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ABSTRACT 

Periphytic diatom communities on four aquatic macrophytes 
(Brasenia schreberi, Orontium aquaticum, Sagittaria latifolia, 
and Pontedaria cordata) were studied in Lake Lacawac (Lake 
Ariel, PA) during the 1981 and 1982 growing seasons. Four sites 
were chosen to represent sand, mud, and bog habitats . Through
out the study the most dominant taxon was Tabe/lariafenestrata. 
Achnanthes linearis, Gomphonema gracilis, and Fragilaria con
struens were of secondary importance. Diatom communities on 
all macrophytes and habitats were found to be similar using the 
SIMI similarity index.,,In addition, diatom communities were 
very similar between the years. Few differences in community 
structure were also found and will be discussed. Attached diatom 
concentrations increased with progression of the growing season 
and were greatest at 15 to 45cm from the surface. 

INTRODUCTION 

Periphyton, organisms that grow attached to macrophytes, 
rocks or other submerged objects, are one of the most important 
groups of organisms in many aquatic systems. They are impor
tant in overall lake productivity (Wetzel, 1964), have been used in 
water quality studies (Collins and Wl.!ber, 1978; Cooper and 
Wilhm, 1975; Baker, 1974; Low.e, 1974; and Rasche and Weber, 
1970), and are often primarily composed of Baillariophyceae 
(diatoms) . 

Studies examining the influence of aquatic vascular plant sur
faces in determining the composition of periphytic algal com
munities have yielded mixed conclusions. Hutchinson (1975) 
found a general lack of specificity among macrophytes . Siver 
(1977) found similar diatom populations, in terms of both com
position and concentration, on five macrophytes. Eminson and 
Moss (1980) found that the influence of host type was greatest in 
infertile lakes and less apparent in fertile lakes where environmen
tal factors were more important. 

' Received for publication May 6, 1983; reviewed; accepted 
August 15, 1983 . 

The epiphytic diatom communities of four aquatic vascular 
plants were studied in Lake Lacawac (Lake Ariel, PA) during the 
1981 and 1982 growing seasons. Based on nutrient analysis, 
phytoplankton composition, and phytoplankton concentrations, 
Lake Lacawac is an oligotrophic lake (Siver and Chock, personal 
communication) . Because the lake is shallow and phytoplankton 
concentrations are low, it has been suggested that periphyton and 
aquatic vascular plants are very important in the overall produc
tivity of the lake. The purpose of this study was to describe the 
epiphytic diatom communities in Lake Lacawac and examine the 
effect of habitat and host type on the communities. 

MATERIALS AND METHODS 

Monthly collections of aquatic vascular plants were made at 
four sites in the lake during the 1981 and 1982 growing seasons. 
The sites represented sandy, mud, and bog habitats. Four macro
phytes, Brasenia schreberi, Orontium aquaticum, Sagittaria 
latifollia, and Pontedaria cordata, were chosen on the basis of 
their dominance and widespread distribution within the lake. Not 
all four macrophytes were present at each site (see results). · For 
each of the four macrophytes present at a given site two plants 
were randomly chosen and harvested for diatom analysis. Start
ing from the water surface 15cm sections were carefully clipped 
from each macrophyte, placed into Whirl Pac bags containing 
35ml of distilled water and returned to the laboratory. 

The periphyton was scraped and washed from each plant seg
ment into 100ml beakers. Sections were rinsed t9 insure complete 
removal of all epiphytes. Using mathematical formulas for certain 
geometric shapes, surface areas were calculated for each segment. 

The epiphytic material was put through a cleaning process that 
oxidized all of the organic material, leaving behind the diatom 
frustules. Twenty ml of 50% H,SO, and K,Cr,O, crystals were 
added to the samples and allowed to digest for 3-4 days. If the 
K,Cr,O, crystals were used up, more were added until the sample 
was completely oxidized. The sample was then centrifuged at 
1600 R.P.M. for 10 minutes and washed several times until the 
supernatant was clean. After the final wash the pellet was placed 
into 10ml of distilled water and preserved with thymol to prevent 
fungal growth . 
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A known volume of the oxidized sample was pipetted onto a 
cover slip and gently heated to insure an even distribution of frus
tules. Permanent slides were made by mounting the cover slip 
with a drop of Kleermount mounting medium (Carolina Biolog
ical Supply). At least two permanent slides were made of each 
sample and the slide with the most even distribution was used for 
quantification of the diatoms. The slides were scanned once or 
twice or until at least 100 organisms were counted. Taxa were 
identified at IOOOX according to Hustedt (1930) and Patrick and 
Reimer (1966 and 1975). 

