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. FOREWORD

This report is part of an ongoing research programme on hypertrophic,
mainstem lakes of interprovincial and international Prairie river

basins. The program includes modeling of nutrient loading and nuttrient
balances; nutrient-productivity modeling; sediment-water interactions;
sediment geochemistry; toxic substance pathways; eutrophication and
contamination history; physical controls on eutrophication; and hyper-
trophic lake rehabilitation experiments (National Water Research Institute,
Report of Research Activities-1978, N.W.R.I.-W.N.R.-PR-78-3). :

Earlier publications (Allan and Kenney, 1977; Allan and Williams, 1978)
proposed that in the Fishing Lakes: (1) lake water phosphorus -level

is buffered internally by release of non-apatite inorganic phosphorus

from bottom sediments; and (2) at present phosphorus levels, mean summer
phytoplankton biomass is not phosphorus limited and might be nitrogen v
limited. This report substantiates these proposals by a more comprehensive
analysis of the water quality data base for the entire Qu'Appelle River
Basin and by additional reasoning from that employed earlier.

. Phosphorus export values, calculated for streams in the basin, indicate

that phosphorus loading to Pasqua Lake consists of a natural component
(30%), a Prairie-agricultural component (37%) and a municipal component
(33%). Removing the municipal component will lower phosphorus concentra-
tidn in the Fishing Lakes but spring total phosphorus levels will remain

at eutrophic levels. Reduction of phosphorus will shift the total nitrogen

to phosphorus ratio and may actually increase summer phytoplankton biomass.

Phosphorus loading from airborne and groundwater sources is estimated.
The latter is not adequately measured to date but could be a significant

part of the internal loading component.

It must be noted that the report is not based on a rigorously collected

research data base but on information collected by agencies responsible
for monitoring water quality and quantity.

The feport advocates detailed surveillance of the effects of nutrient
removal on summer phytoplankton biomass in the Qu'Appelle Lakes. With
1977 activation of a treatment plant to remove phosphorus from Regina
sewage, the historical data base cannot be reproduced. The report also
notes a need for expanded research to resolve gaps in our knowledge of
Prairie lake responses'to manipulation of nutrient loads.

Some of this report will appear in journal publications. Meanwhile,

it is released on a limited basis so that the raw data, basic calculations

and proposals are available to interested parties.
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1. INTRODUCTION

1.A BACKGROUND

In 1970-71 the Qu'Appelle Basin Stﬁdy was carried out to prepare
"a comprehensive Framework Plan to develop and manage the water and related
land resources of the basin for social betterment and economic growth', A
portion of the information collected to meet this purpose included an
investigation of water quality, with respect to nutrients. The lakes within
the basin are highly productive as exhibitéd by the noxious algal blooms
and recommendations were made to control or reduce nutrient inputs from
municipal, industrial, agricultural and recreational sources in an attempt
to. retard thé rate of lake eutrophication.

Some measures have been taken to follow the recommendations from
this Study and reduce the nutrient inputs. These include the installation
of a third treatment plant to process the waste effluent from Regina by
reducing phosphorus and algae before it is discharged into Wascana Creek
and the subsidizing of farmers to change feedlot practices or fertilizer
.applicafions.

Since the study period a network of water quality monitoring

stations has been established hy the Saskatchewan Department of the

Environment. The data collected from these stations proVide an ongoing
record of water quality in the Qu'Appelle Basin, but they can also be used
to help evaluate the applicability of nutrient loading-proauction models to
Prairie lakes. Allan and Kenney (1977) carried out a preliminary |
investigation using the data set from the Fishing Lakes. However a moré‘
thorough investigation of both the original data and the application of:
these data to nutrient loading- production models is warranted.

The anticipated d1rect effect of reducing nutrlent loading on
lake eutrophlcatlon in the Qu'Appelle was based on early models relating
nutrient loading to production. They were being developed to quantify the
effects on a lake of making specific changes to the nutrient loading stress,lb
thus providing a usqful‘predictive tool fOrvlake and watershed management,

One of the early models developed by Sakamoto (1966), in‘JapAnese’
lakes showed a correlation hetween both the concentration of phosphorus -and
the concentration of nitrogen in the lake and the average summer

chlorophyll content of the lake. This emp1r1ca1 model which quant1f1es the

"relationship between a lake nutrient and lake production was further tested



and confirmed by Dillon and Rigler (1974h) for phosphorus in southern
fintario lakes and using literature values in North American lakes. If this
relationship holds for Prairie lakes and if the lake phosphorus
concentration is known, the greenness of the lake can be calculated.
Therefore if any changes in lake and watershed management are made
resulting in a change in lake phosphorus concentration, the corresponding
change in lake production can be predicted.

Models have been developed relating lake phosphorus concentration
to phosphorus loading, lake phosphorus retention coefficient, flushing rate
and mean depth of the lake (Vollenweider, 1969, 1975; Dillon and Rigler,
1974a). Any changes in drainage basin management which affect these factors
will in turn affect the lake phosphorus concentration. Again, if this model
can be applied to Prairie lakes, management has a useful predictive tool,
and when used in conjunction with Sakamoto's model predictions of changing
lake production can be made. Vollenweider (1976a) developed a predictive
model which combines these two models to predict lake chlorophyll
concentration directly from phosphorus loading, water loading and lake mean
depth.

Further work in this area of empirical limnology has developed
models relating phosphorus export to geology and land use (PDillon and
Kirchner, 1975a), and relating lake retention of phosphorus to areal water
load (Dillon and Kirchner, 1975b). In addition Vollenweider (1976b) has
developed a method of quantifying internal loading and Schindler (1976) has
investigated the concept of limiting nutrient using changing N:P ratios.

These models can be used to predict changes in the lake system on
a quantitative rather than a qualitative basis and as such are a valuable
management tool. However to be useful in the Prairies they must be shown to
be applicable. Therefore the historical data collected from the Ou'Appelle
Valley will be used to test these models.

i



1.B OBJECTIVES

The purpose of this study is to determine the applicability of
these nutrient loading-production models to the Fishing Lakes; Pasqua,
Echo, Mission and Katepwa; and the lower lakes; Crooked and Round; in the
Qu'Appelle Valley, Saskatchewan, using historical data of water supply.and
water quality. ‘

A yearly water budget for the six lakes will be calculated faking
into consideration river inputs and outputs, precipitation, evaporation and
groundwater, where data are avéilable. In conjunction with the available
water quality data, this will form the basis of calculations of a phosphorus
budget for each lake and will be attempted for the years 1970;76. The
calculations of phosphorus export and loading will be compared with
estimatcs derived from considerations of geology and land use (Dillon and
Kirchner, 1975a), and the calculated retention of phosphorus in the lakes
will be compared with estimates from a model relating areal water loading
to phosphorus retention (Dillon and Kirchner, 1975b).

Historical data from the lakes of phosphorus concentration and
chlorophyll a concentration will be evaluated and compared with relevant
models (Sakamoto, 1966; NDillon and Rigler, 1974a) and models relating
phosphorus loading to lake phosphorus concentration will be tested on these
lakes (Dillon and Rigler, 1974bh). Other models (Schindler, 1976;
Vollenweider, 1976b) will be used to evaluate these Prairie lakes.'Finally,
an attempt will be made to characterize these lakes with respect to lake
phosphorus and chlorophyll concentrations under anticipated natural and

reduced loading conditions.
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2. METHONS
2.A, HYDROLOGY
2.A.1 l.ocation and Morphometry

TheuQu'Appelle Basin in southern Saskatchewan is drained by the
Qu'Appelle River and its tributaries. The river locations where water
quality and quantity will be investigated are shown in Fig. 2Al, as are the
six lakes which provide data for lake budgets. A discussion of the chemical
and physical aspects of the drainage basin and some of the lakes is given
in Hammer (1971),

The lakes are shallow with mean depths ranging from 5.8 m in
Pasqua to 14.1 m in Katepwa and they seldom stratify for extended periods
in the summer. The effective drainage areas upstream of the iakes are
large relative to the lake areas (Table 2A1). Details of lake morphometry

are given in Table AAl,

2.A.2 Water Quantity Data

Water in the Prairies is a precious resource and hence its
quantity and movement are monitored closely. Environment Canada routinely

collects data from the Qu'Appelle Valley area; hydrological data by Water

Survey of Canada and meteorological data by Atmospheric Fnvironment Service.

Both of these agencies have been operating for many years and the data they
collect is accurate and reliable, providing a firm basis for calculations

of water budgets for lakes.

2.A.3 Water Budgets

The water budget of a lake can be calculated from the equation;
input + precipitation - evaporation
- lake storage change + groundwater = output,
All of these parameters except groundwater have been measured or can be
closely approximated for the six Qu'Appelle lakes. The groundwater flow
will be included within the calculation of miscellaneous drainage input

from areas with unmeasured streams and from areas draining directly into
the lake.

2.A.3.a Inputs and Outputs

Water Survey of Canada monitors the Qu'Appelle River system
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Table 2A1

Lake and Drainage Basin Morphometry

lL.ake Surface Effective Mean Voluge Ad
Area Drainage Area Depth x10 .

(A )km2 (A )km2 (z)m m3 °

0 d

Pasqua 190.9 11004 .9 5.8 114.7 5583
Echo 12.5 11584 .2 9.1 114.1 927
Mission 7.6 11792.9 8.7 66.2 1552
Katepwa 16.1 12038.9 14.1 226.6 748
Crooked 14.8 14411.5 8.3 123.5 974
Round 11.0 15337.3 8.1 88.8 1385

i
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(Table AA2) and the Qu'Appelle Basin Study (Water Quality Branch, 19713)
carried out in 1070.71 provided hydrolopical data at hoth the input and
,output of cach of the six lakes. However the lakes are not monitored
routinely at these locations, and some calculations were required to extend
the measured data to these locations for the rest of the study period. The
discharge at the input or output from a lake was calculated from the
nearest discharge station with adjustments for precipitation, evaporatiop,

-change in lake storage and discharge from miscellaneous drainage. The

“equations used for calculating discharge at each location needed for lake

budgets is given in Table 2A2. _ _

Discharge can be expressed in two ways which facilitate
comparisons between lakes. Flushing raté,'p; is the discharge volume per
unit time divided by the lake volume or the number of times a volume of
water equivalent to the lake volume is replaced. Areal water load, q» is
the discharge volume per unit time divided by the lake area and is directly

analogous to phosphorus loading.

2.A.3.b  Precipitation and Evaporation

Atmospheric Environment Service maintains a network of
meteorological stations in the OQu'Appelle drainage area monitoring
precipitation and a smaller number of these stations also measure
evaporation (Tahle AA4). Precipitation on‘the lakes was calculated by
averaging arithmetically the monthly precipitation depth from the
surrounding stations as given in the Monthly Record of Meteorological
Observations (Canada, 1970-76). The data from the following stations were
used to calculate precipitation to the four Fishing Lakes: Balcarres, Cupar,
Dysart, Edgeley, Fort Qu'Appelle, Indian Head CDA, Indian Head Forestry,
Lipton. Precipitation to Crooked and Round Lakes was calculated from the
following stations: Bangor, Broadview, Grenfell, Melville, Whitewood.

Evaporation is-only measured during the summer months and
measurements at Indian Head Forestry were applied to the four Fishing lLakes
and atsBroadview to Crooked and Round Lakes. Evaporation for the months
with no measurements had to be estimated. Vowinckel (1967) determined that
on average the May to October evaporation was 88% of the annual evaporation.
This information was used to calculate annual evaporation from the average
measured summer evaporation and the average monthly evaporation was

calculated using these data and published maps of Canada with isolines of



Table 2A2

Calculation of Discharge in cfs at each Location for lLake Budgets

Location Discharge Calculation

Pasqua input Qu'Appelle River below Loon Creek (05.JKON7)

Jan. and Feb. 1970 - use average values 71-77.

Jumping Deer Creek Jumping Deer Creek near Lipton (05JK004)

input to Pasaua lag all data 1 day, if daily discharge > 10cfs, x 1.45

Pasqua output, Pasqua input + 206.6(precip. - evap.) - 2.479 x 103 X
Fcho input (lake level change) + 0.3547(misc.)
Jan. and Feb. 1970 use average values 71-77.
Echo output, [Echo input + Mission output + 50.87(precip. - evap.)
Mission input - 124.6(12.5 x lake level change Echo - 7.6 x lake
level change Katepwa) + 0.087(misc.ﬂ /2
Mission output, Katepwa output - 67.13(precip. - evan.) + 2.006 x 103 X
Katepwa input (lake level change) - N,287(misc.)
Katepwa output Qu'Appelle River at outlet Katepwa Lake (05JL007)
Crooked input Qu'Appelle River at Hyde (N5JMN13)
Jan., Feb., Nov. and Dec. 1973-77 use Katepwa output
1.131
Crooked output Crooked input + 153.6(precip. - evap.) - 1843.7 x
(lake level change) + a(misc.)
70-71, a=0.361; 72-74, a=n,273; 75-77, a=0.196
Round input 1.041(Crooked cutput) - N.620
Round output 70-71, Qu'Appelle River at Tantallon (05JMN03) - 0.40 x

(misc.) - Kaposvar Creek near Esterhazy (05IM012)
72-74, Qu'Appelle River at Tantallon (NSJMN03)

- 0.41(misc.)

75-77, Ou'Appelle River near Welby (N5JM001) - Cutarm
Creek near Spy Hill (NSJMN1S) - 0.576(misc.)

precipitation and evaporation in inches

lake level change in feet

misc. is miscellaneous drainage discharge calculated for Fishing Lakes or
Lower Lakes.

}



average monthly evanoration (Bruce and Weisman, 1967). Table 2A3 gives
values of monthly evaporation which were assigned when no measurement were

available.
To calculate volume of water contributed by precipitation or
removed by evaporation, the depth is multiplied by the surface area of the

lakes as given in Table 2A1l.

2.A.3.c  Lake Storage Change

Water Survey monitors changes in lake level on only four of the
six lakes (Tahle AA3). However the level of Pasqua Lake is controlled by
the level of Echo Lake and the level of Mission Lake is controlled by the
level of Katepwa_Lake and any changes in lake level were applied ‘
accordingly, Inléases where no_measuréments,wefe aﬁailahle‘on a particular
date the data were interpolated linearlyv. The volume of water involved in

lake storage change was calculated by multiplying change in lake level by

lake area.

2.A.3.d  Miscellaneous Drainage

The major flows of water into and out of the lake have been
determined, however a significant contribution to the water budget is made
by both direct runoff into the lake énd groundwater flow. For the purposes
of the water budget used in calculations of phosphorus budgets these two
factors were calculated together as a miscellaneous drainage €flow. Later an
attempt was made'tozsepérate these factors so that a consideration of
groundwater flow might be made. The discharge from miscellaneous drainage _
for the six lakes was dealt with in two groups; the four Fishing Lakes and
the two lower lakes.

The water budget for the Fishing Lakes was calculated by volume
on an annual and monthly hasis as follows:

Qu'Appelle River below Loon Creek - Qu'Apnpelle River at outlet of Katepwa
lake + 1.45 x Jumping Deer Creek near Lipton + precipitation - evanoration
- lake storage change = miscellaneous drainage.

The annual miscellaneous drainage volume was divided on a monthly basis
relative to the monthly Pasqua inflow as a percentage of the annual Pasqua
inflow. To determine miscellaneous drainage for each individual lake the
total miscellaneous drainage was divided according to relative lake areas.

A number of different equations were used to calculate



Table 2A3

Monthly Fvaporation Assigned for
Months with no Data Measurements

Month Fishing Lakes Lower Lakes
in cm in cm
January 0.0 0.0 n.o 0.0
Febhruary 0.2 0.5 0.2 0.5
March 0.4 1.0 0.4 1.0
April 1.7 4.3 1.6 4.1
May 4.1 10.4 4.5 11.4
June 5.5 14.0 4.7 11.9
July 5.8 14.7 5.6 14.2
August 4.8 12.2 4.0 10,2
Septemher 2.9 7.4 2.5 6.4
October 2.5 6.4 2.1 5.3
November 0.9 2.3 0.8 2.0
Necember 0.2 0.5 0.2 0.5
Annual 29.0 73.7 26.7 67.8

|
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miscellaneous drainage for Crooked and Round Lakes hecause of changes in
Water Survey data collected. These equations are:
for 1970-71, Qu'Appelle River at Hyde - Qu'Appelle River at Tantallon
- Fkapo Creek near Marieval -vKaposvar Creek near Esterhazy + precipitation
- evaporation - lake storage change = miscellaneous drainage; ‘
for 1972-74, Qu'Appelle River at Hyde - Qu'Appelle River at Tantallon
- Fkapo Creek near Marieval + precipitation - evaporation - lake storage
chéngé = miscellaneous drainage; : . ‘ ,
for.1975-77, Qu'Appelle River at Hyde - Qu'Appelle River near Welby:- Cutarm
Creek near Spy Hill + precipitation -. evaporation.- lake storage change
= miscellaneous drainage.
The annual miscellaneous drainage volume:was divided into monthly volumes
on the same percentage basis as the Ou'Appelle River at Hyde and-these
monthly volumes were divided according to the ratio. of miscellaneous.
drainage upstream of the :lake outflow to total miscellaneous drainage.
Example calculations are shown in Table 2A4: : e
2.A.4 " Groundwater i
Groundwater flow is not negligible in the area (Rey, 1970) but
the groundwater factor, included in the miscellaneous drainage volume can
only be very roughly approximated. Assuming that the depth of runoff from
the miscellaneous area was equal to that from a measured Ou'Appelle River
s%ation, the discharge volume was calculated for the miscellaneous area and
the volume of groundwatef contribution was calculated by difference. This

calculation was made in two groups; the four Fishing Lakes and the two

lower lakes
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Table 2A4

Example Calculations of Miscellaneous DNrainage

Jan. misc. vol,.

in Lower Lakes

Pasqua misc.
area

Crooked misc.
area 1975-77

Jan. Qu'Appnelle River at Hyde
Annual Qu'Appelle River at Hyde

X annual misc.

0.9
= %géi-x misc. area of Fishing Lakes

Hyde to Marieval = 410.0 kmg
Marieval to Round output = 475.9 km2
1970-71 Round output to Tantallon = 248.7 km2
1972-74 Round output to Tantallon = 616.5 km2
1975-77 Round output to Welby = 1204.4 km

- 410.0 .
2090.3 x misc., area of Lower Lakes

vol.
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2.B CHEMISTRY
2.R.1 Water Quality Data

2.B.1.a  River . v o o .
‘ .The water sampliﬁg and analysis werevcarried out by two different
government agencies, the Federal Departmenf of Environment, Water‘Quality
Branch (WOB) and the Saskatchewan Department of Environmeﬁt,_Water,
Pollution Control Branch (WPCB). Ail the data from WQB were available using
its computerized data retrieval system, NAQUADAT and from WPCB using copies
of lab results sﬁeéts supplied by the dataiqfficer. Total phosphorus and
total nitrogen were of primary interest asvwell as nitrogen to phosphorus
ratios, and these data were‘tébulated for locations relevant to this study
(Tables AB2, AB3, AB4). . |

The data were carefully examiﬁed before they were used, in order
to eliminate the more questionable concentration values and a useful tool
in finding susnicious values was the N:P ratio. When these ratios were
examined for a single location any ratio markedly different froﬁ other
ratios suggested that one of the values was incorrect. The most obvious
errors of a misplaced decimal were reflected in a 10-fold difference in
ratio and these were corrected. Other possible errors were less easily
corrected.

One type of error results from the NAQUADAT computer calculation

‘of total nitrogen by the addition of TKN and dissolved N03&N02. The

detection 1imit of TKN was 0.5 mg/l while the detection limit of N036N02
was 0,005 mg/1l. Although this did not occur often, when a TKN value of less
than 0.5 mg/1 was registered it was taken as 0 and added to the N(93&N02
data. This resulted in an invalid underestimate of total nitrogen and
generally an obvious underestimate of N:P.

On other occasions, though the N:P ratio was questionable, neither
the nitrogen nor phosphorus data were obviously in error. Since they could
not be verified and might result from a natural fluctuation, the data were
used unchanged in calculations of phosphorus budgets. This conservative
method was used so that as much data as possible were available for further
calculations.

Since the data were collected hy two different agencies it is
important to estahlish their comparability. The analytical methods,
outlined in Table AB1, differ only slightly and would be expected to give

comparable‘results. In order to test this comparability, data collected at
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the same location on the same day were examined. This exact duplication
occurred infrequently bhut there was a certain amount of overlapping data
collection to enable comparisons (Tahle 2B1),.

The only dates when samples were taken for phosphorus analysis by
both agencies in approximately the same location in the study area were
24/7/72 and 28/8/72. Both the Federal and Provincial governments sampled on
the Qu'Appelle River upstream of Pasqua Lake; WQB at two locations and WPCB
at one location. In both cases the phosphorus concentration found by WPCB
was hetween the two concentrations found by WQB. On the few occasions when
samples were taken at the same location within a month of each other, the
results are inconclusive. At times the phosphorus concentrations were very
close, but at other times there was a wide discrepancy between values.

Since this was also characteristic of values within one data set, it may

well reflect fluctuations due to time, location and normal river variability.

Tn conclusion, neither data set is superior and it must be
assumed for these purposes that the measured phosphorus concentrations are
accurate and representative if phosphorus budgets calculated from these
data are to be useful. The infrequency of data available however
necessitated very large extrapolations, and therefore the precision of

resulting calculations is questionable.

2.B.1.b  Lake

Most of the lake water data were collected by WPCB, but some
additional data for 1970 and 1971 were available from Cullimore and Johnson
(1971). As with the river data these data (Table ABS) were examined to tfy
to eliminate spurious values. In many cases there was no clearcut evidence
for accepting one value rather than another, so often twb seemingly
incongruous concentration values were used. In the case of chlorophyll a
concentrations, the measurements were so infrequent that only the extremely
high measurements which probably represent surface scum were eliminated.
The inconsistency and infrequency of the lake data make this the weakest
area of the study and when any conclusions are drawn from these data this

must be considered.

2.B.2 Lake Concentrations of Nutrients and Chlorophyll

Samples were taken by WPCB at various stations and depths in each

lake and occasionally composite samples were taken. Since no consistent
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I Tahle 2B1
Comparison of Phosphorus Concentration Data in mn/m3
I*«‘ Collected by WQB and WPCR on the Qu'Appelle River
. 3
Location Nate [P] mg/m
I WPCB WOB
Pasqua input 19/ 8/70 - 652
I 2/ 9/70 554
24/ 9/70 848
.24/ 7/72 248 538
183
I 28/ 8/72 600 730
: 522
11/ 9/72 860
l : 13/ 9/72 - - 685
‘ Pasqua output 21/ 8/73 776.
27/ 8/73 730
I Echo output 2/ 5/72 390
18/ 5/72 91
17/ 8/73 456
' 27/ 8/73 670
14/11/73 , 400
. 5/12/73 639
Katepwa output 20/ 8/70 456
I 2/ 9/70 424
24/ 9/7n 480
22/ 8/73 365
I 27/ 8/73 660
14/11/73 463
4/12/73 - 350
22/ 7/74 215
I 1/ 8/74 , 530
15/ 8/74 232 '
13/10/76 555
| 28/10/76 550
9/11/76 496
11/ 1/77 418
I 20/ 1/77 48n
Crooked input .. 20/ .8/72 . . 121 ‘
12/ 8/72 250,
Crooked output. 29/ 8/72 225
l . 12/ -9/72 , : 440
Round output 29/ 8/72 20
12/ 9/72 160
I 22/ 7/74 91
26/ 7/74 340
20/ 8/74 183
I 23/ 9/74 385
2/10/74 370
16/ 7/75 . 365
6/ 8/75 450
I" 8/ 1/76 640
22/ 1/76 420
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pattern of sampling was estahblished, all measurements of total nitrogen,
total phosphorus and chlorophyll a concentration were averaged
arithmetically to obtain average monthly concentrations for each lake for
as many months as possible. In some cases only one sample was used as
representative of the monthly concentration and although this is a poor
assumption, in order to deal with these data, such assumptions had to be
made. An average year was calculated for each lake by averaging the monthly
concentrations and from this a theoretical ''average Prairie year" was
calculated by averaging the monthly concentrations for all six lakes. This
may allow some generalizations to be made about the changes of concentration
over one year, which cannot be distinguished from the scattering of basic

data.
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2.C PHOSPHORUS BUDGETS AND MODELS

The phosphorus budgets for the lakes were calculated for both a
calendar year and a June to May year. The June-May yeaf, ending with the
spring flood may be expected to more closely affect the conditions in the
lake in the following summer. In addition average phosphorﬁs'budget data
were calculated for each lake from the seven years of data, and these data
were averaged again to give a theoretical ''average Prairie year'". The
phosphorus budgets for a lake are calculated by integrating the appropriate
phosphorus concentrations with the water budgets. This involves the basic

determinations of phosphorus inputs, outputs and retention, by difference.

2.C.1 Monthly Phosphorus Supply

The calculation of phosphorus supply passing a specific location
was made for as many months as possible. With more frequeﬁt sampling during
spring and early summer, the phosphorus concentration on a sampling date
was multiplied by the volume of water discharged during the time period
from halfway to the previous and subsequent samnling dates. During the
remainder of the year only one sample was taken in a month and this
phosphorus concentration was taken to represent the monthly value and
multinlied by the monthly discharge. In some cases values from two
surrounding months were averaged to give a phosphorus conéentration for
this missing month.

When all the available data were used to calculate monthly
phosphorus supply at each location a method was developed to estimate the
monthly phosphorus supply for the months when no sampling was done. A
regression line was calculated between monthly discharge in c¢fs and monthly
supply in kg, and its regression equation was used to calculate monthly
supply from measured mean monthly discharge. For each input and output a
separate regression line was calculated for the spring data (April + May)
and for the other 10 months (Table 2C1). Phosphorus supply data at Round
Lake input were only available for 1970-71, but these data were highly
correlated with Crooked Lake output data and the regression equation was

used to calculate all subsequent Round Lake input data.

2.C.2 Phosphorus Loading and Export

Phosphorus loading is the total supply of phosphorus expressed

per unit area of lake surface. For each lake only the loading from the
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Table 2C1

Regression Fquations for Calculation of Monthly
Phosphorus Sunply from Mean Monthly Discharge

Location

Regression Equation

Correlation
Coefficient

Pasqua input

Pasqua output,

Echo input
Echo output, Yy
Mission input y
Mission output, y
Katepwa input y
Katepwa output b4
b4
Crooked input y
y
Crooked output y
Round input v
Round output
Jumping Deer Creek y

.0188x + 4.27
.0104x + 8.02

0.0152x + 4.77
0.0146x + 8.03

0

.0187x + 3.84
.0149x + 7.13

.0211x + 3.59
.0136x + 7.20

.0242x + 2.44
.N141x + 8.54

.0226x + 1.74
.0349x - 1.74

.0221x + 0.20
.0282x - 3.01

.0461 (Crooked

.0205x - 0,44
.0075x + 4,06

.0180x - 0,03

(June-March)
(April-May)

(June-March)
(Anril-May)

(.Tune-March)
(Abril-May)

(June-March)
(April-May)
(.Tune-March)

(April-May)

(June-March)
(April-May)

(June-March)

(April-May)

output) + 0,202

(June-March)
(April-May)

0.69
N.57

0.64
n.61

0.74
n.69

n.84
0.72

n.on
0.68

0.85
0.94

0.84
n.93

0.96

0.91
0.74

0.79

=
uon

monthly supply {x 103 kg)
monthly mean discharge (cfs)
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measured streams was available, therefore a minimum terrestrial loading
value was obtainable. Although this repreSents a major portion of the
loading, inputs from the atmosphere, groundwater and difect runoff were
omitted, and this must be recognized when these ioading values are used in
model computations. ,

' Export is,aﬁ expression of the amount of a substance leaving a
drainage area per unit of area and when the contribution of a nutrient is
expressed this way the relative importance of different areas as nutrient
sources can he compared. This concept works well in an area wherelthe
topographic boundaries of a drainage area are well defined and the water
within the boundary flows toﬁards an outflow point of the basin. However it
is less clearly applicable to the Prairiés with low topographic relief and
evaporation exceeding precipitation. Often precipitation falling at the
extreme distances from the water course will not.reach that water course
and in times of low precipitation areas of internal drainage exist. In this
case the topographic definition of drainage area is insufficient, but '
defines the maximum area which will be contributing water and nutrients in
a very wet year, In fact the contributing drainage area could differ
greatly depending on meteorological events. Therefore an effective drainage
area has been defined which is 'that portion of a drainage basin which
might be exnected to entirely contribute runoff to the main stream during a
period of low precipitation, say, the one in two-year flood. This area
excludes marsh and slough areas and other natural or artificial storage
areas which would prevent runoff from reaching the main stream in an
average yeaf" (Water Quality Branch, 1971b). ‘ .

Standard maps of topographic or gross drainage afea and'effective
drainage area are being pfepared‘for the Prairie region.by the Prairie Farm
Rehabilitation Administration (PFRA) and their preliminary figures'are 
used in this repdrt wherever possible (PFRA, 1977). In cases of smail
drainage areas which were not defined separately by PFRA, the drainage area
was taken from a previous pﬁblication by Saskatchewan Water Resources v_
Commission (1971). The gross and effective drainage areas are given in
Table 22, " B

In order to standardize results all export values are expressed
per unit of effective drainage area. This means that during wet years the
calculated export will be too high and during dry years the calculated
export will be too low. That is, the range of e;port values for one Stream



20

Table 2C2

Gross and Effective Drainage Areas

used in Export Calculations

Location Basin

Drainage Area (ka)

Gross Effective
Jumping Deer Creek 2420.8 247.1
Lewis Creek 572.4 1290.5
Echo Creek 6190.3 119.1
Sandy Beach Creek 377.0 72.5
Arm River 1908 .8 600.9
Indian Head Creek 326.3 188.n
Pheasant Creek 1150.0 344.5
Thompson Creek 227.9 42.7
Adair Creek 303.7 60.9
Fkapo Creek 1095.6 435.1
Kaposvar Creek 1704.2 287.5
Boggy Creek 401.4 3ng.2
Cutarm Creek 766.6 398.9
Loon Creek 1898.5 380.7
Ou'Appelle River
Pasqua input 36534.5 110049
Echo input 39177.6 11584 .2
Mission input 39930, 11792.9
Katepwa input 40012.4 12038.9
Crooked input 45136.7 14411.5
Round input 47152.9 15337.3
above Wascana Cr. 13626.0 5190.4
at Lumsden 18228.4 6897.2
below Craven 33646.7 10362.6
Buffalo Pound in 2626.3 862.5
above Moose .Jaw 5244 .8 2820.5
below Moose .Jaw 9228.2 34499
above Regina 3126.1 1077.4
below Regina 4602 .4 1706.8
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will be extreme, but the average value over several years should be useful
for comparisons. |
Export was calculated .at locaiions along the Qu!Appelie River .
using data calculated for phosphorus budgets. However water quality and
quantity data were available for many other locations on tributary streams
within the Qu'Apvnelle Basiﬁ (Table AA2, AB3, AB4)..Tﬁese data were
integrated in the same way as the phosphorus budget supply data to

calculate export from various sub-basins within the Qu'Appelle Basin.

