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INTRODUCTION _
| The Volunteer Citizens' Lake Monitoring Program, which began in
- 1988 as a pi]of study on Lac Ste. Anne_and Pigeon Lake, has three main
objéctives; 1) to provide an pppdrtunity.for takeshore property owners
to _1earn first hand about water sampling procedures related to lake:
management; 2) to improve the existing 'watef quality database for a
particutar lake, and S)Ito encburage environmental responsibility among
lake users.

The program was concetved largely as a ‘response to concerns
expreséed by 1akeshore proberty owners that the water .quality of their
lake was deteriorating; There is a common belief that human activities
in and'.around these lakes are contributing pol]utahts that lead tb
excesgive algal growth, murky wafér'and_weeds.. By actively pafticipating
in water quality.mbnitofing of their 1ake,.c1t12ens incréase their own
environmental awareness -and thaf of others, through discussions with
relatives and friends. 'This'ih'turn may 1ead to individual actien to-
reduce pollutant loading, as well as recdgnition of the detrimentﬁl
activities of others. In addition, the déta accumulated dﬁring the study
provides initial béséline data (as for Capt. Eyre Léke) or enhances the
existing database on lakes that-would likely not be samp]ed that jear
The high sampl1ng frequency {(weekly) during the summer is part1cu]ar]y
usefu] for assessing seasona] trends in a1ga1 populations.

The focus of the samp]ing program was on water collection from:
the main, open part of .the lake. It lis much easier to assess and
evaluate the -ovgra]? status of a take's water quality with compoéitej

samples collected. from the open water, rather than with individual



samples coiTected from Tocalized shoreline areas. The shoréline 1s.very
variable in terms of the amoﬁnt of terréstrial and aquatic vegetation,
effects of deve]bbmént, wind and wave effectsr and preﬁence_of inf]owing
creeks. An open water sample rehresents a blending or syntheﬁis of all

these effécts.

BACKGROUND: INDiCATORS QF LAKE WATER QUALTITY

Phosphorus

THe poor water duality that occurs 1n'many prairie and pérk]énd..
area. Takes uéualiy resutts from excessi&e quantities of available
nutrients in the water. .Aquatic' plants - algae and the .1arge water
plants that beopfe call weeds.f néed the séme'kinds of nutrients that are
supplied for férm crops. or Tawns. However, phosphorus rather ‘than
nitrogen is often fin shortest QUpply for plants that tive in 1akes. This
means that the algae that turn the water green in summer can.grow only in
proportion to the amount of phosphorus available. Nhén the amdunt of-

phosphorus dissolved in the wétér is low, the water may not turn green at
_a]l. But in many iékes.thére is enOugh-phOspHorus to allow considerable
growth of algae.' Sources of phosphorus to thése ]aké§ 1nc1udef 1)
streamé and  small ditche§ that run through cottage sUbdivisions,
agricultural Jland, and areas of natural vegetation; 2) rain, snow and
dust that falis directly onto the lake; 3) effiuent from faulty or poorly
~placed sewage systems; 4) ponds or lakes upstream, and 5) the mud or
.sediment at the bottom of the lake. The bottom sediments, in particular,

may be a very targe source of phosphorus to shallow lakes.



- Chlorophyl]
This- is the pigment ~in all green p?anfs. It s easiTy
extracted from the ‘algae suspended in a water sample, and therefore it

can be measured and used to indicate the amount of algae in the water.

ISetchi'Djsk Transparency
: The.20 cm. biack and white metal plafe catled the Secchi disk
has been used for over 100 yearé to indicate 1ake'watef quality around
_thé world. Lakes that_are clear are the most attraﬁtive for récfeation,
wheréas thbse.that are turbid or murky are considered by Take users to
have poor water qué]ity. Often, the turbidity in the water is-caused by
masses of suspended aIgde. Relaféd to this is euphotfc dépth, the depth
of 1light penetration. Algae need light to grow, and therefore an
actively gfowing population of algae will be found above this depth. The
euphofic depth has ‘been calculated to be about twice the Se;chf depth,
based on studies on several Alberta 1ékes in which a'ligh{ meter was used

to measure light penetration.

