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ABSTRACT 

P e r i p h y t o n  Growth i n  o l i g o t r o p h t c  Lake Tahoe appears t o  be r e g u l a t e d  by 
nu t r i en t  i npu t  and prov ides a d d i t i o n a l  evtdence o f  c u l t u r a l  eutrophication. A 
s ta lked diatom CommunftYt h @ M d s  herculeana, dominates t h e  biomass i n  t h e  
e u l i t t o r a l  (splash) zone. and it is t h e  l u x u r i a n t  growth o f  t h i s  a l g a  which has 
caused a l g a l  b i o f o u l  tng problems i n  t h i s  p r t s t i n e  lake. 15N- label led n i t r a t e  
and ammonium up take  exper imen ts  showed t h a t  t h i s  community had a g r e a t e r  
a f f i n i t y  f o r  these n u t r i e n t s  than d t d  t h e  s u b l i t t o r a l  periphyton community whlch 
depended on n i t r o g e n  f i x a t i o n  t o  meet i t s  c e l l u l a r  demands. The r a t e s  o f  
n i t r o g e n  up take  a t  n a t u r a l  s u b s t r a t e  1 e v e 1  s, measured under no f 1 ow ( s t a t i c )  
c o n d i t i o n s  were t o o  l o w  t o  accoun t  f o r  t h i s  community's N-demand. We suggest  
t h a t  water movement (e.g., wave act ion)  i s  an impor tant  mechanism which acts t o  
increase t h e  b l o - a v a i l a b i l  i t y  o f  n u t r i e n t s  and the re fo re  a1 lows these a lgae t o  
achieve h igh r a t e s  o f  growth even though ambient subst rate concentrat ions are 
low. 

8.1 INTRODUCTION 

Long t e r m  measurements o f  p r o d u c t i v i t y  i n  o l i g o t r o p h i c  Lake Tahoe 

(Cal ifornta-Nevada) have c l e a r l y  demonstrated t h a t  t h e  r a t e  o f  p e l a g i c  a l g a l  

growth has more than doubled over  t h e  l a s t  two decades (Goldman 1985). Nu t r i en t  

1 imitation, p a r t i c u l a r l y  n i t r o g e n ,  appears t o  be t h e  most i m p o r t a n t  f a c t o r  

r e g u l a t i n g  p h y t o p l  ank ton  g rowth  (Arneson 1979; Go1 dman 1974, 1981). F u r t h e r  

evidence whtch supports t h e  observat ion t h a t  t h e  o v e r a l l  f e r t i l t t y  o f  t h e  l a k e  

i s  increasing comes from studies o f  nearshore periphyton (Goldman and de Amezaga 

1975; Goldman e t  a l .  1982; Loeb and Reu te r  1984). The r e s u l t s  o f  t hese  

i n v e s t i g a t i o n s  i n d l c a t e  t h a t  t h e  amount o f  g rowth  o f  a t t a c h e d  a l g a e  1s w e l l  

c o r r e l a t e d  w i t h  l a n d  d i s t u r b a n c e  i n  t h e  a d j a c e n t  watershed and t h e r e f o r e ,  i s  

most l i k e l y  r e g u l a t e d  by n u t r i e n t  a v a i l a b i l  t t y  (see Loeb manusc r tp t  i n  t h i s  

symposium). The impor tance  of n u t r t e n t  a v a i l a b i l i t y  t o  p e r i p h y t o n  growth I n  

Lake Tahoe has been e x p e r t m e n t a l  l y  v e r i f i e d  using a l g a l  bioassay techniques. 

Dissolved inorgantc n i t rogen  (DIN) as both n i t r a t e  and ammonium, and t o  a l esse r  

e x t e n t  ortho-phosphorus, s i g n i f i c a n t l y  s t i m u l  a t e d  t h e  a s s i m i l a t i o n  o f  l 4 C -  

l a b e l l e d  i n o r g a n i c  carbon, and inc reased  t h e  c h l o r o p h y l l  a c o n t e n t  p e r  u n i t  

biomass and t h e  percentage c h l o r o p h y l l  a t o  t o t a l  ptgments (E loranta 1983; Loeb 

