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The Connecticut Agricultural Experiment Station was founded in 1875. It is chartered
by the General Assembly to make scientific inquiries and conduct experiments re-
garding plants and their pests, insects, soil and water, and to perform analyses for
state agencies. Station laboratories are in New Haven and Windsor, and research

farms in Hamden and Griswold.

Equal employment opportunity means employment of people without consideration
of age, ancestry, color, criminal record (in state employment and licensing), gender
identity or expression, genetic information, intellectual disability, learning disability,
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(including blindness), race, religious creed, retaliation for previously opposed dis-
crimination or coercion, sex (pregnancy or sexual harassment), sexual orientation,
veteran status, and workplace hazards to reproductive systems unless the provisions
of sec. 46a-80(b) or 46a-81(b) of the Connecticut General Statutes are controlling or
there are bona fide occupational qualifications excluding persons in one of the above
protected classes. To file a complaint of discrimination, contact Dr. Jason White, Di-
rector, The Connecticut Agricultural Experiment Station, P.O. Box 1106, New Haven,
CT 06504, (203) 974-8440 (voice), or Jason.White@ct.gov (e-mail). CAES is an affirm-

ative action/equal opportunity provider and employer. Persons with disabilities who

require alternate means of communication of program information should contact
the Chief of Services, Michael Last at (203) 974-8442 (voice), (203) 974-8502 (FAX),

or Michael.Last@ct.gov (e-mail).
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Figure 1. Staffordville Reservoir (state listed species
areas in red crosshatch).

Introduction

Staffordville Reservoir is a
149-acre waterbody located in
Stafford Springs, CT. The east,
south, and southwest shorelines
contain numerous single-family
residences while the northern
and northwest shorelines are
primarily wooded. Located on a
peninsula in the southwest cor-
ner of the lake are Staffordville
School and a town beach. Stud-
ies on the lake are limited with
the first performed by the Con-
necticut Board of Fisheries and
Game in the mid-1950’s (State
Board of Fisheries and Game,
1959). This work stated the lake

was an artificial impoundment with an area of 165 acres formed by the construction

of a stone and masonry dam across Furnace Brook. The average depth was 3 m (10

ft) with a maximum depth of 5 m (16 ft), and the substrate consisted of sand, coarse

rubble, boulders, and mud. Aquatic vegetation was classified as “scarce in all areas.”

An update on Staffordville Reservoir and its watershed was reported by the Connect-

icut Environmental Review Team (2006). This report gave detailed information on

lake management, watershed characteristics, planning considerations, wildlife, state

listed species, and archeology. Although no lake studies were performed, pre-pub-

lished work on Staffordville Reservoir by the newly formed Connecticut Agricultural

Experiment Station Invasive Aquatic Plant Program (CAES IAPP) was mentioned. This

will be discussed later in this report.
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Figure 2. Locations of invasive aquatic plants in Connecticut lakes by CAES IAPP.

CAES IAPP (2020) has performed detailed aquatic vegetation surveys of 251 wa-
terbodies (Figure 2). Surveys of Staffordville Reservoir were conducted in 2005, 2012,
and 2019. These surveys found that contrary to the scarcity of plants found in the
1950’s, a diverse array of largely non-nuisance native plant species was present (Fig-
ure 3). Brazilian waterweed (Egeria densa) was the only invasive (non-native) species
observed and is known to occur in only four other Connecticut waterbodies (Figure
2). It is a common aquarium plant and its introduction facilitated by careless or uni-
formed release of aquarium contents. Public Act 04-203 banned Brazilian waterweed
from sale in 2004; however, it still is occasionally found in pet stores (June-Wells et
al., 2012). Connecticut is experiencing a rapid spread in invasive species. Of greatest
concern is extensive infestation of a genetically distinct strain of hydrilla (Hydrilla

verticillata) in the Connecticut River that could be moved to Staffordville Reservoir.
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Objectives

Review past information on
the aquatic vegetation in Staf-
fordville Reservoir with specific
reference to the three CAES
IAPP surveys. Review the poten-
tial aquatic plant management

options and their feasibility.

Materials and Methods

CAES IAPP Aquatic Plant

; Figure 3. Abundant plants in the northern section of
Surveys and Mapp ng Staffordville Reservoir.