THE LAKES STUDIED TN 1989

Three recreational lakes were involved. in tﬁe Volunteer
Citizens' Lake Monitoring Program in 1989. Buffalo Lake is located east
of the city of Red Deer, near .the town of- Steftler. Capt. Eyre Lake
{locally spelled Capt. Ayfe) is focated west of the towﬁ of Provost and-
southeast of the village of Czar. Skeleton Lake 1; located 160 km

northeast of Edmonton near the village of Boyle.



Buffalo Lake _
Bﬁffalo'Lake_is the largest and shallowest of the_three lakeé
(see Table 1). It has an irregular shoreline that divides the Take into
three bays (Fig. 1). .The main basin (Maiﬁ Bay> is the fargest and
deepesi. Thé bottom is sandy near shore, and there are extensive.sand
beaches along the south and east sides of the main.baéin. Secondary Bay
has a maximum-depth of 2.5 m, whereas Parlby Bay 15 Qn]y_about 1 m deep.
The lake fis spring-fed, and quite salty. There are no major 1n}et.
_creeks, and the outlet has not flowed since 1929. The water level has
_declined 'since. 1975. A]bérta' Environment is 1nvestigatihgz the
pbssibility of stabilizing the take.
" There are four public recreational areas on the lake, 1nc1udiﬁg
Rochon'Sands Provincial Park on the south shore, and two summer villages,

White Sands and Rochon Sands.

Capt. Evre Lake
Capt. Eyre Lake is a tiny, attractive lake Tocated in rolling
prairie - in .east;cehtral A1berta_ (Figure 2). The 1lake has not been
sounded, . so a  bathymetric map and several physical variableé are
unavailable. According to the Fish and Wildlife Division of Alberta
Forestry, Lands and Nildlife,'the take has a maximum depth of 8 m.
There_is a municipally-owned campground on the 1akeshofe, and-a

few cottages are present.

Skeleton Lake

Skeleton . Lake fis the deepest of the three Tlakes 1in the

~volunteer  program in 1989, It is divided into two basins, which are



Table 1. Physical characteristics of Buffalo, Capt. Eyre and Skeleton

1akes.
Buffalo Capt. Eyre* Skeleton

Area of lake (km*) 93.5 approx. 0.2 7.89
Volume (m®) 248 x 10° - 51.4 x 10°
Maximum depth (m) _ 6.5 approx. 8 17
Average depth (m) 2.8 - 6.5
Shoré]ine.length (k) 126 ' -aphrox. 1.5 24.7
Drainage basin area (km?} 1440 - - 31.7
Elevation (m) above sea level 779.98  approx. 680  623.77

* Capt. Eyre Lake has not been sounded
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separated :by' a shailow, _weedy Narrows (Fig.. 3).  The north basin is

deepest, whereas the south basin slopes gradually to a maximum depth of

11 m. Sévéra? 1ntefm1ttent streams_flow into the lake. 'The outlet creek

.f1qws to;ard Amisk'Lake to the.east, but the.creek is often blocked by
beavers: | | |

Skeieton Lake 15' heavily deveioped compared to most Albefta

'1akes._ Besides the two summer vi]lageé,.there is -a boy scout camp, a

golf course, several day-use areas and two commercial campgrounds.

METHODS
| In midﬂMay'the project biologist from the Environmental Quality
- Monitoring Branch.(EQMB) conducted training sessions fof the voﬁunteers.
One'person.on each lake agreed to coordinate their prdgram. Each Tlake's .
cOord{nator; with assistance from one or more volunteers, tonducted_the
sampling program." Sampling frequency was weekly or .every two weeks,
_ depending on  weather conditidns or breferéhces of the volunfeers,
Sampling.on'Capt. Eyre Lake beéan at the end of May, while sampling began
'on the other two lakes in mid-June. The program ended in the second or
third week of August. Nine samples were collected on Buffalo Lake, six
on Skeleton and six on Capt. Eyre. |
On each éampling day, volUnteers'in.theif own boats went to the
deepest area of the laké and anchoréd. The Secchi disk ﬁas Towered into
the water by means of a line marked in quarter-meter intervals. The
precise depth thét the disk disappeared from view was npted, and theh it |
was raised untfl it could just be seen again, and this depth noted. An

