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1. Introduction:
Lake management is a constantly evolving process given the ever changing character
of interrelated variables that comprise an aquatic ecosystem, from atmospheric deposition
to benthic nutrient recycling. Challenges arise from understanding not only the
complexity, but in viewing it across appropriate spatial scales. Currently the assessment
of Lake George ecosystem integrity is based on amalgamating discrete components
(water chemistry, stream flow, macrophyte surveys, atmospheric deposition, etc.).
Although this information proves indispensable for management decisions, its spatial
resolution is limited due to the vast size of Lake George and the logistics that adequately
covering it demands. The aim of this project was to increase the spatial resolution of the
understanding of the current state of Eurasian watermilfoil infestation in Lake George.
Traditionally, ascertaining the presence of milfoil has been spatially restricted due to
the time constraints demanded by SCUBA transects coupled with occasional third party
visual observations. Work completed for this contract represents the first successful
application of hydroacoustic technology to accomplish bay-scale surveys. The success of
the work described here makes it possible to effectively and accurately detail the
presence of milfoil throughout the littoral zone of Lake George, in approximately the
same time now allotted to traditional single transect methods. In addition to providing a
real time assessment of milfoil, the conducted survey work also provides relevant
information regarding other aspects of the littoral zone resources.
Although the target of this work was identification of milfoil, information gathered
during the process was also used to provide accurate bathymetric and plant resource maps
for all areas surveyed. This information will prove essential for establishing current
baseline metrics for evaluating future changes in littoral zone resource integrity.
Building upon the theme of increasing current knowledge of littoral zone resources for
future evaluations, this project also completed a successful delta formation survey, which
can be used in the future to evaluate ongoing concerns related to the expansion of these
entities throughout Lake George.

2. Background:
The work performed here was predicated on successful pilot projects conducted on
Dunhams, Sunset, Northwest and Sawmill bays, in 2006. Building on the preliminary
successes of these test projects, efforts were undertaken to expand the context and scope
of using hydroacoustic technology to provide accurate assessment of bathymetry, plant
percent cover, and presence of milfoil for four main Lake George bays (Warner, Huddle,
Basin, and Harris). Due to the efficiency of this project, additional work on Sandy bay
and the Finkle Brook delta were added beyond the initial scope of this project. All sites
are depicted in figure 1.
The hydroacoustic surveys were performed across the month of August, 2007, with
data analyses and mapping subsequently accomplished during the month of September.
Work was performed on Sandy Bay during September, and the Finkle Brook delta survey
performed in November and December due to unforeseen constraints on survey
equipment.
The completion of this project provides the Lake George Watershed Conference with
the following deliverables, which are either provided directly in this report, within the
accompanying presentation, or upon request in relation to specific database materials:
1. A hydroacoustic database for Harris, Warner, Huddle, Basin and Sandy bays
(these databases can be provided in excel format and tailored appropriately
depending on the requested information).
2. A hydroacoustic database for the Finkle Brook delta (this database can be
provided in excel format and tailored appropriately depending on the requested
information).
3. Detailed maps for each bay including the following:
a. Bathymetry for use as baseline criteria for future examination of possible
sedimentation changes, while providing a set matrix for integrating current
and future scientific results related to littoral areas.
b. Plant percent cover for use as baseline criteria for future examination of
changes and for use in evaluating current vectors for plant growth.
c. Detailed GIS site maps with locations of in-situ survey sites, with
presence, categorization, and area coverage for all milfoil sites.
3. Findings:
The completion of this project substantiates the effectiveness of hydroacoustic
technology in ascertaining several key aspects of the Lake George littoral zone.
1. Accurate and detailed bathymetry of not only the littoral zone areas covered, but
also the entire bay areas they are situated in. This information can be used to
ascertain future changes, for example with respect to delta formations, along with
providing a GIS matrix for future aquatic scientific efforts or for integrating

2

aquatic and terrestrial (watershed) efforts. Descriptions and detailed maps for the
surveyed bays are provided in the bathymetry section of this report.
2. A combination of land based and hydroacoustic techniques enabled the accurate
survey of the Finkle Brook delta. These results can be used for evaluating future
changes and whether or not they correlate to watershed activities. A detailed map
and description are provided in the delta section of this report.
3.

