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ABSTRACT 

Jasper, S .  .and C.B. J. Gray.  1982. The chemical an,d, microbiological  
limnology  of Wood Lake, B.C., 1980. Inland Waters Directorate, 

Vancouver, 8. C. 

This  report  describes a small  l imnological  study  of Wood Lake, B.C. 

carr ied  out  in 1980 by the  National Water Research. I ns t i t u te ,   Pac i f i c  and 

Yukon Region. 

A t  a mid-iake,station  the  temporal  distributions  of  temperature, 

l ight   ext inct ion,   d isso lved oxygen, nutr ients,  metals,  chlorophyl l  2, 
ATP, phytoplankton  species  composition; phosphorus .turnover  time and 

a l ka l i ne  phosphatase a c t i v i t y -  were determined. I n  addit ion, a survey o f  

the   spa t ia l   d is t r ibu t ion   o f   d isso lved oxygen and nu t r i en ts  i n  the  bottom 
water was completed i n  September and sediment.cores were obtained from 

the  mid-lake  station: 
On the basis  of  water  clari ty, oxygen deplet ion  rates, N t o  P r a t i o s  

and phytoplankton biomass  and species  composition, Wood Lake i n  1980 was 
found t o  be mildly  eutrophic.  During  the  year  the  dissolved forms o f  
s i l i ca ,   n i t rogen  ,and  phosphorus, were a l l  reduced t o  very  low  levels i n  

the  epi l imnion of the  lake by  phytoplankton  uptake. and, i n  the case o f  
phosphorus, probably by co-precipi tat ion with marl.  Dissolved oxygen was 

reduced t o  low l e v e l s ' a t   t h e  sediment-water' in te r face   dur ing   the   fa l l  
period. However, there was no evidence  for  co-release o f  phosphorus  and 

i ron .  from the sediments. There was no net   in ternal   loading  o f  phosphorus 

between 1980 and 1981.' 

.. . 

The sediment,  which i s   r i c h  i n  organic  carbon and phosphorus, d id   no t  

'appear  to  signif icantly  inf luence  the  bottom  water  concentrat ions  of 

.dissolved oxygen  and nu t r i en ts  i n  September. 
. .  Blue-green  algae  dominated  the  phytoplankton  throughout 'the study 

although a spring  diatom  population . .  most l i k e l y  appeare,d p r i o r   t o . t h e  
study  period.  Evidence 'from phosphorus turnover  times and a l ka l i ne  

phosphatase a c t i v i t i e s  suggests tha t  the annual y ie ld   o f   phytoplankton 
was, u l t imate ly   con t ro l led  by  phosphorus.  Both' s i l i c a  and nitrogen, 

however,  .were probably  responsible  for  determining  the  gross  composition 

of  .the  phytoplankton. 
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RESUME 

Jasper, S. et C.B.J. Gray. 1982. La  limnologie  chimique et 
microbiologique  du lac Wood, C.  Br . , 1980. Direction  gdn6rale  des  eaux 
intgrieures , Vancouver , C.  Br. 

Ce  rapport  ddcrit  une  petite  6tude  limnologique  du  lac  Wood  en C.Br. , 
e'ffectiv6e en 1980 par  1'Institute  nationale  des  .recherches  des  eaux, 
R6gion  du  Pacifique  et  du  Yukon. 

A une  station  au  milieu  du  lac, l a  distribution  temporelle des 
tempdratures , ' 1 'extinction de  lumikre , 1 'oxygbne  dissout,  les  substances 
nutritives , les me'taux, la chlorophylle a, llATP, la  composition  des 
espdces  phytoplanctoniques, le temps  d'dcoulement  de  phosphore  ainsi  que 
l'activitg de l'alcaline  phosphatase  furent determids. De plus  une 
enquete  de  la  distribution  spatiale  d'oxygkne  dissout  et  ,des  substances 
nutritives  de l'eau  prbs  du  fond  du  lac  fut  complet6e  en  septembre  'et des 
carrottes  de  sddiments  furent  obtenues  de  la  station  au  milieu  du  lac. 

D'aprbs  la  clartd  de  l'eau,  le  taux  d'e'puisement  d'oxygbne,  les  rapports 
de N: P  ainsi  que  la  biomasse  et  la  composition  des  esphces 
phytoplanctoniques , le  lac  Wood,  en 1980, etait  16ggrement  eutrophique. 
Durant  l'annde , 1 '&tat  di,ssout de  silice,  d'azote  et  de  phosphore  fut 
rdduit & des  niveaux  trbs  bas  dans.  l'e'pilimnion  du  lac  par  l'absorption 
des  phytoplanctons  et  dans le  cas du  phosphore,  probablement  par  la 
co-prgcipitation  avec  la marne: Durant  l'autonne , l'oxygbne  dissout fut 
rdduit & des  niveaux  trbs  bas  au  point  de  contact  d'eau.  et  du  s6diment. 
Tontefois,  il n'y avait  pas  d'e'vidence  pour  supporter  la  co-libe'ration du 
phosphore  et  du  fer  provenant  des  sgdiments. I1 n'y avait  pas  .de 
chargement  interieur  nette  de  phosphore  entre 1980 et 1981. 

Le sddiment  qui  est  riche  en  ,carbone  et  en  phosphore  organique  n'a  pas 
paru  influencer,  d'un  manibre  significative , les concentrations  d'oxygkne 
dissout  et  les  substances  nutritives  d'eau  profonde  en  septembre. 



I, 
L'alque  vert-bleu  dominait l e  phytoplancton  durant  toute  l 'e'tude, 

I 
1. 
I 

quoique, une populat ion de diatom6e de printemps apparue  probablement 

avant l e  de'but de l'e'tude.  L'e'vidence du temps d'e'coulement de phosphore 
e t   d ' a c t i v i t 6  de -1 'a lca l ine  phosphatase  sugg6re que l a  production 

annuelle de phytoplancton  est  enfin de compte dir ige'  par l e  phosphore. 

Toutefois, l e   s i l i c e   e t   l ' a z o t e   f u r e n t  sans doute 5 l a   f o i s  responsable 

pour  dgterminer la composition  brute de phytoplancton. 
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1. INTRODUCTION ' . 

1.1 Ob iec t i ve  
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1.2 

A l imnological  study  of Wood Lake, B.C. was conducted 
1980. It was funded, i n  part,   by  the Okanagan Basin 

Implementation Board. Previous  studies (e.g. Canada - Br 

during 

i t i s h  

Columbia 0kanagan.Basin Agreement, Technical Supplement V, 1974; 

Kalamalka - Wood Lake Basin Water Resource Management Study, 

1974)  have establ ished  the  eutrophic  nature  of  the  lake 'and 

several recommendations for  improving  the water q u a l i t y  have 

been put  forward  (Kalamalka - Wood Lake Basin Water Resource 
Management -Study,  1974). The impetus for  the  present  study was 

the need t o  assess the  present  l imnology and to   i nves t i ga te  
several  options,  including  aeration,  as methods t o  improve , the 

lake's  t rophic  condi t ion.  
This  report  summarizes.the  l imnological  data  gathered  during 

the  course o f  the 1980  study. The wate.r qual i ty  t rends  over the 

l a s t  decade  and future management opt ions  ( including further 
monitoring).  are  discussed in a separate  report (Gray and Jasper, 
1982). , '  , .  , .  

. .  
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SAMPLE  COLLECTION 

Samples  were collected  for  chemical  analyses between A p r i l  
10, 1980  and  March 11, 1981 and f o r   b i o l o g i c a l  analyses between 

May 29, 1980 and October 21, 1980.  Measurements , o f  temperature 
and l ight   ext inct ion'were  a lso  gathered between A p r i l  10, 1980 
and November 11, 1980. 

were col lected  from  discrete depths ( 6  for biology and  between 8 
and -12 for  chemistry)  using  8 l i t r e   N i s k i n   b o t t l e s .  The 

chemistry  sampling  depths were chosen with reference t o   t h e  
temperature p r o f i l e .  Glass B.O.D. b o t t l e s  were f i l l e d   ( f o r  

oxygen  and inorganic  carbon  analyses) and the  water samples then 

screened  through 110 pm n i t e x  mesh t o  remove zooplankton and 

placed i n   p l a s t i c   b o t t l e s .  All b o t t l e s  were kept i n  cool  chests 
fo r   t ranspor ta t ion   to   the  NWRI f i e ld   l abo ra to ry  i n  Vernon, 

usual ly   wi th in   2   to  4 hours. Sample p repara t i on   ( f i l t r a t i on ,  

preservation,  etc. ) , most b i o l o g i c a l  analyses and some chemical 
analyses were performed i n  the  laboratory  during  the same day. 
Further  chemical  analyses were conducted a t   t he  NWRI laboratory 
i n  West Vancouver and a t   t he  Water Q u a l i t y  Branch, Inland Waters 

Directorate,  North Vancouver. 

Water  samples,  from a  mid-lake  stat ion  (Stat ion A, Figure l), 

. .  

ANALYTICAL METHODS 

3.1  Physics 

A temperature,  conductivity,  depth  sensor  (Hydrolab) was 

used t o   c o l l e c t  temperature measurements a t  one metre  in terva ls  
down t o  20 metres and two  metre in te rva ls   therea f te r .  Heat 

content  for each 2 metre layer  was determined  from  the 

temperature and  volume o f  each layer   o f  the lake. The speci f ic  

areal  heat  content  for  the whole lake, expressed as calor ies  per 
square  centimetre, was then  obtained  from  the  integral  of  these 

indiv idual   values  div ided by the  lake's  surface area. 
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Light  penetrat ion  of   photosynthet ical ly  act ive  radiat ion 
(PAR) was determined  using  a  Licor quantum sensor. Measurements 

a t  one metre  intervals,  from the  sur face  to  12 metres, were used 

t o  determine  ext inct ion  coeff ic ients by l inear  regression  of   the 

n a t u r a l   l o g  (% surface l i g h t )  with depth. Ext inct ions have  been 
converted t o  1% l i g h t   l e v e l s ,  and fo r  ease o f  comparison t o  

ear l ie r   s tud ies ,  have also been converted to  secchi  depths  using 
the relat ionship  (Vol lenweider, 1974) : 

secchi  depth (m) = 2.2 

ex t i nc t i on  ( In  u n i t s )  

Chemistry 

Samples for   n i t rogen and  phosphorus  analyses were f i l t e r e d  
through  Sartorius  cel lulose  acetate membrane f i l t e r s  with a 0.45 

micron  nominal  pore  size (SM 11106). Particulate  carbon and 

ni t rogen samples were obtained  by  col lect ion'of  the pa r t i cu la tes  
on pre-roasted Whatman GF/F g l a s s   f i b e r   f i l t e r s .  Analyses for 
a l l  other  variables were  done on u n f i l t e r e d  samples. The 
subsamples were cooled i n  a re f r i dge ra to r  and shipped i n  cooler 

chests t o  the Water Quali ty Branch laboratory i n  North Vancouver. 
Most chemical  analyses were accomplished  by the methods 

described i n  the Water Q u a l i t y  Branch Analy t ica l  Methods Manual 

(IWD, 1981).  Soluble  reactive phosphorus was analyzed by the 

stannous chlor ide  reduct ion method a t ' t h e  NWRI laboratory, 
whereas t h e   t o t a l  and dissolved phosphorus were analyzed  by  the 

method u t i l i z ing   ascorb ic   ac id   reduc t ion   a f te r   persu lphate  

d iges t ion   a t   the  Water Qual i ty  laboratory.   Total   inorganic 

carbon (TIC) samples were co l lected i n  100 m l  glass  reagent 
b o t t l e s  and analyzed  using  the  helium headspace analysis 

technique on a gas chromatograph (Stainton, 1973). Dissolved 
oxygen (DO) analyses were  done on'dupl icate samples with the 
azide  modified  Winkler Technique. The TIC analyses were  done 
within 8  hours o f   co l l ec t i on ,  while the DO analyses were 

accomplished within 24 hours,  both i n  the   f ie ld   labora tory .  
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3.3 

Sediment cores were co l l ec ted   a t   s ta t i on  . A  (Figure 1) with a 

t r i p l e  .benthos  corer (Kemp e t   a l . ,  1971). The '50 cm core  tubes 

were re t r i eved  with approximately 30 cm o f  sediment and with the 

sediment-water interface  undisturbed. The cores were extruded 

v e r t i c a l l y -  on shore within an hour of col lect ion.  Core 
subsamples  were frozen i n  p l a s t i c  bags and freeze  dried within 2 

weeks on  a  Labconco freeze d r ie r .  

The carbon  analyses were  done with a  Leco Induct ion Furnace 

for  samples  below 3 cm  (Chemex Labs Ltd.,  North Vancouver) and 

with a  Hewlett-Packard CHN analyzer  for  the 0 t o  3 cm i n t e r v a l  

(Water Qual i ty Branch, North Vancouver 1. 
Phosphorus concentrations i n  1N HC1 extracts  of   t reated 

sediments were  measured, co lour imetr ica l ly  on ascorbic  acid 

reduced  molybdate complexes. Di f ferent  t reatments.of   three 
subsamples provided  extracts which  represented t o t a l  ,P, t o t a l  
inorganic P and apa t i t e  P.. Total  P was measured in the 1N HCL 

ext ract  from roasted  sediment (55OOC). Total  inorganic P was 

. . .  

. .  .. . 

measured i n  the 1N HCL extract  of  unroasted  sediment.  Apatite P 

was measured i n  the 1N HCL ext ract   o f  sediment  which had  been 

e x t r a c t e d   i n i t i a l l y  with a citrate-dithionite-bicarbonate buffer 

and then with 1N NaOH. This  fract ionation scheme i s   e s s e n t i a l l y  

the method of  Williams (1976). 

. .  

3.4 . Biology 

Investigations  centred around the  distr ibution,  composit ion 
. .  

and nut r ient   l imi ta t ion,   o f   the  phytoplankton.  

3.4.1 Phytoplankton biomass 
. .  

Three independent measures of biomass  were obtained; 

chlorophyl l  - a, ade,nosine triphosphate (ATP) and t o t a l   . , c e l l  

volumes. 
For chlorophyl l  a determinations, 25 mL al iquots  were 

f i l tered  through 0.2 pm, 47 mm Nuclepore f i l t e r s  and extracted 
I 
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i n  90% acetone with t h e   a i d   o f  a Polytron homogenizer. Each. 
ex t rac t  was then  f i l tered  through a Whatman GF/F f i l t e r  and 

analysed  using a Turner  Designs fluorometer. Readings taken 
be fore 'and '   a f te r   ac id i f i ca t ion  with HC1 enabled the  est imation 

o f  5 phaeopigments i n  add i t i on   t o   ch lo rophy l l  2. 
ATP was measured fol lowing  the  basic  procedure  of 

Holm-Hansen and Booth (1966) except t h a t  25 mL a l iquots  were 
f i l t e r e d  through'   Mi l l ipore 03.45 pm instead  o f   g lass- f ibre 

f i l t e r s .  The e f f i c i e n c y   o f  ATP ex t rac t ion  was determined  by 
per iodic  'spikes (100 pL) o f  a stock  solut ion  of ATP (1 
mg-L-') i n to   rep l i ca te   . ex t rac t i ons .  When cool,  the  extracts 

were frozen and l a t e r  analysed  using  the  highly  puri f ied 
luc i fe r in - luc i fe rase  enzyme from Dupont (Markham, Ontario) 

together with an  Aminco  Chem-glow photo'meter. The values shown 

are means o f   th ree   rep l i ca tes ,  with an average standard 

deviat ion  of 15%. 
T o t a l   c e l l  volumes were calculated from measurements o f   c e l l  

volumes and abundance of   ind iv idual   spec ies (see  below) with the 

a i d   o f  a Hewlett-Packard 9845A computer. 

3.4.2 Phytoplankton  species  composition- and abundance. 

Samples (usual ly 250 mL) were. preserved with Lugol 's  iodine 
so lu t ion  in the  f ie ld .  They were then  transported. back to.  
Vancouver and enumerated by 3 .  Keays, Powell  River, B.C. 

The counting  procedure  genera,lly  followed  Utermohl (1958) . 
Samples were shaken and se t t l ed  i n  5 mL or  25 mL s e t t l i n g  

chambers f o r  approximately 4 hours. They were then checked with 
a Wild M5 dissect ing microscope f o r  random d i s t r i b u t i o n   o f   c e l l s  

and enumerated using a Wild M40 inver ted microscope a t  100 X and 
400 X magnifications. For each sample over 200 c e l l s  were 

i d e n t i f i e d  and counted. On those  occasions where a s ing le 

species  dominated ( f o r  example Ju ly  18 and 23) as many as f i ve  
counts were made o f   t h a t  species, on each o f  two s e t t l e d  
a l iquots ,  and the   resu l ts  averaged. For a count o f  200 c e l l s   o f  

a single  species  the  standard  deviation i s  approximately 15% 

(Lund e t   a 1  , 1958). 
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I - ,:. I .  

. .  For each species  the  dimensions  of  several  cells  (filaments 
or colonies) were determined and volumes calculated assuming 

standard  geometric shapes. When c e l l s  from a part icular  species 
d i f f e red   g rea t l y  i n  s ize  then more than one size-class was 

established. 

Estimates  of  the frequency of  heterocysts were determined on 

those samples t h a t  were  dominated  by heterocystous  cyanophytes. 
500 c e l l s  were  examined and-the  occurrence of   heterocysts  . 

expressed as  a percentage  of  the t o t a l   c e l l s .  

3..4.3 Phytoplankton nutrient l i m i t a t i o n  

Several methods t o  assess n u t r i e n t   l i m i t a t i o n  were performed 

The  32P uptake  procedure  followed  that  outlined  by Lean 

five  times  during.  .the  study.. 

and Rig ler  (1974). Aliquots  of  lake,  water were 'spiked' with 

car r ie r   f ree  32P-P04, to  give  approximately 30,000 1 . . 

dpm*mL' 1 . The removal  of  isotope i n t o  the pa r t i cu la te  phase 
was followed  by lOmL f i l t r a t i o n s   o n t o   M i l l i p o r e  0.45pn-1 f i l t e r s  
at   se lected  t ime  in terva ls   a f ter   'sp ik ing ' .  lOmLs of Aquasol-2 
(New England  Nuclear) were  added t o  bo th   t he   f i l t e rs  and 

f i l t r a t e s  and the 'samples were then shipped back t o  Vancouver 

for  counting on  a Beckman  LS 330 l i q u i d   s c i n t i l l a t i o n  

spectrometer. 

. .  

. .  

Estimates  of  the  uptake  rate  constant,  k, fo r  each  sample, 

were obtained  graphically from the average o f   bo th   the  f i l t e r  

and f i l t ra te   da ta   se ts .  Turnover  times were then. calculated 

from the inverse  of   the  uptake  rate  constants  af ter   f i rst  
normalizing with respect   to  ATP. 

Alkal ine phosphatase . .  determinations  fol lowed  closely  the 
fluorometric  procedure  described in.  Healey  and  Hendzel  (1979). 

.The rate  o f   hydro lys is  o f  o-methyl-fluorescein (MF), by a l ka l i ne  

phosphatase, was determined. using a .Turner  Designs, fluorometer 
(CS 5-60 p r imary   f i l t e r , ,  2A12 and 1% neutral   densi ty secondary 
f i l t e r s ) .  Rates were converted t o  a l ka l i ne  phosphatase 

act iv i t ies ,   normal ized 'with respect t o  ATP i n  the sample and 
expressed as  nmole  MF=hr-'=pg ATP'l. 

.. . 

. .  . . .  . . . .  . .  

, .  . I  
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The use  of  unlabel led  nutr ient  uptake  to examine n u t r i e n t  
l i m i t a t i o n   i s   o u t l i n e d  by  Healey  and  Hendzel (198.0). E i ther  

phosphorus (KH,f04) or nit rogen (NH4C1)  was added t o   t h e  

water sample (or  0.45pm f i l t e red   con t ro l )   t o   g i ve  a f i n a l  

concentrat ion  of  1OpM. The samples ( i n  t r i p l i c a t e )  were then 
incubated i n  the  dark, a t   l a k e  temperature,  for  approximately 24 

hours.  Aliquots were removed at   the  beginning and  end o f   t h e  

incubation and f i l t e r e d  through  Sartorius 0.45pm f i l t e r s .  For 
determination of P t h e   f i l t r a t e s  were placed i n  50mL acid-cleaned 
b o t t l e s  and  a few drops o f  chloroform added. For N deter- 

mina t ions   the   f i l t ra tes  were placed  ' into 60mL acid-cleaned  glass 

b o t t l e s  with ground  glass  stoppers,  ensuring no  headspace o r  
bubbles. The b o t t l e s  were kept i n  a f r i d g e   p r i o r   t o  shipment t o  

.West Vancouver and analysis. 
Uptake o f   e i t h e r  P or  N was determined  from  the  difference 

between the average 'zero-time' and '24  hour' measurements. The 

data was then normalized with respect   to  ATP and recorded  as 
pmole (PO4 or  NH4) 0d-l  *pg ATP". 

4.  PHYSICAL 'MEASUREMENTS 

4.1 Temperature 

Temperature data  are  given i n  Appendix 1. A depth  vs.  time 
isopleth  of  temperature i s  given i n  Figure 2 while  Table 1 shows 
surface  temperatures and epi l imnion depths.  Spring  overturn and 
s t r a t i f i c a t i o n  preceded t h e   f i r s t  sampling i n  Apr i l .  Surface 

temperatures  continued t o   r i s e   u n t i l   l a t e   J u l y   r e a c h i n g  a 

maximum o f  23OC. A t  t h i s . t i m e  a strong  thermocline had  been 

established between 10 and 18  metres..  Since  the  prof i le on 

November 20, 1980 showed isothermal  conditions from the  surface 
t o  18  metres, f a l l  overturn i n  the  lake  probably  occurred  not 

long  afterwards. 

The temperature pro f i le   dur ing  September shows the 

I 
I 
I 
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I 
I 
I 
I 
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Figure 2 -  Wood Lake Temperature   d is t r ibut ion (OC),' 1980. 
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possible  occurrence  of  internal waves. Despite the fact   that  

our  sampling s t a t i o n  was located  approximately  mid-lake,  the 
morphology of the  lake i s  such t h a t   t h i s   s t a t i o n  may not 

represent  the  mid-point or 'node' for these  internal  waves 

(R. Wiegand, personal communication 1. Further  studies  using  a 

mid-lake  station  should keep t h i s   p o i n t  i n  mind, for  example, 
when calculating  heat  budgets or  oxygen d e f i c i t s .  

Table 1: Surface  Temperatures and Epil imnion Depths of Wood Lake 

Date 

Sur face 
Temperature 

(OC> 

Epil imnion 
Depth 

(m1 

10/4/80 

26/5/80 

3/7/80 

18/7/80 

23/7/80 

6/8/80 

3/9/80 

16/9/80 

21/10/80 

4.8 

14.5 

19.5 

20.5 

23.0 

21.0 

18.5 

18.0 

13.5 

- 
5 

5 

7 

8 

a 
10 

11 

14 

20/11/80  8.0 > 20 

4.2 Heat  Budqet 

The calculated  heat  contents for the whole lake and for the 

hypolimnion  alone  are shown i n  Table 2. The maximum whole-lake 
value  encountered  during  the  sampling was 28,900 cal*cm'2 on 

July 23. For  comparison to   ea r l i e r   s tud ies ,   t he  summer heat 

I 
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income was .calculated by subtracting  the  heat  content  of the 
l a k e   a t  40C (8,580 cal*cm'2) from t h i s  .maximum value.. The 

summer heat income i n  1980 (Table 3)  was - s i m i l a r   t o   t h a t  found 
i n  1972 and 1973 ,. but  considerably'-higher  than i n  1971. Blanton 

I 

Table 2: Heat Contents and Mean Temperatures of Wood Lake. 

