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ABSTRACT 

The source o f  a l g a l  c o l o n i z e r s  onto rock subst rates i n  a eu t roph ic  r e s e r v o i r  
was a n a l y z e d  d u r i n g  t h e  s p r i n g  d i a t o m  p u l s e  by p l a c i n g  s e d i m e n t  t r a p s  i n  and 
beyond t h e  pe r iphy ton  growth zone and by scraping i n t a c t  sur faces o f  known age. 
Imp ingemen t  o r  " r a i n i n g "  o f  d i a t o m  c e l l s  f r o m  t h e  w a t e r  co lumn was more 
impor tan t  i n  t h e  r e c o l o n i z a t i o n  o f  rock sur faces than d i r e c t  encroachment f rom 
the adjacent  a t tached community. Re1 a t i  ve t o  subst rate-associ  a ted  s tanding crops 
(R = 2.16 X l o 4  c e l l s  mm-z), h igh  d e n s i t i e s  o f  p l a n k t o n i c  and p e r i p h y t i c  diatoms 

3 impinged f r o m  the  water  column (K = 5.03 X 10 c e l l s  mm-2 d - l ) ,  p a r t i c u l a r l y  i n  
t h e  upper (surge) zone. D i r e c t  encroachment f rom immed ia te l y  ad jacent  popula- 
ti ons c o n t r i b u t e d  very 1 i ttl e q u a n t i t a t i v e l y  (none detected)  o r  qua1 i t a t i  ve l y  ( 6  
r a r e  t a x a  o f  67 t o t a l  d i a t o m  t a x a  f o u n d )  t o  t h e  r e c o l o n i z a t i o n  o f  denuded 
surfaces. Storm- i  nduced turbulence reduced n a t u r a l  pe r iphy ton  d e n s i t i e s  by up t o  
47%, w i t h  p s e u d o p e r i p h y t i c  s p e c i e s  (e.g., F r a g i l a r i a  v a u c h e r i a e )  e x h i b i t i n g  
greater  losses than at tached forms. The percentage of n o n l i v i n g  diatoms on rock 
subst rates increased d u r i n g  ca lm per iods,  p r i o r  t o  s torm events. 

2.1 INTRODUCTION 

O b j e c t s  submerged i n  m a r i n e  o r  f r e s h  w a t e r s  a r e  r e a d i l y  c o l o n i z e d  by 

microalgae and b a c t e r i a  i n  a b r i e f  p e r i o d  o f  t ime.  Bac te r ia  co lon i ze  n a t u r a l  

and a r t i f i c i a l  sur faces w i t h i n  a few hours (Gerchakov e t  al., 1976; Zachary e t  

al., 1978; F l e t c h e r ,  1980; Dempsey, 19811, w h i l e  d i a t o m s  and o t h e r  m i c r o b e s  

immig ra te  onto subs t ra tes  w i t h i n  a day t o  severa l  weeks (Cundell and M i t c h e l l ,  

1977; C o l w e l l  e t  a l . ,  1980; Hudon and Bourge t ,  1981; Hoagland e t  a l . ,  1982). 

Diatoms and o t h e r  microorganisms have a l s o  been shown t o  a t t a c h  t o  a v a r i e t y  o f  

s u b s t r a t e s  under  l a b o r a t o r y  o r  e x p e r i m e n t a l  f i e l d  c o n d i t i o n s  (Rosemar in  and 

Gelin, 1978; Marszalek e t  al., 1979; Tuchman and Stevenson, 1980; B l i n n  e t  al., 

19801, i n c l u d i n g  sur faces coated w i t h  t o x i c  p a i n t s  (Cal low e t  al., 1976; Cal low 

and Evans, 1981; Daniel  and Chamberlain, 1981). Rapid c o l o n i z a t i o n  occurs n o t  

on l y  on i nsho re  rocks,  p i l i n g s ,  aquat ic  vegetat ion,  etc., b u t  a l s o  i n  open water  

on o i l  p l a t f o r m s ,  s h i p  h u l l s ,  and buoys (Evans, 1981; C h a r a c k l i s  and Cooksey, 

1983; Terry  and Edyvean, 1984; Roemer e t  al., 1984). 

, 
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D e s p i t e  t h e  u n i v e r s a l i t y  o f  t h e  c o l o n i z a t i o n  o r  f o u l i n g  phenomenon, v e r y  

l i t t l e  i s  known about  t h e  source o f  m i c r o a l g a l  immig ran ts  on to  mar ine  o r  f r e s h -  

w a t e r  s u b s t r a t e s .  S t r u c t u r e s  l o c a t e d  i n  t h e  p e l a g i c  zone a r e  p r e s u m a b l y  

c o l o n i z e d  by  t y c h o p l a n k t o n i c  s p e c i e s  w h i c h  c o m p r i s e  a l o w  p r o p o r t i o n  o f  t h e  

p e l a g i c  assemblage, a l t hough  t h i s  assumption a w a i t s  t e s t i n g .  P e r i p h y t i c  a lgae  

i m m i g r a t i n g  on to  subs t ra tes  i n  t h e  l i t t o r a l  zone  p o t e n t i a l l y  e m i g r a t e  f r o m  a 

number  o f  sou rces ,  i n c l u d i n g  t h e  w a t e r  co lumn,  a d j a c e n t  s u r f a c e s ,  sand  and  

s e d i m e n t s  i n  deeper  w a t e r ,  e t c .  Brown and  A u s t i n  (1973)  d e m o n s t r a t e d  an  

exchange o f  c e l l s  b e t w e e n  t h e  p h y t o p l a n k t o n  and  p e r i p h y t o n  ( a t t a c h e d  a l g a e ) ,  

p a r t i c u l a r l y  f o l l o w i n g  f a l l  t u r n o v e r .  As t h e  p l a n k t o n i c  d i a t o m  F r a g i l a r i a  

c r o t o n e n s i s  s e t t l e d  o u t  o f  open w a t e r ,  i t  appeared  on a r t i f i c i a l  s u b s t r a t e s ,  

c o n s t i t u t i n g  as much as  f o r t y  p e r c e n t  o r  more  o f  t h e  p e r i p h y t o n  r e l a t i v e  

abundance ( p e r h a p s  a d y i n g  p o p u l a t i o n ,  a l t h o u g h  v i a b l e  c e l l  numbers  w e r e  n o t  

repor ted) .  Other  s t u d i e s  have revea led  a s i m i l a r  i n v e r s e  r e l a t i o n s h i p  between 

f r e e - f l o a t i n g  and a t tached  communi t ies  (Ka i resa lo ,  1976; Moss, 1981; Oleksowicz,  

1982). 