For comparing the diatom communities between each macro
phyte, each site, and each date, the SIMI similarity index was 
used. In this index, percentages of organisms, not concentrations, 
are compared. The SIMI index is as follows: 

' I: P ,;P ," 
i=l 

SIMI 

/ ~, P,/ I~ P,n' 

where P,; P ," are the relative percentages of each species on each 
macrophyte and s the total number of species in the two commun
ities being compared (McIntire and Moore, 1977). Values range 
from 0-1, where a value of I represents identical communities and 
a value of O totally unrelated communities. 
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FIGURE I. Concentration of epiphytic diatoms plotted as a function of 
depth on the aquatic vascular plant Orontium aqualicum in August, 1982. 
Concentration and depth ranged from Oto 1.0 x 10' cell s I cm ' and Oto 
45 cm respectively. 
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FIGURE 2. Concentration of epiphytic diatoms plotted as a function of 
depth on the aquatic vascular plant Pontedaria cordata in Jul y, 1982. 
Concentration and depth ranged from Oto 1.0 x 10' ce lls / cm' and Oto 
45 cm respectively. 

RESULTS 

During 1981 diatom concentrations ranged from 4.2 x 10 ' 
cells/ cm ' to 9.3 x JO' cells/ cm ' . A range of 1.5 x JO' cells/ cm ' to 
7.9 x JO ' cells/ cm' was found during the 1982 growing season. 
Diatom concentrations on the macrophytes were always lowest 
near the surface and greatest 15-45 cm below the surface. For ex
ample, cell density on 0. aquaticum during August of 1982 in
creased from 1.5 x JO ' cells/ cm ' at the surface to a maximum of 
2.5 x 10' cells/ cm ' at 45 cm from the water surface (Figure I) . 
Similarity, cell concentrations on P. cordata during July of 1982 
increased from 2.1 x JO ' cells/ cm' to 4.4 x 10• cells/ cm 2 at the top 
and 15 cm segments respectively, reached a maximum density at 
30 cm of 2.9 x 10' cells/ cm' and decreased to 2.4 x JO' cells/ cm ' 
at 45 cm (Figure 2). In general, epiphyte concentrations were always 
lowest at the surface, maximal below 30 cm from the surface and 
often lowered from the maximum number in the deepest water. 

The mean diatom density on the macrophytes in the lake dur
ing 1981 was 8.7 x JO ' cells/ cm ' with a maximal peak in October. 
During July, August and October of 1981 mean diatom concen
trations ranged from 4.0 x JO' to 9.6 x JO' cells/cm' , 1.1 x JO' to 
2.6 x JO' cells/ cm', and 3.6x JO ' to 7.3 x JO' cells/ cm' respectively. 
During 1982 the mean cell density was 7.9 x 10• cells/ cm' with 
a peak during August (Figure 3). A decrease in epiphytic numbers 
was observed in June, 1982 (Figure 3). Concentration ranges for 
1982 were 1.0 x JO' to 2.6 x 10' cells/ cm ' in May; 1.1 x JO' to 1.1 
x 10' cells/ cm ' in June; 1.0 x 10' to 4.4 x JO' cells/ cm ' in July; 
2.8 x JO' to 5.0 x JO ' cells/ cm ' in August and 1.8 x JO' to 4.3 x 
JO' cells/ cm ' in September. In both years it was observed that 
periphyton colonized the aquatic vascular plants soon after they 
began growth in Apri l/May (eg. Figure 4). 
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FIGURE 3. Mean cell density plotted as the average concentration of all 
species studied at all sites over the 5 month sampling period (May
September) in 1982. Concentration ranged from 2 to 12 x 10' cell s/ cm ' . 
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FIGURE 4. Populations of fou r epiphytes, Fragilaria cons1ruens, Ach
nanthes linearis, Gomphonema gracilis, and Tabellariafenestrata, plot
ted as a percentage of the total population for each month of the 5 month 
(May-September) sampling period in 1982. 
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FIGURE 5. Concentrations of epiphytic dia toms plotted as function of 
depth on the aquatic vascu lar plant Pontedaria cord a ta during 5 months 
of 1982. □-May, • -June, • -July, • -August , 0 -September. Concentration 
and depth ra nged from Oto 1.0 x 10' cells/ cm ' and Oto 45 cm respectivel y. 