2.C.3 l.ake Nutrients and Production

A number of equations relating phosphorué'loading,'lake phosphorus
concentration and chlorophyll a concentration were tested to'determiné
their applicability to data from these lakes. , . |

The concentration of phosphorus in lake water can be calculated

from the equatlon by Dillon and Rlyler (1074a),
[p]' fil_li_

where [P] is spring lake concentratlon of total phosphorus in mg/m » L is
phosphorus loading in mg/mz/yr, R is the retention coefficient of phosphorus,
Z is mean depth of the lake in m and P is flushing rate in yf_l. The
concentration of phosphorus in the lake water predicted from the lake

budget data was compared with the measured spring (Anrll June) concentration
of phosphorus in the lake water

, Chlorophyll concentration is a measure of the standing crop of
phyvtoplankton, an indicator of lake eutrophication. The measured summer
(Tuly-September) concentration of chloronh?ll'a in each lake was .compared
with both the concentration of total phosphorus and the concentration of
total nitroeen in the spring lake watér tQ détermine if there was a
correlation hetween lake nufrients and léke‘production as Found by Sakamoto

(1966) . The chlorophyll a éqﬁcentration predicted from the equation;

_ - - L -\0.91
[c_h‘l—a] = 0.367 (_(1—*]77‘7'7) |
s
where [chl aJ is the mean summer chlorophyll a concentratlon in the lake
water in mg/m , L 1s_phosphorus loading in mg/m /yr, qs is the areal water
loading in m/yr and Z is mean depth in m (Vollenweider, 1976a) was compared

with the measured chlorophyli a concentration.
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2.C.4 Phosphorus Retention and Internal Loading

The internal loading of phosphorus from the sediments, identified
as a possibly immortant nutrient source to these lakes (Allan and Williams,
1978), was investigated using calculations of phosphorus retention and
change in lake phosphorus concentration. The phosphorus retention
coefficient is calculated by difference from the lake budget data as input
minus output divided by input and it indicates the gross retention of
phosphorus within the lake. This can be compared with the retention
coefficient calculated from the equation by Dillon and Kirchner (1975b);

R =13.2/(13.2 + qs)
where R is the retention coefficient of phosphorus and qg is the areal
water loading in m/yr. When the change of lake water phosphorus
concentration is taken into account a net retention of phosphorus or flux
to the sediments can be calculated (Vollenweider, 1976b). Total phosphorus
content of the lake water was calculated for each available month by
multiplying phosphorus concentration by lake volume and the sediment flux

for each time period was calculated by the following equations;

Plake * Pretention - Pexpected

Pexpected " Pactual = Psediment
where P is the phosphorus content in kg and the subscripts lake, retention
and sediment apply to one month and expected and actual apply to the next
measured month. P is the net sediment flux with negative

sediment
representing net flux and loading to the lake.

2.C.5 Nitrogen:Phosphorus Ratio

Changes in the ratio between nitrogen and phosphorus in the input
and output waters of the lake indicate the relative use of these nutrients
within the lake and have been used by Schindler (1976) to assess the
limitation of these two nutrients on the lake production. The N:P ratio was
calculated for all the data at the input and output to each lake. These
ratios were averaged arithmetically to give an annual ratio for each lake
and these annual ratios were averaged for the study period. lnequal
frequency of sampling of different seasons and different years was not
taken into consideration in the average ratio calculations, but the ratios

are comparable because they contain similar biases.
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3. RESULTS
3.A HYDROLOGY
3.A.1 Water Budgets

The flow of water through the lakes is extremely variable from
year to year. There is almest a ten-fold difference between discharges inv
1973 and 1974 (Table 3A1), but in general the flushing rate in these lakes
is high. The average flushing rate for all the lakes is 3.5/yr but it
ranges from 0.31/yr in 1973 for the deepest lake, Katepwa, to 10.06/vr
for the smallest lake, Mission in 1974,

The areal water load is generally high averaging 29.6 m/yr and
ranging from 3.6 m/yr to 87.6 m/yr for all the lakes. The spring flood in
April and Mav caused by the melting of snow exhibits much of this
variability, representing from 11% to 58%, and averaging 35% of the annual -
;flow. In years of low winter precipitation, such as 1973, this peak of

discharge can be almost non-existent. The variability from year to year is

reflected in the Water Survey data collected from 1970 to 1077 at

Qu'Appelle River below Loon Creek (Fig. 3Al).

3.A.2 Groundwater
The accuracy of the measurement of the water budget for the lakes

is limited for a number of reasons, but these limitations are not of major
importance when the water budget is used in the calculation of phosphorus
budgets. They are of more importance when used to calculate the movement of
groundwater to and from the lake system because the small errors introduced
at each step accumulate and are reflected in the final calculated value. As
a rough approximation however, these data may he of value when the
following factors about the calculations are considered.

| First, any measurement of discharge has an inherent degree of
error, however small. Second, the stations for the measufements of discharge
are not at precisely the inflow or outflow of the lake and hence small
errors may occur in extrapolations to thesé locations. Third, the inputs of
some stations are measured only seasonally and the months. from November to
February are extrapolated in these cases from stations upstream and
downstream. Fourth, measurements and estimates for small streams and direct
runoff are of necessity approximations, although they contribute only a

small percentage of the water flow through the system. Fifth, the
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Table 3A1l

Water Budgets

l.ake June-Ma "

2 3 '°-1 qs;1 a 2 3 P-l %

Year x10 m™  yr m yr Year x107" m~  yr m yr

Pasqua 1970 305.6 2.66 15.4 70-71 326.4 2.85 16.4
1971 221.8 1.93 11.1 71-72 128.2 1.12 6.4

1972 116.8 1.02 5.9 72-73 79.8 0.70 4.0

1973 71.3 0.62 3.6 73-74 281.6 2.46 14.1

1074 649.3 5.66 32.6 74-75 616.2 5.37 31.0

1075 473.5 4.13 23.8 75-76 515.3 4.49 25.9

1976 491.2 4.28 24.7 76-77 277 .4 2.42 13.0

Echo 1970 3n8.0 2.70 24.6 70-71 345.3 3.n3 27.6
1071 223.7 1.96 17.9 71-72 127.4 1.12 10,2

1072 116.5 1.02 9.3 72-73 76.0 0.67 6.1

1073 68.5 0.60 5.5 73-74 273.8 - 2.40 21.9

1974 660.0 5.78 52.8 74-75 643 .2 5.64 51.4

1975 488.6 4.28 39.1 75-76  530.6 4.65 42.2

1076 503.1 4.41 40,2 76-77 280.8 2.46 22.5

Mission 1970 319.8 4.83 42.1 70-71 359.9 5.44 47 .4
1071 230.5 3.48 30.3 - 71-72 120.2 . 1.65 17.0

1072 115.5 1.75 15.2 72-73 72.4 1.09 9.5

1073 69.0 1.04 9.1 73-74 270,2 4.08 35.6

1974 665.6 10.06 87.6 74-75 663.4 0.03 87.3

1075 496.4 7.50 65.3 75-76 537.8 8.13 70.8

1076 510.2 7.71 67.1 76-77 275.8 4.17 36.3

Katepwa 1070 317.6 1.40n 19.7 70-71 370.9 1.64 23.0
1071 236.0 1.04 14.7 71-72 132.6 0.58 8.2

1072 113.5 0.50 7.0 72-73 70.4 0.31 4.4

1973 70,2 0.31 4.4 73-74 264.8 1.17 16.4

1074 677.5 2.99 42.1 74-75 683.0 3.01 42.4

1075 513.0 2.26 31.0 75-76 556.2 2.45 34.5

1076 525.0 2.32 32.6 76-77 288.N 1.27 17.9

Crooked 1970 360.2 2.92 24,3 70-71 423 .1 3.43 28.6
1971 277.8 2.25 18.8 71-72 174.8 1.42 11.8

1072 145.8 1.18 9.8 72-73 76.5 0.62 5.2

1073 75.1 0.61 5.1 73-74 316.4 2.56 21.4

1974 734.1 5.94 49 .6 74-75 739.7 5.90 50.0

1975 575.4 4.66 38.9 75-76 670.9 5.43 45,3

1976 6£58.6 5.33 44.5 76-77 320.8 2.60 21.7

Round 1970 380.6 4.39 35.4 70-71 442.4 4,98 40,2
1071 294 .4 3.32 26.8 71-72 217.2 2.45 19.7

1972 153.4 1.73 13.9 72-73 79.8 0,90 7.2

1073 76.1 0.86 6.0 73-74 294 .7 3.32 26.8

1074 758.5 8.54 69.0 74-75 814.1 0,17 74 .0

1975 633.9 7.14 57.6 75-76 757.3 8.53 68.8

1976 724.0 8.16 65.8 320.5 3.61 29.1

76-77

Q is lake outflow discharge

p is flushing rate.

g is areal water load
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extrapolation of meteorological station data to the lakes may be in error
becnuse of the localized nature of Prairie storms, but the good coverage of
this area by stations helps reduce this source of error. Sixth, as the
water level rises and falls the area of the lake changes, since the sides
are not vertical, and this is not considered in calculations of volume
changes with changing lake level. Therefore a large number of small sources
of error results in an error in the final calculation of the groundwater
parameter in the water budget. This error is likely to be larger on the
short term of monthly calculations, however on the longer term of a year,
some of the errors will cancel each other and hence the estimate for the
year is more reliable.

The groundwater movement relative to the two groups of lakes, .as
calculated bv difference, shows both addition to and removal from the lake
system on a monthly and on a yearly basis (Table 3A2). Although no pattern
is clearly established on a monthly basis the movement of groundwater shows
a slight trend towards mirroring the main river inflow (Fig. 3Al1). That is,
water enters the lakes from groundwater during the spring flood and
fluctuates the remainder of the year. The groundwater movement on a yearly
basis shows contribution to the lakes in all but three cases; 1970 and 1974
for the Fishing Lakes and 1974 for the lower lakes, and only this last one

is substantial at 52.7 x 106 m3.
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Table 3A2

Calculated'\’olumeﬁ(xln6 m3) of Miscellaneous Drainage and Groundwater

Fishing Lakes | " Lower Lakesi

Date Misc. for Misc. Groundwater Misc. for = Misc. Groundwater
P budget. - = .. . - P hudget o
1970 : : . ‘
Jan. ‘ . S : +0.877 - 0.745 . +1.622
Feb. ) ‘ -0.056  0.623 +0,567
Mar. +1.785 n.748  +2.533 -1.n31 n.616 " -n 415
Apr. -6.570 4.605 -1.965 - . -4.646  3.956 - - -0.690
May -8.760 7.317 -1.443 -3.1n7 5.9060 +2.853
Jun. -3.083 5,780 - 42,706 -2.334 5.878 +3.544
Jul. -13.508 2,337  -11.261 .. .. .. -8,220 - 3.811 -4.400
Aug . -1.052 1.129 +0.077 -6.966 1.651 -5.315
Sep. +2.579 1.365 +3.944 -1.848 0.742 -1.106
Oct. +1.640 1.9012 +3.552 +1,157 1.569 +2.726
Nov. +1.000 1.840 +2.948 -4,79n 1.423 -3.367
Dec. -0.518 1.127 ~ +n,609 = +0.358 1,195 _ +1.553
Total -26.478  28.178 .. +1.700° . =30.606 28,169 . .-2.437
1071 : o :
Jan. +0,713 0.966 .. +1.679 . . 42,028 - N,048 . +2.976
Feb.  -0.837 n.700 -0.128 ‘ +1,282 0.668 +1,950
Mar. - -n.430° '0,865 - +0,426 ' - +6.283 1.299 +7.582
Apr. .. -23.991 7.469 . -16.522.. . . +4,750 7.331 +12.081
May -26.910 - 3.821 -23.080 _ -13.979 6.520 -7.459
Jun. -6.631 0.138 - -6.403 -23.534 1.561 -21.973
Jul. -2.3n5 0.053 -2.252 , -4,057 n.351 -4.606
Aug. +0.717 0.373 - ~+1.090 , -0.4900 0.116 -0.374
Sep. +4.408 ° 0,363 - +4.771 - +3.240 0,122 +3.362
Oct. . +2.355% 1.500 - +3.,045 - +N,112 0,856 +N, 068
Nov. +1.316 1.018 +3.234 -2.042 0.085 -1.057
Dec. -1.121  1.629 " +0.508 o +1.604 1.205 ~ +2.809
Total -52.725 . .19,894 -32.831 . . -25.703 21,962 -3.741
1072
Jan. . +0.437 1.180 . +1.617 . ~2.283  1.n80 -1.194
Feb. -0.248 0.732 +0.484 -0.498 1.113 +0.615
Mar. -2.164 1.021° " -1.143 ° 41,794 3.098 +4,892
Apr. -8.657. 2.940 . -5.717 -17.555 4,162 -13.393
May -6.509 0,525 -6.074 -8.426 1.979 -6.447
Jun. T -2.693 0.357 ©-2.336 -4.092 0.183 -3.900
Jul. +1.045 0.649 +1.694 . . =2.221 n.0N55 -2.166
Aug. +0,204 n.822 +1.n26 -1.380 n.417 -0.963
Sep.’ +3.677 - 0.640 ' +4.317 T 42,796 0.508 +3.304
Oct. +1.632 0.797 +2.,429 +0.233 0.623 +0.856
Nov. +1.547 0.952 +2.499 +0.138 0.947 +1.085
Nec. -0.252 - 0.616 - +0.364 C +7.154 1.431 +3.585
Total -12.071  11.231 -0.840 -24.340  15.605 -8.735
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Table 3A2 cont'd

Fishing Lakes Lower Lakes
Date Misc. for Misc. Groundwater Misc. for Misc. Groundwater
P budget P budget

1073

Jan. -1.854 0.450 -1.404 -5.226 0.771 -4 ,455
Feb. -0,857 0.412 -0.445 -0.966 0.552 -N.414
Mar. -1.680 0.726 -N,054 -5.282 1.n38 -4,244
Apr. -3.089 0.753 -2.336 -8.519 0,.79n -7.729
May ~-4.670 n.740 -3.93n +0,590 0.794 +1.384
Jun. -1.663 0.940 -0,723 -3.n84 n.831 -2.253
Jul, -3.552 0,577 -2,975 -1.953 1.113 -n,840
Aug. +0,.588 n.519 +1.107 -n, 580 N, 335 -0.254
Sen, +2.434 0.377 +2.811 +1.078 0.271 +1.340
Oct. -N,114 0.770 +N.656 +0.,048 n.192 +0,240
Nov. -N.433 0.588 +0,155 +3.363 0.805 +4.168
Dec. -1.91n 0,499 -1.411 +N 380 0.081 +1.361
Total -16.800 7.351 -0.449 -20,160 8.473 -11.687
1074

Jan, -2.641 0.476 -2.165 +2.644 Nn.a74 +3.618
Feh, -0.128 N.368 +0.240 -0.473 0.658 +N.185
Mar. +N, 829 n,287 +1.116 +1.,591 0.67n +2.261
Apr, +4.,270 9,264 +13,534 +3.118 aQ, 201 +12.319
May - -28.259 13,333 -14.926 +2.032 10,665 +21,697
Jun. -A.,412 9,415 +3.003 -22.017 12,008 -0.n22
Jul, -2.587 7.362 +4.775 -4.509 8.979 +4.,470
Aug, -0 780 6,292 +5.503 +N,034 7.141 +7.175
Sep. -6.553 5.002 -1.461 ‘ -1.258 6.136 +4.878
Oct. -10,141 3.901 -6.240 -3.730 5.162 +1.423
Nov. -2.143 3.113 +0.970 -3.285 3.616 +0,331
Dec. -4.421 2.104 -2.227 +0,300 3.052 +3.352
Total -58.975 61.007 +2.122 -25.562 78.239 +52.687
1075

Jan. -N0.622 1.944 +1.322 -2.268 3.300 +1.n32
Feb, -N_.8n1 1.392 +0,501 -2.832 2.365 -0.467
Mar. -1.032 1.277 +0.245 +0.190 2.467 +2.657
Apr. -39.010 4,001 -35.819 -19.580 12.051 -7.529
May -13.417 1n,842 -2.575 -37.289 21,051 -15.338
Jun, -8.381 5.571 -2.81n -23.745 12.147 -11.598
Jul, -3.608 5.386 +1.688 -4,782 7.924 +3.142
Aug. -2.555 3.616 +1.061 -3.369 5.536 +2.167
Sep. +2.324 3.504 +5.828 -8.023 5.025 -2.9008
Oct. -1.358 2.528 +1.170 -1.721 4.764 +3.043
Nov. +N, 132 1.780 +1.9012 -7.839 2.911 -4.,928
Dec. +1.564 1.234 +2.7908 -3.161 2.174 -0.087
Total -67.754 43,165 -24.589 -114.419 82.615 -31.804
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Table 3A2 cont'd

Fishing lLakes j .. Lower Lakes

Date Misc. for Misc. CGroundwater Misc, for Misc. Groundwater
P hudget : P budget *
1076 ‘ .
Jan, -0.237 1.048 +0,.811 -3.310 1.779 -1.531
Feb. -1.454  0.737 -0.717 ' }2.613f 1.502 -1.111
Mar. -N. 638 0.892 +0.254 -1.333 2.N63 +0.730
Apr. -45.598 14.129 -31.469 . -63.387 31.9037 -31.450
May ‘ -0 272 6.683 -2.589 -46.587 17.908 -28.679
Jun. -7.433 4.729 -2.704 -21.464 12.406 -9.058
Jul., -6.020 5.135 -n 804 - -7.203 8.654 +1.451
Aug. -N,536 3.441 +2.905 -4.116 5.753 +1.637
Sep. +0.004 2,882 +2.886 -1.641  3.865 +2.224
Oct. +2.656 2.589 +5.245 +0.710 3.791 +4.510
Nov. +27112 1.873 +3.985 .-3.802 2.717 -1.185
Dec. -N.634 1.032 +0.308’ -6.097 - 2.087  -4.010
Total -67,050 45.170 —21.889' -160.,034 " 04 462 -66.472
1077 , p - , _ |
Jan, -0,519 0.600 +0, 051 . -3.340 . 1.345 -1.995
Fob. -0.719  0.547 -0.172° . -2.108  0.894 -1.214
Mar. -n,457 0,792 +N 335" - -5.941 1.221 -4.720
- Apr. -3.783 N.544 '-3.239 . -5.436 1.613 -3.823
May -5.710 0,282 -5.428 . -5.457 1.326 -4.131
Jun. -1.899 n.709 -1.190 . -2.559 n. 735 -1.824
Total -13.117 3.874 -9.643 --24.841 7.134 -17.7n7

positive groundwater represents addition to the groundwater supply
i.e. removal from the lake system

v

-
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3.B. CHEMISTRY
3.B.1 River

It is difficult to compare the level of phosphorus concentration
in the rivers between years because the sampling is so infrequent. The
small streams are sampled for a limited time period during the spring and
there is a downward trend in phosphorus concentration through April as
demonétrated by Jumping Deer Creek (Fig. 3B1). For the Qu'Appelle River the
only obvious comparisons can be made during the spring when more samples
were taken. The level of phosphorus concentration in the Qu'Appelle River
at the input to Pasqua Lake (Fig. 3B2) illustrates the lower phosphorus
concentrations measured in the high flow year of 1974 than in the low flow

year of 1973, and the generally lower concentrations in the spring.

3.B.2 Lake

The changing water quality of the lakes as monitored through the

pattern of changing concentrations of nitrogen, phosphorus and chlorophyll
gives an indication of changes in lake eutrophication., The concentration of
phosphorus in the lake water follows a similar trend through the years for
all the lakes, with increasing concentrations from about 1974 to the
present (Fig. 3B3). Although the data were very scarse in 1970 and 1971
these values tend to be approximately the same as the higher values in 1977,
Crooked and Round Lakes demonstrate these changes in lake phosphorus
concentration most markedly with low values of 100 mg/m3 in 1974 rising to
500 and 350 mg/m3 respectively in 1977,

The generalized pattern of phosphorus concentration change
throughout an ''average Prairie year'' shows two peaks of lake water
phosphorus concentration occurring over winter and summer at about 500 mg/m3
dropping in April and November to about 250 mg/m3 (Fig. 3B4).

The pattern of nitrogen concentration in the lakes over the years
is one of peaks of nitrogen concentration imposed on a fairly level base
concentration (Fig. 3B3). These peaks occur in different seasons in
different years, not immediately suggesting any consistent seasonal pattern.
The basic level of nitrogen concentration is higher for the upstream than
the downstream lakes, being 2.5 mg/l1 for Pasqua Lake and 1.5 mg/1 for Round
Lake and the fluctuations of nitrogen concentration are largest in Pasqua
Lake, the first lake in the series.

The monthly concentration of nitrogen in the '"average Prairie

|
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year' indicates a small peak of 2.0 mg/l in March, dropping to 1.75 mg/1 in
May with a large broad peak rising to 2.4 mg/l in October and falling to
1.8 mg/l in December (Fig. 3B4).

The chlorophyll data are so infrequent and fluctuate so greatly
that no trends can be distinguished over the study period (Fig. 3B4). When
the monthly data are pooled in the calculation of an "average Prairie year"
a pattern of chlorophyll concentration emerges. Low concentrations of
5 mg/m3 occur January through April followed by a rise to 45 mg/m3 in May
and a drop in June to 10 mg/ms. July shows another peak at 35 mg/ms, with a
relatively constant 27 mg/m3 from August to October and a decrease through
the rest of the year (Fig. 3B4). Due to the infrequency of data and the
extreme fluctuations between concentrations, a single measurement in a
month may affect this pattern significantly. For example, the average
concentration in April is calculated from only three samples from Crooked
Lake in 1975,
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3.C PHOSPHORUS BUDGETS AND MODELS
3.c.1 Phosphorus Loading and Export

The phosphorus budgets for each lake were calculated on the bhasis
of a calendar year and a June-May year (Table 3C1) and the phosphorus
loading values represent only the terrestrial loading to the lake. The
phosphorus loading from the main stream inputs is high and variable between
years with as much as a 13-fold difference for Round Lake between 1973 and
1976 with 1.77 g/m2 and 22.63 g/m2 respectively. The average annual loading
ranged from 6.5 g/m2 for Pasqua to 18.6 g/m2 for Mission averaging 11.3 p./m2
with somewhat lower values on the June-May basis averaging 10.6 g/mz.

The range of export values calculated for the Qu'Appelle River is
exaggerated because of the method of expression in terms of the effective
drainage area. The lowest export for the lower Qu'Appelle River was
1.3 mg/m2 measured in 1973 at the input to Round Lake and the highest export
was 20.0 mg/mz, measured in 1976 at the input to Crooked Lake. However the
average values for the study period ranged from 11,6 mg/m2 for Pasqua Lake
input to 8.0 mg/m2 for Round Lake input and the average of these exports,
11.0 mg/mz, represents a realistic export value for the lower Qu'Appelle
River.

The export values from the llpper Vélley (Table 3C2) demonstrate
the effects of urban contributions from Moose Jaw and Regina. Moose .Jaw
River export increases from 21.6 mg/m2 above Moose Jaw to 29.0 mg/m2 below
Moose Jaw, and Wascana Creek export increases to 137.4 mg/m2 below Regiﬁa.
The drainage area to Buffalo Pound Lake averages an export of 13.5 mg/mz,
similar to the other lakes, while Wascana Creek increases the Qu'Appelle
River export from 21.8 mg/m2 to 30.6 mg/mz. This export is reduced to
16.1 mg/m2 helow Craven and further to 11.6 mg/m2 at the input to Pasqua
Lake.

Phosphorus loading was correlated with areal water load and
phosphorus export was correlated with lake discharge on the basis of both a
calendar year (r=0.86, r=0.79) and on the bhasis of a June-May year (r=0.88,
r=0.82). The monthly export values for the Qu'Appelle River (Fig. 3C1) show
a trend of higher values during the spring flood and early summer. The high"
export during spring coincides with the peaks of flow discharge and the.
secondary peak of export in the summer coincides with increases in
phosphorus concentration.

A study of the smaller streams indicates that a wide range of
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Table 3C1

Phosphorus Budgets

Lake Year Input Output Retention Retention Loading Qu'Appelle
x10® kg x103 kg x103 kg Coeff. g m ’ yr-l Export

mg m~2

Pasqua 1970 176.51 212.19 -35.68 -n. 20 8.87 15.97
1971 133.01 130.85 +2.16 +0,02 6.68 12.01
1972 71.56 82.94 -11.38 -N.16 3.60 6.46
1973 52.68 6n, 30 -7.71 -0.15 2.65 4.79
1974 155.18 143,13 +12.,04 +0, N8 7.80 14.08
1975 163.76 128.69 +35.06 +0 .21 8.23 14,76
1976 147.44 183.39 -35.95 -0.24 7.41 13.14
70-71 183.68 102,75 -0.07 -N.05 9.23 16.61
71-72 80,20 82.02 -1.82 -N.02 4.03 7.24
72-73 66.20 74.73 -8.53 -0.13 3.33 6.01
73-74 71.79 79.36 -7.57 -0.10 3.61 6.51
74-75 190,33 155.84 +34 .49 +0 .18 Q.56 17.18
75-76 149,02 133.82 +15.20 +0.10 7.40 13.35
76-77 93,22 131.70 -38.48 -N.41 4.68 8.41
Fcho 1970 212.10 102.0n9 +20.10 +0.,Nn9 16.08 18.32
1071 130,85 140.11 -0,26 -0.07 10.47 11.30
1972 82.94 73.13 +9.80 +0,12 6.64 7.18
1073 60.39 47.81 +12.58 +0. 21 4.83 5.21
1074 143,13 173.82 -3n.69 -0.21 11.45 12.36
1975 128.69 133.15 -4.46 -0.03 10,30 11.11
1976 183.39 177.75 +5.64 +0.Nn3 14 .67 15.83
70-71 102,75 214 .55 -21.80 -N.11 15.42 16.63
71-72 82.02 76.18 +5.84 +0 07 6.56 7.08
72-73 74 .73 63.47 +11.26 +0.15 5.98 6.45
73-74 79.36 69, 31 +10.05 +0.13 6.35 6.84
74-75 155.84 186.32 -3n.48 -Nn.20 12.47 15.45
75-76 133.82 153.49 -19.67 -n.15 10,70 11.56
76-77 131.70 115.88 +15.82 +N,12 1n.54 11.37
Mission 197n 202,42 184 .51 +17.01 +0.,09 26.63 16.29
1971 146.37 125,38 +20.,99 +N 14 19.26 11.88
1972 76 .79 71.80 +4 .00 +0.N6 10.1n 6.20
1973 50.20 55.90 -5.70 -0.11 6.60 4.05
1074 182.51 180,14 +2.37 +0.,01 24.01 14.74
1975 139.81 173.85 -34.04 -0.24 18.40 11.29
1076 186.64 167 .40 +19.1S +0.10 24 .56 15.07
70h-71 220.81 193.62 +27.19 +0.12 20,05 18.19
71-72 79.84 76.00 +3.84 +0.0N5 10,50 6.46
72-73 65.86 64,63 +1,23 +N .02 8.66 5.37
73-74 78.00 81.14 -3.14 -N.04 1n, 26 5.90
74-75 102,08 202.43 -9.45 -N.05 25.30 15.79
75-76 162.38 159.1n +3.28 +0.02 21.36 13.01
76-77 117.88 125.74 -7.86 -0.07 15.51 9,82
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l.ake Year TInput Output Retention Retention Loading Ou'Apnelle
x103 kg x10° kg x10° kg Coeff. g m~2 yr-l Export
mg s
Katepwa 1970 184.51 154.10 +30,41 +0.16 11.46 15.33
1971 125.38 122.35 +3.03 +0.02 7.79 10,41
1072 71.80 63.25 +8.55 +0.12 4.46 5.96
1073 55.9n 47.51 +8.30 +N 15 3.47 4,64
1974 180,14 188.15 -8.n1 -N, 04 11.10 14 .96
1075 173,85 209.53 -35.68 -, 20 1n_.8n 14.44
1076 167.49 195,39 -27.90 -N0.17 10.40 13.91
70-71 193,62 180.45 +13.17 +0.07 12.03 16.08
71-72 76.00 70.07 +5.03 +0.07 4.72 6.31
72-73 64,63 590.30 +5.33 +N N8 4.n1 5.37
73-74 81.14 47.17 +33.07 +0.42 5.n4 6.73
74-75 202.43 255.97 -53.54 -0.26 12.57 16.81
75-76 159,10 196.36 -37.26 -0.23 9.88 13,22
76-77 125.74 129.48 -3.74 -0.Nn3 7.81 1n_ 44
Crooked 1970 145,96 03.40 +52.56 +N, 36 9.86 10,13
1071 111.70 81.94 +29.75 +0 27 7.55 7.75
1072 67.15 44 .49 +22.66 +0,34 4.54 4.66
1973 24 .45 16.71 +7.75 +0.32 1.65 1.70
1074 262.69 211.13 ~+51.56 +0 .20 17.75 18.23
1975  227.00 212.43 +14 .66 +0.0N6 15.34 15.76
1976 288.30 235,61 +52.69 +0.18 19.48 20.00
70-71 170.36 114.30 +26.06 +0. 33 11.51 11.82
71-72 77.64 52.78 +24 .59 +N, 32 5.24 5.30
72-73 31.21 21.51 +0.70 +0,31 2.11 2.16
73-74 157.95% 98.66 +59,28 +0.38 10,67 10,96
74-75 236,05 215.62 +21.33 +N.N9 16.01 16.44
75-76  283.04 263.03 +20.01 +0.07 19,12 19.64
76-77 134,31 107.01 +27.30 +0.20 Q.08 9.32
Round 1970 100.13 81.98 +18.15 +N .18 9.10 6.53
1971 85.07 53.41 +31.66 +0.37 7.73 5.55
1972 52.02 32.76 +19.27 +N,37 4.73 3.30
1973 19.50 10,90 -0.41 -N.n2 1.77 , 1.27
1974 223,28 170.08 +53.20 +0,24 20.3n 14.56
1975 224 .64 171.52 +53.12 +0,24 20,42 14.65
1976 248.89 136,08 +112.81 +N 45 22.63 16.23
70-71 120,88 93.42 +27.46 +0,23 1n, 09 . 7.88
71-72 6n.70 40.71 +19.90 +N_ 33 5.52 3.06
72-73 24 .52 23.60 +0,92 +0.N4 2.23 1.60
73-74 1n5.63 45.08 +60.55 +0.57 9.6n 6.80
74-75 227.98 181.95 +46.02 +0.20 20,72 14.86
75-76  277.57 175.25 +102 .32 +0,37 25.23 18.1n
76-77 114.36 88.n0 +26.37 +0,.23 10.40 - 7.46
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Table 3C2 l
Phosphorus Export from Locations in the linper OQu'Appelle Valley I
l.ocation Year Export Year Export
2 2
mg/m mg/m I
Buffalo Pound Lake Input 1970 16.92 1974 24 .49
1971 9.08 1075 4,69 I
1072 13.68 1976 9.86
1973 15.66
. Moose .Jaw River ‘ahove Moose .Jaw 1070 30,92 1974 37.97 I
1971 22.38 1075 22.89
1072 4.19 1976 31.86
1973 0.92
Moose Jaw River below Moose Jaw 1970 32.05 1974 52.21
1071 29.65 1975 20,62 I
1972 8.48 1976 43.33
1973 7.98
Qu'Appelle River ahove Wascana Creek 1970 24.59 1974 46.01 I
1071 12.62 1075 24,36
1972 8.23 1976 33.44
1973 3.15
Wascana Creek ahove Regina 1970 10,51 1072 3.36
1071 24.05 1973 n.32 I
Wascana Creek helow Regina 1970 63.15 1974 209,32
1071 97.81 1975 288.35 I
1972 57.31 1976 176.60.
1973 69.01
Qu'Appelle River at Lumsden 1970 38.22 1074 25.05 !
1971 39.62 1975 32.77
1972 21.94 1976 35.94
1973 20.49 I
Qu'Appelle River below Craven 1970 17.60 1074 16.76"
, 1971 13.52 1975 16.40 l
1972 10.93 1976 27.16
1973 10.34
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export values can be determined for one stream depending on the conditions
for a particular year (Table 3C3), though it must be remembered that these
export values are also affected by the use of a static contributing
drainage area. .Jumping Deer Creek has a negligihle export during 1973, a

year of very little snowmelt, while during 1976 the export is 11.62 mg/mz.