Bay-scale assessment of percent plant cover for providing both baseline resource
data and an avenue for evaluating future changes in nutrient dynamics and
possible connections to watershed activities. Descriptions and detailed maps for
the surveyed bays are provided in the plant cover section of this report.

4. Hydroacoustic surveys provided accurate assessment of milfoil presence in all the
bays surveyed. Results provided confirmation of 6 previously undetected milfoil
sites, 5 milfoil areas complimentary to existing sites, and 5 milfoil areas that
augmented or expanded upon current site areas. This technique proved successful
in identifying all known beds that were accessible. Accuracy of overall detection
exceeded 85%, where employable. Current survey design enabled assessment in
4 days on average for all bays surveyed. Constraints found included waters less
than a meter depth, heavy boat traffic, and inaccessibility. Detailed descriptions of
each of the survey bays, specifics and locations of found milfoil sites, and
designation and area cover of all identified milfoil areas is presented in the milfoil
presence section of this report.
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Figure 1. Completed 2007 Hydroacoustic Survey Sites
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4. Deliverables:
4.1. Eurasian Milfoil Presence
Approximately 1352 acres (exclusive of additional work performed at Sandy Bay) of
Lake George bay area was surveyed for the presence of Eurasian watermilfoil. Following
data analyses, a total of 36 potential sites were targeted for insitu verification. Insitu
investigation revealed the existence (scattered plants, clusters of plants, and beds) of
milfoil at 27 sites within the 5 bays. Following consultation with DFWI and the LGPC,
these sites were classified into 16 main findings, and categorized as additional previously
unknown sites (6), extensions or complimentary findings related to known beds (5), and
additional site location augments to large areas designated as single sites (for example the
entire southern portion of Warner Bay). These designations represent the addition of
approximately 13,558 m2 to the current milfoil inventory, with supplemental information
on approximately 9700 m2 related to previously documented occurrences in these bays.
A designation, type of milfoil found, and area of finding, for each of the designated
findings is presented below in Table 1. Detailed descriptions of the surveys conducted,
the insitu findings, and specific locations of milfoil within each surveyed bay are
provided in Appendix 1. Eurasian watermilfoil survey results.
Table 1. Milfoil Survey Results Total
Findings Designation*
Additional Complimentary Augmentation Milfoil Type
X
Bed
X
Bed
X
Singles
X
Clusters
X
Bed
X
Bed
X
Singles, Clusters
X
Singles, Clusters, Bed
X
Bed
X
Singles, Clusters
X
Bed
X
Bed
X
Bed
X
Bed
X
Singles, Clusters
X
Singles, Clusters, Bed

