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Figurel. Yale crew teanmpracticing on Lake Housatorin a beautiful Septembeafternoon

Introduction

Lake Housatonioffersadiverse freshwater ecosysteand exceptional opportunities for
fishing, boatingandother outdoor activities. Théake is anmpoundment of the Housatonic
River made possible by a dam in Derby, CT. The dam is equipped kytiiroelectric
generatingacility owned and operated blylcCallum Enterprises of Stratfotdvasive aquatic
plantshavebecome established in the lakEABIAPP2022) and have few natural enemies
to control their growth(Wilcove et al. 1998)Theydegrace native aquatic ecosystes{Les
and Mehrhoff 1999 impede recreation,and reduce homevalues(Connecticut Aquatic
Nuisance Species Working Group 20@ce invasivplantsare establishedpng term and

costlymanagemenprogramsare oftennecessary
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Figure 2CAES IARRbpages wher¢he 2005and 201 7%survey information can be found.

CAES IAPRIrveys of Lake Housatonim 200 and 201 7ound theinvasive planspecies
Eurasian watermilfoi{Myriophyllum spicatury) minor naiad (Najas mino), and curlyleaf
pondweed Potamogeton crispys Fourteen native species were observed in 2808 18
were documented in 201 Eurasianwvatermilfoil wasthe most common invasive plaatong
with smaller populations afinor naiadand curlyleaf pondweedCurlyleaf pondweeanay
have been underestimated itne 2005 survey because it naturally dies back in late spring
(Catling and Dobson 198bgfore the survey occurred’he most common native plants in
Lake Housatonic in 2005 weteontail Ceratophyllum demersunand eelgras¢Vvallisneria
americand. Overall, however, the coverage of both invasive and naigetsin 2005 was
minimalwith an increase in 201’ Euasian watermilfoil coverage increaséom 5 to 139
acres and ative eelgras®ecame a nuisancesulting in concern that it mageed control.
This nformation was used in part tdarget 110 acres of Eurasian watermilfeiith the
herbicide diquat fron2018¢ 2021. In 202110 acres of eelgrasgas treated with diquat as

well (Jim Olsen personal communicatioiihis report expands on or previous reports by
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conducting pre and post treatment surveysdetermine the effects on both targeind non

target plants.

The following report represents third CAE$APP surveillance and mapping of invasive
aquatic plantsand native eelgrassn Lake Housatonic with emphasis onpre and

posttreatment conditions.

Objectives

1 Survey and map invasive aquailantsand eelgrass LakeHousatonic
Resurvey CAES |IARInsects established in 2005 for all plant species
Document changesom the 20% and 201 7CAES IAPRrveys

Document changes before and aftére 2022herbicide treatment

= =4 =4 =

Asses currentaquatic plant managemenstrategy

Materials and Methods

Our 2022 aquatic vegetatiorsurve)s utilized methodsestablishedoy CAES IAPPhese
methods have provided a consistent record throughout the ye&rsealy 300 Connecticut
lakes ancphonds (CAERPP 2022)We recorded locations of alinvasive plantsaind eelgrass
with TrimbleRTGNS®r ProXPglobalpositioning system(GPS) with suimeter accuracy.

In 2022, we includgnative eelgrass basedn the concern that it was becoming a nuisance
and would need managemeniVe useda Lowrance H¥Sonar systenwith structure scan
technology to determine patches near the bottorand to eliminate the need for time
consuming grapple tosse®Ve circumnavigatedhe plant patchesto form georeferenced
polygors. Patchescoveringess than one square metesere recordedas a poinand assigned

an area of 0.0002 acres (@?). We measured epth with arake handle, drop lineor digital
depth finder, and sediment type wasstimated Comparing depths from our sun&yo
determine changesver timeis inherently inaccurate because of the wide fluctuations in lake
level caused by the release of watesm Leke Zoar Fant sampleswvere obtainedin shallow
waterwith arakeand n deeper watemith agrapple We measured lant abundance using a

visualscale of 0 5 (1 =single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely

Lake Housatonic, Nuisance Plant Monitoring Report 2022, Page 6



Table 1. Yearlyomparisons of the frequency of occurrence on transects and total area of ac

vegetation in Lake Housator{2022 data is pretreatment).

