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Abstrakt:

Ekologové se shoduji, Ze predéta rostliny spolén¢ ovliviuji populace herbivar.
Rostouci poet studii poukazuje na to, Ze komplexnost stanbvigbo vegetmiho zapoje
asto zprosedkovava a ovliiuje silu top-down efektu na herbivory. United predatorem a
nalezeni mista, kde se vyskytne predator s measpodobnosti (enemy-free space), tak
muze byt hlavnim faktorem, determinujicim chovaniinerniho hmyzu.

Pro samotné studium enemy-free space je nutnéwveepjistit, jakym zgfsobem je
pred&ni tlak ovlivrén biotickymi a abiotickymi faktory prostdi v prostoru acase.

V piedkladané praci jsem studoval &g v mie predace v fibéhu vegetani sezony
v gradientech lesnich a nelesnich habit®ale byl studovan vliv abiotickych fakfoma
zmeny v predaci v prostorovéma@sovem gradientu. Z vysletlknych pozorovani vyplyva,
Ze predani tlak je vlesnim prostdi nerovnorrny. Predatti v interiéru lesa napadali
instalované navnady bezobratlychdaesi€ji pti povrchu zem, v lesni hrabance. Naproti tomu
v prostedi lesnich okrdj byla zvySend aktivita predatozaznamenana na listech stfom
V oligotrofnich lesnich ekosystémech se predacstigmila do mechovych polsia

Tyto vysledky je mozno interpretovat ve vztahu Istadibuci biomasy (organicka
hmota), jeZz v temperatnich ekosystémech vznikaraukuje se pevazrié pri zemi. Vysoka
mira predace na listech v okrajovych lesniébtech byla prawgodobr vysledkem silného
vlivu teploty na létavé skupiny hmyzu. VySSi progomapadenych navnad v interiéru lesa
oproti lesnimu okraji 1ze vystlit nejen akumulaci biomasy, ale taky abiotickyfaktory
(teplota, vihkost). Komplexnost korunového zapoje delsi faktor s ptkaznym vlivem na
predaci. Predato pohybujici se na stromech s jednodussSi korunapadli vetSi proporci
navnad. Tato prace taky odhaluje, Ze vi#aych a nelesnich stanovistich ma na miru
predace $tSi vliv sezonnost a abiotické faktory, nez na poed interiéru lesa.

Z vySe uvedenych ivodi vyvozuji, Ze efekt abiotickych faktdy komplexnosti koruny
stromu, vertikalniho lesniho gradientu, gradientlesnim zapoji, primarni produktivity a
jejich interakci musi byt zahrnutippredikci ¢casu a prostoru, ve kterém bude mit predace

nej\etsi respektive nejmensi vliv.
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Abstract:

There is consensus among ecologist that predatatspkants affect population of
herbivorous insect. Increasing number of studieswnshthat a habitat complexity and a
vegetation canopy characteristic often mediatentbuence the strength of top-down effect on
herbivores. Escape from predators and search fea“aithout enemies” (enemy-free space),
may be the main factors that dominantly influentesbehavior of herbivorous insect.

To study enemy-free space, one must at first deterrhow the predation rate is
influenced by biotic and abiotic environmental tastin space and time. In this thesis | have
studied the changes in the predation rate duriaggtbwing season in the gradients of forest
and non-forest habitats. Furthermore, | have stuéhéuence of the abiotic factors on the
changes in the predation rate in the temporal gadiad gradient. The results show that
predators occurring in the forest interior attackweel baits set in the forest litter. High activity
of predators was also recorded on the leaves e$ tiethe edge of the forest. In oligotrophic
forest ecosystems predation was concentrated tmdiss tussocks.

These results can be explained by the distribudfdriomass (organic matter) which is
mainly produced and accumulated on the groundandgmperate ecosystems. A high level of
predation on the leaves in the forest margins wabgbly due to the strong influence of
temperature in more open habitats. Higher proportibattacked baits in the forest interior
than on its edge can be explained not only by ticeraulation of biomass, but also by abiotic
factors (temperature, humidity). Canopy complexitgs another factor with a significant
effect on the predation rate. Predators foraginthentrees with a simple crown attacked a
larger proportion of the baits. This thesis alseesds that the seasonality and abiotic factors
have greater influence on the predation rate in@en and non-forest habitats than in a forest
interior. Therefore, | conclude that abiotic fastocanopy complexity, forest strata, forest
openness, primary productivity and their interatsidnave to be considered in attempting to
predict a time and a space in which the predatidirhave the greatest or the smallest impact

on herbivore populations.
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Uvod:

Predatori jako vyznamny faktor regulace paetnosti herbivora

Predace je povazovana za jeden &daych faktofi ovliviiujicich charakteristické rysy
organiznmi (Zivotni strategie, chovani), populaci (velikosipplace, stabilita populace) a
spole&enstev (druhova bohatost, relativni a celkova ahoo€) (Sih et al. 1985). Jednim
z prvnich autal, ktery poukazal na roli predace, coby vyznamnétezhanismu regulace
popula&nich p@etnosti kaisti byl Nicholson (1933, 1958)

Funkéni a numerickd odp&d’ predatoi na abundanci Ksti byla chapana jakoutezity
faktor, ktery se pokousSi vystlit klasickou otazku v ekologii ,proje swt zeleny” (vhy the
world is green) (Hairston et al. 1960). Rostliny jsou jen malokatyela zahubeny herbivornim
hmyzem, protoZe jeho populace jsou oftivany aktivitou predatér patogenf a parazitoid
(Hairston et al. 1960). Tato hypotéza stavi predatilediska vyznamu ip regulaci
popul&nich p@&etnosti herbivar, na prvni misto pomysiného iaali fred kompetici a vlivy
primarnich producefit Zahajila také dlouhotrvajici diskuzi na téma zdau herbivdi
limitovani v trofickém fetézci vySe postavenymi predatoriog-down effect) nebo naopak
zdola, z arova primérnich producett(bottom-up effect).

Z predpokladu dominantniho vlivu predaiama herbivory vychazi také hypotéza o ,prostoru
bez nepatel” (enemy-free space) (Jefries & Lawton 1984). Autotuto hypotézu definuji jako
zpisob Zivota, ktery redukuje nebo eliminuje zranibsin k jednomu nebo ke skupin
predatoé. Scheirs & De Bruin (2005) uvéd, Ze sila predmiho tlaku se mni s¢asem.
Kofist vlivem variability predace dhnem dne nebo vegeétd sezony miZze svoji aktivitu
soustedit do ¢asového intervalu, ve kterém je aktivita predatorejmensi a Zije tak
v docasnéntasovem refugiughemy-free time).

Schmitz (1997, 2004) ve svych studiich uzavira, dmminantni vliv predatora se
neodehrava pragtdnictvim zabijeni kasti, ale ges zngny chovani, fyziologie a Zivotni
historie kdisti. AZ do nedavna ekologické studie vyzdvihovakploat&ni a interferetni
mechanizmy fidici kompetici (Price et al. 2011). Jsou to alepiimeé interakce,
zprostedkované skrze rostliny nebo predatory, které danti® ovliviuji naprostou #tSinu
vztahi mezi herbivory (Kaplan & Denno 2007). Népy vliv rostlin a predatdr na
kompetici mezi herbivory také vyvraciqupoklad, Ze &tSina interspecifické kompetice je

symetricka (Denno et al. 1995, Kaplan & Denno 2007)
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Vliv primarni produktivity na roli predator 1 v trofickych retézcich

Oksanen et al. (1981) uvadi, Ze pretiateguluji abundanci herbivarspiSe v produktivnich
ekosystémech, které disponuji dostatel primarni produktivitou pro vyt¥eni WtSiho pa@tu
trofickych stupit v potravnim fetzci. Ekosystémy s nizkou produktivitou, které najso
schopny udrZzet dostat®é mnozZstvi predatdy jsou charakteristické vysokym stwom
spasani vegetace (viz stepi, polopsutitndry, vysokohorské bezlesi) (Fretwell 1977).
PrestoZe klbovy vliv predatod na nizsi trofické urowhbyl prokazan, jejich role v trofickych
kaskadach a jejich vyznamnost v ekosystémovych ggexxh a funkcich staleistavaji
diskutabilni (Polis 1996, Polis 1999, Schmitz et2000). Jednim zidodi kontroverze je
casté pouziti nevhodné metodikyii pstudiu trofickych kaskad. Nevhodnd metoda
experimentalniho studia pak mohla vést k chybnynerdn, tj. Ze spoléenstva herbivar
jsou vyrazgji ovliviovana rostlinami, nez predatory. Nedostatky v meeod/ychazely
z chybného faktu, Ze interakce mezi predatorem #stkojsou zprosedkovany hlavé
zmeénou hustoty kiaisti (Price at al. 1980, Power 1992, Schmitz & Butt997, Schmitz
2004).

Skupina hypotéz propagujicich limitaci sp@astev herbivdr primarnimi producenty byla
zaloZena na skutposti, Ze rostlinna pletiva jsou velice chuda naikluktery je paebny pro
tvorbu proteiri (White 1978, 1984). Rostliny také nejsou jen paisiv aktéry, ale urji se
cilerg branit napadeni. Za tintélem vytvdeji velké mnozstvi obrannych mechanigrjako
jsou mechanické struktury (trny, trichomy) nebo wedarni metabolity (taniny, alkaloidy)
(Van Der Meiden 1996, Coley & Barone 1996). Z ta@hptedpokladu vychazi kompromisni
hypotéza, Ze herbivorni hmyz neni regulovan vyhtgaadatory, ale také rostlinami, jeZ jsou
pro herbivory Spathstravitelné (White 1978).

Spole&ny vliv rostlin a predatoria na dynamiku herbivorniho hmyzu

V sowasné dob se i studiu popul&ni dynamiky stal€asgji vyhodnocuje spokny
vliv predatoii (top-down effect) a primarnich producenibottom-up effect) na populace
herbivoiti (Hunter and Price 1992, Forkner and Hunter 20B08jvrdilo se, Ze vliv top-down
nebo bottom-up efektu vykazuje sezonni variabi(itt 1999, Forkner and Hunter 2000,
Boyer et al. 2003). Ukazuje se, Ze efekt rostlinyabundanci herbivarzistava silny Bhem
celého vegetaiho obdobi, zatimco predaétovykazuji silny vliv pouze na jeho &atku

(Boyer et al. 2003). Ekologové se shoduji, Ze pada rostliny spoléné ovliviuji populace
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herbivolii, ale neni ufesréno, jak se vliv top-down a bottom-up efektu na herty méni
Vv prostoru &ase, a které faktory prdgstli silu &chto efekd ovliviuji (Denno et al. 1995).
Nahlé ¢aso¥ a prostorow ohrantené pemnoZeni herbivdr zpisobujici znéeni
velkych ploch vegetace, poukazuje na selhani rokdgiofi jako jednoho z hlavnich
regulujicich faktoi populaci herbivar (Maron et al. 2001). Jako nejpraypaddobrEjSi vinik
téchto kalamitnich stavse zda byt interakce mezi prostorovymi (fragment@éolovanost a
komplexnost progedi), abiotickymi (teplota, vihkost, slutré radiace) a biotickymi faktory

(primérni produktivita) na jedné straa predatory a herbivory na stéairuhé.

