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ABSTRACT

The recreationally impeding, exotic aquatic mabygeMyriophyllum
spicatum(Eurasian water-milfoil) has been the target oftoal attempts in North
America using physical, chemical, and biologicatimels. Much recent focus has
been on the use of the latter, particularly theafdgerbivorous insects. This work
describes an attempt to augment existing popukidmnM. spicatumherbivore
considered to havi. spicatumcontrol potential in the Northeast U.8centria
ephemerellaan aquatic macrophyte moth, and follow-up worknitaring insect
herbivores oM. spicatum plant community structure, and fish communityisture
in nine central New York State lakes. Results spoar recruitment of.
ephemerellafter emergence of the initially introduced larvath no significant
control ofM. spicatum Fish predation oA. ephemerellavas suspected to be
responsible, leading to another season’s work aetifrg populations of fist.
spicatum andM. spicatumherbivores found in Otsego Lake, a lake with calted
M. spicatum with those same communities found in thephemerellaaugmentation
site, Lebanon Reservoit.epomis macrochirugluegill) was identified as the most
likely controlling predator oM. spicatumherbivores. A final season’s work
contrasted those same communities in eight Madxmmty lakes with varying
degrees of dominance . spicatum Results indicate that macrochirusandL.
gibbosugpumpkinseed) are effective controlsArephemerellavhile substantial
Sander vitreugwalleye) populations may limitepomisspp. populations permitting
M. spicatuminsect herbivore densities to expand.
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INTRODUCTION

The question central to the four plus years céaesh reported upon here is:
Why doesMyriophyllum spicatuntEurasian water-milfoil; Haloragales:
Haloragaceae) cause such problems in the U.S. wisenoted to be relatively
sparsely present (Center, 1981, Lambert-Servie®d8)1&nd rarely a problem (Smith,
1982) in its native range? Is it because of thetike paucity ofAcentria
ephemerelldthe aquatic macrophyte moth) found in the U.Sif$ton,et al., 2000;
this study) when compared with that same specipalptions in Europe (Gross and
Kornijow, 2002; Groset al, 2002)?

BACKGROUND
Myriophyllum spicatunand control methodologies

Myriophyllum spicatunis an exotic species believed to have been intredu
into North American waters sometime in the earlgds8near the Chesapeake Bay
(Reed, 1977), although Couch and Nelson (1985) mak@od case that it may not
have actually been introduced until the early 1948i&kenet al (1979)
authoritatively describes itMyriophyllum spicatunis difficult to distinguish from
congeners native to North America (Aikehal, 1979; Aiken, 1981; Center, 1981,
Gerber & Les, 1994) as noted by a review of Crod ldellquist (2000), which
differentiates members of the genus by flower pafisis is unfortunate since, in
many Northeastern U.S. lakddyriophyllumspp. flowers are evident for short
periods, if at all (personal observation). Compbng the identification challenge,
M. spicatumcan hybridize with native milfoils (Moody & LesP@3; Thum, 2003).
Species identification d¥l. spicatum when not in flower, is based on the relative
flaccidity and number of the dissected veins tbatfthe leaves, the acuteness of the
leaf, and the depth at which the plant flourish&dyriophyllum spicatuntypically
has more than 11 dissected veins on each side déalf (Crow & Hellquist, 2000),
however, care needs to be exercised in using thieline sinceéM. spicatumcan
have between 5 and 25 vein pairs (Aikehal 1979). Unlike local native water-
milfoils, these dissected veins appear flacid aydlgainst the stem when the plant is
removed from the water (Johnson, 2000). Additilypdl. spicatumbranches
copiously as its stem approaches the water’s sirfalgile natives rarely branch in
water greater than 1m deep. Finally, native wat#ioils overwinter as turions,
which are evident in late autumn, winter, and eapging, whileM. spicatumpersists
as a perennial evergreen herb (Ailatral, 1979; Grace & Wetzel, 1978).

Myriophyllum spicatuntives under the ice, growing when light is avaliéab
(under clear ice), and dying back slowly towardsttsion (under snow covered ice)
when light is not available (personal observatidiken et al, 1979). When the ice
melts, stolons (horizontal stems from the planeltaat produce new vertical stems)
sprout new stems and persisting stems grow qulokbyed by stored CO
dominating native plants that need warmer wateeéoly season growth (Titus &
Adams, 1979a; Creed & Sheldon, 1994; personal wasgen). IfM. spicatum



reaches the water’s surface without interferertagyickly forms dense canopies
shading out most other aquatic plants beneathitlaa lower leaves on its own stem
which slough off (Grace & Wetzel, 1978; Titus & Ads, 1979a; Aikeret al, 1979;
personal observation). Flowers are sometimes fdrtypically in July or August in
the Northeastern U.S. Seed production may foll®eproduction, however, is
almost always asexual, by expansion of stolonsbgrfdagmentation (Aikeret al,
1979, Madsen, 1993; Madsen 1998).

A variety of authors (Grace & Wetzel, 1979; Aikenal, 1979, Titus &
Adams, 1979b; Smith & Barko, 1990; Madsen, 1993cdbe abscission or
autofragmentation iM. spicatum However, it may be that healtM; spicatumdoes
not fragment itself; rather, long stems, partidylanes which form canopies, are
subject to twisting, weakening or breakage. Weallestems interrupt the flow of
nutrients from roots to meristems. This can odyuwind or by animal or human
entanglement or by the actions of herbivores feedmM. spicatum Regardless of
how M. spicatumis fragmented, roots quickly develop on pieceswslt connected
to lower stem and roots. A change in buoyancy pamies this development. Stem
fragments without roots are positively buoyant (&r& Wetzel, 1978), and, as a
consequence, gain better access to light, whileedbfvagments become negatively
buoyant (Grace & Wetzel, 1978), affording betteresms to substrateddyriophyllum
spicatumobtains two frequently limiting nutrients, phospiand nitrates, from the
substrate (Best & Mantai, 1978; Painter & McCal888& Lillie & Barko, 1990;
Brade & Mantai, 1991) although it obtains ammoniuom the water (Wetzel, 1983;
Walstad, 1999).

Myriophyllum spicatunis now found throughout North America where it
inhabits a wide variety of lakes, but is found maashsely in mesotrophic and
moderately eutrophic lakes (Smith & Barko, 1990;d¢ken, 1998). When abundant,
M. spicatumimpedes boating, water-skiing, fishing, and swimgniby forming a
thick surface canopy (Smith & Barko, 1990). Deyeh®nt of protocols using insect
herbivores to control this noxious, exotic aquat&crophyte has been noted to be a
worthwhile objective by various researchers (Bal@#,7; Buckingham & Ross,
1981; Kangasniemi, 1983; Oliver, 1984, Painter &04be, 1988; Macraet al.,

1990; Creeckt al, 1992; Creed & Sheldon, 1994; Sheldon & Cree@51®Perry &
Penner, 1996; Newmaat al, 1997; Johnsoat al, 1998; Cofrancesco & Crosson,
1999; Newmaret al, 2002; Johnson & Blossey; 2002, Tamayo, 2003)wéier,
other methods of control have also been used.

Physical methods of elimination were first usedaatrolM. spicatum
(Cofrancesco, 1998) and they remain in use toddgchanical harvesting has been
used widely with some unanticipated results. Ifawd repeatedly over the course of
a seasonyl. spicatumregrows in greater density after cutting. Insédtsbiting the
upper portions of the plants (includidMy spicatumherbivores) are killed. As many
as 25% of the fish, largely young-of-the-year, kdhed in harvested areas and game
fish habits change (Nichols & Cottam, 1972; EngR90; Valley & Bremigan,
2002a,b). Hand pulling and substrate barriers Ih@es successfully employed in
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some North American lakes to keep nasdénspicatuminfestations from

developing further. The key to satisfactory empieynt of these techniques appears
to be early detection and action (LaMere, 1999; @rea 2002). Winter drawdown
of water levels in lakes with controllable waterdés has been widely used to freeze
and kill M. spicatumin shallow areas. A properly timed drawdown anater
reflooding can remove organic sediment from ther#l zone increasing the average
size of particles in the substrate and redudigpicatumdensities for subsequent
growing seasons (Lyman, 2001). However, such doswmd may also make
significantly more phosphorus available for algad aurviving macrophytes (Klotz

& Linn, 2001), while killing nontarget organismsde invertebrate animals).

Inorganic chemical control approaches to aquaticnophyte control were
attempted shortly after physical methods were e®plo In the 1940s, complex
synthetic carbon compounds were first used (Co&som, 1998). Four chemicals are
currently used in the U.S. to tardét spicatumthat permit some portion of the native
plant community to persist.

Triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic aticombined with
triethylamine salt [@H4CI3NOj3]) is the most recently approved for use (Pooeesl,
2000; SePRO, 2003a; Mongin, 2003), although itillsret authorized for use in
New York State (Kishbaugh, 2003). Triclopyr iscsek Renovafe Garlon 34,
Acces§, CrossboW, ET®, Grazoff, PathFindet, Redeerfi, Rely®, Remed§, and
Turflon® (Vermont Department of Environmental Conservatit93; Humbergt
al., 1989). lItis a systemic selective herbicideahitills plants by mimicking a plant
hormone (auxin) causing unsustainable growth (SePR0Ba).

2,4-D (2,4-diclorophenoxy acetic acidglsCl,O3]) use against and impact on
M. spicatumis described by Aikeet al (1979) and Gangstad (1982). 2,4-D is the
longest used “selective” aquatic herbicide. Kt widely used and is marketed as
Aqua-Kleer?, Weedaf, and Landmast&(Hoyer & Canfield, 1998; Vermont
Department of Environmental Conservation, 1993dgak, 1992; Humberet al,
1989). 2,4-D is a pseudo plant hormone (auxin)rimsists counteraction by its
controlling hormone (IAA oxidase) forming proteitiat block plant stem flows and
prevent energy storage (Levitt, 1969). It is somatselective foM. spicatum
(Vermont Department of Environmental Conservatit$96).

Fluridone (1-methyl-3-phenyl-5(3-(trifluromethyphenyl)-4(1H)-pyridinone
[C1oH14FsNOY]) is marketed as Sorfaby SePRCE and as Avast! by Griffin
L.L.C.° (SePRO Corporatiéh 2003b; Griffin L.L.C®, 2003). It is the most
aggressively marketed “selective” aquatic herbicitteacts by interfering with
carotenoid production causing plants to die fromlight that breaks up chlorophyll
molecules throughout the plant. Its impact is kaging and any product not
absorbed by plants is broken down by light and ofi@ action (Hoyer & Canfield,
1998; Vermont Department of Environmental Conséovatl996; SePRO
Corporatioff, 2003b; Griffin L.L.C®, 2003). This product has been used
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successfully, twice, in the south basin of Lake Mioe, Madison County since 1996
(Harman & Albright, 1997, Harmaset al, 1998, 2000a, 2001a, 2002, in prep).

