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Disturbance and Recovery of an Algal Assemblage
Following Flooding in an Oklahoma Stream

MARY E. POWER! and ARTHUR J. STEWART?
Unaversity of Oklahoma Biological Station, Star Route B, Kingston 73439

AssTRACT: Algae at 170 fixed sites on the bed of an Oklahoma stream were moni-
tored 1 day before, 4 days after, and 24-26 days after a large flood. Before the flood,
81% of the sampled sites had macroscopically detectable algae. Four days after the
flood, algae were macroscopically detected on only 26% of sampled sites. The pro-
portion of sites retaining algae after the flood increased with sediment size, but did
not differ between pool and riffle habitats. Rhizoclonium and Spirogyra, filamentous
green algae that predominated before the flood, decreased fourfold and 20-fold in fre-
quency of occurrence, respectively. Tumbling experiments indicated that intrinsic dif-
ferences in resistance to abrasion contributed to the significant differences in impact
of the flood on these two algae. After the 24-26 day recovery period, algae were de-
tected on 66 % of the sites. Spirogyra replaced Rhizoclonium on 39 % of the sites in pools
where Rhizoclonium had dominated 4 days after the flood. Spirogyra did not replace
Rhizoclonium at riffle sites, and Rhizoclonium did not replace Spirogyra at any site. Re-
placement of Rhizoclonium by Spirogyra in pools but not in riffles restored distribution
patterns of these two algae before the flood.

INTRODUCTION

Floods are important agents of natural disturbance in streams (Starrett, 1951;
Hoopes, 1974; Bilby, 1977; Siegfried and Knight, 1977; Tett et al., 1978; Kimmerer
and Allen, 1982; Fisher et al., 1982; Hemphill and Cooper, 1983; Fisher, 1983). During
floods, scour and the redistribution of sediment can drastically affect attached algae
(Douglas, 1958; Tett et al., 1978; Fisher et al., 1982). Stream algae may survive a flood
if they are intrinsically resistant to scouring or if they grow in protected areas in the
stream channel. Floras that develop during initial recovery periods will be influenced by
relative growth rates of survivors and by colonization rates of algae from outside sources
(Stevenson, 1983). If stream discharge remains relatively stable after a flood, biotic in-
teractions, such as grazing, have increasing influence on algal distributions with time
(Fisher, 1983; Power and Matthews, 1983; Power ¢t al., 1985).

Warm-water streams subject to periodic flooding provide opportunities to study re-
sponses of natural communities to disturbances that vary in frequency, timing and se-
verity (Fisher et al., 1982; Fisher, 1983). Responses of stream algae to these disturbances
are of particular interest, because algae are important as primary producers and as a
food base in many streams (e.g., Minshall, 1978; Siegfried and Knight, 1977; Power,
1983; Busch and Fisher, 1981). Here we document damage and recovery of algae in
Brier Creek, a small stream in S-central Oklahoma, following disturbance by a large
flood.

Stupy S1TE DESCRIPTION
Brier Creek is a clear-flowing stream in Marshall Co., S-central Oklahoma
(33°0'N, 97°2'W), with a base flow discharge of 0.1-0.2 m3sec™ for much of the year.
Pools are typically shallow (<80 cm) and partially isolated by shallow riffles, many of
which have minimum thalweg depths of only 2-3 cm. Although upper reaches of Brier

!Present address: Division of Entomology and Parasitology, University of California,
Berkeley 94720, and Marine Sciences Institute, University of California, Santa Barbara 93106.

2Present address: Environmental Sciences Division, Oak Ridge National Laboratory, P.O.
Box X, Oak Ridge, Tennessee 37830.
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Creek may dry completely by late summer, the 1-km study reach described here re-
mains free-flowing in all but very dry years. The stream channel is incised 2-3 m into
sandstone bedrock and Cretaceous deposits of marine limestone. Trees, predominantly
oak (Quercus spp.), hickory (Carya spp.), hackberry (Celtis sp.), rough-leafed dogwood
(Cornis drummonds) and sycamore (Platanus occidentalis), line the stream banks, but chan-
nel widths (9-12 m) greatly exceed stream width (2-5 m) at base flow, so most pools are
relatively unshaded.

