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ABSTRACT 

Dlatomdomlnated b l o f i l m  communities which developed i n  one-month periods 
over two years were monitored i n  t r i b u t a r i e s  o f  a small eut rophic  p r a l r l e  stream 
w l t h  a g r i c u l t u r a l  watershed subject  t o  extens ive s o i l  erosion. S i t e  A, whlch was 
spr ing fed, had a yeat-round flow, t h e  h lghest  s i l i c a  and n i t ra te -n i t rogen  
levels, and a d i s t i n c t  dlatom community regardless o f  t h e  season w l t h  genera l ly  
l e s s  trapped sediments i n  t h e  e a r l y  sp r ing  than s i t e s  downstream. All 
communities ( S i t e s  A-E) had a t  l e a s t  two t i e r s  e x l s t l n g  s ide  by s lde  on the 
primary g lass substrates: a p ros t ra te  t l e r  o f  pennate diatoms, attached o r  
moti le, w i t h  t h e i r  va lve surfaces p a r a l l e l  t o  t h e  substrate; and a second t l e r  
o f  pennate species attached by a proximal ap ica l  po le  perpendlcular t o  the  
primary substrate. A t  a l l  s i t es ,  b u t  p a r t i c u l a r l y  t h e  downstream s l tes,  t h e  
communltles were surrounded and/or covered by sedlments he ld by mucilages o f  
domlnant and codominant diatom specles and bac te r ia  o f  t h e  f i r s t  two t l e r s .  
Second t l e r  (perpendicular) l l f e - fo rms  included rose t tes  o f  Surlrel'la e, 
i nd l v idua l  Navicula m, clumps o r  rows o f  Gonlohonema m, roset tes 
o f  &&&a m, clumps o r  rose t tes  o f  m, and fan-1 1 ke aggregates 
o f  Merldion clrculare formlng hemispherical colonies. Some diatoms o f  t h i s  t i e r  
were no t  attached d l r e c t l y  t o  t h e  a r t i f i c l a l  subst rate b u t  t o  o the r  dlatoms o r  
t o  bound pa r t i cu la tes .  Filamentous bac te r ia  were p a r t i c u l a r l y  important I n  t y l n g  
together clumps o f  organisms and sediments I n  t l e r s  1 and 2, a t  s i t e s  C and D. A 
t h i r d  t l e r  cons is ted o f  f i lamentous organisms, e.g. &&QQ&RI sp. 
(Chlorophyceae) , a sta lked diatom sp., and protozoans inc lud ing  
s ta lked p e r i t r i c h s ,  whlch developed in termingled w l t h  t h e  f i r s t  two t l e r s  and 
d i r e c t l y  attached t o  t h e  g lass substrate. Secondary attachment o f  h@uma and 
- t o  f i l amen ts  o f  t h e  t h i r d  t l e r  occurred, b u t  t h i s  t i e r  was never 
s u f f l c i e n t l y  populated o r  s tab le  enough t o  t r a p  and hold a l a y e r  o f  sediments. A 
species o f  dlatom could occupy on ly  one t l e r  (Achnanthes -, t l e r  1; 
,Q&.ca U, Svnedra t i e r  21, o r  more than one t i e r  I f  i t s  growth h a b i t  
included s t r u c t u r a l  and/or funct ional  heteromorphy. Diatom l i f e - fo rms  are 
i l l u s t r a t e d ,  as are b a c t e r i a  i n  t h e i r  assoc lat ions w l t h  t h e  diatomdominated 
communi t I es. 

17.1 INTRODUCTION 

17.1.1 General 
I n  s tud ies o f  m lc rob ia l  b io f i lms,  an understanding o f  a l g a l  attachment i s  now 

recognlzed as a p r e r e q u l s i t e  f o r  developlng e f f e c t i v e  means t o  con t ro l  these 
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growths where they have ser ious economic consequences (Charackl is and Cooksey, 

1983). Regardless o f  t h e  approach, it appears usefu l  i n  both bas ic  and appl ied 

s tud ies  t o  know what s t r a t e g i e s  attached algae employ t o  surv ive environmental 

perturbations, t h a t  is ,  what s t r u c t u r a l  and perhaps behavioral adaptations they 

have evolved i n  response t o  natura l  s e l e c t i o n  w i t h i n  t h e  b io f i lm .  A t  present, it 

i s  d i f f i c u l t  t o  assess such adaptations i n  freshwater per iphyton communities 

from t h e  in format ion avai lab le.  

Reviews on t h e  ecology o f  attached freshwater algae (a lga l  per iphyton)  

suggest, from t h e  pauci ty  o f  references (MOSS, 1980; Round, 1981), t h a t  

freshwater a l g a l  per iphyton has i n  t h e  past  received scant a t t e n t i o n  o r  has been 

ignored ( K a l f f  and Hoagland, 1982) i n  comparison t o  freshwater phytoplankton 

which has received considerable a t t e n t i o n  w i t h  respect t o  l i f e  h i s t o r y  

form/ funct ion s t r a t e g i e s  (Margalef, 1978; Reynolds, 1984a1, n u t r i e n t  l i m i t a t i o n  

and compet i t ion i n  s t r u c t u r i n g  communities (Tilman e t  al., 1982; Tilman and 

Sterner, 1984; Kilham and Kilham, 19841, and has a depth and breadth o f  research 

i n  o the r  areas which has provided t h e  bas is  f o r  book-length reviews (Fogg, 1975; 

Morris, 1980; Reynolds, 1984b). Indeed, attached eukaryot ic  photosynthesizers o f  

t he  aquat ic  mileau have n o t  received a t t e n t i o n  by t e r r e s t r i a l  eco log i s t s  i n  

developing ecolog ica l  theory on herb ivory and an t i he rb i vo re  defenses (Rosenthal 

and Janzen, 19791, perhaps because u n t i l  r ecen t l y  t he re  were r e l a t i v e l y  few 

major a lga l /he rb i vo re  studies, and mostly from t h e  marine environment (e.g. , 
Vadas, 1977, 1986; Emerson and Zedler, 1978; Lubchenco, 1978; Sousa, 1979; 

L i t t l e r  and L i t t l e r ,  1980; Underwood, 1980; Hay, 1981a; Menge and Lubchenco, 

1981; Underwood and Jernakoff,  1981; Robles, 1982; L i t t l e r  e t  al., 1983a, b; 

Cubit, 1984; Dayton e t  al., 1984; Underwood, 1984a, b, c; Gaines, 1985; Harro ld  

and Reed, 1985). Th i s  s i t u a t i o n  i s  changing r a p i d l y  w i t h  t h e  

cu r ren t  work on attached algae coming from several d i rect ions.  

17.1.2 Macroaloae 
Among t h e  macroalgae, an array o f  morphologies ( L i t t l e r  and L 

st imulus f o r  

t t l e r ,  1980) 

and l i f e  h i s t o r y  s t r a t e g i e s  (Hay, 1981b; L i t t l e r  and L i t t l e r ,  1983; L i t t l e r  and 

Kauker, 1984) e x i s t  t o  increase f i t n e s s  i n  t h e  presence o f  environmental 

disturbances such as p e r i o d i c  des iccat ion a t  low t ides,  w i n t e r  and summer 

temperature stresses, hydrodynamic shear forces created by waves and currents, 

sand-scouring abrasion o r  bu r ia l ,  and herbivory. L i t t l e r  (19801, L i t t l e r  and 

L i t t l e r  (1980, 1983, 1984) and L i t t l e r  e t  al. (1983a, b) have i d e n t i f i e d  a t  

l e a s t  s i x  funct ional - form groups t h a t  d i f f e r  i n  external  morphology, i n t e r n a l  

anatomy, and texture.  They range, perhaps i n  a continuum, from t h e  most 

herb ivore r e s i s t a n t  stony o r  tough crustose group t o  t h e  sof t ,  more herb ivore 

s u s c e p t i b l t  sheet o r  f i lamentous groups. These morphological groups have shown a 

range i n  res is tance t o  graz ing from f i s h  and sea urch ins depending on t h e i r  
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t e x t u r e  and a c c e s s i b i l i t y  ( L i t t l e r  e t  al., 1983b). I n  s p e c i f i c  cases where 

tex tu re  o r  a c c e s s l b i l i t y  does no t  p r e d i c t  t h e  outcome of herb ivory (e.g., 

I)ictvota-, L i t t l e r  and L i t t l e r ,  19841, secondary metabol i tes i n  the  

t tssues may exp la in  herb ivore avoidance. For example, where vegetat lve and 

spo rophy l l i c  t i ssues  are on ly  s l i g h t l y  d t f f e r e n t  i n  toughness, t h e  incorporat ion 

o f  secondary metabol t tes such as phenoltc tannins i n  spo rophy l l t c  t i ssues  may be 

o f  tmportance as a defense against  graz ing o f  these reproducttve fronds under 

high herb ivore densi ty  (Stelnberg, 1984, 1985). However, i n  t h e  red a lga 

(Rhodophyceae), n o n f e r t t l e  fronds, bu t  no t  f e r t i l e  fronds, possess a 

c u t t c l e  which deters  t h e  herb ivore Idotea (an isopod) although 

other  herbtvores are no t  deterred from e i t h e r  o f  these fronds (Gaines, 1985). 

17.1.3 Microalaae 
A l l e n  (1977) suggests the  use o f  microalgae f o r  developtng bas ic  ecolog lca l  

theory and s ta tes  t h a t  f o r  s tud ies o f  succession, "algae o f t e n  o f f e r  t he  

b l o l o g i c a l  system o f  choice.l! Primary a lga l  co lon i za t ton  and successton i n  

freshwater suggest s i m i l a r i t t e s  t o  c e r t a i n  sequenttal events i n  t e r r e s t r t a l  

p l a n t  communittes (Hoagland e t  al., 1982). However, t h e  t ime  i n t e r v a l  between 

events I s  days o r  weeks f o r  algae t n  con t ras t  t o  months o r  years f o r  p l a n t  

communittes (Brown and Austin, 1973; Hoagland e t  al., 1982; Roemer e t  al., 1984) 

thus making poss ib le  more raptd assessment o f  t h e  bastc a t t r i b u t e s  o f  primary 

subst rate events. 

Microalgae o f  t h e  martne envtronment have received spo ra t l c  a t t e n t i o n  

(Castenholz, 1961; N ico t r t ,  1977; Hunter and Russell-Hunter, 1983; Underwood, 

1984a, b, c; Varela and Penas, 19851, b u t  they may be more important than 

genera l ly  rea l ized.  As epiphytes,for example, they may equal t h e  btomass o f  

seagrass blades on which they are growing, and have a s e t  o f  herbivores which 

seek them o u t  even when they are I n  low abundance ( K i t t l n g  e t  al., 1984). 

B io fou l tng  I s  an area where t h e  marine mtcroalgae have recetved considerable 

a t t e n t i o n  i n  t h e  past  decade (Evans, 1981; Charack l is  and Cooksey, 1983). 

Among t h e  mtcroalgae, diatoms (Baci l lartophyceae) appear almost un i ve rsa l l y  

t o  be t h e  f i r s t  eukaryot ic  algae which co lontze and dominate substrates o f  

mtcrocommunittes I n  martne, brack ish and f resh  waters (Amspoker and McInttre, 

1978; Gale e t  al., 1979; Lowe and Gale, 1980; Hudon and Bourget, 1981, 1983; 

Hoagland, 1983; Roemer e t  al., 19841, although diatoms and bac te r ia  may be 

misstng from t u r b u l e n t  martne waters (S iebur th e t  al., 1974). The Increase t n  

s t a t u r e  o f  developing btof t lms,  i.e., t h e  Increase i n  th lckness o f  t he  

pertphyton f l u f f ,  has been suggested as r e f l e c t t n g  compettt ton f o r  subst rate 

surface, where t h i c k  communtttes may a r t s e  I n  response t o  gradtents  o f  COz, 02, 

nutrtents, o r  l i g h t  (Hudon and b u r g e t ,  1981; Hoagland e t  al., 1982; Sumner and 

McInttre, 1982). Hoagland e t  al.  (1982) and Roemer e t  al.  (1984) have speculated 
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t h a t  t h e  formatton o f  l ong  s t a l k s  by dtatoms may enable them t o  avoid t h i s  

competit ton by e leva t i ng  t h e t r  f r u s t u l e s  away from t h e  accumulattng sedtment 

load, and t h a t  mucilaginous mater ia l  o f  b i o f i l m s  a l so  s t a b t l t z e s  developing 

communittes by aggregattng p o t e n t t a l l y  abrastve d e t r i t a l  pa r t i cu la tes .  It Is t h e  

s t r u c t u r i n g  o f  communtttes by dtatoms and sediments t h a t  w i l l  be f u r t h e r  

considered here, on a morphological basts, ustng scanning e l e c t r o n  mtcroscopy 

(SEM). 

17.1.4 Spactftc QLQ&& 

The Maple Creek Model Implementatton P r o j e c t  provided t h e  oppor tun i t y  t o  

examine seasonally t h e  per iphyton o f  a stream system w l t h i n  a watershed der ived 

from c u l t i v a t e d  a g r i c u l t u r a l  land w t t h  extenstve s o t l  eroston. I n  t h e  longer  

term, t h t s  p r o j e c t  was destgned t o  demonstrate ways i n  which nonpotnt source 

po l l u t ton ,  s p e c i f i c a l l y  s o t l  eroston, could be contro l led.  Land owners were 

encouraged t o  con t ro l  s o i l  eros ion by such means as t h e  establ ishment o f  

permanent vegetat lve cover through t e r r a c e  systems, sod waterways and 

dtverstons, wtndbreaks, conservation t i l l a g e ,  and t o  otherwtse reduce 

sedimentation w t t h  water tmpoundments and o the r  eroston o r  water-control 

s t ruc tu res  (ACP, 1979; Schepers e t  al., 1985). The p r o j e c t  area t o t a l e d  33,000 

acres, w t t h  85% planted t o  crops. Annual s o t l  losses i n  t h e  area p r t o r  t o  t h e  

p r o j e c t  exceeded 100 tons/acre/year on 3% o f  t h e  land, w i t h  an average l o s s  o f  

22 tons/acre/year (Anonymous, 1982). The study s t t e s  f o r  our  work were tmpinged 

by watershed ou ts ide  o f  t h e  p r o j e c t  area where implementation o f  t h e  best  s o i l  

conservation p rac t i ces  would be slow, as we l l  as watershed i n  t h e  p r o j e c t  study 

area where 140 o f  280 owneroperators  o f  cropland establ tshed one o r  more s o i l  

conservation p rac t t ces  over a 3-year pertod (Anonymous, 1982). I n  the  s h o r t  

term, our p a r t i c u l a r  t n t e r e s t  was i n  compartng t h e  a l g a l  per iphyton community o f  

t h e  headwaters o f  a stream wt thout  t h e  f u l l  impact o f  s o t l  eros ion ( S t t e  A), 

w t t h  downstream communtties where extenstve s o t l  eros ion was occu r r i ng  (S t tes  

6-E). 

17.2 MATERIALS AND METHODS 

17.2.1 mv s i t e s  

The study s t t e s  (Fig. 1) were i n  Stanton and Col fax counttes, Nebraska, 

U.S.A. S i t e s  were chosen along t h e  t r i b u t a r i e s  o f  Maple Creek t o  r e f l e c t  a range 

o f  a g r t c u l t u r a l  t i l l a g e  practtces. None o f  t h e  s t t e s  had rock subst rates and t h e  

stream bottom was mostly c l a y  and s t l t .  S i t e  A i s  near t h e  o r t g t n  o f  t h e  mtddle 

t r i b u t a r y  (Fig. 1) and ts spr tng fed. The spr tng f lows cont inuously  throughout 

t h e  year a t  t h t s  s i t e ,  which genera l ly  had t h e  lowest t u r b i d i t y  f o r  it does no t  

r e f l e c t  t h e  Impact o f  extensive s o t l  eroston evtdent  downstream. S t t e  B Is about 

10 k i lometers downstream from S t t e  A, and is located below areas where s o t l  
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LOCATION M A P  
MODEL IMPLEMENTATION 

PROJECT AREA 

COLFAX. PLATTE. 
AND S T A N T O N  COUNTIES,  N E B R A S K A  

Fig. 1. Periphyton sampling sites A-E along tributaries of Maple Creek, 
in Stanton and Colfax counties, Nebraska. U.S.A.  
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conservation p rac t i ces  were t o  be implemented. Low f l ow  and h igh s i l t a t i o n  ra tes  

are t y p i c a l  o f  t h i s  s i t e ,  which i s  h i g h l y  accessible t o  c a t t l e .  S i t e  C is a 

p o t e n t l a l  f u t u r e  c o n t r o l  s ince it i s  an eastern t r i b u t a r y  which enters  t h e  creek 

below S i t e  B, w i t h  watershed f o r  t h i s  t r i b u t a r y  located ou ts ide  t h e  Model 

Implementation P r o j e c t  area. Water f low a t  S i t e  C was constant and i n t e r m i t t e n t  

shading occurred. S i t e  D i s  below t h e  p o i n t  where t h e  water from S i tes  B and C 

j o in ,  near t h e  town o f  Clarkson, b u t  above t h e  sewage out f low from t h i s  town. 

Thls  s l t e  would show the  e f f e c t s  o f  d i l u t i o n  and a d d i t i o n  from t h e  mix ing o f  

water from S i t e s  B, C, and E. S i t e  E was added the  second year o f  t he  study 

s ince it was below t h e  watershed where s o i l  conservation p rac t i ces  were t o  be 

implemented. However, t h i s  s i t e  was f requen t l y  dry  and on ly  th ree  periphyton 

samples were co l l ec ted .  Samples i n  t h e  w in te r  months were n o t  o f t e n  c o l l e c t e d  a t  

S i tes  6-D because t h e  samplers became encased i n  o r  covered w i t h  ice. 

17.2.2 

The a l g a l  samplers (Design Al l iance,  C i n c i n a t t i ,  Ohio) were suspended i n  t h e  

creek between two 1.5 m long, 3.2 cm diameter galvanized pipes, d r i ven  1 m i n t o  

t h e  creek bottom. F i ve  microscope s l ides,  i nc lud ing  one spare, were placed i n  

t h e  samplers i n  a v e r t i c a l  pos i t ion,  w i t h  t h e  l ong  ax i s  o f  t h e  s l i d e s  p a r a l l e l  

t o  the  water f low. For most months over a two-year per iod (May, 1979-May, 19811, 

fou r  s l i d e s  were removed from t h e  sampler dur ing t h e  d a y l i g h t  hours9 noon t o  

mid-afternoon. Three s l i d e s  were placed i n  Whirl-Pak bags; t h e  f o u r t h  s l i de ,  I n  

a p l a s t i c  s l i d e  mailer, was f i x e d  i n  2% glutaraldehyde prepared i n  Alga-Gro 

medium (Caro l ina B l o l o g i c a l  Supply Co.). New microscope s l i d e s  were then 

replaced i n  t h e  sampler, which was immersed i n  t h e  creek, t o  be removed t h e  

fo l l ow ing  month. A l l  samples were placed on i c e  and returned t o  t h e  laboratory .  

The glutaraldehyde-f ixed samples were s tored i n  a r e f r i g e r a t o r  f o r  l a t e r  

dehydration, c r i t i c a l - p o i n t  drying, and thermal coa t ing  w i t h  Au/Pd, f o r  SEM. 

