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Multiple factors limit seasonal variation in periphyton in a 
forest stream 

AMY D. ROSEMOND1 

Department of Biology, Vanderbilt University, Nashville, Tennessee 37235 USA 

Abstract. This study was conducted to characterize periphyton biomass, productivity, and algal 
species composition, and to examine how these parameters changed seasonally over the course of 
two years in Walker Branch, a temperate forest stream. Seasonal variations in several factors po- 
tentially controlling periphyton (irradiance, streamwater nutrient concentrations, temperature, and 
the incidence of severe storms) were large. However, there was no consistent seasonal variation in 
herbivore (snail) density, which was high (>1000 animals/m2). Regression analysis was conducted 
to determine the influence of potential controlling factors on periphyton biomass and productivity. 
Seasonal changes in periphyton biomass were small and only weakly related to irradiance (-), snail 
density (-), and temperature (+). Biomass was lowest in early spring and highest in summer in 
1989; but during the following year, biomass was similar year-round. Seasonal variation in primary 
productivity was also relatively small, but was positively related to inorganic nitrogen concentration 
and was highest during summer. Although there were some small seasonal changes in algal species 
composition, more striking was the fact that Stigeoclonium sp. (primarily grazer-resistant basal cells) 
dominated year-round, forming > 45% of total algal biovolume. The lack of strong seasonal variation 
in periphyton biomass and productivity and the observed dominance by a grazer-resistant alga 
appeared to be primarily the result of the high and relatively constant density of snails. The lack 
of a relationship between periphyton biomass and productivity also suggested an overriding effect 
of snails, which can consume increases in productivity when they occur. These findings suggest 
that in streams where herbivore density is high, periphyton productivity and biomass may remain 
relatively constant, despite seasonal fluctuations in potentially limiting physical and chemical vari- 
ables. Although high densities of snails were probably the primary cause of the lack of large seasonal 
variation in periphyton biomass, productivity, and species composition, strong asynchrony in several 
growth-limiting factors, such as nutrients and irradiance, may also have limited seasonal changes 
in periphyton, implying that multiple factors were important. 

Key words: periphyton, algae, seasonality, limitation, stream, herbivory, nutrients, irradiance, 
snails, temperature, discharge. 

Previous studies relating seasonal dynamics 
of lotic periphyton (consisting primarily of at- 
tached algae) to physical and chemical variables 
have found that discharge and related distur- 
bance events can be good predictors of algal 
abundance and productivity among and within 
catchments (Wehr 1981, Chessman 1986, Biggs 
1988, Fisher and Grimm 1988, Duncan and Blinn 
1989, Junior et al. 1991). Likewise, water quality 
and light availability also have been shown to 
influence algal abundance and productivity 
(Evenson et al. 1981, Keithan and Lowe 1985, 
Sheath and Burkholder 1985, Biggs 1988, Fisher 
and Grimm 1988, Duncan and Blinn 1989). 

Many studies have shown that herbivores can 
profoundly affect algal abundance (Lamberti and 
Resh 1983, Hart 1987, Hill and Knight 1987, 
Power et al. 1988, Feminella et al. 1989); how- 
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ever, most studies considering the effects of 
multiple factors on periphyton distribution have 
considered only abiotic, and not biotic, factors. 

Although these studies showed that periphyton 
distribution was partially explained by physical 
or chemical variables, the importance of her- 
bivory in determining seasonal changes in pe- 
riphyton abundance is largely unknown. How- 
ever, studies of herbivore effects on periphyton 
(Colletti et al. 1987) from the same stream in 
which only physical/chemical variables were 
examined (Duncan and Blinn 1989), showed that 
they both contributed significantly to periph- 
yton distribution. Herbivore effects may also, 
in some cases, overwhelm the effects of abiotic 
factors. For example, Feminella et al. (1989) 
showed that differences in canopy cover (irra- 
diance) only resulted in differences in algal bio- 
mass when ambient herbivore density was re- 
duced. Likewise, Stewart (1987), Hart and 
Robinson (1990), Hill et al. (1992a), Steinman 
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(1992), Peterson et al. (1993), Rosemond (1993), 
and Rosemond et al. (1993) showed that when 
herbivores were present, they prevented mea- 
surable increases in periphyton biomass from 

occurring when nutrients and/or irradiance 
were increased. 

