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A B S T R A C T

E ffects of ligh t in tensity  and  of exposure to desiccation on the vertical d istribution  and 
grow th of populations of m arine b en th ic  diatom s w ere investigated in a laborators- m odel 
ecosystem an d  a resp irom eter cham ber. T he diatom  flora that developed in th e  ecosystem 
was sim ilar to th at from  field stations in lower Yaquina Bay, Oregon. T he vertical distri­
bu tion  of m any  species was closei}- re la ted  to light intensity and period  of exposure to 
desiccation. Biomass accum ulated  m ost rapid ly  on substrates su b jected  to h igh light 
intensities, w ithou t exposure to desiccation. Com m unities acclim ated to d ifferen t ligh t 
intensities and  periods of desiccation responded d ifferently  to changes in light in tensity  in 
th e  respirom eter cham ber. Results of these experim ents show th a t the laborator}- apparatus 
described can  be useful in  the study  of sim plified in te rtida l comm unities.

IN T R O D U C T IO N

Field  investigations of m arine benthic 
algae have been concerned chiefly w ith 
description of the  d istribution and  zona­
tion of m acrophytes in various coastal areas 
and  estuaries and  w ith  the determ ination 
and  m easurem ent of the im portan t ecolog­
ical factors in d ifferen t habitats. In  gen­
eral, sublittoral m acrophytes are less to l­
eran t of desiccation and relatively  w ide 
ranges of light intensity, tem perature, and 
salinity than species th a t inhab it the  higher 
littoral zones (Biebl 1962). To w hat extent 
th is generalization also applies to m arine 
benth ic  diatoms is no t ye t established, 
although a few  papers have contributed  
some inform ation (A leem  1949, 1950; Cas- 
tenholz 1963, 1964, 1967; H endey  1964).

This paper describes a laboratory  m ethod 
for the study of m arine b en th ic  diatom s 
and reports the results of tw o experim ents 
designed to determ ine effects of light in ­
tensity and of exposure to desiccation on 
their vertical d istribution  and  grow th. A 
laboratory  m odel ecosystem  and a new
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respirom eter cham ber a re  described in de­
tail. This work represents a p a rt of a 
general program  to investigate the  physio­
logical ecology of litto ral diatom  com m uni­
ties in the Yaquina R iver estuary betw een 
Elk City and N ew port, Oregon, th a t even­
tually should serve as a basis for p re ­
dicting and understand ing  the distribution 
and production of b en th ic  diatom s in the 
estuary.

A P P A R A T U S  A N D  M E T H O D S  

Intertidal m o d e l  ecosystem

A fiberglassed w ooden  box was assem ­
bled. The bottom  of the  box was gradu­
ated  w ith a w a te r dep th  of about 64 cm at 
one end and a small uncovered area at the 
opposite end w hen full (F ig . 1 ). A 12-rpm 
electric m otor pivoted a board  back and 
fo rth  at the deep end to circulate the 
w ater. W hen the box was m ore than half 
full of w ater, the m ovem ent of the board 
generated  waves th a t had  a period greater 
tlian 1 sec and  a heigh t of 1 or 2 cm.

Seaw ater for th e  box cam e from poly­
vinyl chloride (P V C ) pipelines a t the M a­
rine Science C enter, N ew port, Oregon. 
W ater for the laboratory  was from  lower 
Y aquina Bay and had  salinities that nor­
m ally ranged from 28 to 34'.Y, except 
during periods of high river flow in winter. 
A plastic garbage can served as a settling 
tank. F reshw ater and seaw ater entered 
separate  com partm ents of a w ooden head
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F ig . 1. D iag ram  of the  box an d  w ater supply  system.

tank and  subsequently  flowed dow nw ard 
th rough  flow m eters in to  a m ixing tank. 
T hus, by  the m anipulation  of PVC ball 
valves an d  observation of th e  flow m eters, 
the salinity of the  w ater supply  in the 
mixing' tank was regulated . All w a te r lines 
for the box w ere 1.9-cm ( ID )  b lack  plastic 
pipe. T he settling, head, and  mixing tanks 
h ad  overflow  outlets to provide a constant 
head. W a t 'r  was pum ped  from the mixing 

•tank into ’he box by a t  ntrifugal pum p.

T he effluent line was located near the b o t­
tom  of th e  box at the deep  end, and  both  
influent and effluent flow w ere controlled 
b y  glass stopcocks.

The box w as ligh ted  by six 244-cm (8  ft)  
“cool w hite” fluorescent lam ps supple­
m ented  w ith  sixteen 60-w incandescent 
lam ps m ounted on a fixture th a t could be 
ra ised  or low ered  to' control ligh t intensity. 
Intensities w ere as high n« about 18,000 
lux on the upper steps w hen  the  light fix-

I
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F ig . 2. D iag ram  o f th e  rcspirom eter cham ber and  associated w a te r  supp ly  system.

tu re  w as a t its low est level. L ight in ten ­
sity w as m easured  w ith  an illum ination 
m eter (W eston  M odel 756) in the air and 
w ith  a herm etically  sealed selenium  barrier 
photocell (In te rna tiona l Rectifier D P-3) 
u nder w ater; this un it had  been calibrated 
w ith  th e  W eston  m eter. Photoperiod could 
be controlled by tim ers.

