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ABSTRACT

Babaluk, J.A., and M.K. Friesen. 1990. Analyses of selected physical and
chemical characteristics of Dauphin Lake, Manitoba. Can. Manuscr. Rep.
Fish. Aquat. Sci. 2081: iv + 48 p.

Dauphin Lake, a prairie lake, 522 km2 with a mean depth of 2.1 m was
surveyed in 1982 for selected physical and chemical characteristics. Sediment
samples were collected in 1983 and 1984, Horizontal gradients for some of the
characteristics measured occurred briefly at peak river discharge in spring.
Thermal stratification occurred only under ice. Secchi depths ranged from 0.10
- 1.10 m. Dissolved oxygen concentrations w?re near or above saturation.
Chlorophyl1 Xa]ues ranged from 0.1 - 35.3 ugeL™". ConductiviEX ragged irom 310
- 770 uyS-cm ~. Relative abundances of major ions were Ca ">Mg >Na">K" and
HCO37>S04 >C1". Nitrogen was depleted during the open water season while
phosphorus concentrations tended to increase during the same period. Offshore
sediments were clayey silt or silty clay while near shore sediments were low in
clay. Offshore sediments generally had higher 1levels of organic carbon,
carbonate, nitrogen and phosphorus. Data were compared with Lake Winnipeg and
the south basin of Lake Manitoba.

Key words: bathymetry; heat budget; 1limnology; morphometry; ions; nutrients
(mineral); sediment analysis; water analysis.

RESUME

Babaluk, J.A., and M.K. Friesen. 1990. Analyses of selected physical and
chemical characteristics of Dauphin Lake, Manitoba. Can. Manuscr. Rep.
Fish. Aquat. Sci. 2081: iv + 48 p.

Le lac Dauphin qui est un 1lac des prairies de 522 km2 et de 2,1 m de
profondeur moyenne, a été 1'objet en 1982 d'une étude sur certaines
caractéristiques physiques et chimiques. Des échantillons de sédiments ont été
prélevés en 1983 et 1984. C(Certaines caractéristiques mesurées ont présenté
briévement des gradients horizontaux au printemps lorsque les débits des cours
d'eau sont Tles plus forts. I1 n'y avait stratification thermique que sous la
glace. Les profondeurs de Secchi variaient entre 0,10 et 1,10 m. Les
concentrations d'oxygene dissous approchaient ou dépassaient 1le nivTau de
saturation. Celles de l1a chlorophylle variaient entre 0,1 et 35,3 pg-L™". La
conductivité allait de 310 a 770 pSecm™-. ‘Les abondances relatives des
principaux ions allaient selon 1'ordre suivant: Ca >Mg++>Na+>K+ et HCO37>S04 >
>C1™. L'azote s'est épuisé pendant 1a période des eaux libres, tandis que les
concentrations de phosphore avaient tendance d augmenter pendant la méme
période. Les sédiments du large étaient de 1'argile limoneuse ou du limon
argileux, tandis que les sédiments littoraux contenaient peu d'argile. Les
sédiments du large avaient en général des teneurs plus élevées en carbone
organique, en carbonate, en azote et en phosphore. Les données ont été
comparées d celles du lac Winnipeg et du bassin méridonional du lac Manitoba.

Mots-clés: bathymétrie; bilan thermique; 1limnologie; morphométrie; ions;
éléments nutritifs (minéraux); analyse des sédiments; analyse de
1'eau.



INTRODUCTION

In 1982, a cooperative fisheries rehabili-
tation research program was initiated on Dauphin
Lake, Manitoba (51°17'N, 99°48'W) (Fig. 1) by
the Canada Department of Fisheries and Oceans
and the Manitoba Department of Natural Re-
sources. The objective of the program was to
develop and test new biological and hydrological
techniques for the rehabilitation of fisheries
in the fresh waters of Canada. Emphasis was on

the rehabilitation of the walleye, Stizostedion

vitreum vitreum (Mitchill), one of the most eco-
nomically important freshwater fish species in
Canada (Scott and Crossman 1973).

Historically, Dauphin Lake had one of the
most productive commercial fisheries in Manito-
ba; more than 50% of the catch was made up of
walleye (Cunningham 1935; Butler 1950; and H.
valiant, Manit. Dep. Nat. Resour. Dauphin, per-
sonal communication)., This percentage has de-
clined dramatically in the last four decades.
During the 1950's the average annual walleye
catch was approximately 50 000 kg, while during
the 1970's the harvest had declined to an aver-
age annual catch of 2 500 kg (Babaluk et al,
1984). Catches of walleye in the 1980's have
increased but are still less than catches rec-
orded during the 1950's and are composed mainly
of single year classes (authors' unpublished da-
ta). Dauphin Lake was selected for the fisher-
ies rehabilitation program because it exempli-
fied a lake that had shown a dramatic decline in
the commercial and recreational wa113ye fisher-
jes; it is of a size (approx. 522 km“)} that can
be reasonably sampled and any new rehabilitation
techniques developed should be applicable to
both Jlarger and smaller commercially and re-
creationally fished lakes with similar problems,

Collection of baseline data for the fish-
eries rehabilitation research program included
surveys of some physical and chemical character-
istics of Dauphin Lake. This report presents
and discusses the findings of the 1982 water
sampling survey and compares some Dauphin Lake
data with data from the south basin of Lake Man-
itoba (51°00'N, 98°45'W) and Lake Winnipeg (52°
00'N, 97°00'W) as these lakes have a similar
geological origin and are also part of the Nel-
son River system., Data and analyses of Dauphin
Lake sediments collected during 1983 and 1984
are also presented and discussed. Data from
surveys of physical and chemical characteristics
of the lake conducted in 1983, 1984 and 1985 are
presented in Babaluk and Friesen (1990).

