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ABSTRACT

Effects of light intensity and of exposure to desiccation on the vertical distribution and
growth of populations of marine benthic diatoms were investigated in a laborators- model
ecosystem and a respirometer chamber. The diatom flora that developed in the ecosystem
was similar to that from field stations in lower Yaquina Bay, Oregon. The vertical distri-
bution of many species was closei}- related to light intensity and period of exposure to
desiccation. Biomass accumulated most rapidly on substrates subjected to high light
intensities, without exposure to desiccation. Communities acclimated to different light
intensities and periods of desiccation responded differently to changes in light intensity in

the respirometer chamber.

Results of these experiments show that the laborator}- apparatus

described can be useful in the study of simplified intertidal communities.

INTRODUCTION

Field investigations of marine benthic
algae have been concerned chiefly with
description of the distribution and zona-
tion of macrophytes in various coastal areas
and estuaries and with the determination
and measurement of the important ecolog-
ical factors in different habitats. In gen-
eral, sublittoral macrophytes are less tol-
erant of desiccation and relatively wide
ranges of light intensity, temperature, and
salinity than species that inhabit the higher
littoral zones (Biebl 1962). To what extent
this generalization also applies to marine
benthic diatoms is not yet established,
although a few papers have contributed
some information (Aleem 1949, 1950; Cas-
tenholz 1963, 1964, 1967; Hendey 1964).

This paper describes a laboratory method
for the study of marine benthic diatoms
and reports the results of two experiments
designed to determine effects of light in-
tensity and of exposure to desiccation on
their vertical distribution and growth. A
laboratory model ecosystem and a new
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respirometer chamber are described in de-
tail. This work represents a part of a
general program to investigate the physio-
logical ecology of littoral diatom communi-
ties in the Yaquina River estuary between
Elk City and Newport, Oregon, that even-
tually should serve as a basis for pre-
dicting and understanding the distribution
and production of benthic diatoms in the
estuary.

APPARATUS AND METHODS
Intertidal model ecosystem

A fiberglassed wooden box was assem-
bled. The bottom of the box was gradu-
ated with a water depth of about 64 cm at
one end and a small uncovered area at the
opposite end when full (Fig. 1). A 12-rpm
electric motor pivoted a board back and
forth at the deep end to circulate the
water. When the box was more than half
full of water, the movement of the board
generated waves that had a period greater
tlian 1 sec and a height of 1 or 2 cm.

Seawater for the box came from poly-
vinyl chloride (PVC) pipelines at the Ma-
rine Science Center, Newport, Oregon.
W ater for the laboratory was from lower
Yaquina Bay and had salinities that nor-
mally ranged from 28 to 34.Y, except
during periods of high river flow in winter.
A plastic garbage can served as a settling
tank. Freshwater and seawater entered
separate compartments of a wooden head
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tank and subsequently flowed downward
through flowmeters into a mixing tank.
Thus, by the manipulation of PVC ball
valves and observation of the flowmeters,
the salinity of the water supply in the
mixing' tank was regulated. All water lines
for the box were 1.9-cm (ID) black plastic
pipe. The settling, head, and mixing tanks
had overflow outlets to provide a constant
head. W at'r was pumped from the mixing
etank into ’he box by a t ntrifugal pump.

The effluent line was located near the bot-
tom of the box at the deep end, and both
influent and effluent flow were controlled
by glass stopcocks.

The box was lighted by six 244-cm (8 ft)
“cool white” fluorescent lamps supple-
mented with sixteen 60-w incandescent
lamps mounted on a fixture that could be
raised or lowered to'control light intensity.
Intensities were as high n« about 18,000
lux on the upper steps when the light fix-
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ture was at its lowest level. Light inten-
sity was measured with an illumination
meter (Weston Model 756) in the air and
with a hermetically sealed selenium barrier
photocell (International Rectifier DP-3)
under water; this unit had been calibrated
with the Weston meter. Photoperiod could
be controlled by timers.