1986). 
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The c o n t r i b u t i o n  o f  a l l o c h t h o n o u s  sources ( su r face  water  and ground-water) 

t o  t h e  n u t r i e n t  budget o f  Lake Tahoe i s  cons idered s i g n i f i c a n t ,  and t h e r e f o r e  it 

i s  n o t  uncommon t o  f i n d  t h a t  t h e  w a t e r s  o f  t h e  l i t t o r a l  zone c o n t a i n  h i g h e r  

concen t ra t i ons  o f  n u t r i e n t s  r e 1  a t i v e  t o  t h e  open water  (Go1 dman 1974; Go1 dman 

e t  a l .  1982). S ince t h e  at tached a l g a l  and 1 i t t o r a l  phy top lank ton  communities 

occupy t h i s  n e a r s h o r e  r e g i o n ,  t h e y  h a v e  t h e  f i r s t  o p p o r t u n i t y  ( v i s - a - v i s  t h e  

p e l a g i c  phytoplankton)  t o  use n u t r i e n t s  d e r i v e d  f rom t h e  watershed. Indeed, i n  

Lake Tahoe t h e  p e r i p h y t o n  communi ty  has  p r o v i d e d  t h e  mos t  v i s u a l l y  s t r i k i n g  

ev idence o f  c u l t u r a l  eu t roph ica t i on .  The l u x u r i a n t  growth o f  an at tached diatom 

communi ty  i n  t h e  e u l i t t o r a l ,  o r  s p l a s h  zone o f  t h i s  l a k e  i s  c o n s i d e r e d  a 

nuisance f rom bo th  an a e s t h e t i c  p o i n t  o f  v iew and a water q u a l i t y  perspect ive.  

These o r g a n i s m s  occupy a u n i q u e  n i c h e  i n  t h e  l a k e  ecosystem; i n  a d d i t i o n  t o  

l i v i n g  i n  a reg ion  o f  h ighe r  n u t r i e n t  loading,  t hey  i n h a b i t  an area o f  t h e  l a k e  

w h i c h  i s  c o n s t a n t l y  u n d e r  t h e  i n f l u e n c e  o f  t u r b u l e n t  w a t e r  niovements (i.e. 

b r e a k i n g  waves). These t w o  f a c t o r s  appear  t o  be  c r i t i c a l  i n  d e t e r m i n i n g  t h e  

a v a i l a b i l  i t y  o f  n u t r i e n t s  f o r  t h i s  community. 

I n  t h i s  paper we w i l l  f i r s t ,  examine t h e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  

n i t r o g e n  uptake by t h e  s p l a s h  zone diatom community, second, e x p l a i n  why biomass 

accumulat ions i n  t h i s  reg ion  a r e  so h i g h  d e s p i t e  t h e  f a c t  t h a t  these organisms 

l i v e  i n  a n u t r i e n t  d e f i c i e n t  system andJ t h i r d ,  hypothes ize why these a l g a e  a r e  

r e s t r i c t e d  t o  t h e  e u l  i t t o r a l  zone. We would 1 i k e  t o  s t r e s s  t h a t  t h i s  paper is., 

i n  par t ,  an ove rv iew  o f  p r e v i o u s  and ongoing pe r iphy ton  research a t  Lake Tahoe. 

I n  a d d i t i o n ,  we c o n s i d e r  some o f  o u r  c o n c l u s i o n s  r e g a r d i n g  t h e  i m p o r t a n c e  o f  

water movement t o  n u t r i e n t  uptake and growth o f  t h i s  community as p r e l  iminary. 

However, g i v e n  t h e  o v e r a l l  l a c k  o f  i n fo rma t ion  concern ing t h e  f u n c t i o n a l  r o l e  o f  

f r e s h w a t e r  p e r i p h y t o n  c o m m u n i t i e s  i n  n u t r i e n t  c y c l i n g ,  we hope t h a t  o t h e r  

researchers w i l l  be encouraged t o  t e s t  t h e  hypotheses we p resen t  here. 

8.2 METHODS 

K i t r a t e  and ammonium ( D I N )  u p t a k e  were d e t e r m i n e d  i n d e p e n d e n t 1  y by 

measur ing  t h e  r a t e  o f  i n c o r p o r a t i o n  o f  t h e  s t a b l e  i s o t o p e  I 5 N  i n t o  t h e  

p e r i p h y t o n  p a r t i c u l a t e  f r a c t i o n .  These exper iments were conducted d u r i n g  t h e  

s p r i n g  o f  1980, a p e r i o d  o f  a c t i v e  biomass accrual  approx imate ly  midway between 

t h e  minimum and maximum annual p roduc t i on  f o r  t h a t  year. S ince senescence anti 

t h e  t y p i c a l  summer s lough ing  o f f  o f  biomass d i d  n o t  occur u n t i l  l a t e  August we 

assumed t h a t  t h e  exper imenta l  r e s u l t s  obta ined were r e p r e s e n t a t i v e  o f  t h e  pe r iod  

o f  a c t i v e  growth. 

