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LAKE CORA DATA

Lake Cora (called Fotilile Lake in the past) is a 19cre natural

moderately hard water kettle lake located in Sections 18 and 19, Paw Paw
Township(T3S R14W), Van Buren County. Michigan. The lake has a
maximum depth of 63 feet, a mean depth of 23.0 feet and containad&31
feet of water. There are no islands in the lake, nor are there any inlets or an
outlet. The length of the shoreline is 131éét.

The size of the watershed, which is the land that provides water for the lake,
but does not include the lake is 770 acres. The drainage area, which
includes the watershed and the lake, is 967 acres. The watershed to lake
ratio is 3.9 to 1, whicls normal for a Michigan inland lake.

Based on 35 years of flow data at the Paw Paw River gage at Riverside, the
lake flushes about once every 3.58 years, on an average.

The elevation is 751 feet above sea level. The latitude (42° 12.237N) and
longitude(85° 59.233W) is the approximate location of Station 2 at the
deepest part of the lake.

The lake is in the Paw Paw River basin, which is part of the St. Joseph River
system. The Paw Paw River joins the St. Joseph River at Benton Harbor.
The St. Joe Rer flows into Lake Michigan at St. Joseph, Michigan.



The lake was
ice-free on
March 22,
1997 and
mixed the
same day.

Drainage area map

THE
WATER
QUALITY
STUDY

During certain
periods of the
year, most
Michigan
inland lakes
have poorer
water quality
than the
remainder of
the year. The
water quality
sampling in
this study is
designed to look at two of those poor water quality periods, one in early
spring when phosphorus which may released from the bottom sediments is
distributed throughout the water column by spring ngxiand a second in
late summer when the water is warmest, and the lake is stratified (if it
stratifies). During most of the remainder of the year, the water quality of
most inland lakes is better.

Lake Cora
Sections 18 & 19
Paw Paw Township
T3S R14W
Van Buren County

THE SAMPLE STATIONS

The locations of the three sampglations are shown on the hydrographic
map of the lake.
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THE SAMPLE DATES

Chris Henderson, and later Denise Seymoure collected three surface samples
for water quality testing May 5, 1996, April 18, 1997, April 23, 1998, May

3, 2000, May 3, 2001, May 2002, May 28, 2007 and June 19, 2009.

Chris, and later Denise also took Secchi disk readings through the warm
months on a regular basis through 2001.



WQI limnologists collected three summer surface for water quality testing
September 4, 1996, Septemiér 1997, September 2, 1998, August 29,
2000, August 29, 2001, August 21, 2002, September 19, 2006, August 28,
2007 and August 13, 2009. Dissolved oxygen and temperature profile data
were collected at Station 2 each time the lake was sampled in late summe

Lake Cora was sampled top to bottom every ten feet for water quality testing
in late summer 1997 at Station 2, the deep hole.

Three bottom sediment samples were collected in summer 1996.
THE ANALYSES

Dissolved oxygen, temperature, and Secchi desksjparency measurements
were conducted in the field. Total phosphorus, conductivity, alkalinity, total
nitrate, chlorophyll a, and pH tests were performed in the Water Quality
Investigators laboratory near Dexter, Michigan. All tests followed the
procedues outlined irStandard Methods for the Examination of Water and
Wastewater1989.

THE DATA

The data discussed below are found in the text, in the table at the end of this
report, on the graphs and on the enclosed atlas sheets.

TEMPERATURE AND DISSOLVE D OXYGEN

Temperature exerts a wide variety of influences on most lakes, such as the
separation of layers of water (stratification), solubility of gases, and
biological activity.