Nezastupitelnd role struktury porostu

Veget&ni struktura je jednim ze zasadnich environmerdlfaktofi, ovliviwujicich
herbivory a jejich predatory (Riihimaki et al. 2Q0®iZeme ji vnimat na vice hierarchickych
arovnich, sahajicich od celych rostlinnych spetestev pes jednotlivé rostliny, az k jejich
castem (Halaj et al. 2000a, Riihimaki et al. 20@B)tSujici se mnoZstvi studii poukazuje na
to, Ze komplexnost habitatu nebo vegetho zapojetasto zprogedkovava a ovlikuje silu
top-down efektu na herbivory (Kruess & Tscharnfi@4, Hunter et al. 1997, Zabel &
Tscharntke 1998, Halaj et al. 2000b, Liebhold e8D5, Tschasnz et al. 2005, Riihim&ki et
al. 2006). Komplexita pro&di ovliviuje interakce mezi predatory a mezi predatorem a
koristi prostednictvim (sensu Lawton 1983, Franklin & Van Peli02, Gruner 2004,
Langellotto & Denno 2004, Theunis et al. 2005, Bstzhet al. 2008):

a) refugii pro predatory, poskytujicich ochranied intra-guildovou predaci a

kanibalizmem;

b) alternativnich zdrdj potravy (pyl, nektar);

c) dostateného pdtu vhodnych mist profpzimovani a reprodukci;

d) stabilniho prosedi, chraniciho predatoryga nepiznivymi vlivy prostedi.

Takto heterogenni habitaty budou sniZovat antatjokésinterakce mezi predatory a umozni
jim dostatek potravy a stabilniho pristi (Finke & Denno 2006, Rickers et al. 2006).
Tscharntke (1994, 1998) poukazuje na zranitelnogarozmi stojicich vysS v trofickém

fetzci. Rada studii potvrdila, Ze predétisou nachylgjsi na disturbance habitatu (ve smyslu
zvySeni fragmentace a izolovanosti) a na stressdpeny zrdinou pa&asi nez herbivio

(Kruess & Tscharntke 1994, Zabel & Tscharntke 198&jadares et al. 2005, Hance et al.
2007). Teorie ostrovni biogeografie (MacArthur & [86n 1967) jako jedna z prvnich

pracovala s vlivem rozlohy a izolovanosti dané plona spoléenstva organizin
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Rada vyzkunm doklada, ze vegetacasto zprosedkuje vliv top-down efektu na herbivorni
hmyz (Forkner & Hunter 2000, Denno et al. 2002al&malo studii se zabyva tim, jak se
predace réni v case a v prostoru a které faktory ji owiyi. MoZznym gristupem je studovat
tuto variabilitu podél krajinnych gradieéntTy jsou reprezentovany (sensu Denno et al. 2005):

a) korunovym zapojem;

b) nadmaskou vySkou;

c) abundanci predatoa herbivot;

d) primarni produktivitou;

e) st&im porostu.

Hierarchicky niZze nez struktura rostlinnych sgelestev stoji komplexnost a
architektura koruny jednotlivych stramVliv struktury koruny na predatory a jejich aktiv
neni jednoznany (Riihimaki et al. 2006). Jeji heterogenni arekitira poskytuje dostatek
refugii pro herbivory, v tisledkucehoz predato nejsou schopni zd@init lokalni extinkci
své kdisti (Price et al. 2011). 83i heterogennost déle gobuje, Ze predatioa parazitoidi
jsou meér efektivni, a to z dvodu delSi doby potbné k nalezeni potravy (Andow &
Prokrym 1990, Riihimaki et al. 2006). Na druhé trayssi heterogenita pozitigrovliviiuje
populace predatdr protoze sniZzuje mnozstvi jejich negativnich iakei (intra-guildova

predace a kanibalizmus) (Langelloto & Denno 2004).

Vyznamna role éasu a prongnlivosti prostiedi

Rada experimeitpotvrdila, Ze efekt predatbma populani dynamiku herbivar se
meéni v prostoru &ase (Forkner & Hunter 2000, Denno et al. 2002 e8tan Il & Singer
2002, Boyer et al. 2003). Tyto ekologické procespuj do zné&né miry ovliiovany
abiotickymi faktory prostdi. Andrewartha & Birch (1954, 1960) jako prvniugézali na
dominantni roli abiotickych faktércoby regulatar potetnosti herbivak. Jednim zdchto

a) diverzity a pestrosti sp@enstev;

b) rozsteni druli;

c) produktivity prostedi (Johansson et al. 1995).

Na menSich prostorovych Skalach jsou mikroklimatiggodminky prosedi vyznamgyjsi,
protoZe pimo ovliviuji vétSinu ekologickych proc&gChen & Franklin 1997).
PrestoZze se iedpoklada, Ze ,enemy-free space” se chova jakordighk&a mozaika

meénici se Wase a prostoru, nikdo zatintegré neformuloval potencialni kauzalni vztahy
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mezi predatorem a faktory préstli. Proto jednim z hlavnichiiposi této prace je
identifikace &ch faktofi prostedi a jejich kombinaci, které se jevi jakézgfni z hlediska
ovlivnéni prostorové a&asoveé variability v predaim tlaku. Mezi faktory progedi, jejichz
vliv na predéni tlak byl analyzovan vipdkladané praci pat

a) mikroklimatické podminky prosdi (vihkost, teplota, thrn srazek, slémiez&eni);

b) makroklimatické vetiny (NAO indexy);

c) biotické faktory (primarni produktivita, abund@nherbivorniho hmyzu).

Priloha A se zamituje na sezénni prainlivost v predanim tlaku podél gradientu vertikalni
a horizontélni struktury porostu, tj. mezi lesnipaitry (pata stromu, kmen a koruna), resp.
mezi okrajem a interiérem lesRkiloha B se zabyva potencialnimi rozdily v prédan tlaku

v zavislosti na korunovém zapoji v lesnich a ndldsnekosystémechPiiloha C je
orientovana na hlavni faktory, owiujici aktivitu predatar. Priloha D zkouma vliv
komplexity koruny stromu na miru predace u herbitoo hmyzuP¥iloha E je zangiena na
problematiku predaiho tlaku mezi jednotlivymi mikro-stanovisti troky chudych
smrkovych monokultur.

Za elem poskytnuti ucel€jgiho nahledu do problematiky vztahu predatatidtojsem

pouzil i dosud nepublikované vysledky.
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Cile:

(@)  Zjistit rozloZeni predace meziznymi lesnimi patry

(b) Identifikovat trend v predsim tlaku podél gradientu vegémho zapoje (i)
v lesnich a (ii) v nelesnich ekosystémech.

(c) Determinovat vliv architektury koruny stromu naiaitti predatot

(d) Identifikovat stZejni faktory prosedi, determinujici fluktuace v prefiam tlaku
(i) v lesnich a (ii) v nelesnich ekosystémech.

(e) Porovnat vliv mikro a makroklimatickych fakfoprostedi na miru predace

Metodika:

Vliv predatofi na kdist Ize studovat dima hlavnimi metodickymi fiistupy: 1) s volnym
piistupem predatora; a 2) se zamezenim vstupu prada&isSina experimerit zabyvajicich
se vlivem predatdr na nizSi trofické Urow) pouziva tzv. gplocovaci metody (exclosure
experiments) (Holmes et al. 1979, Marquis & Whel@94, Sipura 1999, Strong et al. 2000,
Gibb 2003). Tyto vyzkumy umagji urcit abundanci k#isti pii zamezeni fistupu predatora
pouzitim siti nebo kleci (Van Bael et al. 2003, ¥lels 1988). Stejného efektu lze docilit
pomoci insekticidnich fijpravki, které vyznamé zredukuji pdetnost predatdr na daném
Uzemi (Klimes et al. 2011). Principerchto metod je srovnani ploch s volnyrfigupem
predatod a ploch, kde bylo zabrédno vstupu predatér Uvedené metodickeé fistupy
umoziuji mefit absolutni predani tlak. Nevyhodou é&chto experimerit je jejich omezena
pouzitelnost fi sledovani menSich ploch. Také neutg# dohledat a identifikovat taxony
predatot a ukit ¢as, ve kterém k napadeni doSlo.

Druhym typem studia interakci mezi predatorem diskio jsou experimenty s volnym
pristupem predatora ke kaisti. U tchto typi experimeni se pouzivaji bdi zivé (larvy
dvoukidlych, larvy motyl, kukly, nebo termiti) nebo u&e navnady (plastelinové nebo
umélohmotné modely kiasti) (Barton 1986, Olson 1992, Lichtenberg & Liehberg 2003,
Liebhold et al. 2005, Koh & Menge 2006, Skoczylaale2007, Remmel et al. 2009, Barbaro
et al. 2012). B méreni predaniho tlaku jsou navnady rigstji fixovany na utité misto
(Novotny et al. 1999, Lichtenberg & Lichtenberg 3DX jejich fixaci se vyuZivaji Spendliky
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(Novotny et al. 1999, Lichtenberg & Lichtenberg 3RDOlepidlo (Remmel et al. 2009),
provéazky (Strauss 1997), nebo sponky (Lill & MasjaD01).

Pro mij experiment, srovnavajici variabilitu proporce adenych navnadéhem dne a roku
mezi fiznymi mikro-stanovisti, bylo pouZziti ,oplocovacichietod nevhodné. Vyhodjsi tak
bylo pouziti zivych larev jako navnad, fixovanycbnpoci entomologickych SpendiikTento
design experimentu mi umidval porovnat rizika predace wanych mikro-stanovistich,
zmxtit fluktuaci relativni miry predace ¢hem dne a vegetaiho obdobi a zjistit vliv
abiotickych faktoi.

Terénni experiment probihal nasledévma za&atku kazdého vzorkovani bylo nah&dn
vybrdno 15 strorin (Tilia spp.), Vv jejichZz okoli byly vymezeny vlastni vzouaci ploSky
(mikro-stanovi& o roznérech 50x50 cm). Rozény byly definovany v zavislosti na velikosti
studovanych mikro-stanov¥iSa na potu upevrnych navnad. Nacéthto plosSkach bylo
nahodr umisténo 20ks navnad (fixované navnady larev dizek, viz dale). Expozice larev
na dané ploSce byla bez opakovani a trvala po 86bmin. Opakované &eni probihalo na
nové plosce, jejiz vzdalenost byla vzdy minindatOm od @ivodre vzorkované plosky.
Studium probihalo nadch lokalitach v CHKO Podd (Jistebnické rybniky, Polansky les a
Oderske louky).

V popisovaném terénnim experimentu je velniledité pouziti vhodné navnady
(Weseloh 1988, Novotny et al. 1999). Vyzkum byl eed/ temperatnim ekosystému, z toho
duvodu byla vybrana navnada, ktera seémmniirozere vyskytuje. DalSi kritéria vhodnosti
navnady reprezentuji: (ayipzeny vyskyt druhu, pouzitého jako navnadahdm celého
veget&niho obdobi; (b) neexistence obrannych mechainiZo) dobra palatabilita (Lundgren
et al. 2009). Uvedenym kritériim nejlépe vyhovovd@rvy mouchy Calliphora vicina.
Rovrez velikost této navnady (1,5 cm) je atraktivni prelké mnozstvi druin predatod
(Remel et al. 2009). Siroké spektrum takerapadajicich navnady doklada, Ze typ navnady

pro tento experiment byl vybran sprévn
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Obr. 1. Vztah mezi mikro-stanovidin a proporci napadenych
navnad. Krabicovy graf znazase hodnotu medianu, hranice
krabice pedstavuji mezi-kvartilovy interval a extrémni hotino
jsou zobrazeny v podeélkoncovych Usgek.

Béhem gipeviiovani navnady jsem se snaZzil vyhnout jejimu velkéogkozeni, které by
mohlo zmisobit jeji gedtasny Uuhyn a tim i atraktivitu pro nezadouci taxdnyyzu. Ptaci a
socialni hmyz jsou schopni se gduovit konkrétni kdist na utitém mis¢, z toho divodu
doba umisini navnady na konkrétnim mikro-stanovisti fegahla uvedeny interval 30ti
minut a opakované experimenty na stejnych lokdiithyly oddleny delSim¢asovym
intervalem.