P r e v i o u s  r e p o r t s  i n  o u r  s t u d y  r e s e r v o i r  have shown t h a t  p o r t i o n s  o f  

a t t a c h e d  c o m m u n i t i e s  on r o c k  s u b s t r a t e s  can  p e e l  o r  s l o u g h  o f f  u n d e r  c e r t a i n  

c o n d i t i o n s  (Roener  e t  a l . ,  1984).  S i m i l a r  f i n d i n g s  have been r e p o r t e d  f o r  a 

v a r i e t y  o f  o t h e r  a q u a t i c  h a b i t a t s  ( C a s t e n h o l z ,  1961; K i n g  and B a l l ,  1966; 

Hoagland, 1983). The p resen t  s tudy  was designed t o  i n v e s t i g a t e  t h e  s i m p l e  model 

i l l u s t r a t e d  i n  F i g .  1. ble p o s t u l a t e d  t h a t  c o l o n i z e r s  on denuded p o r t i o n s  o f  

subs t ra tes  c o u l d  e m i g r a t e  f r o m  t h e  community immed ia te l y  sur round ing  t h e  c l e a r e d  

area and/or imp inge  from t h e  wa te r  column above. D i r e c t  encroachment wou ld  be 

a t t r i b u t a b l e  t o  m o t i l e  d i a t o m s  a s s o c i a t e d  w i t h  t h e  s u b s t r a t e  ad jacen t  t o  t h e  

denuded area, whereas impingement c o u l d  i n c l u d e  p e r i p h y t i c  o r  t ychop lank ton ic  

members r e g a r d l e s s  of  t h e i r  o r i g i n .  The s p e c i f i c  q u e s t i o n  t h a t  t h i s  s t u d y  

addressed was: what i s  t he  r e l a t i v e  impor tance o f  these two  p r i n c i p a l  sources 

t o  r e c o l o n i z a t i o n ?  Exper imenta l  f i e l d  man ipu la t i ons  were conducted d u r i n g  t h e  

s p r i n g  d i a t o m  g r o w t h  p u l s e  i n  an  e x t e n s i v e  e p i l i t h i c  c o m m u n i t y  ( a t t a c h e d  t o  

rock),  t o  eva lua te  t h e  c o n t r i b u t i o n  o f  each o f  these major  sources. 

2.2 MATERIALS AND METHODS 

2.2.1 Study s i t e  

McConaughy r e s e r v o i r  i s  a l a rge ,  e u t r o p h i c  impoundment cons t ruc ted  f o r  f l o o d  

c o n t r o l ,  r e c r e a t i o n a l  use, and  h y d r o e l e c t r i c  power  g e n e r a t i o n  ( T a b l e  1). The 

r e s e r v o i r  i s  l o c a t e d  on t h e  Nor th  P l a t t e  R i v e r  i n  western  Nebraska, U.S.A., near 

t h e  f o o t  o f  t h e  S a n d h i l l s  r e g i o n  i n  K e i t h  Coun ty  (T.14N, R.38,39W and  T.15N, 

R.38-42\41. Sp r ing  and autumn d ia tom blooms occur  annua l l y  i n  t h e  p lank ton  and 

p e r i p h y t o n .  D e s p i t e  i t s  p r o d u c t i v e  t r o p h i c  s t a t u s ,  t h e  deeper  e a s t e r n  end  o f  

t h e  r e s e r v o i r  i s  r e l a t i v e l y  c l e a r ,  a l l o w i n g  development o f  dense e p i l i t h i c  a l g a l  

-- 
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Fig.  2.1. 
denuded area o f  rock s u b s t r a t e  (dark c i r c l e ) .  

Model f o r  p o s s i b l e  source(s) o f  immigrants i n  r e c o l o n i z a t i o n  o f  

stands down t o  6 m o r  more on t h e  rocky dam. Quantum i r r a d i a n c e  values, as w e l l  

as a d d i t i o n a l  morphometr i  c, phys i ca l  and chemical  data have been pub1 i shed  f o r  

t h i s  r e s e r v o i r  (Roemer and Hoagland, 1979). Due t o  t h e  r e s e r v o i r ' s  bas i c  east -  

w e s t  o r i e n t a t i o n ,  f e t c h ,  and t h e  p r e v a l e n c e  o f  W - S W  w i n d s  d u r i n g  t h e  g r o w i n g  

season, the  rocky dam i s  p e r i o d i c a l l y  subjected t o  severe wave act ion.  

2.2.2 F i e l d  c o l l e c t i o n s  

A1 g a l  c e l l  s " r a i n i n g "  f r o m  t h e  w a t e r  co lumn were  c o l l e c t e d  u s i n g  s e d i  ment 

t r a p s ,  c o n s i s t i n g  o f  21.2 cm l e n g t h s  o f  4 .1  cm d i a m e t e r  PVC p l a s t i c  tubes,  

darkened on t h e  i n n e r  su r face  t o  reduce l i g h t  r e f l e c t i o n .  The height :d iameter  

r a t i o  o f  ca. 5, t h e  wide spacing between tubes (34 cm) and between the  tubes and 

t h e  cen te r  suppor t  po le  (35 cm), and t h e  s imp le  tube design, f o l l o w  the  design 

suggest ions o f  Hargrave and Burns (1979) and rev iews by Bloesch and Burns (1980) 

and B lomqu is t  and HSkanson (1981). Tubes were occluded on one end w i t h  a rubber 

stopper t o  f a c i  1 i t a t e  l a t e r  removal o f  sedi  mented m a t e r i a l .  The cen te r  support  

and base were cons t ruc ted  f rom a PVC p i p e  anchored i n  a concrete b lock (combined 

tube and suppor t  h e i g h t  = 1.39 m). A sediment t r a p  apparatus was l o c a t e d  i n  3 m 

o f  water  ( t o  t o p  o f  t rap ) ,  ad jacent  t o  rock subs t ra tes  descr ibed below, and i n  

6.7 m o f  w a t e r ,  beyond t h e  r o c k  dam and benea th  open w a t e r ,  ca. 25 m f r o m  t h e  

shal low trap. Based on underwater observat ions f o l l o w i n g  s to rm events, storm- 

i n d u c e d  wave a c t i o n  does n o t  t r a n s l a t e  t o  t h e  l o v e r  depth.  A l l  t r a p s  were 

p l a c e d  i n  t h e  f i e l d  on 22 June 1984. One t u b e  was c o l l e c t e d  e v e r y  4d u n t i l  12 

J u l y  1984. On each sampl ing date, a new t r a p  was a l s o  i n t roduced  and c o l l e c t e d  

f o u r  days l a t e r ,  t o  p r o v i d e  4d " i n s t a n t a n e o u s "  i n f o r m a t i o n  i n  a d d i t i o n  t o  t h e  

c u m u l a t i v e  t r a p  data.  A l l  samp les  were  c o l l e c t e d  w i t h  t h e  a i d  o f  SCUBA by 

s topper ing  t h e  open upper end o f  t h e  t rap,  r e t u r n i n g  i t  t o  t h e  boat, and p l a c i n g  
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TABLE 2.1 

Selected physico-chemical properties of McConaughy reservoir. 

Maximum depth (m) 50 .O 
Mean depth (m) 16.9 
Maximum length (km) 35.0 
Maximum width 5.6 
Volume (x10 6 mjp) 2,400 .O 
Surface area (hectares) 14,164.0 
Alkalinity (mg/l CaC03)* 176 .O 
Siiica (mg/l) 24 .O 
PH 8.6 

*mean values, from Roemer and Hoagland (1979). 

i t  i n  an i c e  c h e s t  f o r  t r a n s p o r t  t o  t h e  lab .  T r a p s  were then empt ied ,  rinsed, 
and the s e d i  mented m a t e r i a l  was f i x e d  w i t h  6:3:1 (water :e thanol  : f o r m a l i n )  
p r e s e r v a t i v e  (Prescot t ,  1970). 