Pe r iphy ton  was removed f rom n a t u r a l  rock sur faces a t  a depth o f  0.5 rn a t  a 

l o c a t i o n  a d j a c e n t  t o  a f e r t i l i z e d  lawn. The b iomass was r e t u r n e d  t o  t h e  

l a b o r a t o r y ,  and t r a n s f e r r e d  t o  f l a s k s  c o n t a i n i n g  100 m l  o f  l a k e  water .  To 

measure DIN uptake, a k i n e t i c s  approach was used i n  which each s e t  o f  t reatment  
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f l a s k s  (n=3) was i n o c u l a t e d  w t t h  15NH4C1 o r  Na15N03 (99.5 atom-%, I C N  

Btomedlcals Inc.) t o  achteve a f t n a l  subs t ra te  concentrat ton which ranged from 

10-2,000 ug N 1 tter' l . Samples were tncubated t n  t h e  l abo ra to ry  f o r  '6 h under 

c o n d t t t o n s  o f  ambtent  t empera tu re  (10 -1500  and a 1 t g h t  I n t e n s i t y  o f  

200-250 uE m-' sec-l. Studies on D I N  uptake by other  pertphyton communttles i n  

Lake Tahoe have shown t h a t  subst rate dep le t i on  is 1 tnear over  t i m e  (2-8 h) and 

t h a t  n o n - b i o l o g i c a l  up take  ts t n s t g n t f t c a n t  (Reu te r  1983). F o l l o w i n g  t h e  

tncubatton, t h e  pertphyton btomass was removed from the  treatment f lasks,  rtnsed 

6-8 t imes  w t t h  l a k e  water, oven  d r t e d  (6OoC), and f r o z e n  (-20°C). A mass 

spectrometer (Consoltdated Engtneertng Systems) was used t o  determine the  f t n a l  

l 5 N  enrtchment and samples were prepared f o r  ana.lysts ustng a K j e l d a h l  d iges t i on  

and steam d t s t t l l a t t o n  procedure (F ted le r  and Proksch 1975). The f r a c t t o n  o f  

15N I n  the  gas phase was c a l c u l a t e d  accordtng t o  Neess e t  a l .  (1962) and Pavlou 

e t  a l .  (1974). F i n a l  en r t chmen t  v a l u e s  ranged f r o m  0.1-6.0 atom-% 1 5 N  w t t h  

substrate dep le t i on  g e n e r a l l y  l e s s  than 25%. 

(Dugdale 1967): 

The Mtchaelts-Menten equation was used t o  model t he  k t n e t t c s  o f  D I N  uptake 

where V N  Is t h e  r a t e  o f  uptake, S i s  t he  external  subst rate concentratton, Vmax 
Is t h e  maxtmum r a t e  o f  up take  (t.e. a t  s a t u r a t t o n  l e v e l s  o f  S), and Kt  Is t h e  

ha1 f - s a t u r a t t o n  c o n s t a n t  ( a t  which V=Vma,/2). The k t n e t t c  parameters K t  and 

Vmax, a l o n g  w t t h  t h e i r  s tandard  d e v i a t i o n s ,  were c a l c u l a t e d  d t r e c t l y  f rom a 

r e c t a n g u l a r  h y p e r b o l a  f l t t e d  t o  t h e  d a t a  p o t n t s  by a l e a s t  squares a n a l y s t s  

(Cleland 1967). 

Rates o f  n i t r o g e n  f t x a t t o n  were measured u s t n g  t h e  a c e t y l e n e  r e d u c t t o n  

techntque ( S t e w a r t  e t  a l .  1967; F l e t t  e t  a l .  1976). The f a c t o r  4.6, used t o  

conver t  moles o f  e thy lene  t o  moles o f  n i t rogen  was expertmental l y  determined 

using 15N2 (Reuter e t  a l .  1983). 

P a r t i c u l a t e  n i t r o g e n  was used as an e s t t m a t e  o f  s t a n d i n g  c r o p  f o r  t h e  

k t n e t l c s  exper lmen ts  and was measured tmmedta te l y  f o l l o w t n g  t h e  steam 

d t s t t l l a t t o n  p r o c e d u r e  u s t n g  1.04N H2S04 as  t h e  t t t r a n t  (APHA 1981) .  

Chlorophyl l  B (corrected f o r  phaeophyttn) was a l s o  used as a biomass Ind i ca to r  

and was measured accordtng t o  S t r t ck land  and Parsons (1972) ustng 90% acetone as 

the ex t rac t tng  so lvent .  ln d-tu and expertmental concentrattons o f  n i t r a t e  

(NOS+NOZ) were determined u s t n g  t h e  h y d r a z t n e  r e d u c t t o n  method desc r ibed  by 

M u l l t n  and R t l e y  (1955) and Kamphake e t  a l .  (1967) w h i l e  ammonium was measured 

accordt ng t o  Sol orzano (1969). 