Date Whole Lake Hypolimnion* 
c a l  *'cm-2 O C  c a l  ecm-2 O C  

I 26/09/79 28 ; 000 13.0 5,900'  6.6 

10/04/80 9,700 ( 4.5 4,020  4.5 

29/05/80 20,750 9.7 4,770 5.3 

23/07/80' , 28,900 , 13.5 ' , 4,860  5.4 

04/09/80 28,000 1.3.0. 5,840  6.5 

21/-10/80 24,600 11.5 4,790  6.1 

* Hypolimnion  boundary was 18 m except on 21/10/80 when i t  was 20 m 

Date c&*cm-* Invest igator 

25/08/71 18.,lOO . Blanton (1973) 

02/0~8/72 20,500 B. C . Research (1974) 

02/08/73 21,800 B . C . Research ( 1974) 

23/07/80 20,300 This  study 
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('1973) compared the  heat  budgets o f   a l l  the Okanagan va l ley 

lakes  for  the summer o f  1971 and concluded tha t   the  Wood lake 

value was too  low  for a lake  of i t s  volume. He postulated the  

existence of  large groundwater inflows  having  temperatures o f  

10°C and enter ing  the  lake i n  the 10-12 m zone. Since  the  heat 
incomes f o r  1972, 1973 and 1980 are  higher and closer t o  

predicted  values for a lake the s ize and locat ion  o f  Wood Lake, 
i t  is probable  that  the maximum heat  content i n  1971  occurred 
between monitors. Thus there i s  no  need to   pos tu la te  a large , 
co ld   i npu t   o f  groundwater t o  Wood Lake. This  conclusion was 

f i r s t  reached  by  the Water Invest igat ions Branch (1974). 

4 . 3  L igh t   ex t i nc t i on  

L ight   ext inct ion  va lues,  with corresponding 1% l i g h t   l e v e l s  
and calculated  secchi  depths, are, given i n  Table 4. The water 
c l a r i t y   o f  Wood Lake i n  1980. was f a i r  with a yearly average 
e x t i n c t i o n   o f  0.361 and a secchi  depth  of 6.1 m. 

Water c l a r i t y  values  throughout  the  year were not  strongly 
correlated with a l g a l  biomass levels.  Furthermore,  there was 

only a twofold  var iat ion i n  extinct ion  values  despite  large 

changes (over 40X) i n  surface  chlorophyl l   levels. 
To demonstrate t h e   e f f e c t   o f   a l g a l  biomass alone  the  resul ts 

f rom July 18 and July 23 have  been recalculated i n  Table 5 .  

These  were the  only, two  dates t h a t  showed s t rong   ve r t i ca l   a lga l  

he terogene i ty   together   w i th   l igh t   ex t inc t ion   p ro f i les  which 

dev ia ted   s ign i f i can t ly  from the  normal  exponential  pattern. On 

both  dates Anabaena flos-aquae  dominated the  phytoplankton. On 
July 18 the  ver t ica l   heterogenei ty   o f   the  a lga l  bloom resul ted 
i n  average chlorophyl l   values  for  the two in te rva l s ,  0 t o  5 
metres and 5 t o  10  metres, d i f f e r i n g  by a factor  of  four. 

Ext inct ion  coeff ic ients,  however, showed only a twofold change. 
Conversely, on Ju ly  23, a large change i n  ex t i nc t i on  was 

accompanied by  only a small change i n  average chlorophyl l .  It 
i s   d i f f i c u l t ,  therefore, t o   r e l a t e   h i s t o r i c a l   v a r i a t i o n s  i n  

I 
I 
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Table 4: L ight   .Ext inct ion Parameters for Wood Lake. 

Ex t inc t ion  
Coeff icient 1% l i g h t  Secchi  Depth 

Date ( I n  units=m-1) Level (m) (m) 

29/5/80 

3/7/80 

18/7/80 

23/7/80 

6/8/80 

3/9/80 

0.272  16.9 8.1 

0.268 

0.376 

0.517 

0.308 

0.334 

17.2 

12.3 

8.9 

15 .o 

13.8 

8.2 

5.9 

4.3 

7.1 

6.6 

16/9/80 0.491 9.4  4.5 

21/10/80 " .  0.3i8 14.5  6.9 

Average 0.361 
(+ - 0.095) 

12.8 6 :l 

Table 5:  Comparison o f  Wood Lake ext inct ion  coef f ic ients  and ch lorophyl l  
concentrat ions,   July ' l8th-and 23rd, 1980. 

I 
I 

Depth Ext inct ion'   Chlorophyl l  a 
in te rva l   Coef f i c ien t  

- 
avera e 

Date (m) (In u n i t s  om-1) ( mg o m - 3  

18/7/80 O. to  5 0.466 25.5 

I 
I 

18/7/80 5 t o  10 0.222  5.9 

23/7/80 0 t o  5 0.679 7.7 

23/7/80 5 t o  10 0 397  5.2 

.~ 
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l i g h t   e x t i n c t i o n   t o   v a r i a t i o n s  i n  a l g a l  biomass leve ls  alone. 

Changes i n  species  composit ion  over  the  last decade (Gray and 
Jasper , -.1982), . fo r  example , could have a f fec ted   ex t inc t ion  

l eve l s  as could 'changes i n  non-algal   turbidi ty such  as t h a t  

entering  the  lake  surface  from  stream  freshet's. F o r .  t h i s  reason 
the  s i ieable  increases i n  water c l a r i t y  observed  over  the l a s t  
few years  (Nordin, 1980) are  not  obviously  coupled t o  decreases 
i n  algal  concentrat ion. 

/ 

A fu r ther   con t r ibu t ing   fac to r  i s  the  possible decrease i n  

the number of  'blooms' t h a t  have occurred  during  the summer. 
Since  secchi  depth measurements r e f l e c t   t h e   t u r b i d i t y  i n  the  top 

few metres  only,  the  occurrence o f   ver t i ca l   he terogene i ty  i n  
a l g a l  'biomass i n  the  epi l imnion may r e s u l t  i n  l a rge r  decreases 

i n  secchi  depth  than  expected fo r   t he  same  amount of biomass 

un i fo rmly   d is t r ibu ted  i n  the'water column. During a 'bloom'  of 

cyanophytes, much o f   t h e  biomass may be  concentrated i n  the  top 

few metres  (e.g.  July  18th). Thus the measured increases i n  
water c l a r i t y  over   the  last  few years may be r e f l e c t i n g ,   t o  some 
extent, decreases i n  the  frequency o f  these  cyanophyte  blooms., 

5. CHEMICAL  MEASUREMENTS 

A complete l i s t  of  chemical measurements i s  given i n  

Appendices 2 and 3.  

5.1 D is t r ibu t ions  with depth and time 

Figures 3 . t o  6 show the  seasonal changes of  several  chemical 

parameters for   the  mid- lake  stat ion.  These figures  are drawn t o  
,show ver t ica l   mix ing  dur ing . .  f a l l  overturn,  which i s  assumed t o  

have occurred a t   t h e  end o f  November. Data  from  the l a s t  1980 

monitor,  October 16 are used to   ca l cu la te   t he   f a l l   ove r tu rn  

concentrations. 

I 
I 
I 
1 
I 
I 
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5.1.1 Dissolved oxygen 
- .  . .  

Dissolved oxygen  decreased with depth i n  the  hypolimnion 

during  the  strat i f ied  period,  almost  disappearing  near  the 

sediment-water interface  dur ing September and October 
(Figure 3) .  This  deplet ion i s  probably due to   resp i ra t i on .  I n  

contrast,  elevated oxygen concentrat ions  occurred.in  the 
epi l imnion and ..upper mesolimnion i n  Apr i l ,  May and July, 

presumably  as a result  of  photosynthesis. The concentrat ion  at  
f a l l  .overturn was 7.1 .mg*L'l. Although  the  sampling i n  winter  

was very  l imi ted, 'no i n d i c a t i o n   o f  oxygen deplet ion was found i n  
1981. This was due t o   t h e  absence o f  continuous  ice  cover i n  

1981. Previous  winter  samplings  through  ice,  for  instance i n  

,1972 (Koshinsky .& Stockner,  1972), showed considerable  depletion 
near  the  bottom (< 2. mg*L -I,). , ' 

. .  

5.1.2 . Phosphorus 

Tota l  phosphorus ('TP) a t   t h e   s t a r t  of the 1980 growing 
season, was 85 pg*L-'  cpmpared t o  appr.oximately 

80 pg*,L'l . .  i n  1981 ., I n  .Apri l , .  most 0.f t h i s  TP wa-s i n  the 

dissolved . .  form  (DP, Figure 4) o f  which  over 85% was soluble 

reac t ive  P (SRP). Par t i cu la te  phosphorus  (PPI. general ly  var ied 
between 5 and 15 1.1grnL-l. . .  At these , l e v e l s  .it contr ibuted  only 

a small.  percentage  .to  the  spring  epil imnion TP, bu t   over   ha l f   to  
the summer'  and f a l l   t o t a l s .  . .( 

DP and i t s  major  constituent, SRP, both  decreased  during 
spr ing  and'summer i n  the  epi l imnion .due t o   a l g a l  uptake. A t  the 

. .  

. .  . .. 

.) same time,  increases  occurred i n  the  hypolimnion  .through 
phytoplankton  sedimentation and regeneration  together with the 

.possible  release  of' P  from the sediments  (see  Section 5.2 

below). SRP concentrations  remained . .  very  low (1 t o  2 

pg*L'') i n ,  the  epilimnion  from  July  through  October; . .  these , 

levels  are  suggestive  of  possible  phytoplankton . .  P l i m i t a t i o n .  
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A t  fa l l   over turn  the  concentrat ion  o f  DP was ca lcu lated  to  be 57 
pg0L-l. I n  January 1981, however, the average concentration had 

increased  to 71pg*L-', a l e v e l   s i m i l a r  to  the  74ig-L- l  
found i n  A p r i l  1980. 

5.1.3 Nitrogen 

The t o t a l   n i t r o g e n  (TN) :concentrat ion  a t   the  s tar t   o f   the 

growing season was  570 pg0L-l with the major i ty,  86%, i n  

the dissolved form. Almost 40% of th is   d isso lved  n i t rogen was 

inorganic (DIN), pr imari ly  n i t rate.   Dur ing  the  growing season 

n i t r a t e  decreased rap id l y  i n  the  epi l imnion  to  undetectable 

levels,  remaining  low un t i l  f a l l  .overturn  except  for  occasional 

near  surface  increases i n  July and ear ly  September (Figure  5). 
I n  the  hypolimnion,  by  contrast,  there was an i n i t i a l  increase 
t o  maximum l e v e l s  i n  July  fol lowed by a very  strong  depletion 

near  the  sediment-water  interface i n  September and October. 
This  seasonal  pattern was' presumably due t o  oxidation  of 

regenerated ammonium to   n i t ra te   fo l lowed by d e n i t r i f i c a t i o n   o f  
n i t r a t e  when anoxic  conditions developed. The concentrat ion  of  

D IN  a t ,   f a l l   ove r tu rn  was ca lcu la ted   to  be 64 pg*L- : 1 

.Ammonium concentrations were always low ( < 10  pg*L-l> 

i n  the  epil imnion,  but two ,episodes  of ammonium build-up 
occurred i n  the  hypolimnion  (Figure 6 ) .  The f i r s t  accumulation, 
i n  l a t e  May, occurred  throughout  the hypo-  and mesolimnion and 
was presumably due t o  regeneration from decaying  phytoplankton, 

grazing  by  zooplankton, or both.  During  July,  this  accumulation 
was ox id i zed   t o   n i t ra te .  When the oxygen was depleted and 

d e n i t r i f i c a t i o n   o f   n i t r a t e  commenced the  release of.ammonium 

from the sediments  again  accelerated  (concentrations  reached 500 

Ug0L-l  by  mid-October). Ammonium concentrat ions  d id  not   r ise 

appreciably above 22 m, presumably  as  a r e s u l t  o f  ac t i ve  

o x i d a t i o n   t o   n i t r a t e  above t h i s  depth. The ammonia concentration 
a t   f a l l   o v e r t u r n  was ca lcu la ted   to  be 40 .pg* i - l .  

A t  the pH and temperature  conditions  of  the  bottom  waters, 
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the amount of ammonia gas i n  so lu t i on ,   a t  maximum, is calculated 
' t o  be less  than 5 pgoL-l, or  1% of t h e   t o t a l  ammonium- ion. 

This  concentration i s   w e l l  below the   f i sh   t ox i c i t y   l eve l   o f  20 

vg0L-I  (Thurston et   a l . ,  1979). I n  fact  the  low oxygen 

concentrations  would  be more ' tox ic '   than  the ammonia. 

with,,the maximum concentration was  43 vg0L-l. The h ighest   leve ls  
were observed i n  l a t e  May and  mid-October i n  zones o f   in tense 

ammonium oxidation. These oxidat ion zones  were .at  the  bottom i n  

May and 5 m above the  bottom i n  October. Two lesser 

accumulations  occurred a t  15 m 'in l a t e  May and- on the  bottom 
' . . .dur ing  la te  summer.  The  .May occurrence may have  been due' t o  

n i t r a t e  .uptake. and reduction. by  phytoplankton  while  .the summer 
.increase was probably  the  resul t  of ac t i v , i t y   by   den i t r i f y ing  
bacteria.. 

pg0L-l. and increased . '  to.,almost 400 pg0L-l i n  the  epi l imnion 

by mid-summer. Hypolimnion  concentrations  over  the, same per iod 
increased from 300 t o  350 pg0L-l. I .  

epil imnion.. The  maximum occurred i n  A p r i l   a t  88 pg*L- , -  .. , . 

Similar  concentratlons were observed a l l  summer except  during 
la te '  . .  May'  when average . .  epilimnion  c.oncentrations dropped t o  3 4  

pg*L' . These ' concentrat ions  are.-surprisingly low for  a 

productive.  ' lake . .  (Stadelmann e t  al., 1974).  Examination of the 
dissolved  nitrogen components, . ,  however,, 'suggests that   h igher .  

levels,  around 200 -pg=Lil,  may have occurred between the 

A p r i l  and, May samplings. 
.' The ra t i o ,   o f '  TN t o '  TP, i n  Apr i i ,  was around 7 and.  increased 

N i t r i t e  . concentrations  only  occasionally exceeded 5 vg*L-', 

Dissolved  organic  nitrogen began the  growing season a t  300 

Par t icu la te '  . .  n i t rogen (PN) concentrations were highest i n  - t h e  
1 

1 

1 
. .  

. s l i g h t l y ,  i n  May, t o  11. The ra t i o   o f   t he   b io log i ca l l y  . . .  

. .  avai lable components, D IN  t o  SRP, however, started  the,  growing 

season a t  3 and  dropped t o  0.4 i n  the  epi l imnion by May. Ratios 
of   less  than  10  for   the  b io logical ly  avai lable N and  P 

f ixing'  algae . .  and . . .  are . 'not  . unusual  for . .  . a  'productive  lake. 
. components are  considered . .  t o  favour . ,  the.  appearance o f   n i t rogen  

I ' .  

. .  
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5.1.4 Dissolved  i ron and manganese 

. I r o n  was general ly 'below 30 pg0L-l.  This l e v e l  i s  low 

enough t o  ..suggest"the' poss ib i l i t y   o f   i r on   de f i c iency   f o r  some 
phytoplankton  species. Manganese, however, showed marked 
increases  near  the  la,ke  bottom between A p r i l  (4 pg=L-l) and May 

(430 pg*L'l) ; the maximum concentration  observed was, 700 
pg0L-l. Presumably, the redox po ten t i a l s   a t   t he  sediment - 
water in te r face  were not  low enough t o  reduce i r o n  from the 
inso lub le   fe r r i c   to   the   so lub le   fe r rous  form, bu t  were low 

enough t o  reduce manganese' t o   i t s   s o l u b l e  form. Phosphate 

associated with i ron  oxide  minerals i n  the sediment i s  usual ly  

released  together with i r o n  when these  minerals  are reduced. 

Consequently, the  lack  of  increase i n  i r o n  suggests that   there 

was no re lease  o f  phosphate from t h i s  sediment f ract ion i n  
1980.  However, the appearance of manganese i n  the  hypolimnion 
suggests' that   the  threshold  for  phosphate release  by  th is 

process, i s  f a i r l y  close. 

5.1.5 S i l i c a  

D isso lved   reac t i ve   s i l i ca   s ta r ted   t he  growing season a t  a 
concentration o f  2.3  mg0L-l and was rapidly '   depleted i n  the  

epi l imnion, by  diatom  uptake, t o  0.3 mg-L-1 i n  May. 

Concentrations  slowly  increased  from May t o  October i n  both  the 
.hypo-  and epil imnion,  reaching maxima o f  4.2 and 1.4 mg=L' 

respectively. The fa l l   over tu rn   concent ra t ion  was ca lcu la ted   to  
be 2.1 mg=L-l. By mid-January , 1981 the  .epi l imnet ic 

.concentration had r i s e n   t o  '3.2 mg*L'l . o n l y   t o   f a l l   a g a i n   t o  
2.3 mg0L-l i n  ear ly  March, 1981. Th is '   la te   w in te r  decrease 

suggests that  diatom  growth and sedimentation  .begins  .very  early 
i n  the  spring,  especial ly i f  there i s  no i c e  cover. 

1 
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5.2 Horizontal  variat ion  of  bottom  water  chemistry 

This  sampling program, i n  ea r l y  September, attempted t o  
determine  whether  the  sediment  strongly  influences  the 

concentrations  of oxygen and,nutr ients i n  the  overlying  water 
masses.  Water was sampled .1 metre above the  bottom a t  23 

, '  locat ions (see Figure 1) ; water  depths  ranged between 10. and 31 

metres. 
. .  Strong  deplet ion  of  oxygen occurred  .everywhere i n  the  basin 

beiow  the' 25 m depth,  (Figure  7). Near shore  depletions were 

not  observed even near  macrophyte beds (eg s t a t i o n  21). 

i n  that  strong  accumulations were observed  below 25 m (Figure 

SRP d i s t r i bu t i ons  .were the  mirror image o f   d isso lved oxygen, 
1 

. .  8 ) .  .. The highest.  concentrations were approximately 250 

ug*L-. . When a l l  the September- nearbottom  data  are.  plotted- 

against  ,depth,  the  .resultant  **prof i le** i s  essent ia l ly   the same 

' ' ' as the measured depth p r o f i l e   a t   s t a t i o n  A for   the same date 
( Figure 4). . .  

s ta t ions (4  and 17.) which showed very  low  concentrations  for 

t h e i r  depth  (Figure 9), The highest  concentrations were 

observed i n  the . .  south  central  sector of the  basin. , 

N i t r a t e   p l u s   n i t r i t e   , d i s t r i b u t i o n s  one metre o f f  the bottom 

were  more complicated . ., than  the  previous' components . ,  ,(Figure 10). 
Concentrations.  .increased . .  w i t h  the  'depth ' of t h e  'water,  column down 
t o  about 25 'm; the maximum observed'.was 470 pg*L-1  at   the 

south end .of" the  lake  (stat ion  17).  Beiow the 25 m depth, 
concentrations'decreased, with the  southern  half   of the lake 

showing the most deplet ion  ( levels  of 200,  pg;L-l). 

1 

Ammonium'followed . .  a s im i l a r   pa t te rn   t o  SRP except  for two 

i 

I n  general  the  concentration  of  bottom  water  chemicals 

r e f l e c t  . .  their  absolute  depth  rather  than the i r  l oca t i on  1 metre 
above the sediment.  This does not, r u l e   o u t .  sediment  influences 

on the  overlying  water, however,  because algal  uptake and 
.physical  mixing may  mask changes a t  t,he shallower  depths. It 
does, however, . s imp l i f y   the   ca lcu la t ion   o f  budgets  since  the 

. .  
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mid-iake  cijncentrations  (Station A )  ,can  be extrapolated  across 

the  lake. 
J 

internai   contents for nu t r ien ts  and Gxygen were prepared  by 

i n te rpo la t i ng  between Bata  points and then  ca lcu lat ing  the 
content of a const i tuent I n  2 m Sl ices.   (This i s  Simpler  but 

no t   qu i te  as accurate as the volume weighted  average method of 

Edmondson and Lehman, 1981). Ttie volume of each 2 m s l i c e  was 

caiculated from  a'hy'psographic cui.ve presented by D.J; Wiil iams 
(1973)  and is suriunarized i n  Table 6 .  

.. , 

Dissoived Oxygen 
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Table 6: Hypsographic< data for Wood Lake. 
. .  .. . 

Depth Area Volume of s l i c e  Cumulative Volume 

. .  

0 '9.3 
18.3 

17.7 

17.2 

16.7 

16 ..2 

15.5 

14.8 

18.3 

36.0 

53.2 

69.9 

86.1 

101.6 Zv50=11.7m 

116.4 

: 2 9.0 

4 8.7 

8.5 

8.25 

6 

8 

10' 

12 
. .  7.9 

7.6 

14 

16 

7.2 

6.75 
14 

13 

130.4 

143.4 

155.3 
18 6.25 

11 
20 5.6 

10.5 

9.2, 

7.9 

6.6 

5.4 

3.9 

0.7 

165.8 Z=21.5m 
- 

175.0  Z~50=23.Om 

182.9 

22 

24 

26 

28 

30 

4.9 

4.3 

3.6 

3.0 
189.5 

194.9 

198.8 
2.4 

1.45 

0 

32 

33 
199.5 

\ 



- 30 - 

Table 7: Dissolved oxygen contents and deplet ion  rates i n  the  hypolimnion of  
Wood Lake. 

Mean I n t e r v a l   I n t e r v a l  

80/04/10 18  56.1 650 11.57 

80/04/29 18  56.1 520 9.27 

80/07/23 18  56.1 360 6;42 

80/09/4 18  56.1 160 2.85 

80/10/16 20 44.2 60 1.36 

-2.30  49  0.047  0.42 

-2.85 55  0.052 0.47 

-3.57 43  0.083 0.75 

-1.49 42  0.035 0.32 

80/04/10 
t o  

80/10/16 
-590 -10 e 2 1  189  0.054  0.49 
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Par t icu la te phosphorus (PP) was also maximal i n  ear ly  spr ing  but 
showed a f a l l  peak preceding a mid-winter minimum. . 

mesolimnion and hypolimnion components, losses from the  water 

column during summer were  seen t o  occur i n  the  epi- and 
mesolimnion, whereas the  hypolimnion  .generally  accumulated TP 

(mainly as SRP). This  accumulation  only  partly compensated f o r  
the  losses i n  the upper  two  water components, thus  there was a 

loss of phosphorus to   t he  sediments during summer. Dur ing   ' l a te  
f a l l  and winter, however,. p a r t   o f   t h i s  loss . i s  recovered  by 

regeneration  from  the sediments.  Consequently the  mid-winter 

water column content i s   s im i la r   to   tha t   o f   the   p rev ious   spr ing .  

When the  water column contents were s p l i t   i n t o   e p i l i m n i o n ,  

. , .  

5.3.3 Nitrogen 

The content   o f   to ta l   n i t rogen (TN) i n  the whole water column 

remained constant (95 t o  114 Mg) even  though the  contents  of  the 
epi-, meso- and hypolimnions.  fluctuated  considerably  (Table 9 ) .  

Ni t ra te .  + n i t r i t e   n i t r o g e n  (NN) contents   re f lected  the  a lga l  
uptake  of  these  nutrients and t h e i r  subsequent release as other 

ni t rogen components. There was also a considerable loss of NN 

from the hypolimnion'between September 9 and October 21 due t o  

den i t r i f i ca t i on   (F igu re  11). However, winter  regeneration of  

n i t r a t e  from ammonia, dissolved  organic N and pa r t i cu la te  N more 

than  doubled  the NN content between l a t e  October and l a t e  

January. 

was highest . i n  autumn  and fol lowing  the  .spring bloom  (see 

Section, 7.1). The major i ty  of  the AN occurred i n  the 
hypolimnion,  except  during mid-summer  when .'the rate  o f   ox idat ion 

t o  AN presumably  exceeded the  ra te  o f   hydro lys is  from 
pa r t i cu la te  and dissolved  organic' N. Unlike,  the  other  dissolved 
N components, the  hypolimnion  content  of AN i n  autumn, 1979 was 

much higher  than  that observed i n  autumn, 1980. The difference 

may be 'due t o  a la rger   inpu t  o f  sedimenting  phytoplankton t o   t h e  

The  ammonia ni t rogen (AN) content i n  the whole water column 

I 
I 
I 
I 
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Figure 11 Hypolimnion  content of nit rogen components i n  Wood Lake, 
1980. 
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hypolimnion i n  the summer of 1979. 

the  epilimnion  throughout  the  growing season while i t  i n i t i a l l y  

increased and subsequently decreas.ed i n  the meso- and 

hypolimnions. The epil imnion  increases  probably  result from the 
re lease  o f   ce l lu lar  N during  the  growth, scenescence  and 

recycl ing.of  phytoplankton. The decreases i n  the  hypolimnion 
a f te r  mid-summer suggest that   dentr i fy ing  bacter ' ia  were 

u t i l i z i n g  DON using NN as an oxidizing  source  (Figure 11). 

The dissolved  organic  nitrogen (DON) content  increased i n  

The lake 's   con ten t   o f   par t i cu la te  N (PN) was highest i n  
ear ly   spr ing and lowest  during  early  winter and during  the 

period  immediately  following the' spr ing bloom. Except for   ear ly  

spring  the  epi l imnion  contained  the most PN. 

