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J. N. Am. Benthol. Soc., 1986, 5(3):221-229 
? 1986 by The North American Benthological Society 

Periphyton response to nutrient manipulation in streams 
draining clearcut and forested watersheds 

REX L. LOWE 

Department of Biological Sciences, Bowling Green State University, 
Bowling Green, Ohio 43403-0212 USA 

STEPHEN W. GOLLADAY AND JACKSON R. WEBSTER 

Department of Biology, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24061 USA 

Abstract. Nutrient-releasing artificial substrata were deployed in streams draining clearcut and 
forested watersheds to evaluate resources potentially limiting to populations of benthic algae. 
Nitrogen, phosphorus, and calcium were released singly and in combination in the two streams 
that differed primarily in light availability. Periphyton were harvested after one- and two-month 
exposure periods and analyzed for chlorophyll. The two-month substrata were additionally ana- 
lyzed for algal community structure. Algal periphyton in the clearcut stream accumulated more 
chlorophyll and biovolume than in the forested stream across all nutrient treatments. Algal com- 
munity structure was significantly different between streams but not between nutrient treatments. 
Algal physiognomies were also significantly different between streams with filamentous green 
algae dominating the clearcut stream and erect diatoms dominating the forested stream. Light 
appears to limit algal accumulation in the forested stream and there is evidence that some popu- 
lations in the clearcut stream may be nutrient limited. Adequate light also resulted in a more 
architecturally diverse community. 

Key words: periphyton, algae, benthos, nutrients, micro-architecture, streams, productivity. 

In low order streams of forested watersheds 
most energy that enters the system is alloch- 
thonous, derived from surrounding terrestrial 

vegetation (e.g., Vannote et al. 1980). The pri- 
mary producers in such systems are largely 
benthic algae whose productivity appears to be 

light limited (Gregory 1980, Keithan and Lowe 
1985, Sumner and Fisher 1979, Whitton 1975). 
In investigations where light is made available 
to such streams, often through clearcutting, in- 
creases in algal biomass and changes in com- 

munity structure have been reported (Hans- 
mann and Phinney 1973, Murphy and Hall 
1981, Webster et al. 1983). The cause of this 
shift in the algal community is difficult to iden- 

tify, however, because of the multitude of pa- 
rameters that co-vary with increased light fol- 

lowing clearcutting, such as significant shifts 
in water chemistry and in water temperature. 
For example, Shortreed and Stockner (1983) 
found that increased light intensities following 
watershed logging led to a shift in algal com- 

munity structure, but because of phosphorus 
limitation increase in algal biomass was not 

consistently significant. 

The objectives of this study were to examine 
effects of specific nutrient additions on the ac- 
cumulation and structure of the benthic algae 
community in streams draining a clearcut and 
a forested watershed in the southern Appala- 
chian Mountains. Specifically, we wanted to 
answer the questions: 1. Does light limit algal 
accumulation in the forested stream system? 2. 
Are some populations of algae shade-adapted 
and limited by nutrients rather than by light? 
3. What factors limit algal accumulation in the 
stream in the clearcut watershed? 4. Are certain 
algal morphologies or physiognomic forms fa- 
vored in specific light and nutrient regimes? 

Methods 

Study site 

This study was conducted at Coweeta Hydro- 
logic Laboratory, Macon Co., North Carolina, 
located in the Nantahala Mountains, in the Blue 
Ridge Province of the southern Appalachian 
Mountains. The 2185-ha laboratory is operated 
by the U.S.D.A. Forest Service. 

Two streams were selected for study. Big 
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REX L. LOWE ET AL. 

Hurricane Branch drains watershed 7 (WS 7), a 
58.7-ha experimental watershed which was 

grazed lightly by cattle from 1941 to 1952 and 
cable logged during the winter of 1976-1977. 

Regrowth is dominated by hardwood sprouts, 
herbs, vines, and seedlings. Big Hurricane 
Branch is a second-order stream, has a southern 

aspect, and is not heavily shaded by the re- 

growing terrestrial vegetation. Many stream 
sections receive full sun. Natural stream sub- 
strata vary from sections of steep exposed bed- 
rock to short reaches of low-gradient sand and 

gravel with infrequent small pools containing 
sediment. Dissolved nutrient levels in Big Hur- 
ricane Branch prior to logging were low (ni- 
trate-N = 2 gLg/L, ammonium-N = 4 Ag/L, 
phosphate-P = 2 ug/L, calcium = 0.85 mg/L) 
(Swank and Douglas 1977). Small increases in 
dissolved N and Ca followed logging but pres- 
ent concentrations are near pre-logging levels 
(Webster et al. 1983). Mean discharge based on 
26 years of records before logging was 17.7 L/s. 
While water temperatures in Big Hurricane 
Branch were initially elevated by clearcutting 
(Swift 1983), temperature differences between 