average for the two readings was the Secchi depth for that day.
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It has been estimated for Alberta lakes that sufficient 1ight
for algal photosynthesis penetrates to about twice the Secchi depth.
This depth of 1light penetration is called the euphotic depth, and .iS'

estimated by multiplying the Secchi depth for a particular day by two.

Water samples were coileéted_ with a long clear plastic tube
marked in 6ne—meter intervals. At each of .approximately 10 réndom'
}bcations over thélléke surface, the tube was lowered to the euphotic
- depth. A foot-valve in the end of the tube closed it off &nd the water
in the tube was poured into a clean, rinsed plastic jug. Thus, for each
éampling day, the jug contained a compdsife of 10 tube-hauls of lake
watér,.or 20 if it was necessary to cb]]ecf tﬁo hauls at ea;h site.

| The.jug of . sample water was-brought back to the coordinator's -

cottage ov other location. The jug was agitated, and wafer was poured
into two b1astic botties. Thfée_ additional subsamples of water were
poured off. ‘Each of these-éubsamp}eé was fi]tered-t0 collect the algae
~ from a known volume of lake water. The three fiiters and the twb bottles
6f water were retu}hed to the EQMB in Edmonton for further processing and
_analysis. The f11ters were put into a solvent which extracted the
chlorophyll a from the algae on the surface of the fiiter. One bottle of
lake water was submitted tQ. tHe Alberta Environmental Céntre in
Vegreville for analysis of the sélt content, and the other bottTe waé
retained by EQMB staff for analysis of phpsbhorus. an important plénf
nutrient.

In addition to lake samplés collected by the volunteers, EQMB

staff visited each lake on one occasion. Using'Hydroléb equipmenf, they
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measured temperature, dissolved oxygen, tOnducttvity-'and' pH  at 1 m

intervals from'the surface to the bottom of the jake.

RESULTS AND DISCUSSION

Buffalo Lake

Buffalo Lake 15 moderately satine —.it has a fairly high salt
centent. The dominant salts, or ions, are sodium, sulfate and
btearbonate."Tabte 2 lists average valuee of the-majdr ions and;re1atedn
variables for the main basin ot Buffalo Lake and the other lakes in the
vo1unteer citizens' program in .1989. The ikely reasons for Buffe]o
Lake's moderate sa]inity are saline groundwater inflow and evaporative
concentration of satts. Data collected during studies 1n_prettous years
tndicate that the main basin of :the lake has the highest salt
coneentration, whereas Parlby- Bay 1is 1oweet and Secondary Ba} is
intermediate in concentration.  This gradient is the resu1t of the
influence of Parlby Creek, which has relatively fresh water. |

Lake “surface to bottom 'profite' measurements .for temperature,
pH, dissolved oxygeh and conductivity were conducted on September 19,
1989 (Fig. 4). On this day the_ temperature was uniform from top to
bottom (1i“C) indicattng that the lake was well-mixed. ODissolved oxygen
concentrations  declined slightly, but the  lake water  was
well-oxygenated. Historical data for Buffalo Lake suggest that the water
ig oxygenated even in winter, so that there is little danger of fish
Kills. | | |