5.3.4 Chloride, Calcium, S i l i c a  and Par t i cu la te  Carbon 

Since  chloride i s  essential ly  conservative i n  freshwater 
systems, annual changes i n  ch lor ide  content   re f lect   the 
input-output  balance o f   t h e  element and the   re la t i ve   p rec is ion  
of   the mass balance  calculations.  Although  not  calculated,  the 

input-output  balance  of  chloride was  assumed t o  be a small 

component,,of the  f luc tuat ions i n  content because the  f lushing 

r a t e   o f   t h e   l a k e  i s  very ,low. The content was found t o  average 

712 - + 26 Mg. (.n = 6 , .  Table  10).  This. 4% var ia t ion   ind ica tes   tha t  

the.sampling program was adequate. 

. .  

. I  

There was  a.  20% decrease i n  'the  calcium  content o f  the  epi- 
and mesolimnion between the end o f  May (4600 Mg) and the 
beginning  of, September (3800 Mg). A decrease o f   t h i s  magnitude 

suggests that   calc ium  carbonate  precipi tat ion was a s ign i f i can t  

process and t h a t  any further  attempts  to  evaluate  nutr ient 
cycles i n  th is   lake   shou ld   inc lude  s tud ies   o f  this process.' . 

The s'pring  epil imnion  content o f .  s i l i c a  (Table 10)  dropped 

from 125. . .  t o  16 Mg i n  6 weeks; presumably  as  a resu l t   o f  a diatom 
bloom. The sedimented s i l i c a  was. p a r t i a l l y  regenerated i n  the 

hypolimnion  since  the  sil ica  content  increased from 148 t o  214 
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Mg between A p r i i  and September.  Between l a t e  January  and ea r l y  

March 1981, however ,. there was a disappearance o f  120 Mg o f  
s i l i c a  from the whple  water column suggesting  signif icant  diatom 

growth  during  that  period. The lack  of i c e  cover and resu l tan t  

h ighe r   l i gh t   l eve l s   p robab ly   con t r i bu ted   t o   t h i s   ea r l y   a lga l '  

growth. 

Par t i cu la te  carbqn (PC) contents  had  generally  the same 
seasonal pa t te rn  as PN (Table 10). The peak content, however , 
occurred i n  mid-summer as opposed to   t he   sp r ing  peak o f  PN. The 

major i ty  of  PC occurred i n  the  epi- and mesolimnions and i s  
probably  associated- with autochthonous  production o f  plankton 

and de t r i tus .  ' 

GEOCHEMICAL MEASUREMENTS 

Carbon 

Total  -carbon (TC) , and i t s  major . .  constituent.,  organic  carbon 
(OC), decreased dramatical ly i n  the  top two cm of  the  core and 
then more gradual ly  to  ' the 6 cm depth  (Figure 12). The leve ls  

of.  inorganic  carbon ( I C ) ,  however ,' remained  reasonably 

constant. The .6-7 cm i n t e r v a l  showed elevated amounts o f  I C  

comprising  approximately 35% o f   t h e  TC; although  the  other 

sections  of  the  core were dark  grey t o  b lack,   th is   sect ion was 

observed t o  have a l i g h t  grey band which  could  indicate 
enrichment with ca l c i t e .  Below 7 cm the OC levels  increased, 

s i i g h t l y  , ' whereas I C  l eve l s  decreased. 

t o  .the  bottom  of  the  core  cannot  be  entirely due t o  increased 

sedimentation . .  o f   organic   mat ter   re la t ive  to ,   det r i ta l   minera l  
matter. An unknown  amount o f  sedime.ntary OC i s  converted 
through  ti'me t o  carbon  dioxide, methane.  and dissolved  organic 

carb,on . .  which  are l o s t   t o   t h e   o v e r l y i n g  waters. These losses  .are 

most . .  intense i n  the  top few  cm of a sediment column. 

The la rge  decreases in.OC from the sediment-water in te r face  

. .  
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WOOD LAKE 
80/10/16 
Station A 

Figure 12 Total ( T C ) ,  organic (OC), and inorganic carbon ( I C )  
concentrations  in  the s,ediment profile  of Wood Lake. 
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The elevated IC concentrations a t  6 cm  may be  recording an 
episode o f  increased  calcium  carbonate  precipitation  'from  the 

water column. 

Phosphorus 

The sedimentary  phosphorus was f rac t ionated   ana ly t i ca l l y  
in to   organic  P (OP), apa t l t e  P .  (AP) and non-apatite  inorganic  P 

(NAIP)  components. OP decreased from 1.4 mg0g-l a t   t h e  
surface t o  approximately 0.35 mg0g-l a t  7 cm and remained 

f a i r l y  constant  below t h i s  depth  (Figure  13). AP leve ls  doubled 
from the  surface t o   t h e  5 cm depth,  then  remained unchanged ( a t  
about 0.38' mg0g-l) down t o  18 cm. NAIP, a t  the,  surface, ,was 

almost as high  as OP and decreased i n  a similar fashion t b  

constant  levels  of  around  0.25.mgog-l,  below 5 cm. 

. The t o t a l  P(TP) . ,  content  of  the  surface cm,. 2.9  'mgog-l, 

i s  higher  than  reported  previously  for any of  the Okanagan Lakes 
'(Williams, J.D.H. 1973). This  value i s  also  higher  than  the TP 
content o f  suspended,sediments en ter ing   the   lake   v ia  Vernon 

Creek' i n  l a t e   A p r i i ,  1981 (1.48 mg0g-l TP and 0.95 
mg0g-l AP, unpublished  data). The fact   that   typ ica l   s t ream 

suspended sediments enter ing.   the  lake have a  lower  phosphorus 
content  than  the  lake  sediments  suggests  that  the  biological 
uptake of   d isso lved phosphorus i n  the  epi l imnion and i t s  

eventual  sedimentation i n  'organic form i s  an important  process 

i n  the phosphorus  budget o f   t he   l ake .  

The increase i n  re la t ive  concentrat ion o f  AP with depth i n  
the   top  3 cm  may be due to   losses  of the  organic  matter i n   t h i s  

layer  rather  . than a  decrease i n  the   inpu t   o f 'AP  to   the   lake  i n  
recent  years. 

,The very  large  increase  of  NAIP from 5 c m  to  the  surface 
probably  ref lects  the movement of  phosphate i n  the  pore  waters 
t o   t h e  sediment-water in te r face  (Carignan and F l e t t ,  1981) as 
opposed to   s ign i f i can t   inc reases  i n  sedimentation. 



I 
- 40 - 

* 
0 

0 
cu 

\ * 
\ 

1 *' 

*-* \*&*-* p*-*-* '* '*#*-* 

* 
\ 

w 

n 

3 
0 
0 

'* 
,*-*e* 

*e*.* *-*-*-*/* 
\ / *-* 

*-*e*, * .*#*@*: *\*, *-* 

.- 
u 
aJ 

I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I ,  
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 

- 41 - 

7. BIOLOGICAL MEASUREMENTS 

7 - 1  Phytoplankton  biomass. 

Table 11: l i s t s   a l l ’ t h e  measurements of.  chlorophyl l  a, 
- a  phaeopigments, ATP and t o t a l   c e l l  volumes. The i n t e g r a l  and 

average epilimnion  values  for each date  are  given i n  Table  12. 

I n  l a t e  May,  when the study began, biomass l e v e l s  were 

generally  very  low  (Figures  14 and 15)  and’remained  low u n t i l  

mid-July when a  bloom was recorded (maximum chlorophyl l  a, 38.9 

.mg*m-’; c e l l  volume,  8.1 mL*m-3). I n  August the biomass 

returned  to  lower  levels  but  increased somewhat i n  mid-September 

. .  

, . and  October  (average. ATP 0 . 5  - 0.8 mg*m”; c e l l  volumes 1 - 

Al though  the   la te . ’ s ta r t   o f   the   f ie ld  sampling  prevehted 
measurement of  the  -spring  phytoplankton bloom, . i n d i r e c t  evidence 

t h a t  i t  occurred comes from  changes i n  the   nu t r i en t   ‘ p ro f i l es  
(espec ia l l y   s i l i ca ,  Table  10) and fr’orn .previous  data (Buchanan 
and Kirk,  1974; B.C. Water Invest igat ions Branch, unpublished 

data). The annual  average epi l imnion  chlorophyl l  - a value o f  5.5 

mg*m-’ should.  therefore  be’  regarded as a minimum. Although 

inclusion  of  the  spring  data would ra i se   t h i s ’  average,  an 
examination  of  ‘historical  data  suggests  .that  the change would  be 

, small. 

11 an.d Figure  14 and 15) were not accompanied by   s ign i f i can t ’  

changes i n  ch lo rophy l l a .  One possible  explanation i s  . .  a change 

i n  chlorophyl l  . -  a content  per c e i l   r e s u l t i n g  from a change i n  

species  composition (Berman and Pol l inger,  1974). I n  fact ,  a 
s h i f t  i n  the dominant  species o f  phytoplankton  did  occur  during 

the month of September (see  below). 

3.5 rnL-rn-3i) 9 

t 

. .  

. .  

The f a l l  increases i n  ATP ‘and t o t a l   c e l i  volumes  (see Table 
. .  

. .  
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Table 11: Wood Lake Phytoplankton Biomass Measurements a t   . spec i f i c  depths 

Ch1oro.- a phaeo- Total  Volume Dominant 

Date (m) (mgom-T (mg*m-3)  (mg*m-3) (mL~m-~)  (by volume) 
Depth p h y l l  a Figments ATP phytoplankton 

29/5/80 

3/7/80 

18/7/80 

23/7/80 

0.5 
2 
5 

10 
15 
20 

0.5 
2 
5 

10 
15 
20 

0.5 
2 
5 

10 
15 
20 

0.5 
2 
5 

10 
15 
20 

1.96 
1.89 
2.16 
1.98 
0.91 
0.64 

0.91 
1.06 
1.22 
1.11 
1.09 
1.33 

38.9 
28.4 
10.0 
1.7 
0.83 
0.40 

7.42 
7.88 
7.70 
2.66 
1.39 
0.66 

0.74 
0.35 
0.77 
0.75 
0.41 
0.33 

0.27 
0.20 
0.20 
0.22 
0.35 
0.41 

0.87 
1.80 
1.30 
0.40 
0.29 
0.30 

0.44 
0.38 
0.77 
0.47 ' 

0.33 
0.25 

0.26 
0.21 
0.28 
0.24 
0.12 
0.16 

0.25 

0.19 
- 
- 
- 

0.24 

- 
- - - 
- ,  

- 
- 
- 
- - - - 

0.26 

0.36 
- 
- - 
- 

0.02 

0.03 
- 
- 
- - 

8.14 
4.73 
0.90 
0.06 - 
- 

0.63 
0.40 - 
- 
- - 

Chlorophytes 

Chlorophytes 
- 
- - - 

Cyanophytes 

Cyanophytes 
- 
- 
- 
- 

Cyanophyte: - 

Cyanophyte : - 
Anabaena 
flos-aquae - - 

- 
- 
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. Table X: Wood Lake Phytoplankton Biomass Measurements (cont  Id) 

I Chloro- a phaeo- Tota l  Volume Dominant 

,Date (m) (rng*m-7 (mgam' ) (mg~m-~)  (mL~m-~)  (by volume) 
Depth p h y l l  a Figmenp ATP phytoplankton 

6/8/80 0.5 
2 
5 

10 
15 
20 

3/9/80 0.5 
2 
.5 
10 
15 
20 

2.90 
3.25 
3.42 
2.00 
1.50 
1.25 

3.03 
3.51 
3.62 
3.79 
1.21 
0.34 

0.87 
0.71 
0.83 
0.81 
0.55 
0.37 

0.92 
1.06 
0.96 
1.12 
0.78 
0.42 

0.45 
0.45 
0.39 
0.34 
0.33 
0.17 

0.27 
0.22 
0.24 
0.25 
0.27 
0.15 

0.09 

0.06 
- 
- .  - 
- 
0.10 

'0.12 
- 
- - - 

Cyanophytes 

Cyanophytes - 
- 
- 

Cyanophytes 

Cyanophytes 
- 
- 
- 
- 

16/9/80 0.5  3.25 0.63. 0.89 1.37 Cyanophyte: - 
2 3.67 '0.77 0.73. - Lyngbya 
5 4.17 0.97 0.70 0.95 I1 

10. ' 3.67 . 0.67 0.81 1.48 I1 

15 1.10 0.59 0.62 - - 
20 0.51 0.48 0.53 - - 

21/10/80 0.5  3.02  0.86 0.61 1.26 Cyanophyte: - 
2 .  3.30 0.83 0.59 3.45 Lyngbya 
5 3.34  0.74  0.55" - - 

10 3.34  0.69 0.51 
15 2.08  0.48 - - 0.62 
20 0 096 0.56 0.19 - - 

- - 

* Interpolated Value 
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Table 12: Wood'Lake Phytoplankton biomass 
in tegra ls ,  (mg*m-2> and  averages 
values i n  parentheses. 

I 
measurements; epi l imnion 
(mg.m3). Average 

Date Epil imnion  Chlorophyl l  2 a  Phaeopigments ATP 
depth (m) 

- 

~ 

29/5/80 

3/7/80 

18/7/80 

23/7/80 

6/8/80 

3/9/80 

16/9/80 

21/10/80 

5 

5 

7 

8 

8 

10 

11 

20 

9.9 
(2.0) 

5.4 
(1.1) 

144.2 
(20.6) 

57.1 
(7.1) 

25.1 
(3 .1)  

35.6 
(3.6) 

41.6 
(3.8) 

44.3 
(3.2) 

'1.22 
(0.24) 

1.10 
(0.22) 

3.29 
(0.41) 

2.42 
(0.24) 

8.37 
(0.76) 

7.55 
(0.54) 
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Figure 14 ' .Time,-depth. diagram of chlorophyl l  g concentrations (mgem-3) 
' i n  Wood Lake,  1980. 
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7.2 Phytoplankton  species  composition and  volumes 

A l i s t  of  the  phytoplankton  species  identif ied i n  Wood Lake, 
1980, together with c e l l  volumes  and counts, i s  given i n  
Appendix 4. The computed volumes o f  t he  major  groups, for each 
sampling  date,  are shown i n  Table 13 and plot ted,  with time, i n  

Figure 15. 

Except  for l a t e  May,  when chlorophytes were the main 

consti tuent, cyanophytes clearly  dominated'throughout  the  study 

period  (Figures 15 and 16). The only  major bloom, during  July, 

was almost  a.pure  culture  of  the  heterocystous  blue-green 

Anabaena - flos-aquae (95% by  volume). This  species  persisted 
throughout  the summer un t i l  replaced, i n  mid-September, by 
another  blue-green,  the  non-heterocystous Lyngbya. Also, a t  
t h i s  t ime, a  small  .population o f  chlorophytes and chrysophytes 
appeared. Few diatoms were seen during  the  study  period 
although'  indirect  -evidence, such  as s i l ica  ,deplet ion  dur ing 

A p r i l  'and May .(Table l o ) ,  strongly  suggests  that  they bloomed i n  

spring. 

numbers rather  than volumes i s  misleading because of large 

var ia t ions i n  c e l l   s i z e s  (see Appendix 4). On most sampling 

dates  the  very  small  cyanobacteria  (about 0.5 pm p e r   c e l l )  

numerically  dominated  the  population,  but  their  contribution  to 
t h e   t o t a l   c e l l  volume was also  very  small.  For example on 

September 16 the  cyanobacteria  comprised 99% o f   t he   ce l l s ,   bu t  

only 4% o f   t h e   t o t a l  biomass. I n  add i t ion ,   iden t i f i ca t ion  and 

counting  of  these  minute  phytoplankton i s  ve ry   d i f f i cu l t   us ing  

the  s tandard  'set t l ing '  method; epifluorescence  microscopy 
(Hobbie e t   a l ,  1977) i s  needed to  obtain  accurate numbers and 

sizes. 

Determining  the  composition o f  the phytoplankton from c e l l  

3 

I 
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Table 13: Wood- Lake Phytoplankton Volumes 
. .  

I 
I " 

Depth  Total ' Cyano- Chloro-  Chryso-  Crypto- 
Date (m) Volume .phyte  phyte  Diatom phyceae phyte  Others 

. . ( m ~ o r n - ~ )  . *  

29/5/80 . 0.5 0.26- 0.01 0.24 
5.0 0.36 0.008 0.35 

I 
I 
I 
I 
I 
B ,  

3/7/80 0.5- 0.02  0.02 0.001 
5.0 0.03 0.02 0.004 

. .  

18/7/80 

23/7/80 

6/8/80 

3/9/80 

16/9/80 

21/10/80 

0.5 
2.0 
'5.0. ' 

,lo. 0 . 

0.5. 
5 .O. 

0.5  
5.0 

0.5 
5.0 

0.5 
5 .O 

10 .o 
0.5 
2.0 

8.14 
4.73 
0.90 
0.06 

0.63 
0.40 

0 .0.9 
0.06 

0.10 
0.12 

1.37 . 
0.95 
.1'. 48 

1.26 
3.45 

8.13 
4.71 
0.88 
0.05 

0.61 
0.38 . 

0.06 
0.05 

0.08 
0 :10 . 

1.30' 
0.83 
1.30 

1 .O? 
3.31 

0.001 
0.005. 
0.006 
0 

0.02 
0.003 

0.006 
0 .  

0.009 
0.004 

0.03 
0.05 
0.12 

0.11 
0.04 

0.01 0 
0.007 0.001 

0.001 0 
0.001 0.001 

0.002 0 
0.002 0 
0.004 0 
0.002 0 

0 0 
0'.003 0 

0 0.01 
0 0.003 

0.001 0 
0.006 0.002 

0.003 0.03 
0.003 0.04 
0.006 0.01 

0.008 0.01 
0.03 . 0.04 

0 
0 

0 
0 .  

0 
0 
0.001 
0.002 

0.002 
0.002 

0.004 
0.009 

0.005 
0.002 

0.003 
0.006 
0.01 

0.006 
0.006 

0.008 
0.002 

0.002 
0.003 

0.003 
0.003 
0.004 
0.003 

0.007 
0.005 

0 
0.004 

0.004 
0.003 

0.006 
0.02 
0.03 

0.04 
0.02 
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Figure 15 Phytoplankton volumes, average 0.5 t o  5 metre  values i n  
Wood Lake,  1980. 
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Figure. 16 Phytoplankton  taxonomic  composition,  average 0.5 t o  5 metre 
values, in Wood Lake, 1980. 
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Those popu'lations of blue-green  algae  capable  of u t i l i s i n g  
molecular  nitrogen (N2) i n  the absence o f  n i t r a t e  and ammonium 

charac te r i s t i ca l l y  have special ised  cel ls  cal led  heterocysts.  

Thus the dominance of a heterocystous  population i s   i n d i c a t i v e  

of   n i t rogen  l imi ta t ion  o f   the community as a  whole. Heterocysts 

were on ly   v i s ib le  i n  the.  blue-green  populatio.ns i n  l a t e   J u l y ,   a t  
frequencies  (as a % o f   t o t a l   c e l l s )  between 2.2 and  4.4 (see 
Table  14). These  numbers are  very  close  to  those found by 
K e l l a r  and Paer l  (1980) i n  a similar  species  of  blue-green, 

Anabaena spiroides. They  measured heterocyst  frequencies 

between 2.3 and 3.8% a t  a time when there was s ign i f i can t  

ni t rogen  f ixat ion  (as measured by the  acetylene  reduction 

technique) . 
Table 14: Wood Lake Cyanophyte Heterocyst Frequency 

Date  Depth % Heterocysts 

18/7/80 0.5 3.6 

18/7 /80 2 3.0 

18/7/80 

23/7/80 

23/7/80 

23/7 /80 

5 4.2 

0.5 

2 

5 

4.4 

* 

2.2 

* Not counted 
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7.3 Phytoplankton  nut r ient   l imi ta t ion 

I 

The r e s u l t s  of the  var ious  physiological   tests  are  g iven i n  
Table 15. 

7.3.1 J2P uptake 

Figure  17 shows epi l imnion  trends i n  '*P turnover  times, 

a l ka l i ne  phosphatase a c t i v i t i e s  and ch lorophyl l  a values  for  the - 

1 

1 

study  period. 

,Chemical  estimates  of  orthophosphate  (P)  as SRP are  prone t o  
e r ro r  and may seriously  overestimate P when levels  are  low 
(Rigler,. 19681. 32P turnover  t imes  ref lect  'demand for P 

(Rigler', 1956) and can  be used, i n  a general way, t o   f o l l ow  
trends i n  ,P, l eve l s  where chemical measurements are  unre l iab le .. 
The turnover  t imes  reported  here have  been normalized with 

respect t o  ATP t o  remove var ia t ions  due t o  changes i n  biomass. 

P r i o r   t o  August the  turnover  times were very  long,  suggesting 

low demand for  P (see  Figure  17).  After  the cyanophyte  bloom i n  

July, however, the demand increased  dramatically.  (turnover  t imes 

of a few minutes.)  and  remained high  throughout  the  fa l l   per iod.  
These data  indicate  low ambient P l e v e l s  from  July  through 

October,  and  suggest that  the  .phytoplankton community  were 
probably  l imited  by phosphorus dur ing  th is  per iod.  , . 

. .  

. .  . 

7.3.2 Alka l ine phosphatase a c t i v i t y  

I. , 
. .  . 

This . .  .enzyme i s  produced  by the  phytoplankton  during 
conditions.  of P deficiency (Healey and  Hendzel,  1979). . Thus 

high,  , levels  of   a lkal ine phosphatase ( APase) , per un i t  biomass, 
a re   ind ica t ive   o f  P l i m i t a t i o n .  

APase l e v e l s  were l o w   p r i o r   t o   t h e  bloom i n  Ju ly  and very 

. . ,  .. . 

, .  

high  afterwards  (Figure 17). A c t i v i t y  dropped  throughout 

I " 
September reaching ' low  leve ls   a t   the end of  October. Thus the 

. .  
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Table 15: Wood Lake Phytoplankton  Physiological Measurements 

Date  Depth 3 2 ~  Turnover Alka l ine P Uptake N Uptake 

(m> Time Phosphatase (pm P04*d-l* (pM NHt*d-l* 
( hrs*pg ATPOL-') (nM MF*hr-'*pg ATP-') pg ATP-'). pg ATP'') 

29/5/80 

3/7/80 

6/8/80 

3/9/80 

16/9/80 

21/10/80 

0.5 
5 

20 

0.5 
5 

20 

0.5 
5 

20 

0.5 
5 

20 

0.5 
5 

20 

0.5 
5 

20 

1000 
1000 
1000 

600 
650 

1000 

0.19 
0.15 

1000 

- 
- 
- 

0.66 
0.67 

1000 

3.2 
7.3 

1000 

- 
- 
- 

11.6 
46.8 
46.7 

391 

724 

169 
152 
168 

377 

65.3 
128 

0 

48.9 
77.8 
0 

- - 
- 
N.. S . 
N.S. 
N.S. 

0.31 
0.35 

N.S. 

0.38 
N.S. 
N.S. 

N.S. 

N.S. 

N.S. 
0.21 

N.S 

0.17 

- 
- 
- 
N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

N.S. = No Sign i f icant  Uptake 
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Figure 1'7 Comparison o f  phytoplankton biomass- and a c t i v i t i e s  , average 
0.5 and 5 metre  values, i n  Wood Lake, 1980. 
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seasonal  pattern  of APase i s   s i m i l a r   t o   t h a t  o f  32P turnover 
and reinforces the conclusion o f   s t rong  P l i m i t a t i o n  i n  the 
epi l imnion  during August and 'September. 

APase l e v e l s  i n  some 20 metre samples, were very  high 
(Table 151, despite  very  long '*P turnover  times and high SRP 

levels .  The explanat ion  for   th is anomaly i s  probably  re lated  to 

the   fac t   tha t   h igh   ce l lu la r  APase leve lsare   no t   necessar i l y  

lowered  by  the  presence o f   add i t i ona l  P, but  are more l i k e l y  

reduced  by c e l l   d i v i s i o n  and growth  (Healey , 1973). Thus the 20 

metre  populations may have sedimented down from the  surface 
layers to the   lake   w i thout   su f f i c ien t  t ime t o   d i v i d e  and deplete 
their  c e l l u l a r  APase reserves. 

