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SUMMARY

1. Macroinvertebrate densities and community composition were examined at three
spatial scales after substratum disturbance; among reaches along a longitudinal gradient,
within reaches and within plots. Reaches consisted of sandstone outcrops that were
separated by approximately 2 km of highly mobile sandy silt substratum.
2. Substrata were disturbed by scraping sandstone plots (0.3 X 0.3 m). Body-sized
depressions created by Trichoptera in the sandstone were removed along with the upper
5 mm of sandstone, resulting in areas of newly exposed, smooth sandstone.
3. The spatial scale of examination determined whether patterns of macroinvertebrate
distribution and densities were discernible. Initially there were no significant differences
in community composition or total densities among reaches or among upstream/
downstream locations within reaches. Following substratum disturbance and 30 days
recolonization, total macroinvertebrate densities did not differ significantly between
undisturbed plots and disturbed plots. However, densities of Pefrophilia (Pyralidae:
Lepidoptera) differed along the longitudinal gradient and the Simuliidae had its highest
density in the upstream reach. Significant differences were found in total
macroinvertebrate densities between the upstream and the downstream halves of
disturbed plots, with higher densities occurring in the downstream portions.
4. Recolonized plots had similar macroinvertebrate densities and community
composition to undisturbed plots, suggesting that the stream community was highly
resilient.
Introduction
Disturbances in streams are common phenomena and
can lead to variable effects on community structure
within areas upon recolonization. Some studies have
shown rapid community recovery following disturbance (Townsend, Hildrew & Schofield, 1987; Doeg,
Lake & Marchant, 1989; Boulton et al., 1991), whereas
others have found the resulting community to be
different from the original (Fisher 'et al., 1982;
McAuliffe, 1984; Townsend, 1989; Hildrew & Giller,
1994). A possible explanation for this variability is the
patchy distribution of stream habitats. When patches
are isolated within a matrix of dissimilar types,
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responses to disturbances may vary with location
(Pickett & White, 1985; Townsend & Hildrew, 1994).
Therefore, the study of disturbances can be problematic due to considerations of temporal and spatial
scaling and replicability (Lake & Doeg, 1985; Resh
et al., 1988; Townsend, 1989; Poff, 1992).
In many rivers, community structure can vary along
a longitudinal gradient from headwaters to downstream reaches (Vannote et al., 1980; Hawkins & Sedell,
1981; Culp & Davies, 1982; Minshall et af., 1983; Ross
& Wallace, 1983). Vannote et al. (1980) suggested that
this gradient is characterized by an increase in the
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availability of fine organic particles with distance
downstream, as well as by changes in availability of
other sizes of food particles. Changes in food availability are paralleled by changes in macroinvertebrate
functional feeding group dominance (Vannote ef al.,
1980; Minshall ef al., 1983). For example, Ross and
Wallace (1983) observed a shift in caddisfly species
composition over a 5-km gradient, from those feeding
primarily on large particles upstream to fine-particle
feeders downstream.
At a finer spatial resolution, differences in macroinvertebrate abundances occur along much shorter gradients (Ross & Wallace, 1983; Hart, 1986; Ciborowski
& Craig, 1989; Morin, 1991). For example, Downes,
Lake & Schreiber (1993) found considerable variation
in densities of macroinvertebrates among riffles in a
reach of stream and among stones within the same
riffle. The position of a disturbance within a reach
could result in specific patterns of colonization because
of the availability of resources (Ross & Wallace, 1983;
Hildrew & Giller, 1994). As upstream filterers retain
particles, concentrations of organic particles can
decline (Ross & Wallace, 1983). Ciborowski & Craig
(1989) noted decreased ingestion rates by simuliids
positioned just downstream of other simuliids. There
may be inter- and intraspecific competition among
filter-feeders for upstream locations in order to have
increased access to food particles suspended in the
water column (Hart, 1986; Malmqvist & Otto, 1987).
Microhabitat preferences may also be explained
through interspecific facilitation (Diamond, 1986;
Lancaster, Hildrew & Townsend, 1988). The physical
structure of caddisfly nets can lead to changes in
hydrodynamics, and has been shown to encourage
colonization by some other macroinvertebrates
(Diamond, 1986).
Resource availability (Hynes, 1970; Benke & Wallace,
1980; Pringle ef al., 1988) and disturbances influence
aquatic macroinvertebrate community structure and
diversity (Robinson & Minshall, 1986; Townsend et al.,
1987; Boulton, Spangaro & Lake, 1988;Resh ef al., 1988;
Doeg et al., 1989). In most streams, the distribution of
habitats within a channel is heterogeneous (Pringle
ef al., 1988; Townsend, 1989). However, the Little
Washita River in south-western Oklahoma, U.S.A.,
has primarily homogeneous sandy silt substrata with
occasional patches of exposed sandstone. Sandy silt
reaches have relatively low densities of macroinvertebrates (< 50 m-2). In contrast, the stable sand-