Endothall (3,6-endoxohexahydrophthalic acigHgOs]) is available as a
disodium compound and as an amine salt of endothta# sold as AccelerdteDes-
i-cate®, Aquathof, and Hydrothd! by EIf Atochen? North America, Inc (Hoyer &
Canfield, 1998; Elf AtochefhNorth America, Inc, 1996; Humbesgg al, 1989). It
works as a contact herbicide that is somewhat edefor M. spicatum(Netherland,
1991; Oregon State University, 1998; Vermont Dapartt of Environmental
Conservation, 1996). The product is a pseudo-hoentibat promotes ethylene
production (Abeles, 1973), which stops fat and girosynthesis and inhibits
respiration (MacDonalédt al, 1992). Endothall not absorbed by plants is énok
down by the metabolism of microbes (Elf AtoctfeNorth America, Inc, 1996).

Many lake property owners are intuitively reludtemuse chemicals in their
lakes. Since all of the above described chemintdsfere with metabolic processes
and stress lakes by stressing most, if not alhefplants in them (while killing only
some of them), some lake property owners are @hitb use chemicals to control
M. spicatum

In the late 1950s, the U.S. government starteegram evaluating biocontrol
organisms for aquatic macrophytes (Cofrancesco3)12®d in the 1960s two
diseases (northeast disease and Lake Venice diseaselinked tdvl. spicatum
declines (Painter & McCabe, 1988). Bacteria amdj&l pathogens d¥l. spicatum
have been tested and some have shown promisexdtid pathogens have yet to be
released, while native ones do not appear to ketaldontroM. spicatumwithout
some otheM. spicatumweakening agent (Shearer, 2000; Shearer, 200#).eXotic,
but nonreproductive, triploid hybrids of grass céZpenopharyngodon idella
Valenciennes [Cypriniformes:Cyprinidae]) have besad in many locations to
controlM. spicatum but this fish is not a milfoil-specific herbivoréMoreover, it
tends to eat other plants preferentiallfMospicatum Its use in the Northeastern
U.S. is typically restricted to isolated impoundnsawith little chance of carp
movement downstream (Pine & Anderson, 1991; KiflQ® Madsen, 2000;
Pipalova, 2002; Lubnowt al, 2003). Not surprisingly, recelt spicatum
biocontrol articles focus oM. spicatuminsect herbivores.

The yearly cycle oM. spicatumgrowth, reproduction, and persistence under
the ice is facilitated by carbohydrate storagéhadtolons (Titus & Adams, 1979b).
Madsen (1993) suggests targeting control attenopttsase periods when stored
carbohydrates are minimal. Unfortunately, as lh&fand Titus and Adams (1979b)
note, carbohydrate storage and usage patternswaefy from year to year and from
site to site.

Myriophyllum spicatunis reportedly not a management problem in itsveati
range (Center, 1981; Smith, 1982). Spencer antcl(&R74) reported “...25 insect
species feeding oM. spicatunj.” Aiken et al (1979) noted “...no insect parasites
[herbivores oM. spicatunh have been reported in North America.” That has
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changed. Although some authors discount theirmtiate(Centeret al, 2002), three
North American insects are now identified as hadame potential to contrdd.
spicatum Acentria ephemerellaan aquatic macrophyte mofthricotopus
myriophylli, the milfoil midge; andeuhrychiopsis lecontethe milfoil weevil
(Kangasniemet al, 1992; Johnsoat al, 1998; Newmart al, 2002; Johnson &
Blossey, 2002). Additionally, | have noted thdtetmidges damage milfoil by their
overwintering activities (as have others [Kangasmi& Oliver,1983; MacRae &
Ring, 1993]), but not to the extent that they htheepotential for meaningful control,
while other researchers have noted similar impfaots other aquatic macrophyte
moths (Batra, 1977; Buckingham & Ross, 1981; Newetaal, 1999, Newmaiet

al., 2002).

Aquatic Macrophyte MothAcentria ephemerelléDenis and Schiffermuller) (=
Acentropus niveyssAcentria nivegOlivier]) (Lepidoptera:Pyralidae)

Batra (1977) first noted an insect in the U.ShWit spicatumherbivory
potential: Acentria ephemerellghe exotic aquatic macrophyte moth. She destribe
A. ephemerelland its behavior in all life stages and its imp&atM. spicatumin the
field and under laboratory conditions, whereas B&8#2) provided the most
extensive documentation of this moth in its nahabitat. Batra concluded that it
might have potential for control ®. spicatumsince it damaged stems and ate
leaves, but that host preference testing was nedeckingham & Ross (1981)
provided no-choice testing on a variety of aqupkamts and concluded that
ephemerellavas not specific tdl. spicatumand that its dislike of algae-covergd
spicatumlimited its potential. Painter & McCabe (1988hctuded that “...8 larvae
per 10 tips had a severe impact’Mnspicatumand could controM. spicatum
Recent Cornell University work (Johnsenal, 1998; Groset al, 2000; Johnsoat
al., 2000) has shown that ephemerellavill eat other aquatic macrophytes, but it
prefersM. spicatumand that its presence has facilitated the retudotminance of
Elodea canadensi@lichx.) (common waterweed) in Cayuga Lake, NXcentria
ephemerellavas noted to damage apical meristems preveMirgpicatumfrom
reaching the water’s surface where it could shadeompeting native aquatic
macrophytes. Further, Grossal (2000) contends that it may have béen
ephemerellanotE. leconteithat was responsible ftM. spicatumcontrol attributed to
the milfoil weevil in a variety of other studies.

Acentria ephemerellaverwinters as a larva M. spicatumstems or
on the growing tips of coontaiCeratophyllunspp.). Larvae may have as many as
six instars with the first instar burrowing inteiagle dissected vein &l. spicatum
and a second instar forming a shelter, known asfage”, out of two adjoining
dissected veins (Johnson, 2000). In the springyrfaamae end up in the organic
debris comprised of decaying aquatic macrophytas the previous season. They
become active at $24° C (although apparently some are active in coolenin
certain situations [Johnson, 2003]). They eat gngwneristems and leavesf
spicatumand later instars build refuges out\df spicatumleaves. Larvae are almost
always found within 25 cm of the apical meristeRinal instar larvae pupate in
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shelters comprised of leaf material adhered testam, the construction of which
weakens the stem. After pupation, the adults stwithe surface. The males have
wings capable of flight while the females normadtyssess flightless, vestigial wings
which assist in swimming. Females swim about @whter’s surface while males
rest on surfaces near the water during the daylggast above the surface at dusk
and night (Berg, 1942; Batra, 1977; Painter & Mc€al®88; Johnson & Blossey,
2002). Mating takes place in seconds when a nrads the female swimming with
posterior poised above the water’s surface (Budiang & Ross, 1981; Johnson,
2000). After mating, the female swims down 0.5mmore and lays eggs aloivy
spicatumleaves. Adults rarely live more than 48 hourdthdugh there appears to be
no more than two generation of moths per seastmeitNorth America, adult moths
do emerge every month of the summer, apparentlghsgnized by moon phases
(Berg, 1938; Berg, 1942, Buckingham & Ross, 19&inde, 1956; Painter &
McCabe, 1988; Palm, 1986; Johnson, 2000; JohnsBlogsey, 2002).

Recently, research has been published on Eurddeapicatundirect and
indirect chemical defenses agaiAsephemerelldherbivory (Groset al, 2002;
Choi, et al, 2002; Leugt al, 2002; Walenciaket al, 2002). This research may
provide clues as to hoM. spicatummight develop adaptations to avoid controldy
ephemerella

Milfoil Weevil: Euhrychiopsis leconte{Dietz) (Coleoptera:Curculionidae)

Following the initial research of Sheldon and Cré€reedet al,1992; Creed
& Sheldon, 1994; Creed & Sheldon, 1995; Sheldonr&ed, 1995), mos¥l.
spicatumherbivory research has focusedEwhrychiopsis lecontgthe water-milfoil
weevil (e.g., Newmaset al, 1996; Sheldon & O’Bryan, 1996a,b; Solarz &
Newman,1996; Hutchinson, 1997; Newnwtral, 1997; Sheldon, 1997a,b; Sutter &
Newman,1997; Jester, 1998; Tamayo, 1998; Cofranc&gerosson, 1999; Jester &
Bozek, 1999; Mazzest al, 1999; Tamaycet al, 1999; Creed, 2000a,b; Jesteal.,
2000; Lillie, 2000; Newman & Biesboer, 2000; Tamagal, 2000; Newmart al,
2002; Johnson & Blossey, 2002; Tamayo, 20@)hrychiopsis leconteiot only
eatsM. spicatum but it destroys the buoyancy M spicatumcausing stems to drop
to the bottom. This interferes wil. spicatun's competitively advantageous ability
to form a canopy, which shades out other plantispd€reecet al, 1992; Creed &
Sheldon, 1995; Sheldon & Creed, 1995). CreedSireddon (1995) note that
leconteievolved on a diet of native water-milfoils and gast that its annual life
cycle might be out of synchrony with the exd¥c spicatum EnviroScienc®
Incorporporated’s MiddFoil" process augments local population&oleconteiand
is based on the research of Sheldon & Creed (Hilgvk998; Hilovsky, 2000;
Hartzel, 2003).Euhrychiopsis lecontgirefersM. spicatumto native milfoils
(Sheldon & Creed, 1995) and develops faster omtaodM. spicatum(Newmanet
al., 1997).

Euhrychiopsis lecont@verwinters as an adult in soils and in orgarteri
(Creed & Sheldon, 1994; Cofrancesco & Crosson, 1988nson & Blossey, 2002;
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unpublished data) adjacent to lakes and pondsMutiophyllum spicatunand/or
nativeMyriophyllumspp. When rising ice-free waters flood the wiritabitat or
when rising temperatures prompt their return, thdta migrate back to the water and
eat growing apical meristems and recently formagsids (personal observation).
After a week or so, the adults mate and, shorttyehfter, the female starts laying an
egg or two a day, for the next month, on meristeastenial (Creed & Sheldon, 1995;
Cofrancesco & Crosson, 1999). After 3 -5 days,Ipéatched larvae burrow into
the stem immediately below the meristem releasergrechyma gas that slowly
changedVl. spicatun's buoyancy from positive to negative (Crestchl, 1992;
Newmanet al, 1996). As the larvae grow, they eat increasgihmiger diameter
tunnels through the stems. Larvae pupate in grasemerging after nine to twelve
days to begin a new generation after a period tirigga The most recent revision of
E. lecontes generation time, under ideal conditions of f@odl temperature, is 38
days (Newmaret al, 1996; Cofrancesco & Crosson, 1999; Newman, 2000)

Adult E. leconteappear to have difficulty swimming unassisted tpthe
greater than 25 cm (personal observation). They lahve no alternative food source
when milfoils are not available, establishing essla predator-prey population cycle
(Smith, 1996; Jesteet al, 2000; Johnson, in prep). Additionally, leconteiare at
risk to fish predation when swimming from plantaiant, as they need to, for mating
and egg laying (Sutter & Newman, 1997; Hairstb@al, 2000; Cornwell, 2001).