7.3.3 Unlabelled N & P uptake 

The sensi t iv i ty  of   both  of   these measurements i s  dependent 
not  only on the degree of   nut r ient   s tarvat ion  o f   the 
phytoplankton  but  also on the i r   absolute biomass. If biomass 

levels  are  low enough, net nutr ient  uptake  over 24 hours'may be 
unde'tectable even dur ing   severe   nu t r ien t   l im i ta t ion .   For   th is  

reason.lack  of measured nutr ient   uptake i s  not  necessari ly 
ind ica t ive   o f   nu t r ien t   su f f i c iency .  

I .  

The measurements of  unlabelled  orthophosphate  (P) and 

ammonium (N) uptake  are  given i n .  Table  15. The on ly   s ign i f i can t  
P uptake within the  epil imnion  occurred  during August  and i n  

sporadic samples thereafter.  This  reinforces  the  earl ier 

observations o f  P l i m i t a t i o n   a f t e r   J u l y .  A t  no time was a 

s ign i f icant   uptake  o f  N measured. For,the  reason  stated above 

t h i s '  does no t   ru le   ou t  N l i m i t a t i o n   a t  any time  during  the 
study. Indeed, one would have expected t o  see N uptake  during 

ear ly  July  g iven  the  very  low  epi l imnion N:P r a t i o s  'and the 
presence of  heterocystous  blue-greens a t   t ha t   t ime .  However :. 

biomass l e v e l s  were also  very  low  reducing the sens i t i v i t y   o f  

the method. 
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8. 

I 

I 

I 
I 
I 
I 
I 
I 
I. 
I 

CONCLUSIONS 

Wood.Lake, during 1980, became s t r o n g l y   s t r a t i f i e d  with a 
w e l l  de'fined  epilimnion and thermocline; The  maximum heat 

content was consistent with the  lake's  s ize and loca t i on  and was 
comparable to  several  other  study  years. Hence the  existence of  

a co ld groundwater  inpu't  suggested  previously; i s  mot 
substantiated. 

L igh t   ex t i nc t i on   l eve l s  were character ist ic  of  a mesotrophic 

lake. However, - these  ext inct ion measusements d id   no t   cor re la te  

w e l l  with ch lorophyl l  - a l e v e l s  making i t  d i f f i c u l t   t o   r e l a t e  

h i s t o r i c a l  changes i n  biomass l e v e l s   t o  corresponding changes i n  

water c l a r i t y .  Changes i n  the  species  composition and bloom 
frequency o f  algae and var ia t ions i n  non-a lga l   turb id i ty  appear 
t o  have been the  major  complicating.  factors. 

decreased i n '  the  hypol imnion  at   rates  typical   of  a mesotrophic 
lake. Low l e v e l s  were observed a t  'the  sediment-water  interface 
dur ing  the  fa l l .  However,  due to   t he  absence o f   i ce .cove r  no 
winter oxygen deplet ion was observed i n  1980. 

Dissolved oxygen concentrations  throughout  the  year 

Dissolved phosphorus concent ra t ions   a t   the   s ta r t   o f   the  

growing season were h.igh re la t i ve   t o   t he   o the r  two  major 

nutr i .ents,  nitrogen and s i l i ca .   Desp i te   t h i s   f ac t ,  DP leve ls  

were dr iven  to  very  low  levels i n  the epi l imnion  during summer 

and f a l l  by a l g a l  uptake and probably  also.  by  co-precipitation 
with marl.  There was' a net  loss o f  phosphorus from the  water 
column t o   t h e  s,ediments during  the summer r e s u l t i n g   i n   h i g h  
concentrations. -. . of . .  organic P i n  the su,rface layers   o f   the  

sediment. 
There was no net   in ternal   loading  o f  phosphorus  observed 

during 1980. This.  ,conclusion was based on s imi lar .   spr ingt ime DP 

concentrations' i n  1980  and 1981,' and was substantiated  by the 
absence o f  elevated  iron  concentrat ions i n  the  hypolimnion 
during  the  year. However, the  h igh  concentrat ions o f ,  the 

reduced form of manganese in the  bottom  waters  suggests  that.the 

. .  
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threshold  for  release  of  i ron, and thus phosphorus  from the 
sediments, i s  c lose  to  being reached. Thus fur ther   inputs   o f  

organic  material  to  the  hypolimnion may reduce  redox potent ia ls  
s u f f i c i e n t l y   t o  promote t h i s  P  release  ( internal  loading). 

The r a t i o  of  b io log ica l l y '   ava l iab le   n i t rogen  to  phosphorus 
i n  the  spr ing was ind ica t ive   o f  an eutrophic  lake.  During  the 

growing season dissoived  ni t rogen  levels i n  the  epi l imnion were 
reduced - t o  very  low  levels.  Regeneration o f   t h i s   n i t r o g e n  i n  
the hypolimn.ion  occurred i n i t i a l l y  as n i t r a t e   b u t ,  with 
decreasing oxygen concentrations and d e n i t r i f i c a t i o n   o f   n i t r a t e ,  

resul ted  eventual ly i n  ammonium. This  hypolimnetic ammonium d i d  

not  reach  levels  normally  thought  to be t o x i c   t o   f i s h .  
Dissolved  s i l ica  concentrat ions i n  the epi l imnion were 

reduced t o  low leve ls   ear ly  i n  the  growing season,  presumably  by 
diatom  uptake.  Furthermore,  reductions i n   t h i s   n u t r i e n t  from 
mid-January .1981 t o '  March 1981, suggests that  diatom  growth can 

occur i n  winter or  early  spring. 
The concentrations  of  near-sediment  bottom  water  chemicals 

i n  September, throughout  the  lake, seemed t o  corre la te with the 
absolute  water column depth  not  proximity  to  the sediments. 

Thus the sediment d id   no t  appear to   s ign i f i can t ly   a f fec t   the  
chemistry  of  the  overlying  water masses. 

Phytoplankton biomass' l e v e l s  i n  the  euphotic zone, measured 
by  chlorophyl l  - a, ATP and c e l l  volumes, were i n d i c a t i v e   o f   a .  

mesotrophic t o  mildly  eutrophic  lake. Blue-green  algae  dominated 
the  phytoplankton  (on  a c e l l  volume basis)  throughout  the  study 

period. However, the r a p i d   d e p l e t i o n s   o f   s i l i c a  i n  the 

epi l imnion  during  the  spring  strongly'suggests an early  diatom 

bloom. The blue-greens  consisted of a  heterocystous, 

bloom-forming  species, Anabaena flos-aquae, i n  July and a 

non-heterocystous  species, Lyngbya sp., throughout  the  remainder 

of  the  growing season. The use o f   c e l l  numbers rather  than 

volumes t o  determine  phytoplankton  composition i n  Wood Lake i s  
n o t  recommended because o f   t he   l a rge   va r ia t i on  i n  c e l l   s i z e s  

tha t  occur; 
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O f  the  three  major  phytoplankton  nutrients i t  appears t h a t  

phosphorus (P) u l t imate ly   con t ro ls   the  annual y i e l d  o'f biomass. 

This i s  evidenced  by  low  epilimnetic P concentrations i n  
midsummer coupled with low P turnover  times and h igh   a lka l ine  

' , phosphatase a c t i v i t i e s .  Low levels  of   d issolved  ni t rogen and 
d isso lved  s i l i ca ,  however, are  probably  responsible  for 

determining  .the gross composition o f  the phytoplankton. Thus 
the   ear ly   dep le t ion   o f   s i l i ca   p robab ly   l im i ts   the   s ize   o f   the  

spring  diatom bloom whereas the  deplet ion  of   d issolved  ni t rogen 
leads   to   the  appearance o f   n i t r o g e n ' f i x i n g  blue-green  algae. 

Relative  increases i n  e i t h e r   s i l i c a  or  nit rogen i n  future may 

thus  select  for  the more aesthetical ly  desirable  phytoplankters, '  ' 

w i thout   's ign i f icant ly   a f fect ing t h e  t o t a l  annual a lgal   y ie lds. .  

I 

On the  basis o f  water c l a r i t y ,  oxygen deplet ion  rates, N t o  

P r a t i o s  and phytoplankton biomass  and species  composition, Wood 

Lake, i n  1980, would be classed  as  mildly  eutrophic. However, 
normal  interannual   var iabi l i ty  may modify the magnitude and 
d i s t r i bu t i on   o f  some o f  these  parameters.  Without a long-term 

data base .it i s   d i f f i c u l t   t o   e s t a b l i s h  whether  1980 was  an 
; average  ,year. For example, the wat.er . in f low  to   the  lake,  i n  

1980, was . .  low  relat ive  to  previous  years (Gray  and Jasper,  1982) 

and no i c e  cover  developed. 

of  water c l a r i t y ,  oxygen, nutrients,  phytoplankton biomass  and 

composition,  frequency  of,  blue-green blooms  and determination  of 
net  phosphorus . in ternal   loading,  i f .  i t  occurs. The use o f  

correct  sampling 8 ,  methodologies i s  important,' namely,  two or more 
sampling  stations . .  t o  cor rec t   fo r   in te rna l  waves, i n  ear ly   spr ing 

sampling t o  determine  the  s tar t ing.   nut r ient   .suppl ies  pr ior   to  . . 

a lgal  uptake and growth, and a sampling  routine with s u f f i c i e n t  

freque'ncy t o  monitor  the  phytopiankton. A monitor  strategy  for 
Wood Lake i s '   i nc luded  in :  a  companion repo r t  from th is   s tudy 

(Gray  and  Jasper,  1982). 

Further  studies, i f .  undertaken,  should  include measurements 

. .  

. .  
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.Appendix 1 
Wood Lake Temperature  Data (OC) from Sta t ion  A 

DEPTH 26/9/79 . 10/4/80  29/5/80  3/7/80  18/7/80  23/7/80 

I 
(Metres) 

0 .  m.0 5 14.5  19.8  20.5  23.0 

I 
1 4.8  14.5  19.8  20.2 ' 22.5 
2 19.1  4.6  14.5  19.8  20 .o 22.0 
3 4.5  14.5  19.8 20 .o 21 .o 

. .  

r .  4 4.5  14.25  19.8  19.8  20.5 
5 19.1 4.5 J9.5 19.7 20 .o 
6 4.5  14.0 19.0 19.6 . 19.5 
7 4.5 18.5 19.5 19.4 

I 
-I 

. .  

I' 

8 
9 
10 
.11 

17.6 

12 .. 

13 

4.5  12.5 ,17.5 19 .O 19.1 
4.5  11.75 15.8 18.3 17.2 
4.5 11 .o . 15.0 17 .O 17.0 

. .  10.0 14.5 
4.5 9.0 11 .o 11.7  12.1 

8.0 10.3 
I 14 4.5  7.5  8.5  9.7  .9.0 

15  7.8  4.5 7.0 8.5 
16  4.5  6.75  7.25 8 .O 7.5 

17 
18 
19 
20 
22 
24 

-26 

4.5  6.0  6.5  7.0 
7.0 
6.5 

6.9  4.5 
4.5 
4.5 
4.5 

. 6.3 
5.7 6.3 6.1  5.6 

5.8  5.5 
5.1  5.5  5.8  5.2 

5.0 5.5 I 

28 4.5  5.0  5.3 

30  5.5 4.4 
5.0 
5.0 
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Appendix 1 (cont.) 
Wood Lake Temperature Data (OC) from Sta t ion  A 

DEPTH 6/8/80  4/9/80  16/9/80  16/10/80  21/10/80  20/11/80  11/3/81 
(Metres) 

0 21 .o 18.1 17.8  14.3  13.5  8.5  3.5 
1 
2 

21.0 17.8  14.3 
20.9 18.1 17.8 14.3 

13.5 
13.5 

8.5  3.2 
8.5 . 3.2 1 

3 20.9  17.8  14.3  13.5  8.5  3.2 
4 ' 20.9  18.1  17.8  14.3  13.5  8.5  3.2 1 
5 20.9 . 17.8  14.3  13.5  8.5  3.2 
6 20.9'  18.1  17.7  14.3  13.5  8.5  3.2 
7 20.8  17.7  14.3  13.5  8.5 3.1 
8 20.6 . 18.0  17.6  14.3  13.5  8.5 3.1 
9 18 .O 18 .O 17.6  14.3  13.5  8.5  3.1 1 
11 13.2  16.0  17.5  14.3'  13.5  8.5  3.1 1 

1 
16 7.8  8.5  9.5  9.5  8.5  3.2 1 

10 16.7  18.0  17.5  14.3  13.5  8.5  3.1 

12  11.9 13.0 14.5 14.3 13.5 8.5 3.1 
13  10.6 11'. 2 12.0 14.3 13.5 8.5 3.2 
14 9.6 10.5 10.2 14.3 13.5 8.5 3.2 

15  8.6 9.0 9.3 11.7 11 .o 8.5 3.2 

17  6.8 7.5  8.2 8.5 8.5  8.5 3.1 

18  6.6 7.8 7.7 7.9  8.5 3.1 1 
19  6.2 6.8  7.5 7.5 7.5  8.4 3.1 
20  6.0 6.6 7.0 7.0  8.3 3.1 1 
22  5.6  6.2  6.3  6.3  6.7  8.3 3.1 
24  5.4  5.9  5.6 6 .O. 6.0  8.0  3.1 
26  5.4  5.7  5.6  5.6  5.7 7.6 3.1 
28 

30 
5.3 5.5 5.4 5.5 
5.2 5.5 5.4 5.5 

5.5 
5.5 

7.0 3.1 
5.8 3.1 
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Appendix 2 
Wood Lake  Chemical  Data  from Sta t ion  A 

PARAMETER SYMBOL UNITS 

Depth 
Temperature 
Specif ic  Conductivi ty 

Turb id i ty  

PH , 

T o t a l   A l k a l i n i t y  

Phenolphthalein Alk 

Total  Inorganic Carbon 
Total  Nitrogen < 

Part iculate  Ni t rogen 
Total  Dissolved  Nitrogen 
N i t r a t e  plus N i t r i t e  
Ni t ra te  Ni t rogen 

N i t r i te   N i t rogen 

Ammonium Nitrogen 
Dissolved  Inorganic  Nitrogen 

Dissolved  Organic  Nitrogen 

Tota l  Phosphorus 
Par t i cu la te .  Phosphorus 
Dissolved Phosphorus 
Soluble  Reactive Phosphorus 

React ive  Si l ica 

Par t i cu la te  Carbon 
I r o n  

Manganese , , 

Disso1ve.d Oxygen 

Calcium  (by T i t r a t i o n )  

Calcium,, D i rec t  (by A.A. 1 
Magnesium (by  Calc. 
Magnesium Di rec t  (by A. A. 

. .  . 

2 

O C  

c25 
Tur b 

PH 
T Alk 

P Alk 

T I C  
TN 

PN 

TDN 

N+N 

NO3 
No2 
AN 

DIN 

DON 

TP 

PP 
DP 
SRP 

Si02 

PC 

Fe 

Mn 
DO 

Ca 

Ca D 

Mg ' 

Mg D 

Meters 

Degrees Centigrade 
Micro Seimens/Centimeter 

Jackson Turb id i ty   Un i ts  

PH 
Mi l l igrams/L i ter  Ca  C03 

Mi l l igrams/L i ter  Ca C03 

Mi l l ig rams/L i ter  C 

Micrograms/Liter N 

MicrogramdLiter N 

Micrograms/Liter N 

Micrograms/Liter N 

,Micrograms/Liter N 

Micrograms/Liter N 
Micrograms/Liter N 
Micrograms/Liter N 

Micrograms/Liter N 

Micrograms/Liter P 
Micrograms/Liter P 

Micrograms/Liter P 
Micrograms/Liter P 

Mil l igrams/Li ter   Si02 

Mi l l igrams/L i ter  C 

Micrograms/Liter Fe 

Micrograms/Liter Mn 

Mi l l igrams/L i ter  0 

Mil l igramsALiter Ca 

Mi l1 ig rarMLi te . r  Ca 
Mi l l igrams/L i ter  Mg 

Mi l l igrams/L i ter  Mg 

. .  

. .  
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Appendix 2 (cont 
Wood Lake  Chemical  Data  from Sta t ion  A 

PARAMETER SYMBOL UNITS 

Sodium 

Potassium 

Sulphate 

Chloride 
F luor ide 

( F i e l d  Measurement) 
( Lab  Measurement) 

Na 

K 

so4 
c1 
F 

Mi l l igrams/L i ter  Na 

Mi l l igrams/L i ter  K 

Mil l igrams/L i ter  SO4 
Mil l igrams/L i ter  C1 
Micrograms/Liter F 



Appendix 2 (cont . 
'Monitor Date: 1979/09/26 

Z . TN PN . TDN 
2.0' 365.0 
5.0  365 .O 

10.0 360.0 
15.0 425 .O 
20.0 710 .O 
29.0 910 .O 
31 .O 997.5 

.Monitor Date: .1980/04/10 

z TN  PN  TDN 
1.0 559.0 89.0  470.0 
4 .O 485 .O 

. 8.0 569.0 84.0  485.0 

15.0 . 566.0 81.0  485.0 
18.0 " 500.0 
21.0 580.0  70.0  510.0 
24.0 500 .O 
27.0 . 591.0 81.0 510.0 
30.0 . 505.0 
31.0  574.0  79.0  495.0 
31.5 505 .O 

Monitor Date: 1980/05/29 

12.0 490,. 0 

. .  

. .  

z TN PN TDN 
.5 411 .'O 36.0 375.0 

2.0 396.0 . 31.0 365.0 
5.0 386.0 36.0 350.0 
8.0 391.0 41.0 350.0 . 

10.0 403.0 33.0 370.0 
12.0 441.'0 33.0 408.0 
15.0 470.0. 12 .0 ,  458.0 

20.0 530.0 ' 12 .0 .  518.0 
24.0 624.0 9.0, 615.0 
27.0 747.0 13.0 734.0 

25.5  778.0  13.0  765.0 

Moni tor   Date:  1980/07/23 

18.0 483,O 15.0  468.0 . 

# 27.5  775.0 

Z TN PN ' TDN 
.5 532.0 112.0 420.0 

2.0 500.0 55.0 445.0 
5.0 471.0 71.0 400.0 

10.0 373.0 43.0 . 330.0 
15.0 379.0 19.0. 360.0 

. . 20.0 555.0 30.0 525.0 
25.0 760.0 .25.0 735.0 
30.0 799.0 14.0 785.0 

31.5  '814.0 19.0 795.0 

8.0 413.0. ' 58.0 .' 3.55.0 

31.0  805.0 . 15.0  790.0 

- 65 

N+N 
2.0 
1 .o 
5'. 0 

80 .O 
365.0 
167.5 
35.5 

N+N 
171 .O 
179.0 
180.0 
185 .O 
185 .O 
193.0 
193.0 

198 .O 
193.0 
194.0 
194.0 

,195.0 

N+N 
2.0 
4.0 
1 .o 
2.0 

18,. 0 
39.0 

'89.0 
112.0 
162 .O 
200.0 
220.0 
210.0 

' 210 .o 

N+N 
2.0 

18 .O 
3.0 
2.0 
2.0 

47 .O 
190 .O 
360 .O 
420.0 
420 .O 
420.0 

- 

NO3 

NO3 
170 .O 
178.0 
179 .O 
184.0 
183.0 
191 .O 
191.0 
193.0 
196 .O 
191 .O 
192.0 
192.0 

NO3 
1 .o 
3.0 

-0.0 
0.0 

16.0 
35 .O 
83.0 

161 .O 
194.0 

167.0 
206.0 

111.0 

i s 0  .o 

NO3 
0 .o 

16 .o 
1.0 
0.. 0 
0.0 

45.0 
189 .O 
359 .O 
419 .O 
419 .O 
419 .O 

NO2 

NO2 1 .o 
1 .o 
1 .o 
1 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

* 2.0 

No2 
1 .o 
1.0 
1 .o 
2.0 
2.0 
4.0 
6.0 
1 .o 
1 .o 
6.0 

40 .O 
43.0 
4.0 

\- 
NO2 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

AN 
1 .o 
.3.0 
1 .o 
1 .o 
1 .o 

502.5 
680.0 

AN 
4.0 
4 .O 
2.0 
4.0 
9.0 
6.0 
6.0 
7 .O 
9.0 
5.0 
6 .'O 
8.0 

AN 
9 .O 
8.0 
2.0 
7.0 

13.0 
27 .O 
29 .O 
28.0 
27 .O 
49.0 

140.0 
148.0 
152.0 

AN 
4.0 

10.0 
8.0 
3.0 
3.0 

l o  .o 
1 .o 
1.0 . 

1 .o 
2.0 
.1 .o 

DIN 
3.0 
4.0 
6 :O 

81 .O 
366.0 
670.0 
715.5 

DIN 
175 .O 
183.0 
182.0 
189 .O 
194.0 
199 .O 
199.0 
202.0, 
207.0 
198.0 
200.0 
202.0 

DIN 
11 .o 
12 .o 
3.0 
9.0 

31 .O 
66.0 

118.0 
140.0 

249 .O 
360.0 
358.0 
362.0 

189.0 

DIN 
5.0 

28.0 
11 .o 

4 ; o  
5.0 

57 .O 
191.0 
361.0 
421 :O 
422.0 
421.0 . 