MATERIALS AND METHODS
DESCRIPTION OF THE STUDY AREA

Dauphin Lake is a remnant of glacial Lake
Agassiz and is located in west central Manitoba
(Fig. 1, inset). The lake is oriented in a
north-northwest direction with a maximum length
of 42 km and maximum width of 20 km, It has a
surface area of approximately 522 km“, mean
depth of 2.1 m, maximum depth of 3.5 m and vol-
ume of approximately 1.1 km~, Freeze-up normal-
1y occurs in November and ice-off occurs in late

April to mid-May (Table 1). The drainﬁge basin
of the lake is approximately 8 700 km® and is
bounded by the Duck Mountains to the west,
Riding Mountain to the south and southwest and
the divide between Dauphin Lake and Lake Manito-
ba to the east. The drainage system includes
rivers and streams with headwaters in the Duck
and Riding mountains that empty into the lake
from the south and west. They pass through
agricultural and urban areas of ground moraine
and glacial Lake Agassiz deposits that overlay a
sequence of Post-Cambrian sedimentary rocks (see
Davies et al, 1962). The Mossy River, the only
outlet, flows in a northerly direction into Lake
Winnipegosis then through Lake Manitoba, Lake
Winnipeg, Nelson River and eventually into Hud-
son Bay. Other details of the drainage basin
are described by the Manitoba Water Commission
(1984). The shoreline of Dauphin Lake is com-
posed mainly of sand, gravel, rock and boulder
beaches and marshes. Stewart-Hay (1951) and the
Manitoba Water Commission (1984) describe other
details of the shoreline. There is only one is-
land, comprised of boulders, located approxi-
mately 2 km off the mouth of the Turtle River,
A few rock spits are also present around the
lake.

BATHYMETRY AND MORPHOMETRY

The bathymetric map of Dauphin Lake (Fig.
1) was prepared from a map originally produced
by Manitoba government personnel based on a
water level of 260.2 m above sea level (a.s.l.)
(Manit. Dep. Mines Nat. Resour, Water Resour,
Br., file no. 85-4-1014). This is the mid-point
of the range of 260.0 - 260.4 m a.s.1. that the
Dauphin Lake Advisory Board recommended Tlake
levels be kept within (Manitoba Water Commission
1973, 1984). Theoretically, the water level of
the lake can be maintained between these levels
by a dam located on the Mossy River, However,
lake levels have not been strictiy maintained
within this range (Manitoba Water Commission
1984) and as a result, bathymetric and morpho-
metric characteristics vary from year to year.

Surface area and shoreline length for the
lake were measured directly from a 1:125 000
scale topographic map (Canada Department of En-
ergy, Mines and Resources, Surveys and Mapping
Branch, Map 62 0/SW, edition 1) using a Hewlett-
Packard 9830A computer with a Hewlett-Packard
9864A digitizer (precision level £1.5%).
Franzin and McFarlane (1976), using the same
method, estimated cartographic error {changes in
scale and drafting error) to be approximately
5%. They also estimated that depth measurements
were subject to an error of approximately 5%.
The three error terms yield a total error of
approximately #10% on volume calculations. The
morphometric characteristics for Dauphin Lake
were calculated following the procedures
outlined by Hutchinson (1957).

WATER SAMPLING

Water samples were collected and physical
characteristics were measured periodically dur-
ing the open water period of 1982 and once dur-
ing the winter (February, 1982). Nine stations



sampled during February, 1982 are shown in Fig.
1 (stations A-I). The stations selected for
open water sampling (Fig. 1; stations 1-21) were
located along four transects: three oriented in
an approximate northeasterly line and one in a
northwesterly line., Stations were located by
magnetic compass bearings and vessel or vehicle
speed, Dates and stations sampled are listed in
Table 2,

Water temperature profiles were determined
using a Yellow Springs Instruments tele-thermom-
eter (model #43 TD) (precision: #0.5°C). Heat
budgets were calculated following Wetzel (1975).
Dissolved oxygen concentrations were determined
using thq Winkler method (precision: level 10.0
mg 0,-L-'; S.D. #0.2 mg 0,°L- %) (Stainton et al,
1977) and saturation levels of dissolved oxygen
were calculated from Elmore and Hayes (1960). A
Secchi disk was used to determine water trans-
parency. Water samples for chlorophyll, pH and
conductivity were taken with a 1.5 L Kemmerer
sampler at the surface, at 1 m and at a depth
approximately half the distance between the 1 m
depth and the lake bottom, A 200 mL subsample
was processed for chlorophyll using a methanol
extraction method and Turner fluorometer (monI
#111) (precision: level 1.2 ug fh]orophyll' L=
S.D.*0.12 wug chlorophyll = L-*) (M. Stainton,
Can, Dep. Fish. and Oceans, Winnipeg, personal
communication). Conductivity was measured using
a Radiometer conductivity meter (deel #CDM 26)
(preciﬁion: level 150  wSecm™ "3  S.D. 0,01
uSecm= ") and pH was measured using a Radiometer
pH meter (model #29) (precision: level 8.49;
S.D.0.02).