. In addition to the variahilitv of exports calculated for one stream, a

comparison between two streams in the same year again shows a wide
variahility of export values. For example,Fcho Creek in 1970 has an export
of 86.78 m_q/m2 while Kaposvar Creek of about twice the effective drainage
area has an export of only 4.94 mg/m2 in the same year and the volume of
discharge for Fcho Creek is ahout seven times that for Kaposvar in 1970.
The spring snowmelt, for these purposes defined as April + May,
is an important time of export, contributing up to 100% of the export from
small streams and a significant portion of the export of the main Qu'Appelle
River. The average spring export for the lower Qu'Appelle River is
3.3 mg/m2 or 30% of the annual export. The median spring value for the

small streams is 7.5 mg/m2 (Table 3C4).

3.C.2 Lake Nutrients and Production

The predicted lake phosphorus concentrations from the equation by
Dillon and Rigler (1974a) were poorly correlated on a yearly basis with the
measured spring values (r=0.49), lowever when the six average lake values
were used correlations of r=0.89 and r=0.86 were found using calendar year
data and .June-May year data respectively (Tahle 3C5). The foliowing
equations can be used to predict average snring nhosphorus concentration

for these lakewaters;

[P] = 1.463 EL%;Bl. - 145.515 for a calendar vear
and [P] = 1.506 L(;—PR) - 149.484 for a June-May year.

The correlations hetween hoth spring phosphorus and summer
chlorophyll a, and spring nitrogen and summer chlorophyll a using the
yearly lake data (Table 3C6) were poor (r=-0.40, r=0.10) and they were not
imbroved by using the average lake vaiues'(r=ﬂ.26, r;0.06). The correlation
between measured summer chlorophyll a concentration and that predicted by
Vollenweider's (1076a) equation was poor even when lake averages were used
(r=-0.06) (Table 3C5).
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Table 3%

Drainage Basin Year Export Drainage Basin Year Export
mg m~2 mg m™?

Jumping Deer Creek 1970 3.25 Cutarm Creek 1970 4.66
1971 3.56 1071 2.80

1972 1.87 1072 2.02

1074 0.83 1973 0.06

1975 5.30 1074 2.37

1076 11.62 1975 0.29

Indian Head Creek 1970 16.79 1976 0.23
1971 12.29 Pheasant Creek 1970 5.62

1972 2.60 1971 10.36

1974 3.66 1972 4.48

1075  31.32 1975  20.71

1976 a,1n 1976  26.62

l.ewis Creek 1970 7.60 Thompson Creek 1970 26.63
1071 1.66 1071 14,13

Fcho Creek 1970 86.78 Adair Creek 1970 33,00
1971  52.55 1971 28.21

Sandy Beach (Creek 1970 7.79 Kaposvar Creek 1970 4.94
1071 8.06 1071 3.92

Arm River 1970 7.68 Ekapo Creek 1970 4.74
1971 2.43 1971 3.61

1972 0.30 1972 4.68

l.oon Creek 1970 3.58 1075  18.32
1071 10,45 Roggy Creek 1974 20.02
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I Table 3C4
Spring Snowmelt (April+May) Export
l Location Year Export Location Year Exnort
2 ' 2
' mg/m mg/m
Pasqua input 1970 5.48 Echo input 1970 7.18
1971 4.18 1971 5.21
l 1972 1.25 1072 1.32
1973 1.12 1973 1.04
1974 2.14 ' 1974 3.18
1975 4,99 1975 3.32
l 1976 3.33 1976 3.97
1977 0.59 1977 0.28
Mission input 1970 4.79 Katepwa input 1970 4.71
l 1971 6.30 1971 5.48
1972 1.16 1972 1.16
1973 0.79 1973 n,az
' 1974 2.51 - 1974 2,93
1975 2.97 1975 3.96
1976 5.0n 1976 3.34
. 1977 0.46 1977 n,74
I Crooked input 1970 3.40 Round input 1970 1.85
1971 4.45 ' 1971 2.96
1972 1.56 1972 1.20
l 1973 0.24 1973 n
1974 9,31 1974 5.72
1975 6.76 1975 5.05
l 1976 11.06 1976 8.00
1977 0,67 1977 0.41
Jumping Deer Creek 1970 2.63 Indian Head Creek 1970 16.69
1971 3.56 1971 12.28
I 1972 1.15 1972 0.78
1974 0,74 1074 3.65
1975 5.28 1975 31.32
I 1976 8.51 1976 7.45
Pheasant Creek 1970 5.56 Cutarm Creek 1970 4.11
1971 1n.20 1971 2.20
l 1972 3.39 1972 1.89
1975 20.55 1974 2.28
1976 23.23 1975 0.03
Lewis Creek 1970 7.60 Adair Creek 1970 33.00
' 1971 1.65 ‘ 1971 28.21
Echo Creek 1970 84 .84 Kaposvar Creek 1970 4.77
1971 52.54 1971 2.95
l Sandy Beach Creek 1970 7.79 Loon Creek 1970 3.58
1971 8.06 1971 10.45
Thompson Creek 10970 26,63 Ekapo Creek 1970 4.60
1971 14.13 1971 3.60
Arm River 1970 6.19 1972 1.93
1971 2.29 1975 8.23
1972 .15 Boggy Creek 1974 0.n2

-F-
>
N =
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Table 3CS
Comparison Between Measured and Predicted Concentrations;

Spring Phosphorus from L(l-R)/ZP and Summer

Chlorophyll a from 0.367(L/qs(1+f77a;))0'91
—
L.ake Spring Phosphorus Summer Chlorophyll

Pred. Meas. Pred. Meas.

Cal. yr .June-May

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
Pasqua 407 395 462 54.5 in.o
Echo 301 375 485 56.2 28.6
Mission 405 394 306 62.8 22.3
Katepwa 380 374 430 49.0 43.7
Crooked 301 306 218 57.2 38.3
Round 232 228 233 49.1 11.4
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Table 3C6

l.ake Concentrations of Nitrogen and Phosnhorus
in Spring and Chlorophyll a in Summer

Date Lake (r) [N]  [cn1 4 Lake {r) [N])  [tm1 &)
mE/m3 mg/1 mg/m3 m;_z/m3 mg/1 mg/m3
Pasqua Echo
1971 628 2.72 1002 1.75
1972 126 2.05 75.5 232 2.80 85.2
1973 1031 3.76 663 2.97
1974 276 1.85 28.9 221 2.60 44 .7
1975 - 470 2.06 13.0 365 1.85 12.0
1976 400 1.44 20.9 348 1.95 Q9,2
1977 462 2.68 41.2 517 1.81 26.5
Mission Katepwa
1971 652 1.73 1112 2.60
1972 i3 0.75 10.4 117 n.an 188.0
1073 698 2.14 ' ' 305 1.84
1974 252 2.32 41.2 311 2.58 83.7
1975 331 1.82 23.2 435 1.86 13.2
1976 450 1.63 1n.0 314 1.34 5.4
1977 400 1.32 19.5 480 1.25 10.4
Crooked Round
1970 10.3 3.4
19071 350 1.72 320 1.56
1972 20.7 .
1974 266 2.39 36.9 82 2.83 20.4
1975 130 1.98 20,4 5.3
1976 249 1.61 22.7 222 1.13 17.5
1977 338 1.00 26.3 3n7y 1.07 5,2
Average
Pasqua 462 2.36 30,0
Echo 485 2.15 28.6
Mission 396 1.62 22.3
Katepwa 430 1.57 43.7
Crooked 218 1.83 38.3
Round 233 1.65 11.4
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When the averape measured concentrations are compared with the
duta in Sakamoto (1966), the measured chlorophyll is considerably lower on
both the nitrogen vs chlorophyll and phosphorus vs chlorophyll granhs
(Fig. 3C2). Similarly predictions of chlorophyll a concentration made
directly from phosphorus hudget values (Vollenweider, 1976a) give
overestimates relative to those measured (Fig. 3C2). Allan and Kenney
(1977) in preliminary studies found that Vollenweider's loading equation
accurately nredicts average summer chlorophyll within the 99% confidence

limits, while the lake phosphorus concentration data overestimated measured

values. However they point out that the range of chlorophyll a concentrations

predicted at these high loadings is large enouph to have dramatic effects

on the greenness of the lakes,

3.C.3 Phosphorus Retention and Internal Loading

The phosphorus retention coefficient was positive in some years
and nepative in others for the Fishing Lakes indicating both net gain and
net loss of phosphorus in the lake in different years. The lower lakes,
Crooked and Round, had a consistently positive retention, except for one
negative retention in 1973 of -0.02 in Round Lake (Table 3C1).

Predictions of phosphorus retention in lakes based solely on the
areal water load (Kirchner and Dillon, 1975; Chapra, 1975; Nillon and
Kirchner, 1975b) provide only for positive values, and the correlations
between measured and calculated retention coefficients were poor using the
yearly data and the average lake data (r=-0.,01, r=-n_50). Tahle 3C7 gives
the measured and calculated retention coefficients from the average lake
data and it apnears that the predictions for Crooked and Round Lake are
much closer than those for the Fishing Lakes.

A Tough estimate for internal loading can be made under the
assumption that the phosphorus retention calculated from areal loading of
water is accurate, and that the difference between this calculated value
and the measured value represents an internal loading coefficient. In that
case internal loading values of 3.0 to 4.1 g/mz/yr are calculated on
average for the 4 Fishing Lakes (Table 3C7). This corresponds to an annual
average of 8.2 to 11.2 mg/mz/day, comparable to the values found bv Allan
and Williams (1978) for rates of winter phosphorus regeneration in the
lakes.

Throughout the year all of the lakes show time periods of flux to
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Table 3C7

Comparison Between Measured and Predicted Phosphorus Retention Coefficient

from 13.2/(13.2+qs) and the Calculated Internal Phosphorus Loading

Lake Coefficients Phosphorus Loading
Retention Internal External Internal
Pred. Meas. Loading

g/mz/yr zlmz/yr mg/mz/day

Pasqua N.44 -0.06 0.50 6.46 3.23 8.8
licho N, 33 0.02 0.31 10.76 3.34 9.2
Mission n,23 n.nl 0,22 18.51 4.07 11.2
Katepwa  0.38 0.03 0.35 8.51 2,98 8.2
Crooked 0n.33 n.25 n.n7 10.88 0.76 2.1
Round n.25 N, 26 -0.01 12.38 -0.12




‘

\

55

and from the sediments of phosphorus (Tahle 3C8). Many months of data for
phosphorus cnﬁtcnt of the lake water are missing, but there is an indication
of a possible seasonal flux with flux from the sediments in May, June and
July, flux to the sediments in August, September and October, flux from the
sediments in November, December and .January and finally flux to the sediments
in February, March and April.

The phosphorus retention coefficient and the sediment flux are
affected by the use of terrestrial phosphorus loading to represent total
phosphorus loading. If the measured input represents a low value, but the
measured output is accurate, the calculation of phosphorus retained in the
lake and sediments would be low and even incorrectly negative. Thus the
calculated sediment flux represents a value biased toward flux from the
sediments and any interpretation of results must be made with this fact in

mind,

3.C.4 Nitrogen:Phosphorus Ratio

The N:P ratio in the Fishing Lakes on average decreases from
input to output from 8.6 at Pasqua input to 6.0 at Katepwa output, with
Echo and Mission Lakes showing the largest decreases (Tahle 3¢90}, Studying
the ratio change in individual years, Pasqua, Echo and Mission Lakes all
register drons in ratio from input to output in six of the eight vears,
while Katepwa lLake registers a rise in N:P ratio in five years. The ratio
of N:P in general is’higherlin the Fishing Lakes from 1974-76 but lower
again in 1977, |

The N:P ratio in Crooked and Round Lakes shows a trend of change
through the lakes opposite to the Fishing Lakes. The average ratio
increases from 6.4 at Crooked input to 14.3 at Round output. In Crookéd Lake
the ratio increases in seven of the eight years, while Round Lake, w1th only
three years of directly comparable ratios, shows an increase in each vear,
The years of higher ratios in general for these lower lakes were 1973 and
1074,

In summary, the Fishing Lakes and lower lakes appear to be
different on the basis of the change in N:P ratio from input to output
waters, with Katepwa Lake almost an intermediate case showing the ratio

changes of the Fishing Lakes on average but those of the lower lakes when

"individual years are considered.
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Table 3C8

Date Retention Sed. Flux Retention Sed. Flux Retention Sed. Flux

xln3 kg x103 kg xlﬂ3 kg x103 kg xln3 kg x103 kg
Pasqua Echo Mission

1072

Jan -0.,26 +0.26 -0.,13

Feb -0.49 +0.27 -0.14

Mar +1,56 -n, 31 -0,38

Apr -3.44 +53.71 +1.31 +103,34 +4.,13% +39.62

May +2.21- +0.30 -0.70

Jun -3.24 -43,02 +0,97 +0,01

Jul -3.44 -39.78 +1.00 -40,02 +0.60

Aug -N.,99 -0.42 +0.72 +7.67 +0,38 -37.46

Sep -4.78 +4,22 +0.70

Oct +0,61 +0.84 +0.39

Nov +0.87 +N .05 +0.28

Dec +0.,02 -75.73 +0.17 -8.85 -0.14

1973 -

Jan +2.36 -0 .86 -1.71 +8.10

Feb -0,36 +0,65 -0.02

Mar +0.11 +0 .86 +0.,00

Apr +N,.07 +1.08 +1.01

May +0.24 . +49.57 +1.55 +11.14 -0,27 -9.84

Jun -2.43 -10.48 +2.9n -35.74 +0,97 -3.12

Jul -n,an +2.55 +2.32 +20.10 -1.19 +6.80

Aug -2.47 +10 38 +2.60 -1.17 +7.01

Sep -1.87 +20.44 +1.33 +14 .10 -1.83 :

Oct -3.4n +2.,80 -1.43

Nov -1.11 -0,34 -0.37

Dec +2.06 -36.26 -2.32 +2.53 -0.70 -12.51

1074

Jan +5.,90 +48.77 -1,87 +0,07 -1.18 -2.44

Feb +5.51 +7.93 -2.62 -0.,34 -0.,0n3 -1.35

Mar +4 .26 -2.40 +0.16

Apr -3.68 +8.72 +2.72

May -9.52 +26.82 -1.28 +51.90 +0.11 +31.11

Jun +9,25 =9.27 -6.39 -7.88 -3.52 -2.27

Jul +2.85 -7.38 -4.,02 -32.40 +2.,90 -17.03

Aug +14.,64 +35.23 -3.53 -3.99 +0.,40 +N .60

Sep -11.03 +8.05 -0.22 +7.31 +4 .41 +13.,05

Oct -5.68 -8.55 -12.63 +4.81 +2,20 +6.190

Nov -1.44 -4.,22 -3.61

Dec +0,90 -9,28 -n,22 -5.35 -2.29 -2.87

(N NS NG BN BN NN N N BN B AN n BN By BN am EE .
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Tahle 3C8 cont'd

Date Retention Sed. Flux Retention Sed. Flux Retention Sed. Flux
x103 kg x103 kg xlO3 kg x103 kg x103kg xlf)3 kg

1975

~Jan +3,62 -9.49 -2.68 -3.55

Feb . -0.92 -0,03 -1.23 -n, 32

Mar +4.,63 +N .08 -Nn. 23

Apr +13.87 +7.69 +0,32 -5.87 -2.53 -Q.0n

May +3.82 +6.47 +3.70 -7.02 -3.42 -3.20

Jun +2.04 -25.45 -0.16 -19.88 -14.88 -39.23

Jul +1.53 ‘ -2.08 -1.16

Aug +10,25 = - +18.57 . -0,77 +5.50 . =N.80 - +13.80

Sep -5.70 +13.07 -0.38 +N, 00 -4.13 -2.08

Nct -2.31 -0,72 -4,97 :

Nov -0.75 ' : +0.06 - : 4,20 .

Dec +5.08 -29.15 -1.16 +N, 74 -4 .09

1976

Jan +1n.43 -1.76 -1.92 -21.75 +N .04 -4.,38

Feb - +1,56 +3.06 +N .23 +15.73 -N.26 +3.04

Mar +0.29 +0.29 ' -0.15

Apr . -8.95 ' +0,62 +15.10

May +1.83 +43.65 -13.68 - +7.41 +12.54 +35.87

Jun - +3.87 -10.27 -1.10 -16.04 -3.48 -15.82

Jul” - +0.07. -4.42 +6.21 +1.65 -6.84 -15.62

Aug -3.11 +2.,30 +2.82 +3.85. -2.71 +3.50

Sep -8.61 +15.990 +2.14 +0.66 -N,53 - +4 .88

Oct -14.23 +4 .51 +2.04

Nov - -13.95 -37.03 +5.08 +3,.0n2 +14.23

Dec -5.14 -6.98 +N ., 44 +18.81 +0,38 -2.19

1977

Jan -1.07 -18.20 -0,.82 -22.26 -n.10 -9.10

Feb -0,44 +7.26 -n,72 +0.,60

Mar +0,96 -0.47 +1.33

Apr +1.72 +1n.27 -N, 96 +17 .60 +0 .11 +14,25

'May' +1.46 -33.04 -1.30 -13.84 -1.58 -9.50

Jun 44 .49 - +30.94 : +0.79 +11.05 +0.16 -11.72
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Tahle 3C8 cont'd

NDate Retention Sed. Flux Retention Sed. Flux Retention Sed. Flux

xlﬁ3 kg x103 kg xlf)3 kg x103 kg x103 ke xlﬂ3 kg
Katepwa Crooked Round

1972

Jan +0.16 +2.11 +1.03

Feb +0.,43 +,92 +2.87

Mar -0.49 +6.32 +5.22

Apr +0,69 +231.97 +5.67 -1.28

May -1.54" +2.65 +N.40

Jun +1.41 +1.62 -0.14

Jul +1,65 -82.92 +1.65 +46.,57 -0.45

Aug +1.47 -35.53 -0.34 -12.89 +0,08 +38.28

Sep +2.34 +43 .88 -2.15 +2.8A

Oct +0,08 +1.16 +0 .90

Nov +1.01 +1.73 +1.55

Dec +N 44 +0.32 +3.44

1073 .

Jan +0.60 +12.11 -2.59 +18.65 +1.50 +12.74

Feb +2.60 +2.40 -N.44

Mar +N.76 +2.49 +0.30

Apr -1.52 +1.75 -5.25

May -6.51 +3.14 - +1.66 -5.31

Jun +0.10 -28.28 -1.25 +5.82 +1.77

Jul +1.32 +34 .24 +1.20 -10.86 -0.50 -8.00

Aug +1.20 -17.19 +0 .14 +1,99 +0.08 +2.21

Sep +3.25 +N 66 +14.10 +1.03 -0.84

Oct +3.60 -0.,23 +0,39

Nov +0.78 -1.28 +5.65

Dec +2.12 +11.56 +4.10 +0.37

1974

Jan +2.26 +0.68 +2.73 +12.70 +0.47

Feb +2.,85 +8.75 +3.41 -0.53 40,18 +5.64

Mar +2.86 +3.43 -0.34

Apr +3.40 +29.73 +6.36

May +10.24 +43.28 +17.96 +29.84 +45.07 +51.71

Jun -1,07 +8.70 -0,51 +14 .50 -1.52 -0.90

Jul -3.11 -81.42 +1.,22 -17.35 -7.21 -19.40

Aug -1.78 +1.17 -8.61 -33.09 +8.64 -7.91

Sep -5.4n +16.84 -0.44 +4 .83

Oct -15.05 -13.46 +0.45 +45.15 -5.91 +24 .55

Nov -2.08 +0,92 -0.22

Nec -0,23 +18.80 +1.28 +2.84



59

- Table 3C8 cont'd

NDate Retention Sed. Flux Retention .Sed. Flux Retention Sed. Flux
x103 kg -_vxl-O3 kg xlm3 kg xlO3 kg : xlﬂ3 ke 5x103 kg

1975 - _

- Jan -0.26 : , . +1,15 -0.61
Feb -0.05 -12.11 +0.97 ‘ +1.28
Mar +0.24 ‘ +1.03 -0.43 +1.75
Apr = -5.91 . -22.24 +14.38 - +6.77
May -17.94 +22.01 +9.48 +32.47 +35.39
Jun -16.26 -18n.38 -1.27 ' -5.09  +4.83
Jul - +1.95 : : : T 41,49 -54.64 =2.72 -5.21-
Aug +0.94 +156.34 -2.52 o +5.22 .
Sep +4.,41 © -6.71 = -11.n1 +19.06 +10,29 +34.,64
Oct - +4.74 - -4.06 T 45,72
Nov -1.49 +3.08 o -3.88 o
Dec -6.05 ' +1.92 +0,21° -0.09 42,01
1976 o o
Jan - -8.74. -29.47 +1,91 -3.10
Feb . +0.41 . -17.53. - - +1.06: - -N,11 +0,84 1 -5.82
Mar +0.33 o +1.41 : +1.73 :
Apr -2.15 I +27.45 ' +47.82
May -15.36 - - +47.97 +0.54 +37.64 +46.50 +106,28
Jun -0.48 -53.14 ‘ -7.34 o +8.01
Jul ' +0.46  -15.89 - - +7.03 " +4,05
Aug . +0.57° .+10,19 +3.47 . -17.75 . +6.08 +10.60
Sep +0.80 +7.83 +3.11 +5.10
Oct -1.13 ' +4.,22 +0.36
Nov = -1.03 -  +17.38 +6.64 -3.79
Nec -n.68 -5.45 +3.19  +31.43 2.58
1977 L } ;. . L :
Jan -0.28 - +0.71 L -0.40 :
Feh S20,41 0 -31.11 - -0.42 -32.43 41,77 -9.69
Mar -0.70-. - 2 42,69 - : +1.35 '
Apr -N.04 +26.50 +4.,06 +1.32
May © +0.08 -13,54 -0.07 +29.,93 +3.30 +17.63
Jun +0.54 . 47,35 -n.38. - : +0,73
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Table 3C9

N:P Ratios at Lake Inputs and Outputs

Location 1970 1971 1972 1973 1974 1975 1976 1977 Average

Pasqua input 4.1 4.9 7.3 6.2 13.2 10,2 13.3 9.8 8.6

Pasqua output, 3.3 3.7 4.3 3.6 16.0 20,3 11.3 5.9 8.6
Echo input

Echo output, 3.2 2.9 5.3 4.1 14.2 17.8 9.2 3.4 7.5
Mission input

Mission output, 3.0 3.1 3.4 2.4 13.7 9.8 11.7 2.8 6.2
Katepwa input

Katepwa output 3.3 3.5 3.0 4.8 16.7 4.8 7.9 2.8 6.0
Crooked input 3.9 3.7 6.0 16.7 6.7 6.6 4.4 3.5 6.4
Crooked output 6.1 4.6 5.7 18.1 33.5 8.5 6.9 4.0 10.9

Round input 5.9 4.9 5.3

Round output 6.3 5.6 14.5 38.6 33.8 4.9 7.0 3.8 14.3
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4. DISCUSSION
4.A HYDROLOGY
4.A.1 Water Budgets

The water budget data are basic to the phosphorus budget _
calculations used in the development‘of empiric31 models for lakes, hut the
Prairie region e*periences such a wide variability of water flow from year
to year that this factor makes nred1ct1ons difficult. When predictions are
made for the Pra1r1e reglon hased on average water budget data,
modification due to hydrologlcal f1uctmat1ons from th1s ~average must be
considered and any pred1ct1ons w111 be quallfled by the effects of these
fluctuatlons Therefore quantltatlve predlctlons may be too 1mprec1se to be
of any more significant value ‘than qualltatlve pred1ct10ns on a yearly

basis and they may be more valuable for defining long term averages

4.A.2 Croundwater, v

| The calculation of groundwater from the water budget gives only
the net movement to and from the lake system and 1n some cases bhoth lake
input and output may be occurring. However some tentat1ve statements can be
made ahout groundwater movement from these calculations. Both net monthly
input and output to the lake have been calculated, with the largest
movement during the spring, but on a yearly basis contribution to the lake
system of groundwater is the typical net movement. The large flux in the
spring must be considered withvcaution, since large volumes of water are
being used in the ealculations and this‘iarge flux may be merely an
artifact of the calculation method. The groundwater movement in. this region
is being studied by the Saskatchewan Research Council and their f1nd1ngs
can be used to evaluate these pre11m1nary results.

Phosphorus movement via groundwater was not considered in the
phosphorus budgets, but earlier studies (Water Quality Branch, 1971b)
suggested that aquifers-in the region receive nutrients from the Ou'Appelle
River, as a possible explanation for the net loss of nutrients in nutrient
balance calculations. The value of being able to measure the groundwater
component of the water budget becomes apparent if it invelves a significant
flow through of water and significant concentratlons of phosphorus which

must bhe con51dered for accurate phosphorus budget calculations.
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4.8, PHOSPHNRUS LOADING

The terrestrial phosphorus loading to these Prairie lakes
represents some of the highest values recorded in the world (Allan and
Kenney, 1977). One reason for this is the extremely high ratios of
catchment to lake surface area. lUising the effective drainage area, a more
conservative estimate of contributing drainage area than the gross drainage

area, these ratios range from 553 to 1552. Fven with low phosphorus export

the large drainage area would rapidly increase the total supply to the lake.

The phosphorus loading calculated in this study is exclusively
terrestrial loading and therefore the high correlation between phosphorus
loading and areal water loading and hetween phosphorus export and discharge
volume are hardly surprising, but it does emphasize the very strong
dependence on the water budget of any considerations of phosphorus loading.
The other sources of external phosphorus loading from the miscellaneous
drainage area, atmosphere and groundwater should be considered to determine
the extent of their effect on the phosphorus loading from this study.

The miscellaneous drainage area represents from 1% to 3% of the
total drainage area for each lake. llsing the average terrestrial loading to
the lake of 11.3 g/mz/yr and assuming that this drainage area contributes a
proportional loading, this represents an additional average loading of 0.1
g/mz/yr to 0.3 g/mZ/yr. The miscellaneous drainage area includes the
development around the lake and the relationship between its contribution
to the phosphorus loading may not be as easily related to the contribution
of more remote developments as this simple estimate. Lakshman (pers. comm.)
is presently studying the contribution of cottages to the phosphorus
loading of the Fishing Lakes and his findings will be useful in evaluating
this estimate.