The present study examines effects of phys- 
ical and chemical variables, as well as herbi- 
vores, in determining seasonal patterns in pe- 
riphyton biomass, productivity, and species 
composition in Walker Branch, a temperate for- 
est stream. The study was conducted concur- 

rently with experimental studies in Walker 
Branch that showed that irradiance, herbivores, 
and stream nutrients collectively limited pe- 
riphyton biomass and productivity during dif- 
ferent seasons (Rosemond 1993 and Rosemond, 
unpublished data). Results of this study, which 

investigates the role of these potentially lim- 

iting factors and others (discharge, tempera- 
ture) on an annual scale using regression anal- 

ysis, will help discern which of these factors, if 

any, has overriding control of seasonal patterns 
in periphyton. The results will contribute to our 

understanding of the importance of biotic and 
abiotic factors in determining how the distri- 
bution and abundance of lotic periphyton 
changes seasonally. 

Methods 

Study site 

Walker Branch is a lst-order stream on the 
US Department of Energy's Oak Ridge Reser- 
vation in Oak Ridge, Tennessee. The stream is 
fed by several springs which provide a rela- 

tively constant baseflow discharge of ~5-10 L/s 
year-round. Although spates occur, primarily 
in winter and spring, the annual hydrograph 
is dominated by baseflow (75% of annual dis- 

charge, Luxmoore and Huff 1989). 
The stream flows over bedrock outcrops, cob- 

ble, and gravel. Riparian vegetation consists 
largely of deciduous trees (Johnson and Van 
Hook 1989) which form a closed canopy over 
the stream during the growing season. The in- 
vertebrate community in the stream is domi- 
nated by the pleurocerid snail Elimia clavaefor- 
mis, which makes up > 95% of total invertebrate 
biomass (Newbold et al. 1983). 

Sampling and analyses 

Sampling was conducted at four sites (WB60, 
WB100, WB170, and WB200), located 60, 100, 
170, and 200 m, respectively, upstream of a weir 
on Walker Branch, where discharge is recorded 

continuously. Periphyton measurements (chlo- 
rophyll a [chl a], ash-free dry mass [AFDM], 
algal biovolume, algal species composition) and 
snail densities were determined every two 
months for two years from December 1988 to 
October 1990. Irradiance was measured month- 

ly over roughly the same time period. Temper- 
ature and nutrient concentrations were deter- 
mined the first week of each month at site WB60. 

Irradiance at the stream surface was measured 
over 24-h periods using the ozalid paper meth- 
od (Friend 1961). All measurements were made 
on cloudless days to facilitate comparisons be- 
tween months. Ozalid paper was calibrated with 
a Li-Cor quantum sensor to determine photo- 
synthetically active radiation. Irradiance for the 
reach was determined as the mean of 12 mea- 
surements (three per site). 

Water samples for nutrient analyses (n = 1 
per date) were filtered through Nuclepore fil- 
ters (pore size = 0.4 ,im). Soluble reactive phos- 
phorus (SRP), ammonium nitrogen (NH4+-N), 
and nitrate plus nitrite nitrogen ([NO3- + 
NO2-]-N) were measured in the filtrate. SRP 
was measured using the ascorbic acid method 
(APHA 1989), NH4+-N by automated phenate 
colorimetry (Technicon TRAACS 800), and 
[NO3- + NO2-]-N by Cu-Cd reduction fol- 
lowed by automated colorimetric analysis (US 
EPA 1983). Total inorganic nitrogen (TIN) is 
defined as ammonium plus nitrate plus nitrite 

nitrogen. 
Snails were counted in situ (i.e., non-destruc- 

tively) within a gridded, underwater viewer (15 
cm x 15 cm). Snails were counted in ten ran- 

domly chosen areas within each of the four sites, 
for a total of 40 sample units for the reach per 
date. 