118 

Water movement was measured u s t n g  an in SUJ c u r r e n t  me te r  ( K a h l s t c o  

IU2WA240) equtpped w t th  an electro-mechantcal, d t g l t a l  counter. This meter was 

chosen because It detects  two-dt rect tonal  f low (180°) and t h e r e f o r e  measurements 

were more rep resen ta t t ve  o f  t h e  surge-type f l o w  whtch occurs I n  the  sp lash  zone. 

Measurements were taken on the  bottom a long a t ransec t  away from the  shoreltne. 

The f t n a l  readtngs a re  presented as a percent o f  sur face f l o w  and n o t  as ac tua l  

v e l  oc t t t  es. 

F t g u r e  8.1. L u x u r t a n t  g r o w t h  o f  t h e  s t a l k e d  diatom hm&&meb henxkmu i n  
t h e  e u l  t t t o r a l  zone. Btomass accumulat ton r e p r e s e n t s  a s t n g l e  year 's  growth. 
Productton begtns as e a r l y  as January and by mtd- la te summer t h t s  communtty has 
sloughed o f f  t h e  rocks. This unattached biomass may accumulate I n  the  l t t t o r a l  
zone. be washed up on t h e  beaches, o r  be t r a n s p o r t e d  away f r o m  shore  by l a k e  
currents. Photograph was taken a t  t h e  study s i t e  a t  a depth o f  'lm 
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8.3 RESULTS AND DISCUSSION 

I n  Lake Tahoe, n a t u r a l  rock surfaces p rov tde  the  major substratum f o r  a l g a l  

attachment. The v e r t t c a l  (dep th )  d t s t r t b u t t o n  o f  p e r t p h y t o n  can be b r o a d l y  

dtv ided I n t o  two zones de l  tneated p r t m a r t l y  by the  annual changes t n  l ake  l e v e l  

and by wave ac t i on .  Each o f  t h e s e  zones i s  c h a r a c t e r t z e d  by a s e p a r a t e  a l g a l  

f l o r a  wt th  d t s t t n c t  taxonomtc and phys io log tca l  dif ferences. The e u l  t t t o r a l  or 
splash zone is r e s t r i c t e d  t o  t h e  area l oca ted  between annual pertods of low and 

htgh water  l e v e l s  (t.e. 0-2 m) and i s  t h e  most a f f e c t e d  by wa te r  movement. 

Subs t ra ta  w i t h i n  t h t s  r e g i o n  d e s s t c a t e  d u r i n g  t h e  summer p e r t o d  o f  reduced 

p rec tp t ta t ton  (June-September) and each year, pertphyton btomass must recolontze 

when the l a k e - l e v e l  r i s e s  agatn I n  the  sp r ing  (February-June). The biomass o f  

t h t s  communtty i s  t o t a l l y  domtnated by the  s t a l k e d  diatom Gmq&mMs hejxulaana. 
The l u x u r t a n t  g rowth  o f  t h t s  s p e c i e s  can be seen I n  F t g u r e  8.1. I n  c o n t r a s t ,  

t h e  second, deeper s u b l  i t t o r a l  zone remains cons tan t l y  submerged and extends 

from 2 t o  ove r  150 m t n  depth. The a lgae i n  the  upper subl  t t t o r a l  (2-80 m) are 

domtnated by heterocystous, f t lamentous blue-green algae. 

I I I I I 

I 

I 
- 

- 

F t g u r e  8.2. V e r t t c a l  p r o f t l e  o f  p e r t p h y t o n  n t t r o g e n  f t x a t t o n  t n  t h e  
e u l  t t t o r a l  zone o f  Lake Tahoe. A t  t h e  t t m e  o f  sampl t n g  t h e  t r a n s t t t o n  dep th  
between the  e u l  t t t o r a l  dtatom communtty and the  subl  t t t o r a l  blue-green a l g a l  
communtty was v t s u a l l y  apparent a t  approxtmately 0.5 m For each depth n=3. 
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The v e r t t c a l  d t s t r t b u t t o n  o f  ben th i c  nttrogenase a c t t v i t y  was measured from 

0-1 m and c l e a r l y  showed t h a t  n t t rogen  f t x a t i o n  was v i r t u a l l y  non-extstent i n  

t h e  e u l i t t o r a l  zone r e l a t i v e  to the  s u b l i t t o r a l  zoner and was n o t  Important as a 

sou rce  o f  n t t r o g e n  f o r  t h e  s p l a s h  zone community (F ig .  8.2). T h i s  was n o t  

unexpected s ince t h e  a l g a l  btomass i n  t h t s  regton was dominated by dtatoms. A t  

t h e  t t m e  t h e  samples were t a k e n  ( J u l y ) ,  t h e  l a k e  l e v e l  was d e c l i n t n g  and t h e  

t r a n s i t t o n  between t h e  e u l  i t t o r a l  and sub1 t t t o r a l  was l oca ted  between 0.4 and 

0.6 m. A t  and b e l o w  t h t s  d e p t h  h e t e r o c y s t o u s  b l u e - g r e e n  a l g a e  ( i .e. 

