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Introduction

In the spring of 2016 the Township of the ArchigeldTOA) recommended changes to its water quality
(WQ) monitoring program, with the main recommenolatbeing a shift from bacteria to phosphorus
monitoring. These changes came about as a resalpaftnership with the Georgian Bay Biosphere
Reserve (GBBR). Over three years, as part of tbeardinated Nutrient Monitoring ProgranGBBR
worked with partners to review existing nutrientmioring efforts along eastern Georgian Bay and
develop a new set of guidelines and recommendatimsprove effectiveness and efficiency of the
collective efforts of volunteers, associations,rages and other organizations (clickrefor further
information). Changes to the WQ monitoring prograere communicated to ratepayer associations and
volunteers in the spring of 2016.

Why shift away from regular bacteria monitoring?

The rationale for shifting away from bacteria monig is based on a Hutchinson Environmental
Sciences report (availabhere which concluded that single samples taken atpmiet in time do not
indicate either the spatial or temporal extenheflevels of bacteria observed. This is based effiatt
that survival of E. coli in the recreational waggrvironment is dependent on many factors, including
temperature, exposure to sunlight, available nuiisievater conditions (e.g., pH and salinity), and
competition from, and predation by, other microammgms. The new guideline for water quality
monitoring recommends that should organizationswoescontinue with bacteria testing, it should hexpp
in the framework of a scientific investigation feaa on testing specific hypotheses on potentiakssu
of contamination through a focused sampling prog@on example, recreational sites (e.g., beaches)
could be considered for bacteria monitoring astipeprovince’s Beach Management Guidance
Document.

Why monitor total phosphorus?

Monitoring total phosphorus (TP) is very importastphosphorus is the nutrient that controls thavtjro
of algae and most living biota in the aquatic eomment. Consistently measuring TP creates the paken
to detect long-term changes in water quality thay ime due to impacts of shoreline development,atkm
change and other stressors. The objectives assdaeiatth monitoring phosphorus in eastern Georgian
Bay are as follows:

1. Mitigating localised water quality issues;

2. Regional characterisation of water quality;

3. Spatial and temporal trend detection; and

4. ldentifying the effects of regional drivers and trple stressors to protect ecosystem function.

GBBR is facilitating the transition from bacteriamtoring to phosphorus monitoring by encouraging
ratepayer associations and volunteers to join otitoe with the Lake Partner Program (LPP). The LPP
is an Ontario-wide, publically funded, free progrtmat collects data about phosphorus, water clarity
calcium and temperature from volunteers. The sirtgdes for TP and water clarity provide a strongida
for assessing the health of the ecosystem, ancheh@&P is too high or too low. Advantages of thd’LP
are that it facilitates comparisons with other migations monitoring on the Bay, as well as Ontario
Ministry of Environment and Climate Change (MOECG@Y Environment and Climate Change Canada
(ECCC) monitoring programs. Data collected by videns are analyzed by the Dorset Environmental
Science Centre which makes all data available enlin
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Purpose and layout of this report

This report presents the results of the 2017 W@telity Monitoring Program for the Township of The
Archipelago. The main objective of this reportagpresent water quality data gathered in the 2017
sampling season in order to track trends over tifhés type of information will enable ratepayers to
examine the long-term trends from their datasedeatify outliers, discern seasonal patterns, aaid g
sense of average phosphorus levels for their pdatievaterbody.

The remainder of this report provides a brief oi@mwof the methods used to collect data and detaals
results, by ratepayer association, from data gathier 2017 including an overview of sampling looas,
water clarity, total phosphorus concentrationsgicah concentrations. The final section presentsltes
from enhanced sampling at Sturgeon Bay and Blanksittarbour.



Methods

Sampling locations in the TOA have been recommefaleenclosed bays and inland lakes in GBBR’s
Enclosed Bays and Inland Lakes Phosphorus MongoBaideline Whenever possible, volunteers are
encouraged to contact GBBR prior to sampling if/thave any comments or concerns about the
suggested monitoring locations.

Enclosed bays that are connected to Georgian Bayhave limited exchange of water due to convoluted
connections or constricted openings, will have weltemistry characteristics that are mostly sulj@ct
influences from the upstream watershed. This valebpecially true if there are major inflows or
shoreline development within the bay. Even in cagiesre the bay is considered to be ‘natural’ tlzeee
multiple stressors associated with all ecosystémaisdccur as a result of climate change, long-range
transport of pollutants, and the influx of invadsecies. Monitoring in these areas will help to
understand the impacts of these stressors and gdpgderal and provincial monitoring in similar
nearshore areas.

Inland lakes require TP data to help assess bagkdrooncentrations relative to present day
concentrations. Inland lakes should be sampledl cases where there are no previous data collected
Developed lakes should be sampled before undewtlages in the case where resources are limited. As
a general rule, only one representative sampliogtion is required for each lake even in large
convoluted lakes with multiple arms (e.g. Healeké)a In the event that there are compelling reasons
believe that water quality in different areas af thke would be influenced differently by rivers or
development for example, or there are local obskdikerences or perceived problems, more sitegimig
be recommended. Generally speaking, if the watdrstfiences are similar across a lake, the water
quality will be similar as well.

Spring sampling (followind.PP protocolyis sufficient for most locations in the TOA, &ete are few
areas that experience fall algal blooms. Howewvespme locations ‘enhanced’ monitoring (beyond LPP)
may be required. Generally, the ‘trigger’ to comsiddditional monitoring relates to high TP andyal
blooms. In these scenarios, further water quabinameters can be obtained with only a few additiona
pieces of equipment, most notably oxygen meterssprdialized bottles to collect samples at distinct
depths. The following two sections briefly descrihe sampling method employed for regular sites and
enhanced sites.

Regular monitoring sites

LPP volunteers collect one TP sample in May (dutiregspring-turnover period) at a deep spot.
Additionally, volunteers take Secchi disc waterityjameasurements at least once every two weeks
throughout the summer. The black-and-white Secisloiid lowered into the water until it is at the
absolute limit of being visible. This depth is thecchi depth of visibility, which is directly redat to
water clarity and can be used as a simple andteféemonitoring tool for determining the effects of
human activities on water clarity and, indirectiy, the nutrient content in the water.

The materials needed to take the water samples@rdlict water clarity measurements are sent to
volunteers by the province. Instructions and tregntideos are available online and additional treyns
provided by the Georgian Bay Biosphere Reserve pBamare returned (postage paid) to the Dorset
Environmental Science Centre (DESC) for analysts &&cchi observation sheets are mailed to DESC in
November.



Enhanced monitoring sites

In some cases, further monitoring is required beywhat is recommended by the LPP. Generally, the
‘trigger’ to consider additional monitoring relateshigh TP and/or algal blooms. The collection of
additional water quality data should be determioe@ case-by-case basis following a review of ggst
data. GBBR’'€Enclosed Bays and Inland Lakes Phosphorus Monigo@nideline(availablehere

includes a decision tree to outline how further raring could occur under several different scevarit
also outlines potential equipment needs and gemeri@r chemistry parameters for enhanced monitoring
programs. The guideline ensures that informatiarolected in a standardized way that allows
comparison between sites and over time.



Results — Regular Monitoring Sites

The following section includes a brief discussiantle interpretation of results, the locationsaoigl
results for, each TOA sampling location active @12. Please note that only data collected after the
MOECC took over coordination of the LPP (2002 tegant) are shown in graphs and labelled on figures.
Since 2002, LPP phosphorus samples have been adalgsa low level phosphorus analyser that has
increased the precision of results from +/-g6of phosphorus per litre to +/- 0.9/L. This low level
analysis is especially important for Georgian B&ysamples that may have low levels of TP (e.g., 2

g/L). Complete data for all historical and actiargling locations, including data collected prior t
2002, are available in tables in Appendix A.

Water clarity

In general, water clarity, as measured by Secqbiihdéends to be higher in open areas of Georgan B
and in bays with good water circulation. Water ityatends to diminish (smaller Secchi depth values)
enclosed bays, near wetlands or sources of orgaaierial, and in lakes or areas that have higher
nutrient levels either from natural or anthropogesources.

When examining the data, it is typical to see alldeline in Secchi depth throughout the year with
lowest depths reading near the end of the sumnteindm September. However, a major decline in the
readings should be evaluated more carefully. A inyefar comparison of data is of particular valueshe
to assess the water clarity trends for a particaea.

Where more than one year of water clarity datatefe a sampling location, Secchi depth in meises
graphed and an average depth is given.

Calcium

Calcium is a nutrient that is required by all ligiorganisms. Some organisms, for example Daphnia,
which are a primary food for many fish, as welb#iser aquatic animals such as mollusks, clams,
amphipods, and crayfish, use calcium in the watéorm their calcium-rich body coverings. These
organisms, and many others, are very sensitivedbriing calcium levels.

Calcium concentrations have been shown to be daogean Canadian Shield lakes in response to
depleted watershed stores of calcium caused byrlggmd decades of acid loading associated with aci
rain. Combined with lower food availability and waer temperatures predicted as part of a changing
climate, this decrease represents an importargsstréor many aquatic species.