Nekteré pouzivané abiotické faktory, vystupujici vdelech jako vysétlujici proménné,
nebyly @gimo meieny, ale vypséitany nebo ziskany z internetovych databazi. Jéikwakicky
faktor byl pouZzit tzv. zimni NAO index (North Atléin oscillation). Ten byl kalkulovan jako
rozdil v atmosférickém tlaku v arovni @ mezi Lisabonem a Reykjavikem v obdobi mezi
prosincem a ieznem 2002-2009. Pozitivni NAO index reprezentugéké rozdily v tlaku
vzduchu, které zsobuji gevazré zapadni proushi vzdusSnych mas, v jehozusledku
v Evrop prevladaji chladna léta a mirné vihké zimy (Hurred9k). Jako datovy podklad

jsem pouZil zdrojhttp://www.cgd.ucar.edu/cas/jhurrelPro vyjadeni biomasy jsem pouZil

index NDVI (Normalizovany diferefmi vegetani index), ktery pozitiveh koreluje
s biomasou, primarni produktivitou a listovou ploahJako datovy podklad jsem pouZil zdroj

http://earthobservatory.nasa.gov/GlobalMaps
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Obr. 2. Proporce napadenych navnad v zavislosti na rauiki@-stanovisti.
Krabicovy graf znazdiuje hodnotu medianu, hranice krabidegstavuji mezi-
kvartilovy interval a extrémni hodnoty jsou zobnaye podolks koncovych Usgek.

Diskuze a vysledky vlastnich vyzkuni:

1. Rozlozeni predace viiznych patrech lesa

Rada praci poukazuje naifazné rozdily v predaim tlaku na herbivorni hmyz mezi
jednotlivymi patry lesa (Weseloh 1988, Jeanne 190Bon 1992). Studie z tropického
desStného lesa ukazuji, Zze nggi mira predace je sobsténa do hornich pater lesa tzv.
,canopy“ (Jeanne 1979, Olson 1992). Naopak nejmam3iebezp# celil hmyz na listech
podrostové vegetace (Jeanne 1979, Olson 1992)mpaeitnich ekosystémech bylo vSak
nejvyssi riziko napadeni zj&to na zemi v lesnim opadu (Weseloh 1988, Jeann8)197
Stejny trend v predaim tlaku jsem zaznamenal i v mém experimentu (@Br(A). Jednim
z moznych dvoda rozdilré situované predace v tropickém a temperatnim ekésys by
mohla byt distribuce a tvorba rostlinné a Zimé biomasy (Van Bael et al. 2003). Vzhledem
k nedostatku sitla v podrostu je v tropickém destném lese vyznatasé produkce rostlinné
biomasy sougedina do vySSich lesnich pater (Lowman 1995, Bassat 8003, Van Bael et
al. 2003). Tento gradient odrazi i distribuce heshbiiho hmyzu. Ten pro svoji aktivitu také
vyhledava nejvyssi lesni patra, protozZe je zdetgedima tvorba mladych liff které jsou na
zaklad nizSiho obsahu toxickych sekundarnich metabdlittanirii preferovanou potravou
(Basset 1994, Coley & Barone 1996, Basset et dl12Basset et al. 2003, Van Bael et al.

2003). V temperatnich ekosystémech je tvorba rostlibiomasy rovnodmngji rozdélena
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mezi podrostem a korunovym patrem, proto se ahtikigrbivorniho hmyzu tak intenzin
nesougedi do nejvysSich pater lesa (Basset 1994, Colggafone 1996, Dyer & Coley
2002). Biomas&lenovai je v temperatu spiSe sotetna do fidy a lesniho opadu (Preisser
et al. 1998, Basset et al. 2003). DalSim faktoret@ry by mohl ovlivnit aktivitu predatér
jsou abiotické podminky prasdi, které jsou vzhledem k sezonni ztrdlisteni korunového
patra v temperétu, stab#igi v rovnikovych oblastech. (Lowman 1995, Basgetle 1992,
Preisser et al. 1998).

Vysledky nefeni predaniho tlaku v fiznych patrech lesa mohou byt oviény
pongrem mezi abundanci predatora aigw. Predchozi studie rowZ potvrdily, Ze @zné
gildy herbivorniho hmyzu dosahovaly svého popoiho maxima viznych obdobich éhem
roku (Southwood et al. 2004, Stork & Hammond 20BYuthwood et al. (2005) zjistil, ze
nektera spoléenstvaclenovdi, vyskytujicich se v korunovém pat vykazuji piikazny trend
v pactech jedind behem vegeténi sezény. Rzné rozlozeni diverzity a druhového slozeni
spol&enstev podél vertikalniho gradientu (patrovitobif)o zjiS€no nap. pro saproxylicky
hmyz nebo v rAmaiadu Hymenoptera (Vance et al. 2007, Bouget ettdl1P Fichter (1939)
ve své praci zaznamenal nejnizSi abundanci orgdnizen vySce 1-3 m nad zemi.
Experimenty zahrnuté v iffoze A probihaly v pib¢hu celé vegetai sezény, od dubna do
fijna po dobu pti let. Casovy interval této délky by ¢hodstranit mozné zkresleni vysledk

nadhodnymicasovymi fluktuacemi v abundanci #sti. Trend v rozloZzeni predace mezi patry

(=]
SN 1
©
®
o=
&
e 8
e o)
[&]
e
o
(]
=
S
T 2
i
b
]
'Q
(@]
o
T
w
@ ©
£
=
ua =
o
o
d ~ " -
Luzni les Smrkova monokultura

Typ lesa

Obr. 3. Rozdil v pimérném pd&tu napadenych navnad mezi
smrkovou monokulturou a luznim lesem. Chybov&kige
znazotuji stedni chybu piméru.

19



lesa Aistaval ve vSech letech stejny (Obr. 2.).

V Priloze E se ¥nuji rozloZeni predaiho tlaku mezi lesnimi patry ve smrkové
monokultde. Tyto lesni kultury maji niz8i obsah Zivin a memérbu organické biomasy nez
lesy luznich ekosystéim Celkovy p@et napadenych navnad byl vySsi v luznim lese (F<0.0
F11045= 189.25) (Obr. 3.). Tento vysledek by potvrzovgpdtézu Oksanena et al. (1981),
ktery uvadi, Ze predatokontroluji abundanci herbivarjen v ekosystémech, které disponuji
dostaténou primarni produktivitou. Tomu by naskovalo i ¢asté pemnozeni Krovai a
jinych Skadc v monokulturnich hospodskych lesich. Ve smrkové monokukuse predace
soustedila do mechovych polstg na rozdil od luznich lés kde byla nejvyssSi aktivita
predatod v lesni hrabance (A, E). Ta je ve smrkovych moftokach kompaktni, na ziviny
chudé mikro-stanovist které je &Zko prostupné pro epigeické predatory. Mechovét@gels
které poskytuji dostateou vihkost, mnozstvi Ukrigta potravy pro predatory i herbivory,
mohou slouzit jako vhodné mikro-stano¥igtro jejich aktivitu.

2. Trend v aktivit &€ predatora v zavislosti na husto vegetaniho zapoje

VétSina studii, zabyvajicich se vlivem gradientu snien zapoji na predatory, pouziva

metodu zemnich pasti, ktera@@iori zaméifuje pouze na epigeické organizmy (Greenslade
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Obr. 4. Proporce napadenych navnad mezi lesnimi a nelestdnovisti s#iznou hustotou zapojeshem
celého vegetmiho obdobi. Krabicovy graf zndzmje hodnotu medianu, hranice krabidegstavuji
mez-kvartilovy interval a extréini hodnoty jsou zobrazeny v podokoncovych Usiek a koléek.
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1964, Chapman et al 1999, Halaj et al. 2008). \dksten takovych studii bylo veétsine
piipadi zjisteni, Ze hustota vegetace pozitivkoreluje s mnoZstvim a aktivitou epigeickych
predatof. Experimenty réici relativni predéni tlak pomoci navnad zjistily pkazny rozdil
v napadeni herbivGrmezi interiérem a okrajem lesa jen ¢kierych predatar (Lichtenberg
& Lichtenberg 2003). V Rloze B se zawiuji na kvantifikaci miry predace pro vSechny
skupiny hmyzich predatbr Dosavadni studie zatifené na vztah mezi predatory a hustotou
veget&niho zapoje, byly prové&dy pouze v lesnich ekosystémech, aniz by sifaktadli za
cil analyzovat tentyz vztah v nelesnich predich (Greenslade 1964, Weseloh 1988,
Chapman et al 1999, Lichtenberg & Lichtenberg 2083aJaj et al. 2008). Moje
hypotéza, Ze predéiobudou vice napadat navnady uréigt v prostedi s hus§Sim
veget&nim patrem, jak v lesnich, tak nelesnich pgeatith, byla zaloZzena na pozitivnim vlivu
heterogenity a komplexnosti présti na pezivani jeding (De Vasconcelos 1990, Barbosa &
Fernandes 2003, Franklin & Van Pelt 2004, Langell&t Denno 2004). V okrajovych a
fragmentovanych lesnich biotopech je menSi mnoZzsakumulovaného listi a dalSiho
rostlinného opadu nez v lesnich interiérech (Fian&lVan Pelt 2004, Halaj et al. 2008). Je
znamo, Ze korunové patro hraj@e¥itou roli ve vytvdeni prostorové heterogenity a stability
lesniho opadu (Kara et al. 2008). Z tohivadu bude role korunového patra, resp. jeho
schopnosti vytviet biomasu, sFejni i pro mdni biotu, vdzanou na povrchové vrstvy
rozkladajiciho se rostlinného materialu. (Zhao let2811). Z&sadni vliv na strukturu a
bohatost hmyzich populaci ma totiz i mocnost vrepgdaneho listi (Jabin et al. 2004). Jeji
vertikalni stratifikace dovoluje koexistencét8iho mnozstvi predator z divodu snizené
intragildové predace, kanibalizmu a dostupnosgrabtivnich zdraj potravy (O Neal et al.
2005, Theunis et al. 2005). Spadané listi nadtediyvhodné mikroklima s éitou vihkosti a
teplotou, které jsoutdezité pro vyvoj, vyvin a fezimovani gkterych druth predatoi (De
Vasconcelos 1990, Langelloto & Denno 2004, Theenial. 2005). V souladu s hypotézou

jsem v lesnim prostdi zaznamenalétsi miru predace v interiéru lesa nez na jeho DKRjj

Tabulka €. 1. Vysledky analyzy deviance faktoovliviiujicich proporci napadenych navnad. Kombinace a
poradi faktoii bylo vybrano pomoci step wise selekce na zé&ktejmensiho AIC. Jako vystujici faktory byly
pouzity pouze abiotické podminky priedi

Df. Deviance Residualni Df. Residualni DevianceF P
NULL 1967 362.81
poly(teplota, 2) 2 27.7768 1965 335.03 60.40120.001
teplotav zilt 1 3.3292 1964 331.70 14.47860.001
poly(NDVI,2) 2  3.9164 1962 327.78 8.5163 <0.001
poly(srazky,3) 3 4.5121 1959 323.27 6.5411 <0.001
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Na druhé strahjsem nezjistil piikazny rozdil v napadeni navnad mezi nelesnimi pioto
s rozdilnou hustotou korunového zépoje (B). Podobnda predace mezi ploSkami
s vyvinutym korunovym zapojem (solitérni stromy)péosSkami bez korunového zapoje
v nelesnich progtdich naznauje, Ze koruny solitérnich strdnimemaji dostatany dopad na
spole&enstva predatdr jako je tomu v interiérech lesa (Obr. 4.). Teptdkazny trend ¥tSi
predace v lesnich interiérech podporuje hypotézwaltindance a aktivita preddtee snizuje
s rostouci fragmentaci a izolovanosti lesnich eitésy (Kruess & Tscharntke 1994, Zabel
& Tscharntke 1998).

3. Vliv architektury koruny stromu na miru predace

Jednotlivé rostliny se mohou liSit v architektoréckkomplexié, ktera je
determinovana dima hlavnimi faktory. Prvnim je velikost rostlinyo@ozeni rostliny
v prostoru), druhou pak diverzita rostlinny&dsti (p@et odliSnychtasti rostlinnéhogta, jako
jsou listy, fapiky, stonky, pupeny nebo plody) (Price et al. Y0lvedené charakteristiky
spole&né definuji prostedi, na kterém se odehravaji interakce mezi pregéatgejich kdisti.

