
Project LPL-771-01 

Effects of Sudden Exposure to Elevated pH 
on Milfoil Weevil Eu hrvchiopsis lecontei 

in Forest Lake 
Fond du Lac County, Wisconsin 

prepured for: 
Wisconsin Department of Natural Resources 

by: 
Casey Kendziorski 

Vice President, Forest Lake Improvement Association, Inc. 

November 2001 



ACKNOWLEDGEMENTS 

.4 special thanks to Dwid Miskinis, David Kenduorsh and Tim Miskinis for their 
dedication and assistance with the coimtlcss fieldwork required. Without thcir c o ~ ~ ~ r i  bution, 
biological cnnlrol studies would not be possible. 

Appreciat~on 1s cxtcndcd to LnviroScience, Inc. for their continued efforts to better 
u~~dcrstaurl 110 w I orcat Lake's ir,~tst lrrlpacts the biological control process and search for 
at~liit~ons. particularly. I Icathcc Z:lk~jsek and Kerry Khne, the ES biologists, Tor providing 
repeated valucd consultation.;, analys~s md analytical services, making this research a fens~ble 
\~moithwhulc c tTut.r. 

Cirntcti~l npprcsi:~tiou to hlru-k %sing of the Wisconsin Department of Natural Resources 
fur 11 is support. counscl, aid gi~~clnt~ce t h~-oi~gho~t  Forest Lake's biological conlrol environmental 
5t11dic.s. 

Speciill aoknrwledge~nenr to Lmh hlisku~is for her special efforts with the preparation 

of the I 1su;ll prcscntatjons, graph$ ;md reports 



INTRODUCTION 

Forest 1 .ake IS located 1:onll du Lac County, Wisconsin. Forest Lake is a rl~csotrophic 
seepagc lakc with no inler5 or outlets. The I'kc has a surface area of 50 acrcs, a water volurne of 
552 acre fcct, a mean depth of 1 1 feet, 3 maxlmurn depth of 32 feet. and a watershed area of 0.25 
square miles. 

According to the Water Quality lndcx (Lillie and Mason 19831, thc surface total 
phosphoroub coricz~itrations ind~cate a "good" water ql~al~ly. md Seechi depths and chlorophyll a 
concent~ations ~ndicate a "very good" water quality (So~~rcc: 1995- 1395- 1 O9b USGS Water 
Quality kIonuonng). 

Twcny- tivc (25) pcrcent of the littoral zonc of Fn.eat Lakt is heav~lv mkstcd with 
E:'lu;l,~an \$ .~t<r-rni l foil (EWM). Studies have shown that bioiogicnl contl-ol of HWM, usmg the 
in11 foil tvi.et.c.11. F i ~ h ~ ~ c h ~ o p s i s  lccontci, has been successiilly accomphshed in selected lakes in 
Wicconsin. M~nncson. Mich~gan. and Vermont. 

During thc summers or IO~lO and 2WN, n total of 28,000 weevils, E. leconte~, werc 
stocked by IlnviroScience, Inc . Otuo, into I 'orcqt Lake in the life form of eggs and larvae. TIIF: 
eggs and larvae were contained 1% ~ t h ~ n  heal thy disease-free milfoil cuttings, which wcre attached 
by wire twists lo the tips of Fnl-est I.ake E \ l ' l l  pliults. Intrt)d~ctions were made into four (4) 
nlilfoil areas. and an addition,ll 51te \x k ~ l s  cet as~de as n control arm. 

l.'ollo~v- up surveys cond:'l~rted d u r ~ n g  tlic Iatc sutnmers of 1 99!, and 2000 hiled to 
producc ci/idencc of ;my lilt:  stagrc of weevils or any damage to  nilf foil plants. Since wezvil 
disappearrlnce and lack of rnil To11 dariiage occurrcd before thr overwintering cycle. uudequate 
winter su~v~val  1s not considered a reason for the poor perforrnm~cc. 