Big Hurricane Branch and the reference stream 
were slight at the time of this study. Hugh 
White Creek drains watershed 14 (WS 14), a 
61.1-ha reference watershed. WS 14 was selec- 

tively logged sometime before 1930 and, except 
for the chestnut blight, has been undisturbed 
for 60 years. The vegetation on WS 14 is oak 

hickory forest with extensive undergrowth of 
Rhododendron, especially near the stream. Hugh 
White Creek is a second-order stream, has a 
northwestern aspect and is heavily shaded. In- 
cident light on Hugh White Creek is approxi- 
mately 1% that of Big Hurricane Branch. The 
stream substrata are similar to those of Big Hur- 
ricane Branch. Dissolved nutrient levels in 

Hugh White Creek are low (nitrate-N = 4 ,g/ 
L, ammonium-N = 4 Ig/L, phosphate-P 2 Ag/ 
L, calcium = 0.46 mg/L) (Webster et al. 1983). 
Mean discharge is 19.5 L/s, based on 40 years 
of records. Further characteristics of these 
streams were reported by Swank and Douglas 
(1977). 

Nutrient releasing substrata were construct- 
ed from clay flower pots with outer diameter 
8.8 cm, height 8.0 cm, and internal volume ap- 
proximately 250 ml when sealed using a plastic 
petri dish and silicon adhesive (Fairchild and 
Lowe 1984). Pots were filled with 250 ml of 2% 

agar solution containing 0.5-M concentrations 
of three nutrients, calcium as CaCl, phosphate 
as KH2PO4, and nitrate as NaNO3, in eight com- 
binations (Ca+N+P, Ca+P, Ca alone, Ca+N, 
N alone, P+N, P alone, no nutrients). In ad- 
dition, NaCI and KC1 were added when nec- 
essary to standardize Na and K concentrations 
at 0.5 M in all nutrient combinations. To com- 
plete the substrata a 000 Neoprene? stopper 
sealed the small aperture of each pot. 

On 20 April 1983, six replicates of each treat- 
ment were deployed in each stream in shallow 
riffles 30-40 m upstream from the gauging sta- 
tions. Substrata were glued to metal bars in 

groups of three with 5 cm between pots. A lin- 
ear arrangement of substrata was devised such 
that an upstream substratum would not leach 
nutrients toward a substratum immediately 
downstream that did not already have a supply 
of those nutrients in question. For example, a 

typical arrangement in a series of three sub- 
strata might be N, N+P, N+P+Ca. The metal 
bars, each bearing three pots, were arranged 
linearly in each stream approximately 1 m apart 
and anchored with galvanized gutter nails. 

Substrata were collected after one and two 
months of exposure and gently cleaned with a 
toothbrush and squirt bottle. The resulting sus- 

pension was brought to a constant volume of 
either 150 or 200 ml. A 5-ml subsample was 
preserved in 0.5% formalin solution for later 

algal cell enumeration. MgCO3 was added to 
the remaining suspension, which was filtered 
(Gelman A/E glass fiber filter) and frozen. Sam- 
ples were spectrophotometrically analyzed 
for chlorophylls a, b, and phaeophytin (APHA 
1980). 

A portion of each 5-ml subsample from the 
2-mo exposure substrata was analyzed for algal 
density and community structure using a Palm- 

er-Maloney nannoplankton counting chamber 
and a Bausch and Lomb research microscope. 
The volume of subsample analyzed varied de- 
pending on cell densities. The community was 
analyzed at 400 x magnification. When re- 
quired, specific identifications of non-diatom 
algae were made with 1000 x magnification of 
wet mounts. Certain diatom taxa required acid 
cleaning and mounting in Hyrax? for species 
identification. Species densities were calculat- 
ed using the following formula: 

cells/cm2 of species x = n(V/v)S-~ 
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PERIPHYTON/ NUTRIENT MANIPULATION 

TABLE 1. Photosynthetic pigment concentrations on flower pots in Coweeta streams. Pots were placed in 
the stream on 20 April 1983. Values are means ? 95% CI. 

Chlorophyll a Chlorophyll b Phaeophytin 
Site Date (mg/pot) (mg/pot) (mg/pot) n 

Big Hurricane 21 May 1983 0.022?0.005 0.007?0.003 0.011+0.004 24 
17 June 1983 0.052+0.009 0.044+0.014 0.009+0.005 18 

Hugh White 21 May 1983 0.003+0.001 0.002+0.001 0.007+0.002 24 
17 June 1983 0.004?0.002 0.001?0.001 0.003?0.002 13 

where n = number of cells of species x counted 
in volume v, V = the total sample volume and 
S = the surface area of the substratum = 138 
cm2. Density data were converted to species 
biovolume/cm2 by measuring five random cells 
of each species, determining the biovolume/ 
cell and multiplying cells/cm2 x biovolume/ 
cell. Biovolume data were log transformed and 

subjected to a 2-way analysis of variance using 
a conventional statistical package (SAS 1985). 
Student-Newman-Keuls multiple range tests 
were used to evaluate factors of significant 
variation (Zar 1974). Finally, samples were 

pooled within watersheds and tested (t-test) for 
differences in distribution of species and algal 
physiognomies between watersheds. 