Calcium concentrations should be considered owelaing term to identify trends. Where more than one
year of calcium concentration data exists for aarg location, calcium concentration in mg/L is
graphed.

Total phosphorus

As phosphorus is the nutrient that controls thewjnoof algae and most living biota in the aquatic
environment, TP concentrations are used to interprgient status. The nutrient status of an aquati
environment is typically described in terms of thiwoad categories — oligotrophic, mesotrophic, and
eutrophic. TP concentrations below 10 microgramdife (ug/L) indicate an oligotrophic or
unproductive environment. Aquatic environments Withconcentrations ranging between 10 and 20
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g/L are termed mesotrophic and are moderately leedicFinally, TP concentrations over 2§/L
indicate a eutrophic aquatic environment in whiehsgstent, nuisance algal blooms are possible.

The Provincial Water Quality Objective (PWQO) fdP Tn lakes is 20g/L. The PWQO for TP is a
measure for inland lakes intended to serve as aimgfor, and to prevent, conditions that couldutem

the nuisance growth of algae. Results in this tegu@ used to characterize trophic condition asess
any TP trends (e.g., upward, downward). When pmé&ting data, the MOECC cautions that although
only three years of data are required to establisfliable, longerm average to measure current nutrient
status, a longer data set is required to examamels. Some aquatic environments exhibit relatilaeiye
differences in TP between years, highlighting teechfor long-term data collection to distinguish
between natural variation and true anomalies.

Where more than one year of TP data exists fongpbag location, TP in pg/L is graphed. Average TP
is calculated for sampling locations with betwelereé and five years of data, as well as, locatatis
five or more years of data for which there is npagnt trend. For sampling locations with five are
years of TP data and for which there is an appdrendl, a trend line is shown on the TP graph and
average is not calculated. Visible outliers areaeed for the purpose of determining whether a trend
exists but are included in the graph showing Sedepth, calcium concentration, and TP.

The LPP database (availalblerg contains TP data from over one thousand sampdicefions across
Ontario. Readers may find the database useful derstanding how TOA sampling location TP
concentrations compare to other waterbodies athesgrovince. It is important to note that LPP Ta®ad
are presented as two samples (TP1 and TP2) plageaage for each sampling date. TP1 and TP2 are
duplicate TP concentrations which help to verifpfodence in the results and provide a contingency
against one sample being lost due to breakageglshipment or laboratory accidents. If there argpoma
differences between TP1 and TP2, it is likely i@ of the two samples was contaminated, for exampl
by zooplankton or other debris. In this sectiorly@verages are presented and in cases whereisheere
major difference between TP1 and TP2, averagesarn@cluded to avoid erroneous interpretations.
TP1, TP2, and average TP are all reported in Appehd



Bayfield Nares Islanders’ Association

STN 7064, 1D 11
2013-2017

Figure 1. Active LPP sampling location.

Nares Inlet
Station: 7064 - Trophic status: oligotrophic
Site ID: 11 - Average TP: ug/L
Description: Nares Inlet, deep spot - Trend (Y/N): Y
Data collector: LPP volunteer - Average Secchi depth: 4.9 m

Visible outliers: none

Recommendation:continue with standard LPP monitoring at Site ID(i14., TP and calcium sampling
once in May, water clarity measurements at leasé @very two weeks throughout the summer).
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Blackstone Lake Cottagers’ Association

STN461,1D 1
2002-2006
2009-2017

Figure 2. Active and recently active LPP sampling locatiddata collection at locations labelled in
white is undertaken by LPP volunteers while dat&ecton at locations labelled in orange is undesta
by the MOE Northern Region.

Blackstone Lake

Station: 461 - Trophic status: oligotrophic
Site ID: 1 - Average TP: n/a
Description: mid lake, deep spot - Trend (Y/N): Y

Data collector: LPP volunteer - Average Secchi depth: 4.7 m

Visible outliers: TP of 22 pg/L in 2002; TP
of 12 ug/L in 2017

Recommendation:continue with standard LPP monitoring at Site ID.4., TP and calcium sampling
once in May, water clarity measurements at leaseé @very two weeks throughout the summer).
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Station Site ID  Description 2016 Average TP (ug/Lpata Collector
461 6 BLO2 5.30 MOE Northern Region
461 7 BLO3 5.30 MOE Northern Region
461 8 BLO4 5.00 MOE Northern Region
461 9 BLO1 5.80 MOE Northern Region
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Cranberry Lake

g

STN 1013,ID1 ©
2017

Figue 3. Active LPP sampling cation.

Cranberry Lake

Station Site ID  Description 2016 Average TP (pg/LPpata collector

1013 1 Mid lake, deep spot 12.10 LPP volunteer

Recommendation:continue with standard LPP monitoring at Site ID.&., TP and calcium sampling
once in May, water clarity measurements at leasé @very two weeks throughout the summer).
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Crane Lake Association

STN 1014, ID 1
2004, 2007-2008,
2010-2017

STN 1014,1D 2
2002-2005, 2007-2008,
2010-2017

Figure 4. Active and recently active LPP sampling locatiddata collection at locations labelled in
white is undertaken by LPP volunteers while dat&ecton at locations labelled in orange is undesta
by the MOE Northern Region.

Crane Lake
Station: 1014 - Trophic status: oligotrophic
Site ID: 1 - Average TP: n/a
Description: mid-bay, deep spot - Trend (Y/N): Y
Data collector: LPP volunteer - Average Secchi depth: 4.9 m

Visible outliers: none

Recommendation:continue with standard LPP monitoring at Site ID.4., TP and calcium sampling
once in May, water clarity measurements at leaseé @very two weeks throughout the summer).
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Crane Lake

Station: 1014 - Trophic status: oligotrophic
Site ID: 2 - Average TP: n/a
Description: N end, off Marsh Is. - Trend (Y/N): Y

Data collector: LPP volunteer - Average Secchi depth: 4.6 m

Visible outliers: none

Recommendation:continue with standard LPP monitoring at Site IR.€., TP and calcium sampling
once in May, water clarity measurements at leasé @very two weeks throughout the summer).
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Station Site ID  Description 2016 Average TP (pg/Lpata Collector
1014 7 CRO1 3.80 MOE Northern Region
1014 8 CRO02 4.30 MOE Northern Region
1014 9 CRO3 4.40 MOE Northern Region
1014 10 CRO4 4.60 MOE Northern Region
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Healey Lake Property Owners’ Association

Figure 5. Active and recently active LPP sampling locatidbata collection at locations labelled in
white is undertaken by LPP volunteers while dat&ecton at locations labelled in orange is undesta
by the MOE Northern Region.

Healey Lake
Station: 1924 - Trophic status: oligotrophic
Site ID: 13 - Average TP: n/a
Description: Pinebay, deep spot - Trend (Y/N): n/a
Data collector: LPP volunteer - Average Secchi depth: 2.8 m

Visible outliers: none

Recommendation:continue with standard LPP monitoring at Site ID(i18., TP and calcium sampling
once in May, water clarity measurements at leaseé @very two weeks throughout the summer).
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Station Site ID  Description 2016 Average TP (pg/Lpata Collector

1924 8 HEO1 5.1 MOE Northern Region
1924 9 HEO2 5.2 MOE Northern Region
1924 10 HEO3 4.7 MOE Northern Region
1924 11 HEO4 5.6 MOE Northern Region
1924 12 HEOQ5 5.3 MOE Northern Region
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Iron City Fishing Club

Figure 6. Recently active LPP sampling location.

Iron City Bay
Station Site ID Description 2016 Average TP (ug/Lpata collector
7064 79 Iron City Bay, deep spot 10.30 LPP voluntee

Recommendation:reinitiate standard LPP monitoring at Site ID ¥8.( TP and calcium sampling once
in May, water clarity measurements at least onegyetwo weeks throughout the summer).
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Kapikog Lake Cottagers’ Association

Figure 7. Past LPP sampling location. LPP volunteers coltedia during the years listed in white
while the MOE Northern Region collected data dutimg year in orange.

Recommendation:reinitiate standard LPP monitoring at Site ID 2.(iTP and calcium sampling once in
May, water clarity measurements at least once evayyweeks throughout the summer).
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Naiscoot Lake Association
LPP monitoring has not previously been carriedayuNaiscoot Lake.
Recommendation:refer to theEnclosed Bays and Inland Lakes Phosphorus Mongo8uaidelinefor

information on selecting an LPP sampling locatiad begin standard LPP monitoring (i.e., TP and
calcium sampling once in May, water clarity measgats at least once every two weeks throughout the

summer).
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Pointe au Baril Islanders’ Association

Figure 8. Past and active LPP sampling locations. Data dodle@t locations labelled in white is
undertaken by LPP volunteers while data collectiblocations labelled in orange was undertakernby t
MOE Northern Region.