Species (invasives in bold) FOQ ¢/poiny
Common Name Scientitic Name 2005 2017 2022
Arrowhead Sagitaria species 0% 1% 1%
Bur-reed Sparganium species 0% 2% 0%
Clasping-leaf pondweed Potamogeton perfoliatus 0% 3% 1%
Coontail Ceratophyllum demersum 9% 33% 5%
Curlyleaf pondweed Potamogeton crispus 0% 17% 19%
Eelgrass Vallisneria americana 8% 25% 22%
Eurasian watermilfoil Myriophyllum spicatum 6% 52% 12%
Flat-leaf pondweed Potamogeton zosteriformis 0% 19% 0%
Great duckweed Spirodela polyrhiza 0% 7% 0%
Hybrid pondweed Potamogeton gramineus x nodosus 0% 4% 0%
[llinois pondweed Potamogeton illinoensis 0% 0% 1%
Large-leaf pondweed Potamogeton amplifolius 0% 3% 0%
Long-leaf pondweed Potamogeton nodosus 0% 3% 7%
Minor naiad Najas minor 1% 9% 0%
Small pondweed Potamogeton pusillus 0% 37% 19%
Southern naiad Najas guadalupensis 0% 4% 0%
Variable pondweed Potamogeton gramineus 1% 0% 0%
Warter stargrass Zosterella dubia 0% 25% 18%
Western waterweed Elodea nuuallii 3% 23% 15%
Total Species Richness 19 6 17 17
Total Native Species Richnesss 16 4 14 g
Total Invasive Species Richness 3 2 3 2

abundant). When fieldbentifications of plants were questionable, we brought samples back
to the lab for reviewusing thetaxonomy of Crow and Hellquist (2G)®000b). We post
processed the GPS dataingPathfindef’5.85 (Trimble Navigation Limited, Sunnyvale, CA)
and thenimported it into ArcGI%Pro 2.9.0 (ESRI Inc., Redlands, CA). Data were then overlaid
onto recent highresolution(1m or better) aerial imagery for the continental United States

made available bthe USDA Farm Services Agency

We collected occurrence armbundance plant information from ten transeqise and
posttreatment Transecpointswere positioned 05, 5, 10, 20, 30, 40, 50, 60, 70 and@&ers
perpendiculafrom the shore. Thesdransects were a subset of ti& laid out in 206 (CAES
IAPP 202) and contained at least one occurrence of each native and invasive plant species
We selected transects formerly numberdg4,5, 7, 10,11, 14, 15, 16, and 1ahd renamed

them 1-10 respectivelySignificant differences the frequencyof occurrence of plant species

Lake Housatonic, Nuisance Plant Monitoring Report 2022, Page 7



between the two years along
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=
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Housatonicfrom June 28 30 and
2005 2017 2022

our posttreatment survey from
Figure 3. Changes in acreages of plants in |

September 11- 12. Pretreatment Housatonic from 205 ¢ 2022

transect data was obtaed on June

28 andposttreatment transect data was

80 -+ —&— Native —o— Invasive

70 -

gatheredon September 10.

We obtained water chemistry % ®° ]
50 -

information on June @". We used a a0 -

Secchi disk tmeasure transparengnd .

20 -

an YS158 meter (YSI Inc. Yellow Springs

10 -

Frequency of Occurrence (% of points)

Ohio) to measure water temperature 2005 2017 2022

and dissolved oxygen. Measuremen Figure 6. Yearly comparison of the frequency of oc
rence of native and invasive species on transdats

occurred in the same deep areas of ea | ake Housatonic. Points with the same letter are

lake as previous surveys at 0.5 m and Significantly different.

1 m depth intervals until we reachd¢de £ ,, |
= 1.9
bottom. We collected water sample: g
— 1.5 4
from 0.5 m below the surface and 0.51 ¢
=
S 10 - :
from the bottom. c B
2
§ 0.5 = /\‘
v 0.3
0.2
0.0 &l : ; |
2005 2017 2022

Figure 7. Yearly comparison of the average number
species per transect point in Lake Housatonic.
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Table 2. Yearly comparisons of the number and size of invasive patches in Lake Hous