Water samples for dissolved element and
nutrient analyses were collected from a depth of
0.5 m and analysed at the Freshwater Institute
Analytical Laboratory following the procedures
of Stainton et al. (1977). Estimates of preci-
sion for these procedures are given in Table 3.
The concentration of HCO3~ was estimated by
measuring total dissolved 1inorganic carbon
(D.1.C.) and multiplying the measured concentra-
tion by 0.972 which is the value given by Wetzel
(1975) as being the proportion of D,I.C. that is
present as HCO3~ at pH 8. Reﬁylts of analyses
are given in pgeL™" or mgeL~" for comparison
with other studies (eg. Can. Dep. Environ. 1978)
and in sgme cases werg also converted to milli-
molesem~~ or molesem~~ isopleths for comparison
with Lake Winnipeg (Brunskill et al. 1979) and
unpublished Lake Winnipeg data (G. Brunskill,
Can, Dep. Fish. and Oceans, Winnipeg, personal
communication). Correlation coefficients (r;
P<0.05) were computed for 1982 data for selected
physical and chemical characteristics. Iso-
pleths were drawn for characteristics which
showed distinct areal patterns.

SEDIMENT SAMPLING

Sediment samples were collected at sta-
tions 6-20, inclusive, in September, 1983 and at
stations 1,3,4,5,18 and 20 in May, 1984, An
additional station (M) was sampled for sediments
in September, 1983, only (Fig. 1). A Birge-
Ekman type grab was used to sample all stations
except where a gravel or cobble substrate was
encountered where a pneumatic grab (Burton et
al. 1985) was used. The latter sampler could be

used only at stations with depths less than 1.5
m. At least two cores containing 10-70 g of
sediment were removed from each grab sample at
each station using a tube 3.0 cm in diameter and
25.0 cm long. Samples were washed through a 2
mm mesh sieve, dried at 110°C and both fractions
were weighed. For particle size analyses, sam-
ples <2 mm in diameter were freeze-dried and a
10 g subsample of sediment was analysed using
the Fast Analysis of Sediment Texture (F.A.S.T.)
method (Rukavina and Duncan 1970). Organic car-
bon, carbonate and nitrogen content of sediments
at most stations and phosphorus content for some
stations were analysed chemically following
Stainton et al. (1977). Organic carbon was es-
timated from the difference between total carbon
and carbonate as well as by loss on ignition
(L.0.I.). One sample was analysed from each
station except stations 17 and 18 where two sam-
ples from each Birge-Ekman grab were analysed.
A third sample at station 17, collected from the
sediments adhering to the boat anchor was also
analysed. These additional samples were ana-
lysed because of obvious visual and textural
differences., L.0.I. was determined from sedi-
ment dried overnight at 420°C and for one hour
at 850°C. Organic content (%) was estimated
from the difference in weight of samples at
110°C and 450°C divided by 2.54 to adjust for
inorganic substances lost (Teller and Last
1979).

RESULTS AND DISCUSSION
BATHYMETRY AND MORPHOMETRY

Figure 1 shows the bathymetry of Dauphin
Lake based upon a level of 260.4 m a.s.l. and
Table 4 presents some morphometric calculations
based on this lake bathymetry. A summary of
morphometric data from Dauphin Lake, Lake Mani-
toba (south basin) and Lake Winnipeq (south ba-
sin) is shown in Table 5. AIl are relatively
shallow with a long fetch and have similar de-
velopments of shoreline and volume. Dauphin
Lake differs in that the shoreline to area ratio
is greater.

Water residence time in Dauphin Lake (1 =
volume of entire lake + annual outflow via Mossy
River) estimated using hydrological data from
Canada Department of Environment (1983b, 1984,
1985 and 1986) and our morphometric data was 8.2
years in 1982, 1.9 years in 1983, 6.2 years in
1984 and 3.3 years in 1985 with a mean of 4.9
years over the four year period. The estimated
mean water residence time in Dauphin Lake was
greater than the mean of 3.3 years (range of 2.9
- 4.3 years) calculated for the whole of Lake
Winnipeg for 1969-1974 (Brunskill et al, 1980).
This is due to the smaller relative influence of
annual discharge of the major inflowing rivers
of Dauphin Lake. Residence time for Dauphin
Lake is much shorter than the 15.8 years we es-
timated for the south basin of Lake Manitoba
from data in Teller and Last (1979) (Lake Mani-
toba calculations do not include the influence
of groundwater influx and outflow). The shorter
residence time for Dauphin Lake is due to the
comparably larger influence of inflowing rivers.
Monthly and total discharges during 1982 for the
major inflowing rivers to Dauphin Lake are given



in Table 6. Total discharge from these rivers
in g982 varied from 2 910 cubic decayeters
(dam®) from Mink River to 45 400 dam” from
Turtle River. Most of the discharge (79%) oc-
curred during spring run-off in April and May
(Can. Dep. Environ, 1983b). Although renewal
times differ from year to year with variations
in precipitation and influx of ground water, the
large range of residence times noted for Dauphin
Lake probably was due mostly to human manipula-
tion of the lake level at the Mossy River dam.