Sturgeon Bay

Station: 5209 - Trophic status: mesotrophic
Site ID: 1 - Average TP: n/a
Description: W Sturgeon Bay Prov. Pk - Trend (Y/N): Y

Data collector: LPP volunteer - Average Secchi depth: 1.4 m

Visible outliers: TP of 58 pg/L in June 2012

Recommendation:continue LPP monitoring at Site ID 1 (i.e., montfly and calcium sampling, water
clarity measurements at least once every two weeksghout the summer).
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Sturgeon Bay

Station: 5209 - Trophic status: mesotrophic
Site ID: 2 - Average TP: n/a
Description: Kenilworth & Skunk | - Trend (Y/N): Y

Data collector: LPP volunteer - Average Secchi depth: 1.6 m

Visible outliers: none

Recommendation:continue LPP monitoring at Site ID 2 (i.e., montfily and calcium sampling, water
clarity measurements at least once every two weeksighout the summer).
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Sturgeon Bay

Station: 5209

Site ID: 3

Description: Pointe au Baril chan
Data collector: LPP volunteer

Trophic status: mesotrophic
Average TP: n/a

Trend (Y/N): Y

Average Secchi depth: 1.8 m
Visible outliers: none

Recommendation:continue LPP monitoring at Site ID 3 (i.e., montfily and calcium sampling, water

clarity measurements at least once every two weeksighout the summer).
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Sturgeon Bay

Station: 5209 - Trophic status: mesotrophic
Site ID: 4 - Average TP: n/a
Description: W of School House Is - Trend (Y/N): Y

Data collector: LPP volunteer - Average Secchi depth: 2 m

Visible outliers: calcium concentration of
33 mg/L in September 2008

Recommendation:continue LPP monitoring at Site ID 4 (i.e., montfily and calcium sampling, water
clarity measurements at least once every two weeksighout the summer).
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Rock Island Lake
LPP monitoring has not previously been carriedayuRock Island Lake.
Recommendation:refer to theEnclosed Bays and Inland Lakes Phosphorus Mongo8uaidelinefor

information on selecting an LPP sampling locatiad begin standard LPP monitoring (i.e., TP and
calcium sampling once in May, water clarity measgats at least once every two weeks throughout the

summer).
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Sans Souci & Copperhead Association

Figure 9. Recommended LPP sampling locations for 2018.

Recommendation:establish LPP sampling locations at recommended &ites 22 and 23 on page 14
of theEnclosed Bays and Inland Lakes Phosphorus MongoBuaideling and begin standard LPP
monitoring (i.e., TP and calcium sampling once iayMwater clarity measurements at least once every
two weeks throughout the summer).
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Skerryvore Ratepayers’ Association

Figure 10.Past LPP sampling location with data collectedigyNMOE Northern Region and a
recommended site for sampling in 2018.

Recommendation:establish an LPP sampling location at the recona®eérsite (site 34 on page 17 of
theEnclosed Bays and Inland Lakes Phosphorus Mongo@nideling and begin standard LPP
monitoring at Site ID 2 (i.e., TP and calcium saimgplonce in May, water clarity measurements attleas
once every two weeks throughout the summer).
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South Channel Association

Figure 11.Past LPP sampling locations with data collectedlBl volunteers and recommended sites
for sampling in 2018.

Recommendation:reinitiate standard LPP monitoring at Site ID 2 &ite ID 16 (i.e., TP and calcium
sampling once in May, water clarity measurementsagt once every two weeks throughout the
summer). Establish LPP sampling locations at recented sites (sites 25 and 27 on page 14 of the
Enclosed Bays and Inland Lakes Phosphorus MongoBuaideling and begin standard LPP monitoring.
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Three Legged Lake Association

Figure 12.Past LPP sampling locations. Data collection atdbation labelled in white was undertaken
by LPP volunteers while data collection at the tawalabelled in orange was undertaken by Seguin
Township.

Three Legged Lake

Station: 5360 - Trophic status: oligotrophic
Site ID: 1 - Average TP: 3 ug/L
Description: mid lake, deep spot - Trend (Y/N): n/a

Data collector: LPP volunteer - Average Secchi depth: 6 m

Visible outliers: none

Recommendation:continue LPP monitoring at Site ID 1 (i.e., montfly and calcium sampling, water
clarity measurements at least once every two weeksghout the summer).
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Woods Bay Community Association

Figure 13.Active LPP sampling location with data collectedU3P volunteers and recommended sites
for 2018.

Woods Bay
Station: 7064 - Trophic status: mesotrophic
Site ID: 77 - Average TP: n/a
Description: Woods Bay, deep spot - Trend (Y/N): n/a
Data collector: LPP volunteer - Average Secchi depth: 4.1 m

Visible outliers: none

Recommendation:continue with standard LPP monitoring at Site ID(i7€., TP and calcium sampling
once in May, water clarity measurements at leasé @very two weeks throughout the summer).
Establish LPP sampling locations at recommended ¢#ites 20 and 21 on page 14 offinelosed Bays
and Inland Lakes Phosphorus Monitoring Guidejiaad begin standard LPP monitoring.
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Results — Enhanced Monitoring Sites

Over the past two summers, GBBR and the TOA pastheiith the Pointe au Baril Islanders Association
(PABIA) and Woods Bay Community Association to coadenhanced nutrient monitoring in order to
better understand which areas of Sturgeon Bay dexk8one Harbour are contributing to high
phosphorus levels. This partnership involved tragrand loaning of equipment (with funding from
ECCC). The objectives of enhanced nutrient momtpare:

1) to map areas that ‘stratify’;
2) to collect vertical profiles; and
3) to collect late summer total phosphorus sample®nfirm internal loads.

During summer months, many Ontario Shield lakeat(#@ne deep enough) undergo thermal stratification
(see Figure 13) whereby the surface water is miye@ind down to a depth of ~4-7 m. This mixed layer
is called the epilimnion. As the summer progressesepilimnion will deepen to ~8-10 m. Below the
epilimnion there is a zone where temperatures anaegy rapidly (getting colder) with depth, this is
called the metalimnion. The metalimnion is usuabyeral meters thick and the zone within it where
temperature changes the most rapidly is calledhtenocline. Below the thermocline is the hypoliomi
where temperatures are colder and more stabledsfith. During stratification these waters do not mi
with surface water and cannot, therefore, be reghexd if they are depleted of oxygen. If all theygen

is used up (by bacteria) the hypolimnion is an@id these conditions can allow phosphorus from the
sediments to enter the hypolimnion. This is cafladnternal load and these additional nutrients can
stimulate late summer algal blooms. Therefores itriportant to assess oxygen and nutrient
concentrations in the hypolimnion to help predn& dnset of conditions which might lead to algal
blooms.

Figure 14. Thermal stratification of a lake into three idelatiile layers (source:
http://cfpub.epa.gov/watertrain/pdf/limnology.pdf).
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Individuals interested in learning more about tharetratification and how it changes throughout the
seasons are encouraged to readStiage of the Bay Background Rep@rtailableherd.

Sturgeon Bay

Enhanced monitoring was initiated on Sturgeon Be3016 as part of GBBRGoordinated Nutrient
Monitoring Program Sturgeon Bay suffers from intermittent late sumoyanobacteria blooms and
although there have been several in-depth studieducted in this area, there are no monitoring
programs currently in place that regularly measengperature and dissolved oxygen (DO) profiles.
These measurements are necessary to evaluatetéim @xhypolimnetic anoxia and the associated
potential for the release of phosphorus from ladiraents into the water column (internal loading).
PABIA summer staff collected temperature and oxygeaiiles over the past two summers at the
locations shown in Figure 15.

Figure 15. Sturgeon Bay sample locations for temperature ssmbhved
oxygen in 2016 and 2017.

GBBR staff sampled TP at 1 m off bottom prior tontwver in the fall at the deepest location in Séarmg
Bay (SB2 on Figure 15).

LPP volunteers sampled TP monthly at several lonat{as presented above in the section ‘Results —
Regular Monitoring Sites’).

Temperature/dissolved oxygen

PABIA staff collected temperature/DO profiles dygyiroutine patrols in the summer of 2016 and 2017.
Results are summarized in Table 1 and shown inldetappendix B. These data show that Sturgeon
Bay is thermally stratified in the deepest locasiamd that an anoxic hypolimnion develops soomn afte
stratification. It is important to note that StuogeBay’s maximum depth is only slightly deeper titia
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average maximum mixed layer (epilimnion) depthsShield lakes (9-11 m). Lakes shallower than this
will mix to the bottom and will not stratify therra(i.e., not develop a hypolimnion near the baito
where internal loads can develop). Sturgeon Bagldee a shallow hypolimnion (several meters deep)
in relatively small areas of the lake. Over mosthaf waterbody’s area the water will mix to thetbt

and in some areas there will be a metalimnion witlstable hypolimnion near the bottom. These areas
may still develop internal loads. In those areas #ne deep enough to stratify (>9 m), the stcatifon

may be weak or temporary on a seasonal basisrésult, anoxic sediment with potential to contréota
internal loads may be present in areas of thedakertain times of year but not at others, making
difficult to assess the extent of areas that careigge internal loads. A good example of this mshby
the temperature/DO profiles measured at SB1 andddBRugust 23, 2016. SB1, which is more protected
from wind, is mixed on that date to a depth th& i less than at SB2. Anoxic water exists near the
bottom at SB1 at depths that are fully oxygenatesiB2. It is therefore not possible to say thatog
given date, Sturgeon Bay is anoxic below thosehdettiat are indicated by data collected only at the
deepest location. In addition, the extent of anseidiments that are overlain by a mixed oxygenated
water column is not known. These anoxic sedimerag still contribute P to the mixed water column.