Patch Size (acres)
Eurasian watermilfoil Minor naiad Curlyleaf pondweed Eelgrass
Year | Number| (min) (max) (mean)|Number] (min) (max) (mean)|Number| (min) (max) (mean)|Number (min} (max) (mean)
2005 152 |0.0013 0.4 0.03 6 0.0028 0.1 0.1 12 |0.0008 0.02 0.01 ND ND ND ND
2017 179 |0.0002 54.5 0.78 14 |0.0002 0.7 0.2 103 | 0.0002 12.14 0.48 ND ND ND ND
2022 53 0.0002 1.1 0.04 0 0 0.0 0.0 88 0.0002 10.86 0.21 193 | 0.0002 14.3 0.3

Table 3. Yearly comparisons of the abundangevafsive plants in patches in Lake Housaton

Patch Abundance (1 = sparse - 5 = dense)

Eurasian watermilfoil Minor naiad Curlyleaf pondweed Eelgrass
Year| (min) (max) (mean) | (min) (max) (mean}| (min} (max) (mean)| (min) (max) (mean)
2005 ND ND ND ND ND ND ND ND ND ND ND ND
2017 1 4 2.7 P 3 2.1 1 4 2.0 ND ND ND
20221 1 4 2.0 0 0 0.0 1 4 2.4 2 5 2.8

Results and Discussion

Aquatic Plant Survey

Our 222 survey of Lake Housatonic confirmed the presencdghefinvasive species
Eurasian watermilfoiand curlyleaf pondweeds also found in 2@5 and 2017(Tablel).
Eurasian watermilfoil coverednly 2.4 acres in 2022 compared to 139 acres in 2@dile
curlyleafpondweed coverage decreased from 50 to 19 aoxes the same timefram@-igure
3). Minor naiadwas found in 208 and 2017 but not in 2022\linenativeplant speciesvere
documented in 202Zompared to 4 in 2017 and4 in 2005. Notable reductions in the
frequency of occurrencef specieson transectsfrom 2017 to 2022 include Eurasian
watermilfoil (52%to 12%), coontail 3% to 5%) small pondweed 37%to 19%), water
stargrasg25%to 18%)),flat-leaf pondweed (2%to 0%)and western waterweed (23%
15%). Little change occurred in the frequency of eelgrass (26922%)and curlyleaf
pondweed (17% to P8). The combinedfrequency of all native species (Figureay the
number of species per transect poime. $ecies richnesgFigure 7)both increasel
substantiallyfrom 2005 t02017 followed bya similarthe decrease from 2017 to 2022

Patch size, number, and abundance of all species also decreased substantially from 2017
to 2022(Tables 2 and 3T.his was likely the result of thEst2017 herbicide treatmentdut

other factors such as water lewv&anges ad natural year to year variation could play a role

Lake Housatonic, Nuisance Plant Monitoring Report 2022, Page 9
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<= Eurasian watermilfoil

10,0 - =t=Minor naiad
Curlyleaf pondweed
=¥-Eelgrass

| Optimal Littoral Zone Plant Coverage

X 16

Littoral Zone Coverage (%)
S
o

0.0 4 T T
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Figure8. Littoral zone coverage of invasive aquatic plamtd native eelgrass Lake
Housatonidrom 2005 to 20222

Aquatic plants are necessary to maintain a healthy ecosystem. They provide habitat for
fish and other aquatic organisms, remove nutrients and pollutants from water, and stabilize
the shorelineLake Housatonic has a littoral zone (aneth suitable substite where thereis
sufficient lighy of 327 acres or 94.5% of its total aréal’ DEEP fisheries biologists suggest the
optimal coverage of the littoral zone with plants is 20 &2 o WIF 020644 | YR hQ5;
Compared to 2017 wheBurasian watermilfodloneO2 JSNBER nw> 2F [ 1S | :
ral zoneall invasives plus eelgrassvered 23%n 2022 and thereforethe 20%c 40% thresh-
old was met(Figure 8) When the acreage of the other native speanet measured in this

report areincludedthe total littoral zone coveage could exceedi0%.
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FIGURE 1: Potential Treatment Areas (v3) S@LITUDE

o)

1:27,250

Lake Housatonic

Derby, Monroe, Oxford, La ke HOU satonic Map Date: 06/15/18

Seymour, Shelton, CT 0 2,100 4,2?:0 N Prepared by: MS
eetA Office: SHREWSBURY, MA

Figure 9Eurasian watermilfoil and eelgramseastreated with diquat in 2022
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Lake Housatonic