Brier Creek water is moderately hard (1.28-6.00 meq/L as CaCOs), consistently
low in soluble reactive phosphorus (3 ug/L), and slightly alkaline (pH 7.6-8.7 for water
in the main channel). Specific conductance (260-560 uS/cm) and alkalinity are strongly
related, indicating that the bicarbonate-carbonate buffer system dominates ionic activ-
ity in this creek. NH4t s undetectable (< 0.5 ug/L); concentrations of nitrate and nitrite
are unknown, but are probably not limiting for algae because the Brier Creek water-
shed is largely pastureland stocked with cattle. Water temperatures during June 1983
ranged from 23-36C.

Attached and floating filamentous green algae (Rhizoclonium sp. and Spirogyra sp.)
dominate Brier Creek for most of the year (Power and Matthews, 1983; Power et al.,
1985). Phytoplankton is sparse. Attached diatoms (Synedra sp., Navicula sp., Fragilaria
sp., Achnanthes sp., Cymbella sp. and Gomphonema sp.) and bluegreen algae (primarily Os-
cillatoria sp.) are locally common and almost ubiquitous as understories beneath the fila-
mentous green algae. From June through October, Chara zeplanica occurs in locally
dense stands on sandy or muddy substrates in quiet water. At times, Rhizoclonium and
Chara are encrusted with epiphytic diatoms.

METHODS

Algae in seven sequential pools and eight adjacent riffles of a 0.6-km reach of Brier
Creek were sampled along cross-stream transects. Three transects were placed across
each pool at downstream, middle and upstream positions, and two were placed across
each riffle near upstream anc downstream ends. Each transect was located by stretching
a meter tape between two permanent markers in the stream bank. Because successive
measurements of total transect widths varied by only 1-2 cm, we assume our error in
relocating sites on the stream bed under the transects was <4 cm.

At five intervals along each transect (usually 0.5 or 1.0 m apart), we noted depth
and substrate and sampled algae. Substrate was described according to a modified
Wentworth scale (Hynes, 1970). We initially distinguished six substrate types: mud
(organic-rich, not gritty); sand (mineral particles < 2-mm diam); pebbles (2-64 mm);
cobbles (65-256 mm); boulders (> 256 mm); and bedrock (fixed rock formations). Sub-
strates above the water level were classified as “dry” regardless of sediment type over
them. Boulder and mud substrates were rare before and after the flood (each was repre-
sented at only two of 170 sampling sites) and were combined for some analyses with
bedrock and sand substrates, respectively.

Dominant and subdominant algae were determined visually at each site. When nec-
essary, algae were identified to genus in the laboratory. We recorded algal condition
(scored from 1 =senescent to 3 =fresh) and density (scored from 1 =sparse, 3 =100%
cover) and noted whether algae were attached to the substrate. At each site we also
measured the height (or length, if algae were unattached) of typical algal strands (those
visually estimated to represent the average). For a sample representing dominant types
of algae in Brier Creek during this study, algal height was positively correlated with bio-
mass (ash-free dry weight/cm?) (r =0.91; n =23, p<0.00l).

A preflood census was completed on 13 June 1983. The largest flood of the year
crested 3.45 m above base flow at ca. 0620 on 14 June 1983. Shortly before 0620, wa-
ter rose rapidly; stage height increased visibly as an observer (W. J. Matthews) moni-
tored a staff gauge installed in a stream pool. Many large logs and even whole trees
were swept downstream. Peak discharge for the flood was computed to be 49.2 m3,
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based on cross-sectional area of the channel where crest height was recorded and from
direct observations of the velocity of debris on the water surface. (Average velocity was
computed as 0.8 surface velocity.) By 1030 on 14 June, the muddy flow had subsided to
0.71 m above base flow. Stream discharge then was estimated to be 0.65 m? by interpo-
lation, using assumptions of hydraulic geometry (Dunne and Leopold, 1978). We car-
ried out a postflood census on 18 June, when the stream was once again running clear
and the water level had subsided enough to allow sampling. A third census was made
on 8-10 July 1983 to document the extent of algal recovery 3 weeks after the flood.