Popul&ni dynamika herbivorniho hmyzuide byt kdy vice ovliviéna prostorovou
komplexitou nez kvalitou rostlinné potravy (Van ¥al 1973, Lawton 1983, Halaj et al.

2000a). Jednim zigoda je architektura rostliny, ktera do Zme miry ovliviiuje schopnost
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Obr. 5. Plimérny paset napadenych navnad na stromech
ponechanych bez zadsahu a s‘eranou korunou. Chybové
Useky znézotiuji stedni chybu piméru.
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predatora ulovit kiist (Tschanz et al. 2005, Riihimaki et al. 2006kib heterogenni habitaty
budou sniZzovat antagonistické interakce mezi poegda umozni jim zisk dostatku potravy a
zarover dostaténe stabilni prostedi, umo#ujici rozvoj p@&etnych populaci (Finke & Denno
2006, Rickers et al. 2006). Posledni vyzkumy néaja Zze nepimé interakce,
zprostedkované fes rostlinu nebo predatora, dominantavliviiuji naprostou #Sinu
interakci mezi herbivory (Kaplan & Denno 2007). tlahé strad, velké rostliny se sloZitou
strukturouc¢asto podporuji velkou hustotu herbivorniho hmyawtqze jim poskytuji velkou
diverzitu mist pro: a) rozmnozovani; b) s&dinpotravy; c) pezimovani; a d) ukryti sefed
predatorem (Denno 1995)rd3toze rostliny hraji takatezitou roli ve vztahu predator x
korist, problematice vlivu struktury rostliny na préoly se ¥nuje gekvapivw malo praci
(Halaj et al. 2000a, Riihimaki et al. 2006)isfava také nezodpé&xena otazka, zda staré,
strukturré heterogenni stromy mohou tgmbovat lokalni femnozeni Skdci. Vysledky
poslednich studii iekvapiv nazng&uji, ze zvySena komplexita zvySujici zakéndobu
nalezeni k#isti nema negativni vliv na aktignse pohybujici predéatory, ale jen na ty
predatory, kt# c¢ihaji na potravu v Ukrytu (Riihimaki et al. 200@)yto vysledky ale stoji
proti predpokladané negativni korelaci mezi efektivitouddteri a rostlinnou komplexnosti
(Gingras et al.2002, Casas & Djemai 2002, Meiner®i&ermaier 2004). Casas & Djemai
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Obr. 6. Zavislost mezi mnozstvim napadenych navnad a prémiérnou denni teplotou. Regrese pro
druh: a)Lasius platythorax: y= 0.53x-0.027%5.24, k4, 1.11, P= 0.33, & 0.09; b)Lasius

brunneus: y=2.95x-0.07%-17.85, k 4;= 0.91, P= 0.40, & 0.10; c)Myrmica rubra: 5.36x-0.13%-
33.54, B 4= 4.12, P=0.016, R 0.24.
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(2002) uvadji, ze prostorova komplexita rostliny budeéBovat dobu, po kterou predator
hleda kaist. Efektivita predace ma byt negativiovlivnéna také nahlatenou distribuci
koristi v prostoru, ktera jeStmize zvySitéas nalezeni potravy, a tim Z&jnit, Ze predator
diive opusti dané stanowsShebo se mu zcela vyhne (Casas & Djemai 2002)tidZze D
jsem doSel k opamému zawru nez Riihimaki et al. (2006). Zjistil jsem, Zerbigorni hmyz
vyskytujici se na rostlin s jednodussi strukturou, je veét$im nebezp#d pred predatory
aktivné vyhledavajicimi kéist, nez by byl na komplexsi rostlire (Obr. 5.). Vysledky
ukazuji pikazre vétSi miru predace na stromech s jednodussi strukt{@or. 5.) (D). To je
v souladu s hypotézou, Zetsi heterogenita prostoru bude sniZovat efektiyitedatora
(Casas & Djemai 2002). Z vysleilktaké vyplyva, Ze napadeni navnadlannegativié
binomické rozdleni (C). To by odpovidalo ostrkovitému rozloZeni miry predace v prostoru
(C, D). Tuto hypotézu podporuje i igob lovu dominantnich predatoherbivornino hmyzu
(ptéci a socialni hmyz), kitezvysuji svoji aktivitu v okoli své kisti (Taylor & Taylor 1977,
Tinbergen 1960, Bell 1991). Rozdilné vysledky mélyjpkumu a studie Riihimakiho et al.
(2006), pravdpodobré vychazeji z metodickych odliSnosti¢teni predaniho tlaku v obou
pracich. Riihimaki et al. (2006) pouzil navnadyené Zistavaly gipevnény na stejném mist
po dlouhou dobu. Socialni hmyz (mravenci, vosyprsgo Zejme nalil vyuZivat tato mista
¢astji k vyhledavani potravy (Bell 1991, Nicolis & Demgourg 1999). Také ptaci si mohou
vyvinout tzv. ,search image" a mohourednostiovat nefastjsi typ potravy na dané

lokalité (Tinbergen 1960, Church et al. 1997).

Uvedené okolnosti mohly wffe zvySit efektivitu &chto predatar a snizit tak efekt

komplexity rostliny. V. mém vyzkumu byly ndvnady mamany na jednom méB0 min a

Tabulka €. 2. Vysledky analyzy deviance fakfoovliviujicich proporci napadenych navnad. Kombinace a
poradi faktofi bylo vybrano pomoci step wise selekce na zé&khajmensiho AIC. Jako vy&tiujici
faktory byly pouzity abiotické podminky préstli spolu s charakteristikami stano¥ist

Df. Deviance Residualni Residualni F P
Df. Deviance

NULL 1967 362.81
lesni patra 2 62830 1965 299.98 153.59.001
poly(vegeténi sezéna,2) 3  26.770 1962 273.21 43.62 <0.001
poly(teplota,2) 2 8.436 1960 264.77 20.62 <0.001
zimni teplota 1 3.933 1956 259.37 19.23 <0.001
poly(NDVI,2) 2 2076 1954 257.29 5.07 0.006
hustota zapoje 1 0.863 1953 256.43 4.22 0.04
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poté bylo spditano mnozstvi napadenych navnad. Tato metodikadby pro socialni hmyz i
pro ptaky ztizit moznost nai se vyhledavat kigst v mist experimentu.

4. Role druhového slozeni predatai

Variabilita v predanim tlaku pravdpodobr je zn&né ovlivnéna aktivitou
dominantnich predattr V pétiletém obdobi naSeho vyzkumu byli nejakéjgimi predatory
bez vyjimky mravenci (61%, N=1935), nasledovani aros (11%, N=358), ptaky (10%,
N=325), stevliky (7%, N= 237) a sek& (4%, N= 118). Naopak nejmérgastymi predatory
byli pavouci (1%, N= 33), dralici (1%, N= 28), srpice (1%, N= 24) a celkowvejniZsi poet
navnad byl napaden ploSticemi (1%, N= 20) (A, BDE, Z uvedenych skupin byli na Urave
jednotlivych druli determinovani pouze mravenci, jeZ byli daleko pepamrjSi skupinou
predatoé. NejwtSi podil napadenych navnad mezi mravenci byl égigt druhuMyrmica
rubra (54%), vyznamnym mraveéim predatorem byl takBasius brunneus (26%), nejméa
napadeni zjsobil druhLasius platythorax (20%).

Ordinani analyza CCA ukazala, zézné druhy predatérsnetuji svou aktivitu do
raznych lesnich pater (A). Pozorovani #iléze (A) ukazuji, Ze nefiSi predace byla
naneiena v lesnim opadu v interiéru lesa. Stejny tremdktivité vykazovali také mravenci,
ktefi si v temperatnim pasmu stavi svoje hnizda zplavid zemi nebo pod ni (A). Naopak v
tropech si mravenci stavi hnizdasto v korunach stroim které jim zde poskytuji stabdj$i

prostedi nez v temperatnim ekosystému (Bruhl et al. 1888en et al. 2002). Tato rozdilna

m mravenci
@ ptaci

I Vosy

Primérmy pocet napadenych navnad

2003 2004 2006 2007 2008

Obr. 7. RozloZeni predmiho tlaku dominantnich predatov jednotlivych letech.
Chybové Us&ky znazotuji stredni chybu prméru.
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vertikalni stratifikace v tvorbhnizd mezi temperatnim a tropickym destnym leseihenbyt
pricinou rozdilného trendu v pregtdm tlaku v tiznych patrech lesa (Olson 1992, Floren et
al. 2002, Davidson et al. 2003).

Vysvétleni vertikalni stratifikace v predaim tlaku pomoci ekologickych nanbk
jednotlivych druli predatoi 1ze dolte dokumentovat rozloZzenim preda aktivity v ramci
taxonu mravenc (A). Aktivita druhuMyrmica rubra byla situovdna do lesniho opadu (A).
Tento druh mé& tendenci se &m pohybovat, protoze zde nachazisinu své potravy a také
ziskava cukernoutavu ze msic, Zijicich na kenech strorn (Wilson 1971, Depa &
Wojciechowski 2008). Naopakasius bruneus sousted’'oval svou aktivitu podél kme&n(A).
Na rozdil od pedchoziho druhu si tento mravenec zpravidla nedakknizda u ze# ale
stavi je pedevSim nad zemi, v mrtvértetlé nebo pod &rou stromi (Pisarski & Vepsaldinen
1988). Konén¢ Lasius platythorax dava pednost hnizéhi v zetlelém &\Ww. Z toho divodu
tento druh #ejme nevykazoval getelnou preferenci konkrétniho lesniho patra (Av@ainen
& Vepsalainen 1988). Dale byl u taxonu mravienantien pozitivni trend v aktivét smérem
k interiéru lesa (B). Mravenci jsoutginou senzitivni k vy$Sim teplotdm a preferujicvia
zastirgné habitaty (Holec et al. 2006) (Obr. 6.). Ve swgymkumu jsem zaznamenal stabilni
predaci, zpsobenou mravenci¢hem celé vegetai sezony (Obr. 7.). Mraveén predace
dosahovala maximélnich hodnot ve dvou obdobich te&gie sezony. Prvnim vrcholem
aktivity mravené byl mésic kwten, druhé maximum v predta aktivitt nastavalo ¥ervenci.
Intenzivni predace na &#tku vegeténi sezony je vysitlovana velkymi naroky na nutng
bohatou potravu na &atku léta, kdy mravenci vychovavaji pohlavni jeénCarroll &
Janzen 1973, Puntilla et al. 2004).

Zajimava je vysSi mira predace n&&thu vegeténi sezony na listech v lesnich okrajich ve
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Obr. 8. Zmeény v primérném pd@tu napadenych navnad vipghu vegetani sezény na okraji a v interiéru
lesa. Chybové Usgky znazoiiuji stedni chybu piméru.
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srovnani s interierem lesa (Obr. 8.)avddem nize byt vyskyt herbivorniho hmyzu,
konzumujiciho v této dabprevazri listy na okrajich nebo ve vrcholovych partiichostii,
které zde na zatku vegeténi sezdény zé&naji raSit (Kikuzawa 1983). idezitou roli hraje
také kvalita lish, ktera v piibéhu vegetani sezény nejidve klesa na okrajich a v nejvysSich
patrech lesa (Murakami et al. 2005). Posileni abyaln viastnosti list zpisobuje zminy

v abundanci a distribuci herbivorniho hmyzu, ktengruje do vegetace podrostu (Murakami
1998, Murakami et al. 2005). DalSim faktorem ofijicim aktivitu predatar a herbivod je
pravdépodobrg teplota, ktera na otéenych stanovistich dosahuje vysSich hodnot (Maa@arv
et al. 1986, Heithecker & Halpern 2007) (B). CelkavzSi predace mraveiha listech
ve srovnani s lesni hrabankouda souviset s faktem, Ze v korunéach stisa mravenci zZivi
hlavre cukrovou $avou msic (Carroll & Janzen 1973, Heads 1986, M&hdihittaker 1993,
Richard et al. 2001). Ostatni epigjei predatdi, jako stevlici, drakgici nebo sekd,
preferovali v lesnim ekosystéemu opad (A). Mimo lestanovi® dominovali v pétu
napadenych navnad nad mravenci pavouci feahdosa a stevlici rodu Amara a Poecilus
(B). Tyto zmhované rody jsou aktivni za dne a preferuji proshéna oteiené habitaty
(Niemela et al. 1993).