We surveyed Staffordville Res-

ervoir for aquatic vegetation in mid to late summer in 2005, 2012, and 2019. Sur-
veys were conducted from a small boat traveling over areas shallow enough to
support aquatic plants. Plant species were recorded based on visual observation
or collections with a long-handled rake or grapple and identified using the tax-
onomy of Crow and Hellquist (2000a, 2000b). Quantitative information on abun-
dance was obtained from fifteen 80 m transects positioned perpendicular to the
shoreline. These were set out in 2005 with a Garmin GPS and refined in 2012
using a Trimble® GPS with sub-meter accuracy. Transect locations represented the
variety of habitat types occurring in all portions of the lake. Sampling locations
were established along each transect at points 0, 5, 10, 20, 30, 40, 50, 60, 70,
and 80 m from the shore. Abundances of species present at each point were
ranked on a scale of 1-5 (1 =rare, a single stem; 2 = uncommon, few stems; 3 =
common; 4 = abundant; 5 = extremely abundant or dominant). Significant differ-
ences in the frequency of occurrence of plant species between years along tran-
sects were determined using analysis of variance (ANOVA) followed by Tukey’s

post-hoc test (p < 0.05). Significant differences in species richness per transect
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point were determined by + one standard
error of the mean (SEM). One specimen of
each species collected in the reservoir was
dried and mounted in the CAES aquatic
plant herbarium, and digitized mounts

can be viewed online (portal.ct.gov/caes-

iapp).

Water Sampling

Water was sampled from Staffordville Reser-

voir during each survey at the same site lo-

cated in a deep portion of the lake (Figure

4). Water temperature and dissolved oxy-

gen were measured at a depth of 0.5 m

(1.5 ft) and at 1 m (3 ft) intervals thereaf- Figure 4. CAES IAPP biologist testing water
ter until 0.5 m (1.5 ft) above the bottom. for transparency.

We obtained water samples at 0.5 m (1.5 ft) below the surface and above the
bottom. Sample size was 250-mL, and all samples were stored at 3°C (37°F) until
analyzed for pH, alkalinity, conductivity, and total phosphorus. A Fisher AR20 me-
ter was used to determine pH and conductivity. Alkalinity (expressed as mg/L CaCQO,)
was quantified by titration with 0.016 N H,SO,to an end point of pH 4.5. We deter-
mined total phosphorus using the ascorbic acid method preceded by digestion with
potassium persulfate (APHA, 1995). Phosphorus was quantified using a Milton Roy
Spectronic 20D spectrometer with a light path of 2 cm and a wavelength of 880 nm.
Water was tested for temperature and dissolved oxygen using an YSI 58 meter.
Transparency (water clarity) was measured by lowering a six-inch diameter black and

white Secchi disk into the water and determining to what depth it could be viewed.
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Figure 5. Aquatic plant survey of Staffordville Reservoir 2019.
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Figure 6. Aquatic plant survey of Staffordville Reservoir 2012.
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Figure 7. Aquatic plant survey of Staffordville Reservoir in 2005.
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Results and Discussion

Aquatic Plant Surveys

CAES IAPP surveys found a
relatively high level of biodi-
versity of plant species in all
years; however, the abun-
dance of any one species often
changed substantially
amongst surveys (Table T).
In the 2005, 2012, and 2019
surveys a total of 27, 29, and
29 plant species were ob-
served respectively (Figures 5,
6, 7). Not all were on transect
points accounting for the
slightly reduced number of to-
tal species shown in Table 1
(25, 25, and 28 respectively).

Shoreline vegetation in-
cluded arrowhead, bur-reed,
golden hedge-hyssop, picker-
elweed, pipewort, spikerush,

and waterwort. These plants

Table 1. Aquatic plants on transects in Staffordville Res-
ervoir.