ANALYSES OF WATER SAMPLES

Physical and chemical data for water sam-
ples collected from Dauphin Lake during Febru-
ary, 1982 are presented in Tables 7 and 8, re-
spectively. Physical and chemical data for wa-
ter samplies collected during the open water sea-
son, 1982 are presented in Tables 9 and 10, re-
spectively. Mean values of various physical and
chemical characteristics for all stations sam-
pled in 1982 plotted against time are shown in
Fig. 2. Distribution of physical and chemical
characteristics which showed areal gradients in
1982 are displayed as isopleths in Figs. 3-12,
inclusive,

Temperature and heat budget

Dauphin Lake warms quickly after ice-off
and water temperatures tend to foliow air tem-
peratures thereafter (Schaap 1987). As expected
for a very shallow lake (mean depth = 2.1 m,
maximum depth = 3.5 m), no thermal stratifica-
tion was found during the 1982 open water season
(Table 9) although it did occur under the ice
(Table 7). Horizontal temperature gradients
found in Lake Winnipeg (Brunskill et al. 1979)
and attributed to the large inflowing rivers,
were not detected in Dauphin Lake (Table 9).
Inverse temperature stratification under the ice
with no consistent stratification during the
open water season also occurred in Lake Winnipeg
(Brunskill et al. 1979).

Summer and winter heat budgets were calcu-
lated according to Wetzel (1975) using data col-
lected July 21 and 22, 1982 from stations 3, 9
and 15 (Table 9) and February 23 and 24, 1982
from stations B, E and G (T@Ple 7). The summer
heat budget (3 500 cil-cm' ) plus winter heat
budget (7 600 cal.cm~“) yielded an annual heat
budget of 11 100 calecm~“. The relatively high
winter heat budget was due to the high propor-
tion of ice to water (Table 7). The total heat
budget for the lake was approximately one-half
that of the south basin of Lake Winnipeg and
one-third that of the north basin (Brunskill et
al. 1979). The relatively low value for Dauphin
Lake is the result of its shallow basin,

Secchi depths

The low secchi depths for the 1982 open
water period (x = 0.33 m, range = 0.10 - 1.10 m)
(Table 9) were expected due to the shallowness
of the lake, the long fetch and fine, resus-
pended bottom sediments. Secchi depths were re-
latively high in May Jjust after ice-off (Fig,
2A, Table 9) but from late spring to late fall
no seasonal changes were evident. Regional dif-

ferences in the lake were found occasionally
(Fig. 3). Large regional differences in Secchi
depths were noted for the May, 1982 sampling
period with the lowest values occurring in the
area of the Wilson and Vermilion river mouths
and the highest value at station 6 (Fig. 1 and
3). At other sampling times, gradients were weak
or non-existent. Secchi depths for Lake Winni-
peg (G. Brunskill, unpublished data), although
occasionally higher, were generally in the same
range as found in Dauphin Lake (Table 11).

Chlorophyl]

Chlorophyll values for the 198% open water
period ranged from 2.2 - 35.3 g-L- Tx = 12.0
ug-L'l) but were generally in the 4.0 - 20.0
ug+L™" range (Table 9). These values were simi-
lar to those previously measured in Dauphin Lake
by Canada Department of Environment (1978) (Ta-
ble 11). Vayueg_in Februaryr 1982 ranged from
0.1-2.0 pgsL=" (x = 0.5 pgeL~") (Table 7). Dis-
cernible horizontal gradients for chlorophyll
distribution occurred during all sampling peri-
ods (Fig. 4). Areas of relatively high values
were usually found in the central region of the
lake except in late August when higher chloro~
phyll values were observed in the southeast re-
gion of the lake. Chlorophyll values reached
maximum levels in late July and were maintained
until the end of October (Fig. 2B). Since re-
gions of high chlorophyll values do not occur in
the vincinity of river mouths, it is assumed
that the chlorophyll in the lake is due to algae
and not to terrestrial vegetation._  Chlorophylil
values tend to be 5.0 - 10,0 ug-L~" higher that
those from Lake Winnipeg (G. Brunskill, unpub-
Tished data) but comparisons must be made cau-
tio:s]y since different extraction methods were
used,

Dissolved oxygen

Dissoved oxygen levels were consistently
near or above saturation during the open water
period and under winter ice cover (Tables 7 and
9) and showed no vertical or horizontal gradi-
ents. This indicates a high level of photosyn-
thetic activity and/or a thorough mixing by wind
of the lake during the open water period and a
high level of photosynthetic activity and/or in-
flow of oxygenated ground water during the win-
ter. Dissolved oxygen levels were similar to
past records for Dauphin Lake and Lake Winnipeg
(Table 11),

pH

Values of pH ranged from 7.89 - 8.64 but
generally were slightly above 8 (Tables 7 and
9). These values were similar to previous mea-
surements for Dauphin Lake as well as for Lake
Manitoba and Lake Winnipeg (Table 11).

Conductivity and major ions

Conductivity was appreciably higher under
the ice during the winter than during the open
water season (Fig. 2C) due to the "freeze-out"
of ions below the thick layer of ice (Table 7)
{mean thickness = 0.87 m). Winter values were
generally similar at all stations (range = 710 -

1
770 usecm-") (Table 7) because of no effects



from wind due to ice cover and low discharge
from the rivers and streams, Conductivity dur-
ing the open wa%er season of 1982 ranged from
310 - 600 uSecm= " (Table 9).