Results 

Twenty-three of the 96 substrata placed into 
the two streams were lost in a storm before the 
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2-mo pick up, however; at least one and in many 
instances two or three replicates were collected 
for each treatment. 

Pigment concentrations did not differ signif- 
icantly between the various nutrient combi- 
nations in the clearcut or reference stream by 
analysis of variance. Therefore, pigment data 
were pooled within each watershed. Chloro- 
phylls a and b were substantially greater in the 
clearcut stream than in the reference stream 
(Table 1), and there was relatively little phaeo- 
phytin. The trends observed in pigment data 
were also found in the biovolume data (Fig. 1). 
Although differences among nutrient treat- 
ments were not significant in either watershed 
(analysis of variance, a=0.05), a trend toward 
increased algal biovolume with nutrient addi- 
tion was observed in the clearcut stream. No 
trends of algal response to nutrient addition 
were evident in the reference stream. In fact, 

'' Calcium + Nitrogen 

Calcium + Phosphorus 

Nitrogen 
Calcium 

FIG. 1. Periphyton biovolume on substrata in Big Hurricane Branch (clearcut) and Hugh White Creek 
(reference) following two months of exposure. The number of replicates in each treatment is shown on the 
top of each bar. 
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TABLE 2. Distribution of Coweeta periphyton by watershed following two months of substrata exposure. Significant differences in distribution of species 
biovolume (t-test, ac=0.05). 

Significantly More Abundant in Big Hurricane Significantly More Abundant in Hugh 
Branch (clearcut stream) White Creek (reference stream) No Significant Difference in Distribution 

BACILLARIOPHYTA BACILLARIOPHYTA BACILLARIOPHYTA 

Achnanthes lanceolata Breb.* 
A. minutissima Kiitz. 

Cymbella minuta Hilse ex Rabh.* 
Diatoma hiemale v. mesodon (Ehr.) Grun.* 
Eunotia curvata (Kiitz.) Lagerst.* 
Fragilaria vaucheriae (Kiitz.) Peters. 
Frustulia rhomboides v. amphipleuroides Grun.* 

Gomphonema gibba J. Wallace 
G. parvulum Kiitz. 
Navicula mutica v. tropica f. rostrata Krasske* 
N. radiosa v. tenella (Breb.) Grun.* 
Nitzschia parvula Levis* 

Synedra socia Wallace 
S. ulna (Nitzsch.) Ehr. 

CHLOROPHYTA 

Spirogyra sp.* 
Mougeota sp.* 

Achnanthes detha Hohn & Hellerman* 
Eunotia exigua (Breb.) Grun.* 
E. rhomboidea Hust.* 
Meridion circulare Ag.* 
Navicula contenta Grun.* 

Tetracyclus repestris (A. Br.) Grun.* 

Achnanthes deflexa v. alpestris Lowe & Kociol. 
A. lanceolata v. dubia Grun 
A. stewartii Patr. 
A. subrostrata v. appalachiana Camburn & Lowe 
Cocconeis placentula Ehr. 

Cymbella sp. 
Eunotia pectinalis v. minor (Kiitz.) Rabh. 
E. sp. 
Frustulia rhomboides (Ehr.) de Toni 

Gomphonema dichotomum Kiitz. 
Navicula angusta Grun. 
N. cryptocephala Kiitz. 
N. hassiaca Krasske 
N. minima Grun. 
N. placenta Ehr. 
Navicula sp. 
Neidium sp. 
Nitzschia sp. 
Pinnularia sp. 
Synedra ulna v. ramsei (Herib.) Hust. 

CHLOROPHYTA 

Cosmarium sp. 
Scenedesmus sp. 
Stigeoclonium sp. 

CYANOPHYTA 

Oscillatoria sp. 
Schizothrix calcicola (Ag.) Gom. 

* Occurs exclusively in this watershed. 
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TABLE 3. Biovolume (103 Am3 mm-2) and relative abundance by biovolume (in parentheses) of the 11 most common algal taxa from enrichment experiments. 