The r e l a t i v e  contr ibut ion of d i r e c t  encroachment t o  recolonizat ion was t e s t e d  
by brushing clean p a i r s  of c i r c u l a r  a reas  (9 cm i n  diameter) on la rge  horizontal 
rock s u r f a c e s  a long  the  f a c e  of t he  dam. A PVC r i n g  (8.8 cm dia . ,  1.8 cm h e i g h t )  
was cemented around one of each p a i r  u s i n g  mar ine  epoxy p u t t y  ( P e r m a l i t e  
P l a s t i c s  Corp., Neuport  Beach, CA ) t o  prevent direct  encroachment  f rom the  
periphyton surrounding the denuded area .  Three r e p l i c a t e  p a i r s  of r i n g e d  and 
unringed samples were co l lec ted  every 4d concurrent w i t h  sediment t r a p  samples, 
using a modified syr inge apparatus s i m i l a r  t o  t h a t  described by Loeb (1981). In 
a d d i t i o n ,  semi - q u a n t i t a t i v e  samples were taken  from t h r e e  nearby a r e a s  of  
unscraped rock, by brushing mater ia l  from s i m i l a r  areas  (with respect  t o  loca-  
t i o n  and s u r f a c e  a r e a )  i n t o  a p l a s t i c  c o l l e c t i o n  j a r .  A l l  samples  were taken  
using SCUBA and f ixed  i n  the  f i e l d  with 6:3:1. 

2.2.3 Laboratory methods 
All s e d i m e n t  t r a p  and e p i l i t h i c  samples  were d i v i d e d  i n t o  two equal  

port ions;  one port ion was boi led i n  concentrated HC1 f o r  ca. 2 hr. t o  remove a l l  
organic matter. After several  rinses with d i s t i l l e d  water, a measured portion 
of the concentrate  was a i r  dr ied onto a 22 m m 2  covers l ip  and permanently mounted 
i n  Hyrax. A t o t a l  o f  500 d ia tom v a l v e s  were counted  from each  s l i d e  u s i n g  an  
Olympus microscope equipped w i t h  a l O O X  planachromat objec t ive  (N.A.=1.30). 

The remain ing  p o r t i o n  of  each f i x e d  sample was used f o r  nondiatom a l g a e  
counts and t o  determine t h e  percentage of l i v i n g  versus nonliving diatom cells 
(by the  p r e s e n c e  o r  absence  of i n t a c t  c h l o r o p l a s t s ) .  Nondiatom a l g a e  were 
t a b u l a t e d  from 30 random Whipple f i e l d s  a t  200X f rom each of  two Sedgewick- 
R a f t e r  c e l l s .  McAlice (1971) i n d i c a t e d  t h a t  c o u n t i n g  30 random f i e l d s  y i e l d s  
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3 Fig. 2.2. 
rock substrates. 

Mean diatom ce l l  densit ies (min-' x 10 ) on ringed and unringed 
P >> 0.05; n = 30 5 1 SD. 

90-95% of a l l  species present. Approximately 100 c e l l s  of the dominant diatom 
genera were counted from a total  of three Whipple f ie lds  a t  400X using a Palmer 
cell.  I f  100 c e l l s  of a given genus were encountered before three f ie lds  were 
scanned, counts were continued u n t i  1 three f i  el ds had been completed. 

Diatom habitat preferences were based principally on information contained 
i n  Lowe (19741, Pa t r ick  and Reimer (1966; 19751, Beaver (19811, a n d  on d i r e c t  
observations of growth habits. 

2.3 RESULTS 
Eighty-four d i a t o m  taxa representing 21 genera were found among the 31,500 

valves tabula ted  from 63 samples. In a d d i t i o n ,  24 nondiatom a lgae  were 
identified from preserved samples. The substrate occurrences of each taxon, i t s  
h a b i t a t  preference (excluding nondiatom a lgae ) ,  and the  t o t a l  number of t a x a  
found i n  each c o l l e c t i o n  type a r e  l i s t e d  i n  Table 2. The most a b u n d a n t  taxa 
encountered were Fragil  a r i a  vaucheriae, Achnanthes m i n u t i  ssima, Cymbell a 
a f f i n i s ,  F. c ro tonens is ,  and  As ter ione l la  formosa. A t o t a l  of 16 d i a t o m  t a x a  
were unique t o  sediment t r a p  (10  unique taxa) ,  ringed (31, unringed (21, o r  
unscraped (1) rock samples. 

-- 

2.3.1 Encroachment 
Diatom ce l l  densities from ringed and unringed substrates are i l lus t ra ted  i n  

Fig. 2. The two curves coincided closely, as mean densit ies for both increased 
t h r o u g h  day 1 2 ,  then decreased u n t i l  day 20. No s t a t i s t i c a l l y  s i g n i f i c a n t  
difference between the two populations of means was detected ( t - tes t ;  p >> 0.05, 
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TABLE 2.2 

Occurrences of algal taxa by sample type (based on its presence 
in at least one sample) and the growth habit of each diatom taxa. 
STPsediment trap, RG=ringed rock, URG=unringed rock, RK=unscraped 
rock. 

BACILLARIOPHYCEAE 
Growth 

ST RG URG Habit1 - -  
CENTRICS 

Aulacosira ambigua (Grun.) Simonsen x x x X P L  
Cyclotella atomus Hust. x x  PL2 
- C. stelligera P.T. C1. ex Grun. x x x X P  
E. granulata (Ehr.) Ralfs x x x X P L  

E. varians Ag. x x x X P  
E .  granulata var. angustissima Mull. X X X X PL 

Stephanodiscus minutula (Kutz.)Round X X X X PL 

PENNATES 

Achnanthes deflexa Reim. 
- A. linearis (Wm. Smith) Grun. 
- A. minutissima Kutz 
Amphora ovalis var. pediculus (Kiitz. 

- A. perpusilla (Grun.)Grun. 
A. veneta Katz. 
Asterionella formosa Hass. 
Caloneis bacillum (Grun.) C1. 
Cocconeis diminuta Pant. 
- C. pediculus Ehr. 
- C. placentula var. euglypta (Ehr.)Cl 
Cymatopleura solea (BrBb.)Wm. Smith 
Cymbella affinis Kfltz. 
- C. amphicephala Naeg. 
- C. cesatii (Rabh .)Grun. 
- C. cistula (Ehr.)Kirchn. 

Grun. 

- -  

- C. cymbiformis Ag. 
C. laevis Naeg. ex Kutz. 
- C. mexicana (EhrTC1. - -  
- C. microcephala Grun. 
C. minuta Hilse ex Rabh. 
- C. muelleri Hust. 
Denticula elegans Kutz. 
Diatoma tenue var. elongatum Lyngb. 
- D. vulgare Bory 
Diploneis pseudovalis Hust. 
Fragilaria brevistriata(Grun.) 

- F. brevistriata var. inflata (Pant.) 
- F. capucina Desm. 
- F. capucina var. mesolepta Rabh. 
- F. construens (Ehr.)Grun. 
- F. crotonensis Kitton 
- F. pinnata Ehr. 
- F. vaucheriae (Ehr.) Petersen 
Gomphoneis eriense (Grun)Skv. & Meye 
- G. herculeana var. robusta (Grun.IC1 

- -  

Hust . 
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Growth 
ST RG URG g Habit1 

X 

- -  
Gomphonema accuminatum Ehr. 
- G. intricatum Kfitz. 
- G. olivaceum (Lyngb . )Kut z . 
- G. parvulum (KOtz.)Grun. 
- G. truncatum Ehr. 
Navicula arvensis Hust. 
- N. biconica Patr . 
- N. capitata Ehr. 
- N. capitata var. hungarica ( 

tote hala Kutz. 