Derby, Monroe, Oxford,
Seymour, and Shelton
347 acres

Surveyed on June 28-30, 2022
By Greg Bugbee, Summer Stebbins,
Eva Ramey, anc Meara Burns
Office of Aquatic Invasive Species

Legend
A Collection Point
= Transect Point
Water Data
—— Boat Path
Bathymetry (ft)

Invasive Points and Patches

Relative Abundance Scale: 1 (sparse) - 5 (dense)
Eurasian watermilfoil = 1

| Eurasian watermilfoil = 2

I Eurasian watermilfoil = 3

I Eurasian watermilfoil =4
Curlyleaf pondweed =1
Curlyleaf pondweed =2

P Curlyleaf pondweed =3

B Curlyleaf pondweed =4
Eelgrass =2

[ Eelgrass =3

I Eelgrass =4

I Eclgrass =5

FigurelO. CAES |IARIPetreatment survey of Lake Housatonic in 2@¢2@e appendix for closgps).




Lake Housatonic

Derby, Monroe, Oxford,
Seymour, and Shelton
347 acres

Surveyed on September 11-12, 2022
By Greg Bugbee
Office of Aquatic Invasive Species

Legend
A Collection Paint
» Transect Point
Water Data
—— Boat Path
——— Bathymetry (ft}

Invasive Points and Patches
Relative Abundance Scale: 1 (sparse) - 5 (dense)

Eurasian watermiifoil =1
Eurasian watermilfoil = 2
I Eurasian watermilfoil = 3
I Euresizn watermilfoil =4

Curlyleaf pondweed = 1

Curlyleaf pondweed = 2
I curlyleaf pondweed = 3
B curlyleaf pondweed = 4

Eelgrass =2
P Eelgrass=3
P Eelgrass =4
I Eelzgrass =5

2 QEider oo Sl% £ i

Figurell. CAES IAR#®sttreatment survey of Lake Housatoni@bR2(see appendix for closaps).
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Figurel2. Aquatic vegetation change kdian Well State Park from 20{&ft) to 2022 (right)

Pre and Posttreatment Comparisons

60.0

A total of 150 acres dEurasiarwatermilfoil

52

Pretreatment M Posttreatment
50.0

and eelgrassvas treated with the herbicide

40.0

30.0

diquat in 2022 Figure 9)Our pretreatment

Acres

19

20.0

survey(Figurel0) and posttreatmensurvey

10.0

(Figure 1) showthe decline irEurasiarwater- o Lo © s o ° :
& & & o
milfoil and curlyleaf pondweedombined with & & & &
Ry N &
the increase in eelgrasiescribal previously. & &

Plant growth is limited talepthsof less than 12 Figure B. Acreage of acatic vegetation in Lal

. . . Housatonic before and after the 2022 herbicide tr
feet. This occurs along thehorelinewith the

ment.
exception of the covenear the State Boat 5 g
o M Pretreatment Posttreatment
) ¥ 30
Launch andransectl as well as the east side ¢
of the lake near the dawhere shallow condi- & = o S S—
> 15 - -

tions prevail well ind the lake This areanay , o -, 3
adverselympact theactivities d the YaleCrew . I | P B |~ ~ LIV

0 - -
teams.In July2022 approximatel0acres of Er g v v S v v v s

' \z%&o é’qo ‘?"}bo EQO \2;5‘ ¢ \é&o \@Q.'\ ¢ &'?Qo Q\'}é &“"{b
Lake Housatonic evetreated for nuisance veg- +* PV & 7

,(\'b

etation. This and treatments since 20h8ve  Figureld. Frequency of occurrenad native plants i

o _ - _ LakeHousatonic before and after the 2022 herbic
nearly eliminated Eurasian watermilfoil. Indiaryeatment.



Figure 5. Native eelgrass and pondweeds reaching the surface and potentially becc
nuisancan Lake Housatonic i2022.

Well State Park beach is now free of the weeddmme replacement with eelgrass and

other native plants is likely occurring (Figu&®. Prior to treament we observetivo acresof
Eurasian watermilfoil while posttreatment there was virtually ngRgure B). Curlyleaf
pondweed declind from 19 acres to zero. This is likely not because of the herbicide
treatment but rather the natural life cycle of the plant which results it senescing naturally by
mid-summer(Catling and Dobson 1985 nlike the previous specieslgrass acreage
increased substantially posttreatmepprobablybecause oits natural summertime growth,

occurrence in untreated areas, and/or resistance to the herbigtigure b).