Druhou nejpoetrgjsSi skupinou predatérpo mravencich byly vosy (A). NaSe vysledky tak

Mriviw s

hmyzu (Stamp & Bowers 1988, Steward et al. 198&@mpt & Bowers 1993). Vosy svoji
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Obr. 9. Vztah mezi piimérnymi srazkami v rsicich dubnu a Knu a mezi pimérem v napadeni navnad
vosami \ riznych letech (y-0.25x +0.51, = 0.51
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aktivitu smerovaly zejména na listy a kmeny na okrajich lesrilbitatu, pravébodobré

v dasledku vysSich teplot, které coby ektotermni Zioloové potebuji pro snadny let (A)
(Lichtenber & Lichtenberg 2003). Na rozdil od mmasie vykazoval predani tlak vos velkou
variabilitu mezi roky (Obr. 7.). Tato fluktuace wvdetnosti byla pravgpodobr zagic¢inéna
vlivem rozdilnych srazkovych uhirbéhem dubna a kina v jednotlivych letech, kdy si vosy

zakladaji hnizda a jsou zranitelné ke¢mdm pa@asi (Obr. 9.) (Madden 1981).
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Obr. 10. Proporce napadenych navnad na kmeni v interiéru
lesa. Vysledky analyzy deviance jsou: Pro faktogeteni
obdobi: F3,56.11, P<0.001, 20.06. Pro faktor denni doba:
F32454.78, P=0.002, 20.03.
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Obr. 11. Proporce napadenych navnad na& lisinteriéru lesa.
Vysledky analyzy deviance jsou: Pro faktor vegetaobdobi:
F33453.51, P=0.015, ®0.05. Pro faktor denni doba:
Fs24571.95, P=0.12, &0.02.
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Obr. 12. Proporce napadenych navnad na zemi v interiéru
lesa. Vysledky analyzy deviance jsou: Pro faktogeteni
obdobi: R3,513.21, P<0.001, R0.09. Pro faktor denni
doba: F345=2.00, P=0.11, &0.008.
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Obr. 13. Proporce napadenych navnad na kmeni na okraji lesa

Vysledky analyzy deviance jsou: Pro faktor vegetaobdobi:

Fs3056.90, P<0.001, ®0.11. Pro faktor denni doba:

F3,3050.83, P=0.47, 0.01.
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Obr. 14. Proporce napadenych navnad nalish okraji lesa.

Vysledky analyzy deviance jsou: Pro faktor vegetaobdobi:

Fs30512.32, P<0.001, R0.25. Pro faktor denni doba:

F3,303=3.53, P=0.01, &0.07.
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Obr. 15. Proporce napadenych navnad na zemi na okraji lesa.
Vysledky analyzy deviance jsou: Pro faktor vegetaobdobi:
F330520.93, P<0.001, ®&0.18. Pro faktor denni doba:
Fs3054.41, P=0.004, £0.04.
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Obr. 16. Zavislost proporce napadenych navnad na tepiot
studovanych mikro-stanovistich. Nejlépe fitujiagiltické regrese
jsou: Pro faktor zem: y= 1/[14€%2%] F, ;=6.5, P= 0.02, &
0.28. Pro faktor kmen: y= 1/[1#8%2%] F, ;<= 5.8, P= 0.03,
R?=0.12, Pro faktor list: y= 1/[14&%*23 F (=26.2, P<0.001,
R?=0.65. ReruSované&ary znazoiuiji standardni chybu.

VétSina napadeni navnad vosami byla zaznamendmenbnésial cervenece a zéa
Duvodem je charakteristicky fioch Zivotniho cyklu této skupiny socialniho hmyzuerét
dosahuje maxima popuwaich p@&etnosti v pitbéhu ¢ervence a srpna. Pet napadeni navnad
na listech zpsobeny vosami se v okrajovyctastech lesa vyrovnal mnozstvi navnad
napadenych mravenci na zemi (A). Z tolivaldu nebyl v lesnich okrajich n&ren plikazny
rozdil v pa&tu napadenych navnad mezimito mikro-stanovisti (A). Z obratlovc byly
navnady napadany rejstji ptaky, ktgi preferovali navnady umisié na kmeni (A). Ptaci
zkonzumovali v porovnani s hmyzimi predatoryikazre méré navnad, protoze preferuji
tento typ potravy jenom po kratkou dobu hrizida vyvadni mlé’at (Tinbergen 1960,
Royama 1970). To potvrdily i vysledky, které ukdzate hlavni napadeni navnad ptaky
probihalo na zgtku vegeténi sezony (A). Na rozdil od ostatnich studii (Sktaz et al.
2007, Barbaro et al. 2012), ve kterych ¢ptaredace rostla s lesni fragmentaci,astil
v tomto vyzkumu péet ptaky napadenych navnad&em do interiéru lesa. Opay trend,
zjisSttny ve vySe zniiovanych pracich, e byt dan: a) jejich kratSi dobou trvani
experimentu (1 vegetai obdobi); b) pouzitim nevhodnych navnad (plastogbo hligné
napodobeniny housenek); c) ponechanim navnad ® debu na stejném mds{ptaci se
mohli nagit vyuzivat rekterd mistaasgji k vyhledavani potravy) (Tinbergen 1960, Church
et al. 1997).
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Z predchozich odstavcvyplyva, Ze v interiéru lesaétSina predatdr lovila svou
kofist dominants na zemi v lesnim opadu (A, B). Druhé mikro-sta8tivi interiéru lesa
s nejwtSim patem napadenych navnad byl kmen, kde byli dominamitpfedatory ptaci (A).
Na okrajich lesnich porastbyly navnady nejvice napadany nejenom mravenei, také
vosami. Pesto predéni tlak ostatnich druhpredatoii nebyl dostatény, aby znénil vysledny
pattern vytvéeny predanim tlakem mraveng ktefi svou aktivitu sousgedili do opadu
interiéru lesa (A, B).

5. Environmentalni faktory ovliv iiujici sezénni atasoveé zmény v predaci

Celatada autar uvadi, Ze predai tlak se mini v¢ase a v prostoru v zavislosti na
faktorech prosedi (Floyd 1996, Forkner and Hunter 2000, Stireriar& Singer 2002,
Scheirs & De Bruin 2005).iBsto jenom velmi malo praci bylo publikovano se &mim na
diurnalni a sezonni variabilitu v presém tlaku (Novotny et al. 1999, Lichtenberg &
Lichtenberg 2003, Berger & Wirthe 2004, Remmel [et2809). U pevazné ¥tSiny &chto
studii jsou diurnalni fluktuace v predaci jen vésilm vysledkem a jsou studované jen na
kratkychc¢asovych skalach (maximar. roky).

Aktivita predatoti je ovliviovana tiznymi faktory prosedi (teplota, vihkost), které jsou
variabilni v prostoru aase. Na zakladtéchto poznatk jsem pedpokladal, Zze vysledny
pattern v predaci bude dan kombinaci faktprostedi v zavislosti na prostorové strukdu
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Obr. 17. Proporce dominantnich taxibpredatoit v zavislosti na daném mikro-stanovisti.
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Obr. 18. Vztah mezi proporci napadenych navnadigrgrnou

denni teplotou v zimnim obdobi. Logisticka regrpee faktor

zimni teploty je: y= 1/[1+&%727x2289 £ .= 9.73, P<0.001,

R?=0.013. PeruSovanéary znazoiuji standardni chybu.
habitatu (Stireman Ill & Singer 2002). Proporce adgnych navnad se v tomto vyzkumu
prikazre menila bdhem dne ad&hem vegeténi sezony (Obr. 10-15.).
NejvyznamigjSim faktorem prosedi, ktery ovliwioval proporci napadenych navnad, byla
pramérna denni teplota okoli (Tabulka¢. 1). Predani tlak rostl se virstajici teplotou ve
vSech studovanych mikro-stanovistich (Obr. 16.)jirdavy piibéh méla predace v zavislosti
na rostouci teplétna lis€. Na rozdil od ostatnich mikro-stana/iykazovala exponencialni
rast (Obr. 16.). Tento trend Ize na listectinzadnit dominantni aktivitou vos (Obr. 17¢fmz
je mozno vysytlit také velice maly podil larev holometabolnihmyzu na listech tropickych
dievin (Dyer & Coley 2002, Floren et al. 2002). Silmijv teploty na miru predace he
dokladdat, pro je predéni tlak tak dilezitym faktorem mortality herbivorniho hmyzu
v tropickém destném lese (Rabinowitz & Price 19Fa)kazny vliv teploty neni fekvapivy,
protoZze je obech pokladan za s&kejni faktor mezi abiotickymi vlivy (Xu et al. 1997
Vyrazny efekt externi teploty ummigje fakt, Ze hmyz neni schopen udrZovat stalteshou
teplotu, a proto je jeho aktivita srovlivnéna teplotnimi fluktuacemi (Dobley 1997, Perdikis
et al. 1999).
V poradi druhym faktorem, ktery nejlépe vyfeval zmeny v predaci, byla gimérna denni

teplota v zimnim obdobi(Tabulka¢. 1). Nizk& teplota v zihma negativni viiv naiezivani
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Obr. 19. Vztah mezi proporci napadenych navnad a
NDVI. Logisticka regrese pro faktor NDVI je: y=
1/[1+d1349x 16582279 | | 0 =33.29, P<0.001, R0.04.
PreruSovanéary znazofiuji standardni chybu.

hibernujiciho hmyzu (Abdullah 1961). Tomu by odmala zjiS€na pozitivni korelace mezi
mirou predace a pmérnou denni teplotou v zimnim obdobi (Obr. 18.). Mypahegativni
efekt v podob prezivani ¥tSiho p@tu potencialni kiisti, ktera by ,konkurovala® navnadam
se neprojevil.

DalSim faktorem, ktery jikazré ovliviioval proporci napadenych navnad, bylo mnozZstvi
rostlinné biomasy (&fena progednictvim Normalizovaného difer&miho vegeténiho
indexuNDVI). Na Obr. (19.) mizeme vidt kvadratickou zavislost mezi faktorem NDVI a
proporci napadenych navnad. MnoZstvi biomasggemmit pozitivni vliv ve dvou rovinach:

a) WtSi biomasa koreluje s mnozstvim vegetace, ktetndkiyzivotni prostedi hmyzu;

b) wtSi biomasa podporujetsi abundanci herbivara tedy potencialni Kesti;

(Franklin & Van Pelt 2004, Langelloto & Denno 2004

Mirny pokles pétu zkonzumovanych navnaduge byt dan tim, Ze t8im mnozstvim
biomasy naista i mnozstvi potencialni Keti, ktera ,konkurovala“ fixovanym navnadam
(Obr. 19.) (Remmel et al. 2009).