Total phosphorus concentrations peaked in July (Fig. B5),

“whereas chlorophyll continued to increase through August. :The increase
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Table 2. Average concentrations of major ions, nuirients, chlorophyll a -
and other variables for Buffalo, Capt. Eyre and Skeleton Takes

in 1989. Units are mg/L unless tndicated otherwise. . .
Buffalo Capt. Eyre Skeleton

pH {range), pH units 9.2-9.4 9.1-9.3 8.3-8.8
conductivity, uS/cm 2890 1537 339
total dissolved solids 1961 - 1005 ' - 183
calcium 6.0 8.5 - 24.8
magnesium ' 85 74 20
sodium _ ' 616 254 14
potassium 42 .4 17.5 9.1
sulfate ' 482 _ 282 - 4
chloride - - 15 7.4 > 1.8
bicarbonate : : -~ 1031 : 546 . 207
carbonate 208 94 _ 7.5
totai hardness as CaC0; 364 326 ' - 144
total alkalinity as CaCO; 1193 604 _ 182
silica ' 1. ' 3.1 - 1.8
fluoride : 0.28 0.26 0.13
iron - 0.22 <0.02 ' <0.03
number of -samples 5 ' b 5
total phosphorus, mg/m® - 82 32 37
chlorophyll a, mg/m’ 15.0 9.0 13.9

numher of samples _ 9 6 b
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.1n phosphorus .1evels in mid-summer probably vesult from .a release or
recycling of phosphorus from the bottom sediments. Moéf brairie 1ékes
have a large supply of phosphorus ‘stored in the bottom sediments; these
sediments and_their.associated phosphoru§ have been'accumu1af1ng'since
the lake formed 10,000 or so years ago. Under certain conditions, the
stored phosphorus moves into the bver}ying water and. provides a'naturaf.
ferti]izer for the algae .growing in it. The high chlorophyll
concentrations in Buffalo Lake in August reflect this Ancrease in
phosphorus. | | |

.In most ]akes;'transparency (Seéchi depth) declines when.a]Qal
pOpulations are 'high. However, 1in Buffalo Lake there was 1itt1e
re]ationship between the amount of chlorophyll and transparency. This
may be because wind action continually resuspends bottom material, which
reduces transparency'éven when the amount of algae is low, aé in June and
early July. | | |

With an avefage chlorophyll of.15.0 mgfha, 8uffa}b Lake would
be_considered.eutrophic in 1989 (see Fig. 6), but the historical aVeragé
chlorophyll is Toweff The volunteer lake monitoring data are 1fkely
higher because the program is conducted during the warmest fand greenest)
part of the summer. The phosphorus 1eve1 in the 1lake is quite high,
relative. to chIorobhyil, suggesfing a hyper-eutrophic lake. The high
salinity of Buffalo Lake.suppresses fhe growth of algae somewhat.. If the

'lake were fresher, denser algal growth would be expected.

Capt. Eyre Lake.

The water of Capt. Eyre Lake has higher levels of salts than

that of many Alberta lakes, and the total salt content (estimated as
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APPROXIMATE TROPHIC CATEGORIES FOR ALBERTA LAKES
BASED ON AVERAGE SUMMER CHLOROPHYLL a CONCENTRATIONS

100

80

60

40

-—2.5

UCTIVITY)

O35
L
i
O
R%m
— AN
2% 2
~ =
EVI >
oo =
V..E2 >
HVv\/ ﬂ\l}
C_,J
¢
(R
Ooc o
I 0 &
n 0.
O L0
T
os N
W.m_
WA
P F
V'
- A
=
_I.
Q
-
a ~
MUn_.D
CPm
~~ —_ AN
> Ao
” OAm
> ¥
— — L O :
Csz %w:_g =
T 2 b
I Lol . =
g Q = N =
OOW M/....\/I\d m
¢
mDu :
Ip {
GW . M
UOZ - i
OL/\ [
_ ! _ ! _ | *
3 3 3 2 28 ®

gw /b

FIGURE 6

Abernia

NNYH &3m0
1¥3NQ3180
DNINO0T

HS14 3TN
SONI2SYH
HI¥ON AONYS
INVOYNIM
NOONITWH
ANNON ¥
TIHN3AY3R
AH0TMO

1S¥3 NOISUNLS
NNRYIYN

™03
NOOLYHSYS
370v3

3761

ASIAM NQ3IOHNIS
-LEZAM INNEEALS
FHNNOS

HINON 31511dveE
HiNOS AONYS
18¥3 JH3E Y1
NN23s0!