Based on our frequency of occurrence data taken from trangeasire #), coontalil,
eelgass great duckweed, lllinois pondweed, and latgaf pondweed exhibited s@antial

iIncreases posttreatment. LoAgaf pondweed, small pondweed, water stargrass, and

Lake Housatonic, Nuisance Plant Monitoring Report 2022 ; Page 15



Figure B. Nuisance mats of filamentous algae often attached aquatic vegetatiduake
Housatonic ir2022.

western waterweed showed notable declines and arrowhead, claspaigpondweed , flat
stemmed pondweed, and ribbdeafpondweedremained nearly unchangedsAvith the
invasivespecies differences are likely caused by natural summertime growth patterns,
occurrence in untreated areas, and/or resistance to the herbicide changing plant
community may require alterations in tigpe, timing, and/orapplicationn techniquéor

herbicides.

Nutrients released when plants treated with herbicides decompose can create condi-
tionsfavoring algal blooms. Mats of flamentous algae were common during our posttreat-
ment survey and would likelye considered problemati€the areas were used for recrea-
tional activities or adjacent to real estate seeking gglgure ). Identification of the spe-
cies of algae take microscopic analysis by a trained phycologists which was beyond the scope
of thiswork. Based on visukkys the species was more than likely in the geryngbiaor
Pithophora Bothare extremely tough stringy mats that are highly resistant to copper based
algicides. They usually start growing on the bottom then come to the surfateyterly in

hot weather.
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Water Chemistry 140 1

CAES IAPP has fouhdt the oc- 120
currence of invasive plants in lake
can be attributed to specific watel
chemistries (Jun&Vells et al. 2013).
For instance, lakes with higher alki § ~
linities and conductivities are more 40
likely to support Eurasian watermil 9
foil, minor naiadand curlyle& pond- 00 . . .
1980

weed while lakes with lower value 2005 2017 2022

(=3
e
o

o
o

Water clarity (ft)
o
[=]

support fanwort and variable water- Figure 17.Water clarity in Lake Housatonic in 19¢
milfoil. Lake Housatonic falls into the 2005, 2017, and 2022.

former category. Zebra mussels also prefer water in the former category. Water chemistry
may be altered when nutrients are utilized by plantswhen plants decafrom herbicide
damageln addition, nutrients not used by plants can support the occurrence of nuisance algal
blooms. Duringeach lake survey we perform chemical water testing to compare conditions
between lakes. Because thes@ter tests are performed only once a year, they may not be
indicative of conditions at other timesdentification of sources and quantities ofitnent

reaching Lake Housatonic from the watershed are beyond the scope of this report.

OnJune 302022,the water clarityof LakeHousatoniavas13 ft. (Figure X). This is con-
siderably greater that measuremenits1980 (Frink and Norvell 1984dnd 20174Bugbeeand
Wiegand2018) Water claritiesn Connectd dzii Q& f | | S<ito dvér 0FeBiidth SNB Y
average of7 ft. (CAES IAPE)22). Thus, thevater clarityof Lake Housatonim 2022ranks
abovethe norm.Because the 2022 measurment was about a month earlier done previously,

timeing could play a role in the increase.

Temperature and dissolved oxygen profiles were relatively consistent from year to year
and surface to bottom(Figure B) indicating little dtatification. The coolest water

Lake Housatonic, Nuisance Plant Monitoring Report 2022, Page 17



Temperature (°F) Dissolved Oxygen (pg/mL)
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Figure 8. Water chemistry ihake Housatonic in 2005, 2017, and 2022 (nitrogen tests are pen
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temperature was observed in 20 likely because of the late June sampling date was nearly a
month earlier than previous sampling dates. Dissolved oxygen remainethhigbhoutthe

water column.