For periphyton sampling, five cobbles (upper 
surface area of approximately 150 cm2 each) were 
collected from each of the four sites. The cob- 
bles were transferred to sealable plastic bags 
under water and immediately placed on ice. 
Periphyton was then brushed and scraped from 
the cobbles with a toothbrush and razor blade. 
The volume of the resultant slurry was mea- 
sured and subsampled for AFDM and chl a. The 
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AFDM subsamples were filtered through pre- 
ashed and tared glass-fiber filters (Whatman GF/ 
F, pore size = 0.7 ,m), dried at 60?C for 24 h, 
then ashed at 500?C for 24 h and reweighed. 
The chl a subsample of the slurry was filtered 
and then extracted in 10 mL dimethyl sulfoxide 
(DMSO) for >20 h in the dark at room tem- 

perature. Phaeopigment-corrected chl a was de- 
termined spectrophotometrically (Strickland 
and Parsons 1972). The remaining slurry, up to 
50 mL, was preserved in 2% glutaraldehyde for 

algal identifications. Algal identifications were 
based on four samples (each from a different 
cobble) from one site (WB60) per date. Samples 
were homogenized to break up large cellular 

aggregates and then sonicated. Algal units (sin- 
gle cells or colonies, >400/sample) were iden- 
tified and counted at 400 x using a Palmer-Ma- 

loney cell. Diatoms were lumped into groups 
or genera when counted at 400x; identifica- 
tions of diatoms to species were then made at 
1000 x from permanent slides (an oxidized sub- 

sample from each sample using Hyrax). Indi- 
vidual cells (1-20/taxon) were measured with 
an ocular micrometer, and biovolume of each 
taxon was determined using geometric formu- 
lae (modified from Kellar et al. 1980). 

Chl a, AFDM, and algal biovolume were nor- 
malized for rock surface area, determined by 
covering each rock with aluminum foil, weigh- 
ing the foil, and calculating total surface area 
from an area: weight regression. I approximat- 
ed the surface area colonized by periphyton as 
one-half of the total rock surface area. 

Periphyton primary productivity (measured 
as 14C fixation rate) was determined on seven 
dates over two years: 27 September 1988, 28 
March 1989, 1 June 1989, 2 April 1990, 9 August 
1990, 3 October 1990, and 10 December 1990. 
Three to five unglazed ceramic tiles (5.1 cm x 
5.1 cm) that had been placed in Walker Branch 
for >6 mo before sampling were incubated in 
the laboratory in 1-L, recirculating glass cham- 
bers. Water temperature and irradiance were 
maintained at ambient levels by placing the 
chambers in a temperature-controlled water bath 
with an adjustable metal halide lamp suspended 
overhead. Temperatures used during incuba- 
tions ranged from 10?C (December) to 18?C (Au- 
gust/ October), and irradiance used ranged from 
50 (August) to 500 (March) /umole quanta m-2 
s-l; values for intervening months represented 
conditions in the stream at the time of sampling. 

Approximately 180-360 kBq of NaH14CO3 (spe- 
cific activity 0.74 MBq/mmol) were added to 
the water in each chamber. Following a 3-h in- 
cubation, tiles were removed from chambers, 
rinsed in stream water, and extracted in 30 mL 
DMSO. Subsamples of DMSO were then used 
to measure chl a (as above) and '4C-labeled pho- 
tosynthate extracted from each tile (Palumbo et 
al. 1987). 14C uptake was measured by liquid 
scintillation counting, and dissolved inorganic 
carbon in each chamber was measured by a total 
carbon analyzer (OI Model 700) to calculate to- 
tal carbon fixation from 14C incorporation mea- 
sures. Productivity was expressed on both an 

area-specific and a chlorophyll-specific basis. 