To evaluate the relative resistance of various algae to abrasion, we simulated scour-
ing flood conditions by tumbling cobbles in a cement mixer. Algae-covered cobbles
from Brier Creek, 48-120 mm median diam, were tumbled individually or in groups in
about 20 liters of water at 48 rpm. Before and periodically during tumbling, algal cover
was quantified using a clear plastic overlay on which 30 dots were randomly positioned.
Algae under each dot were noted, as were “skins” (thin, tightly adhering layers domi-
nated by Oscillatoria) and “bare” rock, categories that increased as algal overstories were
rubbed off. The overlay was held in the same position for repeated scorings of cobbles,
so that site-specific changes could be followed.

For the following analyses, proportions were subjected to arc sin transformations
(Steel and Torrie, 1960; Sokal and Rohlf, 1981) before statistical tests of differences
were applied.

REesuLts
GOMPARISONS OF PREFLOOD AND POSTFLOOD CONDITIONS (13 anD 18 June 1983)

Despite devastating scour in the stream channel, we recovered markers necessary to
relocate 34 of the 37 crossstream transects: 18 in pools and 16 in riffles. Comparisons of
170 sites along these transects showed major changes in physical substrates and algae.
Because only 5 days elapsed between preflood and postflood sampling, we assume that
these changes were caused by the flood.

Changes in substrate. — Overall, only 38% of the sampled sites in our study reach had
the same dominant substrate before and after the flood (Table 1). This proportion was
slightly higher in pools (44 %) than in riffles (31%) (P <0.10 from a two-tailed t-test).
Sites left dry by channel path changes are considered altered as habitat for algae even if
they retained original substrates. The proportion of sites with unaltered substrate in-
creased with particle size. For sites that initially had mud, sand, pebble, cobble and
boulder-bedrock substrates, the proportions of unchanged sites were 0.00, 0.24, 0.18,
0.36, and 0.71, respectively (r, =0.90; P <0.05). The flood scoured finer sediments out
of the channel. Proportions of submersed sites with pebble-sized or finer substrates de-
creased from 48 to 29% in pools, and from 49 to 28% in riffles (P<0.01 and P <0.02,
respectively, from two-tailed t-tests).

Changes in algae. — Before the flood, filamentous green algae (Spirogyra sp. and Rhizo-
clonium sp.) covered most substrates, dominating at 76% of the riffle sites and at 88% of
the pool sites (Table 2). Spirogyra was significantly more abundant in pools than in riffles
and was more common than Rhizoclonium. The reverse was true in riffles, where Rhizo-
clonium dominated (Table 2, P <0.001 from two-tailed t-tests for all four comparisons).
On substrates where Rhizoclonium dominated, it was on average taller than Spirogyra, but
appeared in poorer condition (Table 3). At many sites, a tall overstory of slightly frayed,
epiphyte-covered Rhizoclonium lay over short, thick turfs of fresh Spirogyra. Spirogyra ap-
peared to be in similar stages of development in riffles and pools, for filament height
and condition were similar in both habitats (Table 3). Rhizoclonium condition was similar
in pools and riffles as well, and this alga was slightly, but not significantly, shorter in rif-
fles.

Rhizoclonium was the dominant alga on sites that ranged in depth from 0-76 cm,
while Spirogyra dominated on sites with depths ranging from 0-136 cm (the deepest site
sampled). Algal heights (y) for both species were weakly related to water depth (x): for
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Spirogyra, y = —0.02x +3.23, n =87, r2=0.06 (P<0.05); for Rhizoclonium, y =0.22
x+3.15, n=60, r?=0.19 (P<0.001).

Before the flood, Chara zeylanica was the dominant algae at 2% of the sites. Diatoms
and bluegreen algae (mostly Oscillatoria sp.) were common under and among filament-
ous green algae, but were dominant as a thin “skin” in only one site in a riffle (Table 4).

