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ABSTRACT

Jasper,'S.,and C.B.J. Cray, 1982. The chemical and -microbiological

limnology of Wood Lake, B.C., 1980. Inland wsters Directorate,

Vancouver, B.C.

This report describes a small limnological‘study of Wood Lake, B.C.
carried out in 1980 by the National Water Research. Institute, Pacific and

o Yukon Region

At a mld lake station the temporal distributions of temperature,-'
light extlnctlon, dissolved oxygen, nutrients, metals, chlorophyll a,
ATP, phytoplankton species compo31t10n, phosphorus turnover time and
alkaline phosphatase-activity-were determined. In addition, a.survey of
the spatial distribution of dissolved oxygen and nutrients in the bottom
water was completed in September and sedihent"coresvwere‘obtained from
the mid-lake station. ' - o

On the basis of water clarlty, oxygen depletlon rates, N to P ratlos
and phytoplankton biomass and species composition, Wood Lake in 1980 was
found to be mildly eutrophlc During the year the. dissolved forms of
51lica, n1trogen and phosphorus were all reduced to very low levels in

the eplllmnron of the lake by phytoplankton uptake and, in the case of
- phosphorus), probably by co-precipitation with marl. Dissolved oxygen was

reduced to low levels at the sediment-wateriinterface during the fall
period. However, there was no evidence for co-releese of phosphorus and

’:_ iron from the sediments There was no net internal loading of phosphorus.

between 1980 and 1981

The sedlment Wthh 1s rlch in organic carbon and phosphorus, dld not

" appear to 51gn1flcantly 1nfluence the bottom water ooncentratlons of
dissolved oxygen and nutrients in September.

. Blue-green algae dominated the phytoplankton throughout'the study -
although a springvdiatom population most likely appeared prior to the |
study period Evidence‘from'phosphorus turnover times and alkaline
phosphatase act1v1t1es suggests that the annual yield of phytoplankton
was ultimately controlled by phosphorus Both silica and ‘nitrogen,
however, ‘were probably responslble for determining the gross compos1tlon

_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 générale des eaux

intérieures, Vancouver, C.Br.
Ce rapport décrit une petite étude limnologique du lac Wood en C.Br.,
éffectiyéé en 1980 par l'Institute nationale des recherches des eaux,

Région du Pacifigue et du- Yukon.

A une station au milieu du lac, la distribution temporelle des

tempéiatures;'l'éxtinctidn de lumiéfe, 1'oxygéne dissout, les substances

nutritives, les métaux, la chlorophylle a, 1'ATP, la composition des
espéces phytoplanctoniques, le temps d'écoulement de phosphore ainsi gue
1'activité de 1'alcaline phosphétase furent determinés. De plus une
enquéte de la distribution spatiale d'oxygéne dissout et des substances
nutritives de 1'eau prés du fond du lac fut completée en septembre et des
carrottes de sédiments furent obtenues de la station au milieu du lac.

D'apres la clarté de 1'eau, le taux d' epu1sement d'oxygéne, les rapports
de N: P ainsi que la blomasse et la composition des espéces
phytoplanctonlques,vle lac Wood, en 1980, etait 1égérement eutrophique.
Burant 1'année, 1'état dissout de silice, d'azote et de phosphore fut
réduit a des niveaux treés bas dans 1'épilimnion du lac par 1'absorption
des phytoplanctons et dans le cas du phosphore, probablement par la
co-précipitation avec la marne. Durant 1'autonne, l'oxygéne dissout fut
réduit a des niveaux trés bas au point de contact d'eau et du sédiment.
Tontefois, il n'y avait pas d'évidence pour supporter la co-libération du
phosphore et du fer provenant des sédiments. Il n'y avait pas de
~chargement intérieur nette de phosphoré entre 1980 et 1981.

Le sédiment qui est riche en carbone et en phosphore organique n'a pas
paru influencer, d'un maniére significative, les concentrations d'oxygéne
dissout et les substances nutritives d'eau profonde en septembre.
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L'algue vert-bleu dominait le phytoplancton durant toute 1'étude,
quoique, une population de diatomée de printemps apparue probablemént.
avant le début de 1'étude. L'évidence du temps d'écoulement de phosphore
et d'activité de 1'alcaline phosphatase suggére que la production
annuelle de phytoplancton est enfin de compte dirigé par le phosphore.

. Toutefois, le silice et 1'azote furent sans doute & la fois responsable

_'pour déterminer la‘composition brute de phytoplancton.
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1.1

1.2

INTRODUCTION -

Objective

A limnological study of Wood Lake, B.C. was conducted during
1980. It was funded, in part, by the Okanagan Basin
Implementation Board. Previous studies (e.g. Canada - British
Columbia Okanagan Basin Agreement, Technical Supplement V, 1974;

‘Kalamalka ~ Wood Lake Basin Water Resource Management Study,

1974) have established the eutrophic nature of the lake ‘and
several recommendations for improving the water quality have
been put forward (Kalamalka - Wood Lake Basin Water Resource
Management Study, 1974). The impetus for the present study was
the need to assess the present limnology and to investigate
several optlons, including aeration, as methods to improve the
lake's trophic condition.

This report summarizes the limnological data gathered during
the course of the 1980’Study The Water quality trends over the
last decade and future management options (including further
monitoring) are discussed in a separate report (Gray and Jasper,
1982)
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3.1

SAMPLE_COLLECTION

Samples were collected for chemicel analyses between April
10, 1980 and March 11, 1981 and for biological analyses between
May 29, 1980 and October 21, 1980. Measurements of temperature
and light extinction' were also gathered between April 10, 1980
and November 11, 1980.

Water samples, from a mid-lake station (Statlon A, Flgure 1),
were collected from discrete depths (6 for biology and between 8
and 12 for chemistry) using 8 litre Niskin bottles. The
chemistry sampling depths were chosen with reference to the.
temperature profile. Glass B.0.D. bottles were filled (for
oxygen and inorganic carbon analyses) and the water samples then
screened through 110 pum nitex mesh to remove zooplankton and
placed in plastic bottles. All bottles were kept in cool chests
for transportation to the NWRI field laboratory in Vernon,
usually within 2 to 4 hours.. Sample preparation (filtration,
preservation, etc.), most biological analyses and some chemical
analyses were performed in the laboratory during the same day.
Further chemical analyses were conducted at the NWRI laboratory

in West Vancouver and at the Water Quality Bfanch, Inland Waters

Directorate, North Vancouver.

ANALYTICAL METHODS

Physics

A temperature, conductivity, depth sensor (Hydrolab) was
used to collect temperature measurements at one metre intervals
down to 20 metres and two metre intervals thereafter. Heat
content for each 2 metre layer was determined from the
temperature and volume of each layer of the lake. The specific
areal heat content for the whole lake, expressed as calories per
square centimetre, was then obtained from the integral of these
individual values divided by the lake's surface area.
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Light penetration of photosynthetically active radiation
(PAR) was determined using a Licor quantum sensor. Measurements
at one metre intervals, from the surface to 12 metres, were used
to determine extinction coefficients by linear regression of the
natural log (¥ surface light) with depth. Extinctions have been
converted to 1% light levels, and for ease of comparison to
earlier studies, have also been converted to secchi depths using
the relationship (Vollenweider, 1974):

secchi depth (m) = 2.2
© extinction (1n units)

Chemistry

Samples for nitrogen and phosphorus analyses were filtered
through Sartofius cellulose acetate membrane filters with a 0.45
micron nominal pore size (SM 11106). Particulate carbon and
nitrogen samples were obtained by collection of the particulates
on pre-roasted Whatman GF/F glass fiber filters. Analyses for
all other variables were done on unfiltered‘samples. The
subsamples were cooled in a refridgerator and shipped in cooler

chests to the Water Quality Branch laboratory in North Vancouver.

Most chemical analyses were accomplished by the methods
described in the Water Quality Branch Analytical Methods Manual
(IWD, 1981). Soluble reactive phosphorus was analyzed by the
stannous chloride reduction method at the NWRI laboratory,
whereas the total and dissolved phosphorus were analyzed by the
method utilizing ascorbic acid reduction after persulphate
digestion at the Water Quality laboratory. Total inorganic
carbon (TIC) samples were collected in 100 ml glass reagent
bottles and analyzed using the helium headspace analysis
technique on a gas chromatograph (Stainton, 1973). Dissolved
oxygen (DO) analyses were done on-duplicate samples with the
azide modified Winkler Technique. The TIC analyses were done
within 8 hours of collection, while the DO analyses were |
accomplished within 24 hours, both in the field laboratory.
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3.4

3.4.1

‘Geochemistry

Sediment cores were collected at stationiA (Figure 1) with a
triple.benthos corer (Kemp et al., 1971). The 50 cm core tubes
were retrieved with approximately 30 cm of sediment and with the
sediment-water interface undisturbed. The cores were extruded
vertically on shore within an hour of»collection. Core
subsamples were frozen in plastic bags and freeze'dried within 2
weeks on a Labconco freeze drier.

The carbon analyses were done with a Leco Induction Furnace
for samples below 3 cm (Chemex Labs Ltd., North Vancouver) and

~ with a Hewlett-Packard CHN analyzer for the O to 3 cm interval

(Water Quality Branch, North Vancouver).

Phosphorus concentrations in 1IN HCl extracts of treated
sediments were measured colourimetrically on ascorbic acid .
reduced molybdate complexes. Different treatments of three -
subsamples prov1ded extracts which represented total P, total
1norganic P and apatite P. Total P was measured in the IN HCL
extract from roasted sediment (550°C). Total inorganic P was
measured in the IN HCL extract of unroasted sedlment 'Apatite P
was measured in the 1IN HCL extract of sediment wh1ch had been
extracted initially with a 01trate-dithlonlte-blcarbonate buffer
and then with 1IN NaOH Thls fractionation scheme 1s essentially
the method of Williams (1976).

'-Biologz o

Investlgatlons centred around the dlstrlbutlon composition
and nutrlent limitation of the phytoplankton

Phytoplankton biomass

Three 1ndependent measures of biomass were obtalned
chlorophyll.an adenosine trlphosphate (ATP) and_totalncell
volumes.

~ For chlorophyll a determinatlons, 25 mL allquots were
filtered through 0.2 uym, 47 mm Nuclepore filters and extracted
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in 90% acetone with the aid of a Polytron homogenizer. Each
extract was then filtered through a Whatman GF/F filter and
analysed using a Turner Designs fluorometer. Readings taken
before and after acidification with HC1 enabled the estimation
of a phaeopigments in addition to chlorophyll a.-

ATP was measured following the basic procedure of
Holm-Hansen and Booth (1966) except that 25 mL aliquots were
filtered thrpugthillipore 0.45 um instead of glass-fibre
filters. The efficiency of ATP extraction was determined by
perlodlc 'splkes' (100 uL) of a stock solution of ATP (1
mgeL l) into replicate ‘extractions. When cool, the extracts
were frozen and later analysed using the highly purified
iuciferin-luciferase enzyme from Oupont (Markham, Ontario)
tdgether with an Aminco Chem-glow photometer. The values shown
are means of three replicates, with an average standard
deviation of 15%.

Total cell volumes were calculated from measurements of cell
volumes and abundance of individual species (see below) with the

aid of a Hewlett-Packard 9845A computer.

Phytoplankton. species composition. and abundance

Samples (usqally 250 mL) wererpreServed with Lugol's iodine
solution in the field. They were then transported back to
Vancouver and enumerated by J. Keays, Powell River, B.C.

The counting procedure generally followed Utermshl (1958).
Samples were shaken and settled in 5 mL or 25 mL settling
chambers for approximately 4 hours. They were then checked with
a Wild M5 dissecting microscope for random distribution of cells
and enumerated using a Wild M40 inverted microscope at 100 X and
400 X magnifications. For each sample over 200 cells were
identified and counted. On those occasions where a single
species dominated (for example July 18 and 23) as many as five
counts were made of that species, on each of two settled .
aliquots, and the results averaged. For a count of 200 cells of
a single species the standard deviation is approx1mately 15%
(Lund et al, 1958).
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For each species the dimensions of several cells (filaments
or colonies) were determined and volumes calculated assuming

‘standard geometric shapes. ‘When cells from a particular species

differed greatly in size then more than one size-class was
established. _ _

Estimates of the frequency of heterocysts were determined on
those samples that were dominated by heterocystous cyanophytes.
500 cells were examined and the occurrence of heterocysts

- expressed as a percentage of the total cells.

Phytoplankton nutrient limitation

Several methods to assess nutrient llmitatlon were performed
five times during the study..

The 32P uptake procedure followed that outlined by Lean
and Rigler (1974). Aliquots of lake water were 'spiked' with
carrier free 32P-PO ‘to give approximately 30,000 -
dpmemL™ -1 The removal of isotope into the particulate phase
was followed by 10mL filtrations onto Millipore 0.45um filters
at selected time intervals after 'spiking'. 1OmLs of Aquasol-2
(New England Nuclear) were added to both the filters and
flltrates and the samples were then shlpped back to Vancouver
‘for countlng on a Beckman LS 330 11qu1d 501ntlllat10n
spectrometer.

Estimates of the uptake rate constant, k, for each sample,

were obtained graphically from the average of both the filter

and filtrate data sets. Turnover times were then calculated
from the inverse of the uptake rate constants after first
norma1121ng with respect to ATP.

Alkaline phosphatase,determlnations followed closely the
fluorometric procedure described in Healey and Hendzel (1979).

'The rate of hydrolysis of o-methyl-fluorescein (MF), by alkaline

phosphatase was determined using a -Turner De31gns fluorometer
(Cs 5-60 prlmary filter, 2R12 and 1% neutral den51ty secondary
filters) Rates were converted to alkallne phosphatase

‘activities, normalized w1th respect to ATP in the sample and

expressed as nmole MFehr~ l’ug atp-1,
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 The use of unlabelled nutrient uptake-to examine nutrient
limitation is outlined by Healey and Hendzel (1980). Either
phosphorus (KH,P0,) or nitrogen (NH,C1) was added to the
water sample (or 0.45um filtered control) to give a final

concentration of 10uM. The samples (in triplicate) were then
incubated in the dark, at lake temperature, for approximately 24

hours. Aliquots were removed at the beginning and end of the
1ncubat10n and filtered through Sartorius 0. 45um filters. For
determination of P the filtrates were placed in 50mL acid-cleaned
bottles and a few drops of chloroform added. For N deter-
minations the filtrates were placed into 60mL acid-cleaned glass

~bottles with ground glass stoppers, ensuring no headspace or

bubbles. The bottles were kept in a fridge prior to shipment to

West Vancouver and analysis.

Uptake of either 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
umole (POA or NH, )ed™ l-ug atp-1,

PHYSICAL MEASUREMENTS

Temperature

Temperature data are given in Appendix 1. A depth vs. time
isopleth of temperature is given in Figure 2 while Table 1 shows
surface temperatures and epiiimnion depths.- Spring overturn and
stratification preceded the first sampling in April. Surface
temperatures continued to rise until late July reaching a
maximum df‘23°C. At this time a strong thermocline had been
established between 10 and 18 metres.. Since the profile on
November 20, 1980 showed isothermal conditions from the surface
to 18 metres, fall overturn in the lake probably occurred not
long afterwards.

The temperature profile during September shows the




Figure 2 Wood Lake Températﬁre»distribution (°c), 1980.




- 10 -

possible occurrence of internal waves. Despite the fact that
our sampling station was located approximately mid-lake, the
morphology of the lake is such that this station may not
represent the mid-point or 'node!' for these internal waves

(R. wiegand, personal communiéation). Further studies using a
mid-lake station should keep this point in mind, for example,
when calculating heat budgets or oxygen deficits.

Surface Temperatures and Epilimnion Depths of Wood Lake -

Table 1:
Sur face Epilimnion
Temperature Depth
Date (°C) (m)

10/4/80 4.8 -
26/5/80 14.5 | 5
3/7/80 19.5 | 5
18/7/80 20.5 7
23/7/80 23.0 8
6/8/80 - 21.0 8
3/9/80 18.5 10
16/9/80 18.0 11

- 21/710/80 13.5 14
20/11/80 8.0 >20
4.2 Heat Budget

The calculated heat contents for the whole lake and for the
hypolimnion alone are shown in Table 2. The maximum whole-lake
value encountered during the sampling was 28,900 calecn=2 on
July 23. For comparison to earlier studies, the summer heat
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income WasAcalcUiated by subtracting the heat content of the
lake at 4°C (8;580 calecm™2) from this maximum value. The

summer heat income in 1980 (Table 3) was-similar to that found
in 1972 and 1973, but considerably higher than in 1971. Blanton

Table 2: Heat Conténts and Mean Témperatures of Wood Lake.

Date : -j- ~ Whole Lake Hypolimnion*'

calecm=2 oC calecm=2 - oC
' 26/09/79 28,000 130 5,900 6.6
10/04/80 9,700 4.5 4,020 | 4.5
29/05/80 20,750 9.7 o 4,770 5.3
23/07/80 28;900‘ 13.5 . 4,860 5.4
04/09/80 . 28,000 o 5,840 6.5

21/10/80 24,600 1.5 4,790 ' 6.1

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

~ Table 3: Compérison of_Summei Heat Incomes, 1971 to 1980, for Wood Lake.