Control Ca N P Ca+P Ca+N N+P Ca+N+P 

BIG HURRICANE BRANCH (clearcut) 
Achnanthes lanceolata 0.4 (6.6%) 0 (0%) 4.9 (5.4%) 1.4 (5.4%) 11.0 (11.9%) 1.2 (1.9%) 24.9 (43.8%) 6.1 (5.5%) 
Achnanthes minutissima 0.8 (13.1%) 0 (0%) 10.2 (11.3%) 0.2 (0.8%) 5.0 (5.4%) 13.3 (21.1%) 0.8 (1.4%) 13.0 (11.7%) 
Fragilaria vaucheriae 0.9 (14.8%) 7.7 (9.0%) 10.4 (11.6%) 1.7 (6.6%) 3.7 (4.0%) 10.4 (16.6%) 12.8 (22.5%) 4.6 (4.1%) 
Gomphonema parvulum 1.0 (16.4%) 2.8 (3.3%) 11.8 (13.1%) 0.2 (0.8%) 3.5 (3.8%) 0.5 (0.8%) 1.3 (2.3%) 4.7 (4.2%) 
Navicula mutica v. tropica 

f. rostrata 0.4 (6.6%) 0 (0%) 8.2 (9.1%) 0.6 (2.3%) 6.3 (6.8%) 9.2 (14.6%) 3.7 (6.5%) 0 (0%) 
Synedrasocia 0.3 (4.9%) 8.9 (10.4%) 1.1 (1.2%) 1.3 (5.0%) 11.0 (11.9%) 8.9 (14.1%) 2.2 (3.9%) 15.6 (14.1%) 
Synedra ulna 0 (0%) 8.5 (10.0%) 0.2 (0.2%) 3.1 (12.0%) 6.0 (6.5%) 1.9 (3.0%) 3.2 (5.6%) 9.6 (8.6%) 
Synedra ulna v. ramsei 0 (0%) 0.1 (0.1%) 2.8 (3.1%) 0 (0%) 4.5 (4.9%) 0 (0%) 0 (0%) 2.3 (2.1%) 
Spirogyrasp. 1.0 (16.4%) 47.3 (55.5%) 0.5 (0.6%) 11.9 (45.9%) 33.5 (36.3%) 3.8 (6.0%) 0.5 (0.9%) 49.9 (45.0%) 

HUGH WHITE CREEK (reference) 
Achnanthes lanceolata 0 (0%) 0 (0%) 0 (0%) 0.01 (0.8%) 0 (0%) 0 (0%) 0.01 (1.7%) 0 (0%) 
Achnanthes minutissima 0.01 (1.6%) 0.05 (5.6%) 0.01 (1.8%) 0 (0%) 0 (0%) 0.03 (2.7%) 0 (0%) 0 (0%) 
Eunotia rhomboidea 0.03 (5.0%) 0.12 (13.4%) 0.03 (5.5%) 0.28 (23.1%) 0.09 (19.4%) 0 (0%) 0.03 (5.1%) 0 (0%) 
Fragilaria vaucheriae 0 (0%) 0.14 (15.6%) 0.19 (35.5%) 0.21 (17.6%) 0.18 (38.8%) 0.09 (8.2%) 0 (0%) 0.02 (11.0%) 
Gomphonema parvulum 0 (0%) 0.20 (22.3%) 0 (0%) 0.26 (21.5%) 0 (0%) 0.20 (18.3%) 0.07 (11.9%) 0.04 (22.1%) 
Meridion circulare 0.15 (24.5%) 0.15 (16.8%) 0.22 (41.1%) 0.42 (34.7%) 0.19 (40.9%) 0.19 (17.4%) 0.10 (17%) 0.08 (44.2%) 
Synedra socia 0 (0%) 0.06 (6.7%) 0.04(7.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
Synedra ulna 0 (0%) 0.14 (15.6%) 0 (0%) 0.28 (23.1%) 0 (0%) 0.41 (37.4%) 0.14 (23.8%) 0 (0%) 
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^^^7 ll-j^^w 
- ,-1 < -1 w - 

Prostrate to Eunotia Motile Prostrate Filamentous Erect 
stalked type 

Big Hurricane Hugh White 
Branch Creek 

n-18 n=13 

FIG. 2. Relative distribution of algal physiognomies in pooled samples from Big Hurricane Branch (clear- 
cut) and Hugh White Creek (reference). Lines connecting "pie" sections indicate physiognomies that are not 
significantly different from each other (t-test, a=0.05). 

the substrata with all three nutrients added had 
the least algal biovolume. As with chlorophyll, 
the clearcut stream supported significantly more 
biovolume than the reference stream across all 
nutrient treatments (Fig. 1). 