- N. menisculus var. upsaliens 
2 - E E k & E u p  

Grun. 

X 
X 

X 
X X 

X 
X X X 

Grun.)Ross 

(Grun. 

X 
X 
X 
X 

X 
X 
X 

X 
X 

- -  N. minima Grun. x x  P 
- -  N. mutica Kutz. X PL 
- -  N. mutica var. cohnii (HilseIGrun. X PL 
- N. pupula Kiitz . X P 
- N. radiosa var. tenella (Breb. ex X X X X P  
Kutz. )Grun. 

- N. reinhardtii (Grun.)Grun. 
- N. salinarum var. intermedia (Grun 
- N. tripunctata (O.F. Miill.)Bory 
Nitzschia acicularioides Hust. 

1 .  )C1. x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

P 
PL4 
P2 - N. amphibia Grun. 

- N. angustata (Wm. Smith)Grun. 
- N. apiculata (Greg.)Grun. 

(PI 
(P) 
(P) 
P 
P 
P 
P 
P 
P 
P 
P 
(P) 

P 
P 
PL 
P 
(P) 
PL 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

- N. denticula Grun. 
- N. dissipata (Kutz. )Grun. 
- N. fonticola Grun. 
- N. frustuluii KutZ. 
N. linearis Wm. Smith ~. ~~ - - N. microcephala Grun. 
- N. palea (Kiitz.) Wm. Smith 
N. 
Rhoicosphenia curvata (Kiitz.)Grun. 
Surirella ovata Kutz. 

- 
- 
sigmoidea (Ehr.) Wm. Smith 

X 
X 

X 
X 
X 
X 
X 
X 
50 
2 

- S . angustata-t z . 
Synedra ~ i i t z .  
- S. filiformis var. exilis ~1 
- S. radians Kutz. 
- S. rumpens var. familiaris ( 
S. socia Wallace 
- -  S. ulna (Nitz.)Ehr. 
- -  

Total Taxa/Sample Type 

X 
X 
X 

Hust. X 

X 
X 
X 
X 
X 
X 
51 
1 

.. 
Kutz. 

X 
70 

X 
61 

3 
_ _  

Total Unique Taxa 10 
Total Diatom Taxa 84 

OTHER ALGAE 
Ankistrodesmus sp. 
Aphanocapsa sp. 
Closterium sp. 
Cosmarium sp. 
Glenodinium sp. 

X X 

X 
X 
X 

X 
X 

X 
X 

X 
X X X 

X 
X 
X 
X 

Lyngbya sp. 
Merismopedia sp. 
Mougeot ia sp . X 

X 
X 

X 
X 
X 

X 
X 
X Oocystis sp. 
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ST RG URG - -  
Oscillatoria sp. x x x x  
Pediastrum Boryanum (Turp.)Menegh. x x x x  
P. duplex Meyen X x x  
- P. integrum Naeg. X X 
P. obtusum Lucks ,X 
Phacotus cf. lendneri Chod. x x x x  
Phacotus sp. x x x x  
Phacus sp. x x  
Phormidium sp. x x x x  
Scenedesmus falcatus Chod. x x  
Scenedesmus sp. x x x x  
Spirogyra sp. x x x x  
Staurastrum sp. x x x x  
Stigeoclonium sp. X 
Trachelomonas sp. x x x x  
Ulothrix sp. x x  X 

- 

- 

Total Nondiatom Taxa = 25 

IP = periphytic PL = planktonic ( ) = assigned growth habit 
2Hustedt (1938) 
30ccurred in long chains 
lHustedt (1959 

n=30). In these  as well as a l l  o the r  samples, t he  nondiatom a lgae  comprised 
less than 10% of the  t o t a l  c e l l  density.  Two spec ies  of Phacotus (Chlorophy- 
ceae) were the most frequently encountered of these algae. 

The overall mean percentages of planktonic diatoms tabulated i n  ringed and 
unringed substrate samples were 48.2% and 45.02 respectively. A comparison of 
a l l  c e l l  count values upon which these  percentages were based ind ica ted  t h a t  
t h e r e  was no s i g n i f i c a n t  d i f f e rence  between the  two t rea tments  ( t - t e s t ;  p > 
0.05, n=30; Table 3). 

L i t t l e  quali tative difference was found between ringed and unringed samples. 
Of the 57 d i a t o m  t a x a  identified from these substrates (Table 21, 6 were found 
only i n  samples from ringed surfaces and 6 from unringed. All of these unique 
taxa were uncommon, many occurr ing  as a s ing le  valve in j u s t  one count. The 
most abundant and only planktonic form of the  13 unique taxa was F r a g i l a r i a  
capucina, which occurred i n  three counts from ringed substrates, w i t h  a maximum 
of 442 c e l l s  mm-' (4.9% of t o t a l )  i n  one day 9 sample. 

2.3.2 Impingement from water column 
tlased on 4d (instantaneous) sediment trap samples, daily impingement rates 

ranged from 0.84 X lo3 to  8.80 X lo3 ce l l s  mm-' (I-' i n  the upper growth zone and 
0.46 X l o 3  t o  3.70 X l o 3  c e l l s  mm-?dml i n  t he  lower zone (Table 4). Further 
ana lys i s  i nd ica t ed  t h a t  accumulation d e n s i t i e s  i n  the  t w o  g r o w t h  zones were 
significantly different ( t - t e s t ;  p < 0.05); additional direct  observations using 
SCUBA showed a s t r ik ing  d i f fe rence .  The mean da i ly  impingement r a t e  i n  t he  
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TABLE 2.3 

Mean percent planktonic diatoms from ringed and unringed 
substrates1. 

Date 

6/26 
6/30 
7/1 
7/8 
1/12 

- 

- 
X 
S ( %  basis) 

Ringed Unringed 

49.3 51.5 
60.2 52.2 
37.1 40.3 
50.3 41.8 
44 .o 39.3 

48.2 
13.8 

45 .O 
8.6 

lthree replicates. 

TABLE 2.4 

Instantaneous (4d) sediment trap accumulation rates in the upper 
(U) and lower (L) zones from June 22-July 12, 1984. 

- Date - Zone Rate (cells mm-2 d-l x lo3) 
Diatom Accumulation 

6/26 

6/30 

7/4 

7/8 

7/12 

- 
X 

S 

U 
L 
U 
L 
U 
L 
U 
L 
U 
L 

0.84 
0.46 
3.85 
1.11 
8.80 
1.22 
5.28 

6.40 
3.70 

3.52 
2.90 

* 

*Not available 

upper zone 4d t raps ,  ad jacen t  t o  rock  subs t ra tes ,  was 5.03 X lo3  c e l l s  mm-' d-'. 

