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clipped at the base, cut into sections and placed in plastic
bags containing distilled water.

Diatom colonization on an artificial substrate (glass slides)
was compared to that on natural substrates from March
through June, 1975. To study diatom attachment on glass
slides a rack was constructed consisting of a central aluminum
pole ca. 25 m tall with wooden slabs (slide holders) at two
levels attached to the central pole via small nylon rope and
clips. The wooden slabs were thus suspended freely when
submerged. The central pole was anchored in the sediments
and suspended the slabs at 15-30 cm and 1 m from the water
surface. Small styrofoam floats attached to each slab insured
flotation. In each slab 20-25 slits were cut 1-2 cm deep which
held slides vertically in the water. On each collection date
when P. robbinsii plants were collected, all slides were re-
moved to a slide box and transferred to the laboratory. The
slabs were cleaned and new slides were placed into the slots.
Slides were thus incubated between collection dates (2-4 wk).

Samples were processed in the following ways: a) From each
of at least five randomly chosen P. robbinsii plants two leaves
of ca. equal size were clipped at 0, 5, 10 and 15 cm intervals
from the apex and placed in separate bcakers, thus giving
two equal sets of leaves from cach interval. One set was used
to obtain the total surface area of the lcaves and the other
for measuring diatom concentrations. The first set of leaves
was photographed and the total leaf area determined gravimet-
trically. The second sct of leaves was put through a cleaning
process which oxidized the organic material (leaf substrate,
diatom cell contents) viclding the diatom frustules (sce fol-
lowing). b) Attached diatoms on the other macrophytes
(sampled 31 July) were scraped or the epidermis peeled off,
washed into a 100 ml beaker and oxidized. c¢) Periphyton on
the glass slides was scraped off using a razor blade with 2-7
slides providing sufficient sample for observation.

All samples were oxidized by boiling in a mixture of dis-
tilled water, H,SO, and potassium dichromate. After boiling,
the sample was centrifuged 7 min at 2,500 rpm: the super-
natant was removed with a vacuum dccanter and micro-
scopically examined for unsedimented frustules. The diatoms
were resuspended and washed several times with distilled water
and repeated centrifugation. After the last washing, the
pellet was suspended in 8 ml distilled water and preserved
with a few crystals of thymol to prevent fungal growth while
stored (11).

A volume of 0.125-0.500 inl of the oxidized sample was
pipetted onto a No. 1 coverslip and gently heated on a hot
plate until dry, leaving the clean frustules on the coverslip.
Each coverslip was inverted on a glass slide with a drop of
Klecermount mounting medium (Carolina Biological Supply,
Elton, North Carolina). A minimum of four permanent
slides/sample was made and the slides with the most even
distribution of frustules were chosen for quantitative analysis.
These slides were scanned until 1,000 individual cells were
identified and counted at X1,000 using a Wild M20 micro-
scope.

Identification of the diatoms was according to Hustedt (9),
Patrick and Reimer (11,12), Hansmann (7) and the Fritsch
microfiche collection.

RESULTS

Throughout 1975 there was an increase in diatom
concentration along the shoot of Potamogeton rob-
binsii from the apex to ca. 10 cm, but from 10 to 15
cm the concentration decreased slightly. The annual
average concentration of diatoms on P. robbinsii
leaves from the apex and 5, 10 and 15 cm below there
were 1.9, 4.1, 6.1 and 4.7 X 105 cells-cm=, respec-
tively. Spring and fall maxima were from April
through June, and October through November,

while the summer minimum occurred between June
and September.

A total of 133 taxa were found on P. robbinsii
(quantitative results for each date available from
the author). The three most abundant species were
Achnanthes minutissima Kitz.,, Cocconeis placentula
v. euglypta (Ehr)) Cleve and Eunotia incisa W. Sm.
ex. Greg. Anomoconeis vitrea (Grun.) Ross was occa-
sionally abundant. The relative abundance of these
taxa shifted as the leaves aged. Two species, E. incisa
and C. placentula v. euglypta, had a parallel pattern
of decreasing relative abundance along the shoot,
whereas Ac. minutissima and An. vitrea had a paral-
lel pattern of increasing relative abundance along
the shoot.

To compare the communities on P. robbinsii with
those on the glass slides, the concentration of each
taxon from each shoot segment was averaged. In
general, Ac. minutissima, C. placentula v. euglypta
and E. incisa composed 26, 24 and 22%, respectively
of the total population on P. robbinsii from March
through July; An. vitrea averaged 10% of the epi-
phytic populations.