Milfoil Midge: Cricotopus myriophyll(Oliver) (Diptera:Chironomidae)

Least studied of the three herbivore€scotopus myriophyllithe milfoil
midge. Kangasniemi and Oliver (1983) noted thatnyriophyllicaused significant
damage toM. spicatumby using apical meristems for food, refuge corcdtom, and
pupating sites. Few U.S. researchers have repfnigidg C. myriophylli(Newman
& Maher, 1995; Johnsoet al, 2000; Johnson & Blossey, 2002), possibly reiftect
the difficulty of observing and identifying thesmall insects. Kangasniemi (1983)
notedC. myriophyllihad “potential for use as a biocontrol agent.ttlker research
(Macraeet al, 1990; Kangasniemét al, 1992) led to the conclusion that with
sufficient numbers of. myriophylli(approximately one per apical meristei),
spicatumoverall height was reduced and the plants weregpted from surfacing
and flowering even while little plant biomass wasisumed.

Cricotopus myriophyllare small and their larvae are easily overlookeghe
when using a stereoscopic dissecting microscopadmineM. spicatum(personal
observation). This is particularly true with eairigtars. Cricotopusmyriophylli is
not listed in the definitive key of thericotopusgenus in the Neartic region
(Simpsongt al, 1983). Definitive identification involves cleéag or crushing head
capsules and looking at mouth parts (Oliver, 19&3ther diagnostic methods may
suffice seasonally in local situations becausenoitéd local midge diversity
(Appendix A) (Berg, 2002) Cricotopus myriophylleggs have not been located in
the field, although they have been collected imtabory cultures.Cricotopus
myriophylli overwinter inM. spicatummeristems in dormancy a&"23¢% and &'
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instars, and become active with water temperamiré€’- 13° C. Four larval instars
and a pupae stage precede adulthood. Swarms lt§ Adue been noted flying
approximately 3m above the water’s surfaCgicotopus myriophyllcomplete one

life cycle a year, but their emergence is not tptsynchronized. They can live on a
diet of native milfoils leading to a belief thatsta native insect although a seemingly
identical insect has been found in Europe (Mact889). Cricotopus myriophylli

may eat other plants when milfoils are not avadablt show a preference for
milfoils (Macraeet al, 1990; Kangasniemét al, 1992; Macrae & Ring, 1993).

Herbivory Potential

Insect herbivores are quite unlikely to eradiddtespicatumin any body of
water. Insect milfoil herbivores do, however, h#lve potential to keell. spicatum
from impeding recreation by keeping it from reachihe water’s surface. Some
researchers note the presence of more than onietrerin a body of water.
Unfortunately, much of the previously referenceskgech assumes that only e
spicatumherbivore of focus caused the impacts noted.elbve to refine our
understanding dfA. spicatumherbivory, we need to account for all three hesleg
and to focus our research on better defining ihé@ractions and combined impacts
on M. spicatumgrowth.

Fish Predation

Numerous authors have speculated on the impdistiopredation oM.
spicatumherbivores (Buckingham & Ross, 1981; Menzie, 1%&kter, 1998; Creed,
2000b; Lillie, 2000; Newman & Biesboer, 2000; Tamay al, 2000; Cofrancesco,
2000). Some have even looked at fish behavioraanbpulation dynamics in the
presence of herbivores in controlled situationswheigh, 1993; Sutter & Newman,
1997; Cornwell, 2001; Hairstaet al, 2000; Newmaret al, 2002). Cornwell (2001)
documented.epomis gibbosu@pumpkinseed sunfish) predation Briecontei
Figure 1, modified from Hairstoet al (2000), provides insight. | know of no
previous study which correlates the numberstiogpicatumherbivores irM.
spicatuminfested lakes with the numbers of fish of diffigrispecies or within year-
classes. Such correlations appear to be factdrerlivore population numbers and
may be important biological factors in the abilitijthe herbivores to contrdd.
spicatum

Other forms of herbivore predation must also besm®red. Bats and even
predacious invertebrates (e.g., odonata, hydrazophipoda, hydracharina,
platyhelminthes) are possible limiting factors @arlivore numbers (Batra, 1977,
Buckingham & Ross, 1981; Menzie, 1981).
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Figure 1. Graph from Hairstaet al. (2000) illustrating inverse relationship found
between fish numbers amtlyriophyllum spicatuninsect herbivore numbers in
Cornell University Research Ponds. Note the Idlaric scale of x-axis.

2001 STUDY: LEBANON RESERVOIR AUGMENTATION
2001 STUDY BACKGROUND

During the summer of 2000, nine Madison CountywNe@rk lakes were
surveyed for the presenceMf spicatumand its herbivores (Harmaet, al, 2001b)
while a tenth was known to us by prior researchrifitéen & Albright, 1997, Harman,
et al, 1998, 2000a, 2001a). All but two of these lakese part of the Old Erie
Canal System or of the Chenango Canal System (W#£896). The surveys took
place during a summer in which no harvesting waspteted on lakes previously
harvested regularly. Believing regular harvestiag depleted normal herbivore
populations, the survey was undertaken with thenitndn of identifying a lake which
could be successfully augmented withephemerella Ideally, such a lake would
have: (1) fewM. spicatumherbivores (particularlyy. ephemerelln (2) largeM.
spicatumbiomass, (3) significar@eratophyllunmspp. (coontail) biomass, (4)
alternative food sources (e.g., natigriophyllumspp.,Ceratophyllumspp, or
Elodeaspp. (waterweeds), and (5) lake shore residentsogatimunicipalities
committed to a multiyear augmentation program \aithillingness to forgo othew.
spicatumcontrol strategies.



17

A lake with a paucity of herbivores and significdhtspicatumbiomass
would most likely demonstratd. spicatunreduction after augmentation.
Ceratophyllumspp. growing tips are the preferred overwintehagitat forA.
ephemerella The presence of an alternative food sourcéf@phemerellavould
help to ensure their survival at times when theirstimption reducelll. spicatum
The commitment of lake stakeholders ensured thetrativeM. spicatumcontrol
strategies, which might interfere with or obscure tesults of an augmentation,
would not be implemented (Harmaat,al, 2001b).

None of the nine lakes surveyed provided all trerdd conditions; however,
Lebanon Reservoir (= Kingsley Brook Reservoir [Welt996]) appeared to have the
most potential for a successful augmentation witephemerella Lebanon
Reservoir had the densédt spicatumbeds of the nine lakes. It hitl spicatum
herbivores (as did the other lakes), but it hadtéchshoreline supporting. lecontei
overwintering and that shoreline was largely cosdio the north-northwest bay.
That limitation inE. leconteioverwintering habitat and the direction of the @iérg
winds made it unlikely th&. leconteialone would ever satisfactorily contidl
spicatumin Lebanon ReservoirCeratophyllum demersupxisted in Lebanon
Reservoir in locations witM. spicatum Additionally, while no nativéyriophyllum
spp. were found in Lebanon Reserv&rcanadensisvas present in the area
proposed for augmentation. Finally, the LebanoseReoir Lot Owners Association
and Madison County officials were committed to agimg from harvesting and
herbicide use for the length of the study (Harneral, 2001b), while State officials
provided the permit required for augmentation ib&mon Reservoir (NYSDEC,
2001).

In light of the above, it was decided tatephemerell@ould be introduced
into Lebanon Reservoir and that subsequent changesephemerellandM.
spicatumpopulations could be monitored (Anonymous, 2001).

Lebanon Reservoir (N428.190', W7836.406"), an artificial impoundment
built to support the Chenango Canal System, datek to 1836, although it was
rebuilt in 1867 (Welch, 1996). Lakeshore ownellsugthat it has been drained
several times since, the last time in 1978 (Ch28@3), although | did not identify
any documentation regarding this aspect of the IRes&s history. The Reservoir is
located in the Town of Lebanon and drains into Klag Brook. The surface area is
approximately 38 hectares (94 acres). The degpestis about 13.7m (45") (Coastal
Environmental Services, Inc., undated). Secemgparency was 4.0m on 20 June
2000 and 5.0m on 10 August 2000. Emergent vegetatiesent in 2000 included
Polygonumamphibium(smart-weed)l.ythrum salicaria(purple loosestrife), and
Typha angustifoligcattail). Submergent species grew to a depftvefmeters and
were represented bilodea canadensi&ommon waterweedf;eratophyllum
demersunfcoontail),Potamogeton zosteriform{fiat-stemmed pond weed}hara
vulgaris (muskgrass)Najas flexilis(slender water nymphgtuckenia pectinatésago
pond-weed)Zosterella dubigwater star-grassiRanunculus trichophyllugvhite
water-crowfoot) an&/alliseneria americandtape-grass) as well as two exotic
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speciesPotamogeton crispu&urley-leaved pondweed) and the aggressive exotic
speciesM. spicatum Aquatic plant distributions and densities asibon July 3,
2002 are summarized in Harma.al, 2001b.

2001 STUDY HYPOTHESIS

The 2001 study was designed to test a hypothesig\tlkephemerellaraised
in a greenhouse during timeframes when normallyndoit, could be introduced into
anM. spicatuminfested lake and survive and reproduce and higgt would then
reduceM. spicatumand enhance the lake's native aquatic macroplbybentinity.

2001 STUDY METHODOLOGY

During the winter and spring of 2001 Cornell Unsigy Research Ponds
(CURP) staff cultured late instar larvaeffephemerelldhereinafter referred to as
“larvae” and “adults” as appropriate) in greenh@use the Cornell University
Campus.

On May 3, 2001, staff from CURP and SUNY Oneontaldijical Field
Station (BFS), as a follow-up to the year 2000 syrsurveyed Lebanon Reservoir,
Madison County. Subsequently, three 10m x 10m xyeatal plots and three 10m
x 10m control plots in dense beds (150 — 200 st of M. spicatumwere
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established by mutual agreement between BFS anduiRP personnel (Figure 2).

Figure 2. Lebanon Reservoir (from DeLorme 3-D TQpad$ New York) annotated
with Sites 1, 2, & 3, Plots A - F and water qua(ityQ) evaluation point. Sites
located with GPS readings which have an inhereattaaracy of less than 22 m
(Dana, 2003).

These plots were in depths of 2.5m — 4.0 m of wakach experimental plot
was paired with a control plot to form a numberige. #\pproximately 20m separated
the control and experimental plots at each sit@eErmental plot 1a and control plots
1b (site #1) were about 100m from experimental ptoand control plots 2d (site #2)
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as was site #2 from site #3. Each plot cornermaked by plastic tent pins in the
substrate and submersed buoys. A submersed ngndnnected plot corners.
Plots were made roughly square through the usees [LOm long (for sides) and
14.14m long (for the diagonal) and with the usa tdser range finder. To facilitate
relocating the plots, a line was laid, for latdooation, along the bottom from the
plot corner closest to shore toward the closestespoint. This line was terminated in
1 m of water to make plot presence and markersiesseable. Laser range finder
established distances to shore points and Glolsti®ws System (GPS) readings
further defined plot locations. Site and plot lbaas are described in Table 1.