The aeolian loading of phosphorus to lakes in North America
ranges from 8 mg/mz/yr to 102 mg/mz/yr (Uttormark, Chapin and Green, 1974),
while Caiazza (1976) found a value of 159 mg/mz/yr at a site near Edmonton.
The percentage contribution of aeolian loa§ing is higher in lakes with
smaller ratios of drainage area to lake surface area and &n one study in
southern Ontario contributed from 4% to 86% of the phosphorus loading
(Scheider, 1974). Because these lakes have such a large relative drainage
area the significance of aeolian loading would be expected to be small. In
fact if a value for aeolian loading of 100 mg/mZ/yr is applied to these

lakes, it represents only 0.9% of the average terrestrial phosphorus
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loading to the lakes. Measurements of nutrients in precipitation are being
made at nearby Wyngard by Canada Centre for Inland Waters, Applied Research
Division and these results can be used to establish the level of aeolian
loading in this area and to determine whether this estimate is realistic.
This component of the total phosphorus loading becomes more significant if
terrestrial loading of phosphorus is reduced.

Groundwater phosphorus loading values of 23 mg/mz/yf to 120
mg/mz/yr are reported by Uttormark et al (1974). Once again 'if these
loadings are applicable they are insignificant relative to the measured
terrestrial loading, but measurement within this area would be necessary to
establish this. |

The measured terrestrial loading from the main river accounts for
an estimated 95% of the average annual external phosphorus loading using |
values of 0.3, n.1, and 0.1 g/mzlyr for phosphorus loading from
miscellaneous drainage, the atmosphere and groundwater, respectively. Due
to the fluctuations measured in terrestrial loading over the study period,
this contribution of 0.5 g/mz/yr could range from 2% to 26% of the total
phosphorus loading. The study of these factors will establish whether they
provide significant adjustments to the measurements of phosphorus loading

used in this study, and hence the predictions made using these values.
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4.C PHOSPHORUS EXPORT

Determinations of phosphorus export are useful for management
purposes in identifying watersheds which contribute large amounts of
phosphorus. The range of average export for small streams in the Qu'Appelle
Basin was from 1.78 mg/m2 for Cutarm Creek to 69.66 mg/m2 for Fcho Creek
(Table 3C3). This quickly identifies Echo Creek drainage area as a larger
relative contributor of phosnhorus and if a reduction of phosphorus is
desired, work to reduce the export within this basin would probably have a
more significant effect than in the Cutarm Creek basin.

The small streams represent drainage areas with no municipal
sewage and the export results from agricultural and feedlot operations.
Moose .Jaw River and Wascana Creek contribute 99% of the municipal sewage
phosphorus in the Qu'Appelle Basin (Water Ouality Branch, 1971c¢) and their
high export values of 29.0 mg/m2 and 137.4 mg/m2 respectively reflect the
importance of municipal sources of phosphorus. The reduction of export from
30.6 mg/m2 at the Qu'Appelle River at Lumsden to 12.5 mg/m2 at the input to
Pasqua Lake, demonstrates the diluting effect of integration with lower
export watersheds, and possibly indicates removal of nutrients along the
length of the river.

Phosphorus export is also useful in developing phosphorus budgets
for lakes. Patalas (1972) proposed a general formula for predicting
phosphorus loadings to lakes which included an export coefficient
representative of the land drainage, and studies have been conducted to try
to define a scheme of typical phosphorus export values which would he
applicable.

The geology and land use of the watershed seem to bhe critical
factors to bhe considered (Dillon and Kirchner, 1975a) and although average
exports have been calculated, the classifications are very general,
including a wide range of values. For example, the export from agricultural
land givenin!lttormark, Chapin and Green (1974) ranges from 10 to 100 mg/m2
averaging 30 mg/mz, while they cite studies which give exports ranging from
3 mg/m2 to 23n mq/mz.

The average phosphorus export from the lower Qu'Appelle River,
11.0 mg/mz, represents an integration of many small sub-basin exports, each
produced by a unique combination of geology and land use. However the wide
range of values for phosphorus export measured in this study area

illustrates the difficulty of calculating phosphorus loading to a lake from
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the export coefficient. In fact it might be expected that to predict
phosphorus loading to a lake within a small watershed from export requires
a close identification of watershed characteristics of geology and land use

whereas a similar prediction for a lake with a large watershed may be

considerably easier with the natural integration of Prairie export values

and hence reliability of an average export value.
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4.0 LAKE NUTRIENTS AND PRODUCTION
4.0.1 Phosphorus, Nitrogen and Chlorophyll Concentrations

The equation [PJ = 1.463L(1-R)/%p - 145,515 can be used to
calculate the spring phosnhorus concentration in these Prairie lakes on an
overall basis at these loading levels. The possible underestimate of
phosphorus loading by 0.5 g/mz/yr will have little effect on the
recalculation of phosphorus concentration because the retention coefficient
used in the equation predicting lake phosphorus concentration to modify the
phosphorus loading is itself dependent on the loading determination. Any
error in phosphorus supply will be balanced by a complementary error in the
phosphorus retention and the predicted lake concentration will bhe
relatively unaffected.

"'The decision to reduce the phosphorus from Regina sewage was
“hased on the results anticipated from the early models relating phosphorus
. loading, lake phosphorus and chlorophyll concentrations. These early
\relationghips do not appear to work well for these lakes. In fact,
.lelenweider (1976a) did not expect.this relationship to hold for lakes with
'a high phosphorus load, since production level is not solely controlled by
phosphdfus and Dillon and Rigler (1974b) and Sakamoto (1966)'restrict the
application of their models to lakes with lake water N:P ratios of greater
‘than 12, a condition which these lakes do not satisfy. ‘
'The poor correlations hetween both spring lake nutrients and
the summer chlorophyll concentration suggest that some other factor is
controlling lake productioﬁ. Cullimore and Johnson (1971) working on these
lakes determined that nitrogen was a very critical factor controlling the
algal growth and Allan and Kenney (1977) suggest turbidity and light
limitation as well as nitrogen limitation as possible factors limiting
algal growth. This other factor or factors seem to he reducing the
chlorophyll a concentration in these Prairie lakes below levels predicted
by phosphorus and nitrogen concentration. However any conclusions drawn
from the lake data are of necessity tentative due to the infrequency of
sampling and consequently large extrapolations. Indeed the chlorophyll data
are extremely questionable. The method of chlorophyll analysis with poor
preservation between sampling and analysis suggest that these samples may
in fact be underestimates. In order to clarify this situation a more

complete study of these lakes is necessary.
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4.D.2 The Effects of Hydrology

Hydrological conditions nlay a major role in the variability of
lake conditions. The decrease of phosphorus concentration within the lakes
from 1970 to 1974 followed by the increase to 1977 probahly represents a
variability imposed on the state of lake eutrophication by the variability -
of the hydrological condition rather than a real trend in lake
eutrophication. ‘Although high phosphorus loading occurs during 1974, a year
of high water flow, the measured river water and lake phosphorus
concentration are low. Allan and Kenney (1977) found an hyperbolic
relationship between phosphorus concentration and instantaneous discharge
at the input to Pasqua Lake and they point out that a large spring inflow
will lower the phosphorus concentration of the lake water. The -expected
relationship hetween river and lake phosnhorus concentration is apparent
within the predictive equétion for lake phosphorus concentration. L/?p is
the same as L/qs,'the phosphorus loading divided by the areal water loading,
and represents an integrated average concentration of the lake sources of
phosphorus. -

The lower lakes registered a much more marked change in
phosphorus concentration during thé‘stﬁdy period than the Fishing Lakes and
the reason for this may be found by returning to the equation used to
predict lake phosphorus concentration. The only other component used to
adjust the prediction from L/qS is R, the retention coefficient. Thus, the
differences between the Fishing Lakes and the lower lakes mav be affected
by this factor. In fact on an annual basis the Fishing Lakes register many
large negative retention coefficienté,-while‘the lower lakes register
positive phosphoriis retention in most years, Hénce'the Fishing Lakes, with
their net internal phosphorus loading, are less regulated by external
loading and maintain a more constant lake phosphorus concentration, despite

tFe variability of the hydrological conditions.

4.D.3iiy Nutrient Limitation and Internal Phosphorus Loading

An evaluation of these lakes based on the changes of N:P ratio
between input and output waters (Schindler, 1976) again indicates this
difference between the two groups of lakes. The Fishing Lakes generally
show an average decrease in N:P ratio between the input and the output
indicating the predominant limiting nutrient to be nitrogen, while the

lower lakes show the opposite change, indicating phosphorus limitation to
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algal growth. Schindler determined that phosphorus was more likely to bhe
the lake nutrient limiting algal groﬁth because of the possibility of self
regulation of the other two major nutrients, carbon and nitrogen. Any
shortages of these elements in the lake may be readily affected by exchange
directly with the atmosphere, whereas phosphorus has no such mechanism.

The lower lakes, which exhibit phosphorus limitation, also
- exhibit net phosphorus retention in the lake sediment and the assessment
according to Schindler seems to be applicable. The Fishing Lakes, however,

exhibit nitrogen limitation, and this may result from a mechanism to reduce

any shortages of phosphorus supply in the lake, internal phosphorus loading.

This hypothesis is further supported when the data of N:P ratio change on a
yearly basis are examined. The Fishing Lakes do not consistently register a
decrease of N:P ratio 1n every lake in every year (Table SCQ) and often
when an increase in N: ﬂ ratio is %alculated from 1nput to output of a lake,
1nd1cat1ng phosphorus 11m1tgt1on, a larger 9051t1ve retention coefficient
is also calculated (Tablé 3C1). That is the supply of phosphorus from the
sediments is less available in that year.

The flux of phosphorus between the sediments and the lake water
may provide an explanation for the difference between the phosphorus
limitation and nitrogen limitation of these lakes. In fact the lower lakes
may representvan earlier stage of development in the eutrophication of the
Fishing Lakes. The study of these lakes provides a unique opportunity for
trying to develop models for this highly eutrophic situation, which is

outside the scope of most existing models,.
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4.5 PREDICTING, PHOSPHNRUS LOADING AND LAKE CONDITIONS -
4.F.1 Natural loading

It may’ be possible to estimate natural loading of phosphorus if
the components of artificial phosphorus loading can be removed from the
terrestrial loading in. this study. The'atmospheric and miscellaneous
drainage loading not measured'in this study are hoth to a large extent
loadings'From artificial sources, and hence can be disregarded. The
cottages and small towns certainly provide artificial supplies of nutrients
and the amount of phosphorus in the atmosphere is almost certainly
increased by inputs from civilization, both industry and agriculture. The
direct effect oF'inputs from Moose .Jaw River and Wascana Creek is to
increase the export of the Qu'Appelle River. To evaluate their effect
downstream is more difficult since the phosphorus export drops from 30.6
mg/m2 at Lumsden to 11.6 mg/m2 at the input to Pasqua Lake.

‘The Qu'Appelle River exports on average 11;3vmg/ﬁ2 to the six
lakes and the small streams which have agricultural, but no municipal
sewage, export 7.5 mq/mz. Therefore it is fairly reasonahle to attribute
the difference, 3.8 mg/mz; to urban influence, and the elimination of this
source might reduce the phosphorus  loading to the lake by about one third.

'Prairie rivers contributé much' of their runoff in the snow melt

-season and depending on agricultural practices the runoff from some of the

smaller streams may represent a relatively natural phosphorus export. In
addition, the Ou'Appelle River phosphorus export during ‘April and May might
be used to aprroximate the natural export. This is a first approximation
only, increased by the additional urban and agricultural facto;S but
decreased by the omission of the natural export during the remainder of the
year. Therefore a natural phosphorus export of 3.3 mg/m2 mav he a
reasonahle estimate, and agricultural pracfices may be responsible for one
third of the total loading. Allan and Williams (3978) studied the sediment
cores from the Fishing Lakes and their data suggest that historical
loadings were about 40% of present levels, thus substantiating this
estimate (Allan, pers. comm.).ﬁ

In conclusion the natural export from the Qu'Appelle River might
be considered to be about one third of the present export and thus the
average natural loadlng for the lakes would range from 2.2 g/m /yr for
Pasqua Lake to 6.2 g/m /yr for Mission Lake.

These estimated phosphorus loadings are still extremely high but
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their effect on the lake must be considered, and a number of estimates of
the natural lake phosphorus concentration are possible (Table 4F1). Firstly
when the equation derived from this study is applied to the lakes with the
estimated natural loading it does not extrapolate well to these lower
loading values, giving a negative lake phosphorus concentration for Round
Lake. Secondly the drop in spring lake water concentration may be directly
proportional to the decrease in loading to one third the present
concentration predicting levels of 73 to 162 mq/ms. Thirdly at these lower
levels of phosphorus loading, the Fishing Lakes may be phosphorus limited
with positive phosphorus retention more like the lower lakes. Therefore,
using the equation by Dillon and Kirchner (1975b) to calculate retention,
this would result in predictions of 72 to 105 mg/m3 for the lake phosphorus
concentration. Finally if the retention remained the same for these lakes
predictions of 77 to 135 mg/m3 would be calculated. In all cases
substantially lower lake phosphorus concentrations are predicted for the
lakes under the predicted natural phosphorus loading conditions.

A second consideration deals with the relationship between
phosphorus and chlorophyll. This relationship is not well defined in these
lakes but two possible situations will be discussed assuming the highest
estimate of average spring phosphorus concentration, 124 mg/ms. Firstly, at
these reduced levels the N:P ratio in the lake water will increase and the
phosphorus will become a more important controlling factor in determining
the algal growth., Chlorophyll a concentrations will more closely
approximate those predicted by Dillon and Rigler and Vollenweider, with the
fluctuations imposed by Prairie hydrology taken into consideration. tIsing
Vollenweider's equation a chlorophyll concentration of 38 mg/m3 is
calculated and using Sakamoto's line a chlorophyll concentration of
approximately 150 mg/m3 is found. Earlier calculation of chlorophyll a
using Vollenweider's equation fell within his 99% confidence limits,
therefore his estimate may be more accurate under this condition and a
small increase in chlorophyll a concentration might be expected under
natural loading conditions. Secondly, the factors which are controlling the
algal growth under these conditions of high loading will continue to act at
lower levels of phosphorus loading and the chlorophyll a concentration will

be relatively unaffected by the lower phosphorus concentration alone.



‘

71
Tahle 4E1

Predictions of Spring Phosphorus Concentrations of Lake
Water under Natural and Reduced Loading Conditions

- - R
Lake P Loading " Spring Phosphorus Concentration
e/m?/yr mg/m°
- 1 2 3 ©4
Natural ,
Pasqua 2.15 52.7 154 72 135
Echo 3.50 45,6 162 8o 131
Mission 6.17 - 52,0 132 105 135
Katepwa 2.84 4n.1 143 81 127
Crooked 3.63 ! 1.2 73 an a0
Round 4.13. - -32.4 _ 78 78 77
average 3.75 : 124 86 17
Reduced _
Pasaua 4.31 252 308 143 272
Echo 7.17 - 236 323 178 261
Missioﬁ 12.34 253 264 210 270
‘Katepwa 5.67 - 225 287 162 253
Crooked = 7.25 148 145 170 200
Round ~ R.25 80 155 156 154
average 7.50 © . 1900 247 171 235

1 - from equation [P] = 1.463L(1-R)/@0"- 145.515 using R from P hudget

- 2/3 of present concentration for reduced loading, 1/3 for natural loading
L(1-R)/Zp using R from 13.2/(13.2+qs)

L(l-R)/ZP using R from P budget

(8]

from equation [P]

H»
1

from equation (P] :
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4.F.2 Reduced l.oading

One of the.early steps to improve the water quality of the
Qu'Appelle Lakes was the removal of phosphorus from municipal sewage.
Cullimore and .Tohnson (1971) identify Regina as the source of 44% of the
phosphorus in Pasqua Lake, so this would be expected to have a large effect
in reducing phosphorus loading. Using the previously c¢alculated values, the
contribution from municipal sources is approximately one third of the
present phosphorus loading and the anticipated changes in lake phosphorus
concentration caused by this reduction can be calculated using the same
considerations as for natural phosphorus conditions (Table 4E1).

Schindler (1976) stated that any recoveries of this type of
highly eutrophied lake would be slow because of the changing nutrient
interactions between sediment and lake water, and Allan and Williams (1978)
predicted that the Fishing Lakes would show a gradual decline iﬁ sediment
phosphorus regeneration rate following removal of external, cultural
phosphorus load. Therefore any improvement in lake phosphorus concentration
may be expected to occur gradually.

As with the natural loading situation it is not possible to
predict the changes in chlorophyll concentration from this study, although
the prediction from Vollenweider's equation would be 71 mg/ms, an increase
in chlorophyll concentration. There is no significant correlation between
the lake nutrients, phosphorus and nitrogen and chlorophyll but further
study of the lakes is required to verify this since the lake chlorophyll
data were so unreliable.
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5. SIIMMARY AND CONCLUSTONS

1. The water quantity data collected routinely by Water Survey of
Canada nrov1de a reliable basis for calculations of a water budget for
these lakes. lowever the natural hydrological variability reduces the
precision with which predictions can be made.

2. The water quality data collected routinely by the Saskatchewan
Water Pollution Control Branch with a few additional samples by the Federal
Water Quality Branch are not necessarily unreliable, but are certainly
insufficient for thorough studies of this kind. The sampling is too
infrequent on the rivers but the real fault lies with the lake data. The
lakes are poorly sampled and infrequently sampled and the validity of the
data is suspect, especially the chlorophyll data, with the questionahle
handling between sampling and analysis. The data base cannot be Teasonahly
used to make statements about lake models with any degree of certainty,
although some suggested statements are made using average values.

3. The eroundwater comnonent of the water budget was not measured
separately but calculations suggest there is a net input of water to the
water budget of these lakes from groundwater.

4, The large area of land dralnage relative to lake surface of these
Prairie Lakes ensures a high phosnhorus load1ng The. terrestr1al loading
accounts for approximately 95% of the average annual phosphorus loading to
the lakes. The aeolian, miscellaneous drainage and groundwater rhosphorus
loadings should be investigated to confirm this estimate.

5. The average phosnhorus export from the effective drainage area of
a large Prairie area is estlmated as 11.0 mg/m /yr, however the wide ranoe
of exports depending on geology and land use must be considered in making

phosphorus loading estimates from this value.

6. Predictions of lake phosphorus concentration can be made From the
equation [P] = 1.463 L(1- R)/zp - 145.515 at these loading levels.
7. The predictions of chlorophyll a concentration are con51stent1y

low frem the models using lake phosphorus concentrations, lake nitrogen
concentrations and lake budget parameters. Other controlling factors may
include nitrogen, turbidity and light limitation, however, the chloropﬁyll
data themselves mav he low due to noor sample preservation. In order to
clarify this situation, a more complete study of these lakes is necessary.

8. Changes in lake phosphorus concentration are strongly affected by
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hydrological variability and this effect is moderated by the internal flux
of phosphorus between the lake water and sediments.

9. Based on changing N:P ratios between input and output waters for
these lakes, the Fishing Lakes show nitrogen limitation while Crooked and
Round Lakes show phosphorus limitation. The flux of phosphorus between the
sediments and the lake water may provide an explanation for the difference
between these groups of lakes.

10. The annual average value of internal phosphorus loading for the
Fishing Lakes is estimated to be 8.2 to 11.2 mg/mz/day.

11. Average natural phosphorus loading is estimated to range from
2.2 g/mz/yr for Pasqua Lake to 6.2 g/mz/yr for Mission Lake, approximately
one third of the present loading. The estimated average spring phosphorus
concentration is 109 mg/m3

12, Under reduced loading conditions of about two thirds of the
present loading the estimated average spring phosphorus concentration is
213 mg/mS. ,

13. Crooked and Round Lakes may represent an earlier stage of
development in the eutrovhication of the Fishing Lakes. The study of these
lakes provides a unique opportunity for trying to develop models for this
highly eutrophic situation, which is outside the scope of most existing
models.

14, The water quality data were insufficient to reach any firm
conclusions. Therefore a thorough lake budget study is recommended with
particular emphasis placed on the collection of reliable lake data. This
study should concentrate on a few lakes which are monitored routinely for
water quantity data. Such a recommendation has gone forward to the

Qu'Appelle Implementation Board.
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TABLE AAl

LAKE MORPHOMETRY

»

LAKFE CONTOUR ARSA STRATUM VOLgM% VOL UME
m km m x 10" m %

PASQUA 0 19,9 0« 3 45,18 39.4
3 10,27 3= 6 28,17 24,6

o) 8,25 6= 9 22,22 19,4

9 be37 Qml? 14,94 13,0

12 3.57 12=14 3.38 2.9

14 1e10 14=15 0,67 0,6

15 0,038 15= 0.10 0.1

ECHO 0 12.5 0= 3 35,30 29,2
b3 9,42 3« 6 26.27 23,0

) 7T.04 b= 9 22,07 19,3

9 b.bb 9«12 18,46 16,2

12 5.47 12=15 11,42 10,0

15 2.26 15=-18 2,53 .2

18 0,02 18=-21 0,04 0.0

21 0,01 21= 0,01 0,0

MISSTON 0 7.6 0= 3 20,71 31,3
3 6,02 3= 6 16,63 5.1

] 4,91 6~ 9 13.56 20,5

9 4,00 9«12 10,05 15.2

12 2.bU 12=15 4,59 6,9

15 0.61 1S5« Nab2 0.9

KATEPWA 0 16.1 = 3 40,04 20,3
: ) 14,13 3= 0o 41,04 18,1
6 12.81 6= 9 37,09 16,4

9 11,54 9=-12 33,20 14,6

12 ‘ 10,26 12=15 29,05 12,4

15 d.82 15=18 23,99 10,6

18 6,96 1Re21 14,40 6,4

21 2.80 21=23% t.76 0.8

23 0,11 23= 0,06 0,0

CRONOKED 0 14,8 0= 3 38,14 30,9
3 10,36 3= b6 29,14 23.6

b 8,78 b= 9 24,20 19.6

9 7.13 =12 14,91 15,3

12 5,32 12=-15 10,95 H,9

1S 2. 11 16= 2,14 1.7

RULID 0 11,0 0= 3 31d.602 44,5
3 9,12 3« 6 25.87 29.1

6 7.87 6= 9 20,83 23,5

9 5.85 Q=12 10,11 11,4

12 1.3%2 12= 1,34 1.5
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Tabhle AA2

Water Survey of Canada Discharge Stations

Name Station #
Moose Jaw River above Thunder Creek 'OSJEﬂﬂl
Moose .Jaw River near Burdick 05JEND6
Qu'Appelle River near Lumsden 05JF001
Wascana Creekﬂnear Lumsden 'OSjFOOS
Wascana Creek near R1chardson '. 05JF009
Ou'Appelle River above Buffalo Pound Lake N5JG004
0u'Appe11e River below Moose Taw River N5JG007
Arm River near Bethune 05JHO01
Lewis Creek near Imperial - ‘05.JHONS
Ou'Anpelle River below Craven Nam NSJKNN2
Jumping Deer Creek near Lipton NSTKN04
Qu'Appelle River helow Loon Creek 05.JK007
(Qu'Appelle River at outlet Katepwa Lake NSJLONY
Indian Head Creek near Indian Head 0S.JLNN2
Pheasant Creek near Abernethy 05.JL.005
Ou'Appelle R1ver near Welby v‘l OSJMOﬂl
Ou'Appelle River at Tantallon’ 05JMN03
Ekapo Creek ﬁear Marieval ﬂ:i 05IM010
Kaposvar Creek near Fsterhazy“ 05JM012
Qu'Appelle River at Hyde / ‘OSJMOIS
Cutarm Creek near Spy Hill NSJMN15
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Table AA3

Water Survev of Canada Lake l.evel Stations

Name

Station #

Fcho Lake at Fish Hatchery
Katepwa Lake at outlet weir
Crooked Lake at Grayson

Round Lake near Whitewood

05JK0NS
NSJLNN4
N5.IMNN6
05JM0N7
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TABLF AAy

PRECIPITATION AND EVAPQRATION IN INCHES USeD
IN THE CALCULATION OF WATER BUDGETS

_—_—__—'——'—__——'———:\___————__‘____“_'_—

FISHING LAKES LOWER LAKES

DATE ‘ PRECIP EVAP PRECIP _ Fvap
1970 Q

JAN 0,73 0,0 0,66 0,0
FER . 0.94 0,2 1,08 0.2
MAR 1,01 0,4 1.33 0,4
APR .Ul 1,7 2,88 1.6
MAY 2.u2 3,42 2.27 4,5
JuN 2.33 6,35 1.62. 4,7
JuL- 2.81 S.61 4,00 S.6
ALIG 1,03 6,68 - 0.68 4,0
SEP 2.25 3.2h 2.45 2.5
neY . 2.52 2.5 2.64 2.1
NOV 0,97 0.9 0,92 0.8
DEC t.11 0,2 1.25% 0,2
ANNLUAL 20,58 31,22 21,73 26,6
1971

JAN 1,06 0,0 1,02 0,0
FER 0.26 0,2 n.,21 0.2
MAR 1,00 0,4 0,79 0.4
APR 0,68 1,7 0,82 1.6
MAY 0,42 6,14 0,36 4,5
JUN 4,32 S.09 5.58 4,7
JulL 2.16 4,98 24,39 S.6
ALG 0,58 4,99 0,R3 4,0
SEP 0,34 .20 1.30 2.5
ocr 1,72 2.5 2,40 2.1
NOV 0.3%6 n.,9 0.65 0.8
DEC 0,64 0,2 0,80 0.2
ANNUAL 13,%4 30.30 17,15 26,6
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VAKLE Aad COnT '
ABLE AAd CONT'D

FISHNG lAKl—v LOWER 1Ak S

PR PRECIY b psminG_itaks L PRECTE L owER L AKES
YO haTE PRECIP EVAP PRECIP EVAP

1972 -
Ja 1.13 0ol .35 0,0 l
FEY Jan N2 Vel o, 0 belty 3g VeC 0,0
AN Eeg q q% 97 0'“0.2 _0,9%.20 U'”O.Q
foe MAK 7 .56 1.7 0,4 0, L’() 94 1'b().“l
Ay APR ? 50 ,74 u.Oll.-’ 3.~r’0 Y4 “'L)F]..b
Tt iy k5 39 2% 61 bethy w2 0896
Jud JUN 1911.33 S.R_,b.qq ' n*l a7 h'UPb.a
A g K Y “eBly oy L. 07 0n 5»"%.0.
SR ang 1 0% lag °+61 84 ”’1.07 Ce 5,62
T gEp Ceol 09 2:5 2 61 “1.10 el ols
Y gey 5% 60 .95 “ ©%.,65 U e.tl
UED Ny .54 9.20,9 Yo 76, bu el y,8

NEC 0,77 0,2 0,76 ) 0.2
INEY! 14, 3¢C RE RN 13,708 Ti,en l

ANNIJAL 135,30 29,16 13,26 31,2
a7y

1973 l
IR U.,O LAY Ya i d G.on

Y AN 250,10 “ef 0,0 " in.07 o0
M FeR ""*n.so vt 0,2 "m0 ,50 ‘n"o.zl
RS MAR t-'.h‘*o 66 1.‘.'0.0 ."‘O.bq .j,r‘ 0.4
Y oAPR "‘2 66 a0y g e 60 AR
TN May 1,98 Yoy 04 T 96 bectu,s
SIS O up e84y rale b2 fe?be e
el “'L ’.R(l.qe ueﬂés.ae ). 7&2.18 €4 I7.2
SEP aug * 99 R0 3.1%, 86 tardy 3y 3.4%,.2
VETgEp Sy PLT 203,10 e PYY: cel 3,4
NIV et 0 79 La4 0,92.5 0'7“0.31 “"’2.1
PEC Ny ! 50 79 el 9,9 Per% .7 a8

DEC 1.5% , 0,2 0,25 0,2
AENTIA 19,61 9.1y 19,90 13,07

ANNUJAL 19,81 29.19 19,990 33,0
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S, - TABLE AA4 CONT'D
FISHING LAKES o LOWER LAKES

DATE PRECIP EVAP PRECIP EVAP
1974

Jan 1,61 0,0 1,497 0.0
FER 0,68 0.2 0,46 . 0,2
MAR 1,07 0,4 1,23 0.4
APR 0,72 1.7 1.0°2 1.6
MAY " 4,37 3.68 3,94 4,5
JUN M 1l 25 6,00 1.46 6.92
JuL S5 2.u8 6,22 1,38 7.54
ALIG : U 6T 3,43 4,33 4,55
SEP 1.20. 2.44 1,37 3,04
ncrT 0.,59 2.5 0,52 2.1
NOV 0,06 0,9 0.12 0.8
DEC 069 0,2 0,94 0,2
ANNUAL 19,39 . 271,67 . 18,26 31.85
1978

JAN 0 ,A9 0,0 0,83 0.0
FER 0,69 0,2 0,81 0,2
MAR 0,88 0.4 1,17 0.4
APR ‘ 3,68 1.7 3,93 1,6
MAY - 0.26 o - 3,82 0,50, 4,5
Jun 2,94 S 4,36 3,34 5.53
Jut 0,92 6,77 0,70 ~ 7459
ALIG 2.96 3.96 . 3,69 4,89
SEP 2..6U 2,06 S 3.46 24,99
0ct 0,49 2.5 0,56 2.1
NUOV 0,40 . 0,9 0.53% 0,8
NEC 1,26 0.2 1.27 0,2
ANNUAL .00 - 27,27 , 20.79 30,80
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TARLE AA4 CONT'D

FISHING LAKFS LNWER LAKES

DATEL PRECIP EVAP PRECIP Evap

1974

JAN 0,80 0,0 1,59 0,0

FER 1,27 0,2 .38 0,2

MAR 2,03 0,4 1,69 0,4

APR 0,96 1.7 1.20 1.6

MAY 2,17 4,80 1.16 4,5%

JUN 6. 88 4,66 5.06 S5.65
JuL 1.59 5.37 1,17 6,94
AlLIG 0,88 u4,64 1.34 S.66
SEP 0,15 3,18 0,14 4,19
ocry 0,08 2.5 0,20 2.1

NOV 0,12 0,9 0,14 0.4

OtC 0,99 0,2 1,28 0.2

ANNUAL 17,92 2R .5Y 16,35 32.24
1917

JAN V,29 0,0 0,15 0,0

FEH 0.15 ‘ 0,2 0.46 0.2

MAR 0, Up 0,4 1,02 0.4

APR 0.50 1,7 0.u8 1.6

MAY 3.94 4,55 4,26 5.49
JIIN 2,01 5,04 3,10 S.41
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Table AB1

Analytical Methods‘

(

1. Federal Department of Environment, Water Qualify_Branch.l

NAOUADAT # - .. Description

15413 Total Phosphorus - Colourimetry on an autoanalyzer with

' ammonium molybdate and SnCl,. H.SO,--and KZS 08 solns. are
added to an aliquot of the Shakén sample, wﬁich is then
autoclaved 30 min at 121 deg. C. Then, if turbid the sample
is passed through a 0.45 u membrane filter. The filtrate is
mixed with a premixed soln. of'(NH4)6Mo70 4 and SnCl,. The
resulting molybdenum blue colour is measuged spectrophoto-
metrically at 660 mu, and compared with those of identically
prepd. std. PO, ion solns. and reagent blanks. Interferences:
Hg concn. at 1 mg/l, As, The detection limit is S‘pg/l.

