~ REPORT OF THE LEELANAU WATERSHED COUNCIL

. WATERQUALITY MONITORINGREPORT =~

| (A Synthesis of Data from 1990 through 2001) -

Prepared by Tim Keilty Ph:D. and Megan Woller

February 26, 2002

* " "Leelanau Conservancy Report No. 02-1




nd TTh lﬂrfﬂ I lslﬁ:p LR h.m '

ST L et

bl o st O S|




SUMMARY

We have successfully completed twelve years of monitoring the water quality in the
major lakes of Leelanau County. Data have been obtained from five stations in Lake
Leelanau, and one each in Lime, Little Traverse, Cedar, and Big and Little Glen lakes. A
total of 634 Hydrolab profiles (temperature, dissolved oxygen, pH, conductivity, and
oxidation/reduction potential at discrete depth intervals from the surface to the bottom),
2180 total phosphorus determinations, 1744 nitrate nitrogen determinations, 376
chlorophyll a determinations, 686 secchi disk determinations, and 17 sediment
phosphorus determinations have been collected.

Water quality is excellent in our lakes as evidenced by observed total phosphorus, nitrate
nitrogen, and chlorophyll a concentrations. All lakes would be considered oligotrophic
based on these parameters. Secchi disk depth data would classify lakes more toward a
mesotrophic status, yet secchi data are subject to a high degree of variability and are also
influenced by photosynthetically induced “whiting” normal to hardwater, calcium
carbonate based systems.

While the data establish that our lakes are of high quality and that we have maintained
that quality over the past twelve years, any shift in a very delicate balance of conditions
could adversely affect the future of these lakes. Changes in conditions beyond local
control (atmospheric deposition, climate changes, etc.) and others locally controllable
(tributary erosion, increases in impervious surfaces, boating, agricultural practices, aging
and failing septic systems, etc.) could shift this balance toward undesirable conditions.
Thus, while some changes, such as increases in population, are inevitable, every effort
should be made to minimize the impact of locally controllable variables.

Total phosphorus concentrations in all lakes have decreased over the past decade.
Reasons for the observed declines are likely a consequence of a combination of increases
in riparian owner education and stewardship programs, improved agricultural practices in
and out of the watersheds, and reductions in total annual precipitation during the late
1990s.

Reduced summertime hypolimnetic oxygen levels in all lakes are responsible for
significant internal phosphorus inputs, however, these inputs have remained constant.

Nitrate nitrogen levels have generally decreased in most lakes, however, concentrations
have remained somewhat constant over the past five years.

Nitrates seem to play a greater role in the nutrition of Glen Lake than other program
lakes, and any additional phosphorus loading would likely result in Glen Lake becoming
nitrogen limiting. Little Traverse Lake is similar in this regard, but not to the extent of
what has been observed in Glen Lake.



Zebra mussels are known to exist in Lake Leelanau and Little Traverse Lake only at this
time. Lake Leelanau (and Little Traverse Lake to some extent) has experienced
significant blue green algal blooms that appear to be a direct result of zebra mussel water
filtering.

Chlorophyll a concentrations have decreased only in the lakes where zebra mussels have

colonized (Lake Leelanau and Little Traverse Lake), while levels have remained constant
in the other program lakes.

ii



CONTENTS

PREEE  ccamsonsmoamssiiiseiarisgasmat i o e s e s 1
BIOHERHON  ooasminensiooess i s s s e e e s SOk s A AT R 5 2
MEROIE ccciscmnsssmmssisiiis it A rs s s 6
Some Basic LImnology oo 7
Reviewof Watkr UANTY IR . ounieivnemusmoninsmsims s muogisan ey st mss s 10
Overview of Data/Trophie SIS cvvsansienssisssieisrinmssves 10
JSRELeBIE * 2 cisisisamaimssimsind s it s s 13

Lattle Troversn Lalih. . o ueinsiviiiedhonssions sunshnesisankemhibns e miavmeniee 30