More comprehensive temperature/DO data collectediaierous locations may explain why Sturgeon
Bay blooms in some years but not in others.

Table 1. Summary of temperature/dissolved oxygen profildkected in Sturgeon Bay in 2016 and 2017.

Site | Latitude | Longitude | Depth Date Epi. Meta. Hypo. | Anoxic
(m) (m) (m) (m) (m)
SB1| 45 36.773] 80 26.519 8 28-Jul-16 0-7 7-8 At 8
9 5-Aug-16 0-7 7-8 8-9 8-9
9 23-Aug-16 0-7 7-9 8-9
9 7-Aug-17 Weakly mixed 8-9
SB2| 45 36.921| 80 26.128 11 28-Jul-16 0-7 7-8 8-11 8-11
12 23-Aug-16 0-9 9-10 10-12 10-12
14 28-Sep-16 0-11 11-14 13-14
12 7-Aug-17 Weakly mixed 8-9
SB4| 45 36.672] 80 25.599 13 13-Aug-16 0-8 8-10 10-1] 10-13
13 7-Aug-17 0-7 7-10 10-14 10-14
14 26-Aug-17 0-9 9-11 11-14 10-14
SB9| 45 35.562| 80 23.632 12 23-Aug-16 0-9 9-10 10-1 10-12
12 26-Aug-17 0-10 10-12 11-12

Total phosphorus

GBBR staff collected TP samples at the end of therser in 2016 and 2017. The results show a deep
mixed layer with elevated TP concentrations onlthi&bottom 1 m. TP concentrations in the anoxic
layer were less than 200 pg/L in 2016, which isindicative of a large internal load, but over 209/L

in 2017 (Table 2). Much of the TP that enters #ielfrom the sediments (in lakes that have no axyge
the bottom waters) will enter the water column dgrihe summer months and this can result in higRer
concentrations in mid to late summer. This is tHated by increasing concentrations in the mixgddat
the deep location observed by LPP volunteers i6Z0able 3, STN 7064).
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Table 2.End of summer TP concentrations at the deepedidoda Sturgeon Bay in 2016 and 2017.
TP1 and TP2 represent duplicate analysis of smiitpdes.

Sample Description Sample Date TP1(ug/L) TP2 (ug/L)
Sturgeon Bay 1m 28-Sep-16 20.3 20.7
Sturgeon Bay 13m 28-Sep-16 18.9 21.8
Sturgeon Bay 14m 28-Sep-16 195.3 187.2
Sturgeon Bay 1m off bottom 1-Sep-17 213.3 216.1

LPP volunteers have historically sampled severations in the Sturgeon Bay area (Figure 16). Soime
these locations were sampled only once and sonelbager term data. These data are summarized on
the LPP website. The LPP data collected most rgcenSturgeon Bay are shown in Table 3.

Figure 16.Lake Partner Program sample locations in Sturgepna®d Pointe au Baril.
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Table 3.Total phosphorus data collected by LPP voluntee29il7.

STN Slge Lake Name Site Description Lat Long Date (u-I;/DL)
5209 1| Sturgeon Bay | WSturgeon Bay Prov.Pk 453717 802522 -Mapl7 | 185
5209 1| Sturgeon Bay | WSturgeon Bay Prov.Pk 453717 802522 -Juk9ly 17.5
5209 1| Sturgeon Bay | WSturgeon Bay Prov.PK 453717 802522  -Jull7? 15.8
5209 1| Sturgeon Bay | WSturgeon Bay Prov.PKk 453717 802522 -AWRBl7 | 17.4
5209 1| Sturgeon Bay | WSturgeon Bay Prov.Pk 453717 802522 -Od97 21.5
5209 2| Sturgeon Bay | Kenilworth & Skunk | 453648 802546 Nay-17 | 11.6
5209 2| Sturgeon Bay | Kenilworth & Skunk | 453648 802546 ROv-17 13.1
5209 2| Sturgeon Bay | Kenilworth & Skunk | 453648 802546 JUT-17 13.8
5209 2| Sturgeon Bay | Kenilworth & Skunk | 453648 802546 ABy-17 | 14.2
5209 2| Sturgeon Bay | Kenilworth & Skunk | 453648 802546 Q&-17 23.6
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318 Mag-17 | 14.7
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318  Ju2Bi7 11.3
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318  Jul-d-7 115
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318  Jul-A7 10.2
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318 Aagl7 | 16.9
5209 3| Sturgeon Bay | Pointe au Baril chan 453540 802318 0div17 16.0
5209 4| Sturgeon Bay | W of School House Is 453528 802407 Mag-17 | 12.2
5209 4| Sturgeon Bay | W of School House Is 453528 802407 Juzei7 10.0
5209 4| Sturgeon Bay | W of School House Is 453528 802407 Aagl7 | 11.0
5209 4| Sturgeon Bay | W of School House Is 453528 802407 0do17 14.8
7064 71| Georgian Bay | Sturgeon Bay, deep spot 444508  79442818-May-17 | 11.7
7064 71| Georgian Bay | Sturgeon Bay, deep spot 444508 794428 20-Jun-17 54.3
7064 71| Georgian Bay | Sturgeon Bay, deep spot 444508 794428 17-Sep-17 12.6

Recommendations

The 2016 and 2017 data reveal much about the gperddence between oxygen, total phosphorus and
physical limnology in Sturgeon Bay. It is recommeddhat these collection protocols continue inreitu
years.

Blackstone Harbour

Blackstone Harbour was identified as an encloseoagment that thermally stratifies. Although
Blackstone Harbour has never been known to haeeslanmer algal blooms, it was selected for
enhanced monitoring to investigate areas thatifgttatidentify potential anoxic conditions in the
hypolimnion. An enhanced sampling program wasatet late in the summer of 2016 in time to observe
temperature/oxygen profiles and collect TP samfpten the mixed layer and 1 m off bottom at the
deepest location in Blackstone Harbour (21 m). Saswere taken again in 2017. Sample location (Lat
45° 09’ 327, Long 79 58’ 56”) is shown in Figure 17.
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Figure 17. Sample location in Blackstone Harbour.

Temperature/dissolved oxygen

Blackstone Harbour is relatively deep (21 m) coragdo other adjacent embayments (e.g., Woods Bay
<10 m) and is well stratified. Late summer anoxaswbserved in the bottom 2 m indicating the paént
for an internal load. Temperature/DO data collectie®eptember 30, 2016 and September 13, 2017 are
shown in Table 4.

Table 4. Temperature/dissolved oxygen data for the dedpestion in Blackstone Harbour on
September 30, 2016 and September 13, 2017.

September 30, 2016 September 13, 2017
Depth | Temperature Dissolved Depth | Temperature Dissolved
(m) (°C) Oxygen (mg/L) | (m) ((®) Oxygen (mg/L)
0 17.8 9.6 0 21.1 9.09
1 17.9 9.4 1 19.8 9.19
2 17.9 9.4 2 19.4 9.18
3 17.9 9.3 3 19 8.88
4 17.9 9.2 4 18.5 8.28
5 18 9.2 5 18.2 7.99
6 18 9.2 6 18 7.74
7 18 9.2 7 17.6 6.97
8 18 9.1 8 16.1 3.77
9 17.7 8 9 12.4 2.46
10 11.1 4.7 10 10.5 3.94
11 9.2 4.4 11 9.6 4.34
12 8.5 4.5 12 9 4.5
13 7.8 4.6 13 8.5 4.18
14 7.2 4.5 14 8.2 3.84
15 6.9 4.1 15 8 3.37




September 30, 2016 September 13, 2017

Depth | Temperature Dissolved Depth | Temperature Dissolved
(m) (°C) Oxygen (mg/L) | (m) (°C) Oxygen (mg/L)
16 6.7 3.6 16 7.9 2.76
17 6.5 2.9 17 7.6 1.61
18 6.4 1.8 18 7.5 0.85
19 6.2 1.2 19 7.4
20 6.2 0.8 20 7.3
21 6.2 0.6

Temperature/DO data were also collected in Woodg &d Coon Gap (North Channel) on September

13, 2017 and are shown in Table 5.