Statistical analyses 

All variables were tested for violations of as- 

sumptions of normality by the Shapiro-Wilk 
statistic using the UNIVARIATE procedure of 
Statistical Analysis Systems (SAS 1988) before 

analyses. Percentage data were transformed us- 

ing the arcsin of their square roots (Zar 1984) 
and numerical data were transformed using ei- 
ther their natural logs or square roots. Trans- 
formed values were retested to verify that trans- 
formations produced normal distributions. In 

only three cases were assumptions of normality 
violated after transformation; in these cases, ei- 
ther transformed or untransformed data were 
used, depending upon which most closely ap- 
proximated the normal distribution. Before 

analyses, data were separated into three season- 
al periods (Fall = 16 September-15 January, 
Winter/Spring = 16 January-15 May, Summer 
= 16 May-15 September) for each year, chosen 
to maximize seasonal differences in indepen- 
dent variables. Fall was characterized by low 

discharge, low temperature, and moderate ir- 
radiance; winter/spring was characterized by 
high discharge, low temperature, and highest 
irradiance; and summer by low discharge, high 
temperature, and low irradiance. Dependent and 

independent variables were analyzed for effects 
of season and year using a two-way analysis of 
variance (ANOVA). Data were then grouped by 
year and season, and multiple comparisons were 
made among means using the Ryan-Einot-Ga- 
briel-Welsh multiple F test, which controls the 
experimentwise error rate (SAS 1988); Tukey's 
test was used when cell sizes were unequal. For 
productivity measurements, a one-way ANO- 
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TABLE 1. Results of 2-way analyses of variance on variables measured from December 1988 to December 
1990. F values are listed. 0.05 < t p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. df indicates 
numerator degrees of freedom; denominator degrees of freedom differ by variable. Discharge, temperature, 
soluble reactive phosphorus, and total inorganic nitrogen were measured weekly, and chlorophyll a, ash-free 
dry mass, and total algal biovolume were measured every two months. S = summer, F = fall, W = winter/ 
spring. 1 = 1st year (1988-1989), 2 = 2nd year (1989-1990). Means from seasons are not significantly different 
if seasonal designations underlie the same bar. 

Year Season Yr x Season 
Variable (df = 1) (df = 2) (df = 2) Differences 

Discharge 0 13.74**** 1.04 S2 F2 S1 F1 W1 W2 

Temperature 1.35 61.13**** 1.68 F2 W1 F1 W2 S1 S2 

Soluble reactive phosphorus 2.47 12.91**** 1.37 F1 W1 W2 F2 S1 S2 

Total inorganic nitrogen 1.93 52.87**** 18.80**** F1 W2 W1 F2 S2 S1 

Snail density 4.30* 19.48* 14.34**** F1 F2 W2 S2 S1 Wl 

Irradiance 7.20** 7.23** 10.65**** S2 S1 Fl F2 W2 W1 

Chlorophyll a 0.28 6.10t 9.16**** W1 W2 S2 F1 F2 S1 

Ash-free dry mass 2.08 17.35* 6.30** W1 F1 S2 W2 F2 S1 

Total algal biovolume 0.96 1.15 3.92* W1 S2 W2 F1 F2 S1 

VA by month, followed by Tukey's test, was 
used to determine differences among dates. 

To determine what variables might be useful 

predictors of total algal biovolume, biovolume 
and percentage biovolume of the six most abun- 
dant algal species, chl a, AFDM, chla:AFDM ra- 
tio, and area- and chlorophyll-specific produc- 
tivity, multiple regression analyses were 

performed using the STEPWISE procedure of 
SAS (SAS 1988). Independent variables entered 
in this analysis included irradiance, nutrient 
concentrations, N:P ratio, snail density, tem- 

perature, and discharge (maximum value oc- 

curring during the two weeks before periphy- 
ton sampling). Some variables were measured 
at all four sites. As no significant differences 

among the sites were detected (ANOVA), I cal- 
culated means of these variables over all sites 
for each date and used these means as well as 
values for variables measured only at WB60 in 

multiple regression analyses. Because I was in- 
terested in identifying trends in the data, as 
well as significant correlations, I present results 
of regressions where p < 0.10; regressions where 
p < 0.05 are defined as significant and regres- 

sions where 0.05 < p < 0.10 are defined as "mar- 

ginally significant". 

Results 

Seasonality in independent variables 

Discharge was higher in winter/spring than 
in summer or fall during both years (Table 1, 
Fig. la). There were also seasonal trends in wa- 
ter temperature, which was higher in the sum- 
mer than in the fall or winter/spring (Table 1, 
Fig. lb), although mean seasonal highs and lows 
differed only by ~8?C. 