Sm ooth acrylic plastic plates, 51.3 X
26.5 X 0.5 cm, on each step provided sub ­
stra te  for the colonization and grow th of 
organism s and  could be transferred  from 
the box to a respirom eter cham ber for 
studies of com m unity metabolism. The 
substrates w ere seeded  naturally  by  orga­
nisms en tering  the  box through the w ater 
supply. D uring  the  tw o experim ents re ­
ported  in this paper, the communities 
consisted alm ost entirely  of diatom s and  
associated hetero troph ic  microorganisms. 
T he species com position of the diatom  
flora th a t developed in the  box was similar 
to that from  field stations in low er Yaquina 
bay— particu larly  w ith  respect to the m ore 
ab u n d an t taxa.

Respiro-meter chamber  
T he  resp irom eter cham ber w as a m odifi­

cation of the  P-R cham ber described by 
M cln tirc  et al. (1964). I t  was constructed 
en tirely  of acrylic p lastic  and  m easured
31.6 X 55.7 X 10.8 cm  (F ig . 2 ) . T he main 
com partm ent w as separa ted  from  a smaller 
cham ber on each end by a perforated  baf­
fle. This arrangem ent provided a more 
lam inar flow  over the  sam ples than  the 
orig inal P-R cham ber. T h e  top  portion  of 
th e  cham ber w as lined  w ith a rubber 
door gasket and w as held  to the  bottom  
p la te  by a series of C-clam ps. Two 
centrifugal pum ps p rovided  continuous cir­
culation w ithin the  cham ber, and the ex­
change ra te  of the  in fluen t w a te r was 
regu la ted  by  a stopcock betw een  the influ­
en t sam ple b o ttle  and the  mixing tank. 
T he general w ater supply  system for the 
rcsp irom eter w as sim ilar to th a t described 
fo r the box, except th a t a 1,500-w im m er­
sion h ea te r and tem pera tu re  control un it 
w as inserted  into the m ixing tank. Rates 
of photosynthesis and  com m unity respira-
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(.ion expi es.sed g CL m - hr 1 were esti­
m ated  by m easurem ents oí the dissolved 
oxygen concentration  of in fluent and  efflu­
ent w a te r a t regu lar tim e intervals. The 
ra te  of gross photosynthesis was estim ated 
by sum m ing the  m easurem ents of ne t oxy­
gen  evolved d u rin g  a period  of illum i­
nation  and  oxygen consum ed during  an 
equ ivalen t dark  period. D etails of this 
p rocedure  w ere  described  by M cln tire  et 
al. (196-1) and M cln tire  and  Phinney (1965).

T h e  resp irom eter cham ber was lighted 
by six 122-cm (4  f t)  “cool w hite” fluores­
cen t lam ps and  ten  60-w  incandescent 
lam ps m ounted  on a fixture th a t could be 
raised or low ered; th e  ligh t quality  was 
sim ilar to th a t received by  the com m uni­
ties in th e  box. In  its low est position the 
fixtures p rovided  intensities up  to 20,000 
lux. L ow er in tensities w ere  obtained by 
raising the  fixture, by  placing one or more 
layers of nylon screen over the cham ber, 
or both.

M ethods

A fter an experim ent in th e  respirom eter 
cham ber, the established com m unity m ate­
rial w as loosened from  the  substrate w ith  
a ru b b e r spatu la, transferred  into a bucket 
of d istilled  w ater, and  its volum e adjusted  
to 2 liters. T h e  sam ple then was placed 
in  a b lender (4 -lite r capacity ) and mixed 
for 20 sec. Subsam ples w ere taken  from 
this suspension fo r de term ination  of b io­
mass, p igm en t concentrations, and species 
com position. Biomass, expressed e ither as 
g /m - dry  w eight o r ash-free dry w eight, 
was determ ined  by the  p rocedure outlined 
by M cln tire  (196S). Chlorophylls a, h, and 
c  and  to tal carotcnoids w ere m easured by 
the  m ethods of the  Scientific Com m ittee 
on O ceanic R esearch (SC O R -U N ESC O  
1966). W e used  the  grinding procedure i 
in stead  of sonification.

D aily fluctuations in the w ater tem pera­
tu re  of the m odel ecosystem  w ere recorded 
by a therm ograph . T he oxygen concentra­
tion of the in fluen t and effluent w ater of 
the rcsp irom eter cham ber was m easured 
using the azi de m odification of the W inkler 
m ethod (A m erican Public H ealth  Associ­
ation 1565).

To determ ine the com position of the d i­
atom  flora, m aterial from a subsam ple of 
the algal suspension was transferred to a 
beaker and  boiled in concentrated  nitric  
acid. A fter oxidation of the organic m at­
ter, the em pty frustules w ere m ounted in 
H yrax (P atrick  and  R eim er 1966). Each 
slide was exam ined in detail and  a list of 
taxa com piled for each sample. W hen a 
particu lar diatom  was relatively abundan t 
and  could no t be identified, it was given 
a tem porary  num ber to be used during the 
counting procedure. A m echanical stage 
w as used to traverse each slide u n d er 
l,2 5 0 x  m agnification, and  approxim ately 
1,000 diatom s w ere identified  and  counted 
as they appeared  in the field.