Location North Latitude West Longitude
Site 1
Plot A 42° 47.971 75° 36.548
Plot B 42° 47.975 75° 36.568
Site 2
Plot C 42° 47.991 75° 36.600
Plot D 42° 47.990 75° 36.621
Site 3
Plot E 42° 47.997 75° 36.600
Plot F 42° 48.004 75° 36.662

Table 1. 2001 Lebanon Reservoir site and plottiocalata. Sites located with
Global Positioning System (GPS) readings which reveherent inaccuracy of less
than 22m (72.2") (Dana, 2003).

On May 18, 2001, four augmentation bundles weregalan the corner of
plot 2c to test the efficacy of augmentation burdisign. The augmentation bundles
were comprised of an outer nylon net fabric lageiew stones to provide negative
buoyancy, larvae infestéd. spicatumand a wire-plastic “twist-tie” (Figure 3). Two
of these bundles were retrieved on May 22, 2001tl@dontents examined and
evaluated on May 24, 2001.
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Figure 3. Acentria ephemerellaugmentation bundle design and jars used for
transport of bundles.

Five replicate samples for determinations of bissnatem density, and stem
length were collected from each of the four plotshree samplings: May 30, July
19, and September 29/October 2, 2001. Prior tat glallection, the four corners of
the plot were marked by surface buoys. To prouvidgiased samples, five Pelian
marker buoys (comprised of a 170 gram lead weitihtled to a buoy by a 3.5 mm -
diameter woven nylon line) were blindly tossed itite plots from a boat. A diver
then located the weighted end of each marker bodyuaed that weight as the center
point for collection. A 0.3m diameter ring attadie a woven mesh bag (with mesh
openings approximately 3mm in diameter) was lowengsr the aquatic macrophytes
which were cut off at the substrate-water interfasiag utility shears. Alternatively,
where cutting the macrophytes endangered the ityexgrstems in the sample, plants
were pulled from the substrate and later cut ofhatlowest level of stem material
showing green color. A boat-based assistant delfieany buoyant material escaping
the net and grasp of the diver. Plant material plased in plastic bags and stored on
ice until returned to the laboratory.

Samples were stored in BFS refrigerators until @ssed. The samples were
first washed in warm tap water to remove mud, afspveeakly adhering algae, and
senescent organic material. Root material wasdied. Stems were separated from
stolons and rhizomes at the point where the platéeral was no longer green.
Turions were counted in the sample if they showeeg or orange color indicating
that they were vegetative products of the curreatry Samples were separated by
species according to Crow and Hellquist (200@yriophyllum spicatunstems were
carefully separated, counted, and measuMyriophyllum spicatunstem pieces
were evaluated for recent breaks at one or botk and, when broken, were matched
with the piece from which they were separated.mSteunt and stem length figures
were adjusted accordingly. To achieve consistemhass weights, macrophytes
were dried at 10% in a convection oven for at least 24 hours (ui#) and reported
as species dry weightfm Plants were weighed to hundredths of a grana. séimple
weighed less than 0.01g7nit was recorded as “*” to indicate presence ia $ample.
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On May 24, 2001 and every two weeks thereaftet thrgiend of September,
twenty-five M. spicatunmstem samples were collected from each plot usiplgrat
rake designed to minimize damage to plants growirtbe plots (Figure 4). The
rake was blindly thrust into all areas of the ptatisted and extracted. Three to five
stems were collected off the rake with each thrifstore than five stems of
sufficient length were on the rake only the fitgefremoved were used. To limit
bias, each stem was removed from the rake by lug#itie basal portion without
viewing the growing tip. The apical 25cm of eatdns was stored in individual
plastic bags for later examination for evidenc@erdbivory. Stem samples were
stored on ice until returned to the laboratory.cases where stem samples could not
be examined within two weeks of collection, samplese frozen and examined later.

Figure 4. Low impact aquatic macrophyte sampliee designed and built for 2001
research compared with a standard 30.6 cm measstiakgy Rake tip and pipe
lengths snap together accommodating collectiors frarious depths. Note the
small tines of the rake.

M. spicatumstem samples were examined using an earlier veddithe
methodology described in Appendix A (Lord, 2003y avith dissecting microscopes.
Results were recorded on tabular sheets (John860) aoting herbivore damage and
presence.

On May 30 and June 8, 2001, CURP packaged laterilzst/ae in 283 and
268 augmentation bundles respectively. Each bumdteassembled with
approximately 25 larvae. Bundles were stored oghitrend transported in jars
(Figure 3) on ice. The counts of four of thosedias, drawn randomly from the
stock, were verified for each augmentation datandbes were equally distributed
amongst the three experimental plots (1a, 2c, apau3d uniformly distributed within
them.
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Two weeks after augmentation (15 June 2001), ijucmtion with collection
of the first herbivore stem samples, a diver chddke planted augmentation bundles
for evidence of migration out of the bundles. Attally, M. spicatumgrowing in
the immediate vicinity was viewed for obvious sigridierbivory.

On 21 June (a day with a new moon), plot cornergweted during daylight
hours and a boat based researcher remained do sibserve patterns of emergence
and mating in adult moths. Following other Jullf &ind new moon dates (5 and 20
July respectively), a survey of shore areas wasn@adollect moths.

Eight transects used on July 3, 2000 werisited by free divers (equipped
with mask, fins, and snorkel, not SCUBA) on Jul®B01 to determine species
composition in various areas of the lake. Themiwellected plants and estimated
the amount of the bottom covered (substrate pexmm@r per unit area) by each plant
species to characterize littoral vegetation. Emabled us to develop an
understanding of the physical attributes (heighhgity, shape) of the plants in each
community. Such data are important to determiee tralue as cover for
invertebrates, forage and game fish and to bettéenstand littoral food web
dynamics (ecosystem function) in the lake. Plammunity composition and
relative dominance was described using six covanrdance categories (0%-5%, 5%-
25%, 25%-50%, 50%-75%, 75%-95%, and 95%-100%jiémths of one half, one,
two, three, four and five meters. Since many sgseare able to use nearly 100% of
the substrate for their needs concurrently witleo#pecies, total percentages per
area often exceeded 100%. The principal taxonamnilcority for vascular aquatic
plants used was Crow and Hellquist (2000).

The Reservoir was also monitored for chemical dngsigal attributes (Secchi
transparency, temperature, pH, conductivity, asdalved oxygen) ten times during
the M. spicatumgrowing season. Data were collected in the deg@esthe
Reservoir using a standard Secchi disk and a Hgtftalampler.

2001 STUDY RESULTS

Myriophyllum spicatunstarted to grow visibly in the week of 18 May. An
estimated (through extrapolation) 21,84.1ephemerelldarvae were transferred into
Lebanon Reservoir. (See Tables 2-4). Approxingat&b of the larvae died prior to
exiting the transfer packets (Table 5). Althosgrephemerellanoths were not
found emerging on 21 June as anticipated, wirgegbhemerelldmales) were found
on surface mats @tuckenia pectinatgsago pondweed) on days following the next
two full moons (5 and 20 July).
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Table 2. Counts and calculations used to estimat&bers ofAcentria ephemerella
larvae and pupae transferred into Lebanon Resemwddl May and evaluated on

1 June 2001.

Life Stage | Jar: 1 2 3 4 Total Average
Refuges: 35 36 27 26 124 31.00
Larvae alive: 38 25 19 19 101 25.25
dead: 1 3 4 0 8 2.00
Cocoons occupied: O 3 2 0 5 1.25
empty 1 0 0 1 2 0.20
Average augmentation of moth larvapufpae / package: 26.5
Augmentation packages introduced: _ 279
Total estimated augmentation to date: 7394

Table 3. Counts and calculations used to estimatebers ofA. ephemerella
larvae and pupae transferred into Lebanon Reseasgadf 8 June and evaluated on

11 June 2001.

Life Stage | Jar: 1 2 3 4  Total Average
Refuges: 34 27 37 32 130 32.50
Larvae alive: 36 17 23 26 102 25.50
dead: 4 1 4 3 12 3.00
Cocoons occupied: 2 1 1 0 4 1.00
empty: 0 0 0 0 0 0.00

.8 8 7 T-

Date| packaged: Jun Jun Jun Jun

Average augmentation of moth larvapupae / package: 26.5
Augmentation packages introduced: _ 268
Total estimated augmentation: 7102

Total estimated augmentation to date: 14496
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Table 4. Counts and calculations used to estimatebers oAcentria ephemerella
larvae and pupae transferred into Lebanon Resemgaif 14 June and evaluated on
15 June 2001.

Life Stage | Jar: 1 2 3 4  Total Average
Refuges: 36 45 41 32 154 38.50
Larvae alive: 27 33 25 21 106 26.50
dead: 0 0 0 0 0 0.00
Cocoons occupied: 4 0 3 0 7 1.75
empty: 0 0 0 0 0 0.00
Cricotopus
myriophylli 0 0 0 1 1 0.25
Average augmentation of moth larvapupae / package: 28.25
Augmentation packages introduced: _ 260
Total estimated augmentation: 7345
Total estimated augmentation to date: 21841

Table 5. Counts and calculations used to estimat@bers of surviving augmented
Acentria ephemerelli@arvae and pupae in Lebanon Reservoir. Four ssswére
retrieved from the 31 May (Plot F) introduction bh June and evaluated on 18 June 2001.

Life Stage | Bags: 4

Refuges: 45 Remaining
Larvae alive: 10

dead: 4
Cocoons occupied: 1

empty 1
Average augmentation of moth larvae & pupae/packagetroduction: 27.10
Average live moth larvae & pupae/package when eraci 2.75
Average dead larvae: 1.25

Stem data are summarized in Table 6 which showsappately 0.23A.
ephemerelldarvae were available for each stenmbfspicatumn the experimental
plots following augmentation.
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Table 6. Lebanon Reservdicentria ephemerelliarvae per stem calculations.

Calculated augmentation of moth larvae & pupae: 21841.00
Calculated introduced moth larvae & pupae dead: 1008.75
Calculated introduced moth larvae & pupae alive: 20832.25
Alive introduced moth larvae & pupae / experimeipiak: 6944.08
Introduced
Larvae
Plot Stems/h & Pupae / Stem
A 237.5 0.29
B 345.0 0.00
C 387.5 0.18
D 240.0 0.00
E 302.5 0.23
F 265.0 0.00
Average introduced larvae & pupae / stem in expemnital plots: 0.23
Average stems / introduced larvae & pupae in erpenmtal plots: 4.28
Expectation of larvae & pupae in 20 tip samples: 4.67

Larvae were found in control plots throughout tampling period, although
they averaged only .045 per stemMbfspicatum(Figure 5). Greater numbers of
larvae were present in experimental plots than viered in the control plots during
June and July (Figure 6), but not in the numbetigigated by calculations (Table 6).
Moreover, in succeeding months the numbers of &amdhese plots were nearly
indistinguishable from those found in the controltp (Figures 5 & 6). Finally, few
empty refuges (30 in the approximately 1500 stexasngned) were found olil.
spicatumstem samples.

Plant diversity across the Reservoir increaseddidLord, 2003) when
compared to 2000 (Harmaet, al., 2001b) with five transects showing more diversit
and two showing less. StiN. spicatumwas anecdotally, but clearly, more
recreationally impeding across the Reservoir inl20@n it was in 2000. Water
levels were also clearly lower than 2000 (althotighdifference was not measured).
Myriophyllum spicatunformed canopies and branched at the surface, fenyand
then produced seed frustrating efforts to use #=eRvoir for boating, swimming,
and fishing.