CGNYIS1 MO0y
1HO13 3uN21d
3MONS

373318

HINGS 3A1S11dvd
353aM IHIE ¥
HIMON 3S0uAINC
NNYIt ¥3ddM
H3IMINL

HiMOS NOLSTINS

HI3HD NYIONI COCT8

SNITIVD
(3og)oNa
3NId

Mong

15v3 ANNYALS
3Scan
YIANNHL
QNYZIM

HINOS MSINY
qyvssI
1SHNH3ANIL
N0S33Y
HIY¥ON MSINY
0Ng HL¥ON
NO29id
ATTIA INIMYYD
NONYENM
3ve
HINUYD
TJEAMIN
SivANY3E

HS DIV
y3Avae

AVN

HINON NOJITIIS
INIHENQOK

LAKE NAME

ANY(ONDJ3S OWd4d4ng

537880H
YINSNINAL
HOOIHION
ONYTIS)
FUOON

[HL

ONINIS

2om

N3

H1NDS ISONAINA
BINAN

1SY3 ¥ADLS
Tino

33709 30N¥dS
JHI0938D
FNINNILSIHI
NN
¥IIYMN T
3SSVH

HIHON ¥AD'IS
NOTANDIN
v
antynog
NIYN 0TV4408
NANYS

YaIH
NOSHIND
AOOMHINOL
AVINSON
A¥¥3IETIA
YAITD
NYATAS .
Ms.:sozo._
NOSNYD)J0TT1* N
aioo
ANV IS

H3Addn SISYNYNYY

MOUHYN

3001M M3AN XA
SM3AYNL

MO8 F1LN
Avuds

1S0HO
FHORNITO

NIML

18V3 M3L4ANSTO
SiAEYP

NAMOT SDISYNYNY)
[ 903u9
 YOSVEVHIY
| 1SIM ¥3LINID

ENVIRONMENT



- 17 -

total dissolved sotids) indicates it is bbrderlihe saline {(see Table 25..
However, i1t has Tower salinity than Buffalo Lake. The dominant salts, or
fons, -are scdium, sulfate and bicarbonate. | _

On August 24,.1989, temperature, pH,_conduCtTvity and dissolved
oxygen concentratiohs were measured at 1 m ihtekva]s'from the surface of
fhe lake to the bottom at 6 m. The tempérétufe'ranged from TQ“C at the
fop to 18.6°C at the bottom  (Fig. 4), indicating that the lake was
well-mixed. The dissoived- oxygen concentration was nearly 'uniform
'_ through. the wafer column, as indicated by the vertical line on the
graph. Data collected in prévibus years by staff of Fish and Wildlife
Divisﬁon. in winter and summer indicate that the 1lake maintained
reasonable oxygen levels most of the time.

Total phosphorﬁs concentrations were fairly unifofm over the
ﬁummef (Fig. 7). There was a slight increase on the.last_samp1ing'date,
but it is not poséib1e to'predict whether there would be a bﬁi]d—Uﬁ of
phosphorus in the water at the end of summer. ‘

| Chlorophyll concentrations_.(amount of algae) .remained fairly
low throughout the sampTing period, and transparéncy (Secchi depth) was
quite uniform as weil. Based on the one summer'S'éampTing, it appears
that Capt. Eyre Lake does not develop the intense algal bJooms-
characteristic of many Alberta lakes. |

| In tomparison to most Alberta Takes, Capt. Eyre Lake has good
water gquality. Figure & ranks over 100 lakes that:have been Studied by
the Environmental. Quality Monitofing Branch and 'the"University of

Alberta. The ranking is based on average chlorophyll concentration for
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one or two summers. Capt. Eyre Lake, with an average summer ch]orophylf
a concentration of 9.0 mg/m® for 1989 falls into thé 1ow.énd of the .
eufrophiC' range. However, the average 'concentration: for 1989 did not

include samples collected in.May or Septémber, as did most of the other 
lakes on this chart.. Therefore, the rahking of Capt. Eyre Lake is
o tenfative. -Phosphdrus Tevels in the Take indicate it is of relatively
lbw productivity in terms of_algal growth, however, and a fd]l open—water
period averagé fh]oropﬁyll would likely be_iower than the June - August

average.