The following statistics w ere used to 
characterize the structure  of the  diatom  
com m unities: 1) num ber of diatom  cells 
( N )  counted on each slide; 2 ) num ber of 
individuals (n ¡) belonging to the ith spe­
cies; 3 ) num ber of species (S ) observed in 
N  individuals; 4 ) diversity index (H )  ex­
pressed as b its p er individual; and 5) num ­
b er of equivalen t equally  com m on species 
( E ) .  T he  index of diversity used in this 
w ork was

H  =
¡ = i

n¡ n¡ 
ñ 1o^ ñ

Lloyd, Zar, and K arr (196-S) discussed the 
derivation, lim itations, and ecological im ­
plications of this index and presented  a 
useful table for its calculation. M acÁ rthur 
(1965) has shown th a t if all S species w ere 
equally common,

H  = -S ' 1 ,  1  I n o - . , ------
S ° -  s

=  lo g o  S.

T herefore, the equivalen t num ber of 
equally com m on species w hich w ould re­
sult in the  sam e H  value for any given 
sam ple was equal to 2n, th a t is, E  =  2;/.

D E S C R IP T IO N  O F  E X P E R IM E N T S  

A N D  R E S U L T S

T he appara tu s described above was used 
in two experim ents. Fa j: •riment TC-6S
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T a b l e 1. B ionia* a n d  }>ig'inen t co n cen t 
du

ra ti'm s  ƒ 
ring  e x p i

■r sam] 1rs oh ta in e • 
r im en t T C -63

i/  fro m  ta c  labora tory c c o s y à t m

|j

5H
*¡ Exposure 

to a ir 
( h r /d a y )

L ig h t in ten s ity  (lux) Biom ass (g /m -) C h lorophy lls  ( i:/m -)

Carm enensis
S P U /m -

“ H ig h
t i J e ”

“ L ow
tid e ”

D o '
w t

A sh-fret- 
ci o" w t a b C

1 0 2 ,7 0 0 4 ,6 0 0 4 5 3 .2 1 2 8 .2 0 .8 3 7 0 0 .2 5 0 0 .7 3 4
2 0 3 ,3 0 0 5 ,4 0 0 3 4 2 .6 9 S .7 0 .5 5 S 0 0 .2 0 6 0 .4 1 0
3 1 .0 3 ,7 0 0 6 ,2 0 0 1 6 5 .8 4 1 .1 0 .1 9 1 0 .0 0 5 .0 .0 8 1 0 .1 4 7
4 4 .5 4 ,0 0 0 6 ,9 0 0 1 2 0 .6 3 2 .8 0 .1 1 7 0 .0 0 7 0 .0 5 1 0 .1 0 3
5 8 .0 4 ,6 0 0 7 ,4 0 0 7 1 .4 1 7 .2 0 .0 3 7 0 .0 0 8 0 .0 1 2 0 .0 4 1

lasted from 26 June th rough  3 A ugust 1968 
and  was designed to exam ine the  effects 
of tidal cycle (i.e., period  of exposure to 
desiccation and direct illum ination) on the 
structure and productiv ity  of diatom  com ­
m unities developed in the m odel ecosys­
tem. A nother experim ent, LI-6S, from 21 
August to 18 S eptem ber 1968, investigated 
the • effect of light in tensity  on the  com ­
munities.

Before experim ent TC-68 was started , 
one acrylic plastic  p la te  w as secured on 
each of the  seven steps of the  box. The 
steps will be  referred  to by num ber, beg in­
ning w ith step 1 a t the deep end and  p ro ­
gressing upw ard  to step 7 at the shallow 
end (F ig . 1 ). T he effluent stopcock was 
adjusted so th a t the  w ater w ould drain 
from a level of abou t 10 cm above step 7 
to the level of step  2 in 6 hr. A fter the 6-hr 
drain ing period, a tim ing device energized 
the centrifugal pum p, and  w ater was 
pum ped into the  box. T he influent stop­
cock was ad justed  so th a t the influent 
w ater exceeded the  effluent loss and  re ­
filled the system to its original level by 
the  end of the next 6 hr. A t this tim e, the 
tim er stopped the p um p  and the cycle 
started  again. T he illum ination intensity

and  period of exposure to desiccation at 
the steps sam pled du ring  the experim ent 
are listed in T ab le  1. T h e  variation in 
w ater tem perature w as from 12 to 17C, 
and in salinity from  28.1 to 34.6A.

In  experim ent LI-6S, the  pum p operated  
continuously to m ain tain  w ater a t a con­
stant level of 10 cm above stex? 7; the 
influent and effluent flows w ere the  same 
for the entire exjierim ent. Nylon screens 
w ere placed over the ttyp of the  box to 
regulate the light intensities at stex^s 1, 3, 
5, and 7 (Table 2). Salinity varied  betw een 
27.8 and 30.5A du ring  the experim ent, and 
the m ean rate  of w a te r exchange in the 
box was about 6 lite rs/m in . W a te r  tem ­
pera tu re  ranged from 13.5 to 15C.