SRP and TIN concentrations also exhibited 
strong seasonal trends; they were highest in the 
summer months and lower in fall and winter/ 
spring (Table 1, Figs. lc, d). TIN was signifi- 
cantly lower in fall than winter/spring during 
1989, but not the following year, resulting in a 

significant year x season interaction term (Ta- 
ble 1). 

Snail density exceeded 1000 animals/m2 
throughout the 2-yr study, except during De- 
cember 1988 (Fig. le). Seasonal differences in 
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FIG. 1. Values of discharge (a), temperature (b), soluble reactive phosphorus concentration (c), total in- 

organic nitrogen concentration (d), snail density (e), and irradiance (f) sampled from Walker Branch over the 
course of two years. Mean (+1 SE) snail density and irradiance were based on multiple samplings for each 
sampling date (n = 40 and 12, respectively). For other variables, single values were plotted. 

snail density were significant during 1989, with 

highest density in winter/spring, intermediate 

density in summer, and lowest density in fall. 
There were no seasonal differences the follow- 

ing year (Table 1). 
Irradiance exhibited a consistent pattern with 

season (Table 1, Fig. If); it was highest in the 

winter/spring and declined sharply in May 
when the forest canopy developed. Values were 
lowest in the summer and increased following 
autumnal leaf-fall, most of which typically oc- 

curs from mid-October to early November in 
Walker Branch. 

Seasonality in periphyton parameters 

There were fewer seasonal patterns in pe- 
riphyton biomass than in the independent vari- 
ables. Chl a and AFDM were both low in win- 

ter/spring 1989 and peaked the following 
summer (Table 1, Figs. 2a, b); however, this trend 
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FIG. 2. Means (+ 1 SE) of chlorophyll a (a) (n = 20) 
and ash-free dry mass (b) (n = 20) sampled from Walk- 
er Branch over the course of two years. 

was not repeated in 1990, when both chl a and 
AFDM changed little from season to season. 
Total algal biovolume did not differ signifi- 
cantly among seasons (Table 1), although pat- 
terns were similar to those of chl a and AFDM 
(lowest in winter/spring and highest in sum- 
mer 1989, but little seasonal variation in 1990) 
(Fig. 3). 

Basal cells of the green alga Stigeoclonium 
(Kuetz.) sp. always made up the greatest pro- 
portion of total algal biovolume (>45%), com- 

pared with other algal species (Fig. 3). Homeo- 
thrix juliana (Menegh.) Kirch. (Cyanophyta) and 
Rhizoclonium hieroglyphicum (Ag.) (Chlorophyta) 
(short filaments <10 cells in length) were also 
common, but were more patchy in distribution. 
Homeothrix was most abundant in August 1989 
and Rhizoclonium was most abundant in October 
1990. Audouinella (Bory) sp. (Rhodophyta) was 

present in samples during each month. Togeth- 
er, the diatoms Epithemia (Breb.) sp. and Cocco- 
neis placentula (Ehr.) (not shown in Fig. 3) made 
up >5% of total algal biovolume during most 

months, but exhibited no pronounced seasonal 
pattern. Only Stigeoclonium appeared to fluctu- 
ate in a similar manner from year to year; biov- 
olume of Stigeoclonium was low in winter and 
spring, increased in summer to a maximum in 
August, and declined again during fall (Fig. 3). 

Primary productivity varied among months 
sampled (one-way ANOVA: F = 27.56, p < 
0.0001, df = 4, 115) and exhibited a summer 
maximum (Fig. 4a). Chlorophyll-specific pro- 
ductivity also varied by month (one-way ANO- 
VA: F = 41.87, p < 0.0001, df = 4, 115) and was 
highest in October, lowest in December, and 
intermediate during the other months sampled 
(Fig. 4b). 