stone sections comprise a limited spatial resource that
is inhabited by high densities of macroinvertebrates
(1100-3300 m-2), predominately Lepidoptera and
Trichoptera. The Little Washita is an extreme example
of the isolation of habitats that often occurs, on a
smaller scale, through the alternation of riffles and
pools in many streams. Riffles are often areas of high
macroinvertebrate density whereas pools generally
have low macroinvertebrate density (McCulloch, 1986;
Brown & Brussock, 1991).
The simplified background matrix in the Little Washita River of unstable sands and silts with a few
persistent outcrops of stable substratum (sandstone)
provided us with an opportunity to: (i) examine
differences in macroinvertebrate community structure
between discrete patches along a longitudinal gradient; and (ii) determine how a major disturbance of the
substratum would affect recolonization patterns along
that gradient. We created a disturbance by removing
patches of the upper layer of sandstone, including
all biofilm layers. This removal simulated natural
exfoliation of the uppermost sandstone layers. We
then examined macroinvertebrate recolonization
dynamics at three spatial scales: among reaches (separated by 2 km), within reaches (20 m long), and within
plots (0.3 m X 0.3 m). We predicted that there would
be upstream-downstream differences in abundances
and that the disturbed patches would be colonized
preferentially by different species. Alternatively, if the
same community did recolonize, we predicted that
the species would co-occur at different abundances
than in undisturbed patches.

Study area
The study was conducted in the headwaters of the
Little Washita River in south-central Oklahoma (Fig. l),
where average annual rainfall is 80 cm (Allen & Naney,
1991). Precipitation shows no clear seasonal pattern
and storms occur in any month with equal probability.
The Little Washita River is a low-gradient river with
only 30 m change in elevation in its upper 10 km. Its
channel is deeply incised and substrata are primarily
alluvial sands and .silts. Three distinct outcrops of
Permian sandstone occur within the river, resulting in
patches of exposed bedrock 20-30m long. The outcrops (sites A, B and C, Fig. 1) are located 4, 6 and
8 km downstream of the headwaters (United States
Geological Survey topographic maps, scale 1 : 24000).
0 1995 Blackwell Science Ltd, Fresl7water Biology, 34, 531-540
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Fig. 3 Hydrograph from USGS gauging station (located 10 km
downstream of site C) showing mean daily discharge in
summer 1993. The first arrow shows when initial sampling
was done and the substrata were disturbed; the second arrow
shows when disturbed and undisturbed plots were sampled.
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Fig. 1 Map of the Little Washita River in central Oklahoma.
Insets show the locations of the sampling sites A, B and C,
and details of the reaches, indicating the relative placement of
plots on sandstone substrata.

Water depth in the reaches of exposed bedrock was
shallow at baseflow (0.03-0.07m) and mean stream
width was 3 m . A United States Geological Survey
(USGS) stream gauge was located 10 km downstream
from site C (at river km 19).