Smooth acrylic plastic plates, 51.3 X
26.5 X 0.5 cm, on each step provided sub-
strate for the colonization and growth of
organisms and could be transferred from
the box to a respirometer chamber for
studies of community metabolism. The
substrates were seeded naturally by orga-
nisms entering the box through the water
supply. During the two experiments re-
ported in this paper, the communities
consisted almost entirely of diatoms and
associated heterotrophic microorganisms.
The species composition of the diatom
flora that developed in the box was similar
to that from field stations in lower Yaquina
bay—particularly with respect to the more
abundant taxa.

EFFLUENT
..SAMPLE
BOTTLE

WATER BATH
OUTPUT

Diagram of the rcspirometer chamber and associated water supply system.

Respiro-meter chamber

The respirometer chamber was a modifi-
cation of the P-R chamber described by
Mclintirc et al. (1964). It was constructed
entirely of acrylic plastic and measured
31.6 x55.7x 10.8 cm (Fig. 2). The main
compartment was separated from a smaller
chamber on each end by a perforated baf-
fle. This arrangement provided a more
laminar flow over the samples than the
original P-R chamber. The top portion of
the chamber was lined with a rubber
door gasket and was held to the bottom
plate by a series of C-clamps. Two
centrifugal pumps provided continuous cir-
culation within the chamber, and the ex-
change rate of the influent water was
regulated by a stopcock between the influ-
ent sample bottle and the mixing tank.
The general water supply system for the
rcspirometer was similar to that described
for the box, except that a 1,500-w immer-
sion heater and temperature control unit
was inserted into the mixing tank. Rates
of photosynthesis and community respira-
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(don expies.sed g CL m - hr 1 were esti-
mated by measurements oi the dissolved
oxygen concentration of influent and efflu-
ent water at regular time intervals. The
rate of gross photosynthesis was estimated
by summing the measurements of net oxy-
gen evolved during a period of illumi-
nation and oxygen consumed during an
equivalent dark period. Details of this
procedure were described by Mclntire et
al. (196-1) and Mclntire and Phinney (1965).

The respirometer chamber was lighted
by six 122-cm (4 ft) “cool white” fluores-
cent lamps and ten 60-w incandescent
lamps mounted on a fixture that could be
raised or lowered; the light quality was
similar to that received by the communi-
ties in the box. In its lowest position the
fixtures provided intensities up to 20,000
lux. Lower intensities were obtained by
raising the fixture, by placing one or more
layers of nylon screen over the chamber,
or both.

Methods

After an experiment in the respirometer
chamber, the established community mate-
rial was loosened from the substrate with
a rubber spatula, transferred into a bucket
of distilled water, and its volume adjusted
to 2 liters. The sample then was placed
in a blender (4-liter capacity) and mixed
for 20 sec. Subsamples were taken from
this suspension for determination of bio-
mass, pigment concentrations, and species
composition. Biomass, expressed either as
g/m- dry weight or ash-free dry weight,
was determined by the procedure outlined
by Mclntire (196S). Chlorophylls a, 4, and
¢ and total carotcnoids were measured by
the methods of the Scientific Committee
on Oceanic Research (SCOR-UNESCO
1966). We used the grinding procedure
instead of sonification.

Daily fluctuations in the water tempera-
ture of the model ecosystem were recorded
by a thermograph. The oxygen concentra-
tion of the influent and effluent water of
the rcspirometer chamber was measured
using the azide modification of the Winkler
method (American Public Health Associ-
ation 1565).

—-

To determine the composition of the di-
atom flora, material from a subsample of
the algal suspension was transferred to a
beaker and boiled in concentrated nitric
acid. After oxidation of the organic mat-
ter, the empty frustules were mounted in
Hyrax (Patrick and Reimer 1966). Each
slide was examined in detail and a list of
taxa compiled for each sample. When a
particular diatom was relatively abundant
and could not be identified, it was given
a temporary number to be used during the
counting procedure. A mechanical stage
was used to traverse each slide under
1,250x magnification, and approximately
1,000 diatoms were identified and counted
as they appeared in the field.