Pribéh proporce napadeni navnad ve vegigtaezon i béchem dne se jfikazre lisil
mezi jednotlivymi mikro-stanovisti (list, kmen, zgnstejré jako mezi interiérem a okrajem
lesa (Tabulka. 2). Vopadu interiéru lesabyla sousedina nej¢tsi aktivita predatdr do
obdobicervence a srpna mezi 10:00 a 11:00 hod. a druhehomma dosahla ve vernich
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Obr. 20. Proporce létavych a nelétavych pred@tointeriéru a na okraji lesa.

hodinach (Obr. 12.). Maximum napadenych navnad poldminich hodinach korelovalo
s aktivitou mraveng, ve ve&ernich hodinach se k mravéme piidavali také sevlici. Z obr.
(10.) je Zejmé, Ze navnady umésie na kmeni byly néasgji napadany ve dvou obdobich, a
to na rozmezéervna atervence mezi 8:00 a 9:00 hod. a selgmu srpna a #akolem 7:00
hod.. Na listech se pohybovalo nejvice predatoezicervnem atervencem v obdobi mezi
9:00 a 10:00 hod. a v rannich a odpolednich hodingezicervencem a srpnem (Obr. 11.).
Na okraji lesa v opadu dosahovala predace vl@hu vegeténi sezéony dvou maxim
v ¢ervnu, prvni mezi 16:00-17:00 hod. a druhé maxiimastavalo v rannich hodinach (Obr.
15.). Proporce napadenych navnad na kmeni na d&sgintdla dw maxima a to na zatku
veget&ni sezény (dominantni vliv aktivity ptéka v odpolednich hodinach mearvencem

a srpnem (dominantni vliv aktivity mravena vos) (Obr. 13.). Predace nadigtéla béhem
dne d¢ maxima a to vrannich a odpolednich hodindch (QBt.). Tato maxima
pravdépodobré byla zpisobena aktivitou mravefica vos. Na rozdil od vysledk
publikovanych v této praci, viffoze C dosahla predace na liste¢hvrcholi v pribéhu
veget&ni sezény. Tento nesouladiie byt zfisoben tim, Ze v studii uvéadé v Riloze C
probihal vyzkum jednu sezénu na vice druzitbvioh a zarovi bylo napadeno jen malé
mnoZstvi navnad. Proporce napadenych navn#d razdilny pfibéh v interiéru a naokraji
lesa (Tabulka¢. 2). Tento pitbéh predace &hem dne se da vy&lit menici se proporci
létavych a nelétavych predaiqiObr. 20.).
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V interiéru lesa byla navnada napadana domiraskapinou nelétavych predaiiofObr. 20.).
To mohlo zfisobit relativie velkou predaci i v gibéhu ¢asnych hodin (Obr. 10-12.). Na
okraji lesa stoupd prediai tlak pozvolgji a dosahuje svého maxima aZz mezi 15:00 - 16:00
hodinou (Obr. 13-15.). PomalejSi asr predace na okraji lesa jetugpben tim, Ze hlavni
skupinu zde tvih létavi predatd (vosy), které jsou mnohem vice vazany na denwidch
teploty nez epigéti predatai (Lichtenber & Lichtenberg 2003) (Obr. 20.).

Druhym vyswtlenim rozdilné miry predace mezi okrajem a interi€ lesa by mohl
byt vliv teploty na predatory ¥thto prostedich. Teplota a dostupnostéBa je WtSi
v okrajovych ¢astech nez v centralniatastech lesa, na druhou stranidpi vihkost roste
smérem do interiéru lesa (Heithecker & Halpern 2007 praci uvedené v iloze B mira
predace pozitivé korelovala s teplotou pouze v interiéru lesa, gitetnegativni efekt teploty
zde neni tak vyrazny (Halaj et al. 2008) (B). Av$akotevenych stanovistich predia tlak
nerostl s teplotou v celém jejim gradientu, alehodinoty kolem 23°C jestal stoupat (B).
Pricinou se jevi byt negativni vliv vysokych teplot Im@spodé&eni s vodou a jiné metabolické
déje v €le, protoZe ¥tSina hmyzu neni schopna svou teplotu regulovati(dlah 1961).

DalSi vysledky ukazuji, Ze mira predace se mezigdiyymi mikro-stanovisti nmni
v zavislosti na vegetaim obdobi (B). Aktivita predatér byla na j#e intenzivejSi
na otewvenych stanovistich nez v interiéru lesa (Obr. #idnto pattern rize byt zfisoben
vySSimi teplotami naéthto stanovistich na &atku vegeténi sezony nez v interiéru lesa
(Heithecker & Halpern 2007). Pred#tdteri zde hledaji potravu, pak budou vice aktivni, nez
ti, kteri potravu hledaji v zastinu. VysSi predace v t#aych stanovistich se projevila pouze
na z&atku vegeténiho obdobi (Obr. 4.). Efekt teploty je totiz na&&u vegeténi sezony
pozitivni u velkého spektra driihkdy vysSi teploty urychluji ukaeni diapauzy, lihnuti a

aktivitu hmyzu, zatimco v letnim obdobi mohou mjseké teploty na dkteré druhy hmyzu

Tabulka €. 3. Vysledky analyzy deviance faktoovliviiujicich proporci napadenych navnad na okraji lesa.
Kombinace a pkadi faktofi bylo vybrano pomoci step wise selekce na zéakteimensiho AIC.

Df. Deviance Residualni Residualni F P
Df. Deviance

NULL 920 165.05
poly(vegeté&ni sezéna,3) 3 18.749 917 146.30 34.64 <0.001
lesni patra 2 25.487 915 120.81 70.64 <0.001
poly(zimni NAO index,3) 3 6.184 912 114.63 11.42 .06
poly(teplota,2) 2 1.654 910 112.98 4.58 0.01
poly(denni doba,2) 2 2.636 908 110.34 7.30 <0.001
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(mravenci) spiSe vliv negativni (Cerda 2001) (@byObr. 21.) (B).

Pred&ni tlak na okraji a v interiéru se nelisil jenommwoZstvi napadenych navnad,
ale taky abiotickymi faktory vys#lujicimi jeho variabilitu (Tabulka. 3-4). Teplota @stala
v obou typech biotap nejdilezitéjSim faktorem prosedi, ovliviiujicim aktivitu predatat.
Predace v otéenych biotopech byla do z&r@ miry ovliviena sezonalitou (signifikantni vliv
veget&niho obdobi na predaci) (Tabulka3). Dale byl vé&chto biotopech zjignh prikazny
vliv globalnich klimatickych jeit na predani tlak (NAO index). To by potvrzovalo velkou
nestabilitu interakci mezi predatorem &ikb, probihajicich ve fragmentovanych biotopech, a
nachylnostd&chto interakci k disturbancim a ke @mam klimatu (Kruess & Tscharntke 1994,
Zabel & Tscharntke 1998).
V biotopech se zapojenym korunovym patrerlamejwtsi vliv na predaci umishi navnad
v riznych patrech lesa (Tabulka 4). V €chto biotopech faktor sezonality vy$loval
nejmensi procento variability ze vSech pgomych a vliv klimatu nebyl gikazny (Tabulka.

4).

Zavér:

Do této doby chybi uceleny pohled na sezon&asové fluktuace v prediaim tlaku.
V¢étSina dosavadnich studii sénuje tomuto tématu jen okrajova analyzuje spisS kratke
casovérady dat (Weseloh 1988, Novotny et al. 1999, Be&aNirth 2004). Mezi hlavni
nevyhody ¥tSiny dosavadnich vyzkuirpati:

(a) zankiuji se pouze nackteré skupiny predatér(mravenci, ptaci);

(b) probihaly pouze v jednom nebo dvou vegeitzh obdobich;

(c) nezabyvaji se interakci mezi mikro-stanavista diurnalni nebo sezoénni fluktuaci

v mife predace;

(d) nestuduji vliv abiotickych faktérprostedi na aktivitu predatér

Tabulka ¢&. 4. Vysledky analyzy deviance fakfoovliviiujicich proporci napadenych navnad v interiéru.lesa
Kombinace a pi@adi faktofi bylo vybrano poroci step wise selekce na zaklatkimensiho AlC

Df. Deviance Residualni Residualni F P
Df. Deviance
NULL 1046 197.18
lesni patra 2 43.24 1044 153.93 129.0 <0.001
poly(NDVI,3) 3 10.88 1041 143.04 21.6 <0.001
poly(teplota,3) 3 12.93 1035 121.61 25.7 <0.001
poly(vegeténi sezéna,2) 2 0.24 1033 121.37 0.7 0.48
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Z téchto nedostaik plyne také utitd nekonzistentnost vysledku dosavadnich expeiimen
Lichtenberg & Lichtenber (2003) nenafili prukazny rozdil v celkovém predaim tlaku
vSech taxoft mezi interiérem a okrajem lesa v temperéatik&zny rozdil v napadeni navnad
potvrdili pouze u taxonu vos. Koh & Menge (2006jmsili prikazny vliv hustoty zapoje na
pocet napadenych navnad v tropickém deStném lese.riNeod stranu Tschanz et al. (2005)
zjistil prakazré veétSi miru napadeni herbivorniho hmyzu na rostlindabstoucich v
oteweném prostoru, nez na rostlinach rostoucich v hust@poji. Studie, soustl'ujici se
pouze na ptd taxony predatdr, potvrdily ptikazre vétSi napadeni v lesnich okrajich
(Skoczylas et al. 2007, Barbaro et al. 2012).

V predkladané praci jsem se z&ithna Siroké spektrum predatgrtestovana byla velkéa Skéla
environmentalnich faktér Vyznamnym pinosem a rozdilem oproti¢t&iné dosavadnich
praci na dané téma byld@tgeta délka terénniho experimentu a velkygoopakovani. VSe
uvedené mi umoznilo otestovat s vySSi vypovidadnbtou vliv abiotickych a biotickych
faktori na prostorovou &asovou variabilitu v predaim tlaku.

Hlavnim cilem dizerténi prace bylo vyhodnotit mnoZstvi ekologickych faiit
meénicich se \Wase a prostoru, determinujicich miru predao tlaku na herbivorni hmyz.
Pomoci statistickych modelbyla vybrana kombinace biotickych a abiotickyctktéei,
nejlépe fitujicich variabilitu v predaci (Tabulka2).

Faktory vysledného modelu byly pouzity pro predikasu a prostoru, ve kterém bude mit

Proporce napadenych ndvnad

T =T T T T

10 15 20 25 30 35
Teplota [°C]

Obr. 21. Zavislost mezi proporci napadenych navnadianpmymi
dennimi teplotami v letnim obdobi. Logisticka regrgro faktor
letni teploty je: y=1/[1+8544952227) £ | =58 54, P<0.001,
R?=0.096. Perusovanéary znazoiuji standardni chybu.
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predace nejtSi respektive nejmensi vliv. Z vysledku této pragpelyva, Ze na listech a na
kmeni nabyva mira predace \Vipéhu vegetani sezény dvou maxim a to véwu a v srpnu.
Na zemi dosahuje mira presdho tlaku v obou mikro-stanovistich vzdy jednohrcholu -
v interiéru lesa byla zji8ha maximalni relativni mira predace v srpnu, zabima okraji lesa
jiz v ¢ervnu. Z vysledi je také patrné, Ze relativni mira predace dosdaaaavSech mikro-
stanovistich dvou maxim takéhem dne.

PredloZzend prace #daziuje jak vyznam interakci mezi predatorem a abigtick
podminkami prosedi (pmérna denni teplota v ziéna v piabéhu vegetani sezény, NDVI,
mnoZstvi defovych srazek), tak i vztah predaidee komplexnim charakteristikam stano¥ist
(korunovy zapoj, lesni patrovitost, struktura kgrurOba typy faktok mohou definovat nebo
ovliviiovat ,prostor bez neptel”. Za kltové vystupy prace povaZzuji nasledujici st

0] Mira predace byla v nelesnich stanovistich korelavéteplotou, v okrajovésti
lesa dominanth ovliviiovana vegetai sezonou a v interiéru lesa se ujfbaila
hlavre vertikalni struktura porostu.

(i) Vinteriéru lesa byl nagien pifikazny trend v proporci napadenych navnad
smérem k lesnimu opadu, vlesnich okrajich byla &Sjv proporce navnad
napadenaipzemi a na list.

(i)  V nelesnich stanovistich nebyl z§igt prikazny rozdil v proporci napadenych
navnad mezi ploSkami s vyvinutym korunovym zapojésolitérni stromy) a
ploskami bez korunového zapoje.

(iv) Na otewenych stanovistich predia tlak nerostl s teplotou v celém jejim
gradientu.

(v) Sezdénnimi zrdnami p&asi a klimatu byla predace vice ovkwma na otekenych
stanovistich nez v lese.

