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Study Background



Candlewood Lake

> Lands from the 5 surrounding towns
O SR PR\ crc flooded in 1928 to create
Candlewood Lake as a source of
PR “': hydroelectric power.

'I > 11 miles long, 2 miles wide, and a

max depth of 90 feet.

> Part of the Housatonic Watershed,
and gets its water from the

Housatonic River.

> Currently owned by Firstlight.



Eurasian Water Milfoil

Eurasian water-milfoil
Myriophyllum spicatum
(Non-native)

Northern water-milfoil
Myriophyllum sibiricum
(Native)

1. Borman, S. “Eurasian Water-Milfoil, Myriophyllum Spicatum (Non-Native).”

DCIST Publications, Door County Invasive Species Team ,
map.co.door.wi.us/swed/invasive/Publications.htm.

2Marsicano, Laurence J., et al. "An historical account of water quality changes in
,

Candlewood Lake, Connecticut, over a sixty year period using paleolimnology and 5

ten years of monitoring data." Lake and Reservoir Management 11.1 (1995): 15-28. % "

> |nvasive species from Europe, Asia, and North Africa
> Can be up to 10 feet long in Candlewood Lake
> Become a significant issue in recent years due to changing lake
conditions?
> Many methods of control have been attempted, but none have been
successful
o Milfoil Weevils, unsuccessful ( 2008-2013)
o Chemicals proposed, but were rejected by town of New
Fairfield (2016-2017)




About the Triploid
Grass Carp
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Why Carp?

> Used in Ball Pond ! in New Fairfield to
successfully contain Milfoil populations,
as well as in many other bodies of water
across the US 23,

In Candlewood Lake

> Triploid Grass Carp (TGC) were added
to Candlewood Lake in 2015.

> Currently, there are about 8,000 TGC in
the lake.

1 Mark June-Wells, Timothy Simpkins, A. Michael Coleman, William Henley, Robert Jacobs, Peter Aarrestad, George Buck,
Cynthia Stevens & George Benson (2017) Seventeen years of grass carp: an examination of vegetation management and
collateral impacts in Ball Pond, New Fairfield, Connecticut, Lake and Reservoir Management, 33:1, 84-100

2 Mark B. Bain, David H. Webb , Michael D. Tangedal & Larry N. Mangum (1990) Movements and Habitat Use by Grass
Carp in a Large Mainstream Reservoir, Transactions of the American Fisheries Society, 119:3, 553-561, DOI:
10.1577/1548-8659(1990)119<0553:MAHUBG>2.3.CO;2

3 Daniel W. Beyers & Clarence A. Carlson (1993) Movement and Habitat Use of Triploid Grass Carp in a Colorado
Irrigation Canal, North American Journal of Fisheries Management, 13:1, 141-150, DOI: 10.1577/1548-
8675(1993)013<0141:MAHUOT>2.3.CO;2




LAllen Jr, Standish K., and Robert J. Wattendorf. "Triploid grass carp: status and management implications.” Fisheries 12.4
(1987): 20-24.

2Lewis, George W. "Use of sterile grass carp to control aguatic weeds." Cooperative Extension Service, The University of
r a S S a r p a ‘ S Georgia College of Agriculture and Environmental Sciences, Georgia, USA. Leaflet 418 (1999).

3Stich, Daniel S., Yan Jiao, and Brian R. Murphy. "Life, death, and resurrection: accounting for state uncertainty in survival

estimation from tagged Grass Carp." North American Journal of Fisheries Management 35.2 (2015): 321-330.

> On average, Grass Carp range between 23.5 and 29.5 inches long

o Largest fish ever found was 4.6 feet, and 88 pounds in weight
> Grass Carp will over double their size from spring to fall
> Native to Asia, but have been introduced all over the world

o Herbivorous diet

o Can control aquatic plants?
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Hypothesis:

Triploid Grass Carp (TGC) are found in the vegetative

beds they use to forage In.



Prediction:

TGC prefer areas with a high concentration of
Eurasian Milfoil because it is a readily available
food source.



Methodology
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Methodology

In 2016, 48 Radio tagged Triploid Grass Carp were introduced
in the lake. All have a unique radio frequency.

The 48 carp were released in groups of 12 at 4 sites: New
Fairfield, Candlewood Lake Club, Sherman, and Danbury.

Our study consisted of scanning 63 different sites, spread out
over 5 regions of the lake.

Our equipment consists of a R410 Receiver and a Three-
Element Yagi. These are used to pick up the radio signals of the
tagged carp.




Methodology

Collecting Data:

Once at a site, we scanned through all channels
for the 48 carp systematically.

If we heard a fish, we would pause, and place
the yagi closer to the water. If we could still hear
it, we could confirm that the fish is at that site.

We then pinpoint its location within that site,
and record its number on our maps (next slide).
The location was then input digitally in Google
Maps per individual fish.




Methodology
How were the data evaluated?

On Google Maps, every TGC ‘sighting” was recorded. We then measured the distance between the
two sites that the fish moved to. For consistency, the most linear path to sites was used.

The average overall distance moved for each TGC was then calculated. These numbers were then
compared to Milfoil bed sizes.

Movement per day was also calculated, by adding up all movements for a specific fish, and then
dividing it by the number of days in the study (43).

Milfoil bed area was obtained from the location to which the TGC moved. The sizes of the beds
were taken from GIS, and were mapped by the state. These numbers were based on beds in 2014.



M Et h Od O | Og})Ir analysis?

How many TGC can we usé
Every TGC was treated as a trial. 48 fish, 48 trials.