Table 5. Temperature/dissolved oxygen data for Wood’s Bayy@aon Gap (North Channel) on

September 13, 2017

Wood'’s Bay Coon Gap — North Channel
Depth | Temperature Dissolved Depth | Temperature Dissolved
(m) (°C) Oxygen (mg/L) | (m) (°C) Oxygen (mg/L)
0 20.7 9.12 0 20.5 8.98
1 20.6 9.1 1 19.8 8.94
2 19.5 9.05 2 194 8.75
3 19 8.93 3 19.2 8.57
4 18.8 8.67 4 19.1 8.44
5 18.2 7.96 5 19 8.32
6 18.1 7.78 6 19 8.23
7 18 8.08 7 18.9 8.2
8 18 8 8 18.9 8.13
9 17.9 7.89 9 18.9 8.14
10 17.9 7.7 10 18.9 8.1
11 17.9 7.65 11 18.9 8.07
12 17.9 7.6 12 18.8 8.05
13 17.9 7.6 13 18.8 8.04
14 14 18.8 8.01
15 15 18.8 8
16 16 18.8 7.98
17 17 18.8 7.95
18 18 18.8 7.93
19 19 18.8 7.92
20 20 18.8 7.91

Total phosphorus

TP was measured at the surface on September 20a20B5 with similar results on both dates (Table 6
Concentrations ranged from 6.7 pug/L to 8.4 pg/Lrdl@sults are needed to establish long-term, mean
concentrations but these values represent oligoicaqmnditions with excellent water quality asetates
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to trophic state. At the end of September thereavsigyht elevation in TP concentrations at 1 m off
bottom (21.5 pg/L) indicating a weak internal lo&inilarly, elevated TP concentrations at 1 m off
bottom were seen again on September 21, 2017.

Table 6. Total phosphorus concentrations in Blackstone Harbo2016 and 2017. TP1 and TP2
represent duplicate analysis of split samples.

Sample Description Sample Date| TP1 (ug/L) | TP2 (ug/L)
Blackstone Harbour Top 02-Sep-16 8.8 7.9
Blackstone Harbour Top 30-Sep-16 6.5 6.7
Blackstone Harbour Bottom 30-Sep-[L6 22.7 20.5
Blackstone Harbour Top 21-Sep-17 7.2 7.0
Blackstone Harbour Bottom 21-Sep-17 22.9 23.8

Recommendations

Sampling for DO and TP should continue in Blackstétarbour. TP concentrations indicate excellent
water quality but anoxic conditions and evidencamfinternal load support continued monitoring. At
present, there is evidence that climate changewchance the conditions required to support algal
blooms. In particular, the blooms may occur in anelere they have not previously been seen andewher
watershed nutrient loads may not have increased.
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Appendix A — LPP monitoring data for active and higorical sampling locations

All Lake Partner Program monitoring data for Towipsbf the Archipelago sampling locations, active

and historical, are provided in the tables belorgaaized by ratepayer association.

Bayfield Nares Islanders’ Association

Lake Georgian Bay
Station 7064
Site ID 11
Description Nares Inlet, deep spot
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
May 2013 5.30 4.20 5.40 4.80 21.98
July 2013 4.40 5.00 4.70 22.79
Sept 2013 4.80 4.80 4.80
Oct 2013 6.60 5.40 6.00
May 2014 3.88 5.80 4.80 5.30 17.90
Aug 2014 4.20 4.40 4.30
Sept 2014 15.80 6.20 11.00
Oct 2014 5.20 10.80 8.00
May 2015 5.30 4.60 5.80 5.20 19.30
June 2015 5.20 4.40 4.80 21.00
July 2015 5.20 5.20 5.20 20.50
Aug 2015 5.20 5.60 5.40
May 2016 4.75 4.80 7.20 6.00 15.80
Aug 2016 5.20 5.80 5.50
Sept 2016 6.00 5.40 5.70
May 2017 5.11 5.60 9.00 7.30

*Data have been 'flagged' in yellow when thereraggor differences between TP1 and TP2. When therenajor differences
between TP1 and TP2, it is probable that one ofitleesamples was contaminated (usually the highkrey. Contamination
can occur when the sample water contains zooplarktother debris. Use caution when interpretingd@f that has been

flagged.

Blackstone Lake Cottagers’ Association

Lake Blackstone Lake
Station 461

Site ID 1

Description Mid lake, deep spo
Data Collector | LPP volunteer

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2000 6.00
2001 5.00
2002 4.67 24.40 19.20 21.80
2003 4.80 6.40 6.30 6.35
2004 4.32 7.09 7.81 7.45
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2005 4.44 7.20 9.10 8.15
2006 3.86 7.35 6.88 7.12
2009 3.70 7.26 10.26 8.76 3.50
2010 5.33 7.20 5.00 6.10 3.70
2011 5.23 6.20 6.60 6.40 3.73
2012 5.23 5.40 5.60 5.50 3.77
2013 4.75 6.80 6.40 6.60
2014 3.60 8.40 5.40 6.90 3.98
2015 6.20 5.80 6.00 3.80
2016 5.50 5.00 6.40 5.70 3.79
2017 4.33 12.0 11.60 11.80 3.72
Lake Blackstone Lake
Station 461
Year | Site ID Description | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L) Data Collector
2006 2 | Driscoll 1 5.0 4.6 4.84| MOE Northern Region
2006 3 | Driscoll 2 4.4 4.7 4.54 | MOE Northern Region
2006 4 | Driscoll 3 4.2 4.9 4.52 | MOE Northern Region
2006 5 | Driscoll 4 3.3 6.5 4.91| MOE Northern Region
2016 6 | BLO2 5.2 5.4 5.30| MOE Northern Region
2016 7 | BLO3 5.2 5.4 5.30| MOE Northern Region
2016 8 | BLO4 52 4.8 5.00 | MOE Northern Region
2016 9| BLO1 5.8 5.8 5.80| MOE Northern Region
Cranberry Lake
Lake Georgian Bay
Station 1013
Site ID 1
Description Mid lake, deep spot
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2017 11.80 12.40 12.10 2.98
Crane Lake Association
Lake Crane Lake
Station 1014
Site ID 1
Description Mid-bay, deep spot
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2004 4.67
2007 3.21 4.02 3.61
2008 3.40 3.47 3.44 3.80
2009
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2010 4.98 3.60 3.80 3.70 3.12
2011 4.76 6.00 5.60 5.80 3.69
2012 5.54 5.20 4.80 5.00 3.59
2013 4.84 5.60 5.80 5.70 3.46
2014 4.60 5.40 5.00 5.20 3.84
2015 4.84 5.20 5.20 5.20 3.70
2016 4.80 4.60 4.40 4.50 3.48
2017 5.20 5.60 5.40 3.52
Lake Crane Lake
Station 1014
Site ID 2
Description N end, off Marsh Is.
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2002 4.78 6.90 6.00 6.45
2003 4.57 4.50 5.90 5.20
2004 3.95 4.50 4.23
2005 3.06 3.60 3.33
2006
2007 3.31 3.38 3.35
2008 4.00 4.25 4.13 3.34
2009
2010 4.68 4.20 4.00 4.10 3.53
2011 4.40 4.80 4.80 4.80 3.28
2012 4.89 4.40 5.20 4.80 3.30
2013 4.70 5.00 5.40 5.20 3.19
2014 4.37 5.00 5.00 5.00 3.48
2015 4.56 5.80 6.20 6.00 3.60
2016 4.58 5.40 4.00 4.70 3.04
2017 4.80 4.60 4.70 3.32
Lake Crane Lake
Station 1014
Year | Site ID| Description | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L) Data Collector
2006 3 | Driscoll-1 2.80 3.14 2.97 | MOE Northern Region
2006 4 | Driscoll-2 3.02 2.81 2.92 | MOE Northern Region
2006 5 | Driscoll-3 6.09 6.09| MOE Northern Region
2006 6 | Driscoll-4 2.82 3.94 3.38| MOE Northern Region
2016 7 | CRO1 3.80 3.80 3.80| MOE Northern Region
2016 8 | CR0O2 4.20 4.40 4.30 | MOE Northern Region
2016 9 | CRO3 4.40 4.40 4.40 | MOE Northern Region
2016 10| CRO4 4.60 4.60 4.60 | MOE Northern Region
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Healey Lake Property Owners’ Association

Lake Healey Lake
Station 1924

Site ID 13

Description Pinebay, Deep spot

Data Collector

LPP volunteer

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2016 2.67 6.6 6.6 6.60
2017 2.86 8.20 7.60 7.90 1.90
Lake Healey Lake
Station 1924
Site Secchi TP1 TP2 | Average
Year | ID Description Depth (m)| (uo/L) | (ug/L) | TP (ug/L) Data Collector
2006 4 | Driscoll-1 5.85 6.55 6.20 | MOE Northern Region
2006 5 | Driscoll-2 6.54 7.29 6.92 | MOE Northern Region
2006 6 | Driscoll-3 10.25 9.50 9.88 | MOE Northern Region
2006 7 | Driscoll-4 5.62 4.86 5.24| MOE Northern Region
2016 8 | HEO1 5.2 5.0 5.10 | MOE Northern Regior
2016 9| HEO2 5.2 5.2 5.20 | MOE Northern Regiori
2016| 10| HEO3 4.8 4.6 4.70 | MOE Northern Regior
2016| 11| HEO4 5.6 5.6 5.60 | MOE Northern Region
2016| 12| HEO5 5.4 5.2 5.30| MOE Northern Region
Iron City Fishing Club
Lake Georgian Bay
Station 7064
Site ID 79
Description Iron City Bay, deep spot
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2016 10.20 10.40 10.30
Kapikog Lake Cottagers’ Association
Lake Kapikog Lake
Station 2230
Site ID 1
Description Stn 1, W end
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (pg/L)| Calcium (mg/L)
1991 3.45
1992 4.29
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1993 3.94
1994 4.31
1995 4.08
1996 3.96
Lake Kapikog Lake
Station 2230
Site ID 2
Description Stn 2, mid-lake