A three- ye;ir W i ~ t r r  Quality Motl~tormg Survey was condi~~ted 13) the L1.S. ti~ological 
Sun ey { USCiS j frum I '1'14 to 1996. The USGS sunfey indicated that the pH readi t~gs taken in 
the center of the Lakc were cxccptionally high (9.3). Thc high pH readings hn.2 conh~dered 
worthy of in\ eht i~ahun ss .I posslbie causc of the failure of the milfull weev~ls ro bccomc 
establlshcd 111 Forcst LAC. Thc research project to study the effects ot'Forca Lake's high pH 
w ; ~ l e ~  on t h y  ~nl lfojl ~ V Z T I ' I  I 3tld on tlic biological control process 1% as ~mt~ated June. 200 1 

PROJECT GOALS 

Investigate whether sudden exposure or weevil eggs and Ir-lrvae to elevated pH i s  the 
lirrliting Qctor preventing successhl biolorjca,?l cc111k01 of Eiur~s~:u~ watennilfnil. 

Goals included: 

Wcukly mnensurcment of thc pl4 :ind temperature In Forrst Lake xvithin a transected 
heavily ~~zfcsted ~mlfoil bed and thc lake's center thr~~~ghoii l  the growing srason. 
Weekly kdb analysis of u-eevlls m a11 lifc forms after their mtr~xluclic~~~ into boresl 
Lake w d  lab walysis o f  watennilfoil darnage by the ~ntroduced iierv~ls. 
Lffcct or I:oresl Lake water and mil foil on weevil reprcduction (egg laying). 



METHODS AND PROCEDURES 

LAKE pH AND TEMPERATURE MEASUREMENTS 

Mcasurcmcnls wcrc made in the tield to prevent chcmical changes during transport for 
lab testing. Readings were made with a bartcry powered Oakton pH, conductivity, tcinpcrature 
mctcr. calibx~ted weekly with 7.0 1 and 10.0 1 pI I buffer solutions. Tu facilitate the penetration 
into the dense rnilfoil beds, the riieter probc was mounted within a perkorated, graduated 7 ft. 
long, I li;" diameter rigid PVC tubc. which slides snugly through a 12'k12"x2" polycthylcne 
foam hlock to racilitilte depth settings (see photos on pages 4 and 5). 

Mcasurcmcnts wcrc takcn along three h-dnsects, identified by buoys, in hcavily infested 
areas and in the center o f  t t ~  I ~ k r .  Then pI I and temperatlm readings were laken weekly at 1 5 
f't., 3 Tt.. 5 ft, nud 7 TI. depth i~~ctrmznts from May 18, 200 1 to September 29, 200 1. 

WEEVIL INTRODUCTION AND REMOVAL FOR LAB ANALYSIS 
(Figure 1) 

T\i  (3 tlloussr~d (211011) tvccv~ls (egg and larvae fonn) were introduced on June 2,2001 illto 
t hc t l a~~scc~cd  SOOO 111' milliil iue;~. Intrcductions were made in the form of inilfo~l bundles 
cclnhibt illy of 1 0 to 1 2 s t z t ~ s .  each stcm ~ v ~ t h  5 to 7 weevil eggs on their meristerns. Bundles wcrc 
held togerhcr 1~1th ~ ~ 1 s t  t~cs, wlwh wcrc r:11so used to attach each bundle to existing rmlfoll pluits 
111 I-i)~.t.st Lake. Each week, six (h)  bundlzs and the ni~lfoil they arc attachcd lo were cut and 
mnovcd irom ihc lakc, and sh~pptvi In E I I ~  iroScience Lab in O h o  for Iabomtoy analysis. Bnght 
I . C ~  nbbon5 were att:iohed to each bundle to aid in locating thcm. Thc Forest Lake plant3 were cut 
to a length of', 1.0 mctcrs to cnsurc capturing any and pupae life forms. Overmghr 
chlplnc~lts to thc Ohio Lab wcrc rnadc on June 1 1 .  1 8. 25, July 2 and Aubwst 1 R, 200 1 . in 

insulated cartoils contaiiullg ice packs. 

Lab analysis by EnviroScience biologists includrd przszncc and cond~tlou of all wccvil 
life forms, and the condition of the rnilfoil sterns from EnviroScrcncc ,md inllfvil stems Trc~m 
Forest Lake. 