Déte o ‘calecm2 ' | Investigator
25/08/71 18,100 - ~ Blanton (1973)
02/08/72 - 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 of all the Okanagan valley
lakes for the summer of 1971 and concluded that the Wood lake
value was too low for a lake of its volume., He postulated the
existence of large groundwater inflows having temperatures of
10°C and entering the lake in the 10-12 m zone. Since the heat
incomes for 1972, 1973 and 1980 are higher and closer to
predicted values for a lake the size and location of Wood Lake,
it is probable that the maximum heat content in 1971 occurred

between monitors. Thus there is no need to postulate a large,

cold input of groundwater to Wood Lake. This conclusion was
first reached by the Water Investigations Branch (1974).

Light extinction

‘Light extinction values,IWith corresponding 1% light levels
and calculated seéchi depths, aré given in Table 4. The water
ciarity of Wood Lake in 1980 was fair with a yearly average
extinction of 0.361 m~l and a secchi depth of 6.1 m.

Water clarity values throughout the year were not strongly
correlated with algal biomass levels. Furthermore, there was
only a twofold variation in extinction values despite large
changes (over 40X) in surface chldrophyll levels.

To demonstrate the effect of algal biomass alone the results
from July 18 and July 23 have been recalculated in Table 5.
These were the only two dates that showed strong vertical algal
heterogeneity together with'light extinction profiles which
deviated significantly from the normal exponential pattern. On
both dates Anabaena flos-aguae dominated the phytoplankton. On
July 18 the vertibal heterogeneity of the algal bloom resulted
in average chlorophyll values for the two intervals, O to 5
metres and 5 to 10 metres, differing by a factor of four.
Extinction coefficients, however, showed only a twofold chahge.
Conversely, on July 23, a large change in extinction was
accompanied by only a small change in average chlorophyll. It
is difficult, therefore, to relate historical variations in
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Table 4: LigHt_Extinction ParametefS'for Wood Lake.

Extinction
7 Coefflcient 1% light Secchi Depth

Date - | (1n unitsem 1) . Level (m) (m)
29/5/80 0:272 | 16.9 8.
3/7/80 - - 0.268 » 17.2 8.2
18/7/80 037 | ‘12,3 5.9
23/7/80 . 0.517 e | 4.3

© 6/8/80° | 0.308 | 15.0 7.1
980 ose 13.8 | 6.6
'16/9/80 T 0usl 9.4 . 45
21710780 - 0.318 s 6.9
‘Average 7 0.361 12.8 6.1

(+ 0.095)

Tablé 5: Comparison of Wood Lake extinction coefficients and chlorophyll
concentratlons July 18th and 23rd, 1980.

Depth Extinction’ Chlorophyll a
_ interval Coefficient average
* Date : (m) (1n unitsem-1) - (mgem=2)
18/7/80 0.to 5 . 0.466 25.5
~ 18/7/80 5tolo 0.222 ; 5.9
23/7/80 Oto5 0.679 7.7

23/7/80 ~ 5tolo. o037 5.2
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light extinction to variations in algal biomass levels alone.
Changes in species composition over the last decade (Gray and
Jasper,"l982);'for example, could have affected extinction
levels as could changes in non-algal turbidity such as that
entering the lake surface from stream freshets. For.this reason
the sizeable increases in water clarity observed over the last
few yeafs (Nordin, 1980) are not'bbviously coupled to decreases
in algal concentration. |

A further contribufing factor is the possible decrease in
the number of 'blooms' that have occurred during the summer.

" Since secchi depth measurements reflect the turbidity in the top

few metres only, the occurrence of vertical heterogeneity in
algal'bibmass in the epilimnion may result in larger decreases
in secchi depth than expected for the same amount of biomass
uniformly distributed in the water column. During a 'bloom' of
cyanophytes, much of the biomass may be concentrated in the top
few metres (e.g. July 18th). Thus the measured increases in

 water clarity over the last few years may be reflecting, to some

extent, decreases in the fredquency of these cyanophyte blooms.

CHEMICAL MEASUREMENTS

A comblete list bf chemical measurements is given in
Appendices 2 and 3.

Distributions with depth and time

Figures 3 to 6 show the seasonal changes of several chemical
parameters for the mid-lake station. These figures are drawn to
show vertical mixing during fall overturn, which is assumed to
have occurred at the end of November. Data from the last 1980
monitor, October 16 are used to calculate the.fall overturn
concentrations. ‘
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Dissolved oxygen

- Dissolved oxygen decreased with depth in the hypolimnion

“during the stratified period, almost disappearing near the
- sediment-water interface during September and October

(Figure 3). This depletion is probably due to respiration. In
contrast, elevated oxygen,cdncentrationsAOCCUrred'in the
epilimnion and .upper mesolimnion in April, May and July,
preSumably as a result of photosynthesis. The concentration at
fall overturn was 7. 1 mgeL” l Although the sampling in winter
was very limited, no indication of oxygen depletion was found in
1981. This was due to thevabsence of continuous ice cover in
1981. Preuious winter‘samplings through ice, for instance in

1972 (Koshinsky & Stockner, 1972), showed considerable depletion

near the bottom (<2 mgeL ";).

~Pho$phorus _

Total phosphorus (TP) at the start of the 1980 grow1ng
season was 85 ug-L -1 compared to approx1mately ,
80 ug-* L -1 1n 1981 In ‘April,. most of thls TP was in the

vdlssolved form (DP F1gure 4) of wh1ch over 85% was soluble

reactive P (SRP) Partlculate phosphorus (PP) generally varled
between 5 and 15 pg-L"l At these levels it contrlbuted only
a small percentage to the sprlng eplllmnion TP, but over half to

'the summer and fall totals

' DP and 1ts major constituent  SRP, both decreased during
spring and’ summer in the epilimnion .due to algal uptake. At the

same time, increases occurred in the hypolimnion through
.phytoplankton sedimentatlon and regeneration together with the
.possible release of P from the sediments (see Section 5.2

below). SRP. concentrations remalned very low (1 to 2
ug L l) in the epllimnion from July through October; these
levels are suggestlve of possible phytoplankton P llmltatlon
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At fall overturn the concentration of DP was calculated to be 57
pgeL~l. In January 1981, however, the average concentration had
increased to 7lug-L'1, a level similar to the 74|jg-L'l

found in April 1980.

‘Nitrogen

The total nitrogen (TN)éconcentration at the start of the
1 with the majority, 86%, in
the dissolved form. Almost 40% of this dissolved nitrogen was

growing season was 570 ugeL~

ihorganic (DIN), primarily nitrate. During the growing season
nitrate decreased rapidly in the epilimnion to undetectable
levels, remaining low until fall'oVerturn except for occasional
near surface increases in July and early September (Figure 5).
In the hypolimnioﬁ, by contrast, there was an initial increase
te maximum levels in July followed by a very strong depletion
near the sediment-water interface in September and October.
This seasonal pattern was presumably due to oxidation of '
regenerated ammonium to nitrate followed by denitrification of
nitrete when anoxic conditions developed. The concentration of
DIN at fall overturn was calculated to be 64 ug?L-l:
"Ammonium concentrations were always low (<10 ug-L'l)

in the epilimnion, but-two,episodes~of ammonium build-up

occurred in the hypolimnion (Figure 6). The first accumulation,

in late May, occurred throughout the hypo- and mesolimnion and
was presumably due to regeneration from decaying phytoplankton,
grazing by zooplanktoﬁ, or both. During July, this accumulation
was oxidized to nitrate. When the oxygeh was depleted and
denitrification of nitrate commenced the release of ammonium

~ from the sediments again accelerated (concentrations reached 500
-ug-L"l by mid-October). Ammonium concentrations did not rise

appreciably above 22 m, presumably as a result of active
oxidation to nitrate above this depth. The ammonia concentration
at fall overturn was calculated to be ao-ug°L'l.

At the pH'and temperature conditions of the bottom waters,
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' _w1th the maximum concentration was 43 ugeL

'epillmnlon The maximum occurred in Apr11 at 88 pg-L

=21 =

the amount of ammonia gas in solution, at max1mum, is calculated

to be less than 5 pgeL 1, or 1% of the total ammonium.ion.

This concentration is well below the fish tox101ty level of 20
uge L'l (Thurstoniet al., 1979). In fact the low oxygen
concentrations would be more 'toxic' than the ammonia.

Nitrite concentratlons only occa51onally exceeded 5 pgeL” l

l The highest levels

- were observed in late May and mid-October in zones-of intense

_ ammonium oxidation. These oxidation zones were at the bottom in

May and 5 m above the bottom in October. Two lesser
accumulations occurred at 15 m in late May and on the bottom

- during late summer» The ‘May occurrence may have been due to
" nitrate uptake and reduction by phytoplankton while the summer
‘1ncrease was probably the result of activity by denitrifylng
~ bacteria.

Dissolved organic nitrogen began the grow1ng season at 300
ug L -1 _and 1ncreased to almost 400 pgeL™ -1 in the ep111mnion
by mld-summer. Hypolimnion concentrations over the same period
increased from 300 to 350 pgeL” l v ,
Particulate nitrogen (PN) concentrations were hlghfst in- the
Similar concentrations were observed all summer except durlng
late May when average eplllmnion concentratlons dropped to 34

- uge L= -1, These concentratlons are’ surprislngly low for a
productlve lake (Stadelmann et al. 1974) Examination of the

dissolved nitrogen components however, suggests that hlgher '

‘levels, around 200 pgeL- -1

y may have occurred between the
April and May samplings ’

The ratio of’ TN to TP, in April was around 7 and 1ncreased

, lightly, in May, to 1l. The ratio of the biologically

available components, DIN to SRP however, started the grow1ng
season at 3 and dropped to 0.4 in the epilimnion by May. Ratlos
of less than 10 for the blologlcally available N and P '
‘components are considered to. favour the appearance of nitrogen
fixing algae and are not unusual for a productlve lake
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Dissolved iron and manganese

" Iron was generally below 30 ug-L l Thls level is low
enough to. suggest the possibllity of iron deflciency for some

' phytoplankton spe01es Manganese however, showed marked

increases near the lake bottom between April (4 pg-L’l) and May
(430 ugeL” ); the maximum concentration observed was 700
ug-L‘l. Presumably, the redox potentials at the sediment -
water interface were not low enough to reduce iron from the
insoluble ferric to the soluble ferrous form, but were low
enough to reduce manganese'to'its soluble form. Phosphate
associated with iron oxide minerals in the sediment is usually

~ released tOgether with iron when these minerals are reduced.

Consequently, the lack of increase in 1ron suggests that there
was no release of phosphate from thlS sedlment fraction in
1980. However, the appearance of manganese in the hypolimnion
suggests that the threshold for phosphate release by this
process, is fairly close.

Silica

Dissolved reactive silica started the growing season at a
concentration of 2.3 mgeL” -1 and was rapidly depleted in the
epilimnion, by diatom uptake, to 0.3 mg-L‘l in May.

Concentrations slowly increased from May to October in both the

‘hypo- andgepilimnion, reaching maxima of 4.2 and 1.4 mg-L'l,

respectively. The fall overturn concentration was calculated to
be 2.1 mg-L'l. By mid-January, 1981 the epilimnetic '
concentration had risen to:3.2 mgeL‘l.only to fall again to

2.3 mg-L‘l in early March, 1981. This late winter decrease
suggests that diatom growth and sedimentation begins very early
in the spring, especially if there is no ice cover.

B N B B I I B GE N B B N B B O B BN e e
.2




5.2

- 23 -

Horizontal variation of bottom water chemistry

This sampling program, in early September, attempted to
determine whether the sediment strongly influences the
concentrations of oxygen and nutrients in the overlying water
masses. Water was sampled 1 metre above the bottom at 23
locations (see Figure 1); water depths ranged between 10 and 31

metres.

Strong depletion of oxygen occurred everywhere in the basin
below the 25 m depth, (Figure 7). Near shore depletions were
not observed even near macrophyte beds (eg station 21).

. SRP distributions were the mirror image of dissolved oxygen,
in that strong accumulations were observed below 25 m (Figure
8);13The highest concentrations were approximately 250

uge L"l When all the. September nearbottom data are. plotted

: aga1nst depth the resultant "profile" is essentially the same
as the measured depth profile at station A for the same date
'.(Figure 4).

Ammonium followed a 31mllar pattern to SRP except for two
stations (4 and 17) which showed very low concentrations for
their depth (Figure 9). The highest concentrations were

Vobserved in the south central sector of the basin.

Nitrate plus nitrite distrlbutlons one metre off the bottom
were more complicated than the previous components (Flgure 10)
Concentrations 1ncreased w1th the depth of the water column down
to about 25 m the max1mum observed was 470 ug-L'l at the
south end of the lake (station 17). Below the 25 m depth
concentratlons decreased with the southern half of_the lake
showing the most depletion (levels of 200 wg-L -1y,

In general the concentration of bottom water chemicals
reflect their absolute depth rather than their location 1 metre

above the sediment This does not rule out. sediment influences

on the overlying water however, because algal uptake and
-physical mixing may mask changes at the shallower depths It

does, however,,51mplify the calculation of budgets since the
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mid-lake concentrations (Station A) can be éxtrapolated across
the lake.

Intetnal Nutrient.and Oxygen Contents

Internal ¢ontents for nutrlents and oxygen were prepared by
1nterpolat1ng between data points and then calculating the
content of a constltuent in 2 m sliees. (This is simpler but
not quite as accurate as the volume welghted average method of
Edmondson and Lehman, 1981). The volume 6f each 2 m slice was
calculated from a hypaographlc cuive presented by D.J. Williams
(1973) and is summarized in Tablé 6.

The content of dissclved oxy@én in thé hypolimnion
progressively decreased from early April to thé end of summer
stiatification in Octobetr (Tablée 7). The Tateé of decrease,
owevet, vatried betweeh thé monitors. The largest decrease,
0.083 mgsL=1, occurred between late July and early September
when large amounts of Blue-green algal sédiméntation probably
occufred. = During thé!étrétifiéd peried, the raté avéraged 0.054
mgst."liday (1.6 mg-L‘limonth); On an aféal basis, the depletion
tate was 490 mg-mZ-day=l (15gsm~Zemonth™1) for the water
beneath the 18 m depth. This rate is within the fangé for
mesotrophie lakes (10-15gem>2emonth=1; Hutéhinson, 1957).

PhOSpHOrusS

The ééntent of total phosphiofus (TP) in the water column
dééreased during $pfing; remained constant thiough to fall
overturn and then increéased in mid=winter (Table 8). The most
rapid change occurred between ApFil 10 and May 29 when TP
décreaséd by 26%. A §imilar pattern was observed with dissolved
phosphorus (DP) and soluble reactive phosphorus (SRP).
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Table 6: Hypsographié‘déta for Wood Lake. ~

Depth - Area ‘ Volume of slice Cumulative Volume

(m. ) (Km2) - (106m3) (106m>)
0 ‘9.3
o 18.3 18.3
2 9.0
17.7 36.0
4 8.7
17.2. 53.2
6 8.5 R
: 16.7 69.9
8 8.25 , ‘
T 16.2 86.1
10 7.9 o
S 15.5 . 101.6 - Zysp=11.7m
17 - e S . _
: _ - 14.8 ©116.4
14 7.2 -
- : ‘ 14.0 130.4
16 6.75 . :
: - 13.0 ' 143.4
18 6.25
- 11.9 155.3
20 = 5.6 ‘ _
. ' : 10.5 165.8  Z=21.5m
22 4.9
. : 9.2 175.0 Zp50=23.0m
24 , 4.3
. : 7.9 182.9
26 3.6 '
o o 6.6 : ' 189.5
- 28 3.0 .
S 5.4 194.9
30 2.4 : ‘
: 3.9 198.8
32 1.45 ’
0.7 199.5
33 0




- 30 -

Table 7: Dissolved oxygen contents and depletion rates in the hypollmnlon of
Wood Lake.
Mean Interval Interval
Date Zn v 02 Change Rates
(m) (10%-m3) (Mg) (mge L”l) (amg-L-1)(Adays) (mg-L"l d-1)(gem-2.d-1)
80/04/10 18 56.1 650 11.57
-2.30 49 0.047 0.42
80/04/29 18 56.1 520 5.27
-2.85 55 0.052 0.47
80/07/23 18 56.1 360 6.42
-3.57 43 0.083 0.75
80/09/4 18 56.1 160 2.85 ,
-1.49 42 0.035 0.32
80/10/16 20 44,2 60 1.36
80/04/10
to -590 -10.21 189 0.054 0.49
80/10/16
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Particulate phosphorus (PP) was also maximal in eariy spring but
showed a fall peak preceding a mid-winter minimum.
When the water column contents were split into epilimnion,

mesolimnion and hypolimnion components, losses from the water
- column during summer were seen to occur in the epi- and

mesolimnion, whereas the hypolimnion generally accumulated TP
(mainly as SRP). This accumulation only partly cbmpensated for
the losses in the upper two water components, . thus there was a
loss of phosphorus to the sedlments durlng summer During late
fall and winter, however, part of this losstls recovered by
regeneration from the sediments. Conseguently the mid-winter
water column content is similar to that of the previous spring.

Nitrogen

The content of total nitrogen (TN) in the whole water column
remained constant (95 to 114 Mg) even though the contents of the
epi-, meso- and hypolimnibnSAfluctuated considerably (Table 9).

