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ABSTRACT

This study analyzes the impact of conditions associated
with depth wpon benthic algal communities in Lake Mich-
Igrdu_ Diatom nfnur.rfuuu was greater al 91 and 14.6 m
depths than 6.5, 22.6 and 27. 4 m. Shallow (6.5 m), mid-
depth (9.1 aned 14.6 m) and deep (22.6 and 27 4 m) zones
were distimguishable on the basis of community composi-
tiom, structure and abundance. Dominance of benthic
species, high diversity and low abundance in shallow com-
munities probably resulted from substantial substrate dis-
turbance by wave action in this productive zone. Domi-
nance of benthie species, high diversity and high
abundance characterized mid-depth communitios where less
wauve disturbance enabled algal accumulation. Preponder-
ance of lwing planktonic taxa, low diversity and low abun-
dance delineated deep communities wheve [Jhu.'f. unie algae
accumulated and low light levels veduced growth of benthic
\f}f'f'H"\.

Key index words: algal methods; depth effects; diatoms;
epipsammic algae; Lake Michigan; population abundanee

Benthic microscopic algae are commonly neglect-
ed in phyveological investgations of lentic habitats.
Substantial spatial heterogeneity has been observed

Y Aceepted: 4 Nowvember 1980,
* Contributton No. 276, Great Lakes Rescarch Division, Uni-
versity ol Michigan

in lentic benthic algal communities. Determination
of factors causing this heterogeneity will aid in es-
tablishing the contribution of benthic algae 1o the
cnergy budget of the woral ecosystem and their im-
pact on the distribution of organisms in other troph-
ic levels,

I'his study describes species composition and pop-
ulaton abundance changes in the living component
of naturally occurring benthic algal communities re-
sulting from different physicochemical conditions
along a depth gradient. Qualitative documentation
of vertical distributions of algal populations in ma-
rine environments has been made by Aleem (1950,
Simonsen (1962) and Edshagge (1965). The impact
of depth upon epilithic standing crop and produc-
tivity on plexiglass or glass slides has been quantified
in a high mountain lake (Maciolek and Kennedy
1964), a small southeastern Michigan lake (New-
combe 1950), in Czechoslovakian artficial reservoirs
(Sladeéckovi 1966) and in a lake in northwestern
Ontario (Stockner and Armstrong 1971). Neal et al.
(1967) monitored algal community developmem
upon polyethylene tape at various depths in a waste
water impoundment. Meschkat (1934), Rehbronn
(1937) and Szczepanska (1968) discussed the dy-
namics of freshwater livtoral benthic algal assem-
hlages. Round (1961) documented the seasonal
abundance of epipelic algae at various depths in two
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lakes of the English Lake District. Fox et al. (1969)
described epilithic communities at shallow depths in
Lake Superior.

An important part of our study was the devel-
opment of a technique for examining live diatoms
in a mounting medium of high refractive index.
Distinguishing algae that were living (containing
protoplasm) at the time of sampling from those that
were dead is essential for precisely characterizing a
community. Residual frustules of dead diatoms
come from many spatially and temporally divergent
sources and if abundant, mask the true assemblage
character (Pryfogle and Lowe 1979).

MATERIALS AND METHODS

Sample Collection and Preparation. The central portion of the
eastern shore of Lake Michigan provides an environment with
substantial light penetration and uniform substrate to a consid-
erable depth that enabled characterization of benthic algal com-
munity changes as depth varied. A 5 km sampling transect per-
pendicular to the shore one mile north of Pentwater was chosen
(Fig. I}. Tt was positioned in the mid-lake coastal region between
southern and northern circulation gyres.

Duplicate samples were collected July 26, 1978 by divers at 5
depths: 6.5, 9.1, 14.6, 22.6 and 27.4 m. The samples were 8 cm
deep cores from the sand substrate, The coring apparatus was
67 mm LD. PVC tubing. A line was scribed 8 em from the bottom
of the tubes so that divers could assure a uniform core length.
Rubber stoppers were placed in each end o seal the core after
collection. Two holes near the top, just below the stopper, allowed
for release of pressure when the second stopper was placed in
the tube botom. Tubes were kept vertical to prevent loss of any
sumple. The sumples were placed in Mason jars and immedimely
fixed with paraformaldehyde and subsequently with glutaralde-
hyde (Lazinsky and Sicko-Goad 1979).

