Effects of Carp on Wild Rice Survival and Growth in Upper Clam Lake, WI
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Introduction

UpperClamLakeis alargeshallowwaterbodyin northwestWisconsin(500
ha; meandepth2 m). Until recently thelake supportedastareasof northern
wild rice (ZizaniapalustrisL.) andwasconsistentlyoneof therichest
sourcef harvestedorthernwild rice in Wisconsin(Figurel).

Figure 1. wild rice in Upper Clam Lake, 2006.

From2007through2010,wild rice in the lake declineddramaticallyfrom
120haof lushrice growthin 2006to only 25 haof very sparsegrowth by
2010(Figure2a,b).Harvestrecordsfrom the lake similarly showa dramatic
declinein rice, droppingfrom anaverageannualharvesiof 1400kg overthe
15yearsprior to 2007,to zerokg in all yearsfrom 2007to 2010.

Thedeclineof rice in UpperClamLake coincidedwith adocumented
increaseén commoncarp(Cyprinuscarpio). A 2009fish surveyindicateda
very successfuhatchof carpin 2005,with high survivalin subsequengears.

In 2010, we initiated a study to determine:

(1) whetherdirectcarpeffects(herbivoryanduprooting)were
reducing rice in the lake

(2) whetherthe abundancef wild rice seedgemainingin lake
sedimentsvassufficientto supportrapid recoveryof rice beds
in the absence of carp.

Study Design & Methods

We selectedhreestudysitesin shallow,near-shorereasof UpperClam Lake thathadsupportedstandsof wild
rice in yearsprior to 2007 (Figure3). At eachof thesesites,we identifieda 50-mtransecwith uniform water
depth(<1 m) andsedimentexture(soft organic).Along eachof thesetransectsye randomlyplaced2 fenced
carp exclosures (3/53.5 m; 2.8 5 cm wire meshand 2 open plots (3/53.5m), maintaininga distanceof
roughly 10 m betweerplots (Figure3). At eachsite,we randomlyselectecdbnefencedandoneopenplot for
manualseedingwith wild rice (300kg seed/ha)The remainingplots at eachsite servedasnon-seededontrols.

We conductechon-destructivestemcounts(0.1-n? quadrat)within eachplot (N=9) in late May whenrice plants
werein thefloating-leafstage andin late July whenthe plantswerein the emergengrowth-form.Differencesin
meanstemdensityamongplotswereevaluatedisinga randomizeccompleteblock designANOVA, with
subsequenpost hoccomparison®f treatmentsvith Student-Newmarikeuls (SNK) tests.
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Results

In bothMay andJuly, we foundlushwild rice growthin the
fence+seed plots at all three sites (>100 sted)simith very
little rice in openplotsor non-seedeglots (<1 stem/n#; Figures
4 and5). ANOVA resultsindicatedthatin both May andJuly,
wild rice stemdensityin the studyplotswassignificantly
affectedby bothcarp(P < 0.0001)andseedingP < 0.0001),but
with significantinteractionbetweercarpandseedingP <
0.0001;Figure5 andTablel). Post hocSNK testsindicatedthat
meanstemdensityin thefence+seeglotswasgreaterthanin

all otherplots (P < 0.01)in bothMay andJuly. By contrastpost
hoctestscomparingotherplot treatmentsndicatedthatthere
wasno differencein meanstemdensitybetweerthe openplots
(seeded/non-seeddd?> 0.05),0r betweemon-seedeglots
(fenced/openk > 0.05).Not surprisingly,seed-heagroduction
wasalsoaffectedby carpandseedingWith the exceptionof
onerice seed-heafbundin afenced,non-seedeglot, all other
seed-headd Q000total) werefoundin thefence+seeglots.

Discussion

Our studyclearly showedthatdirectcarpeffectsseverely
limited wild rice survival,growth,andreproductiorin Upper
ClamLake.Furthermorethe high survivalandgrowth of ricein
thefence+seeglots,which weresubjectedo the samewater
conditionsasthe otherplots, suggestethatindirectcarpeffects
(increasedurbidity andnutrients)did not substantialljimpact
wild rice in our studyplots. Previousstudieshavesimilarly’
shownthatabundantarpcanseverelyreducesubmersed
aquaticvegetationn shallowareaghroughdirectuprootingor
herbivory(Cahn1929;Crivelli 1983;EvelsizerandTurner2006;
Miller andCrowl 2006;Bajeretal. 2009).Our findings strongly
suggesthatalthoughwild rice is anemergenplant, its survival
andgrowthcanbeseverelyreducedy directcarp effects.

Our studyalsoshowedthatthe abundancef wild rice seeds
remainingin sediment®f UpperClamLake from pastyears
wasnot sufficientto producesubstantiatice growthin the
absence®f carp,asindicatedby thelack of rice growthin
fencednon-seedeglots. Previouslyconductedsedimenseed
enumeration surveyamilarly showedthattherewerevery few
wild rice seedgemainingin the sediment®f UpperClam Lake
in thespringof 2010.

Collectively, thesefindings suggesthatrestoratiorof wild rice
standsn UpperClamLakewill require(1) adramaticreduction
of carp abundance to less tHa80 kg of carp/ha(Bajeretal.
2009),and(2) manualseedingof near-shor@reasFurthermore,
our findings suggesthatneitherof thesestrategieslonewould
resultin arapidrecoveryof rice bedsin UpperClamLake.
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Figure 4. Wild rice growth in Upper Clam Lake study plots at each site (A, B, and C; July 21, 2010).

Figure 5. Mean wild rice stem density (stems/m?) in Upper Clam Lake study plots observed on
May 27 and July 21, 2010. Vertical bars represent +1SE. Plot treatments: (rence Gdenotes plots
where carp were excluded, @penO denotes plots where carp were allowed, and® Seed(denotes
plots that were manually seeded.
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Table 1. Randomized complete block design ANOVA results for May and July wild rice stem density
(stems/m?2) in study plots. Comparison of carp (present or absent) and seed (seeded or non-seeded)
as fixed effects, with site location (A, B, or C) as a random (block) factor.

Responseariable DF F-value P-value
May
Carp (present or absent) 1 137.4 <0.0001
Seed (seeded or non-seeded) 1 138.2 <0.0001
Carp ! Seed 1 138.2 <0.0001
July
Carp (present or absent) 1 81.6 <0.0001
Seed (seeded or non-seeded) 1 79.7 <0.0001
Carp ! Seed 1 79.7 <0.0001
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