Standard physical and chemical data accumulatedtbe season were
reported in Lord (2003).

Lepomis macrochiru@Rafinesque) (Perciforme€entrarchidae) (bluegill)
were noted to be present in large numbers in Leb&wsservoir during all research
activities. Additionally, at least 12 transfer gats (see Figure 3) were incidentally
observed to have “netted” smallmacrochirus
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2001 STUDY DISCUSSION OF RESULTS

Initial A. ephemerellavailability in the test plots was at a densitY)d@3M.
spicatumstem. This was encouraging since, if the succegegiémeration of larvae
were recruited at a rate of 10:1, there shoulddie@able impact on thé. spicatum
in and around the test plots (Painter and McCa®@g)L

Acentriaephemerelladid not emerge on 21 June as expected. This may b
due to unusually cool water temperatures in latg &rad early June slowing down
ephemerellanetabolism and growth. They did emerge in Jullp¥ang full and new
moons.

As noted previouslyM. spicatumherbivore predation probably comes from a
number of animals representing various taxononocgs. We need not, however,
focus on all predators. We should identify thossdptors that exert significant
control onM. spicaturherbivores. The presence of numerous rAakphemerella
on the canopie®. pectinataplants in shallow water after emergence indictiat
predation comes from below, not from above the isateirface. Additionally, there
is evidence disputing a hypothesis that predatiousrtebrates were significant in
reducing theA. ephemerellgpopulation in Lebanon Reservoir: The near absehce
empty (old; abandoned) refuges on the plants irefperimental plots is inconsistent
with a relatively small predator and more consisteith a large predator; one which
associates the refuge shape with food and whichpable of removing the refuge.
This coincides with an observation made by Johifi2663) thatA. ephemerella
refuges, originally present whénmacrochiruswere put in aquaria withl. spicatum
andA. ephemerellawere missing fronM. spicatunstems at the end of the
experiment.

Physical and chemical data accumulated over treosdadicated nothing
significant to the augmentation (Lord, 2003).

2002 STUDY: COMPARISON OF TWO LAKES
2002 STUDY BACKGROUND

During the warm water months of 2002, a monitoregime was
implemented in twd/. spicatundominated lakes to facilitate comparisons of tkh fi
populations and herbivore numbers, dhdspicatundominance and herbivore
numbers. The lakes were Lebanon Reservoir wiileispicatunforms canopies
regularly and Otsego Lake (adjoining the BFS) whighile M. spicatundominated,
suffers minimal recreational interference frivnspicatungrowth. Lebanon
Reservoir was described previously. Otsego Laksdidbed in Harmaat al. [1997])
differs from Lebanon in both depth and overall sizebanon Reservoir aquatic
macrophytes have been managed extensively (hargd&hase, 2002] and milfoll
moth augmentation as described above) while Otsage’s macrophytes have not
been managed. Although Otsego Lake’s morphologitatacter differs
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considerably from Madison County reservoirs, thet@asting characters of tivé.
spicatumcommunities in both of these lakes still inviteargmarison. While a greater
number of lakes may have provided more statisyicampelling data, 2002 funding
constraints restricted my work to these two lakes.

2002 STUDY METHODOLOGY

The following were compared in the two lakes stddi€l) warm water fish
populations, (2) aquatic macrophyte community cositpm, (3)M. spicatum
herbivore populations, and (4) chemical and phygiaeameters.

Warm water fish populations were evaluated by najhttrofishing in late
June (Otsego Lake) and early July (Lebanon Resgmsing the SUNY-Cobleskill
Smith-Root" boat electrofisher. This system uses a 3500-geaterator and a Type
VI-A variable voltage pulsator to stun fish whiclere collected by two individuals,
with scap nets, in the bow of the boat. Duringsthsurveys, 336-504 DC volts at 6-
7.5 amps were used (Cornwell, 2003). Data wererded by species and total length
as determined by measurement on a measuring b&dedtrofishing was conducted
around the entire littoral of both Lebanon Researaod Otsego Lake.

Lebanon Reservoir fish ages were estimated orspelies that were captured
in quantities greater than ten by a length-frequemalysis (Murphy & Willis, 1996)
whenever the data supported such estimates.

Aquatic macrophyte community composition and hest®wopulations were
examined in the south end of Otsego Lake (whichagse morphologically similar to
Lebanon Reservoir than other areas of Otsego Lakepround the entire periphery
of Lebanon Reservoir. In each laké, spicatumwas sampled for biomass, stem
length, and stem densities, as well as the biowlasther aquatic macrophytes during
July (the peak timeframe fddl. spicatungrowth). Herbivore numbers in each lake
were monitored by sampling and analyzing no leaa b stems from thirteen
randomized littoral locations in each lake at fdifferent time periods from July
through October.

Sampling location randomization was accomplishedigin a multistep
process. A map of the overall sampling area i dace was interpolated between
the 10" (3m) and 20' (6m) depth contours to idgrifl5' (4.6m) contour. A 4.6m
contour would nearly coincide with the deepest ddpt plant growth (deep edge of
the littoral zone). Grid boxes were then overladthose portions of the lake maps
between 3m and 14.6m and each was assigned a uniqueer (Figures 7 & 8). A
random number generator (Microsoft Office XP EXyeVas used to provide sample
location grid numbers. Those grid number locatese identified on a topographic
map of the lake areas (Delorme 3-TopoQuads: NevkYjorLatitude and longitude
coordinates were identified. Coordinates were wsethe lakes with a handheld GPS
unit (Garmin GPS IPlus® or Garmin GPS 79 to identify sampling locations.
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Where locations identified by this procedure wee deep to grow plants, a
rake was tossed every 2 m, towards the closes¢ giwant, until plants were
collected.

Five replicate samples for determinations of bissnatem density, and stem
length were collected from each lake in July: @& Jor Lebanon Reservoir and 22
July for Otsego Lake. A Pelic3marker buoy (previously described) was tossed into
the lake, from a boat, at the location identifigctive randomization procedure. A
diver then located the weighted end of the markeyland collected plants using
previously described procedures.



Figure 7. Otsego Lake grid pattern for 2002 aquatcrophyte and herbivore
sampling.
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Figure 8. Lebanon Reservoir grid pattern for 288atic macrophyte and herbivore
sampling.
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Plant samples were transported, stored, and pred¢éssbiomass, stem
density, and stem length as in the 2001 work desdrabove. Both lakes were also
monitored for chemical and physical attributeseast five times during thd.
spicatumgrowing season as described previously.

2002 STUDY RESULTS

Significant results from the 2002 research arpldiged in abbreviated form in
Figure 9.

Plant biomass samples from both lakes contrastddeaich other.
Myriophyllum spicatumwvas missing from four of the five Otsego Lake skspvhile
it was present in all Lebanon Reservoir samplesndly of stems in Lebanon
Reservoir averaged 295/¢8E=80.3) while density of stems in Otsego Lake wa
30/nf (SE=30.0). Mean height of stems in Otsego Lakkla@banon Reservoir were
55.0 cm (SE=10.9) and 109.5 cm (SE=9.0) respegtivel

Myriophyllum spicatunstem samples taken to assess herbivory were dinilar
varied. Otsego Lake samples showed clear sigherbivory on 83% of the samples
processed while Lebanon Reservoir processed sasipbeged herbivory on 21%.

The 100 Otsego Lake samples produced AinephemerellaeightE. leconteiand 38
C. myriophylliwhile the 100 Lebanon Reservoir samples heldAwephemerella
threeE. leconteiand oneC. myriophylli

Lebanon Reservoir Otsego Lake
Biomass — M. spicatum present — M. spicatum absent
in all sites. in some samples.
Stem
Samples — Meristems clean; — Meristems chewed,;
— Herbivores rare. — Herbivores present.
... — Fewspp.; — Diverse fish
Electrofishin _ :
a_ Dominated by L. community;
macrochirus. — Few L. macrochirus;
— Dominated by
alewives.

Figure 9. Results of 2002 research comparing Leb&eservoir and Otsego Lake
Myriophyllum spicatumM. spicatumherbivores, and fish.
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Standard chemical and physical data for Leban@®Reir in 2002 are
included in Lord (2003) and the same data for QGideake are summarized in
Albright (2003).

Electrofishing results for Otsego Lake are desdtiim detail in Cornwell
(2003), with Table 7 providing a summary of thos¢éad Table 8 summarizes the fish
caught in Lebanon Reservoir. Length frequencytecatots of Lebanon Reservoir
fish caught are included in Lord (2003).
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Table 7. Otsego Lake electrofishing catch ratatcfc/ hour) for game and non-
game fish for June 2000, October 2001, June 2082atober of 2002 (modified

from Cornwell [2003]).Lepomis macrochiruandAlosa pseudoharengukata are
bolded.

Species Jun-00 Oct-01 Jun-02 Oct-02
Sander vitreugWalleye) 7 15 1.2 1.4
Ictalurus nebulosuéBrown Bullhead) 4.5 1.7 0.8 10.0
Lepomis macrochirugBluegill) 11.0 30.7 15.2 32.0
Cyprinus carpio/Common Carp) 4.0 4.0 10.4 3.0
Alosa pseudoharengus®{ewife) 123.0 2.7 136.0 1.0
Notropis artherinoideg¢Emerald Shiner) 6.0 6.7 3.2 88.0
Notemigonus crysoleucé&olden Shiner) 3.5 11.3 5.6 5.0
Lepomis gibbosi@Pumpkinseed) 31.0 46.0 17.6 25.0
Lepomis auritugRedbreasted Sunfish) 2.0 14.7 6.4 28.0
Notropis hudsoniugSpottail Shiner) 3.0 12.7 0.0 0.0
Etheostoma Olmste(il esselated Darter) 1.0 10.0 4.0 6.0
Catastomas commersafwhite Sucker) 28.0 8.7 10.4 11.0
Salvelinus namaycughake Trout) 0.0 2.8 0.0 12.0
Salmo salar(Atlantic Salmon) 0.0 0.7 0.0 0.0
Salmo trutta(Brown Trout) 3.5 1.0 0.5 0.6
Amblopleites rupestri@Rockbass) 24.5 94.0 11.9 32.0
Esox niger(Chain Pickerel) 3.3 12.3 2.7 51
Micropterus salmoidef_argemouth Bass) 14.2 14.2 11.4 6.2
Micropterus dolomieu{Smallmouth Bass) 16.0 6.1 9.0 4.9
Perca flavescenérellow Perch) 26.0 22.0 7.2 7.1

Table 8. Lebanon Reservoir electrofishing cattbsréor game and non-game fish
for July 2002.Lepomis macrochirudata are bolded.