T h i s  v a l u e  c o n s t i t u t e d  48.8% o f  day 20 d e n s i t i e s  f r o m  u n r i n g e d  r o c k  s u r f a c e s  

(Fig. 2) and 23.35: o f  t h e  o v e r a l l  mean un r inged  sample d e n s i t y  (2.16 X l o4  c e l l s  

mm-'1. The i n i t i a l  4d s e d i m e n t  t r a p  ( 2 6  June)  d e n s i t y  o f  3.36 X 10' d i a t o m  

c e l l s  mm-' was g r e a t e r  than t h e  day 4 un r inged  d e n s i t y  (2.90 X lo3 c e l l s  mm-') 

and 23.5% o f  t h e  day 4 r i n g e d  dens i ty ,  a l l  c o l l e c t e d  on t h e  same date. Q u a l i t a -  
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TABLE 2.5 

Percentage of nonliving diatom cells in ringed (RG), unringed 
(URG), and unscraped rock (RK) samples. (mean of three 
replicates . 

Date - 
% Nonliving Diatoms 

RG - URG RK - - 

6/26 (4d) 22 
6/30 (8d) 23 
7/4 (12d) 25 
7/8 (16d) 32 
7/12 ( 20d) 12 

26 
3 1  
23 
28 
20 

26 
28 
25 
32 
25 

t i v e l y ,  o n l y  13 o f  t h e  84 d ia tom taxa  i d e n t i f i e d  i n  a l l  counts  d i d  n o t  occur  i n  

sediment t r a p s  ( i n c l u d i n g  cumu la t i ve  t raps ;  see Table 2). 

The r e s u l t s  of l i v i n g  versus n o n l i v i n g  d ia tom c e l l  counts  a re  l i s t e d  i n  Table 

5. I n  a d d i t i o n ,  f i v e  4d s e d i m e n t  t r a p  samp les  w e r e  s e l e c t e d  a t  random and  

counted f o r  compara t ive  purposes. The percentage o f  n o n l i v i n g  d ia tom c e l l s  i n  

these counts ranged f rom 18-34?; (X=26%). Comparison o f  these va lues  w i t h  those 

f r o m  r i n q e d ,  u n r i n g e d ,  and u n s c r a p e d  r o c k  samp les  r e v e a l e d  no  s i g n i f i c a n t  

d i f f e r e n c e  ( t - t e s t ;  p>0.05, n=50).  

D ia tom c e l l  d e n s i t i e s  f rom cumu la t i ve  sediment t r a p s  a re  p l o t t e d  i n  Fig. 3. 

T raps  f r o m  t h e  u p p e r  g r o w t h  zone r a n g e d  f r o m  3.36 X l o 3  c e l l s  m n - 2  on day 4 t o  

4.50 X 10  on day 2fi (x = 2.36 X l o 4 ) ,  whereas  l o w e r  t r a p s  r a n g e d  f r o m  1.85 X 4 

6 -  

N A I( 

5 0 {  0 upper zone 

'c I 
3wer zone 

0 
w 

30 
0 

; 2 - I  20 

d I  1 1 1  

- / ,-.- _*.- p= .083 

...... P=,O18 __-. *_*.*.- .............. ......... 
__*.- .............. __-. _. A ...................... 

................... A 

............. 

0 4 8 12 16 20 

l o =  

I 

a 
E 

TIME (d) 

3 F i g .  2.3. 
22 June-12 J u l y ,  1984, f rom upper ( 0 )  and lower  (A ;--- e x c l u d i n g  20d 
va lue ;  --- i n c l u d i n g  20d va lue )  g rowth  zones. P-values i n d i c a t e  t h e  
comparison o f  s lopes  between t h e  two zones. 

Cumulat ive sediment t r a p  d ia tom c e l l  d e n s i t i e s  (mm-2 x 10 ) ,  
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TABLE 2.6 

Percent planktonic diatoms in 4d instantaneous and cumulative 
sediment traps in the upper (U) and lower (L) growth zones. 

Date - 
4d Traps 

L - U - 

6/2 6 65.2 59.4 
6/30 34.4 46.2 

56.2 49.2 7/4 
7/8 35.6 
7/12 63.2 60.4 

- 

Cumulative Traps 
L - U - 

65.2 59.4 
71.8 57 .O 
60 .O 54.8 
56.8 60 .O 
66.8 56.4 

- 
X 
S 

50.9 53.8 64.1 57.5 
29 .4 10.8 

l o 3  c e l l s  m m - *  on day 4 t o  2.56 X l o 4  on day 16 (x = 1.15 X. l o 4 ) .  A c o m p a r i s o n  

o f  t he  s lopes  o f  reg ress ion  l i n e s  o f  d e n s i t i e s  f r o m  each zone demonstrated t h a t  

sediment t r a p  accumula t ion  r a t e s  ( impingement r a t e s )  i n  t h e  upper g rowth  zone 

were  g r e a t e r  t h a n  i n  t h e  l o w e r  zone (p  = 0.018, see F i g .  3 l egend) .  

A s i g n i f i c a n t l y  g r e a t e r  percentage o f  p l a n k t o n i c  d ia toms was found i n  upper 

(64%)  v e r s u s  l o w e r  (58%)  g r o w t h  zone t r a p s  ( T a b l e  61, based  on c u m u l a t i v e  

i m p i n g e m e n t  samp les  ( t - t e s t ;  p < 0.05, n=10). No s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  was e v i d e n t  based on 4d t r a p s  however. 

2.3.3 Storm e f f e c t s  -- 
S t o r m - i n d u c e d  wave a c t i o n  and  b e l o w  s u r f a c e  t u r b u l e n c e  r e s u l t e d  i n  

s i g n i f i c a n t  l o s s e s  o f  e p i l i t h i c  d i a t o m  c e l l s .  R e d u c t i o n s  i n  u n s c r a p e d  r o c k  

d e n s i t i e s  were p a r t i c u l a r l y  d ramat ic ,  r e s u l t i n g  i n  a 47% d e c l i n e  a f t e r  t h e  f i r s t  

s to rm and a 10% d e c l i n e  f o l l o w i n g  a s e r i e s  o f  l e s s e r  s to rms beg inn ing  on day 16 

(Fig. 4). A l though unscraped rock  samples were semi - q u a n t i t a t i v e ,  t h e  s tandard  

d e v i a t i o n  a b o u t  t h e  mean o f  t h r e e  r e p l i c a t e s  was l e s s  t h a n  t h o s e  f r o m  r i n g e d  

samples  c o l l e c t e d  on t h e  same d a t e s  ( c f .  F i g .  2). Compar i son  o f  t h e  o v e r a l l  

mean o f  u n s c r a p e d  r o c k  d e n s i t i e s  b e f o r e  s t o r m s  (1.45 X l o 5  d i a t o m  c e l l s  mm-2, 

n=9) versus a f t e r  s to rms (1.05 X l o 5  d ia tom c e l l s  mm-2, n=6) i n d i c a t e d  a s i g n i -  

f i c a n t  d i f f e r e n c e  be tween  t h e  t w o  ( t - t e s t ;  p<0.05). Due t o  t h e  c o n f o u n d i n g  

e f f e c t s  o f  c o l o n i z a t i o n  a n d  m i c r o s u c c e s s i o n  on r i n g e d  a n d  u n r i n g e d  r o c k  

s u r f a c e s ,  b e g i n n i n g  w i t h  n e a r  z e r o  d e n s i t i e s ,  b e f o r e  v e r s u s  a f t e r  s t o r m  mean 

comparisons were n o t  performed. 