Dissolved oxygen is the parameter most often selected by lake water quality
scientists as being important. Besides providing oxygen for aquatic
organisms, in natural lakes, oxygen is involved in phenomena such as
phosphorus precipitation and release from the lake bottom sediments and
decomposition of organic material in the lake

1996

In late summer 1996, a 60t thermocline (defined as a layer of water in a
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lake where the temperature changes more than one degree C per meter of
depth, and shown shaded on the graphs) formed from 18 to 34 feet.
Dissolved oxygen peaked at.4Imilligrams per liter in the thermocline,
probably the result of an algal bloom that settled there. The lake ran out of
dissolved oxygen at 34 feet and that condition remained to the bottom. The

Lake Cora September 5, 1996 Temp. Depth D.O. Depth hypsog raphlc
Temperature & Dissolved Oxygen Profiles 26 N, = 2 (depth area) graph
0 i 21 23 13| shows about 40
10 22 21 1 | percent othe lake
5 20 2 W1 2| isdeeperthan 34
L %8 ] 58 110 22 | feet.
35 29 10.5 25
c 30 9.2 26
=4 187
"ag_' 50 24 6.2 29 1997
§ o2
M 60 : _ : . : 50 14 2
¥ 5 10 15 20 2 a0t e oo | Inlatesummer
Temperature (°C) or Dissolved Oxygen (mg/L) §§ g% 1997, Lake Cora
formed a 23oot
Lake Cora September 16, 1997 Temp. Depth D.0. Depth| tNICK thermocline
Temperature & Dissolved Oxygen Profiles33 0 34 0 from 20 to 43 feet.
18 ¥ ; ﬁg éﬁ §§’ ig Dlssolved_ oxygen
By g jl L F 31 g| was plentiful above
50 eThermoclinesmmeed 22 1 ) #1020 the thermocline.
o4o 1:1:1:1:1:1:1:Z:J'_f:'s‘:':':':':':':':':': 1 31 €1 31| The lake ran out of
230 {1 TIEMP.| 8 4 77 | dissolved oxygen
arh — S [™—DO. [1 % 33 3| at31feetand that
0o 5 10 15 20 25 6% 11| condition remaiad
Temperature (°C) or Dissolved Oxygen (mg/L) §§ %Q to the bottom.
About 45 percent
Lake Cora September 2, 1998 Temp. Depth D.O. Depth ;
Temperature & Dissolved Oxygen Profiles %ft zg g-g 2 of the lake is
0 g X 53 23 ss 15 | deeperthan 31
L1017 2o et
5 d 20 26 6.5 25
20 AT 19 27 59 27
£30 faad s 8 373 | 1008
g 't 16 30 4.1 30
840 53 5% 32 | Inlate summer
50 [ 13 34 00 34 | 1998, Lake Cora
60 XE ; 1141 0.0 50 formed a 1%oot
0 1 20 30 : ' '
Temperature (°C) or Dissolved Oxygen (mg/L) 3 28 00 60 thick thermocline
from 20 to 33 feet.

Dissolved oxygen was again plentiful above the thermocline. The lake ran
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out of dissolvedxygen at 34 feet and that condition remained to the bottom.
About 41 percent of the lake is deeper than 34 feet.

2000

In late summer 2000, Lake Cora formed af@@t thick thermocline from 20
to 46 feet. Dissolved oxygen was again plentiful abogdhitbrmocline.
The lake ran out of dissolved oxygen at 31 feet and that condition remained

to the bottom.
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occurred in the thermocline at 22 fggrobably the result of an algal bloom
which settled there. The lake ran out of dissolved oxygen at 36 feet this
year, and that condition remained to the bottom.
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2009

In late summer 2009 the lake formed af@6t-thick thermocline from 20 to

40 feet. The concentration of dissolved oxygen was adequate above 25 feet
although it started to decrease below 10 feet. It was zero at 32 fettaaind
condition remained to the bottom.

About 43 percent of the lake is deeper than 32 feet.

Lake Cora seems to run out of dissolved oxygen at 31 to 37 feet. Thisis
better than if it loses its dissolved oxygen higher and higher in the water
column eaclyear.