15406 Total Phosphorus - commencing 1/5/74 - Colourimetry on an -
autoanalyzer with ammonium molyhdate, ascorbic acid, and
potassium antimonyl tartrate. K2520 and H SO, soln..are
added to a sample, which is .thefi augoclaveg‘Sa min at 121
deg. C. If turbid, the treated aliquot is passed through a
N.45 p membrane filter. A filtrate aliquot is then mixed
with a reagent soln., contg. HZSO4; (NH )6Mo702 , potassium
‘antimonyl tartrate, and ascorbic acid. 4he resulting colour
is measured spectrophotometrically at 880 mu, and compared
with those of identically prepd. std. PO, ion solns. ‘

Interference: high Fe concns. The detection limit is'3‘pg/l.

07105 Dissolved NO, & NO, - Colourimetrv on an autoanalyzer. The
sample, after filtFation through a 0.45 p membrane filter, is
reduced by Cd. The resulting nitrite is determined with
sulphanilic acid and 1-naphthylamine.

N07106 Dissolved NO, & NO, - commencing 15/6/72 - Colourimetry on an
‘ autoanalyzer’ If turbid, the sample is passed through a N.45 p

membrane filter. An aliquot of the sample is mixed with a
‘disodium FEDTA (disodium dihydrogen ethylenediamine tetra-
‘acetate) soln. and passed through a column of Cd filings. A
sulphanilamide soln. then a N-1-naphthylethlenediamine
dihydrochloride soln. are added to' the sample to form an azo
dye. The intensity of the dye is measured spectrophotometri-
cally at 550 mu, and compared with those of std. Nos and NO2
ion solns.' The detection 1limit is 1 pg/l. -

07110 DNissolved NO, f NO. - commencing 19/10/76 - Colourimetry on
an autoanalyzer. If turbid, the sample is passed through a
0.45 p membrane filter. An aliquot of the sample is mixed with
an NH,C1-NH,0H buffer soin. (pH = 8.5), and passed through a
columﬂ of :Cu-Cd filings. A soln. of sulphanilamide, N-1-naph-
thylethylenediamine dihydrochloride and H_ PO, , is added to
the sample to form an azo dye. The intens%ty4of the dye is
measured spectrophotometrically at 550 mu, and compared with
std. solns, of NO3 and NO2 ions. The detection limit is 0.01 mg/1.

{
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Table AB1 cont'd

Description

Nn7001

Total Kjeldahl Nitrogen - The shaken sample is digested with
concd, H2804, in the presence of HgSO4 and K2804 to give

NH HSO ,"The soln. is then made alk., the NI distd., and
co?lec%ed in an H_ B0, soln. The distillate i§ then titrated
with 0,02N H,SO ."'N"point' indicator is used. The effective

detection limit is 0.5 mg/1.

2. Saskatchewan Department of Environment, Water Pollution Control Branch

07109

07001

Samples - Fxcept where stated, samples are collected in one
gallon plastic containers with no preservative. Sample
volumes are assuming 100 per cent sample,

Total Phosphorus - HZSO and K2520 solutions are added to an
aliquot of the shaken sgmple, whlcg is autoclaved 30 minutes
at 121°C. Then, mixed with a premixed solution of

(NH,) Mo7024, and SnCl, at 30°C. The resulting molybdenum
blue colour is measureg spectrophotometrically at 650 nm.
Sample volume - 50 ml.

Total Phosnhorus - commencing 4/4/77 - Technicon Auto
Analyzer II. Detection limit - 0.01 mg/l. Sampnles are
digested using a Technicon BD-40 Block Digestor and assayed
using a Technicon Auto Analyzer II Continuous Flow Analytical
System. The determination of nhosphorus is based on the
colourimetric method in which a hlue colour is formed by the
reaction of phosphate, molybdate ion and antimony ion
followed by reduction with ascorbic acid at an acidic pH.

The phosphomolybdenum complex is read at 660 nm. Sample
volume - Minimum 25 ml. Detection limit - 0.02 mg/1.

Dissolved NO. & NO, - Colourimetry on an autoanalyzer. The
sample, after filtration through a 0.45 » membrane filter,
is reduced by hydrazine sulphate. The resulting nitrite is
determined with sulphanilamide and N-1-naphthylethylene-
diamine dihydrochloride. Sample volume - 10 ml.

Total Kjeldahl Nitrogen - as above. Netection limit - 0.3 mg/1.

Sample volume - 50 ml,

Total Kjeldahl Nitrogen - commencing 1/11/76 - Samples are
digested using a Technicon BD-40 Block Digestor and assayed
using a Technicon Auto Analyzer II Continuous Flow Analvtical
System. The determination is based on a colourimetric method
in which an emerald-green colour is formed by the reaction of
ammonia, sodium nitroprusside, sodium salicylate and sodium
hypochlorite (chlorine source) in a buffered alkaline medium
at a pH of 12.8-13.0. The ammonia-salicylate complex is read
at 660 nm. Sample volume - Minimum 25 ml.

|
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Tahle AR1 cont'd

Description

Chlorophyll - The sample is filtered on a n.45 mu membhrane
filter. The filter is placed in a volume of 90:1 v/v acetene
and distilled water mixture, capped, and kept in a dark
place for 20 hours. Chlorophvll a, b, and ¢ are calculated
from the optical densities readings of the extract measured
at 750, 665, 745 and 630 nm. Detection limit - 1 ppb. Samnle
volume - 250 ml.
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TABLE aB2

CONCENTRATIONS OF TOTAL PHOSPHORUS AND TUTAL NITROGEN

AND N3Pk RPATIO DATA USED INMN THE CALCULATION OF LAKE BUDGETS
DATE p N N:P DATE P N N:P
mg/m3 mg/1 mg/m3 mg/1
PASLHUA [NPUT JUMPING DEER INPUT

1970 1970
10/ 4 K1S U,2h 5.2 77 4 424 1,41 3,3
15/ 4 YHd 2,34 4,2 8/ d 619 1,40 2.3
18/ 4 652 S UR 5.8 107 4 267 1.56 5.8
4/ 8 1Y) 147 4 114 1,12 9,8
12/ S 310 1.30 4,2 18/ 4 111 1.10 9,9
217 § 391 1,00 2.6 29/ 4 78 0,90 11,5
2o/ S 456 1,00 2.2 4s 5 72 1.50 20,8
17 6 uKn9 1,00 2,0 117 8 65 1.12 17,2
16/ o 619 1,10 1.8 20/ S 62 {.11 17.9
29/ & 619 1,00 1.6 26/ 9 84 0.91 10,3
157 7 913 2,40 2.6 2/ 6 78 1.01 12.9
19/ 4 652 4,70 7.2 167 6 179 1.32 7.4
2/ 9 554 29/ 6 use 1.83 4,0
24/ 9 HUBK 4,20 5.0 4/ 7 319} 1.43 3.6
15710 619 3.t1° 5,0 1971
15711 391 2,92 7,5 137 4 186 1,89 10,2
19/11 254 1,59 6,1 157 4 166 1,18 7.1
1971 20/ 4 108 1.31 12,1
6/ 1 1170 6,50 5.6 22/ 4 114 1,00 8,8
16/ 2 1630 8.21 5,0 27/ 4 88 0,92 10,4
197 2 1890 3,30 1.7 1972
16/ 3§ 1830 9,09 5.0 23/ 3 360 2.49 6.9
13/ 4 717 31.65 S.1 29/ 3 270 1.88 7.0
20/ 4 391 2.23 S.7 10/ 4 260 1.35 5.2
27/ 4 326 1,67 5.1 17/ 4 110 1.12 10,2
57 5 284 1.60 S.6 24/ d 59 1,10 18,6
177 8 274 1,46 5.3 2/ 5 93 1.35 14,5
1972 1974
10/ 4 290 2.5°2 8,7 187 4 49 3,61 73.7
177 4 350 3.41 9.7 22/ 4 29 3.51 121,0
24/ 4 420 T.61% 8.6 247 4 59 3.26 55.°2
2/ 5 600 3,09 5.2 257 4 29 2.30 79.3%
2ca4/7 7 377 3.69 9.8 2/ 5 29 2.17 74,8
’8/ 8 646 4,90 7.6 1978
117 9 860 3.64 4.2 177 4 274 3.0 10,9
137 9 bl 3,2 4,7 21/ 4 209 2.8 13.4
20712 1040 1.11 7.0 29/ 4 163 3.2 19,6
1973 1976
e/ § 47 2.,82 6.0 297 3% 398 1,75 4,4
147 o 49y 4,05 8,2 S7 4 346 1.85 S.4
6/ 7 456 6,62 1,4 6/ 4 222 2,35 10,6
177 7 1170 3,20 2.7 87 4 320 3,28 10,2
16/ 8 358 2.80 7.8 9/ 4 496 3.25 6.6
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TABLE AHZ CONT'D

DaTt P N N:P DATE P N N:P
mg/m>  mg/1 mg/m>  mg/1
PASQUA OUTPUT, ECHD
- YA uiyy 2.85 6,6 1970
14/11 420 3.22 10,1 10/ 4 522
1974 14/ 4 978 3,32 3,4
3/ 1 1740 10,15 5.8 187 4 1240 4,27 3.4
b/ 2 2000 11.2 5.6 29/ u 8Ub 2,27 2,7
197 3 2440 13,25 5.4 4/ 5 5SSy 1,87 3.4
22/ 4 98 4,07 41.5 117 S 1110 3,00 2.7
3/ b 111 0.90 8.1 20/ S5 652 2.24 3.4
37 1 320 3,86 12,1 26/ S 554 2.03 3,7
29/ 7 417 1.7 4.1 2/ b6 522 1,59 3.0
7/ H 483 2.4U 5.0 16/ 6 554 1,42 2.6
177140 59 1.85 31.4 29/ o 619 1.24 2.0
1e/12 244 2.93 13,1 147 17 619 1.64 2,6
1975 20/ 8 685 c.01 2.9
14/ 1 459 3.6 10,0 14710 815 4,64 S.,7
167 1 49K 3.72 9.3 19/11 554 3.10 S.6
117 2 b Y-y 4,RS 9,3 7712 750 2.52 3.1
9/ 4 1370 S.7 4,2 1971
177 4 483 4,1 8,5 137 1 848 1,92 2.3
21/ 4 Uu3g 4,2 8,7 107 2 782 .09 2.7
29/ 4 417 3.6 8,6 157 3% 593 1.97 3.3
5/ S 235 . 3.0 15,3 167 3 1010 2,217 2.2
137/ 9 261 1.5 S.7 13/ 4 489 2,14 4.4
26/ 5 349 1,9 5.6 20/ 4 554 2.62 4,7
2/ o 75 1,7 22.7 27/ 4 685 2.59 3,8
4/ 6 00 1.72 6.3 5/ S 4So 2,07 4.5
9/ & 52 1.9 36,5 177 S 685 3,48 Set
5/ R hlb 2.4 3.9 1972
S0/ 9 196 2.26 11,5 2%/ 3 490 1.98 4,0
3711 456 4,% 9,9 29/ 3 380 1.61 4.2
/12 39K 2.9 7.3 107 4 790 3,18 4,0
1976 177 4 160 2,31 6,4
6/ 1 1430 S,7 4,3 24/ 4 530 2.47 4,7
26/ 1390 6,72 4,8 27 5 510 2.60 S.1
24/ 3 THS 6.81 8,7 117 9 1100 2.15% 2.0
157 4 09 2,78 40,3 1973
177 4 334 1.49 4,5 257 1 594« 2.46 4,4
197 4 300 2.67 be7 167 5 880 2.9 3.3
21/ d 2lu 1,49 S.4 197 o 815 3,12 3.8
26/ S B2 2.6 31,7 27/ o 864 3,32 3.8
1d/ & 418 1,72 4,1 257 7 112V 2.45 2.2
127 1 451 1.3 2.9 21/ 8 776 3,05 3.9
1e/ 8 464 2.9 6,2 27/ 8 730 2033 3,2
13/ 9 274 4,10 15,0 10710 832 1.84 2.2
13710 173 5.38 19,5 14711 390 2,04 5.2
9711 126 2.53 20,1
20712 210 5.05 24,0
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1AKLE AHQ2 CONT'D

DaTt p N N:P DATE p N N:P
m,q/m3 mg/1 mg/m3 mg/1
1977 1974
117 1 3159 7.11 19,8 16/ 1 522 2.25 4,3
24/ 2 36HR 8,75 23.8 . 117 2 548 2,07 3.8
227 3 uHsd 6.38 13,2 187 3% 567 214 3,8
13/ 4 440 3,44 “ 7.8 16/ 4 209 1,95 9.3
197 4 1100 4,61 4,2 22/ U 81 3,74 ue,2
22/ u 550 7.1 i 13,0 24/ 4 267 5,31 19,9
257 4 750 6.3 8.5 26/ U 252 6,69 28.8
PR/ 4 1500 7.25% 4,8 29/ 4 117 3,35 28,6
e’ 5 1000 6.5 645 175 215 3,57 16,6
257 8 11060 3,59 3,2 B/ S 199 3,60 18,1
7/ 17 1170 }.14 2.7 137 5 111 2.25 20,35
ECHU OUTPLT, MISSION INPUT 157 S 75 2.75 . 36,7
1970 ot 1717 5 1.7 2422 19,0
8/ 4 HYeeo 1,47 2.b 2d/ 5 150 1,79 11,9
147 4 Su7 . 1.49 2.5 2B/ 5 130 2.81 21.06
1H/ 4 Sat 1.61 2.7 31/ S as 2,07 24,4
28/ 4 6485 2,02 2.9 7/ 6 8s 1,17 13.8
4/ 5 459 1,68 3.4 das o 94 1,01 10.3
11/ 5 019 1.69 2.7 287 & 173 S5.21 30,!
20/ 5 587 1,77 3,0 8as 1 ur7 1.77 4,2
26/ S 587 1,78 3.0 157 7 489 1,77 3,6
2/ b 052 1,78 ce7 22/ 7 147 1.70 1t,.6
16/ 6 587 1,52 2eb 157 8 241 1,80 7.5
29/ o6 652 1,406 a2 16/ 9 4590 2,60 S.8
tus 17 052 1.85 2.8 21/10 183 0.97 S.3
20/ 8 619 2,20 3,6 16712 176 1.9 10,8
24/ 9 652 2.14 3.3 1975
ta/10 717 6,16 H,6 21/ 1 169 3,38 20,0
17711 554 1.80 3.2 177 d 300 3.0 10,0
2/1? He7 1,52 2.0 217 4 450 4,1 9.1
1971 29/ 4 3do 3.6 10,4
127 1 750 1.83 2.4 5/ S 235 3,1 13.2
10/ 2 913 1,91 2.1 137 S 205 1.5 7.3
10/ 3 750 2,45 3.3 26/ S 293 2.2 S.8
157 3 Su41l 0,84 1,6 2/ 6 23 1.7 73.9
13/ 4 750 1,97 2.6 9/ o 42 1.9 4s,2
20/ 4 SR7 1,97 3.4 3711 39y 3.1 7.8
27/ 4 SA7 1,95 3.3 1976
5/ 8 554 1.80 3,? 8/ 1 346
177 S 522 2.14 U, S/ 4 484 2.45 5.1
1972 6/ 4 496 2.94 5,9
23/ 3 4h 1.59 3.4 13/ 4 150 3,54 23.5
10/ 4 680 1,49 2.2 15/ 4 82 1.76 21,8
17/ 4 500 2.°26 4,5 177 4 628 2,94 4,7
24/ u 440 2.01 4,6 19/ 4 300 2,02 6,17
2/ 8 390 1.90 4,9 21/ 4 398 3,29 8,3
187 5 91 1,38 15.2 23/ 4 173 2.62 15.1
11/ 9 &R0 1.63 2.l 29/ 4 131 .44 26.2



DATE p N N:p DATE p N N:p
mg/m3 mg/m3 mg/1
277 g 111 1.2 10,4
°57/ 1 o2 14/ ¢ 300 S5.22 17.4
167 & 1.9 127 7 418 0,9 2.2
197 4 S48 1.67 3.5 13/ g 564 4,41 7.8
177 4 456 3.74 8,2 1971 732 2,14 2.9
2/ 670 2.6 3.9 1977
tursy 400 l.6y 4,1 117 386 2.10 5.4
Y710 639 2 yH 3.9 22/ 346 2,44 6.3
1974 ‘ 13/ 4 270 4,14 15,3
R/ 6359 2,21 3.4 19/ 4 250 1.20 4,8
16/ 4 12 louy 11,8 22/ 4 380 P9y 7.7
22/ 4 °n9 2,3k 11,4 S/ g S0¢ 2,00 4,0
24/ 75 3.56 47,5 28/ 4 550 3.55 6,4
26/ 4 1oy 2eb] 25,1 2/ 5 510 2.14 4,2
29/ 4y 121 3.4p 2H,3 25/ & 800 2.04 0,2
87 § 147 2.9y 20,0 Ss 7 500 2.4y 4,9
1357 5 150 1,91 12,7 MISS 0N butePyT, KATEPWA Inpuy
1S/ 5 el 1,76 14,4 1970
177 § tay 1,72 11.7 157 4 489 1,88 3.8
24/ § 173 2,09 12.1 187 4 522 1.59 3.0
2R/ g 17z 2,87 19,5 28/ 4 554 1,70 3.1
317 5 199 2,87 14,4 d/7 § 489 1,33 2,7
7/ & 121 2,80 16,4 117 4 554 l.61 2.9
las & 160 1,77 11,1 20/ g 522 1.37 2.6
28/ o 225 .11 9.4 2o/ § 554 1,40 .5
K 7 SH7 1.19 2.0 2/ 6 554 .50 2.7
22/ 7 L:X¢ .00 12,5 16/ 4 554 1.40 2.5
15/ & °G3 teto 3.8 29/ ¢ 619 1,23 2.0
177 g 440 1,57 3.6 tas 7 619 1.60 2.6
’2/10) uyy 2.74 6,6 20/ 8 717 2,70 3.4
1671, K3 2.° 15,58 247 g 685 2,13 3.1
1974 14710 619 2,98 4,8
1/ 24 2,65 9,7 1771 424 .24 2.9
’ls y 293 .2 7.5 197
°8/ 4y $090 2.8 9.3 167 p 554 le67 3.0
57 8 209 2.4 11,5 107 3 587 l.76 3.0
tas g 2uy 3,2 13,1 1S/ 3 496 0,4e 6,9
°b/ g 163 1,8 11,0 13/ 4 39; 1,99 5.1
e’/ s 7% 1.7 ee.7 20/ ¢ 456 1.49 3.3
9/ & 29 1.9 65,5 27/ 4 See 1.63 3.1
371 S48 3.4 9.9 S/ s 522 1,49 2.8
1976 177 5 456 1.55 3.4
&7 1 494 2,0 4,0 1972
6/ oy 516 2,02 3.9 23/ 499 1,40 2.8
13/ 4 173 2.27 13,1 29/ 3 410 2,08 5,1
15/ 4 105 2.3y 22,3 10/ ¢4 499 1.52 3.1
177 ¢ dky 1,75 3.6 177 4 $70 1.31 3.5
197 4 u3e 1.97 4,6 24/ 4 370 1,61 4.4
21/ y $94 2.87 7.2 27 5 470 1,53 3.2
23/ 4 137 2.25 16,4 11/ ¢ 850 1.47 1.7
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TAtLE AR2 CUNT'D

NATt P N N:P DATE p N
mg/m3 mg/1 mg/m3 mg/1
P4/ 4 131 5,84 29,6 1973
27/ S IaR .97 8.1 16/ S 717 1,87
15/ & 300 1.38 4,6 19/ 6 463 1,57
127 7 300 1,47 4,9 277 B 721 0.53
1%/ 9 S 46 1,99 3.6 1d/711 46U 1,57
Y/1 516 1.68 3.2 1974
1977 16/ 4 121 1,15
117 1 usQ 1,62 J.0 22/ 4 183 3,26
22/ 3 561 1.75 3.1 247 4 685 3.21
147 4 uso 1,32 2,9 26/ 4 111 2.91
19/ u 640 1.30 2e0 297 u 104 2,62
f2/ SHO0 2.217 3.9 17 5 258 2.57
25/ 4 510 1 R0 3.5 R/ S 183 2.55
PH/ 1 a0 2.08 3.5 137 9 1350 1,65
2’/ S 530 2,74 5.2 157 S 160 1,95
esh/ s 750 1.51 2,0 177 5 9H 2.27
57 1 S60 2.ur 4,3 cu/ S 147 t.u42
Pwhd OUTPUT 28/ 5 147 2.50
1970 3t/ 5 160 -
P4/ 2 duj 1,48 5,3 71/ b 147 1.54
w7/ o d uny 1,35 2.8 tu/s o 258 2.37
1657 4 619 1.79 2.9 28/ A 199 1,81
18/ u “d7 1.2/ 2.2 as 1 4s0 .47
24/ d MUK 1.35 1.6 22/ |/ 2es 2.8
on/ 4 4n9 1,40 2.9 197 8 293 167
a/ & 359 1.16 3.2 16712 2e8 1.5
n/ 9 554 2.14 1.9 19758
117 9 424 1.76 4,2 21/ 4 388 3,0
207 9 456 1.4t 3.1 297 4 274 23
YA 3491 1.54 3.0 24/ o PLB 1.3
2/ & 456 1.60 3.5 37 9 515 2.2
16/ 6 ush 1.50 3.3 16710 S48 7.1
29/ & 554 1431 2.l 3/711 3ds 4,0
Vs 7 4eou 1,50 3.5 1976
ch/ 8 4546 2.0l S.7 87 1 496 1.9 3.8
2/l 9 a2u 1d/ 4 s 1.97 23,2
2/ 9 URr9 2.51 S.1 197 4 398 1.88 4,7
14/10 554 2.PU 4.0 21/ 4 450 2.87 6. U
2710 587 215 3,7 23/ 4 150 c.18 14,5
/e 52¢ 1,48° 2.8 26/ 4 105 4,435 31.9
29712 650 0,99 1.5 28/ U 199 e u7 12,4
1971 30/ 4 216 4,07 18.8
o/ | 554 H,02 7.2 277 S 105 2,67 25,4
10/ 2 554 1.79 3.2 15/ 6 34k 1.01 2.9
257 2 54%4 1,23 2.2 127 1 1ty 0.92 2.2
107 3 652 2,U9 3.8 137 9 602 2.05 3.4
197 3 509 0,91 1.8 9/11 u14 1,27 3.0
137 4 4506 1.64 3.6

|----—*----
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TABLE AB2 CONT'D-

I DaTE p N N:P ~  DATE P - N N:P
mg/m3 -mg/1 : : mg/m3 -mg/1
l 17/ 4 4ou 1.39 3,3 1977 o ,
20/ 4 456 1,52 3.3 117 1 a8y 1,24 2.6
23/ 4 443 1,36 3.1 22/ 3% 386 1,72 4,4
27/ 4 uou 1,23 2.9 25/ S 800* 0,85 1.1
l 3/ 8 293 1431 4,5 S/ 7 599 1.72 2.9
5/ 5 522 1,46 2.8 CRUOOKED INPUT
1972 1970 L
I 23/ 3 520 1,88 C3.6 17/ 2 156 1.30 8.3
10/ 4 udo 1,63 ‘3.4 9/ 4 554 2484 4,2
\7/ 4 300 1,52 S, 13/ .4 424 1.95 4,6
24/ 4 370 1,42 3,8 23/ 4 u2u 1.54 3,6
I 2/ 5 520 1,74 23,3 28/ 4 489 1.55 3,2
11/ 9 500 2.04 I 4/ s a4 1,28 3,
I 1/ 2 upu 1,15 2.7 19/ % 39} 046 0.
19/ 6 512 1,82 11,3 207 5 319 1.10 3,
22/ # 3165 1,2 T 25/ S 359 1.30 3,
I 271/ » 6604 - 1,59 “ 2.4 1/ o 287 11459 5,
27/ 9 ub3 Sl 2.4 157 6 456 1,30 2
14/11 3150 1,58 4,5 28/-.6 4sSe6 1,42 3.
4/12 398 2529 S.8 - 14/-7 4Se 1,21 2.
I 1974 e 177 8 37% 22420 S.
VAR - 385 1,45 3,8 19/ 8 290 1,90 6.
197 3 185 1,91 19,0 24/ 9 717 1.81 2
I 16/ 4 117 1.22 10,4 14/10 424 1,40 - 3.
22/ 4 1et 2,45 20,2 12711 652 1,60 2.
24/ 4 - 75 1,90 42,7 17/11 424 1.76 4,
l 26/ 4 91 2.74 30,1 2712 4s6 1.67 3,
29/ 4 B2 2.23 27,2 1971 : z
2/ 5 -9 "2925 . 24,7 12/ 522 1,82 3.5
YK - B2 224217 24,9 157 2 489 1433 2.7
I 157 S 104 1469 15,9 9/ 3 554 1,75 3.2
LY 104 1,91 18,4 17/ 3 430 1,07 2.5
17/ % 104 1,54 14,8 127 4 424 2.35 5.5
I 24/ 5 48T e 1595 - fag2 - 0 20/ 4 359 1,67 4,6
28/ S 147 .. 10,28 . . 69,9 . 26/ 4 359. 1,38 3.8
31/ % 121 1,77 14,6 47 S 326 1,20 3,7
l 7/ 6 166 2.8 16.9 17/ S 359 1,10 3,1
14/ 6 209 2,07 9,9 25/ 8 40d
26/ 6 293 1,17 4,0 9/12 522 2.21 4,2
VAN 417 1,75 4,2 1972 _
' 22/ 1 215 1.7 7.9 15/ 2 560 1,12 2.0
1/ 8 530 1,80 3,4 29/ 3 480 2,19 4,6
15/ 8 232 1,84 7.9 10/ 4 340 1,79 5.3
l 10/10 620 1.45 2.3 14/ 4 620 1,60 2.6
16712 228 1.5 6.6 17/ 4 280 ‘
' 2u/ 4 340 1.74 S.1
- 2’/ S 440 1,94 4.4
I 29/ 8 121 2.10 17,4
127 9 250 1,70 6.8



a4

TAHLE AH? CONT'D

DATE P N N:P DATE P N
mg/m mg/1 mg/m mg/1
1978 1973
217 4 545 2.2 u,1 26/ 1 49 1,69 uz2,?
28/ d 649 0.6 0.9 19/ 6 173 1,52 8.8
PLVAN' 333 2.3 6.9 8/ R 199 Ot 3,0
9/ 6 ago 1,34 3,0 19/ 9 75 1ol 14,7
167 7 300 1.21 4,0 17710 75 1.1 14,7
4/ 9 369 2.7 7.4 1974
LYZ B! 398 3,0 7.9 77 1 417 1.76 4,2
1976 307 4 600% 1,38 2.3
R/ 1100 2.0 1.8 22/ 1 147 1.7 11.6
14/ 4 Y7 1,65 17,9 20/ 4 173 2,05 11,8
19/ d 39K 1.24 3.1 23/ 9 463 2.4 5.2
217 4 442 1,54 3.6 5711 117 0.6 5.1
2%/ d 1650 1,52 10,1 1975
26/ U fua 4,22 17,0 117 d 535 1ebh 2,8
28/ d 199 2,64 13.3 16/ 4 17 2.8 6.7
30/ 4 1u7 3.52 25,9 29/ 4 346 2a.7 7.8
277 5 TN 2.3 5.3 6/ 8 uel 2.8 6.0
19/ 6 334 1.27 3,R 4/ 9 49es 1,1 2.2
23/ 17 400 0,90 2.2 o/11 4590 6,1 13.6
13/ 9 Sobh 2.05 3,6 3712 379 2e.b 6,9
13710 9595 3,01 S.4 1976
2h/710 560 2.08 3.4 87 1 IR6 240 5.2
9/ 11 UGk 1.87 3.8 27/ 1 4By 1.15 2.4
1977 26/ 5 494 3.0 6,1
11/ 1 41K 1,48 3.5 167 6 297 1,17 3,9
20/ 1 4kH0 1,27 2.6 tas 1 4S9 1,77 3.9
22/ 3 urs 1.45 3.5 167 9 550 2.6 4,7
257 5 750 0.R7 1.2 8/11 496 .12 4,3
S7 7 410 t.22 3.0 1977
CRONKED QUTPUT 18/ 1 39K 1,32 1.3
1970 167 3% 628 2.05 3.3
a7 ? 35y 1.76 4.9 s/ s 449 1.3 3.0
YW/ ou 116 1,39 1.5 S/ 7 S70 2,52 4,4
{37 4 149} 1,353 3,4 ROUND QUTPUT
23/ d 413 1.64 5.2 1970
28/ 4 FuS 0,88 3.6 157 153 1,47 9.6
ur/s s °ol 1,20 4,6 177 2 137 1,02 7.4
117 8§ 242 1,35 S.H8 147 3% 111 1,01 9.1
2u/ 5 212 1,23 5.8 107 4 199 1,47 7.4
257 S feb 1,10 4,08 14/ 4 218 1,02 4.7
1/ 5 196 1.10 S.6 167 4 228 1,28 S.6
197 6 °51 1,30 5.6 23/ 4 316 1,57 5.0
YA 54 es/ 4 235 .12 9,0
tus 7 /el 1,40 S.4 57 5 170 1,10 6.5
19/ & 326 2,01 6,2 127 5 1S 1.39 6.5
24/ 9 3491 1.93 4.9 147 S 245 0.33 1.3
14710 PEA| 1,06 5.9 19/ S 176 1,20 6.8
17714 205 .99 7.8 1/ 6 160 1,00 6,2
2/1°7 212 4,12 19,4 157 6 165 1,50 6.1
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TABLE aHB2 CUNT'D