Diatom colonization on glass slides and natural
substrates was compared from March through July
(Fig. 1). In March greater concentration occurred on
the deeper slides but during April through July the
reverse was true. The absolute concentrations of
diatoms atter 2—4 wk incubation periods were maxi-
mum at 2.5-5.0 x 105 cells-cm~ from April to early
June. On all other dates concentrations were less
than 1.0 X 105 cells-cm==.

In general, the relative abundance of the predomi-
nant taxon, Ac. minutissima, colonizing the glass
slides was similar throughout the study period (Fig.
I). It comprised ca. 40% of the attached commu-
nity from March through June and 50-70% during
July. In contrast, it was never as dominant on P.
robbinsii, except in April. During July, for example,
Ac. minutissima averaged only 10% of the total
epiphytic diatom population on P. robbinsii.

While Ac. minutissima grew extensively on glass
slides, E. incisa and C. placentula v. euglypta were
inhibited. These two comprised less than 10% of
the glass slide communities and were never domi-
nant. On P. robbinsii these diatoms generally ac-
counted for over 40% of the total community and
were codominants if not the dominant species. For
example, on 19 May they comprised nearly 60% of
the attachied algae on P. robbinsii compared to less
than 10% for both the upper and lower slides (Fig. 1
—19 May).

At times, species which were present in the plank-
ton became abundant on the slides but not the
macrophytes. For example, on the glass slides the rel-
ative abundance of E. flexiiosa Bréb. ex Kiitz. was ca.
30% in April and Asterionella formosa Hass. was
nearly 209% in June. Both taxa were present in large
numbers in the plankton and were minor species



404 PETER A. SIVER

JUNE 4

MARCH 15

AVERAGE PERCENT COMPOSITION
AVERAGE PERCENT COMPOSITION

7

UPPER Potamogeton UPPER Potamogeton
SLIDES robbinsii SLIDES robbinsii

»
@]
i

APRIL 15

AVERAGE PERCENT COMPOSITION
AVERAGE PERCENT COMPOSITION

UPPER LOWER Potamogeton UPPER LOWER  Potamogeton
SLIDES SLIDES robbinsu SLIDES SLIDES robbinsii

60—
° JULY 3l

40

AVERAGE PERCENT COMPOSITION

AVERAGE PERCENT COMPOSITION

UPPER LOWER  Potamogeton UPPER LOWER Potamogeton
SLIDES SLIDES robbins SLIDES SLIDES robbinsit




ATTACHED DIATOMS ON SUBSTRATES 405

o
o]
1

July 3

IS
o)
|

AVERAGE PERCENT COMPOSITION
o]
1

NYMPHAEA PONTEDERIA POTAMOGETON DECODON SCRIPUS

MACROPHYTE

Fic. 2. Relative abundance of dominant diatoms on macro-
phytes, 31 July 1975: bar graph numbers as in Fra. 1.

in the P. robbinsii communities, Similar results were
found with Cyclotella kiitzingiana Thw. and Mal-
lomonas sp. (nondiatom), both plankters tound in
the slide communities.

Only the lower slides of March and April re-
sembled closely the communities on P. robbinsii. In
both ice cover persisted on the pond and spring over-
turn bad not begun. Compositional ditferences be-
tween the shallow and deep slides were minimal (Fig.
1—15 April, 19 May, 7 and 31 July).

On 31 July the attached diatom communities on
P. vobbinsii, Pontederia covdata, Nym phaca odorata,
Scirpus subterminalis and Decodon verticillatis were
compared to give an overview of the vertical and
horizontal distribution patterns ol naturally occur-
ring communities. Relative abundance was averaged
for all segments from each macrophyte (Fig. 2). The
average composition of dominant diatoms was simi-
lar on each aquatic macrophyte. In order of abun-
dance, the commonest species were: Anomoconcis
vitrea, Ac. minutissima, E. incisa and C. plucentula
v. cuglypta. In contrast, 3 wk old slide communities
at this time were completely dominated by A¢. minu-
tissima whereas An. vitrea accounted for less than
10% (Fig. 1-31 July).

DISCUSSION

Seasonal fluctuations in diatom densities occurred
on Potamogeton robbinsii with spring, summer and

fall maxima noted. Such seasonal [luctuation is well-
documented for the Bacillariophyceae (11). Most
diatoms are reported to tavor low light and tempera-
ture regimes and many investigators suggest that
these factors are the triggering mechanisms for the
increased growth (11,15). The number of attached
diatoms were much lower on the slides than on the
macrophytes due to the length of incubation in the
pond. The slides were incubated 2—4 wk, whereas
the macrophytes grew over a much greater time
period, which allowed more epiphytic growth.