The following statistics were used
characterize the structure of the diatom
communities: 1) number of diatom cells
(N) counted on each slide; 2) number of
individuals (nj) belonging to the ith spe-
cies; 3) number of species (S) observed in
N individuals; 4) diversity index (H) ex-
pressed as bits per individual; and 5) num-
ber of equivalent equally common species

to

(E). The index of diversity used in this
work was
H = nj nj
i 1ot 1

i=i
i

Lloyd, Zar, and Karr (196-S) discussed the
derivation, limitations, and ecological im-
plications of this index and presented a
useful table for its calculation. MacArthur
(1965) has shown that if all S species were
equally common,

H =

= logo S.

Therefore, the equivalent number of
equally common species which would re-
sult in the same H value for any given
sample was equal to 2n, that is, £ = 2;/.

DESCRIPTION OF EXPERIMENTS
AND RESULTS

The apparatus described above was used

in two experiments. FAJ: eriment TC-6S
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TaBLE 1. Bionia* and }>iglinent concentrati'ms f w sam] Irs ohtainei/ from tac laboratory ccosydtm
during expiriment TC-63
= - — . . . .
x Light intensity (lux) Biomass (g/m-) Chlorophylls (i:/m-)
I Exposure
to air “High “Low Do' A sh-fret- Carmenensis
W) (hr/day) tile” tide” wt cio" wt a b C SPU/m-
1 0 2,700 4,600 453.2 128.2 0.837 0 0.250 0.734
2 0 3,300 5,400 342.6 9S8.7 0.558 0 0.206 0.410
3 1.0 3,700 6,200 165.8 41.1 0.191 0.005 .0.081 0.147
4 4.5 4,000 6,900 120.6 32.8 0.117 0.007 0.051 0.103
5 8.0 4,600 7,400 71.4 17.2 0.037 0.008 0.012 0.041

lasted from 26 June through 3 August 1968
and was designed to examine the effects
of tidal cycle (i.e., period of exposure to
desiccation and direct illumination) on the
structure and productivity of diatom com-
munities developed in the model ecosys-
tem. Another experiment, LI-6S, from 21
August to 18 September 1968, investigated
the eeffect of light intensity on the com-
munities.

Before experiment TC-68 was started,
one acrylic plastic plate was secured on
each of the seven steps of the box. The
steps will be referred to by number, begin-
ning with step 1 at the deep end and pro-
gressing upward to step 7 at the shallow
end (Fig. 1). The effluent stopcock was
adjusted so that the water would drain
from a level of about 10 cm above step 7
to the level of step 2 in 6 hr. After the 6-hr
draining period, a timing device energized

the centrifugal pump, and water was
pumped into the box. The influent stop-
cock was adjusted so that the influent

water exceeded the effluent loss and re-
filled the system to its original level by
the end of the next 6 hr. At this time, the
timer stopped the pump and the cycle
started again. The illumination intensity

and period of exposure to desiccation at
the steps sampled during the experiment
are listed in Table 1. The variation in
water temperature was from 12 to 17C,
and in salinity from 28.1 to 34.6A.

In experiment LI-6S, the pump operated
continuously to maintain water at a con-
stant level of 10 cm above stex? 7; the
influent and effluent flows were the same
for the entire exjieriment. Nylon screens
were placed over the ttyp of the box to
regulate the light intensities at stexs 1, 3,
5, and 7 (Table 2). Salinity varied between
27.8 and 30.5A during the experiment, and
the mean rate of water exchange in the
box was about 6 liters/min. W ater tem-
perature ranged from 13.5 to 15C.