Materials and methods
Three sandstone outcrops (sites A, B and C) were
sampled on 1 September 1993. Beneath Hydropsyche
retreats were larvae-sized depressions carved into the
sandstone (Fig. 2). In order to remove any effects from
the existence of previous larval retreats, and to collect
all caddisfly larvae, the top 5 mm of the relatively
soft sandstone was removed within 0.09 m2 plots by
scraping with a 5-cm-wide metal putty knife. All
animals were collected in the 600ym-mesh net of a
standard Surber sampler. Four plots were sampled in
each outcrop, beginning downstream within the reach
and moving upstream. Collected individuals were
preserved, identified and counted.
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One month later the disturbed plots, which were
still visible, were resampled as described above. Microscale, longitudinal recolonization patterns within each
previously disturbed plot were examined when resampling by first scraping the downstream half, then
the upstream half, and preserving the two halves
separately. Four previously undisturbed plots within
each reach were also sampled. These undisturbed
plots were located near a disturbed plot to allow
examination of 'within reach' upstream-downstream
patterns of colonization (Fig. 1).
Water velocity at each site was measured by timing
releases of fluorescent dye. Discharge before and during the study period was similar (Fig. 3). Average
water velocities at each site on the day of initial
sampling were 0.85, 0.75 and 0.80 ms-', respectively.
Ash-free dry mass of organic detritus in transport and
benthic organic matter below site C were measured
prior to and during the experiment as part of a larger
study of seston dynamics (Johnson, 1995).
We used analysis of covariance (ANCOVA) (Sokal
& Rohlf, 1981) with repeated measures to examine
differences in total densities between the initial plots
and the same plots after 1 month of recolonization.
Reach was the main effect and the upstream to downstream location of the plots within a reach the covariate. ANCOVA was also used for a comparison of
densities in disturbed plots ZI undisturbed plots, with
reach and treatment as main effects, and within reach
location as the covariate. Densities were transformed
[In (x + l)]when they were not normally distributed
(Sokal & Rohlf, 1981). Densities of the most abundant
taxa were analysed as above. Microscale patterns of
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following recolonization, a significant interaction was
found for resampling X reach (Table l), suggesting
that the effect of disturbance on recolonization varied
among reaches. When the reaches were analysed separately, a significant difference was found between
initial and recolonized densities at site A (P < 0.05).
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Fig. 4 Mean macroinvertebrate densities (+ 1 SE) in three
reaches (sites A, B and C) along the longitudinal gradient of
the Little Washita River: 0 initial densities (time t l ) ,
densities in disturbed plots following 1 month of
recolonization (time t2), and densities in undisturbed plots
(time f2).
Table 1 Comparisons of total densities of macroinvertebrates
between reaches, locations within reaches, and between
disturbed and undisturbed plots using ANCOVA. *P < 0.05;
** P < 0.01

Initial v disturbed
Between treatments
Reach
Location
Within treatments
Repeat
Repeat X reach
Repeat X location

F

P

0.60
0.03
2.75

0.57

8.61
0.40

0.01*
0.54

Disturbed v undisturbed
Reach
1.15
0.00
Treatment
0.16
Reach X treatment
Location
0.82

Similar macroinvertebrate taxa were present in all
three reaches at the initial sampling time (Fig. 5).
Hydropsyche (Trichoptera) was the most abundant
taxon, comprising 40-60% of individuals in the
samples. Pefropkilia (Lepidoptera)was the second most
abundant taxon in the reaches, and comprised 20% of
collected invertebrates. One month later, a shift in
relative densities was recorded in the undisturbed
plots (Fig. 5). Relative densities of Hydropsyche
decreased, and relative densities of Pefropkilia
increased. At site A, simuliids, which had not been
present initially, represented 15-20% of the community
in both the disturbed and undisturbed plots (Fig. 5).
Sites B and C did not show a similar increase in
simuliids.

Densities of abundant taxa

0.86
0.14

0.34
0.99
0.88
0.78

recolonization within disturbed plots in all reaches
were analysed using a paired f-test, pairing total
macroinvertebrate abundances of the upstream and
downstream portions of each plot.

Results

Total density
Total invertebrate densities among reaches were generally similar (Fig. 4). No significant differences in densities were found among reaches, for locations within
reaches, or between disturbed and undisturbed plots
(Table 1):In the analysis of initial densities z, densities

Of the dominant taxa found in disturbed and undisturbed plots, simuliids and Petropkilia showed significant differences in density along the gradient
(Table 2). Site A had higher densities than either of
the more downstream reaches. A posf-koc pairwise
comparison (with Bonferroni adjustment) indicated
that densities of Pefropkilia and Simuliidae at site A
differed significantly from densities at site B ( P =
0.04, P < 0.01, respectively) and from site C ( P = 0.05,
P < 0.01, respectively). A significant interaction was
found between reach and treatment in the analysis of
densities of simuliids (Table 2). The effect of the
treatment (recolonization of disturbed D undisturbed
plots) varied by site.
No significant differences in densities of the individual taxa occurred between disturbed and undisturbed plots. At site A, recolonization resulted in
higher (but non-significant)mean densities of Pefrophilia and Hydropsyche in the disturbed plots than in
undisturbed plots (Fig. 6). However, at sites B and C
disturbed plots had lower mean densities of these taxa
than undisturbed plots (Fig. 6).
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Fig. 2 (a) Photograph of sandstone substrata showing depressions carved into the sandstone by larvae. Camera lens cap is included
for scale. (b) Photograph of scraped Surber plots in one of the sandstone reaches.
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Fig. 5 Mean relative densities (+ 1 SE)
of all macroinvertebrate taxa in three
reaches (sites A, B, and C): 0 initial
densities (time t,), m densities in
disturbed plots following 1 month of
recolonization (time f2), and densities
of undisturbed plots (time t2).