Results of multiple regression analyses 

Multiple regression analyses indicated that 
few of the independent variables measured (po- 
tential limiting factors) were good predictors of 
periphyton parameters (Table 2). Periphyton 
productivity rates were significantly related to 
streamwater nutrient concentrations; TIN was 
a significant predictor variable for area-specific 
productivity (+), and SRP was a marginally sig- 
nificant predictor variable for chlorophyll-spe- 
cific productivity (+) (Table 2). Total algal bio- 
volume was not related to any of the variables 
tested. For other biomass measurements, only 
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FIG. 3. Algal biovolume of the four most abundant 
species sampled from cobbles from Walker Branch 
over the course of two years-Stigeoclonium sp. (Chlo- 
rophyta), Audouinella sp. (Rhodophyta), Homeothrix ju- 
liana (Cyanophyta), and Rhizoclonium hieroglyphicum 
(Chlorophyta)-and for all other species sampled 
(OTHER). 
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marginally significant relationships between 

chlorophyll a and irradiance (-) and between 
AFDM and snail density (-) and temperature 
(+) were found. Maximum discharge was a sig- 
nificant predictor variable for chl:AFDM, but 
not for periphyton biomass (chlorophyll, AFDM, 
or biovolume). 

When each algal species was considered sep- 
arately, few consistent patterns emerged (Table 
2). Absolute biovolume of Stigeoclonium was re- 
lated to temperature (+) and snail density (-) 
and percentage biovolume of Stigeoclonium was 
negatively related to irradiance. Cocconeis bio- 
volume was marginally related to irradiance (+). 
Absolute and percentage biovolumes of Rhizo- 
clonium were related to N:P ratio (+) and max- 
imum discharge (-), and percentage biovolume 
of Audouinella was negatively related to tem- 
perature. 

Discussion 

Despite large seasonal fluctuations in poten- 
tial controlling factors, seasonal changes in the 
biomass and productivity of Walker Branch pe- 
riphyton were relatively small. Mean chloro- 

phyll a and ash-free dry mass only varied by 
about a factor of two over two years of sampling. 
This variation contrasts with seasonal changes 
in algal biomass in other streams that are many- 
fold (Oak Creek, Arizona [Duncan and Blinn 
1989]), an order of magnitude (Fort River, Mas- 
sachusetts [Sumner and Fisher 1979] and Camel 

Hump and Husky Branch, Tennessee [Keithan 
and Lowe 1985]), and up to three orders of mag- 
nitude (Sycamore Creek, Arizona [Fisher and 
Grimm 1988]). However, seasonal changes in 

algal biomass in some streams are within the 

range observed for Walker Branch (WS 10, Or- 

egon; Lyford and Gregory 1975, Bear Brook, New 

Hampshire; Mayer and Likens 1987). These 
streams, like Walker Branch, are headwater 
streams in which factors such as irradiance (Ly- 
ford and Gregory 1975) and/or herbivory (May- 
er and Likens 1987) may have been important 
in maintaining low algal biomass. Although ex- 
perimental work has shown that irradiance, nu- 
trients, and herbivores simultaneously con- 
trolled biomass in Walker Branch during 
summer (Rosemond 1993), fall, and winter/ 
spring (Rosemond, unpublished data), none of 
these factors was significantly correlated with 
periphyton biomass. 
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FIG. 4. Area-specific productivity (a) and chloro- 
phyll-specific productivity (b) measured from tiles in 
Walker Branch seven times over the course of two 
years. Bars = +1 SE. All dates for which area- and 
chlorophyll-specific productivity were measured were 
plotted together on a single "annual" cycle. 1988, 
1989, or 1990 designates the year in which the mea- 
surement was made. Dates having the same letter are 
not significantly different by multiple comparison 
tests. For the October data (1988 and 1990), the com- 
bined value was significantly different from other 
values. 

The relative constancy of periphyton biomass 
and the lack of correlations with potential con- 
trolling factors were probably the result of two 
mechanisms. One possibility is that potential 
limiting abiotic factors varied asynchronously, 
such that when some were at levels favoring 
algal production, others were not. This was true 
for nutrients and irradiance. Nutrient concen- 
trations were highest in summer, presumably 
due to both increased importance of deep, nu- 
trient-enriched groundwater inputs and low 
rates of instream uptake (Mulholland 1992), 
which coincided with irradiance minima. Dur- 
ing other seasons, irradiance was high, but nu- 
trients were low. Several studies have shown 
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TABLE 2. Results of stepwise multiple regression analyses. Only variables that entered at p < 0.10 are 
listed. TIN = total inorganic nitrogen concentration; SRP = soluble reactive phosphorus concentration; AFDM 
= ash-free dry mass; biovolume = biomass estimate of the specified alga based on cell volume; % biovolume 
= percentage of total sample biovolume of the specified alga; maximum discharge = maximum discharge in 
period up to 2 wk before periphyton sampling; (+) indicates positive effect of independent variable on 

dependent variable, (-) indicates negative effect. 