Laboratory procedures were designed o quantify populations
of live algae that were found on these substrates. Silt and sand
particles obseuring the observation of algae during counting
made removal of the algae from the silt and sand necessary.
Benthic algae were removed from the sand by vigorously swirling
an added 100 mL of distilled water and the 280 mL of sand in
a 2L beaker with a metal spatula. Rinsing the sand from sides of

Fie. 2. Vapor substitution chamber used 10 prepare algae for
mountng in a toluene based medium,

the beaker after swirling allowed adequate triie for seitling ol
the coarser particles. The algal suspension was immediately de-
canted into @ beaker. This three step procedure was repeated
cight times. The abundance of algae in the decanted SUSPEnsion
decreased sharply after the third decantation. No live algae were
observed in the processed sand upon completion of the cight
Fses.

Algac in the suspension were concentrated o ca. 50 ml. by
sertling. A volume to 10 ppm adid fuchsin solution equal 1o the
volume of the highly concentrated algal suspension was added
to provide a general eytoplasmic stain. Staining was necessanry
because solvents in subsequent dehydration steps extracted chlo
rophyll, making it difficult 1o distinguish living from dead cells,
Cells were stained for 6 h. Fxcess stain was removed by washing
and decanting,

In order to achieve good optical quality it is necessary o mount
the algae on a cover glass in a medium with a high refractive
index. Since most desirable mounting media are 1oliene soluble,
this necessiated dehvdration. To prevent pn\silal(' loss of mate-
vial during processing, dehvdration was accomplished by vapor
substitution (Sanford et al. 19649)

Fhe concentrated, stained, algal suspension was diluted to an
appropriate cell density and 1.0 mL of the suspension was evenly
distributed on a 484 mm?* cover glass positioned on supports in
the vapor substitution chamber. This chamber is 4 modification
of the design used by Meyer (1965). 1t consists of a metal cake
pan covered by a pane of glass with stopeock grease applied (o
the pan lip to provide an airtight seal. Corks topped by metal
washers, to provide a level surface, are used as support pedestals
I'he assembly is attached 10 a wooden base 10 provide stability,
Drainage holes drilled through the foundation and the botom
of the pan allow removal of excess solvents. The apparatus is
shown in Fig. 2.

After placement ol the 1 ml. of algal suspension on the cov-
erslip, the chamber was lelt uncovered 1o allow evaporation of
maost, but nok all, of the warer of the suspension. Only a film of
water remained. This allowed a greater dilution by ethyl aleohol
which was then placed in dishes in the chamber. The chamiber
was covered immediately. After 3 days the dishes of alcohol were
removed and excess aleohol mopped from accessibile areas of the
chamher bottom. The chamber again was left uncovered 1o allow
evaporatien of most, but not all. of the alcohol on the coverslips.
Dishes of toluene were then placed in and the cover placed on
the chamber for 3 days.

Coverslips were then mounted on slides in a high refractive
imndex, wluene soluble mounting medium such as HYRAX
CUMAR-4. Fo prevent dessication and plasmalysis of algal pro-
toplasin, a hlm of toluene was left on the coverslips. Material on
the coverships was then inveried into mounting medium on slides.
Low heat was applied to the slides for 2 h to volatilize the solvent.

It proved critical that each solvent be replaced as completely
as possible by subsequent solvents used in the vapor chamber
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Fi. 3. Temperature (1) and percent of surface incident hight
intensity (1) at the sampled depths

processing. Lne omplete replacement pres ented toluene, and then
HYRAX, [rom penetrating the algal cells,

F'wo transects per slide and two slides per sample were counted
from each of the five depth locations to check for erron caused
by sample preparation, Transect enumeration totals averaged
about 250 organisms, 1000 organisms per sample. Only organ-
isms that were alive at the time of collection were counted using
v Leitz Ortholux microscope with an oil immersion objective and
condenser system of 132 numerical aperature, providing 1200
magnihcaton.

Water temperature wis measurcd by divers at the substrate
surface.
from within 200 cm of the substrate surface at cach depth for

Acid-rinsed polyethylene bottes were filled with water

subsequentchemical analyses. Dissolved reactive silica and nitrate
were analvzed with the Technicon Auto Analyzer 11 according
1o Davis and Stmmons (1979). Water transparency, measured
with a white secchi disc, was converted 1o percent of surface in-
cident light reaching the substrate with the caleulations of La
dewski and Stoermer (197 3).

