquatic area for each
aquatic habitat type deter-
mined for reaches II, III, V,
and VI for each map date (a–
c). Two-way connected chan-
nels (a), one-way connected
channels (b), and standing
water (c) habitats are plotted
separately. Designations 1°,
2°, and 3° correspond to pri-
mary, secondary, and tertiary
channels (Bridge 1993). Panel
(d) shows habitat diversity us-
ing Shannon’s diversity (H�)
calculated for habitats in
reaches II, III, V, and VI in
August 1999, December 1999,
and August 2000. Letters in-
dicate significant (P � 0.05)
differences in habitat diversity
between dates within a reach.
Error bars are �95% confi-
dence intervals.

810 D. B. Arscott and others



this forested floodplain than it was in reach II (around
65%) and pointed out that it was similar in structure
and turnover to reach VI. They concluded that local
conditions—such as slope, sediment size, degree of
forestation, and land-use activities—had considerable
influence on degree of aquatic habitat change and
resulting habitat characteristics.

The analysis of changes in floodplain planform
(braiding and sinuosity) (Figure 4) and composition
(landscape cover elements); (Figure 5 and Tables 2
and 3) indicated very little change in either of these
attributes due to flooding, despite high turnover (Fig-
ure 4). In general, water-level differences between
mapping dates explained some of the variation in
habitat composition for all reaches under investiga-
tion (Table 2). In reach II, changes in primary and
secondary braiding of two-way and one-way con-
nected channels could be attributed to differing water
levels. Intuitively, at a higher water level (reach II,
August 1999), more channels were two-way con-
nected; conversely, at lower water level (reach II,
December 1999), more channels were one-way con-
nected. Changes in geomorphic type composition
were attributed primarily to differences in water level
rather than to actual changes in the relative abun-
dance of types. In addition, changes in diversity of
geomorphic types were minor, did not manifest in a
consistent manner among floodplains, and did not
correlate with water level. These results all support
our initial hypotheses that (a) aquatic habitat turn-
over following flooding was high, (b) composition of
habitat types is stable over time, and (c) fluctuations
in habitat composition and abundance are mainly
caused by water-level changes rather than by actual
changes in the relative abundance of types, over the
time period investigated. Supplementary to the first
hypothesis, the magnitude of flooding determined the
extent of aquatic habitat turnover.

Three geomorphic aspects of the floodplains under
investigation changed in the downstream direction.
First, there was an increase in the presence of stand-
ing water, which was associated with decreasing slope
and sediment size distribution on the floodplain (Ar-
scott and others 2000). Second, aquatic habitat turn-
over decreased with decreasing elevation and slope.
Third, the dominant type of channel movement, ev-
ident from visual inspection of maps (Figure 3), changed
from avulsion processes (changes in channel direction)
in reach II to cut-and-fill processes in reach VI. In
reaches III, IV, and V, there was a mixture of both types
of channel movement. Longitudinal patterns of total
stream power (Gurnell and others 2000b) and vegeta-
tion within the active corridor (Gurnell and Petts 2002)
are likely to be important factors that regulate channel
movement along a river corridor.

Kollmann and others (1999) observed high rates
of erosion of islands over periods as short as 5 years
in the Tagliamento, corresponding with increases in
the extent of vegetated islands on other parts of the
floodplain. Their results suggested a high turnover
of island vegetation but also supported a type of
island development described as “cyclical succes-
sion.” Glova and Duncan (1985), working on as-
sessment of flow reduction effects on fish habitat in
a large braided river in New Zealand, observed con-
siderable lateral channel movement caused by sin-
gle flood periods. However, they stated that “the
river as a whole appears to be in a state of dynamic
equilibrium, the net effect being that a habitat lost
(or gained) within a given reach is replaced (or lost)
elsewhere.” Findings reported herein support these
observations and lend credence to the applicability
of the “shifting mosaic steady-state” model (Bor-
mann and Likens 1979) to riverine corridors.

Floodplain rivers and the dynamics that maintain
them are becoming endangered components of the
landscape because of river engineering efforts (Petts
1989; Ward and others 2002). The need to under-
stand the processes that generate and maintain flood-
plains is a central focus for much of the current work
in floodplain ecology and management (Hughes and
Rood 2001). The importance of hydrology in struc-
turing floodplains is well known. Sediment input,
sorting processes, and sediment pulses along river cor-
ridors (sensu Schumm 1977) are also important mech-
anisms causing turnover and replacement of habitats.
Sediment pulses can be visualized as a conveyor belt
carrying sediment along a grinding machine that
slowly transforms particles into smaller and smaller
fractions. For a catchment in equilibrium with its sed-
iment supply, the general sediment characteristics at a
single location along such a conveyor belt remain
relatively constant. Pulses of sediment transported
through headwater floodplains may plug existing chan-
nels, causing channels to avulse into a new or a paleo-
channel (Leddy and others 1993; Richards and others
1993; Warburton and others 1993). This process (avul-
sion) was evident (Figure 3) in braided reaches II and III,
where some side channels completely changed direc-
tions. In lower reaches (V and VI), channel movement
occurred via cut-and-fill processes typical of meandering
reaches. These observations illustrate how the mecha-
nisms by which rivers migrate laterally change along the
longitudinal dimension.