> 34 out of the 48 TGC, or 71% of the carp were used in the final data based on

0 Never Observed: TGC that had never been seen were eliminated from the final data, 17%

(8 fish)

© Number of times seen: TGC had to have been “seen” at least three times between 2016

and 2017. 10% of fish had been seen less than three times (5 fish)

o Vitality: if the average overall movement of the TGC was below 200 m, the fish was

eliminated from the final data, 2% (1 fish)



Results and Discussion



2016 Sightings

2016 Observations
(Fish Stocked)

Observed Once

[ ] [ ] Observed Twice
t I I I l ‘ S I Observed 3x
Observed 4x

we ‘hear’
each fish? 2017 Sightings

2017 Observations
(Fish Stocked)

How does our study compare to others? Observed Once

Ours (total): 83% (40/48) Observed Twice

Observed 3x

Lake Texanna, Texas: 73% (69/95) e
serve X

Guntersville Reservoir, Alabama: 95% (21/22) Observed 5x

Lake Harris, Florida: 53% (19/36)



Is TGC Movement Normal?

Our study, Candlewood Lake:

> TGC moved an average of
66.3 m/day

> Size of Lake: 8.469 mi?

> Fish moved less than
expected based on other
studies, but Candlewood

Lake is significantly smaller.

Lake Marion, South
Carolinal;

> TGC moved an
average of 290
m/day

> Size of Lake: 171.9
mi2

1Foltz Study: Foltz, Jeffrey W., J. Philip Kirk, and K. Jack Killgore.
“Movements and Habitat Use of Triploid Grass Carp in Lake Marion,
South Carolina." March 7~ 95 1994 Gainesville, Florida (1994).

Guntersville Reservoir,
Alabama?;

> TGC moved an
average of 270
m/day

> Size of Lake: 107.8
mi?

2 Bain Study: Bain Mark B. , Webb David H. , Tangedal Michael D. &
Mangum Larry N. (1990) Movements and Habitat Use by Grass Carp
in a Large Mainstream Reservoir, Transactions of the American
Fisheries Society, 119:3, 553-561, DOI: 10.1577/1548-
8659(1990)119<0553: MAHUBG>2.3.CO;2



At a glance: Are TGC Moving?

> 8 fish (24%) stayed at their release point
> 10 fish (29%) went from a larger bed to a smaller bed

> 16 fish (47%) went from a smaller bed to a larger bed

Difference in Milfoil Bed Size vs Fish Number
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Carp Movement vs. Milfoil Bed Size

No disti .. ) Distance Fish Moved vs Milfoil Bed Size
0 |st|pct positive or negative .
correlation between Carp movement e ° o °
and the size of the Milfoil beds. 5 vroco
Three distinct regions seen in the scatter < 12000
plot 2 10000 °
. . . . . = e ° ° g
Majority of points located in the region = 5000 ° o
of low movement, no matter the bed g sooo -
size § o . °
. (SN e © 8 ®
Larger the bed size, the less movement e '.1 oL g .-, e ]
. °8 8o e 8 °
Over 6,000 m 0 2 4 6 8 10 12 14 16 18 20
Milfoil Bed Size (Acres)




Carp Movement vs. Size of Milfoil Bed at Release Point

Average Distance Moved vs Size of Release Weedbed
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P-Value: Level of Conclusion:
Significance:

0.4028 0.05 0.4028 > 0.05

About the t-test:

By comparing every single movement of every fish
deemed reliable enough for the study, from both 2016
and 2017, we could see if the difference between
movements of fish released in large beds were
statistically significant. However, because our P-Value
was greater than our level of significance, the differences
are statistically insignificant, meaning that the fish appear
to move the same, regardless of the bed size they were

ntradii~rad +A

2016+ 2017 Entire My
Bed Size

50}
36,576
59.436 | SMALL

Data table used in the
calculation of the T-test




Discussion

Is carp movement dependant on Milfoil bed size?

> Although the number of carp found in weed beds is significant, our analysis does
not suggest that there is a significant difference between carp movement in small
versus large Milfoil beds.



Discussion

Further Research
> Additional data collection

O Continue to collect more data on the movement of fish to more accurately test if the prediction is

significant
O More radio tagged TGC added to the lake
> Time

O Years of data collection may be required in order to see a significant difference in movement of fish in
large beds versus small beds due to the depletion of Milfoil over time

o Similar studies have been conducted for ten years or more!

1 * M? Mark June-Wells, Timothy Simpkins, A. Michael Coleman, William Henley, Robert Jacobs, Peter Aarrestad, George Buck, Cynthia Stevens & George Benson (2017) Seventeen years of grass carp: an examination of
vegetation management and collateral impacts in Ball Pond, New Fairfield, Connecticut, Lake and Reservoir Management, 33:1, 84-100 ark June-Wells, Timothy Simpkins, A. Michael Coleman, William Henley, Robert Jacobs,
Peter Aarrestad, George Buck, Cynthia Stevens & George Benson (2017) Seventeen years of grass carp: an examination of vegetation management and collateral impacts in Ball Pond, New Fairfield, Connecticut, Lake and
Reservoir Management, 33:1, 84-100



Conclusions:
Are the Carp Effective?



> This study demonstrates that the carp are surviving in the milfoil beds. It suggests that
areas of high milfoil concentration and managed recreational activity support high
concentrations of grass carp. The slide below is the same cove over 2 years. It supports
a significant number of grass carp in a predictable fashion. Significantly less milfoil was
observed in 2017.

Allen’s Cove, Sherman
July 13th, 2016 ’ July 18th, 2017F




New Milford

Fish 27’s, aka Willie
Schwartz, Movement

Q July 27th
v May 30th, 2017

’ September 21st Brookfielg

5

New Fairfield

Fish 18’s Movement
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