Massive amounts of algae were lost from the study reach of Brier Creek due to the
flood. Chara was completely eliminated from sampled sites, and the occurrence of Spiro-
gyra and Rhizoclonium dropped from 47 and 36% of the 170 sampled sites to 2 and 9%,
respectively (P <0.001 from two-tailed t-tests for both comparisons). Rhizoclonium survi-
vorship (at 15 of 61 sampled sites = 15%) was significantly higher than that of Spirogyra
(4/79 =5% of sampled sites) (P <0.001 from a two-tailed t-test). In most areas of the
stream, the formerly lush stands of filamentous green algae remained only as thin
fringes or tufts on the edges and corners of cobbles, boulders and bedrock. The propor-
tion of sites that were bare or covered with a thin algal skin increased from 12% to 59%
(P<0.001 from a two-tailed t-test) (Table 4).

Diatoms and bluegreen algae were not dominant at any sampling site before the

TaBLE 2. —Composition of attached algae in riffles and pools before (13 June) and after a
flood (18 June). Numbers are proportions of sampled sites where a given algal type dominated

Algae Riffles (n = 80) Pools (n =9)
Preflood Postflood Preflood Postflood

Rhizoclonium 0.54 0.09 0.20 0.09
Spirogyra 0.22 0.00 0.68 0.04
Bluegreens 0.00 0.04 0.00 0.06
Diatoms 0.00 0.14 0.00 0.04
Chara 0.03 0.00 0.01 0.00
Skin 0.01 0.01 0.00 0.01
Detritus 0.00 0.00 0.02 0.04
Bare 0.15 0.49 0.09 0.66
Dry 0.05 0.22 0.00 0.06

TABLE 3.— Average height and condition of algae in pools and riffles before the flood (13
June 1983)

Algae Algal height (cm) Condition score®
Pools Riffles Pools Riffle
X 2.58 2.17 2.29 2.49
Spirogyra SE 0.18 0.30 --- ---
n 81 37 81 37
Rhizoclonium X 7.90% 4.65 1.31° 1.14
SE 1.54 0.79 --- ---
n 35 48 35 48

“1 =senescent, 3 = fresh

®Rhizoclonium height greater than Spirogyra height in pools and riffles (P<0.01 and P <0.001,
respectively, from two-tailed t-tests)

“Spirogyra condition appears better than Rhizoclonium condition in both pools and riffles
(P<0.001, median test, Siegel, 1956, p. 111)
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flood. Afterwards, bluegreens dominated at 5/90 sites in pools and 3/80 sites in riffles;
diatoms dominated at 4/90 pool sites and at 11/80 riffle sites (Table 4). Increases in pro-
portions of both types of algae were significant (P <0.02 and P<0.001 for bluegreens
in riffles and pools, respectively; P <0.001 and P <0.02 for diatoms in riffles and pools,
respectively, from two-tailed t-tests). After the flood, bluegreens (mainly Oscillatoria sp.)
were conspicuous on many boulders and large cobbles, where they appeared as
turquoise-colored skins studded with bubbles. The photosynthetic activity of these
former understories appeared intense following their ‘release’ from filamentous green al-
gal overstories.

Persistence of particular algae in the study site after a flood could be affected by its
position in the stream channel or by intrinsic resistance of the alga to abrasion. When
15 cobbles with 100% Rhizoclonium cover and 15 with 100% Spirogyra cover were tum-
bled together for 2 min at 48 rpm in a “flood simulator” (concrete mixer), generic differ-
ences in resistance of the algae to scouring were apparent. Of the original 30 points
scored before tumbling on each cobble, Rhizoclonium cobbles had on average 12.4
(£ 1.6; sE) sites that retained Rhizoclonium; significantly fewer [1.5 (£0.6; sE)] sites on
Spirogyra cobbles retained Spirogyra (P <0.001 Mann-Whitney U test).

No differences in the relative vulnerability of pool and riffle habitats to scouring
were detected. In pools, 5% of the sampled sites retained their original flora, while 8%
retained original flora in riffles (P>0.20, one-tailed t-test). Similarly, so few postflood
sampling sites retained filamentous green algae that differences in its persistence on dif-
ferent types of substrate could not be detected. There was, however, a substrate-
dependent difference in the proportion of sites that retained any algae (filamentous
greens or diatom/bluegreen understories) compared with those that were bare after the
flood (Table 5), with greater algal retention on bedrock-boulder substrates. Substrate
stability increased with particle size: bedrock slabs were not moved by the flood, al-
though some boulders >256 mm median diam were moved.