The pH of LakkBlousatonic wag.6 at both the surface and near the bottom in 2022 indi-
cating a near neutral conditio(Figure 8). This is likelglue to mixingn theriverine environ-
YSyli® t NBOA2dza LI GSada F2dzyR af AakKdte 268
0KS alFyYS LI Qa AY Hanp OT®PH &dz2NFIF OS> T do 062

Alkalinites in Cof SOG A Odzi Qa f I 1Sa NIy3IS FEEESIAPES I NJ n
2022, Canavan and Siver 1995, Frink and Norvell 19&tgasing alkalinities reduce the risk
of changes caused by acid rain and other natural and manmade influencebldieaoni€) a
surface alkalinityn 2022ranged from70 mg/L at the surface to 83 mg/L near the bottom.
This has changed little from 2005 and 2017 when surface alkalinities ranged from 72 mg/L to

86 mg/L and bottom samples ranged from 77 mg/L to 86 mg/L.

Conductivity is an indicator afissolved ions that come from natural and maade
sources frainfall, mineral weathering, organic matter decompositidertilizers septicsys-
tems,road saltsetc.). The2022 conductivity of LaHousatonidanged fron217- 239 uS/cm
with the higher leveloccurring in the surface wat€Figure 8). Thishasremained consistent

to the earlier survegwhenthe lake® conductivityrangedfrom 229 uS/cmto 244 uS/cm

A key parameter used to categorizéd { SQa GNRLIKAO adldS Aa GK:
rus (P)n the water column. High levels ofaad Ncan lead to nuisance or toxic algal blooms
(Frink and Norvell 1984, Wetzel 2001). Rooted macrophytes are considered todepksd-
ent on P from the water column as they obtain a majority of their nutrients ftwainydrosoil
(Bristow and Whitcombe 1971)akes with P levels from @0 pg/L are considered nutrient
poor or oligotrophic. When P concentrations reach 25 pug/L, lakes are classified as moder-
ately fertile or mesotrophi@and when P reache30 - 50 pg/Lthey areconsideredfertile or
eutrophic (Frink and Norvell, 1984)akes with P concentrations over 50 pg/L are categorized
as extremely fertile ohypereutrophic.The P concentratiom Lake Housatonic isummer
2005was 12ug/L at both the surfaceand the bottom. Thespringand summer 2017ests

yielded similar results in P concentration. At the surface both times the concentration was 15
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Hg/L andthe bottom waterconcentrations increased similarly to gg/Lin the springand 23
pg/Lin summer 2017This partitioning of P between trseirface and bottom water is common
in the summer as anoxgonditions release P from the sedimégNorvell, 1974and temper-
ature stratification prevents vertical mixintn 2022, P concentrations were very similar to
2005 levelsvith 11 pg/Lat the bottomand 10ug/Lat the surfaceThis suggests oligotrophic
conditions, but with only one water data point from one day of the seasas not certain.
We tested total nitrogen (TN) for the first time in Z0&@hd foundl312ug/Latthe surface and
1305ug/L near the bottomAlthough nitrogen is likely less limiting to the growth of aquatic
plants and algae compared to terrestrial plants, it may play a role in lake productivity. Frink
and Norvell (1984) found TN in Connecticut lakegyed from 193 1830 pg/L and averaged
554 pg/L.

In order to get a more complete picture of tivater chemistryof Lake Housatonic, more
water data pointscould be established ithe future. In particular, a sampling site near the
Stevenson Darwould giveinformation onthe water (possibly high P, anaerobic bottom wa-

ter) beingremoved from Lake Zoar.

Conclusios

Lake Housatonic was surveyka aquatic vegetatiorby CAES IAPP for the third time in
2022. Previous surveysere performed in 2005 and 2017. In 20h@rbicide applications
began targetindg=urasian watermilfoiind other nuisance plant3.he 2@2 survey include
both pre and posttreatment mapping@ur 2@2 surveyfound the invasive species Eurasian
watermilfoil and curlyleaf pondweedEurasian watermilfoil covere@.4 acres in 2022
compared to 139 acres in 2017 while curlyleaf pondweed coverage decreased from 50 to 19
acres Ninenativeplantspecieccurredin 2022 compared to 14 in 2017 and 4 in 2088er
the 2022 herbicide applicatiovirtually no Eurasian watermilfoilremained Curlyleaf
pondweed wasiot found as well buthis waslikely due toits natural midsummerdecline
Eelgrassacreage increased posttreatmemmdicating the herbicide applicationwvas less
effective on this plantThe response of thetloer native specieto the herbiddes varied with
some increasing,some decreasingand othes remaining largely unchange€hanges in

herbidade stratagy may be needed to reftehe chaming plant community.
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