Tabellaria fenestrata was the most dominant epiphyte on the 
aquatic vascular plants accounting for 77% of all the epiphytic 
diatoms in 1981 and 68% in 1982 (Table I). T. fenestrata, Tabet
/aria f loccu!osa, Eunotia incisa, Achnanthes linearis, Gom
phonema gracilis, and Fragilaria construens constituted 87% of 
the diatom community in 1981 and 83% in 1982. With few excep
tions, T. fenestrata was the most dominant taxon at each depth on 
all plants for all dates. Frustulia rhomboides was an important 
species on Brasenia schreberi where it dominated during June of 
1982. 

During 1982 Tabellaria fenestrata accounted for over 70% of 

TABLE I 

Percemages of Tabellaria fenestrata in each of the fou r sites over the 
8 month sampling period starting July, 1981 and ending September, 1982. 

SITE 
1 - 2 3 4 . 

7/81 59 51 63 45 

8/81 55 74 63 73 

10/81 79 78 71 -
s/82 87 91 77 49 

6/82 55 51 48 45 

7/82 91 71 78 84 

8/82 56 56 60 63 

9/82 69 76 70 81 

all peiphyton during each month of the study except June and 
August. In June, two other diatoms, Achnanthes linearis and 
Fragilaria construens, accounted for 16 and 11 % of the popula
tions respectively (Figure 4). Gomphonema gracilis composed 
17% of the epiphytic diatoms in August, 1982 (Figure 4). 

The SIMI values comparing diatom communities within a site, 
between sites, and/ or between sampling dates were almost always 
above 0.94. SIMI values between any site within a growing season 
were all greater than 0.97 (Figure 6 and 7). In addition, SIMI 
values comparing communities from different years, but from the 
same site, were all greater than 0.97. (Table 2). 

DISCUSSION 

Maximal epiphytic diatom concentrations ranging from 10• to 
10• cells/cm' have been observed by previous workers (Siver, 1977; 
Siver, 1978; Tuchman and Blinn, 1979 and Hoagland, 1983). In 
the present study, within 30 days after the initial development of 

-· 
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the macrophytes, epiphytic diatom communities had reached con
centrations of at least 10• cells/cm' and in many instances remained 
close to this concentration as the growing season progressed (Table 
3). Thus, initial colonization and subsequent growth rates were 
very rapid. Tuchman and Blinn (1979) found similar results where 
initial colonization of diatoms on substrates occurred within 7-14 
days, generally followed by rapid proliferation (Hoagland et. al., 
1982). 

SIMI : 1981 

I SITE 2 .998 

:__J 
ml X l "· 
SIT:7 

.996 

I SITE 4 

FIGURE 6. SIMI indices cross comparing each of the four sites for which 
epiphytic diatoms on aquatic vascular plants were studied in Lake Lacawac 
in 1981. 

TABLE 2 

SIM I indices be1ween /98/ and 1982 giving 1he Iola/ SIMI for 1he years 
and fo r each individual sile during !hose years. 

1981 

SITE I 
SITE 2 
SITE 3 
SITE 4 

.996 

.978 

.982 

.995 

.994 

1982 

SITE I 
SITE 2 
SITE 3 
SITE 4 

Increases in diatom concentrations on the macrophytes were 
never as great as they were between the months April and May. 
Concentrations remained relatively stable from June to the end of 
the growing season indicating either increases in the number of 
diatoms were minim! or as fast as the diatoms divided they were 
sloughed off. We feel growth rates lowered as the growing season 
progressed and that "sloughing off" of diatoms played a signifi
cant role in controlling the maximal concentrations. This agrees 
with previous work where diatoms have been shown to grow best 
during the spring and fall but slower in the summer (Patrick and 
Reimer, 1966; Siver, 1978; and Stockner and Evans, 1972). 

