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SectionA. Overview

Freshwater guatic macrophyteare the larganacroscopic aquatic plants foundlakes and pondas
opposed to the smaller and microphytic algae or phytoplanktdacrophytes have himtically been
classifiedinto four classes based on their locatiemergent, submersed, floatifeaved or free floating.

Each group has unique characteristics and can have unique distributions in ponds and lakes. The
distribution of macrophytes in tHigtoral zone(the extent of aquatic plant cover in a pond or lales) be
influenced by numerous factors including sedimewisd, water clarity and trophic statusA recent
Diagnostic/Feasibility Study on Martins Pond describes these conditions irdstaii€Lyon, 2007).

Exotic and invasive macrophyte species invasions have exerted a strong influence onpsivall@and

lake systems. In New England, several invasive species have proliferated throughout freshwater bodies in
the region (Hellquist 1998 Given the ecological importance of freshwater systems, there is keen interest

in characterizing the influence of nuisance, snative species such as fanwort on the distribution of both
native and nomative macrophytes. In addition, there is gredérest in developing and pursuing
effective control measures for these nuisance species. Unfortunately, there are often limited data
available for pre and postontrol measure comparisons or to predict the impacts of various control
measures on targetespes abundance and distribution. There are two critical invasive species currently
impacting Martins Pondzanwort (Cabomba carolinian&ray)andWater Chestnut (Trapa napang..).

Fanwort is an aquatic plant originating in the neotropics and other
southern temperate climates tHads spread from incidental release from
aquariums. Once established, fanwort is an extremely persistent and
competitive plant. It is a submersed, floating perennialrist surface

in late summer, producing tiny white flovgewith oval floating leaves.
Below the waterlinefanwort tas distinct fan shaped leaves that vary in
color from grass green to olive gre@m,sometimes even reddisinown

(see illustratioron leff).

Water chestnut is native to
Europe and Asia. s a rooted,
floating plant that invades
... | shallow to deep, fresh wate

habitats. It typically forms
dense, floating mats. Leaves on the surface of the water
alternate, triangular in shape, strongly toothed. The subme
leaves are feathery and eith@pposite or alternate (se
illustration on right).

This report summarizegquatic plant survey results fror
Martins Pondin 2009 four yearsafter mechanical harvesting &y
was performedo reducethe abundance and spatial distribution =3t
of fanwort. This reportalsoprovidesa broader analysis @il | *°
aquatic plant species found in Martins Pond #edr abundance
since 2002 Longterm monitoring results are the best way
assess the impacts of mechanical harvesting on the entire aquatic
plant community.

Merrimack College Department of Biology 3
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Light, Turbidit y and Color in Martins Pond

Light is arguably the most important limiting factor regulating macrophyte and algae growth in Martins
Pond. One of the most critical aspects of the current study is the impact of the relatively high water color
levels in Marins Pond (and in the Skug River, its tributaries and several other ponds in the watershed) on
light attenuation through the water column. Color alone, at median levels found in Martin Pond, can
reduce available light by 1f3at depths of only 0.4 m. Ll attenuation is further exacerbated by the
relatively high turbidity levelgonsistentlyobserved in the pond. Combined, these factors are effectively
limiting macrophyte growth, the extent of the littoral zone and the spatial and temporal scald of alga
blooms. In addition, low water clarity is creating conditions unfavorable for swimming.

A summary of the interconnections and feedbacks between turbidity, color, nutrients and other critical
components of shallow eutrophic lakes (such astifaiPond are shown in Figure.1l Management
efforts that alter turbidity, nutrients, macrophyte or other components shown in the Figure, will have
repercussions on the entire system. For example, any significant reductions in turbidity will likely result
in increased macrophyte growth, expansion of the littoral zone and increased susceptibility to algal
blooms. Such a result might ultimately be counter to the objective of improving the recreational potential
of Martins Pond.
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Figure 1. A summary of interdationships between aquatic plants (macrophytes) and other factors in
shallow eutrophic systems such as Martins Pond.
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Section B. Martins Pond

Martins Pond (segment MA9203804) is a Great Pond in the CommonwealthiMafssachusetts and
covers some 9&cres. It is a Class B water body meaning that is designated for supporting aquatic life
and recreational usdslartins Pond idisted under th&'ear 2004 Integrated List of Watg203d] list) as
animpaired water body due to turbiditypxious aquatic pants, exotic species and metals (Lyon, 2007).