Area (m2)
138
986
10
29
265
1211
2300
1880
4528
6200
1500
280
650
2187
1000
100

6
5
5
(13,558) 23,249
* Designation is based on classification as a new listing (additional), as a complimentary
finding related to a known milfoil site, or an augmentation or addition to existing sites in
the approximate area.
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4.2. Percent Plant Cover
Following identification of milfoil sites, survey data from each of the four bays was
analyzed with respect to plant percent cover. Data was processed using the Biosonics
EcoSAV program and graphed using a Surfer8 mapping program. For each bay,
individual survey reports were classified with respect to plant cover and are presented as
post maps for ascertaining percentages and as 3D maps for determining positioning. A
brief summary of the findings for each bay are presented below. Specific post and 3D
maps for each bay can be found in Appendix 2. Percent Plant Cover Maps.
Basin Bay
The majority of the bottom of Basin Bay is devoid of plant cover. Approximately
55.9% of the surveyed points returned values between 0 and 1 % plant cover. In
addition, approximately 94% of all surveyed points returned values equal to or less than
50% plant cover (figure 1, appendix 2). Plant cover within the bay is found
predominately in a ring formation between 1 and 5 m of depth. The highest percentages
of plant cover are found in the northern docks area, directly adjacent to stream outlet on
the western shore, in relation to the central rocky shoal and with respect to the deeper
waters of the bay mouth (figure 2, appendix 2).
Harris Bay
Approximately 48.2% of the area surveyed in Harris Bay revealed plant coverage
between 0 and 1 %. Survey results revealed that 88.4% of the areas surveyed contained
plant cover of 50% or less (figure 3, appendix 2). The highest percentages of plant cover
were found in the shallow southern portion of the bay, with an additional large, but less
dense area of plant growth associated with the deeper water trench located in the upper
central portion of bay (figure 4, appendix 2).
Warner Bay
Approximately 33.7% of the area surveyed in Warner Bay revealed plant
coverage of between 0-1%. Surveys revealed that 65.5% of the areas covered contained
plant cover of 50% or less (figure 5, appendix 2). The highest concentrations of plant
growth were found throughout the southern end, within the small bay located on the
eastern side, and around the littoral perimeter of the upper section (figure 6, appendix 2).
Huddle Bay
Approximately 34.1% of the area surveyed in Huddle Bay revealed plant coverage of
between 0-1%. 68.5% of the areas surveyed were found to bear plant coverage of 50% or
less (figure 7, appendix 2). The highest concentrations of plant growth were found within
the heavily managed southern embayment. In addition, plant concentrations were noted
with respect to the area adjacent to Chic’s Marina in the north, and in association with the
Islands and shoals scattered throughout the bay.
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4.3. Finkle Brook Delta
In order to test the viability of hydroacoustics to accurately map delta formations on
Lake George, a pilot project was conducted on the delta associated with Finkle Brook.
This survey was conducted in two parts, one land based and the other water based. Land
based surveys consisted of a series of walked transects, with depth measurements coupled
with GPS coordinates via a hand held unit. Land transects were performed from shore to
a depth of 1m for all waters associated with the delta. The second part of the survey
consisted of measuring bottom depth in waters exceeding 1m depth. These surveys were
conducted using a boat and hydroacoustic equipment. Following completion of these
surveys, the data was combined, analyzed, and the results mapped to produce a 3D image
of the delta and its adjacent areas.

Finkle Brook Delta, 2007
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An approximation of the volume of delta sediment was produced by digitally
measuring the surface area of delta sediments and multiplying this value by two
estimations of sediment depth, 0.25 and 0.5 m, to provide an approximate volume range
for these sediments. The calculated Surface Area was approximately 6,436 m2, with
corresponding volume range of 1,609 m3 to 3218 m3 (0.25 to 0.5 m depth). It should be
noted that this is an approximation only, and that a correct volume can only be
determined with a combination of core samples, historic data, and precise criteria to
define expected sediment parameters.
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4.4. Bay Bathymetry
One of the benefits of utilizing hydroacoustics to determine milfoil presence is the
fact it also provides accurate depth measurements that can be used to create bathymetric
maps for all survey areas. Given such, efforts were undertaken to provide detailed
bathymetric maps for all the four main survey areas. The results of this work are
presented below for each bay. Although each bathymetric map is visually self
explanatory, it bears noting several key advantages to procuring and presenting this data
in 3D form. First, many factors associated with littoral zone process are related to some
extent to the physical parameters of the environment. For example, plant growth varies
with substrate and water depth (light penetration), so it should not be too surprising that
the predominant plant growth found in each of the bays is situated within the shallow
embayments, roughly between 1-3 m of water depth. Another interesting point is that
bathymetry also supplies insights into flow, when coupled with knowledge related to
inflow. As a final note, the true utility of this information is not the application of
producing bathymetry, but rather the establishment of a matrix of multiple sampling sites
for each bay. This information produces a network of information points for each bay
that can be augmented with additional data such as water temperature, flow, and
chemistry along with information also stored with respect to depth, plant cover, and
sediment type where applicable. And because each of these unique sample sites is
connected in time and space, this information can be amalgamated with or compared to
similar data already obtained with respect to watershed work. This now makes it possible
to measure the connectivity between the two regimes, and accurately evaluate the effects
change within one may have on the other. Bathymetric maps for each of the four survey
bays can be found in Appendix 3. Bathymetric Maps.
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Appendix 1. Eurasian watermilfoil Survey Results
Following data analyses, investigation sites were documented for each of the study bays.
Presented below are the results of these, with specific notations made for the presence of
milfoil, and if present, the type of formation found, its area and specific location.