LIRS LIAEE ciciumaneimsnninmms st s A s anes s s s oA e 32
CRHEEEEER  oonnpais i snospismms s s e G e i aa S a3 37
BRGIERIEKE i iy s s A s 39
LIHCEHERIARE comvcairesoninemominbo e st st o i s -
PRI WOIE: . cvsrausimbanssiic sy st s sl st s it gnas e 46

111



TABLES

Table 1. Summary of total number of profiles and individual water chemistry
analyses from 1990 through 2001 at each lake/station..................c...... 5

Table 2. Summary of total phosphorus (ug/L), nitrate nitrogen (ug/L), resultant
N:P ratios, chlorophyll a (ug/L) concentrations, and associated
standard errors (S.E.) and total observations (n) for all parameters in all
lakes/stations from 1990 through 2001........ccccsoeeisiasvisrsensssns sassrnss 11

Table 3. General trophic classification of lakes (after Wetzel, 2001).......cccccveenee 12

Table 4. Summary of Leelanau County groundwater-fed stream discharges
(cubic feet per second) from 1990 through 2000. Data are not available

for 1997 and 1998.............. Ty o 19
FIGURES
Figure 1. Map of water quality monitoring stations within Leelanau County......... 4

Figure 2a, b, ¢, d. Total phosphorus (ug/L) (note: Figure a utilizes values
from all depths and Figure b utilizes values from the hypolimnion
only), chlorophyll a (ug/L) and secchi disk transparency (feet) in
Lake Leelanau Station 1 (Leelanau County) from day 1 (5 June
1990) to day 4171 (6 November 2001).......cceieiiiiniiniiniiiieneiiienenne 14

Figure 3a, b, ¢, d. Total phosphorus (ug/L) and secchi dpeth transparency
(feet) in Lake Leelanau Station 2 (Figures la and b) and Lake
Leelanau Station 4 (Figures 1c and d) from day 1 (6 June 1990) to
AaRA0I0 G4 JaE 2H01L s ison snmesaimbintsosatssne e S ey s et 15

Figure 4a, b, c, d. Total phosphorus (ug/L) (note: Figure a utilizes values
from all depths and figure b utilizes values form the hypolimnion
only), chlorophyll a (ug/L) and secchi disk transparency (feet) in
Lake Leelanau Station 5 (Leelanau County) from day 1 (7 June
1990) to day 4171 (6 November 2001).........ccccciiininmenecerssaaonssioes 16

Figure 5. Estimated annual precipitation (inches) in Leelanau County
from 1991 thvough IO, oo wamammnenisnssnmsvins e 18

Figure 6a, b, c. Total phosphorus (ug/L), chlorophyll a (ug/L), and secchi

disk transparency (feet) in Lake Leelanau Station 3 (Leelanau
County) from day 1 (5 June 1990) to day 4168 (1 November 2001)........ 21

v



Figure 7a, b, c. Mean secchi disk transparency (feet) during April, May/June,
August, September, and October/November time intervals,
comparing years 1990 through 1996, and 1997 through 2001.
Figure 7a represents Lake Leelanau Station 1, Figure 7b represents
Lake Leelanau Station 3, and Figure 7c represents Lake Leelanau
Station 5. Y error bars indicate standard error..................coooiiiiinnin.. 23

Figure 8a, b, c, d. Mean secchi disk transparency (feet) during April, May/June,
August, September, and October/November time intervals,
comparing years 1990 through 1996, and 1997 through 2001.
Figure 8a represents Little Traverse Lake, Figure 8b represents
Lime Lake, Figure 8c represents Cedar Lake, Figure 8d represents Big
Glen Lake. Y error bars indicate standard error..............cccoeeeenennnnn... 24

Figure 9a, b. Mean seasonal nitrate concentration (ug/L) at Station 1 and
Station 2 in north Lake Leelanau (Leelanau County) from 1990 through
2001. Hypolimnetic values (35 m) are plotted for Station 1................... 26