At the end of experiment TC-68, plastic
substrates with their established communi-
ties from stex>s 1 through 5 were trans-
ferred to the respirometer. Colonization of
steps 6 and 7 was negligible, and the cor-
resx”onding substrates were not examined.
After a substrate was placed in the resx)i-
rometer, the chamber was covered with a
black sheet of xdastic, and community res-
X>iration was measured for a x>eriod of 2 hr.
The next morning the chamber was uncov-
ered, and rates of x”kotosynthcsis were

TABLE 2. Biomass and pigment concentrations for samples obtained from the laboratory ecosystem
during experiment LI-63
Biomass (g/m-) Chlorophylls (g/m-)
Substrate Lieht
from intensity Dry Ash-free Carotenoids
step (lux) wt dry wt ( b c SPU/m-
1 1,300 103.0 30.0 0.044 0.032 0.078 0.053
3 2,400 109.9 88.7 0.096 0.024 0.084 0.106
5 5,500 442.0 101.0 0.175 0.022 0.095 0.182
7 11.300 587.5 170.6 0.538 0 0.269 0.520
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Taku: 3. [lu h:ticc abundance" of diatom laxa identified’ for samples obiaim'd from the laboratory
ecosystem during experiments TC-GS and LI-GH

TC-CS substrate LI-6S substrate

Taxon 1 3 5 1 3 5

Achnanthes brevipes Ag. + ++
Achnanthes brevipes var. intennedia (Kiitz.) CIl.

Achnanthes brevipes var. percula (Kiitz.) CL

Achnanthes deflexa Reini.

Achnanthes haukiana Grun.

Achnanthes lanceolata (Bréb.) Grun.

Achnanthes longipes Ag.

Achnanthes minutissima Kiitz.

Actinoptychus senarius Ehr.

Amphipleura rutilans -(Trent.) CIL

Amphora ovalis Kiitz.

Aulacodiscus probabilis A. S.

Bacillaria paxillifera (Mull.) Hendey - + + + -
Biddulphia aurita (Lyngb.) Bréb. & Godey

Chaetoceros cinctum Grun.

Cocconeis costata Greg.

Cocconeis scutellum Ehr.

Cocconeis scutellum var. parva Gran.

Coscinodiscus excentricus Ehr.

Coscinodiscus lineatus Ehr.

Coscinodiscus radiatus Ehr.

Dimerogramma minor var. nana (Greg.) V.H.

Diploneis bombus Ehr.

Eunotogramma marinum (W . Smitii) Per.

Fragilaria striatula var. californica Gran. + ++++
Gomphonema subclavatum var. montana Solium.

Gyrosigma fasciola (Ehr.) Griff. & Henfr.

Gyrosigma spencerii var. curvula (Grun.) Reim.

Melosira, nummuloides (Dillw.) Ag. + + _ _ +
Melosira sulcata (Ehr.) Kiitz.

Meridion circulare (Grev.) Ag.

Navicula abunda Husi.

Navicula cancellata var. apiculata Greg.

Navicula comoides (Ag.) Per.

Navicula complanatula Hust.

Navicula crucigera (W. Smith) CIL

Navicula cryptocephala Kiitz.

Navicula directa W. Smith +++ + +
Navicula diserta Hust.

Navicula diversistriata Hust.

Navicula grevillei (Ag.) Heiberg

Navicula mutica Kiitz.

Navicula ramosissima Ag.

Nitzschia apiculata (Greg.) Grun.

Nitzschia dissipata (Kiitz.) Grun.

Nitzschia frustulum var. perpusilla (Rabh.) Grun.

Nitzschia lanceolata var. minor V. H. ++ +

Nitzschia longissima (Bréb.) Ralfs

Nitzschia sigma (Kiitz.) W. Smith - + +
Nitzschia socialis Greg. H1h ~f+ ++ R

Nitzschia subhybrida Tlust.

Plagiogramma vanheurckii Crun.

Pleurosigma angulatum var. aestuarii (Bréb.) V. H.
Pscudc-Nitzschia sicula var. migrans Gl

Rhaphm ais ami-hirs'ros Ehr.

Bin ’° »m< d cunnid (Eiitz.; Grtm. t.v Rabh.
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TABLI; 3.

Taxon

Skeletonema costatum (Grew) Cl.
Surirella gemma Ehr.