The percentages o f  p l a n k t o n i c  d ia toms found on unscraped rock,  unr inged rock, 

and i n  4d s e d i m e n t  t r a p s  a r e  l i s t e d  i n  T a b l e  7. P l a n k t o n i c  d i a t o m  d e n s i t i e s  

( p a r t i c u l a r l y  F r a g i l a r i a  vaucher iae)  were s i g n i f i c a n t l y  h i g h e r  on rock  sur faces  

p r i o r  t o  storms, p a r t i c u l a r l y  those s u p p o r t i n g  " a m b i e n t "  c o m m u n i t y  d e n s i t i e s .  
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Fig. 2.4. 
e f f e c t s  of storm-induced turbulence (arrows indica te  storm events ,  with l a r g e r  
arrow pr ior  t o  12d sample indicat ing a major storm; 16d samples 'col lected a t  
1500hr, p r ior  t o  evening storm designated by PM). 
and a f t e r  storm values;  *P < 0.05; n = 3; + 1 SD. 

Unscraped rock mean diatom d e n s i t i e s  (mn-2 X lO4), demonstrating the  

Upper l e f t :  mean before 
- 

Before the f i r s t  s t o r m ,  78% of  t h e  d ia toms from unscraped rock samples  were 
p l a n k t o n i c  a s  compared t o  48% a f t e r  t h e  s torm.  S i m i l a r l y ,  unringed rock 
communities were 64% planktonic before and 33% a f t e r  the  f i r s t  storm. 

I n  cont ras t ,  4d sediment t r a p  p lankton  p e r c e n t a g e s  were n u m e r i c a l l y  lower  
before than a f t e r  storms i n  the upper growth zone. Although the difference was 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the 0.05 l e v e l ,  th i s  was l i k e l y  due t o  a low 
number o f  samples (n=5). Pr ior  t o  the f i r s t  storm, 34% of the 4d t r a p  material 

TABLE 2.7 

Mean percent planktonic diatoms in unscraped rock, unringed rock, 
and 4d sediment trap samples before and after storms1. 

Collection Before Storms After Storms Comparison2 

Unscraped Rock3 64 
Unringed Rock3 49 
Sediment Trap(4d) 45 

42 p<o.o1* 
40 p<0.05* 
60 p>0.05 

lBefore storm dates: 6/26, 6/30, 7/8; After: 7/4, 7/12 
2t-test 
*Indicates significant difference 
3Upper growth zone 
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was comprised of planktonic diatoms, whereas 56% were planktonic a f t e r  the  f i r s t  
storm. 

The percentage  of n o n l i v i n g  d ia toms on rock s u r f a c e s  tended t o  i n c r e a s e  
during calm p e r i o d s  p r i o r  t o  s torms .  The mean p e r c e n t a g e  on unringed rock 
s u b s t r a t e s  was 25% b e f o r e  v e r s u s  21% a f t e r  s t o r m  d i s t u r b a n c e s ;  t h e  o v e r a l l  
d i f f e r e n c e  was s i g n i f i c a n t  a t  t h e  0.05 l e v e l .  Comparable percentages  of 29% 
before and 25% a f t e r  storms were found on unscraped rock surfaces, however the 
means were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  a f o r e m e n t i o n e d  l e v e l  
(O.lO>p>O.O5). 

2.4 DISCUSSION 
2.4.1 Recolonization 

Refering back t o  the  simple model i n  Figure 1 , i t  i s  c l e a r  t h a t  impingement 
of c e l l s  from t h e  w a t e r  column was more i m p o r t a n t  i n  t h e  r e c o l o n i z a t i o n  of 
denuded rock s u r f a c e s  than was d i r e c t  encroachment from adjacent populations. 
I f  encroachment had c o n t r i b u t e d  s i g n i f i c a n t l y  t o  r e c o l o n i z a t i o n ,  then (1)  
unringed s u b s t r a t e  c e l l  densi t ies  should  have exceeded r i n g e d  s u b s t r a t e  
densi t ies ,  s ince the l a t t e r  t reatment  precluded d i r e c t  encroachment, and/or (2 )  

community composition should have d i f fe red  s i g n i f i c a n t l y  between the  two t r e a t -  
ments. The' r e s u l t s  do n o t  s u p p o r t  e i t h e r  c o n t e n t i o n .  Data i n  Fig. 2 
demonst ra te  t h a t  t h e r e  was no q u a n t i t a t i v e  d i f f e r e n c e  between unringed and 
ringed subs t ra te  samples throughout the study period. Moreover, l i t t l e  or  no 
q u a l i t a t i v e  d i f f e r e n c e  was found between t h e  two treatments. Taxa t h a t  were 
unique t o  e i t h e r  sample type were r a r e  i n  occurrence and exhibi ted no recogniz- 
able growth habi t  pattern. Furthermore, an overall comparison of general growth 
habits revealed no s ignif icance difference between ringed and unringed samples 
(Table 3). 

appeared t o  contr ibute  s i g n i f i -  
cantly t o  the recolonization of denuded rock areas. Diatom accumulation r a t e s  
were high in  sediment t r a p s  when compared t o  rock surfaces  being recolonized, 
p a r t i c u l a r l y  when v a l u e s  from t h e  upper growth zone t r a p s  were used i n  t h e  
comparison (Table  4). This  was e x e m p l i f i e d  by t h e  f a c t  t h a t  t h e  4d sed iment  
t rap density was ac tua l ly  grea te r  than the 4d unringed subs t ra te  density over 
the same time increment. That i s ,  recolonization of denuded rock surfaces could 
be accounted f o r  on the b a s i s  of d a i l y  impingement r a t e s  a lone.  In a d d i t i o n ,  
f l o r i s t i c  d i f f e r e n c e s  between s u r f a c e s  undergoing recolonization and sediment 
t rap  samples were not s t r ik ing .  Fewer than 20% o f  the  67 diatom taxa ident i f ied  
from ringed and unringed samples did not occur i n  sediment t r a p  samples. Again, 
those taxa were typ ica l ly  r a r e  i n  abundance and encountered a s  s ing le  valves i n  
only one count. Cons ider ing  the v a r i a b i l i t y  among r e p l i c a t e  samples  w i t h  
r e s p e c t  t o  the diatom t a x a  found,  t h e  20% value  would seem of even l e s s e r  

Impingement of c e l l s  from t h e  water column 
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importance. 

N o t  s u r p r i s i n g l y ,  u n e q u i v o c a l  d i f f e r e n c e s  were  f o u n d  be tween  i m p i n g e m e n t  

r a t e s  i n  t r a p s  f rom t h e  upper ( e p i l i t h i c )  zone versus the  l o w e r  (pe lag i c )  zone. 

One would presumably f i n d  r a t e  d i f f e r e n c e s  based on t h e  i n f l u e n c e  o f  t he  " l o c a l "  

f l o r a  i n  each zone, however  t h e  p r e c i s e  n a t u r e  o f  t h e  d i s i i m i l a r i t y  i s  n o t  

i n t u i t i v e .  Two bas ic  d i f f e r e n c e s  were observed. F i r s t ,  t h e  r a t e  o f  impingement 

was g rea te r  i n  the  upper versus the l o w e r  zone (Fig. 3). I n  con t ras t ,  Reynolds 

(1976)  f o u n d  r e l a t i v e l y  l a r g e  numbers o f  c e l l s  i n  t r a p s  suspended i n  deeper  

w a t e r s .  The p r e s e n t  f i n d i n g s  c o u l d  n o t  be a t t r i b u t e d  t o  a d i s p r o p o r t i o n a t e  

number o f  resuspended, n o n l i v i n g  d ia tom f r u s t u l e s  be ing redepos i ted  i n  one zone 

o r  the other,  s ince  the  percentage o f  n o n l i v i n g  c e l l s  remained r a t h e r  constant  

among a l l  samples (ca. 25%; Table 5). 