SIMI : 1982 

SITE 1 
.994 

SITE 2 

.976 .996 l X I 
.997 

SITE 3 I I SITE 4 

F IGURE 7. SIM I indices cross comparing each of the four sites for which 
epiphytic diatoms on aquatic vascular plants were studied in Lake Lacawac 
in 1982. 

The importance of sloughing off of diatom communities by 
water turbulence has been previously recorded (Fox et. al., 1969; 
Siver, 1978; and Hoagland, 1983) . In the present study turbu
lence, caused by adverse weather conditions, had its greatest 
effect on epiphytic diatom communities during June of 1982 
(Figure 3) when concentrations were significantly decreased . 
However, community structure, according to the SIMI index was 
not effected. Similar results were reported by Hoagland (1983), 
who found that changes in biomass, but not diversity, of diatom 
communities were reflected by bad weather. 

Concentrations in the Oto 15cm section of each macrophyte 
were always very low (Figures 1,2, and 4), probably due to wave 
action and slight fluctuations in the lake's water level. With in
creasing depth the epiphytic concentrations also increased as a re
sult of decreased wave action and increased amounts of mucilage. 
Community structure, however, was usually the same in the Oto 
15cm portion as in the lower portions. Siver (1978 and 1980) 
found distinct " pioneer" and successional species of diatoms on 
Potamogeton robbinsii Oakes. Other workers, (Dillard, 1969 and 
Stockner and Evans, 1972) have also recorded successional pat
terns where certain diatoms are colonizers and other species 
become dominant during later stages of community develop
ment. In the present study we found no change in community 
structure representing a shift from pioneer to successional, and 
then to climax species. 

Tabe/lariafenestrata was the most dominant taxon present on 
all macrophytes during both years accounting for over 70% of all 
attached diatoms. Normally this taxon is a member of the phy
toplankton, not the periphyton. Because of the overwhelming 

TABLE 3 

Mean cell concen1ra1ion of epiphylic dia1oms on aquatic vascular plan ls al four siles in Lake Lacawac 
during !he /982 growing season. Pi = Pontedaria cordata, Ge = Orontium auaticum, Ar = Sagittaria latifolia, 

and Br = Brasenia schreberi . (xl0' cell s/ cm') 

SITE I SITE 2 SITE 3 SITE 4 

Pi Pi Ge Ge Pi Pi Ge Ge Pi Pi Ar Ar Pi Ge Br 

May 2.0 2.9 1.4 3.3 1.4 2.0 5.1 1.5 8.7 2.6 5.4 5.5 1.0 - 1.5 

June .23 1.2 .79 2.6 1.9 .II .22 .14 7.5 3.6 .46 .33 1.0 II I.I 

July 4.2 5.2 2.0 - 8.7 1.4 3.0 1.0 - 44 - 16 21 I I 1.4 

August 50 .93 1.9 6.1 - 17 2.0 - 30 .75 1.6 - 6.9 17 .28 

September 15 9.4 9.6 - - 43 1.8 I.I 2.5 - - 6.6 - 2.4 .1 8 
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importance of T. fenestrata an SIMI comparing any two samples 
taken during the study is always greater than 0.9, indicating ex
tremely similar communities . Community structure (SIMI = 
0.99) was very stable between 1981 and 1982. Thus, we found no 
differences in diatom communities between macrophytes, sites, 
or years in Lake Lacawac. This finding is in contrast to Eminson 
and Moss (1980) who found that differences in host type are ex
pressed to a greater degree in infertile lakes. However, this is in 
direct agreement with Siver (1977) who found a similar communi
ty composition of periphytic diatoms on five aquatic vascular 
plants. This is also in agreement with Hutchinson (1975) who also 
found a general lack of specificity among macrophytes. 

Despite the importance of T. fenestrata in periphytic commun
ities around the lake it was never a major component of the 
phytoplankton communities (Siver and Chock, unpublished re
sults). Diatom species in the periphyton common with the phyto
plankton never accounted for more than I fJ/o of the total indicat
ing completely separate communities. Mougeotia sp. was the most 
important non-diatom taxon in the epiphytic communities and 
it also was not present in the phytoplankton. 

The largest variation in structure occurred on Brasenia schre
beri, in June of 1982, which, in addition to T. fenestrata, also sup
ported a substantial population of Frustulia rhombodies (8%). 
Although F. rhomboides was consistently important on B. schre
beri it was insignificant on other macrophytes. This difference in 
community structure may be due to the thick mucous coating sur
rounding the stem in Brasenia. 

