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MICROATTACHMENT PATTERNS OF DIATOMS ON 
LEAVES OF POTAMOGETON ROBBINS/I OAKES 1 

PETER A. SIVER 
Bi olog ical Sci ences, Un iversity of Connecti cut , Storrs , Connecticu t 06268 

SIVER, P. A. 1980 . .\1icroattachme nt patte rns of diatoms on leaves of Pota m ogeton 
robbinsii Oakes . Tran s. Amer. Micros . Soc., 99: 217-220. A unique microzonati on pat­
te rn on young leaves of aquarium-grown Pota111 ogeto 11 robbin s ii Oakes was docume nt­
ed . Over 80% of the diatoms colon ized th e margins of the leaves . Several mechani cal 
and phys iological mechanisms are sugges ted . Diatoms colonized th e midrib portions of 
the leaves onl y afte r cytopl as mi c decay was initi ated. Cocco neis p/acentula v. eug lypta 
and E1111otia in c isa, both with superi or attachment mechan isms, we re th e onl y ep i­
phytes. 

Onl y recentl y have microdistributional patte rns of epiph ytes on macro­
phyte h os ts been observed. Cattaneo (1978) found that diatoms epiph yti c on 
Potamogeton richarclso nii preferred the edges . Since th e same pattern was 
observed on artificial plants , he concl uded th at th e p reference for th e edge 
was a physical and not a biological effect. 

Other ques ti ons concern ing th e microattachme nt patte rns of epiph ytes re­
main unanswered. Is attachment of epiph ytes random , or does it follow a 
pattern de te rmined by ph ys ical, chemical , and/or biological factors? Do epi­
p h yte s cause the epide rmal cells of th e ir macrophyte hosts to decay, or do 
they colon ize th e host only afte r cell decay has b egun? This paper discu sses 
th e microattachment patte rns on leaves of Potcunogeton robbinsii Oakes and 
lends support for Cattaneo's findings (1978). In addi tion, th e effect of the 
epiphytes on macrophyte cellu lar decay is discussed . 

MA TE RIALS AND METHODS 

Potamogeton robbinsii plants we re taken from Wheelwright Pond, Lee, 
New Hampshire in April 1975 and placed in an aquarium in the laboratory 
with lake water and sediments. The aquarium was aerated and th e water was 
circulated gently. The plants were tagged and only leaves formed whil e th e 
plants we re in the aquarium were used . The plants we re incubated at 20°C 
for 8-10 weeks , harves ted , and examined directly to de te rmin e th e specific 
attachment patte rn on th e leaves. Leaves from th e apex, and 5, 10, 15, and 20 
cm from th e apex were clipped from 10 plants and obse rved at 400 x mag­
ni fi cation . The attached diatom s were identifi ed , counted, and mapped along 
transverse scans at th e tip , middle, and basal portions of th e leaves . Cellular 
decay was defined as any epidermal leaf cell that had turn ed brown in color. 

1 I wou ld like to exte nd special thanks to Dr. Alan L. Bake r of the University of New Hampshire 
for hi s guidance throughou t thi s project. I also wou ld like to thank Dr. F. R. T ra inor and Dr. 
Larry Klotz for th e ir revi ew of th e manu scri p t. 
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P. robbinsii is a loosely rooted submerged pondweed that grows horizon­
tally on the sediments. Thus, leaves on individual plants have approximately 
th e same light and temperature regimes. Differences in light quantity for the 
adaxial and abaxial leaf surfaces also were minimal due to the leaves' vertical 
orientation. 

RES UL TS AND DISCUSSION 

A unique microzonation pattern of attached diatoms on the aquarium-grown 
P. robbinsii leaves was observed. The microattachment pattern consisted of 
a marked "edge effect" where over 80% of the diatoms colonized th e outer 
margins of the leaves. Distributional patterns were simi lar for transects at the 
tip, middle, and basal portions of the leaves (Figs. 1-3). Diatoms were rarely 
observed in the midrib portions of the leaves. The "edge effect" was present 
on both the abaxial and adaxial sides, and was very prominent on th e leaves 
from 0 to 15 cm. At 20 cm from the apex, the leaves had started to decay and 
the "edge effect" became less distinct. 

Cytoplasmic decay of epidermal cells first occurred at the margins and 
secondarily in the midrib areas. Epidermal cell decay in the midrib portions 
of the leaves preceded colonization of large numbers of diatoms. Hence, 
decay could not have been caused by the epiphytes. The average concentra­
tion of diatoms increased as the leaves aged; the highest concentrations of 
diatoms were present on leaves located 20 cm from the stem apex. 

The initially incubated plants had over 50 attached diatoms with Eunotia 
incisa W. Sm. ex Greg. and Cocconeis placentula v. euglypta (Ehv. ) Cleve. 
as co-dominants (Siver, 1978). By contrast, after th e 8-10 week incubation 
period, only the co-dominants E. incisa and C. placentula v. euglypta were 
present on the aquarium-grown plants. 