Dynamic Equilibrium in a Disturbed
Environment

From a landscape perspective, at the scales of
reaches (1–2 km) and corridors (170 km), habitats
along the active floodplains of the Tagliamento are
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in a state of dynamic equilibrium (sensu Huston
1994). Bormann and Likens (1979) proposed the
shifting mosaic steady-state model (a type of dy-
namic equilibrium) to explain how patches of forest
oscillated among several stages of succession,
thereby sustaining an equilibrium of patch types at
the scale of the entire forest. We believe that the
dynamics of the riverine habitat conform to the
shifting mosaic steady-state model. For a discussion
regarding the ecological relevance of the shifting
mosaic steady-state model, refer to Turner and oth-
ers (1993) and Huston (1994).

Huston (1979) initially described how, under non-
equilibrium conditions, a dynamic balance between
the rate of competitive displacement and the forces
that prevent equilibrium could be established that
would allow the continued coexistence of species that
would otherwise be competitively excluded. This dy-
namic equilibrium of fluctuating population, commu-
nity, and ecosystem properties results from an ap-
proximate balance among opposing local and regional
processes (Huston 1994). At the habitat scale in our
study (for example, main channels or backwaters),
there is likely to be a dynamic balance between com-
petitive interactions and disturbance forces that con-
strain such interactions, the balance of which changes
depending on the time since the last disturbance
(flood). When viewing a floodplain reach or the en-
tire corridor, there is a mosaic that, at any single point
in time, contains a diversity of habitat types collec-
tively encompassing many seral stages (that is, com-
munities at different points along their trajectory to
competitive equilibrium). This is evident from vege-
tation patterns within the active corridor (Kollman
and others 1999).

The recovery of communities after disturbance is
best described as homeorhesis, which states that if
perturbed, a system returns to its preperturbation
trajectory or rate of change rather than an artificial
“undisturbed” state (O’Neill and others 1986). The
impact of disturbance on a community depends on
many factors, including (but not limited to) magni-
tude, duration, frequency, and duration of the dis-
turbance (Pickett and others 1989); and the resis-
tance, resilience, or persistence of the species within
the community (for example, Uehlinger 2000).

Flood dynamics along the Tagliamento do not
change aquatic habitat composition; rather, they
remove benthic communities and reconfigure the
spatial environment, leaving the same types and
similar numbers of habitats available for recoloni-
zation. Habitats along this floodplain river are in a
continual cycle of recovery from the last distur-
bance. The brevity of this study may limit the con-
clusions that can be drawn; however, speculation

about how a change in the flood regime may influ-
ence habitat dynamics is warranted. Lowering the
flood frequency or lessening the magnitude of
flooding (related to drought conditions) is likely to
have a considerable impact on open gravel land-
forms within the active zone. Along the Piave River
in northeast Italy, Surian (1999) noted a narrowing
of the active corridor caused by a change in the
hydrology of the system after irrigation was devel-
oped in the basin. Without the scouring forces of
flood flows, woody vegetation rapidly colonized the
active corridor, constraining the main channel and
eventually filling in or plugging other floodplain
water bodies. An increase in flood frequency or
magnitude may cause the active corridor to expand
(that is, creating a greater bare gravel surface area).
In either case, the balance of the shifting mosaic
steady state would be interrupted, and homeorhesis
(sensu O’Neil and others 1986) would prevail once
the changes to the hydrological regime stabilized.

CONCLUSIONS

Hydrology is one of the major factors influencing
community structure in streams (Stanford and Ward
1983; Reice 1985), and its influence on pattern and
process operates at all scales and hierarchies. It is
therefore critical to develop a broad, multiscale, and
multivariable approach that can help us to understand
the influence of hydrology on geomorphic and eco-
logical pattern and process in riverine landscapes. This
study has illustrated the influence of the physical
forces of flooding on aquatic geomorphic type com-
position, configuration, and turnover along the Ta-
gliamento River. Flooding is undoubtedly the major
factor responsible for spatial–temporal patterns in abi-
otic and biotic variables. Floods transport and distrib-
ute sediments, thus reshaping floodplains (Leopold
and others 1964). Sediment distribution determines
the grain and extent of subsurface flow paths, and
these flow paths directly and indirectly influence the
physical–chemical and thermal conditions of aquatic
habitat (Wondzell and Swanson 1996; Malard and
others 2001; Arscott and others 2001). Other research
conducted along the Tagliamento relating biotic pat-
terns to hydrology has included vegetation within the
active zone (Kollman and others 1999; Gurnell and
others 2001; Karrenberg and others 2002), amphibi-
ans (Klaus and others 2001), aquatic invertebrates
(Arscott 2001), and periphyton (D. B. Arscott unpub-
lished). Current and future research will focus on
linking biological communities to landscape structure
and dynamics. This emerging science should lead to
an increased understanding and predictive power re-
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garding factors influencing community structure and
persistence along river corridors.

The results of this study indicated a surprisingly
high rate of aquatic habitat turnover along the entire
river corridor. Aquatic habitat turnover in floodplains
along the Tagliamento corridor decreased along the
longitudinal dimension. Composition and planform of
the aquatic environment changed little in response to
flooding, but composition was responsive to water-
level fluctuations. Standing waters (backwaters and
isolated water bodies) in floodplains increased in
number and area along the longitudinal dimension.
Previous research has focused on how lateral config-
urations of floodplains change along the longitudinal
continuum of the Tagliamento. Future research needs
to focus on the biological significance of standing wa-
ters to floodplain diversity and should attempt to rep-
resent aquatic habitat ontogeny (for example, succes-
sional trajectories) in models of the distribution of
biotic communities.
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