Dependent variable Independent variable Model R2 F p 

Area-specific productivity (+) TIN 0.59 7.15 0.04 
Chlorophyll-specific productivity (+) SRP 0.46 4.31 0.09 
Chlorophyll a (-) irradiance 0.25 3.41 0.09 
Ash-free dry mass (-) snail density 0.26 3.57 0.09 

(+) temperature 0.49 4.11 0.07 
Chlorophyll a: AFDM (+) maximum discharge 0.51 10.40 0.009 
Stigeoclonium biovolume (+) temperature 0.34 5.22 0.04 

(-) snail density 0.60 5.98 0.04 
Cocconeis biovolume (+) irradiance 0.26 3.59 0.09 
Rhizoclonium biovolume (+) N:P ratio 0.30 4.30 0.06 

(-) maximum discharge 0.57 5.68 0.04 
% Stigeoclonium biovolume (-) irradiance 0.54 11.75 0.006 
% Rhizoclonium biovolume (+) N:P ratio 0.41 7.01 0.02 

(-) maximum discharge 0.66 6.52 0.03 
% Audouinella biovolume (-) temperature 0.33 4.96 0.05 

that nutrients and irradiance can co-limit algal 
biomass, such that maximum increases in bio- 
mass occurred only when nutrients and irra- 
diance were at high levels simultaneously 
(Gregory 1980, Triska et al. 1983, Lowe et al. 
1986, Hill and Knight 1988, Rosemond 1993). 
Thus, in systems in which both factors are lim- 
iting, levels of both must be elevated for an 
increase in biomass to be observed. Asynchro- 
nous patterns in other factors may also have 
been important. During summer, low discharge 
and high temperatures should have favored pe- 
riphyton biomass accrual; however, low irra- 
diance may have limited periphyton biomass 
despite favorable levels of these other factors. 

Consumption by herbivores appears to be the 
other important mechanism promoting season- 
al constancy in periphyton biomass. Snails were 
consistently high in density and have previ- 
ously been shown to limit periphyton biomass 
in Walker Branch (Elwood and Nelson 1972, 
Steinman 1992, Rosemond et al. 1993). Studies 
in Walker Branch also have shown that periph- 
yton biomass response to increases in irradiance 
or nutrients was minimal unless herbivores were 
removed simultaneously (Steinman 1992, Rose- 
mond et al. 1993, Rosemond 1993). These results 
suggest that the lack of seasonal variation in 
periphyton biomass observed in this study may 

be due to high year-round consumption by 
snails, despite seasonal changes in growth-lim- 
iting factors. In other streams, seasonal peaks 
in algal biomass have been observed in the early 
spring months, when herbivore abundance had 
been reduced by scouring discharge in winter 
storms (Hawkins and Furnish 1987, Feminella 
and Resh 1991, Power 1994). (However, Power 
(1994) also describes changes in herbivore and 

algal abundance that occurred under drought 
conditions.) In spring-fed headwater streams 
like Walker Branch, scouring typically does not 
occur. Under these conditions, herbivores may 
occur at high density and maintain low algal 
biomass year-round. 

Periphyton biomass did not appear to be 

strongly controlled by light availability in 
Walker Branch, in contrast to findings from oth- 
er studies (Sumner and Fisher 1979, Triska et 
al. 1983, Keithan and Lowe 1985, Steinman and 
McIntire 1987, Hill and Harvey 1990). How- 
ever, this result is consistent with findings from 
experimental studies in Walker Branch in which 
increases in light resulted in no increase in algal 
biomass when snails were present (Steinman 
1992, Rosemond 1993). In these studies, the lack 
of positive effects of irradiance were attributed 
to consumption by snails, as positive effects of 
irradiance were observed when snails were re- 

340 [Volume 13 



SEASONAL CHANGES IN STREAM PERIPHYTON 

moved. Thus, snails maintain low algal biomass 
on substrates they graze (e.g., cobbles), despite 
increases in irradiance. However, there may be 

patches in the stream not sampled in this study 
(e.g., areas of extremely high flow on bedrock) 
that are relatively more protected from herbiv- 

ory, where increases in irradiance may result in 
increased periphyton biomass. 