DON 
362 .O 
361 .O 
354.0 
344.0 
344.0 
240.0 
282.0 

DON 
294.0 
301.0 
302.0 
300 .O 
289.0 
299.0 
309.0 
296.0 
301.0 
305 .O 
293. Cl 
301.0 

DON 
363.0 
352.0 
346.0 
339 .O 
337.0 
338 .O 
334.0 
327.0 
328.0 
360.0 
334.0 
374 .O 
399.0 

DON 
413.0 
415 .O 
387.0 
349.0 
323.0 
301.0 
333.0 
373.0 
363.0 
367 .0 
373.0 



Monitor Date: 1980/09/04 

2 
1 .o 
5.0 

10.0 
15.0 
20.0 
25 .o 
29.0 
30.0 

TN 
532.0 
446.0 
443 .O 
414 .O 
657.0 
753 .O 
821.0 
772.0 

.PN 
77.0 
71 .O 
73 .O 
29.0 
67.0 
23.0 
41 .O 
47.0 

TDN 
455 .O 
395 .O 
370 .O 
385 .O 
590.0 
730.0 
780.0 
725 .O 

Monitor Date:  1980/10/16 

Z 
1.0 
5 :o 

13.0 
16.0 
20 .o 
25.0 
30.0 
31.0 
31.5 

TN 
402.0 

418 .O 
440 .O 
609.0 

739.0 
747 .O 
755 .O 

.PN 
67.0 
82.0 
68 .O 
50 .O 
24.0 
37.0 
34 .O 
37.0 
35.0 

TDN 
335.0 

350.0 
390.0 
585.0 

705.0 
710 .O 
720.0 

- .  66 - 

N+N 
17.0 

6.0 
6.0 

36.0 
280.0 
390.0 
370.0 
220 .o 

N+N 
3.0 
2.0 
3.0 

65 .O 
280.0 
240.0 
24 .O 
11 .o 
13.0 

Monitor Date:  1981/01/21 

Z TN 
1.0 481.0 

16.0 460.0 
31.0 532.0 

Monitor Date: 

Z TN 
1.0 574.0 
4.0 466.0 
7.0 763.0 
9.0 460.0 

14.0 499.0 
21.0 488.0 
27.0 458.0' 
28.0 459.0 
28.5 454.0 

PN TDN 
21.0 460.0 
15.0 445.0 
24.0 508.0 

1981/03/11 

PN 
34 .O 
41 .O 
38.0 
35 .O 
39.0 
38 .O 
38 .O 
39 .O 

.44.0 

TDN 
540.0 
425 .O 
485.0 
425.0 
460.0 
450 .O 
420.0 
420.0 
410.0 

NO3 
16 .O 

5.0 
5.0 

35 .O 
279.0 , 

389.0 
369.0 
213.0 

NO3 
2.0 
1.0 
2.0 

64.0 
279 .O 
201 .o 
23 .O 

6.0 
8.0 

N+N NO3 
170.0 169.0 
172.0 171.0 
189.0 188.0 

N+N 
161.0 
158 .O 
161.0 
159 .O 
159 .O 
158 .O 
161 .O 
161 .O 
159.0 

NO3 

i56. o 
159.0 

157.0 
158.0 
157 .O 
156 .O 
160 .O 
160.0 
158 .O 

No2 AN 
1 .o 2.0 
1.0 1 .o 
1 .o 7.0 
1 .o 1 .o 
1.0 10.0 
1.0 32.0 
1.0 92.0 
7.0 170.0 

NO2 1 .o 
1 .o 
1 .o 
1.0 
1 .o 

39 .O 
1 lo 
5 .O 
5 .O 

AN 
1 .o 
.1 .o 
2 .o 
3.0 
2.0 

115 .O 
440.0 
450 .O 
500.0 

D I N  
19.0 

7.0 
13.0 
37 .O 

290.0 
422.0 
462 .O 
390.0 

D IN  
4.0 
3.0 
5 .O 

68 .O 
282.0 
355.0 
464.0 
461.0 
513.0 

DON 
435.0 

9.8 
9.6 
7.9 

1.7 
.4 
.4 

DON 
330.0 

344.0 
321 .O 
302.0 

240.0 
244.0 
202.0 

No2 AN DIN DON 
1 .o 5.0 175.0 285.0 
1 .o 7.0 179.0 266.0 
1.0 34.0 223.0 285.0 

N% AN 
2.0 14.0 
2.0 1 .o 
4 .O 2.0 
1 .o 1 .o 
2.0 2 .o 
2.0 6.0 
1 .o 7 .O 
1 .o 3.0 
1 .o 2.0 

D IN  
175.0 
159.0 
163.0 
160.0 
161.0 
164.0 
168.0 
164.0 
161.0 

DON 
365.0 
266 .O 
322.0 
265.0, 
299.0 
286.0 
252.0 
256 .O 
249.0 



.Monitor Date: 

Z TP 
2.0 ' 12.0 
5.0 11.0 

10.0 13.0 
15.0 28.0 
20.0 138.0 
29.0 278.0 
31.0 . 305.0 

Monitor Date: 

Z TP. 
1.0 83.0 
4 .O 85;O 
8.0 85.0 

12.0 . 85.0 
15.0 85.0 
18.0- .. 86.0 
21.0 85.0 
24.0 86.0 
27 .O 88'.0 

,310.0 86.0 
31 .,O 84 .O 
31.5 85.0 

Monitor Date: 

Z 
.5 

2.0 
' . 5.0 

8 .O 
10 .o 
12.0 
15 .O 
l8.0 

24.0 
27.0 
27.5 
28.5 

20 00 

TP 
35 .O 
35.0 
37 .O 
40 .O 
58.0' 
54.0 
62.0 
66,. 0 
73 .O 
92.0 

150 .O 
150 .O 
150 .O 

Monitor Date: 

Z 
05 

2.0 
5 i o  
8.0 

10 .o 
15.0 
20 .o : 
25.0 
30.. 0 
31 .O 
31.5 

TP 
12.0 
14.0 
18 .O 
17 .O 
23.0 
66.0 
99 .O 

: 155.0 
182.0 
190 .o 
187.0 

.1979/09/26:' 

PP DP 
6.0 6.0 
6.0 5.0 
8.0 5.0 
2.0 26.0 
2.0 136.0 
6.0 272.0 
9.0 296.0 

1980/04/10 

PP DP 
13.0 70.0 

-15.0 70.0 
15.0 70.0 
13.0 72.0 
15.0 70.0 
14.0 72.0 
14.0 71.0 
12.0 . 74.0 
16.0. 72.0 
16.0 70.0 
13.0 71.0 
14.0 .71.0 

1980/05/29 

PP DP 
11.0 24.0 
1.0 . 34.0 
7.0 30..0 
5.0 35.0 

17.0 41.0 
5.0 49.0 

.3.0 59.0 
5.0 ,61..0 

2.0 90-.o 
5.0 * 145.0 
5.0 145.0 

2.0 71.0 

.5.0 145.0 

1980/07/23 

PP DP 
6 .O 6 .O 
6.0  8.0 

11 .o '7.0 
8.0 9.0 
7.0 ' 16.0 

, 6.0', 60'.0 
, 4.0  95.0 

3.0  152.0 
3.0 179:O 

10.0 180.0 
' 5.0 182.0 

- 67 - 

I 

SRP 

SRP 
59 .O 
61 .O 
61 .O 
64 .O 
62.0 
63.0 
63 .O 
65.0 
65 .O 
65 .O 
64 .O 

' 64.0 

SRP 
.24.0 
23.0 
23.0 
28 .O 
37 .O 
43.0 
52.0 
54.0 
62 .O 

127 .O 
131.. 0 
134.0 

85.0 

SRP 
2.0 
1.5 
1 .o 
2.5 

12.0 
55 .O 
94.0 

141 .O 
165 .O 
168 .O 
169 .O 

S i %  PC 
1.7 
1.6 
1.7 
2.0 
2.8 
4.1 
4 05 

Si02 PC 
2.3  569.0 
2.4 
2.4 509.0 
2.5 
2.5  489.0 
2.6 
2.6. 477.0 
217 
2.7  511.0 
2.6 
2.6 479.0 
2.6 

Si02 PC 
- 3  379.0 

' .3 378.0 
.3 376.0 
.3 382:O 
.4 34.2.0 
.5 314.'0 
.9 171.0 

1.1 174.0 
1.8 179.0 
2.5 184.0 
3.8 ,168.0 
3.7 
3.8 181.0 

$ io2 .  PC 
.7 1210.0 
. 7 .  707.0 
.7  629.0 

'.7 717.0 
.8 660.0 

1.3  516.0 
2.2 570.0 
3.6 615.0 
4.3 274.0 
4.3 309.0 
4.4  375.0 

Fe 

Fe 
1. 

32. 
5. 
5. 

1. 
4. 
6 .  
6 

60. 
2. 

,3. 

Fe 
11. 
20. 
15. 
22. 
17. 
16. 
27. 
10. 
20. 
15. 
24. 
32. 
40. 

Fe 
4. 

1. 

Mn 

Mn 
1. 
2. 
1. 
1. 
1. 
1, 
.l. 
2 .. 
0. 
2. 
2.. 
4. 

Mn 
13. 
13. 
13. 
17. 
15. 
15. 
23. 
31. 
31. 

110. 
350. 
400. 
430. 

Mn 
20. 

550. 

DO 
9.7 
9.7 
9.1 
5.7. 
4.2 

.6 

.2 

DO 
12.2 
12.2 
12.1 
11.8 
11.9 
11.6 
11.8 
11.6 
11.7 

11.6 
11.5 

11.4 

DO 
11.4 
11.3- 
11.3 
11.7 
'11.9 
12.2 
li .9 
11.8 
11.1 
9.5 
6.6 
6.5 
6.3 

DO 
12.4 
13.2 
12.1 
10.7 
10.9 
11.4 
9.1. . 

5.1 
2.8 
3.1 
2.6 
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1980/09/04 Monitor Date: 

Z TP 
1.0 '17.0 
5.0 16.0 

10.0 17.0 
15.0 10.0 
20.0 123.0 
25.0 219.0 
29.0 248.0 
30.0 272.0 

'PP 
11 .o 
10.0 
11 .o 

4.0 
6.0 
9 .O 
4.0 
6 .O 

DP 
6.0 
6.0 
6 .O 
6.0 

117.0 

244.0 
266 .O 

.210.0 

SRP Si02 
2.0 1 .o 
2.0 1. 0 
2.0 1 .o 

10 .o 1.5 
116.0 2.8 
198 .O 4.4 
232 .O 4.9 
255.0  5.2 

PC 
630.0 
581 .O 
604.0 
354.0 
695.0 
291 .O 
349.0 
367.0 

Fe Mn DO 
3. I. 9.8 

9.8 
9.6 
7.9 

1.7 
.4 

1. 80.  .4 

Monitor Date: 1980/10/16 

PC. 
496 .'O 
714.0 
509.0 
420.0 
229.0 
349.. 0 
497 .O 
488.0 
502.0 

Fe 
7. 
la. 
28. 

2. 
2.: 

29. 
1. 
5. 
5. 

Mn 
1. 
1. 
1. 
1. 1. 

90.. 
410. 
700. 
570. 

Z 
1 .o 
5.0 

13 .O 
16.0 
20.0 
25.0 
30.0 
3 1  .O 
31.5 

TP 
15 .O 
17 .O 
16 .O 
17 .O 

128.0 
220.0 
270.0 
272.0 
272.0 

PP - DP 

11 .o 6.0 
11 .o 5 .O 

5.0 12.0 
6.0 122.0 
8.0 242.0 
9.0 261.0 
5.0 267.0 
6.0 266.0 

10 .o 5 .O 
SRP 
1.0 
1 :o 
1 .o 
4.0 

111 .o 
212 :o 
259 .O 
266,. 0 
268 .O 

Si% 
1.3 

DO 
9.4 
9.4 

10.0 
6.6 
3.6 

.6 

1.3 
1.3 
1.9 
2.3 
4.7 
5.3 
5.4 
5.5 

.2 

.1 

.2 

Monitor  Date : 1981/01/21 

PC . Fe ',: DO 
21.3.0 12.2 
183.0 12.1 
230.0  9.4 

Z TP 
1.0 79.0 

16.0 78.0 
31.0 88.0 

PP DP 
7.0 72.0 
5.0 73.0 

10.0 78.0 

SRP 
70.0 
70.0 
74.0 

Si02 
2.5 
3.2 
3.2 

Monitor Date: 1981/03/11 

Z TP 
1.0 75.0 
4;O 86.0 
7.0 79.0 
9.0 75.0 

14.0 79.0 
21.0 80.0 
27.0 76.0 
28.0 76.0 
28.5 79.0 

PP 
9.0 

18.0 
11 .o 

9.0 
13.0 
13 .O 
10.0 
10.0 
12.0 

DP 
66 .O 
68.0 
68.0 
66 .O 
66 .O 
67.0 
66 .O 
66 .O 
67 .O 

SRP 
63.0 
63.0 
63.0 
64 .O 
64.0 
64.0 
64.0 
65 .O 
65 .O 

Si% 
2.3 

PC 
338.0 
373.0 
345.0 
318 .O 
361 .O 
347.0 
356.0 
356 .O 
410.0 

Fe Mn DO 
13.1 
12.6 
13.1 
12.5 
12.4 
12.5 
12.5 
12.5 
12.4 

2.3 
2.3 
2.4 
2.3 
2.4 
2.3 
2.3 
2.3 



I 
I 
1 
I 
I 
I 
~I 
~I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 69 - 

Monitor Date: 1979/09/26 

Z. O C ( F )  C25. Turb 
2.0' 19.1 312.0 ' 1.8 
5.0 19.1 312.0 1.5 

10.0 . 17.6 313.0 1.6 
15  ..O 7.8 323.0 .8 
20.0 6.9.  325.0 .a 
29.0 5.6 332.0 . 3.9 
31.0 . 5.5 331.0 4.2 

Monitor Date: 1,980/04/.10 ., 

Z. O C ( F )  C25 Turb 
1 :o . 4.8  327.0 .7 
4.'0 . ' 4 . 5  330.0 .7 
8.0 4.5 329.0 .6 

12.0 4.5 329.0 .  .7 
15 .O 4.5 . 329.0. .7 
18 .O 4.5 329.0 .6 

24.0  4.5  329.0 .6 
21 .o 4.5  328.0 , .5 

27.0 . 4.5 329.0 .7 
30.0 . 4.4  329.0 .6 
31.0 - 4 . 4  329.0 .7 
31.5 4.3 329.0 .8 

Monitor Date: 1980/05/29 

Z O C ( F )  C25 Turb 
.5 . 14.5 323.'0 .5 

2.0 14.5. 321.0 . .6 
.5 .0  14.1 324.0 .6 
8.0 12.'5 321.0 .6 

10.0 11.0 326.0 . .7 

15 .O 7 .0  321.0 .. 6 
18.0 6.0 319.0 , .5 

24.0 5.0 313.0 .7 
27.0 5.0 328.0 .6 
27.5 .5.0 324.0 .8 
28.5 5.0 327..0 , .6 

12.0 9.0 326.0.' , :5 

, 20.0 5.7  329.0, .5 

pH(F)  pH(L) 
. 8.8 8 ; 6  

8.8 8.6 
8.8 8.3 
8.0 8.0 
7.7 7.9 
7.4 7.6 
7.2 7.5 

pH(F)  pH(L) . .  

8.1  8.3 
8.3 

8.1  8.3 
8.3 

.8.1  8.3 
8.3 

8.1 . 8.2 
8.2 

8.0  8.2 
8.2 

8.0  8.2 
8.2 

PH(F) 
8.6 
8.7 
8.7 
8.6 
8.5 

8.1 
8.1 
8.0 
7..  9 
7.7 
7.6 
7.9 

.a.4 

pH(L) 
8.7 
8.7 
8.6 

. 8.7 
8.5 
8.4 
8.3 
8.2 
8.2 
8'. 0 
8 .1 
8.2 

,7 .9  

OC(L) T Alk P Alk 
18.9  137.  5.5 
19.1  137.  6.0 
18.8  137. 0.0 
18.8  142. 0.0 
18.9  142. 0.0 
19.5  144. .o.o 
19.6  146. 0.0 

OC(L) T Alk P Alk 
20.6  143. 0.0 
20.8  ,144.. 0.0 
20.7 143. '0.0 
20.7  144. 0.0 
,20.7 144. 0.0 
20.7  144. 0.0 
20.9  143. 0.0 
21.1 145'. 0.0 
21.0  143. 0.0 
21.0 144. 0.0 
21.0  144. 0.0 
21.0  144. 0.0 

OC(L) T Alk P Alk 
19.8  146.  5.6 
19.7  146.  4.6 
19.6  146.  4.7 
19.6  146. 4.8 
19.8  146.  1.9 
20.0 ' 148. 1.2 
20.4  146) 0.0 
19.8  146. 0.0 
19.6  145. . 0.0 
19.5  146. 0.0 
19.6  146. 0.0 
19.7  145. 0.0 
19.9  146. 0.0 

T I C ( F )  
27.2 
27.0 
28.5 
31.1 
31.7 
33.7 
34.4 

T I C ( F )  
30.8 

.31.2 
29.5 
29.3 
30.1 
30.2 

30'..3 
29.5 
,30.5 
31.2 
29.7 

30.4. 

T I C ( F )  
33.5 
33.1 
33.0' 
31 :4 
31.4 
32.8 
35. i 
33.1 
33.5 
36.0 
35.8 
36.1 
36.6 

Monitor Date: 1980/07/23 

Z -  
.5 

2.0 
5.0 
8.0 

10 .o 
15.0 
20 .o 
25.0 
30 .O 
31.. 0 
31.5 

O C ( F )  C25  
23.0 298.0 
22.0  291 .O 
20.0 328.0 
19.1  310.0 
17.0  344.0 
.8.5 ,329 :O 
5.6 342,.0 
5.1  332.0 
5.0 :339 .O 
5.0  322.0 . 
5.0 321.0 

Turb 
1 .o 

.9 

.8 

.5 
, .6 

.4 

.7 
07 

1.5 
1.0 
1 .o 

p H ( F )  pH(L) OC(L) T Alk P Alk 
' 9.0  8.4 12.8  125.  1.4 

9.1  8.4 13.9  135. .7 
9.0  8.3. 13.1  142. 0.0 
9.0  8.4 13.4  142. 1.1 
,8.7 , 8.4 14.3  143. .6 
,8.3  8.2 13.8  147. 0.0 
7.9 , 8.2 14.6 150.. 0.0 
,7.7 . 8.3 15.2  145. 0.0 
7 . 7 . .  8.2 15.6  149. 0.0 
7.9  8.2 16.6  146. 0 .o 
7.7  8.0 16.6  148. 0.0 

T I C ( F )  
34,. 7 
32.3 
32.8 
33.7 
34.2 
37.0 
39 .O 
41 .O 
41.6 
41.6 

'41 .3  
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Monitor Date: 1980/09/04 

Z 
1 .o 
5.0 

10 .o 
15.0 
25.0 
29.0 
30 .O 

OC(F)  C25 
18.1 296.0 
18.1 304.0 
18.0 305.0 

9.0  329.0 

5.5  337.0 
5.5  335.0 

5.8  343.0 

Turb 
.7 
.8 
.6 
.4 

1 .o 
1.6 

.a 

Monitor Date: 1980110/16 

Z 
1 .o 
5.0 

13.0 
16.0 
20.0 
25.0 
30.0 
31 .O 
31.5 

OC(F)  C25 
14.3 314.0 
14.3 316.0 
14.3 315.0 
9.5  329.0 
7.0 345.0 
5.8  347.0 

.5.5 349.0 
348.0 
348.0 

Turb 
.4 
.4 
.4 
.3. 
.3 
.9 

3.0 
3.0 
2.5 

Monitor Date: 1981/01/21 

pH(F) pH(L) 
9.0 8.7 
8.9 8.7 
8.9 8.6 
8.4 8.0 
8.5 7.7 
8.0 7.9 
7.8 7.6 

pH(F)  pH(L) 
8.7 
8.7 
8.7 
8.3 
8.0 
8.1 
7.6 
7.7 
7.6 

Z oC(F) C25 Turb pH(F)  pH(L) 
1 .o 2.4 325.0 .2 

16.0 2.9 319.0 .2 
31 .O 3.4 328!0 .3 

Monitor Date: 1981/03/11 

Z 
1.0 
4.0 
7.0 
9.0 

14.0 
21  .o 
27.0 
28.0 
28.5 

OC(F)  C25 
3.2 334.0 
3.2 333.0 
3.1 334.0 
3.1 335.0 
3.2 333.0 
3.1 333.0 
3.1 332.0 
3.1 333.0 
3.1 339.0 

Turb pH(F.1  pH( L) 
.5 8.1 
.5 8.0 
.5 8.0 
.4 8.1 
.5 8.0 
.4  8.0 
.4  8.0 
.4 8.1 
.4 8.0 

OC(L) T Alk P Alk 
137. 5.0 
137. 5.9 
137.  4.6 
149. 0 .o 
153. 0.0 
152. 0.0 
154. 0.0 

TIC(F) 
29.9 
28.1 
25.4 
30.5 
32.3 
32.7 
32.1 

OC(L) T Alk P Alk TIC(F) 
137. 6.2 26.1 
139. 5.8 27.0 
138. 6.4 27.1 
147. 0.0 30.4 
151. 0.0 32.7 
153. 0.0 35.1 
155. 0.0 36.1 
156. 0.0 36.6 
155. 0.0 36.1 

OC(L) T Alk P Alk TIC(F) 

OC(L) T Alk P Alk TIC(F) 
19.3 144. 0.0 
19.1 143. 0.0 
19.4  144. 0.0 
19.2 142. 0.0 
19.3 145. 0.0 
19.1 145. 0.0 
19.3  143. 0.0 
19.2 144. 0.0 
19.6  142. 0.0 



I 
I 
I 
I 
I 
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Monitor Date: 1979/09/26 

2 
2.0, 
5.0 

10 .o 
15.0 
20 .o 
29.0 
31 .O 

Ca 

34.0 
34.0 
32.8. 
34.1 
33.2 
34.6 

34.0' 
Ca' D Mg 

13.4 
13.4 
13.'6 
15.3 
15.0 
15.6 
14.4 

Na K so4 CL F 
25.0 
24.0 
24.0 
26.0 
25.0 
25.0 
25.0 

Monitor Date: 1980/04/10 

Z Ca 
1.0 30.7 
4.0 29.8 
8.0 31.4 

12.0 30.7 
15.0 31.4 

21.0 30.6 
24.0 30.0 
27.0 30.5 
30.0 30.8 
31.0 31.2 
31.'5 30.9 

i8.o 30.6 

Ca D Mg 
31. 15.4 
3& 15.9 
30. 15 .O 

31. 15.2 
31. 15.4 
30. 15.4 
31. 15.6 
31. ' 15.5 
30. 15.3 
,30. 15.1 
30. 15.3 

31. 15.4 

Mg D 
15. 
17. 
16. 
15. 
15. 
15. 
16. 
16. 
15. 
15. 
15. 
15. 

Na 
16.4 
16.5 

-16.4 
16.4 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.6 

K 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 
3 :5 
3.5 
3.5 
3.5 
3.5 
3.5 

so4 
25.0. 
25.0 
26 .O 
25.0 
25 .O 
25 .O 
25.0 
24.0 
25 .O 
25.0 
25 .o 
25.0 

CL 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.5 
3.6 
3.5 
3.6 

' F  
300. 
290. 
290. 
290. 
290. 
290. 
290. 
290. 
290.. . 

290. 
290. 
290. 

Monitor Date: 1980/05/29 

Z Ca 
.5 32.6 

2.0 33.1 
5.0 31.9 
8.0 36.6 

10.0 30.7 
12.0 32,.,6 
15.0 31.1 
18.0 31.5 
20.0 . 30.7 
24.0. 31.9 

27.5 32.7 
28.5 31.9 

27.0  31.5 

Ca D 
33. 

32. 
32. 

32. 
32. 
32. 
32. 
.32. 
32. 
32. 
32. 

, 31. 

32. 

Mg  Mg D 
15.2 16. 
13.2 16. 
15.1 16. 
11.8- 16. 
15.9 16. 
15.0 16. 
15.4 16. 
15.4 16. 
16.1 16. 
15.4 16. 

15.1 16. 
15.6. 16. 

15.9 . 16. 

Na 
15.9 
16 .O 
16 .O 
16.2 
16.2 
16.1 
16.0 
16.0 
15.9 
16.0 
15.8 
15.8 
15.8 

K 
3.4 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.. 5 
3.5 
-3 .6 
3.6 
3.6 
3.6 

-504 
26.0 
26 .O 
26 .O 
25.0 
26.5 
25;-5 
25.5 
25.5 
25.5 
25.0 
25.5 
25.0 
25 .O 

CL 
3.4 
3.4 
3.4 
3.4 
3.5 
3.4 
3.3 
3.3 
3.3 
3.3 
3.5 
3.5 
3.5 

F 
280. 
290. 
290. 
290. 
285. 
285. 
280. 

295. 
280. 
290. 
285. 
290. 

280. 

I 
1 
I 
I 
I 

Monitor Date: 1980/07/23 

Z Ca 
.5 25'.6 

2.0 25.3 
5.0 27.6 
8.0 29.4 

10.0 30.7 
1'5.0 30:5 
20.0 30.2 
25.0 30.8 
30.0 32.1 
31.0 30.6 
31.5 30.5 

Ca D Mg . 
25.  16.5 

16.7 
28. 17 .O 

16.4 
30. 15.9 

15.5 
30. 16.7 

15.6 
29. 16 .O 

15.9 
28.  16.5 

Mg D Na K SO4. 
18.  24.5 

25.0 
18.  25 .O 

25.0 
18.  25 .O 

25.0 
18. 24.5 

25.0 
18.  24.5 

24.5 
18.  24.5 

CL F 
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Monitor Date: 1980/09/04 

2 Ca  Ca D Mg  Mg D ' Na K 
1 .o 25.  18. 
5.0 
10 .o 
15.0 
25 .O 
29.0 30. 18. 
30 .O 

Monitor Date: 1980/10/16 

Z 
1.0 
5.0 
13.0 
16.0 
20.0 
25 .O 
30.0 
31 .O 
31.5 

Ca  Ca D 
25. 
25. 
26. 
29. 
31. 
33. 
33. 
33. 
32. 

Mg  Mg D 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 

Na * 
16.6 3.7 
16.6 3.7 
16.5 3.6 
16.4 3.6 
16.3 3.6 
16.3 3.7 
16.3 3.8 
16.3 3.7 
16.3 3.7 

Monitor Date: 1981/01/21 
Z Ca' Ca D Mg  Mg D Na K 

1 .o 
16.0 
31 .O 

Monitor Date: 1981/03/11 

Z 
1 .o 
4 .O 
7.0 
9.0 
14.0 
21.0 
27 .O 

Ca 
30.7 
34.6 
31.8 
33.5 , 

32.5 
35.2 
35.1 

Ca D Mg M g D  
15.4 
13.0 
14.7 
13.2 
14.4 
12.7 
12.7 

Na 
16.2 
16.2 
16.3 
16.3 
16.3 
16.3 
16.3 

K 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

28.0 34.7 13.0 16.3  3.5 
28.5 34.7 13.0 16.3  3.5 

1 

so4 CL F 
27.5  3.7 
24.5 3.7 
24.0 3.6 
23.0 3.6 
25.5 3.6 
24.0 3.7 
23.5 3.6 

so4 
27.0 
28.0 
26.5 
27.5 
25.5 
25.0 
25.0 
26.5 
24.5 

CL F 
3.6 
3.6 
3.6 
3.5 
3.5 
3.6 
3.6 
3.7 
3.6 

so4 CL F 

3.7 
3.8 
3.8 

so4 
24.0 
25 .O 
24.5 
24.0 
24.5 
24.. 5 
24.5 
24.5 
24.0 

CL F 
3.4 280. 
3.5 300. 
3.5 270. 
3.5 300. 
3.5 310. 
3.5 310. 
3.5 310. 
3.5 320. 
3.5 320. 
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Appendix 3 

Wood Lake Chemical  :Data  from  Bottom Water Survey, September,  1980 

05/1120 

05/1110 

05/1045 

05/1055 

.05/1105 

05/1035 

05/1030 

051i020 
04 

04 

04 

04 

05/1005 

05/0945 

0,5/0935 

05/0954 

05/0920 

05/0905 

05/0848 

05/0840 

05/0830 

05/0836 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
11 

12 

13 

14 

15 

16 

17 

1.8 
19 
20 

21  

22 

9 

13 
13.5 

17 

16 

17.5 

24.5 

18.. 5 
16 

27 

18 

17 

24 

18 

28.5 

18 

25 

20 

15 

15 

15.5 

10 

355 

360 

370 

500 

565 

565 

750 

625 

450 

770 

490 

435 

740 

590 

750 

495 

7.85 

580 

380 

4.00 

375 

360 

5 

34 

24 

177 

160 

195 

310 
290 

a7 

360 

142 

87 

370 

240 

230 
152 

470 

230 

28 

52 

22 

3 

4 

33 

23 

176 

159 

194 

309 

289 

86 

358 

141 

85 

369 

239 

229 

151 

468 

229 

27 

51 

20 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

i 
2 

1 
1 

1 
1 

2 
1 

1 
1 
2 

2 

1 

4 

3 

5 

61 

37 

85 

14 

35 

63 

13 

6 

39 

35 
147 

2.2 
1 

11 

22 

19 

2 

2 

6 

38 

27 

182 

221 

232 

395 
304 

122 

423 

155 

93 

409 
275 

377 
174 

471 

241 

50 
71 

24 
5 

349 

322 

343 

318 

344 

333 

355 
321 

328 

347 

335 

342 

331 
315 

373 
32 1 

314 
339 

330 
329 

351 

355 
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Wood Lake Chemical  Data from Bottom Water Survey, September, 1980. 