Statistical Methods. For statistical analyses, shde enumerations
were called subsample communities. The average of two shide
enumerations from one sample was designated as a sample com-
munity. The average of the two saimple communities of a location
was designated as a location community. Analysis of varance and
Lukey pairwise compansons (Schefte 1959) were used to identily
differences in community population abundance between
depths.

Species diversity (Shannon and Weaver 1949) was calculated
averaging subsample community values of each sample. Some
values were exceptionally low because of large abundances of
extremely variable and colonial bluc-green algae. These values
were eliminated from the averaging,

Distributions of the most abundant diatom taxa were charac-
terized by polynomial regression analyses (Neter and Wasseriman
1974) that provided descriptive Tunctions of their distributions.
Population abundances were normilized by subtractng the min-
imum and dividing by the range, so as to provide coethaents
that were comparable between taxa, The equation utilized is de-
tailed in Table 1 below

Cluster analysis using euclidian distances and a centroid algo-
rithm (Sneath and Sokal 1973) was emploved to group the sam-
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Fie.. 4. Silicate (s), nitrate (m) and phosphate (p) concentra-
tions at the sampled depths.

ple communities and provide quanutanve estimates of dissimi-
larity hetween commmuniues. Pr uu:plv compenents analysis was
used 1o investigate the major population differences among sam-
ple communities I'he 46 more common taxa with low variances
hetween replicate samples were chosen as char: CLeristic compo-
nents of the assemblages. The abundances of these taxa were
used as variables in both analyses as standardized vilues. The
division: of abundanee by its standard devianon more heavily
weights rare taxa because of their disproportionally lower vari-
ances. Unstandardized abundances weight common taxa more
heavily. Analysis with both data forms provides valuable infor
mation. Abundant taxa are important in characterizing the com-
munity because of their numerical dominance, presumed to re-
sult from greater stimulation of production of specific populations
hy certain environmental conditons. However, some rare taxa
may have inherendy lower biotic potentials and changes of the
saine proporion as those obseryed of common tia may be just
as significant in analysis of community dynamics,

RESULTS

Physicochemical Conditions of Study Area. Changes in
temperature (Fig. 3) indicated the sampled habitats
extended from the epilimnion into the metalimnion
of Lake Michigan. Silica values increased from
.ll)ulll 0.2 ppm at 6.5 m o greater than 0.8 ppm at

27.4 m (Fig. 4). Temperature decreased from 17 to
6° C as depth increased, as did phosphate concen-
trations which fell from >3%.0 1o <2.0 ppb. Nitrate
concentrations were highest at the greatest depth,
242 pph, and were substantially lower at the 4 shal-
lower depths, averaging about 100 ppb. Percent of
surface irradiance reaching the substrate ranged
from 17% at 6.5 m to 1% at 22,6 m and 0.4% a
27.4 m.

Chemical and physical conditions measured at the
time of sampling are representative of average July
measurements at the depths sampled along this re-
gion of the Lake Michigan coast (Great Lakes Re-
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search Division, unpublished data). Any inferences
concerning a causal relationship between the con-
ditions measured and floristic development should
be approached cautiously because of the extreme
variability of this habitat. The region is subject to
summer upwellings (Strong et al. 1974) so that all
communities are periodically subjected 1o the same
nutrient and temperature conditions. The most con-
sistent differences associated with depth are light

level and exposure to the mechanical effects of

water motorn.,

Community Analysis. There was generally a very
diverse algal assemblage with 255 taxa representing
36 genera from the following divisions: Bacillar-
wphyta, Cyanophyta, Chlorophyta, Chrysophyta,
Cryptophyta, and Pyrrophyta. The benthic algal
communities studied were dominated by diatoms.

ol i
R ‘ £ 1
G e ——

Oiance (pm® Distice

Fic. 6. Cluster analysis of the ten sample communities from
hive depths using the 46 more common taxa abundances as char-
acters, cuclidian distances and a centroid algorithm. A, Unstan-
dardized abundances. B. Standardized abundances.
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Fii. 7. Principle components analvsis results of stundardized
population abundinces and ten saonple communities from five
depths (2 replicates each). A, Scores of the communities plotted
along the first three prindple components axes. B, Loadings of
important toa plotted along the first three principle components
axes

Substantial numbers, but low biovolumes of blue-
green algae were also present. Diatom abundance
averaged 1.80 x 10* cells/mm? and was stadstically
significantly greater (ANOVA, Tukey allowances:
P < 0.05) for the two mid-depth locations at 9.1 and
14.6 m than at 6.1, 22.6 and 27.4 m (Fig. 5). Poly-
nomial regression defined a significamt (P < 0,05)
negative relationship between siu'(iv.\ diversity and
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ized population abundances and ten sample communities from
five depths (2 replicates each). A Seores of the communities plot-
ted along the frst three principle components axes. B. Loadings
of important txa plotted along the hrst three principle compo-
NCNLS axes,

depth. Species diversity decreased from about 3.4
at 6.5 m to about 2.8 at 27.4 m.