Figure 10a, b, c. Mean seasonal nitrate concentration (ug/L) at Station 3, 4,
and 5 in south Lake Leelanau (Leelanau County) from 1990 through
DVORNL e o T A S A S R T 27

Figure 11a, b, c. Nitrate nitrogen (ug/L) in Lake Leelanau at Station 1, 3, and 5
(Leelanau County) from 1990 through 2001...........coovivivininiiiiniiiennn, 28

Figure 12a, b, ¢, d. Total phosphorus (ug/L) (note: Figure a utililzes values
from all depths and Figure b utilizes values from 0 and 7 meters
only), chlorophyll a (ug/L), and secchi disk transparency (feet) in
Little Traverse Lake (Leelanau County) from day 1 (5 June 1990)
to day 4168 (1 November 2001)........ouoninminiie e eeeennns 29

Figure 13. Comparison of mean hypolimnetic total phosphorus concentrations
(ug/L) where dissolved oxygen concentrations are greater than two and
less than two mg/L, in Big Glen, Lake Leelanau Station 5, Little
Traverse Lake, Lime Lake, and Cedar Lake (Leelanau County)............ 31

Figure 14a, b, c. Mean seasonal nitrate concentration (ug/L) in Little Traverse
Lake, Lime Lake, and Cedar Lake (Leelanau County) from 1990
R0 o R SR A N BT 33

Figure 15a, b, c. Nitrate nitrogen (ug/L) in Little Traverse Lake, Lime Lake,
and Cedar Lake (Leelanau County) from 1990 through 2001............... 34



Figure 16a, b, c, d. Total phosphorus (ug/L) (note: Figure a utililzes values
from all depths and Figure b utilizes values from the hypolimnion
only), chlorophyll a (ug/L), and secchi disk transparency (feet) in
Lime Lake (Leelanau County) from day 1 (5 June 1990) to day

216841 BlovemberBORLY ..covnssmissnimvenmimstisosnisadiebiebsasoss

Figure 17a, b, c. Total phosphorus (ug/L) (note: Figure a utililzes values
from all depths and Figure b utilizes values from the hypolimnion
only), chlorophyll a (ug/L), and secchi disk transparency (feet) in
Cedar Lake (Leelanau County) from day 1 (26 June 1992) to day
3416 (1 November 2001)

Figure 18a, b, c, d. Total phosphorus (ug/L) (note: Figure a utililzes values
from all depths and Figure b utilizes values from the hypolimnion
only), chlorophyll a (ug/L), and secchi disk transparency (feet) in
Big Glen Lake (Leelanau County) from day 1 (5 June 1990) to day

A1°73 (5 NovEmbEE T < ivviicinsnimenniniissisnmiisssss sinnrmesssaisaving

Figure 19. Maximum hypolimnetic phosphorus concentrations (ug/L) and
corresponding rates of oxygen consumption (metric tons/day)
for each year (note: data not available for years 1997 and 1998)

in Big Glen Lake (Lcelanau Coumty) .....iiesmisanssnimonimmnss seanmmss

Figure 20a, b. Mean seasonal nitrate concentration (ug/L) in Big Glen Lake
and Little Glen Lake (Leelanau County) from 1990 through 2001.

Hypolimnetic values (35m) are plotted for Big Glen Lake..............

Figure 21a, b. Nitrate nitrogen (ug/L) in Big Glen Lake and Little Glen

Lake (Leelanau County) from 1990 through 2001...........cccccceeenenn.

Figure 22a, b, c. Total phosphorus (ug/L), chlorophyll a (ug/L), and secchi
disk transparency (feet) in Little Glen Lake (Leelanau County)

from day 1 (5 June 1990) to day 4168 (1 November 2001).............