were sparse and generally not a nuisance. Benefits include protection of the shoreline

from erosion and valuable wildlife habitat. Optimal littoral zone plant coverage

ranges from 20% to 40% in Connecticut lakes (Jacobs and O’Donnell 2002). Emergent

vegetation such as white and yellow water lily and watershield were common in the

shallow northern and southern portions of the reservoir as were submersed plants

such as eelgrass, pondweeds and waterweeds. A noticeable shift in the plant com-

position occurred in many parts of the reservoir from charophyte (an algae that much
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looks like a plant) in 2005 to eelgrass in
2019. Eelgrass can become a nuisance,
but more often it is a valuable habitat for
fish and other aquatic organisms. In
2012, Brazilian waterweed was found in
the lake (Figure 8). This is an invasive
plant CAES IAPP has found in only four
other lakes in Connecticut (Figure 2), and
the potential for this plant to spread to
other waterbodies warrants concern. In
2014 and 2015, as part of a study on
control of Brazilian waterweed in Fence
Rock Lake, Guilford, CT, CAES IAPP set
up a grid pattern in the southern portion
of Staffordville Reservoir where the

plant’s presence or absence was moni-

Figure 8. CAES IAPP herbarium mount of
Brazilian waterweed taken from Staffordville
Reservoir in 2012.

tored (Figure 9). The intent was to use Staffordville Reservoir as an untreated control

to compare with Fence Rock Lake that received an herbicide treatment (Bugbee et

Figure 9. Presence or absence of Brazilian waterweed on grid pattern

in 2014 and 2015.
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al., 2020). A
marked decline oc-
curred in Stafford-
ville Reservoir in
2015 that was at-
tributed to the low-
ering of the water
level during the
previous winter.
This negated the
value of the grid

patterns and they
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were abandoned. When CAES IAPP performed the next full survey of Staffordville

Reservoir in 2019, no Brazilian waterweed was found. A similar decline in Brazilian

waterweed occurred in Moodus Reservoir (CAES IAPP, 2018), suggesting the plant is

not particularly hardy in Connecticut.

Aquatic Plant Survey on Transects

The CAES IAPP transects laid
out in 2005 provide the best
available quantitative data on
changes in the aquatic plant
community as the 150 georefer-
enced points can be revisited to
nearly the exact position during
each survey. In 2005, 2012, and
2019, we found Staffordville
Reservoir had a total species
richness (number of species) of
25, 25, and 28, respectively (ta-
ble 1). The only invasive found
was Brazilian waterweed and
this occurred only in 2012. This
places Staffordville among the
most species rich lakes CAES

IAPP has surveyed. Native spe-

Figure 10. Species richness and frequency of oc-
currence and in Staffordville Reservoir over time.

cies richness on transects showed no significant change overtime (£ 1 SEM) while

native species frequency of occurrence significantly declined (Tukey HSD, p > 0.05)

from 67.3 percent in 2005 to 52.0 percent in 2019 (Figure 10). Brazilian waterweed

represented the only invasive species and was found only in 2012 on 12% of the

transect points.
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Figure 11. Dissolved oxygen and temperature profiles in Staffordville Reservoir over time.

The most common plants found on the transects in all years were arrowhead,
floating bladderwort, humped bladderwort, purple bladderwort, and spikerush.
Snailseed pondweed showed a marked frequency of occurrence fluctuation from 3.3
percent in 2005 to 34 percent in 2012 and 6.7 percent in 2019. Native eelgrass
steadily increased from 1.3 percent in 2005 to 10.7 percent in 2012 to the most
frequently occurring plant in 2019 with 18.7 percent. When native frequency of oc-
currence and species richness is high, as is the case for Staffordville Reservoir, the
native plant community may provide resistance to invasion from non-native plant

species (Capers et al., 2007).

Water Chemistry

The transparency in Staffordville Reservoir was showed a decline from 3.2 meters
(10.5 feet) in 2005 to 2.0 meters (6.6 feet) in 2019. When comparing transparency
between 1935 and 1980, Frink and Norvell (1984) found a considerable decline over
time. Our findings over the 14 years may reflect this or natural variability not ac-
counted for by the small number of observations. As transparency is reduced, a de-
cline in plant species in deeper parts of the lake may occur due to light limitation.
Temperature profiles in Staffordville Reservoir (Figure 11, right) ranged between 18
and 28°C (64 and 82°F). Little change occurred with depth each year indicating min-
imal temperature stratification that is common in deeper lakes. Surface dissolved

oxygen remained high in all years (Figure 11, left) and only showed a substantial
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decline near the bottom in 2005. Low oxygen levels near the bottom can release

phosphorus from the sediment and enrich the lake and promote algal blooms.