Basin Bay
A total of three major sites and five subsites were targeted for insitu milfoil investigation
following hydracoustic survey work. A description of these, along with findings is
presented below.
Site 1 is located just off the Rainbow Beach area in the northern portion of Basin Bay.
Two subsites were identified, one directly south of the docks and swimming area, and
another located at the eastern portion. Investigations revealed large beds of dense native
plants but no milfoil was found.
Site 2 is located in a small bay on the western portion of Basin Bay, where Middle Brook
enters the lake. Survey of this area identified an extremely dense assortment of diverse
natives, forming a thick weed bank throughout the area. No milfoil was noted.
Site 3 is located in and around the hazard buoys located just north of Cotton Point. Three
subsites were investigated. Upon investigation a series of small beds, not very dense,
were noted along the rock ridge that forms this hazard. In addition to these beds,
scattered individual and clumps of milfoil plants were also noted.
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Basin Bay Sites
1

2

3

Site
1a
1b
2
3a
3b
3c

V
designation
50-75%
50%
75-100%
100%
No
100%

A
designation
Yes
No
Yes
Yes
Yes
No

Milfoil
type*
NA
NA
NA
B, P
S
B, S

Area
(m2)
NA
NA
NA
98
NA
35

Location
NA
NA
NA
N43 31.350 W73 39.837
N43 31.306 W73 39.881
N43 31.262 W73 39.885

* Notes: B is milfoil bed, S is scattered milfoil plants, and C is cluster or concentrations of individual plants, but not necessarily beds.
Areas are given for beds only.

Final Assessment
The three subsets for site 3 were combined and designated as a milfoil site to be added to
the current Lake George milfoil sites database.
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Warner Bay
A total of 6 sites and one large area were targeted for insitu milfoil investigation
following hydracoustic survey work. A description of these, along with findings is
presented below. Due to the size of Warner Bay it was subdivided into two regions,
upper and lower, with the upper area directly connecting with the main lake. Three sites
(1-3) were examined in the upper and four (4-7) in the lower.
Site 1 was located along the southwestern shore of the upper section, directly across from
a marina. Investigations revealed an extensive area of milfoil that consisted of some
clusters and a large dense bed running parallel to the shore.
Site 2 was located in the southeastern portion of the upper bay section. Investigations
revealed several single plants and a cluster of milfoil, no bed was found.
Site 3 was located at the southern extreme of the upper bay section, just north of the 5
mph marker buoys. Investigations revealed single, clusters, and a small bed of milfoil
located in and around a rocky shore.
Site 4 was located in the northeastern section of the lower portion of the bay, just
offshore of the refueling station. Investigations revealed the presence of a dense native
plant bed but no milfoil.
Site 5 was located along the northeastern shore of the lower section of the bay, directly
south of site 4. Investigations revealed a concentration of single plants and a dense
conglomeration of milfoil clusters, but no true bed found.
Site 6 was located directly south of site 5, along the eastern shore of the lower section.
Investigations revealed an extensive milfoil bed along with randomly dispersed clusters
at its outer extremes. Bed was confirmed as a previously known site.
Site 7 encompasses the majority of the shallow southern extreme of Warner Bay. Due to
the high percentage of potential hits in this area, several portions were selected for
investigations. These investigations revealed randomly dispersed single plants and a few
clusters for each area visited. Further investigation revealed that random dispersion of
milfoil plants was prevalent throughout this area. No beds were found.
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Warner Bay, Upper Section, Sites
1

2

3

4

5
6

7

Warner Bay, Lower Section, Sites
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Site
1
2
3
4
5
6
7

V
designation
100%
50-75%
75-100%
50-75%
75-100%
100%
50%

A
designation
Yes
No
Yes
No
Yes
Yes
Yes

Milfoil
type*
B
S, C
S, C, B
NA
S, C
C, B
S, C

Area
(m2)
986
NA
29
NA
265
1211
2300

N43 28.260 W73 38.032
N43 28.146 W73 37.777
N43 28.074 W73 37.852
NA
N43 27.957 W73 37.692
N43 27.932 W73 37.644
Various

* Notes: B is milfoil bed, S is scattered milfoil plants, and C is cluster or concentrations of individual plants, but not necessarily beds.
Areas are given for beds only.