In summary, the epiphytic diatom communities that are very 
extensive in Lake Lacawac, are very similar between macrophytes 
and habitat types. In addition, communities were very stable over 
the two year period. 

REFERENCES 

Baker, A. L. 1974. Annual periphyton report. Northern States 
Power Co. Annual Report. 

Collins, G. B. and C. I. Weber. 1978. Phycoperiphyton (algae) as 
indicators of water quality. Trans. Am. micros. Soc., 97:36-43. 

Cooper, J . M. and J . Wilhm, 1975. Spatial and temporal varia
tion in productivity, species diversity, and pigment diversity of 
periphyton in a stream receiving domestic and oil refinery ef
fluents. Southwestern Nat ., 16:125-139. 

Dillard, G. E. 1969. The benthic algal communiteis of a North 
Carolina Piedmont stream. Nova Hedwigia 17: 11-29. 

Eminson, D. and B. Moss. 1980. The composition and ecology of 
periphyton communities is freshwaters. I The influence of host 
type and external environment on community composition. 
Br. phycol. J. 14:429. 

Fox, J. L., T. 0 . Odlaug, and T. A. Olson. 1969. The ecology of 
periphyton in western Lake Superior, Minn. Water Resources 
Research Center, Bull. #14: 127 pp. 

Hoagland, K. D. 1983 . Short-term standing crop and diversity of 
periphytic diatoms in a eutrophic reservoir. J. Phycol. 19, 
30-38. 

Hoagland, K. D ., S. C. Roemer, and J. R. Rosowski. 1982. Col
onization and community structure of two periphyton 
assemblages , with emphasis on the diatom s 
(Bacillariophyceae). Am. J. Bot. 69:188-213. 

Hustedt, F. 1930. Bacillariophyte . In: A. Paselar, Die 
"Susswasser-Flori Mitteleuropes, heft 10; Gustav Fischer, 
Jena! 466pp. 

Hutchinson, G. E. 1975 . A treaty on Limnology, Ill. Limono
logical Botany. Wiley, New York. 

Lowe, R. L. 1974. Enviromental requirements and pollution 
tolerance of freshwater diatoms. EPA-670/ 4-74-005 . 334 pp. 
USEPA, Cincinnati, Ohio. 

McIntire, C. D. and W.W. Moore. 1977 . Marine littoral diatoms: 
ecological considerations. In Werner, D. (Ed.) The Biology of 
Diatoms. University of California Press, Berkeley, pp. 333-71. 

Patrick R. and C. W. Reimer. 1966. The diatoms of the United 
States. Vol. I. 688 pp. Monograph of the Academy of Natural 
Science of Philadelphia #13 . 

Patrick R., and C. W. Rejmer. 1975 . The diatoms of the United 
States. Vol II, part 1. 213 pp. Monograph of the Academy of 
Natural Sciences of Philadelphia #13. 

Rashke, R. I., and G. Weber. 1970. Use of floating periphyton 
sampler for water pollution surveillance. Federal Water Pollu
tion Control Administration, Division of Water Quality 
Research. Report No. 20. 

Siver, P. A. 1977. Comparison of attached diatom committee on 
natural and artificial substrates. J . phycol., 13 :402-406. 

Siver, P. A. 1978. Development of diatom communities on 
Potamogeton robbinsii Oakes. Rhodora, Vol. 80, 867. 

Siver, P.A. 1980. Microattachment patterns of diatoms on leaves 
of Potamogeton robbinsii Oakes. Trans. Am. Micros. Soc., 
99(2): 217-220. 

Stockner, J. G. and D. Evans. 1972. Attached algae on artificial 
and natural substrates in Lake Winnipeg Manitoba. J. Fish. 
reserve. Bd. Canada 28(2): 215-229. 

Tuchman, M . and D. W. Blinn. 1979. Comparison of attached 
algal communities on natural and artificial substrata along a 
thermal gradient. Br. Phycol. J . 14:243-254. 

Wetzel , R. G. 1964. A comparative study of the primary produc
tion of higher aquatic plants, periphyton, and phytoplankton 
in a large, shallow lake. Int. Refue. Ges. Hydrobiol. Hydrogr. 
49: 1-61. 

=" 