Nitrate + nitrite nitrogen (NN) contents reflected the algal
uptake of these nutrients and their subsequent release as other
nitrogen components. There was also a considerable loss of NN
from the hypolimnion between September 9 and October 21 due to
denitrification (Figure 11). However, winter regeneration of

nitrate from ammonia, dissolved organic N and particulate N more

than doubled the NN content between late October and late
January . '

The ammonia nitrogen (AN) content in the whole water column

was highest in autumn and following the.spring bloom (see
Section 7.1). The majority of the AN occurred in the
hypolimnion, except during mid-summer when the rate of oxldatlon
to AN presumably exceeded the rate of hydrolysis from:
particulate and dissolved organic N. Unlike the other dissolved
N components, the hypolimnion content of AN in autumn, 1979 was
much higher than that observed in autumn, 1980. The difference

“may be due to a larger input of sedimenting phytoplankton to the
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Figure 11 Hypolimnion content of
' 1980.

nitrogen components in Wood Lake,



G R & I BN IR D E B 2 D BN D B E B R EE e

5.3.4

- 35 =

hypolimnion in the summer of 1979. _

The dissolved organic nitrogen (DON) content increased in
the epilimnion throughoUt the-growing season while it initially
increased and subsequently decreased in the meso- and
hypolimnions. The epilimnion increases probably result from the
release of cellular N during the growth, scenescence and

.recycling of phytoplankton. The decreases in the hypolimnion
~ after mid-summer suggest that dentrifying bacteria were

utilizing DON using NN as an oxidizing source (Figure 11).

The lake's content of particulate N (PN) was highest in
early springiand lowest during early winter and during the
period immediately following the spring bloom. Except for early
spring the epilimnion contained the most PN.

_Chlbride, Calcium, Silica and Particolate Carbon

Since chloride is essentially conservative in freshwater
systems, annual changes in chloride content reflect the
input-output balance of the element and the relative precision
of the mass balanCe calculations.' Although not calculated, the
input;output balanCe of chloride was assumed to be a small _
component of the fluctuations in content because the flushing
rate of the lake 1s Very . low The content was foond to average
712 + 26 Mg (n = 6, Table 10). This. 4% variation indicates that
the. sampling program was adequate

There was a 20% decrease in the calc1um content of the epi-
and mesolimnion between the end of May (4600 Mg) and the

_ beginning of September (3800 Mg) A decrease of this magnitude

suggests that calcium carbonate precipitation was a significant
process and that any further attempts to evaluate nutrient

- cycles in this lake should include studies of this process.

The spring epilimnion content of silica (Table 10) dropped
from 125 to 16 Mg in 6 weeks, presumably as a result of a diatom
bloom. The sedimented 3111ca was partially regenerated in the
hypolimnion since the silica content 1ncreased from 148 to‘214.
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Mg between Aprii and September. Between late January and early

March 1981, however,. there was a disappearance of 120 Mg of
silica from the whole water column suggesting significant diatom
growth during thét period. The lack of ice cover and resultant
higher light levels probably contributed to this eariy algal
growth. - | A

Particulate carbon (PC) contents had generally the same
seasonal pattern as PN (Table 10). The peak content, however,
occurred in mid-summer as opposed to the spring peak of PN. The
majority of PC occurred in the epi- and mesolimnions and is
probably associated with autochthqnous production of plankton
and detritus. ' o

GEOCHEMICAL MEASUREMENTS

Carbon

Total.carbon (TC); and its major constituént, organic carbon
(0C), decreased dré@étically in the top two cm of the core and
then more gradually to the 6 cm depth (Figure 12). ‘The levels
of inorganic carbon (IC), however, remained réasonably
constant. The 6-7 cm intefval showed elevated amounts of IC

comprising approximately 35% of the TC; although the ofher

sections of the core were dark grey to black, this section was
observed to have a light grey band which could indicate
enrichment with calcite. Below 7 cm the OC levels increased,
slightly, whereas IC levels decreased. '

The large decreases in‘OC_from the sediment-water interface
to the bottom of the core cannot be entirely due to increased

-sedimentation_of.orgahic matter relative to detrital mineral
- matter. An unknown amount of sedimentary OC is converted
‘through time to carbon dioxide, methane.and dissolved organic

carbon which are lost to the overlying waters. These losses are
most intense in the top few cm of a sediment column.
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Figuré 12 Total (TC), organic (0C), and inorganic.carbon (IC)

concentrations in the sediment profile of Wood Lake.
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The elevated IC concentrations at 6 cm may be recording an
episode of increased calcium carbonate precipitation from the
water colum. '

Phosphorus

The sedimentary phosphorus was fractionated analytically
into organic P (OP), apatite P.(AP) and non-apatite inorganic P
-1 at the
at 7 cm and remained
fairly constant below this depth (Figure 13). AP levels doubled
from the surface to the 5 cm depth, then remained unchanged (at
about 0,38'mg°g'l) down to 18 cm. NAIP, at the,surface,}was,

almost as high as OP and decreased in a similar fashion to

(NAIP) components. OP decreased from 1l.4 mgeg
-1

constant levels of around 0.25. mg-g -1 , below 5 cm.

The total P(TP) content of the surface cm,. 2.9 mge g
is higher than reported previously for any of the Okanagan Lakes
(Williams, J.D.H. 1973). This value is also higher than the TP
content of suspended sediments entering the lake via Vernon
Creek in late April, 1981 (1. 48 mg- g™ TP and 0.95
mgeg -1 AP unpublished data) The fact that typical stream
suspended sediments entering the lake have a lower phosphorus
content than the lake sediments suggests that the biological
uptake of dissolved phosphorus in the epilimnion and its
eventual sedlmentatlon in organic form is an important process
in the phosphorus budget of the lake.

The increase in relative concentration of AP with depth in
the top 3 cm may be due to. losses of the organic matter in this
layer rather than a decrease in the input of "AP to the lake in
recent years.

The very large increase of NAIP from 5 ctm to the surface
probably reflects the movement of phosphate in the pore waters
to the sediment-water interface (Carlgnan and Flett, 198l1) as
opposed to 51gnificantv1ncreases in sed;mentatlon.
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BIOLOGICAL MEASUREMENTS

Phytcplankton biomass.

.mgem ~; cell volume, 8.1 mLem

Table 11 lists all the measurements of_chlorophyll‘a,

a phaeopigments, ATP and total cell volumes. The integral and

average epilimnion values for each date are given in Table 12.

In late May, when the study began, biomass levels were
generally very low (Figures 14 and 15) and remained low until
m1d-July when a bloom was recorded (maximum chlorophyll a, 38.9 o

-3, -3). 1In August the biomass
returned to lower levels but 1ncreased someWhat in mid-September
and October (average ATP 0.5 - 0.8 mgem™ ; cell volumes 1 -

3.5 mLem -3y. ‘

Although the late ‘start of the field sampllng prevented
measurement of the spring phytoplankton bloom, indirect evidence
that it occurred comes from changes in the nutrient proflles
(espe01ally silica, Table 10) and from previous data (Buchanan
and Klrk 1974 B.C. Water Investigations Branch unpublished
data) ‘ The annual average epilimnion chlorophyll a value of 5 5 -
mg-m should therefore be regarded as a m1n1mum Although
1nclusion of the spring data would raise this average, an
examinatlon of hlstorlcal data suggests that the change would be

'small.

The fall increases 1n ATP and total cell volumes (see Table
11 and Figure 14 and 15) were not accompanied by significant’
changes in chlorophyll a. One p0531ble explanation is a change
in chlorophyll a content per cell resultlng from a change in
species composition (Berman and Polllnger 1974). 1In fact, a

~shift in the dominant species of phytoplankton did occur durlng

the month of September (see below).
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Table llﬁ Wood Lake Phytoplankton Biomass Measurements at specific depths

Chloro- a phaeo- Total Volume Dominant
Depth  phyll a pigments ATP : phytoplankton
Date (m)  (mgem~3) (mgem~3) (mgem=3) (mLem=3) (by volume)
29/5/80 0.5 1.96 0.74 0.26 0.26 Chlorophytes
2 1.89 0.35 0.21 - -
5 2.16 0.77 0.28 0.36 Chlorophytes
10 1.98 0.75 0.24 - . -
15 0.91 0.41 0.12 - -
20 0.64 0.33 0.16 - -
3/7/80 0.5 0.91 0.27 0.25 0.02 Cyanophytes
2 1.06 0.20 - - -
5 1.22 0.20 0.19 0.03 Cyanophytes
10 S 1.11 0.22 - - : -
15 1.09 0.35 - - -
20 1.33 0.41 0.24 - -
18/7/80 0.5 38.9 0.87 - 8.14 Cyanophyte: -
. 2 28.4 1.80 - 4.73 Anabaena
5 10.0- 1.30 - 0.90 flos-aquae
10 1.7 0.40 - 0.06 !
15 0.83 0.29 - - -
20 0.40 0.30 - - -
23/7/80 0.5 7.42 0.44 - 0.63 Cyanophyte: -
2 7.88 0.38 - 0.40 Anabaena
5 7.70 - 0.77 - - flos-aquae
10 2.66 0.47 - - -
15 1.39 0.33 - -
20 0.66 . 0.25 - - -
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Table 11: Wood Lake Phytoplankton Biomass-Meaéurémehfs (cont'd)

0.96

*

- Chloro- a phaeo- Total Volume Dominant
~ Depth hyll_a. pigments ATP ‘ phytoplankton
Date (E) '(ggxm‘37 pmg-m E (mgem=>) (mLem=3) (b§ volume)
6/8/80 0.5 2.90 0.87 0.45 0.09 Cyanophytes
2 3.25 0.71 0.45 -
5 3.42 0.83 0.39 0.06 Cyanophytes
10 2.00 0.81 0.34 .- -
15 1.50 0.55 0.33 - -
20 1.25 0.37 0.17 - -
- 3/9/80 0.5 3.03 0.92 0.27 0.10 Cyanophytes
2 3.51 1.06 0.22 - : -
.5 3.62 0.96 0.24 0.12 Cyanophytes -
10 3.79 1.12 0.25 - -
15 1.21 0.78 0.27 - - -
20 0.34 "0.42 0.15 -
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 "
10 - 3.67 .. 0.67 0.81 1.48 "
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 0.62 0.48 - -
20 - 0.56 0.19 - -

Interpolated Value
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Table 12: Wood Lake Phytoplankton biomass measurements epilimnion
1ntegrals (mgem~ 2) and averages (mgem~- 3). Average
values in parentheses.
Date Epilimnion Chlorophyll a '§.Phaeopigments ATP
depth (m) ' ,
29/5/80 5 9.9 2.9 '1.22
(2.0) (0.6) (0.24)
3/7/80 5 5.4 1.1 1.10
(1.1) (0.2) (0.22)
18/7/80 7 144.2 9.3 -
(20.6) (1.3)
23/7/80 8 57.1 4.6 -
' ' (7.1) (0.6)
6/8/80 8 25.1 6.4 3.29
(3.1) (0.8) (0.41)
3/9/80 10 35.6 10.2 2.42
(3.6) (1.0) (0.24)
16/9/80 11 41.6 8.7 8.37
(3.8) (0.8) (0.76)
21/10/80 20 44.3 10.3 7.55
(3.2) (0.7) (0.54)
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Figure 14'.Timé¥depthrdiagram of chlorophyll g_concentrations‘(mgim-3)

in Wood Lake, 1980.
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Phytoplankton species composition and volumes

A list of the phytoplankton species identified in Wood Lake,
1980, togetﬁer with cell volumes and counts, is given in
Appendix 4. The compufed volumes of the ma jor groups, for each
sampling date, are shown in Table 13 and plotted, with time, in
Figure 15.

Except for late May, when chlorophytes were the main
constituent, cyanophytes clearly dominated throughout the study
period (Figureé 15 and 16). The bnly major bloom, during July,

was almost a pure culture of the heterocystous blue-green

Anabaena flbsfaquae (95% by volume). This species persisted

throughout the summer until replaced, in mid-September, by
another blue-green, the non-heterocystous Lyngbya. Also, at
this time, a small .population of chlorophytes and chrysophytes

'appEared{ Few diatoms were seen during the study period

although'indirectVeVidénce, sUch'as silica depletion during
April ‘and May -(Table 10), strongly suggests that they bloomed in
sbring, : |

Determining the composition of the phytoplankton from cell
numbers rather than volumes is misleading because of large
variations in cell sizes (see Appendix 4). On most sampling
dates the very small cyancbacteria (about 0.5 um3 per cell)
numerically dominated the population,.but their contribution to
the total cell volume was also very small. For example on
September 16 the cyanobacteria comprised 99% of the cells, but
only 4% of the total biomass. In addition, identification and
counting of these minute phytoplankton is very difficult using
the standard 'settling' method; epifluorescence microscopy
(Hobbie et al, 1977) is needed to obtain accurate numbers and

sizes.
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vTable 13; qud‘Lake Phytobﬁankton Volumes

volume (mLem=3)

Depth - Total * Cyano- Chloro- . Chryso- Crypto-

Date (m) Volume phyte phyte Diatom phyceae phyte Others
_ (mL-m-B) ' y

29/5/80 - 0.5 0.26 0.0l 0.24 0.01 O o 0.008
' 5.0 0.3 0.008 0.35 0.007 0.001 o© 0.002
'3/7/80 0.5. 0.02 0.02 0.001 0.001 O 0 0.002
| 5.0 0.03 0.02- 0.004 0.001 0.001 O 0.003
18/7/80 0.5 8.14  8.13 0.001 0.002 O 0 0.003
2.0 -4.73 4.71° . 0.005 0.002 O 0 10.003

'5.0- ° 0.90  0.88 0.006 0.004 O 0.001  0.004

N ’ ,l0.0v_ 0.06 0.05 - 0 0.002 0 0.002 0.003
23/7/80 0.5. 0.63 0.6l 0.02 o 0.  0.002  0.007
© 5.0 0.40 0.38- 0.003 0.003 O 0.002 = 0.005

6/8/80 0.5 0.09  0.06 0.006. O 0.0l 0.004 O

: . 5.0  0.06 0.05° 0 0 0.003 0.009  0.004
3/9/80 0.5 0.10 0.08 0.009 0.001 O 0.005  0.004
o 5.0 0.12 0.10- 0.004 0.006 0.002 0.002 0.003
16/9/80 0.5 1.37 .1.30  0.03 0.003 0.03  0.003 0.006
_ 5.0 0.95 . 0.83 0.05 0.003 0.04 0.006 0.02

10.0 1.48 1.30 0.12 0.006 - 0.01 0.01 0.03

21/10/80 0.5 1.26  1.09 0.11 0.008 0.01 0.006 0.04

2.0 3.45 3.31 0 0.03- © 0.02

.04 .04 0.006
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Figure 15 Phytoplankton volumes, average 0.5 to 5 metre values in
Wood Lake, 1980. . '
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Those populations of blue-greén élgae’capable of utilising
molecular nitrogen (N2) in the absence of nitrate and ammonium
characteristically have specialised cells called heterocysts.
Thus the dominance of a heterocystous population is indicative
of nitrogen limitation of the community as a whole. Heterocysts
were only visible in the blue-green populatidns in late July, at
frequencies (as a % of total cells) between 2.2 and 4.4 (see
Table 14). These numbers are very close to those found by
Kellar and Paerl (1980) in a similar species of blue-green,
Anabaena spirpides. They measured heterocyst frequencies

between 2.3 and 3.8% at a time when there was significant
nitrogen fixation (as measured by the acetylene reduction
technique). SR

Table 14: Wood Lake Cyanophyte Heterocyst Frequency
~ Date Depth % Heterocysts
: . (m) .

18/7/80 - 0.5 o 3.6
18/7/80 2 ' ‘ 3.0
18/7/80 5 4,2

. 23/7/80 0.5 o o 4.4
23/7/80 2 *
23/7/80 5 2.2

* Not counted
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Phytoplankton nutrient limitation

© The results of the various physiological tests are given in
Table 15.

3% uptake -

Figure 17 shows epilimnion trends in 326 turnover times,
alkaline phosphatase activ1t1es and chlorophyll a values for the
study period. '

Chemical estimates of orthophosphate (P) as SRP are prone to
error and may seriously overestimate P when levels are low
(Rigler,. 1968). 32p turnover times reflect demand for P
(Riglerf 1956) and can be used, in a general way, to follow
trends in P levels where chemlcal measurements are unreliable..

’The turnover times reported here have been normalized w1th

respect to ATP to remove variations due to changes in biomass.

~ Prior to August the turnover times were very long, suggesting
low demand for P (see Figure 17). After the cyanophyte bloom in
July, however, the demand increased dramatlcally (turnover times
of.a few minutes) and remained high throughout the fall period.
These data 1ndlcate low ambient P levels from July through
October and suggest that the phytoplankton community were .
probably limited by phosphorus durlng this period.

Alkaline phosphatase activity

‘ This enzyme 1s produced by the phytoplankton during o
condltlons of P def1c1ency (Healey and Hendzel 1979).. Thus
hlgh levels of alkaline phosphatase (APase) per unit biomass,
are 1ndicat1ve of P limitation.