I 
Day/Time Stn # Z C25 Turb TP PP DP SRP DO 

(m) (ps/cm) (JTU) (pg/1) (pg / l )  (pg/ l )  ( p g / l )  (mg/l.) :I 
05/1120 

05/1110 
05/1045 

05/1055 
05/1105 
05/1035 
05/1030 
05/1020 
04 

04 
04 
04 
05/1005 

05/0945 
05/0935 

05/0954 
05/0920 

05/0905 

1 9 

2 13 
3' 13.5 

4 17 

5 16 
6 17.5 
7 24.5 
8 18.5 
9 16 

10 27 
11 18 
12  17 
13  24 
14 18 
15  28.5 

16 18 
17  25 

18 20 

308 .52 15 9 6 4 

324 .54  23 10 13 8 6.7 9'3 I 
329 .28  24 11 13 17  6.9 

326 .26 97 8 89 80  5.4 I 
331 .48  122 20  102 93  4.6 

330 .41  150 .I4 136 
127  4.0 I 

337 .67  141 5 136 201  0.4 

333 .23  154 11 143 137 

304 .64  70 10 60 58  6.5 

342 
335 
317 
337 
328 
343 
328 

332 

330 

.83 239 

.24 206 

.47 42 

.31 105 

.39 138 

1.30 163 

.38 91 

.23 191 

.53 120 

232 212 

201 76 
35 33 
98 183 
131 131 

158 246 
91 83 

189 181 
7 113 108 

0.7 

6.5 
7.5 
1.1 
4.6 

0.3 
6.3 

1.3 
5.0 

I 
I 
I 
I 

05/0848 19  15 332 .57 31 10 21  19 

05/0840 20 15 331 .47 40 11 29  27  6.7 
05/0830 21 15.5 325 .62 18 10 8 12 7.8 

05/0836 22 10 307 .68 16 9 7 6 9.9 
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I 
Appendix 4 

Wood Lake Phytoplankton  species l i s t ,   c e l l  counts and volumes 

from Stat ion A 
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Appendix 4  (cont).:  Phytoplankton  Species 
Wood Lake, 1980. 

CYANOPHY TA 

Anabaena f l o s  aquae 
Anacys t i s  
Aphanizomenon 
Cyanobacteria 
Dactylococcopsis 
Lyngbya 
Unknown species  (filamentous)  size 1 
Unknown species  (filamentous)  size  2 
Unknown species  (f i lamentous)  size.3 
Unknown species  (Rivulariaceae) 

CHLOROPHYTA 

Actinastrum 
Ciosterium  size 1 
Closterium  size  2 
Echinosphaerella 
Eudorina 
Oocystis  size 1 
Oocystis  size  2 
Oocystis  size  3 
Sphaerocystis 
Staurastrum . 
Unknown species  (b i f lagel late)  s ize 1 
Unknown species  (b i f lagel late)  s ize  2 
Unknown species  (b i f lagel la te)   s ize  3  
Unknown species  (b i f lagel late)  s ize  4 
Unknown species  (4  f lagel lae) ' s ize 1 
Unknown species  (4  f lagel lae)  s ize  2 
Unknown species  size 1 

,Unknown species  size  2 

DIATOM 

l i s t , a n d  species volumes for 

VOLUME (pm3 p e r   c e l l ;  
except where noted) 

65.5 
ZlO/colony 

15910/mm 
0.52 

'60 
13000/mm 
12570/mm 
44250/mm 
73650/mm 
1697 

33.8 
92.4 

960 
524 

1390 
5800 

17152/colony 

904/colony 
450/colony 

24000 
45 
92 

603 
1002 

715 
14142 

152 
2828 

Achnanthes 
Aster ionel la  s ize 1 
Aster ionel la  s ize  2 
Cocconeis 
Cyc lote l la   s ize 1 
Cyclote l la   s ize 2 -  
Cyc lote l la   s ize 3 
Cymbella 
Fragi lar ia  species 
Fragi lar ia  crotonensis 
Melosira  granulata 
Navicula 
.Synedra s ize 1 
Synedra s ize  2 
Tabellaria  species , 
Tabellaria  fenestrata 

rt 

32.8 
876 

1860 
240 

261  3 
18857 
41428 

500 
714 
343 

1060 
91 3 
127.5 
866 
115 

2571 I 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
E 
I 
I 
I 
I 
I 
I 
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Appendix 4 (cont):  Phytoplankton  Species L i s t  and species  values f o r  
Wood Lake, 1980. 

VOLUME (pm? per c e l l ;  
'except where noted) 

CI-RYSOPHYCEAE 

Chrysococcus. s ize  1 
.Chrysococcus s ize  2 
Dinobryon 
Mallomonas coronata 
Mallomonas species  size 1 
Mallomonas species  size 2 
Mallomonas species  size 3 
Mallomonas species  size 4 
Syncrypta 
Synura 
Unknown species 

CRYPTOPHYTA 

Chroomonas acuta 

PYRRHOPHYTA 

Ceratium  hkrundinella 
Cystodinium ' 

. ,  

65.5 

65.5 

90.6- 

22 1 

523 

418 
1150 
5800 
1072/colony 
920 

65.5 

10.2 

8100 
7241 



ASTE9IONELLA 
C Y Y B E L A  S P P  
FRAGILARIA 
SYMEDPA 
SYNEDRA' 
CYCLOTELLA S P .  
CYCLOTELLA S P .  
ANABAENA flos  aquae 
AP!IANIZOFENON 
CYANOBACTERIA 
EUDOR I NA 
OOCYSTIS 
OOCYSTIS 
OOCYSTIS 4 ~ .  
SPwAEROCYSTrS 
STAURASTRUV 
UNKNOWN S P .  Biflase 
UNKNOUN S P .  Birlase 
UNKNOWN S P .  Biflase 

.UNKNOWN S P .  Biflase 
CHROOFONAS  acuta 
CERATIYM  hirundinel 
UMYNOWN spherjca! 
UNKNOWN spherlcar 
UNKNOWN  spherical 
UNKNOWN 
UHKNOMN c i i iate 

llate 
1 late 
1 late 
llate 

la 
cells 
cells 
ce.!ls 

1 
. 2  
3 
4 
5 
6 
7 e 
9 
19 

;. 

3 
5 
E 
7 
8 
9 
20 

D. 
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VOLUMES 29/5/80 O.JM 

GPClI!?. 

DIATOM  SIZE# 1 - ". 
D I RTOM 
D I ATOM 
DIATOM SIZE# 1 

SIZE# 2 
SIZE# 2 
SI'ZE# 3 

SIZE# 1 
SIZE# 2 
SIZE# 3 

SIZE# 1 
SIZE# 2 
SIZE# 3 
.SIZE# 4 

SIZE# 2 
SIZE# 3 
SIZE# 5 

SIZE# 1 

TOTbLS 

RANK SPECIES BY VOLUME  cu.micr/ml 
EUDOR I NA 
OOCYSTIS 
STACRASTRYM 
SPHAEROCYSTIS 
UNKNOWN S P .  BiFlasellate 
APHANIZOMENON 
CYCLOTELLA S P .  
ASTE!?IOQELLA 
CYANOBACTERIA 
FRAGILARIA 

120064 
64806 
20960 
17100 
13515.4 
8114.1 
6028.5 
3066 
2496 
1927.8 

CYANOBACTERIA 
~ O C Y S T I S  
SP%EROCYSTXS 
UNKNOWN S P .  BiFlasellate 
UNKNOWN spherical  cells 
.CHROOP?ONAS acuta 
EI,DORZ!VA 
ASTERIONELLA 
CrlAGILARIA 
STAURASTRUV 

4800 
42 
38 
29.2 
11.4 

7 
IO 
3.5 
2.7 
1.04 

CELLS 
/ m l  
3.5 
.1 
2.7 

. 4  

..l 

.1 
* .51 
. .8 

,4800 
7 
25 
3 
14 
38 
1.04 
1 

14 
. 2  

5 
10 
.02 
10 

. 1 . 2  
.2 
.1 
.6 
4939 

3 .& 

% 

97.19 
.85 
.76 
. 4  
.23 
.2 
.I4 
.07 
.05 
.62 

VOLUHE 
cu.micr/ml 

3066 

i8.4 
8442 
5010 
102 
162 
335 
135.6 
104.76 

I 30.5 
160.8 

263643 

I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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RANK GSOUPS 8Y VOLUME . cu.micr/ml 

1 
2 DIATOP 
3 CYANOPHYTE 
4 U N I D E N T I F I E D  
5 PYRRHOPFYTE 
6 CRYPTPPUYTE 

CHLOROPYYTE 240445.4 
11444.2 
10662.5 
826.66 
! 62 
102 

91.2 
4.34 
4.04 
.31 
.06 
.03 

1 

, 
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. ," 

ASTEWONELLA D I ATOM SIZE# I 
ASTERIONELLA 
FRAGILARLA 

D I ATOM S I Z E #  2 

SYNEDRA 
D I &Tot? 

SYNEDRA 
DI.ATOM ; . '  SIZE# 1 
D IFITOM 

TABELLARIA Cenestrata . D IATOn 
SIZER 2 

CYCLOTELLfi S P .  D I ATOM 
ANAOAENA f l o s  aquae CYANOPHYTE 

S I Z E #  2 

OOCYSTIS 
OOCYSTIS 
OOCYSTIS SP.  
SPHAEPOCYSTIS 
STAURASTRUF 
UNKNOWN SP. Biflasellate 
UNKYOWN S P .  Blf!asellate 
UNKNOWN SP. Biflasellate 
UNKNOWN 5 ~ .  Biflasellate 

CHROOMONAS acuta 
CERATlUM +irun#ine!la 
YNKNOMN spherical  cello 
UNNNOWN spherical  cells 
UNYNOUN spherical  cells 
UNKNOWN ciliate 

CHRYSOCOCCUS . 

RANK .SPECIES BY VOLUME 

1 EI-IDOqINA 
2 OOCYSTIS 
3 SPHAEROCYSTIS 
4 STAVRASTRVM 
5 LIYKNOWN S P .  Biflasellate 
6 APHANIZOMENON, 
7 ASTERIONELLA 
8 CYCLOTELLA S P .  
9 CYANOBACTERIA 
10 LINKNOUN spherical  cells 

i! 
i 

3 
4 
5 
6 
7 
8 
9 
10 

OOCYSTIS, 
YNYNOWN sphe 
UNKNOUN S P .  8 
CHRYSOCOCCUS 
EUDORINA 
CHROOMONAS a c  
ASTERIONELLA 

SYNEDRA 

rical  cells 
'i f  lasellate 

uta 

3 

S I Z E #  1 
S I Z E #  2 s r m  3 

SIZE# 1 
S I Z E #  2 

. .SIZE# 3 
' S I Z E #  4 
S I Z E #  1 

S I Z E #  2 
SIZER 3 
S I Z E #  4 
SIZE# 1 

TOTALS 

cu.micr/ml 

188672 
67952 
43200 
33600 
13356.8 
6045.8 
2463.6 
1885.7 
2768 ~ 

1763.6 

cells/ml 

3400 
96 
48.2 
43.2 
21.8 
20 
1: 
10 
2.7 
1.7 

CELLS VOLUME 
/m 1 cu.micr/ml 
2.. 6 

i l l .  
. 3  
1 . 4  
. I  

1.2 
.1 

.38 
,3490 
11 
28 
2.2 
18 
96 
1.4 
1.4 

17 
.4 

3 
20 
10 

' .02 
40 
2 .8  
. 4  
.4  

3659 

I 

i! 

51.72 
18.62 
11.84 
9.2! 
3.66 
1.65 
.67 
.51 
.48 
.48 

i! 

92.91 
2.62 
1.31 
1.18 
.59 
.54 
. 3  
.27 
.07 
.04 

22'17.6 
186 
705.4 
38.25 
257.1 
1212.4 

1885.7 
78.6 
6045.8 
1768 
188672 
38920 
12760 
16272 
43200 
33600 
63 
36.8 
10251 
3006 
1310 
102 
162 
1340 
316.4 
107.2 
107.2 

364760 . .  

1 
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RCINK GROUPS  BY VOLUME . . cu.micr/ml % 
CHLOROPHYTE 

D XCITOM 
CYANOPI-IYTE 

UNIDENTIF IED 
CHRYSOPHYTE ' . 
PYRRHOPHYTE 
CRYPTOPHYTE 

346780.8  95.07 

6642.45  1.82 
1870.8 
1310 

.51 

.35 

7832.4 ' 2.16 

162 
202 

.04' 

.02 

~~ 



?IAME . .  

ASTE9IONELIA 
ASTERIONELLA 
SYFIEDRA 
ANABAENA f l o s  aquae 
APHANIZOMENON 
AYACYSTIS 
CYANOBACTERIA 
OOCYSTIS 
OOCYSTIS SP. 
S P H A E ~ O C Y S T I S  
UNKNOUN S P .  Biflasel!ate 
VNKNOUN SP. 
CERATIUM hirundinella 
?INKNOW spherical  cells 
UNKNOWN spherical  cells 
UNKNOWN spherical  cells 
UPJKNOYN spherical  cells 
UNKNOWN ciliate. 
UNYNOWN ciliate 

- 8 2 -  

.GPQ?IP 

DIATOM S I Z E #  1 
D I ATOP! S I Z E #  2 
DIATOM S I Z E #  ! 

S I Z E #  1 
S I Z E #  3 

SIZE# 3 

SIZE# 2 
S I Z E #  3 

1 

2 
3 

5 
6 
7 
8 
9 
! O  

6 

; 
3 
4 
5 
6 
7 
8 
9 
10 

1 

3 
4 

R A W  SPECIES ey VOLUME 
CYANOBACTERIA 
ANABAENA flos  aquae 
ANACYSTIS 
A PHAN I ZOPENON 
ASTERIONELLA 
UNKNOWN spherical  cells 
OOCYSTIS 
UYKNOWN ciliate 
UNKNOWN SP. Biclasellate 

S P U A E 4 0 C Y S ~ I S  

9ANK SPECIES BY CELLS 

CYANOBACTERIA 
ANCISAENA flos  aquae 
UNKNOWN spherical  cells 
ANACYSTIS 
UNKNOklN ciliate 
ASTERIONELLA 
?INKNOW# SP.  
UNKNOWN SP. Biclasellate 
SPHAEPOCYSTIS 

OOCYST IS 

RANK GROUPS BY VOLL'ME 

CYANOPHYTE 
VNIDENTIFIED 
D I ATOM 
CHLORflWYTE 

UNIDENTIFIED S I Z E #  4 
UNIDENTIFIED S I Z E #  5 
UNIDENTIFIED S I Z E #  
UNIDENTIFIED S I Z E #  ~ 

TOTALS 

cu.micr/ml 

4160 
3157.1 
2730 
1591 
1477.2 
1255.64 
458.8 
393 
241.2 
180 

cells/ml 

8000 
48.2 
22 
13 
1.1 
.9 
.8 
.4 
.4 
.4 

cu.micr/ml 

11638.1 
1489.95 
1648.64 
1001.6 

CELLS 
/ml 

.2 

.7 .. 1 
48.2 
.1 
13 
8000 
. 2  
.2 
.4 
. 4  
.0 

20 
.02 

1 
. 2  
.8 
1 
. 1  

8087 

x 
26.08 
19.8 
17.12 
9.88 
9.26 
7.87 
2.87 
2.46 
1.51 
1.12 

i! 
98.91 
.59 
.27 
.16 
.01 

0 
.Ol 
0 
0 
0 

i! 

73.01 
10.34 
9.34 
6.28 

VOLUME 
cu.micr/ml 

3157.1 
1591 
2730 
4 160 
278 
180.8 
180 
281.2 
121.6 
162 
670 
113 
53.6 
419.04 
268 
125 
15940 
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162 1.01 
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OOCYSTIS 
So"fAEQOCYST?S 
UNKNOWN SP. eic!ase!late 
c Y R Y s o c o c c ~ s  
CWOOMONAS acuta 
VVKNOWN spherical  Cells 
UNKNOUN s~herica.!  cells 
UNKNOWN spbericar-cells 
UNV;h'OWN sPCerical  cells 
YNyNOWN 
YNYWMN ciliate 
YWNOWM ci!iate 

DIATOM 
DIATOM 

1 A Y K  SPECIES SY V O C V M E  

ANCISAEYA c ! o s  aquae 
CY~NOSACTESI'A 
E!JDOR 2 V A  
FINCICYSTTS 
L'NYNOUN spherica!  cells 
APMANIZOMEMON 
cl-!RYsococcus 
ASTERIONELLA 
CWOOMJNAS acuta 

UNKNOWN 

CYCOROPHYTE 
CHLOROPHYTE 
CKOROPHYTE 
CH!?YSOPVYTE 
CRYPTOPHYTE 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDEYTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
YN lDEYT lC IED 

TOTALS 

!?Ah"( SPECIES B Y  CELLS 
CYWdORACTERIA 
A W P A E M A  F!os  aquae 
UNKNOWN spherical  cells 
CFIROOMONAS acuta ' 

C~RYSOCOCCUS 
AVACYSTTS 
DACTYLOCOCCOPSIS 
ASTEQIONELLA 
UMKNOWN ciliate 

VNYNOWV 

S I Z E #  1 
S I Z E #  2 

SI'ZE# 1 

S!ZE# 3 
SIZE# 1 

S I Z E #  2 
S I Z E #  3 
S I Z E #  4 srzw 5 
SIZE# 1 
S I Z E #  2 

cl.r.micr/m! 

11986.5 
sez4 
3430.4 
3360 
2356.72 
2227.4 
!310 
204 
1094.4 

181 

ce!ls/ml 
!1200 
! 93 
44.8 
20 
20 
I 8 
! . 2  
.8 
. 3  
. 2  

cu.micr/m! 

23469.9 
3638.52 
2716.32 

CELLS 
/ m l -  

.4 

.4 
183 . I4 
16 
! .2 
! 1200 
.2 
.1 
.A 

484 
20 
40 
2.4 
2 
. 4  
.-2 
.2 
.1 

1 !487 

x 
36.35 
17.35 
!0.57 

7.26 
10.35 

6.86 
4.03 
3.37 
.62 
.55 

x 
97.5 
1.59 
.39 
.17 
.I7 
.13 
.01 
0 
0 
0 

x .  
72.36 
!I .21 
9.37 

VOLUME 
cu.micr/ml 

350.4 
744 

2227.4 
11986.5 
3360 
72 
5824 
3430.4 
139 
45 
1310 
204 
1340 
271.2 
536 
209.52 
181 
53.6 
! 25 

24.12 

32432 

I 

I 



I 
I 

3 
5 
6 
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1310 
i094.4 
204 

4.03 
3.37 
.62 



- 36 - 

CELLS VrlLUME . 
/ml  cu.micr/ml 

SIZE# 1 
SIZE# ! 

2.2 
1.4 
124000 
.22 
23 
.08 
8500 
. 1  
.04 

.04 
1.2 
80 
.4  

40 

1927.2 
178.5 
8122000 
3500.2 
4830 
125.76 
4420 
4s 

CYANOPHYTE 
CYANOPUYTE 
CYANQPYYTE 
CYANOPYYTE 
CYANOPHYTE 
CHLOROPHYTE 
CHCOROPHYTE :;;;::;;;;: 
UN?DENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 

ANCICYSTIS 
UNKNOWN S P .  Riuulariadeae 
CYANOBACTERLA 
SPHAERPCYSTIS 
STAU94STRUM 960 

408 
324 
27 
2680 
107.2 

C W I ~ O M O N ~ S  acuta 
CEQATIVM hirundinella 
R A P ~ I ! l ~ l I P S I S  
!JNKNOWN spherical  cells 
UNKNOWN ciliate 

- " _  
S I Z E #  2 ' 
S?ZE# 1 

TOTALS 132649 8 14 1543 

cu.micr/mI 

8  122000 
4530 
4420 

y. 

aqua 

ical 

e 

cells 

99.75 
.05 
.05 

4 
5 
6 
7 
8 
9 
1. 0 

3500.2 
2680 

960 
1927.2 

408 
324 
175.5 

.04 
* 03 
.02 
* 01 

CHROWONAS acuta 
CERAT!LW hirundinella 

SYNFDRA 

0 
0 
0 

SANK SPECIEE SY CELLS 

ANASCIENA F l o s  aquae 
CYANOBACTEQIA 
UNYMOWN spherical  cells 
CHWOWINAS acuta 
ANACYSTIS 
ASTERIONELLA 
SYhrEDRCI 
QAPHIDIOPSIS  
UNKNOWN ci!iate 

APUANIZOMENON 

cel  ls/ml 
124OOO 
5500 
80 
on 

x 
93.48 
6 .4  
.06 . n3 
.01 
0 
0 
0 
0 
0 

4 

2 
2 
A 
9 
6 
7 

23 
2.2 
! . 4  
1.2 
- 4  

8 
9 
'I 0 .22 

cu.micr/ml x 
99.91 
.03 
.02 

0 
01 

0 

1 
2 
3 
a 

8134885.96 
2814.2 
2105.7 
1005 
405 
324 

s 
r; 
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ASTE9IONELLA 
m G I L A R I A  crotonensis 
ANABAENA f l o s  aquae 
A P W N  I ZOMENON 
ANACYSTIS 
DACTYLOCOCCOPSIS 

.r,lNYN@WN SP. Pivulariaceae 
CYANOBACTERIR 
'STANPASTRUM 

'.I,INYN@WN SP. Biflasellate 
CY!?r30F(QNAS acuta 
IJNYMQWY spherical ce,!ls 
UNKNOWN spherical  cells 
QNKNOWN ciliate 

'UNKNOWN. ciliate 

. .  

2 
.I 
3 

5 
A 

DIATOM 
DIATOM 

SIZE# 1 

YNIDENTIF IED 

S I Z E #  3 

SIZE# 2 
s r z w  3 
SIZE% 1 
SIZE#  2 

TOTALS 

!JN(rhJOWN spherical  c,ells 
ASTERIONELLA: 
CPROOFONAS a  c u t a 
ANACYSTIS 
DACTYLOCOCCO"SI s 

. .  

VNYNQWN 5 ~ .  Rivulariaceae, 

4676700 
33092.8 
5200 
4800 
2470 
1927.2 

.714 
630 
612 
339.4 

ANABAENA f I o s  aquae 
CYANOBACTERIA~ 
CPQOOPONAS acuta . . ' .  79. 
NNYNOWY. spherical cei!s ' 50 
DACTYLOCQCCQPSIS 

ADWNIZOMENON 
F!?AG!LARIA crotonensis .6 

71400 . . 

' 1  0000 

. ! 0 . 2  , 

3 
2.2 
2.08 , 

NNY5WN crlrate: .32- 

A w c Y s T r  s 
A s T m o w u  

CYANOPuYTE A7!6574.2 
C"OROP"YTE . . 
NNIDEN?!FIED 

afl48.26 
2573.6 
2133 ' . DIATC)" . 