Cluster analyses ol the sample communites at the
first levels grouped replicate sample communities
(Fig. 6A, B), except at the two deepwater locations.
All four of the communitieés at the two deepwater
locations were very similar. Composition of the lo-
cation assemblages was substantially different and
singly joined the main cluster which started as the
two deepwater locations. The 6.5 m communities
linked first, followed by 14.6 or 9.1 m communities;
depending upon whether standardized or unsian-
dardized population abundance values were used.

I'he even loadings of standardized raxa abun-
dances on the first principal components axis (PCA)
indicate that total community abundance is the im-
portant factor along this axis which separates the
6.5 m and two deepest location communities from

A B
\ \ C D
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F G
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Fi. 9. Model and seven basic curves of populaton distribu-
tion defined by the sighificance of three polynomial regression
cocthicients associated with three levels of the independent vari-
able depth and the dependent variable population abundance.
Abundance, Y. is ploted along the ordinate and depth, X,
along the absassa. Significant coefhiaents and their sign are in-
dicated below cach curve

the two mid-depth location communities (Fig. 7A,
B). The two mid-depth location assemblages sepa-
rated on the second PCA with negative loadings of
several species of Nawvicula, Cocconeis diminuta Pant.
and a variety of Amphora ovalis that produced neg-
ative scores for the replicate sample communities
from 14.6 m. Positive loadings of several species of
Nitzschia produced more positive scores for the com-
munities from 9.1 m. On the third PCA with stan-
dardized abundances, negative scores of the 6.5 m

A [
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] | |
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Fi. 10. Population abundances (=95% C.l1.: Tukey allow-
ances) at hve depths. A, Cocconers domnute Pani; B, Achnanathes
lateroserata Hust.: C. Navwewla caprtata var, lunenbergensis fo. ele-
gans @Ostr; D Navicula sp. #84; E. Stauronets acutivscula M. Perag,
et Henb.
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UasLe | Deseriptions of population abundance distributions of dominant taxa utilizing the following polynomial regression model;
¥i=80 + BiXi + BXP* + BXT + vy
Where Y a5 the population abundance (cellsimm?, not normalized) of the j™ replicate sample community of the 1™ depth, Bo-Bs are regression coefficients,

X, 5 the i'™ depth and e, is the residual of the i population abundance. Significance (&) and coefficient of determination (1) of the regression equation
ave also listed. The taxa are listed in order of most distinct specificity for a groen zone as defined by the magnitude of the regyession coefficient in the

model of normalized population abundances,

Zome of greatest shundinue

Regression coelfhaents

Faxon o r* ] I 2 3
Shallow zone
.-hnpl'mrrr tendis var, ‘fu'rfil wlatus (Kitz) VOH. [IXRIORS {82 2.9495.8 = 259,29 5.7266
Fraglaria pinnata Ehr. 0.oon 092 =3.7%46 0.093273
Amphora ovalis var. ? (L0088 (.60 =011 194
Achnanthes lapponica (Husi.) Hust, 0,009 .60 183.81 —(.22708
Navicula submuralis Flust, (0.008 .61 43640 -0.52762
Nuweula oppugnate Hust, 0027 (.48 102.38 =01 1903
Fragilania brevistniata Grun. 0.012 0.57 737.96 =0.791149
Mid-depth zone
Amphora perpusilla (Grun.) Grun. 0.002 091 -20877 4,939.9 —278.0¢
Neavacwla krivgeri Krasske 0031 075 —1.664.0 A86.02 —-21.707
Achnanthes elever var. rostrata Hust. 0.001 0.93% -6,390.2 1.60O7.9 =403 309 5
Nawvewla menssculus Schum. 0.004 ().88 - 1.7499.7 425.44 ~29.825 0.58622
Navrewla radiose var. tenelle (Bréb.) Cl. and Moll. 0016 .81 824,91 19300 = 10,772 017477
Nitzschia hantzschiana Rabh. 0.005 LR7 -527.71 152.37 —7.6847 012800
Amphara neglecta Stoerm. and Yang 0,004 0.88 ~5.0596.1 1.246.4 67.299 1.0620)
Achnanthes minutissima Kiitz, .046 0.71 1.027.0 ~6:1.237 1.0432
Amphara sp. #14 0.021 078 —14258 33151 - 18.041 0.28479
Navicwla costulata Cl. and Grun, 0.017 0.80  —10,297. 22574 = 119.249 1.8421
Achnanthes elevei var, elever Grun. 0.028 0.76 =235 A37.75 -31.257 1.52276
Coccones sp., #2 0.009 .84 —-1.813.4 466 09 -27.3%7 0.45901
Nuvicula pupula K. 0.040 0.60 56047 —1.5878
E)c(-[n Z0ne
Nitzschian laurnbergiana Hust, 0.002 0.73 0879
Melostra ttalica subsp. subgretica O, Mull, 0,002 0.71 1.3975
Stephanodiscus sp. #10 (.006 .64 3.3580
Synedra ostenfeldn (Kneger) Cl-Euler 0.003 (.70 749.885 0.23876
Stephanodisens misuctes Grun. 0018 (.52 1.5854949
Synedra filiformis Grun, (1009 .60 9.0840