Some s l i d e s  were photographed i n  l a r g e  f i n g e r  bowls, f o r  o v e r a l l  growth 

comparisons; examples are shown i n  F igure 2. Three s l i d e s  from each sampler were 

processed t o  remove and c lean t h e  diatom f r u s t u l e s  f o r  i d e n t i f i c a t i o n  and 

enumeration. Permanent s l i d e s  were made f o r  examination w i t h  l i g h t  and scanning 

e l e c t r o n  microscopy. The s p e c i f i c  procedures were as fo l lows,  The s l i d e s  f o r  

l i g h t  microscopy were scraped and t h e  f r u s t u l e s  were t rea ted  w i t h  hydrogen 

peroxide and potassfurn dichrornate (van der  Werff, 1955). Permanent Hyrax s l i d e s  

were made t o  f a c i l i t a t e  q u a n t i t a t i v e  analys is  us ing standard 22 mn? cove rs l i ps  

and known q u a n t l t i e s  o f  t h e  diatom sample. A t o t a l  o f  600 valves per s l l d e  were 

counted and d i f f e r e n t i a t e d  i n t o  t h e  dominant and codominant specles and a l l  

others. 

The samples i n  glutaraldehyde were dehydrated i n  a 10% graded se r ies  o f  

acetone and c r i t i c a l - p o i n t  d r i e d  usfng l i q u l d  carbon d iox ide  as t h e  t r a n s i t i o n a l  
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May 23 - June 20 July 18 - August 15 
1979 

Maple Creek Model Implementation Project 

Fig. 2. Glass microscope slides with periphyton, actual size. 
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f l u i d .  The d r i e d  speclmens were then coated by thermal evaporatlon w l t h  Au/PdD 

and occaslonal ly  w l t h  add l t lona l  coat ing by diode sput te r lngD uslng procedures 

which best s t a b l l z e  t h e  speclmens and pro tec t  them from thermal damage t o  t h e i r  

mucllage (Rosowskl and G l l d e r D  1977; Rosowskl e t  al.D 1981). Samples were 

examlned w l t h  a Cambrldge S4-10 SEMI operated a t  ZOkV. Photographs were made 

w l t h  Polaro id  55 P/N o r  Kodak 4127 c u t  f i l m .  

17.2.3 

Water samples were co l lec ted  I n  1-1 I t e r  polypropylene b o t t l e s  and transported 

t o  the  laboratory  packed i n  i c e  and t n  t h e  dark. A sample o f  150 ml was 

preserved w l t h  2 m l  o f  hydrochlor lc  ac ld  and transported I n  a g lass b o t t l e  f o r  

analys ls  o f  fer rous Iron. Ferrous I r o n  analyses were performed on t h l s  

unf 11 te red  water (APHAD 1976). Nl t ra te -n l t rogenD amnonl umnltrogen. 

orthophosphate and s i l i c a  were analyzed from f i l t e r e d  water samples ( M l l l l p o r e  

f l l t e r  type HAD 0.45 pm poros l ty )D fo l low lng  the  procedures o f  APHA (1976). 

17.2.4 

I n  dlscusslng the  o r l e n t a t i o n  o f  diatoms and other  organlsms on the  glass 

substrates we have chosen terms which do not  depend on t h e  o r l g l n a l  o r l e n t a t l o n  

o f  the  a r t l f l c l a l  substratesD which was v e r t l c a l .  We d i s t i n g u i s h  three t i e r s  o f  

community s t r u c t u r e  b u t  do n o t  mean t o  Imply t h a t  It 1s always poss ib le  t o  view 

these t l e r s , f o r  I n  many cases sediments obscure the  r e l a t i v e  p o s l t l o n  o f  the  

communlty members. The terms pros t ra te  o r  low p r o f i l e  are used f o r  t i e r  1 and 

perpendicular o r  upr lgh t  f o r  t l e r  2 ra ther  than lowerstorey and upperstoreyD o r  

v e r t i c a l  and hor lzonta l .  T Ie rs  1 and 2 develop alongside each other  on the  

prlmary subst rate as does t l e r  3. T i e r  3 may develop over t i e r s  1 and 2 because 

o f  I t s  greater  p o t e n t i a l  s lze  and fl lamentous nature. TherefOrer by the  use o f  

the  term t l e r  we do no t  Imply t h a t  one t i e r  develops attached t o  o r  on top  o f  

another. Organlsms which at tach t o  members o f  t h e  th ree  t l e r s  would be 

eplphytesD not  add l t iona l  t l e r s .  The o r l g l n a l  p o s l t l o n  o f  t h e  communltles i s  how 

they appear when the  p la tes  o f  t h l s  paper are vlewed w l t h  t h e  pages held 

v e r t l c a l l y .  Second t l e r  communftles thus develop I n  a l a t e r a l  fashlon w l t h  

respect t o  the  o r l e n t a t i o n  o f  t h e  subst rate durlng imnersionD l.e.D 

perpendlcular t o  t h e  v e r t l c a l l y  or iented substrate. 

17.3 RESULTS 

The domlnant and codomlnant dlatoms f o r  t h e  spr ing  and summer months o f  t h e  

f l r s t  year o f  the  study (1979) are presented i n  Table 1. The mean number o f  

genera f o r  a l l  s i t e s  was 9.2 and the  range was 3-15. I n  t h e  two-year study 

perlodD 17 specles occurred as domlnants o r  codomlnants (Tables 1-51. For 

purposes o f  I l l u s t r a t i n g  the  three dlmenslonal l ty o f  t h e  communltles a t  S l tes  A D  
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TABLE 1 