A total of 47 algal taxa, all but seven of which 
were diatoms, were observed in community 
analyses of the two streams. The t-tests per- 
formed on log-transformed biovolume data us- 
ing nutrient treatments as replicates revealed 
several taxa whose distributions varied signif- 
icantly with respect to watershed (Table 2). Six- 
teen algal taxa were significantly more abun- 
dant in the clearcut stream. Ten of these taxa 
were collected exclusively from this watershed 

including Spirogyra sp. which was the most 
abundant alga in the clearcut stream and ac- 
counted for more than 40% of the total bio- 
volume in several samples. Spirogyra responded 
most positively to calcium and phosphorus, 
either alone or in combination (Table 3). 

Two species of Achnanthes, A. lanceolata and 
A. minutissima were significantly more abun- 
dant in the clearcut stream and contributed a 
substantial portion to the biovolume of several 
of the nutrient treatments. The greatest occur- 
rence of A. lanceolata was in the N + P treatment 

where the biovolume averaged 24.9 x 103 gm3/ 
mm2 and represented 44% of the community 
biovolume. Fragilaria vaucheriae, Gomphonema 
parvulum, Synedra ulna, and S. socia were also 
abundant in the clearcut stream (exceeding 
9x103 1 um3/mm2 in at least one treatment. 

Six diatom taxa occurred exclusively in the 
reference stream in spite of the overwhelming 
preponderance of total algal biomass in the 
clearcut stream. These taxa were Achnanthes de- 
tha, Eunotia exigua, E. rhomboidea, Meridion cir- 
culare, Navicula contenta and Tetracyclus rupestris 
(Table 2). Only M. circulare and E. rhomboidea 
contributed a significant portion of the bio- 
volume in this watershed. 

The distribution of algal biovolume based on 
physiognomic form was analyzed, assigning 
each algal taxon to a group based on how it is 
associated with the substratum. Designated 
physiognomic groups were erect, filamentous, 
prostrate, prostrate to stalked, motile, and Eu- 
notia type (attaching by 1 or both ends). The 
two watersheds displayed relatively large dif- 
ferences with respect to which form was most 
prevalent (Fig. 2). In the reference stream most 
algal biovolume was in the form of erect cells 
with Meridion circulare, Fragilaria vaucheriae, and 
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Synedra ulna forming the bulk of this group. 
The next most abundant forms were Eunotia 

type and prostrate to stalked. The former form 
included all species of Eunotia and the latter 
those taxa that may be either prostrate or form 
a stalk (Achnanthes minutissima and Gomphonema 
parvulum). The least abundant forms were pros- 
trate and motile. Prostrate forms include all 

species of non-stalk-forming monoraphid dia- 
toms and motile forms include all species of 

non-stalk-forming biraphid diatoms. The fila- 
mentous physiognomic form was absent from 
the reference stream. 

In Big Hurricane Branch filamentous forms 
were most abundant (Fig. 2); however, the data 
set is highly skewed with a large biovolume of 
filamentous forms in some samples and none 
in others. Once the data were log transformed 
to reduce skewing, the most important forms 
in the clearcut stream were erect, prostrate to 
stalked, and motile. The Eunotia type form was 
almost absent from this watershed. 

Discussion 

Benthic algal accumulation did not respond 
significantly to nutrient addition in either 
stream, although a trend toward increased al- 

gal biomass with nutrient addition in the clear- 
cut stream suggested that light may not be lim- 

iting in this stream. Both independent measures 
of algal accumulation, chlorophyll and bio- 
volume, were significantly lower in the refer- 
ence stream than in the clearcut stream across 
all nutrient treatments. We interpret this as 

strong evidence that light is limiting to algal 
accumulation in the forested watershed. Fur- 
thermore, trends in total biovolumes with nu- 
trient addition were not apparent in the ref- 
erence stream. In fact, little difference was seen 
between the control and the seven nutrient 
treatments (Fig. 1). Lack of response to nutrient 
addition again suggests that algal accumulation 
is controlled by some other factor in this stream. 
We feel that light is that factor although un- 
measured covariates cannot be ruled out. Light 
limitation of photoautotrophs in forested sec- 
ond-order streams is a widely accepted phe- 
nomenon. A similar increase in periphyton 
biomass following logging was reported by Ly- 
ford and Gregory (1975) and Murphy and Hall 
(1981) in Oregon who attributed periphyton 
increase to increased light availability. Experi- 

ments in Carnation Creek on Vancouver Island 
(Shortreed and Stockner 1983, Stockner and 
Shortreed 1978) showed that phosphorus was 

limiting to periphyton accumulation when light 
availability was above a threshold level of 50- 
60 g-cal cm-2 day-l. These stream experiments 
provided convincing evidence for limitation by 
either light or phosphorus depending on stream 
site and climate-controlled solar radiation. 

Phosphorus limitation has also been reported 
for a tundra stream (Peterson et al. 1983) and a 
forested stream in northern Michigan (Pringle 
and Bowers 1984). 