DATFE P N N:P DATE P
mg/m3 mg/1 ' mg/m3‘ ,
1971 o 25/ 6 - 179 6,1
12/ 1 287 1,69 - S,9 28/ & . 222 a,s
177 3% 303 0,95 | 147 7 - - 235 3.9
127 4 acluy 1,83 4,3 157 8 277 7.6
20/ 4 277 1.23 4.4 197 4 248 8,1
°6/ 4 251 - 1.31 5.2 23/ 9 261 6,2
d/ 5 2H7 1,40 4,9 13/10 ~ 229 5.6
197 % 212 110 S.2 16711 . 209 6,6
1972 o 1712 225 7.4
5/ U 110 1492 13.8 15712 238 6.0
177 4 2Ho 1465 - '95,9 1971 o
247 4 © 290 1,50 9,2 11/ 01 222 S.
2/ S 490 * 1,01 S 241 8/ 2 225 6.
29/ 8 225 0.6 2T 16/ 2 2ecx* S.
12/ 9 440 2. 0U S, S8/ 3 2617 S.
1973 16/ 3 189 4,
21/ 2 150 1467 Tlael 127 4 113 a4,
117 7 75 2.1 28,0 14/ 4 287 a,
B/ 8 137 0,3 2ol 219/ 4 264 S,
19/ 9 293 161 - 3.8 26/ 4 202 6,
17710 98 1.1 1'1.2 "4/ 5 215 Se
4u/12 ‘33 14,72 S2.1 i97 S 134 7.
1974 i 177 6 . 114 6,
7/ 1 104 3,7 35,6 177 A 186
6/ 2 e 0.92 17,7 16710 183
RV C 20 1,87 93,5 18712 170 4,1
22/ 1 L 130 4,0 30,8 1972 '
2%/ 9 a4s0 2.u. 5,3 . 147 2 120 7.2
S/11 - Hp 1.5 A8, 3 16/ 3 150 S.9
1974 : , . -8/ 4 250 S.7
117 o - - 3RS 1.4 3.6 11/ 4 4900 4,4
29/ 4 PTlu 3,4 12,4 177 4 230 6,2
6/ H 518 4,2 8,2 20/ 4 300 4,7
4/ 9 - 783 1.1, 1.4 27 S 190 7.0
6/11 241 3.1. 12,9 29/ 8 20 75,0
/712 212 “2eb 12,3 127 9 160
1976 .. . 1973 .
87 2e2 N - 9,0 26/ 1 111
27/ 1 262 11 4,2 19/ 6 130
26/ 5 433 3.8 8.8 117 7 160
1ds 7 294 0.9 3.1 87 R 160
#7711 118 1.3 11,0 17710 52
19717 ' 4712 23
187 1 ’6? 1,82 6,9 1974
157 3 596 1,64 248 7/ 1 - 104
257 5 480 0.8 1.7 6/ 2 » Se2
57 7 . - 5350 ‘2482 - 4,8 - B/ 3 100%

PN =T NN LDNDO
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TARLE AB2 CONT?D

HATE p N N:P DATE P N N:P
m_q/m3 mg/1 msz/m3 mg/1
ROUND INPUT 30/ 4 300% 1,45 4,8
1970 22/ 1 91 3,4 37.4
107 4 277 1,93 7.0 26/ 17 3490 1.83 S.4
13/ 4 376 20/ 8 183 3.2 17.5
28/ 4 232 1.6°2 7.0 2%/ 9 385 2ol 5.4
2B/ U4 shd .06 4,0 2/10 370 1.33 3,6
4/ S °le 1,10 S5S.2 5711 85
127 S 227 1,46 6,6 1975
197 5 1/6 1,30 7.4 9/ 1 360 1,30 1.6
257 S5 215 1,10 5.1 187 o 320 1.10 3.4
1/ & 143 1.00 5.5 167 7 365 1,32 3.6
15/ A ’67 1,30 4,9 6/ 8 450 2.8 6,2
PLYAN $26 1.19 3,06 us 9 496 el 4,2
147 7 319 1.5 4,7 6/11 320 1,9 5.9
197 8 306 1,93 6.3 3712 2ol 2.0 7.7
24/ 9 ugu 3,10 7.3 1976
13710 248 1,46 5.9 87 1 640 1.4 2.2
17711 192 1.28 6,7 ce’/ 1 420 1.52 3,6
2/1°72 e’ 1.94 7.3 26/ | 235x» 1,26 S.4
1971 267 S 92 c.0 21.7
127 1 °n7 1.50 Se? 167 6 262 2,095 7.8
97 7 359 147 17 236 2eb 11,0
9/ 3 39 1,86 T 6/ A 270 t.20 4,4
127 4 use6 1.75% 3.4 157 9 346 2.6 7.5
20/ 4 251 1.35 S.u 19710 340 0,92 2.7
eh/ 4 245 1,12 4, 8s/11 294 1,0 3.4
4/ S 2h4 1.30 5.0 1977
197 5 173 0,91 S5.3 197 1 301 0,83 2.8
1972 237 3 210 1,17 5.6
5/ 4 310 2,10 6,8 257 S 300 6.7 2e¢3
11/ 4 620 2.06 3.3 87 1 4990 2.22 4,5
17/ 4 260 1,43 5.5
24/ 4 260 1.44 5.5
2/ 5 6l 1,45 5,6

2 DENDIES CONCENTRATION VALUES WHICH HAVE BEEN CORRECTED
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TARILE AR}

TOTAL PHOSPHORUS CONCENTRATION USED IN THE

CALCULATION UF PHOSPHORUS EXPORTYT FROM SMAL|L STREAMS
DaTt p DATE P DATE . P DATE P
3 3 3 3
mg/m mg/m mg/m mg/m
CUTAKM INDIAN HEAD PHEASANT ARM
1970 1970 K 1970 1970
10/ u 4Ry 7/ 4 818 9/ 4 42u 7/ .4 326
14/ 4 192 B/ 4 848 117 4 359 8B/ 4 326
2%/ u 293 117 4 522 17/ 4 . 293 9/ 4 319)
°e7/7 4 130 157 4 us7 287 4 163 13/ 4 27t
5/ 5 104 23/ 4 391 4/ S 391 18/ 4 199
127 S 62 287 4 391 20/ S, 134 277 4 127
197 § 49 as/s 5 u89 26/ S 130. S/ 5 143
26/ S 4.2 117 S 21 2/ 6 134 127 S 101
1/ 4 bH 207 % 176 16/ 6 - 218 20/ S 108
157 6 114 26/ 5 163 17711 245 2l/7 s 95
2R/ 6 111 e/ 6 326 1971 : 1/ o 95
137 7 98 16/ 6 652 137 4 424 e’/ 6 85 .
19/ 8 HY 137 7 251 157 4 359 17/ 6 99
2%/ 9 65 1971 20/ .4 254, 2/ 7 36
14710 72 - . 137 4 . ueud e/ u 277 .. 147 7 68
16/11 39. 157 . 4 489 27/ 4 225. i8/7 8 101
1712 59 20/ u 391 5/ 65 147 22/ 9 75
1971 2e/ 4 323 19/ S 127 20/10 85
1274 Ul 21/ 4 254 1972 12711 68
157 4 391 1972 23/ 3 4990 10717 124
19/ 4 215 29/ 3 440 297 § 350 1971 :
22/ U 7k 107/ 4 . 430 107 4 370 1d7 1 306
26/ U 114 1974 : 17/ 4 220 3/ ¢ - 554
4s 5 by 22/ u 68 2u/ 4 15v 17 4 114
1972 . 2/ s a2 . 2/ 'S 210 13/ 4~ 228
17/ 4 220 97 5 65 1978 : 197 4 179
24/ 4 120 1979 16/ 4 394 . 22/ .4 228
1973 167 4 600 20/ 4 261 28/ u 130
217 3 36 217 4 SK7 24/ 4 515 3/ 5 108
22/ 3 u9. 24/ u 385 8/7.5 104 . 18/ 5 95
25%/10 2u 257 4 320 1976 1972
1974 87 5 u1? 57 4 588 177 4 140
22/ 1 89 1976 ' 6/ 4 - 216 26/ 4 95
20/ 2 65 157 4 1059 8/ 4 399 . EXKAPO
157 4 267 197 4 320 107 4 3972 1970
17/ 4 104 217 4 432 127 4 196 9/ 4 424
22/ U 68 23/ u 121 147 u cen 13/ 4 209
U/ d 65 27/ 4 262 267 4 140 23/ 4 104
28/ u 29 LOON ECHO - 28/ u 108
1/ 5 10 1970 . 1970 47 S 163
77 5 $ 7/ 4 587 7/ 4 9ue 117 % 78
137 % 3 87 4 1170 20/ % 49

8/ u 685
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TABLE AH3 CONT'D

DATE p DATE P DATE P DATE P
mg/m3 mg/m3 mg/m3 mg/m3
217 S 5S¢ 10/ 4 424 9/ 4 5S4 25/ S 59
27/ S 23 157 4 424 147 4 359 1/ 6 62
4/ b u9 187 4 424 18/ 4 323 187 o 95
4/ 9 20 as S 233 28/ 4 261 °8/ 6 9%
18/ 9 He 12/ S 150 4/ S 750 147 7 75
11712 75 21/ S 134 117 S 228 1971
1975 26/ S 189 20/ S 125 12/ 4 217
177 1 65 17 6 163 26/ S 192 15/ 4 205
217 3 104 1971 2/ 6 212 20/ d 117
25/ o 49 13/ 4 424 167 6 4506 22/ 4 88
18/ A 29 157 4 408 1971 26/ 4 65
25/ 9 49 20/ 4 293 137 4 489 4/7 S 52
2u/10 20 22/ 4 326 20/ 4 245 1972
1976 27/ d 264 2e/ 4 232 5/ 4 350
87 1 2uz S/ S 218 27/ 4 228 10/ 4 350
197 2 20 177 5 215 S/ 5 192 17/ 4 100
t8/7 6 iy 1972 177 S 215 24/ 4 46
w7 7 47 29/ 3 350 1972 2/ 5 270
t%/ 9 52 10/ 4 360 23/ 3 550 1975
1977 177 4 280 29/ 3 390 16/ 4 222
197 1 52 2S5/ 4 180 107 4 310 177 4 450
2%/ 3 150 2/ 5 790 177 4 110 c2/ d 34e6
15/ 6 160 KAPOSVAR 2/ 5 200 25/ 4 222
257 8 160 1970 LEWIS o/ 5 160
ADAIR 10/ 4 848 1970 107 § 85
1970 147 4 619 12/ 4 284 THOMPSON
&/ 4 554 23/ 4 78% 147 4 288 1970
9/ 4 652 21/ 4 522 167 4 222 7/ 4 685
11/ 4 4S5b S/ S 284 21/ 4. 2e2 8/ 4 619
177 4 225 127 S 202 107 S 192 97 4 750
23/ 4 241 197 % 189 147 7 68 10/ 4 4se
ou/ u el 25/ S 199 1971 47 5 2617
4/ S 44 1/ 6 20S 19/ 4 254 26/ S 212
11/ 5 150 1971 22/ 4 2ee 2/ 6 183
20/ S 98 12/ 4 750 28/ 4 108 1971
26/ S 134 187 4 652 S/ 5 101 13/ 4 3126
2/ o 134 197 4 619 19/ 5 95 157 4 2us
1971 2e/ u 391 SANDY BEACH 20/ 4 192
137 4 300 26/ 4 277 1970 22/ d 166
157 4 254 4/ 5 127 7/ 4 1210 el/ 4 114
20/ 4 179 19/ S 121 8/ 4 815 HOGGY
22/ 4 166 1972 117 4 913 1974
217 4 114 S/ 4 290 4/’ S 750 197 4 463
5/ S 91 117 4 380 1971
177 S 49 17/ 4 110 13/ 4 S54
4/ u 200 15/ 4 685
2/ S 170 207 4 619
22/ d 554




(

NITROGEN:PHOSPHORUS RATIOS IN THE

a0

TABLE ABd

CONCENTRATIONS QOF TOTAL PHOSPHURUS,

TOTAL NITROGEN AND

UPPER QU'APPELLE RIVER BASIN

DATE P N N:P DATE P N N:P
mg/m3 mg/1 mg/m3 mg/1
QU'APPELLE RIVER AT QU'APPELLE DaAM
1970 /7 4 100 1,12 11.2
29/ 1 101 1,87 18,5 2/ S 400 1,13 2,8
1/ 2 20 1.61 80,5 2/ 8 15 0,87 58,0
257 ¢ LY} 0,10xx - 2.8 16/ 8 KLY 0,41 11,4

25/ 3 228 1,74 7.6 1973

7/ 4 108x 0,99 8,8 10/ 4 4z 1,83 43,6
27/ 4 121 0,60 S.0 157 S 65 1.13 17,4
25/ S 130 0,71 S5¢5 31/ S 29 1,06 36,6
23/ o 196 0,91 4,6 S/ 7 3S 0,72 20.6
21/ 17 59 1,27 21.5 257 1 6 0,97 161,7
25/ A 1350 0,51 5.9 157 8 7 0,26x% 37,1
29/ 9 163 0.51 3.1 30/ 8 6 0.58 90,7
2e’/1o 150 0.,01%x 0.1 317 8 5
27710 21e 1,54 7.1 11710 472 0,41 9,8
2u/s11 20 0,16%x% 8,0 31710 10 0,69 69,0
25/11% 33 0,22%% 6.7 8711 23 0,68 29.6
15712 13 1974

1971 8/ 1 10 0.80 80,0
4/ 1 33 0,21 %wn b4 30/ 1 6 0,22%x% 36,7
18/ 1 7 0,192+ 27 .1 187 4 67 3,14 46,9
57 2 49 0,22xn 4,5 25711 52 0,6 11,5

17 3 23 0,25%xa 10,0 19758

4/ 3 39 0,16%% 4.1 21/ 1 10 1,54 154,0
257 3 114 0.80 7.0 117 2 3 1,2 400,0
137 4 137 1,09 8,0 2/ 6 16 1,1 68,8
20/ 4 173 0,69 4,0 7/ 8 23 2.4 104,3
26/ 4 166 0,78 4,7 4/11 20 3,5 175,0
287 4 170 1,03 6,1 1712 39 2.6 66,7
S/ 5 179 1,20 6.7 1976

197 S 29 00,0822 2.8 S/ 1 10 0,9 90,0
257 S 88 0,13n2 1.5 22/ 3 274 3,07 11.2
257 & 150 25/ S5 433 1,7 3.9
25/ 17 59 147 9 20 1,51 75.5
21/ 8 20 8/11 23 Osllnx 4.8
25711 16 1977
29/12 16 0,33xx 20,6 127 1 23 0,21 9,1
1972 21/ 3 72 0,61 8.5
28/ 1 13 0,30x% 23,4 24/ 8 40 0,27 6,8
25/ 2 11 0,242 21,8 4s 7 120 0,47 3.9

QU'APPELLE RIVER ABOVE WASCANA CREEK

1970 4/ 8 144 1,05 7.3
167 2 231 1.80 7,8 21711 734 4,98 6,8
9/ 4 587 2,98 S,.1 28711 147 3,74 25,4
137 4 522 2.64 Sel 1973
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TABLE AB4 CONT'D

DATE P N N:P DATE P N N:P
mg/m3 me/1 mp_/m3 mg/1
18/ d S87 2.52 4,3 147 2 880 4,0 4,5
27/ 4 42y 1.68% 3.8 87 3% 913 4,55 S.0
a/ S 783 2.67 3.4 147 S 104 0,67 b, U
117 5 587 2,08 3.5 137 6 137 .12 15,5
157 5 326 1,31 4,0 4/ 7 22%S 1.34 6,0
197 5 456 1,58 3.5 16/ 17 117 1.2 10,2
25/ S 456 1,62 3.6 147 8 75 0.9 12,0
3/ 6 use 1,45 3.2 28/ 8 60 0,80 13,3
15/ & use 1.88 4,1 5/ 9 85 1.06 12.5
1/ 7 9ubH 3.12 3,3 12710 104 0,69 6,6
1o/ 17 489 1,90 3.9 137114 270 2,20 g,1
167 8 473 1,55 3.3 1974
177 8 359 1,90 Se3 2/ 1 799 7.7 9.6
21/ 9 169 1.65% 9.8 20/ 1 400 2,80 7,0
20710 209 1.30 6,7 6/ 2 uz2d4 3,10 7.3
9/11 163 1,40 8,6 4/ 3 799 4,89 6,1
16/11 293 1,60 5.9 2/ 7 346 5,83% 11,1
9/712 652 2%/ 7 184§ 1.7 9.3
15712 750 2.50 1,3 77 8 274 5,01 11.0
1971 97 9 267 2e9 10,9
1d/7 | 1385 7.90 Se7 25/ .9 98 3.5 35,7
2/ 2 1010 5.99 5.9 17710 i2l 2.9 24,0
157 2 1300 6,50 S.0 4712 121 4,7 38,8
1R/ ? 254 2.20 8,7 197S
2/ 3 1990 12,41 6,2 137 1 391 4,7 12,0
/ 4 490 2.56 5.2 10/ 2 587 4,5 7.7
12/ 4 587 2.52 4,3 87 4 685 S.u4 7.9
157 4 717 4,10 Se? 4/ 6 587 4,6 7.8
20/ d 159 1.89 Se3 as 1 864 4,4 5.1
22/ d 391 1.83 4,7 S/ 8 214 1.8 6,6
26/ 4 297 1.51 S.1 37 9 209 1.8 8,6
3/ S 486 2.25 4,9 307 9 183 3.9 cl.3
157§ 5o 1,82 S.6 3711 98 3. u 34,7
187 5 126 2.56 7.8 2/12 1140 8,7 7.6
13710 2bb 1976
t/11 2458 6/ 1 1420 8,0 S.6
15711 ufl e6/ | 1480 6,77 4,6
15712 489 23/ 3 1500 2.52 8,3
1972 26/ S 690+ 3.2 4,6
177 1 509 1,25 2.4 147 6 375 2.6 6.9
157 2 380 3,00 7.9 137 7 568 3,2 5.6
16/ 3 840 2.10 2e5S 16/ 8 39A8 2,0 5.0
22/ 3 A50 6,80 8,0 137 9 300 Ce97 9,9
29/ 3 1600 10,13 6,3 13710 366 3,08 8.4
u/ du R4Q 6,90 8.2 9/11 965 7,32 7.6
127 4 590 7.04 11,9 20712 150 31,52 23.5
177 4 430 4,34 10,1 1977
4/ s 60 3,56 6,4 107 1 483 9,12 18,9



TABLE AH4 CONT'D

DATE P N N:P DATE p N N:P
mg/m3 mg/1 m;z/m3 mg/1
167 S 192 2.4 14,6 157 2 - 859 8,88 10.4
13/ 7 . 59 1,03 17,4 21/ 3% 1340 10,59 7.9
197 7 7% 1,22 16,3 25/ S 800 2.34 2.9
3/ A 87 1,10 12.6 6/.7 4s0 2,42 S.4
. QUYAPPELLE RIVER AT LUMSDEN
1970 1974
9/ 4 717 3,99 5.6 2/ 1 2320 13,8 9.9
127 4 R1S 3.44 U,? 20/ 1 2100 13,16 6.3
187 4 619 3,07 5,0 6/ 2 2610 15,36 5.9
187 4 R1S 2.84 3,5 - 47 3 3750 14,29 3,8
27/ 4 486 2.15 4,7 20/ 4 2ut 9,24 38,3
117 S 587 1,57 2.7 24/ 4 130 4,03 33,6
19/ 8 4n9 1.80 3,7 25/ 4 104 3,78 36.3
257 S 5SSy 2.06 1,7 37 6 274 1,40 S.1
3/ 6 522 2.0°2 3,9 18/ o 345 2.u3 6.3
157 6 652 3,04 - 4,7 24/ o 313 5,02 16,0
1/ 7 1500 4,30 2.9 2/ 1 320 6,05 18,9
16/ 7 BU8 3.21 3,8 3/ 7 293 5.18 17.7
177 8 1500 4,70 3.1 107 7 SH7 B.14 13,9
217 9 7830 18,50 2.4 167 7 489 - 8.37 17,1
20710 3ub0 14,25 4,1 23/ 17 199 T.14 35,9
9/11 u2o 1,52 3.6 247 7 913 4,02 4,4
9712 1790 8.63 4,8 30/ 7 232 3.26 14,0
1971 , -Y A 199 6,99 $5.1
7/ 1 3550 19,07 5.4 7/ 8 104x S.79 55,7
2/ 2 4370 19,48 4,4 19/ 3 237 3,28 14,1
187 2 3260 11.50 3.5 217 8 1m 3,77 34,0
2/ 3 4630 43,08 9.3 - 37 9 104 4,52 43,5
157 3% 1700 17,00 10,0 9/ 9 756 3,25 4,3
127 4 1300 3,93 31,0 117 9 137 © 3,00 21,9
197 4 913 3,06 ‘3.4 18/ 9 2u1 5,40 22,4
26/ 4 424 2.16 S,.! 23/ 9 835 12.62 15,1
3/ S ukq 2.69 5,5 30/ 9 489 10,9 22,3
187 S 5847 3.39 S.8 810 832 7.66 9.2
1972 17710 815 .. 6,46 7.9
22/ 3 1500 8,55 S.7 6/11 4ol 15,6 3,9
29/ 3 490 4,25 8.7 21/11 750 6.2 8,3
4/ 4 490 S.49 11,2 16712 1260 13,6 10,8
127 4 510 5,68 11,1 1979
17/ 4 520 S.17 9,9 137 1 2410 16,2 6,7
26/ 4 - 1000 7.2% 7.2 107 2 2840 18,2 6,4
4/ s 1500 9,00 6,0 - 8/ 4 2610 15,3 5.9
167 S 1110 7.6 6.8 28/ 4 496 5.3 10,7
R/ 6 1R30. 16,46 9,0 4/ 6 346 4,4 12.7
13/ 7 . 443 3,04 6,9 S/ 8 1300 4,0 3.1
3/ 8 3100. 19,90 6,4 3/ 9 1660 6.6 4,0
2%/ 9 5790 24,29 4,2 30/ 9 1830 13,0 7.1



TABLE AB4 CONT'D
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DATE p N N:P DATE P N N:P
mg/m3 mg/1 mg/m3 mg/1
c1/11 1210 6,72 5.6 3711 430 4,5 10,5
28/11 3910 14,22 3.6 e/12 3000 18,2 6.1
5712 2930 13,4 4,6 e6/ 1 3680 17,14 4,6
1973 23/ 3 2050 15,47 7.5
147 2 3200 17,16 S.4 26/ S 645 3,95 6.1
87 3 28B40 12,90 4,5 14/ 6 630n 3,40 S,7
2/ 5 1500 6,13 4,1 127 17 294 1.7 5.8
147 S 978 3.33 3.4 t6/7 8 450 2,62 5.8
13/ 6 1420 6,32 4,4 137 9 1420 9,00 6,3
4/ 7 2480 12,30 5,0 13710 666 4,83 7.2
167 7 1000 3,86 1.9 9/11 8s% 12,06 14,1
14/ 8 1370 4,49 3.3 20/12 464 t4,18 30,6
28/ 8 1800 1977
57 9 1290 4,63 3.6 107 1 83s 16,47 19,7
12710 2930 9,085 3.1 157 2 1110 18,52 16.7
7711 370 4,51 12,2 21/ 3 1160 20,68 17,8
13711 610 4,50 7.4 25/ S 1300 5,50 4,2
6/ 17 790 4,19 5.3
GU'APPELLE RIVER BELOW CRAVEN
1970 1974
10/ 4 978 4,70 4,8 2/ 1 2580 13.8 S¢3
157 4 6895 3,41 S.0 20/ 1 1400 10,14 7,2
187 4 717 3.07 4,3 6/ 2 2610 14,67 S.6
21/ 4 652 3,00 4,6 47 3 4010 12.89 3.2
27/ 4 489 1,95 4,0 22/ 4 400 3,59 9.0
4/ S 880 3.27 3,7 37 6 85 1.38 16,2
11/ S S87 1,67 2.8 187 6 244 2,6 10,6
197 S 522 1,92 3.7 24/ o. 81 2.3 28,4
257 S S22 2,26 4,3 2/ 7 147 2,37 16.1
3/ 6 522 1,78 3,4 3/ 7 173 3,81 22,0
157 6 uB9 2,21 4,5 107 7 137 2,35 17,2
17 7 978 3.23 3.3 16/ 7 150 2,07 13,8
167 7 782 rN'y 3,2 23/ 7 183 4,0 21,8
177 8 652 2,30 3.5 29/ 1 274 1,72 6,3
21/ 9 365 4,59 12,5 307 7 91 0,97 10.6
15710 456 2,88 6,3 6/ 8 130 2,40 18,5
9/12 186 2,01 10,8 7/ 8 FL IR 1,52 S.8
1974 197 8 104 2,97 28,6
T/ 1 1240 6,58 5,3 27/ 8 121 4,34 35.9
2/ 2 261 1.68 6,4 3/ 9 65 2,4 36,9
197 2 24s 2,00 8,2 11/ 9 59 1,80 30,5
22/ 2 2280 13,60 6,0 187 9 49 1,50 30,6
3/ 3% 4se 3,07 6,7 23/ 9 137 217 15,8
187 3 1790 19,60 10,9 307 9 82 1,80 22.0
107 4 613 3,80 6,2 8710 124 2,60 21.0
127 4 652 4,19 6,4 17710 98 1.50 15.3
19/ 4 522 2,19 4,2 6/11 6S 1.2 18,5
26/ 4 359 1,97 5.5 21/11 20 1.2 60,0
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" TABLE AB4G CONT'D

Bl

77/ 1 410 2.64d

DATE p N N:P DATE P N N:P
mg/m3 mg/1 v me/m° mg/1
o/ 5 ulu 2,40 Sel 16/12 111 1,5 13,5
187 S 4Rn9 - 1978 - . ‘
14/ o 1080 6,40 9.9 137 | 565x 1.8 4,9
16/ B 1560 8/ 4 130 1.7 13,1
157 9 978 287 4 483 3.8 7.9
15710 ° 64%9 4/ 6 261 2.2 8.4
15711 629 877 320% 3.1 9,7
15712 182 S/ 8 - S587 2.4 4,1
1972 o . - 879 750 4,3 S.7
177 1 1040 6,20 NSt 30/ 9 665 7.0 10,5
157 2 1720 - T,70 4,5 LY2 0 B 5,2 12,5
157 3 2200 8,20 3.7 e’sie 913 8,4 9,2
297 3 490 2,45 S,0 1976 . .
12/ 4 S10 4,98 9,8 6/ 1 3680 17,2 4,7
17/ 4 490 5,49 11,2 26/ 1| 1480 - Ta.u2 S.0
26/ u 900 5.85% 6.5 237 % 1880 | 12,47 6,6
a4/ 8 1100 7T,4v 6.7 26/ 5 - 48} 3,15 6,5
197 7 587 3,03 S.°2 147 6 1150 4,85 4,2
3/.8 1500 7,30 4,9 12/ 17 . 23 - 2,00 8.5
21/11 913 4,86 - 8,3 ‘167 K 334 2435 7.0
5/712° 29390 13,46 4,6 13/.9 . 3ue 7,44 21,5
1973 13790 833 5,79 7.0
8/ 3 3780, 18,31 4,8 9/11 800 7.75 9,7
2/ S 8u0 3,61 4,1 20/12 432 13,08 30,3
14/ S 535 3,3 6,2 1977
17/ 8 417 1,74 4,2 107 1 865 15,54 18,0
137 6 1040 6.06 S,.H4 15/ 2 B20 14,41 17.6
6/ 7 3100 8,8 2.8 21/-3 995 . 17,72 17.8
16/ 7 978 " 2499 3,0 c 287 S -470 - 3,52 7.5
147/ 8 1160 4,53 3,9 6/ 17 . S80. 3,25 S.6
28/ 8 1300 11,20 Heb
26/ 9 1240 7,24 5.8 - .
MODSE JAW RIVER ABOVE MOOSE JAW AT HwY #2
1970 10/ 4 260 2,40 9,2
S/ 4 . 424 . 2,04 UGB 18/ 4 220 1,73 7.9
S/ 4 652 284 444 26/ 4 160 1.52 - 9.5
18/ 4 554 3.13 5.6 -2/ 8 150 1,53 10,2
18/ 4 750 . 2,10 L 248 21/ 8 120 T 1,83 15,2
27/ 4 4Se - 1,30 ‘2.8 28/ 8 70 2,03 11,9
S/ S 652 1.34 241 29/ 8 110 1,79 16,3
127 S 489 1,37 2.8 30/ 8 120 2,04 17.0
20/ S 391 1,59 4.1 15710 95 1,73 18,2
27/ 5 4Se 1,34 2.9 - 16/10 91 1,70 18,7
2/ 6 489 2463 S.4 17710 77 1,32 17,1
17/ 6 4Se6 1,40 3.1 18710 - 80 1,58 19,8
-V 254 1.50 5,9 1973
147 7 326 1,22 3.7 6,4
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TARLE AB4 CONT'D