Table 2. Water chemistry in Staffordville Reservoir over time.

Transparency | Depth | Alkalinity Conductivity | Phosphorus

Date Latitude | Longitude (m) m (Caco, mg/L) pH (us/cm) (opb)
8/11/2005 | 42.01228 | -72.25539 3.2 23 'Ig(f’S gg ;gg '1533
9/8/2012 | 42.01224| -72.25559 2.3 gg ::122 g; g:g 181'_72
9/9/2019 |42.01215| -72.25551 2.0 (3)(5) 2: gg 3168 18;)0

The alkalinity, pH and conductivity for Connecticut lakes average near 22 mg/L
CaCoO,, 7.0 and 95 ps/cm respectively (CAES IAPP 2020). Alkalinity in Staffordville
Reservoir ranged between 8.3 and 12.0 mg/L CaCO; with the lowest levels in 2019.
This suggests the alkalinity of the lake has changed little since 2005. The pH of the
surface water fell within a narrow range of 6.5 and 6.8 while the bottom water ranged
between 6.0 and 6.6. The conductivities of Staffordville Reservoir were similar at both
depths in 2005 and 2019, ranging between 71 and 86 ps/cm. In 2012 the conduc-
tivities lowered to 53 ps/cm at both depths. Changes in conductivities can be influ-

enced by differences in rainfall or inputs of salt such as that used in road deicing.

Phosphorus concentrations are a key indicator of the eutrophication state of
lakes. High levels of P can lead to nuisance or toxic algal blooms. Lakes with P levels
from 0 - 10 pg/L are considered nutrient-poor or oligotrophic. When P concentrations
reach 15 - 25 ug/L, lakes are classified as moderately fertile or mesotrophic and
when P reaches 30 - 50 pg/L they are considered fertile or eutrophic (Frink and
Norvell 1984). Lakes with P concentrations over 50 pg/L are categorized as extremely
fertile of hypereutrophic. The P concentration Staffordville Reservoir’s surface water
ranged from 8 - 19 pg/L with the highest present in 2005 and the lowest found in
2019 (Table 2). Bottom water had higher concentrations of P which ranged from 11
to 52 pg/L. As with the surface water, the highest concentration occurred in 2005.

This partitioning of P between the surface and bottom water is common in the
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Figure 12. CAES IAPP tests benthic barriers in Lake Beseck, Middlefield CT.

summer as anoxic conditions release P from the sediment (Frink, 1969). Compared
to deeper lakes where water stratifies markedly each summer, the shallow nature of
the reservoir likely keeps this phenomenon to a minimum. The decreasing trend in
P enrichment from 2005 to 2019 is encouraging, but its validity could be questioned

because of the small number of test dates.

Aquatic Vegetation Management Options

Staffordville Reservoir currently contains a highly diverse community of mainly
desirable native aquatic plants. The vegetation should provide many benefits includ-
ing habitat for fish and other aquatic organisms, removal of nutrients, and protection
of the shoreline from erosion. Recreational activities such as fishing, boating, and
swimming as well as real estate values do not appear to be adversely affected. Still
vigilance is needed as lakes with desirable native vegetation can rapidly worsen when
invasive species are introduced, or eutrophication increases through improper wa-
tershed management. When deciding on management options, care must be taken
not to degrade the native plant community and provide a niche for more troublesome
non-native invasive species (Capers et al., 2007). In addition, the presence of state
listed species will result in greater regulatory scrutiny of the proposed strategies

(Figure 1).
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Figure 13. Dry dredging (left) and wet dredging (right)

The first line of defense against the introduction and spread of invasive species
is prevention. Education, control of boats being launched into the lake, and frequent
surveys to detect new introductions are important. Watershed protection with an em-
phasis on reducing nutrient inputs can also be beneficial. Small pioneer infestations
are far easier to eliminate than large established infestations. Introductions from the
Staffordville School is a concern as plants such as Brazilian waterweed and other non-
native aquatics are often used in educational aquariums or biology classes. Well-
meaning but ill-informed release can occur when the plants are no longer needed. If
small populations of nuisance species appear in the reservoir, localized management
is suggested. This includes hand or mechanical removal or the installation of benthic
barriers (Figure 12). CAES IAPP has tested these barriers and found that they can be
effective when placed for as little as one month.