Spring and summer dtatom pertphyton o f  Maple Creek, on g lass substrates? 1979. 
~~~ ~ 

* 
Tota l  Doml nant Codomlnant2 Other 

Dtatoms/mm Spectes/mm Specles/mm Diatoms/mm 

S t t e  A ** 
June 
J u l y  
August 

June 
August 

S t t e  0 

S t t e  C 
June 
J u l y  
August 

June 
J u l y  
August 

S l t e  D 

1,500 
100 

7 

l r 5 0 0  
470 

1,200 
3 , 700 
5r600 

720 
2 ? 800 
1,600 

630a 
68a 
4a 

900; 
180 

450b 
2~300: 
4,300 

230d d 

500 
1, OOOd 

270g 600 
16b 23 
l b  2 

380b 290 
180b 160 

77; 600 
820b 550 
880 360 

190c 280 

590f 510 
agoe 900 

* 
A l l  numbers rounded t o  two s l g n i f t c a n t  f igures. 

** 
Immersion periods: June = May 23-June 20; J u l y  = June 20-July 18; August = 

J u l y  18-August 15. 
b. = intrlcatum Kutz., c. = 6. Darvulum (Kutz.) Grun., 
d. = Naulcula 
f. = Nitzschia ~ p p .  D g. = Svnedra ylnn (Nitz. 1 Ehr. 

B, C,*and D. b u t  t o  l i m t t  the  number o f  e lec t ron  micrographs as documentatton? 

these c m u n i t t e s  are morphological ly characterlzed w i t h  a se lec t ion  of 

photographs from a s tng le  c o l l e c t i o n  per iod which developed I n  the  spr ing 

(May/June, 1979, Figs. 3-28). 

Ftgure 2 i l l u s t r a t e s  the  r e l a t l v e  densi ty  and low p r o f l l e  o f  the  communities 

whtch develop I n  one month. Midge f l y  (Chironomtdae) pupal cases were c l e a r l y  

ev ldent  a t  S i t e s  B and D I n  the  spr ing bu t  not  t n  t h e  summer. The only  other  

obvlous d e t a i l  d iscern ib le  wt thout  magnl f lcat ton 1s t h a t  t h e  community a t  S l t e  A 

was l e s s  dense i n  the  spr ing than summer. This  was because angtosperm growth 

along the  banks o f  the  stream screened ou t  a s l g n l f t c a n t  por t ton  o f  the  l i g h t  

durtng the  t r a n s i t i o n  from spr ing t o  summer. During the  fo l low ing  year, black 

p l a s t t c  was used e f f e c t t v e l y  t o  I n h t b t t  angtosperm growth. Shadtng due t o  

vascular p l a n t  growth a t  the  o ther  s t t e s  was apparently n o t  as s l g n l f t c a n t  when 

t o t a l  numbers o f  c e l l s  are compared f o r  both years o f  the  study (c f .  Tables 1, 

3? 4). Th is  was perhaps due t o  t h e  grazing and t rampl ing by ca t t le ,  and, because 

the  stream was much wlder a t  these sttes, p lac lng of samplers I n  the  mtddle 

reduced the  l l k e l t h o o d  o f  shading. 

Key: a. = -J&gxd&a (Bre'b.) Grun., 

(Ag. 1 Kiitz., e. = Nitrschia xu@dhh Grun. , 



256 

TABLE 2 

F a l l  and w in te r  diatom per iphyton o f  Maple Creek, on g lass substrates, 
1979/1980. 

To ta l  Dominant Codominant2 Other 
D i  atoms/mm’ Speci es/mm Species/m D i atoms/mm 

S i t e  A 
September 
December 
February 

S i t e  B 
September 

S i t e  C 
September 
October 
November 
December 

S i t e  D 
September 
October 
November 

27 
4,499 

83 

1,041 

16,336 
10,302 
10,989 

801 

8,771 
7 , 765 

537 

7d 
2 ~ 6 7 7 ~  

52a 

383d 

5,733; 
3,538 
5,101; 

3 09 

2,477b d 

217h 
3,721 

5a 

llC 
872a 

24ae 

3s56gf d 

172 

2,965d 
1, 706d 

2,2497 
1 , 945 

20OC 

15 
950 

20 

410 

7 , 034 
3,799 
4,182 

320 

4,045 
2,100 

120 

* 
Immersion periods: September = August 15-September 11; October = 

September 11-October 9; November = October 9-November 8; December = 
November 8-December 4;  February = December 4, 1979-February 23, 1980. 
Key: a. = Achnanthes (Bre’b.) Grun., b. = Gomohonema 
intricatum Kutz. , c. = G. (KUtz. 1 Grun, d. = Navlcula U c e o l a  
(Ag.) Kutz., e. = ’ Grun., f. = m. fontlcola Grun., 
g. = fh%l jan  clrculare (Grev.) Ag. , h. = M&. U i c u l a  (Greg.) Grun. 

17.3.1 S D r i n a o w t h ’  (19791 

I n  t h e  f i r s t  t h ree  months o f  t h i s  study we found 17 d i f f e r e n t  genera o f  

diatoms; on l y  those which were dominant or  codominant were i d e n t i f i e d  t o  t h e  

species l eve l .  These dominant and codominant diatoms were found a t  a l l  s i t e s  

w i t h  t h e  exception o f  Cvmatooleura (Bre’b.) Wm. Smith and 

-, which occurred on ly  a t  S i t e  A. S i x  species o f  diatoms were dominant 

or  codominant. A t  S i t e  A, t he  dominant diatom i n  June and J u l y  was Achnanthe+ 
ku&sd&&, a species no t  found a t  t he  o the r  s i t e s  and one known t o  co lon i ze  new 

streams and t o  disappear under cond i t i ons  o f  h i sh  organic enrichment (Lowe, 

1974). It i s  perhaps s i g n i f i c a n t  t h a t  Gomohonema d i d  no t  occur as a 

dominant a t  S i t e  A whereas it occurred a t  a l l  o the r  s i t es .  This  species has been 

suggested as an i n d i c a t o r  o f  organic  water p o l l u t i o n  (Lowe, 1974; P a t r i c k  and 

Reimer, 1975). The dominant diatoms a t  S i t e  C were lanceolata and 

L ~ ~ ~ Q w M  intricatum, species genera l ly  c h a r a c t e r i s t i c  o f  eut rophic  waters 

(Lowe, 1974; P a t r i c k  and Reimer, 1975). 

. .  
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TABLE 3 

Spring diatom periphyton o f  Maple Creek, on g lass substrates, 1980. 

Tota l  Dominant Codominant2 Other 
Diatoms/mm Species/mm Specles/mm Dlatoms/mn 

2,518 1,512: 
53; 32 

743 263 
208 110 

S i t e  B 
March 644 3779 212c 55 

June 32 22 5e 5 

March 99 389 33c 28 
A p r i l  829 Slog 225' 94 

A p r i l  1,087 563; 380g 154 
May 306 221d 4 Oe 45 

S i t e  C 

May 84 9 441e 161' 248 
June 307 210h 51' 46 

S i t e  D 
March 229 106g 105' 18 
A p r l l  995 665 157' 123 
May 383 124' l l o e  149 

S t t e  E*** 
May 1,002 
June 889 

713; 
600 

70: 219 
169 120 

* 
Immersion periods: March = February 23-March 22; A p r i l  = March 22- 

A p r i l  19; May = A p r l l  19-May 19; June = May 19-June 18. Key: 
a. = Achnanthes lanceolata (Br8b.I Grun. , b. = &QW vaucheriae 
(Kutz.) Peter., c. = GomDhonema Intrlcatum Kutz., d. = L. oarvulum 
(Kutz.) Grun., e. = Navicula lanceolata (Ag.) Kutz.. f. = 
circulare (Grev.) Ag., g. = u r e l l a  Kutz., h. = 
m&ci.Ma Grun. 

On A p r l l  19 sheets o f  heavy black p l a s t i c  were placed along the 
stream banks t o  i n h i b i t  anglosperm growth which had caused severe 
sampler shading. 

** 

*** 
Added on A p r i l  19, since s o i l  conservatlon prac t ices  were t o  be 

implemented upstream from t h i s  locat ion.  

SEM has provided a useful perspective o f  t h e  organisms and associated 

p a r t l c u l a t e s  which developed i n  the  creek periphyton. The morphological e f f e c t  

o f  s o i l  p a r t i c l e  build-up i s  i l l u s t r a t e d  by comparing S l tes  A and B (cf.  Figs. 

3-7 8 8-14). Although the  t o t a l  number o f  diatoms a t  each s i t e  was s i m i l a r  

( l r 5 0 0 / d ;  see Table 1, footnote*), t h e  dominant species were d i f fe ren t ,  and 

whereas diatoms were c l e a r l y  ev ident  a t  S i t e  A (Fig. 3 )  and were s t i l l  t rapping 

considerable q u a n t i t i e s  o f  p a r t i c u l a t e s  (Figs. 4-71, they were almost obscured 



2 58 

TABLE 4 

Summer and f a l l  diatom per iphyton o f  Maple Creek, on g lass substrates, 1980. 

Tota l  Dominant Codomtnant2 Other 
Dtatorns/mm Spectes/mm Spectes/mm D i  atoms/mm 

S i t e  A * 
J u l y  613 459;: 7gb 74 
August 131 58 52: 21  

October 4,220 2 ~ 8 4 4 ~  532e a44 
September 693 392: 153 148 

November 8,932 6,457 1,027" 1,447 

S i t e  B 
J u l y  
August 

948 
55 

4OOf f 

26 
387d 

17e 
152 

12 

S t t e  C 
J u l y  1,006 410f 323: 273 
August 1,692 804: 614 274 
September 92 0 403 294: 223 
October 6,990 3 ~ 6 9 1 ~  28146 1 t 063 
November 3,898 1,902 896' 1,099 

S i t e  D 
J u l y  1,631 841f 388; 415 

November 5,227 2,990 1,531g 706 

September 185 
98; 

4 7. 39 
October 2,315 1 ~ 5 8 1 ~  25ge 475 

S i t e  E 
Auaust 301 9gf 94e 109 

* 
Immersion periods: J u l y  = June 18-July 23; August = J u l y  23-August 21; 

September = August 21-September 22; October = September 22-October 20; 
November = October 20-November 20. Key: a. = Achnanthes (Br6b.l 

d. = G. (Klitz. 1 Grun., e. = Navirula (Ag.) Kutz., 
f. = Nitzschla ' Grun., g. = w. (Wm. Smtth) Grun., 
h. = U. Wm. Smith, t .  = Surlrella a K h .  

Grun., b. = curvata (Kutz. 1 Lagerst., c. = GomDhonema K i t Z .  t 

by p a r t t c u l a t e s  a t  S i t e  B (Figs. 8 B 9). SEM a l so  shows t h e  r e l a t t v e  importance 

o f  t h e  s t ze  o f  vartous diatoms. For example, although &bm$bi lanceolata 
( t t e r  1) was t h e  numerical domtnant f o r  S t t e  A I n  June, It was Sycmka U l M  
( t t e r  2)  which was t h e  biovolume domtnant when scanntng e l e c t r o n  micrographs are 

examtned (cf. Ftgs. 3 8 4). 

The s t r t k t n g  fea tu re  o f  S t t e  B (c f .  Ftgs. 6 8 10, a t  t h e  same magnt f icat ton)  

was t h e  d t f f t c u l t y  t n  f i n d i n g  any diatoms because o f  t h e  debr is  which covered 

them. Some spher tca l  c e l l s  (untdent l f led,  Ftg. 12) were able t o  keep debr l s  a t  a 

distance, perhaps from sltme which they secrete, which then sh r inks  o r  Is l o s t  

I n  spectmen preparat ton l eav tng  a space around them. Th is  f l o c c u l a n t  ma te r ia l  

n o t  o n l y  c o l l e c t s  between t h e  dtatoms (Figs. 9-11) b u t  may a l so  occur on t h e t r  

surface (Ftgs. 13 B 14). It was n o t  determined i f  t h e  dtatoms secreted t h i s  

mater ta l  or  t f  It was depostted on t h e  dtatoms from t h e  stream water. 
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TABLE 5 

Spring diatom per iphyton o f  Maple Creek, on g lass substrates, 1981. 

To ta l  Dominant Codominant2 Other 
Diatoms/mm Species/mm Species/mm Diatoms/mn 

S i t e  A * 
March 
A p r i l  
May 

S i t e  B 
A p r i l  

S i t e  C 
March 
A p r i l  
May 

S i t e  D 
March 
A p r i l  
May 

9,917 
1,279 
7 , 582 

1,462 

260 

908 
5,810 

10,447 
13,939 
3 , 833 

6 ~ 5 0 5 ~  d 

568 
7#537a 

619' 

93 
2t034e 

218g 

6,456b 
7,318; 
1 t 782 

l t 3 8 8 f  2 t 023 
409: 3 02 

30 16 

483f 361 

36; 130 

87 a 603 
843 2,934 

1,358 
3 ~ 1 3 6 ~  3,485 

2t633b d 

1, 428 623 

* 
Immersion periods: March = November 20-March 14; A p r i l  = March 14- 

A p r i l  14; May = A p r l l  14-May 12. Key: a. = Achnanthes - (Breb.) 
Grun., b. = GomDhonema D a r v u l w  (Kutz.) Grun., c. = 
JamxhLa (Ag.) Kutz., d. = Nitzschla Grun., e. = m. 
curvata (Kutz.) Grun. 

Wm. Smith, f. = u. w i t e l m  Hustedt, g. = 

A comparison o f  S i t e s  B and C a t  t h e  same magn i f i ca t i on  shows t h a t  S l t e  C 

(Fig. 15) a l so  trapped a dense s l l t  load, b u t  it was poss ib le  t o  d i s t i ngu ish  

i n d i v i d u a l  diatoms i n  t h i s  community (Figs. 15 8 16)) u n l i k e  S i t e  B i n  most 

specimen areas. On many o f  t h e  diatoms a t  t h i s  s i t e ,  an organic  s k i n  was noted 

(Figs. 18 8 19). 

The s i l t  load t h a t  t h e  subst rates could ho ld a t  S i t e s  B and C appeared t o  be 

t h a t  which occurred between t h e  perpendicular diatoms o f  t h e  community which 

meant t h a t  t h e  p r o s t r a t e  forms were mostly buried, i.e., no t  observed w i t h  SEM. 

A t h i r d  t i e r  developed i n  c e r t a i n  areas o f  t h e  subst rate and consisted o f  

f i l amen ts  o f  unknown i d e n t i t y  (Fig. 17))  i n i t i a t e d  perpendicular t o  the 

subst rate b u t  which then developed over t h e  adjacent sediment-loaded double t i e r  

p a r a l l e l i n g  t h e  surface; these f l l amen ts  were n o t  s t a l k s  o f  p e r i t r i c h s  

( V o r t i c e l l i d a e )  which were r e a d i l y  i d e n t i f i a b l e  (Flg. 19) because they extended 

away from t h e  second t i e r  by t h e i r  c o i l e d  s ta lks.  

The most i n t e r e s t i n g  t i e r  o f  t h e  one-month o l d  subst rates was a t  S i t e  0 

(Figs. 20 a 21). As a t  S i t e s  B and C, t h e  two-t lered communlty was completely 

bu r ied  w i t h  sediments (Figs. 25-28), and c e r t a i n  diatoms were noted t o  have an 
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t n t r t c a t e  organic  coa t ing  (Figs. 22-24); c e r t a i n  nondiatom members o f  t he  

community, l o r i c a t e  p e r t t r t c h s  (Vagintcol tdae), were conspicuous w t t h i n  the  

two- t ter  l e v e l  o f  t h e  community b u t  are not  t l l u s t r a t e d  here. A f i lamentous 

t h i r d  t t e r  a l so  developed, attached t o  t h e  g lass b u t  w i t h  t h e  bu lk  o f  t h i s  t t e r  

composed o f  f i l amen ts  p a r a l l e l  t o  the  bur ied subst rate and colonized by diatoms 

1 tke Svnedra U and GomDhonema (Figs. 20 8 21). Because o f  t he  loose 

network o f  t h i s  t h t r d  t t e r  o f  f i laments, and t h e  a b t l t t y  o f  t h e  P e r t t r t c h i d a  t o  

expand and con t rac t  i n  and ou t  o f  t h e  second and t h i r d  t i e r  l e v e l s  (Figs. 20, 

25, 281, t h i s  t h i r d - t i e r  communtty d i d  no t  appear s u f f t c t e n t l y  s tab le  t o  be 

Important I n  ho ld ing seston. 

17.3.2 F a l l  and wtn- 1979. 

The f a l l  c o l l e c t t o n s  genera l ly  showed an Increase i n  c e l l  dens i ty  over those 

I n  t h e  summer (Table 2 ) .  S i t e  D showed a four- fo ld  increase I n  c e l l  numbers i n  

monthly c o l l e c t i o n s  from Sept.-Nov., wh i l e  a t  S i t e  C dens t t i es  were two t o  th ree  

t imes g rea te r  than i n  t h e  summer pertod. Overgrowth o f  Iyphn a t  S i t e  A prevented 

development o f  a dtatom pertphyton. A t  S t t e  B (Oct. 9 t h )  t h e  stream had d r ied  up 

and sedtment was w i t h i n  5 cm o f  t h e  top  o f  t h e  p ipe  hold ing the  sampler, 

suggesttng a depost t ton o f  sedtment over t h e  preceeding months t o  a depth o f  30 

cm . 
A new domtnant, -iu@iLj~, occurred a t  S i t e s  C and D t n  e a r l y  f a l l  

along w i t h  Mayicu la lanceol. These taxa were l a t e r  replaced by !im&mma 
ir&&&um and fonticola, fo l lowed by G. parvu luq  and H. lanceolata a t  

S t t e  C i n  t h e  l a t e  f a l l .  

s i r c u l u e  was an e a r l y  w in te r  dominant, occu r r i ng  on ly  a t  S t t e  A 

(water temp. 3"C), fo l lowed by Achnanthes lanceolata and GomDhonema l&ckaLw 
I n  l a t e  winter. A t  S i t e  C (Dec. 4th.1, Nitzschia &&aikLa and fhduh 
lanceolata were codominants. An i c e  cover o r  encasement o f  t h e  sampler I n  the  

i c e  prevented t h e  development and/or c o l l e c t i o n  o f  samples a t  S i tes  B and D 

dur ing t h e  w in te r  months. 

Figures 3-7 of pertphyton communittes a t  S t t e  A, immersed May 23-June 20, 1979. 

Fig. 3. L t g h t  sediment load w t th  second t t e r  o f  Svnedra u l . ~  dominant i n  t h i s  
area o f  t h e  substrate. 130 X. 

Fig. 4. F i r s t  t i e r  w i t h  bac te r ia  ev ident  a t  whtte arrow; second t t e r  Svnedra 
U wt th  p a r t t c u l a t e s  clumped near t h e i r  apices. 260 X. 

Fig. 5. T i e r  1 w i t h  Achnanthes lanceolata and Navlcula lanceolata I n  center. 
Sediment p a r t t c u l a t e s  aggregated and attached t o  t t e r  1. 260 X. 

Fig. 6. Mixed diatom spectes of g rea t  range i n  stze, and several n o t  attached 
d i r e c t l y  t o  t h e  g lass substrate. 650 X. 

Ftg. 7. P a r t i c l e s  trapped w i t h t n  t h e  perpendicular colony o f  m u h i i .  
1,300 X. 
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17.3.3 

Re la t t ve l y  low l e v e l s  o f  growth developed a t  a l l  s t a t i o n s  i n  t h e  sp r ing  

(Table 31, w t t h  t h e  h ighest  denst ty  occurr tng a t  S i t e  A I n  A p r i l  (2,518 

cel ls /&) .  A t  S i t e s  B-D, W r e l l a  a was domtnant in e a r l y  spring, a taxon 

c h a r a c t e r t s t t c  o f  cool  runntng water (Lowe, 1974). GomDhonema I n t r f c a t u m r  8. 
narvulum and c o n s t i t u t e d  most o f  t h e  o the r  dtatoms present 

I n  t h e  spr tng f l o ra .  I n  l a t e  spr tng a t  S t t e  A, E c a g t l a r t a  xu&baAe . appeared as 

a new codomihant; t h t s  taxon ts t n d i c a t t v e  o f  eut rophic  waters (Lowe, 1974). 

17.3.4 

Data f o r  t h t s  per iod ts found t n  Table 4. The heavy r a i n s  and h igh wtnds 

which occurred on June 14 a l t e r e d  t h e  e n t i r e  stream morphometry as t h e  stream 

bank was eroded and t h e  bank vegetat ton destroyed. Consequently, a l l  s l t d e s  a t  

S i t e s  A and D were l o s t  and those a t  t h e  remaining s t t e s  had undoubtedly 

undergone extreme abrasion. Although June was a month o f  dense a l g a l  growth the  

previous year, t h e  growth f o r  samples from S i t e s  B, C, and E f e l l  we l l  below 

those o f  t h e  previous year. 

Water f low was down s u b s t a n t t a l l y  by midsummer a t  a l l  s t t e s  except A. S t t e  A 

was dominated by A. lanceolata and a new codomtnant-curvata, wht le  St tes 

B, C, and D were again domtnated mainly by Nitzschia m. The water l e v e l  

a t  S t t e  E was n e g l i g i b l e  and t h e  sampler was destroyed (presumably by c a t t l e ) .  

By l a t e  summer, water l e v e l s  as we l l  as dtatom dens t t t es  were low a t  S i t e s  A t  

B, and E. Samplers a t  S i t e s  B and E were densely shaded and p a r t i a l l y  encased i n  

mud, wht le  a t  S t t e  D t h e  sampler was destroyed. Only S t t e  C exhtbt ted 

appreciable diatom growth, w t t h  Qxuhmem h.t~&&~ and Nitzschia mgtdLa 
t h e  dominant spectes. 

I n  t h e  e a r l y  f a l l ,  S i t e s  B and E (Sept. 22) were d ry  and water f low was low a t  

S i t e s  C and D. Achnanthes lanceolata and Eunotla curvata were agatn domtnant a t  

S i t e  A and Navlcula and Nitzschia m were t h e  domtnants a t  

S t tes  C and D. By l a t e  f a l l  t h e  sampler a t  S t t e  A was damanged b u t  i n tac t ,  w t th  

evtdence o f  heavy s i l t i n g .  Low water f low occurred a t  S i t e s  C and D, w t t h  t u r b i d  

and/or statned waters. Maxtmum c e l l  dens t t t es  occurred a t  S t t e  C ,  wt th  

Nitzschia domtnant. 

I n  t h e  l a t e r  f a l l ,  a new diatom domtnant f o r  S i t e  A occurred, Nitzschla 
Unaxk, genera l l y  t nd tca t t ve  o f  oxygen r t c h  sprtngs and streams (Lowe, 1974). 

Lower dens t t t es  were found a t  S i t e s  C and D beneath 1-2 cm o f  i c e  (w t th  

extremely low water f low), tnc ludtng a new domtnant a t  S i t e  D, Nltzschia 
iugu&La. I n te res t tng l y ,  t h i s  dtatom i s  noted as betng c h a r a c t e r i s t t c  o f  