At the end of experim ent TC-68, plastic 
substrates with their established com m uni­
ties from stex>s 1 th rough  5 w ere trans­
ferred to the respirom eter. C olonization of 
steps 6 and 7 was negligible, and  the cor- 
resx^onding substrates w ere  no t examined. 
A fter a substrate was p laced  in the  resx)i- 
rom eter, the cham ber w as covered w ith  a 
black sheet of xdastic, and  com m unity res- 
X>iration was m easured for a x>eriod of 2 hr. 
The next m orning the cham ber w as uncov­
ered, and rates of x^kotosynthcsis w ere

T a b l e  2. Biomass an d  p ig m en t concentrations fo r sam ples obtained from  the laboratory ecosystem
during  experim ent LI-63

S u b stra te
from
step

L ieh t
in tensity

(lux)

B iom ass (g /m -) C hlorophylls (g /m -)

C aro ten o id s
S P U /m -

D ry
w t

A sh-free 
d ry  w t (1 b C

1 1 ,3 0 0 1 0 3 .0  • 3 0 .0 0 .0 4 4 0 .0 3 2 0 . 0 7 8 0 .0 5 3
3 2 ,4 0 0 1 0 9 .9  . 8 8 .7 0 .0 9 6 0 .0 2 4 0 .0 8 4 0 .1 0 6
5 5 ,5 0 0 4 4 2 .0 1 0 1 .0 0 .1 7 5 0 .0 2 2 0 .0 9 5 0 .1 8 2
7 1 1 .3 0 0 5 8 7 .5 1 7 0 .6 0 .5 3 8 0 0 .2 6 9 0 .5 2 0
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T a k u :  3 .  l u  h: tic c abundance" o f diatom  laxa id en tified ’' fo r sam ples obi aim 'd from  the laboratory 
ecosystem  during experim ents TC-GS an d  Ll-GH

TC-CS su b s tra te  L I-6 S  su b stra te

Ta x o n  1 3  5  1 3  5

A ch nan thes brevipes  Ag.
A chnan thes brevipes var. in tennedia  (K iitz .)  Cl. 
A chnan thes brevipes  var. percula  (K iitz .)  Cl. 
A chnanthes deflexa  Reini.
A chnan thes haukiana  G run.
A chnan thes lanceolata (B ré b .)  G run.
A chnan thes longipes Ag.
A chnanthes m inutissim a  Kiitz.
A ctin o p tych u s senarius E h r.
A m phip leura  rutilans - (T ren t.)  Cl.
A m phora  ovalis Kiitz.
A ulacodiscus probabilis A. S.
Bacillaria paxillifera  (M u ll.)  H endey  
B iddulph ia  aurita (L y n g b . ) Bréb. & G odey 
C haetoceros cinctum  G run.
C occoneis costata Greg.
C occoneis scutellum  E hr.
C occoneis scutellum  var. parva  G ran. 
C oscinodiscus excentricus Ehr.
C oscinodiscus lineatus E h r.
Coscinodiscus radiatus E h r.
D im erogram m a m inor  var. nana  (G re g .)  V.H. 
D iploneis bom bus  E hr.
E unotogram m a m arinum  (W . S m itii) Per. 
Fragilaria striatula  var. californica  G ran. 
G om phonem a subclava tum  var. m ontana  Solium. 
G yrosigm a fasciola  ( E h r .)  Griff. & H enfr. 
G yrosigm a spencerii var. curvula  (G ru n .)  Reim. 
Melosira, num m ulo ides  (D illw . ) Ag.
M elosira sulcata  ( E h r .)  Kiitz.
M eridion circulare (G rev . ) Ag.
N avicu la  abunda  H usi.
N avicu la  cancellata  var. apiculata  Greg.
N avicu la  com oides (A g .)  Per.
N avicu la  com planatula  Hust.
N avicu la  crucigera  (W . Sm ith ) Cl.
N avicu la  cryptocephala  Kiitz.
N avicu la  directa  W . Sm ith  
N avicu la  diserta  H ust.
N avicu la  diversistriata  H ust.
N avicu la  grevillei (A g .) H eiberg  
N avicu la  mutica  Kiitz.
N avicu la  ramosissima  Ag.
N itzsch ia  apiculata  (G re g .)  G run.
N itzsch ia  dissipata  (K iitz .)  Grun.
N itzsch ia  frustu lum  var. perpusilla  (R a b h .)  Grun. 
N itzsch ia  lanceolata  var. m inor  V. H.
N itzsch ia  longissima (B ré b .)  Ralfs 
N itzsch ia  sigm a  (K iitz .)  W . Sm ith  
N itzsch ia  socialis Greg.
N itzsch ia  subhybrida  I lu s t . .
Plagiogram ma vanheurckii C run.
Pleurosigm a angulatum  var. aestuarii (Bréb.) V. H . 
P scu d c-N itzschia sicula  var. m igrans  Gl.
R ha p h m ais ami-hirs'ros Ehr.
Bin ’ ’ ;>/■< d  c u n  n id  ( E iit.z . ; G rtm . t'.v Rabh.