Final Assessment
Sites 1 & 2 in the upper section of Warner Bay were added to the Lake George milfoil
site listings. Site 3 was added as a compliment to an already existing bed. The milfoil
found at sites 5 & 7 were added as an augmentation to existing bed designations in the
southern portion of Warner bay.
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Harris Bay
A total of 13 sites and one large area were targeted for insitu milfoil investigation
following hydracoustic survey work. A description of these, along with findings is
presented below. Due to the size of Harris Bay it was subdivided into two regions, upper
and lower, with the upper area directly connecting with the main lake. Four sites (1-4)
were examined in the upper and ten (5-15) in the lower.
Sites 1-4 were located in the southeastern portion of the upper section of Harris Bay.
Investigations revealed an extensive area of milfoil that consisted of single milfoil plants,
clusters, and a series of 4 milfoil beds that ran parallel to the shore along a rocky shoal,
which incorporated all four sites.
Site 5 was located just north of the yacht club, along the eastern shore. Investigations
revealed dense native plant growth, but no milfoil.
Site 6 was located just west of the danger buoys for the yacht club. Investigations
revealed dense native plant growth, but no milfoil.
Sites 7, 8, 9, and 10 were located just north of the Islands and directly west of the
channel in the lower portion of Harris Bay. Investigations revealed the presence of a very
large milfoil bed interconnected with several smaller beds. Additionally, investigations
also revealed another established milfoil bed that was located near these sites, but was not
covered by the original survey transects.
Site 11, 12, and 13 were located within the channel makers, between the Islands and the
eastern shore of the lower section of Harris Bay. Investigations revealed the presence of
single milfoil plants and randomly dispersed clusters throughout this area. No true beds
were found.
Site 14 includes the southern most eastern shore and areas directly north of the marina
located at the south end of Harris Bay. Investigations revealed that false positive
designations occurred due to water depths being less than 0.5m. No milfoil was found.
Sites 15 and 16 were not covered in the original survey due to inaccessibility. Site 15 is
located within the marina, and was surveyed separated via snorkeling. Site 16 is located
in less than 2 feet of water just off the south portion of the southernmost Island. Site 16
was also separately surveyed via snorkel. Each of these bed locations were obtained
from existing milfoil data.
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Harris Bay, Upper Section, Sites

1- 4

Site
1-4
5
6
7-10

V
designation
50-100%
50%
50%
75-100%

A
designation
Yes
No
No
Yes

Milfoil
type*
S, C, B
NA
NA
S, C, B

Area
(m2)
1880
NA
NA
4528

11-13
14
15
16

50-75%
No
Inaccessible
Inaccessible

Yes
Yes
Inaccessible
Inaccessible

S, C
NA
S, C, B
C, B

6200
NA
1500
280

N43 28.045 W73 38.534
NA
NA
N43 27.506 W73 38.718
N43 27.477 W73 38.702
N43 27.448 W73 38.728
N43 27.464 W73 38.592
NA
N43 27.587 W73 38.587
N43 27.388 W73 38.554

* Notes: B is milfoil bed, S is scattered milfoil plants, and C is cluster or concentrations of individual plants, but not necessarily beds.
Areas are given for beds only.
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Harris Bay, Lower Section, Sites
5
15