(vi)  Slozita architektura rostliny negativovliviiovala efektivitu predatdr

(vii)  V oligotrofnich ekosystémech smrkovych monokultwlab aktivita predatar
soustedna do mist spojenych s produkci organické hmatyzazivaiisné nebo
rostlinné. Produktivni ploSky se #&chto ekosystémechtasto omezuji na
prameni&t, mechové polsié a raselinist

(viii)  Vznik refugii je velmi prav&podobrg funkci druhového slozZzeni predaior
v daném prosgedi. Jejich diurnalni aktivita v rdmci vegéta sezony a mikro-
stanovi& pak vytv&i c¢aso-prostorovou mozaiku vhodnych mist s nizkou
pravdépodobnosti napadeni, kteraibou slouzit jako refugium pro herbivorni

hmyz.
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Abstract

1

Experimental tests of whether predation pressure on insects is sometimes restricted
to particular forest microhabitats have been carried out only in one or two vegetation
periods and described for only a few predators. In the present study, we describe
the seasonal dynamics of a wide spectrum of insect predators among forest
microhabitats.

We also examine the impact of weather conditions on insect predation, and predict
that forest openness would influence the predation trends among forest microhabitats.
The design of our experiments enabled direct measurement of relative predation
pressure on bait (larvae of the blowfly Calliphora vicina) pinned onto selected
microhabitats (the base, trunk and leaves of trees) within a temperate floodplain
forest (Czech Republic).

The most parsimonious generalized additive model showed significant trends in the
predation rate among the forest microhabitats. The highest predation rate for bait
was at the base of trees and the lowest predation rate was on leaves.

We also observed significant differences in the species structure of predators in
various microhabitats. The most common source of predation on trunks was from
birds, whereas wasps were the most common predator on leaves and ants were the
most common at the base of trees.

Keywords Forest layers, predation rate, refuge, spatial variability, temporal

variability.

Introduction

Predation is considered one of the most important factors in
determining species distribution and abundance (Hairston et al .,
1960; Janzen, 1966; Sih er al., 1985; Scheirs & De Bruyn,
2002). Because prey availability is limited, predation pressure
in specific habitats is affected by the efficiency of searching
for prey. It is well established that biomass production and
accumulation differ between forest layers in the forest litter,
canopy, and understorey (Basset et al., 1992, 2003; Lowman,
1995; Malhi et al., 1999). Spatial heterogeneity and diet
quantity are positively correlated with the amount of biomass
(Polis et al., 1996). This correlation positively affects: (i)
overwintering sites; (ii) the magnitude of abiotic stressors; and
(iii) access to alternative prey (Halaj et al., 2000; Langellotto
& Denno, 2004; Riihimiki ef al., 2006). Therefore, differences

Correspondence:  Jan Sipos. Tel.: 4420 737 777 513; fax: +420
585 634 002; e-mail: Jsipos@seznam.cz

© 2013 The Royal Entomological Society

in biomass partitioning among forest layers can influence the
abundance of predators, with higher densities tending to be
found in layers with the greatest amount of biomass (De Dijn,
2003; Vance et al., 2007).

This information can be useful when examining whether
certain safe refuges for prey exist. For insects, spatial refuges
can be located on different scales: (i) various habitats within a
plant; (ii) different layers within the forest; and (iii) different
types of forest habitat.

Studies from tropical and temperate forests imply that
predation activity differs across forest layers (Jeanne, 1979;
Olson, 1992; Loiselle & Farji-Brener, 2002). The main
disadvantages of recent predation studies are that they: (i)
focus only on a few predators (mostly ants and birds); (ii) are
carried out only in one or two growing seasons; (iii) do not
examine diurnal or seasonal variability in the predation rate in
different forest layers; and (iv) do not examine the effect of
abiotic conditions on predation (Weseloh, 1988; Olson, 1992;
Floyd, 1996; Novotny et al., 1999; Lichtenberg & Lichtenberg,
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2003). Because insect predators are poikilothermic, factors
such as temperature, humidity and solar radiation influence
their activity. Therefore, it can be assumed that the forest
layer with the highest predation rate will not be invariant but
rather will change throughout the day and the growing season.
Accordingly, the overall predation rate will be determined by
the spatial and temporal interaction of biotic and abiotic factors
(Floyd, 1996; Heard et al., 2006).

The majority of predation studies have been conducted
using predator exclusion techniques (Holmes, 1979; Steward
et al., 1988; Marquis & Whelan, 1994). Although these
techniques can be used to evaluate absolute predation pressure,
they (i) cannot identify particular carnivores; (ii) are rarely
applicable in small microhabitats; and (iii) cannot assess the
time when the prey was attacked. Direct measurement of
predation pressure makes it possible to compare predation in
different microhabitats (Olson, 1992; Novotny et al., 1999;
Lichtenberg & Lichtenberg, 2003).

We predicted that predation pressure should vary in relation
to: (i) various microhabitats within a plant; (ii) the gradient in
forest openness; (iii) diverse predator abundance and species;
and (iv) seasonal changes in weather conditions. To test
these predictions, we measured relative predation on the
base, trunk and leaves of trees. Our research provides more
precise information on the spatio-temporal variability of insect
predators, with a major emphasis on the differences in predator
pressure and composition among forest microhabitats. These
findings could have crucial implication for the design of
managed landscapes aiming to increase the effect of natural
enemies.

Materials and methods
Sampling

The research was conducted in a temperate floodplain forest
along the River Odra in the Czech Republic. Three sites
within the Poodri Protected Landscape Area were chosen for
field experiments (NR Polansky les, Polanské louky and NNR
Polanska niva). The size of the experimental area in each site
was approximately 30ha. Predation was measured during the
daytime (between 06.00h and 20.00h), four times per month
from April to September during the period 2003-2008, except
for 2005.

Relative predation pressure was measured as the number of
attacked baits (Novotny et al., 1999) pinned onto the base,
trunk and leaves of trees, thus representing three different forest
microhabitats along a vertical gradient. Each sample consisted
of 20 baits that were fixed to the one particular microhabitat
(50 x 50 cm) of a single tree. The baits on leaves were mounted
on the upper surface. Before each experimental day, 15 trees
were chosen in random order approximately 10m apart from
each other. Five sample replicates were set up for each
microhabitat within a particular day. One replicate consisted
of 20 baits on a particular vertically and horizontally specified
microhabitat on a particular day and year. After 30 min, the
majority of the insect predators were still on the baits and
could be visually identified. Therefore, we did not have to
be in the immediate vicinity of the baits to record predator

attacks. Predation was calculated as the proportion of attacked
larvae per 20 baits; that is why we used term ‘predation rate’.
We also observed the trees using binoculars to determine the
species of avian predators. As bait, we used living larvae of the
blowfly Calliphora vicina Robineau-Desvoidy, 1930 (Diptera:
Calliphoridae). We pinned larvae through the abdomen using
entomological pins; this allowed greater activity of the larvae
and decreased their mortality during the experiments. The
entomological pins were fitted with small coloured markers (red
and yellow) for better visibility.

The experiment was performed on the two most abundant
tree species: Tilia cordata and Tilia platyphyllos. The predation
experiment was conducted only on understorey trees of
approximately 1.5-2m in height. To exclude the potential
effect of forest openness, half of the experiments were
performed at the forest edge and half within the forest interior.
In total, we analyzed 3000 samples (47 640 baits) with 600
replications. In each type of habitat, environmental conditions
(temperature, humidity and solar radiation) were measured
using data loggers. Precipitation data were provided by the
Czech Hydro-Meteorological Institute from a meteorological
station approximately 5.5 km away from our site (Fig. 1).

Statistical analysis

Relationships between predation rate (treated as the probability
of bait attack within one sample) and studied factors (microhab-
itats, forest openness, weather conditions and growing season)
were examined using generalized additive mixed models using
penalized quasi-likelihood (GAMM) with binomial error dis-
tribution (link logit). Standard errors were corrected using a
quasi-binomial model to compensate for over-dispersion (Pin-
heiro & Bates, 2000). The best and the most parsimonious
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Figure 1 Proportion of attacked baits in the forest layers throughout the
years. The y-coordinates are predicted by a generalized additive mixed
model using penalized quasi-likelihood. Median values are shown with
the quartile range (box) and total range (whiskers).
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model based on the lowest Akaike information criterion was
fitted by forward selection. Temporal correlation among sam-
ples was proved because predation experiments were repeated
during the day and year. Therefore, the date of each sample
nested within the year was used as a random effect in the mixed
model to avoid pseudoreplication. The variables year, time,
weather conditions and month were smoothed by cubic regres-
sion splines. The smoothing spline method was used because
the shape of the response curve was not limited. The degree of
smoothness for the GAMM model terms was estimated using
the generalized cross-validation criterion. We used an F-test to
determine the significance of the model because it is a robust
test for over-dispersed data.

Because we did not expect a linear response of species,
we used canonical correspondence analysis (CCA) to examine
whether the structure of predator guilds differed between forest
microhabitats. Species data were centred by species and the
logarithmic transformation of predator frequency was used. The
significance of the canonical axis and explanatory variables was
determined using a Monte Carlo permutation test. Data were
analyzed using R software (R Development Core Team, Austria)
and caNoco (Ter Braak & Smilauer, 1998) (Fig. 2 and Table 1).

Results

We recorded 3167 attacks on bait by predators in our study.
Ants were the most active predator observed in our experiment
(61%; n=1935), followed by wasps (11%; n =358), birds
(10%; n =325), Carabidae (7%; n =237), Opilionidae (4%;
n = 118), Araneidae (1%; n =33), Staphylinidae (1%; n = 28),
Mecoptera (1%; n =24) and Heteroptera (1%; n =20). Other
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Figure 2 Interaction between the predation rate in forest layers (ground,
leaves, trunk) and forest openness (edge, interior). The y-coordinates
are predicted by a generalized additive mixed model using penalized
quasi-likelihood. Median values are shown with the quartile range (box)
and total range (whiskers).
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Table 1 Analysis of deviance for the generalized additive mixed model
using a penalized quasi-likelihood model to test factors influencing the
predation rate (‘bs’ indicates the cubic regression spline)

Factors d.f. F P
Forest layer 2 16.735 < 0.001
bs (temperature) 3 15.263 < 0.001
bs (year) 3 9.291 < 0.001
bs (month) 3 5.529 < 0.001
Forest openness 2 4.778 0.008
Forest layer: forest openness 6 6.542 < 0.001
Forest layer: month 6 3.315 0.002
Forest layer: bs (year) 6 2147 0.04542

r? (adjusted) = 0.259
Dispersion parameter = 3.706828

The month nested within the year was used as a random variable.

predator taxa contributed to only a small proportion of the
attacks. Three species of ants were distinguished in our
experiment. The greatest proportion of predation by ants was
by Myrmica rubra (54%), followed by Lasius brunneus (26%)
and Lasius platythorax (20%).

The generalized additive model revealed that the predation
rate varied significantly between the studied microhabitats
(Table 1) and exhibited to the same pattern in all studied years
(Fig. 1). A significant interaction between forest openness
(forest edge versus interior) and forest microhabitats was
shown (Table 1). In the forest interior, the predation rate was
highest at the base of the tree (Fig. 2). However, the difference
between predation rates at the base of the tree and on leaves
was not significant at the edge of the forest (Fig. 2). The
highest probability of attack was found at the base of the tree
(Fig. 1), primarily by ants. In addition, CCA analysis showed
that different species of predators directed their activity to
different microhabitats within the tree (Fig. 3). The high
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Figure 3 Canonical correspondence analysis ordination graph showing
the different partitioning of dominant predators among forest layers.
(Lasius_p, Lasius platythorax; Myrm_rub, Myrmica rubra; Lasius_b,
Lasius brunneus; Mecopter, Mecoptera; Opilioni, Opilionidae; Carabida,
Carabidae; Staphili, Staphylinidaec; Araneida, Araneida; Vespa, Vespula
vulgaris; Heteropt, Heteroptera; Canthari, Cantharidae; Aves, Aves;
Ensifera, Meconema thalassinum).
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Table 2 Summary of the Monte Carlo test in the canonical corres-
pondence analysis model

Axes | Il Il Y

Eigen values 0.333 0.209 0.091 0.787

Species—environment  0.740 0.552 0.416 0.000
correlations

Sum of all eigen 5.744 - - -
values

Sum of all canonical 0.633 - - -
eigen values

Test of significance of  F-ratio=11.022 P=0.0005 - -
first canonical axis

Test of significance of ~ F-ratio =7.393
all canonical axes

P=0.0005 - -

Table 3 Significance of environmental variables in the canonical corres-
pondence analysis model

Environmental variable Lambda 1 Lambda A P F

Leaf 0.29 0.29 0.001 9.66
Ground 0.28 0.21 0.001 7.03
Trunk 0.20 0.13 0.001 4.80

significance of the environmental factors and the canonical
axis in CCA confirmed the correctness of the ordination model
(Tables 2 and 3).

