


























* Nitrate concentrations and secchi data are similar to those of Lime Lake. Observed
secchi depth lows from 1990 to 1995 were approxlmately 6 feet, with concurrent highs in the
10 to 15 foot range (fig. 19),
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‘Figure 19 . Seasonal maximum and minimum secchi disk observations (depth in fieet)
from 1990 through 1995 at Little Traverse Lake. :
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GLEN LAKE -

Hydrolab profile data, secchi disk transparency data, and water samples have been
collected 6-9 times per year at a single station each on Big Glen and Little Glen lakes (fig. 1)
beginning in 1990, Water samples were collected at the surface, 10, 20, and 4t 35 meters on.

Big Glen and the surface, 1 and 3 meters on Little Glen. 50 ml composite samples for chlor-a
- have been collected since 1993 from both basins. '

Based on all available data, Glen Lake's water quality is excellent and comparable with
other area lakes. The hypolimnion in Big Glen does exhibit an oxygen depletion-prior to fall
turnover, usually developing in mid to late August and persisting until mid to late October
(fig. 23). Severely reduced or oxygen depleted water exists below the 34 to 35 meter depth at
the peak of stratification. Detectable phosphorus release from the sediments was not observed
in 1990 and 1991, however, data suggest that there was some release in the summers of 1992
through 1994 (fig. 24). The 1995 data are inconsistent with the 1990 to 1994 data, with the
spring hypolimnetic value likely an anomaly. Due to a lab technician error; the late summer
1995 data were lost. _ - : ' :

Based on nutrient budget calculations (as part of the EPA/DNR/Glen Lake
Association 1991 study), it was found that phosphorus released from the sediments was likely
a minor-contribution to the total phosphorus budget. The 1992 through 1994 data imply that
this internal source may have been slightly underestimated -- probably not enough to
significantly alter the budget, but it would permit a more accurate estimation of the true
contribution. For a more detailed discussion of the nutrient budget, refer to the '
EPA/DNR/GLA report which is now available from the Glen Lake Association.

- Total phoSphorus values averaged over depth and time (eliminating the anomaioﬁs_
32.2 ug/L spring 1995 value) in Big Glen are well below the 8.0 ug/L oligotrophic standard

(fig, 22), indicative of the excellent water quality exhibited by the lake.

Total Phosphorous, (ug/L)

90 91 92 93 94 95
Year

Figure 22, Overall annual mean phosphorous
concentrations {ug/L) observed 1990 through
1995 at Big Glen Lake,
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Figure 23. Dissolved oxygen concentrations (mg/L)at depths- The surface, 15 m, 25 m, 35 m, and the botiom,

r, 1990 throughi 1995. Note consistent decrease of oxygen

observed in Big Glen Lake fhrougholit éach yea
jevels off bottort during lafe summer/early fall.
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Figure 24. Seasonal (Spring, Early Summer, Late Summer, Fall) epilimnetic and hypolimnetic
phosphorous concentrations observed 1990 through 1995 in Big Glen Lake. Epllimnetic concentration
is the mean value of the 0, 10, and 20 m concentrations, while the 37 m value represents the
hypolimnion. In cases where multiple samples were collected during a season, vaiues were averaged.
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_ Very low or non-existent nitrate nitrogen levels-have been observed in epilimnetic
Glen Lake samples. These severe late summer decreases are consistent each year (fig. 25),
although the magmtude of the in-lake concentrations has varied somewhat, While depressed
to some varying degrees in the epilimnia of other county lakes, this phenomenon remains
unique to Glen Lake. It is hypothesized that this'may relate to the occurance of a particular
diatom species (Cyclotella comensis), but at this point, specific nutrient dynamic lab work
would be needed to determine this.
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* Indicates multiple samplings within season
1 Epilimnetic mean (0, 10 & 20 meters) EX Hypolimnion (Btm @ 37 meters)

Figure 2£Seasonal (Spring, Early Summer, L.ate Summer, Fall) epilimnetic and hypoleimnetic

nitrate (plus nitrite) concentrations observed 1990 through 1995 in Big Glen Lake. Epilimnetic

~ concentration is the mean of the 0, 10 and 20 m concentrations, while the 37 m value represents
the hypolimnion. In cases wher muitiple samples were collected during a season, values were
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- In general, nitrate nitrogen concentrations in-all lakes (except Cedar)-canbe .
considered in the oligotrophic, tending toward mesotrophic range (ranging on average from
100 - 300 ug/L). In.an idealized oligotrophic lake with oxygen saturation top to bottom,
nitrate levels should increase slightly in the hypolimnion during stratification. However, when

‘hypolimnetic waters become severely anoxic, nitrate concentrations would be expected to -
decrease substantially through bacterial denitrification (NO; to N») and ammonia '
concentrations would increase. For the most part, we do not observe dramatic relative
reductions in late summer hypolimnetic waters, :

Chlor-a concentrations have normally fallen within the oligotrophic range (fig. 26),
with a distinct bloom ev1dent each spring (spring diatom blooms are common in oligotrophic
lakes).