6
7-10

11-13

16
14

Final Assessment
Sites 1-4 were combined and added to the Lake George milfoil site listing. Findings at
sites 7-10, 15, and 16 were used to update current knowledge of existing site at those
locations. Findings at site 11-13 were used to augment current designation for existing
bed delineation for the lower Harris Bay milfoil site designation.
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Huddle Bay
A total of five main sites were investigated. Sites 1, 2, and 4 included multiple survey
areas. A description of each site and the findings is presented below.
Site 1 comprised the area in front of Chic’s Marina and the Algonquin, south to the 5mph
buoys, and east to the Sweetbriar Island. Four swim sites (delineated at 50 %) were
targeted for investigation. For all sites patches of heavy native plant growth were found,
but no milfoil. The only area noted to have milfoil was the Algonquin docks (1x).
Site 2 included waters west and south west of the unnamed island between Sweetbriar,
Hiawatha, and Clay Islands. Two swim areas were (100% delineation) targeted for
investigation. Investigations revealed one elongated milfoil bed located on a rocky shoal
extending from the southern portion of the island, a cluster of milfoil just south of this
bed, and another small milfoil bed located further south along the shoal.
Site 3 was located along the southeastern shore of the Huddle Bay. This site included
several areas that showed a high percentage of hits. Investigations revealed a very large
dense milfoil bed along with associated clusters and single plants along its extremities.
Site 4 included three areas in the southern portion of Huddle Bay. Investigations
revealed the presence of clusters and single milfoil plants, no true bed was found.
Site 5 was located at the northern extreme of the swimming area for Villa Denapolli.
Investigations revealed dense native plant growth to the surface in very shallow waters,
no milfoil was found.
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Huddle Bay Sites

1x

1

2

Site
1
1x
2

V
A
designation designation
50%
No
NA
NA
100%
Yes

Milfoil
type*
NA
B
S, C, B

Area
(m2)
NA
NA
650

3
4

75-100%
50-75%

Yes
Yes

S, C, B
S, C

2187
1000

5

75%

No

NA

NA

NA
NA
N43 32.602 W73 39.424
N43 32.587 W73 39.424
N43 32.316 W73 39.648
N43 32.272 W73 39.782
N43 32.239 W73 39.746
N43 32.233 W73 39.733
N43 32.245 W73 39.664
NA

* Notes: B is milfoil bed, S is scattered milfoil plants, and C is cluster or concentrations of individual plants, but not necessarily beds.
Areas are given for beds only.
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Huddle Bay Sites

3

4
5

Final Assessment
Milfoil at Site 2 was added as an additional bed in the Lake George milfoil site inventory.
Findings from site 3 were used to compliment current knowledge of the existing bed at
that site. Findings from Sites 4 were used to augment current understanding of the nature
beds in this managed area.

19

Sandy Bay
Due to its close proximity to both Warner and Harris Bays, a truncated exploratory
survey was conducted at Sandy Bay. Analyses of the data revealed showed one potential
site for investigation.
Site 1 was located directly offshore of the Boats by George Marina. Investigations
revealed the presence of single plants, a few clusters, and a small milfoil bed.

Site
1
•

V
A
designation designation
100
Yes

Milfoil
type*
S, C, B

Area
(m2)
82-100

N43 28.419 W73 38.409

Notes: B is milfoil bed, S is scattered milfoil plants, and C is cluster or concentrations of individual plants, but not
necessarily beds. Areas are given for beds only.

Final Assessment
Findings from Site 1 were included as an additional bed in the Lake George milfoil site
inventory.
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Appendix 2. Percent Plant Cover Maps
Figure 1. Basin Bay plant cover post map.
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Figure 2. Basin Bay plant cover 3D map.
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Figure 3. Harris Bay plant cover post map.

Harris Bay Plant Cover, 2007
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Figure 4. Harris Bay plant cover 3D map.
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Figure 5. Warner Bay plant cover post map.

Warner Bay Plant Cover, 2007
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Figure 6. Warner Bay plant cover 3D map.
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Figure 7. Huddle Bay plant cover post map.

Huddle Bay Plant Cover, 2007
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Figure 8. Huddle Bay plant cover 3D map.

Huddle Bay Plant Cover, 2007
100
90
80
70
60
50
40
30
20
10
0

Plant Percent Cover

28

Appendix 3. Bathymetric Maps
Basin Bay Bathymetry, 2007

Depth contours are in meters
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Warner Bay Bathymetry, 2007
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