IQJ.~,QQLUX, Ilalothrlx, and Nostoc) dominated t h e  btomass and s tudtes have shown 

t h a t  t h i s  communtty depends on n t t r o g e n  f i x a t i o n  as t h e  m a j o r  pathway o f  

n t t r o g e n  a s s t m t l a t i o n  (Reu te r  e t  a l .  1986). Occastonal ,  i s o l a t e d  pa tches  o f  

n t t rogen f t x t n g  species ex i s ted  beneath t h e  communtty and accounted 

f o r  t he  pos i t i ve ,  a l b e t t  minimalr ra tes  o f  n t t rogen  f i x a t t o n  observed a t  O r  0.15 

and 0.30 m. 

Rates of n i t r a t e  and ammontum up take  were dependent  on t h e  e x t e r n a l  

subst rate concentrat ion and these data agreed w e l l  w t th  the  curves generated by 

t h e  Mtchael is-Menten model (Fig. 8.3). The h a l f - s a t u r a t i o n  constants were very 

10000 
NH$ 

2omm 400 800 1200 1600 JUN 1980 2000 

OO 
DIN Concentration ( tLg ~ . d - ' )  

F t g u r e  8.3. Ammonium and n i t r a t e  up take  as a f u n c t i o n  o f  s u b s t r a t e  
c o n c e n t r a t i o n  f o r  e u l  i t t o r a l  ( s p l a s h  zone) e p t l  i t h t c  pe r tphy ton .  These 
expertrnents were conducted dur tng the  per iod o f  a c t i v e  spr tng growth. 
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h igh  r e l a t i v e  t o  ambient  l e v e l s  o f  DIN. These k t  v a l u e s  were 

113226 ug N l i t e r - l  (X+SD) and 634+158 ug N l i t e r ’ ’  f o r  n i t r a t e  and ammonium, 

r e s p e c t i v e l y .  The ambient  l a k e  c o n c e n t r a t i o n s  o f  NO; and NHa a t  t h e  t i m e  of 

these experiments were l e s s  than 5 ug N 1 iter’l; i.e. near the a n a l y t i c a l  l i m i t  

o f  de tec t ion .  The maximum r a t e  o f  ammonium uptake was c a l c u l a t e d  t o  be 
954021047 ug N g-lPN h’l which was more t h a n  f i v e  t imes g r e a t e r  than t h e  Vmax 

f o r  n i t r a t e  up take  (18642108 ug N g’lPN h”). A t  e c o l o g i c a l  l y  r e l e v a n t  D I N  

c o n c e n t r a t i o n s  (125 ug N 1 i te r ’ l ) ,  however, t h e  r a t e s  o f  uptake f o r  these two 

forms of  n i t r o g e n  were s i m i l a r  (V-ammonium/V-nitrate = 1.6). These r e s u l t s  

suggest t h a t  when D I N  l e v e l s  are low the organisms i n  t h i s  e u l i t t o r a l  periphyton 

community appear t o  be adapted t o  use e i t h e r  subst rate equally. This conclusion 

i s  supported by f i e l d  s tud ies of Reuter e t  al.  (1985) who found t h a t  i n  Cast le  

Lake, C a l i f o r n i a ,  a t  ammonium c o n c e n t r a t i o n s  l e s s  t h a n  45 ug N 1 i t e r ’ l D  

e p i l  i t h i c  p e r i p h y t o n  was a b l e  t o  use NH4+ and NO3’ s i m u l t a n e o u s l y  w i t h o u t  an 

apparent p re fe rence f o r  e i t h e r  subs t ra te .  I n  a d d i t i o n ,  ev idence f rom b a t c h  

c u l t u r e  s tud ies has shown t h a t  i f  ex terna l  ammonium l e v e l s  are i n s u f f i c i e n t  t o  

saturate in ternal -N ~ O O ~ s D  simultaneous NH4+ and NO3- uptake i s  1 i k e l y  (McCarthy 

1981). 