The greatest range of conductivity and ion
values occurred during the May 26-28 sampling
period. This was probably because of the dilu-
tion effect from melting ice and snow that re-
sulted in areas of relatively low conductivity.
Also, increased discharges from rivers and
streams with higher conductivities resulted in
higher values near the mouths of the rivers and
streams (Fig. 5). Canada Department of the En-
vironment (1983b) and Cobb and Flannagan (1987)
reported similar results. The most distinct

gradient existed near the mouth of the Valley"

River and less pronounced gradients were noted
near river inflows in the south and southwest.
Moderate northeast winds during the sampling
period (Can. Dep. Environ., 1983a; J. Bendell,
Can. Dep. Environ., Winnipeg, unpublished data)
may have influenced the shape and direction of
the combined rivers' plume in the southern re-
gion of the lake.

During all other sampling periods, conduc-
tivity gradients were not detected even though
conductivities at the mouths of inflowing rivers
(Cobb and Flannagan 1987) were generally higher
than in the lake. This lack of an effect on
conductivity was due to low river discharge and
thorough mixing of lake water. Historically,
conductivity data collected by Canada Department
of the Environment (1978) from 1967 to 1976 at
the Mossy River outlet of Dauphin Lake is simi-
lar to that measured in this study (Table 1l1).

Any gradients observed for major ions were
similar to those for conductivity. Only iso-
pleths of sodium (Na‘t), sulphate {S0,*) and
chloride {C1-) were plotted (Fig. 6, 7 and 8,
respectively) since these showed the largest re-
gional differences in the lake., The isopleths
of major cations and anions in Lake Winnipeg
were also similar to conductance distributions
(Brunskill et al. 1979) but were much more dis-
tinct than those found in Dauphin Lake. This,
again, is probably due to the well mixed nature
of Dauphin Lake and relatively small influences
from inflowing rivers. The relative abundance
of major ions in Dauphin Lake is Ca*"Mg*t>Na*t>
K* and HC03->S0,°>C1-.  These relative abun-
dances are similar to Lake Winnipeg (Brunskill
et al. 1979) and are generally characteristic of
lakes of the temperate zone (Wetzel 1975), Lake
Manitoba differed from these other lakes with
relative abundance of Na*t>Mg**>Cat™>K* and C1->
HCO3™>SO04= (Teller and Last 1979). Lake Manito-
ba differs considerably in that the residence
time is relatively long and composition of ions
in the water may be influenced to a greater ex-
tent by groundwater sources of different ionic
composition,

Total suspended solids and suspended nutrients

Total suspended solids (T.S.S.) and the
suspended nutrient elements (carbon (C ), nitro-
gen (N ) and phosphorus (P }) (Tables 8 and 10)
showed similar patterns with decreasing gradi-
ents from the region of the Wilson and Vermilion
rivers in May, June and September (Fig. 9-12,

inclusive). Gradients in other areas of the
take and at other sampling times were either
weak or not discernible., It is unlikely that
the higher concentrations originated from the
rivers since Cobb and Flannagan (1987) r%port
relatively low T.S.S. levels (<40 mgeL-" at
points 50 m upstream from river mouths) at ap-
proximately the same time. The gradients may
have been wind-induced. Although winds were not
strong during the sampling periods, earlier
winds may have caused seiches which created cur-
rents that may have resuspended bottom parti-
cles. These particles were likely made up of
sediment and plant material., A decreasing gra-
dient originating from the southeast region of
the lake occurred in late August. This may also
have been wind-induced or may have resulted from
a spate in the Turtle River which occurred at
this time (Can. Dep. Environ. 1983b). Gradients
in other areas and at other times were weak or
not discernible, once again indicating a well
mixed lake. Figure 2D illustrates the influence
of spring run-off, winds and/or seasonal river
spates on T.S.S. values in the lake. Figures
2E-G show fluctuations in suspended C , N and
P, respectively. The ratio of suspended C :N

:P for Dauphin lake of approximately 100:10:1
was similar to surficial sedients of the lake
(calculated from the overall mean values of
Co» N and P in Table 14),

Other characteristics

Other characteristics measured, namely
soluble reactive silicon (S.R.Si.)}, iron (Fet*),
manganese (Mn**), nitrate (NO3-N), total dis-
solved nitrogen (T.D.N.), total dissolved phos-
phorus (T.D.P.), bicarbonate (HCO3") and dis-
solved organic carbon (D.0.C.) showed no discer-
nible gradients (Tables 8 and 10). Figures 2H-K
show mean values throughout the sampling period
for some of these data.

CORRELATIONS

Correlation coefficients (r) calculated or
those physical and chemical characteristics mea-
sured in 1982 that would be expected to be
inter-related are shown in Tables 12 and 13. In
some cases unexpected correlations or unexpected
lack of correlations were found. Because these
can be due to small sample size or uniformity in
values, the raw data (Tables 7-10) should be
consulted when evaluating unusual correlations.

SEDIMENT ANALYSES
Particle size

There were two distinct areas of sediment
in the lake: "offshore" and "inshore", The off-
shore area (stations >500 m from shore and »>2 m
deep) was uniformly clayey silt or silty clay
and the inshore (stations <500 m from shore and
<2m deep) was predominantly sand with a small
proportion of clay (Table 14 and Fig. 13 and
14). Station 17 which was about 500 m from
shore and 2.6 m deep did not fall into either
category and had all sediment types found in
both the in- and offshore stations.