Synedra fasciculata (Ag.) Kiitz.
Thalassionema nitzschioides Grun.
Trachyspcnia australis Petit
Triceratium alternans Bailey

* Relative abundance is expressed as:

RF.XTHIC DIATOMS

++++> 30% or over of the total number count'd; -rr-K 20

673

Continued

TC-GS sabsir.ii'.- LI-6S sub>!r.itv

1 3 5 1 3 5 7
+ + - =P - - -
— + + + + + — —

to 30% of the

total number counted; +-|-, 10 to 20% of the total number counted; -f, 5 to 10% of the total number counted; —, 1 to
5% of the total number counted;, — —, less than 1% of the total number counted.
t The following species were observed during the preliminary examination but did not appear during the counting

procedure:

coneis californica Grun.; Cocconeis decipiens Cl.; Cocconeis

Smith; Dimerogramma marinum (Greg.) Ralfs; Frustulia

Grammatophora marina (Lyng.) Kiitz.; Gyrosigma nodiferum

Amphora angusta Greg.; Asteromphalus heptactis (Brcb.) Ralfs;
notata Petit;
vulgaris

Caloneis westii (W . Smith) Hendcy; Coc-
Cocconeis scutellum var. stauroneiformis \V.
DeT.; Grammatophora angulosa Ehr.;
Licmophora californica Grun.; Navicula

(Thwaitesi
(Grun.) Reim.;

agnita Hust.; Navicula clavata Greg.; Navicula lyra f. denudata Grun.; Navicula palpebralis Bréb.; Nitzschia angularis

W . Smith; Nitzschia punctata var. coarctata Grun.;

idoptera var. minor Cl;

measured for 1-hr periods at each of eight
different illumination intensities ranging
from 590 to 1S,450 lux. After experiment
LI-68, the same procedure was repeated,
in this case with the substrates from steps
I, 3, 5, and 7. The average time required
for the respirometer experiments was one
day per substrate. The species composi-
tions of communities from steps 1, 3, and 5
were determined in experiment TC-68 and
from steps 1, 3, 5, and 7 in experiment
LI-68S.
The diatom flora

Table 3 presents the relative abundance
of diatoms from samples at the conclusion
.of the two experiments. Some species could
not be identified with certainty and are
not included in the table. This table also
represents a new distributional record for
a large number of the listed diatoms, as
many of them have never been reported
from either the estuaries or coastal regions
of Oregon.

The species included in the five most
abundant taxa on any one of the three
substrates sampled in experiment TC-68
were Achnanthes brevipes, Melosira num-
muloides, Navicula directa, Nitzschia lance-
olata var. minor, Nitzschia sigma, Nitzschia
sociales, Nitzschia subhybrida, Synedra
fasciculata, and Thalassionema nitzschioi-
des. A similar list for the four substrates
examined in experiment LT-08 included

Opephora
(Greg.) I-leibcrg; Pleurosigma decorum W . Smith; Pleurosigma peragalli Brun;
Tropidoneis maxima var. gracilis Grun.

(Greg.) Petit;
Trachyneis aspera Ehr.;

Plagiogramma staurophorum
Tropidoneis lep-

marina

Amphipleura rutilans, Bacillaria paxillifera,
Cocconeis costata, Cocconeis scutellum
var. parva, Fragilaria striatula var. califor-
nica, M. nummuloides, Nitzschia longis-
sima, Nitzschia sp. No. 1, Nitzschia, sp.
No. 2, S. fasciculata, and T. nitzschioides.
Nitzschia sp. No. 1 very closely resembled
Nitzschia aerophila Hust. and was the most-
abundant unidentified diatom; by the same
criteria as in Table 3, it was dominant
(++++) on steps 3 and 5 and frequent
(++) on steps 1 and 7 during experiment
LI-68. Nitzschia sp. No. 2 was much less
abundant and was related morphologically
to Nitzschia hungarica Grun. Some of the
smaller specimens of the genus Cocconeis
were extremely difficult to sort out on
the basis of cell wall morphology. These

variable forms tended to cooccur and
apparently had similar physiological and
ecological properties; they are Ilumped

temporarily under C. scutellum var. parva.
A few very rare diatoms, for example,
Achnanthes lanceolata, Achnanthes minu-
and Gomphonema subclavatum
var. montana, were obviously freshwater
species that presumably had washed down
the es.tuar)' from the lower Yaquina River.