The magnitude o f  t h e  k i n e t i c s  parameter, KtD i s  o f t e n  i n t e r p r e t e d  as an 

i n d i c a t i o n  o f  an organism’s a b i l i t y  t o  use a n u t r i e n t  when a v a i l a b l e  i n  low 

concentrations. A low Kt va lue  i m p l i e s  t h a t  an organism has a h igh b i o l o g i c a l  

a f f i n i t y  f o r  a s p e c i f i c  n u t r i e n t ,  presumably  an a d a p t i v e  advantage i n  

environments where t h a t  n u t r i e n t  was scarce  (Dugdale 1976; Raymont 1980). 

Prev ious  s t u d i e s  o f  mar ine  and f r e s h w a t e r  p h y t o p l a n k t o n  have shown t h a t  t h e  

magnitude o f  ha1 f -sa tura t ion  constants o f  these na tura l  a l g a l  communities f o r  

n i t r a t e  and ammonium uptake are o f t e n  d i r e c t l y  r e l a t e d  t o  subst rate a v a i l a b i l i t y  

(e.g. MacIsaac and Dugdale 1969; Epp ley  e t  a l .  1969; Murphy 1980; A x l e r  e t  a l .  

1982, 1983; P r l s c u  and P r i s c u  1984). Therefore,  we hypothes ized t h a t  t h e  

e u l i t t o r a l  perlphyton community would have a low Kt (5 20 ug N liter’’) i n  order 

t o  s u r v i v e  i n  a n u t r i e n t  d e f l c i e n t  system 

Since the  measured k t  va lue  was much greater, we r e e v a l u a t e d  t h e  uptake 

k i n e t i c s  d a t a  by examin ing t h e  r a t i o  o f  Vmax/Kt‘ T h i s  v a l u e  r e p r e s e n t s  t h e  

i n i t l a 1  s l o p e  o f  t h e  M i c h a e l  is-Menten e q u a t i o n  (dV/dS), and p r o v i d e s  a more 

r e a l i s t i c  i n t e r p r e t a t i o n  o f  b i o l o g i c a l  a f f i n i t y  i n  cases where V,, values are 

d i f f e r e n t  (Healey 1980; Zevenboom 1980). When uptake was normal i z e d  t o  t h e  

amOUnt o f  c h l o r o p h y l l  il (1.e. m e t a b o l i c a l l y  a c t i v e  algae), t h e  Vm,/Kt va lues 

f o r  NO; and NH; were near ly  Ident ica l ,  3.8 and 3.4 respect ive ly .  These Vmw/Kt 

values f o r  e u l i t t o r a l  algae were 20 times greater  than those r a t i o s  c a l c u l a t e d  

for  the s u b l i t t o r a l  community which depends on n i t rogen f i x a t i o n  and n o t  D I N  f o r  

n i t r o g e n  (Reuter  unpubl. data). T h i s  suggested t h a t  t h e  community 

had a greater  a f f i n i t y  f o r  D I N  than t h e  cyanophycean s u b l i t t o r a l  community even 
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though t h e  Kt va lues f o r  each community were s i m i l a r  (Reuter 1983). A s i m i l a r  

r e 1  a t l o n s h i p  between t h e  Vmax/Kt r a t i o s  has a l s o  been demonstrated f o r  t h e  

w e m i l  dominated e u l  i t t o r a l  p e r i p h y t o n  and the  n i t rogen- f i x i ng  cyanophycean 

sub1 i t t o r a l  co rnun i t i es  i n  N-def ic ient  C a s t l e  Lake, C a l i f o r n i a  (Reuter and A x l e r  

i n  press). 

E s t i m a t e s  o f  n e t  carbon p r o d u c t l o n  were used t o  c a l c u l a t e  t h e  n i t r o g e n  

demand o f  t h i s  community. E u l i t t o r a l  a l g a l  p r o d u c t i v i t y  was t a k e n  as t h e  

d i f f e r e n c e  between t h e  seasonal  minlmum and maximum l e v e l s  o f  s t a n d i n g  c r o p  

t o t a l  carbon. D u r i n g  t h e  p e r i o d  o f  s p r i n g  maximum g r o w t h  f r o m  1981-1983 t h i s  

r a t e  was 122+29 mg C m-’ day’’ (X+SD). T h i s  v a l u e  r e p r e s e n t s  n e t  ca rbon  

p r o d u c t i v i t y  and w l l l  underestlmate t h e  ac tua l  d a l l y  n i t rogen  demand o f  t h i s  

communlty t o  t h e  e x t e n t  t h a t  metabol i c  and mechanical losses occur (i.e. re lease  