Sediments <2 mm dia. at offshore stations



were more uniform in particle size composition
than at inshore stations, The relatively high
silt content at stations 3 and 4 compared to
other offshore stations indicated a depositional
basin. However, insufficient samples were taken
to determine its extent., The more intensively
sampled north and central areas of the lake did
not appear to have a depositional basin and par-
ticle size composition wasuniform throughout
these regions. The inshore stations in Dauphin
Lake had varying proportions of silt and sand
and usually contained very 1little clay. The
large variability of sediments near the east
shore was expected since the shoreline consists
of a variety of substrate types ranging from
boulders >1 m dia. to areas of clay-like par-

ticles. It is not known how far into the lake

this diverse substrate extends but it 1is at
least 500 m in some areas as indicated by the
samples taken at station 17. The diversity of
the substrate along the east shore may not be
truly reflected by our data because of the 1imi-
tations of the sampling equipment. The sampling
gear was selected primarily for collecting ben-
thic organisms. The Birge-Ekman grab was limit-
ed for use only in soft sediments and the pneu-
matic grab with a 1 m handle was restricted to
sampling in shallow areas. During some sampling
periods attempts to sample for benthos at
station 17 had to be abandoned because suitable
substrate for the Birge-Ekman grab could not be
found and it was too deep for the pneumatic
grab.

Particles >2 mm dia. were generally less
than 1% (by weight) at offshore stations but
were as high as 33.5% at station 17 (Table 15)
and consisted mainly of clam shell fragments at
offshore stations, detritus near river mouths
and gravel near the east shore and the outflow
at Mossy River.

Summary data for percent sand, siit and
clay in offshore sediments of Dauphin Lake, Lake
Manitoba (south basin) and Lake Winnipeg show
that percent sand is low in offshore areas in
all three lakes (Table 16). The percent silt
and clay of Dauphin Lake falls between those
found for Lake Manitoba (Teller and Last 1979)
and Lake Winnipeg (Kushnir 1971), Silt and clay
data obtained by Brunskill and Graham (1979)
from Lake Winnipeg are not directly comparable
since they used 2.0 um (instead of 3.9 mm) to
separate the two fractions.

Organic matter and nutrient elements

Organic content of Dauphin Lake sediments
determined using chemical analyses and L.0.I.
yielded similar results (Table 14), The average
concentration of organic carbon at all stations
sampled using chemical analyses was 1.55% (S.D.
*1,22) and using L.0.1. (110 - 420°C) was 1.46%
(S.D. * 0.93). The mean organic content in off-
shore stations was 2.12%, somewhat higher than
inshore stations which was 0.54%. The offshore
value is similar to the 1,53% organic content
found for Lake Winnipeg but is considerably
lower than the 14,1% and 12.6% found by Teller
and Last (1979) and Tudorancea et al. (1979) for
the south basin of Lake Manitoba. The reason
for the higher levels in Lake Manitoba may be
due to its greater central basin and lower

flushing rate.

The mean percent content of total carbon,
inorganic carbon, nitrogen and phosphorus in
sediments for the stations sampled was 5.46%,
3.90%, 0.15% and 0.05%, respectively and mean
value for L.0.I., at 110-850°C was 19.30%. Con-
centrations were generally higher and less vari-
able at offshore stations than at inshore sta-
tions, except for inorganic carbon (Table 14).
Stations 17 and 18 showed considerable variation
between "duplicate" samples removed from the
same grab sample (Fig. 14, compare 17a and 17b,
18a and 18b) which was expected considering the
diversity of sediment types.

In general, percent organic carbon, total
nitrogen and total phosphorus in offshore sedi-
ments in Dauphin Lake were similar to Lake Win-
nipeg (Table 14). Inorganic carbon was higher
in Dauphin Lake and may indicate a different
mineral composition of sediments (e.g. dolomite)
than that found in Lake Winnipeg (see Davies et
al, 1962).

SUMMARY

Overall, Dauphin lLake appears to be a well
mixed lake, both vertically and horizontally.
Most regional differences during the open water
season appear to be due to wind action, with in-
flowing rivers having some effect during spring
run-off, Offshore sediments are uniformly clay-
ey silt or silty clay with more diverse sedi-
ments, having a high sand content, occurring in-
shore, Dauphin Lake is considerably smaller in
area and volume than Lake Manitoba or Lake Win-
nipeg but similar in water chemistry. Dauphin
Lake sediments are higher in inorganic carbon
than Lake Winnipeg and Lake Manitoba.Dauphin
Lake waters and sediment particle sizes are gen-
erally more homogenous than Lake Winnipeg, pro-
bably a function of its greater susceptibiity to
wind induced mixing.
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Table 1. Dates of ice-off and freeze-up for Dauphin Lake, 1979-1988 (J.
Jastrebski, Dauphin Lake commercial fisherman, Rorketon, personal
communication).

Year Date Date
ice free ice covered
1979 May 27 Nov, 24*
1980 Apr. 28 Nov. 23
1981 Apr. 22 Nov. 21
1982 May 7 Nov. 13
1983 May 11 Nov. 26
1984 Apr. 25 Nov. 2
1985 Apr. 28 Nov. 11
1986 May 5 Nov. 11
1987 Apr. 20 Dec. 1
1988 Apr. 30 Nov. 16

* Initially froze Nov. 10, but ice broke up.

Table 2. Dates and stations for collections of physical and chemical
data for water from Dauphin Lake, 1982.