Skeleton Lake

Skeleton Lake is a 'fréshwater- lake, meaning that levels of
dissolved salts are relatively low. The salts with the highest
cbncéntration'afe bicarbonate, caléium_and magnesium (Table 2). Levels
of salts in the lake are well within the concentration range that the
native species of fish prefer.

| Data on'femperatUre.and disso?véd'oxygen from the lake surface‘_'
to the bottom provide information. about mixing patferns-.and the
suitabi]{ty of tﬁe lake to overwinter fiéh)_ Previous studies on Skeleton
Lake indicate that the deep, protected north basin forms distinct
temperature 1ayer§ during the summer. Warm, wind-circulated water.fofms
a'1ayer that extends from the lake surfate to about 8 m deep. Béjow'
this, the water 1s.cool and static - it does not circulate with the upper
layer, and there is 11ttfe or ‘no oxygen'in this zone. The main basin.of

the lake 1is .sha11ower, however, and these distinct layers form 6n1y
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'temporarily during the summer . Thé bottom 1ayer of water is re1ative1y
warm, and on windy days the two layers mix tégether.

On September 7, 1989,_EQMB_staff.measurEd the temperature and-
dissolved oxygen at 1 m interva15'from the lake surface to the bottom in
the.main basin of Skeleton Lake (see Fig. 4). On this day there was a 25
- 30 km/hr wind blowing from the northﬁest, and the Take was well-mixed
and therefore:wé11—oxygenated. This is indicated by the vertical lines
on thé_ﬁraph. .Data collected fn previous years fndicate that on ca}m,
| hot. days in mid—summer, when the.water is greenlwgth algae, there wouid
be T1ittle oxygen in the deepest water. This condition is quite typical
of many fertile Takes in ATberta. |

| Phosphorus and_¢h1orophyll a concentrations provide information
on the fertilify,or productivity of the lake. Algal growth is the most
.obvious. _manifestation. of fertility in ]akes,: and ch1orophyll a
concentration is an indicator of fhis.growth. The graphs in Figure'8.
show how total phOSphorus, ch]orophyii a and Secchi depth:changed over
the summer. These measureménts indicate that the amount of phosphdrus
and chlorophyll in the water and fits transparency; was fairly constant.
In other years, there has been.a chlorophyll peak in August; for example,
the chlorophyll a concentration in late August 1978 was.ovef 60 mg/m®.
The amount of aTgal growth in this lake appears to vary considerably from
year to year. | | |

The average ch]orophy11'g concentration in 1989 places the lake
‘in the eutrophic or highly productive range '(Fig{ 6), although it is
lower on the scale thdn in other years. One may'conclude from these data

that Skeleton Lake had fairly good water qua]ity.in 1989,
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'The Volunteer Citizens' Lake Monitoring Program was conducted
on Buffalo, Capt. Eyre and Skeleton lakes in 1989.  The sampling period
inc?udéd weekly or twice mbnfhly samples during June;'Ju1y énd August.
The fotus of the sampling _prdgram was on indicators of..ferti1ity :—
chlbrophyll a, total'phosphorus'and Secchi depth.

BUffa}o Lake had _the highest phospﬁdrus and chlorophyll g_.-
ICOncentratiQné and it is also the.most sa]ine (salty). Capt. Eyre Lake -
.was.the_leaét productive of the.fhree, and 1s intermediate in salinity.
A1l three- lakes were well-mixed and well oxygenated from the lake surface
to the bottom. Thesée lakes are eutrophic.

The program was very succéssful, and .the volunteers did an
outstanding'job with the ﬁampfe col1éction. Thé data from Capt. Eyre
Lake 1is particularly useful, because it is the first set of honitoring
data for.nﬁtrients'and chlorophyll from this: lake. .Data from thé other
two 1akés contributes to- the long-term database for two heavily-used

recreational Takes.