DATE p N N:P NDATE p N N:P
mg/m3 mg/1 , mgrims mg/1
147 8 23a 2,50 10,95 9/ 1 470 3,73 7.9
28/ 9 196 3.71 16,9 9/ 7 91 1.8 19,
21710 121 1,01 8.3 28/ R 370
12711 A4 1.24 14,1 15711 2,43
10712 150 1974
197} 187 4 350 2,86 8,2
12/ & 65?2 2.713 4,2 28/ 8 150 3.4 22,
13/ 4 652 2.71 4,2 9/71°2 163 1.2 19,
19/ 4 456 2,24 4,9 1975
22/ u 456 2,03 4.l 257 2 20 2.2 110,0
et/ 4 59} 1,64 4.3 147 8 36 2.7 75.0
3/ 5 39 1,63 4,2 14710 147 3.6 24,58
177 % 238 1.31 5.5 15712 20 27 135
1972 . 1976
21/ 3 520 3.10 6,0 3/ 3% 118 J.62 30,7
2%/ 3% 390 2.84 7.3 107 5 418 3,55 8
287 3 510 2.8V S.5 5710 99 1,7 28
4/ 4 330 2,32 7.0 1977
6/ 4 280 2.0u 7.3 9/ 2 114 2.41 20
137 7 180 1.1 6,
MOOSE JAw RIVER BELOW MOOSE JAW AT HWY ®301, BURDICK
1970 . e/ 8 840 2,79 3.3
S/ 14 978 4,42 u,% 27/ 8 3400 6,90 2,0
9/ U 522 3.51 6,7 28/ &8 3200 6,82 2,1
137 4 717 2.92 4,1 29/ 8 3100 6,18 2.0
1646/ 4 68Y 2,99 4,4 30/ 8 3100 6,09 2.0
277 4 4RQ 1,73 3.5 15710 3400 15,00 4,4
5/ % 587 2.34 4,0 16710 2900 15,70 5.4
127 8§ u#9 1.50 3.1 17710 3000 14,80 4,9
20/ S uSeé 1,90 4,2 18710 3800 ‘15,20 4,0
2/ #& use 2.28 5,0 87 1 7500
17/ & S22 2.98 5.7 107 8000 47,39 5.9
2/ 7 21¢e 2,91 13,7 13/ » 4890 7,0 1.4
147 7 594 3,74 6.8 97 7 750 1.8 2.l
187 8 815 6,91 8,5 28/ 8 3800 23,60 6,2
287 9 4700 ce.76 4,8 15711 3800 26,40 6.9
21710 3590 21,36 5.9 1974
12711 4890 23,65 4,8 20/ 1| 44,02
10712 6360 48,83 7.7 187 4 410 1,52 3.7
1971 22/ 1 1700 9,30 5.5
18/ 1 9290 57,60 6,2 3710 490 3.10 6.3
4/ 2 10900 59,33 S.4 9712 1210 11,8 9.8
4/ 3 Bad0 60,00 6,9 1975
12/ 4 1140 3,23 2.8 30/ 1 5900
167 4 685 2,92 4,3 2%/ 2 8640 4z2.8 5,0
197 4 619 2,35 3.8 4/ o 690 S.10 7.4
22/ 4 456 2,27 5.0 167 o 815 7.9 9,7
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TABLE AB4 CONT'D

DATE P N- N:P DATE PN N:P

el ik =V

. mg/m3f”' me/1 S e mgfme T mgf¥
2717 u 391 2,00 S,.1 157 7 640 1,75 2.7

3/ 5 LY 2.54 Se6 . 147 4 620 7.4 11,4
1775 0 231 - 3,7t - 16,1 - 14/10. 2580 17,9 6,9
1972 _ 15712 S800 28,1 4,8
217 3% 6%0 4,88 1.5 1976
23/ 3 620 - 4,90 T 769 _ 23/ 1 4500 25,02 S.6
267 3 560 3,009 5.5 107 S 620 S.08 B,2

3/ 4 460 v 26/ T 460 3,10 6.7
4/ 4 uso0 3,27 Tol . S710 1730 8,76 S.1
6/ 4 530 3,78 7ol 20710 3000 25,50 8.5
107 4 460 1,57 3.4 1977 ~ -

187 4 520 3,87 T.4 =77 1 6300 32,75 8,2
26/ U 520 4,16 - 8,0 -9/ 2 . 15830 45,27 6,0
2/ 5 940 S.64 6,0 127 7 2250 8,18 . 3,6
-V AN 2250 10,61 4,7

uASCANA CRE%K NEAR RICHARDSON

1970 o 4 1971 ‘ :

97 4 °  &B8S 2,32 3.a 127 a 522 1.01 5.8
10/ /] ‘32? . 2967 Sgl : 15/ 4 “2“ 2006 a.ﬁ
13/ 4 424 2,41 Se7 19/ 4c. . 489 3,19 . 6,5

187 4 489 2,08 4.3 .28/ 4 822 T 2496 4,9
-LYAR' 3te 1,80 5,7 26/ 4 319 1,87 5.9

4/ 5 587 2,02 3.4 .37 8 313 2,00 6,4
117 S 176 1541 B,0 i8/7 § 202 1,35 6,7
197 8 271? 1,20 4,3 1972
s/ s 280 1,480 5.0 22/ 3 1200 6,34 Se

3/ o 121 0,90 7,4 29/ 3 450 3.61 B,
15/ & 326 1.20 3.7 47 4 450 3,49 7.

17 7 394 1,50 3,8 9/ 4 200 . 1,62 - B,
17/ W 685 2,50 3,6 127 4 0 350 0 4,01 11,
2i7 9 192 1427 6.6 177 4 200 1,82 9,
22/10 169 0,70 dot 26/ 4 200 1,62 8.
L9711 72 1, 20‘ 16,7 1973

47 17 - 111 1,57 14,1
: wASCANA (ntfu ABOVE QU'APPELLE RIVER
1970 ' : 12710 6680 22,43 3.4

i’/ 4 1470 6,17 4,2 13711 - 4100 31,10 7.6
8/ 4 978 4,94 Sol 1974 o
9/ U 1240 S,S5¢2 T .2/ 1 .. 71%00 40,2 5,4
137 4 584 ° 4,58 B.3 207 1§ 5500 39,03 7.1
187 4 815 - 4,15 S.1° 6/ 2 6680 40,2 6,0
28/ 4 913 4,21 4,6 - 4/ 3 7500 32,75 . 4.4
4/ S 1010 2,71 e’ 24/ o See 6,5 12,4
11/ 5 717 - 3,28 T 274 1 - UuS56 10,43 22.9
197 8 1340 '5.31 4,0 107 7 326* 16,45 50,5
FEVAR 2020 7.04 3.5 e/ 17 652 15,32 " 23,5

3/ 6 913 -+ 4,26 4,7 23/ 7 . 685 12,14 117,17
187 6 1,9 297 7 1630 9.86 6,0

2180 8,42
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TABLE AB4G CONT'D

DATH p N N:P DATE - p N

OWwW O WL E

mg/m3 mg/1 mg/m3 mg/1
1/ 7 2220 5.10 2.3 307 7 456 6,52 14,3
167 1 2380 7.31% 3.1 17 8 2800 8,30 3.0
177 8 1890 5.80 $.1 6/ 4 1300 9,70 7.5
20/10 5220 2S.76 4,9 77 8 235 10,42 44,3
9/11 2R00 9,30 5.3 197 8 241 5.04 20,9
9712 T140 34,67 4.6 27/ 8 166 5,09 30,7
1971 3/ 9 147 6,70 45,6
77 1 9580 41,00 4,3 S/ 9 652 4,63 7.1
2/ 2 13500 57,51 4,3 117 9 2617 6,96 2b,1
2/ 3 92990 22,60 2.4 187 9 241 7,08 29.4
12/ 4 1140 5. 71 Se0 23/ 9 3680 19,02 S.2
207 4 HH0 3,41 3,9 257 9 - 2930 18,42 0,3
22/ 4 w22 3.31 6,3 30/ 9 3420 16,87 4,9
en/ U 619 3.24 5.2 8710 1560 10,87 7.0
LY 652 4,23 6,5 11710 1800 10,20 5.7
18/ S 2410 14,60 6,1 17710 1400 6,07 4,3
1972 : 6/11 603 20,7 34,3
127 1 1076% 4,72n 4,4 2l/11 3330 20,0 6,0
22/ 3 1830 12,10 6,6 4712 3910 28,9 T4
°9/7 3 1700 11,31 6,6 1975
4/ 4 1100 9,50 8,6 137 1 6200 34,3 9.5
127 4 630 6,30 0.0 317 1 6400 47,09 7.4
17/ 4 K10 5.83 7.2 107 2 7110 36, 5.1
206/ 4 1300 7.90 6.l .87 4 6030 32. 5e3
4/ 5 1900 13,70 7.2 4/ o 368 4,5 12.2
16/ S 1830 S.1 2.8 9/ & 1100 10,60 9,6
H/ 6 5220 19,68 1.8 &8s 7 7199 4,9 6.1
157 7 48BYD 20.6 4,2 157 7 1200 7.20 6,0
197 7 3790 12,17 3,2 5/ 8 2440 10,0 4,1
177 & 7145 22,35 3.1 37 9 2610 10,2 3.9
18/ 8 6455 22.2 3.4 1976 .
257 9 6200 27.29 4,4 6/ 1 7350 15, a,
21711 6850 31,16 4,5 2%/ 1 7500 32,41 4,
28711 7340 315,72 4.9 26/ 1 71350 33, 4,
1973 ' 23/ 3 2130 15,47 7.
1d/7 2 Boud 38,0 4.4 147 6 862 4,36 Se
LY 7830 40,0 5,1 227 1 3990 6,20 1S,
167 3 4890 25,0 5.1 27710 2250 18,70 8.
147 9 4340 20,7 4,8 9/11 915 11,03 12.
13/ » 4170 19,77 4,1 1977
u/s 1 5380 24,5 4,6 157 1400 37.10 2
167 17 1790 7.09 4,0 157 2 2050 36,59 1
7/ & 3910 13.71 3.5 217 3 738 28,47 3
2R/ 8 4000 34,00 A,S 247 S 1000 6,47
S/ 9 S870 14,43 2.4 6/ 7 1100 6,99
6/ 9 700 10,27
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TABLE AHG CONT'D

DaTE p N N:P  DATE P N " N:P

g v

ma/m3 mg/1 ‘ mg/m> me/1
_ . . HUFFALO POUND [INPUT :
<1970 - - o : 2/ Y 110~ 2,31 21,0
9/ 4 4s6 2,37 S« L e8/11 -, 49 . 0,60 12,
13/ 4 489 1,97 4,0 18712 : e 1,08 67,
18/ 4 489 2.01 4,1 1973 : :

27/ 4 217 1,40 Sel. 9/ 1 29 0,53 18,3
5/ S 24S 1.50 6,1 4/ 6 378 2.28 6.0
10/ S 147 1,30 8.8 - 8/ 7 117 0.62 5.3
20/ S 130 1,20 9,2 14/ & 111 0,92 B43
21/ S 88 1,30 14,7 " 1S/ B. 82 0,30 3,6
2/ 6 64 0,90 13,2° 30/:8 3 0,34 8,9
177 o 212 1,80 8.5, 1790 - o8 0,62 9,1
27 7 245 1,20 4,9 31710 “1e6 1410 68,8

147 7 176 1,60 9,1 1974 o o
22/.9 169 1,20 7.1 30/ 1 82 ' 0,85 10,0
22710 153 0,061 40 17 2 456 6,30 13,8
12711 65 2,27 . 34,9 . 25711 16 1.8 112,5
15712 29 0,16 5.5 1979
197 _ , 21/ 1 10 1,75 175
S/ 1 29 1,10 17,9 2/ 6 16 1,9 119
37 2 3 0,71 30,9 1/ 8 117 0.5 4,3
17 3 26 0,76 29,2 7710 29 1,9 S1.7
13/ 4 316 2.47 7.8 4s/11 20 1,2 51,7
1S/ 4 359 2,07 5.8 1712 9?2 2.0 47,6
20/ 4 222 0,85 3,8 1976
22/ 4 224 1,72 7.5 . S/ 1 150 1.8 12,0
28/ 4 150 1,30 8,7 22/ 3% 484 4,53 9.4
5/ S 179 1,70 9,5 2S5/ S 65 3.2 49,2
19/ & 95 - 1,60 16,8 147 9 59 1.2 20,3
1972 . 1977 . o :
23/ 3 460 2.89 6,3 : 127 1 3 0,81 270
137 4 120 0,76 6.3 2475 90 0,20 2.2

26/ 4 2fo 3,73 13.3

- — - oy
*» DENOTES CONCENTRATION VALUES WHICH HAVE BEEN CORRECTED ) ‘
wx DENOTES CONCENTRATION VALUE CALCULAIED WHEN TKN IS BELOW THE
DETECTION LIMITY
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TARLE ARS

CONCENTRATIUNS OF TOTa) PHOSPHORUS, TOTAL NJTROGEN
AL CHEOROPHYLL A AND WNgP RATIOS In THE AKES

—M_ — -.-..

DALY SAMPLE P N N:P Chl a

DEPTH : 3
et mv./m3 mg/1 , mg/m

PASQUA LAKE

1970

6710 1 910 3.16 3,5 147
H 93 3.26 3.5 170
1 920 1.96 2.1 28
" 920 tel1 1.8 21
T 950 1.99 2,0 35
" 920 1.64 1.4 15
1 950 2.19 2.3 92
t 970 2.11 2.2 30
] 910 . 2.06 2.3 58
B 930 1,99 2,1 11
1971
157 2 1 2410 9,92 4,1 41
1 1040 .17 2.9 0.5
H 1430 5.02 3.5
1 1080 4,03 3.7 ND
B 1750 6,77 3,9 6
1 1100 3.3%8 3.1 3
H 1180 3.06 2.6 22
1 1070 2.10 2,0 1
. s 1580 3.23 2.0 3.5
1/ & 1 620 2.64 4,2 td
1 760 3.14 u,2 P
H S30 2.92 5.5 21,5
1 790 2,76 3.5 31
H 710 .13 4.4 35
7 500 2,47 4,9 2.5
B 4990 2.66 S,.4 20,5
T 350 2el7 6,2 1
3) 910 2¢60 2.8 1S
fa7ze
197 S 1 121 1.86 1S.4
T 147 1,04 11,1
T 1t 2ebb 24,0
2u/ 1 T 499 ‘2,45 4,9
2H/ 8 T 815 287 3.5 26,1
A/ 9 Y 619 1.96 3.2 31,8
M 619 1,66 2.7 204,6
H 619 2.26 3,6 107,5
7/ 9 T 1160 6,06 5.2 97.0
M 1040 2,58 2.5 3.8
B 913 2.76 3.0
AL i 1010 2.19 2.1 8,4
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TAGLE ABS CONT'D

haTe SamMpyL¢ P N N:P Chl a
’]
LEPTH . mg/m-3 mg/1 mg/m3
14/ 9 M 489 2,12 4,3
1974
18/ 1 M 19990 11,09 5.6 52,6
M- 1990 9,K0 4,9 °9,0
M 2120 2. K8 1.3 11,2
‘ M 1830 6,96 3.8 19,6
257 1 1 750 2,18 2.9
H 1160 2.uU2 2,1 _
T 799 2.03 2.5 17.8
) H 913 265 2.9 17.8
21/ & T 450 3,99 8,9
H 1240 4,27 3,4
T 1160 5,4 2.9
b4 1240 3.71 3.0
1 1160 4,38 3.8
K 1210 5,00 TR |
& T . 1120 3.62 3,2
) M 1040 3.94 3.8
: K 1040 3.94 3.8
T 1160 2.76 2.4
™ 476 - $,02 6.3
H 1040 .06 . 2,8
°57 7 1 1290 .99 1.5
T 1080 3,03 2.Y
R 1040 3,00 2.9
| 1010 L CeluB 2.4
) 1120 2,82 2.5
T 913 3.17 3.5
™M 1080 1.52 1.4
H 1160 2.54 2.2
M 1340 2,03 1,5
B 1080 2.29 2.1 ¢
FRWAN:) M 1600 3,97 2.5
| 1080 2.54 2.4
H 1160 4,29 2e7
T 978 2.H1 2.9
M 1080 2.47 2.3
b 1120 3,09 2.8
T 994 1.01. 1.0
t 1080 2,21 2.0
R 1080 2.51 2.3
T 1120 2 .47 2.1
M 636 2.17 2.2
B 913 4,29 3,4
e/ 9 I K810 269 3,0
9/10 - 587 2.99 G,
' ) 522 2.99 5.7
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TABLE ABS CONT'D

DATE SAMP| ¢ p N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
T 489 2.97 6,1
8 456 2,97 6.5
I S87 .2l 4,1
M 734 2.39 3.5
H 68S 2.39 3.5
)| 832 2.11 2.5
M 832 2,39 2.9
B 832 1.79 2.2
T 750 1.81 2.4
™M 864 20!1 2.“
8 750 2,09 2,8
1974
177 1 T 1660 10,64 6,4
] 2320 19,82 8,5
a 1600 9,22 S.7
|| 554 2.25 4,1
M 554 1.83» 3,3
8 554 2,17« 3.9
 { 489 1,72 3,5
M 489 .20 4,5
8 603 2.18 3.6
117 2 T 587 1.98 3,4
M 567 2,03 3.6
8 685 2.28 3.3
T 538 1,93 1,6
M 535S 1.70 3,2
8 734 1,93 2.6
187 3 T 5395 2,12 4,0
M 587 2,14 3.6
8 639 2.39 3,7
18/ 6 r 267 2.00 7,5 19
M 267 1,47 5.5 15
8 2117 1,67 6,0 20
T 251 2,30 9,2 20
M 267 1,40 5.2 22
L] 3159 1,70 4,7 20
T 267 3,10 11,6 2,3
M 267 1,86 7.0 11
B 303 1.90 6,3 7
T 251 1.47 5,9 14
M 244 2.71 11,1 9.3
] 244 1,01 4,1 16
T 251 1,60 6,4 47
M 251 1,81 7.2 20
8 375 1.79 4,8 33
157 7 T 293 3.8 10,8 21
C 489 4.1 7.1 21
o S22 6,2 11,0 133

|
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VABLE aBS CONT'D

DATE SAMPLF P N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
C 391 3.0 6,1
C 489 3.0 4.8
1/ & 1 417 2ol 5.0 21
1 463 2.60 S.0 33
12/ & 4nl 2,40 S.0 4y
538 2,10 3.9 23
567 2,10 3,7 e
483 2,50 4.8 9
734 2e 37 3,2 6
les 9 241 2.10 8,7 3
293 1,80 6.1 3
333 2,90 8,7
417 1,45 4,4
450 .15 4,8
21710 &e 2,90 3.5
59 et 10,2
209 Ueb0 2.9
°6l 0495 3,6
293 1 .85 0,3
1e/11 ™ 290 2.1 1.2 20
M 2304 3.9 15,2 25
M 130 1.8 15,8 2S
C 170 2.4 14,2
C 209 2.1 10,0
1975
67 1 | 463 4,04 10,0 19
) 368 4,34 11,9 3
21/ 1 M 346 .52 10,2 11
™ 3313 .67 11,0 2.4
C S9 1.98 43,6
¢ 209 2,00 9.6
C 196 1.68 8,6
247 ¢ M 548 u,7 8,6 2.
M 567 4,7 8.3 11.1
M 300 2.4 9,3 4,8
C 2938 2¢% 8,5
c 274 .5 9,1
217 5 1 9k 2.2 2.4
) 524 1,4 2.6
C S80 1,4 2. U 2.7
i 7587 Cel) 2.7
t 528 2.3 4.4
C 518 1.2 2.3 38,5
r 515 e.c 4,3
M 368 2.9 6,8
# 404 Ceb S.4
C 417 1.4 3.4 33,8
) 49eé 27 S.4
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VTABLE ABS CONT'D

DATE SAMPLE P N

N:P Chl a
DEPRTH mg/msf mg/l mg/m;
T ees T daa s1 —
12} 417 3.8 7.
1976 1 , :
197 1 C 1130 b U7 S.7 . 4,7
C 1240 7.72 6,2 29.9
C 1570 Hoh7 5.4 2.3
C 1130 B.,27 7.3 4,2
G 628 4,10 6,5 1.9
C 536 3,18 5.9 1.9
T 480 CouM 7.7
M 516 2, KA 5.6
s dni 4,08 8,56 .
¢ 4 X 6.6 13,1
1 516 2.54 4,9
M 4mu ?.5R S.h
. B 628 3,44 5.5
9/ 2 C 1290 7.00 5.4 1.9
C 1670 6,91 4,1 10,5
C 134n 7.21 S.u 1,9
¢ S1470 7.54 5.1 10,9
C 516 2.2H4 4,4 3.8
C 602 2.30 3,6 22e3
T 754 2.10 2.8 ‘
: M 568 2.40 4,2
i 732 3,11 4,2 :
C 564 2.24 3,9 1.9
1 496 °.28 4,6 '
M 496 .08 4,6
B 568 2.28 4,0 .
157 3% o 1550 K,37 S.u 28,8
: C 108G H,65 8,0 0
¢ 563 2.42 4,3 0
C 645 3,15 4,9 2.3
I S63 1,75 3.1
M 710 3,25 4.6
b 670 6,08 9.1 .
C B9IK 6,45 7.2 0
| 670 . 5,65 8,4 '
M 1080 5,55 5.1
H BOO 6,08 7.6 :
14/ o C 398 1,27 3.2 6.6
C 366 1.47 3,8 18,7
C 366 1,47 4,0
C 386 1,47 3.8
T 334 1.u7 4,4
M 320 1,42 4,4
b S3a 2e02 3.8
C 4ed 1.42 3,1 4,2
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TABLE ABS CONT'D

DATE SAMELE p N N:P Chl a
4
PEPT! mg/m3 mg/ 1 mg/m3
T 274 1.22 4,4
M 300 1.22 4,1
H 640 1,42 2,2
287 17 C 666 2,00 3,0 4,2
C S68 1,72 3,0 4,2
M 484 1,20 2.5 15,2
M 464 1.20 2.6 6.1
M 432 0,90 2,1 6,1
177 8 C Steé 2,30 4,4 24,9
C 536 2,00 3.7 4,7
T 496 2,00 4,0
M 496 2,00 4,0
B 584 2,00 3.4
(o 758 2,30 3,0 8.4
T 550 2,00 3,6
M 536 2.30 4,3
R S890 3,20 S.5
20/ 9 C 516 1,27 6,3 4,7
M 450 4,30 9.6 66,0
M 4s64 4,30 9,3 82,8
C 536 3.25 6,0 17,7
T S16 2.05 3,9
M 536 2.65 4.8
68 588 2,65 4,4
12710 M 108 2.60 24,8 109,7
M 98 2.60 26,5 93.4
C 4ny 1,75 3.6 13.5
C 516 1.81 3,5 11,2
20/12 M 320 5,69 17,8 37.4
M 294 5.29 18,0 18,7
™ 418 2,35 S.6 8,2
M 366 2,35 6,4 S.3
C 418 2,60 6,2 5.3
T 398 1,88 4,7
M 568 2.08 3.6
B 432 2.05 S.2
C 366 2.12 5.8 2.9
T 386 2,08 S.3
M 386 2,15 5.6
8 320 2,42 7.6
1977
197 1 1 366 7.0 19,2 11,2
T 334 6,74 20,2 é,9
M 418 2.52 6,0 2.3
c 602 2.45 4,1 NOD
1 386 2425 5.8
M 398 2035 5.9
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TABLE AHS CONT YD

DTt SAMPLE P N N:P Chl a
LERTy mg/m3 mg/1 mg/m3
H 366 .75 6,1
C 3gn ’2,RS 7.2 2.3
T 366 2.00 S.5
] I66 2,48 6,7
B 334 3,05 9.1 :
2%/ 2. C 5¢23% 265 5.1 ND
1T 523 2.5k 4,9
M 563 3,39 6,0
12 bk 2,92 7.9
C gyn 2.91 5.8 ND
T 540 2e62 4.8 '
™ 523 2.68 9.1
t 523 3,07 8,9
498 5.7 11,0
433 B.1S 18,8 6.5
563 B.11 14,4
] 964 11,09 14,5 o
217 3 C 58R 1,50 2.6 ND
1 a6y 1,39 3,0 '
M 4s0 1.47 3.3
R 450 1.59 3,5
C S3A 1.921 3.6 1.9
1 432 1,57 3.6
4 UKy 1070 }.S
h 4372 1,75 4,1
' 1 450 S5e37 11,9
17/ % C - 390 3,34 8.6 92,0
: C 390 2.72 7.0 87,8
M 450 % 2eb1 5.8 114
YA C 460 2.7 2.9 2.3
1 340 2.20 6,6
M 580 2.34 4,0
K. 480 2.65 5.5
400 2.17 2.9 1,9
1100 2.20 1,0
1600 2.37 1.5 4,9
1200 3.77 3,1
S60 2.5% 4,6
440 227 S.°
as 1 C 420 - 2,05 5.8 17,3
420 2,40 S.7 17,7
6u0 2,70 a,2 110
Ko u4s0 2.38
15/ & C 6K 1,94 2.8 28,5
C 860 2.11 2.u 30,4
1 920 3.1 3.4 43,3
0]
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TAGLE AHS (COMT 'Y

ATt SAMPI P N N:P Chl a
EPTH mg/ms mg/1 mg/ms
FCHO { AKE
1970
K/10 1 760 1,49 2.0 6
A 750 .41 1,9 2.5
1 760 1.50 2.0 14
H 760 1.68 2.2 1
t9/1
217 1 1 990 1.71 1.7 WD
K 9HQ 1.69 1.7 ND
1 1000 1,85 1.8 ND
" 970 1.61 1.6 ND
26’/ S T 1170 1,48 1.3 79,5
H HHO 1,65 1,9 78.5
T 1560 1,78 1.1 18,5
H 760 2.10 2.8 16,5
1972
1H/ S T 117 1,80 15,4
1 346 3,79 11,0
PR/ R A 603
T 13000 173 13,3 5781
6/ 9 1 391 1.5%2 3,9 69,2
™ 391 1.50 3.4 124,3
b 391 1.22 3.1 76,7
77 9 1 913 1,22 1.3 0
M 603 2.12 3.5 195,3
B 587 2.12 3.6 8.4
1 603 2e12 3.5 2.8
Ll S87 1,85 2.7 2.8
R 554 1,52 3.2 6,6
n/ 9 T 401 0,40 1.0 365,8
1974
2S5/ % T 652 1.71 2,6 17.8
F 603 1,94 3.2 17,8
1 734 1.4 1.9 17,8
] 750 1.76 2.3 17.8
T 603 1.u44 2,4 17,8
b 652 2.76 4,2 17,8
1/ & 1 802 2.177 3,4
4 S87 2.75 4,7
) 548 3.65 6,7
1 626 2.15 3.4
" 518 3,07 6,0
H Se7 3,97 7.0
T 600 3.67 6,1
M 600 3,09 5,1
H 756 2.47 3.3
T 365 .17 5.9
25/ 7 M 913 5,18 S.,7
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TUTARLE ARG CORTP

HATE SAMEY b P N N:P Chl: a
' ",tplji mg/m3 mg/1 ‘ m,é/'m3
I | R 150 . . 2.4H 3,3 '
3] 9862 dot? 2.2
t 1660 .01 148
T 799 1,89 2vd
DM 913 o7 240
H - B6U 2,05 2,5 )
T 832 1,85 s
] 799 2.1-18 5.1
o] 64 1458 1.8
21/ 8 o ~734 1,99 2.2
T 717 2,17 3,0
t 756 3.%7 4,U
T “T17 1450 25t
M 717 2e1P 2340
K 756 3,02 4,0
. 1040 2.47 2,4
N B ~7949 ‘2447 3,1
10710 1 Y1 1.26 1,8
T 652 1,26 1,9
M “L8Y i1 ,2H ‘199
' H S EY 1528 w1,.7
R | 685 . 1,30 159
me 799 1,28 146
B ‘603 1428 2!
T 692 1,28 2,0
M 652 1.60 2,4
b <750 1.5 2,1
lQIU e ) E e
17771 T “S567 2.0 349
s 626 2.07% 3,3
“ 887 7.86 ‘8,9
T - 668 "2e23 3,3
M =756 24?3 2.9
) .73%0 8540 T L0
21774 T -S87 1528 2,2
"M 603 1.58 2.6
H <603 1,30 2,2
117 2 T 987 1438 2.4
B =587 1410 149 -
o) T34 1436 1,8
| 603 “1ed36 2,2
M " 682 - 1.38 241
H 832 1.33 1,0
T 600 1.36 2.3
M - 620 "lesbld 2406
H 892 1536 2,41
1R/ 3 T b2h 1478 2,7 ;
M 626 <170 2,2 2
id
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VARLE ARS COMT

DATE SAMPL P N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
R 117 1.68 2.4
T 626 1.68 2.8
A b?b lo;H ?o’
H 691 1,04 2.3
197 3 T b4de 2.60 4,0
M bub 1.70 2.b
H 668 1.68 2,5
197 6 I 173 1,53 8,8 15
M ees 1,79 8,0 36
N 209 5619 c4.8 2u8
T 365 2.00 5.5 ’2
M 241 2,39 9,9 31
H 192 2.93 15,3 91
T 160 2,00 12,9 )
" 121 2.69 22,2 ué
H 300 2.H9 9.6 68,8
lns 7 C 225 2.87 12,8 2.7
C 192 4,30 22,4 154
C 284 2eb7 9,4 3.1
127 4 483 1.61 3.3 4,7
483 .47 S.1 3.7
483 1.57 8,2 3.1
177 9 S5 1.91 3.7 50,1
el 1,31 2.8 63,0
483 1.87 3.9 &4, 1
21710 439 1.55 3.6
417 1,15 2.8
417 1,17 2,8
12711 C 300 1.81 6,3 13,8
] 235 2,40 10,2 11
1975
217 1} C 274 1,70 6,2 6,2
( 293 1,70 5.8 7.0
C 261 1,70 6.5 3.3
3 C 26 ] 7.3
¢ 293 1.9 6.5
C 2358 1,9 B,
22/ 5 1 235 2.0 8,5 68,3
M 274 1.8 6.6
b 290 1,8 6.2
C 261 1,8 6,9 60,7
1 271 1.8 6,6 43,8
M 290 2.0 6,9
¢ 310 22U 7.7
C 287 1.9 6.6 60,1
T 408K 2.2 5.4 52.0
M 4ou 2,0 4,9
] 39K 2.0 5.0
C 382 2ot 5.5 46,1

I B . 0 Bw BN BN BN BE B B B B B B B B B .
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TABLE aABS CunT*'D