APase levels were low prior to the bloom in July and very
high afterwards (Figure 17). Act1v1ty dropped throughout
September reachlng low levels at the end of October. Thus the



- 52 -

Table 15: Wood Lake Phytoplankton Physiological Measuréments

Date Depth 32P Turnover Alkaline P Uptake N Uptake

(m) Time PhOsphataée (um PO dle (M NHz-d'l-

1 1 1 4 1, 1
( hrsepug ATPL™") (nM MFshr ~eug ATP ) ug ATP™ ) ug ATP™)

29/5/80 0.5 1000 - - -

5 1000 : - - -

20 lo00 - | - - -
3/7/80 . 0.5 600 11.6 N.S. N.S.
-5 650 46.8 N.S. N.S.
20 1000 46.7 N.S. N.S.
6/8/80 0.5 - 0.19 391 0.31 N.S.
5 - 0.15 377 0.35 N.S.
20 1000 724 N.S. N.S.
3/9/80 0.5 - 169 0.38 N.S.
5 - 152 N.S. N.S.
20 - ' 168 'N.S. N.S.
' 16/9/80 0.5 0.66 65.3 N.S. N.S.
5 0.67 128 0.17 N.S.
20 1000 0 N.S. N.S.
21/10/80 0.5 3.2 48.9 . N.S. N.S.
5 7.3 77.8 0.21 N.S.
20 1000 0 N.S N.S.

N.S. = No Significant Uptake
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seasonal paftern of APaée is similar to that of 32P turnover
and reinforces the conclusion of strong P limitation in the
epilimnion during August and September.

APase levels in some 20 metre samples, were very high

32P turnover times and high SRP

(Table 15), despite very long
levels. The explanation for this anomaly is probably related to
the fact that high cellular APase levels are not necessarily
lowered by the preséhce of additional P, but are more likely

reduced by cell division and growth (Healey, 1973). Thus the 20

_ metre populations may have sedimented down from the surface

layers to the lake without sufficient time to divide and deplete
their cellular APase reserves.

A

. Unlabelled N & P uptake

The sensitivity of both of these measurements is dependent
not dnly on the degrée of nutrient starvation of the »
phytoplankton but also on their absblute biomass. If biomass
levels are low enough, net nutrient uptake over 24 hours‘may be
undétectable even during severe nutrient limitation. For this
reason -lack of measured nutrient uptake is not necessarily
indicative of nutrient sufficiency.

The measurements of unlabelled orthophosphate (P) and
ammonium (N) uptake are given in- Table 15. The only significant
P uptake within the epilimnion occurred during August and in
sporadic sémples thereafter. This reinforces the earlier
observations of P limitation after July. At no time was a
significant uptake of N measured. For the reason stated above
this does not rule out N limitation at any time during the
study. Indeed; one would have expected to see N uptake during
early July given the very low epilimnion N:P ratios and the
pfesence of heterocystous blue-greens at that time. However
biomass levels were also very low ?educing the senSitivity of
the method.
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CONCLUSIONS

Wood' Lake, during 1980, became strongly stratified with a
well defined epilimnion and thermocline; The maximum heat
content was consistent with the lake's size and location and was

' comparable to several other study years. Hence the existence of
- a cold groundwater input suggested previously; is not
- substantiated. '

Light extinction levels were characteristic of a mesotrophic
lake.“However,-these extinction measurements did not correlate
well with chlorophyll a_levels'making if difficult to relate
historical changes in biomass levels to corresponding changes in
water clarity. Changes in the species cOmposition_and bloom
frequencyvof algae and variations in non-algal turbidity appear
to have been the maJor complicating. factors. '

Dissolved oxygen concentrations throughout the year
decreased in the hypolimnion at rates typical of a mesotrophic
lake. Low levels were observed at the sediment-water interface
during the fall. However, due to.the absence of ice cover no
winter oxygen depletlon was observed in 1980.

Dlssolved phosphorus concentrations at the start of the

:grow1ng_season_were high relative_to the other two major

nutrients, nitrogen and silica. Despite this fact, OP levels
were driven to very low levels in the epilimnion during summer
and fall bv algal uptake and probably also by co-precipitation
with marl. There was a net loss of phosphorus from the water
column to the sedlments during the summer resulting in high
concentrations of organlc P in the surface layers of the
sediment. .

There was no net 1nternal loading of phosphorus observed
during 1980. ThlS conclusion was based on similar: sprlngtlme DP
concentratlons in 1980 and 1981 "and was substantlated by the
absence of elevated iron concentratlons in the hypollmnlon
during the year However, the h1gh concentratlons of ‘the
reduced form of manganese in the bottom waters suggests that- the
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threshold for release of iron, and thus phoéphorus from the
sediments, is close to being reaéhed; Thus further inputs of
organic materialbto the hypolimnibn may reduce redox potentials
sufficiently to promote this P release (internal loading).

The ratio of biologically avaliable nitrogen to phosphorus
in the sprlng was indicative of an eutrophic lake. During the
: grow1ng season dlssolved nitrogen levels in the eplllmnlon were
reduced to very low levels. Regeneration of this nitrogen in
the hypolimnion occurred initially as nltrate but, with
decreasing oxygen concentrations and denltrlflcation of nitrate,-
resulted eventually in ammonium. This hypcllmnetic ammonium did
not reach levels normally thought to be toxic to fish.

Dissolved silica concentrations in the epilimnion were
reduced to low levels early in the growing season, presumably by
diatom uptake. Furthermore, reductions in this nutrient from
mid-January 1981 to March 1981, suggests that diatom growth can
occur in winter or early spring. |

.. The concentrations of néar;sediment bottom water chemicals
in September, throughout the lake, seemed to correlate with the
absolute water column depth not proximity to the sediments.
Thus the sediment did not appear to significantly affect the
chemistry of the overlying water masses. :

Phytoplankton biomass levels in the euphotlc zone, measured
by chlorophyll a, ATP and cell volumes, were indicative of a
mesotrophic to mildly eutrophic lake. Blpe-green algae dominated
the phytoplankton (on a cell volume basis) throughout the study
period. However, the rapid depletions of silica in the
epilimnion during the spring strongly suggests an early diatom
bloom. The blue-greens consisted of a heterocystous,
bloom-forming species, Anabaena flos-aquae, in July and a

non-heterocystous species, Lyngbya sp., throughout the remainder
of the growing season. The use of cell numbers rather than
volumes to determine phytoplankton composition in Wood Lake is
not recommended because of the large variation in cell sizes

that occur.
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_ Of the three major phytoplankton nutrients it'appears that

" phosphorus (P) ultimately controls the annual yield of biomass.

This is evidenced by low epilimnetic P concentrations in
midsummer coupled with low P turnover times and high alkaline

.phosphatase activities. Low levels of dissolved nitrogen and

dissolved silica, however, are probably responsible for
determining the gross composition of the phytoplankton. Thus
the early depletion of silica probably limits the size of the
spring d1atom bloom whereas the depletion of dlssolved nitrogen
leads to the appearance of nitrogen fixing blue-green algae.
Relatlve increases in either silica or nltrogen in future may

thus select for the more aesthetloally desirable phytoplankters,

without significantly affecting the. total annual algal yields.

On the basis of water clarity, oxygen depletion rates, N to

P ratios and phytoplanktOn biomass and species oomposition, Wood

Lake, in 1980, would be classed as mildly eutrophic However,
normal interannual varlablllty may modify the magnltude and
dlstrlbution of some of these parameters Without a long-term
data base.it is difficult to establish whether 1980 was an

3average year. For example, the water inflow to the lake, in

1980, was low relative to prev1ous years (Gray and Jasper, 1982)
and no ice cover developed '

' Further studles, if undertaken should 1nclude measurements
of water clarlty, oxygen, nutrients, phytoplankton blomass and _
comp051t1on, frequency.of.blue-green blooms and determlnatlon of
net phosphorus internal loading, if it occurs. The use of
correct sampling methodologies is important' nameiy, two or more
sampllng stations to correct for 1nternal waves, an early spring
sampling to determine the startlng nutrlent supplies prior to
algal uptake and growth, and a sampling routine with sufficient
frequenoy to monitor the phytopiankton A monitor strategy for
wOod Lake 1s included in a companion report from this study
(Gray and Jasper, 1982).
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Appendix 1 : :
" Wood Lake Temperature Data.(°C) from Station A
DEPTH 26/9/79 . 10/4/80 29/5/80 3/7/80 18/7/80 23/7/80

(Metres) S . ‘ o ,

0 19.0 5 14.5 19.8 20.5 23.0
1 4.8 14.5 19.8 20.2 22.5
2 19.1 4.6 14.5 19.8 20.0 22.0

3 B 4.5 14.5 19.8 20.0 21.0

4 4.5 14.25  19.8 19.8 20.5

5 19.1 4.5 o 19.5 19.7 20.0

6 4.5 14.0 15.0 19.6 - 19.5

7 4.5 18.5 19.5 19.4

8 4.5 12,5 17.5 - 19.0 19.1

9 4.5 11.75 15.8 18.3 17.2

10 17.6 4.5 11.0 . - 15.0 - 17.0 17.0

11 | 100 | 14.5

12 4.5 0 11.0 11.7 12.1

13 .0 10.3

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 8.0 7.5

17 B 7.0

18 4.5 6.0 6.5 7.0 6.5

19 - | . 6.3

20 6.9 4.5 5.7 6.3 6.1 5.6
22 4.5 5.8 5.5

24 4.5 5.1 5.5 5.8 5.2

26 4.5 5.5 ' 5.0
- 28 4.5 . 5.0 5.3 5.0

30 5.5 4.4 5.0
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Appendix 1 (cont.)
Wood Lake Temperature Data (°C) from Station A

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

N
N

0 21.0 18.1 17.8 14.3 13.5 8.5 3.5
1 21.0 - 17.8° 14.3 13.5 8.5 = 3.2
2 20.9 18.1 17.8 14.3 13.5 8.5 3.2
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
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 18.0  18.0 17.6 14.3 13.5 8.5 3.1
10 16.7  18.0  17.5 14.3 13.5 8.5 3.1
11 13.2 16.0 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 11.0 8.5 3.2
16 7.8 8.5 9.5 9.5 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
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
22 5.6 6.2 6.3 6.3 6.7 8.3 3.1
24 5.4 5.9 5.6 6.0 6.0 8.0 3.1
5.4 5.7 5.6 5.6 5.7 7.6 3.1
28 5.3 5.5 5.4 5.5 5.5 7.0 3.1
30 5.2 5.5 5.4 5.5 5.5 5.8 3.1
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~ Wood Lake Chemical Data from Station A
_ PARAMETER SYMBOL UNITS
Depth Z Meters
Temperature oC Degrees Centigrade
Spe01flc Conduct1v1ty 025 Micro Seimens/Centimeter
Turbidlty A Turb Jackson Turbidity Units -
R pH pH
Total Alkalinity T Alk Milligrams/Liter Ca.COy
Phenolphthalein Alk- P Alk Milligrams/Liter Ca 003
Total Inorganic Carbon TIC Milligrams/Liter C
Total Nitrogen : o TN . Micrograms/Liter N
Particulate Nitrogen PN 'Micrdgrams/Liter N
Total Dissolved Nitrogen ' TDN Micrograms/Liter N
 Nitraté plus Nitrite N+N Micrograms/Liter N
Nitrate Nitrogen NO5 Micrograms/Liter N
Nitrite Nitrogen NO,, Micrograms/Liter N
Ammonium Nitrogen AN Micrograms/Liter N
Dlssolved Inorganlc Nltrogen DIN Micrograms/Liter N
‘ Dlssolved Organic Nitrogen DON Microgfams/Liter N
- Total Phosphorus | ’ TP Micrograms/Liter P
*Particulate Phosphorus PP . Micrograms/Liter P
Dlssolved Phosphorus DP Micrograms/Liter'P
Soluble Reactlve Phosphorus SRP Micrograms/Liter P
Reactive Silica ' .Si_O2 _ Milligrams/Liter Sio,
Particulate Carbon PC Milligrams/Liter C
Iron Fe Microgrsms/Liter Fe
Manganese N “Mn Micrograms/Liter Mn
Dissolved Oxygen 0o Milligrams/Liter 0
Calcium (by Titration) Ca Miliigrams/Liter Ca
Calcium Direct (by A.A.) CaD Miliigrahs/Liter Ca
Magne51um (by Calc. ) _' , Mg' Milligrams/Liter Mg
Magnesium Direct (by A.A.) Mg D Milligrams/Liter Mg
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Wood Lake'Chemical Data from Station A

PARAMETER SYMBOL - UNITS

Sodium Na Milligrams/Liter Na
Potassium K Milligrams/Liter K
Sulphate S0, Milligrams/Liter SO4
Chloride Cl Milligrams/Liter Cl
Fluoride F Micrograms/Liter F
(Field Measurement) (F)

(Lab Measurement)

(L)
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" Appendix 2 (cont.)
Monitor Date: 1979/09/26 ‘

Z TN " PN - TDN N+N NOs NOo AN DIN - DON
2.0 : ' 365.0 2.0 . 1.0 3.0 362.0
5.0 365.0 1.0 3.0 4.0 361.0

10.0 360.0 5.0 1.0 6.0 . 354.0
15.0 . 425.0 80.0 1.0 8l1.0 344.0
20.0 710.0 365.0 1.0 366.0 344.0
29.0 910.0 167.5 502.5 670.0 240.0
31.0 997.5 35.5 . - 680.0 715.5 282.0
‘Monitor Date: .1980/04/10
A N PN .. TDN N+N 4 N03 N02 AN DIN DON
1.0 559.0 - 89.0 470.0 171.0 170.0 1.0 4.0 175.0 294.0
4.0 , ‘ 485.0 179.0 178.0 1.0 4.0 183.0 30l1.0
8.0 569.0 84.0 485.0 180.0 179.0 1.0 2.0 182.0 302.0
2.0 : : 490.0 185.0 184.0 1.0 4.0 189.0 - 300.0
15.0 566.0 81.0 485.0 185.0 183.0 2.0 9.0 194.0 289.0
18.0 ‘ " 500.0 193.0 191.0 2.0 6.0 199.0 299.0
21.0 580.0 70.0 510.0 193.0 1%1.0 - = 2.0 6.0 199.0 309.0
24.0 o 500.0 195.0  193.0 2.0 7.0 202.0 296.0
27.0  591.0 81.0 510.0 198.0 196.0 2.0 9.0 207.0 301.0
30.0 . S . 505.0 193.0 191.0 2.0 5.0 198.0 305.0
31.0 574.0 79.0  495.0 194.0 192.0 2.0 6.0 200.0 293.0
31.5 - ‘ 505.0 194.0 '192.0 . 2.0 8.0 202.0 301.0
Monitor Date: 1980/05/29
Z N PN ~TDN N+N NOz NOo AN DIN DON

.5 411.0 36.0 375.0 2.0 1.0 1.0 9.0 11.0 363.
2.0 396.0 31.0 365.0 4.0 3.0 1.0 8.0 12.0 352.
5.0 386.0 36.0 350.0 1.0 0.0 1.0 2.0 3.0 346.
8.0 391.0 . 41.0 350.0 2.0 0.0 2.0 7.0 9.0 339.

10.0  403.0 33.0 370.0 18.0 16.0 2.0 13.0 31.0 337.
12.0 441.0 33.0 408.0 ' 39.0 35.0 4.0 27.0 66.0 338.
15.0 470.0" 12.0° 458.0 "89.0 83.0 6.0 29.0 118.0 334.
18.0. 483.0 15.0° 468.0 112.0 111.0 1.0 28.0 140.0 327.
20.0 530.0 12.0 - 518.0 162.0 161.0 1.0 27.0 189.0 328.
24,0  624.0 9.0 615.0 200.0 194.0 6.0  49.0 249.0 360.
27.0 747.0 13.0 734.0 220.0 - 180.0 40.0  140.0 360.0 334,
27.5 775.0 210.0 167.0 43,0 148.0 358.0 374.
28.5 778.0 13.0 765.0 '210.0 206.0 4.0 152.0 362.0 399.
Monitor Date: 1980/07/23°

Z TN - PN TDN N+N NOz - NGOy "AN DIN DON

5 532.0 112.0 420.0 2.0 0.0 2.0 4.0 5.0 413.0
2.0 500.0 55.0 445.0 18.0 - 16.0 2.0 10.0 28.0 415.0
5.0 471.0 71.0 400.0 3.0 - 1.0 2.0 8.0 11.0 387.0
8.0 413.0° - 58.0 - 355.0 2.0 0.0 2.0 3.0 . 4:0 349.0

10.0 373.0 43,0 . 330.0 2.0 0.0 2.0 3.0 5.0 323.0
15.0 379.0 19.0. 360.0 47.0 45.0 2.0 10.0 57.0 301.0
20.0 555.0 30.0 525.0 1%0.0 189.0 1.0 1.0 191.0 333.0
25.0 760.0 25.0 735.0 -360.0 359.0 1.0 1.0 361.0 373.0
30.0 799.0 14.0 785.0 420.0 419.0 1.0 1.0 421.0 363.0
31.0 805.0 - 15.0 790.0 420.0 4159.0 1.0 2.0 422.0 367.0
31.5 8} 19.0 795.0 420.0 419.0 1.0 1.0 421.0 . 0

373.
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443.0
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Monitor Date:

Z N
1.0 402.0
5.0 '

13.0 418.0

16.0  440.0

20.0  609.0

25.0

30.0 739.0

31.0  747.0

31.5 755.0

Monitor Date:

z ™
1.0 481.0
16.0  460.0

21.0 532.0

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

1980/09/04
PN TON
77.0  455.0
71.0 395.0
73.0 370.0
29.0 385.0
67.0 590.0
23.0 730.0
41.0 780.0
47.0 725.0

1980/10/16
PN TON
67.0 335.0
82.0
68.0 350.0
50.0 390.0
24.00 585.0
37.0
34.0 705.0
37.0 710.0
35.0 720.0

1981/01/21
PN TDN
21.0 460.0
15.0 445.0
24.0 508.0

1981/03/11
PN TDN
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Monitor Date:

z P
12.0
11.0
13.0
28.0

138.0

278.0

.305.0

2.
5.
0.