As a limnologist, | like to see some dissolved oxygen in the bottom water of
a lake, even if it is almost zero. This is because as long as there is some
dissolved oxygen in the water at the bottom of the lake, phosphorus
precipitated by iron to thbottom sediments will remain there. Once a lake
runs out of dissolved oxygen in the water at the bottom, iron can come back
into solution, and when that happens, it releases the phosphorus back into
the water. This can cause additional algae to groervihe lake mixes.

LATE SUMMER DISSOLVED OXYGEN SATURATION

Since the amount of dissolved oxygen water can hold is dependent on
temperature (with cold water holding more dissolved oxygen than warm
water) the amount of saturation of dissolved oxygerite&na better

measure of the dissolved oxygen conditions than is concentration. Best is
between 90 and 110 percent.
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Although it might not seem logical, high dissolved oxygen saturation values
(super saturation) are just as bad as under saturationredsmn
supersaturation is bad is it often indicates the lake has a lot of plants and/or
algae which are producing excessive amounts of oxygen in the lake.

The graph shows in late summer surface dissolved oxygen saturation values
ranged from 95 to 118 peent. In late summer 2002 and 2006 dissolved
oxygen saturation values ranged from 95 to 102 percent, which is very good.
And in 2009 they were either 101 or 102 percent, which is ideal.

CHLOROPHYLL A

Chlorophyll a is used by lake scientists as a measiithe biological
productivity of the water. Generally, the lower the chlorophyll a, the better.
High concentrations of chlorophyll a are indicative of an algal bloom in the
lake, an indication of poor lake water quality. The highest surface
chlorophyl a concentration found by this writer in a Michigan lake was 216
micrograms per liter. Best is below one microgram per liter.
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The chlorophyll a data indicates from 1996 through 2002 Lake Cora did not
have serious algal blooms in spring (chlorophydbacentration = 0.3 to 1.5
micrograms per liter). In 2007 spring chlorophylls were higher raging from
1.4 to 2.8 ug/L. 2009 spring chlorophylls were all under 1.0 ug/L, which is
good.

Summer chlorophylls are generally higher, ranging from 0.3 to 2.7
micrograms per liter. The graph shows late summer 2002 and 2006



chlorophylls and 2007 were higher than earlier years. 2009 summer
chlorophylls were all under 1.0 ug/L, which is very good.

SECCHI DI SK TRANSPARENCY (originally

In 1865, Angelcsecchi, the popeds astroeonomer |
centimeter (8 inch) white disk for studying the transparency of the water in

the Mediterranean Sea. Later an American limnologist (lake scientist)

named Whipple divided the disk into black and teljuadrants which many

are familiar with today.

The Secchi disk transparency is a lake test widely used and accepted by most
limnologists. The experts generally felt the greater the Secchi disk depth,

the better quality the water. However, one Canasli@ntist pointed out

acid lakes have very deep Secchi disk readings.

Most lakes in southeast Michigan have Secchi disk transparencies of less
than ten feet. On the other hand, Elizabeth Lake in Oakland County had 34
foot Secchi disk readings in sumni&96, evidently caused by a zebra
mussel invasion a couple of years earlier.

Most limnology texts recommend the following: to take a Secchi disk

transparency reading, lower the disk into the water on the shaded side of an
anchored boat to a point whetelisappears, noting the depth. Then raise it

to a point where itdés visible, again
two readings is the Secchi disk transparency depth.

We do it slightly differently. We lower the disk on the shaded side of an

andored boat until the disk disappears, and note the depth, then report the

depth to the next deepest foot. For example if the disk disappears at six and

a half feet, we report the Secchi disk depth as 7 feet. The reason we do this

is that some suggest ngia water telescope (a device that works like an

underwater mask and eliminates water roughness) to view the disk as it

di sappear s. Since we donbét wuse this
the slightly deeper depth.