Data Collector

LPP volunteer

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
1991 3.50
1992 3.96
1993 3.84
1994 4.36
1995 3.88
1996 4.53
1997 4.38
1998 4.38
1999 4.51
2000 4.36
2001 4.25
2002 4.44 6.61 7.44 7.03
2003 4.5 4.53 4.86 4.7
2004 4 11.01 7.24 9.13
2005 5.21 5.48 5.35
Lake Kapikog Lake
Station 2230
Site ID 3
Description Stn 3, E end
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
1991 3.44
1992 3.71
1993 3.47
1994 4.04
1995 3.64
1996 4.24
Lake Kapikog Lake
Station 2230
Year | Site ID Description | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L) Data Collector
2006 4 | Driscoll-1 4.56 5.53 5.04 | MOE Northern Region
2006 5 | Driscoll-2 3.94 4.23 4.08| MOE Northern Region
2006 6 | Driscoll-3 4.41 4.38 4.39| MOE Northern Region
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| 2006 7 | Driscoll-4 | 4.71] 5.18] 4.95| MOE Northern Region |

Pointe au Baril Islanders’ Association

Lake Sturgeon Bay
Station 5209
Site ID 1

Description WSturgeonBay Prov.Pk
Data Collector | LPP volunteer

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
May 2003 23.45 21.65 22.50
May 2004 19.24 22.59 20.91
June 2004 25.15 24.74 24.95
July 2004 22.46 21.03 21.75
Aug 2004 20.87 19.95 20.41
Sept 2004 18.46 18.67 18.57
Oct 2004 20.17 20.92 20.55
May 2005 2.04 20.00 19.70 19.85
June 2005 18.80 19.40 19.10
Aug 2005 17.40 18.50 17.95
Aug 2005 20.40 23.50 21.95
Oct 2005 22.40 21.40 21.90
May 2006 17.10 16.78 16.94
June 2006 18.77 19.90 19.34
July 2006 15.31 14.32 14.82
Aug 2006 15.28 15.02 15.15
Sept 2006 17.01 16.20 16.61
Oct 2006 19.60 19.79 19.70
June 2007 1.48 17.87 17.25 17.56
July 2007 19.75 19.42 19.59
July 2007 14.13 14.84 14.48
Aug 2007 13.71 13.76 13.73
Oct 2007 20.85 22.87 21.86
May 2008 1.18 15.86 16.89 16.38 6.26
June 2008 23.19 25.61 24.40
Aug 2008 21.44 21.79 21.62
Sept 2008 20.71 20.38 20.55 5.76
Nov 2008 18.93 21.01 19.97
June 2009 1.18 20.25 19.74 19.99 4.72
July 2009 19.64 20.28 19.96
Aug 2009 19.47 19.31 19.39
Sept 2009 16.95 18.99 17.97
June 2010 1.67 17.80 17.20 17.50 7.11
July 2010 13.40 13.00 13.20 7.65
July 2010 13.60 14.00 13.80
Aug 2010 13.80 13.60 13.70
Sept 2010 22.00 21.80 21.90
Oct 2010 19.00 17.00 18.00
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May 2011 1.33 18.60 18.20 18.40 6.55
July 2011 16.40 16.00 16.20 8.90
Aug 2011 16.00 15.00 15.50 10.92
Sept 2011 19.80 18.40 19.10 10.06
Oct 2011 17.40 15.80 16.60 10.66
May 2012 1.18 17.60 17.00 17.30 7.96
June 2017 63.60 52.80 58.20 8.75
July 2012 22.20 22.40 22.30 9.89
Aug 2012 19.20 18.40 18.80

Sept 2012 23.40 22.00 22.70

Oct 2012 25.20 27.20 26.20

May 2013 1.16 15.80 16.60 16.20 6.09
June 2013 19.80 31.00 25.40 6.75
July 2013 18.80 17.60 18.20 8.04
Aug 2013 20.40 23.60 22.00

Sept 2013 19.40 19.60 19.50

Oct 2013 19.20 18.80 19.00

May 2014 1.27 15.60 15.20 15.40 5.34
June 2014 18.40 18.40 18.40 6.98
July 2014 11.60 11.40 11.50 7.14
Aug 2014 12.60 13.60 13.10

Sept 2014 12.80 13.20 13.00

Oct 2014 15.40 15.40 15.40

May 2015 1.59 17.20 16.60 16.90 5.80
Aug 2015 13.80 14.00 13.90

Sept 2015 10.20 10.40 10.30

Sept 2015 11.20 11.20 11.20

Oct 2015 10.80 11.80 11.30

May 2016 1.64 13.00 13.60 13.30 6.44
June 2014 11.80 12.60 12.20 7.72
Aug 2016 12.40 11.00 11.70

Aug 2016 12.80 13.20 13.00

Sept 2016 17.00 16.80 16.90

Oct 2016 15.60 16.80 16.20

May 2017 1.12 19.20 17.80 18.50 5.94
June 2017 16.60 18.40 17.50 6.34
July 2017 15.60 16.00 15.80 7.22
Aug 2017 17.60 17.20 17.40

Oct 2017 20.80 22.20 21.50

*Data have been 'flagged' in yellow when thereraggor differences between TP1 and TP2. When therenajor differences
between TP1 and TP2, it is probable that one ofitleesamples was contaminated (usually the highkrey. Contamination
can occur when the sample water contains zooplartktother debris. Use caution when interpretingd@f that has been

flagged.