communities isolated it from other assemblages and
strongest negative loadings were for Amphora ovalis
var. pediculus (Kiz.) V.H., Navicula sp. #6 and
Fragilaria pinnata Ehr.

Using unstandardized taxa abundances, principle
components analysis indicated a first axis most pos-
itively loaded by Navicula costulata Cl. and Grun.
and Achnanthes clevei var. rostrata Hust., which pro-
duced high scores for the two mid-depth commu-
nities (Fig. 8A, B). The second PCA separated com-
munities of the two shallowest from the three
deepest locations with positive scores for shallower
communities correlating most strongly with Ach-
nanthes clevei var. rostrata and A, mimutissima Kiitz.
and Amphora ovalis var. pediculus. Melosira italica
(Ehr.) Kiitz. and Navicula costulate were negatively
loaded on the second PCA which defined negative
scores for the three deeper location assemblages.
The third PCA again isolated the 6.5 m communi-
ties by loadings of Amphora ovalis var. pediculus and
Fragilaria pinnata.

Population Analysis. Stepwise backward regression
of the polynomial model selected seven basic curves,

defined by the significance of coefficients of levels
of depths, that described the various distributions
of algal populations along the depth gradient (Fig.
9). The first five curves peaked in the three shallow-
er depth locations (Fig. 9A-E). Abundances of
mono- and biraphid, and a few araphid pennate
diatom populations, generally characteristic of ben-
thic habitats, significantly (P < 0.05) fit the first five
curves (Table 1). Three of the first five curves had
peaks at the shallowest station, whereas the other
two peaked at the mid-depth locations. The remain-
ing two curves (Fig. 9F, G) showed increasing abun-
dances as depth increased and were significant
(P < 0.05) for araphid pennate and centric diatom
taxa, which are generally characterized as planctonic
(Table 1).

Several taxa were very restricted in distribution,
had no significant regression line, but did demon-
strate significantly greater (ANOVA, Tukey allow-
ances; P < 0.05) abundances at a single depth (Fig.
10). Cocconets diminuta, Navicula capitata var. lunen-
bergensis fo. elegans Ostr., Navicula sp. #84, and
Stauroneis acutiuscula M. Perag. et Herib. were most
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abundant at 14.6 m. A variety of Achnanthes later-
ostrata Hust. was uniquely most abundant at 22.6 m.

Four abundant taxa, two benthic and one planc-
tonic Fragilaria, and a “nearshore” planctonic Ste-
phanodiscus, showed no distinguishable distributions.

DISCUSSION

I'he distributions of the benthic algae along the
depth gradient studied were extremely varied.
Some populations remained relatively unchanged,
whereas others were restricted to a single depth.
I'he selectivity of taxa for ~:!)('(‘ifit tlcplhh has been
observed by earlier investigators (Aleem 1950,
Round 1961, Simonsen 1962, Edsbagge 1965, Fox
et al. 1969, Stockner and Armstrong 1971). Three
zones were recognized along the depth gradient.
These zones were not discrete, but were part of a
continuum. Their definition facilitated interpreta-
tion and communication of population dynamics of
the benthic algal communites. The shallow zone
t‘ln'l't.’\l)lln(ll'(l to the 6.5 m location and was char-
acterized by lower diatom abundance, higher
species diversity and algae generally classified as
those from benthic habitats. Higher light intensity,
temperature and phosphorus concentrations with
low nitrate and silica concentrations indicate a hab-
itat of high productivity. Smaller standing crop
abundances were probably the result of wave acton
disturbing the substrate and preventing accumula-
tion (Fox et al. 1969, Stockner and Armstrong
1971). Indications of substrate disturbance by sub-
stantial benthic algal contamination of shallow-water
planktonic communities have been regularly ob-
served in samples analyzed in our laboratory. Bodoy
and Plante-Cuny (1980) attributed lower benthic al-
gal proportion of total littoral algal productvity to
substrate disturbance.