EFFECT OF FOREST LAKE WATER ON WEEVIL REPRODUCTION 

At the tune of weevil introduction on June 2,2001, En~~lroScicncc blologias ga~hcred 
forty (40) gallons of Forest Lake water and milfoil cuttings for trnilspcl~t to the IinviroSuienct. 
Lab to determine the effect of Forest Lake water on weevil repr~duct~on (egg laving). 

Oti June 8.200 1. three (3)  20-gallon tanks wcrc sct up nt t l~c  Inb tjcihty. Tank A uccd 
LnviroScience water with 1;oresl Lake milfoil. Tank R used Forest Lake w t e r  and Forest Lake 
  nil foil. Tank C used corest Lake water wit11 LnviroScience milfoil. Each tank c~jntained 1 hO 
 nilr roil plants and 100 adult weevils of ~ i n k n o ~ v ~ i  sex. Tank tempel-atures were 34.Z°C: +i- 2". 

EnviroScience water source was 7 pH Akron city water aerated for a minimum of 10 
hours before use. The efiect of Forest Lake water on weevil reproduction was made by munting 
the liurnbcr of l a y 4  eggs on the 3'", 4'" and 5"' day attcr rat& sct-up and adult weevil 
inu~duction. 



EURASIAN WATER MILFOIL AREAS 
Source: DNR Aerial Photos 
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Test site of milfoil infestations. 

Ribbon earmarked milfoil stems containing weevil eggs and larvae, 
prior to lake introduction. 



Assembly of pH meter probe within graduated 
and perforated rigid PVC tube. 

Taking pH and temperature readings within milfoil infestations 



RESULTS & DISCUSSIONS 

pH Of FOREST LAKE (Figure 2) 

Thc pi l rcadings taken weekly from May 18,200 1 to September 20, 200 1 showed that 
the pH on May 1 8 was 8 59 (-1 :- .O5. t1=9) and reached a rnaxirnum of 9.67 (+::- .11) on .luly 14. 
Whenever the pH prohe penetmtcd tllc sediment in the heavy rnilfoil arcas at the 7 ft. depth, a pH 
of h to 7 was rccordcd. 

Prior to the11 intr(~ducticln into Forest Lake on June 2, the EnviroScience water used to 
tl-anspolr tt~c culturcd rnllfbil, wccv~l eggs, and larvae was tested and indicated a pH of 7. On that 
date. Forest Lake's pl[ WAS 8.59 md. m a result, the weevil eggs and larvae were suddenly 
su@lcctcd 1 0  an en\-mintnznt 5 0  tirncs trlorz alkaline than their culture medium when they werc 
placed 111 tllc lnkc. Sincc tllc pH hcale IS logarithmic, there is a tenfold differe~~cllce in hydrogen 
1011 C O I ~ C ~ I ~ ~ ~ - ; I I ~ O I ~  fi)r t i ~ ~ h  pH L I I I I ~ ,  z . ~ . ,  pH S is 10 times more alkaline th;m pH 7, pH 9 is 100 
li111t.s 11xli-r .~lkali~le than pH 7. Previous wccvil introductions were made on July 2, 1999 and 
Junr: 20. 2000. ar which tiinr the lake 1nsxsi1n.d a pli of 8.92. This high pH may have attributed 
to the ~vee\'ils not sunvivmg at thar ~ i m c  31s~). 

:\lthougl1 othcr mvcrtcbratcs arc sub~ecled to the same pH regime, they thnvc and 
sun i\ t. b~il11'if over time they have adjusted and adapted and arc nut subjected t c ~  rapid c hangzh 
In pH 

Most pf-I readings (8 1 %) were taken between 12:W noor] and 6:UO pm. D~iimal C ~ K U I ~ C S  

In pH, which are largelv the result of the photosynthesis and respinlw~ pi-ot*esses. a-ere 
rui~uninl. Tirnc of day reading variations wcre as follows: 

11 was expected tllat the pH levels within the rmlfo~l beds would dccllr~c w~th lncrcasing 
!yarer depths (due to reduced photosy~lthcsis at higher depths). However. the anticrpated 
\*atir~tions of the pH due to increased depth m the hcaky mlfoil beds d ~ d  1101 occur. This may 
111diuate that alLhough h e  milfrlil infestations are very dense, there is suficicnt circulat~on and 
rr.:itsr movement to dllute and distribute thc products of pholosynthesls anll rtcplration. Alxo 
surpt-rsing were the results showing that the pH readings m the lake center were basically 
1c1cntic;ll to those in thc milfoil beds (4- .05, n=lh). 