Controlling aquatic weeds in large lakes with extensive areas of desirable native
vegetation requires techniques that target the nuisance vegetation. Options include
deepening the lake by dredging, water level drawdown, harvesting, biological con-
trols, bottom barriers and herbicides (Cooke et al., 2005). Apart from water level
drawdown costs can be high and often prohibitive. Dredging removes nutrients in
the sediment. This deepens the water body and restricts aqutic plants through de-
crease fertility in the substrate and reduced available light. Dredging offers the
promise of returning the water body to conditions like those at its inception and can
be an excellent long-term solution when combine with practices that minimize ero-
sion and nutrient inputs. Unfortunately, it is impractical for most lakes. Dry dredging

requires draining all or part of the lake and excavating the overburden (Figure 13,
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left). Because Staffordville
Reservoir has a dam that al-
lows the lake to be lowered,
dry dredging would be an
option for the areas that are
exposed. If the material in
the lake bottom is sand,
gravel, or other marketable
material, the cost of dredg-
ing can be significantly off-

set by its sale. Wet dredging

removes sediment while the gig,re 14, Monitoring sediment temperature and mois-

lake is fully or partially filled ture during a deep winter drawdown of Lake Beseck, CT
in 2019.

(Figure 13, right). Usually,

the dredge spoils are stored in nearby drying beds, and this requires suitable land.
Both types of dredging are disruptive to lake ecology. Dry dredging is particularly so
because the lake may be without water for years. The permitting process for dredg-
ing through the CTDEEP, the United States Army Corp of Engineers and the town is
lengthy, expensive and often unsuccessful. Partial dredging or removal of sediment
to an insufficient depth often yields disappointing results. Approximately 60 acres
of 960-acre Bantam Lake in Litchfield, CT, were dredged from 1982 to 1990. About
370,000 cubic yards of sediment were removed at a cost of 1.7 million dollars
(Baystate Environmental Consultants, Inc., 1992). Although some weed control was
achieved, many areas of weeds remained in undredged areas and locations that were
not dredged sufficiently deep.

Water level drawdown can be effective and inexpensive means for managing nui-
sance aquatic vegetation (Figure 14). Weed control by winter drawdown can be af-
fected by weather. Deep drawdowns are possible in Staffordville Reservoir because
the dam has a submersed outlet that allows the water level to lowered at least seven

feet (Town of Stafford, 2014). Often deep winter drawdowns are used when weed
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Figure 15. Cut and capture harvesting machine in Lake Zoar, CT (left). Hydroraking machine
in Lake Quonnipaug, Guilford, CT (right).

problems become acute while shallow drawdowns are utilized when weed issues are
less severe and protection of shoreline structures from ice are desired. Some weeds,
like milfoil, have root systems and other plant parts that can survive substantial dry-
ing (Standifer and Madsen, 1997), and best results occur if the bottom sediment can
freeze. CAES has been monitoring the yearly drawdowns in Candlewood Lake and
has observed rapid regrowth of vegetation in drawn down areas (Bugbee and
Stebbins, 2019). This is likely because root systems were not exposed to tempera-
tures less than -5°C (23 °F) for many days (Lonergan et al., 2014) which rarely occurs.
Deep drawdowns could negatively affect the populations of fish and other aquatic

organisms and therefore are typically not done very year.

Harvesting or mechanical removal has the benefit of providing immediate con-
trol, but problems include rapid regrowth, finding suitable disposal sites and spread-
ing of weeds by fragmentation (Cooke et al., 2005). Weeds like milfoil (Madsen, et
al, 1991) and fanwort spread by the rooting of broken pieces and harvesting can
distribute fragments throughout a lake. These weeds also have strong root systems
that will cause regrowth. Usually, harvesting needs to be done each year. Harvesting
techniques include hand removal, sometimes with divers, machine cutting and cap-

ture (Figure 15 left), hydroraking (Figure 15 right), and suction harvesting.
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Aquatic herbicides can be effec-
tive in controlling unwanted aquatic
vegetation (Figure 16). Their use re-
quires permits from the CTDEEP.
Some of the most widely used
aquatic herbicides in Connecticut
are fluridone (Sonar™, Avast™), di-
quat (Reward™), 2,4-D (Navigate™,
AquakKlean™), Glyphosate (Rodeo™),