. , CRYPTOPuYTE " 714 

CELLS 
/ m l  

.2.2 
.6 
7 1400 
2 .08  
3 
10.2 
. 2  
2 0000 
. 2  
.@8 
70 
40 
10 
. 2  
.1P 
8 1539 

2 

98.93 
.7 
. $ I . .  , .- 
.05 
.04 
.01 . 01 

iol 

% 

87.56 
12.25 
.09 
.@6 

0 
.01 

0 
0 
0 
0 

' %  

99.78 . I ' 
.05 ' . 00 
.01 

WOLlJME 
cu.micr/ml 

4726943 

. .  
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YAME CELLS . VOLUME 
/ml  cu.micr/ml 

o t  
a 

SI 
i U  
i l  

DIATOM SIZE# 
DIATOM 
DIATOM 

1.2 
3.7 = 

i io00 
2 3  
2.8 

21 
40000 
.24 
140 ' 

: 120 

' 1051.2 
. '  2641.8 

34.3 
851500 

4751.6 
2639.7 
20800 
5760 
1428 
4020 

B J a O  

sis 

iaceae 
tous 

.onen 
lsuae 
S 
lu 1 ar 
amen 

I CYCIYOPHYTE 
EYANHPHYIE: YAN  PHY 
CYANOPHYTE 
CYANOPYYTE  SIZE# 
CYANOPHYTE 
CHCDROPHYTE 
CRY!VOPHYTE 
UNIDENTIFIED SIZE# 
UNIDENTIFIED  .SIZE# 
,UNIDENTIFIED 

CHROOWONAS  acuta 
UNKNOWN  spherical 
QNKNOWN spherical 

'YNYNOIJY 

cells 
cells. 4 .8 214.4 

.04 ., 36.2 

TOTALS 

cu.micr/ml 

95 1500 
20800 
5760 
4751 .E 
4234.4 
3500.2 
2641.8 
2639.7 
1428 
1051.2 

53272  89852 1 

y. 

94.76 
2.31 ' 

.64 

.52 

.47 

.38 

.29 

.29 

.15 

.ll 

vulariaceae 
lical cells 

UNKNOWN SP. f,ilamentous 
CHROOMONCIS acuta 
ASTERIONELLA 

R A W  SPECIES Q Y  C 
CYANOBACTEPIA 
ANABAE%A flos  aqua 
CHROOMONCIS acuta 
UNYNOWN  spherical 
FRAG ILAR I A 
L'NKNOWN S P .  Rivula 
DACTYLOCOCCOPSIS 

ELLS 

e 

cells 

riaceae 

cells/ml 

40000 
13000 
140 
120.8 
3.7 
2.8 
2.0 

?! 

75.08 
24.4 
.26 

0 
.22 

0 
0 
0 .  
0 
0 

1 

A S T E R I W E L L A  
S T A V R A S W J M  
APVANIZOWENON 

1.2 
.24 
.22 

RANK GROUPS  BY  VOLUME 

CYANOPYYTE 
CHLOROPUYTE 
UNIDENTZFIED 
D I ATOM 
CRYPTOPYYYTE 

. .  

cu.micr/ml x 
98; 3 
.64 ,' , 

;47. 
.41 
.15. 

' 883335.5 
5760 
4270.6 
3727.3 
1428 
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hJAME CELLS  UOL?IFE 
/m 1 cu.micr/ml 

ASTERIONELLA 
S Y K D Q A  

S.IZE# 1 . 2 . 5  
SIZE# 1 . 1  

2190 
12.75 
34387.5 
795.5 
168 
72 
11960 
278 
73.6 
1836 
2680 
90.4 
107.2 
62.856 
72.4 

,iGA86E?rA f 10s  aquae 
APuANIZOMEMON 
AYACYSTIS 
DAC~YLOCOCCOPSIS 
CYANOBACTERZA 
rJOCYSTIS 

525 
.OF. 

23000 
1.2 

. 2  

180 
.8  

80 
. 8  
.4 
.12 
.08 

.e  
CYANOPYYTE 
CPLOROPHYTE 
CHLOROPHYTE 
CRYPTOPHYTE 
UNIDENTIFIED 
UNIDENTIFIED 
UNIDENTIFIED 
UNIDENTIFIED 
UNIDENTIFIED 

SIZE# 1 
SIZE# 2 VNXNOWN 5~: Biflasellate ' 

CHROOMONAS  acuta 
UNKNOWN  spherical cel!s 
UNKNOWN  spherical  cells 
VNYNOWN  spherjca!  cells 
IJNKNOWN spherical c e l l s  
UNKNOWN 

SIZE# 2 
SIZE# 3 
SIZE# 4 
SIZE# 5 

62.76 
21 .83 
5.36 
3.99 
3.35 
1 .A5 
.5 
.3 
.13 
.13 

ANABAENA C l o s  aqu 
CYANOSACTERIA 

ae 

1 cells 

34387.5 
1 1960 
2940.456 
2190 , , 

1836 
795.5 

*' 278 

* 

2 
,3 
4 

i ca 

ta I 5 
6 . .. 
. 7  

. .  

8' 

cells/ml ,. . .  y. I ' .  

I 
! CYAWSACTERIA 
2 fiMABAEYA f l o s  aquae 
3 . Ct4?O@MOhlAS acuta 
4 ~JNYNOWN  spherical  cells 
5 ASTERIONELLA 
6 OAC~YLOCOCCOPSIS 
7 UNKNOldN SP. Bif!ase!!at,e 
8 ANACYSTTS 
3 OOCYSTlS 
? O  SYNEDRA 

23000 
5?5. , , 

1.80 
81.32 
2.5 
1.2 

' 96.67' 
.2.2 
.75 
.34 

0 
.Ol 
0 
0 
0 
0 

.8 

. 9  
: 2 
.1 

I ,  
I 
I 
1 

CYAMOPHYTE 
' .'UNII)EMTIFIED 

o I 
CRYPTOPWYTE 
CHCOROPYYTE 

47383 86.48 
.3012.856 5.49 
2302.75 a.02 
1836 3.3s 
351.6 .64 

1 
2 
3 

5 
A 
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APWNIZOMENON 
ANACYSTIS 
IlNKNObJN SP. Filamentous 
CYANOBACTERIA 
OOCYSTIS 
CPROOMONC~S acuta 
IJNKNOUN spherical c'ells 
UNKNOWN spherical  cells 
UNKNOWN spherical  cells 
UNKNOWN ciliate 

1 
2 
3 
n 
5 
G 
7 

GRFllP CELLS VOLUME 
/ml  cu.micr/ml 

D I ATOM 
D IATOH 

SIZE# 1 . 2  175.2 
. l  34.3 

S I Z E #  1 

S I Z E #  2 

S I Z E #  1 

SIZE# 2 
S I Z E #  3 
SIZE# 4 

11 
240 
,120 
20 
2 

51" 
582950 
6523.1 
168 ' 
14602.5 
3120 
15290 
2448 
4020 
2260 
536 

U N I D E N T I F I E D  S I Z E #  1 .8 214.4 

TOTALS I5296 632393 
. .  

RANK SPECIES BY VOLUME du.micr/ml : i! 

as  uae 
lamentous 
ical  cells 

ta 
t e  

1 
2 
3 
4 

, 5  

2448 
214.4 
175.2 
168 

cells/ml 

8900 
6000 
240 
142 
11 
.8 
.8 
. 4 1  
.4 
.23 

92.18 
2.41 
2.3 
1.07 
1.03 
.49 
.38 
.03 
.02 
..02 

58.18 
39.22 
1.56 
.92 
.07 

RANI! GROUPS SY VOLUME cu.micr/ml i! 

CYAMOPHYTE 
CHCOROPHYTE 
IJNTDENTIFIED 
C9YQTOPYYTE 
DIATOM 

607363.6 96 .'04 
15290 2.41 
7030. a 1.11 ' , 

2448 ..39 
260.5 .04 
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ASTERIONELLA 
ASTERIONELLA 
SYNEDRA 
ANABAENA flos  aquae 
APHANIZOMENON 
CYANORACTERIA 
OOCYSTIS 
UNKNOWN SP. Biflasillate 
CHROOMONAS acuta 
CERATIUM hirundinella 
UNKNOWN spherical  cells 
UNKNOWN spherical  cells 
UNi(N0WN 'spherical  cells 
UNY  MOWN 
UNKNOWN ciliate 
UNKNOWN ciliate . .  

- 91 - 

D I ATOM S I Z E #  1 
DIATOM . S I Z E #  2 
D I ATOM S I Z E #  1 
CYANOPHYTE 
CYANOPHYTE 
CYANOPHYTE 
CHLOROPHYTE SIZE# 1 
CHCOROPHYTE S I Z E #  2 
CRYPTOPHYTE 
FYRRHOPHVT 
IJN I DENT I F I 
U N I D E N T I F I  
U N I D E N T I F I  
L INIDENTIFI  
UNIDENT-IF1 
U N I D E N T I F I  

:E 
ED S I Z E #  2 
ED SIZE#. 2 
ED S I Z E #  4 
ED 
ED S I Z E #  1 
ED S I Z E #  2 

- 

TOTALS 

* 

1 
2 
3 

5 
6 
7 .  
8 
9 
1'0 

b 

2 
2 

' 3  
4 
5 
6 
7 
s 
9 
10 

1 
2 
3 
4 
5 
6 

9ANK SPECIES BY VOLUME ,.cu.micr/ml 

ANABAENA Plos.asuae 
CYANOBACTERIA 

366800 
13520 

UNKNOWN spherical  cells' . -  4940 , 

APHANIZOMENON 
ASTERIONELLA 

2386.5 
2319..6 

CHQOOMONAS acuta . .  2142 
1 E68 

UNKNOUN SP. Bif!asellate . . 920 
CERATIUM hirundinella 648 

r j o c y s m  

UNKNOWN ciliate 357.2 

RANK. SPECIES BY CELLS . cel  ls/ml 
CYANO~ACTERIA ' .  ~260~00 
ANABAENA flos  aquae 
CHROOMONAS acuta 
UNYNOWN spherical cell's. - 65 
UNKNOWN S P .  eiflasellate 10 
SYNEDRA 
ASTERIONELLA 
OOCYS~IS 
UNKNOWH ?i liate .,. 

. ' 5600 
'210 , " 

2.2 
1.3 
1.2 
.6 
.15 APHANIZOMENON 

q4YK GRQUPS-BY VOLUME cu.micr/ml 

CYClNOPHYTE 38270.6.5 

D I ATOF?. 2600.1 
W I D E N T I F I E D  5387.7 

CHCOROPMY~E 2588 
. .  CRYPTOPHYTE 

PYRRHOPHYTE. , '  

2142 
648 

CELLS 
/ml 

.1 
1.2 
2.2 
5600 
15 

is000 
1.2. 

210 
! O  

4 0  
.08 

20 
5 
. i  
: 4 
.2  

' 31891 

x 
92.6 
3.41 

' 1.24- ' 

.6 

.58 

.54 

.42 

.23 

.16. 

.09 

% 

81.52 
17.56 
.65. 
. 2  : 
.03 
0 
I) 
0 
I) 
0 

96.62 
1.36 
.65 
.65 
.54 
.16 

VOLUME 
cu.micr/ml. 

1 
396072 
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FQAGILARIA 
ANABAENA f ! o s  aquae 
APuANIZOPENON 
RNRCYSTIS 
DACTYLWOCCOPSIS 
CYRNOBACTERZA 
ECIDOSINA 
UNKNOWN SP. Bi'lasellate CHLOROPHYTE , SIZE# 2 
CHQYSOCOCCUS CHRYSOPHYTE S I Z E #  1 
UNYNOWN SP. ?DINOeRYON CHRYSOPHYTE 
CHROOMONAS acuta ' , CRYPTOPWYTE 
PAPHIDIOPSIS  UNIDENTIFIED 
UNKNOWN spherjca!  cells UNIDENTIF IED  S IZE#  2 
UNKNOUN spherical  cells UNIDENTIF IED  S IZE#  4 
UNYNOWN spherical  cells UNIDENTIFIED SI ,ZE# 5 
YNKNOWN ciliate UNIDENTIF IED  S IZE#  1 

-, ~ ~ 

2 
1 

3 

5 
6 
7 
8 
9 
10 

4 

1 
2 
2 
4 
5 
6 
7 
8 
9 
19 

1 
2 
3 
4 
5 
6 

QANK SPECIES BY VOLUME 

ANABAENA flos  aquae 
RPHAN I ZOHENON 
UNKNOWN SP. ?DINOBRYON 
CYANOBACTERIA 
UNYNOUN S P .  Bif lase1  late 
CHROOMONAS acuta. 
CHRYSOCOCCUS 
ElJDOR I NR 
UNKNOWN spherical  cells 
FRAGILARIA 

RANK SPECTES BY CELLS 

CYANOBACTERIA 
CHROOVONAS acuta 
ANABAENA Flos  aquae 
L'NKNOLJN SP. ?9INOBRYON 
IJNKNOWN S P .  BiFiasel!ate 
CVRYSOCOCCUS 
UNKNOWN spherical  cells 
RAPMIDIOPSIS 
DACTYLOCOCCOPSIS 

APYAYIZOMENON 

QANK GROUPS  BY VOLUHE 

CYANOPUYTE 
CFRYS@PHYTE 
CHLOROPPYTE 
CRYPTOPHYTE 
I.!NIDENTIFIED 
0 I ATOM 

TOTALS 

cu.micr/ml 

28820 
24342.3 
6240 
9170 

cells/ml 
12000 
520 
440 
140 
67 
40 
20.44 
10 
7 
1.53 

60032.3 
1 1790 
8222.24 

1127.912 
571.2 

,5304 

CELLS 
/m 1 

.8 
4 40 
1.53 
1 
7 
12000 

67 
.12 

4 0  
140 
520 
10 
20 
.2 
.24 
.2 
13248 

x 
33.1 . 
27.96 
10.53 

7.08' 
6.09 
3 
2.26 
.97 . 
.65 

7.16 

x 
90.57 
3.92 
3.32 
1 .OS 
.5 
.3 
.15 
.07 
.05 
.9l 

y. 

68.96 
13.54 
9.44 
6.09 
1.29 
.65' 

VOLUME 
cu.micr/ml 

571.2 
28820 
24342.3 
210 

2058 :24 
6164 
2620 
9170 
5304 

$$to 

225 
670 ' 
53.6 
125.712 
53.6 

87048 
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N A M E  CELLS VOLUI?E, 
/ml c u . m i c r / m l  

ACHNANTHES DIATOM 
CYANOPPYTE 

IO 
ANABAENA f l o s   a q u a e  

327.6 
APWWIZOWENON  CYANOPYYTE 

83  5436.5 
DACTYLOCOCCOPSIS  CYANOPHYTE 

.19 
30 

3022.9 
UNKNOWN S P .  R i u u l a r i a c e a e  CYflNOPHYTE, 

1800 
CYANOSACTERIA CYANOPHYTE 64000 

1  1697 
OOCYSTXS 

33280 
CHLOROPHYTE S I Z E #  2 , .08  464 

UNI(N0WN S F .  B i f l a s e l i a t e  . .  CHLOROPHYTE S I Z E #  2  3  276 

UNKNOWN. SP.  ?DINOBSYON CHRYSOPHYTE 20 1310 
CHSOOMONAS a c u t a  CRYPTOPHYTE 870 8874 
SAPYIDIOPSIS UNIDENTIFIED 30 675 
UNKNOWN s p h e r i c a l   c e l l s  U N I D E N T I F I E D - S I Z E #  2 80 2680 
,UNKNOWN s p h e r i c a l   c e l ! s  UNIDENTIF IED  S IZE#  3 2 226 
UNYNOUN . s p h e r i ' c a l   c e l l s  UNIDENTIF IED  S IZE#  5 .2  104.76 

CHRYSOCOCCUS CHRYSOPHYTE SI,ZE# 1 20  1310 

TOTALS 65149  61484 

. .  

QANK SPECIES 9Y VOLUME c u . m i c r / m l  

1 CYANOBACTERIA 33280 
2 CHROOMONAS a c u t a  8874 
3 ANABAENA f ! o s  a q u a e  
4 APHAMIZOMENON~ 

5436.5 
3022.9 

5 UNKNOWN s . p h e r i c a l  c e l l s  
6 'DACTYLOCOCCOPSIS 

3010.76 
1 a00 

7 .  UNKNOWN SP. .  R i u u l a r i a c e a e  1697 
8 UNKNOWN SF. ?DINOBRYON - .  1310 
9 ~%HRYSOCOCCUS 1310 
10.  ,RAPHIDIOPSIS ' . . 675 . .  , . I  

% 

54..12 
14.43 
8.84 
4.91 
4.83 . 
2.92 ,. 

2.76 
2.13 , . 
2.13 ' 

1.09 . 

. .  
QANK S P E C f € S . ' B Y   C E L L S   c e l l s / m l  % 

1 ' CYANOBACTERIA 64000 ' . , ' 98.23 
2 '  ' CWOOMONAS a c u t a  , . 870 ' , 1.33 

83 .12 

5 RAPYIDIOPSIS 
4 UNYNQWN ' s p h e r i c a l   c e l i s  82.2 .12 

30 
6 , DACTYCOCOCCOPSIS 

.04 
30 . .04 

7 UNKNOWN SP.  ?DINOBSYON 20  .03 
8 CHRYSOCOCCUS 20 
9 ACHNANTYES 

.03 
10 

10 UNKNOWN SP.  B i f l a s e l i a t e  
.O1  

3 0 

. 3  AMASAENA f l o s   a q u a e  

2 
1 

3 
4 

2. . .  

QANY GROUPS BY VOLUME 

CYANOPHYTE 
' CRYPTOPYYTE 

' '  ' "CHRYSOPHYTE 

,, ' DIOTOM, 
CHLOSOPHYTE 

" UNIDENTIFIED 

c u . ' m i c r / m l  % 

6236.4 73.57 
8874 14.43, 
3685.76  5.99 
2620 4.26 
740 
327.6 '. 53 , 

i .2 



- 94 - 

NAME 

SYNEDRA 
SYNEDQA 
CYCLOTELLA S P .  
ANABAENA f!os aquae 
APYANIZOMENOM 
ANACYSTIS 
DACTYCOCOCCOPSIS 
CYNGRYA 
UNYWOWN SP. filamentous 
CYAkOBACTERIA 

CELLS VOLUME 
/m  1 cu.micr/ml 

S I Z E #  1 
S I Z E #  2 
SIZE# 2 

S I Z E #  1 

S I Z E #  1 

S I Z E #  2 
S I Z E #  4 

S I Z E #  2 

S I Z E #  5 
S I Z E #  4 

! .4  
. 2  

67 
.04 

1.21 
.68 
258 
1.15 
.03 
48000 
.24 
.8  

23 
.04 

.32 
12 

i 8 0  
10 
11 
80 
1 
1 

178.5. 
!73.2 
754.28 
4388.5 
19251.1 
142.8 
15480 
14950 
377.1 
24960 
4116.48 
1112 
960 
2116 
320.64 
62.76 
4896 . 
176.8 
247.5 
2680 
268 
523.8 

CYANOPHYTE 
CYANOPHYTE 
CYANOPHYTE 
CHLOROPHYTE 
CHLOROPHYTE 
CHLOROPHYTE 
CHLOROPHYTE 
CHLOROPYYTE 
CHRYSOPHYTE 
CRYPTOPHYTE 
UNIDENTIFIED 
UNIDENTIF.IED 
UNIDENTIFIED 
UNIDENTIFIED 
UNIDENTIFIED 

EUDORINA 
OOCYSTIS 
STAURASTRUM 
UNYNOWN SP. 8if  lasellate 
UNKNOWN SP. Biflasellate 
MALLOMQNAS coronata 
CHROOMONAS ac.uta 
YIPSCHNERIELLA 
RAPYID!OPS!S 
UNYNOWN spherical  cells 
UNKNOWN. spherical  cells. 
UNYNOWN spherical.  cells 

TOTALS 48937  98135 

RANK SPEC-IES BY VOLUME 

CYANOBACTERIA 

cu.micr/ml x 
1 
2 
3 
4 
5 

. E  
7 
8 
9 
? 0 

; 
3 
4 
5 
6 
7 
B 
.9 
10 

1 

24960 
,19251, 
15480 
14950 
4896 
4388.5 

APHAN I ZOWON 
DACTYLOCOCCOoSIS 
LYNGEYA 

1. 

CHROOPIONAS acuta 
ANABAENA f ! o s ,  aquae 
EUDOR I NA 
UMNOWN spherical  cells 

4116.48 4.19 - 
3471.8 3.53 
2436.64 2.48 
1112 1.13 

PMKNOWN SP. Biflasellate 
OOCYST I: s 

I 
, I  
I 
I 
I 
1 

RANK SPECIES BY CELLS 

CYANOBACT€R!A 
CHROOMONAS acuta 
DACTYLOCOCCOPSIS 
UNKNOWN spherical cel.ls 

UNKNOMN SP. Biflasellate 
ANABAENA fl05  aquae 
QAPHXDIOPSIS 
$ IRSC?NEQ.?ELLA 
SYNEDRA 

APWNIZOHENON 

cells/ml x 
48000  98.08 I 

258 '. 52 
82 
67 

-16  

23.32 
.13 
.04 

480 . . .98 

11 .02 
10 .02 
1.6 0 
1.21 0 

QANK GROUPS BY VOLUME 

CYANQPMYTE 

cu.micr/ml 

79549.5  81.06 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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8.78 
4.98 

I 3.97 
1.12  

, 

62.76 .06 



I 

2 
: 
3 
4 
5 
6 
7 
8 
9 
10 
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asuae 

DACTYLOCOCCOPSIS 
CYNGBYA -~ " ... 
UNKNOWN SP. Pi! 
CYANOSACTE91A 
EUDOR I MA 
OOCYSTIS 
STAURASTSUW 
UNKNOWN SP. B i f  
UNKNOWN SP. S i f  
UNKNOWN EP. B i F  
c~RYsococcus. 

, MALLOMONAS cor0 
CHROOMONAS scut 
YIQSCHNERIELLA 
SAPYIDICPSIS 
UNKNOWN spheri 

UNKNOWN spheri 
lJNKMOWN spr?eri 
UMYNOWN ciliat 

amentous 

lasellate 
lasellate 
!.asellate 

nata 
a 

cal  cells 
ca!.cells 
c a l  cells 
e 

i 
2 
3 
4 
5 
6 
7 
8 
9 
10 

DIATOM  SIZE# 1 
DIATOM 
D I ATOM 
DIATOM 
DIATOM 
CYANOPYYTE 
CYANOPHYTE ' 

CYAMOPHYTE 
CYCINOPHYTE 
CYANOPHYTE 
CYANOPHYTE 
CYANOPHYTE 
CHLOROPHYTE 
CHLOROPHYTE 
CHCOROPHYTE 
CHLOROPHYTE 
CHLOROPHYTE 
CPLOROPHYTE 
CHRYSOPYYTE 
CHRYSOPHYTE 
CPYDTOPHYTE 
UNIDENTIF IED.  
UNIDENTIFIED 
UNIDENTIFIED 

UNIDENTIFIED 
UNIDENTIF IED 

UNIDENTI.FIED 

APHANIZOMEVON 

CYANOBACTERIA 
LYNGBYA 
ANABAENA f l 0 5  aquae 
STAURASTRUM 

DACT.YLOCOCCOPSIS 

. .  

NAV I CULA 
FRAGILARIA 
UNKNOMN spherical  cells 

CHROOMONAS acuta 

RANK SPECIES BY CELLS 

UNKNOUN spherical  cells 
Y I RSCHVER 1 ELLA 
CHRYSOCOCCUS 
APHAN!ZOMENON 
UrUKNOWN SP. Biflasellate 

FqAGILARrA 

TOTALS 

SIZE# I 

S I Z E #  1 

S I Z E #  ! 