vi

Sae s s sssssrasastss ettt sEEsAB B EEE SRR an T

... 40



PREFACE

I suppose that I should make the obligatory statement “I can’t believe that we have been
doing this for twelve years.” Although it seems more like twelve hundred years after
summarizing and analyzing all that we have accomplished during this time. What began
as a scientifically sound, albeit frugal attempt to assess and then monitor the water quality
of our lakes, has successfully continued and evolved as needed. We have collected and
analyzed thousands of water samples and have stayed true to the core belief that we must
be committed to the continued collection of standard water quality measures (such as
total phosphorus, chlorophyll a, etc.) to accurately determine true trends in our water
quality. By allocating our resources in response to what the data tells us, we have been
able to explore many other pertinent limnological aspects of our lakes (such as plankton
assays, sediment phosphorus determinations, nutrient budget determinations, etc.)
without sacrificing our core monitoring. Each new investigation then provides another
insight into the workings of these systems and effectively adds to our expanding
scientific database. We have witnessed the remarkable invasion of zebra mussels into
some of our lakes. In fact, its arrival perfectly illustrates the value of having a sound
program in place prior to such an occurrence; for a pre-invasion understanding of any
perturbed system is invaluable for estimating and documenting and responding to
resultant changes. As you should expect, we are actively investigating numerous aspects
of zebra mussel biology with regards to our lakes.

Even though twelve years may seem like a long time, I still view the program as just
emerging from its infancy. For those of you who have raised children, we are at a point
where the child is beginning to speak in rudimentary sentences. Previous years were
single words, now we can construct a few sentences having amassed a larger vocabulary.
I hope what we say was worth the wait.

I want to thank any and all who have given so generously of their time and resources to
make this program possible including Mike Stiffler of the Cadillac MDEQ office, the
Leelanau County Board of Commissioners, and the Leelanau Conservation District. In
particular, I would like to thank my co-author for her time, effort and insight, both in the
field and at the computer, and Walt Nielsen for doing anything and everything whenever
asked.

Tim Keilty



INTRODUCTION

Whenever discussing water quality and this program, we feel compelled to offer a
definition of water quality and then explain how it is monitored. Part of that explanation
will include a review for some and an introduction for others to some of the underlying
limnological (study of freshwater) concepts, as they relate directly to why we measure
what we measure and how we interpret those measurements. The interpretation of data
for individual lakes can be found following a brief review of our methodology. A simple
understanding of these concepts will provide you with the necessary background to better
comprehend our interpretations of the data.

So, what is “water quality”? It is likely that there are as many interpretations or
definitions as there are users of the concept. Therefore, we offer the following definition:
water quality reflects the composition of water as affected by the sum of natural
processes and anthropogenic activities, expressed in terms of measurable quantities
and related to intended use. That is, water bodies integrate all of the forces acting upon
them, whether natural (such as direct precipitation, sunlight, etc.) or unnatural (septic
leakage, fertilizer runoff, etc.). By measuring scientifically accepted variables (such as
dissolved oxygen, phosphorus, etc.) whose values can be compared with a given set of
standards, one can determine if the quality of a given water body is acceptable for an
intended use (such as the public water supply versus recreational activity).

Although water quality can be determined empirically (based on these numerous
measurements), it is also a relative concept. Generally, the water quality of Leelanau
County lakes is “good”, relative to most lakes in southern Michigan, while the water
quality of lakes in southern Michigan is “excellent” relative to a sewer lagoon.

So then how is water quality monitored? Based on our definition, we can define it
instantaneously or at any point in time by taking and assessing a set of measurements, so
it follows that continued measurements would monitor it over time. Therefore, the
program’s approach to monitoring our water quality involves the routine collection of
data based on a comprehensive list of parameters collected with a frequency great enough
to distinguish normal cyclical variations from true trends. The resultant dataset provides a
current status of water quality conditions and any identified trends in the dataset would
indicate both desirable and undesirable directions in which those conditions are heading.
By developing such a dataset, we satisfy our ultimate program goal: to provide a
continuous, scientifically valid, long-term record of measured indices of water quality to
aid in the objective and judicious management of the County’s aquatic resources.

This objective has not, nor will it ever change. The core program (our comprehensive list
of parameters) may grow or shrink, or increased effort may be diverted to a specific or
temporary project, but the ultimate objective cannot change.













































































































