To further examine relationships between substrate stability and algal persistence,
we classified sites that had algae before the flood into two groups: those in which sub-
strate type was changed, and those that were unchanged. For this analysis only, we con-
sidered the substrate to have changed if neither the dominant nor the subdominant sub-
strate noted before the flood was present as the dominant on 18 June. This definition
was adopted to increase the probability that substrate types reported as changed were
actually different particles, rather than resident substrates whose relative abundances
had been altered. In this analysis, we found no relationship between substrate change
and the retention of algae; the proportion of changed and unchanged sites retaining al-
gae was 0.39 (n =59) and 0.27 (n =59), n =70, respectively (x2 =3.04, df =1, ns).
Processes that would obscure or weaken this relationship include replacement of old
substrates by new substrates of the same type, severe scouring of substrates i situ, and
“rafting” of algae on displaced particles. Evidence of the last two processes was apparent
in Brier Creek after the flood. New channels several centimeters deep were carved into
the surfaces of fixed sandstone bedrock in some areas. Pebbles and cobbles 3-12 cm me-
dian diam (many bearing tufts of Spirogyra or Rhizoclonium and showing obvious signs of
abrasion) were strewn on the formerly sand-covered bottoms of pools. We visually esti-
mated that one pool contained 3-6 such transported stones per m2. These “rafts” may
have been important in the postflood recolonization of stream pools by algae.

RECOVERY PERIOD (18 JuNE 1O 8-10 Jury 1983)

No floods occurred from 18 June to 10 July, although a brief rain did increase the
stage height a few cm on one occasion. During this recovery phase, substrates at more
sites remained unchanged in pools (67 %), in riffles (45%) and in the reach as a whole
(59%) than from 13 June to 18 June (p<0.05, p<0.001, and p<0.001, respectively,
from one-tailed t-tests). Substrate changes that occurred during this period were pri-
marily due to movements of fine sediments (pebble-size and smaller), some of which
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sloughed from bank-side deposits. Redistribution of fine sediment within the stream
channel covered or exposed coarser substrates. A number of transects in riffles prior to
the flood fell within pools after the flood because of channel changes. Reclassification of
these transect sites results in an increase in the number of pool sites and a decrease of
riffle sites (Table 6).

The period of relative physical stability in the stream allowed us to examine changes
in the algal flora as recovery on scoured areas. During the 20 to 22d after the first
postflood survey, the number of sites with Spirogyra and Rhizoclonium both increased, but

TaBLE 5. —Proportion of pool and riffle sampling sites retaining algae at sites where sub-
strate type was unaltered by the flood®

Substrate type

Mud, sand Pebbles Cobbles Boulders, bedrock
Proportion of sites 0.00 0.17 0.32 0.60
retaining algae
Number of sites 10 48 28 43

ax? =25.28; df =3, P<0.001

TaBLE 6. — Transition matrices for substrates in pools® (upper) and riffles for sampling dates
4 days and 3 weeks after a flood (18 June and 8-10 July, respectively). Numbers are total sam-
pled sites where substrate type dominated

Pools 8-10 July
Substrate dry mud sand pebs cobs b’rock Total
Dry 1 0 0 0 0 0 1
Mud 0 0 0 0 0 1 1
¢ Sand 1 0 6 3 1 1 12
> Pebbles 1 0 i 4 2 2 10
™ Cobbles 0 0 0 2 6 5 13
Bedrock 2 0 3 9 1 55 70
Total 5 0 10 18 10 64 107
Riffles 8-10 July
Substrate dry mud sand pebs cobs b’rock Total
Dry 2 0 0 2 2 0 6
Mud 0 0 0 0 0 0 0
¢ Sand 0 0 0 1 0 0 1
2 Pebbles 1 0 0 9 3 1 14
2 Cobbles 1 0 0 7 7 5 20
Bedrock 4 0 0 6 1 10 21
Total 8 0 0 25 13 16 62