S I Z E #  2 
S I Z E #  3 
S I Z E #  4 
SIZE# 2 

S I Z E #  1 
S I Z E #  2 
S I Z E #  5 
S I Z E #  2 

cu.micr/ml 

cells/ml 

230 
24000 

180 
50 
32 

: 20 
8 

' 3.7 
3.56 
2.9 

. I  

C E i L S  
/m 1 

1.6 
. 2  
2.9 
2.8 
1.8 
50 
3.7 
2.3 
230 
.92 
.01 
24000 
.04 
.12 
3.2 
.I2 

.24 

.12- 
'8 
.12 
180 
20 
2 
10 
20 
2 
92 

24542 

x 
49.96 
11.71 
10.59 
10.15 
'2.44 
2.77 
2.16 
1.75 
1.57 
1.55 

x 
97.78 
.33 
.73 
.2 
.13 
.08 
.03 
rn 01 
.Ol 
.01 

VOLUME 
cu.micr/ml 

1401.6 
100 
2670.6 
2556.4 
229.5 
3275 
58867 
483 
13800 
1 1960 
12480 
125.7 
686.08 
166.8 
2880 
294.4 
144.72 

1768 
62.76 
1836 
353.6 
45 
141.4 
670 
1047.6 
250 

120.24 

2178!5 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 



I 
I. 
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I 
I 
I 
I 
I 
I 
I 
I , '  

I 
I 
I 
I 
I 
I, 
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SANK  GROUPS. BY VOLUME cu.micr/ml 

I . CVANOPHYTE 
2 DIATOM 
s- CHLOROPFYTE 
4 - U N I D E N T I F I E D  ' 

5 C4YPTOPHYTE 
6 CHRYSOPYYTE 

c) 

% 

100390.7 ' .85.71 
6358.1 
,4292.24 

5.39 

2507.6 
3.64 

1836 
2.12 
1.55 

1830.76 € .55 

. .  
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NCIME 

ACMNANTHES 
ASTERIONELLA 
COCCONEIS 
CYCLOTELLA SP. 
ANABAENA f ! o s  aquae 
APHANIZOMENON 
ANACYSTIS 
DACTYLOCOCCOPSIS 
LYNGEYA 
UNKNOWN S P .  filamentous 
CYANOBACTERIA 
ACTINASTRUM 

UNYNOWN S P .  Biflasellate 
UNYNOWN 513. Siclasellate 
UNYNO!Jh! S P .  Bif!asellate 
UNKNOWN SP. Eiclasellate 
UNKNO!WSP. 4 F!ase!!ae 
UNKNOWN SP. 
CHQYSOCfXCUS 
MACLOPONAS coro,nata 
MAC"OM0NAS 5 P .  
W-LOMONAS s P .  
PALLOPONAS SP. 
MALLOMONAS S P .  
LINKNOUN SP. ?DINOBRYOW 
CHROOMONAS acuta 
S!RSCHMERIELLA 
SAPHIDIOPSIS 
UNNNOWN sPheri.ca!  cells 
UNKNOUN sP5erjcal cel!s 
UNKNOWN spherical cells 
UNKNOWN 
UNKNOWN ciliate 

: UNKNOWN ciliate 

1 
2 
3 
4 

GPQIJP CELLS VOLUME 
/ m l  cu.micr/ml 

.DIATOM 
DIATOM 

CHLOROPHYTE 
CHLOROPHYTE 
CHLOROPWYTE 

10 327.6 

.4 96 

100 6550 
.16  2545.6 
38  7980 

S I Z E #  1  .5 . . 438 

S I Z E #  3 '  .04 1657.12 
DIATOM 
DIATOM 
CYANOPHYTE 
CYANOPHYTE 
CYANOPHYTE .. 
CYANOPHYTE 
CYANOP.HYTE 

CYANOPYYTE 
CHLOROPHYTE 
CHLOROPHYTE 

CHLOROPHYTE 
CHLOROPHYTE 

CYANOPHYTE SIZE# 1 

CHLOROPHYTE, 

210 
97 
.06 
16000 
1.12 
.04 
.2 
.32 

12600 
1261000 
754.2 
8320 
37.8 

3430.4 
20.96 

7680 
S I Z E #  1 1.9 85.5 
S I Z E #  2 .5.1 469.2 
S I Z E #  3 .08 48.24 
S I Z E #  4 16 16032 

. -~ 

CWLOROPYYTE S I z E #  1 . 4 .  286 
CULCOROPYYTE .12 18.24 
CHRYSOPHYTE S I Z E #  2 1 22 1 
CHRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE. 
CHRYSOPHYTE 
CRY  PTOPWYTE 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 
UNIDENTIF IED 

S I Z E #  1 
S I Z E #  2 
S I Z E #  3 
S I Z E #  4 

S I Z E #  1 
S I Z E #  2 
S I Z E #  3 

S I Z E #  1 
S I Z E #  2 

.42 
-08 
.12 
.2 

440 
.04 

310 
20 
2 
60 
20 
2 

.08 
3 

.04 

219.66 
7.248 
50.16 
230 
232 
28820 
3162 
353.6 
45 
848.4 
670 
226 
36.2 
21.44 
3750 

TOTALS 17340  1363270 

RANK SPECIES BY VOLUME cu.micr/ml x 
LYNGBYA 
lJNKMOUN SP. ?DINOBRYON 
UNKNOUN SP. Biflasellate 
DACTYLOCOCCOPSIS 
CYANOBACTERIA 
ANCICYS'I s 
STAURASTRUM 
ANABAEW f T o q  aquae 
UNKNOWN. ci 1 rate 

EUDOR 1 NA 1 

1261000 
28820 
16634.94 
12600 
8329 
7980,. 
,7680 
6550 
3771.44 
3430.4 

92.09 
2.1 
1.21 
.32 
.6 
.58 

' .56 
.47 
.27 
.25 

RANK SPECIES BY CELLS cells/ml 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1 
2 .  
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 

I. 
I 

CYANOBACTERIA . . 16000 
'JNYNOWN S P .  ?DINOBRYON 440 
CHROOMONAS ncuta 310 
DACTYLOCOCCOP~!S 210' 
CINABAENA f.los aquae 100 
LYNGEYA 97 ~ 

YNKNOWN  spherical  cells 
ANACYSTIS 

82 
38 " 

UNKNOUN SP.  Biflasellate .23.08 
KIRSCHNERIELLA 20 

. .  . .  

''; RANK GROUPS BY VOLUME cu.mic'r/m! 

CYANOPHYTE 
CHRYSOPYYTE. 
CHCOROPUYTE 
CRYPTOPHYTE . ' . 
D 1 ATOM 

. .  

VNIDENTIFIED . ~' 

-1 299749 8 
29780..  068 
28108.34 
5950.64 
3162. 
2518.72 

92.26 
2.53 
1.78 
1.21 
.57 
.55 
.47 
.21 
.13 
. ! 1  

x 

I 



- 100 - 
I ,  

?JAEE 

ASTERIONELLA 
SYNEDRA 
ANABAENA f ! o s  aquae 
APHANIZOMENON 
ANACYSTIS 
DACTYLOCOCCOPSIS 
LYYGEYA 
UNKNOWN SP.  Rivulariaceae 
UNKNOWN S P .  filamentous 
UNKNOWN S F .  filamentous ' 

UNKNOWN S P .  filamentous 
CYANOEACTER 1 A 
ACTINASTRUE 
€?IDOR I N A  
OOCYSTIS 
STAURASTRUM 
UNKNOUN S P .  Biflasellate 
UNKNOWN S.P. Biflagellate 
YNKNOWN S P .  Biflasellate 
UNKNOWN s~..BiClasellate 
PALLOHONAS coronata 
MALLOMONAS S P .  
MALLOMONAS S P .  
MALLOMONAS s 
YNKNOWN S P .  
CHROOMONAS a 
KIRSCHNERIEI  
!?APHIDIOPSIS 
UNKNOWN sph 
UNKNOWN sph 
UNKNOWN sph 
UNKNOWN sph 
UNKNOWN cil 
YNKNOWN cil 

:iINOBRYON 
.cuta 
LA 

erical  cells 
erical  cells 
erical  cells 
erical  cella 
iate 
iate 

1 
2 
3 

5 
s 
7 
e 
9 
10 

4 

GPQIJP 

S I Z E #  
.S IZE# 

1 
2 

CYANOPHYTE . 

CYANOPHYTE S I Z E #  
CYCINOPHYTE 

CYANOPHYTE S I Z E #  
CYANOPHYTE S I Z E #  
CYANOPHYTE 
CHLOROPHYTE 

S I Z E #  

1 
2 
3 

1 

SIZE# 
SIZE# 
S I Z E #  
S I Z E #  

SIZE# 
S I Z E #  
S I Z E #  

1 
2 
3 
4 

1 
2 
d 

D 

1 
2 
3 
4 

UNIDENTIFIED SIZE# 

TOTALS 

RANK SPECIES BY VOLUME cu.micr/ml 

L Y W B Y A  767000 
EQDORINA 45201.28 
VNKNOWN SP.  ?DINOERYON ' 37990 
ANABAENA . f  10s  aquae 347  15 
UNKNOWN S P .  filamentous 9632.7 
APHANIZOMENON 8909.6 
UNNNOWN ci 1 iate 
CYROOVONAS acuta .6 120 
STAURASTRUM 5760 

8760.72 

UNKNOWN spherical  cells 5334.2 

i 
2 

C E i L S  
/ml 
. 5 :  
3.4 
530 
..56 

..18.7 
53, 
59 
.08 '. 1 i 
.02 
. 1  
5900 
1.6 
2.64 
.24 
.24 
3.4 
4.2 

,1.2 
.1 

1.24 
.24 

.. .12 

580 
.08 

600 
40 
19 
80 
5 0 
20 
1' 
.04 
7 
7978 

x 
80 93 
4.77 
4 
3.66 
1.01 
.94 
.92 
.64 .6 
.56 

RAN% SPECIES BY CELLS cells/ml % 

1 CYANOEACTERIA 5900 73.95 
2 CUQOOMONAS acuta 600  7.52 
3 UWNOWN S P .  ?DINOESYON 580  7.27 

C 
VOLUME 

:u.micr/ml 

135.76 
1382.7 
885 
,7365 
3068 
54 
45281.28 
333.6 
5760 
153 
386.4 
60.3 
1202.4 
648.92 
21.744 
50.16 
464 
37990 
6120 
707.2 
427.5 
1131.2 
1675 
2260 
268 
10.72 
8750 

947705 

U 
I 
I 
I 

, .I 
I 
I 
I 
I 
I 
I 



I 
I 
'I 
I 
I 
I 
I, 
I. 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
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4 . ANABAENA f !os aquae 530 
5 UNKNOWN  spherical  ,cells 
6 . LYNGBYS 

151 
59 

7 DACTYLOCOCCOPSIS 53 
8 ' K IPSCHNER I ELLA 
9 RAPHIDIOPSIS 

40 
19 

10 ANACY  ST I S ,18.7 

5 
6 

RANK GROUPS BY VOLUME cu.aicr/ml 

CYANOPHYTE 
CHLOROPHYTE 
CHRYSOPHYTE 
YNIDENTIFIED 
CRYPTOPYYTE 
D I ATOP! 

830568.06 
53230.98 
39174.424 
1S229.62 
8120 
3382.4 

6.64 
1.89 
.73 
.66 
.5 
.23 
.23 

% 

87.63 
5.61 
4.13 
! .6 
.64 
.39 
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a s  u'a'e 

ANACYST I S 
DACTYLOCOCCOPSIS . 
LYNGEYA 
UNKNOWN sp.. pilamentous 
UNKNOWN SP. filamentous 
VNKNOWN SP. fi!amentous 
CYANOBACTERIA 
ACTINASTRUP 
EUDORINA 
OOCYSTIS 
SPHAEROCYSTIS 
STAIJQASTRUM 
UNKNOWN S P .  BiClasellate 
UWNOWN S P .  '3ic!asellate 
VNNYOWN S P .  Siclasellate 
UNKNOWN SP. 
UNKNOWN S P .  
MALLOMONAS coronata 
WLCOMONAS SP. 
MALLOMONAS S P .  
~ACLOMONAS SP. 
FALLOMONAS SP. 
SYNUQA 
UNKNOWN S P .  ?DINOSRYON 
C'!ROOPCINAS acuta 
YIRSCUNE!?IELLA 
RAPqIDIOPSTS 
UNKNOWN spherical  cells 

~~ 

UNKN0W.N spherical  cells 
UNYNBhJN spherical  cells 
UNKNOUN 
YNKNOWN ciliate 

1 
2 

. 3  

5 
6 
7 
0 
9 
IO 

A 

D I ATOM 
D I ATOM 
D I ATOF 
D I ATOM 
D IATOM 

CYANOPHYTE 
D I ATOM 

CYANOPYYTE 
CYANOPVYTE 
CYANOPHYTE 

CELLS VOLUME 
/ml cu.micr/ml 
5 163.8 

SIZE# I .5  A38 
.7  499.8 

SIZE# ' . 1' 12.75 
.1 86.6 

SIZE# 3 I .12  4971.36 
30 1965 

S I Z E #  2 

.61  9765 "1 
26.2 5502 
70 4200 

CYANOPHYTE. 88 1 i s i o o o  
CYANOPYYTE S I Z E #  1 .17  2136.9 
CYANOPHYTE S I Z E #  2 .94  41595 

S I Z E #  3 

S I Z E #  1 

S I Z E #  1 
S I Z E #  2 
SIZE#.4 

SIZE# 1 
SIZE# 2 
S I Z E #  3 
S I Z E #  4 

UNIDENTIF lED 
UNIDENTIFIED 
UNIDENTIFIED SIZE# 1 

m 23 
120000 
2.4 
7 
.12 

.04 
4.2 
5 
1.8 
.04 -. 04 
.88 
. 48  

.44 

.04 

. 2  
! 96 
970 
20 
15 
120 

.04 

.04 

16939.5 
62400 
81 
120064 
166.8 
18 
960 
189 
460 
1803.6 
6.08 
113.12 
460.24 
43.488 
16.72 
506 
232 

12838 
9894 
353.6 
337.5 
1696.8 

184 

UNIDENTIF IED  S IZE#  2 220  7370 
UNIDENTIFIED SIZE# 5 1 523.8 
UNIDENTIFIED 
UNIDENTIF IED  S IZE#  2 12 

36.2 
15000 

.04 

TOTALS 12  1800  1480970 

QANK S P E C I f S  9Y VULUPIE cu.micr/m! % 

IYNGBYA 1 157000  78.12 
CUDOR I NA 
CYANOBACTERIA 
UNKNOWN SP. filamentous 
UNKNOWN ciliate 
UNKNOUN SP. ?DINOBRYON 
CPROOPONAS acuta 
APHANIZOMENON 
UNKNOWN spherical  cells 

ANACYSTIS 

1 20064 
62400 
60671.4 
SO00 
12838 
9894 
8705.1 
9590.. . 6 
5502 

E. 1 
4.21 
4.09 
1.01 
.86 
.66 
.65 
.64 
.37 



1 
2 
3 
A 
5 
6 

' 7  
8 
9 
10 

2 
1 

3 
4 
5 .  
6 

CYANOBACTERIA 
CHROOMONAS  acuta 
UWYNOWN ,. spnerical 
UNKNOWN S P .  ? D I N O B S  
CYNGBYA 
DACTYLOCOCCOPSIE 
ANASAENA f l o s  aquae 
ANUACY ST I S 
YIRSCHNERIELLA 

R U A P Q I D I O P S T S  

cells 
'YON 

CYANOPHYTE 
CULOROPHYTE 
UNTDENTIFIE!) 
CwRYSOPHYTE 
CSYPTOPYYTE 
DIATOM 

103 - 

cells/ml 

120000 
970 
34 1 
196 . . 
89 
70 
30 

20 
26.2 

15 

cu.micr/ml 

1301443.5 

25317.9 

9894 
! 4280.448 

61  72.3.1 

- . 123861.6 

i! 

98.52 
i 79 
.27 
.16 
.07 
.05 
.02 
.02 
.01 
.Ol 

% 

87.87 

1.7 
..96 
.66 
. 4 1  

a.36 
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VAME 

a 

SI 

.quae 

S 

UNYNOWN SP. Biflasellate 
UNYNOWN SP. Biflagellate 
UNKNOWN sp.  9ip:asellate 
UNYNOUN S P .  4 Flasellae 
UNKNOWN SP. 4 Flasellae 
C~QYSOCOCCUS 
DIN09RYON SP. 
rY(ACL_OP!ONAS coronata 
MALLOFONAS SP. 
MALLOFONAS S P .  
MACLOMONAS SP. 
SYNC!?Y pTA 
SYNURA 
UNKNOWN SP. ?DENO8RYON 
CkfROOMONAS acuta 
YIRSCHNERIELLA 
R~PUXDIOPSIS 
UNKNOWN s~herjcal  cells 
UNYNOWN spherrca!  cells 
UNKNOWN spherical  cells 
rJN!(NOWN ciliate 

DIATOM 
DIATOM 
D I A T O M  
DIATOM 
CYANOPYYTE 
CYANOPHYTE 
CYANOPHYTE 
CYANOPYYTE 
CYANOPHYTE 
CYANOPHYTE 

S I Z E #  

SI.ZE# 
SIZE# 

s I ZE# 

s I ZE# 
SXZE# 
S I Z E #  
S I Z E #  
s I ZE# 
s I Z E #  

S I Z E #  
s I ZEW 
S I Z E #  

S I Z E #  
S I Z E #  
s 1 ZE# 
S I Z E #  

?. 
2 
3 

1 

?. 
2 
4 
1 
2 
2 

1 
2 
3 

2 
3 
4 
2 

CELLS VOLUME 
/ml cu.micr/ml 
.1 

3.6 
.12 

.L 

1.3 
.12 

210 
13.4 

R2 
8000 

5.12 
.2 

.2 ' 

.08 

21 
.04 

24 
4.3 
18.04 

io4 
8.1 
.12 ,. 12 
1.04 
.04 

2 
.04 

110 
610 
70 
50 
272 
10 
3.2 
17.04 

87.6 
71.4 
3117.6 
4971.36 
85.15 
1909.2 
2814 
12600 
1066000 
4160 
6.75 
87818.24 
278 , 

36 
960 ' 

945 
2208 
4308.6 
12898.6 
565.68 
1326 
530.55 
62.76 
10.872 
434.72 
46 
42.88 
1840 
7205 
6222 
1237.6 
1125 
91 12 
1130 
857.6 
2  1300 

TOTALS 9543  1258324 

qANK SPECTES BY VOLUME cu.micr/ml x 
1 LYNGBYA 
2 EUDORINA 
3 UNKNOWN ciliate 
4 
5 
6 
7 
8 
9 
!O 

UNI(NOi4N SP. 4 Flasellae 
DACTYLOCOCCOPSIS 
UNKNOWN spherical  cells 
QNYNOWN SP. Bif  lase'llate , 
UNKNOWN SP. ?DINOBRYON 
CHROOMONAS acuta 

CYCLOTELLA s P * 

UNI(NOi4N SP. 4 Flasellae 
DACTYLOCOCCOPSIS 
UNKNOWN spherical  cells 
QNYNOWN SP. Bif  lase'llate , 
UNKNOWN SP. ?DINOBRYON 
CHROOMONAS acuta 

CYCL 

1066000 
87818.24 
2 1300 
13464.28 
12600 
11099.6 
7461.6 
7205 
6222 
4971.36 

84.71 
6.97 
! .69 
1.07 . 
1 
.88 
.59 
.57 
.49 
.39 

RANY SPECIES BY CELLS cells/m!. x 
1 CYANOSACTER I4 8000  83.82 

I 
I 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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2 
3 
4 
5 
6 
7 
8 
9 
10 

.CHROOMONAS  acuta 
UNYNOWN spherical ce!ls 
OACTYLOCOCCOPSIS 
CYNGBYA 
Y IRSCIjNERIE1 1 A 

UNYNOWN SF!. Biflagellate 
UNYNOWN S P .  4 Flasellae 

UNKNOWN SP. ?DINOBSYON 

SAPHIDIOPSXG- 

610 
285.2 
210 
110 
82 
70 
50 
49.3 
1.8.08 

.RAN4 GROUPS BY WOLlJME cu.micr/ml x 
.z CYANOPW'TE 
2 CWLOROPHYTE 
3 UNIDENTIFIED. 
4 CHRYSOPHYTE 
5 : DIATOM 

~ 

6 CRY PTOPHYTE 

1087568.35  86.42 
110024.87  8.74 
34762.2  2.76 
11498.782  .91 
8247.96 
6222 

6.5 : 
.49 

. ., 

. .  , .  
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NAME 

CYCtr3TELLA SP. 
CYCLOTELLA 5 P .  
APWNIZOMENON 
ANACYSTTS 
DACTYLOCOCCOPSIS 
CYYEBYA 

CYANOBACTERIA 
UNKNOWN SF.  filamentous 
ACTINASTRUM 
CLOSTERIUM 
CLOSTERIUM 
EUDOR I N A  
OOCYSTIS 
OOCYSTIS 
UNKNOWN S P .  Biflasellate 
UNKNOWN SP. Bif'asellate 
;j::!!?!nWN S F .  Bif  lasellate 
UMYNOWN S P .  4 Flasellae 
UNKNOWN SF.  4 Flasellae 
CHRYSOCOCCUS 
DINOBSYON s ~ .  
FALL@MONClS coronata 
MALLOMONAS S P .  
MALLOMONAS SF.  

UVYN@rdK- spherical  cells 
tCMr(N0WN spherical  cells 
UNYNOWN spherical cel!s 
UNKYOWN spherical  cells 
I_rM\lYNOWN c:l1ate 
UNKNOWN ciliate 

D 1 ATOM S I Z E #  1 
DIATOM S I Z E #  2 
DIATOM, 
DIATOM 
DIATQM 

S?ZE#. 1 
SSZEU 2 

D I ATOM 
D I ATOF! S I Z E #  1 
D 1 ATOM S I Z E #  3 
C.YANOPHYTE 
CYANOPHYTE 
CYANOPHYX 
CYANOPHYTE 
CYANOPHYTE S I Z E #  1 
CYClNOPHYTE 
CHLtXOPHYTE 
CHLOROPHYTE S I Z E #  1 
CHLOROPHYTE S I Z E #  2 
CHLOROPHYTE 
CHLOROPHYTE, S I Z E #  1 
CHLOROPHYTE S I Z E #  2 
CHLOROPHYTE S I Z E #  1 
CHLOROPHYTE SIZE# 2 
CHLOROPHYTE SIZE# 4 
CHLOROPHYTE S I Z E #  1 
CHLOROPHYTE S I Z E #  2 
CHRYSOPHYTE S I Z E #  2 
CHRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE 
CPRYSOPHYTE 
CHRYSOPHYTE 
CHRYSOPHYTE 
CWYSOPHYTE 
CQYpTOpHYTE 
UNIDENTIFIED 

S I Z E #  s I Z E #  
s I Z E #  
S I Z E #  

S I Z E #  
S I Z E #  
S I Z E #  
S I Z E #  
S I Z E #  
s I ZE# 

QANK SPECIES t3Y VOLUME cu.micr/ml 

LYNGSYA 
CUl)OQ 1 WA 
UNKM@WN S P .  ?DINOE\RYON 
UNKNOWN S P .  a Flaqellae 
CHRYSOCOCCUS 
DAC~YIOCOCCOPS!S 
ASTERIONELLA 
LJNYYOU% ci!iate 

3289000 
21954.56 
17685 
16003.36 
14586 
12420 
10526.4 
9760.72 

1 
2 
3 
4 

2 
3 
4 
5 

2 
1 

CELLS 
/ m l  

k 4  
4.7 
3.6 
3.9 
1 
1 
.12 

i zS4 
207 
253 

i680  
14 

.72 

.!2 

.04 
3.28 
.24 
.04 
20 
1 
4 
20.8 

66 
.08 

2.65 
.08 
.16 
.2 
.12 
.08 
6.2 
270 
560 
280 
27 
80 
20 
3 
. 4  

7 
.04 

6548 

y. 

95.42 
.63 
.51 
.46 

.36 

.3 
,, 25 

.42 

VOLUME 
cu.micr/ml 

9300 
i226.4 

3355.8 
459 
3377.4 
115 
2613 
4971'. 36 
3818.4 
3360 
12420 
3289000 
1759.8 
2433.6 
24.3 
11.0832 
38.4 
21954.56 
333.6 
232 
900 
92 
4008 
14872 
1131  -36 
14586 
173.575 
41.84 
14.496 
83.6 
138 
464 
5704 
17685 
5712 
4950.4 
607.5 
2680 
2260 
804 
209.52 
10.72 
8750 

3446682 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

I 
I 
I 
I 



I 
I 

3 
10 

I 
I 
I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

I 1 

I 
$ '  

A 
5 
€ 

CYCLOTELLA S P .  
VNYNOWN spherical  cells . .  

RANK GROUPS BY VOLUME 

107 - 

7584.36 
5953.52 

cells/ml 

4680 
560 
280 
270 
253 
207 
103.4 
66 
27 
25 

cu.micr/ml 

.22 

.17 

i! 

71.46 
8.55 
4.27 
4.12 
3.86 
3.16 
1.57 
1 
.41  
.38 

x 
96.11 
1.26 
1.12 
.73 
.58 
.16 
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