 + + +

-  +  + +  -

+ + + + +

+  +  — —   +

+ + +  + +

 + +  +

— +  +   ------
H—1—h ~f+ + +  — — ----------
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T a bli; 3. C ontinued

T axon

TC-G S sabsir.ii'.- 

1 3 5
LI-öS sub>!r.itv 

1 3  5 7
Skeletonem a costatum  ( G rew ) Cl. 
Surirella gem m a  E hr.

------— -----------------

Synedra fasciculata  (A g .) Kiitz. +  +  - _p _  _  _
Thalassionem a nitzschioides  Grun. — +  +  + +  +  — — .
Trachyspcnia australis Petit 
T ricera tium  alternans Bailey

* R e la tiv e  a b u n d a n c e  is expressed  as : + + + + >  30%  o r  o v e r o f  th e  to ta l n u m b e r  c o u n t 'd ;  - r r - K  2 0  to  30%  of the 
to ta l n u m b e r  c o u n ted ; + - |- ,  10  to  20%  of th e  to ta l n u m b e r  c o u n te d ; - f ,  5  to  10%  of th e  to ta l n u m b e r  c o u n ted ; —, 1 to 
5 %  o f  th e  to ta l n u m b e r  c o u n ted ; — — , less th a n  1%  of th e  to ta l n u m b e r  co u n ted .

t  T h e  fo llow ing  species  w ere  observed  d u rin g  th e  p re lim in a ry  exam in a tio n  b u t  d id  n o t  a p p e a r  d u r in g  th e  coun ting  
p ro c e d u re : A m p h o ra  a n g u s ta  G reg .; A ste ro m p h a lu s  h ep ta c tis  (B r c b .)  R alfs; C alone is  w e s ti i  (W . S m ith ) H en d c y ; Coc­
cone is ca lifo rn ica  G run .; C occoneis d e c ip ien s  C l.; C occoneis no ta ta  P e tit; C occoneis  s cu te llu m  v a r . s ta u ro n e ifo rm is  \V. 
S m ith ; D im ero g ra m m a  m a rin u m  (G re g .)  R alfs; F rustu lia  vu lgaris  ( T h w a ite s i  D e T .; G ram m atophora  angu losa  E hr.; 
G ra m m atophora  m arina  (L y n g .)  K iitz .; G yrosigm a n o d ife ru m  (G ru n .)  R eim .; L icm o p h o ra  californ ica  G ru n .; N avicu la  
ag n ita  H u st.; N a vicu la  clava ta  G reg .; N a vicu la  lyra  f. d e n u d a ta  G ru n .; N a vicu la  pa lpebra lis  B réb .; N itzsch ia  angularis  
W . S m ith ; N itzsch ia  p u n c ta ta  v ar. coarcta ta  G ru n .; O pephora  m arina  ( G re g .)  P e ti t; P lag iogram m a staurophorum  
(G re g .)  I-Ieibcrg; P leurosigm a decorum  W . S m ith ; P leurosigm a peraga lli  B ru n ; T ra ch yn e is  aspera  E h r .;  T ro p id o n e is  le p ­
idop tera  var. m inor  C l.; T rop idoneis  m a x im a  v a r . gracilis  G run .

m easured  for 1-hr periods a t each of eight 
d ifferen t illum ination intensities ranging  
from  590 to IS,450 lux. After experim ent 
LI-68, the  sam e procedure w as repeated , 
in this case w ith the  substrates from steps 
1, 3, 5, and  7. T he average tim e required  
for the resp irom eter experim ents was one 
day  p e r substrate. The species com posi­
tions of com m unities from  steps 1, 3, and 5 
w ere determ ined  in experim ent TC-68 and 
from  steps 1, 3, 5, and 7 in experim ent 
LI-6S.

T h e  diatom flora

T ab le  3 presents the  relative abundance 
of diatom s from  sam ples at the  conclusion 
.of the  tw o experim ents. Some species could 
no t be iden tified  w ith  certain ty  and  are 
no t included  in the  tab le . This table also 
represen ts a new  distributional record for 
a large n u m b er of the  listed diatom s, as 
m any of them  hav e  never been  reported  
from  e ither the  estuaries or coastal regions 
of Oregon.

T h e  species inc luded  in the five most 
ab u n d an t taxa on any one of the three 
substrates sam pled in experim ent TC-68 
w ere  Achnanthes brevipes, Melosira n u m ­
muloides, Navicula directa, Nitzschia lance­
olata var. minor, N itzschia sigma, Nitzschia 
sociales, Nitzschia subhybrida, Synedra  
fasciculata, and  Thalassionema nitzschioi­
des. A sim ilar list for the  fou r substrates 
exam ined in experim ent LT-08 included

Am phipleura 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 resem bled 
Nitzschia aerophila H ust. and w as the  most- 
ab u n d an t unidentified  diatom ; by the same 
criteria as in  T ab le  3, it  was dom inant 
( + + + + )  on steps 3 and  5 and  frequent 
( + + )  on steps 1 and  7 du ring  experim ent 
LI-68. Nitzschia  sp. No. 2 w as m uch less 
abundan t and  was re la ted  m orphologically 
to Nitzschia hungarica  G run. Some of the 
sm aller specim ens of the  genus Cocconeis  
w ere extrem ely difficu lt to sort ou t on 
the  basis of cell w all m orphology. These 
variab le  forms tended  to cooccur and 
apparen tly  h ad  sim ilar physiological and 
ecological p roperties; they are lum ped 
tem porarily  u n d er C. scutellum  var. parva. 
A few  very rare  diatom s, for example, 
Achnanthes lanceolata, Achnanthes minu­
tissima, and Gom phonem a subclavatum  
var. montana, w ere obviously freshw ater 
species th a t presum ably  h ad  w ashed down 
the  es.tuar)' from  the low er Yaquina River.