Periphyton biomass was also not related to 

discharge, suggesting that spates were also un- 

important controlling factors. However, maxi- 
mum discharge was positively related to the chl: 
AFDM ratio, suggesting that increases in dis- 

charge may have facilitated the removal of non- 

photosynthetically active material (dead algal 
cells and other fine particulate organic matter) 
from cobble surfaces. 

I observed no consistent pattern in periph- 
yton biomass associated with increased pro- 
ductivity (i.e., no correlation with nutrient con- 
centration and no consistent summer peak), 
probably because snail consumption kept pace 
with periphyton production and maintained 
biomass at low, relatively constant levels. Other 
studies have shown that stream herbivore den- 

sity or biomass could increase in addition to, or 
in lieu of, increases in periphyton biomass when 
nutrients were increased (Elwood et al. 1981, 
Perrin et al. 1987, Hershey et al. 1988, Hart and 
Robinson 1990, Winterbourn 1990, Hill et al. 
1992a, Peterson et al. 1993). Although no in- 
crease in snail density was observed in the sum- 
mer in Walker Branch when areal productivity 
rates were highest, snail feeding rates and 

growth rates may have increased with increased 

primary productivity, as has been observed in 
Walker Branch (Rosemond 1993, Rosemond et 
al. 1993) and in a nearby stream (Hill et al. 
1992b). 

Seasonal changes in algal community com- 
position, which was dominated by Stigeoclon- 
ium, were extremely small. Stigeoclonium (when 
it occurs primarily as basal cells) has been shown 
to be a dominant species in other streams with 

high densities of herbivores (McCormick and 
Stevenson 1989, Hill and Harvey 1990), sug- 
gesting that it is a "grazer-resistant" or "grazer- 
persistent" species. Year-round dominance by 
this alga further suggests that herbivores con- 
trolled characteristics of the periphyton in 
Walker Branch. Stigeoclonium was relatively more 
abundant than other algal species in the sum- 
mer months. The strong negative correlation 

between its percentage abundance and irradi- 
ance suggests that it is a poor competitor at high 
light levels compared with other species, but 

apparently performs relatively well under low 

light conditions. The fact that Stigeoclonium can 

persist in heavily-grazed environments and can 
maintain relatively high abundance and pro- 
ductivity under low light conditions, suggests 
that the greatest potential for biomass accrual 
on cobbles in Walker Branch (at ambient snail 

density) occurs in the summer months. 
In the present study, seasonal changes in pe- 

riphyton biomass and productivity in Walker 
Branch were small and correlations with biotic 
and abiotic factors were relatively weak. How- 
ever, because experimental results from this 
stream are available for comparison, causative 
mechanisms can be inferred. Most evidence 

suggests that because of high year-round snail 

density and asynchrony in favorable condi- 
tions, periphyton biomass and productivity in 
Walker Branch are controlled mostly by her- 

bivory, and secondarily by the interaction of 
several limiting resources. Either or both con- 
ditions that contributed to small seasonal vari- 
ation in periphyton in Walker Branch-high 
herbivore density or unfavorable levels of more 
than one potential limiting factor-may be ob- 
served in other streams as well. When either of 
these mechanisms comes into play in streams, 
my results suggest that factors controlling pe- 
riphyton cannot be unequivocally determined 

by correlation. Seasonal variation in periphyton 
cannot be attributed to limitation by physical 
or chemical variables if there is strong limita- 
tion by more than one variable and no single 
variable has overriding control. In addition, in 
streams where herbivore density is high year- 
round, herbivore effects may overwhelm those 
of physical and chemical variables in determin- 

ing periphyton seasonality. 
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