standtng water (Lowe, 1974). 
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17.3.5 

Sl tdes imnersed on Nov. 20, 1980, were harvested on March 14 (Table 5). It 

should be noted t h a t  t h i s  sample represented almost a 4-month t m r s t o n  period, 

unl t k e  most o t h e r  samples which were harvested a f t e r  a one-month tmnerston 

period. S t t e  A was domtnated by Nitzschia and Nltzschia w, 
wt th  many o f  t h e  subdomtnants betng l a r g e  diatoms (g rea te r  than 100 JMI i n  

length), such as Navicula -, Stauroneis -, 
~QKW& (Donk.) C1. Th is  domtnance by l a r g e  spectes o f  dtatoms was no t  observed 

a t  any sampl tng s t t e  p r i o r  t o  t h i s  sample. 

and 

GomDhonema m, both species i n d t c a t o r s  o f  very  h igh  n t t rogen  l e v e l s  (Lowe, 

1974). The s l i d e s  a t  S t t e  A (May 12th) were covered w t t h  a near ly  unta lga l  

populatton o f  Achnanthas m. Pure stands o f  one spectes had n o t  been 

encountered a t  any s i t e  up t o  t h t s  ttme. 

and 

A spr tng sample a t  S i t e  C (Table 5) was domtnated by 

17.3.6 - i tv  - + r w  

Seasonal d t f ferences were ev ident  I n  t h e  per iphyton communtty a t  S t t e  A 

(Figs. 29-32). A d t s t t n c t  two-ttered community developed I n  l a t e  spring, 1979, 

consts t tng o f  a dense growth o f  p r o s t r a t e l y  attached Achnanthes and 

perpendtcu lar ly  o r i en ted  ( i n  respect t o  t h e  subst rate)  Svnedra lilnn assoctated 

w t th  sediment pa r t t cu la tes .  I n  contrast, t h e  e a r l y  f a l l ,  1979, sample showed 

sparse development o f  dtatoms (on ly  10 f r u s t u l e s  observed a f t e r  scanning most o f  

a 1 c d  g lass ch ip) ,  b u t  b a c t e r i a  predominated, forming small clumps o f  

muctlaglnous s t rands on t h e  substrate. I n  addit ion, some p a r t t c u l a t e  matter 

o v e r l a i d  t h e  g lass surface. It should be noted t h a t  t h e  overgrowth o f  

angiosperms causing shading probably favored t h i s  development o f  heterotrophs 

over autotrophs. 

The pertphyton communtty c o l l e c t e d  a t  S t t e  A i n  e a r l y  spring, 1980, conststed 

o f  many clumps o f  dtatoms w t t h  l i t t l e  accumulatton o f  sediment par t tcu la tes.  

Por t tons o f  t h e  g lass subst rate between t h e  clumps were uncolontzed by diatoms, 

bu t  h igher  magnt f tcat ton showed t h e  subst rate t o  be covered w i t h  a f t l m  o f  

bac te r ia  and t h e t r  associated muctlage strands. The e a r l y  f a l l ,  1980, community 

consisted o f  a heavy accumulatton o f  sedtment par t tcu la tes,  w t t h  dtatoms only  

occastonal ly  viewed w i t h i n  t h i s  mater ia l  (Ftg. 32). On areas o f  t he  subst rate 

where sedtment butld-up was no t  evident, I s o l a t e d  patches o f  Achnanthes 
lanceolata were found. Although t h e  p r o s t r a t e  A. lanceolata was the  numertcal 

domtnant a t  S t t e  A on Oct. 20, 1980 (Table 4) .  It was mostly bur led by sedtments 

(Ftg. 32), t.e., n o t  observed w t t h  SEM except i n  t so la ted  patches. Perhaps t h e  

placement o f  t h e  b lack p l a s t t c  along t h e  banks o f  t h e  stream, i n  t h e  spr tng o f  

1980, t o  con t ro l  shadtng o f  t h e  sampler from vegetatton, cont r ibuted t o  runo f f  

and sedtmentatton I n  t h e  imnedtate area o f  S t t e  A. 
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I n  communities from S i t e s  Br Cr and Dr where extens ive sediment bui ld-up was 

ev identr  diatoms were o f t e n  found attached t o  and d i v i d i n g  w i t h i n  t h e  sedimentsr 

thus l i k e l y  c o n t r i b u t i n g  t o  t h e  s t a b i l i z a t i o n  o f  t h e  p a r t i c u l a t e  mat ter  t he  

a r t i f i c i a l  substrate. I n  addi t ion,  s e s s i l e  diatoms were commonly found e i t h e r  

p a r t i a l l y  o r  f u l l y  bur ied i n  t h e  sediments (Figs. 33-34)D evidence t h a t  

p a r t i c u l a t e s  were cont inuously  accumulating i n  t h e  per iphyton stream community. 

Fur ther  increase i n  t h e  th ickness o f  t h e  per iphyton beyond t h e  two t i e r s  

created by p r o s t r a t e  and perpendicular forms was observed i n  samples co l l ec ted  

from S i t e s  C and D. Large e r e c t  a l g a l  f i l amen ts  (Qedoaonlum sp.) were basa l l y  

attachedr forming a p a r t i a l  canopy over t h e  subst rater  w i t h  t h e  greatest  densi ty  

a t  t h e  edge o f  t h e  g lass s l i d e  (Fig. 36) .  

on 

Bac te r ia l  mucilages are important i n  t h e  b ind ing  o f  sediment p a r t i c l e s  i n  t h e  

per iphyton o f  Maple Creek. U n i c e l l u l a r  and c o l o n i a l  bac te r ia  were found 

attachedr v i a  mucilage secret ionsr  d i r e c t l y  t o  t h e  g lass subst rate (Figs. 10 8 

42Ir t o  surfaces o f  inorganic  and organic  p a r t i c l e s  (Figs. 37-41)r and t o  diatom 

f r u s t u l e s  (Figs. 39 8 4 0 ) .  Bac te r ia  and t h e i r  mucilages were found i n  a l l  

communities sampledr regardless o f  t h e  season. Clumps o f  b a c t e r i a l  mucilage were 

occasional ly  found cover ing t h e  g lass surface (Fig. 3 7 ) .  A more common form o f  

b a c t e r i a l  mucilage was sheet- l ike webs (Fig. 38) which o f t e n  co l l ec ted  

pa r t i cu la tes .  I n  Fig. 44, bac te r ia  beneath t h e  mucilage are v i sua l i zed  as the  

e lec t ron  beam o f  t h e  SEM penetrated t h e  d e l i c a t e  mucilage webs. Furthermore# 

diatoms on t h e  subst rate sur face o r  elevated away from t h e  surface were 

sometimes found e i t h e r  p a r t i a l l y  o f  f u l l y  overgrown w i t h  strands o f  b a c t e r i a l  

mucilage (Fig. 40) .  I n  a d d i t i o n  t o  t h e  bac te r ia r  protozoa and fungi  were commonr 

although they never were dominants i n  t h e  community. 

Figures 8-14 of per iphyton communities a t  S i t e  Br immersed May 23-June 201 1979. 

Fig. 8. Substrate densely packed w i t h  sediments e n t i r e l y  obscuring t i e r  1 and 
t i e r  2 communities. 260 X. 

Fig. 9. A few diatoms ba re l y  v i s i b l e ;  diatom a t  b lack arrow no t  attached t o  the  
g lass and w i t h  f r u s t u l e  damage. 650 X. 

Fig. 10. Two p roka ryo t i c  f i l amen ts  attached t o  diatom o f  t i e r  2 w i t h  f l o c c u l a n t  
deb r i s  i n  t h e  v i c i n i t y .  2,600 X. 

Fig. 11. Higher magn i f i ca t i on  o f  t h e  f l o c c u l a n t  debr is  shown i n  Fig. 10. 
61000 X. 

Fig. 12. Some spher ica l  c e l l s  o f  t i e r  1 surrounded by debris. The c l e a r  areas 
may represent where h igh l y  hydrated mucilage occurred and co l lapsed t o  t h e  
subst rate w i t h  c r i t i c a l - p o i n t  drying. 1,300 X. 

Fig. 13. Surlrella m on c e l l s  and debr is  o f  t i e r  2. 2,600 X. 

Fig. 14. Flaky p a r t i c l e s  bound t o  Surlrella m of Fig. 13 resemble t h e  small 
p a r t i c l e s  found on t h e  g lass subst rate i n  Fig. 11; raphe on edge i s  evident. 
13r000 X. 
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Occasionally, rod-shaped b a c t e r i a  adhered d i r e c t l y  t o  t h e  g lass sur face w i t h  

few attachment s t rands (Fig. 42). Generally, however, b a c t e r i a  were attached t o  

t h e  g lass subst rate v i a  many e x t r a c e l l u l a r  mucilage s t rands (Figs. 37-40, 43) .  

Figures 43-48 i l l u s t r a t e  b a c t e r i a  w i t h  t h e i r  associated mucilage strands 

attached t o  t h e  sur face o f  t h e  per iphyton o r  t h e  g lass substrate. Some bac te r ia  

secreted l a r g e  numbers o f  s t rands from t h e i r  c e l l  sur face w i t h  on l y  a few 

in terconnect ions (Figs. 43 8 471, whereas o the r  b a c t e r i a  formed co lon ies w i t h  

f ine,  densely woven s l ime threads (Fig. 44). Bac te r ia  were commonly associated 

w i t h  t h e  surfaces o f  diatoms. Rod-shaped bac te r ia  were found attached a p i c a l l y  

t o  t h e  valves o f  GomDhonema intricatum (Fig. 45). and were i n  t h e  process o f  

budding a t  t h e  f r e e  end (Fig. 46). Other rod-shaped bac te r ia  w i t h  mucilage 

threads were seen p r o s t r a t e l y  attached t o  t h e  g i r d l e  reg ion o f  Nltzschla sp. 

(Fig. 47) and t o  t h e  valves and g i r d l e  bands o f  Merldlon circulare (Fig. 48). 

The most impor tant  organisms associated w i t h  t h e  sur face o f  t h e  trapped 

sediments were f i lamentous types, s i m i l i a r  t o  those i l l u s t r a t e d  i n  Fig. 55. 

These presumptive b a c t e r i a  were present a t  S i t e s  A-D, b u t  appeared most 

important a t  S i t e s  C and D. Indeed, these f i laments, occas ional ly  branching, 

were t h e  conspicuous fea tu re  o f  t h e  ou te r  sur face o f  t h e  t i e r  2 communities a t  

S i t e  C (10/20/80) and D (8/11/79), f o r  example. I n  a l l  communities, s i m i l a r  t h i n  

f i l amen ts  developed, connecting aggregates o f  organisms together. Most o f  t he  

f i laments were about 1 micrometer i n  diameter b u t  o thers were up t o  4 

micrometers, i nd i s t i ngu ishab le  as b a c t e r i a  based on t h e i r  morphology. 

Diatoms were t h e  most conspicuous eukaryot ic  members o f  t h e  one-month o l d  

periphyton. A v a r i e t y  o f  growth h a b i t s  and attachment mechanisms were exh ib i t ed  

by t h e  diatoms. Achnanthas colon ized l a r g e  expanses o f  t h e  glass 

sur face a t  S i t e  A, and was p r o s t r a t e l y  attached by an adhesive pad produced 

between t h e  raphid va lve and t h e  substrate. The attachment was so secure t h a t  

even t h e  raphid valves o f  dead c e l l s  remained attached (Fig. 49). The attachment 

s t ruc tu res  were l e s s  ev ident  i n  AmDhora ovalis var. ped icu l yg  (Kutz). V.H. su 

Figures15-19 o f  per iphyton communities o f  S i t e  C, immersed May 23-June 20, 1979. 

Fig. 15. Debr is  no t  t i g h t l y  packed and diatoms evident. 260 X. 

Fig. 16. Diatom a p i c a l l y  attached t o  t h e  g lass subst rate and surrounded by 
debris; another diatom, lower l e f t  on t i e r  2. 1,300 X. 

Fig. 17. U n i d e n t i f i e d  f i l amen ts  o f  t i e r  3 community. Fi laments o r i g ina ted  from 
t h e  g lass surface. 260 X. 

Fig. 18. Nitzschia sp. on t h e  t i e r  2 community w i t h  mucilage adhering t o  t h e  
va lve face and g i r d l e  regions. 2,600 X. 

Fig. 19. Diatom w i t h  mucilage strands on va lve face and g i r d l e  regions; c o i l e d  
s t a l k  o f  p e r i t r i c h  ev ident  a t  lower r i g h t .  2,600 X. 
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DeT. (Fig. 50) and k i c u l a  Unmdxta (Fig. 52) ,  species commonly found 

embedded i n  d e t r l t a l  pa r t i cu la tes .  I n  contrast, Svnedra u, Merfdlon 
~JXUIJS~ UuUdcurvata. Surlrella u&a  and GomDhonema oarvulurn formed 

perpendicular co lon les  which were attached t o  t h e  subst rate by adhesive pads. 

The attachment pad o f  Eunotla curvata was connected t o  t h e  proxlmal c e l l  apex 

near t h e  v e s t i g i a l  raphe (Fig. 56) .  whereas -m produced a sho r t  

mucllaglnous s t a l k  (Fig. 58) .  Long-stalked diatoms were, however. uncommon I n  

t h e  Maple Creek per lphyton although t h e  e a r l y  sp r ing  1980 community a t  S i t e  B 

showed several patches o f  GomDhonema sp. w i t h  very l ong  s t a l k s  forming a t h i r d  

t i e r  (Fig. 59) .  

17.3.7 

The water chemistry data I s  presented I n  Tables 6 and 7. S i t e  A represents 

n u t r i e n t  I n p u t  p r l m a r l l y  from ground water while t h e  downstream s i t e s  W E )  

inc lude c o n t r l b u t l o n s  from s o i l  runof f .  The h ighest  n i t r a t e  l e v e l  (mean 1.43 

mg/l) was a t  S i t e  A, w i t h  l e v e l s  reduced downstream (means below 0.58 mg/l). 

Amonla on t h e  o the r  hand was lowest  a t  S l t e  A; c a t t l e  and w i l d l i f e  a c t i v e  I n  

the  stream watershed presumably account f o r  t h e  h igh  ammonla l e v e l s  determlned 

f o r  S i t e s  C-E. The h lghest  mean concentrat lon f o r  orthophosphate, a form 

associated w i t h  so l1 p a r t i c u l a t e s  I n  r u n o f f  s i t ua t i ons ,  occurred a t  S i t e  C, t h e  

s i t e  w l t h  watershed t h a t  w i l l  be l e a s t  l i k e l y  t o  be impacted by s o i l  

conservation pract ices.  Iron, Impl icated I n  t h e  crash o f  p lanktonic  diatom 

communltles i n  c e r t a l n  s i t u a t i o n s  (Bringmann and Kuhn, 1971; Lund e t  al., 1975)r 

remalned a t  h igh l e v e l s  f o r  every c o l l e c t l o n  per iod (Table 6). Si l i ca ,  shown 

when a t  low l e v e l s  t o  cause t h e  wane o f  diatoms, p a r t l c u l a r l y  p lank ton ic  species 

(Jorgensen, 1957; Heron, 1961; Kilham. 1971), was found a t  very h igh  mean l e v e l s  

(9.21-27.51 mg/l) and would no t  have been l i m i t i n g  t o  growth on any o f  t h e  days 

Figures 20-24 of per lphyton communities o f  S l t e  D, incubated May 23-June 20, 
1979. 

Fig. 20. Svnedra vlnn ( r i g h t  wht te  arrow) and 
clumps o f  c e l l s )  on u n i d e n t i f i e d  f i l amen ts  o f  t i e r  3; s ta l ked  p e r l t r i c h s  ev ident  
a t  t h e  l e f t  wh i te  arrow and above. T i e r s  1 and 2 bur ied I n  sediments, lower 
r i g h t .  
132 X. 

Fig. 21. Clus te r  o f  GomDhonema sp. on f i l amen ts  o f  t l e r  3; a few diatoms ev ident  
I n  t h e  debr l s  o f  t i e r s  1 and 2. 330 X. 

sp. co lon ies  ( t h e  

Fig. 22. Valve ( V )  and g i r d l e  view (GI o f  s p .  on 
showing a few clumps o f  mucilage. 2,650 X. 

Fig. 23. Mantle edge o f  specimen i n  Fig. 22; valve face ( r  
( l e f t )  reg ion w l t h  mucllage strands. 13,300 X. 

Fig. 24. G l r d l e  o f  specimen I n  Flg. 22 showing minute papi 
unknown o r i g i n .  26,500 X. 

surface o f  

ght )  and g 

l a e  o f  muc 

t i e r  2 

r d l e  

lage o f  
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TABLE 6 

Maple Creek water chemistry (mg/l) 

NH4-N N03-N PO4-P sio2 Fet+ 

Site A 0.28 1.29 0.05 24.16 0.22 
B 0.86 0.90 0.05 14.48 ,0.28 

5/19 C 0.47 0.73 0.22 15.92 0.26 
1980 D 1.24 0.75 0.22 16.08 0.28 

E 0.75 0.87 0.12 18.72 0.34 

A 0.30 1.35 0.05 27.94 0.26 
B 0.62 0.65 0.05 23.17 0.68 

6/18 C 0.57 1.40 0.51 24.33 0.72 
D 0.57 0.91 0.16 19.28 0.56 
E 0.80 0.67 0.08 23.56 1.04 

A 0.04 2.03 0.07 26.50 0.15 
B 0.08 0.05 0.06 2.13 0.30 

7/23 C 0.38 0.98 0.15 16.10 0.15 
D 0.10 0.32 0.09 12.10 0.45 
E 0.19 0.01 0.07 7.90 0.41 

A 0.17 1.15 0.07 46.53 0.09 
B 0.15 0.24 0.18 10.25 0.32 

8/21 C 1.39 0.45 0.43 39.35 1.10 
D 1.48 0.52 0.24 12.36 0.49 
E 0.87 BLD 0.08 6.60 0.24 

A BLD 1.42 0.52 30.55 0.35 
9/22 C 0.06 0.05 0.15 20.04 0.23 

D 0.50 BLD 0.02 1.93 0.36 

A 0.03 2.04 0.03 28.72 0.32 
10/20 C 5.92 0.62 1.60 24.61 1.25 

D 0.32 0.95 0.29 15.12 0.83 

A 0.05 1.44 0.08 21.90 0.30 
11/20 c 0.20 1.31 0.23 18.67 0.15 

D 0.08 0.65 0.22 7.90 0.13 

A 0.07 1.25 0.03 21.67 1.14 
B BLD BLD 0.02 0.96 0.12 

3/14 C 0.06 0.13 0.02 7.49 0.20 
1981 D 0.63 0.61 0.12 2.37 0.15 

A 0.04 1.31 0.04 17.11 0.23 
B 0.02 BLD 0.05 4.25 0.68 

4/14 C 0.08 BLD 0.17 1.93 0.43 
D 0.02 0.05 0.16 0.14 0.47 

A BLD 0.98 0.04 30.04 0.20 
5/12 C 0.09 BLD 0.19 14.32 0.28 

D 0.83 0.75 0.58 3.45 0.41 

BLD = below level o f  detection 
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TABLE 7 

Mean and range values o f  the water chemistry o f  Maple Creek (mg/l) 
May, 1980 t o  May. 1981. 

S l te  A B C D E 

NH4-N 

N03-N 

PO4-P 

sio, 

Fe++ 

1 ow 
mean 
hlgh 

1 ow 
mean 
high 

1 ow 
mean 
hlgh 

1 ow 
mean 
high 

1 ow 
mean 
high 

BLD 
0.10 
0.30 

0.98 
1.43 
2.04 

0.03 
0.10 
0.52 

17.11 
27.51 
46.53 

0.09 
0.33 
1.14 

BLD 
0.29 
0.86 

0.05 
0.38 
0.90 

0.02 
0.07 
0.18 

0.96 
9.21 

23.17 

0.12 
0.40 
0.68 

0.06 
0.92 
5.92 

BLD 
0.58 
1.40 

0.02 
0.33 
1.60 

1.93 
18.28 
39.35 

0.15 
0.48 
1.25 

0.02 
0.58 
1.48 

BLD 
0.55 
0.95 

0.02 
0.21 
0.58 

0.14 
9.08 

19.28 

0.13 
0.41 
0.83 

0.19 
0.65 
0.87 

BLD 
0.39 
0.87 

0.07 
0.09 
0.12 

6.60 
14.20 
23.56 

0.24 
0.51 
1.04 

BLD = below leve l  o f  detectlon 

water samples were taken. The l im l ted  number o f  water samples (10) makes it 

d i f f i c u l t  t o  determine any seasonal trends (Table 61, although regeneration o f  

cer ta in  nu t r ien ts  over the one-month span between samples i s  suggested from the 

data. 

17.4 DISCUSSION 

17.4.1 

The data from the water chemical analyses (Tables 6 and 7) make it clear tha t  

Maple Creek I s  highly eutrophic, based on inorganic nitrogen and phosphorus 

concentrations. S l l i c a  was always 10-100 times more abundant t h a t  necessary f o r  

diatom growth. w i th  other macronutrients a t  s u f f l c i e n t  leve ls  t o  support act ive 

growth. 

17.4.2 

Studies which assess a par t i cu la r  aspect o f  periphyton without 

removing and minimally dlsturbing the substrate, f o r  example, f o r  carbon 

production (Rodgers e t  al., 1978; Pennak and LaVelle, 1979; Loeb, 19811, would 

appear t o  l eas t  i n te r fe re  w i th  the functioning o f  natural communltles once the 

measuring apparatus i s  i n  place (although container e f fec ts  must always be 

considered). Studies which vary a physical parameter o f  natural communities, f o r  

example such as l l g h t  by shading h a l f  o f  stream channels wi th a p las t i c  cover 
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(Rountck and WtnterbournD 1983)D leave t h e  water i t s e l f  unal tered and other  

parameters (e.g.D wtndD insec tsD  debr i s )  are mtntmally affected. 

(Vadas, 

1977; PrOtaSOV e t  al., 1982). HoweverD d i r e c t  study o f  freshwater microcommunity 

s t r u c t u r a l  morphology o r  development In SLLU usua l l y  ts n o t  poss ib le  because o f  

t h e  minute StZe of many o f  t h e  members; such communities must be removed from 

t h e i r  environment f o r  mtcroscopic observattons o f  d e t a i l e d  community 

organizat ion and morphological features ( b u t  see Kennelly and Underwood, 1984). 

D i r e c t  observatton o f  some community aspects are poss ib le  underwater 

The removal of a r t i f i c i a l  o r  na tu ra l  subst rates may r e s u l t  i n  data w i t h  

l t m i t e d  app l t ca t tons  I n  assessing community dynamics and t o t a l  community 

componentsD f o r  t he  f o l l o w i n g  reasons. F i r s t D  t h e  grazers, by d e f t n i t t o n  species 