C)DOOOO

31.0

Monitor Date: .

Z P
1.0 83.0
4.0  85.0
8.0 85.0

12.0 . 85.0 .

15.0  85.0

18.0° - 86.0

21.0 ~ 85.0

24.0  86.0

27.0  88.0

'30.0  86.0

31.0  84.0

31.5  85.0

- Monitor Datei'
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Monitor Date:

z TP
.5 12.0
2.0 14.0.
5.0 18.0
8.0 = 17.0
10.0 . 23.0
15.0  66.0

20.0.  99.0

25.0 : 155.0

30.0 182.0

31.0 190.0

31.5 187.0

37.0

58.0

73.0

'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 29.0

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 71.0
‘2.0 90.0
5.0 ~ 145.0
5.0 145.0
‘5.0 145.0

1980/07/23

PP DP
6.0 6.
6.0 8

11.0 7.
8.0 9.
7.0 16

- 6.0 60

. 4.0 95
3.0 152.0
3.0 179.0

- 10.0 180.0

5.0
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' Monitbr Date:

Z TP
1.0 15.0.
5.0 17.0

13.0 | 16.0
16.0 17.0
20.0 128.0
25.0 220.0
30.0 270.0
31.0 272.0

272.0

Monitor Date:
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1.0 79.0
16.0 78.0
31.0 88.0

. Monitor Date:

z TP
1.0 75.0
4.0 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

1980/09/04
PP DP
11.0 6.
10.0 6
11.0 - 6
4.0 6
6.0 117.0
9.0 210.0
4.0 244.0
6.0 266.0
1980/10/16
PP - DP
10.0 5.0
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5.0 12.0
6.0 122.0
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6.0 266.0
1981/01/21
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13.0 66.0
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10.0 66.0
10.0 66.0
12.0 67.0
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Monitor Date: 1979/09/26

Z ©°C(F) C25 Turb  pH(F) pH(L) °c(L) T Alk P Alk TIC(F)
2.0 19.1 312.0 1.8 .8.8 8.6 18.9 137. 5.5 27.2
5.0 19.1 312.0 1.5 8.8 8.6 19.1 137. 6.0 27.0

10.0 - 17.6 313.0 1.6 8.8 8.3 18.8 137. 0.0 28.5

15.0 7.8 323.0 .8 8.0 8.0 18.8 142. 0.0 31.1

20.0 6.9° 328.0 .8 7.7 7.9 18.9 142. 0.0 - 31.7

29.0 5.6 332.0 3.9 7.4 7.6 19.6 1l44., 0.0 33.7

31.0 5.5 331.0 4,2 7.2 7.5 19.6 146. 0.0 34.4
- Monitor Date: 1980/04/10

Z °C(F) €25 Turb PpH(F) pH(L) - °C(L) T Alk P Alk TIC(F)
1.0 4.8 327.0 .7 . 8.1 8.3 20.6 143. 0.0 30.8
4.0 4.5 330.0 .7 ' 8.3 20.8 -1l44. 0.0 31.2
8.0 4.5 329.0 .6 8.1 8.3 20.7 143. 0.0 29.5

12.0 4.5 329.0. 7 8.3 . 20.7 1l4a, 0.0 29.3
15s.0  4,5.329.0. .7 = 8.1 8.3 20.7 144, 0.0 30.1
18.0 . 4.5 329.0 .6 8.3 20.7 1l44. 0.0 30.2
21.0 4.5 328.0 5 8.1 8.2 20.9 143. 0.0 30.4

. 24.0 4.5 329.0 .6 : 8.2 21.1 145. 0.0 30.3
27.0 - 4.5 329.0 7 8.0 8.2 21.0 143, 0.0 29.5
30.0 4.4 329.0 .6 8.2 21.0 144, 0.0 30.5

'31.0 4.4 329.0 .7 8.0 8.2 21.0 144, 0.0 31.2
31.5 4.3 329.0 .8 ' 8.2 21.0 1l44. 0.0 29.7
Monitor Date: 1980/05/29 _

Z oc(F) C25 Turb pH(F) pH(L) °C(L) T Alk P Alk TIC(F)
.5 14.5 323.0 .5 8.6 8.7 19.8 l4s. 5.6 33.5
2.0 . 1l4.5 321.0 .6 8.7 8.7 19.7 1l4s. 4.6 33.1.
5.0 l4.1 324.0 .6 = 8.7 8.6 19.6 146. 4.7 33,0
8.0 -12.5 321.0 .6 .8.6 - 8.7 19.6 l46. 4.8 31.4

10.0 11.0 326.0 .7 8.5 8.5 19.8 146. 1.9 31.4
12.0 9.0 326.0° .5 8.4 8.4 20.0 " 148. 1.2 32.8
15.0 7.0 321.0 6 8.1 8.3 20.4 l4e. 0.0 35.1
18.0 6.0 315.0 .5 8.1 8.2 19.8 1l4s. 0.0 33.1
20.0 5.7 329.0 .5 8.0 8.2 " 19.6 145. 0.0 33.5
24.0 5.0 313.0 .7 7.9 . 8.0 19.5 l46. 0.0 36.0
27.0 5.0 328.0 6 7.7 8.1 19.6 1l46. 0.0 - 35.8
27.5 5.0 324.0 .8 7.6 8.2 19.7 145. 0.0 36.1
28.5 5.0 327.0 .6 7.9 7.9 19.9 1l46. 0.0 36.6
Monitor Date: 1980/07/23

Z oc(F) C25 Turb pH(F) pH(L) oc(L) T Alk P Alk TIC(F)

.5 23.0 298.0 1.0 ~ 9.0 8.4 12.8 125. 1.4 34.7
2.0 22.0 291.0 - .9 9.1 8.4 13.9 135, 7 32.3
5.0 20.0 328.0 .8 9.0 8.3 13.1 142. 0.0 32.8
8.0 "19.1 310.0 .5 9.0 8.4 13.4 142. 1.1 33.7

10.0 17.0 344.0 .6 8.7 8.4 14.3 143. 6 34.2
15.0 8.5 329.0 4 8.3 8.2 13.8 147. 0.0 37.0
20.0 5.6 342.0 . .7 7.9 . 8.2 l4.6 150. 0.0 39.0
25.0 5.1 332.0 7 7.7 8.3 15.2 145. 0.0 4l.0
30.0 5.0 -339.0 1.5 7.7.. 8.2 15.6 149. 0.0 4l.6
'31.0 5.0 322.0 1.0 7.9 8.2 16.6 146. 0.0 41.6
31.5 5.0 321.0 1.0 7.7 8.0 16.6 148. 0.0 3

41,
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Appendix 3

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

Day/Time  Stn# Z  TON - NsN NO 5 ' DIN  DON
(m) (vg/1) (ug/l) (ug/l) (ug/l) (pg/1) (ug/1) (ug/l1)

9 355 5 4

05/0836

N
N

05/1120 1 11 6 349
05/1110 2 13 360 34 33 1 4 38 322
05/1045 3 13.5 370 24 23 1 3 27 343
- 05/1055 4 17 500 177 - 176 1 5 182 318
- 05/1105 5 16 . 565, 160 159 1 61 221 344
105/1035 6 17.5 565 195 194 1 37 232 333
05/1030 7 245 750 310 309 1 8 395 355
105/1020 8 18,5 625 - 290 - 289 1 14 304 321
04 9. 16 450 87 8 1 35 12 328
04. 10 27 770 - 360 358 2 63 423 347
04 11 18 490 142 141 -1 13 . 155 335
o4 12 17 435 87 8- 2 -6 93 342
05/1005 13 24 740 370 369 1 39 409 331
05/0945 14 18 590 240 239 1 35 275, 315
105/0935 15 28.5 750 230 229 1 147 377 373
05/0954 16 18 495 152  1s1 1 22 174 321
05/0920 17 25 785 470 468 2 1 471 314
05/0905 18 200 - 580 230 . 229 1 11 241 339
05/0848 19 15 380 28 27 1 22 50 330
05/0840 20 . 15 400 52 51 1 19 71 329
05/0830 21 ~ 15.5 375 2 20 2 2 24 351
10 360 3 12 5 355
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Appendix 3 (cont)

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

Day/Time  Stn # Z 25  Turb TP PP DP  SRP DO
(m)  (us/cm) (JTU)  (ug/l) (pg/1)  (pg/l) (ugr/l)  (mg/l)

' 05/1120 1 9 308 .52 15 9 6 9.3
05/1110 2 13 - 324 540 2310 13 8 6.7
05/1045 3 13.5 329 28 26 11 13 17 6.9

© 05/1055 4 17 326 .26 97 8 89 80 5.4
05/1105 5 16 - 331 48 122 20 102 93 4.6
05/1035 6 17.5 330 41 10 14 136 127 4.0
05/1030 7 24.5 337 67 141 5 136 201 0.4
05/1020 8 18.5 333 .23 154 11 143 137 4.0
04 | 9 16 304 .64 70 10 60 58 6.5
04 10 27 342 .83 239 7 232 212 0.7
04 11 18 335 24 2206 5 201 76 6.5
04 12 17 317 ¢ .47 42 7 35 33 7.5
.05/1005 = 13 24 337 31 105 7 98 183 1.1
05/0945 14 18 328 .39 138 7 131 131 4.6
05/0935 15 28.5 343 1.30 163 5 158 246 0.3
05/0954 16 18 328 .38 91 0 91 83 6.3
05/0920 17 25 332 .23 191 2 189 18l 1.3
05/0905 . 18 20 330 .53 120 7 113 108 5.0
05/0848 19 15 332 .57 31 10 21 19 6.8
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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Appendix 4
Wood Lake Phytoplankton species list, cell counts and volumes

from Station A
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Appendix 4 (cont): Phytoplankton species list and species volumes for
Wood Lake, 1980. ‘

VOLUME (ym> per cell;
except where noted)

CYANOPHYTA
Anabaena flos aquae 65.5
Anacystis 210/colony
Aphanizomenon '15910/mm
Cyanobacteria - 0.52
Dactylococcopsis , 60
Lyngbya _ . 13000/mm
Unknown species (filamentous) size 1 12570/mm
Unknown species (filamentous) size 2 44250/mm
Unknown species (filamentous) size 3 73650/mm
Unknown species (Rivulariaceae) 1697
CHLOROPHYTA
Actinastrum 33.8
Closterium size 1 C o 92.4
Closterium size 2 _ 960
Echinosphaerella 524
Eudorina _ ' 17152/colony
Oocystis size 1 1390
Oocystis size 2 : 5800
Oocystis size 3 ' 904/colony
Sphaerocystis 450/colony
Staurastrum - 24000
Unknown species (biflagellate) size 1 .45
Unknown species (biflagellate) size 2 92
Unknown species (biflagellate) size 3 603
Unknown species (biflagellate) size 4 1002
Unknown species (4 flagellae) " size 1 715
Unknown species (4 flagellae) size 2 14142
" Unknown species size 1 _ 152
‘Unknown species size 2 . 2828
DIATOM
Achnanthes - _ 32.8
Asterionella size 1 876
Asterionella size 2 ‘ 1860
Cocconeis : 240
Cyclotella size 1l 2613
Cyclotella size 2- * 18857
Cyclotella size 3 41428
Cymbella 500
Fragilaria species 714
Fragilaria crotonensis : ‘ 343
Melosira granulata : 1060
Navicula 913
Synedra size 1 ‘ ' 127.5
Synedra size 2 A e 866
Tabellaria species | . 115 _
-Tabellaria fenestrata - 2571 .
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Appendix 4 (cont): Phytoplankton Species List and species values for

Wood Lake, 1980.

VOLUME (um3 per cell;
“except where noted)

Cystodinium

CHRYSOPHYCEAE
Chrysococcué- size 1 | 65.5
LChrysococcus size 2 ‘ 221
Dinobryon ‘ 65.5
Mallomonas coronata : ' 523
Mallomonas species size 1 . _ 90.6
Mallomonas species size 2 N 418

. Mallomonas species size 3 - 1150
Mallomonas species size 4 5800
Syncrypta . 1072/colony
Synura - _ 920
Unknown species o ' 65.5
CRYPTOPHYTA
Chroomonas acuta N ' '10.2
PYRRHOPHYTA
Ceratium hifundinélla | 8100 -

L 7241 -
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WOOD LAKE ALGAL VOLUMES 29/5/80 0.SM

MAME _ ; : GROUP:
ASTERIONELLA DIATOM SIZE# 1
CYMBELLA spp DIATOM
FRAGILARIA DIATOM ,
SYNEDRA o DIATOM SIZE# 1
SYNEDRA . DIATOM SIZE# 2
CYCLOTELLA sP. A DIATOM - SIZE# 2
CYCLOTELLA sP. DIATOM SIZE# 3
ANABAENA flos aquae : CYANOPHYTE
APHANIZOMENON CYANOQPHYTE
CYANDBACTERIA CYANQPHYTE
EUDORINA CHLOROPHYTE =~
Q0CYSTIS ' : CHLOROPHYTE SIZE# 1
00CYSTIS . CHLOROPHYTE SIZE# 2
ODCYSTIS se. CHLOROPHYTE SIZE# 2
SPHAEROCYSTIS . CHLOROPHYTE
STAURASTRUM CHLOROQPHYTE
HNKNOWN sp, Biflasellate CH_DROPHYTE SIZE# 1
UMKNOKN sp. Biflagellate CHLOROPHYTE SIZE# 2
UNKNOWN sp. Biflasellate CHLOROPHYTE SIZE# 3
CUUNKNOWN sp. Biflagellate CHLORDPHYTE SIZE# 4

CHROOMONAS acuta CRYPTOPHYTE
CERATIUM hirundinella PYRRHOPHYTE -
UNKNQWN spherical cells UNIDENTIFIED SIZE# 2
UNKNDWN  sepherical cells UNIDENTIFIED SIZE# 3
UNKNOWN spherical cells UNIDENTIFIED SIZE# 5
UNKNOWN ’ UNIDENTIFIED
INKNOWN  ciliate UNIDENTIFIED SIZE# 1
TOTALS
RANK SPECIES BY VOLUME cu.micr/ml.
1 EUDORINA : 120064
2 00CYSTIS : £4806
3  STAURASTRUM 24960
4 ~ SPHAEROCYSTIS 17100
S  UNKNDWN se, Biflasellate 13515.4
6  APHANIZOMENON B114.1
7 CYCLOTELLA s5p. . 6028.5
g ASTERIONELLA 3066
9  CYANOBACTERIA 2496
10 FRAGILARIA _ 1927.8
RANK SPELIES 8Y CELLS . cells/ml
H CYANDBACTERIA 4800
2. 00CYSTIE 42
3  SPUAERDCYSTIS a8
2 UNKNOWN sp. Biflasellate 20.2
5 UNKNOWN spherical cells 11.4
£ CHROOMDNAS acuta - 10
7  ELDORINA 7
8  ASTERIONELLA 3.5
9 FRAGILARIA 2.7
10 . STAURASTRUM 1.04
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. RANK GROUPS 8Y VOLUME
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DIATOM -
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CRYPTOPUYTE

=79 -
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240445.4°

11444.2
10662.5
826.66
162
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UNLLUMES 29/5/920 SM

MNAME GROUP
ASTERIONEL'LA DIATOM SIZE#
ASTERIONELLA DIATOM SIZE#
FRAGILARIA DIATOM
SYNEDRA DIATOM SIZE#
SYNEDRA .- DIATOM SIZE#
TABELLARIA Fenestrata DIATOM
CYCLOTELLA sp. DIATOM SIZE#
ANABAENA fFlos aquae CYANOPHYTE
APHANTZOMENON : CYANOPHYTE
CYANOBACTERIA CYANDPHYTE
EUDORINA CHLOROPHYTE '
QOCYSTIS CHLOROPHYTE SIZE#
00CYSTIS CHLOROPHYTE SIZE#
0OCYSTIS sp. CHLOROPHYTE SIZE#
SPHAEROCYSTIS CHLOROPHYTE
STAURASTRUM CHLOROPHYTE
UNKNOWN sp, Biflasellate CHLOROPHYTE SIZE#
UNKNOWN sp. Biflasgsellate CHLOROPHYTE SIZE#
UNKNOWN sp. Biflasellate CHLOROPHYTE  SIZE#
UNKNOWN sp, Biflasellate CHLOROPHYTE 'SIZE®
CHRYSOCOCCUS . CHRYSOPHYTE SIZE#
CHROOMONAS acuta CRYPTOPHYTE :
CERATILM hxrundxne’la PYRRHOPHYTE
UNKNOWN  spherical cells UNIDENTIFIED SIZE#
UNKNOWN spherical cells UNIDENTIFIED SIZE#
LUNKNOWN spherical cells UNIDENTIFIED SIZE#
UNKNOWN ciliate . UNIDENTIFIED SIZE#