1093 ‘ 1904 N o 1985
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: ' Seasons ' "

‘Figure 26, Seasonal chiorophyll-a concentrations (ug/L) observed 1993 through 1995 in
Big Glen Lake. Each value represents the mean of a sample composited from the surface,
the depth of the secchi obsetvation, and twice the secchi depth.
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Secchi visibility is substantial in Big Glen '(t'he ‘déépe‘st of all County lakes), -r_angirig
from minirums of 12 to 15 feet, to-maximums of 20 to 25 feet from 1990 to 1995 (fig. 27). .
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Figure 27, Seasonal max:mum and mininum secchi-disk observations (depth in feet)
from 1990 through 1995 at Big Glen Lake _

Bemg a shallow basin (maximum depth of about 13 feet), thtle Glen does not stratify.
It warms rapidly in the spting and is slightly more productive than Big Glen, as evidenced by
the higher mean total phosphorus values (fig. 28) Chlor-a levels are similar to Big Glen, with
a substantial amount of the production tied up in the extensive submerged plant mat camet1ng

much of the bottom,

Total Phosphorous, (ugfl)
E-9
T

v El R SRR | ;;fr HH
a0 91 92 93 94 96
Year

Figure 28, Overal! annual mean phosphorous
concentrations (ug/L) observed 1990 through
19935 at Little Glen Lake.
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-CEDA-R.LAKE_

Cedar Lake was incorperated into the program as of June of 1992; Hydrolals profile
data, secchi disk transparency, and water samples have been collected 5 to 9 times per year at
the single station (fig. 1) thereafter. Water samples were collected at the surface, 7, and at 13
-meters as well as 50 ml comp031te ohlor-a samples.

Cedar Lake has stratified early and sharply with respect to disselved oxygen (fig. 29)
providing the right conditions for the release of phosphorus from the deep-water sediments as
well, Stratification develops in mid-July and lasts through mid-September. Through July, the
layer of oxygen reduced water tends to be below the 13 meter level which influences a very
small bottom area. However, this encroaches up to the 11 meter mark by mid-September.
Because there is a relatively large basin area below the 11 metér contour (approximately 30

percent) the sediment surface area affected by these condmons is quite large.

Data indicate that there may be a substantial release of phosphorus from the sediments
during this period (fig. 30). Barly summer (including the July samples) and late summer
hypolimnetic phosphorus concentrations are much higher than ovérlying waters. Using some
simple calculations, one can determine that the mean above-hypolimnetic phosphorus

‘congentration during the June through September time periods for 1992:to 1995 was 4.8 ug/L

for 24 obsetvations, while the mean hypolimnetic concentration during the same time frame
was 12.0 ug/L- for 14 observations. If we assume an increase of 7 ug/L in the hypollmmon and
use the bathymetric chart to caleulate the hypolimnetic volume below 11 meters, we arrive at
an annual internal input of approxim’ately 70 pounds of phosphorus. As a check of this, one

- can utilize a model which predicts the input from the sediment concentration of total

phosphorus, which for Cedar Lake was determined at the deepwater station to be 396 mg/kg.
Using this, one obtains a release rate of 2, 77 mg per square meter per day, which computes to
about 2 pounds per day. Assuming a period of reduced oxygen of about 40 to 45 days (as it
develops gradually), one obtains an input of about 80 to 90 pounds. Because this model was
developed on much more eutrophic lakes (averaging 10 to 1000ug/L total phosphorus), T did
not attempt to apply it to the other lakes because they have not exhibited these higher
concentrations in their respective hypolimnia relative to overlying waters.