o f  n i t r o g e n o u s  e x t r a c e l  1 u l  a r  products ,  dea th  and decomposi t ion,  g r a z i n g  and 

s l o u g h i n g  due t o  wave a c t i o n ) .  The maximum, s h o r t  t e r m  (30 day) r a t e  o f  

p r o d u c t i o n  was c a l c u l a t e d  t o  b e  231+47 mg C m-’ day’’. S i n c e  t h e  r a t e  o f  

blomass accumulatlon dur ing s h o r t  t lme per iods . I s  more l i k e l y  t o  r e f l e c t  gross 

p r o d u c t i o n ,  t h e  30-day r a t e  was used t o  e s t l m a t e  n l t r o g e n  demand. Assuming a 

C / N  up take  o f  8 : l  ( a  v a l u e  wh lch  was a l w a y s  g r e a t e r  t h a n  t h e  C/N  biomass 

c o m p c s i t i o n  r a t l o )  and t h a t  N-uptake o c c u r r e d  a t  equa l  r a t e s  o v e r  t h e  e n t i r e  

day, t h e  e s t i m a t e d  n i t r o g e n  demand o f  t h i s  community was c a l c u l a t e d  t o  be 

’1200 ug N m” h-l. Th ls  va lue  i s  be1 ieved t o  be an underestimate o f  t he  ac tua l  

n i t rogen  demand because o f  t h e  two assumptlons made above. Based on t h e  ra tes  

o f  N-uptake measured dur ing t h e  k i n e t i c s  experlments, t h e  concentrat ion o f  t o t a l  

D I N  t h a t  wou ld  be necessary t o  s u p p o r t  e u l i t t o r a l  a l g a l  g rowth  wou ld  b e  

’70 ug N l l ter - ’ .  Since t h e  maxlmum concentrat ions o f  n l t r a t e  I n  t h e  euphotic 

r e g l o n  o f  Lake Tahoe n e v e r  exceed 15-20 ug N l i t e r - ’  ( P a e r l  e t  a l .  1975) and 

concentrat ions o f  ammonium r a r e l y  exceed 5 ug N 1 I te r - l ,  t h e  maximum a v a l l a b l e  

concentrat lon o f  D I N  cannot be g rea te r  than 20-25 ug N l l ter - ’ .  

Based on these ca l cu la t l ons ,  o ther  n i t rogen  sources and/or mechanisms which 

enhance the  b l o a v a i l a b i l i t y  o f  t h i s  n u t r i e n t  must e x i s t  t o  enable these a lgae t o  

meet t h e i r  n l t r o g e n  demand d u r i n g  p e r i o d s  o f  maximum growth. Groundwater 

seepage and o v e r l a n d  r u n o f f  c o u l d  b e  i m p o r t a n t  sources o f  n i t r o g e n  t o  t h e  

1 I t t o r a l  zone. P r e l  imlnary data on t h e  chemica l  c o m p o s i t l o n  o f  i n t e r s t i t i a l  

w a t e r  s a m p l e d  f r o m  t h e  e u l l t t o r a l  z o n e  i n  L a k e  Tahoe shows t h a t  D I N  

concentrat ions are h igh  (general l y  greater  than 100 ug N 1 i t e r ’ l )  r e l a t l v e  t o  

t h e  va lues r o u t i n e l y  measured i n  the  o v e r l y i n g  water (Loeb and Palmer 1985). It 

i s  t h e r e f o r e  p o s s l b l e  t h a t  t h e  p e r i p h y t o n  communlty I s  a l s o  exposed t o  t h e s e  

e l e v a t e d  DIN l e v e l s .  We b e l l e v e  t h a t  a more i m p o r t a n t  f a c t o r  whtch may 

r e g u l a t e  t h e  r a t e  o f  D I N  uptake by t h e . e u l l t t o r a 1  communlty I s  r e l a t e d  t o  t h e  

phys i ca l  r i g o r  o f  t he  h a b i t a t  o f  these organlsms. The sp lash  zone I s  a reg lon 
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o f  the l a k e  where the re  i s  constant water movement and water movement per se can 

enhance n u t r i e n t  t r a n s p o r t  i n t o  c e l l s .  W h i t f o r d  (1960) p r e s e n t e d  t h e o r e t i c a l  

ev idence t o  sugges t  t h a t  a t  v e l o c i t i e s  g r e a t e r  t h a n  15 cm sec'l t h e  r a t e  o f  

p e r i p h y t o n  g rowth  c o u l d  b e  i n c r e a s e d  b y  m a i n t a i n i n g  a s t e e p  n u t r i e n t  

c o n c e n t r a t i o n  g r a d i e n t  a t  t h e  c e l  1 boundary wh ich  wou ld  i n  t u r n  f a c i l i t a t e  

d i f f u s i o n  from t h e  surrounding water. Lock and John (1979) observed t h a t  even a 

minimal f l o w  v e l o c l t y  s t imu la ted  phosphorus uptake by r i v e r  periphyton. Wheeler 