“Channel changes caused 17 sites located in riffles before the flood to fall in pools afterwards.
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Spirogyra increased more than Rhizoclonium. In the reach as a whole Spirogyra increased
from 3% to 39% of sampled sites (P <0.001, one-tailed t-test), while Rhizoclonium in-
creased from only 14% to 15% of sampled sites (P >0.20). Rhizoclonium increased more
in riffles (from 8% to 26% of sampled sites; P<0.01, one-tailed t-test), but actually de-
creased in pools (from 17% to 9% of sampled sites; P <0.20, one-tailed t-test). Spirogyra
replaced Rhizoclonium on 7 of 18 sites where it had initially occurred in pools after the
flood (Table 7). Rhizoclonium never replaced Spirogyra in pools, and no overgrowths of ei-
ther filamentous green alga by the other occurred in riffles during this period (Table 7).

Substrates covered by bluegreen algae in pools declined from 5% to 2% of sampled
sites because of overgrowth by Rhizoclonium (two sites) and Spirogyra (one site). The pro-
portion of sites with detritus, presumably derived from organic matter transported by
the flood, increased from 6% to 21% in pools, and from 0% to 7% in riffles caused by
deposition as the flow receded.

Discussion

Disturbance of streams by floods is a common and conspicuous phenomenon
(Siegfried and Knight, 1977; Cummins, 1977; Fisher et al., 1982; Fisher, 1983). The ef-
fects of flood disturbances on streams depend on flood frequency and magnitude and on
antecedent conditions (Wolman and Miller, 1960; Cummins et al., 1983). Frequent
floods can truncate algal successional sequences, thereby favoring either tightly at-
tached, resistant forms or those with recolonization and growth rates high enough to ac-
cumulate biomass between floods. In this study, for example, extensive mats of Spirogyra
recovered within weeks after the flood. Chara, however, took months to recover (A. J.
Stewart, pers. observ.), suggesting that if scouring occurred frequently, this alga would
be unable to persist in Brier Creek.

Flood magnitudes determine the nature of their effects on stream organisms. Dur-
ing small floods, sand and mud entering and moving within the channel can smother
adnate algae but may promote growth of algae such as Chara. Inputs and mixing during
small floods may also increase nutrient availability. Blooms of filamentous green algae
followed small floods in Brier Creek (Power ¢t al., 1985). Large floods like that of June
1983, on the other hand, severely erode the stream bed and may have long-term conse-
quences to algal assemblages if they move major channel features, such as gravel bars,
or if they reduce densities of stream fauna that affect algae. For example, when large
floods coincide with spawning periods of stream fishes, year classes can be severely re-
duced or eliminated (Starrett, 1951; Pflieger, 1975).

The effect of a flood of particular magnitude on stream biota depends on a number
of antecedent conditions, including the amounts and types of sediment and detritus in
storage in the channel, and the growth stage, species composition and spatial distribu-
tions of biota (Cummins e al., 1983). A flood occurring when sand and pebbles are in
low supply may have less effect on biota than a flood of the same magnitude occurring
when fine sediments are available for transport and scouring. Large organic debris that
stabilizes sediment mitigates the scouring effects of floods (Keller and Swanson, 1979).

Developmental state apparently influenced the ability of Spirogyra in Brier Creek to
resist scour. Several weeks before the June flood, we rubbed a bare patch on a flat bed-
rock substrate. Much of the short, fresh turf of Spirogyra that regrew in this patch re-
mained after the flood, while similar adjacent bedrock substrate, which had supported a
turf of longer, more senescent Spirogyra filaments just before the flood, was scoured to
bare rock.

Species differences among algae also strongly affect their ability to resist shearing
forces associated with high flow. Oscillatoria in Brier Creek was resistant to scour by vir-
tue of its nearly endolithic growth habit under filamentous green algal overstories. Oscil-
latoria was an important component of a turquoise-colored “algal skin” that persisted on
cobbles, boulders and bedrock in the stream and on cobbles during tumbling experi-
ments, after filamentous green algal overstories had been abraded off.
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Spirogyra and Rhizoclonium differ markedly in their ability to cling to substrates. Rhi-
zoclonium has specialized basal attachment cells that anchor filaments firmly to stony
substrates (Round, 1973), while Spirogyra is “usually unbranched and free-floating, but
sometimes attached by lateral or terminal hapteroid outgrowths” (Silva, 1982, p. 158).
The latter method of attachment is weak compared to that of Rhizoclonium, as evidenced
by the relative resistance of the two algae during tumbling experiments. Developmental
differences did not account for these differences, because cobbles with short fresh turfs
of Spirogyra were selected for tumbling experiments.