To put this crudely, estimated internal input into perspective (relative contribution),

-we need to know the total annual load of phosphorus. Without a few other bits of data, this

cannot be estimated very- accurately at this time, however, I suspect that this input is about 10
percent. We will refing this, and hopefully adopt the use of these models to all the lakes in the
near future.
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Figure 29. Dissolved oxygen concentrations (mg/L) at depths of- the surface, 5m, 10 m, 12 m, and the bottom,
observed in Cedar Lake throughout each year, 1993 through 1985, Note consistent decrease of oxygen
levels off bottom during late summer/early fall,
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Total phosphorus concentratlons averaged over depth and time are shghtly higher than the .
other lakes due to the ]mgher hypohmnetlc values. However, they stlll place the lake close to
the ohgotrophlc standard -of 8.0 ug/L, (fig. 31).
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Figure 31, Overall ahual mean ph'osphbrous
- concentrations (ug/L)observed 1992 through
1995 at Cedar Lake,

Cedar lake also exhibits the highest levels of nitrate nitrogen (fig. 32) when compared
to the other lakes. It is some 200 ug/L more than other lakes and in and of itself would tend to-
put the lake in the mesotrophic range. A’ summer time epilimnetic depression does not oceur,
~ and possible.sources of nitrate in the watershed are being identified. .

1000 : : _
1992 1983 - 1994 1985
: ' ' ‘8 - Maroh-thry May

800 -~ s - ES - Early Summer _
~ 1.8 « Late Summer -
=§; Fa - ‘Qetobar thi Dec,
= 68001 '
8
:
§ 400 |-

200 -

0] ! ]

Sp ES LS Fa Sp ES LS Fa Sp ES LS Fa Sp ES LS Fa
. 2 2 2 2

* Indicates multiple samplings within seeson  Season
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Figure 32, Seasonal (Spring, Early Summer, Late Summer, Fall) epilimnetic and

. hiypolimnetic nitrate (plus nitrite) concentrations observed 1992 thru 1995 in Cedar
Lake. Epilimnetic concentration is the mean of the 0 and 7 m concentrations, while
the 13 m value represents the hypolimnion, In cases where multiple samples were
collected, values were averaged. -
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Surprisingly, chlor-a values are quite low (fig. 33), well within the oligotrophic range.
A spring peak of 4.2 ug/I. 'was observed in 1994, but otherwise all.concentrations are below
3.0 ug/L. Production may be llmlted by the low phosphorus levels in the eplhmmon durmg
stratlﬁcauon

1998 | | 1-;_9'{94 | { | 1995
4 5
(Emm——"
2 SRS SO, S, ' . j \‘{f . .\WI

W Spr Sum Fall Wi Spr. Sum  Fal W Spr Sum  Fall
- ' Season '

Chiorophylla (ug/l)

Figure 33. Seasonal chlorophyli-a concentrations (ug/L) observed 1993 through 1995
at Cedar Lake. Each value represents the chlor-a concentration determined froma 50 ml -
‘sample composited from the surface, the depth of the secchi: observation, and tw1ce the
secchi depth, -

Secchi data (fig. 34) in Ccdar Lake are also the lowest in the program, however, as
alluded to earlier, this may not be a direct indication of production in our lakes.
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Figure 34. Seasonal maximum and minimum secchi disk observations (depth in feet) from
1992 through 1995 at Cedar Lake.

37



TROPHIC‘STATUS co.MPA'R‘ISONS

Based on available current data, program lakes can be classified as oligotrophic to.
mesotrophic. By most standards, all lakes lean toward the oligotrophic-end of the continuum
(see tables 2a and 2b). Although data are limited for Cedar Lake, it is clear that it is closer to
the mesotrophlc status than any of the other basms

There are many indices available which rely on various component measurements
(bottom organisms, plankton assemblages, etc.) to classify a system. Trophic state indexes
(TS8I) developed by Carlsen are probably the most widely used (including use by the Michigan
Department of Natural Resources) and are based on total phosphotus concentrations, secchi
disk visibility depth data, and chlorophyll-a concentrations. They achieve greatest accuracy
and cons1stency when numerous measurements in all three categories are obtamed over a
petiod of time.

stng our program data, TSI values based on total phosphorus concentranons place
all lakes well within the oligotrophic range, TSI values for secchi disk data tend to place lakes
in.or toward the mesotrophic range (mesotrophic for Lime, Little Traverse, dnd Cedar),
however, this may be misleading due to calcium carbonate clouding. Chlorophyll-a data places
Lime-and Little Traverse lakes as mesotrophic and the others as-oligotrophie. It is important
to realize that each measure is simply another tool with which to assess, and ultimately-
manage our resources. And the more tools we have at our dlsposal the better the job we w111
do.

STREAM DATA

With the financial (and philosophical of course as well) support. of Mike Stifler
(MDEQ district surface water quality division head) it 1990 we were able to begin looking at
nutrient concentrations in North Lake Leelanau tributary streams. This activity continued

through 1991 and the program then expanded to include a total of 25 locations across the
~ County, sampled six times during the course of the year for both nutrient chemistry and:
discharge. The discharge measurement is an estimation of the volume of water moving
through the streambed (cross-sectional area x mean flow measurements). Sampling times
reflect baseline periods throughout the year (as opposed to storm event sampling) and these
activities continue today thanks.to a small group of very dedicated volunteers.