which move over and through t h e  communityD are no t  l t k e l y  t o  remain attached 

when subst rates are removed. I f  they are sometimes attachedD t h e i r  attachment 

may be tenuous o r  s h o r t  t n  durat ton so t h a t  they are dislodged o r  leave as the  

sample i s  co l lected.  O r D  they may be f a s t  movers i n  low abundance on a 

mtcroscale (e.g.D Insec t  l a rvae  o r  gastropods)D and perhaps nocturnal i n  t h e i r  

a c t i v i t i e s  as w e l l D  and thus would be unobserved i f  t h e  samples were small 

(sect ions o f  mtcroscope s l t des )  or i f  t h e  c o l l e c t t o n s  were made i n  day l tgh t  

hours (as i n  t h i s  study). 

Even approaching an aquat ic  s t t e  f o r  c o l l e c t t o n  purposes may f r i g h t e n  o f f  

c e r t a t n  grazers j u s t  as It would i n  a t e r r e s t r i a l  community. It i s  we l l  known 

t h a t  zooplankters may avoid nets  t h a t  are used t o  c o l l e c t  themD i f  t h e  nets  are 

no t  moved r a p t d l y  enough. C lea r l y  thenD t h e  herbivores o f  a mtcrocommunity are 

n o t  l i k e l y  t o  be d t r e c t l y  assessed by SEM of subst rates s ince they are no t  

permanently attached and/or abundant components o f  such substrates. I n  10 years 

o f  s tudy ing per iphyton mtcrocommuntties we have y e t  t o  f t n d  any t y p t c a l l y  m o t i l e  

herbivores on SEM subst rates from stream o r  rese rvo t r  samples co l l ec ted  on 

a r t i f t c i a l  subst rates I n  t h e  daytime (HoaglandD Rosowskt. RO9Inerr unpublished 

Figures 25-28 o f  per iphyton communittes o f  S t t e  DD tmmersed May 23-June 20D 
1979. Cracks t n  F igures 25-27 are belteved t o  be a r t t f a c t s  from specimen 
preparattonD t a eD s h r t  nkage from c r t  t i c a l - p o i  n t  drying. 

Ftg. 25. Dtatoms obscured by sediments; two p e r i t r t c h s  ( P e r i t r i c h i d a )  attached 
t o  g lass subst rate and feeding a t  t h e  l e v e l  o f  t t e r  3. 265 X. 

Flg. 26. Lone a p t c a l l y  attached o f  t t e r  2 surrounded by 
debrts. l D 3 5 0  X. 

Ftg. 27. Gomohonema p a r v u l w  ( r i g h t )  on debr ts  whtch has bur ied t t e r s  1 and 2. 
660 X. 

Fig. 28. Same spectmen and magnt f tcat ton as t n  Fig. 27, b u t  t n  an area w t th  
diatoms and p e r i t r i c h s  o f  t h e  fam i l y  V o r t t c e l l  idae. Several dtatoms dtspersed 
w t t h t n  t h e  second t l e r  r a t h e r  than attached d i r e c t l y  t o  t h e  g lass substrate. 
660 X. 
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observattons). Thus, I n  constdertng t h e  data o f  t h e  present stream study, we are 

aware t h a t  we are n o t  observing a major component o f  t h e  community, t h e  

herbivores, and t h a t  t h e  domtnant dtatom l t f e - fo rms  o f  t h e  communtty have 

developed under s e l e c t i o n  pressure from t h t s  component. 

I n  face o f  these l t m i t a t t o n s r  t h e r e  is nevertheless va lue i n  SEM studies 

whtch u t t l t z e  c o l l e c t t o n s  from a r t t f t c t a l  o r  natura l  substrates. Those members 

o f  t h e  community whtch a re  f t r m l y  attached, tnc ludtng bacteria, algae, fungt, 

and protozoans, usua l l y  do su rv i ve  c o l l e c t i o n  and processing wt thout  betng moved 

from t h e l r  o r t g t n a l  p o i n t  o f  attachment. S t l l l ,  t he re  are problems which must be 

addressed. Once a sample Is c o l l e c t e d  f o r  SEM, many changes o f  f l u t d s  are used 

t o  f t x  and dehydrate t h e  samples. These changes o f  f l u t d s  tend t o  dtslodge loose 

components (e.g., pseudoperiphyttc o r  m o t t l e  members) o f  t h e  community. I n  

addit ion, coat tng procedures t o  make d r ted  spectmens e l e c t r t c a l l y  conducttve t o  

reduce specimen charging so t h a t  they can be vtewed w t t h  SEM may d r a s t t c a l l y  

a l t e r  o r  destroy p a r t t c u l a r l y  del t ca te  mucilaginous and f l a g e l l a r  features o f  

c e l l s  (Rosowski and Gltder, 1977). The h i g h l y  hydrated muctlage o f  dtatoms and 

bac te r ia  ts l a r g e l y  a r t l f a c t u a l  w t th  respect t o  s p e c i f i c  morphology (e.g., 

s t rand diameters, sur face features, and interconnections), although we bel teve 

t h a t  t h e  s t t e s  o f  attachment ( o r i g i n )  are representative. Movtng spectmens I n  

and o u t  o f  t h e  vacuum system o f  t h e  SEM can r e s u l t  I n  gross displacement o f  

l oose ly  assoctated community members (Rosowski e t  al., 1981), even though t h e  

sample has supposedly been s t r u c t u r a l l y  s t a b t l t z e d  w t t h  a metal coattng. F i n a l l y  

t he re  i s  t h e  problem t h a t  i n  pertphyton communttles t h a t  are we l l  developed 

(Roemer e t  al., 19841, samples may be d t f f t c u l t  t o  view i n t e r n a l l y  o r  t o  coat  

evenly w t t h  a heavy metal s ince t h e  communtttes are so dense (Rosowskt e t  al.  

1981 1 .  

On t h e  p o s t t i v e  side, c r t t t c a l - p o i n t  d ry ing  procedures have been developed 

which mtnimtze t h e  a r t i f a c t s  o f  specimen preparat lon f o r  SEM (Cohen, 1979 ; 

Rosowskt e t  al., 1981; Hoagland e t  a l .  1982; Boyde and Tamartn, 1984); and 

Figures 29-32 o f  seasonal d i f f e rences  I n  community s t r u c t u r e  a t  S t t e  A. 

Fig. 29. Late sprtng, 1979, two-t iered commmuntty showing p ros t ra te  l a y e r  of 
Achnaothes (small  arrows), and l a t e r a l l y  attached second storey o f  
Svnedra m. May 23-June 20, 1979. 140 X. 

Fig. 30. Ea r l y  f a l l ,  1979, mtcrocommuntty w t t h  numerous clumps o f  bac te r ta l  
mucilage (small  arrows) and one dtatom ( l a r g e  arrow). Severe shadtng o f  sampler 
by tracheophytes a t  t h t s  time. Sept. 11-Oct. 9, 1979. 280 X. 

Ftg. 31. Ea r l y  sprtng, 1980, four-ce l led chatns o f  GomDhonema sp. and other  
dtatoms on t h e  g lass substrate, w t t h  sparse accumulation o f  sediments; before 
placement o f  b lack p l a s t t c  on t h e  stream banks. March 22-Apri l  19, 1980. 280 X. 

Ftg. 32. E a r l y  f a l l ,  1980, a l a r g e  dtatom surrounded by sediments and smaller 
dtatoms (arrow). Sept 22-0ct. 20, 1980. 290 X. 
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f r ac tu red  w a l l s  o f  diatoms observed i n  SEM samples (Fig. 9 )  can thus be 

a t t r i b u t e d  t o  damage which occurred p r i o r  t o  t h e  sampling. Furthermore, SEM 

s tud ies have shown t h a t  p a r t i c u l a t e s  which impinge on aquat ic  communities and 

t h a t  are bound t o  it by bac te r ia  and algae can. be assessed v i s u a l l y  and very 

i n fo rma t i ve l y  i n  a q u a l i t a t i v e  manner (Chamberlain, 1976; Daniel e t  al., 1980; 

Hudon and Bourget, 1981, 1983; Rounick and Winterbourn, 1983; Hoagland e t  al., 

1982; Roemer e t  al., 1984). 

17.4.3 -iod. -ate and methods 
The choice o f  t h e  immersion per iod o f  t h e  samples was based on our  previous 

experience i n  l e n t i c  environments i n  which f o u r  weeks appeared t o  produce 

communities s t a b l e  i n  c e l l  dens i ty  except as sloughing occurred (Hoagland e t  

al., 1982; Roemer e t  a l .  1984). Others have a l so  found t h a t  f ou r  weeks i s  a 

s u i t a b l e  per iod i n  streams and r i v e r s  (Cattaneo and G h i t t o r i ,  1975; B l i n n  e t  

al., 19801, b u t  perhaps more complex o r  d i ve rse  communities develop w i t h  longer  

periods, as noted i n  two o f  our  samples t h a t  were immersed more than 3 months 

(Tables 3 8 5). Brown and Aus t in  (1973) found t h a t  s t a t i o n  d i f f e rences  were 

l e a s t  between s t a t i o n s  f o r  subst rates t h a t  were immersed f o r  monthly i n t e r v a l s  

and g rea tes t  f o r  those immersed f o r  a four-month period. 

Clay t i l e s  are considered by several i n v e s t i g a t o r s  t o  be super ior  t o  rocks 

w i t h  repect  t o  reduced sample v a r i a b i l i t y  (Tuchman and Stevenson, 1980; Lamberti 

and Resh, 19851, and although g lass s l i d e s  have n o t  accurate ly  r e f l e c t e d  the  

per iphyton o f  some communities i n  biomass accural 'or species composition (Siver, 

1977), they apparently have i n  others (Cattaneo and G h i t t o r i ,  1975). We defend 

our  use o f  g lass because o f  i t s  h i g h l y  un i form and chemical ly i n e r t  surface, 

which reduces w i th in -  and between-sample va r ia t i on .  

Methods f o r  sampling per iphyton have been t h e  focus o f  s p e c i f i c  s tud ies 

(Weitzel, 1979; Aust in  e t  al., 1981). Glass rods were used t o  s imulate Lvphp 

Figures 33-36 of spec ia l  s t r u c t u r a l  features o f  t h e  per iphyton o f  communities o f  
S i tes  B, C, and D. 

Fig. 33. Dense accumulation o f  sediments a t  S i t e  B associated w i t h  diatoms. Note 
$ymka YLnn ( l a r g e  arrow) and Surirella QY&L (small  arrow). Mar. 22-Apr. 19, 
1980. 290 X. 

Fig. 34. Diatom (arrow) attached a p i c a l l y  t o  t h e  g lass sur face and surrounded by 
sediments; upper r i g h t  a diatom w i t h  a cracked f r u s t u l e  attached on t h e  second 
t i e r ;  lower l e f t  o f  diatoms secondari ly attached t o  sediments o f  t i e r  2. May 
22-June 21, 1979. S i t e  B. 2,800 X. 

Fig. 35. Basal attachment t o  g lass subst rate o f  sp. which becomes a 
component o f  t i e r  3. Oct. 9-Nov. 8, 1980. S i t e  D. 145 X. 

Fig. 36. Fi laments o f  Oedooonlum sp. concentrated on edge o f  t he  g lass 
substrate. June 20-July 18, 1979. S i t e  C. 29 X. 
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stems i n  a study o f  chironomid grazing (Mason and Bryant, 1975). Although 

per iphyt ic algae grew wel l  on the 0.5 cm glass rods, w i th  s imi la r  species 

d i ve rs i t y  as on the u, chironomids d id  not occur on the glass rods 

presumably because they could not f i n d  a sui table surface on which t o  attach 

(Mason and Bryant, 1975). The higher density o f  periphyton on the glass rods 

than on the Ivphp was suggested t o  be due t o  the lack o f  feeding by the 

chironmids on the periphyton o f  the glass-rods. On our glass-sl ide substrates 

chironomid pupal cases d id  develop (Fig. 2, Si tes B and D, spring). Perhaps the 

la rger  f l a t  surface o f  the 2 cm wide s l i d e  oriented i n  the d i rec t ion  o f  stream 

flow provided a broader and more protect ive boundary layer  f o r  attachment t o  

occur i n  which loca l  shear forces would be reduced s u f f i c i e n t l y  below tha t  o f  

the main stream (Si lvester and Sleigh, 1985). 

Although there are many examples o f  in te res t ing  and diverse attachment 

structures i l l u s t r a t e d  for  bacter ia associated w i th  diatom dominated communitles 

(Hoagland e t  al., 1982; Roemer e t  al., 19841, Marshall (1980) has suggested t h a t  

* *de f in i t i ve  evidence f o r  permanent adhesion o f  microorganisms t o  s o i l  and 

sediment part iculates i s  lacking,** w i th  evidence f o r  permanent attachment the 

demonstration o f  polymer bridges between the microorganisms and the substrate, 

so tha t  they would not be dislodged **when substantial shear forces are applied.*' 

Marshall (1980) cautions t h a t  **especial ly w i th  SEMI it i s  dangerous t o  assume 

tha t  a l l  microorganisms seen on so l i d  surfaces were f i rm ly  adhering t o  the 

surfaces p r i o r  t o  specimen drying. Many o f  the organisms may have been i n  the 

bulk aquaeous phase o r  super f i c i a l l y  at t racted t o  the surfaces and merely 

deposited on the surfaces during the drying process.** This statement bears 

cons'i derat ion. 

Figures 37-42 o f  ex t race l lu la r  bacter ia l  mucilages and/or o f  bacter ia l  
attachment modes. 

Fig. 37. Clumps o f  bacter ia l  mucilage (w i th  bacter ia beneath) from a sample w i th  
sparse autotrophic growth. Sept. 11-Oct. 9, 1979. S i te  A. 1,400 X. 

Flg. 38. Sheet-like webs o f  bacter ia l  mucilage adhering t o  the glass substrate 
from a sample w i th  sparse autotrophic growth. June 18-July 23, 1979. S i te  A. 
2,800 x. 

Fig. 39. Bacter ia l  mucilage strands p a r t i a l l y  covering a c e l l  o f  

( r igh t ) .  June 20-July 18, 1979. S i te  A. 2,850 X. 

Fig. 40. Bacter ia l  mucilage strands i n  a loose network over c e l l s  o f  GomDhonema 
sp. Mar. 22-Apr. 19. 1980. S i te  A. 1,400 X. 

Fig. 41. Apical ly attached bacter ia w i th  mucilage strands adhering them t o  the 
glass substrate. June 20-July 18, 1979. S i te  A. 7,200 X. 

Fig. 42. Prostrately attached bacter ia lacking conspicuous mucilage attachment 
strands. Mar. 22-April 19, 1980. S i te  D. 1,400 X. 

extending from the pseudoraphe valve face t o  the substrate surface 
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It was our  procedure I n  prevlous s tud les (Hoagland e t  al., 1982; Roemer e t  

al., 1984) t o  f l x  na tu ra l  c o l l e c t l o n s  I n  f l x a t l v e  made up I n  rese rvo l r  water so 

t h a t  t h e  concentrat ion of t h e  suspended organisms o f  these samples were those o f  

t h e  o r l g l n a l  r e s e r v o l r  water. I n  t h e  present study our f l x a t l v e  was made up I n  

Alga-Gro medium from t a p  water whlch was forced from a squeeze b o t t l e  under 

pressure i n t o  open s l l d e  contalners; t h e  densi ty  o f  suspended c e l l s  I n  t h i s  case 

would be l e s s  than o r l g l n a l l y  occurred I n  t h e  stream samples. 

The purpose o f  p o s i t l o n l n g  s l l d e s  v e r t l c a l l y  when Immersed I n  t h e  stream I s  

so t h a t  organisms t h a t  appear are more l l k e l y  t o  have a c t l v e l y  attached. 

Sedlments t h a t  are present are f i r m l y  attached o r  they would come o f f  dur lng 

removal f o r  f i x a t i o n  o r  I n  t r a n s f e r  o f  l l q u l d s  I n  subsequent speclmen 

dehydration. And although c lean g lass s l l d e s  which are f i x e d  w l t h  one-month o l d  

communftles on s l l d e s  do no t  c o l l e c t  organisms dur ing f i x a t i o n  (Rosowski, 

unpublished), It cannot be denied t h a t  suspended organlsms o f  t h e  bu lk  aquaeous 

phase could become entangled I n  t h e  per iphyton o f  we l l  developed communltles, as 

undoubtably occurs I n  t h e  natura l  envlronment as well .  However, glven t h e  

s p e c l f l c l t y  o f  attachment s i t e s  o f  t h e  bac te r la  (Figs. 37-42; 45-47), t h e  

s p e c i f i c  s i t e s  o f  o r l g l n  o f  attachment s t rands on t h e  bac te r ia  (Figs. 41, 43, 

47). t h e  s p e c l f l c  o r l e n t a t l o n  o f  c e r t a i n  bac te r ia  specles when attached (Flgs. 

41, 43, 45-48), and t h e  pauci ty  o f  bac te r ia  t h a t  appear t o  be on ly  casua l l y  

attached, we be l l eve  t h a t  c o n t r l b u t l o n s  o f  unattached c e l l s  from t h e  water 

column which would f l r m l y  adhere t o  t h e  subst rate dur ing f i x a t l o n  comprlse an 

i n s l g n i f l c a n t  component o f  t h e  communlties we have observed i n  t h i s  study. The 

low densl ty  o f  b a c t e r l a  on one-week o l d  samples dur ing co lon i za t i on  a lso 

Figures 43-48 o f  e x t r a c e l l u l a r  b a c t e r l a l  mucllages and/or o f  attachment modes 
and b a c t e r l a l  morphology. 

Fig. 43. Bac te r ia l  mucllages w i t h  strands r a d i a t i n g  a p l c a l l y  and l a t e r a l l y  from 
t h e  a p l c a l l y  attached b a c t e r l a l  c e l l s .  May 23-June 22, 1979. S l t e  A. 14,200 X. 

Fig. 44. Fused mucllage s t rands forming webs over t h e  bac te r ia  attached t o  t h e  
g lass substrate. Sept. 11-Oct. 9, 1979. S l t e  A. 7,200 X. 

Flg. 45. Bac te r la  a p l c a l l y  attached t o  t h e  -Intrlcatum. Note 
buddlng (arrows). May 12-June Zl., 1979. S l t e  C. 2,900 X. 

Fig. 46. D e t a l l  o f  Flg. 45--bacteria showlng p a p l l l a e  o f  c e l l  sur face (arrow). 
May 12-June 21, 1979. S l t e  C. 14,500 X. 

Flg. 47. Fuslform bacteria, one I n  t h e  process o f  d l v l s l o n  b u t  no t  separated 
( l e f t ) ,  attached t o  g i r d l e  band surfaces o f  sp. Mar. 22-Apr. 19, 1980. 
S i t e  C. 14,250 X. 

Flg. 48. Rod-shaped bac te r la  p r o s t r a t e l y  attached and Interconnected w l t h  
sparsely produced mucilage strands, on b r l d l q n  w. Note 
sp. attached a t  g i r d l e  band suture (see mlnute arrow). Mar. 22-Apr. 19, 1980. 
7,100 X. 
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suggests t h a t  a r t t f a c t u a l  s e t t l t n g  on substrates durtng f i x a t t o n  i s  low 

(Hoagland e t  al., 1982; Hoagland, 1983; Roemer, e t  al., 1984). S t t l l ,  s e t t l t n g  

could be Important I n  bodtes o f  water where there  are many organtsms 

a t  t h e  ttme o f  sample f i xa t ton .  

suspended 

17.4.4 l l f e  f o r m  --Structural and func t  t onal heteromo rphy 

How attached diatoms cope w i t h  physfcal and b i o l o g i c a l  disturbances i s  mostly 

conjecture based on forms vtewed as analogous t o  those o f  the  benth ic  

macroalgae. Expertmental work has v e r t f t e d  the  ex ten t  o f  the  ant therbtvore 

defenses o f  c e r t a i n  morphologtes and/or l i f e  h t s t o r y  s t ra teg tes  ( L i t t l e r  and 

L i t t l e r ,  1984). As yet, functtonal-fcrm models have not  been proposed f o r  t h e  

dtatoms o r  f o r  attached mtcroalgae. A recent study considers the adapttve 

morphologtcal aspects o f  Achnanthes I n  r e s t s t t n g  graztng and stream 

hydrodynamic forces, based on mater ta l  from S t t e  A i n  Maple Creek (Rosowskt e t  

al., 1986). I n  t h t s  case, belng small, prostrate. sesstle, and p a r t t c u l a r l y  we l l  

adhered t o  the  subst rate are Important adapttve features f o r  a stream 

env!ronment, whereas being f ree- l t v tng  and small are no t  (Kondrat te f f  and 

StmmOns, 1985). I n  another study, l t fe - fo rm s t ra teg tes  o f  dtatoms whtch were 

s t r t c t l y  per iphyt tc ,  o r  per tphy t tc  and tychoplanktontc, were noted f o r  

p a r t t c u l a r  spectes (Kuhn e t  al., 1981). The water cur ren t  v e l o c i t y  whtch w t l l  

best support t h e  growth o f  per tphy t tc  dtatoms and other  algae has been 

documented f o r  a number o f  species (Antotne and Benson-Evans, 1982). I n  the  