Before the June 1983 flood, Rhizoclonium was the most common alga on riffle sub-
strates, while Spirogyra dominated in pools (Table 2). After the flood, Rhizoclonium per-
sisted on more sites than Spirogyra in both habitats. On all 170 sampling sites in pools
and riffles, Rhizoclonium occurrence decreased fourfold after the flood, while Spirogyra oc-
currence decreased by a factor of 20. The pool-riffle segregation of these two algae and
their differential abilities to survive flood conditions, may result from differences in
their methods of attachment. Differential resistance to scouring caused by attachment
differences have been reported for lotic macrophytes (Elodea vs. Potamogeton; Bilby, 1977)
and riparian mosses (Conocephalum vs. Fissidens; Kimmerer and Allen, 1982).

Despite dominance of Rhizoclonium 4 days after the flood, Spirogyra surpassed it in
frequency of sites occupied only 3 weeks later. Spirogyra accumulated especially rapidly
in pools, where it replaced Rhizoclonium on 39% of the sites where Rhizoclonium had
been dominant 4 days after the flood. In the weeks following the flood, dense mats of
unattached Spirogyra accumulated over attached Rhizoclonium. These floating mats
shaded the rock-bound algae and may have reduced their growth rates. The growth rate
advantage of Spirogyra over Rhizoclonium during periods of low flow may be further en-
hanced by the tendency for Rhizoclonium, but not Spirogyra, to become heavily overgrown
by epiphytic diatoms. Epiphytes can shade their hosts, deprive them of nutrients, and
sometimes physically damage cell walls, leaving host algae open to fungal or bacterial
attack (Sand-Jensen, 1977; Eminson and Phillips, 1978; Stevenson and Stoermer,
1982). In Brier Creek, preliminary studies show that epiphytes also increase preference
for Rhizoclonium by the dominant grazer, the minnow Campostoma anomalum. Floods that
wash epiphytes off Rhizoclonium and displace floating mats of Spirogyra could periodically
enhance the growth and abundance of Rhizoclonium.

Disturbance, sometimes attended by compensatory mortality of competitive domi-
nants, has been shown to promote coexistence of sessile species in intertidal and terres-
trial forest communities (Dayton, 1971, 1984; Connell, 1978; Sousa, 1979a, 1979b,
1984; Paine and Levin, 1981; Paine, 1984). Discharge changes have been reported to
disrupt competitive monopolies and increase space held by subordinate species of ben-
thic insects in California (Hemphill and Cooper, 1983), and Montana (McAuliffe,
1984) streams. We have no direct evidence that Rhizoclonium and Spirogyra compete in
Brier Creek, but high-standing crops (at low flow, some pools can be nearly filled with
these filamentous green algae) and evidence of nutrient limitation (Stewart, 1987) sug-
gest that, in the absence of flooding, competition between these two abundant, co-
occurring algae is likely. In this context, characteristics that are advantageous for Spiro-
gra at low flow (e.g, tenuous attachment, high growth rates as floating mats) render
this alga more vulnerable than Rhizoclonium to washout during high flow.

Sousa (1984, p. 356) has defined disturbance as, “a discrete, punctuated killing, dis-
placement, or damaging of one or more individuals (or colonies) that directly or indi-
rectly creates an opportunity for new individuals (or colonies) to become established”
Bare space on Brier Creek substrates is created not only during floods, but after pro-
longed periods of low flow when algal mats senesce, and pieces break off and are
buoyed to the water surface by gas bubbles (Power ¢t al., 1985). In Brier Creek, as in
many natural communities (Sousa, 1984), the lack of environmental fluctuations as well
as their occurrence can disturb organisms, and the response to a particular disturbance
regime depends on characteristics peculiar to individual target species.
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