While it is difficult to state what the extent of each stream's impact on lake water
quality is without knowing its percent contribution to the total nutrient input, these data will
provide an extremely important component to future nutrient budget calculations, as well as

identify any potential nutrient pollution "hotspots" in the interim.

. . Stream data to date are being summarized in a separate document and should be
available shortly after this report.

38



o
FE -

Table Za. Summary of suggested values of selected parameters used to deﬁne the trophw
status of lakes. References dre cnted only to indicate there is latltude in assigning trophxc

status to the lake.
o - Oligotrophic = Mesotrophic Eutrophic Reference
Secchi Disk - >5 5.3 <3 1y
(meters) ' >6 6-3 <3 - (2)
L 9.9 (13) 4.2 (20) 2.5(70) | (®*
| Total P <10 10-20 > 20 (@)
(ug/L) <15 15 - 25 >25 (5)
: 8.0 (21) 26.7 (19) 84.4 (71) (3)*
Total N <300 300 - 650 > 650 (6)
(ug/L) < 400 400 - 600 > 600 (5)-
| - 661(11) | 753 (8) 1875(37) | 3)*
Chlorophyil-a . <30 3.0-7.0 >17.0 L)
(ug/l) <43 43-88 >88 (D
1.7 (22) 47(16) | 143(70) [ 3)*
5 4.2 (16) 16.1(12) 42.6(46) | (3)*
- Organic Matter _ S _
in Sediments <17 17-30 >30 (8)
(% dry weight) _ ' - | -
Trophic Status Index
based on: : S : :
Secchi <38 39+ 50 - 50100 [ (9)
Chlor-a _ <38 39-50 50-100
Total P | <38 39-50 50 - 100

(1) Chapra and Dobson, 1991
{(2) Vallentyne et al, 1969
(3) Wetzel, 1983 -

(4) Chapra and Robeftson 1977

(5) Forsberg and Ryding, 1980

(6) Vollenweider, 1968

(7) Dobsen et al, 1974

(8) Edwards and Ryder, 1990
(9) Carlson, 1977

* Data from Wetzel (1983) are mean values from a survey of over 200 water |
bodies. Parenthetical values are the number of observations upon which the

mean is based.
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~ Table 2b. Observed data values used to 'assugn 'thphl'e status to program lakes,
Mean values used in calculations incorporate all available data. Nitrate (+ nitrite) nitrogen

values are used as a startmg point for total N (orgamc and ammonia values are unknown and
not included).

North

Little

~ South
Lake - Lake Traverse Lime Glen Cedar
~Leelanau Leelanan  Lake Lake Lake. Lake
Total P 1 :
| (ug/L) ' 36 (5)* 155 (5) 56 (5) 149 (5) |54 (5 |68 (4
Total N .' IR T
(ug/l) 1292 (5) 223 (5) (176 (5) 236 (5) |77 (5) |438 (4)
TSI** I o : o
- Secchi’ kULLLS 38 45 44 35 46
TotalP - 29 29 29 27 28 - 32
Chlor-a - 36 38 42 40 31 38
Chlor-a S R 1
(ug/l) 18 (3). '2.1 (3) 33 3) 125 (3) |24 3 (21 (3
 Organic matter. | ..o - . ... ' ]
in Sediments '
(edrywt). 5-8

¥ Numbers w1th1n parentheses in table are: the number of years over which data
-used.was.collected. . ‘

** TSI = Carlson’s Trophie State Index as calculated using secchi, total P and
chlorophyll-a data.

*** Bold face values in the TSI section are values in the mesotrophlc range.

All others are in the oligotrophic range
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APPENDIX

- All data oollected during the work reported herem is on computer ﬁle at the Leelanau
Conservancy. T hese data include:- ' -

Hydrolab (water column) profiles
temperature

dissolved oxygen

pH . .

conductivity

oxidation-reduction potential

Secchi disk observations
Chemical -aﬁalyses _
' total phosphorous
- nitrate pitrogen (+ nitrite).
chlorophyll-a
phosphorous in bottom sediment
All ﬂl‘es are avai'l-ab'le on-wdisk upon requéest.

A Ixrmted number of paper pnnt—outs of these data are available as well, but dueto the large
volume (77 pages), they will not be 1nc1uded in all copies of this report.
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