tissima,

Effect of tidal cycle

"There was an inverse relationship be-
tween biomass and period of exposure to
desiccation (Table I). The ratio ash-fiee
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and rate of gross photosynthesis of diatom com-
munities from steps 1, 2, 3, 4, and 5 determined
in the rcspirometer chamber at the conclusion of
experiment TC-63.

dry weight :dry weight in samples from the
five substrates varied between 0.24 and
0.29 and was typical of communities dom-
inated by diatoms (Mclntire and Phinney
1965; Mclntire 196S). Concentrations of
chlorophylls a and ¢ and total carotenoids
followed a pattern similar to biomass, with
values decreasing progressively from step
1 to step 5; the concentration of chloro-
phyll b was very low or negligible on all
five substrates.

Rates of gross photosynthesis were ap-
proximately the same for samples from
steps 1, 2, 3, and 4 at illumination intensi-
ties below 4,000 lux (Fig. 3). At higher
intensities slopes of curves relating illumi-
nation intensity to oxygen evolution were
much steeper for communities from steps
1 and 2 than those from steps 3 and 4.
The maximum rate of photosynthesis for
these* samples was at the highest illumina-
t’on intensity (18,450 lux) and ranged from
0.50 (sfep 3) to 1.23 g Cb ui - hr 1 (step 2).
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Tai tj 4.
cho») communities sampled fro»! seven substrates
during experiments TC-68 and LI-68, where X is
the number of diatom cells counted; S is the num-
ber of species; 11 is the diversity index expressed
os bits per individual; and E is 2", the number of
equivalent equally common species

Statistics expressing the .structure of di-

Expt Substrate RY S H E
TC-68 1 1,063 46 3.68 12.8
3 1,007 45 3.97 15.6
5 1,024 53 4.24 18.9
LI-6S 1 1,020 53 3.69 12.9
3 1,003 65 4.43 21.5
5 1,042 65 3.59 12.1
7 1,030 41 2.70 6.5

The curve for the community from step 5
was irregular and the photosynthetic rate
never exceeded 0.27 g Oj nr2 hr*.

mThe diversity index for communities ex-
amined during experiment TC-6S (Table
4) ranged from 3.68 (step 1) to 4.24
(step 5) bits/individual, and the number
of taxa ranged from 45 in 1,007 individu-
als counted (step 3) to 53 in 1,024 indi-
viduals (step 5). Surprisingly, the index
was slightly higher for the community from
step 5 than for those with less exposure.
The number of equivalent equally common
species for communities from steps 1, 3,
and 5 were 12.8, 15.6, and 18.9.

A distinct zonation of the more abun-
dant diatoms clearly was related to period
of exposure to desiccation (Fig. 4). Navic-
ula directa, N. socialis', M. nummuloides, S.

fasciculata, and N. subhybrida were more

abundant on the substrate with no expo-
sure to desiccation than on the substrates
with 1 or 8 hr/day exposure. Nitzschia
lanceolata var. minor and possibly N.
sigma were able to compete best on the
substrate with an exposure period of 1
hr/day. Achnanthes brevipes and varieties
and T. nitzschioides were extremely toler-
ant of desiccation and represented 21.2
and 12.8%, respectively, of the number of
individuals 'counted from step 5.