Within-reach and within-plot recolonization patterns

Discussion

At the scale of the individual reach, upstream plots
tended to have higher densities of Simuliidae, the only
group showing significant within-reach differences in
densities (Table 2).
At the scale of the individual plot, a significant
difference in total densities was found between the
upstream and downstream halves of the disturbed
plots ( t l l d f = -2.386, P < 0.05). Higher densities
occurred in the downstream halves of the plots.

We did not observe significant differences in community composition or in total abundances of invertebrates
over a distance of 4 km in the Little Washita River.
However, the most downstream reach (site C) had the
highest densities of Hydropsyche, a filter-feeder on fine
particles. With increasing distance from the headwaters in the Little Washita River, the quantity of
organic particles in transport increased (Johnson,
1995). However, because the amounts of transported
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Table 2 Comparisons of densities of abundant taxa using ANCOVA. Treatment refers to disturbed v undisturbed plots. *P < 0.05;
**P < 0.01
Reach

(df = 2 )

Treatment (df = 1)

Reach x treatment

(df = 2 )

Location

(df = 1)

Taxa

F

P

F

P

F

P

F

P

Petvophilin
Hydropsyche
Cheurnntopsyche
Simuliidae

4.82
0.88
1.87
53.45

0.02*
0.43
0.18

0.90
0.32
1.22
0.23

0.36
0.58
0.29
0.64

0.09
0.19
0.15
3.75

0.92
0.83
0.86
0.04)

0.46
0.30
0.81
9.19

0.51
0.59
0.38
0.01*

1

1 !inn

0.01*
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Fig. 6 Mean densities of abundant taxa (+ 1 SE) in disturbed
and undisturbed plots in three reaches (sites A, B and C): EA
disturbed, H undisturbed.

organic particles were an order of magnitude higher
than reported for streams in other regions (Minshall
ef al., 1983; Webster & Golladay, 1984),and invertebrate
densities were low in most reaches (except for the
more stable sandstone substrata), seston was unlikely
to have been a limiting resource in this river.
Intensity of disturbance can be a significant factor
in the dynamics of recolonization (Lake & Doeg, 1985;
Resh ef al., 1988; Fisher, 1994).We completely removed