It has been the custom in aquatic biology to 

try to elucidate the factors that limit the pro- 
ductivity of entire communities such as the 

phytoplankton, or in this case, the periphyton. 
Such an approach is often misleading unless it 
is coupled with a close scrutiny of population 
level responses within the community. The 
benthic algal communities in this study, for ex- 

ample, included up to 47 taxa from three dif- 
ferent algal divisions. One should expect a dif- 
ferential response among species to sets of 
environmental parameters and not a uniform 

response of the community to the addition of 
a single limiting resource. In the clearcut stream 
it is probable that increased light availability 
and perhaps other covariates had a significant 
positive effect on 16 algal taxa, nine of which 
were observed exclusively from this stream. 
Filamentous green algae, particularly Spirogyra, 
were the predominant algae in the clearcut 
stream. The response of green filamentous 

species of the Zygnemataceae to clearcutting 
has been reported previously (Hansmann and 

Phinney 1973, Shortreed and Stockner 1983). 
The requirement of higher light levels for Spi- 
rogyra and Mougeotia may in part be due to their 
lack of pigment diversity relative to the dia- 
toms which are much richer in carotenoid pig- 
ments (Jorgenson 1977, Round 1965). The pre- 
ponderance of green filaments in the clearcut 
stream, however, might belie their significance 
to energy flow in the aquatic food web. Patrick 
(1977) has shown diatoms to be a preferred food 
item of invertebrates in mixed algal commu- 
nities, thus turnover rates of the Zygnemata- 
ceae might be much lower than those of 
diatoms. The 14 diatom taxa that occurred ex- 
clusively or significantly in the clearcut stream 
are more typical of midwestern rivers and 
streams than mountain streams (Lowe 1974, 
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Patrick and Reimer 1966, 1975). Hansmann and 

Phinney (1973) reported a negative response of 
A. lanceolata to clearcutting, however, it is dif- 
ficult to compare our data with theirs as they 
reported relative abundance based on cell 
numbers. Unlike the two Achnanthes species, 
Fragilaria vaucheria, Gomphonema parvulum, and 

Synedra ulna were important components of the 
reference stream but maintained significantly 
higher standing crops in the clearcut stream. 

Although these taxa are common components 
of densely shaded streams they are apparently 
light limited and respond positively to canopy 
removal. 

Six diatom species were found exclusively in 
the reference stream. All of these taxa appear 
to be either shade adapted or intolerant of in- 
creased light levels. Meridion circulare, for ex- 

ample, maintains large populations only in cool 
streams (Besch et al. 1972, Patrick 1971, Wuth- 
rich 1975). It is interesting to note that this dia- 
tom grows abundantly in full sunlight in an 
Ohio stream but only at temperatures of from 
7 to 10?C (Krejci and Lowe, in press). Little is 
known of the physiological ecology of the oth- 
er five diatom taxa except that they are encoun- 
tered primarily in lower order undisturbed for- 
ested streams of the Appalachian Mountains 
(Camburn et al. 1978, Kociolek 1982, Lowe and 
Kociolek 1984). Controlled experiments are re- 

quired to determine whether their absence in 
the clearcut stream was due to increased light 
or some other factor. 

The analysis of algal communities based on 

physiognomic form revealed some significant 
differences between the streams. In the refer- 
ence stream most of the algal biovolume was 
in the erect form, attached at one end. This may 
be adaptive in poorly lighted habitats. An erect 

pennate diatom has a minimum of its cell as- 
sociated with the substratum while most of the 
cell length could receive light from almost any 
angle. The next most abundant form, Eunotia 

type, was established for algae with the ability 
to attach at one or both ends. The preponder- 
ance here of this physiognomy is probably a 
reflection of E. rhomboidea dominance more than 
an adaptive morphology. Being prostrate in a 

poorly lighted habitat is probably a poor strat- 

egy. Both motile and nonmotile prostrate dia- 
toms may have advantages in avoiding the shear 
stress in high gradient streams but the trade- 
off of poorer light conditions may limit this 

physiognomy in the reference stream. One 

might expect that filamentous forms would be 

relatively efficient at gathering light since they 
can project from the substratum. Lack of fila- 
mentous algae in the reference stream may be 
a function of light limitation (Hansmann and 

Phinney 1973, Shortreed and Stockner 1983). 
In the clearcut stream there is ample light to 

support green filaments and the filamentous 

physiognomy appears to be well adapted. The 

only form poorly represented in this system is 
the Eunotia type which is significantly less 
abundant than all others. Physiognomies are 
more evenly distributed in the clearcut stream 
than in the reference stream. Reduced and per- 
haps limiting light availability appears to re- 
duce the physiognomic options of members of 
an attached algal community and only with 

ample light can structural complexity develop. 