The area surrounding Martins Pond is highly congested, with a few Town owned parcels in a matrix of
small, private landholdings. The area was historically a summer camp vacation spot that evolved into year
round residences during the Depression. Some of the basic limnological characteristics of Martins Pond
summarized fronthe 2007 Diagnostic/Feasibili§tudyare noted below in Table 1.

Table 1 Basic Limnological Characteristics of Martins Pond

Pond sirface area 37.2ha (91.9 a@)
Maximum depth 247 m (8.1ft)
Mean depth 1.25m (4.11t)
Volume 638,764m° (517.85 adt)
Length of shoreline 3002 m (9847 f
Osgood Ratib 2.03

Shoreline Development Indéx  1.38

Watershed area 199 ha (4927acres)
Watershed area/Lake area ratio ~54:1

Hydraulic residence time 10.1 days

!Based on a pond elevation of 74.5 feet based on Burroughs Road Gauge
2 Osgood ratio = mean depth / sqgrt of surface area (Osgood 1988)
3Shoreline Develoment Index (SDI) Fength of shoreline / 2(sqrtfA])

The pond is obviously shallow with a mean depth of 4.1 ft and a maximum depth of 8.1 ft. Based on this
2005 remapping of the bathymetry of the pond, the volume was estimated to be approximatelyl 638,76
m® (518 acrefeet or some 168.744 million gallons). This was determined by calculating the volume of
water of a frustrum of a circular cone based on the surface area of the top and bottfiraeatitn of

pond depth. The volume of the pond was presiip reported to be between 414 afget (Anderson

Nichols and Lycott 1985) and 500 adext (EceControl 1972). That corresponds to between some 135
and 163 million gallons of surface water. The newer estimate is much closer to {6erEou estima.

Of course, the elevation of the pond will change its volume (see FEMA Flood Study: USACE 2004).

Merrimack College Department of Biology 5
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Recent History of Aquatic Plant Surveysin Martins Pond

PreviousSampling To assess the diversity of native macrophyte species, their axthe pesence of
nuisance exotic specids Martins Pond, existing macrophyte ddta the pondwere reviewed andall
guantitative datdrom previous studiesvere compiled includingintensive macrophyteusveys in 20Q

and2004 and ley resultsfrom thesestudiesarepresented in this reportn addition,in an effort to control

fanwort in Martins Pond, mechanical harvesting was undertaken in July 2005. To assess the impacts of
the harvesting on fanwort and other macrophyte species, an intensive survey wastecofict
conductedn late July 2006 (Lyon, 2006) Similar surveys wereconducted in late August of 20Q[zyon,

2007) and August 2008 (Lyon, 2008nd this report summarizes the findings of the latest survey
conducted idate July and early August 0029,

Overall, in 2005 (preharvest) andn 2006,2007 2008 and 2009, one, two, thraad four years after
harvesting, respectivelthe aquatic plant surveyentered on quantifyinthe composition andspatial
distributionof all speciesn Martins Pondand not just fanwort.

However due to the importance of fanwort asiaisancespecies in Martins Pond and its targetfog
managementMerrimack Collegespecificallymapedand analyzeé the spatial distribution of fanwoin
2002, 20052006 2007 and2008using a Geographical Information System (Gl&)nking the aquatic
plant surveg with GIS allowed ugo simultaneoushquantify both fanwort abundance and spatiadtent
in an effort to better assess thagtermimpacts of mechanical harvesting famwortin Martins Pond

It is critical to note that in late July and early August 2009, the first water chestnut plants were
identified on Martins Pond. This is a critical new threat that will require immediate management.

Merrimack College Department of Biology 6
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Section C Macrophyte Samgding and Analysis Methods

Macrophyte(aquatic plant) sampling in 26Gvas conducted by Memack College personnel fro20

July to 1 August20®. These sampling dates were chosen to correspond with peak biomass levels of
macrophytesn the pond In addition to the2009 survey, this report also summarizes the results from
previouspondwide macrophyte samplingpnducted by Merrimack College in yudnd August of 2002,
2004,2005 2006 2007and 2008 Sampling in 2005 was conducted in late June to Imie timeline for
mechanical harvestin(in July 2005).