I'he mid-depth zone included the 9.1 and 14.6 m
depth assemblages and was characterized by large
diatom abundances as a result of accumulation and
high productivity, Minimal wave disturbance en-
abled accumulation of algae, and adequate light and
nutrients and higher temperatures encouraged pro-
ductivity in this regime.

There were, however, substantial dilferences in
species composition of the communites of the two
depths within the mid-depth zone. Greater abun-
dances of epipsammic Achnanthes at 9.1 m than 4.6
m implied greater wave disturbance of the substrate
at the shallower mid-depth zone depth. Substrate
disturbance at 9.1 m was probably less than at 6.5
m because of the much lower total abundances at
6.5 m. I'he deereased abundances of epipsammic
Achnanthes taxa at the deeper locations were prob-
ably caused by decreased grain size of the subsirate.
lhe finer substrate texture of deeper locations
would have altered community composition from
taxa competitive in epipsammic habitats o those
adapted to epipelic habitats.

I'he deep zone at 22.6 and 27.4 m was ¢ haracter-
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ized by low abundances, low species diversity and
uniform species composition. Low light, less than or
cqual to 1% of surface intensities, probably reduced
productivity. Viable standing crop was dominated
by planctonic species of Melosira spp.., Stephanodiscus
spp. and Syuedra spp. deposited from the longer
water column in the deeper water.

Species composition differences as a funcuon of
depth probably resulted from the following inter-
acting factors: wave disturbance of the substrate, the
quantity and quality of light reaching the substrate,
and sedimentation altering the physical character of
the substrate (epipsammic vs. epipelic) and associ-
ated physicochemical conditions. The ability of
small Fragilaria, Achnanthes and Amphora taxa to in-
habit the crevices of sand grains enabled mainte-
nance of these populations at depths of substrate
disturbance by reducing their susceptibility to abra-
sion. Taxa more capable of movement through the
finer textured substrate replaced the epipsammic
taxa mentioned above at deeper locations.

The effects of nutrient and temperature condi-
tions are more difficult to evaluate. It 1s clear that
the degree of variability decreases with depth, and
the Horistic changes observed may reflect the ability
of particular organisms to deal with environmental
variation. In the case ol chemical parameters, this
problem is compounded by the fact that the actual
agrowth habitat of the communities studied may be
maodified by chemical fluxes from the sediments
which are extremely difficult 1o quantify by conven-
tional measurement techniques. The actual varia-
ton in chemical conditions experienced by the or-
ganisms sampled may actually be less than indicated
by our chemical measurements which leads us 1o
emphasize the importance of light and mechanical
disturbance in regulating algal growth in these com-
MUNIes.

Attenuation of light and greater transmittance ol
shorter wavelengths in deeper water may have en-
hanced the competitive abilities of selected taxa in
various light regimes. More mobile taxa capable of
heterotrophic nutrition would have gained a com-
petitive advantage in deeper habitats of greater sed-
iment accumulation. Abundance peaks of most of
the Navicwla and Nitzschia taxa in the mid-depth
zone supported the latter argument. Admiraal and
Peletier (1979) demonstrated Nitzschia and Navicula
taxa growth rates were supplemented by heterotro-
phic growth at low light levels. We measured neither
the spectral quality of light at various depths nor
efficiencies of different taxa o utilize selected inten-
sities and wavelengths of light. Likewise organic
content of the substrate and heterotropic abilities of
different taxa were not studied. These mechanisms
for determining population abundance and com-
munity composition should be subjects for further
research.

In reference to community standing crop, sub-
strate disturbance apparently reduced benthic algal
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abundance at shallower sites and low light levels at
deep locations inhibited productivity. The mid-
depth communities had the largest standing crops
which probably resulted from minimal wave distur-
bance and adequate light.
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