TOTALS

RANX SPECIES BY VOLUME cu.micr/ml
1 EUDORINA 188672
2 N0CYSTIS 87952
3 SPHAEROCYSTIS 43200
a STAURASTRUM 33600
S UNKNOWN sp. Biflagellate 13356.8
€ APHANIZOMENON 6045.8
7 ASTERIONELLA 2463.6
g CYCLOTELLA sp. 1885.7
g CYANOBACTERIA 1768
10 UNKNOWN spherical cells 1763.86

RANK SPECIES BY CELLS cells/ml
1 CYANDBACTERIA 3400
2 SPHAEROCYSTIS 96
3 OOCYSTIS . 48.2
4 UNKNDWN  spherical cells 43.2
S UNKNOWN sp, Biflagellate . 21.8
6 CHRYSOCOCCUS , 20
7 EUDOR INA : ‘ 11
8 CHROOMONAS acuta 10
9 ASTERIONELLA 2.7
10 SYNEDRA 1.7
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CHRYSOPHYTE

PYRRHOPHYTE
CRYPTOPHYTE

_481'-

. cﬂ.mibr/ml

346780.8
7892.4°

-l-HN'm-

OO W =

NNo

NP (e QO 0s o



- 82 - l
400D LAKE ALGAL YOLUMES 2/7/20 .SM l
MNAME - ~ GPOUP CELLS VOLUME
. , /ml cu.micr/ml
ASTERIDNELLA DIATOM SIZE# 1 o2 175.2 '
ASTERIONELLA DIATQOM SIZE# 2 o7 1302 |
SYMEDRA DIATOM SIZE# ¢ w1 12.75
ANABAENA flos asuae CYANOQPHYTE 48.2 - 3157.1
APHANIZOMENON CYANOPHYTE .1 1591 l
ANACYSTIS : ' CYANOPHYTE 13 2730
CYANOBACTERIA . , . CYANOPHYTE : 8000 4160
00CYSTIS CHLOROPHYTE GSIZE# 1 .2 278
00CYSTIS sp. o CHLOROPHYTE SIZE# 3 o2 180.8 -
SPHAEROCYSTIS CHLOROPHYTE .4 180
UNKNOWN se. Biflagellate CHLOROPHYTE SIZE# 3 .4 241.2
HNKNOWN sP. CHLOROPHYTE .8 121.6
CERATIUM hirundinella PYRRHOPHYTE .02 162 .
UNKNOWN spherical cells UNIDENTIFIED SIZE# 2 20 670 l
UNKNOWN seherical cells UNIDENTIFIED SIZE# 3 1 113
UNKNOWN spherical cells UNIDENTIFIED SIZE# 4 o2 53.8
UNKNOWN spherical cells UNIDENTIFIED SIZE# S .8 419,04
UNKNOWN ciliate - UNIDENTIFIED SIZE# 1 1 268
UNKNOWN ciliate UNIDENTIFIED SIZE# 2 .1 125
TOTALS 8087 15940
RANK SPECIES BY VOLUME cu.micr/ml %
1 CYANOBACTERIA 4160 26.09 .
-2 ANABAENA FIO: aguae 3157.1 19.8
a ANACYSTIS 2730 17.12
4 APHANIZOMENDON 1591 9.98
S ASTERIONELLA 1477.2 9.26
g UNKNOUWN . spherical ce‘lls 1255.64 7.87 I
7 OOCYSTIS : 458.8 2.87
2] UNKNOWN ciliate 393 2.46
9 UNKNOWN sp. Bx“lasellate 241.2 1.54
10  GPUAEROCYSTIS 180 1.12 l
RANK SPECIES BY CELLS cells/ml %
1 CYANOBACTERIA 8000 98.91 I
2 ANASAENA flos aquae 48.2 .29
3 UNKNOWN spherical cells 22 .27
4 ANACYSTIS : 13 .18
S UNKNOWN ciliate 1.1 .01
6 ASTERIONELLA .9 .01
7 UNKNOWN sp. .8 0
g8 UNKNDWN sp. Biflagellate .4 0
g SPHAERQOCYSTIS .4 0
10 00CYSsTIS .4 0 l
RANK GROUPS BY VOLU'ME : cu.micr/ml A
1 CYANOPHYTE 11838 1 73.01 l
2 UNIDENTIFIED 1648.6 10.34
3 DIATOM . 1489.95 9.34
4 CHLOROPHYTE 1001.6 8.28 l
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WRND LAKE ALGAL UOLIIMES 2/7/20 S0 M
NAME GROILP CELLS VOLUME
_ . /ml cu.micr/ml
ASTERIONELLA DIATOM "SIZER 1 .4 350.4
ASTERIONELLA DIATOM SIZE# 2 .4 744
ANABAENA Flos aauae CYANQPHYTE 183 11986.5
APHANTZOMENON CYANQPUYTE 14 2227.4
ANACYSTIS CYANDPHYTE i6 3360
DACTYLDCOCCOPS!S . CYANQPHYTE 1.2 72
CYANQOBACTERTA CYANQPHYTE 11200 5824
CEUDORINA- CHLORDPHYTE .2 3430.4
00cyYysTIs CH_OROPHYTE SIZE# 1 o1 139
SPUATROCYSTIS CHLORQPHYTE | 45
UNKNOWN gp. Siflagellate CHLORQPMYTE GIZE# 3 .04 24,12
CHRYSOCOCCUS CHRYSOPHYTE SIZE# 1 20 1310
CHROOMONAS acuta CRYPTOPHYTE 20 204
UNKNOWN  spherical cells UNIDENTIFIED SIZE# 2 40 1340
UNKNQWN spherical cells UNIDENTIFIED SIZE# 3 2.4 271.2
UNKNOWN spherical cells UNIDENTIFIED SIZE# 4 2 536
UNYNQWN  spherical cells UNIDENTIFIED SIZE# S .4 209.52
INKNOWN UNIDENTIFIED -2 181
UNKNOQWN  ciliate : : UNTDENTIFIED SIZE# ! .2 53.6
UNKNOQWN ciliate UNTDENTIFIED SIZE# 2 .1 125
TOTALS 11487 32432
RANK SPECIES 8Y VUQLUME cu.micr/m? %
! ANABAENA Tlgs aquae 11986.5 36.95
2 CYANDBACTERIA - 5e24 17.95
3 EUDORINA : 3430.4 10.57
4 ANACYSTIS _ 3360 : 10.35
g UNKNOWN  spherical cells 2356.72 7.26
B APHANTZOMENDN 2227.4 6.86
7 CHRYSOCOCCUS 1310 4,03
2] ASTERIONELLA 1094, 3.37
-9 CHROOMONAS acuta 204 .82
10 UNKNQWN 181 .95
RANK GPECIES BY CELLS cells/ml %
! CYANQBACTERTA + 11200 97.9
2 ANABAENA Flos aguae - 183 1.39
3 UNKNOWN spherigcal cells. 42.8 .39
4 CHROOMONAS acuta : 20 .17
5 CHYRYSOCOCCUS 20 A7
8 ANACYSTIS : 16 .13
7 DACTYLOCOCCOPSIS 1.2 .01
2] ASTERTONELLA ' .8 0
9 UNKNQWN ciliate .3 0
10 UNKNQWN ' 2 0
RANK GROUPS BY VUOLUME cu.micr/ml %
1 CYANQPHYTE: _ 234869.9 72.36
g CHLOROPHYTE 3638.52 éiégl !

INTDENTIETED 2716.32
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WOND LAKE ALGAL UOLUMES 12/7/20 0,5M

NAME

ASTERIONELLA

CYNEDRA

ANABAENA Flos aquae
APHANTZOMENDN

ANACYSTIS ) -
UNKNDWN sp. Rivylariaceae
CYANQBACTERIA
SPHAERQCYSTIS
STAURASTRUM

CYROOMONAS acuta
CERATIUM hirundinella
RAPHIDINRSIS

UNKNOWN spherical cells

- 86 -

GROUP

DIATOM 512
DIATOM . §12
CYANQPHYTE
CYANDPHYTE
CYANQRHYTE
CYANQPHYTE
CYANQPHYTE
CHLOROPHYTE
CHLORDPHYTE
CRYPTOPHYTE
PYRRHOPHYTE
UNIDENTIFIED

¥
E#

. UNIDENTIFIED SIZE#

UNKNOQWN ciliate UNIDENTIFIED SIZE#
TOTALS
RANK SPECIES BY VOLUME cu.micr/ml
1 ANABRAENA Flos aquae 8122000
2 ANACYSTIS 4830 .
3 CYANORACTERIA 44720
4 APHANIZOMENON ' 3500.2
5 UNKNDWN  gspherical cells 2680
] ASTERINNELLA o 1927.2
7 STAJRASTRUM | 980
8 CHROOMONAS acuta 408
9 CERATIUM hiruyndinella 324
10 SYNEDRA 178.5
RANK SPECIES BY CELLS ‘cells/ml
1 ANABAENA fFlos aauae 124000
? CYANOBACTERIA 8500
2 UNKNQWN spherical cells 80
a CHROOMONAS acuta 40
b ANACYSTIS : 23
8 ASTERIONELLA 2.2
7 SYNEDRA 1.4
8 RAPHIDIOPSIS 1.2
9 UNKNOWN ciliate .4
10 APUANTZOMENON .22
RANK GROUPS BY VQOLUME cu.micr/ml
1 CYANQPHYTE . 8134885.96
2 UNIDENTIFIED 2814.2
3 NDIATOM: 2105,
4 CHL_OROPHYTE T 1008
) CRYPTOPHYTE 408
B 3?4

PYRRHOPHYTE

[y

N

CELLS VOLUME
/ml cu.micr/ml
2.2 - 1927.2
1.4 178.5
124000 8122000
22 3500.2
23 4830
.08 "~ 135.76
8500 4420
o1 A5
.04 960
40 408
.04 324
1.2 27
80 2680
.4 : 107.2
132649 8141543

%

99.75
.08
05
.08
.03
.02
.01
0
0
0
%
93.48
Sla
.06
N3
-01
0 N
0
0
0
0
%
99.91
.03
.02
01
0
0
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ALGAL YOLUMES 19/7/80 M

714

NAME - GPOUP
ASTERIONELLA - DIATOM SIZE#
CRAGILARIA crotonensis DIATOM
ANABAENA Flos aquae - CYANQOPHYTE
AP“ANIZDMCNDN . CYANOPHYTE

CYSTIS CYANQPHYTE
,DACTYLDCDCCOPSIS ‘ CYANQPHYTE
UNKNOWN sp, Rivulariaceae CYANQPHYTE

- CYANOBACTERIA . CYANQPHYYE
STAURASTRUM .CHLOROPHYTE
CUNKNQWN sp, Biflagellate CHLORQPHYTE SGIZE#
CHROOMONAS acuta © CRYPTOPHYTE "
UNKNOWN spherical cells - UNIDENTIFIED SIZE#
LNKNOWN  spherical cells UNIDENTIFIED SIZE#
UNKNOWN ciliate UNIDENTIFIED SIZE#
TUNMNOWN. ciliate UNIDENTIFIED SIZE#

TOTALS
RANK GPECTIES BY YNLUME cu.m1cr/m1
1 ANABAENA flos aquae. - 4676700
2 - APHANTZOMENQON 33092.8
3 CYANOQBACTERTIA 5200
4 STAURASTRUM o ; S0 4800
S . UNKNQWN spherical cells - 2470
6 ASTERTIONELLA. - 1927.2
-7 CHROOMONAS acuta - 714
8 ANACYSTIS €30
Q - DACTYLDCDCCODﬂls ] B 612
10 UNKNOWN sep. quularxaceae,; 339.4
QANK SPECIES BY "ELLS . cells/ml-
1 ANABAENA F‘os asnae - 71400
2 LCYANOBACTERI ~ 10000
2 - CHROOMONAS acuta ' 70

a4 UNKNQWN - gspherical cells- 50

© 9 - DACTYLOCOCCOPSIS 10,2
5§ . ANACYSTIS : 2 -

-7 - ASTERIONELLA 2.2
8 | APHANIZOMENON . 2.08
Q FRAGILARIA crotonensis B
10 HNVMDNN ciliate. « 32
, pANF FQDUPS oy UG'UHF cu.micr/ml
1 PYANDP“YTE 4716574,2
3 CHLORNPHYTE 4g848,24
2 UNTIDENTIFIED 2673.6
i' . DIATOM . 2132
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ANDD LAKE ALGAL UOLUMES 12/7/20 SM

NAME : GROIIP
ASTERIONEL ! A .DIATOM SIZE# 1
CRAGILARIA DIATOM
FRAGILARIA crotonensis DIATOM
AgﬁBﬁ%NAMFaoa asuae C¥2ﬂﬂgg¥TE :
BACQYLBEOECBPSIS EYAN PHY?E‘
UNKNOWN sp, Rivulariaceae CYANQPHYTE
UNKNDWN sp, filamentous CYANQPHYTE SIZE# 1
CYANOBACTERIA CYANOPHYTE
STAURASTRLIM CHLOROPHYTE
CHROOMONAS acuta . CRYPTOPHYTE

TUNKNOWN

i~ 00 ~JN LA PLWIN -

=DM~ BN

0

N LI

UNKNOWN spherical cells UNIDENTIFIED STZE# 2
UNKNOWN- spherical cells . UNIDENTIFIED SIZE# 4
-UNIDENTIFIED
TOTALS
RANK SPECIES BY VOLUME cu.micr/ml
ANABAENA flos aauae 851500
CYANOBACTERIA 20800
STAURASTRUM 5760
UNKNOWN sp. Rivulariaceae 4751.6
UNKNCWN spherical cells 4234 .4
APHANTZOMENON . 3500.2
FRAGILARIA 2641.8
UNKNOWN sp, Filamentous 2638.7
CHROOMDNAS acuta 1428
ASTERIONELLA 1051.2
RANK SPECIES BY CELLS cells/ml}
CYANOBACTERIA 40000
ANABAENA Flos aauae 13000
CHROOMONAS acuta 140
UNKMDWN  spherical cells 120.8
FRAGILARIA . 3.7
UNKNOWN sep. Rivylariaceae 2.8
DACTYLOCOCCOPSIS 2.4
“ASTERINNELLA 1.2
STAURASTRLIM .24
APUANIZOMENON .22
RANK GROUPS BY VOLUME cu.micr/ml
CYANOPHYTE © 883335.5
CHLOROPHYTE - 5760
UNIDENTIFIED - 4270.6
DIATOM 3727.3
CRYPTOPHYTE 1428

. CELLS

‘~
3
[

N

.o 8 peatws e IR ke T[N
OO-bgHQMO ~
S

QMM EBNONe ¢ NI

e

53272

[
o

" VOLUME
cu.micr/ml

. 1051.2

2641.
34.3
85150

112°-

4751.
2639,
20800
5760
1428
4020
-214.4
36.2

898521
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WORD LAKE ALGAL UOLUMES 12/7/20 10M

NAME

RANK SPECIES BY VOLUME

ANARAENA flos asvae
CYANDBACTERIA

CHROOMONAS acuta -

© APHYANIZOMENDN

00CYSTIS

- ANACYSTIS

- 89 -

>}

spherical cel’s

GROILP
ASTERIONELLA - DIATOM SI
SYNEDRA DIATOM. . S1
—ANABAENA flos aquae CYANOPHYTE
APHANTZOMENQON CYANQPHYTE -
ANACYSTIS -CYANQPHYTE
DACTYLOCOCCOPSIS CYANQPHYTE
: CYANDBACTERIA : CYANQPYYTE
“- DOCYSTIS : : CHLOROPHYTE §1Z
- UNKNOWN sp. Biflagellate ~ CHLOROQOPHYTE SI1Z
CHROOMONAS acuta . CRYPTOPHYTE
UNKNQWN spherical cells UNIDENTIFIED SIZ
" UNKNDWN spherical cells UNIDENTIFIED SIZ
UNKNOWN spherical cells UNIDENTIFIED SIZ
UNKNOWN spherical cells UNIDENTIFIED SIZ
LUNKNOWN C UNIDENTIFIED
TOTALS

d.micr/ml

34387.5
11960

2940.456

21390
1836

 ; 795.5

UNKNOWN sp. BiPlasellafe

UNKNOWN

RANK SP=CI=9 8Y CELLS
CYANOBACTERIA

ANABAENA flos asuae

‘CHROOMONAS acuta

IINKNOWN  cspherical cells
ASTERIONELLA
DACTYLOCOCCORSIS

HNKNOWN gp .,
ANACYSTIS

00CYSTIS
SYNEDRA

RANK GROUPS BY UNLUME

 CYANQPHYTE

CONIDENTIFIED:
DIATOM -

" CRYPTOPHUYTE
CHLOROPUYTE

Biflagellate

278
168
73.6

“72.4

_ cells/ml

c

u.miéf/ml

47383
'3012.856
2202.75
1836
351.6

UITHWN N
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86,48 -
5.49
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.64
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WOOD LAKE ALGAL WOLUMES 22/7/20 0,SM