fo l low ing  dtscusston, t n  considering t h e  adapttve p o t e n t t a l t t l e s  o f  t h e  

Ftgures 49-54 o f  growth hab i ts  and attachment modes o f  selected dtatom taxa. 

Ftg. 49. Achnanthes attached p r o s t r a t e l y  t o  g lass surface. Raphe 
valves o f  dead c e l l s  rematn attached (arrows). May 23-June 20, 1979. S i t e  A. 
720 X. 

Ftg. 50. AmDhora var. attached t o  t h e  g lass subst rate (below 
arrow) and above t h t s  subst rate (arrow) on sediment. May 23-June 20, 1979. S t t e  
C. 725 X. 

Ftg. 51. A c t r c u l a r  n tne-ce l led colony of ~ r i r e l b  attached a p i c a l l y  a t  
t h e  tapered end by a confluent pad o f  mucilage. Mar. 22-Apr. 19, 1980. S i t e  D. 

Ftg. 52. surrounded toward t h e  base by par t tcu la tes.  May 
23-June 20, 1979. S t t e  A. 2,800 X. 

Ftg. 53. Rosettes o f  Svnedra xu Kutz. ( l a r g e  arrow) attached t o  glass surface; 
note small r o s e t t e  o f  ucy&a (small arrow). Note f i n e  f i laments on 
substrate. Mar. 22-Apr. 19, 1980. S i t e  D. 140 X. 

1,400 X. 

Fig. 54. Fan-shaped arrays o f  Merldlon- f o m t n g  hemtsphertcal colonies. 
Mar. 22-Apr. 19, 1980. S t t e  D. 280 X. 
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pertphyttc mtcroalgae, it ts useful t o  keep i n  mind the l t f e  h is to ry  strategies 

elucidated f o r  cer ta in  macrobenthtc marine algae: e.g., heterotrtchy ( L i t t l e r  

and Kauker, 1984) and heteromorphy ( L i t t l e r  and L i t t l e r ,  1983). 

Hoagland e t  al.  (1982) and Roemer e t  al. (1984) showed a range t n  stature o f  

l e n t l c  pertphyton, wtth ear ly Invading prostrate forms havtng the leas t  stature. 

However, both monoraphtd and btraphtd dtatoms which have pa r t  o f  t h e t r  l t f e  

h is to ry  t n  a prostrate mode may tncrease t h e t r  s ta tu re  wtth respect t o  the 

community by secreting an aptcal attachment pad and elevating themselves on 

t h e t r  proxtmal end a t  r t g h t  angles t o  the substrate (Hudon and Bourget, 1981, 

1983; Hoagland e t  al., 1982; Korte and Bltnn, 1983; Roemer e t  al., 1984). 

Diatoms which take the best advantage o f  t h t s  strategy are those wtth the 

longest aptcal axis, such as m. Such genera, which have no raphes, a r r l ve  

passtvely a t  the substrate surface where they presumably are unable t o  move 

except t o  adjust t h e t r  angle o f  attachment. However, cer ta in  smaller species may 

a t ta in  even greater perpendtcular stature by secrettng stalks o f  muctlage whtch 

elevate them i n  the canopy several orders o f  magnttude htgher than they would be 

t f  they could only elevate t h e t r  sesstle f rus tu le  on t h e t r  proxtmal end, from 

prostrate t o  perpendtcular. 

These changes i n  l t fe- form may be vtewed as functional heteromorphy stnce 

there is no tncrease i n  the btovolume o f  the organtsm when a prostrate c e l l  

elevates t t s e l f  on i t s  proxtmal apex and tncreases the dtstance from I t s  d i s t a l  

apex t o  the substrate without a ce l l -s tze  increase and without formation 

(e.g., araphtd rosette formers such as Merldion -, m w, and 

m). Structural  heteromorphy would be when such an elevat ion 

Is followed by the development o f  a stalk, which may become dichotomous and 

extenstve I f  s tb l tng  progeny conttnue t o  produce s ta lks  and maintain the colony 

cont inut ty (as I n  many monoraphtd and btraphtd spectes). I n  t h t s  case there 1s 

also an tncrease i n  the btovolume o f  the organtsm, wtth the s ta lks  o f ten  

occupytng a much greater volume than the c e l l s  which produced them (Drum, 1963; 

Roemer e t  al., 1984). Such an increase I n  s ize ts not vtewed here as 

heterotrtchy, stnce the par t tcu la r  dtatoms which form the perpendtcular t t e r  2 

growth form are no longer prostrate and thus are not members o f  the prostrate 

t t e r  1 communtty. 

The two-ttered nature o f  stream pertphyton was not discussed t n  an e a r l t e r  

(Hynes, 1970) or I n  a more recent review (MOSS, 1980); It has, t n  fact. only 

been mentioned b r i e f l y  f o r  streams. Patrtck and Roberts (1979) described the 

mature stream periphyton as a "mtntature complex forest." It has been suggested 

thatftlamentousovergrowth which creates an upperstorey Is brought about by 

nu t r ten t  deftctency a t  the substrate leve l  I n  the understorey (Sumner and 

McIntire, 1982). Other studies suggest t h a t  nu t r len ts  may a f fec t  development o f  

spectf tc dtatom communlties I n  the face o f  equal sources o f  prtmary colonlzers 

s ta lk  
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b u t  unequal n u t r i e n t  a v a i l a b i l i t y .  For example, i n  a study o f  l e n t i c  periphyton 

on a r t i f i c i a l  substrates which released s i n g l e  nut r ients .  Eolthemla danata and 

&&@ahLk glhh were found t o  be st imulated i n  growth w i t h  phosphate addit ion, 

wh i le  growth o f  Achnanthes was s l i g h t l y  depressed ( F a i r c h i l d  and 

Lowe. 1984). I n  another study, substrates w i t h  n i t r a t e  and phosphate together 

favored nav icu lo id  diatoms ( F a i r c h i l d  e t  al.. 1985). I n  a l o t i c  study using 

sand/agar substrates which released n i t r a t e  and phosphate, s i n g l y  o r  together, 

it was found t h a t  phosphate alone o r  n i t r a t e  and phosphate together st imulated 

the  growth of- and Nitzschia whereas t h e  substrates o f  t h e  cont ro l  and 

n i t r a t e  treatments alone were dominated by Cocconeis and Achnanthes 
(Pr lng le  and Bowers, 1984). 

It has been proposed (B l inn  et al., 1980) t h a t  periphyton development i n  

streams i s  in f luenced by microsurface features and subst rate s o l u b i l i z a t i o n  i n  

the  f i r s t  week i n  par t i cu la r ,  bu t  t h a t  a f t e r  two weeks aggregated organic matter 

i s  s u f f i c i e n t l y  dense t o  mask t h e  in f luence o f  t h e  o r i g i n a l  subst rate surface. 

The evidence i n  support o f  t h i s  hypothesis was t h e  f a t l u r e  o f  development o f  

d i f f e r e n t  diatom communities i n  t h e  same stream on Verde limestone, Supai 

sandstone and Andesi t ic  basa l t  substrata a f t e r  th ree  weeks, t h e  per iod i n  which 

maximum diatom dens i t ies  developed. I n  a study o f  b a c t e r i a l  colonization, M i l l s  

and Maubrey (1981) found t h a t  bac ter ia  more heav i l y  colonized quartz (chemical 

analog o f  sandstone) than c a l c i t e  a r t i f i c i a l  substrates (chemical analog o f  

l imestone) a t  two d i f f e r e n t  s i t e s  a t  10 and 20 day periods; a t h i r d  s i t e  had 

more bac ter ia  than the  o ther  two, b u t  there  was no d i f fe rence i n  bac ter ia l  

numbers on the  two d i f f e r e n t  substrates suggesting t h a t  I f the composition o f  the 

mineral substrate, i n  concert w i t h  the  imnersion environment, con t ro ls  the 

formation o f  primary s l ime layers  in aquatic systems.gt D i f f e r e n t i a l  co lon izat ion 

i n t o  microzones occurs as a r e s u l t  o f  cur ren t  d i rect ion,  as conceptualized i n  

models i l l u s t r a t e d  by Kor te and B l i n n  (1983). 

17.4.5 Herbivorv 

It has been suggested by Kesler (1981a) t h a t  "the impact o f  grazer organisms 

upon freshwater periphyton communities has been assumed by most workers t o  be 

i n s i g n i f i c a n t .  However, wi thout  q u a n t i f l c a t i o n  o f  mater ia l  removed by grazers, 

and comparison o f  t h i s  amount t o  t h e  periphyton standing crop, these assumptions 

are unfounded." Perhaps such an assumption could exp la in  why Moore (1977a, br 

1978) found graz ing i n  streams t o  have l t t t l e  e f f e c t  on t h e  standing crop, 

whereas o ther  s tud ies o f  streams show a decrease i n  abundance and/or d i v e r s i t y  

of taxa w i t h  grazing (Dickman, 1968; Elwood and Nelson, 1972; Doremus and 

Harman, 1977; Hunter, 1980; Mulholland e t  al., 19831, o r  a s l i g h t  decrease i n  

abundance w i t h  no e f f e c t  on species d i v e r s i t y  (Kehde and Wilhm, 1972). I n  any 

case, a fac to r  i n  obscuring t h e  importance o r  r o l e  o f  herbivory would be rap id  
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turnover rates o f  the periphyton (McInt i re and Colby, 1978). Even the r e l a t i v e l y  

low standing crops we report  here i n  respect t o  those f o r  reservoir  communities 

(Hoagland e t  al., 1982; Hoagland, 1983; Roemer e t  al., 1984) might be supporting 

a high consumer biomass w i th  a rapid turnover o f  the algal  periphyton (Lamberti 

and Resh, 1983). And, I n  diverse aquatic systems, high nu t r i en t  regeneration 

rates from grazlng and other a c t i v i t i e s  have been shown t o  be responsible f o r  

increased a1 gal (Cooper, 1973; F1 i n t  and Go1 dman, 1975; Porter, 1976; Granel i , 
1979; Robles and Cubit, 1981; Osborne and McLachlan, 1985; Power e t  al., 1985) 

and bacter ia l  production (Lopez e t  al., 1977; Sierszen and Brooks, 1982). 

However, recycl ing can be so t i g h t  as t o  occur w i th in  the microcommunities 

themselves without t rans fer  i n t o  the water (Haack and McFeters, 1982; Cuker, 

1983) and thus t h i s  exchange could eas i l y  go undetected. 

I n  enclosure-exclosure experiments, Kesler (1981b) showed a reduction i n  the 

periphyton standing crop when the gastropod limosa was included, whi le 

Cattaneo (1983) showed t h a t  a sudden decl ine i n  epiphyte biomass was due t o  

intense grazlng from oligochaetes and chironomids. There i s  apparently 

discriminatory herbivory w i th  respect t o  the microalgae (Bowker e t  al., 1983, 

1985)r wi th  an example o f  removal o f  unwanted species t o  perhaps provide room 

f o r  growth o f  desired species (Hart, 1985). We do not here consider the 

invertebrate fauna o f  Maple Creek, some features o f  which have been studied by 

P i t ca i rn  (1981) and Shadle (1984). 

17.4.6 dev- 

It has been suggested t h a t  a primary sera1 stage i n  aquatic habi tats i s  the 

establishment o f  o r g a n i c r i c h  d e t r i t a l  materials on surfaces which develop no 

fu r ther  i f  they f a i l  t o  receive l i gh t ,  e.g., the  undersides o f  submerged stones 

or  i n  shaded areas (Calow, 1975). Such organic f i lms  may develop i n  only a few 

hours (Korte and Blinn, 1983). The accumulatlon o f  organic carbon on rocks may 

reach i t s  peak i n  the dark a f t e r  one month and malntain t h a t  level  f o r  up t o  

three mo'nths (Rounick and Winterbourn, 1983). Surface organic layers o f  hard 

substrata are potent ia l  s i t es  f o r  the uptake of dissolved organic matter which 

could be transferred t o  the benthos (Wlnterbourn e t  al., 1985). I l luminated 

m l c r o c m u n i t i e s  i n  l o t i c  and l e n t i c  systems usually are dominated by diatoms 

w i th in  the f i r s t  week o f  immersion and maintain t h a t  dominance f o r  up t o  

f o u r f l v e  weeks (Hoagland e t  al., 1982, Hoagland, 1983; Roemer e t  al., 19841, 

wi th  more diverse diatom c m u n i t l e s  requir lng months f o r  development (Brown and 

Austin, 1973) and even years i n  the case o f  long-lived macroalgae o f  the marine 

envi ronment (Kay and Butler, 1983). 

a community 

was shaded (1,500 diatoms/& t o  7 / d ,  Table 1). Similarly, Moore (1977b) found 

t h a t  "the f l o r a  developed a t  only 1-2% o f  the ra te  exhlbited by a s im i la r  

We found a great reductlon i n  the standing crop o f  diatoms when 
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community i n  unshaded condittonstt; reduct ion t n  gross prtrnary productton was 

a l so  noted by Sumner and Mc In t t re  (1982) i n  shaded labo ra to ry  streams. Recently 

t t  was shown t h a t  c e r t a i n  n u t r t e n t  requtrements and species i n t e r r e l a t t o n s h t p s  

are a f fec ted  by l t g h t  which b r i n g  about these e f f e c t s  by a l t e r t n g  t h e  opttmum 

c e l l u l a r  N:P r a t t o s  (Wynne and Rhee, 1986). We found t h e  htghest  c e l l  dens i ty  i n  

a nea r l y  4-month o l d  community, w i t h  Nitzschia a domtnant a t  S i t e  C and 

N. subcaDitellata as a codmlnan t  a t  t h ree  d i f f e r e n t  s i t e s  (Table 51, species 

which d l d  n o t  occur as t h e  domtnant o r  codomtnant spectes t n  any o f  15 one-month 

immersion per iods over 2 years (c f .  Tables 1-51, 

17.4.7 and 

Prevtous revtews have d e a l t  w i t h  t h e  tn te rac t tons  o f  microorganisms, sot ls ,  

and sediments (Corpe, 1980; Paerl, 1980). S t a b t l t z a t t o n  o f  sedtments by diatom 

mucilages i s  known (Holland e t  al., 1974). There i s  accumulattng evtdence t h a t  

algae and bac te r ta  i n t e r a c t  I n  s t tmulatory  and t n h t b t t o r y  manners (Cole, 1982). 

It ts now appreciated t h a t  bac te r ta  are tmportant as major producer organtsms 

u t t l t z t n g  d isso lved organtc carbon and t h a t  graztng by bactertovores Is 

s t g n i f i c a n t  i n  t h e  re lease o f  bacterial-bound n u t r i e n t s  t h a t  con t r tbu te  t o  a lga l  

growth (Ducklow, 1983). I n  e p l l t t h i c  stream communtttes, t h e  n u t r t t t o n a l  

re la t tonsh tp  between algae and bac te r ia  may r e s u l t  i n  d t r e c t  f l u x  o f  so lub le 

a l g a l  products t o  t h e  bac te r ta l  population, w t t h  1 I t t l e  heterot rophic  

u t t l t z a t i o n  o f  d isso lved organics from t h e  ove r l y ing  steam watert1 (Haack and 

McFeters, 1982). Th l s  s t i m u l a t i o n  o f  bac te r ta  by algae appears to occur best  t n  

d a y l t g h t  hours i n  some s t t u a t t o n s  (Nalewajko e t  al., 1984). 

There ts a c lose  associat ion of u n i c e l l u l a r ,  c o l o n i a l  and f l lamentous 

bac te r ta  w t t h  dtatoms and sedtments t n  t h e  stream communtty o f  Maple Creek. 

Cer tatn bac te r ta  a t tach  w t th  f t b rous  webs near and sometimes over dtatoms w t th  

ap i ca l  o r  p ros t ra te  attachment a t  s p e c t f t c  s t t e s  on t h e  valves o r  g i r d l e  bands. 

These s i t e s  a re  presumably where t h e  diatoms are secret tng metabol ttes, and 

these assoclat tons prov ide morphological evtdence o f  t h e  c lose  proxtmt ty  t h a t  

might be necessary f o r  n u t r i e n t  exchanges t o  occur w i thou t  detect ton i n  the  

water column (Haack and McFeters, 1982; Cuker, 1983). Although we have found 

b a c t e r i a  I n  t h e  t i e r  2 communtties attached t o  diatoms (Ftgs. 45-48], it i s  t h e  

prtmary subst rate where most u n i c e l l u l a r  and c o l o n i a l  bac te r ta  occur when 

onemonth o l d  subst rates are examined (Figs. 37-42). Wtth sedtment trapping, It 

is tmposstble t o  vtew t h e  diatoms o r  bac te r ta  regardless o f  t h e  magnt f tcat ion 

because they appear ttcoveredtt w t t h  r e f l e c t e d  t ype  o f  vtewtng (SEMI although t h e  

t ransmi t ted  l t g h t  of t h e  natura l  c o m u n l t y  i s  probably s t t l l  adequate f o r  

photosynthesis a t  t h e  t t e r  1 substrate leve l .  

Paerl (1980), I n  reviewing t h e  l i t e r a t u r e ,  has noted t h a t  bac te r ta  w t l l  

co lon i ze  I n e r t  subst rates as we l l  as those which provtde nut r tents ,  and t h a t  t h e  
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mere presence o f  a surface f o r  colonization, even i f  inert ,  allows f o r  microbial 

growth. Glass s l i d e  substrates are i n i t i a l l y  inert ,  but it i s  widely reported 

t h a t  colonizat ion by bacter ia quickly follows, and there may be successional 

bacter ia l  events as well, f o r  example w i th  nonbranching bacter ia followed by 

branching bacter ia (Aumen, 1980). The evidence presented by Hamilton and Duthie 

(1984) f o r  the absence o f  a precondit ioning organic f i l m  and a paucity o f  

bacteria i n  ear ly  colonizat ion o f  a boreal fo res t  stream i s  s i x  scanning 

electron micrographs o f  substrates o f  the f i r s t  f i v e  days a t  ca. 140 X, a 

magnif icat ion a t  which bacter ia and t i g h t  organic f i lms  would be impossible t o  

dist inguish even when the substrate colonizers are sparse (see our Fig. 53). 

Their highest magnif icat ion electron micrograph (Fig. 11 a t  1,300 X )  reveals 

only the upper t i e r  o f  a nine-day o l d  community, as evidence t h a t  bacteria were 

Itnoticeably absent and were not important components o f  colonizat ion 

in i t ia t ion .@'  A t  t h i s  magnif icat ion it i s  d i f f i c u l t  t o  d e f i n i t i v e l y  i den t i f y  

bacter ia by SEM (see our Fig. 42). Similarly, Perkins and Kaplan (1978) also 

reported t h a t  SEM f a i l e d  t o  reveal a "heterotrophic biomass" i n  a subalpine 

stream. However, since only extant e p i l i t h i c  samples were examined i n  which the 

periphyton was already wel l  developed it might be d i f f i c u l t  t o  determine (as 

t h e i r  e lectron micrographs suggest) i f  bacter ia attached d i r e c t l y  t o  the natural 

substrates. We would expect o l igo t roph ic  stream substrates t o  have a lower 

bacter ia l  density than eutrophic, pa r t i cu la r l y  when the water i s  ac id ic  

(Hamilton and Duthie, 1984). However, although t h e i r  conclusions (Perkins and 

Kaplan, 1978; Hamilton and Duthie, 1984) may be correct, f a i l u r e  t o  show 

bacteria w i th  SEM i n  these cases i s  not nearly so convincing as would have been 

t h e i r  demonstration. 

It i s  the period during and a f t e r  the appearance o f  the t i e r  1 and t i e r  2 

diatoms tha t  most o f  the s i l t  and de t r i t us  i s  trapped. However, i n  the case 

where only heterotrophic growth was s ign i f i can t  (shaded samples), part iculates 

accumulated but d id  not develop beyond about the t i e r  1 level.  Diatoms thus 

appear t o  be essentlal i n  the Maple Creek community f o r  the trapping o f  

sediments t h a t  compose the t i e r  2 leve l  which then buries the t i e r  1 level.  The 

pa r t i c l es  provide po ten t i a l l y  new sources o f  nu t r ien ts  f o r  the  microcommunities, 

but  they do not appear t o  provide a pa r t i cu la r l y  sui table surface f o r  fu r ther  

attachment o f  diatoms. We noted high densi t ies o f  dlatoms w i th in  s i l t  laden 