On 4ugusl 25, 200 1. Iioi-est Lake experienced a heavy 4" tait~fall. On the follow~ng day, 
the lake was i'iund to have a substant~al increase to pII 10.09. This &jppcars to Indicate that the 
watershed has a reln\tvely alkal~nt: behock and carbon nch hoi I. ivhicl~ may more than 
countcrbnlance acids fion~ thc atmusphcrc. Ths phenomenon i s  ill k huther investigated. During 
1994 through 1996 USCiS 1% aler quality monitoring studies relrutsd in late July and August the 
folloiiling pl I rcadings: 1944 - pl I 8.6, 1995 - p I L 8.9. atld 1990 - p H  9.3, as comparcd to 200 1 - 
pH 9.78, which appears tn indicate a growth in pH over the yzars. 



FOREST LAKE MEAN pH 
IN MILFOIL BEDS 
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FOREST LAKE WATER TEMPERATURE (Figure 3) 

At the t i i ~ ~ e  vf wccvil in\:ocl~~~.tion on June 2,2001, the lake's water tcniperature was 

1 5.1 "C. I t  then increased to a rnaxinlum of 29.1 "C on July 24, and then decreased to 1 6.S°C by 
September 29. In lhtl mil foil areas. the surface tanperature measurcd at the I .5 ft. depth was an 
average .7"C (n=62) higher than the te~nperature a[ the 5 ft. depth. Mcdian temperature w i h  
thc mil foil beds was .2"C (0- .8, n= 19) higher t1ia11 thc medial ten~petature at the lakc's ccnter. 

MERISTEM DAMAGE (Figure 4) 

hlctistcru dan~age, which is indicat~vc of adulis feeding and the feeding of first 1nst;u 
Inn ,lr ;~Tter t~~~tctilng. was noted on both the introduced rnilfoil stcms and the Forest Lake stems 
they were ~ttaohed to. The mtroduccd stenls showed sipficant mcristem hrnage: M"u darnngc 
the V C ~  f i ~  st \ C C C ~ .  82'5'0 by week 2 ,  9XUA by wcck 3, 69% by week 4, and 100': P b! week 5 .  

The adjacent Forest Lake stcrns sl~oit ed minor rnenstern damage: 4% m 1% eek I , 3% on 
week 2, 1 %) on week 3. 1 2" 0 011 n cck 4, a n ~ l  I Oq;, on week 5. This lndicales that a small number 
of thc first instar larvae had t~~iisfcrred to tllc 1401es1 Lake sterns. 

MILFOIL STEM DAMAGE BY LARVAE (Figure5) 

Damage withm the  nilf foil sterns is caused by the Inlei inux l m a e  entering the stem and 
consuming thc ciltirc cortex of the stem, until ~t progresses to begin pupae htage. The min~ng 
or the cortex causes the rnilfiil to lose its ability to translocate uarhhydnres and riutnents and 
losc its buuyancq*. 

Tllc 111troduccd stcrus showed immediate damage by the larvac: 80% on week I. 100'% 
un week 2.99O on ~ . r e k  3.md 100% on week 4. 

I;o~-t.st L;lkt. clelnc shoi~.ed very little l w a c  damagc, ulltil the 4'" and 5"' week: 4% on 
week 1: 1 l " , ~  on week 2 ,  5'Yo on week 3 ,  34% on week4. and 35% on wcck 5. 

Pupae were not found on either thu Forcst Lake stetns or intrtjduced stems, which is an 
indication that thc larvac are not sunivii~g through thew instat spages to reach their pupae life 
tom artd conscqucndy into adults. 