Effect o f  tidal cycle

' T h e re  was an inverse relationship b e ­
tw een biomass and  period  of exposure to 
desiccation (T ab le  I ) .  T he ratio ash-fiee
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F i g . 3. R elationship  betw een  ligh t in tensity  
a n d  ra te  of gross photosynthesis of diatom  com ­
m unities from steps 1, 2, 3, 4, and  5 determ ined 
in th e  rcsp irom eter cham ber at th e  conclusion of 
experim ent TC -63.

dry w eight : d ry  w eigh t in samples from the 
five substrates varied  betw een 0.24 and 
0.29 and  was typical of com m unities dom ­
ina ted  by  diatom s (M cln tire  and Phinney 
1965; M cln tire  196S). Concentrations of 
chlorophylls a and  c and total carotenoids 
follow ed a p a tte rn  sim ilar to biomass, w ith  
values decreasing progressively from step 
1 to step  5; the  concentration of chloro­
phyll b was very low  or negligible on all 
five substrates.

R ates of gross photosynthesis w ere a p ­
proxim ately the  sam e for sam ples from 
steps 1, 2, 3, and 4 at illum ination in tensi­
ties below  4,000 lux (F ig . 3 ). A t h igher 
intensities slopes of curves relating  illum i­
nation  in tensity  to oxygen evolution w ere 
m uch steeper for com m unities from steps 
1 and  2 than those from steps 3 and  4. 
T he m axim um  ra te  of photosynthesis for 
these* sam ples w as at the h ighest illum ina- 
t ’on intensity  (18,450 lux) and ranged from 
0.50 ( s fe p  3 )  to 1.23 g Cb ui - h r 1 (s tep  2 ) .

T ai t ¡: 4. Statistics expressing the .structure o f d i­
cho») com m unities sam pled  fro»! seven substrates 
during experim ents T C -68 and LI-68, where  X is 
th e  num ber o f diatom  cells counted; S is th e  n u m ­
ber o f species; II is th e  d iversity index expressed  
os bits per indiv idual; and  E  is 2", the num ber of 

eq u iva len t equally  com m on species

E xpt S u b stra te -V S H E

T C -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

T he curve for the com m unity from step  5 
was irregu lar and  the photosynthetic ra te  
never exceeded 0.27 g O j n r 2 h r* .

■The diversity  index for com m unities ex­
am ined du ring  experim ent TC-6S (T ab le  
4 ) ranged  from 3.68 (s tep  1) to 4.24 
(s tep  5) b its/ind iv idual, and the  num ber 
of taxa ranged  from 45 in 1,007 ind iv idu­
als counted  (s tep  3) to 53 in 1,024 ind i­
viduals (s tep  5 ) . Surprisingly, the index 
was slightly h igher for the community from 
step 5 than  for those w ith less exposure. 
T he num ber of equivalent equally common 
species for com m unities from steps 1, 3, 
and 5 w ere 12.8, 15.6, and  18.9.

A d istinct zonation of the m ore ab u n ­
d an t diatom s clearly was related  to period 
of exposure to desiccation (F ig . 4 ) . N avic­
ula directa, N. socialis', M. nummuloides, S. 
fasciculata, and N. subhybrida  were m ore 
abundan t on the substra te  w ith no expo­
sure to desiccation than on the substrates 
w ith  1 or 8 h r /d a y  exposure. Nitzschia  
lanceolata var. minor  and possibly N. 
sigma w ere able to com pete best on the 
substrate  w ith an exposure period of 1 
h r/d ay . Achnanthes brevipes  and varieties 
and T. nitzschioides  w ere extremely to ler­
ant of desiccation and  represented  21.2 
and 12.8%, respectively, of the num ber of 
individuals 'co u n ted  from  step 5.

Ef f ec t  of  light intensity

T he greatest accum ulation of biomass 
during  experim ent 1.1-68 w as .o n -th e  step
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F ig . 4 . R elative ab u n d an ce  of th e  five m ost ab u n d an t d iatom  taxa on  steps 1, 3 , and  5 a t th e  con­
clusion of experim ent TC -68. T h e  abbreviations below  th e  horizon tal axis correspond to N avicula  d i­
recta, N itzsch ia  socialis. M elosira num m uloides, Synedra fasciculata, N itzsch ia  subhybrida, N itzschia  
lanceolata  var. minor, N itzsch ia  sigm a, Thalassionem a nitzschioides, an d  A chnan thes brevipes  and 
varieties.

th a t received the h ighest ligh t intensity 
(T ab le  2 ). T he ratio  ash-free dry w eig h t: 
dry w eight in the  sam ples varied  betw een 
0.20 and  0.32. C oncentrations of chloro­
phylls a and c and  to tal carotenoids also 
w ere greatest on step  7 and  least on step  1, 
w hile the concentration of chlorophyll b 
was again low or negligible.