Second, the  percentages o f  p l a n k t o n i c  diatoms were g rea te r  i n  upper versus 

l ower  growth zone cumu la t i ve  samples (Table 6). (Al though n o t  a l l  sediment t r a p  

c o l l e c t i o n s  were  a n a l y z e d  f o r  n o n l i v i n g  d i a t o m s ,  no c o n s i s t e n t  d i f f e r e n c e  

between t h e  two zones was ev iden t  on t h a t  basis) .  I n t e r e s t i n g l y ,  t he  dominant 

p l a n k t o n i c  d i a t o m  i n v o l v e d  was F r a g i l a r i a  v a u c h e r i a e ,  a t a x o n  w h i c h  has a l s o  

been f o u n d  i n  t h e  p e r i p h y t o n  i n  c o l o n i a l  r o s e t t e s  a t t a c h e d  t o  t h e  s u b s t r a t e  

(Hoagland e t  al., 1982). The v a r i a b i l i t y  i n  i t s  growth h a b i t  has i n  p a r t  l e d  t o  

i t s  u n c e r t a i n  taxonomic s t a t u s  (Petersen, 1938). 

Al though such d i f f e r e n c e s  between zones i n  a l a k e  o r  r e s e r v o i r  have n o t  been 

reported, t he  exchange o f  i n d i v i d u a l s  between t h e  p lank ton  and pe r iphy ton  has 

been d e s c r i b e d .  Brown and A u s t i n  (1973)  f o u n d  a dec l i . ne  i n  t h e  p l a n k t o n i c  

d i a t o m  F r a g i l a r i a  c r o t o n e n s i s  w i t h  a c o i n c i d e n t  r i s e  i n  i t s  abundance i n  t h e  

p e r i p h y t o n ,  s u g g e s t i n g  a s e t t l i n g .  S i m i l a r l y ,  Moss (1981) r e p o r t e d  t h a t ,  

" . . . p a r t i c u l a r l y  i n  t h e  cases o f  D ia toma e l o n g a t u m  and Synedra sp., i t  appears  

t h a t  species which are n u m e r i c a l l y  predominant i n  t h e  p lank ton  a t  c e r t a i n  t imes  

o f  t h e  y e a r  a r e  a l s o  n u m e r i c a l l y  abundan t  o r  p r e d o m i n a n t  a t  t h e  same o r  o t h e r  

t imes  i n  t h e  periphyton." Ka i resa lo  (1976) a l s o  descr ibed an i n v e r s e  r e l a t i o n -  

sh ip  between the l i t t o r a l  phytoplankton and t h e  e p i l i t h o n  i n  o l i g o t r o p h i c  Lake 

Paajarv i .  The disappearance o f  l o o s e l y  at tached species, t h e i r  resuspension i n  

the  water  column and subsequent r e s e t t l i n g  onto co lon i zed  sur faces was proposed 

by Hudon and B o u r g e t  (19831, i n  a model based on o b s e r v a t i o n s  f r o m  p l a s t i c  

p a n e l s  p l a c e d  i n  an e s t u a r y .  A p a r t  f r o m  t h e s e  s t u d i e s ,  l i t t l e  e l s e  has been 

repo r ted  concern ing t h e  p o t e n t i a l  source o f  c o l o n i z e r s  on l i t t o r a l  subst rates,  

d e s p i t e  t h e  v o l u m i n o u s  s t u d i e s  on p e r i p h y t o n  commun i t y  c o m p o s i t i o n  and t h e  

c l a s s i c a l  papers on t h e  source o f  t h e  s p r i n g  p lank ton  pu lse  (Lund, 1954; 1955). 

A p e r t i n e n t  q u e s t i o n  t o  pose  i n  l i g h t  o f  t h e s e  r e s u l t s  i s  do such denuded 

areas on rocks represent  an e c o l o g i c a l l y  r e a l i s t i c  s i t u a t i o n ?  I n  a d d i t i o n  t o  

s tud ies  t h a t  have noted the  occurrence o f  p e e l i n g  o r  s loughing o f  t h e  pe r iphy ton  

i n  o t h e r  h a b i t a t s  ( K i n g  and B a l l ,  1966; Cas tenho lz ,  19611, p a r t i c u l a r l y  as a 
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r e s g l t  o f  wave a c t i o n  (Young, 1945; K a i r e s a l o ,  1976; Hoagland, 19831, t h i s  

subs tan t i a l  l o s s  o f  t h e  a t tached  b i o f i l m  has a l s o  been r e p o r t e d  f o r  McConaughy 

r e s e r v o i r  (Roemer e t  al., 1984). O b s e r v a t i o n s  u s i n g  SCUBA i n d i c a t e d  t h a t  

s lough ing  occurs i n  a pa tchy  manner under c o n d i t i o n s  o f  l o w  turbulence. Th is  

k i n d  o f  b iomass  r e m o v a l  has  been d i s c u s s e d  f o r  m a r i n e  h a b i t a t s  as w e l l  (e.g., 

Yodz is ,  1978; Sousa ,  1979). By b r u s h i n g  r e l a t i v e l y  s m a l l  a r e a s  c l e a r  o f  

per iphy ton  biomass, t h e  methods employed i n  t h i s  s tudy  have presumably removed 

p o r t i o n s  o f  t h e  community i n  a s i m i l a r ,  pa tchy  manner. The s ize ,  d i s t r i b u t i o n ,  

and temporal  f requency o f  n a t u r a l  patches have n o t  been examined i n  f reshwa te r  

a t tached communities. 

The use o f  i n t a c t ,  n a t u r a l  subs t ra tes  a l s o  suppor ts  t h e  e c o l o g i c a l  r e a l i s m  o f  

the  p resen t  s tudy  methods. The subs t ra tes  were c l e a r l y  l o c a t e d  i n  an e c o l o g i -  

c a l l y  r e l e v a n t  p o s i t i o n  and  w e r e  i d e n t i c a l  i n  c o m p o s i t i o n  t o  s u r r o u n d i n g  

s u r f a c e s ,  b o t h  c o n d i t i o n s  o f  c o n c e r n  i n  s t u d i e s  o f  t h i s  n a t u r e  ( W e t z e l ,  1965; 