comnunities, but  these diatoms appeared t o  be la rge ly  attached t o  the primary 

substrate ( the  glass s l ides) presumably a t ta in ing  t h a t  pos i t ion  before most o f  

the part iculates accumulated over and around them. But some diatoms do manage t o  

attach w i th in  t h e i r  own developing clumps, or on debris (e.g., 

m, Nltrschia sp., Svnedra ulna), and t h i s  a b i l i t y  t o  e x i s t  without d i rec t  

attachment t o  the primary substrate may be a species at t r ibute.  Further 

observations on the attachment hab i t  o f  spec i f i c  species i n  s i l t  laden 
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communities i s  needed. 

Although diatom buildup on substrates has been considered a layer ing process 

(Pryfogle and Lowe, 19791, we must emphasize t h a t  the increase i n  thickness o f  

periphyton i n  one-month o ld  c m u n i t i e s  i s  p r imar i l y  due t o  the progression o f  

the  comnunity t o  la rger  l i fe - fo rms attached t o  the  primary substrate (Hoagland 

e t  al.  1982; Roemer e t  al. 19841, not t o  the bu i l d  up o f  one community by 

attachment on the top o f  another. Although the accumulation o f  debris over the 

t i e r  1 and around the t i e r  2 communities would appear t o  have a s tab i l i z i ng  

fac to r  and protect  the members o f  these communities from dislodgement, these 

communities may s t i l l  be s u f f i c i e n t l y  unstable or otherwise unsuitable f o r  

fu r ther  colonizat ion by diatoms. Alternatively, one-month o ld  substrates may 

not have been o ld  enough f o r  other sediment colonizing t i e r  species t o  have 

invaded. The t h i r d  t i e r  community ( largest l i fe-forms attached t o  the primary 

substrate) does develop i t s  own diatom epiphytes. These epiphytes move 

ind i rec t l y ,  un l i ke  the diatoms o f  t i e r s  1 and 2, as the f i laments o f  the t h i r d  

t i e r  w i th  t h e i r  epiphytes s h i f t  pos i t ion  w i th  changing currents. 

We have assumed i n  the present study, and i n  the past (Hoagland e t  al., 1982; 

Roemer e t  al., 19841, tha t  the material which binds sediments i s  mucilage from 

diatoms and bacteria. Such material i s  destroyed by organic acids (cf.  Rosowski, 

1980 and Rosowski e t  al., 1983). However, Lewin e t  al. (1980) have noted tha t  

c lay pa r t i c l es  bound t o  the marine diatom mnaium remain attached 

a f t e r  prolonged hot acid treatment which suggests t h a t  the  binding material o f  

t h i s  diatom i s  not a typ ica l  mucilage. Therefore, the assumption here tha t  

mucilage o f  diatoms i s  responsible f o r  the binding o f  sediments should be 

considered tentat ive. Diatom mucilage could have the opposite effect,of course, 

t ha t  o f  keeping o f f  the r a i n  o f  part iculates; evidence f o r  t h i s  i n  our study was 

i n  the 10/20/80 sample, S i te  C, i n  which clumps o f  Gomohonema had 

copious quant i t ies  o f  surface mucilage (fuzzy surfaces) w i th  no attached debris. 

Does the s i l t  o f  these s i l t - laden communities a f fec t  t i e r i n g  structure? 

Unfortunately, we had no way o f  separating the e f fec ts  o f  stream flow f r o m  tha t  

o f  the s i l t  load carr ied by t h a t  flow, which had reported ranges i n  dry weight 

o f  0.23-12.72 g / l  i n  1979, 0.38-8.08 i n  1980, and 0.42-121.40 g / l  i n  1982 

(Schepers e t  al., 1985). Compared with shallow reservoirs i n  Nebraska (Hoagland 

e t  al., 1982; Hoagland, 1983)r the Maple Creek periphyton d id  not develop as 

th i ck  o f  a layer  i n  one month, but binding o f  sediments [quant i ty trapped as 

judged by apparent density) appeared with SEM t o  be greater. The s i l t  load o f  

Maple Creek d id  not destroy the periphyton by scouring as might have been 

expected, but It would take experimental work a t  erosion prone s i t es  (B through 

E )  t o  demonstrate community structure without the impact o f  pa r t i c l es  from t h i s  

erosion-prone watershed. 

It should be noted tha t  i n  our br igh t - f i e ld  microscopy assessment o f  
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d i v e r s i t y  and dominance we d i d  n o t  d i s t i n g u i s h  between l i v i n g  and dead ce l l s ,  

which were d i s t i ngu ishab le  w i t h  SEM t o  t h e  e x t e n t  t h a t  i n t a c t  f r u s t u l e s  could be 

d is t inguished from damaged f rus tu les ;  i n c l u s i o n  o f  dead c e l l s  i n  c e l l  

enumerations may have e i t h e r  increased o r  decreased sample d i v e r s i t y  (P ry fog le  

and Lowe, 1979). A study o f  hourly, d a i l y  and weekly development o f  s i l t  laden 

communities which even tua l l y  slough would be a l o g i c a l  extens ion o f  t h e  present 

work, which was conf ined p r i m a r i l y  t o  a comparison o f  one-month o l d  communities. 

A t t e n t i o n  i n  f u t u r e  s tud ies could then be d i rec ted  t o  d e f i n i n g  d i v e r s i t y  and 

s t r u c t u r e  o f  mature communities, perhaps def ined as communities which e x h i b i t  

mass sloughing, r a t h e r  than s tudy ing communities o f  a s p e c i f i c  age which may o r  

may n o t  be mature depending on t h e  season and per iod o f  immersion. 

17.4.8 m l i c a t i o n s  o f  + o i l  BCpsion t o  t h e  q b i o f i l m  

The h i g h l y  erosion-prone watershed o f  t h e  t r i b u t a r i e s  o f  t h e  p r a i r i e  stream 

o f  t h e  present study ( S i t e s  B-D) showed t h a t  subst rate co lon i za t i on  and 

dominance by diatoms a t  one month immersion i n t e r v a l s  was no t  prevented by 

scouring from t h e  s i l t  load. Indeed, t i e r  1 and t i e r  2 diatom l i f e - f o r m s  trapped 

and held sediments. These two t i e r s  were present i n  a l l  one month samples over a 

two-year period, w i t h  t h e  except ion o f  a shaded sample which had mostly bac te r ia  

and had trapped on ly  a modicum o f  debris. Thus t h e  diatoms themselves prov ide 

f o r  t h e  accumulation and increase i n  t h e  th ickness o f  t h e  sediment layer. The 

f i n a l  th lckness o f  attached debr is  was determined l a r g e l y  by t h e  l e v e l  o f  t h e  

d i s t a l  apices o f  t h e  diatoms forming the  second t i e r ,  t h e  debr is  genera l ly  no t  

extending beyond t h i s  l eve l .  The occurrence o f  t i e r  2 diatoms appears t o  prov ide 

the  means by which p r o s t r a t e  diatom species o f  t i e r  1 are o f t e n  covered by 

sediments. These bur ied species may be dominant or codominant species, as was 

t h e  case f o r  Achnanthas lanceolata a t  S i t e  A i n  t h e  summer and f a l l .  However, a t  

t h e  o the r  s i t e s  ( 5 D )  dur ing most seasons, much h igher  diatom dens i t i es  

Figures 55-59 o f  growth h a b i t s  and o f  attachment p r o f i l e s  o f  selected diatom 
taxa. 

Fig. 55. Rosette o f  Eunotla curvata w i t h  assoclatea p roka ryo t i c  f i laments. Sept. 
22-0ct. 20, 1980. S i t e  A. 1,350 X. 

Fig. 56. C e l l s  o f  curvata produce mucilage ( l a r g e  arrow) a t  t h e  c e l l  
apex near t h e  v e s t i g i a l  raphe (small  arrow). Mar. 22-Apr. 19, 1980. S i t e  A. 
14,000 X. 

Fig. 57. T i e r  2 rose t tes  o f  Gomohonema oarvulum surrounded by debris. Oct. 
9-Nov. 8, 1979. S i t e  D. 725 X. 

Fig. 58. Short muci laginous s t a l k  (arrow) o f  GomDhonema parvuLum. Sept. 22-Oct. 
20, 1980. S i t e  A. 2,800 X. 

Fig. 59. Long mucilaginous s t a l k s  o f  Gomohonema sp. forming a t h l r d  t i e r  
community. Mar. 22-Apr. 19, 1980. S i t e  B. 280 X. 
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occurred. Here the dominant o r  codominant species was one t h a t  perhaps arr ived 

as a t i e r  1 species but ul t imately became a member o f  a t i e r  2 community. Once 

established as t i e r  2 members, many o f  these colony formers appear able t o  

mu l t ip ly  and t o  add t h e l r  o f fspr ing  d i r e c t l y  t o  t h i s  t i e r  without going through 

the t i e r  1 phase. through perpendicular colony formation (Figs. 51, 53, 54). 
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Since s ta l k  and colony forming diatoms usual ly exh ib i t  t h e i r  t yp ica l  l i f e -  

form morphologies i n  cul tures where impingement o f  s i l t  from moving water i s  not 

taking place (Roemer, Hoagland, Rosowski. unpublished), the t i e r i n g  reported 

here i s  probably not the ontogenetlc resu l t  o f  a tu rb id  environment. Rather, the 

s i l t  pa r t i c l es  appear t o  be passively col lected by the diatoms and bacteria, by 

l i f e f o r m s  tha t  would have presented themselves anyway. The spec i f i c  role, i f  

any, o f  the s i l t  i n  s t ruc tu r ing  or  even s t a b i l i z i n g  microcommunities thus 

remains undocumented. It i s  c lear  however t h a t  s o i l  erosion from the watershed 

does not i n h i b i t  b i o f i l m  formation on a r t i f i c i a l  substrates i n  t h l s  highly 

eutrophic stream. Through the interact ions o f  diatoms, bacter ia and other 

microspecies, a stable sediment laden periphyton community develops and 

persists, trapping debris tha t  would be l i k e l y  absent without t h l s  community. 

ACKNOWLEDGEMENTS 

We thank Dave Mazour and Mike Brogan f o r  the water chemical analyses, and Mike 
Pitcairn, Jenni fer  Carr and John Schnagl f o r  occasional assistance w i th  the 
f i e l d  work. We also thank Barbara Ang f o r  processing some o f  the samples f o r  
SEM. We are very g ra te fu l  t o  Dr. Roger E. Gold, Environmental Programs, 
I n s t i t u t e  o f  Agr icul ture and Natural Resources, Universi ty o f  Nebraska-Lincoln, 
f o r  h i s  coordination o f  the  b io log ica l  monitoring o f  the Maple Creek Model 
Implementation Project. The Nebraska Natural Resources Commission administered 
the funding f o r  t h i s  study which was provided i n  pa r t  by the U.S. Environmental 
Protection Agency, Region V I I .  

REFERENCES 

ACP, 1979. Handbook: P la t te r  Stanton and Colfax Counties, f o r  the Maple Creek 
Model Implementation Project. 32 pp. 

Allen, T.F.H., 1977. Scale i n  mlcroscopic algal  ecology: a neglected 
dimension. Phycologia, 16: 253-257. 

Amspoker, M.C. and McIntire, C.D., 1978. Dis t r i bu t i on  o f  i n t e r t i d a l  dlatoms 
associated w i th  sediments i n  Yaquina Estuary, Oregon. J. Phycol, 14: 
387-395. 

Anonymous, 1982. Maple Creek Model Implementation Project. Final Report, 
December 30, 1982. I n s t i t u t e  o f  Agr icul ture and Natural Resources, 
Universi ty o f  Nebraska, Lincoln, Nebraska 68588, 94 pp. 

Antoine, S.E. and Benson-Evans, K., 1982. The e f f e c t  o f  current ve loc i ty  on 
the ra te  o f  growth o f  benthic algal  communities. In t .  Revue ges. 
Hydrobiol., 67: 575-583. 

APHA, 1976. Standard methods f o r  the  examination o f  wastewater. 14th Edition, 
American Publ ic Health Association, 1015 18th Street N.W., Washington, 
D.C. 20036, 1193 pp. 

Aumen, N.G., 1980. Microbial succession on a chi t inous substrate i n  a woodland 

Austln, A., Lang, S. and Pomeroy, M., 1981. Simple methods f o r  sampling 

Blinn, D.W., Fredericksen, A. and Korte, V., 1980. Colonizatlon rates and 

stream. Microb. Ecol., 6: 317-327. 

periphyton w i th  observations on sampler design c r l t e r i a .  Hydrobiologia, 
85: 33-47. 

community structure o f  diatoms on three d i f f e r e n t  rock substrata I n  a 
l o t i c  system. Br. Phycol. J., 15: 303-310. 

ingestion o f  e p i l i t h i c  algae by (0ligochaeta:Naididae). 
Hydrobiologia, 98: 171-178. 

BOwker, D.W., Wareham, M.T. and Learner, M.A., 1983. The select ion and 



293 

BOwker, D.W., Wareham, M.T. and Learner, M.A., 1985. A choice chamber 
experiment on the select ion o f  algae as food and substrata by 
LLingUs (Oligochaeta: Naididae). Fresh. Biol., 15: 547-557. 

Boyde, A. and Tamarin, A., 1984. Improvement t o  c r i t i c a l  point  drying 
technique f o r  SEM. Scanning, 6: 30-35. 

Brtngmann, G. and Kuhn, R., 1971. Bestimmung er Begrenzungsfaktoren der 
Trophierung f u r  d ie  Kieselalge Asterfonetla 
Gewassern. Gesundh.-Ing., 92: 176-183. 

Brown, H.D., 1976. A comparison o f  the attached algal  communities o f  a natural 
and an a r t i f i c i a l  substrate. J. Phycol., 12: 301-306. 

Brown, S-D. and Austin, A.P., 1973. Diatom succession and in te rac t ion  i n  
1 l t t o r a l  periphyton and plankton. Hydrobiologia, 43: 333-356. 

Caldwell, D.E., Brannan, D.K., Morris, M.E. and Betlach, M.R., 1981. 
Ouantitat ion o f  microbial growth on surfaces. Mlcrob. Ecol., 7: 1-11. 

Calow, P., 1975. On the nature and possible u t i l i t y  o f  e p l l t h i c  detr i tus.  
Hydrobiologia, 46: 181-189. 

Castenholz, R.W., 1961. The e f fec t  o f  grazing on marine l l t t o r a l  diatom 
populations. Ecology, 42: 783-794. 

Cattaneo, A,, 1983. Grazing on epiphytes. Limnol. and Oceangr., 28: 124-132. 
Cattaneo, A. and Gh i t to r i ,  S., 1975. The development o f  benthonic 

Chamberlain, A.H.L., 1976. Algal settlement and secretion o f  adhesive 

i n  West-Berlinger 

phytocoenosis on a r t l f i c i a l  substrates i n  the Tic ino River. Oecologia, 19: 
315-327. 

materials. In: J.M. Sharpley and A.M. Kaplan (Editors), Proceedings o f  
the Thlrd Internat ional  Biodegradation Symposium. Applied Science 
Pub1 ications, London, pp. 417-432. 

Characklis, W.G. and Cooksey, K.E., 1983. Biof i lms and mlcrobial fouling. 
Adv. Appl. Micro., 29: 93-138. 

Cohen, A.L., 1979. C r i t i c a l  point  drying techniques. SEM/I I :  303-324. 
Cole, H.J., 1982. Interact ions between bacteria and algae i n  aquatic 

ecosystems. Ann. Rev. Ecol. Syst., 13: 291-314. 
Cooper, D.C., 1973. Enhancement of net primary product iv i ty by herbivore 

grazing i n  aquatic laboratory mlcrocosms. Limnol. and Ocean., 18: 31-37. 
Corpe, W.A., 1980. Microbial surface components Involved i n  adsorption o f  

microorganlsrns onto surfaces. In: G. B r i t t o n  and K.C. Marshall (Editors), 
Adsorption o f  Microorganisms t o  Surfaces, Wlley and Sons, publishers, pp. 
105-144. 

Cubit, J.D., 1984. Herbivory and the seasonal abundance o f  algae on a high 
i n t e r t i d a l  rocky shore. Ecology, 65: 1904-1917. 

Cuker, B.E., 1983. Grazing and nu t r ien t  interact lons i n  cont ro l l ing  the 
a c t i v i t y  and compositlon o f  the e p i l l t h i c  algal  community o f  an a r c t i c  
lake. Limnol. Oceanogr., 28: 133-141. 

Danlel, G.F., Chamberlain, A.H.L. and Jones, E.B.G., 1980. Ultrastructural  
observations on the marine fou l lng  diatom -. Helgol. Wiss. 
Meeresunters, 34: 123-149. 

Dayton, P.K., Currie, V., Gerrodette, T., Keller, B.D., Rosenthal, R. and Ven 
Tresca, D., 1984. Patch dynamics and s t a b i l i t y  o f  some Ca l l fo rn la  kelp 
comnunities. Ecol. Mono., 54: 253-289. 

Dickman, M., 1968. The effect of grazing by tadpoles on the structure o f  a 
periphyton community. Ecology, 49: 1188-1190. 

Dickman, M. D. and Gochnauer, M. B., 1978. Impact o f  sodium chlor ide on the 
mlcrobiota o f  a small stream. Envlron. Pollut., 17: 109-26. 

Doremus, C.M. and Harman, W.N., 1977. The e f fec ts  o f  grazing by physid and 
planorbid freshwater sna i l s  on periphyton. The Nautilus, 91: 92-96. 

Drum, R.W., 1963. E p l i t h i c  dlatom biomass i n  the Des Moines River. Proc. Iowa 
Acad. Scl., 70: 74-79. 

Ducklow, H.W., 1983. Production and fa te  o f  bacteria i n  the oceans. 
BioScience, 33: 494-501. 

Elwood, J.W. and Nelson, D.J., 3972. Periphyton production and grazing rates 
i n  a stream measured w i th  a P material balance method. Oikosr 23: 
295-303. 



294 

Emerson, S.E. and Zedler, J.B., 1978. Recolonization o f  i n t e r t l d a l  algae: an 

Evans, L.V., 1981. Marine algae and foul ing: a review, w i th  par t i cu la r  reference 

Fairchi ld, G.W. and Lowe, R.L., 1984. A r t i f i c i a l  substrates which release 

experimental study. Mar. Biol., 44: 315-324. 

t o  ship-foul ing patterns. Bot. Mar., 24: 167-171 

nutr ients: e f fec ts  on periphyton and invertebrate succession. Hydrobiologia, 
114: 29-37. 

growth on nu t r ien t  d i f fusing substrates: an i n  s i t u  bioassay. Ecology, 
66: 465-472. 

Fairchi ld, G.W., Lowe, R.L. and Richardson, W.B., 1985. Algal periphyton 

F l i n t ,  R.W. and Goldman, C.R., 1975. The e f fec ts  o f  a benthic grazer on the 

Fogg, G.E., 1975. Algal cul tures and phytoplankton ecology, Second Edition, 

Gaines, S.D., 1985. Herbivory and between-habitat d iversi ty:  the d i f f e r e n t i a l  

Gale, W.F., Gurzynski, A.J. and Lowe, R.L., 1979. Colonization and standing 

primary p roduc t iv i t y  of the l i t t o r a l  zone of Lake Tahoe. Limno. Oceanogr., 
20: 935-944. 

The Universi ty o f  Wisconsin Press, 175 pp. 

effect iveness o f  defenses i n  a marine plant. Ecology, 66: 473-485. 

crops o f  e p i l i t h i c  algae i n  the Susquehanna River, Pennsylvania. J. 

PhyCO1.r 15: 117-123. 
Graneli, W., 1979. The inf luence o f  !2Uxmmu g i h n ~ ~ ~  larvae on the exchange 

o f  dissolved substances between sediment and water. Hydrobiologia, 66: 
149-159. 

Haack, T.K. and McFeters, G.A., 1982. Nut r i t iona l  re lat ionships among 
microorganisms i n  an e p i l l t h i c  b i o f i l m  community. Microb. Ecol., 8: 
115-126. 

Hamilton,P.B. and Duthie, H.C., 1984. Periphyton colonizat ion of rock surfaces 
t n  a boreal fo res t  stream studied by scanning electron microscopy and t rack  
autoradiography. J. Phycol. , 20: 525-532. 

Harrold, C. and Reed, D.C., 1985. Food ava l l ab i l i t y ,  sea urchin grazing, and 
kelp fo res t  comnunity structure. Ecology, 66: 1160-1169. 

Hart, D.D., 1985. Grazing insects mediate algal  interact ions I n  a stream 
benthic community. Oikos, 44: 40-46. 

Hay, M.E., 1981a. Herbivory, a lgal  d istr ibut ion,  and the maintenance o f  
between-habitat d i ve rs i t y  on a t rop i ca l  f r i ng ing  reef. Amer. Natur., 118: 
520-540. 

Hay, M.E., 1981b. The functional morphology o f  turf-forming seaweeds: 
persistence i n  s t ress fu l  marine habitats. Ecology, 62: 739-750. 

Heron, J., 1961. The seasonal var ia t ion  o f  phosphate, s i lcate,  and n i t r a t e  i n  
water o f  the English Lake D is t r i c t .  Limnol. Oceanogr., 6: 338-346. 

Hoagland, K.D., 1983. Short-term standing crop and d i ve rs i t y  o f  per iphyt ic 
diatoms i n  a eutrophic reservoir. J. Phycol., 19: 30-38. 