There are several possible explanations for the "edge effect." First, the 
marginal leaf cell s are chemically and anatomically distinguishable from the 
midrib cells. It was observed that the marginal cells contained fewer chlo­
roplasts, had thicker cell walls, and oxidized in a potassium dichromate and 
H 2S04 solution at a slower rate than the midrib cells. When entire leaves 
were oxidized in potassium dichromate and H 2S04 , the marginal cells were 
the most resistant and required a longer period to complete oxidation. Per­
haps th e marginal cells produced a different substance (a lipid), or one in 
larger amounts than th e midrib epidermal cells , and perhaps this substance 
provided a better attachment surface for diatoms. By contrast, midrib cells 
with th eir thinner cell walls do not provide attachable surfaces for diatoms. 
Marginal cell s of P. robbinsii leaves have single-celled trichomes (extensions 
of th e epidermal cells) (Fig. 4). The trichomes assis t in capturing both mu­
cilage and silt, which also create a better surface for attachment by diatoms. 

A second possible explanation for th e "edge effect" is that there is more 
nutrient exchange between th e leaves and th e epiphytes in the marginal 
regions, making th e interface more conducive to colonization. However, since 
thicke r cell walls on marginal cells probably slow down nutrient exchange, 
this is not as probable as an explanation for th e "edge effect" as th e attach­
ment hypothesis noted above. Further, Cattaneo (1978) suggested that diatom 
preference for the edge was a physical (and not a biological) phenomenon 
because it occurred on both natural and artificial leaves. Cattaneo further 
h ypothesized that th e leaf margins may favor " nutrient renewal." 
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Frc. 1. Concentrations of d iatoms along transverse sections at the tip of Potamogeton rob­
binsii leaves from 0 to 20 cm along the shoot (p lan ts incubated 8 weeks in an aquariu m). Leaf 
age increases with dis tance from apex. F IG. 2. Concentrations of d iatoms along transverse sec­
tions at th e middle of Potamogeton robbinsii leaves from 0 to 20 cm along the shoot (p lan ts were 
incubated 8 weeks in an aquarium). Frc. 3. Concentrations of d iatoms along transverse sections 
at the base of Potamogeton robbinsii leaves from 0 to 20 cm along the shoot (plan ts were 
incubated 8 weeks in an aquari um). Frc. 4. Th e "edge effect" on a Potamogeton robb insii leaf. 
Note solitary Cocconeis placentula v. euglypta (Cp) ce ll s, fi laments of Eunotia incisa (E), and 
tri chomes (arrow). 

A third poss ibility is that the midrib cell s may secrete a substance that 
inhibits colonization of epiphytes. Sieburth & Conover (1965) found that Zos­
tera re leased a tannic substance which re tarded fouling of th e plant by epi­
phytes. A combinati on of factors most like ly es tabli shed th e "edge effect. " 

The "edge effect" was not as apparent at 20 cm from the apex because of 
an increase of epiphytes in areas of decay inward from the margins. Since 
breakdown of the leaves occurred in these areas prior to colonization by 
diatoms, it cannot be argued that th e phys ical presence of diatoms was the 
cause of leaf decay . Rathe r, leaf decay appeared to promote diatom coloni­
zation. The mechanism of promotion may be the re lease of nutrients from the 
decaying leaf cells, a reduced production of toxins (e. g. , tannins), or a more 
conducive surface for diatom attachment. The aquarium-grown plants had 
fewer epiphytes than those in the p ond, thus enabling the initial attachment 
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patterns to be revealed. Similar patterns probably occur on the macrophytes 
in nature. 

There are several possible explanations why C. placentula v. e-uglypta and 
E. incisa were th e only taxa found on the plants incubated in th e aquarium. 
I originally thought that C. placentula v. e-uglypta and E. incisa were the 
only species that survived th e sudden swi tch from th e pond (7°C) to the 
aquarium (20°C). This was not th e case because many of th e diatom species 
occurring naturally on the plants (Siver, 1978) were found inhabiting th e mud 
and plankton of the aquarium. Thus, the additional species undoubtedly were 
present as "seed" populations for colonization on th e leaves . Apparently, only 
C. placentula v. euglypta and E. ·incisa can attach and remain on the new 
leaves under these conditions. 

Superior attachment mechanisms for C. placentula v. euglypta and E. in­
cisa are evident. C. placentula v. e-uglypta has a broad, flat, curved mor­
phology and secretes a layer of mucilage (S mith , 1950; Stockner & Evans, 
1972). E. incisa secretes large quantities of mucilage, has a curved morphol­
ogy, and can form filam e nts, all of which enable it to adhere to fresh sub­
strates. Further evidence regarding superior attachment mechanisms of th ese 
two diatoms has been documented (S ive r, 1978). 

Although laboratory phenomena may not fully represent nature, it is of 
inte rest to note that th e two diatom species found in this study are identical 
to those reported by Cattaneo (1978). H e found C. placentula and E. incisa 
as the only diatoms colonizing leaves of naturally occurring plants. Perhaps 
th ese two diatoms are important as initial colonizers in other aquatic sys tems . 
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