Acknowledgements 

This research was supported by NSF grant 
DEB 8012093 for Long Term Ecological Re- 
search at Coweeta Hydrologic Laboratory and 
was conducted while the senior author was on 
sabbatical leave at Virginia Polytechnic Insti- 
tute and State University. We thank M. E. Krejci 
and H. J. Carrick for technical assistance. 

Literature Cited 

AMERICAN PUBLIC HEALTH ASSOCIATION, AMERICAN 

WATERWORKS ASSOCIATION AND WATER POLLUTION 

CONTROL FEDERATION. 1980. Standard methods 
for the examination of water and wastewater. 
14th edition. American Public Health Associa- 
tion, Washington, D.C. 

BESCH, W. K., D. BACKHAUS, J. CAPBLANCQ, AND P. 
LAVANDIER. 1972. Donnees ecologiques sur les 

benthiques de haute montagne dans les Pyre- 
nees. I. Diatomees. Annales de Limnologie 8:103- 
118. 

CAMBURN, K. E., R. L. LOWE, AND D. L. STONEBURNER. 

1978. The haptobenthic diatom flora of Long 
Branch Creek, South Carolina. Nova Hedwigia 
30:149-279. 

FAIRCHILD, G. W., AND R. L. LOWE. 1984. Artificial 
substrates which release nutrients: effects on pe- 
riphyton and invertebrate succession. Hydro- 
biologia 114:29-37. 

GREGORY, S. V. 1980. Effects of light, nutrients, and 

grazing on periphyton communities in streams. 
Ph.D. Dissertation, Oregon State University, 
Corvallis. 

HANSMANN, E. W., AND H. K. PHINNEY. 1973. Effects 

[Volume 5 228 

This content downloaded from 128.173.186.246 on Wed, 01 Jul 2015 18:18:39 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


PERIPHYTON/ NUTRIENT MANIPULATION 

of logging on periphyton in coastal streams of 

Oregon. Ecology 54:194-199. 
JORGENSEN, E. G. 1977. Photosynthesis. Pages 150- 

168 in D. Werner (editor). The biology of dia- 
toms. University of California Press, Berkeley. 

KEITHAN, E. D., AND R. L. LOWE. 1985. Primary pro- 
ductivity and spatial structure of phytolithic 
growth in streams in the Great Smoky Moun- 
tains National Park. Hydrobiologia 123:59-67. 

KOCIOLEK, J. P. 1982. The diatom flora (Bacillario- 
phyceae) of two streams in the Great Smoky 
Mountains National Park. M.S. Thesis, Bowling 
Green State University, Ohio. 

KREJCI, M. E., AND R. L. LOWE. 1987. The seasonal 
occurrence of macroscopic colonies of Meridion 
circulare in a spring-fed brook. Transactions of 
the American Microscopical Society (in press). 

LOWE, R. L. 1974. Environmental requirements and 

pollution tolerance of freshwater diatoms. United 
States Environmental Protection Agency. Agen- 
cy Report 670/4-74-005. 

LOWE, R. L., AND J. P. KOCIOLEK. 1984. New and rare 
diatoms from Great Smoky Mountains National 
Park. Nova Hedwigia 39:465-476. 

LYFORD, J. H., AND S. V. GREGORY. 1975. The dynam- 
ics and structure of periphyton communities in 
three Cascade Mountain streams. Verhandlung- 
en der Internationalen Vereinigung fur Theo- 
retische und Angewandte Limnologie 19:1610- 
1616. 

MURPHY, M. L., AND J. D. HALL. 1981. Varied effects 
of clear-cut logging on predators and their hab- 
itat in small streams of the Cascade Mountains, 
Oregon. Canadian Journal of Fisheries and 

Aquatic Sciences 38:137-145. 
PATRICK, R. 1971. The effects of increasing light and 

temperature on the structure of diatom commu- 
nities. Limnology and Oceanography 16:405-421. 

PATRICK, R. 1977. Effects of trace metals in the aquatic 
ecosystem. American Scientist 66:185-191. 

PATRICK, R., AND C. W. REIMER. 1966. The diatoms 
of the United States. I. Academy of Natural Sci- 
ences of Philadelphia Monograph No. 13. 

PATRICK, R., AND C. W. REIMER. 1975. The diatoms 
of the United States. II. Academy of Natural Sci- 
ences of Philadelphia Monograph No. 13. 

PETERSON, B. J., J. E. HOBBIE, AND T. L. CORLISS. 1983. 
A continuous-flow periphyton bioassay: tests of 
nutrient limitation in a tundra stream. Limnol- 
ogy and Oceanography 28:583-591. 