NAME GROUIP CELLS VOLUME
: /ml cu.micr/ml
ASTERIONELLA DIATOM SIZE# 1 o2 175.2
CRAGILARIA crotonens*s DIATOM .1 34.3
SYNEDRA DIATOM SIZE# 1 .4 51
ANABAENA floc aquae : CYANOPHYTE - - 8900 582950
APUANI7DMENDN CYANOPHYTE .41 €523.1
ANACYSTIS ' . CYANOPHYTE .8 168
UNKNOWN gp. Filamentous CYANOPHYTE SIZE# 2 .33 14602.5
CYANORACTERIA CYANQPHYTE 8000 3120
00CYSTIS S CHLOROPHYTE SIZE# 1 11 15290
CHROOMONAS acuta . CRYPTOPHYTE 240 2448
UNKNOWN  spherical cells UNIDENTIFIED SIZE# 2 120 4020
UNKNOWN spherical cells UNIDENTIFIED SIZE# 3 20 2260
UNKNOWN spherical cells . UNIDENTIFIED SIZE# 4 2 536
UNKNOWN ciliate .. UNIDENTIFIED SIZE# ! .8 214.4
TOQTALS : 15296 632393
RANK SPECIES BY UQLUME cu.micr/ml %
1 ANABAENA flos aauae : 582850 92.18
2 QOCYSTIS : ' 15290 2.481
3 UNKNOWN sp, filamentous 14602.5 2.3
4 UNKNOWN  spherical cells - 6816 1.07
] APHANIZOMENON 6523.1 1.03
5  CYANDOBACTERIA 3120 , .49
7 CHROOMONAS acuta : 2448 .38
g UNKNOWN ciliate 214.4 .03
a ASTERIONELLA : 175.2 .02
107  ANACYSTIS ' 168 02
RANK GPECTES BY CELLS calls/ml %
1 ANABAENA floc aquae 8900 58.18
? CYANOBACTERIA 6000 39.22
2 CHRNOMONAS acuta 240 1.56
4  UNKNOWN spherical cells 142 .92
S POCYSTIS 11 07
) UNKNOWN ciliate .8 0
7 ANACYSTIS .8 0
2] APHANTZOMENQON .41 0
9 SYNEDRA .4 0
10 UNKNDWN sp, filamentous ‘ .23 0
RANK GROUPS BY UQLUME cu.micr/ml - %
1 CYANDPHYTE 607363.6 96.04
2 CHLOROPHYTE 15290 2.41
3 UNTDENTIFIED : 7030.4 1.11
4 CRYPTOPHYTE - 2448 : .38
5 DIATOM 260.5 .02
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 NAME

ASTERIONELLA
ASTCQIDNELLA

SYNEDRA

ANABAENA flos aauae
APHANIZOMENON
CYANDBACTERIA .
DOCYSTIS

. INKNOWN sp. Biflasellate

CHROOMONAS acuta

CERATIUM
UNKNDWN
LINK NOWN
UNKNOWN
UNK NOWN
UNKNOWN

hirundinella

srherical cells'
spherical cells
‘spherical cells

ciliate

ciliate

(000 JM B LA =

LINKNOWN

(BT G

0

T YR IN T

'RANK SPECIES BY VOLUME

GRAUP
DIATOM - SIZE
DIATOM . S512¢
DIATOM SIZE
CYANDPHYTE
CYANOQPHYTE
CYANOPHYTE
CHLOROPHYTE SIZE#
CHLOROPHYTE SIZE#
CRYPTOPHYTE
PYRRHOPHYTE
UNIDENTIFIED SIZE#
UNIDENTIFIED SIZE#
.. UNIDENTIFIED SIZE#
- UNIDENTIFIED
UNIDENTIFIED SIZE#
UNIDENTIFIED SIZE#

TOTALS

cu.micr/ml

ANABAENA flaos aquae 366800
CYANOBACTERIA 13520
UNKNOWN spherxcal cells‘ - 4940
APHANTZOMENON - 2386.5
ASTERIONELLA 2319.6
CHROOMONAS acuta - 2142
_ DOCYSTIS 1668
UNKNOWN sp, Biflasellate 920
CERATIUM hirundinella . 648
UNKNDHN 'ciliate : 357.2
RANK SPECIES 8Y CELLS cells/ml
. CYANOBACTERIA 26000
~ ANABAENA flos aquae 3600
- CHROOMONAS acuta " 210
UNKNOWN  spherical cells' N - 1]
UUNKNOWN sp. Biflaaellate 10
SYNEDRA ’ 2.2
ASTERIONELLA 1.3
00CYSTIS 1.2
UNKNQOWR ~iliate .6
APHANT ZOMENON .15
QANK GRDUPS BY UDLUHE cu.micr/ml
CYANOPHYTE 382706.5
“NIDENTIFIED 5387.7
~ DIATOM. - - | 2600.1
" CHLOROPHYTE 2588
.~ CRYPTOPMYTE . 2142
. PYRRHOPHYTE 648

WL
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N RN
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ume « N

CELLS

NtaraNe LN +rae ~
Mr+Ms = = I
VO NOUOMNN —

T INES
N OO0

131891

%

D NS
B=m

l54 ’
.42
.23
.1
.09 .

%

I~ rs
C A
"N

A .

s s (D
N

03

QOO0

YOLUME
cu.micr/ml

107.2
230

; 286072
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WOD LAKE ALGAL YOLUMES E/£/20 .S

NAME

FRAGILARIA ’
ANABAENA flos asquae
APHANTZOMENON
ANACYSTIS
DACTYLOCOCCOPSIS
CYANDSACTERIA

EUDORINA

UNKNOWN sp. Biflagellate
CHRYSOCOCCUS

UNKNOWN se. ?DINDERYON
CHROOMONAS acuta -
RPAPHIDIOPSIS

UNKNOWN spherical cells
UNKNOWN spherical cells
UNKNOWN
UNKNOQWN ciliate

RANK SPECIES BY VOLUME
ANABAENA flos aauae

spherical cells

GROLP

DIATOM
CYANOPHYTE
CYANOPUMYTE
CYANQPHYTE
FYANBPHYTE
CYANOPHYTE -
CHLOROPHYTE -
CHLOROPHYTE SIZE
CHRYSOPHYTE ~ SIZE
CHRYSOPHYTE
CRYPTOPHYTE
UNIDENTIFIED
UNIDENTIFIED SI
UNIDENTIFIED SI
UNIDENTIFIED SI
UNIDENTIFIED SI

TATALS

cu.mier/ml
28820

1

2 APHANIZOMENON . 24342.3

3 UNKNOWN sp., ?DINOBRYON 9170 -

4 CYANOBACTERTA ) 6240

S UNKNQUWN sp, Biflagellate 6164

6 CHROOMONAS acuta: 5304

7  CHRYSOCOCCUS 26820

8 EUDORINA ' 2058.24

9 UNKNOWN spherical cells 849.312

10 FRAGILARIA : 571.2
RANK SPECTES BY CELLS cells/ml}

3 CYANOBACTERTA 12000

2 CHROOMONAS acuta 520

2 ANABAENA Flos aquae - 440

4 UNKNOWN sp. ?DINOBRYON 140

5  UUNKNOWN sp, Biflagellate 687

8 CHRYSOCOCCUS . . 40

7 UNKNOWN  spherical cells 20.44

g8 RAPHIDIOPSIS 10

9 DACTYLOCOCCOPSIS 7

10 APHANT ZOMENDN 1.53

RANK GROUPS BY VOLUME -

CYANOPHYTE

CHRYSOPHYTE

CHLOROPHYTE

CRYPTQOPHYTE

UNTDENTIFIED
- DIATOM

MmN PLIMI- -

cu.mier/ml
60032.3
11790

i |
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cu.micr/ml

571.2
28820
24342.3
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NOND LAKE ALGAL YALUMES £/2/20 SM

' RANK SPECIES 3Y UOLUME

Ov,

MUl BLIN+

CYANDBACTERIA
CHROOMONAS acuta
ANABAENA flos aauae
APHANTZOMENON

UNKNOWN spherical cells

*DACTYLOCOCCOPSIS -
HNKNOWN sp. Rivulariaceae

UNKNOQWN sp, ?DINDBRYDN

"CHRYSOCOCCUS
. RAPHIDIOPSIS

RANK SPECIES BY CELLS

' CYANOBACTERIA
“CHROOMONAS acuta

ANABAENA flos aauae
UNKNOQWN spherical cells
RAPHIDIOPSIS
DACTYLOCOCCOPSIS

UNKNOWN sp. ?DINQBRYON
CHRYSOCOCCUS a
ACHNANTHES

UNKNOWN sp. Biflasellate

RANK GROUPS 8Y VOLUME

CYANOPHYTE
~ CRYPTOPHYTE
“. UNIDENYIFIED
“"CHRYSOPHYTE .
CHLORQPHYTE
- -DIATOM

_NAME : . GROUP
ACHNANTHES DIATOM
. ANABAENA flos aquae CYANOPHYTE
APHANTZOMENON CYANQPHYTE
DACTYLOCOCCOPSIS _ CYANQPHYTE
UNKNOWN sp. Rivulariaceae CYANDPHYTE.
CYANOBACTERIA CYANOPHYTE
00CYSTIS ' CHLOROPHYTE SI
UNKNOWN sp. Biflasellate .. CHLOROPHYTE SI
CHRYSOCOCCUS ! . CHRYSQPHYTE G
UNKNQUWN. sp. ?DINOBRYON CHRYSOPHYTE
CHROOMONAS acuta CRYPTOPHYTE
RAPHIDIQOPSIS UNIDENTIFIED
CUNKNOWN  spherical cells UNIDENTIFIED -SI
UNKNOQWN spherical cells UNIDENTIFIED SI
LUNKNOWN . spherical cells UNIDENTIFIED SI
TOTALS

cu.micr/ml

cellé/ml

: 64000

cu,micr/ml

45236.4
B874 -
3685.76
2620

740
327.6

= ANINNN & DU

65149

™~

. b
AT

Qe J(0DWNm. .
T DWW NID = D s

VaLUME
cu.micr/ml

327.6
5436.5



- 94 -

400D LAKE ALGAL UOLUMES 2/8/20 .SM

NAME GROUIP CELLS - . VOLUME
/m} cu.mipr/ml
- SYNEDRA DIATOM SIZE# 1 1.4 178.9
SYNEDRA : DIATOM SIZE# 2 2 173.2
CYCLOTELLA se. - DIATOM SIZE# 2 .04 754.28
ANABAENA Flas asuae CYANOQPHYTE 87 4388.9
APHANIZOMENON CYANQPHYTE : 1.21 18251.1
ANACYSTIS CYANQPHYTE .68 142.8
DACTYLOCOCCOPSIS - . CYANDPHYTE 258 - 15480
LYNGBYA . ) CYANDPHYTE 1.15 14950
UNKNOWN sp., filamentous CYANOPHYTE = SIZE# 1 .03 377.1
CYANOBACTERIA CYANOPHYTE 48000 24980
EUDORINA ’ CHLOROPHYTE : . .28 4116.48
00CYSTIS - CHLOROPHYTE GIZE# 1 .8 1112
STAURASTRUM o CHLOROPHYTE .04 960
UNKNOWN sp, Biflagellate CHLOROPHYTE SIZE# 2 23 2116
UNKNOWN sp. Biflasellate CHLOROPHYTE SIZE# 4 .32 320.64
MALLOMONAS coronata CHRYSOPHYTE . 12 82.76
CHROOMONAS acuta CRYPTOPHYTE 480 4896
KIRSCHNERIELLA UNIDENTIFIED : 10 176.8
RAPHIDIOPSIS ' UNIDENTIFIED . 11 247.5
UNKNOWN  spherical cells UNIDENTIFIED SIZ2E# 2 80 2680
UNKNOWN . spherical cells UNIDENTIFIED SIZE# 4 1 268
UNKNOWN spherical cells UNIDENTIFIED SIZE# S 1 523.8
TOTALS 48937 98135
RANK SPECIES BY VOLUME cu.micr/ml %
-1 CYANOBACTERIA 24960 25.43
2 APHANIZOMENDON . -19251.1. 19.61
3 DACTYLOCOCCO®SIS : . 15480 15.77
4 LYNGBYA 14950 15.23
S5 CHROOMONAS acuta : 4896 4,98
. E ANABAENA flos aauae 4388.5 4.47
7 CUDORINA . 4116.48 4,18 .
8  UNKNDWN spherical cells 3471.8 3.53
9 UNKNQWN sp. Biflagellate . 2436.64 2.48
10 pOCYSTIS 1112 1.13
RANK SPECIES B8Y CELLS cells/ml %
1 CYANOBACTERTA , 48000 . 98.08:
2 CHROOMONAS acuta 480 - .98
3 DACTYLOCOCCOPSIS - 258 ) .52
4 UNKNQOWN spherical cells 82 - W16
9  ANABAENA flos aduae 67 .13
5] UNKNOWN sp, Biflagellate 23.232 .04
7 RAPHIDIOPSIS ‘ 11 ’ - .02
g KTRSCUNERIELLA . 10 .02,
9 SYNEDRA 1.6 0
10 APHANTI ZOMENON 1.21 0
RANK GROUPS BY VOLUME cu.micr/ml - A

1  CYANDPHYTE o 79549.5 ' 81.06
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8625.12.
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-3896.1 -
1105.98
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: NAME

ASTERIONELLA -

CYMBELLA spP

FRAGILARIA

NAVICULA

SYNEDRA

ANABAENA flos asuae
APHANIZOMENON

ANACYSTIS :
P@CEYLDCOCCOPSIS

UNKNOWN sp. Filamentous
CYANDBACTERTIA

EUDORINA

00CYSTIS

STAURASTRUM

UNKNOWN sp. Biflagellate
UNKNQOWN sp, Biflagellate
UNKNOWN sp. Biflagellate
CHRYSOCOCCUS.

MALLOMONAS coronata
CHROOMONAS acuta

YIRSCHNERTELLA ]

RAPHIDICPSIS

UNKNOWN spherical cells

LUNKNOQUWN  spherical cells.

UNKNOWN spherical cells
ciliate o

UNKNOWN

RANK SOECIES BY VOLUME

CYANOPHYTE

CYANOPHYTE
-CYANOPHYTE

CYANOPHYTE
CYANOQPHYTE
CYANDPHYTE
CYANOQPHYTE
CHLOROPHYTE

CHLOROPHYTE .
CHLOROPHYTE -

CHLOROPHYTE
CHLOROQPHYTE

- CHLOROPHYTE
CHRYSOPHYTE -

CHRYSOPHYTE
CRYBTOPHYTE

UNIDENTIFIED.
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED

TOTALS

- SIZE#

S1ZE#

cu.micr/ml

! APHANTZOMENON 58867
2 DACTYLOCOCCOPSIS 13800
3 CYANNBACTERIA 12480
4 _YNGBYA 11960
3  ANABAENA flos asuae 3273
-] STAURASTRUM 2880
7 NAVICULA 2556.4
8 FRAGILARIA 2070.
] UNKNOWN spherical cells 1859
i0 CHROOMONAS acuta 1836
RANK SPECIES BY CELLS cells/ml

1 CYANOBACTERIA 24000
2 DACTYLOCOCCOPSIS 230

3 CHROOMONAS acuta 180

.4  ANABAENA Flos asquae - ' 50

5 UNKNOWN  spherical cells 32

6 K IRSCHNERIELLA . 20 -
7 CHRYSNCOCCUS -8

g APHAN I ZOMENON 3.7

9 UNKNOWN sp, B8iflagsellate 3.56
10 FRAGTLARIA _ 2.9
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RANK GROUPS BY VOLUME

CYANOPHYTE
DIATOM
CHLOROPHYTE
"UNIDENTIFIED
CRYPTOPHYTE
CHRYSOPHYTE

- 97 -

cu.micr/ml

£ 100990.7

1830.76

—
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NAMC

ACHNANTHES -
ASTERIONELLA

COCCONEIS

CYCLOTELLA se. .
ANABAENA fFlos aquae
APHANTZOMENDON

ANACYSTIS
DACTYLOCOCCOPSIS

LYNGEYA ) '
UNKNQWN sp, filamentous
CYANOBACTERIA
ACTINASTRUM
ECUINDSPHAEQVLLA

CUDORIN

STAURASTR”M _
UNKNOWN sp, Biflagellate
UNKNOQUWN sp. Biflagellate
UNKNOWN sp, Biflaaellate
HNKNDWN sp, Biflagellate
UNKNOUWN . SP 4 Flagellae
UNKNOWN

CHRYSUCDCCUS

MALL.OMONAS coronata
MALLOMONAS sp,
MALLOMONAS sp.,
MAL!LOMONAS sp.
MALLOMONAS sp.

UNKNOWN sp. °DINDBRYDN
CHROOMONAS acuta
K'RSCHNERIELLA
RAPHIDIOPSIS
UNKNOWN spherical
UNKNOWN spherical
UNKNOWN spherical
UNKNOWN
LUINKNOWN
UNKNOWN

anoo
nmo
St pet poet
P Pt Bt
wLnon

ciliate
ciliate.