In each year prior to harvesting (2002, 2004, 2005) arah year after harvestitg006 2007, 2008

2009), the same sampling procedures were followeduadic plantsampling was conducted arying

depth intervalsusingsome 36386 transects that covered the entire littoral zone optirel Transects

were spaced at regular intervals along the shoreline and extéondedhe shoreline towards thgond

center and traversed the dital zone into the limnetic zoneln 2007 2008 and 2009 some additional
sampling points were added outside existing transects to ensure full spatial coverage of the littoral zone
including verifying therewas no plant cover in the limie zone In 2009 the entire shoreline was
traversed by canoe to locate water chestRot. each ample pointwe usedhefollowing method:

e The depths of all sample locations weecorded to the nearest 0.1 ft

e Arake sampling method was used to assess macrophyte abundance and frequency of
occurrence at each sampling site (Deapé Lathrp 1993; Weaver et al. 1997; Yin et al.
2000)

e Four replicate samples were taken at each sampling point. Aquatic plants (floating and
submerged) recovered from th@mpling devicevere assigned an abundance rating
ranging from O (nopresent) to 5 (very almgant)

e Both average species abundance and percent occurrence at each sampling point were
calculatel based on the four replicates

¢ In 2009 a total of179sample points were sampled arZRlhad macrophytes present;
high turbidity made quadrat and/or hias sampling highly impractical

e Percent occurrence of each species was determined by dividing the number of sample
points were each species was found by the tatadber of sample pointsfotal
abundance for species was determined by summing the abenghres over all
sampling points

e Taxonomy follows Crow and Hellquist (2000a; 20Q0bdn-native species designations
follow Sorrie and Somers (1999)

The sediment layer at the bottom of the Pond takes up som&% ®f the potential volume of the pond.

The IEP Study in 1977 reported a sediment depths ranging from 14 to 20+ ft. The 1985 D/F Study
(AndersonNichols and Lycott 1985) reported a mean sediment depth of some 8 ft and depths ranging
from O ft at sandy shorelines to 15+ ft in the northern dfalfie pond. Regardless of the exact percentage

of the basin that is currently occupied by organi
typical of shallow, eutrophic pond systems. The depth to bedrock beneath the pond was dstibeated

some 40 ft (AnderseNichols and Lycott 1985).

With respect to the organic content eflsnens in Martins Pond e EceControl Study (1972) reported

that 2ft surface sediment cores had betweerd3% organic matter (mean = 40.5%). In the curren

study, 128 sediments samples were collected at sites chosen all around the Pond and the mean organic
matter content was 40.6% (SE = 1.7).

Merrimack College Department of Biology 7
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Figure 2shows the location foall the sample points for the 20Q8acrophyte survey.A similar

distribution of aquic plant sample points wassedin all the previousquatic plant surveys conducted by
Merrimack College.
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Figure 2. The location of aquatic plant sample points (red triangles) fa2QB8, 4yearpost

harvest survey are not@uthe large figure on theleft. Data from aotal of 179 sample points

was collected, witli22sample points having &ast some macrophytes presehihe smaller
figure on theright is a bathymetric map of Martins Pond generated in 2007.
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SectionD. Pre-Harvesting Fanwort Distribution and Abundancein Martins Pond

Cabomba caroliniangfanwort) is a problematic nemative invasive specigsundin Martins Pond and
throughout portions of the northeastern US (Hellquist 1998). Understanding its spatial distribution,
occupancy of the littoral zone and relationship with depth are important variables that require
guantification in developing and implementing effective management plans.

Fanwort abundance has exhibited a pattern of changing aburalashakstributionfrom year to year in
Martins Pond.Figure3 provides a comparison of the abundance and distribution of fanwort in 2002 and
in 2005 in Martins Pond. The original impetus for the 2005 harvesting program was the high density of
fanwort observed in 2002Lyon ard Eastman, 2006 However, by 2005 both the distribution and
abundance of fanwort had decreased substantially (see Tab&r2jar shoriterm changes in fanwort
abundance were noted in the IEP (1977) study. They cited pond surveys in 1968 and 1869 by
Department of Environmental Quality Engineering. The 1968 and 1969 surveys indicated high density
and widespread distribution of fanwort in the littoral zone. However, by 1976, fanwort density was
substantially lower.

Fanwort Distribution in Martins Pond Fanwort Distribution in Martins Pond
July 2002 June 2005
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Figure 3. A comparison of fanwort distribution and abundance in Martins Pond in 2002 (left)
and 2005 (right).Darker shades of green (2002) and red (2005), represent higher densities of
fanwort. The 2005 distributiomepresents conditiorgior to mechartal harvesting.
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Section E PostHarvesting Macrophyte SurveyResults

Figure 4 shows the 2005 mechanical harvesting map for Martins Pond. All Areas with the exception of
Area A (2.2 acres) were harvested in 2005.