(1982) examined n i t r a t e  and ammonium up take  by mature b l a d e s  o f  t h e  mar ine 

macroalga W o c y t b  as a func t i on  o f  c u r r e n t  speed and showed t h a t  a t  

v e l o c i t i e s  greater  than 5 cm sec-l t h e  uptake ra tes  were 5-10 t imes greater  than 

those measured under s t a t i c  condit ions. We hypothesize t h a t  t h e  n i t rogen  demand 

o f  t h e ' n a t u r a l  e u l i t t o r a l  a l g a l  community can be accounted f o r  a t  low ambient 

substrate l e v e l s  because water f l o w  w i  1 1  augment n u t r i e n t  uptake rates. 

The v e l o c i t i e s  o f  breaking waves i n  lakes range from 50-500 cm sec'l (Boyce 

1974) and t h e r e f o r e  s h o u l d  be more t h a n  s u f f i c i e n t  t o  m a i n t a i n  an e l e v a t e d  

n u t r i e n t  c o n c e n t r a t i o n  g r a d i e n t  a t  t h e  c e l l  boundary. The wa te r  f l o w  

measurements t a k e n  i n  t h e  e u l i t t o r a l  zone a t  Lake Tahoe showed t h a t  water  

movement a t  t h e  rock-water  boundary decreased e x p o n e n t i a l  l y  w i t h  dep th  on a 

t ransect  away from the  shorel ine, and a t  a depth o f  2 m the  cu r ren t  was reduced 

t o  7% o f  t h a t  measured a t  t h e  s u r f a c e  a t  t h e  l a k e s h o r e  boundary. We suggest  

t h a t  the l u x u r i a n t  growth o f  e u l i t t o r a l  per iphyton community i s  r e s t r i c t e d  t o  

the upper 2-3 meters o f  t he  l i t t o r a l  zone because below t h i s  depth wave f l ow  i s  

i n s u f f i c i e n t  t o  s u s t a i n  t h e  r e q u i r e d  r a t e s  o f  n u t r i e n t  uptake. Loeb (unpubl. 

data) found t h a t  lh@um& 14C prtmary p r o d u c t i v t t y  was reduced a t  the surface 

r e l a t i v e  t o  more i n t e r m e d i a t e  dep ths  (2-30 m). T h i s  suggests  t h a t  t h i s  

community i s  n o t  r e s t r i c t e d  t o  t h e  e u l i t t o r a l  zone on t h e  b a s i s  o f  i t s  l i g h t  

requirements. As suggested l o n g  ago by  R u t t n e r  (1926), t h e  movement o f  wa te r  

a1 lows a t t a c h e d  a l g a e  t o  1 i v e  i n  a * * p h y s i o l o g i c a l l y  r i c h "  env i ronmen t  even 

though the  n u t r i e n t  concentrat ion i n  t h e  surrounding water may be low. 

8.4 CONCLUSIONS 

P e r i p h y t o n  biomass a c c u m u l a t i o n  i n  t h e  e u l  i t t o r a l  zone i n  Lake Tahoe i s  

much greater  than t h a t  measured for t h e  sub1 i t t o r a l  community. We be1 ieve  t h a t  

t h e  l u x u r i a n t  g r o w t h  o f  t h i s  nu i sance  a l g a l  community i s  r e l a t e d  t o  t h e  

f o l  1 ow 1 ng: 

1. The G a q h n d s  community has a g r e a t e r  b i o l o g i c a l  a f f i n i t y  f o r  

n i t rogen  as compared t o  t h e  s u b l i t t o r a l  algae. 

2. I nc reased  wa te r  movement i n  t h i s  zone p r o b a b l y  enhances t h e  r a t e  o f  

uptake o f  DIN, as w e l l  as o the r  impor tant  nut r ients .  

Add i t i ona l  sources o f  n u t r i e n t s  a re  g rea te r  a t  t h e  lakeshore boundary, 

p a r t i c u l a r l y  from groundwater seepage and ove r1  and runoff.  

3.  
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Fur thermore,  we h y p o t h e s i z e  t h a t  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  the e u l  i t t o r a l  

a lgae i s  a l s o  r e l a t e d  t o  n u t r i e n t  a v a i l a b i l i t y  as regulated by water movement. 
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