Lake Sturgeon Bay
Station 5209

Site ID 2

Description Kenilworth & Skunk |

Data Collector

LPP volunteer
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Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
May 2003 22.57 26.72 24.65
May 2004 17.00 18.63 17.82
June 2004 20.25 22.56 21.41
July 2004 19.01 17.82 18.42
Aug 2004 22.22 22.89 22.56
Sept 2004 17.36 18.19 17.78
Oct 2004 28.33 26.99 27.66
May 2005 2.34 15.00 15.10 15.05
June 2005 16.50 16.40 16.45
Aug 2005 19.60 21.30 20.45
Aug 2005 26.00 23.30 24.65
Oct 2005 21.90 21.90
May 2006 16.14 17.26 16.70
June 2006 14.82 13.64 14.23
July 2006 13.44 12.16 12.80
Aug 2006 13.64 14.29 13.97
Sept 2006 15.32 15.90 15.61
Oct 2006 19.32 19.16 19.24
June 2007 1.58 15.51 18.52 17.02
July 2007 15.97 15.78 15.88
July 2007 15.75 15.97 15.86
Aug 2007 18.84 17.32 18.08
Oct 2007 23.23 24.63 23.93
May 2008 1.22 17.89 19.00 18.45 6.34
June 2008 17.92 13.77 15.85
Aug 2008 22.43 23.93 23.18
Sept 2008 19.78 20.40 20.09 6.22
Nov 2008 14.80 15.82 15.31
June 2009 1.48 15.95 15.33 15.64 4.96
July 2009 16.33 15.68 16.01
Aug 2009 17.18 16.62 16.90
Sept 2009 19.92 17.47 18.70
May 2010 1.87 10.40 10.60 10.50 6.89
July 2010 12.00 11.40 11.70 7.67
July 2010 12.40 12.80 12.60
Aug 2010 14.20 13.20 13.70
Sept 2010 17.40 16.00 16.70
Oct 2010 16.60 16.80 16.70
May 2011 1.45 17.00 18.20 17.60 6.67
July 2011 15.40 15.60 15.50 8.97
Aug 2011 15.80 16.00 15.90 11.09
Sept 2011 22.40 20.40 21.40 10.29
Oct 2011 18.00 17.80 17.90 10.48
May 2012 1.24 15.40 16.20 15.80 8.07
June 2012 18.00 21.20 19.60 8.90
July 2012 15.60 14.80 15.20 10.04
Aug 2012 23.00 24.80 23.90
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Sept 2012 20.20 18.80 19.50
Oct 2012 25.40 26.20 25.80
May 2013 1.24 18.00 16.20 17.10 6.09
June 2013 15.60 15.20 15.40 6.91
July 2013 14.80 14.20 14.50 8.14
Aug 2013 21.60 22.20 21.90
Sept 2013 18.80 19.00 18.90
Oct 2013 17.20 20.00 18.60
May 2014 1.52 16.40 17.40 16.90 6.32
June 2014 15.60 15.00 15.30 6.90
July 2014 11.20 11.80 11.50 7.12
Aug 2014 13.80 12.40 13.10
Sept 2014 13.20 14.00 13.60
Oct 2014 14.80 14.40 14.60
May 2015 1.69 12.40 12.60 12.50 5.88
Aug 2015 13.40 13.60 13.50
Sept 2015 9.80 9.60 9.70
Sept 2015 9.60 9.40 9.50
Oct 2015 12.40 12.20 12.30
May 2016 1.89 10.60 10.40 10.50
June 2016 10.80 11.20 11.00 7.60
Aug 2016 10.80 10.40 10.60
Aug 2016 10.40 10.00 10.20
Sept 2016 13.40 12.60 13.00
Oct 2016 15.00 15.20 15.10
May 2017 1.36 11.60 11.60 11.60 5.92
June 2017 13.60 12.60 13.10 6.56
July 2017 13.40 14.20 13.80 7.40
Aug 2017 14.00 14.40 14.20
Oct 2017 23.40 23.80 23.60
Lake Sturgeon Bay
Station 5209
Site ID 3
Description Pointe au Baril chan
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2003 24.40 18.86 21.63
May 2004 17.61 20.19 18.90
June 2004 18.02 22.80 20.41
July 2004 13.74 13.41 13.58
Aug 2004 13.53 13.16 13.35
Sept 2004 16.22 18.66 17.44
Oct 2004 12.91 13.39 13.15
May 2005 2.5 12.90 13.30 13.10
June 2005 19.20 15.80 17.50
Aug 2005 12.30 13.50 12.90
Aug 2005 13.70 19.20 16.45
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Oct 2005 14.00 14.30 14.15
May 2006 13.88 15.04 14.46
June 2006 8.38 8.01 8.20
July 2006 7.59 9.02 8.31
Aug 2006 13.30 13.91 13.61
Sept 2006 12.56 12.82 12.69
Oct 2006 17.06 18.07 17.57
June 2007 1.74 16.92 16.66 16.79
July 2007 16.34 17.38 16.86
July 2007 12.14 10.86 11.50
Aug 2007 10.82 9.70 10.26
Oct 2007 12.58 12.53 12.56
May 2008 1.35 18.84 21.41 20.13 3.40
June 2008 18.89 19.78 19.34
Aug 2008 17.14 19.24 18.19
Sept 2008 13.35 12.85 13.10 6.64
Nov 2008 13.00 14.21 13.61
June 2009 1.35 14.50 13.84 14.17 6.32
July 2009 15.18 13.78 14.48
Aug 2009 16.06 15.49 15.78
Sept 2009 14.98 14.62 14.80
June 2010 1.98 9.00 8.80 8.90 10.81
July 2010 8.00 7.80 7.90 13.47
July 2010 10.60 11.40 11.00
Aug 2010 12.00 12.20 12.10
Sept 2010 11.40 10.60 11.00
Oct 2010 12.20 13.20 12.70
May 2011 1.88 14.60 14.60 14.60 7.80
July 2011 14.40 11.80 13.10 13.80
Aug 2011 13.60 11.20 12.40 14.87
Sept 2011 13.40 14.40 13.90 14.86
Oct 2011 10.20 9.00 9.60 14.78
May 2012 1.67 14.20 13.80 14.00 9.15
June 2017 12.60 13.80 13.20 11.67
July 2012 14.60 14.00 14.30 14.40
Aug 2012 11.80 12.20 12.00
Sept 2012 15.00 15.20 15.10
Oct 2012 17.80 18.40 18.10
May 2013 1.87 16.00 16.20 16.10 4.82
June 2013 10.80 11.20 11.00 12.36
July 2013 9.60 10.00 9.80 15.80
Aug 2013 12.20 11.80 12.00
Sept 2013 13.40 12.80 13.10
Oct 2013 15.40 15.80 15.60
May 2014 1.57 15.60 15.40 15.50 2.60
June 2014 13.40 13.60 13.50 10.10
July 2014 11.40 11.00 11.20 10.20
Aug 2014 11.40 11.20 11.30
Sept 2014 12.60 12.60 12.60
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Oct 2014 15.80 16.80 16.30

May 2015 1.81 16.20 16.20 16.20 6.40
Aug 2015 11.00 11.00 11.00

Sept 2015 9.80 10.40 10.10

Sept 2015 8.40 8.40 8.40

Oct 2015 10.00 9.40 9.70

May 2016 1.89 12.80 13.40 13.10 6.26
June 2016 9.00 9.40 9.20 10.70
Aug 2016 7.40 7.60 7.50

Aug 2016 13.20 13.00 13.10

Sept 2016 12.40 12.20 12.30

Oct 2016 11.40 11.40 11.40

May 2017 1.50 14.60 14.80 14.70 6.16
June 2017 11.20 11.40 11.30 9.86
July 2017 11.80 11.20 11.50 11.70
July 2017 10.20 10.20 10.20 10.80
Aug 2017 17.20 16.60 16.90

Oct 2017 16.00 16.00 16.00

*Data have been 'flagged' in yellow when thereraggor differences between TP1 and TP2. When therenajor differences
between TP1 and TP2, it is probable that one ofitleesamples was contaminated (usually the highkre). Contamination
can occur when the sample water contains zooplarktother debris. Use caution when interpretingd@f that has been
flagged.

Lake Sturgeon Bay
Station 5209
Site ID 4
Description W of School House Is
Data Collector | LPP volunteer
Year Secchi Depth (m) TP1 (ug/L TP2 (ug/L) Averddge(ug/L) | Calcium (mg/L)
May 2003 21.33 17.90 19.62
May 2004 20.48 18.17 19.33
June 2004 16.33 15.13 15.73
July 2004 10.75 9.24 10.00
Aug 2004 15.30 16.95 16.13
Sept 2004 13.96 13.89 13.93
Oct 2004 21.26 19.12 20.19
May 2005 2.22 13.00 12.90 12.95
June 2005 17.10 25.50 21.30
Aug 2005 14.10 12.90 13.50
Aug 2005 16.40 15.60 16.00
Oct 2005 13.40 14.70 14.05
May 2006 13.32 14.02 13.67
June 2006 7.80 8.73 8.27
July 2006 10.88 13.03 11.96
Aug 2006 12.51 14.46 13.49
Sept 2006 12.13 10.69 11.41
Oct 2006 13.86 14.46 14.16
June 2007 1.9 14.46 14.52 14.49
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July 2007 11.89 11.87 11.88

July 2007 10.52 10.00 10.26

Aug 2007 9.69 9.10 9.40

Oct 2007 11.90 12.61 12.26

May 2008 1.57 17.09 16.17 16.63 5.12
June 2008 16.39 14.45 15.42

Aug 2008 14.61 16.08 15.35

Sept 2008 32.80
Sept 2008 13.38 12.92 13.15

Nov 2008 11.17 10.79 10.98
June 2009 1.73 13.05 13.20 13.13 6.94
July 2009 11.62 11.54 11.58

Aug 2009 16.31 15.71 16.01

Sept 2009 12.58 11.47 12.03
June 2010 2.13 9.20 9.00 9.10 10.47
July 2010 8.00 7.80 7.90 12.39
July 2010 9.60 9.00 9.30

Aug 2010 10.60 8.60 9.60

Sept 2010 12.00 12.20 12.10

Oct 2010 12.80 12.60 12.70

May 2011 2.21 14.20 15.00 14.60 9.07
July 2011 10.00 10.00 10.00 13.98
Aug 2011 10.00 10.60 10.30 17.86
Sept 2011 12.40 17.00 14.70 15.15
Oct 2011 9.40 8.60 9.00 15.56
May 2012 1.76 14.60 14.00 14.30 9.90
June 2017 10.40 10.20 10.30 12.07
July 2012 11.60 12.00 11.80 15.02
Aug 2012 14.20 15.20 14.70

Sept 2012 14.20 14.20 14.20

Oct 2012 16.40 17.20 16.80

May 2013 2.02 14.80 16.20 15.50 5.49
June 2013 10.60 10.20 10.40 12.91
July 2013 9.60 9.40 9.50 16.66
Aug 2013 10.60 10.80 10.70

Sept 2013 12.20 11.00 11.60

Oct 2013 12.20 11.00 11.60

May 2014 1.90 15.20 14.80 15.00 3.84
June 2014 10.20 10.00 10.10 9.44
July 2014 9.60 10.20 9.90 11.90
Aug 2014 10.20 10.00 10.10