2005 Mechanical Harvesting Areas

AreaB - 27 acres
/'/\ 7@‘

Area A - 2.2 acres

AreaC - 1.8 acresl

Figure 4. The harvesting map created
for Aquatic Control Technologinc., to
guide their mechanical harvestiimg

July 2005 A total of four harvesting
areaqin red) were proposed. The total
proposed harvesting area was
approximately8.8 acre$9.4% of the
pondd s aThe extent of the littoral
zone is shown by the blue lindll

Areas except Area A were harvested in
2005.

Area D - 2.1 acres|

Table 2 provides both an overview of the recent macrophyte abundance in Martins Patad are
presented that anarior to harvesting as well as timeost recenpostharvesting survey results for 2009
Variability in species abundance of both fanwort and other species was clearly evident between years,
even over relatively short periods of tineed.,2002 to 2005) angrior to any harvesting or management
activities The abundance of fanwohias beervariable between years, showing a decline prior to the
mechanical harvesting in 20@md low levels in 20062007 and 2008 In 2009 fanwort occurrence
decreasednly slightly from 2008

Fanwort covemwassimilarin 2009 relative to 200&nd was higher than the low, péstrvesting levels
observed i2006 and 20G@. In 2009, fanworstill remainedconsiderably lowethan pre-harvestlevels

All other species sampled in ZD@ere verysimilar in occurrenceo thosein 20. In addition, he total
number of speesfoundin 200 wasonly 14. While this findingmay beinfluenced in part by sampling
error, it does suggest théte number of species found with similar sampling effort is variable from year
to year.

Merrimack College Department of Biology 10
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Table 2. A comparison ofhe density and occurrence of macrophytem previous quantitativetudies on
Martins Pond.All values presented from 2002 to 208@percent ) occurrences of each species based on
the number of sample points were each species was found divided by the total number of sample points.

Aquatic Plant Species (Macrophytek Sample Year
Scientific common | 1976 | @2 | M4 | A5 D6| 60| 60| 60
Cabomba caroliniana fanwort SM 576 | 656 | 38.9| 6.5 | 43 | 17.7| 161
Ceratophyllum demersum coontalil 347 | 426 | 35.8| 11.1| 6.2 | 20.2 | 21.6
Aquatic moss moss | M-D | 615 | 59.0 | 76.8| 67.6 | 46.5| 48.3 | 51.3
Nuphar variegate yellow water lily S 2.5 3.3 | 95 | 139|126 11.8| 102
Nymphaea odorata white water lily S 271 | 213 | 27.4| 37.0| 325 34.6 | 33.2
Brasenia shreberi watershield S 195 | 19.7 | 30.5| 35.2| 34.8| 33.0 | 29.3
Utricularia intermedia flatleaf bladderwat 28.0 | 23.0 09 | 23
Utricularia vulgaris common bladderwort 8.5 6.6 2.1
Utricularia purpurea purple bladderwort 110 | 82 | 3.2 | 0.9 1.1
Utricularia radiate floating bladderwort 33 | 4.2
Filamentous algae 29.7 | 33 | 42 |102| 26 | 11.3| 245
Najas flexilis bushy pondweed 17.8 | 14.8
Najas gracillima bushy pondweed 0.8 1.6
Najas guadalupensis bushy pondweed 0.8 8.2
ElodeaCanadensis Canadian waterweed 84 | 131 | 11 2.3
Nitella sp stonewart 53 | 115 | 11 | 0.9 1.3
Potama@eton epihydrus ribbonleaf pondweed 4.2 6.6 1.9 2.0
Potamogeton amplifolius  big-leaf pondweed 0.8 8.2
Potamogeton crispus curly pondweed 16 | 2.1 0.9
Potamogeton pectinatus sago pondweed 0.8 66 | 2.1 0.8
Potamogeton robbinsii fern pondveed 49 | 11
Pontederia cordata pickeralweed S 6.8 33 | 32| 46| 35| 42 | 3.2
Myriophyllumheterophyllum  variable milfoil 3.2 | 09
Scirpus pp bullrush 0.8 33 | 11| 19| 11| 21 | 21
Lemna duckweed 0.8 16 | 4.2 32 | 26
Trapa natans water chegnut 0.7
Typha latifolia cattail S 0.8 16 | 11| 19| 09| 13 1.0
Lythrum salicaria purple loosestrife S 0.8 16 | 32|19 | 11| 19 | 11

l

Total Species Found 8 23 26 20 | 15 | 12 19 14
Total Sample Points ? 118 91 95 | 108 | 116 | 174|179