Date Stations Sampled
Feb. 23, 24 A-1, inclusive
May 26-28 1-21, inclusive
June 23-25 1-21, inclusive
Aug. 4, 5 1-21, inclusive
Aug. 31, Sept. 1 1-21, inclusive
Sept. 24, 25 1-21, inclusive

Oct. 19, 20 2,3, 7,8,9
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Table 5, Summary of morphometric data for Dauphin Lake, Lake Manitoba (south
basin) and Lake Winnipeg (south basin).

Parameter

Dauphin Lake

Lake Manitoba
(south basin)

Lake Winnipeg
(south basin)

Surfacezarea
(Ao, km™)

Volume

(v, km®)
Mean depth
(Z,m)

Maximum depth
(Zm,m)

Maximum length
(%, km)

Maximurm breadth
(b, km)

Shoreline
(L, km)

Shoreline+area
(km «km= %)

Development of shoreline
(oL =L
2VnAg

Development of volume
(by =37 )
Ip
1
Iy

Relative depth
(Zr = 50ZgYm(/Ay)~ 1)

Source

522.0

1.1

2.1

3.5

42.0

20.0

119.0

0.23

1.5

1.8

0.60

0.014

This study

3 107.0

14.1

4.5

6.3

105.0

47.0

392.0

0.13

1.6

2.1

0.71

0.010

2 780.

27.

9.

14.

93.

46.

349,

0.

1.

2.

0‘

O.

0

0

7

0

0

0

0

13

9

1

69

024

Teller and Last Brunskill et al,

(1979)

(1980)
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Table 7. Physical and chemical data, Dauphin Lake, February 23-24, 1982.

Station Ice Station  Sampling Chlor, Temp. Dissolveqoz pH Conductivity
Thickness Depth Depth mg L=
m m m ugeL-1! °C (% saturation) WS ecm= !

A 0.79 2.4 0.0 - 0.2 - 8.25 740
1.0 0.3 0.5 -
2.0 1.0 3.2 17.6 (131.3)

B 0.85 2.7 0.0 - 0.9 - 8.03 700
1.0 0.2 0.9 15.7 (109.8)
2.0 0.3 3.0 16.9 (125.2)
2.5 - 3.9

o 0.81 2.7 0.0 - 0.9 - 8.19 730
1.0 0.1 1.0 17.6 (123.1)
2.0 0.3 3.4 -
2.5 - 3.9 -

D 0.87 2.0 0.0 - 1.0 - 8.16 700
1.0 0.3 1.8 17.2 (123.7)
1.5 - 3.4 -
2.0 0.5 3.5 17.5 (131.6)

E 0.79 2.5 0.0 - 0.9 - 8.26 710
1.0 0.2 0.9 20.3 (142.0)
1.5 - 2.9 -
2.0 0.2 3.4 19.7 (147.0)
2.5 - 3.8 -

F 0.94 2.2 0.0 - 1.0 - 8.22 710
1.0 0.3 1.9 18.2 (130.9)
1.5 - 3.1 -
2.0 2.0 4.0 20.3 (155.0)

G 0.96 2.0 0.0 - 1.3 - 8.17 740
1.0 0.4 1.9 20.5 (147.5)
1.5 - 3.9 -
2.0 0.7 4.0 21.3 (162.6)

H 0.83 1.8 0.0 - 0.9 - 8.16 740
1.0 0.2 1.9 19.7 (141.7)
1.5 0.9 3.0 18.8 (139.3)

1 0.95 2.0 0.0 - 1.0 - 8.17 770
1.0 0.1 1.9 15.5 (111.5)
1.5 - 4.0 -
2.0 0.1 4.1 14.6 (111.5)
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Physical and chemical data, Dauphin Lake, 1982.

Table S.

pH Conductivity

Temp. Dissolved 0,

Sampling Chlor.

Date Secchi

Mean

Station
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continued
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continued

Table 9.

pH Conductivity
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(% saturation)
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Table 9. continued
Station  Mean Date Secchi Sampling Chlor, Temp. Dissolved 02 pH Conductivity
Number Station Depth (% saturation)
Depth 1 L 1
m m m ug oL- °C mg oL~ uS «cm-
21 1.2 May 26 0.80 0.0 7.1 18.9 9.0 (97.5) 7.89 470
0.5 8.0 18.6 9.1 (98.0)
June 11  0.20 0.0 7.7 16.2 9,7 (99.3)
0.5 6.8 16.2 9.8 (100.3)
June 24 0.10 0.0 7.2 19.5 8.5 (93.2) 8.29 500
1.0 8.6 19.4 8.7 (95.3)
July 9 0.25 0.0 11.2 23.8 8.6 (102.7)
1.0 13.0 23.0 9.1 (107.1)
July 22 0.60 0.0 21.3 22.2 8.3 (96.2)
0.6 19.7 22.2 8.4 (97.3)
Aug. 4 0.27 0.0 14.8 22,7 9.0 (105.3) 8.46 480
0.6 13.3 22.2 9.0 (104.3)
Aug. 17 0,50 0.0 12.5 23.1 9.0 (106.1)
0.6 11.4 23.0 8.9 (104.7)
Aug. 31 0.30 0.0 18.1 15.9 9.8 (97.7) 8.46 500
0.5 18.0 15.0 - -
Sept. 24 0.20 0.0 - 15.5 10.0 (104.4) 8.16 500
1.0 15.0 14.5 10.3 (101.5)
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Table 12. Correlation coefficients (r) for selected physical and chemical characteristics of Dauphin Lake
water at each sampling period, 1982.