We feel it is only necessary teport Secchi disk measurements to the

closest foot. Secchi disk measurements should be taken between 10 AM and
4 PM. Rough water will give slightly shallower readings than smooth water.
Sunny days will give slightly deeper readings than cloudy delgsvever,
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roughness influences the visibility of the disk more than sunny or cloudy

Lake Cora 1996 Secchi Disk Depths
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days. Further mor
been reported that most

adults can see the Secchi

disk disappear at about

the same depth, but

grandchildren see it

disappear 3! feet deeper
thangrandparents.

If there are sample sites
where the lake is too
shallow and the disk is
visible when resting on
the bottom, the reading
should be taken at a
nearby deeper site.
Since the sampling
procedure is designed to
obtain "representative
samples" meaing the
boat to an area where a
Secchi disk transparency
reading can be properly
taken is appropriate. In
the case of Secchi disk
readings, this procedure
Is more valid than
reporting the disk is
visible on the lake
bottom.

SECCHI DISK DATA

Chris Hendeson, and
later Denise Seymoure
did a good job of taking
Secchi disk readings
through the summer

months on a regular basis through 2001. The graphs show their data.
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1996

In 1996 Secchi disk readings in spring were 30 feet or deeper. As the water
warmedfrom spring to summer, the clarity gradually decreased to between
17 and 18 feet in August and the remainder of the year.

1997

In 1997 the Secchi disk readings almost exactly mimicked the 1996
readings, 30+ feet in early spring and theril¥deet latein the summer.

1998

In 1998 spring Secchi disk readings were 43 and 44 feet. These are very
good readings. Then as in prior years, the clarity gradually decreased to 12
and 13 feet as the water warmed, probably the result of an algal bloom
(algae likewarm water).

Lake Cora 2001 Secchi Disk Depths 2001

B 18 The 2001 Secchi disk
15 readings are similar to
=20 prior years, with very
*ggg deep spring readings
Ok (greater than 30 feet)

when the water is cold,

then gradually getting

Weeks from May 1 through tember 30
s from May 1 through Septembe shallower (12 to 17 feet)

B W
oo

JUN 23 . 19 19 : when the water warmed
JUL 18 . 18 17 :

G 17 . 16 15 _ in summer. These are
SEP 13 : 14 : very good Secchi disk

readings in both spring and summer for a Michigan inland lake.

SECCHI DISK READINGS TAKEN WITH THE SAMPLES

The graph shows the Secchi disk readings taken with the samples. It shows
spring readings were in the 30 to 44 foot range, (Wlga/ery good) until

2007 when they were 21 feet while summer readings are considerably less,
ranging from 13 to 18 feet (which is still not bad).
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These data seem to indicate the lake has an algal bloom every year as the
water warms. The graph shoging readings are decreasing while
summer readings are stable.

TOTAL PHOSPHORUS

Although there are several forms of phosphorus found in lakes, the experts
selected total phosphorus as being most important. This is probably because
all forms of phosporus can be converted to the other forms. Currently,

most lake scientists feel phosphorus, which is measured in parts per billion

or micrograms per liter (ug/L), is the one nutrient which might be controlled.

If its addition to lake water could be lirad, the lake might not become

covered with the algal communities so often found in eutrophic lakes.

However, based on our studies of many

many | akes were phosphorus | imited

n

nearlakear eas) and nitrate | i mited i n sumr

nearlake areas).

It should be pointed out that if limiting the amount of phosphorus which
enters a lake will prevent water quality problems, all of the other nutrients
are present in the lakwhich will permit this condition to occur. In other
words, the quality of the lake water is poor, but if phosphorus input is

l i mi ted, (we hope) the plants and al

billion is considered a low concentration of phospisdan a lake and 50
parts per billion is considered a high value in a lake by many limnologists.

The graph of Lake Cora total phosphorus concentrations shows in 1996
spring surface wlake phosphorus concentrations ranged from 4 to 10
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