FOREST LAKE MEAN-TEMP "C 
(avg. 1 %, 3, 5 ft. Depths) IN MILFOIL AREAS 

n=9 

FIGURE 3 

I 
I 

2 0 
I I 
10 20 

I I 
111 10 

J I l N E  1 J U L Y  

I I 
10 20 

I I 
10 20 

.4UGUST SEPT 



% MERISTEM DAMAGE 

EnviroScience Forest Lake 

* F,:,.iisting Fyoreht t akc  Mi! lbil 
1 1  i l  foil S tcms co~tai~zing cultul-ed \i,eevi Is (eggs & 1arv;lc) EnviroScicnce supplied 

6 bundles removed per week, containing 7 stems each, from Forest Lake plants and 
7 stems from EnviroScience Milfoil 

FIGURE 4 
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O/o STEM DAMAGE 

8 t l x i s t i n ~  F o r ~ s t  Lnkc Lli l f r l i l  

hlil li>il Sturns conlaininy ctrlilrr-ud wccx-ils (eggs cP: I nnac l  I;rlr.iru5cic11cc s ~ ~ p p l ~ z c l  
h bundles removed per week, containing 7 stems each, from Forest Lake plants and 
7 sterns frorn EnviroScience Milfoil 



EFFECT OF pH ON WEEVIL REPRODUCTION (Figure 6) 

t;or biological corltrol nt'n-ulfo~l to succeed. thc weevils must not on11 survive. they must 
;ilho r.<pt.oducc and prolirer~te sufficiently to oKxt the losscs from predation, parasites, Jixases. 
171 envi 11 ten ng, and thc WCCL i I I i fit: span. 

f ANK A 
U s l n ~  t11c 7 pH uater wed for culturing iveevils, along with 1 hO Forest Lakc mllfoil 

sterns and 100 ~ d u l t  ireevils of unknown sex ~dentity. Tank A produced 180 eggs by the 3"'day 
oftank ser-up, 468 eggs by the 3'" day, and 648 cggb by the jth day. This was reported to 
approxunatz the typlcal culturing output of  666 cggs hq fiivituScience. 

TANK B 
U ti l rzmg Forest Lake's water of pl I 8.59 iuld 1 60 Forest Lakc mil foil stems and 100 aduii 

iveev~ls previously kcpt in 7 pH water. Talk B p~oduced 252 eggs b! the 3'' day. However. thc 
egg count rernnl~~cd at 252 eggs on the 4"' and 5"' day. One can sunnisc thal either the weevils 
did not survive. 01 [heit- reproductive processes were severely damaged by the Forest Lakc water. 

TANK C 
Uhing Forest I ,ake's wntcr. :~ lo t~g with 1 60 rnilfo~l 51~111s from EnviroSciencc and 100 

;\dult i x  cci i l ~  previously kept in p I  1 7 {vatcr, Tank C produced 108 cggs by the 3rd day, 144 eggs 
hy thr 4"' day. and 288 eggs by the 5"' day. The data indicate:, that the Forest Lake milfoil is not 
thc v:~ust: 01' the poor weev~l egg laying reproduction In Forest Lake. 



LABORATORY TANK ANALYSIS 
OF WEEVIL REPRODUCTION 

WEEVIL EGGS LAID BY 100 ADULT WEEVILSITANK 
Introduced June 8,  2001 

Eggs counted on June 11,12,13 
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FUTURE RESEARCH DIRECTION 

As the accompanying data and graphics illustrate, Forest Lake's pli  at the time of weevil 
cgg and weevil introduction was 59 timcs lnorc alkaline than the rnedluln the weevils were 
culhred In. 

I t  21ppears that thc sudden cxposurc of weevils into the sibnificantly hghcr pli  1:orcst 
Lakc water may k adversely affecting egg laying and hatchmg and developmnt from late u~star 
larvae into pupae atld adult life form; and. causing increased mortality. As a result, the weevils 
did not survivc or prolifcmtc to a sufficient population for successhl biologcal control of the 
L:ilrclsiai wateimilfoil ill Forcst Lakc. 