Sept 2014 10.60 11.00 10.80

Oct 2014 14.20 14.60 14.40

May 2015 2.05 13.20 14.00 13.60 7.82
Aug 2015 10.20 10.20 10.20

Sept 2015 8.40 8.40 8.40

Sept 2015 9.00 9.00 9.00

Oct 2015 9.00 8.60 8.80

May 2016 2.25 11.20 10.40 10.80 6.74
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June 2016 9.00 8.20 8.60 11.20
Aug 2016 7.60 7.80 7.70
Aug 2016 9.00 9.40 9.20
Sept 2016 10.80 9.60 10.20
Oct 2016 10.20 10.60 10.40
May 2017 1.82 12.20 12.20 12.20 7.46
June 2017 10.00 10.00 10.00 10.60
Aug 2017 11.20 10.80 11.00
Oct 2017 15.20 14.40 14.80
Lake Sturgeon Bay
Station 5209
Site ID 5
Description N basin W-Sein/Driscoll 1
Data Collector | MOE Northern Region
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 2.20 14.44 13.82 14.13
2006 11.96 12.61 12.29
Lake Sturgeon Bay
Station 5209
Site ID 6
Description N basin E-Sein/Driscoll 2
Data Collector | MOE Northern Region
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 2.30 13.94 14.54 14.24
2006 13.21 14.44 13.82
Lake Sturgeon Bay
Station 5209
Site ID 7
Description N basin Mid-Sein/Driscoll 3
Data Collector | MOE Northern Region
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 2.40 16.22 14.79 15.50
2006 13.22 13.24 13.23
Lake Sturgeon Bay
Station 5209
Site ID 8
Description Mid bay narrows-Sein/Dris4
Data Collector | MOE Northern Region
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 2.20 15.32 15.78 15.55
2006 13.30 15.93 14.62
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Lake

Sturgeon Bay

Station 5209
Site ID 9
Description S basin E -Sein/Driscoll 5

Data Collector

MOE Northern Region

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 2.10 14.95 14.43 14.69
2006 13.33 13.99 13.66
Lake Sturgeon Bay
Station 5209
Site ID 10
Description S basin W -Sein/Driscoll 6
Data Collector | MOE Northern Region
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2005 1.60 14.67 13.96 14.32
2006 11.86 11.80 11.83
Lake Georgian Bay
Station 7064
Year | Site ID Description TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L) Data Collector
2015 74 | Sturgeon Bay SBI1 12.40 13.40 12.90| MOE Northern Region
2015 75 | Sturgeon Bay SB2Z 14.20 13.60 13.90| MOE Northern Region
2015 76 | Sturgeon Bay SB3 13.20 13.40 13.30| MOE Northern Region
Skerryvore Ratepayers’ Association
Lake Lake Huron
Station 6980
Year | Site ID Description | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L) Data Collector
2006 10 | Sein-Rathlyn Is 4.69 3.81 4.25| MOE Northern Region
2006 11 | Sein-Rathlyn Is 3.76 3.95 3.86 | MOE Northern Region
2006 12 | Sein-Rathlyn Is 2.77 3.64 3.21| MOE Northern Region
2006 13| Sein-Rathlyn Is 3.44 3.32 3.38| MOE Northern Region

South Channel Association

Lake Georgian Bay

Station 7064

Site ID 2

Description South Chan-Nutter Bay

Data Collector

LPP volunteer
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Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2002 6.00 6.40 5.40 5.90
2003 5.20
2004 6.35 5.92 6.13
2005 7.66 453 6.10
2006 8.50 6.99 4.60 5.79
Lake Georgian Bay
Station 7064
Site ID 16
Description Rose Pt.-Glen Burnie Mar
Data Collector | LPP volunteer |
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2004 10.61 11.13 10.87
Three Legged Lake Association
Lake Three Legged Lake
Station 5360
Site ID 1
Description Mid lake, deep spot
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (pg/L)| Calcium (mg/L)
2001 5.80
2002 7.11 4.28 5.70
2003 5.00 4.67 5.56 5.12
2004 5.20 3.50 3.20 3.35
2005 7.00 9.28 8.46 8.87
2005 3.11 3.22 3.17
2006 6.20
2012 6.85 2.70 2.60 2.65 1.65
2013 6.20 3.20 3.40 3.30
2014 4.00 4.00 4.00 1.58
2016 7.10
2017 5.44
Lake Three Legged Lake
Station 5360
Site ID 2
Description Mid lake, deep spot
Data Collector | Seguin Township
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2013 5.20 3.80 4.50
2015 3.20 3.00 3.10
2017 3.80 4.20 4.60 4.40 1.46
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Woods Bay Community Association

Lake Georgian Bay

Station 7064

Site ID 77

Description Woods Bay, deep spo

Data Collector

LPP volunteer

Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2016 4.13 15.40 14.20 14.80 2.96
2017 9.60 8.80 9.20
Other
Lake Conger Lake (pine
Station 963
Site ID 1
Description Mid lake, deep spo
Data Collector | LPP volunteer
Year Secchi Depth (m) | TP1 (ug/L) | TP2 (ug/L) | Average TP (ug/L)| Calcium (mg/L)
2002 7.63 7.28 7.46
2003 4.25 5.70 5.70 5.70
2004 4.30 7.17 5.69 6.43
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Appendix B — Temperature/dissolved oxygen resultof Sturgeon Bay

SB1 2016-07-28 2016-08-05 2016-08-23 2017-08-07
Depth| T(°C) | DO(mg/L) | T(°C) | DO(mg/L) | T(°C) | DO (mg/L) | T (°C) | DO (mg/L)
0 25.6 8.22 25.3 8.2 23.4 7.6 23.7 8.71
1 25.4 8.22 25.3 8.2 23.4 7.6 23.2 8.76
2 25.1 8.17 25.3 8.17 23.4 7.5 22.9 8.72
3 24.9 8.15 24.9 7.78 234 7.5 22.2 8.52
4 24.8 8.04 24.4 7.2 23.3 7.6 21.6 7.55
5 24.6 7.93 24.2 6.7 23/1 6.82 20.8 7
6 24.4 7.81 23.5 5 23.1 6.55 20.4 6.58
7 23.3 5.41 22.5 2.18 22.8 4.82 19.6 5.4
8 17.7 0.2 19.3 0.15 21.6 0.58 18.6 3.38
9 16 0.5 20.7 0.2 14.9 0.5
SB2 2016-07-28 2016-08-23 2016-09-28 2017-08-07
Depth| T(°C) | DO(mg/L) | T(°C) | DO (mg/L) | T(°C) | DO (mg/L) | T (°C) | DO (mg/L)
0 25.6 8.22 23.6 7.83 18.1 9.5 23 8.66
1 254 8.22 234 7.79 18.1 9.4 23 8.67
2 25.3 8.21 234 7.76 18.1 9.4 22.6 8.68
3 24.9 8.17 234 7.73 18.1 9.3 22.4 8.26
4 24.7 8.01 23.4 7.71 18.1 9.3 21.7 7.4
5 24.3 7.52 23.4 7.69 18.1 9.2 21 7.02
6 23.2 5.37 23.3 7.69 18.1 9.2 20.6 6.92
7 22.3 3.9 23.3 7.67 18.1 9.2 20 5.78
8 20.9 1.6 23.3 7.65 18.1 9.2 19.3 4.53
9 15.6 0.16 23.2 7.61 18.1 9.2 17.1 2.64
10 13.5 0.11 17.4 0.24 18 9.2 12.7 1.17
11 12.4 0.07 13.5 0.13 18 9.1 11.6 0.66
12 13.6 0.12 17.3 4.3 11.5 0.18
13 15.5 0.8
14 13.1 0.4
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SB4 2016-08-13 2017-08-07 2017-08-26
Depth| T(°C) | DO(mg/L) | T(°C) | DO (mg/L) | T (°C) | DO (mg/L)
0 24 8.08 23 8.64 21.7 8.87
1 23.9 8.07 23 8.63 21.6 8.78
2 23.8 8.07 22.9 8.59 21.2 8.45
3 23.8 8.05 22.6 8.34 21.1 7.96
4 23.7 8.04 22.5 8.09 21 7.47
5 23.7 8.02 21.8 6.92 20.9 7.47
6 23.5 7.75 20.6 6.5 20.9 7.23
7 23.4 7.55 19.9 5.73 20.8 7.09
8 23.3 7.05 19.3 4.9 20.8 7.02
9 22.4 4.22 18 3.35 20.6 6.49
10 15.5 0.25 14.2 1.8 17.9 0.46
11 13.5 0.17 12.2 1.15 14 0.26
12 12.5 0.12 11.5 0.63 12.2 0.17
13 12 0.11 11.2 0.28 11.8 0.14
14 11.3 0.12
SB9 2016-08-23 2017-08-26
Depth| T(°C) | DO (mg/L) | T (°C) | DO (mg/L)
0 24 8.37 21.1 8.55
1 24 8.36 21.2 8.47
2 24 8.35 21.1 8.39
3 24 8.33 21.1 7.99
4 23.9 8.32 21 7.68
5 23.9 8.29 20.9 7.54
6 23.9 8.24 20.7 6.65
7 23.9 8.22 20.5 6.41
8 23.8 8.15 20 6.42
9 23.7 7.86 19.8 5.29
10 17.3 0.22 19.2 1.54
11 16.2 0.17 18.1 0.25
12 16.2 0.14 17.9 0.18
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