the surface layer of sandstone in plots. A long period
of time (2-3 months) can be required for an organic
layer to develop on bare rocks (Rounick &
Winterbourn, 1983),and a return to previous macroinvertebrate densities may be much slower when the
organic surface layer has been removed (Boulton et al.,
1988). Our removal of depressions in the sandstone
may also have decreased or eliminated any advantages
to recolonizing invertebrates that might have existed
from the presence of former retreats or natural depressions in the rock (Downes & Jordan, 1993; Englund,
1993; Douglas & Lake, 1994). However, our observations, made 1 month after the disturbance, indicated
that neither factor resulted in reduced densities in the
disturbed plots.
Resilience is often measured as a return to original
taxonomic richness, species composition, or density
levels (Minshall ef al., 1983). We found that both richness and density in the disturbed plots were very
similar to those in undisturbed plots after only 30
days. This indicates that the community was highly
resilient following major substratum disturbance and
removal. Other studies have also shown stream assemblages to have high resilience to disturbance (Lake &
Doeg, 1985; Reice, 1985; Townsend ef al., 1987; Boulton
et al., 1988; Doeg et al., 1989). In our study, a shift in
community composition occurred between the initial
sampling and resampling 1 month later. Simuliids
were not present initially in the uppermost reach (site
A), but they occurred at high densities in both the
disturbed and undisturbed plots at site A 1 month
later. Densities of Pefvophilia also increased at site A.
Seasonal changes in stream communities (Hynes, 1970;
Hawkins & Sedell, 1981; Canton & Chadwick, 1983)
make it difficult to incorporate these natural changes
in community composition or density during recolonization into measures of resilience or recovery following disturbance. For example, if indices of recovery
0 1995 Blackwell Science Ltd, Freshzuater Biology, 34, 531-540
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from disturbance were based upon comparisons with
initial densities of those taxa, rather than with densities
in undisturbed plots at the time of resampling, we
would have overestimated the effects of this disturbance. The presence of simuliids, and lowered densities
of other filter-feeders, could have been construed to
be an effect of disturbance, instead of a seasonal shift
in community composition.
Within each of the reaches, we examined whether
there were upstream-downstream differences in
abundances among plots. Filter-feeders remove particles from the water column and can reduce the
availability of organic particles immediately downstream (Ross & Wallace, 1983). Some authors have
explained higher densities of Trichoptera (Ross &
Wallace, 1983) or Simuliidae (Ciborowski & Craig,
1989) in the upstream portions of reaches as resulting
from competition for food. In our study, Simuliidae
had significantly greater densities in the upstream
plots within a reach. However, organic particles in
transport are very abundant in the Little Wdshita
River. Ciborowski & Craig (1989) observed that when
plentiful amounts of food were available, adjacency
of other filter-feeders did not have an impact on
ingestion rates of downstream filterers. Simuliids may
be more abundant in the upstream segments of reaches
because they have slightly different microhabitat preferences that are unrelated to food availability, such as
microflow or surface film requirements.
In our examination of microscale recolonization
patterns, we found significant differences between
invertebrate abundances in upstream and downstream
halves of disturbed plots. The downstream portions
had higher densities than the upstream portions. Hart
(1986) suggested that simuliids move upstream to
obtain more direct access to suspended matter, and
show aggression toward upstream neighbours (Hart,
1986; Ciborowski & Craig, 1989). Such behaviours
could lead to recolonization by larvae beginning in
the downstream portion of a disturbed area. Filterfeeding larvae may move upstream to be in front of
their nearest competitor, and by this method they
could have gradually recolonized the disturbed plots
from the downstream border up. The upstream half
might also have been less preferred because of the
proximity to upstream nets of hydropsychids, and the
microscale water turbulence these nets can create
(Hemphill, 1988).Conversely, other studies have found
that the presence of trichopteran nets can facilitate
0 1995 Blackwell Science Ltd, Freshrunter Bidogy, 34, 531-540
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colonization by other macroinvertebrates (Diamond,
1986; Lancdster ef al., 1988). Such facilitation might
have resulted in preferential recolonization of the
upstream halves of plots.
Although the upper layers of sandstone substrata
occasionally exfoliate, which removes all the organic
layers and exposes new stone substrata, or are abraded
during scouring flows, they are by far the most stable
and persistent substratum type in the Little Washita
River. Other studies have shown patches of stable
substratum to have the highest macroinvertebrate
densities (Minshall, 1984; McCulloch, 1986; Cobb,
Galloway & Flannagan, 1990), and this was the case
here (Johnson, 1995).
Prairie streams are known to have ‘flashy’ flows
and to be highly variable with respect to frequency of
disturbance (Matthews, 1988; Resh ef al., 1988). The
period prior to and during this study was one of
unusually stable discharge. Because this stability may
have facilitated dominance by a few species whose
abundances are frequently controlled by abiotic,
storm-driven factors, we had expected that community
composition w ould be different in disturbed patches.
Our disturbed plots had been colonized for only 1
month while the surrounding substratum had been
undisturbed for at least 3 months. In other studies in
which stream communities have been found to be
very resilient following disturbances (Boulton ef al.,
1988;Death & Winterbourn, 1994), invertebrate assemblages are well adapted to flashy conditions. Perhaps
previous disturbances to this river, such as watershed/
land-use changes, pollution, tributary impoundments,
and the high frequency of storms, have already limited
the invertebrate assemblages to those species that are
able to re-establish rapidly following disturbance.
The spatial scale of observation determines whether
patterns of distribution are discernible along a gradient
(Kotliar & Wiens, 1990). For example, Downes ef al.
(1993) found differences in faunal abundances and in
physical variables between riffles within reaches as
well as among stones within riffles. In our study, no
significant differences were found in total densities of
macroinvertebrates along the upper 4-km gradient of
the Little Washita River, but the pattern of distribution
of several taxa along the gradient varied between
sampling times. At the reach scale, a significant density
gradient was found for filter-feeding Simuliidae which
were present in higher densities in the upstream
portions of reaches. Communities quickly recovered
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in disturbed plots and after a month were no different
from those in undisturbed plots. On a smaller scale,
recolonization resulted in different densities between
the upstream and downstream halves of plots.
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