PRINGLE, C. M., AND J. A. BOWERS. 1984. An in situ 
substratum fertilization technique: diatom colo- 
nization on nutrient-enriched, sand substrata. 
Canadian Journal of Fisheries and Aquatic Sci- 
ences 41(8):1247-1251. 

ROUND, F. 1965. The biology of the algae. Edward 
Arnold Ltd., London. 

SAS INSTITUTE, INC. 1985. SAS user's guide. Statis- 
tics. 1985 edition. SAS Institute, Inc., Cary, North 
Carolina. 

SHORTREED, K. R. S., AND J. G. STOCKNER. 1983. Pe- 

riphyton biomass and species composition in a 
coastal rainforest stream in British Columbia: ef- 
fects of environmental changes caused by log- 
ging. Canadian Journal of Fisheries and Aquatic 
Sciences 40:1887-1895. 

STOCKNER, J. G., AND K. R. S. SHORTREED. 1978. En- 
hancement of autotrophic production by nu- 
trient addition in a coastal rainforest stream on 
Vancouver Island. Journal of the Fisheries Re- 
search Board of Canada 35:28-34. 

SUMNER, W. T., AND S. G. FISHER. 1979. Periphyton 
production in Fort River, Massachusetts. Fresh- 
water Biology 9:205-212. 

SWANK, W. T., AND J. E. DOUGLAS. 1977. Nutrient 

budgets for undisturbed and manipulated hard- 
wood forest ecosystems in the mountains of 
North Carolina. Pages 343-362 in D. L. Correll 
(editor). Watershed research in eastern North 
America. Smithsonian Institute, Washington, D.C. 

SWIFT, L. W., JR. 1983. Duration of stream temper- 
ature increases following cutting in the southern 

Appalachian Mountains. Pages 273-275 in A. I. 
Johnson and R. A. Clark (editors). International 

Symposium on Hydrometeorology. American 
Water Resources Association, Bethesda, Mary- 
land. 

VANNOTE, R. L., G. W. MINSHALL, K. W. CUMMINS, J. 
R. SEDELL, AND C. E. CUSHING. 1980. The river 
continuum concept. Canadian Journal of Fish- 
eries and Aquatic Sciences 37:130-137. 

WEBSTER, J. R., M. E. GURTZ, J. J. HAINS, J. L. MEYER, 
W. T. SWANK, J. B. WAIDE, AND J. B. WALLACE. 
1983. Stability of stream ecosystems. Pages 355- 
395 in J. R. Barnes and G. W. Minshall (editors). 
Stream ecology: application and testing of gen- 
eral ecological theory. Plenum Press, New York. 

WHITTON, B. A. 1975. Algae. Pages 355-395 in B. A. 
Whitton (editor). River ecology. Blackwell Sci- 
entific Publications, Oxford. 

WUTHRICH, M. 1975. Les Diatomees, contribution a 
la connaissance de la flore algologique du Parc 
National Suisse. Resultats des recherches scien- 

tifiques du Parc National Suisse 14:273-369. 
ZAR, J. H. 1974. Biostatistical analysis. Prentice-Hall, 

Inc., Englewood Cliffs, New Jersey. 

Received: 29 April 1986 

Accepted: 30 September 1986 

1986] 229 

This content downloaded from 128.173.186.246 on Wed, 01 Jul 2015 18:18:39 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 221
	p. 222
	p. 223
	p. 224
	p. 225
	p. 226
	p. 227
	p. 228
	p. 229

	Issue Table of Contents
	Journal of the North American Benthological Society, Vol. 5, No. 3, Sep., 1986
	Front Matter
	Filter-Feeding in Corbicula fluminea and Its Effect on Seston Removal [pp.  165 - 172]
	Invertebrate Drift Dynamics in a Subtropical Blackwater River [pp.  173 - 190]
	Phenology and Ecology of Some Trichoptera in a Low-Gradient Boreal Stream [pp.  191 - 199]
	Feeding Behavior of Stenacron interpunctatum (Ephemeroptera:Heptageniidae) [pp.  200 - 210]
	Importance of Sand Grain Mineralogy and Topography in Determining Micro-Spatial Distribution of Epipsammic Diatoms [pp.  211 - 220]
	Periphyton Response to Nutrient Manipulation in Streams Draining Clearcut and Forested Watersheds [pp.  221 - 229]
	Substratum-Production Relationships in Net-Spinning Caddisflies (Trichoptera) in Disturbed and Undisturbed Hardwood Catchments [pp.  230 - 236]
	Effects of Disturbance Frequency on Stream Benthic Community Structure in Relation to Canopy Cover and Season [pp.  237 - 248]
	Book Reviews
	untitled [pp.  249 - 250]
	untitled [pp.  250 - 251]
	untitled [pp.  251 - 252]
	untitled [p.  252]

	Back Matter