RANK SPECIES BY VOLUME

GROUP

TOM -
TOM . SIZE#

A

A

ATOM

ATOM SIZE#
ANOPHYTE
ANQPHYTE
CYANOPHYTE .
CYANOPHYTE
CYANQPHYTE -
CYANOQPHYTE
CYANDPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE .
CHLOROPHYTE
CHLOROPHYTE
CHLORQOPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLORDOPHYTE
CHLOROPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CRYPTQPHYTE
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED
UNIDENTIFIED
UNIDENYIFIED
UNIDENTIFIED
UNIDENTIFIED

TOTALS

DI
DI
DI
DI
cYy
cYy

SIZE#

mmmimim
I IEIE N

m m
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Pt bt et Pt
mm
*=N

muuIm 0 o
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m
x

o o,
L b N |
NN NNN
mm mmm
%I W}k

— -

cu.micr/ml

1 _YNGBYA 1261000
2 UNKNOWN sp, ?DINOBRYON 28820

3 UNKNOWN sp, Biflagellate 16634.94
4 DACTYLOCOCCOPSIS 12600

S .CYANOBACTERIA 8320

B ANACYSTIS 7980

7 STAURASTRUM 7680

8 ANABAENA flos aquae 6550

9 UNKNOWN  ciliate 3771.44
10 EUDORINA v 3430.24

RANK SPECIES BY CELLS

cells/ml
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VOLUME
micr/ml
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CYANOBACTERIA - -

© UNKNOWN se. ?DINOBRYON.

CHROOMONAS. acuta .
DACTYLOCOCCOPEIS ;.
ANABAENA flos asuae
LYNGBYA : :
UNKNOWN spherical cells
ANACYSTIS o
UNKNOWN sp, Biflagellate
KIRSCHNERIELLA .

 RANK GROUPS BY UOLUME

CYANOPHYTE
CHRYSOPHYTE
CHLOROPHYTE :
UNIDENTIFIED - -
CRYPTOPHYTE -
DIATOM
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cu.micr/ml

. 1299749.8
. 29780.068

- 2518.72
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NAME GROLP YOLUME

CELLS
_ /ml cu.micr/ml
ASTERIONELLA - DIATOM SIZE# 1 .5 438 -
SYNEDRA . : ~ DIATOM . SIZE# 2 3.4 2944.4
ANABAENA flos asuae CYANOPHYTE - - 530 34715
APHANIZOMENON . - CYANQPHYTE ~ . w98 8909.6
ANACYSTIS S CYANOPHYTE .~ . 18.7 3927
. DACTYLOCOCCOPSIS S CYANOPHYTE - 53 3180
LYNGBYA o CYANOPHYTE - - 59 - 787000
UNKNOWN sp. Rivulariaceae CYANOPHYTE .08 135.76
UNKNOWN sp, Filamentous CYANOPHYTE  SIZE# 1 W11 1382.7
UNKNOWN sp. Filamentous. ~ CYANOPHYTE  SIZE# 2 .02 883
UNKNOWN sp. fFilamentous CYANOPHYTE  SIZE# 3 o1 7365
CYANOBACTERIA CYANOPHYTE ) 3300 3068
ACTINASTRUM CHLOROPHYTE - 1.6 54
EUDORINA CHLOROPHYTE - 2.64 45281.28
00CYSTIS : - CHLORQOPHYTE SIZE# 1 .24 333.8
STAURASTRUM CHLOROPHYTE 248 5760
UNKNOWN sp. Biflagellate CHLOROPHYTE SIZE# 1 3.4 153
© UNKNOWN sp. Biflagellate CHLOROPHYTE - SIZE# 2 4.2 386.4
UNKNOWN sp. Biflasellate CHLOROPHYTE SIZE# 3 .1 60.3
UNKNOWN sp. Biflasellate CHLOROPHYTE SIZE# 3 1.2 1202.4
MALLOMONAS coronata CHRYSOPHYTE 1.24 648.52
MALLOMONAS se. - CHRYSOPHYTE SIZE# 1 .24 21.744
MALLOMONAS se. CHRYSOPHYTE SIZE# 2 .12 50.16
MALLOMONAS sp. CHRYSOPHYTE GIZE# 4 .08 464
UNKNOWN se. 7D7NDBRYDN CHRYSOPHYTE . 580 37980
CHROOMONAS acuta CRYPTOPHYTE 600 6120
KIRSCHNERIELLA UNIDENTIFIED 40 707.2
RAPHIDIOPSIS UNIDENTIFIED 19 427.5
UNKNOWN = spherical cells UNIDENTIFIED SIZE# 1 - 80 1131.2
UNKNOWN spherical cells UNIDENTIFIED SIZE# 2 50 1675
UNKNOWN spherical cells. UNIDENTIFIED SIZE# 3 20 2260
UNKNOWN spherical cells UNIDENTIFIED SIZE# 4 1 268
UNKNDWN ciliate o UNIDENTIFIED SIZE# 1 .04 10.72
CUNKNOWN ciliate UNIDENTIFIED SIZE# 2 7 8750
TOTALS 7978 8947705
RANK SPECIES BY VOLUME tu.mier/ml %
1 LYNGBYA . 767000 80.93
2 EUDORINA _ ' 45281.28 4,77
3 UNKNOWN sp, ?DINOBRYON 37990 4
4  ANABAENA flos asuae , . 34715 3.66
) UNKNOWN se, Filamentous 8632.7 1.01
o] APHANIZOMENON 8909.6 .34
7 UNKNOWN ciliate 8760.72 .92
2] CHROOMONAS acuta 6120 .64
9 STAURASTRLM 5760 .6
i UNKNOWN spherxcal cells 5334.2 .56
RANK SPECIES BY CELLS cells/ml ko
1 CYANOBACTERIA 5900 73.95
2 CHROOMONAS acuta 600 92
3 UNKNDWN sp. PDINOBRYON 580 7 27
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4 . ANABAENA flos aauae 530
S UNKNOWN spherical cells 151
6 . LYNGBYA N : %9
7 DACTYLOCOCCOPSIS 53
8 KIPSCHNERIELLA 40
9 RAPHIDIOPSIS ' 19
10 ANACYSTIS 18.7

RANK GROUPS BY VOLUME cu.micr/ml
1 CYANDPHYTE - 830568.06
2 CHLOROPHYTE 93230.98
3 CHRYSOPHYTE . 39174.424
4 UNIDENTIFIED 15229.62
g CRYPTOPHYTE . : 6120

DIATOM 3382.4
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NAME GROUIP CELLS VOLUME
S Iml cu.micr/ml
ACHNANTHES DIATOM 5 . 163.8"
ASTERIONEL LA DIATOM STIZE# 1 .9 438
g3eg5k2RIA DIATOM - o7 499.8
E ' DIATOM -SIZE# .1 12.75
SYNEDRA DIATOM SIZE# 2 .1 6.6
CYCLOTELLA sp. - DIATOM SIZE# 3 . .12 4971.36
ANABAENA flos aauae CYANOPHYTE : 30 1965 -
APHANIZOMENDN - CYANOPHYTE .61 9705.1
ANACYSTIS ' CYANQOPHYTE 26.2 5502
DACTYLOCOCCOPSIS . - CYANOPHYTE 70 4200
LYNGBYA - CYANQPHYTE - 89 1157000
DNKNOWN sp. fFilamentous CYANOPHYTE SIZER 1 .17 21386.
UNKNDWN sp., Ffilamentous CYANOPHYTE SI1ZE# 2 .94 41595
UNKNOWN sp. filamentous CYANOPHYTE SIZE# 3 .23 16939.5
CYANOBACTERIA CYANOPHYTE 120000 62400
ACTINASTRUM CHLOROPHYTE 2.4 81
EUDORINA CHLOROPHYTE 7 120064
00CYSTIS CHLOROPHYTE S1IZE# 1 .12 166.8
SPHAEROCYSTIS CHLOROPHYTE .04 i8
STALURASTRUM CHLOROPHYTE » .08 960
UNKNQWN sp. Biflagellate CHLOROPHYTE SIZE# 1 4,2 189
UNKNOWN sp. Siflasellate CHLOROPHYTE SIZE# 2 460
UNKNOWN sp. Biflasellate CHLOROPHYTE SI1Z2c# 4 1.8 -1803.6
UNKNQWN sp. CHLOROPHYTE .04 6.08
UNKNOWN sp, CHLOROPHYTE .04 113.12
. MALLOMONAS coronata CHRYSOPHYTE .88 460,24
MALLOMONAS se. LHRYSOPHYTE SIZE# i .48 43,488
MALLOMONAS sP. CHRYSOPHYTE SIZE# 2 .04 16.72
MALLOMONAS sp.- CHRYSOPHYTE SIZE# 3 .44 S068
- MALL OMONAS sp. CHRYSOPHYTE SIZE# 4 .04 232
SYNURA _ CHRYSOPHYTE o2 184
UNKNOWN sp. ?DINOBRYON CHRYSOPHYTE 196 12838
C4YROOMONAS acuta CRYPTOPHYTE 970 89894
KIRSCHNERTIELLA UNIDENTIFTIED 20 353.6
RAPUIDIOPSIS UNIDENTIFIED 15 337.5
UNKNOWN spherical cells UNIDENTIFIED SIZE# | 120 1696.8
UNKNQWN spherical cells UNIDENTIFIED SIZE# 2 220 7370
UNKNOWN  spherical cells UNIDENTIFIED SIZE# 5 i 523.8
UNKNQWN o UNIDENTIFIED S .04 36.2
UNKNOWN ciliate UNIDENTIFIED SIZE# 2 12 15000
TOTALS 121800 1480970
RANK SPECTIES 8Y VUOLUME cu.micr/ml %
i LYNGBYA 1157000 78.12
2 CUDORINA 120064 8.1
3 CYANOBACTERIA . 82400 4,21
4 UNKNOWN sp, Filamentous 60671.4 4,08
5 UNKNOWN ciliate 15000 1.01
6 UNKNOWN sp. ?DINOBRYON 12838 .B6
7 CHROOMONAS acuta 9894 .66
g APHANTIZOMENON - 9705.1 .B5
? UNKNOWN spherical cells 9590.6 .64

0  ANACYSTIS 3502 . .37
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RANK SPECIES 8Y CELLE
CYANOBACTERIA '

‘CHRDOMONAS acuta -

UNKNQWN  spherical cells

~UNKNOWN sP. "DINDBRYON

LYNGBYA
DACTYLOCOCCOPSIC
ANABAENA flos asuae
ANACYSTIS
KIRSCHNERIELLA
RAPHIDIOPSIS

RANK GROUPS BY .VOLUME

CYANOQPHYTE
CHLOROPHYTE
UNTDENTIFIED
- CHRYSOPHYTE
CRYPTOPHYTE
DIATOM

103 -

cells/ml

1120000
970
341
196

cu.micr/ml
1301443.5 .

123861.6
23317.9

14280.448

‘9894
6172.31
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.M
NAME QROUL
ASTERTONELLA DIATOM SIZE# ¢
FRAGILARIA DIATOM
SYNEDRA DIATOM SIZE# 2
CYCLOTELLA sp. DIATOM SIZE# 3
ANABAENAQ Flos aquae CYANQPHYTE ’
APHANTZOMENDN CYANOPHYTE .
ANACYSTIS CYANQPHYTE
DACTY _OCOCCOPSIS CYANOPHYTE
LYNGBYA CYANQPHYTE
CYANDBALCTERIA CYANQPHYTE
ACTINASTRUM CHLOROPHYTE
EUDARINA CHLORQOPHYTE
00CYSTIS CHLOROPHYYE SIZE# |
SPHAEROCYSTIS CHLOROPHYTE .
STAURASTRUM : CHLORQOPHYTE
UNKNDWN sp. Biflaaellate CHLOROPHYTE SIZ2E# !
UNKNOWN sp. Biflagellate CHLOROPHYTE SIZE# 2
UNKNOWN sp, Siflamellate CHLOROPHYTE SIZE# 4
UNKNOWN sp. 4 Flagellae CHLOROPHYTE SIZE# 1
UNKNOWN sp. 4 Flagellae CHLOROPHYTE GIZE# 2
CHRYSOCOCCUS CHRYSOPHYTE SIZE# 2
DINOSRYDN sp. CHRYSOPHYTE.
MALL OMONAS coronata CHRYSOPHYTE
MALLOMONAS sp. CHRYSOPHYTE SIZE# 1
MALLOMONAS sp. CHRYSOPHYTE GIZE# 2
MALLOMONAS sp. CHRYSOPHYTE GIZE# 3
SYNCRYPTA CHRYSOPHYTE
" SYNURA CHRYSOPKYTE
UNKNOWN sp. ?DINDBRYON CHRYSOPHYTE
CHROOMONAS acuta CRYPTOPHYTE
KIRSCHNERIELLA UNIDENTIFIED
RAPHIDIOPSIS UNIDENTIFIED
UNKNOWN spherical cells UNIDENTIFIED SIZE# 2
UNKNOWN seherical cells UNIDENTIFIED SIZE# 3
UNKNQWN spherical cells UNIDENTIFIED SIZE# 4
UNKNOWN ciliate UNIDENTIFIED SIZE# 2
TOTALS
RANK SPECIES BY VOLUME cu.micr/ml
1 LYNGBYA 1066000
2 EUDORINA 87818.24
3 UNKNOWN ciliate 21300
4 UNKNOWN sp., 4 Flagellae 13464.28
5 DACTYLOCOCCOPSIS 12600
8 UNKNOWN  spherical cells 11099.6
7 UNKNOWN sp. Biflasellate 7461.6
8 UNKNOWN sp. ?DINOBRYON 7205
a CHROOMONAS acuta 6222
10 CYCLOTELLA sep. 4971.36
RANK GPECIES BY CELLS cells/m}
1 CYANOBACTERIA 8000

"CELLS
/ml
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‘CHROOMONAS acuta :
UNKNDWN .spherical cells

DACTYLQOCOCCOPSIS .
UNKNOWN sp, ?DINOBRYON
LYNGBYA

KIRSCHNERIELLA .
RAPHIDIDPSIS

UNKNQWN sp, Biflasellate
UNKNOWN sp. 4 Flagellae

RANK GROUPS BY VOLUME

CYANQPHYTE
CHLOROPHYTE
UNIDENTIFIED.
CHRYSOPHYTE
DIATOM v
CRYRTOPHYTE

cu.micr/ml

1087568.35
110024.87
34762.2

+11498.782
8247.96
6222
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86.42
B8.74
2.76
.91

.49
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ASTERIONELLA
ASTERIONELLA

FRAGILARTA

SYNEDRA

SYNEDRA

TABEL__ARIA sp.

CYCLOTELLA sp.

CYCLOTELLA sp.
APHANTZOMENON

ANACYSTIS
DACTYLOCOCCOPSIS

LYNGBYA

UNKNQWN sp, F1lamentuus
CYANDBACTERIA
ACTINASTRUM

CLOSTERIUM

CLOSTERIUM

EUDORINA

00CYSTIS

00CYSTIS .
UNKNOWN sp. Biflasellate
UNKNOWN sp. Biflagellate
UNYMAWN sp, Biflagellate
UNKNOQWN sp. 4 Flagellae
UNKNOWN sp. 4 Flaaellae
CHRYSOCOCCUS

DINQOBRYON sp.

MALLOMONAS coronata
MALLOMONAS sp.
MALLOMONAS sp.
MALLOMONAS sp.
MALLOMONAS sp.

SYNURA

HINKNDWN sp, "‘DT'\IDBRYUN
CUYROOMONAS acuta
KTRSFHNERIEL'A
RAPHIDIOPSIS

UNKNQWN gpherical cells
UNKNOQWN  spherical cells
UNKNOWN spherical cells
UNKNOWN spherical cells
UNKNOWN ciliate

UNKNOWN ciliate

RANK SPECTIES BY VOLUME

QA1 B LIN-

LYNGBYA
ELUNORINA
UNKNOWN sp,
UNKNOWN se,
CHRYSOCOCCUS
NDACTYLOCOCCOPSIS
ASTERIONELLA
NKNOWN

PDINDBRYON
4 Flagellae

ciliate
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CYANOPHYTE
CYANOPHYTE
CYANQPHYTE
CYANQPHYTE
CYANDPHYTE
CYANOQPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHLOROPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CHRYSOPHYTE
CRYPTOPHYTE

SIZE#

O @IO®mInIn o,
N N Y L T L
NNNNNNNN NN
mmmmmmmm mm
WX R

. UNIDENTIFIED

UNIDENTIFTED
ONIDENTIFIED SI
UNIDENTIFIED SI
UNIDENTIFIED g;
| 51
ONTDENTIFIED 61
TOTALS

cu.micr/ml

3289000
21954.56
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CYCLOTELLA se.

UNKNONN‘(spherical cells

' RANK SPECIES BY CELLS

CYANOBACTERIA
CHROOMONAS acuta
KIRSCHNERIELLA

HNKNQWN sp, ?DINOBRYON
LYNGBYA :
DACTYLOCOCCOPSIS

~{NKNQWN spherical cells’

CHRYSOCOCCUS
RAPHIDIOPSIS

UNKNQUWN sp, BiPlaéellaté

RANK GROUPS 8Y VOLUME

CYANOPHYTE
CHLOROPHYTE
CHRYSOPHYTE

- DIATOM
UNIDENTIFIED
. CRYPTOPHYTE

7584.36
585352

cells/ml
4680

cu.micr/ml

3312791.8
43597.3032
38890.511
25417.96
1 20272.14
5712
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