Sampling period

Characteristics Feb, 22-23 May 26-28 June 23-25 Aug. 4-5 Aug. 31-Sept.l Sept. 24-25
Secchi vs. Chlor. - -0.64* -0.22 0.30 -0.70* 0.24
Secchi vs, T.S.S. - -0.72*% -0.81% -0.75*% -0.64* 0.09
Chlor. vs. T.S.S. - 0.37 0.14 -0.16 0.77* 0.65*
Chlor. vs. NO3~N - -0.16 0.38 -0.12 0.65* -0.27
Chlor. vs. T.D.N. - -0.16 0.18 0.48* -0.41 -0.10
Chlor. vs, T.D.P. - -0.07 0.18 -0.30 0.79*% 0.12
Chlor. vs. D.I.C.** - -0.14 0.28 -0.29 0.59*% 0.43
Chlor. vs. D.0.C. - -0.11 0.14 0.47* -0.36 0.19
Chlor. vs. Susp.P. - 0.46* 0.17 0.00 0.77* 0.64*
Chlor. vs. Susp.N. - 0.55* 0.14 0.17 0.63* 0.65*
Chior, vs. Susp.C. - 0.43 0.18 0.04 0.71% 0.64*
T.S.S. vs. Susp.P. 0.83* 0.99* 0.99* 0.94* 1.00% 0.99*
T.S5.S. vs. Susp.N. 0.56 0.89* 0.97* 0.86* 0.68* 0.97*
T.S.S. vs. Susp.C. 0.77* 0.99* 0.94* 0.90* 0.90* 0.97*
Cond. vs. Na* 0.52 0.94* 0.98* 0.89* 0.73* 0.69*
Cond. vs. Kt 0.02 0.89* 0.88* 0.68* 0.57* 0.29
Cond. vs. Ca‘*t 0.74* 0.11 0.84* 0.65* 0.70* 0.56*
Cond. vs. Mg** - 0.84* 0.77* 0.86* 0.88* 0.60* 0.75*
Cond. vs. C1- 0.36 0.81* 0.71% 0.30 0.54* 0.01
Cond. vs. SOu= 0.59 0.96* 0.94* 0.76* 0.78* 0.83*
Cond. vs. D.I.C.** 0.85* 0.96* 0.90* 0.83* 0.43 0.63*
Susp.P. vs. Susp.N. 0.80* 0.95*% 0.98* 0.92* 0.72* 0.98*
Susp.P. vs. Susp.C. 0.88* 1.00* 0.94* 0.86* 0.91* 0.98*
Susp.N. vs. Susp.C. 0.94* 0.93* 0.97* 0.83* 0.68* 0.99*

* significant at p<0.05

** at pH 8, HCO3~ = 97.2% D.I.C.
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Table 15. Particle size distribution by weight of surface sediment samples
from Dauphin Lake, Sept., 1983 and May, 1984.

% of Fraction <2mm

Station Depth % >2mm SAND SILT CLAY
m of total 2mm=-623 um 63 um-4 um <4 m
weight
Inshore
1 0.9 - 39.4 54.7 5.90
2 - - - - -
5% 1.0 - 97.4 0.5 2.1
7 0.9 3.0 56.7 23.9 19.4
12 1.3 1.3 73.9 24,3 1.8
13 L 2 1.1 - 73.9 24.1 1.9
18a, 1.2 - 2.4 77.4 20.2
bl,? 1.2 - 95,1 2.4 2.5
c; 1.2 - 97.7 0.4 1.9
20a 1.5 - 95.5 2.1 2.4
b* 1.5 18.0 88.2 6.5 5.3
Inshore
X 1.2 (n=10) 7.4 (n=3) 72.0 (n=10) 21.6 (n=10) 6.3 (n=10)
*S.D. 0.2 9.2 31.3 26.0 7.2
Offshore
3* 2.5 - 3.9 29.6 66.5
4% 2.5 - 4.0 31.2 64.8
6 2.7 0.1 3.8 55.8 40,4
8 2.8 0,2 4,7 52.8 42.5
9 2.9 0.2 5.1 55.3 39,6
10 2.8 - 4.7 50.0 45,3
11 2.9 - 3.9 62.3 33.8
14 2.7 - 8.9 63.9 27.2
15 3.0 - 6.6 54,7 38.7
16 3.0 - 4.3 49.0 46.7
19 2.6 - 8.1 60.2 31.7
M* 2.5 - 4.2 74.9 20.9
'Offshore
X 2.7 (n=12) 0.2 (n=3) 5.2 (n=12) 53.3 (n=12) 41.5 (n=12)
*S.D. 0.2 0.1 1.7 12.8 13.5
17a* 2.6 - 38.3 43,5 18.2
bt 2.6 - 2.3 78.0 19.7
o 2.6 33.5 64.3 31.2 4,5
Overall X 2.1 (n=25) 3.8 (n=6) 35.5 (n=25) 40.3 (n=25) 24.2 (n=25)
+S.D. 0.8 7.0 38.3 24.9 20.1

* collected May, 1984,
removed from same grab sample.
pneumatic grab sampler used.
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Fig. 1. Bathymetric map of Dauphin Lake showing water sampling stations, 1982

and sediment sampling stations, 1983 and 1984.
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Fig. 2. Mean values of physical and chemical characteristics for all stations
versus time, Dauphin Lake,71982.7
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