1976 dhta fran IEP (1977); abundance categories are: S= Sparse; M=Medium; D260 20042005

2006 2007 2008 and 2008@ata are from Merrimack Collegd?ercent occurrences of each species are based
on the number of sample points were each species was foudddllyy the total number of sample points.
Fanwort and water chestnut are both highlighted.
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2009 Fanwort OccurrencdResultsi The mean percent occurrence of fanwort in Martins Pond in 2006,
the year after mechanical harvesting, was only 6.5%, comparé&8.9% occurrence in 200fpre-

harvest) strongly suggesting that harvesting was successful in reducing the overall level of occurrence of
fanwort in Martins Pond. The mean percentcourrence remained low in 2004.8%. However,

fanwort decreased iall portions of the pond, even Area A (see Figure 4) that was not harvested. This
result suggests that fanwort cover may have naturally decreased in the pond in 2006 and 2007 even
without harvesting.ln 2008, fanwort occurrence increased to 17.7% ofpdaupoints sampled. This was

a solid increase from 2007 and suggddghat the extent of fanworincreased, the first time since
harvesting operations in 2005dowever, in 2009, fanwort abundaneas slightly less than in 2008
indicating that it hadtabilized at near 2008 leveks least for this year.

Merrimack College Department of Biology 12
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SectionF. Post Harvesing Fanwort Distribution and New Discovery of Water Chestnut

PostHarvestingFanwort Distributioni Figure 5 shows the abundance and distidmubf fanwort based

on the 2007 2008 and 20@ survey results. Overall, there was increasen both the extent and
abundance of fanwort in Martins Pond relative2@7 levels (and 2006) but still lower than the pre
harvest levels observed in 2005heTabundance of fanwort in the Rbarvested Area A (see Figure 4 for
location)in 2008and 200%lso showed increased abundadespite not being harvested. This suggests
that fanwort abundance méy increasing cyclically independent of any harvesting effecany event,
the extentaind abundancef fanwortwas very similar to that observed in 2008

Merrimack College Department of Biology 13
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Figure 5. The abundance and distribution of fanw@tbomba carolinianpbased on the 20Qupper left),2008
(upperright) and 2009 (lower centesurvey resultsFanwort abundance is based on a 0 to 5 abundaneeveital
increased density correlated with darker red colors. It is clearly evident that the abundance and spatial distribution
of fanwortincreased in 2008 relative to 200Mowever, 2009 abundance was very similar to the 2@@8 in
relative density andistribution. In all three samplgears fanwort exhibited a patctdistributionwith a higher
density of fanwort along the shorelines, particularly in the northern half of Martins Pond
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New Discovery of Water Chestnut

Two new small patches of watehestnut were founid Martins Pondor the first time in 2009. Figure 6

below shows the locations of the two confirmed patches of water chestnut. The species is currently
restricted to only these two areésdetailed canoe survey was conducted along the entire shoreline of the
pond toensurethat any water chestnut plants were observed and mapped.

It is highly recommended that immediate actiorbe takerto carefully harvest all the existing plants and
that there beontinue monitoring to trackanyoccurrenesand location®f this new invasive species.

Figure 6. The locations of the two isolated patches of water chestnut found in the 2009 anerveyed by the red
circle-crosses The plants, while currently limited in population sizéwo regions in the northern shoreline of the
pond are mature and reproductive.

Merrimack College Department of Biology 15
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Impacts of Harvesting on Other Aquatic Spediess noted earlier,itere was relatively similgianwort
abundance and distributioin 20® as in2008. However, a complete assenent of all the species found

in the pond in 2008howeda decreasean both the number of species found and various measures of plant
diversity relative to preharvest conditions. Table gummarizessome of the measures of species
diversity in Martins Pondrébm 2002 to 2009

While species richnesemained relatively constamirior to harvesting thee weredrops in species
richness, Shannon diversity and meamber of species per plot in 2008or to any harvesting activities
These resultand those presented in Tablee?lectthe relatively hitp levels of seasonafariability in
aquatic plant abundanadten observed in shallow eutrophic water bodigsheffer 1998) The 2009
survey results shosd decreasesn all three measures of diversitlative toall other yearesults(except
for speciegichness in 2007) Thedecreasan species richnessay in part, be due to sampling error and
chance due tbmited sample locations. Howevehese results dmdicate that macrophyte diversity
still not as high as befomaechanicaharvesing.

Table 4. A comparison of macrophyte species richness and
diversity in Martins Ponérom 2002 to 208.