T h e  slope of the  curve re lating  gross 
photosynthesis to illum ination intensity  for 
the com m unity from  step  7 was m uch 
steeper than  the corresponding slopes for 
the com m unities from  steps 1, 3, and 5 at 
intensities be tw een  4,950 and  18,450 lux 
(Fig. 5). A pparently , com m unities from the 
low er steps app roached  light saturation at 
a low er intensity  than  the com m unity d e ­
veloped a t the top  step . R ates of pho to ­
synthesis a t 18,450 lux ranged  from 0.206 
(step  1) to 0.921 g O- n r -  h r -1 (s tep  7 ).

T he diversity index for th e  four com m u­
nities exam ined d u rin g  experim ent LI-68 
ranged from 2.70 (s tep  7 ) to 4.13 (s tep  3 ),

.8

6

E

cT
=" .4

.2

F ig. 5. R elationship  be tw een  ligh t intensity 
an d  tlie ra te  of gross photosynthesis of diatom  
com m unities from steps 1, 3, 5, and  7 determ ined 
in the r<.-> pi rem eter cham ber at th e  conclusion of 
experim ent 1.1-08.
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F ig . 6. Relative ab u n d an ce  of th e  five m ost ab u n d an t diatom  taxa on steps 1, 3, 5, and  7  a t the  con­
clusion of experim ent L I-68. T h e  abbrev iations below  th e  horizontal axis correspond to  Cocconeis scu­
te llu m  var. parva, N itzsch ia  sp . Ko. 1, Synedra fasciculata, Thalassionem a nitzschio ides, Cocconeis 
costata, Bacillaria paxillifera, N itzsch ia  longissima, N itzschia  sp. No. 2, Fragilaria striatula  var. califor­
nica, A m phip leura  rutilans, and M elosira num m ulo ides.

indicating  th a t an  illum ination intensity of 
2,370 lux supported  a h igher species d i­
versity than  in tensities of 1,290, 5,490, or 
11,300 lux (T ab le  4 ) . T he num ber of 
equivalen t equally  common, species was 
h ighest (21.5) fo r the sam ple from  step 3 
and low est (6 .5) for th a t from step  7.

Zonation of the m ore ab u n d an t diatom s 
was closely rela ted  to differences in light 
in tensity  at w hich th e  four com m unities 
w ere developed. Cocconeis scutellum  var. 
p u n a  represented 3°.ON of the com m unity 
on sh p i but v ; -, con ■'.h.-rably less ab u n ­

dan t on the h igher steps (F ig . 6 ). T he 
h ighest proportions of S. fasciculata  and C. 
costata also w ere found  on step  1, the sub­
strate th a t received the  low est light in ten­
sity. T he relative abundance  of Nitzschia  
sp. No. 1, B. paxillifera, and  N. longis­
sima  was h igher on steps 3 and  5 ( th e  
in term ediate levels) than  on  either steps 
1 or 7. T hree  species, F. striatula var. 
californica, A. rutilans, and  M. num m ulo i­
des, obviously com peted best at the h ighest 
illum ination intensity  (11,300 lux). In  fact, 
F: striatula var. californica was 51.ST of





M A I’,IN E  B E N T IIIC  D IA TO M S

tbc  com m unity on step  7, the highest p er­
centage recorded  for a single species during  
e ither experim ent.

D IS C U S S IO N

C om m unities acclim ated to d ifferent p e ­
riods of desiccation in th e  laboratory 
m odel ecosystem  responded differently  to 
changes in light intensity7 in the  respirom ­
eter cham ber. Biomass accum ulated m uch 
m ore rap id ly  on substrates from steps 1 
an d  2 than  on those from steps 3, 4, and 5. 
A series of increases in illum ination in ten ­
sity also allow ed the  lower, shaded layers 
of cells on the  substrates w ith  high b io ­
masses to approach light saturation. C on­
sequently , the  photosynthetic ra te  of the  
com m unities from  steps 1 and  2 continued 
to  increase as ligh t penetrated  deeper into 
th e  algal m at. O n the substrates from  steps 
3, 4, and  5 the m at was thinner, and the 
en tire  com m unities approached their maxi­
m um  ra te  a t a relatively low light intensity7.

Com m unities adap ted  to d ifferent light 
in tensities also responded differently in the 
respirom eter. The com m unity from step  7 
app roached  ligh t saturation at a h igher 
in tensity  th an  the o ther th ree communities. 
T h e  biom ass effect described above p ro b ­
ab ly  accounted  for some of this difference, 
as th e  com m unity from step 7 had  the 
g rea test biom ass. M oreover, a physiolog­
ical ad justm ent of individual cells to low 
ligh t in tensities may7 have been  involved. 
Physiologists have long recognized th a t 
p lan ts acclim ated  lo low light intensities 
reach  the ir m axim um  photosynthetic rates 
a t  low er light intensities than p lants grow n 
a t relatively  high intensities (R abinow itch 
1951).