DATE SAMPF P N N:P Chl a
DFPTH mg/m3 mg/1 mg/m3
C 550 1.75% 5.2 1,9
M #Ho4d 1,75 2.2
H AR0u .00 2.5
157 3 C un g 1,55 3.2 0
T 456 1.55% 3.4
M 483 1.72 3,6
B 523 1,54 2.9
C 60% 1,65 2.7 0,2
1 483 1,65 3.4
M 4Ry 1.07 3.4
b 605 1.54 2.5
C 563 1,58 2.A 6.5
T 4R 1,67 3.4
t 523 1.72 3.3
K 60% 1,27 2,1
ta/ 6 C 320 e.07 6,5
T 262 0.67 2.6
™ 274 1,51 5.5
3! id6 1.77 4.6
C 368 Y 6,7
T 300 1.77 5.9
M 366 1,77 4,8
H 432 2.37 S.5
C 418 .27 7.8
T in6 t.u? 4,0
M e9u 1,72 5.8
K 366 2,37 6,5
ens 1 C 464 2,02 4,4 4,2
C 464 1.40 3.0 4,2
C 464 2,00 4,3 1.9
1 4l? 1,70 3.9
M 16 1,72 .3
H 536 .02 3.8
V77 8 C 496 1.80 3.0 8,4
T ue64d 1,40 5.0
™ 450 1,40 3,1
H 588 1.40 2.4
C 536 2,30 4,3 15,0
T 484 1,40 2.9
M 484 1,40 2.9
B 628 2.30 3.7
C SR Y 1,40 2.6 13,1
7 516 3.20 6,2
M u9es .60 5.2
H 550 2,00 3.6
en/ 9 C 484 2.32 4.8 4,7
C 550 2,92 5.3 11.2
C 496 2,87 5.8 20,0
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TABLE AHS CUNT'D

DATE SAMPLE p N N:P Chl a
VEPTH mg/ms mg/1 mg/ms
12710 C S1e 1.84 3.6 46,6
C S16 1,84 3,6 44,3
S36 1.60 3.0 46,6
1977
197 1 C 414 1.55 3.7 ND
T 418 1.2% 3.0
M 386 1,40 3.6
B 432 2,05 4,7
C 432 1,70 3,9 ND
T Uy.Y7 2.55 5.3
M 4in 1.65 3.9
H 550 2.45 4,4
C 4s0 1.75 1.9 ND
T 418 1.45 3.5
M 464 1,45 3.1
A a8y 1,48 3.1
21/ 2 C 602 1,92 3.2 ND
T 640 2,05 3.2
M 640 1,87 2.9
B 758 2,05 2.7
C 588 1,98 3.4 ND
T 640 1.98 3.1
M 550 1,98 .6
H 536 1,94 3.6
C 758 2.22 2.8 ND
1 640 1,98 3.1
M 666 1.94 2.9
# S48 2.22 3.8
177 5. C 460 1.98 4,3 39,2
C 460 2,14 4,6 36,9
- C 460 1.84 4,0 19,7
o/ 6 520 1.51 2.9 4,7
T 480 1.64 3.4
M 510 1,64 1.2
H S40 1.71 3.2
520 1,64 3.2 4.2
800 1.64 2.0
520 1.064 3.2 2.3
800 1e61 2,0
480 1,64 3.4
a4/ 7 C 450 1,67 3.7 11,2
C S60 1,87 3.3 8,9
C 470 1.77 3,8 15,4
1 450 1,77 1.9
T 460 1,77 3.8 ,
15/ 8 C 660 1,87 2,8 28.4
C 640 1.87 2.9 37,8
C 8RO 1.87 2.1 S7.4
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TABLE ABS CONT'D I
DATE SAMPLE P N N:P Chl a l
DEPTH mg/m3 mg/1 mg/m3
MISSION LAKE l
1970
BR/10 7 1000 4,10 4,1 254
B 80O 2.19 2.7 103
T 710 1.33% 1,9 15 ]I
B 700 1.42 2,0 12
1971
21/ 1 1 950 1,65 1,7 ND l
A 790 1,33 1,7 -1
T 780 1,40 1,8 ND
) 790 1,40 1.8 ND l
28/ S T 660 1,42 2,2 23.5
B8 700 1.76 2.5 22
1 610 1,92 3,1 43,5
H 640 1,82 2.8 15 l
1972
19/ 5 T 75 1,50 20,0
1 121 0.90 7.4 I
T 9] 0.60 6,6
117 9 1 554 $,30 6,0 10,4 .
M 554 2.25 4,1 I
R 166 3,27 4,3
1 86U 2.17 2.5
K 603 2,15 3.6
i
6/ 2 1 489 0,97 2.0 3,0
M 522 2.17 4,2 3,0
" 587 1.36 2.3 b4 l
1 522 1,31 2.5 3,0
M 587 0,99 1,7 3,0
H 652 0,74 1.1 5.2
M 522 1,87 3.6 3,0 I
B 424 1,55 3.6 3.0
2R/ b T 750 2,72 3,6
) 734 2,19 3,0 I
T 548 1,82 3,3
M 734 2.12 2.9
A 734 2,40 3.3 I
1 685 1.62 2.4
26/ 7 1 665 0,90 1.4
M 665 1,20 1.8
B 962 1,22 1,3 l
750 1.80 2.4
22/ B M 665 2.81 4,2
1 626 3.0 4,9 I
) 626 2.45 3,9
27/ 9 1 274 1,82 6,6
M 639 2,41 3,8 l
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TABLE ABS CONT'D

P N N:P Chl a-
. .. DEPTH mg[ms , mg/l - mg/ms
8 LYY ) 1,81 5.2
C M 802 . 1,40 1,7
1974 B Lo I
M 603" 1,49 2.5
B 652 1.26. 1.9
T 603 1,49 2,5
8 652 1,49, 2.3
137 2 T 626 1,04 1.7
M- 668 1,06 1,6
H 750 1,08 1.4
1 600 1.06 1,8
: ; B 646 0,99 1.5
tes 3 T 620 1,79 2.9:
M, 68S. 3.65 503
H 734. 1.88 2,67
T 668 1.79 2.7
197 6 T 215 2,60 12,1 40
M- 258 1,70 6.6 42
R 313 2,73 8,7 55
T 241 2.0¢2 8.4 37
M- 274 2.60 9.5 5SS
8 209 . 2.,30. 11,0 4e6-
167 7 C 2es 2,07 9.2 34,6
[ 241 2eb7- 11,1 32,7
.13/ 8 c 522 2.21. 4,2 2.7
- o S48 1.97° 3,6 14,9
177 9 i 515 1,20 2.3 88,8
i S48 1.20° 2,2 73,5
e°/10 c 38S. 1.9 S5¢0:
C: 417 1.91 4,6 "
13711 c 346 2.0 5.8 20,4
i c 333 1.7 S.t 4,2
T 346 - 2¢3.- " 6,6 8,4
1975 ' - S
23/ 1 C 293 1.4 4,8
224, 5 T 3200 1.1 3,4 65.9
oo .M 35¢. 1.1 3.1 B
8 261 1.8 6,9 .
C 287 1.8 6,3 37,9
T ise 1.4 3.6 ‘
M- 310- 1.4 4,5 Lo
8 339 1,4 4,1 L
C 388 1.4 3.0 S
cu/ 6 .C 320- 1.9 6,0 2¢3
M 300 2.8 9.3
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TABLE ABS CONT'D

DATE p N Chl a
mg/m3 mg/1 mg/m3
H 365 2.° 6,0
C 293 1.4 4,8 2.3
M 320 2.l 6.9
B 385 2.8 7.3
177 7 C 1174 1.8 1.5 34,5
) 365 1.5 4,1
M 398 1.9 4,8
B 1109 3,7 3.3
C 450 1.8 4,0 37.2
3/ 9 C 515 1,6 3.1 10,7
T 515 1.9 3.7
M u96 1.6 1.2
b 496 1,9 3.8
C 333 2.2 6,6 10,7
16710 C 430 5.2 2.1 S7.4
C 450 2,9 6,U 62,0
1976
20/ 1 C 46y 2.54 5.5 0
1 432 2,81 6.5
M 418 2.81 6,7
3] 432 2.84 6,6
C 536 2,54 4,7 4,2
10/ 2 C ug? 1,40 2.9 2.3
T a3z? 1.70 3.9
M 640 1,40 2.2
1 464U 2.00 4,3
B 598 1,40 2.3
16/ 3 C 450 2.74 6,1 0
C 496 274 5.5 0
157 o C 334 1.67 S.0 4,2
C 450 1,40 3.1 1.9
1 320 1.77 5.5
M 334 1.51 4,5
H 294 1.78 6.1
°9s 17 C 550 2.11 3.8 4,2
M 516 1,40 2.7 8,0
18/ 8 C 640 2.18 3,4 6.5
M 692 2.07 3.0 34,1
22’ 9 C SS0 2,00 3.1 3.6
C 548 2.30 8,9
s78 2,00 8,9 3.5
13710 C 496 1.88 3,8 26,6
C usu 1,688 3.9 21,9
21712 C 334 1.14d J.4 1.9
T 366 1,04 2.8
M 334 1,04 3.1
H 3186 1.54 4,0
M 334 1,04 3.1 1.9
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TABLE ABS CONT'D

DATE SAMPLE B N N:P
..QngH mg/m3 mg/1

1977 . C e L o .
177 1 C 346 1,04 3.
‘ . | 418 1.08 2.
M 386 0.98 2.
2] 366 1.47 4,
C 437 1,17 2.
187 -2 C 432 1.68 3,
T 666 1.78 -
M 516 1,68 3.
H 496 1,68 4,
M S16 1,98 3.
18/ 8 C 350 1.,4% 4,
o g . C 330 1,37 a,
1/ 6 ’ 490 1.20 2
. 440 1.30 3.
S5/ 17 C 650 1,52 2.
650 1.52 -2,
T 620 1.80 2.
167 8 Q00 1,50 1.
2.

TN DOWWNOEN = Do WNLCNONT O

870 2.20

i ea
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TABLE ABS CONT'D

DATE SAMPLL P N N:P Chl a
QEPTH mg/m3 mg/1 mg/m3
KATEPWA LAKE
1970
5710 T 700 2,08 3.0 23
H 700 1.98 2.8 15,5
T 710 2.29 3.2 33
H 710 2,19 3.1 21
T 720 2.11 2.9 26,5
B 700 esN7 2.9 13,5
T 710 2,07 2.9 30,5
8 700 1.97 2.8 16
T 700 1,70 2.4 35
B 710 1.66 2,3 22.5
1971
24/ 1 T AB0 1.88 2.1 19
B 850 1.77 2,1 ND
|f 840 1.91 2.3 ND
H 810 1,66 2.0 ND
T 8310 1.70 2.0 NOD
B 790 1,70 2.2 ND
T 790 1,82 2.3 ND
B 760 1,63 2.1 ND
1 760 1.82 2,4 ND
B 800 1,9% 2.4 ND
4/ & T 910 23
3] 1890 2.23 1,2 18,5
T 790 2.25 2.8 5.5
2] 780 2.89 3.7 8,5
1 630 2.24 3.6 4
B 2140 2.67 1.2 6
T 1240 2,77 2,2 14
o] 600 2.97 S.0 7
T 760 3.14 4,1 4
A 1380 2.21 1.6 8
1972
197 S T 12l 0,90 7.4
' T 68 0,90 3,2
T 150 0.90 6,0
T 130 0,90 9,2
2R/ 8 T 489 4,09 8,4 188,9
8/ 9 1 652 2.97 3,0
2/10 M 5S4 1,29 2,3 25,2
8 408 1.57 3.8 16,8
T 522 1,31 2.5 29.9
M 554 1.61 2,9 16,8
H 489 1.59 3.2 16,8
T 554 3.55 6.4 20,6
M 342 2,17 6,3 13,1
B 342 1,57 4,6 16,8
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TABLE ABS CONT'D

DATE SAMP|t p N - N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
1973 ‘ ,
7/ 2 T a4y 1.15 2,7 3,0
M 424 1,45 3,4 3.0
B 424 2.8 6,6 4,5
1 391 1.15 2.9 3,0
M 489 1.47 3.0 3.0
& 424 1,43 3.4 3.0
28/ 6 1 398 1,42 4,6
’ M 346 1.85 . S,3
) 41?7 1.62 3,9
B ¢ 150 2,12 4,1
M 463 2,40 5.2
A 463 2.42 S.2
T 365 1,62 4,4
M 385 1,37 3,6
H S67 1.32 2.3
26/ 1 1 S1S 0,90 1,7
Mo 515 0,60 1,2
B 587 0.90 1.5
T- 515 1.50 2.9
M 48y 1,50 3.1
B 515 1,20 2.3
| 483 1,80 3,7
M 515 1,20 2.3
, ) 548 1,28 2.3
22/ 8 T 417 2.70 6.5
M 4%0 2,12 4,7
H - 450 1,87 4,2
T 333 1,80 S.4
B 326 1,82 5,5
T 333 1,80 9,4
M 346 1,22 3,5
B8 385 1.52 3,9
27/ 9 1 463 147 3,2
' M 430 1,40 3,2
B us3 4,67 9,7
T 430 4,30 0,0
M 5315 2,00 3.7
B 430 1,40 3,2
T aso0 2.30 S.1
M 430 1.11 2,6
B aso 1.40 3.1
1974 . o : .
217 1 T 424 1.46 3,4
M 408 1,46 3,6
B 424 1415 2.7
. 424 1.35 3,2
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TABLE ARS CONT'D

DATE SAMPLE P N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
M 603 1.42 2.4
8 489 1,35 2.8
T 378 1,15 3,1
M 473 1,33 2.8
2] 408 1,17 2.9
137 2 T 417 1.19 2.8
M 437 1.24 3,0
8 470 1,19 2,5
T 518 1.22 2.4
M 430 1,26 2.9
8 483 1.24 2.6
197 3 1 440 1,61 3.6
M 417 1.61 3.9
R 430 1.61 3,7
197 6 T 274 2430 8,4
M 333 1.77 5,3
B 3178 S.53 14,6
T 320 1,79 S.3
M 320 2.11 6,6
¢} 274 2ol 8,8
T 258 2,30 8,9
M 320 2,37 7.4
R 320 2.71 8.5
e/ 7 C 3us 6,20 17.9 419,9
C 232 4,50 19.5 108,95
C 215 1.70 7.9 16,6
147 8 603 2,01 31,3 15,4
685 2,67 3.9 22,6
S38 2.90 S.4 36,6
177 9 587 1,59 e 34,2
600 1.61 2.7 43,4
600 2.21 3,7 56,2
22/10 C 483 1,31 2.7
C 522 1.31 2,5
c 489 0,41 8.4
13/11 C 535 1,94 3.6 a,2
C 496 1.6} 3,2 14,9
C Su8 1,91 3.5 9,4
T 3185 1.12 2.6 8.4
1979
°3/ 1 o 398 1,08 2.7 3.1
' C 3198 1.38 3.5 1,6
S7 3 C 450 1.1 2.4
C 4so 1,1 2.4
22/ S T 447 1.2 2.7 38,5
M 388 lo! 208
B 479 1,4 2.7
o 417 0,9 2.2 33.3

-
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TAHKLE ARS CONT'D

DATE SAMPLE P N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
C 432 1,04 2.u 2.3
T 432 1.58 .2
M 398 1.34 3.4
B 916 1,34 1,5
167 3 c 1420 3,48 2,4 0
1 464 4,34 9,4
M 46y - 2,84 6,1
) 450 2,88 b,d
C 494 2.88 5.8 0
T 568 2,24 3.9
A 496 2.26 4,6
C 450 ‘2,00 4,4 2.3
157 6 C 366 1.47 4,0 2.3
T 300 0,97 3.2
M 300 1.21 4,0
o) 334 1.85 5.5
C 418 1.51 3.6 2.3
A i 320 0,97 3.0
M 274 1.17 4,3
B 262 1,30 5.0
C 418 1,51 3.6 4,6
T 300 0,97 3,2
M 236 0,95 4.0
B8 242 2.1 8,8
28/ 7 C 464 1,47 3.2 1,9
T 418 2,37 S.7
M S36 1.54° 2,9
H 568 1,77 3.1
C 496 2,11 4,2 8,4
T 732 1,72 2,3
M 464 1,51 3,2
b 784 3.67 4,7
C 459 1,47 3.3 3.8
1R/ 8 C 602 2,37 3,9 6,5
7 602 2.37 3.9
M S6AR 1.R1 3.2
B 692 2.11 3.0
C S50 2,07 3.8 12,6
{ 536 2,07 5.9
M 640 1.81 2.8
R 718 1.77 2.5
C S68 1.51 2,6 4,2
T 496 2,37 4,8
M 602 2.37 309
H 836 2.37 2.8
22/ 9 C S36 2,30 4,3 4,2
C 536 3.80 7.1 4,2
C 536 3.50 6,5 2.3

~
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TABLE ARS CONT'D

I N O s

LaTE SAMPLE % N .- N:P - Chl a
DEPTH mg/m3 ‘mg/1 mg/m3
13710 . C 484 2,74 S,7 11,2
C 516 2.14 4,1 7.0
C 516 2,48 . 4,8 6.6
21/1°2 -C ‘ 366 1,28 3.5 21,9
» C—- - 4deu | 1.18 2.5 13,0
1977 : K : .
17/ C 386 1.25 3,2 ND
: T 346 a3l 3,8
"M 568 1.1 2,0
. B 346 1,54 4,4
C 4s0 1,00 2.2 ND
T 550 1,20 2.2 .
M 398 1.20 3,0
C 398 1e12 2.8 ND
R | 398 1,27 3.2 "
M Se68 S.65 9,9
t/7 3 C ‘568 1.25 2.2 ND
1 628 1.22 1,9 ‘
M 666 1,25 1,9
B 568 1,27 2.2 o
L S8&A 1.32 2.2 ND -
| 862 1,47 1.7 '
M S36 1,22 2,3
8 484 1,32 2.7
2/ 3 C. 433 1,32 3,0 ND
T 483 1,24 2.6
M S80 - 1,24 2.1
H 453 1,34 3.0
187 S C 410 1.27 3,1 24,3
C 430 1,07 2,5 23,8
: 9 500 1.31 2,2 6,1l
77 6 . 600 1,30 2,2 2.9
: 480 1,10 2,3
- 480 1.20 2.5 4,2
B 490 1,50 3.1 4,2
C 490 1,51 3.1 14,0
C 510 1.57 3.1 11.1
T 460 . 1.42 3.1
-7 . 440 1,42 3,2 .
‘ T 530 1,42 2.7
167 8 C . 1000 1.32 1.3 15,0
D | 500 1,32 246
- 600 1,52 2¢9 10,8
S § ‘540 1,52 2.8
- C ‘580 1.92 2.6 ND
T 570 1.42 2.4
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TABLE AHS CONT'D

P

CDATE SAMPLE N N:P Chl a I
DEPTH mg/m3 mg/1 m;z/m3
CROOKED LAKE I
1970
30/ 9 I 480 1,45 3,0 18,5
b 490 1.66 3.4 23 I
T 420 1,39 3,3 ND
B 330 1,29 3.9 ND
T 400 1,58 4,0 15 I
A 410 1,36 3,3 5,5
1971
177 2 1 650 1,96 3,0 2
8 640 1,95 3,0 1 I
T 620 1,69 2.7 ND
B 430 1,80 4,2 0
1 610 1,78 2,9 ND l
M 420 2,79 6,6 0
4/ 6 1 280 1,98 7.1 ND
H 350 1.75 S,.0 ND I
1 300 1,60 S,3 ND
R 360 1,73 4,8 ND
1 260 1.73 6,6 ND
8 550 1,50 2,7 ND l
1972
29/ 8 1 160 2.45 15,3 29,0
" 241 2.22 9.2 23.4 I
12/ 9 1 267 1,85 6,9 3.8 ,
M 241 1.57 6,5 40,2
B 192 1,87 9.7 8.4 I
1 use 2.19 4,8 8.4
M 424 1,22 2.9
R 232 1,27 5,5
1
21/ 2 1 147 0,71 4.8 4,5
M 121 1.04 8,6 4,5
A 75 1,47 19.6 - 4,5 l
1 173 1.76 10,2 4,%
M 150 2,94 19,6 4,5
B 160 1,08 6,8 4,5 I
177 7 T 258 1,22 4,7
B 111 0,97 8,7
1 293 1,50 5,1
M 75 1,90 25,3 I
A 68 1,20 17,6
1 82 2.10 25,6
R 147 1,90 12,9 II
8/ & 1 166 0,30 1,8
M 150 0,60 4,0
A 515 0,67 1,3
T 147 0,90 6.1 I
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TABLE ABS CONT'D

DATE SAMPLE P N N:P Chl a
DEPTH mg/ms mg/1 mg/ms
M 137 0.39 2.8
B 548 0,90 1.6
T 137 0,60 4,4
M 117 0,60 S.1
) 293 0,62 2.1
19/ 9 1 91 1,47 16,2
M 75 1,12 14,9
H 300 0,62 2.1
T 320 0,92 2,9
M 300 1,12 3.7
8 300 1.12 3.7
23710 1 BS 1,40 16,5
M 75 1,10 14,7
B 104 1.40 13,5
1 137 1,10 8,0
M 130 1,12 8.6
A 111 1,42 12,8
T 104 0,97 9,3
M 232 1.12 4,8
8 111 1.12 10,1
1974 ,
207 2 T 36 1,29 - 35,8
M 42 1.29 30,7
B 42 1,04 24,8
A 4z 1.04 22.4
M 33 1,04 28,5
B 24t 1.64 6.8
|| 23 0,90 19,1
M 49 0,92 18,8
) 42 0.64 15,2
20/ 3 T 68 1,29 19,0
M 14) 1.6 21.5
B 85 1,68 19,8
T 8s 1.29 15,2
M 8s 1.38 16,2
B 160 1,70 10,6
24/ 6 T 346 3,70 10,7 13
M 274 2.35 8,6 4,6
8 300 2,30 1.7 6,5
T 346 2,80 8,1
M 320 2,60 8,1 4,6
8 117 3,40 29,0 6.9
A f 24 1.70 7.0 4,1
M 241 0,90 3,7 4,1
8 209 1,77 8,5 5.8
22/ 17 160 2,32 14,5 11,3
111 2.80 25,2 22.6
160 4,50 28,1 194,1
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TAKRLE ABS CONT'D I
DATE SAMPLE p N N:P Chl a I
DEPTH o /m®  mg/1 ng/m>
20/ 8 C 300 2.71 9,0 19,4 l
C 284 2.95 10,4 1.9
c 300 3,50 11,7 25.4
23/ 9 450 2.47 5,5 18,5 I
548 2.90 5,3 25.8
us3 3,80 7,9 12.8
5/11 C 166 1,50 9,0 20,7 l
C 111 1.80 16.2 25.7
c 104 2,10 20,2 14,0
1975 ’ ll
11/ 4 C 183 2.0  10.9 2.2
C 192 1,7 8.8 4,4
C 147 2.0 13,6 3.6
10/ & C 196 2.2 11,2 4,7 II
1 98 1.9 19,4 8.9
M 72 1.4 19,4 .0
H 117 1.7 14,5 4,7 I
C 170 2.5 14,7 2.3
T 65 2.8 43,1 19,6
M 65 1.4 21,5 17.3
) 65 1.4 21,5 ND I
c 170 1,9 11,2 21,9
T 65 3,0 46,1 13,5
R 65 2.5 38,5 17,7 l
6/ 8 c 483 4,7 24,3 8,1
C 548 3,2 5.8 27.9
1 SK7 4,0 6,8 9,3 l
M 515 7.0 13.6
) 691 5,3 1.7
C 515 4,4 8.5 7.0
1 450 4eb6 10,2 49,9 l
M 535 2,2 4,1
R 626 2,0 3,2
20/10 C 274 3,0 10,9 7,0 .
c 261 3,0 11,5 4,7
C 320 3,0 9,4 7.0
1976 I
2717 1 C 300 1,10 3,7 ND
C 294 1,10 3,7 2.3
1 294 1,10 3.7
M 262 1.10 4,2 I
A 294 1,10 3,7 ’
c 236 1.08 4,6 2.3
1 262 1,08 4,1 I
M 242 1,10 4,5
B 432 1,10 2,5
10/ 3 C 346 1.54 4,4 ND
1 134 1,54 4,6 I
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TABLE ABS CONT'D

DATE SAMPLE P N N:P Chl a
DEPTH ing/m3 S mg/l mg/mS
M 386 1.54 4,0
) 300 1.54 S.1
C 320 1.54 4.8 ND
T 300 1,24 4,1
M 274 4,27 1S,6
B 300 4,54 15,1 o
C 294 3,37 11,5 ND
T Y 1,27 2,7
M 236 1.57 6,6
B 242 1,34 5.5 :
16/ 6 C 294 2ol 7,3 14,8
C 2uz2 1,47 6,1
T 236 1,40 S.9
M 236 " 1a.27 5.4
R 262 2.14 8,2
C 236 2.35 10,0 7.8
T 236 1,40 ‘5,9
M 236 1415 4,9
e G 262 1,21 4,6 -
21/ 9 C 398 5.20 13,1 28,5
. C 398 1,40 3,5 21,9
c 4so 2,30 S.1 17,7
T 418 1,70 4,1
Mo 418 2.000 4,8
H 432 1,70 3.9
1977
187 1 C 346 0,94 2,7 ND
M 300 1,11 3,7 ND
o 262 1.22 4,6 ND
157 3 536 2,09 3.9 ND
S68 1,77 3.1 ND
C 602 1,67 2.8 ND
87 6 - 380 0,90 2,4 6,5
370 1,20 3.2 6.5
380 0,90 2.4 8,9
177 8. o 760 1,35 1,8 10,7
. C 730 1.74 2.4 17.3
C 770 1,95 2,5 S0,8
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TABLE ABS CONT'D

DATE SAMPLE P N N:P Chl a
DEPTH mg/m3 mg/1 mg/m3
ROUND LAKE
1970
307 9 T 270 1,28 4,7 1.5
B 260 2,15 8,3 10
v 280 1.23 4,4 2
8 240 1.33 5.5 ND
1971
177 2 T 540 1,91 3.5 ND
B 600 1.59 2.6 l
T S60 1.60 2.8 ND
B S70 1,68 2.9 0
14/ 6 T 370 1.47 4,0 ND
8 350 1,64 . 4,7 ND
T 3490 1.,R8 9.5 ND
8 220 1,23 5.6 ND
1972
127 9 T 91 2.17 23,8
M 121 2,10 17,4
B 121t 0,65 S.4
7 111 1,20 10.8
M 121 1.2 10,3
] 150 1.50 10,0
1973 ‘
217 2 T 98 2,27 23,2
M- 85 0,62 7.3
B 8s 0,44 5.2
T 111 1.92 17.3
M es 0,99 11.5
8 91 3.98 43,7
B/ 8 { 18 1,80 24,0
M 65 0,60 9,2
B 75 0.90 12,0
T 104 1,82 17,3
M 42 0,60 14,3
B 98 0,90 9.2
19/ 9 T 91 0,99 10,9
M . 36 0,99 27,5
B - 52 0,97 18,6
T 52 1,42 27.3
M a4z 1,15 27,4
B 42 1.17 27,8
23710 T 68 0,92 13,5
M 75 0,95 12,7
B 65 0,92 14,2
T 75 0,95 12,7
M 68 2.65 39,0
B 895 1.45 17,1



SAMPLF

TABLE ABRS CONT'D

DATE P N N:P Chl a
"PTH
DEPT mg/m3 mg/1 mg/m3
1974 : '
20/ 3 T 147 1,89 12,8
M 65 1,55 23,8
B8 65 1,68 25,8
T 121 1.27 10,5
M ) 49 1,25 25.5
.8 8s 131 1S,.4
24/ 6 T 91 2.80 30,8 12,8
M 6R 2.,80 41,2
B 75 2,35 31,3 7.9
T 91 2.80 30,8 4,?
M 8s 3,40 40,0 4,1
68 2,30 33.8 9,0
20/ & C 225 2.21 9.8 27.9
. C 199 2,17 10,9 8,0
23/ 9 C 398 3,80 9,5 34,0
C 3198 1.80 4,5 39,0
S/11 C 98 - 2l .4 11,7
C 121 049 7.4 12,3
1975
27 7 (o 554 1.9 3.4 4,2
M 496 1.4 2.8
8 463 1,1 2.4
C 385 1.1 2.8 2.3
M 417 1.1 2,6
B 665 1,1 1.6
6/ 8 C 443 2,1 4,3 14,9
C 567 3,6 6,3 ND
20/10 C 300 4,8 16,0 4,7
c . 320 2.7 8.4 4,7
1976
217/ 1 o 320 1,10 3.4 0,0
T 274 1,10 4,0
M 294 1,10 3,7
H 300 1,10 3.7
C 294 1,10 3.7 0,0
T 274 1.10 4,0
M 320 1.10 3.4
B 300 1,10 3.7 :
10/ 3 C 393 1,84 4,6 ND
T 4so 1,52 3,4
M 300 1.22 4,1
B 300 1.28 4,3
C 294 1.24 4,2 2.3
T 294 1,24 4,2
M 366 1,24 3.4
8 294 1,24 4,°?



TABLE ABS CONT'D

DATE SAMPLE p N N:P Chl a
DEPTH 03 ng/1 me/m’
167 6 C 196 1.45 7.4 1.9
T 236 0.92 3.9
M 196 1,15 5,9
B 210 0,95 4,5
C 274 1.17 4,3
217 9 ¢ 334 2,00 6,0 15,
c 320 . 3,20 10,0 19,6
1977
15/ 3 432 1,58 3.6 2,3
| 4s0 1.5 3,4 2.3
18/ 6 310 1,15 3,7 6.6
| 300 1,00 3,3
310 1,05 3.4 6,5
17/ 8 440 1.27 2,9 1,9
c 430 1,30 3,0 8,4

* DENOTES CONCENTRATION VALUES WHICH HAVE

BEEN CORRECTED

ND MEANS NONE DETECTED
C MEANS COMPOSITE

T MEANS TQP

M MEANS MIDDLE

B MEANS BOTTOM
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