Species Catch/hr
Ictalurus nebulosuéBrown Bullhead) 14.1
Lepomis macrochirugBluegill) 442 .4
Notemigonus crysoleuc#Solden Shiner) 14.1
Micropterus salmoidef_argemouth Bass) 12316
Lepomis gibbosiPumpkinseed) 82.4
Amblopleites rupestriRockbass) 23.6
Etheostoma Olmste@Tesselated Darter) 12
Catastomas commersaiWhite Sucker) 2.4
Perca flavescengrellow Perch) 3.5
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2002 STUDY DISCUSSION OF RESULTS

Interpolation of depth gradients for the lakes bwéting lake points on
Delorme Topoquads maps used in conjunction witldhald GPS devices frequently
introduced inaccuracies that directed collectian®tations deeper than the plants
grew. Use of a 10’ (3m) depth gradient would heweplified sampling and focused
sampling on the depth at whidh spicatums the most dominant in both lakes
(personal observation) and at whidh spicatumis known to grow best (Hartlett
al., 1993).

Physical and chemical data accumulated over treosaadicated nothing
significant to the comparison.

Summer electrofishing protocols commonly used &cdbe the warm water
fish community in NY State lakes (Brookingf, al, 2001) are not appropriate for
sampling all fish species. Cold water species ssctheSalmo gairdner{rainbow
trout) found in Lebanon Reservoir (Chase, 2002natesampled in summer
electrofishing because these fish are found in eleeplder waters. Some warm
water fish such aBomoxissp. (crappie), which are commonly caught in Lelmano
Reservoir (Chase, 2002), will avoid sampling ifitlaee in deeper waters than the
effective range of the electrofisher unit. Neitbéthese two fish was accounted for
in 2002 electrofishing sampling (althouBbbmoxisnigromaculatusvas accounted
for in 2003).

Best fish aging techniques vary by species antth&yenvironment in which
the fish are found (Murphy & Willis, 1996). Mangquire sacrifice of the fish aged.
One technique supported by the governing 2002 Nevk %tate Department of
Environmental Conservation (NYSDEC) permit for Leba Reservoir was a length-
frequency analysis. This analysis assumes a ndistalbution of the data obtained
that is rarely justified. The Lebanon Reservoiradats not normally distributed. A
particularly consistent limitation to the use afttechnique is that older fish year-
classes are hard to differentiate due to theitéichgrowth. Nevertheless, | observed
an indication of year-classes in some of the LebdR@servoir species collected.

Lepomis macrochirusere, by far, the most numerous fish presenten th
electrofishing survey. Those netted appeared tefesented by at least four year-
classes in approximate lengths of: 30mm - 75mai'@.3.0"), 75mm - 140mm (3.0"
—5.5"), 140mm - 170mm (5.5" — 6.7"), and 170 mn7'(and larger. Smalld.
macrochiruswere not expected inasmuchlasnacrochirussmaller than 30mm
(1.2") are typically limnetic fish (Layzer, 1982aktse, 1991) while electrofishing
was confined to the littoral area of the lake sha#r than 1.5 m. The largdst
macrochirusnetted ( 170mm [6.7"]) are somewhat larger than the rarfggpacal
adults found in NY State but none were large endadye considered trophy fish
(Smith, 1985). These larger fish were, almostately, not from a single year-class,
but are fish that are older than the age of the-gkes preceding.
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Micropterus salmoideflargemouth bass) is an important fishery in Lelmano
Reservoir (personal observationMicropterus salmoidesere well represented in
the survey and appear to be present in five secesek approximately defined as:
15mm — 50mm (0.6" — 2.0"), 75mm — 120mm (3.0" “%}.Z70mm — 270mm (6.7" —
10.6"), 270mm — 350mm (10.6" — 13.8"), and basatgrethan 350mm (13.8"). This
correlates well with the fact thist. salmoidegypically take five years to reach
maturity in NY State. Successful recruitment o$ thame fish in Lebanon Reservoir
is apparent. The largelst salmoidesaught, exceeding 510mm (20"), is not a NY
State trophy fish (Smith, 1985). Interpretatioryeér class data for other Lebanon
Reservoir fish species encountered provided notbimgpte to this research but is
contained in Lord (2003).

Although few in number, all thred. spicatumherbivores persisted in
Lebanon Reservoir. The simplicity of the warm wditth community in the
Reservoir and the large number.oimacrochiruspresent forced attention ko
macrochirusas the key predator on tMe spicatumherbivores present and prompted
a review of the literature available bnmacrochirus Lepomis macrochirus native
only to the Saint Lawrence drainage in New Yorkié&taut has now been introduced
into lakes across the State (Smith, 1985). Sad&kp(1976) notes, in an article
section entitled, “Food of small sunfish (29-70mpjiat the “...predominant food
items (volume and frequency) used by smialihacrochiru$ were chironomid
larvae Chironomussp. andCricotopussp.).” These would includ@r. myriophylli
and these larvae would closely resemble in formtaatt larvae oA. ephemerella
andE. lecontei O’'Brienet al (1976) notes that bluegill “...always choose moving
prey over one held motionless.” while Werner & Ha®76) note that. macrochirus
“...fed largely on vegetation dwelling prey.” | alsotice that Werner & Hall (1977)
notedL. macrochiruswere “...found in water...1-6m deep” which is the saiepth
range thaM. spicatumbecomes problematic in Lebanon Reservoir (and idwst
State lakes) and that macrochiruspossess a “...protrusible mouth which permits
efficient exploitation of small prey” and that tleesunfish use “...precise
maneuvering for prey which must be gleaned in lawgmbers from vegetation...”

Lepomis macrochiruare standouts among the sunfishes found in New Yor
state because their stomach contents are notexhtaic ingested plants
(McCormick, 1940; Bennaedt al, 1940; Howelket al, 1941; Rice, 1941; Flemer &
Woocott, 1960). Interestingly, bluegills do nogelst plants (Chable, 1947). Why
are the plants included in their intake? Sadziko\{E976) notes the possibility that
the vegetation may be incidentally ingested whexlifeg on insects hiding among
plant parts.

Lepomis macrochirush M. spicatumare safer from predation from
piscivorous fish thah. macrochirusn more diverse situations (Gotceits & Colgan,
1987; Hayse, 1991; Hayse & Wissing, 1996; ValleB&migan, 2002b)Lepomis
macrochiruslive among aquatic macrophytes throughout theadiwhen in the
presence oM. salmoidedarge enough to eat them, except for the firsosigeven
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weeks of their lives which is spent in limnetic zomhere they eat zooplankton
(Siefert, 1972; Layzer, 1982; Hayse, 1991; Bre@83).

An explanation as to the differencedMin spicatumcanopies in Otsego Lake
and Lebanon Reservoir may lie with the presen@nother exotic species, a fish, in
Otsego Lake Alosa pseudoharengiialewives) are limnetic, planktivorous fish with
a predilection towards opportunistic feeding onrygwf-the-year fish (Brookingt
al., 1998; Brookinget al, 2001). Lepomis macrochirusumbers in Otsego Lake may
be depressed due Ao pseudoharengugredation on just hatchéd macrochirusin
the limnetic zone. Lowered numbersLoimacrochirusmay be facilitating a healthy
population ofM. spicatumherbivores which keeps Otsego Lakespicatumfrom
forming a canopy. In Lebanon Reservoir, withA@seudoharengus.
macrochirusare suppressing tiM. spicatumherbivore population facilitatiniyl.
spicatumcanopy production which assistsmacrochirusn avoiding predation by
M. salmoides ThisM. spicatumassistance ih. macrochirussuccess which
facilitatesM. spicatunmsuccess is an example of both a positive feedbpak and
mutualism (Smith, 1996). This hypothesis is iltagtd in Figure 10.

e L. macrochirus' e L. macrochirusl
e M. spicatum * M. spicatum
herbivores herbivores I

* M. spicatum I * M. spicatum l

(Lebanon Reservoir) (Otsego Lake)

Figure 10. Hypothetical model illustrating underst trophic relationships between
Lepomis macrochirysMyriophyllum spicatunimerbivores, ani¥l. spicatumas
perceived from Otsego Lake and Lebanon Reserv@e 2ta. Up-arrows indicate
increased population sizes whereas down-arrowsateldecreased populations.

While the hypothesis proffered above should be idened, we should be
careful not to accept its implied remedy withouliltkrate consideration. Eliminating
L. macrochirusfrom a body of water is problematic because tlisbeare ubiquitous,
an appreciated pan fish, and a prolific reprodu&aren ifL. macrochiruscould be
removed from and kept out of a lake, niche shif(@mith, 1996) must be considered
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a possibility. What niche shift means in the canhtd M. spicatuncontrol is that
some other predaceous pan fish (€2grca flavescenigellow perch] orLepomis
gibbosis[pumpkinseed]) might cropl. spicatumherbivores in the absencelof
macrochirusand, even if not as efficiently &s macrochirug may suppressl.
spicatumherbivore numbers. Werner & Hall (1976; 1977)daveviously
demonstrated niche shifting amongst sunfishes.

Additionally, obvious solutions may have benefiggated by problems
created. As an example, introduciigpseudoharengusto Lebanon Reservoir
might serve to suppress themacrochirusnumbers facilitatingul. spicatum
herbivore survival an¥l. spicatumcontrol, butA. pseudoharengusome with a suite
of their own problems including increased nutrieyttling, lowered water
transparency, and depressed oxygen levels (Wda@@9). Their introduction would
jeopardize the already marginal habitat offeredctimeently stocked. gairdneriin
the Reservoir. Itis not even clear thapseudoharengusould crop the..
macrochirusnumbers in Lebanon Reservoir sufficiently givea ¢ineater proportion
of littoral to limnetic surface area in the Res@nas compared to Otsego Lake
(Brooking, 2002).

2003 STUDY: COMPARISON OF EIGHT LAKES
2003 STUDY BACKGROUND

Our 2002 research provided some reasonable indisathat.. macrochirus
may be responsible for suppres$édspicatumherbivore populations facilitating.
spicatumcanopies and dominance. Nevertheless, the 206andsexamined only
two lakes. While the results were intriguing, tlieg not include enough data for
statistical validity. Further research neededaabdertaken to determine if
statistically significant correlations existed beem fish populationd/l. spicatum
herbivore numbers and. spicatundominance.

Funding was obtained (Anonymous, 2003) to moniikginteMadison County,
New York reservoirs in May, June and July of 20@3adley Brook Reservoir, Eaton
Brook Reservoir, Hatch Lake, Lebanon Reservoir, &olaeland Pond, Upper Leland
Pond, North Basin Lake Moraine, and Tuscarora RegerMonitoring tasks
included evaluating chemical and physical paramsetesh populationgyl. spicatum
herbivore numbers and. spicatundominance.

2003 STUDY METHODOLOGY

Techniques used in 2003 were nearly identical dsatused in 2002. Warm
water fish populations were evaluated by nighttebdishing in late June in all lakes.
Electrofishing was done around the entire litt@@he of Bradley Brook Reservoir,
Hatch Lake, Lebanon Reservoir, Lower Leland PorattiNBasin Lake Moraine and
Upper Leland Pond. The littoral perimeters of BaBoook Reservoir and Tuscarora
Reservoir were too large to be electrofished inmigét. In both lakes the shallow
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sloped organic sediment areas and steep rockyrba@tteas were sampled with the
preponderance of sampling taking place in shallowesi organic sediment areas.
Specific areas electrofished are identified in Leta@l (in prep).