Litile information on the substrate preferences of
periphytic algae is available (5,13). However, several
studies suggest that species specificity on natural
substrates does occur. Prowse (13) suggests the [ol-
lowing specificity: i) Enhydrous favors the growth of
Ocdogonium: ii) Najas favors the growth ol Eunotia;
and iii) Utricularia favors the growth of Gompho-
nema. Others have attempted to demonstrate species
specificity on macrophytes from ditferent ponds (5),
but in such studies additional variables such as nu-
trient differences complicate the interpretation and
vield inconclusive results, Careful analysis of species
speciticity should include selection of various sub-
strates trom essentially the same locality, since this
would reduce many environmental differences in the
tinal interpretation.

The community composition on all macrophytes
was similar and essentially no species specilicity
existed. It is concluded that by sampling two or
three ol the aquatic macrophytes present in Wheel-
wright Pond the epiphytic communities can be ade-
quately described.

Whether artiticial substrates are colonized by the
same species as natural substrates was studied by
Castenholz (4) who found that communities on glass
slides were similar to those on natural substrates.
Hohn and Hellerman (8) also found that the com-
munities growing on glass slides and styroloam {loats
were the same when the water temperature was
greater than 3 C. Stockner and Armstrong (16)
found similar communities on glass slides and rocks
except lor a greater relative abundance of plankton
on the slides.

Other investigators report differences in the di-
atom communities on glass slides and natural sub-
strates. Tippett (17) concluded that the epiphytic
diatom populations on several macrophytes diflered

Fie. 1. Comparison of the relative abundance of dominant diatoms on glass slides and Potamogeton robbinsii from March-
July 1975: upper slides refers to those positioned 15-30 ¢m from surface; lower slides refers to those at 1 m near the sediments and
within P. robbinsii plants. On 15 March, lower slides lacked enough growth to sample; float from the lower slide holder became de-
tached on 4 June samples. Number bar graph is: 1. Anomoeneis vitrea; 2. Achnanthes minutissima; 3. Eunotia incisa; 4. Cocco-

~

neis placentula v. euglypta: 5. Achnanthes linearis; 6. Rhopalodiagibba; 7. Navicula falaisiensis: 8. Fragilaria capucina v. mesole pta;

9

0. Eunotia flexuosa; 10. Gomphonema angustatuwm; 11, Fragilavia sp.; 120 Asterionella formosa; 18, Tabellaria fenestrata; 14, Cy-

clotella kiitzingiana: 15, Gomphonema intricatum.
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from those on glass slides. Further he stated, “at its
best the method can only be comparative, showing
relative changes in the flora.” Foerster and Schlich-
ting (6) lound that many algae growing on macro-
phytes were not present on slides and Brown (3) also
found compositional differences in attached algal
communities on glass slides and the aquatic form of
Eleocharis baldwinii (Torr.) Chapman.

Results from the present study also indicate that
the communities on the glass slides are different from
naturally occurring communities on macrophytes.
The slides accumulated large numbers of plankton
into their periphyton. For example, Asterionella for-
mosa dominated the plankton in May and June and
although it formed large concentrations on the slide
communities during May and June, it was not found
on P. robbinsii.

It could be argued that the attached diatoms on
the slides resemble the communities on very young
P. robbinsii leaves since both have similar incubation
periods and are smooth. This is not so since both E.
incisa and C. placentula v. eugly pta were few in num-
ber on the slide substrates yet have their highest rela-
tive abundance on P. robbinsii leaves at the apex.
When young P. robbinsii leaves were examined di-
rectly diatom colonization was found only in areas
ol decay. This suggests nutrient release by the mac-
rophyte may etfect both epiphyte attachment and
composition.

It could also be argued that only a very small spe-
cies such as Ac. minutissima could be carried by
water movement to the slides. This is not the case
since the lower slides were placed in contact with
the bed ol P. robbinsii plants. Also, E. incisa and
C. placentula v. euglypta were present in large con-
centrations on the March slides when the pond was
still frozen and the water movemernts were minimal.
Hence, the heavier diatoms were probable “seed”
sources for the attached communitics on the slides.

Thus, because glass slides in Wheclwright Pond
have higher densities of some diatoms (whereas other
species are absent) and accumulate plankton species,
they do not reflect the composition of naturally oc-
curring epiphytic communities, Knowing whether
communities on artificial substrates represent the
naturally occurring populations may be important
in environmental monitoring projects which employ
slide communities to predict changes in water qual-
ity. Therefore, it would be important for the in-
vestigator to check the natural diatom populations
frequently.
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