Parameter 2002 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Species Richness(Entire Pond) 24 26 20 15 12 19 14
Shannon Diversity 0.878 | 0.923 | 0.537 | 0.417| 0.301 | 0.499 | 0.298
Mean Number of Species Per Sample P 3.3 34 2.6 1.9 1.3 2.0 12

Floating mats ofNymphaa rhizomes with attached shoots were observed ddcations in 2009,
compared t@® locatiors in August 20087 locations in the pond in 2007 ad8 locatons in the pnd
during the 2006 survey. The cause of these floating reaiains uknown. The impacts of harvesting
activities and the high sprirand/or late summaewater levels mayin part,explain tleseoccurrences No
floating mats were observedtime 2002, 2004 and 2005 surveys.

As noted in previous reports, the introduction of this report and the 2007 Diagnostic/Feasibility Study,
given the exceptionally high turbiditgnd colorin Martins Pond many of the patterns observedtire

2002 to 2009nacrophyte surveyseed to be interpreted in the context of the severe turbidity constraints
on macrophyte growth and littoral zone extenggee Figure 1) Given the shallovand coloredature of
Martins Pond, turbidityia sediment resuspensia aucial factor in mairdining littoral zone coverage
These factors may also explain, in part, the yearear variation in aquatic plant abundance and
distribution in the pond. In addition, the very high water levels in Martins Pond in the springéf 200
2007and 2009may have contributed to the overall decrease in aquatic plantigimthe pond observed

in 2006,2007 and 2009 and increasedater clarityin 2008, may help explain the overall increase in
macrophyte growth, distribution and diversity

Overall, inderstanding theelative influences of natural processes versus management techniques on the
spatial and compositionglatterns of aquatic plant speciesMartins Ponds essential prior to making

any future management decisions regarding éahwA crucial consideratioin any future management
effort should béo maintainthe aquaticplantdiversityin Martins Pondespecially ina systenwith a high
proportion of uncommon speciespmplex andn many casesion-overlapping spatial distributics of
species and a system with inherently high levelstemhporal variability in species diversity and
abundance.

The discovery of water chestnut should be of great concern and this species needs to be controlled
immediately before it spreads beyondgtesent very narrow distribution.
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SectionG. Conclusions andRecommendations

e The new outbreak of water chestnut in the northern region of Martins Pond needs to be
dealt with immediately. Hand harvesting of all plants should occur as soon as possible.

e |t is strongly advised that the Town of North Reading continue to fund the monitoring of
aguatic plant species in Martins Pofaohd other water bodies in the Toao deal with
emerging invasive plant threats

e Given the exceptionally high turbidity and color in Martins Pond, many of the patterns
observed during the entirestudy period (2002 to 2009)need to be interpreted in the
context of the severe turbiditight constraints on macrophyte growth and littoral zone
extension.

e Overall, there wasnly a slight decreasm both the extent and abundance of fanwort in
Martins Pondn 20 relative tothe 20 sample.

e The percent occurrence of fanwort on alingde points in 209 was16.1%, compared to
17.7%in 2008, 4.3% in 2007,6.5% in 2006 an®8.9% in 2005. This indicates that
fanwort stabilizedin 2008and 2009 butit remainsonly abouthalf the extent it was prior
to harvesting and at much lower abundances.

e The abundance of fanwort in the nbarvested Area A (see Figure 4 for locatidnjing
the entire study periodsuggests that fanwort abundance nh&yincreasing cyclically,
independent of the impact of harvestinghe low levels of fanwort in 2006 and 2007 in
Area A and the increase in fanwort in 20@®d 2009 point to factors other than
harvesting that are contributingtbothfanwort declineand increase

e Variability in speciesabundancef both fanwort and other speciems clearly evident
between years, even ovelatively short periods of timége.g.,2002 to 20052007 to
2009 and prior to any harvesting or management activitdeatins Pond is a dynamic
system and the corlation of the yearly survey result®eds to continue.

e There weradecreases in all three ofi¢ 20® plant diversity measuraglative to 2008
suggeshg that macrophyte diversity may bill fluctuating The reduction in species
richnessobserved in 2006 @2007wasof concerntheincrease in diversity in 2008as
a positive indicator of the ecological integrity of the porithe decrease in 2009 is of
concernandfanwort control must be balanced with full consideration of the ecological
integrity of the native aquatic plant coranities in Martins Pond.

e Given both therelatively low abundanceand extent of fanwort in Méins Pond in the

summer of 2009specially given its relativeimilarity to the2008survey no additional
harvestingor management activities to control fanwarérecommendeadt this time
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