Hoagland, K.D., Roemer, S.C. and Rosowski, J.R., 1982. Colonizatton and 
community structure o f  two periphyton assemblages, w l th  emphasis on the 
diatoms (Bacillariophyceae). Amer. J. Bot., 69: 188-213. 

Holland, A.F., Zingmark, R.G., and Dean, J.M., 1974. Ouant i t l t l ve  evidence 
concerning the s tab i l i za t i on  o f  sediments by marine benthic diatoms. Marine 

Hudon, C. and Bourget, E., 1981. I n i t i a l  colonizat ion o f  a r t i f i c i a l  substrate: 
conununlty development and structure studied by scanning electron 
microscopy. Can. J. Fish. Aquat. Sd. ,  38: 1371-1384. 

Hudon, C. and Bourget, E., 1983. The e f fec t  o f  l i g h t  on the ve r t i ca l  structure 
o f  epibenthic diatom conmunities. Bot. Mar., 26: 317-330. 

Hunter, R.D., 1980. Ef fec ts  o f  grazing on the  quant i ty and qua l i t y  o f  
freshwater Aufwuchs. Hydrobiologia, 69: 251-259. 

Hunter, R.D. and Russel 1-Hunter, W.D., 1983. Bioenergetic and community 
changes i n  I n t e r t i d a l  aufwuchs grazed by Llttorlna -. Ecology,. 64: 
761-769. 

Hynes, H.B.N., 1970. The Ecology o f  Running Waters. Univ. Toronto Press, 
Toronto, 555 pp. 

Biology, 27: 191-196. 



295 

Jdrgensen, E.G. , 1967. Diatom p e r i o d i c i t y  and s i l i c o n  ass imi la t ion.  Dansk 
Botanisk Arkiv, 18: 6-54. 

Kal f f ,  J. and Hoagland, K.D.D 1982. Ecology o f  freshwater algae: In t roduc t ion  
and bibl iography. In: J.R. Rosowski and B.C. Parker (Edl t0rS)r  Selected 
Papers i n  Phycology 11. Phycological Society o f  America, Inc., P.O. Box 
368, Lawrence, Kansas 66044, pp. 544-556. 

Kay, A.M. and But ler ,  A.J., 1983. ' S t a b i l i t y !  o f  t h e  f o u l i n g  communities on 
the  p i l i n g s  o f  two p i e r s  i n  south Aust ra l ia .  Oecologiar 56: 70-78. 

Kehde, P.M. and Wilhm, J.L., 1972. The e f f e c t s  o f  grazing by s n a i l s  on 
community s t r u c t u r e  o f  periphyton i n  laboratory  streams. Amer. Midl. Nat.. 
87: 8-24. 

Kennelly, S.J. and UnderwOOdr A.J., 1984. Underwater microscopic sampling o f  a 
s u b l i t t o r a l  ke lp  community. J. Exp. Mar. 8101. Ecol., 76: 67-78. 

Kesler, D.H., 1981a. Grazlng r a t e  determination o f  Corvnoneura 
Winnertz (Chiron0midae:Diptera). Hydrobiologia, 80: 63-66. 

Kesler, D.H., 1981b. Periphyton grazing by m: an 
enclosure-exclosure experiment. J. Fresh. Ecol., 1: 51-9. 

Kflhamr P.r 1971. A hypothesis concerning s l l i c a  and the  freshwater p lanktonic  
diatoms. Limnol. Oceangr., 16: 10-18. 

Kilham. S.S. and Kilham, P.r 1984. The importance o f  resource supply ra tes i n  
determining phytoplankton community structure. In :  D.G. Meyers and J.R. 
S t r i c k l e r  (Editors), Trophic In te rac t ions  w i t h i n  Aquatic Ecosystems. AAAS 
Selected Symposium 85, pp. 7-27. 

K i t t i n g ,  C.L., Fry, B. and Morgan, M.D., 1984. Detect ion o f  inconspicuous 
ep iphy t ic  algae support ing food webs i n  seagrass meadows. Oecologiar 

Kondrat ie f f ,  P.F. and Simnons, G.M.Jr., 1985. Microbia l  co lon iza t ion  o f  
seston and f r e e  bac ter ia  i n  an impounded r fver .  Hydrobiologia, 128: 

Korte, V.L. and Blinn, D.W., 1983. Diatom co lon iza t ion  on a r t i f i c i a l  substrata 
i n  pool and r i f f l e  zones s tud ied by l i g h t  and scanning e lec t ron  microscopy. 

charac ter iza t ion  o f  aquatic environments using diatom l i f e - f o r m  strategies. 
Trans. Am. Microsc. SOC., 100: 165-182. 

Lambertl, G.A. and Resh, V.H.r 1983. Stream periphyton and insec t  herbivores: 
an experimental study o f  grazing by a cadd is f l y  population. Ecology, 64: 
1124-1135. 

Lamberti, G.A. and Reshr V.H., 1985. Comparabil ity o f  introduced t i l e s  and 
natura l  substrates f o r  sampling l o t i c  bacteria, algae and 
macroinvertebrates. Fresh. Biol., 15: 21-30. 

Lewin, J., Colvin, J.R. and McDonald, K.L., 1980. Blooms o f  surf-zone diatoms 
along the  coast o f  the  Olympic peninsula, Washingtonr X I I .  The c lay  coat  
o f  armaturn T. West. Bot. Mar., 23: 333-341. 

L i t t l e r ,  M.M., 1980. Morphological form and photosynthetic performances o f  
marine macroalgae: t e s t s  o f  a funct ional / form hypothesis. Bot. Mar., 

L i t t l e r r  M.M. and Kaukerr B.J.r 1984. Heterot r ichy and surv iva l  s t ra teg ies  i n  
the  red a lga officlnall8 L. Bot. Mar.r 27: 37-44. 

L i t t l e r ,  M.M. and L i t t l e r ,  D.S., 1980. The evo lu t ion  o f  t h a l l u s  form and 
surv iva l  s t ra teg ies  i n  benthic marine macroalgae: f i e l d  and laboratory  
t e s t s  o f  a funct ional  form model. Amer. Nat., 116: 25-44. 

L i t t l e r ,  t4.M.r and L i t t l e r ,  D.S.D 1983. Heteromorphic l i f e - h i s t o r y  s t ra teg ies 
i n  t h e  brown alga -- (Lyngb.) Link. J. Phycol., 19: 

L i t t l e r ,  M.M. and L i t t l e r ,  D.S., 1984. Relationships between macroalgal 
funct ional  form groups and substrata s t a b i l i t y  I n  a subtrop ica l  
rocky- in te r t ida l  system. J. Exp. Mar. Blol. Ecol., 74: 13-34. 

L i t t l e r ,  M.M., L i t t l e r ,  D.S. and Taylor, P.R., 1983a. Evolut ionary s t ra teg ies  
i n  a t r o p i c a l  b a r r i e r  ree f  system: functional-form groups o f  marine 
macroal gae. J . Phycol . , 19: 229-237. 

62: 145-149. 

127-133. 

J. Phyc0l.r 19: 332-341. 
Kuhn, D.L., P l a f k i n r  J.L., Cairns, J.Jr. and Lowe, R.L., 1981. Q u a l i t a t i v e  

22: 161-5. 

425-431. 



296 

L i t t l e r ,  MiM., Taylor, P.R. and L i t t l e r ,  D.S., 1983b. Algal resistance t o  
herbivory on a Caribbean ba r r i e r  reef. Coral Reefs, 2: 111-118. 

Loeb, S.L., 1981. An i n  s i t u  method f o r  measuring the primary p roduc t iv i t y  and 
standing crop o f  the e p i l i t h i c  periphyton community i n  l e n t i c  systems. 
Limnol . Oceanogr., 26: 394-399. 

Lopez, G.R., Levinton, J.S. and Slobodkin, L.B., 1977. The e f f e c t  o f  grazing 
by the d e t r i t i v o r e  W i l l E  on l i t t e r  and i t s  associated 
microbial community. Oecologia, 30: 111-127. 

Lowe, R.L., 1974. Environmental requirements and po l l u t i on  tolerance o f  
freshwater diatoms. U.S. Environmental Protect ion Agency, EPA-670/4-74-005. 

Lowe, R.L. and Gale, W.F., 1980. Monitoring r i v e r  periphyton w i th  a r t i f i c i a l  
benthic substrates. Hydrobiologia, 69: 235-244. 

Lubchenco, J., 1978. Plant species d i ve rs i t y  i n  a marine i n t e r t i d a l  community: 
importance o f  herbivore food preference and algal  competitive ab i l i t i es .  
Amer. Natur., 112: 23-39. 

Lund, J.W.G., Jaworski, G.H.M. and Butternick, C., 1975. Algal bioassay o f  
water from Blelham Tarn, English Lake D i s t r i c t  and the growth o f  planktonic 
diatoms. Arch. Hydrobiol. Suppl., 49: 49-69. 

Margalef, R., 1978. Life-forms o f  phytoplankton as survival  a l ternat ives i n  an 

unstable environment. Oceanologica Acta, 1: 493-509. 
Marshall, K.C., 1980. 

In: G. B r i t t o n  and K.C. Marshall (Editors), Adsorption o f  Microorganisms t o  
Surfaces, Wiley and SonsJ publishers, pp. 317-329. 

Mason, C.F. and Bryant, R.J., 1975. Periphyton production and grazing by 
chironomids i n  Alderfen Broad, Norfolk. Freshwat. Biol., 5: 271-277. 

McIntire, C.D. and Colby, J.A., 1978. A h ierarchical  model o f  l o t i c  
ecosystems. Ecol. Monogr., 45: 167-190. 

Menge, B.A. and Lubchenco, J. 1981. Community organization i n  temperate and 
t rop ica l  rocky i n t e r t i d a l  habitats: prey refuges i n  re la t i on  t o  consumer 
pressure gradients. Ecol. Monogr., 51: 429-450. 

Mi l l s ,  A.L. and Maubrey, R., 1981. E f fec t  o f  mineral composition on bacter ia l  
attachment t o  submerged rock surfaces. Microb. Ecol., 7: 3151322. 

Morris, I., 1980. The Physiological Ecology o f  Phytoplankton. Blackwell 
Sc ien t i f i c  Publ, Ltd.. Oxford, 625 pp. 

Maore, J.W., 1977a. Seasonal succession o f  algae i n  a eutrophic stream i n  
southern England. Hydrobiologia, 53: 181-192. 

Moore, J.W., 1977b. Seasonal succession o f  algae i n  r ivers.  11. Examples from 
Hlghland Water, a m a l l  woodland stream. Arch. Hydrobiol., 80: 160-171. 

Moore, J.W., 1978. Seasonal succession o f  algae i n  r ivers. 111. Examples from 
the Wylye, a eutrophic farmland r iver.  Arch. Hydrobiol., 83: 367-376. 

 MOSS^ B., 1980. Ecology o f  Fresh Waters. Blackwell Sc ien t i f i c  Publ., Oxford, 
332 pp. 

Mulholland, P.J., Newbold, J.D., Elwood, J.W. and Hom, C.L., 1983. The e f f e c t  
o f  grazing In tens i ty  on phosphorus s p i r a l l i n g  i n  autotrophic streams. 
Oecologia, 58: 358-366. 

Munteanu, N. and Maly, E.J., 1981. The e f f e c t  o f  current on the d i s t r i bu t i on  
o f  diatoms s e t t l i n g  on submerged glass slides. Hydrobiologia, 78: 273-282. 

Nalewajko, C. Lee, K. and Fay, P., 1980. Signif icance o f  a lgal  ex t race l lu la r  
products t o  bacteria i n  lakes and i n  cultures. Microb. Ecol., 6: 199-207. 

N ico t r i ,  M.E. 1977. Grazing e f fec ts  o f  four marine i n t e r t i d a l  herbivores on the 
m i  c ro f  1 ora. Ecol ogy, 58: 1020-1032. 

Osborne, P.L. and McLachlan, A.J., 1985. The e f f e c t  o f  tadpoles on algal  
growth i n  temporary, r a i n - f i l l e d  rock pools. Fresh. Biol., 15: 77-87. 

Paerl 
surfaces i n  freshwater systems. In: G. B r i t t o n  and K.C. Marshall (Editors), 
Adsorption o f  Microorganisms t o  Surfaces, Wiley and Sons, publishers, pp. 

Patrick, R. and Reimer, C.W., 1975. The Diatoms o f  the United States exclusive 
o f  Alaska and Hawaii. Volume 2, Part  1. Monogr. No. 13. Philadelphia, 
Pennsylvania, U.S.A., 213 pp. 

334 pp. 

Adsorption o f  microorganisms t o  s o i l s  and sediments. 

H.W. 1980. Attachment o f  microorganisms t o  1 i v i ng  and d e t r i t a l  

375-402. 



297 

Patrick, R. and Roberts, N.A., 1979. Diatom communities i n  the Middle A t l an t i c  
States, U.S.A. Some factors t h a t  are important t o  t h e i r  structure. Nova 
Hedwigia Beih., 64: 265-283. 

production i n  a Colorado mountain stream. Hydrobiologia, 66: 227-235. 

studies i n  a subalpine stream. Hydrobiologia, 57: 103-109. 

Stanton and Colfax counties, Nebraska. M.S. thesis, Unversity o f  Nebraska, 
Lincoln, Nebraska 68588, 157 pp. 

Porter, K.G., 1976. Enhancement o f  algal growth and produc t iv i t y  by grazing 
zooplankton. Science, 192: 1332-1334. 

Power, M.E., Matthews, W.J. and Stewart, A.J., 1985. Grazing minnows, 
piscivorous bass, and stream algae: dynamics o f  a strong interaction. 

Pringle, C.M. and Bowers, J.A., 1984. An i n  s i t u  .substratum f e r t i l i z a t i o n  
technique: diatom colonizat ion on nutrient-enriched, sand substrata. J. 
Fish. Aquat. Sci., 41: 1247-1251. 

Protasov, A.A., Starodub, K.D. and Afanas'ev, S.A., 1982. Studying fresh 
water periphyton by scuba diving. Hydrobiological Journ., 18(4): 89-91. 

Pryfogle, P.A. and Lowe, R.L., 1979. Sampling and in te rpre ta t ion  o f  e p i l i t h i c  
l o t i c  diatom communities. In: R.L. Weitzel (Editor),  Methods and 
Measurements o f  Periphyton Communities: A Review. ASTM., pp. 77-89. 

Reynolds, C.S., 1984a. Phytoplankton per iodic i ty:  the interact ions o f  form, 
funct ion and environmental va r iab i l i t y .  Fresh. Biol., 14: 111-142. 

Reynolds, C.S., 1984b. The ecology o f  freshwater phytoplankton. Cambridge 
Universi ty Press, 384 pp. 

Robles, C., 1982. Disturbance and predation i n  an assemblage o f  herbivorous 
diptera and algae on rocky shores. Oecologia, 54: 23-31. 

Robles, C.D. and Cubit, J. 1981. Inf luence o f  b i o t i c  factors i n  an upper 
i n t e r t i d a l  community: dipteran larvae grazing algae. Ecology, 62: 

Rodgers, J.H.Jr., Dickson, K.L. and Cairns, J.Jr., 1978. A chamber f o r  i n  s i t u  
evaluations o f  periphyton product iv i ty i n  l o t i k  systems. Arch. Hydrobio1.r 
84: 389-398. 

Roemer, S.C.r Hoagland, K.D. and Rosowski, J.R., 1984. Development o f  a 
freshwater periphyton community as influenced by diatom mucilages. Can J. 

Rosenthal, G.A. and Janzen, D.H., 1979. Herbivores, t h e i r  in te rac t ion  wi th 
secondary p lan t  metabolites. Academic Press, N.Y.r 718 pp. 

Rosowski, J.R., 1980. Valve and band morphology o f  some freshwater diatoms. 11. 
In tegra t ion  o f  valves and bands i n  confervacea var. confervacea. J. 

Rosowski, J.R. and Glider, W.V., 1977. Comparative e f fec ts  o f  metal coating by 
sputter ing and by vacuum evaporation on del icate featurs o f  euglenoid 
f lagel lates. In: Om. Johari (Editor),  Proc. 10th Ann. SEM. Symposium, 

Improving the image o f  del icate and complex b io log ica l  surfaces. ka.ndn& 
4: 181-187. 

morphology of some freshwater diatoms. I V .  Outer surface mucilage o f  

Ex t race l lu la r  association and adaptive s igni f icance o f  the bas-rel ief 
mucilage pad of Achnanthes (Bacillariophyceae). Diatom Research, 
1: i n  press. 

Cambridge, CB2 lRP, 653 pp. 

u t i l i z a t i o n  o f  stone surface organic layers i n  two New Zealand streams. 

Pennak, R.W. and LaVelle, J.W., 1979. I n  s i t u  measurements o f  net primary 

Perkins, M.A. and Kaplan, L.A., 1978. E p i l i t h i c  periphyton and de t r i t us  

Pitcairn, M.J., 1981. Production o f  benthic macroinvertebrates i n  Maple Creek, 

Ecology, 66: 1448-1456. 

1536-1547. 

b t . r  62: 1799-1813. 

PhyC0l.r 16: 88-101. 

VOl.1, pp. 471-480. 
Rosowski, J.R., Hoagland, K.D., Roemer, S.C. and Lee, K.W., 1981. 

Rosowski, J.R., Hoagland, K.D. and Roemer, S.C., 1983. Valve and band 

confervacea var. confervacea. J. Phycol., 19: 342-347. 
Rosowski, J.R., Roemer, S.C., Palmer, J. and Hoagland, K.D., 1986. 

Round, F.E., 1981. The Ecology of Algae. Cambridge Universi ty Press, 

Rounick, J.S. and Winterbourn, M.J., 1983. The formation, structure and 



298 

Fresh. Biol., 13: 57-72. 

con t ro l  s t ruc tu res  i n  Nebraska. J. Environ, Qual., 14: 186-190. 

i n t e r m i t t e n t  Nebraska stream. M.S. thesis, u n i v e r s i t y  o f  Nebraska, Lincoln, 
Nebraska 68588, 32 pp. 

J.L., 1974. Microbia l  co lon tza t i on  of marine p l a n t  surfaces as observed by 
scanning e l e c t r o n  microscopy. I n :  R.R. Colwell  and R.Y. Mor i t z  (Edi tors) ,  
E f f e c t  o f  t h e  Ocean Environment on M ic rob ia l  A c t i v i t i e s .  U n i v e r s i t y  Park 
Place, Baltimore, pp. 416-432. 

carbon as a r e s u l t  o f  diatom fragmentation dur ing feeding by && m. 
surfaces i n  f l ow lng  water. Fresh. Biol. ,  15: 433-448. 

a r t i f i c a l  substrates. J. Phycol, 13: 402-406. 

succession i n  a rocky i n t e r t i d a l  a lga l  community. Ecol. Monogr., 

Schepers, J.S. Francis, D.D. and Mielke, L.N., 1985. Water q u a l i t y  eros ion 

Shadle, J.J., 1984. A study o f  t h e  c r a y f i s h  O r c o n e c t e s m  t n  an 

Sieburth, J. McN., Brooks, R.D., Gessner, R.V., Thomas, C.D. and To t t l e ,  

Sierszen, M.E. and Brooks, A.S., 1982. The re lease o f  d isso lved organic  

Si lvester ,  N.R. and Sleigh, M.A., 1985. The forces on microorganisms a t  

Siver, P.A., 1977. Comparison of attached diatom communities on natura l  and 

Sousa, W.P.9 1979. Experimental i nves t i ga t tons  o f  disturbance and ecologtca l  

49: 227-254. 

of phenol ic  compounds i n  t h e  k e l p  -. Science, 223: 
405-407. 

Steinberg, P.D., 1984. Algal  chemical defense against  herbivores: a l l o c a t t o n  

Steinberg, P.D., 1985. Feeding preferences of T e o u l a m  and chemical 
defenses o f  marine brown algae. Ecol. t ho , ,  55: 333-349. 

Sumner, W.T. and McInt i re ,  C.D., 1982. Grazer-periphyton i n t e r a c t i o n s  i n  
l abo ra to ry  streams. Arch. Hydrobiol., 93: 135-157. 

Tilman, D., Kilham, S.S. and Kilham, P., 1982. Phytoplankton community 
ecology: t h e  r o l e  of l i m i t i n g  nu t r i en ts .  Ann. Rev. Ecol. Syst., 13: 
349-372. 

Ttlman, D. and Sterner, R.W., 1984. Invasions o f  e q u t l i b r i a :  t e s t s  o f  
resource compet i t ion us ing two species o f  algae. Oecologia, 61: 197-200. 

Tuchrnan, M.L. and Stevenson, R.J., 1980. Cornpartson o f  c l a y  t i l e ,  s t e r t l i z e d  
rock, and natura l  subst rate diatom communities i n  a small stream i n  
southeastern Michigan, USA. Hydrobiologta, 75: 73-79. 

Underwood, A.J., 1980. The e f f e c t s  o f  graz ing by gastropods and phys ica l  
f a c t o r s  on t h e  upper l i m i t s  o f  d i s t r i b u t i o n  o f  I n t e r t i d a l  macroalgae. 
Oecologia, 46: 201-213. 

i n t e r t t d a l  microalgae on a rocky shore i n  New South Wales. J. Exp. Mar. 
Underwood, A.J., 1984a. The v e r t i c a l  d i s t r i b u t i o n  and seasonal abundance o f  

B io l .  Ec0l.r 78: 199-220. 
Underwood, A.J., 1984b. Microalga l  food and the  growth of t h e  i n t e r t i d a l  

Underwood, A.J., 1984~. V e r t i c a l  and seasonal pa t te rns  i n  compet i t ion f o r  

Underwood, A.J. and Jernakoff.  P., 1981. E f f e c t s  o f  I n t e r a c t i o n s  between algae 

gastropods Nerlta atramentosa Reeve and 
heights  on a shore. J. Exp. Mar. B io l .  Ecol., 79: 277-291. 

microalgae between i n t e r t i d a l  gastropods. Oecologia, 64: 211-222. 

and graz ing gastropods on t h e  s t r u c t u r e  o f  a low-shore i n t e r t i d a l  a l g a l  
community. Oecologta, 48: 221-233. 

Vadas, R.L., 1977. P r e f e r e n t i a l  feeding: an op t im iza t i on  s t ra tegy  i n  sea 
urchins. Ecolog ica l  Monographs, 47: 337-371. 

Vadas, R.L., 1986. Herbivory. In :  M.M. L i t t l e r  and D.S. L i t t l e r  (Edi tors) ,  
Handbook o f  Phycological Methods. Ecologlcal F i e l d  Methods: Macroalgae. 
Cambrldge U n i v e r s i t y  Press, pp. 531-572. 

an i n t e r t i d a l  sand f l a t  of t h e  Ria de Arosa, NW Spain. Mar. Ecol. Progress. 
Ser., 25: 111-119. 

Communlties: A Review. American Society f o r  Test ing and Materials. 
Phi ladelphia, PA., U.S.A., 183 pp. 

(Lamarck) a t  f o u r  

Varela, M. and Penas, E., 1985. Primary product lon o f  benth ic  microalgae i n  

Weitzel, R.L. (Edt tor ) ,  1979. Methods and Measurements o f  Perlphyton 



299 

Werff, A. van der, 1955. A new method o f  concentrattng and c leaning diatoms 
and o ther  organisms. I n t .  Ver. Theor. Angew. Ltmnol. Verh., 12: 276-7. 

Winterbourn, M.J., Hildrew. A.G. and Box, A., 1985. S t ruc ture  and graztng o f  
stone surface organic layers i n  some ac id  steams o f  southern England. 
Fresh. Btol., 15: 363-374. 

Wynne, D. and Rhee, G-Y. 1986. E f f e c t s  o f  l i g h t  t n t e n s i t y  and q u a l i t y  on the  
r e l a t i v e  N and P requtrements ( t h e  opttmum N:P r a t t o )  o f  martne planktontc 
algae. 3 .  Plank. Res., 8: 91-103. 