O nly M. nummuloides, S. fasciculata, and 
T. nitzschioides w ere  am ong the  five most 
ab u n d an t diatom  taxa on at least one sub ­
stra te  from  b o th  experim ents. D ifferences 
in the general n a tu re  of the diatom  flora 
betw een  th e  two experim ents w ere p ro b ­
ab ly  the result of both  changes in labora­
tory  conditions and  seasonal changes in the 
p roperties of the  w a te r in the low er estuary.

M any of the diatom s found in the lab ­
ora to ry  m odel ecosystem  also have been

ia ported  from estuaries and  coastal roui.a .s 
in o ther parts of the w orld (C astenho l/ 
1967; Alocan 1949, 1950; H usted t 1939, 
1955; H usted t and  Aleem 1951; Cholnoky 
1968). F urtherm ore, the zonation of some 
of the  m ore abundan t species in the eco­
system was clearly sim ilar to the vertical 
d istribution  observed by  C astenholz (1963) 
on a concrete substra te  at G regory Point 
n ear Coos Bay, Oregon. F or exam ple, he 
found that A. brevipes  w as presen t in the 
greatest num bers near the upperm ost limit 
of the  diatom  cover. In  experim ent TC-6S, 
A. brevipes was the  m ost abundan t diatom 
species (21.2% of the  com m unity) on step 
5, the  level exposed to desiccation for 8 
h r/d av . O n the  substra te  w ith  no exposure 
period and on the  four .substrates examined 
in experim ent LI-68, this diatom  rep re­
sented less than  1% of the  communities. 
C astenholz also concluded th a t F. striatula 
var. californica grew  poorly at low  light 
intensities, an  observation supported  by 
experim ent LI-6S.

In  general, the  diatom  com m unities were 
characterized by a relatively large num ber 
of species rep resen ted  by  one individual. 
F o r example, on step 3 during  experim ent 
LI-68, 26 of the 65 species counted  (40%) 
w ere represented  by only one specimen. 
This large proportion  of very rare  diatoms 
accounted for th e  large differences b e ­
tw een  the  observed num ber of species ( S ) 
in the  sam ples and  the calculated  num ber 
of equivalent equally com m on species ( E )  
and  was the  m ost obvious property  that 
d istinguished the diatom  com m unities from 
m any sym patric associations of higher 
p lan ts and anim als. T h ere  also was a 
strong possibility th a t m any of the  rare 
species w ere nonliving, em pty  frustules 
th a t w ashed dow n from  the  low er Yaquina 
R iver and becam e lodged in th e  grow ing 
community. T h e  presence of a few  rare 
freshw ater species supported  this con­
tention. T herefore, it ap p eared  th a t a 
diversity index th a t deem phasized the im ­
portance of very rare  species, such as the 
I I  value used here, was the m ost appropri­
ate for our work.

T he high diversity  on step  5 at the end
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oí experim ent TC-GS was tliliicult to ex­
plain. Prelim inary  observations of samples 
from  substrates a t different depths in the 
estuary  at seven diflercnt field stations 
defin itely  ind ica ted  that diversity was se­
verely red u ced  at the  upper littoral zones— 
areas exposed to long periods of desicca­
tion and  d irec t insolation. Some of the 
d iversity  a t step  5 may have resulted  from 
em pty frustu les settling on the  substrate, 
b u t as m entioned  above, these w ere rare  
species in the  com m unity and  probably  
w ould  not appreciab ly  influence the m ag­
n itude  of II.  If experim ent TC-6S.had been 
con tinued  for a longer period, steps 6 and  
7 m ight have been  colonized sufficiently to 
show  a redu c tio n  in diversity th a t corre­
sponded  to  long exposure periods. In  an j­
ease, the  question  of how  diversity is re­
la ted  to tid a l cycle needs clarification.

Results of these experim ents dem onstrate 
th e  po ten tia l of the laboratory  m odel eco­
system  as a tool for the investigation of 
sim plified in te rtid a l com m unities. T he sys­
tem  provides some laboratory control over 
salinity, ligh t intensity, and tida l cycle, 
and  eventually  a tem perature control sys­
tem  can b e  installed. Flexibility could be 
increased  by  stacking the steps to provide 
a  vertical su rface  to study  the m ovem ents 
an d  grazing activities of small m arine in ­
v e rteb ra tes on such a surface. H ow ever, it 
m ust be em phasized  th a t the  use of all 
such labora to ry  ecosystems is subject to 
ce rta in  lim itations th a t result from sim ­
plifications of nature. Some reality  is usu ­
ally sacrificed in the process of gaining 
contro l over the environm ent, and the in ­
te rp re ta tio n  of data  m ust be m ade w ith 
this in m ind. In  our opinion, laboratory 
ecosystem s are  best used to gain  inform a­
tion  th a t can  supplem ent and  help  u n d er­
stand  'concu rren t observations in the field.
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