To alleviate the deleterious stress caused by the rapid exposure to the Furest Lake 
environment. the prolect will be expanded during 2002 to study the eftect of slowly acclimating 
wccvils (cgg and larvae) to Forest Lake water prior to lake introduction. Further lab studies will 
also bc co~iducted to study the effect of slow acclimation on weevil reproduction (egg laying). 
The ;ic.ccIirnation process will he similar lo that used successfully by the aquarium industry Tor 
ncclimating fish and irlvertebrates to environments with dif'fering pH and temperatures. 
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INTRODUCTION 

Findings during the 2001 investigatioi~ on the milfoil weevil indicate rhat Fntcst Lake's 
high pH niay be cletrimental to tllc survii.al of thc 111ilCoii weevil. This amendment proposes to 
eliminate thc sudden or rapid exposurc to the high pH by slowly acclimating the illilfoil eggs and 
larvae to the clc~,atcd pH prior to their introduction into Forcst Lake. 

The alnpl~ficalion of thc pH research study ]nay ha\ e significallr il~~plications towards 
achicl ing a successful biological control of Forcst Lake's nl~lfoil infcstatlons. 11 will also rnakc ;I 

significant conlribution towards a clearer understanding of the factors lcading to an increase in 
s~~cces s f i~ l  bio-controls ~lat~un\ i~idc.  

PROJECT GOALS 

The project goals will bc to study the effcct o t'slow acclimalion on the n~ill'oil weevil. 

1 .  C'ontinualian of weekly plI and lernperature mcasuruments 111 Forest Lake. 
2. Wcckly lab analysis of milfoi I damage and the stocked I\ ccvils in all life forms 

which are subject lo acclin~ntion. 
3. Weevil reproduction (cgg laying) investigation in thc EliviroSci ence Laboratory 

using adults who ]la\ e bee11 acclimated to Forest Ldke water. 

METHODS AND PROCEDURES 

WEEVIL INTRODUCTION, ACCLIMATION, AND ANALYSIS 

Four thousand (4,000) cggs (egg and larvae form) will be introduced into heavy mil foil 
i~~tcstations. Two thousand (2,0001 weevils will be slowly accIinlated 10 Forest Lake high pH 
water prior to their lake introduction. They will bc rnarked with red ribbons. ,411uthzr two 
thousand (2.000) weevils will be introduced witI~c>i~i the acclimation proccss and marked with 
yellow ribbons. 

The miitbil with the cultured eggs and lanlac tvill be applied as bundles, cotlsistiilg ol' 
tcn ( 10) to ~ w e l v e  ( 12) milfoil stems, each stem with five ( 5 )  tcr scvcn ( 7 )  cggs on thelr 
IIICI-istcms. At  the t:me of introduct~on, each bundle will bc nttachcd to clxisting ~nilfbil plants in 
Forest Lake. 

Six (6) bundles each ol'red and yellow ribbon-marked hundles will bc removed wcckly 
for four (4) wecks and expcdiriously shipped to the EnviroScience Lab for laboralory analysis of 
111i l Toil damage and presence of weevil life forms. 



WEEVIL REPRODUCTION (EGG LAYING) STUDY 

EnliroScience hiologists will gather approximately GO gallons of Forcst Lake wale]- a d  
 nilf foil cuttings and tral~sport same to thc EnviroSciencc Lab in Ohio. 

111 20-g;111011 t ~ n k s ,  the lab will slowly acclimate their c u l t ~ ~ r e  watcr (7 pH) and the 
weevils thcy c~ontaln, to LIIZ water collcctcd frorn Forest Lakc. Eggs laid will be counted un thc 
3"' and 4"' d;lys. a s  wcll as the day after tank sct-up. 

SCHEDULE 

p H  mcasi~rernents of Forest Lakc - Weekly Forest Lake May 15,2002 lo 
Octobcr, 2002 

Collection of Forcst Lake ivatcr and milfoil EnviroSciencc June 1. 2002 
for- egg laying I-uprclduction sludy 

Introductiotl of accli~nater! i~nd non-acclimaled EnviroScicnce June 1, 2002 
wcevils into FOI-esl Lake 

Weekly removal of acclimated and Forest take .lune 8, 2002 to 
lion-acclirnatzd weevils and nlillbil and J u l v  S. 2002 
shipmcnt to EnviroScieilce Lab for analysis 

1,ab anrl field report findings EnviroScicncc September 1,2002 

Final report Forcst Lakc December 1, 2002 