Aquatic macrophyte community composition and hest®wopulations were
examined by sampling in randomized locations (asipusly described), but only
along the 3m depth contour, simplifying the progedused in 2002. Sampling at the
3m depth also provided samples from the depth ahWi. spicatungrows most
profusely in North America (Hartlelet al, 1993). Biomass samples were collected
from 20 sites in each lake in early July using2B82 procedure, but only along the
3m depth contour. Results are reported for Z@vhile 1.41 niwas sampled in each
lake. Herbivore numbers in each lake were mornittmesampling and analyzing 25
stems from no less than thirteen randomized litioations in each lake at four
different time periods from May through July. lonse instances all 25 stem samples
could not be accounted for and the lake’s resufieewecalculated as a percentage of
100 stems so that each lake was equally weighted.

Data were tabulated and analyzed using EX@gicrosoft® Office
Professional Edition 2003) and MINITAH (Version 13.1). Data were initially
compared toM. spicatumpercentage of biomass collected at 3m, a measure o
dominance, and later, following initial data anaédysompared td/1. spicatumstem
density at 3m. Statements of significance refd? t00.05. Residuals for all such P
values were checked for normality.

2003 STUDY RESULTS

Principal results from the 2003 research weressiizd! significance for
regressions between bdthmacrochirusandL. gibbosusandM. spicatumstem
density, logarithm transformel ephemerellaand damage thl. spicatumstems,
and betweeM. spicatumstem density and logarithm transformfedephemerella
Table 9 provides regression specifics.

A wide range oM. spicatumdensities (percent of biomass and stem counts)
existed in the surveyed lakes. Lebanon Resenanird®%M. spicatumin its 3 m
depth biomass samples with a stem count of 297evidaton Brook Reservoir had
6% and 12. Significant regressions were found betwdensity oM. spicatumstems
at 3 m and percentage of biomass, average lengiteiwis M. spicatunbiomass, and
total biomass (Table 10). All three herbivoresavierund in all lakes with varying
degrees of herbivory evident. Fish populationsegasignificantly. Table 11
provides a contrast &fl. spicatunpercentage of biomass at 3 m and notes on lake
fish. Table 12 provides a summary of all dataestiééd. Lordet al (2004) provides
details regarding plant community structure andpingsical and chemical data
collected as well as tabulated electrofishing tgtapecies and location for all lakes.
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Not found to be significant were the relationshyp$ween the data fd.
leconteiandLepomisspp. (or any other fish) and betwe@rmyriophylliand
Lepomisspp. (or any other fish).

Table 9. Statistically significant regression eepres defining the trophic
relationships betwedrepomis macrochiruandL. gibbosusAcentria ephemerella
andMyriophyllum spicatunas calculated from 2003 Madison County lakes data.

Regression Equation P ’R

M. spicatumstems at 3m =
44.8 + 0.29.. macrochirug hour electrofishing 0.001  87.3%
-63.7 + 1.43.. gibbosud hour electrofishing 0.006  74.5%

M. spicatumstems at 3m =
244.45 -logarithm transforme&l ephemerellgno eggs) 0.006  74.7%

Logarithm transformed. ephemerellgno eggs) =
0.884-0.001L. macrochirug hour electrofishing 0.001  85.9%
1.249 - 0.004.. gibbosud hour electrofishing 0.024  59.8%

DamagedM. spicatumstems at 3m =
59.2170 - 0.0269841. macrochirug hour electrofishing 0.011  68.5%
70.0021 - 0.14558L. gibbosud hour electrofishing 0.039  53.6%
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Table 10. Regression equationsNyriophyllum spicatunstems at 3 m and.
spicatum percent of total biomass at 3 m, averkfespicatumstem length at 3 niM.
spicatumbiomass weight at 3 m, and all plants biomass kteig3 m.

M. spicatumstems at 3 m =

- 38.6 + 2.86MVl. spicatum® of total biomass
48.0 + 0.73M. spicatumbiomass weight

- 68.2 + 2.13 averagd. spicatumstem length
35.1 + 0.595 all plants biomass weight

P R

0.004 76.8%
0.007 73.5%
0.031 56.6%
0.035 55.0%

Table 11. Myriophyllum spicatunpercent of biomass at 3 m and notes regarding fish
contrasted for eight Madison County, NY lakes i®20'™Not included in
electrofishing data; observed while obtaining bismsamples.

Lake Milfoil % of Biomass at Fish Notes
3m

Eaton Brook Reservoir 6% Lar@evitreus

Bradley Brook Reservoir 17% Na macrochirus S, vitreus
present

Tuscarora Reservoir 28% Numerdayitreus

Hatch Lake 44% N&. macrochirus S vitreus
present.

Lower Leland Pond 53% Alosa pseudoharengubkig &
mediumL. macrochirus

Upper Leland Pond 82% Alosa pseudoharengubig
& mediumL. macrochirus

Lake Moraine (Upper 85% L. macrochirusabundant

Basin)
Lebanon Reservoir 99%

Numerdusmacrochirus
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Table 12. Principal results of May - June 2003 itmwimg in eight Madison County,
NY lakes. BB = Bradley Brook Reservoir; ER = Bafrook Reservoir; HL =
Hatch Lake; LLP = Lower Leland Pond; LM = Lake Miora Upper Basin; LR =
Lebanon Reservoir; TL = Tuscarora Lake; ULP = Udpsand Pond. Fish species
numbers = catch/hour of electrofishing. Plant lassnderived from 20 random
samples from each lake in July with a total of Inf1sampled. Results reported for
1.0 nf. Stem samples are for 100 stems collected randonibur different
collections of 25 throughout the study timefranvghere all 25 samples were not
accounted for, the remaining samples were averfogetb. Lepomis macrochirus
andL. gibbosusare bolded for emphasis.
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2003 STUDY DISCUSSION OF RESULTS
The hypothesis represented by Figure 10 was part@nfirmed and the confirmed
results are summarized by Figure 11.

« Lepomis spp. I « Lepomis spp.l
« Acentria l « Acentria I
ephemerella ephemerella

* Myriophyllum « Myriophyllum
spicatum spicatum l

Figure 11. Confirmed model (refinement of Figu)ell@strating statistically
significant trophic relationships betwekeepomis macrochiruandL. gibbosusand
the Acentria ephemerellaandMyriophyllum spicatunas calculated from 2003
Madison County lakes data.

My 2003 principal results provide an explanationthe lack of success
experienced in augmenting Lebanon Reservéirsphemerellgpopulation in 2001:
Lepomis gibbosuandL. macrochirugpreventedA. ephemerellgopulation from
expanding. . The data indicate thamacrochirushave a greater influence én
ephemerellahanL. gibbosusbut that both contrdA. ephemerellgpopulations. |
attribute this td.. macrochiruswillingness to ingest plant material with the @a$s
while L. gibbosuswill avoid ingesting the plants. This is consiteith Mittelbach
(1988) who concluded that macrochirusandL. gibbosuscompete for the many of
the same foods even while | note their morpholdgidaptations for different prey
(Werneret al., 1977).

The lack of significance in regressions made \EitleconteiandLepomis
spp. was anticipated. In establishing my samppiregocol with a focus on the 3 m
depth contour, | understood that sampling locatisase a considerable distance from
shorelines necessary fiar leconteioverwintering (Creed & Sheldon, 1994; Jestér,
al., 2000, Lillie, 2000; Johnson & Blossey, 2002; Bamm, 2003). More research is
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required to determine if establishing a samplingigeol at some shallower depth
might identify a relationship betweé&n leconteiand fish in these lakes.

The lack of significance in regards@ myriophylliand any fish is less easily
explained. Difficulty in correct identification dhis chironomid is the likely cause
although there may be no relationship. Qualityckkeon stem sample examinations
identified far more incorrect identifications Gf myriophyllithan of theA.
ephemerellar E. lecontei

Informal consideration had previously been givethtouse oBander vitreus
(Mitchill) (walleye; = Stizostedion vitreujr(Perciformes:Percidae) to control
Lepomisspp. However, keeping in mind that not all tojg-@nedators are suited for
control ofLepomisspp., | reviewed data from NY State lakes stockd S. vitreus
which revealed that some of those stocked lakeshand greater numbers of
Lepomisspp. than Lebanon Reservoir (Brooketgl, 2001; Lord, 2003).

The four lakes of the Madison County eight with kb&stM. spicatumall
haveS. vitreusand no or few young-of-the-yebepomisspp. Sander vitreusa cool
water fish, is not well accounted for by electrbig) since they can be located
anywhere in a lake when it is electrofished and matybe subject to the electric field
used. Seeking to better understand the populatib8svitreus | gathered and
examined stocking records for the four lakes. (&dyon Brook Reservoir is stocked
by the NYSDEC. It was stocked at higher than taadard NYSDEC rate
(50/hectare [Bishop, 2003]) over the last twelvargg Table 13) as part of a Cornell
Biological Field Station experiment (Anonymous, atetl; Brooking, 2003; Robbins,
2003). Additionally, it has been determined tiegré is some natural reproduction in
Eaton Brook Reservoir (Brooking, 2003). Hatch Lakel Bradley Brook Reservoir
were each stocked with 1000 15.4 -17.9&mitreusfingerlings in late 2001
(Crawford, 2003; Walker, 2003) and Tuscarora Resehas been stocked each year
with the proceeds from its winter ice fishing caali(Steinbach, 2003). Table 14
summarizes reced vitreusstocking in Tuscarora Reservoir. Table 15 pravide
standard NYSDEG . vitreusstocking rates for the four lakes and the rateskstd.
Stocking rates are less than or equal to the recarded rates for the three privately
stocked lakes, but the autumn stockings providatgresurvivability for thes. vitreus
(Brooking, et al, 2001). Sander vitreugontrol of insect eating fish in these lakes
appears attributable to the autumn stockings. By hypothetical model (Figure 12)
summarizes the understood trophic connection.



Table 13. Sander vitreustockings in Eaton Brook Reservoir 1993 - 200Bata
from Brooking (2003).% Data from Anonymous (undated); month of year estin
from the size of. vitreusstocked.
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Date

Early May 1991
Early July 1991
Mid Sep 1991
Early May 1992
Early July 1992
Mid Sep 1992
Early May 1993
Early July 1993
Mid Sep 1993
Early May 1994
Early July 1994
Mid Sep 1994
Early May 1995
Early July 1995
Mid Sep 1995
Early May 1996
Early July 1996
Mid Sep 1996
Early May 1997
Early May 1998
1999

Early May 2000
Early May 2001
Early May 2002
Mid Sep 2002

Average total #5. vitreusstocked each year:
Average #S vitreusfingerlings stocked each year:

Size

Fry
5.13cm
10.26cm
Fry
5.13cm
10.26cm
Fry
5.13cm
10.26cm
Fry
5.13cm
10.26cm
Fry
5.13cm
10.26cm
Fry
5.13cm
10.26cm
1.28 cm
1.28 cm
NA
1.28cm
1.28cm
1.28cm
10.26cm

# of S vitreus

1,272,565
5,150
5,150

1,272,565
5,150
5,150

1,272,565
5,150
5,150

1,272,565
5,150
5,150

1,272,565
5,150
5,150

1,272,565
5,150
5,150

1

1

1

1

1

1

1

1

1,270,000 ?
1,270,000 ?