Effect of light intensity

The greatest accumulation of biomass
during experiment 1.1-68 was.on-the step
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F1G. 4. Relative abundance of the five most abundant diatom taxa on steps 1, 3, and 5 at the con-

clusion of experiment TC-68. The abbreviations below the horizontal axis correspond to Navicula di-
recta, Nitzschia socialis. Melosira nummuloides, Synedra fasciculata, Nitzschia subhybrida, Nitzschia
lanceolata var. minor, Nitzschia sigma, Thalassionema nitzschioides, and Achnanthes brevipes and
varieties.

that received the highest light intensity
(Table 2). The ratio ash-free dry weight:

dry weight in the samples varied between

0.20 and 0.32. Concentrations of chloro- 8
phylls a and ¢ and total carotenoids also

were greatest on step 7 and least on step 1,

while the concentration of chlorophyll b 6
was again low or negligible.

The slope of the curve relating gross
photosynthesis to illumination intensity for
the community from step 7 was much
steeper than the corresponding slopes for
the communities from steps 1, 3, and 5 at
intensities between 4,950 and 18,450 lux
(Fig. 5). Apparently, communities from the
lower steps approached light saturation at
a lower intensity than the community de-
veloped at the top step. Rates of photo-
synthesis at 18,450 lux ranged from 0.206
(step 1) to 0.921 g O- nr- hr-1 (step 7). Fi1G. 5. Relationship between light intensity

The diversity index for the four commu- and tlie rate of gross photosynthesis of diatom
. . . . communities from steps 1, 3, 5, and 7 determined
nities examined during experiment LI-68 in the r<>piremeter chamber at the conclusion of
ranged from 2.70 (step 7) to 4.13 (step 3),  experiment 1.1-08.

cl

-4
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Fig. 6. Relative abundance of the five most abundant diatom taxa on steps 1, 3, 5, and 7 at the con-

clusion of experiment LI-68.
tellum var. parva, Nitzschia sp. Ko.

The abbreviations below the horizontal axis correspond to Cocconeis scu-
1, Synedra fasciculata,

Thalassionema nitzschioides, Cocconeis

costata, Bacillaria paxillifera, Nitzschia longissima, Nitzschia sp. No. 2, Fragilaria striatula var. califor-
nica, Amphipleura rutilans, and Melosira nummuloides.

indicating that an illumination intensity of
2,370 lux supported a higher species di-
versity than intensities of 1,290, 5,490, or
11,300 lux (Table 4). The number of
equivalent equally common, species was
highest (21.5) for the sample from step 3
and lowest (6.5) for that from step 7.
Zonation of the more abundant diatoms
was closely related to differences in light
intensity at which the four communities
were developed. Cocconeis scutellum var.
puna represented 3°.ON of the community
on sh p i but v;5 con m"h.-rably less abun-

dant on the higher steps (Fig. 6). The
highest proportions of S. fasciculata and C.
costata also were found on step 1, the sub-
strate that received the lowest light inten-
sity. The relative abundance of Nitzschia
sp- No. 1, B. paxillifera, and N. longis-
sima was higher on steps 3 and 5 (the
intermediate levels) than on either steps
1 or 7. Three species, F. striatula var.
californica, A. rutilans, and M. nummuloi-
des, obviously competed best at the highest
illumination intensity (11,300 lux). In fact,
F: striatula var. californica was 51.ST of
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tbc community on step 7, the highest per-
centage recorded for a single species during
either experiment.

DISCUSSION

Communities acclimated to different pe-
riods of desiccation in the laboratory
model ecosystem responded differently to
changes in light intensity7 in the respirom-
eter chamber. Biomass accumulated much
more rapidly on substrates from steps 1
and 2 than on those from steps 3, 4, and 5.
A series of increases in illumination inten-
sity also allowed the lower, shaded layers
of cells on the substrates with high bio-
masses to approach light saturation. Con-
sequently, the photosynthetic rate of the
communities from steps 1 and 2 continued
to increase as light penetrated deeper into
the algal mat. On the substrates from steps
3, 4, and 5 the mat was thinner, and the
entire communities approached their maxi-
mum rate at a relatively low light intensity7

Communities adapted to different light
intensities also responded differently in the
respirometer. The community from step 7
approached light saturation at a higher
intensity than the other three communities.
The biomass effect described above prob-
ably accounted for some of this difference,
as the community from step 7 had the
greatest biomass. Moreover, a physiolog-
ical adjustment of individual cells to low
light intensities may7 have been involved.
Physiologists have long recognized that
plants acclimated lo low light intensities
reach their maximum photosynthetic rates
at lower light intensities than plants grown
at relatively high intensities (Rabinowitch
1951).