Florpyrauxifen-benzyl (Procel-
Figure 16. Application of ProcellaCOR to Bashan
Lake, East Haddam, CT to control variable water-

Imazamox (Clearcast™), Imazapyr Milfoil.

laCOR), Flumioxazin (Clipper™),

(Habitat™) and Triclopyr (Renovate™). Products such as Florpyrauxifen-benzyl, Flu-
ridone, 2,4-D, glyphosate, imazamox and triclopyr are translocated throughout the
plant, causing dieback of the roots and shoots resulting in longer term control. Di-
quat and flumioxazin destroys only foliage, and regrowth from the roots is likely.
Fluridone requires many weeks of
contact time and therefore is not
well suited where rapid dilution is
likely. Glyphosate is sprayed directly
on plants and is effective only on
weeds like water lily and watershield
that have large areas of foliage
above the surface. Herbicide treat-

ments often cause damage to non-

target organisms, are controversial g re 17, Introduction of sterile grass carp into
among stakeholders, and can be Candlewood Lake to control Eurasian watermilfoil.

cost prohibitive. Staffordville Reservoir is in a state listed species area (Figure 1) and
treatments would need clearance from the CTDEEP Natural Diversity via an additional

permit. Specifics on the use of aquatic herbicides in Connecticut are found in the
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CTDEEP (2005) publication entitled “Nuisance Aquatic Vegetation Management: A
Guidebook.”

Although efforts are underway to find biological controls for nuisance aquatic
vegetation, breakthroughs have been limited. CAES IAPP has worked with officials
from the United States Department of Agriculture to find new plant pathogens and
insects that control nuisance aquatic plants with little success. Plant-eating fish,
called grass carp (Ctenopharyngodon idella), can effectively reduce the populations
of certain aquatic weeds (Figure 17). Often it is an “all or nothing” procedure where
if not enough fish are introduced, effects are minimal, and if to many are introduced
both nuisance and desirable vegetation are eliminated. The introduction of grass
carp into Connecticut lakes requires approval by the CTDEEP. In Connecticut, only
sterile grass carp (triploid) are permitted. They are usually 10-12 inches in length
when introduced (Figure 17) and can grow to over 30 inches. All lake inlets and
outlets must be screened to prevent movement of the fish. These screens must be
CTDEEP approved and cannot interfere with the flow of water or the integrity of the
dam. The screen must be kept free of debris to prevent flooding. Written approval

by all lakefront landowners may be necessary.

Conclusions

The shallow nature of Staffordville Reservoir makes it prime habitat for aquatic
vegetation. Change has occurred since the 1950’s when plant growth was classified
as “scarce in all areas” to its 2005 - 2019 condition where vegetation was diverse and
abundant. The only invasive species, Brazilian waterweed, was observed by CAES
IAPP in 2012, 2014, and 2015 but none was found in 2019. This may be explained
by its likely because of its marginal hardiness in Connecticut. Apart from the areas
of water lilies and native submersed vegetation in the shallow north and south ends
of the Reservoir, vegetation usually does not reach nuisance levels. Fish and other
aquatic organisms are likely favored by the lakes current vegetative state. Still, vigi-
lance is needed as this condition could worsen if invasive species are introduced.

Occasional winter drawdowns have likely reduced overall vegetation, yet not to the
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extent that aquatic habitats have been negatively affected. Connecticut is experienc-
ing a rapid spread in invasive species. Of greatest concern is extensive infestation of
a genetically distinct strain of hydrilla (Hydrilla verticillata) in the Connecticut River
that could be moved to Staffordville Reservoir. Routine surveys for this plant and
others as well as educating and monitoring boaters that enter the lake can help pre-
clude a large-scale future problem. Citizen lake watchers or hired lake professionals
could help accomplish this activity. Staffordville Reservoir is fortunate to have the
capability to perform up to a seven-foot winter drawdown if necessary. When per-
formed with discretion, management of nuisance vegetation and protection of shore-
line structures should be attainable at little cost. Management techniques such as
harvesting, bottom barriers, dredging, triploid grass carp and herbicides are other

alternatives, but each has additional disadvantages compared to drawdown.
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Invasive Plant Description
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Transect Data
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