0

2

1,270,000 2
1,270,000 2
1,270,000 2

5,000

1,171,016
5,567

2
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Table 14.Sander vitreustockings in Tuscarora Reservoir 1993 - 2003.abam
Steinbach (2003).

Date Size # db. vitreus
10/21/2002 10.3-15.4 cm 3,000
10/18/2001 10.3-15.4 cm 3,000
10/14/2000 10.3-15.4 cm 3,000
10/16/1999 10.3-15.4 cm 3,000
10/24/1998 10.3-15.4 cm 2,500
10/20/1997 10.3 cm 2,900

10/8/1996 15.4-20.5 cm 1,000

10.3 cm 600

10/29/1995 10.3-15.4 cm 500

10/10/1994 10.3-15.4 cm 2,000

10/27/1993 12.8-17.9 cm 2,300
Average #S. vitreusstocked each year: 2,380

Table 15. New York State Department of Environtae@onservation maximum
stocking rate for Jun8andewvitreusfingerlings compared to the stocked rates for
each of the four Madison Cournyvitreuslakes. Note that the three privately
stocked lakes were stocked in autumn with fishdaend more survivable than June
fingerlings and that half of the Eaton Brook Resarfingerlings were stocked in the
autumn.

Lake NYSDEC Stocking Rate Stocked Rate
Bradley Brook Reservoir 2800 1000
Eaton Brook Reservoir 5000 5567 +

1,165,449 fry +
natural reproductior

=

Hatch Lake 2700 1000
Tuscarora Reservoir 6400 2380
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. Sandervitreus' . Sandervitreusl

« Lepomis spp. 1 * Lepomis spp. I

« Acentria " - Acentria l
ephemerella ephemerella

« Myriophyllum 1 * Myriophyllum I
spicatum spicatum

Figure 12. Hypothetical model illustrating undersd trophic relationships between
Sander vitreusL. macrochirusandL. gibbosusmilfoil insect herbivores, and
Myriophyllum spicatunas perceived from Madison County 2003 lakes data.

Additionally, each of these fo& vitreuslakes has distinctly larger
Ambloplites rupestrigRafinesque) (rock bassCichla aenea= Centrarchus aenelis
(Perciformes:Centrarchidae) populations than the f@nS. vitreusstocked lakes.
The relationship betwedn macrochirusandA. rupestrishas been investigated
previously (Keast, 1977; Weavet, al, 1997). In the data, a significant negative
regression was identified between the logarithmangformed.. macrochirudata
and theA. rupestrisdata (Log L. macrochiru$ = 2.63 - 0.01A. rupestris P= 0.005;
R?=75.9). It has been reported tAatupestrisis associated with unvegetated areas
while L. macrochirugs associated with vegetated areas (Keast, 19€avér et al,
1997) and yet, in my stud. rupestriswere found abundantly in vegetated areas of
the two lakes with na. macrochirugHatch Lake and Bradley Brook Reservoir)
suggesting a niche shift (Smith, 1996) with these $pecies. A positive, but weak
trend exists betweel rupestrisand theA. ephemerelldA. ephemerelldno eggs] =
3.80 + 0.01A. rupestris P =0.243; R= 21.9 %)).

The negative regressions betwéénspicatumand logarithmic transformedl.
ephemerellalata may be even stronger than it appears. &slakth few or ndv.
spicatum‘beds, lanes or patches” (Tamayo, 2003), insetiihares ofM. spicatum
find it difficult to locateM. spicatumand likely experience increased mortality in the
search. Note that the lake with the Iddsspicatumstems at 3 m also had low
numbers ofA. ephemerellgdTable 12) breaking the trend established withrése of
the data. That lake was Eaton Brook Reservoir vhias unique among the eight
lakes in that it had no “beds, lanes or patched®l odpicatum Removing this
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minimal M. spicatumlake from the dataset produces a stronger negagression
(I\él. spicatumstems at 3 m = 260.5 — 217.4 LAgephemerellgno eggs]; P = 0.002;
R*=87.1).

Sampling at the 3 m depth was undertaken to stdimdasampling at a depth
whereM. spicatumgrows most densely (Hartlegt al, 1993). While that guideline
applied to most of the surveyed lakes, it was nat of Lower Leland Pond where
most macrophytes were found in 2.5 m and shallalepths. This was probably due
to the limited transparency and the unique watenuktry (brown water; basic pH)
of the lake. Similar surveys in the future shocdaisider surveying between the 6
foot and 3 m depths.

The regression equations in Table 10 invite comatd®n of a shortcut for
tedious aquatic macrophyte biomass processing.leviths intuitive that density of
milfoil stems should regress with milfoil dominantee strength of this regression
was unexpected.

TheM. spicatumstem density at 3m positive regression Witimacrochirus
(Table 13) is consistent with earlier studies conicg L. macrochirusin the
presence oMicropterus salmoideflargemouth bass) (Gotceitas & Colgan, 1987;
Hayse & Wissing 1996).

Eaton Brook Reservoir has previously supportedra¢eezeable beds of.
spicatum(Harmanet al, 2001; Lord & Conde, 2002). Prior to the 2006vsy,
anecdotal reports (Burmaster, 2000) indicate thebeds were larger and more
numerous. The relationships described herein appdee responsible for the turn-
around in Eaton Brook Reservoir's aquatic plant camity.

RECOMMENDATIONS FOR FUTURE RESEARCH

The eight lakes studied in 2003 provided insighd the dynamics dfi.
spicatumherbivory, insectivory oM. spicatumherbivores, and predation on the
insectivores. However, only four lakes contaigeditreusand sampling of walleye
was not comprehensive. We need to determinerddiictions ofS. vitreuscan
facilitate the reverse @f. macrochirusandM. spicatumdominances as portrayed in
Figure 12. Previous work investigatihgmacrochiruscontrol withS. vitreus
provided marginal results, but, in that ca&Sejitreuswere stocked at 37-45 per
hectare (Schneider & Lockwood, 2002) which is kss the New York State
stocking recommendation. | recommend a full lakgeeiment introducing
significantly greater numbers 8f vitreusinto Lebanon Reservoir with follow-up
monitoring for three years. Additionally, a seregeplicated pond experiments
should be undertaken to verify the apparent assoegidentified in this study.
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APPENDIX A: Identification of herbivory oMyriophyllum spicatunfEurasian
water-milfoil) stem samples.

Procedure

1) This procedure is abbreviated; use it with refeeetocdescriptions fa¥l.
spicatum parts and insect life stages that follow it.
2) Note location, dates, stem collector and herbivdeatifier on data sheet.
3) Pick up stem and examine carefully from basal engtéwing end.
a) Look for aberrations in the normal sequence of évrig shorter internodal
lengths examining leaves carefully in such areas.
b) Look for numbers of missing leaves and any cut isising dissected veins.
c) Examine growing apical meristems.
d) Make notes on condition of stem and meristems, ander "Comments"
make notes regarding % of sample covered by algaéaprecipitate.
4) Place stem on microscope stage and examine cgréfuih basal end to growing
end.
a) Pull apart leaves and/or dissected veins givingafipearance of being stuck
together.
b) Pull apart any brown areas on the stem with disggpirobes
5) Examine plastic bag, in which stem was storedhésbivores.
6) Make notes on the condition of the leaves and anyeanimals present.
7) Return stem to the plastic storage bag along Wiittesbivores not jarred for
confirmation and note completion of examinationbawg.

Myriophyllum spicatuniPlant Parts
Stem

Internodal lengths not consistently shorter gonogrf basal end to apical meristem:
herbivore damage at shorter internode (Kangasnie®83; Johnson, 2000Db).

Mined (hollowed, often brownish in color) for a gh > 0.5 cm; often with obvious
exit and entry holesEuhrychiopsis lecontelamage (Kangasniemi, 1983).

Saddle or scoop shaped scar approximately as btigeastem is wide: Adult
Euhrychiopsis lecontalamage (Johnson, 2000b).

Irregular scar with a leaf or leaves twisted/wrappeound the areaAcentria
ephemerelldarva damage.
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Leaf

Leaf dissected veins cut at midpoint in leng@ricotopus myriophylldamage
(Johnson, 2000b).

Leaf dissected veins cut at midveiAcentria ephemerelliarva damage (Johnson,
2000b).

Apical meristem
Twisted, nonsymmetrical, and not fully leaved:elikherbivore damage.

Case made with dissected veins and silk (i.e.efu@e" or “retreat”) on apical
meristem or close to it:

More or less parallel orientation of dissectedhgaised in refugeAcentria
ephemerella

More or less random orientation of dissected vased in refuge Cricotopus
myriophylli.

Insect Life Stages
Adult

Adult weevils 2 — 3mm long with black & yellow gtes on the dorsal side and a
lighter greenish yellow ventral sid€&uhrychiopsis lecontdlester, 1998).

Moth with wings not capable of flight: femafeentria ephemerell@Batra, 1977).
Larvae
Larvae with obvious gills:_na knownMyriophyllum spicatunmerbivore.

Larvae with five pairs of prolegs (moth larva; “egtillar”) with sceloritized plates on
head and closed spiracles with no gillscentria ephemerell@Batra, 1977; Albright,
2000).

Larvae with no true legs found inside stem or aglpa¢o mining; brown or grey in
color; head color noticeably darker than body véiak-like protrusion on front:
Euhrychiopsis lecontéMiller, 2000; Miroiu, 2003).

Chironomid larvae < or = 0.5 cm, translucent creatored, with guts in helical
configuration (twisted lik&pirogyraspp.); possessing fine lateral setae with one (and
only one) bundle of setae (not a singular setagamih segment and indistinct
segmentationCricotopus myriophyll{Johnson, 2000b; MacRae, 2001; Oliver,
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1984). Frozen specimens do not display the cheniatit helical gut configuration
and appear translucent cream colored. Distingugsfiom similar appearing local
chironomids: Nanocladiusspp. have a “very lightly pigmented median portdithe
mentum with two little points ("nipples") in the ddle.” Psectrocladiuspp. have
“palmate Sl setae and two large, brown median t€8grg, 2002). Typically found
in a “retreat” formed of dissected veins with dided veins nearby grazed which
differentiates it from otheCricotopusspp. which form “retreats” but do not grade
spicatum(MacRae, 2001).

Eggs

Cream colored with brown spots on thin coating Wwhgotherwise clear; elliptical
(shaped like grains of rice); ~ 0.5mm x 0.4 mm~bf3 the size of rice grains);
typically one or two on or in apical meristem orleaves of the node just beneath it:
Euhrychiopsis lecontdiCreed and Sheldon, 1995; Sheldon, 1997b; J4888;
Johnson, 2000b).

Yellowish-orange clusters of round eggs aroundsaetited vein typically found
about 25 to 50 cm down stem from growing técentria ephemerell@ohnson,
2000b; Miller, 2000).