Only M. nummuloides, S. fasciculata, and
T. nitzschioides were among the five most
abundant diatom taxa on at least one sub-
strate from both experiments. Differences
in the general nature of the diatom flora
between the two experiments were prob-
ably the result of both changes in labora-
tory conditions and seasonal changes in the
properties of the water in the lower estuary.

Many of the diatoms found in the lab-
oratory model ecosystem also have been

iaported from estuaries and coastal roui.a.s
in other parts of the world (Castenhol/
1967; Alocan 1949, 1950; Hustedt 1939,
1955; Hustedt and Aleem 1951; Cholnoky
1968). Furthermore, the zonation of some
of the more abundant species in the eco-
system was clearly similar to the vertical
distribution observed by Castenholz (1963)
on a concrete substrate at Gregory Point
near Coos Bay, Oregon. For example, he
found that A. brevipes was present in the
greatest numbers near the uppermost limit
of the diatom cover. In experiment TC-6S,
A. brevipes was the most abundant diatom
species (21.2% of the community) on step
5, the level exposed to desiccation for 8
hr/dav. On the substrate with no exposure
period and on the four.substrates examined
in experiment LI-68, this diatom repre-
sented less than 1% of the communities.
Castenholz also concluded that F. striatula
californica grew poorly at low light
an observation supported by

var.
intensities,
experiment LI-6S.

In general, the diatom communities were
characterized by a relatively large number
of species represented by one individual.
For example, on step 3 during experiment
LI-68, 26 of the 65 species counted (40%)
were represented by only one specimen.
This large proportion of very rare diatoms
accounted for the large differences be-
tween the observed number of species (S)
in the samples and the calculated number
of equivalent equally common species (E)
and was the most obvious property that
distinguished the diatom communities from
many sympatric associations of higher
plants and animals. There also was a
strong possibility that many of the rare
species were nonliving, empty frustules
that washed down from the lower Yaquina
River and became lodged in the growing
community. The presence of a few rare
freshwater species supported this con-
tention. Therefore, it appeared that a
diversity index that deemphasized the im-
portance of very rare species, such as the
1l value used here, was the most appropri-
ate for our work.

The high diversity on step 5 at the end
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oi experiment TC-GS was tliliicult to ex-
plain. Preliminary observations of samples
from substrates at different depths in the
estuary at seven diflercnt field stations
definitely indicated that diversity was se-
verely reduced at the upper littoral zones—
areas exposed to long periods of desicca-
tion and direct insolation. Some of the
diversity at step 5 may have resulted from
empty frustules settling on the substrate,
but as mentioned above, these were rare
species in the community and probably
would not appreciably influence the mag-
nitude of //. If experiment TC-6S.had been
continued for a longer period, steps 6 and
7 might have been colonized sufficiently to
show a reduction in diversity that corre-
sponded to long exposure periods. In anj-
ease, the question of how diversity is re-
lated to tidal cycle needs clarification.
Results of these experiments demonstrate
the potential of the laboratory model eco-
system as a tool for the investigation of
simplified intertidal communities. The sys-
tem provides some laboratory control over
salinity, light intensity, and tidal cycle,
and eventually a temperature control sys-
tem can be installed. Flexibility could be
increased by stacking the steps to provide
a vertical surface to study the movements
and grazing activities of small marine in-
vertebrates on such a surface. However, it
must be emphasized that the use of all
such laboratory ecosystems is subject to
certain limitations that result from sim-
plifications of nature. Some reality is usu-
ally sacrificed in the process of gaining
control over the environment, and the in-
terpretation of data must be made with
this in mind. In our opinion, laboratory
ecosystems are best used to gain informa-
tion that can supplement and help under-
stand 'concurrent observations in the field.
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