1953). Moreover ,  t h e  i n t r o d u c t i o n  o f  "gaps"  i n  t h e  a t t a c h e d  commun i t y  may be 

more p e r t i n e n t  i n  mar ine  and f r e s h w a t e r  s t u d i e s  than t h e  use o f  c lean  a r t i f i c i a l  

subs t ra tes  f o r  i n v e s t i g a t i n g  c o l o n i z a t i o n  and succession phenomena. A r t i f i c i  a1 

surfaces, p a r t i c u l a r l y  when suspended f r o m  buoys o r  o t h e r  openwater s t ruc tu res ,  

l i k e l y  f u n c t i o n  as e c o l o g i c a l  i s l a n d s  (Henebry  and  C a i r n s ,  1980; Osman, 1982; 

see however S tewar t  e t  al., 19851, whereas denuded areas on e x i s t i n g  subs t ra tes  

may be, f o r  example, more analogous t o  t r e e  gaps (e.g., Denslow, 1980) o r  badger 

d i s t u r b a n c e s  ( P l a t t ,  1975).  Secondary  s u c c e s s i o n s  a r e  1 i k e l y  a more common 

o c c u r r e n c e  i n  t h e  p e r i p h y t o n  t h a n  p r i m a r y  s u c c e s s i o n s ,  g i v e n  t h e  a r e a  o f  

subs t ra te  su r face  a v a i l a b l e  f o r  a t tachment  th roughout  t h e  growing  season. A t  

present, our  l a c k  o f  unders tand ing  o f  t h e  sca les  i n v o l v e d  wh ich  separa te  c o l o n i  - 
z e r s  f r o m  p o t e n t i a l  s i t e s ,  b o t h  t e m p o r a l l y  and  s p a t i a l l y ,  p r e c l u d e s  any 

c o n c l u s i o n s  c o n c e r n i n g  t h e  s u i t a b i l i t y  o f  a p a r t i c u l a r  exper imenta l  design i n  

t h e  f i e l d .  The r e s u l t s  p r e s e n t e d  h e r e  a r g u e  f o r  t h e  s i m i l a r i t y  be tween  t h e  

"gap" and " i s land"  approach, s ince  impingement c o n t r i b u t e d  f a r  more t o  r e c o l o n i  - 
z a t i o n  than encroachment, however f i n a l  d e t e r m i n a t i o n  o f  t h e  e x t e n t  t o  w h i c h  

these f i n d i n g s  app ly  t o  o t h e r  a q u a t i c  systems a w a i t s  f u r t h e r  research. 

2.4.2 Storm e f f e c t s  _ _ ~  
Wind-induced tu rbu lence  had a d ramat i c  e f f e c t  on t h e  s t r u c t u r e  and dynamics 

o f  t he  unscraped e p i l  i t h i c  community (Fig.  4). D i r e c t  underwater observa t ions  

conf i rmed t h a t  t u rbu lence  r e s u l t e d  i n  a v i s i b l y  reduced b i o f i l m  th i ckness  on a l l  

rock sur faces  down t o  ca. 3.5m, c o i n c i d e n t  w i t h  an i nc rease  i n  wa te r  t u r b i d i t y  

due t o  suspended c e l l s  and d e t r i t u s .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  younger 

c o m m u n i t i e s  (4 -12d)  f r o m  r i n g e d  and  u n r i n g e d  s u b s t r a t e s  w e r e  a p p a r e n t l y  

una f fec ted  by tu rbu lence,  whereas t h e  r e l a t i v e l y  o l d e r  communi t ies  (16-2Od) were 

s i g n i f i c a n t l y  i m p a c t e d  (F ig .  2). These r e s u l t s  a r e  c o n s i s t e n t  w i t h  p r e v i o u s  
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o b s e r v a t i o n s  made on communit ies  of a s i m i l a r  composi t ion  from a e u t r o p h i c  
r e s e r v o i r  (Hoagland, 1983). Presumably when diatom c e l l  d e n s i t i e s  and t h e  
ver t ica l  s t a t u r e  of the  community a re  r e l a t i v e l y  great ,  the  biof i lm i s  physical- 
l y  more suscept ible  t o  dislodging depending upon the degree of turbulence. The 
impor tance  of disturbance i n  the  marine rocky i n t e r t i d a l  zone i s  wel l  
e s t a b l i s h e d  (Lewis ,  1977;  Sousa,  1984; D e t h i e r ,  19841, b u t  has  n o t  been 
adequately addressed i n  f resh  waters. 

Of equal importance perhaps i s  the d i f f e r e n t i a l  e f f e c t  t h a t  storm a c t i v i t y  had 
on planktonic versus per iphyt ic  diatoms. The proportion of planktonic diatoms 
on unscraped and unringed surfaces  was s i g n i f i c a n t l y  grea te r  before storms than 
a f t e r  and v i c e  v e r s a  f o r  sed iment  t r a p  samples  t o  a l e s s e r  degree (Table  7). 

This  s t r o n g l y  s u g g e s t s  t h a t  the  p l a n k t o n i c  members of t h e  per iphyton ,  o r  the 
tychoplankton (Round, 19811, were more g r e a t l y  a f f e c t e d  by t u r b u l e n c e  d u r i n g  
storm events than the  t r u e  per iphyt ic  forms which produce permanent attachment 
s t r u c t u r e s  ( s t a l k s ,  pads,  e tc . ) .  That i s ,  the f r e e - f l o a t i n g  members of t h e  
attached community were dislodged from the  subs t ra te  and subsequently deposited 
i n  t h e  4d sed iment  t r a p s  d u r i n g  each s torm e v e n t ,  t o  a g r e a t e r  e x t e n t  than 
s e s s i l e  forms. This reduction was preferen t ia l  and therefore  not random among 
species i n  the community as indicated by Peterson (1977) i n  h i s  model t o  examine 
the re la t ionship  between per turbat ions and d ivers i ty ,  or equal a s  suggested by 
Robinson and Sandgren (1983)  i n  t h e i r  exper imenta l  m a n i p u l a t i o n s  of p lankton  
microcosms. 

T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h o s e  of  K u h n  e t  a l .  (1981) who 
hypothes ized  t h a t  p l a n k t o n i c  p o p u l a t i o n s  i n  t h e  per iphyton  a r e  main ta ined  
pr imari ly  by invasion pressure. Similar ly ,  Jones (1978) found t h a t  the  a b i l i t y  
of planktonic forms t o  es tab l i sh  on polyurethane foam "is lands" determined the  
pat tern of ear ly  colonization. I n  addi t ion,  t h i s  type of la rge  sca le  upwelling 
and subsequent s e t t l i n g  of pseudoplanktonic and p s e u d o p e r i p h y t i c  d ia toms f o l -  
lowing  t u r b u l e n c e  e v e n t s  may i n  p a r t  e x p l a i n  t h e  i n c r e a s e s  i n  sed iment  t r a p  
dens i t ies  seen by Reynolds (1976) during calm periods, ra ther  than turbulence- 
re la ted  differences i n  t rapping eff ic iences .  

A1 though diatom colonizat ion i s  probably the most poorly understood process 
of t h e  f o u l i n g  sequence i n  marine sys tems ( s e e  Callow and Evans, 1951), i t  i s  
even l e s s  known i n  f r e s h  w a t e r s .  Aside from t h e  p r o c e s s  of r e c o l o n i z a t i o n  of 
subs t ra tes  during the growing season, the actual  source of the  i n i t i a l  spr ing 
diatom bloom common in many bodies of f resh water remains basical ly  unknown. 
As Yodzis (1978) pointed out ,  "...dispersal i s  a dynamic element of competition 
f o r  space,"  a n o t i o n  t h a t  c e r t a i n l y  w a r r a n t s  f u r t h e r  r e s e a r c h  i n  s e s s i l e  
systems. 
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