The predation rate was significantly lower on the leaves
and trunk (Fig. 1). The significantly lower predation in these
microhabitats was a result of the correspondingly lower
activity of ants (Fig. 3). Baits fixed on leaves and trunks
were typically attacked by wasps (Vespula vulgaris) and birds
(Passeriformes), respectively (Fig. 3). Predation by wasps was
negatively correlated with the mean precipitation for April and
May (Fig. 4).

There was also a seasonal effect (Table 1). The predation rate
depended on the date and season of bait exposure (Table 1). The
estimated predation pattern among forest microhabitats showed
an invariant trend throughout the seasons. The dynamics of
the predation rate varied among the three forest microhabitats
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Figure 4 Relationship between mean precipitation during April and
May and the average numbers of attack by wasps (Regression line:
y=-0.25x+0.51; r* =0.56).

during the growing season (Fig. 5). The predation rate on the
trunk showed a trend towards the beginning of the growing
season. The predation rate on the leaves was characterized by
a hump-shaped curve with a maximum in July. Larvae fixed
at the ground level showed a consistent trend in the predation
rate until August (Fig. 5).

Our final model also included the effect of temperature,
which was the second most important factor in explaining the
predation rate (Table 1). Other environmental variables (sun
radiation, humidity and precipitation) were eliminated by a
stepwise regression procedure (Figs 3—5; Tables 2 and 3).

Discussion
Vertical stratification of predation

We found a significant positive trend in predation rate towards
the forest floor. Studies from tropical rain forests have shown
significant variability among forest levels, although the location
of the highest predation rate differed from that of temperate
regions (Olson, 1992; Novotny et al., 1999). In tropical
rain forest, the greatest predation pressure is situated in the
canopy and the lowest is on the understory leaves. The
distribution of biomass production may be the reason why
the predation probability does not have the same partitioning
among vertically chosen patches in tropical and temperate
ecosystems (Lowman, 1995; Basset et al., 2003). In tropical
rain forest, the understory flora grows in permanent shade and
biomass production is mainly in the canopy (Lowman, 1995).
The activity of the majority of tropical insects is situated in
the canopy, and this is why the predation pressure occurs
mainly in this stratum (Basset ef al., 1992, 2001, 2003). In a
temperate ecosystem, forest litter supports a major component
of the insect biomass (Preisser et al., 1998; Basset ef al.,
2003). Therefore, predation activity will be influenced by: (i)
environmental conditions, which in temperate ecosystems are
more stable and suitable in the understory than in the canopy,
and (ii) the biomass of potential prey that is active at the ground
level (Basset et al., 1992, 2003; Lowman, 1995; Preisser et al .,
1998; Drozdova et al., 2009).

Another factor that significantly influenced the predation rate
during the present study was forest openness. We observed a
significant positive trend in the predation rate toward the forest
interior. The more stable weather conditions and the greater
accumulation of litter as a result of the higher canopy leaf
area could lead to a higher predation rate in the central part
of the forest (Andow, 1991; Perdikis et al., 1999; Kara et al .,
2008). A significant difference in the predation rate between
forest microhabitats was observed only in the central part of
the forest. We did not observe any trend in predation pressure
at the forest edge because the predation activity of wasps on
the leaves was at a similar rate to the predation activity of ants,
which preferred foraging in the leaf litter.

Variability in predation between forest layers can reflect
the distribution in the activity of the dominant predator. The
dominant predators of tropical and temperate ecosystems are
ants (Olson, 1992; Lichtenberg & Lichtenberg, 2003). Ants
build their nests and search for prey in different layers in
tropical versus temperate forests (Olson, 1992; Floren et al.,

© 2013 The Royal Entomological Society, Agricultural and Forest Entomology, doi: 10.1111/afe.12012
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Figure 5 The mean & SE number of baits attacked by predators in each of the three microhabitats during the growing season (estimated over the
values calculated for a particular forest microhabitat x month replication). Open circles, leaves; filled squares, trunk; filled circles, ground.

2002; Davidson et al ., 2003; Lichtenberg & Lichtenberg, 2003).
In tropical forest, the canopy provides ants with a more stable
environment for building nests and hunting prey (Briihl et al.,
1998; Floren et al., 2002). In temperate regions, the majority
of ant species show a strong affinity for foraging in forest litter
(Lichtenberg & Lichtenberg, 2003). This is confirmed by the
most common ant species in the present study, M. rubra, whose
activity was significantly directed to the forest litter, showing
behaviour that corresponds with the ecology of this species.
These ants tend to forage in leaf litter because they find most
of their prey there, and they can also obtain honeydew from
aphids living on roots (Wilson, 1971; Depa & Wojciechowski,
2008). On the other hand, L.brunneus exhibits an apparent
trend towards the trunk in its predation. Lasius brunneus builds
its nests higher above the ground in dead wood or under
bark, and therefore it mainly forages on trees (Pisarski &
Vepsildinen, 1989). Lasius platythorax builds its nests in rotten
wood, and this may explain why we did not detect a clear
affinity in this species for a particular habitat (Savolainen &
Vepsildinen, 1988). The predation rate of the two less active
ant species was not so frequent as to alter the final predation
pattern, which was oriented towards the leaf litter. After ants,
the main predators in the forest litter were ground beetles, rove
beetles and harvestmen. These types of predator tend to forage
in moist habitats, mainly leaf litter. Other important predators
observed in the present study were flying predators. These
predators (V. vulgaris, Cantharidae and Mecoptera) direct their
activity to the leaves and trunk at the forest edge, probably
because of the higher temperature there, which they need to
sustain flying (Lichtenberg & Lichtenberg, 2003). Predation
by wasps started at the end of June and peaked in August.
In our experiment, predation by wasps fluctuated among the
years (data not shown). This fluctuation was probably mainly
caused by the variation in precipitation during April and May
because wasps search for a suitable nesting site during this
time (Madden, 1981). Ants exerted high predation pressure
throughout the entire growing season and had stable predation
activity between years (data not shown). The predation activity
of birds was negligible compared with that of arthropods
because birds prefer insect food only for a short period during

their nesting time (Tinbergen, 1960; Royama, 1970). In the
present study, birds also attacked bait mainly at the beginning
of the growing season.

Not only spatial, but also temporal stability in environmental
conditions can be important. There is an increasing emphasis
on the view that top-down effects cannot be rigorously tested
unless between-season fluctuations in carnivores are taken
into account (Scheirs & De Bruyn, 2002). Environmental
conditions can change throughout the years, and changes are
more pronounced in temperate ecosystems than in tropical
ecosystems. The 5-year length of the present study enabled us to
preclude the effect of seasonality and to predict that the pattern
in vertical stratification of predation is invariant throughout the
years (Fig. 3).

Knowledge about spatio-temporal patterns in predation rates
in a fragmented landscape can be applied to woodland design
in managed landscapes. We discovered that ground-dwelling
predators increase their activity towards the forest interior.
Ants, which are the dominant insect predators, are generally
sensitive to high temperatures, and therefore they prefer not to
forage in hot, open habitats (Holec et al., 2006). The canopy
of hedgerows or solitary trees does not have as large an
impact on predation rates compared with the canopy of the
forest interior (Sipo§ er al., 2012). Therefore, forest fragments
in managed landscapes should have a sufficient central area
to maintain a humid climate and forest litter. One of the
findings of the present study was that the predation rate on
the leaves showed a positive trend towards the forest edge.
Therefore, forest fragments should also possess heterogeneous
and diverse ecotones to support the large predator communities
that are important for open habitats (e.g. wasps), and which can
serve as biocontrol agents in adjacent patches (Lichtenberg &
Lichtenberg, 2003; Sousa et al., 2011). Our results show that
there is a wide range of potential predators of insects in the
different parts of trees and a possibly high risk of predation
at ground level. We cannot assess the relative predation rate
in the forest canopy because the predation rate on leaves
was studied only in the understorey layer. The high predation
risk at ground level was mainly attributable to M. rubra. We
showed that a wide spectrum of predators should be included in

© 2013 The Royal Entomological Society, Agricultural and Forest Entomology, doi: 10.1111/afe.12012
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predation studies. The results of the present study suggest that
ants, wasps and birds can be important predators of insects in
temperate forests. These results also imply that we should not
underestimate the effect of seasonal changes on the predation
rate. Our results indicate a stable pattern in the predation rate
among forest levels during the period 2003-2008.

Experimental design

The data collection technique employed in the present
study did not allow us to assess the real predation rate
because immobilization of the bait imposes the impossi-
bility of its escaping from a predator and limits its abil-
ity to defend itself. Although we did not measure absolute
predation, we nevertheless assume that the assessed differ-
ences reflect the real predation rate and the composition of
predators.

During bait fixing, we aim to avoid the bias caused by larval
immobility, and also strive not to damage the bait, because this
can cause early death and attract unwanted insect taxa. Church
etal. (1997) established that birds can distinguish between baits
of different colour. Therefore, the experiments were performed
repeatedly over longer periods of time.

Selecting the most suitable bait is very important for this
type of experiment. For bait, Novotny ez al. (1999) and Olson
(1992) used worker termites, which are a typical prey in
tropical ecosystems. Our experiment was situated in a temperate
ecosystem, and therefore the bait had to comprise a species
normally occurring in this type of ecosystem. Furthermore,
the size our larvae (approximately 1.5cm in length) appears
to be sufficient for a wide range of predators (Lichtenberg &
Lichtenberg, 2003; Remmel et al., 2009). The predatory species
did not show a special preference for our bait because we
studied the predation rate of generalist predators (Olson, 1992;
Novotny et al., 1999; Lichtenberg & Lichtenberg, 2003). The
high richness of predators attacking our bait convinced us that
we chose an appropriate type of bait.

The major findings of the present study are that: (i) the
predation rate of ground-dwelling insects tended to increase
towards the forest interior; (ii) the predation rate on leaves
significantly increased towards the forest edge; (iii) three
different ant species directed their predatory activity towards
separate microhabitats; (iv) the predation rate in particular
microhabitats showed specific trends throughout the growing
season; and (v) the predation of wasps was negatively correlated
with the mean spring precipitation.
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1. Introduction

There has long been debate over whether canopy
openness significantly influences predation rates on
arthropods [1-5]. It is known that canopy complexity in
a wide range of habitats does play an important role in
the formation of spatial heterogeneity and microclimate
stability in leaf litter [6-8]. Thus, treetops provide stable
conditions favoring the activity of arthropod predators
which are sensitive to temperature and humidity
fluctuations [9,10]. Moreover, accumulation of litter
from a canopy leaf area has a positive effect on ground
insect predators [7,11-13]. Generally, we can say that
litter affects predator abundances through at least
four mechanisms: (1) access to alternative prey; (2)
reduction of interspecific competition and prevention of
intraguild predation [9]; (3) provision of overwintering

* E-mail: Jsipos@seznam.cz

sites, places for reproduction, and shelters to hide from
higher trophic level predators [13-15]; and (4) reduction
of abiotic stressors [6,9,16-18]. The use of pitfall
trapping to study activity of predators has confirmed that
vegetation density positively correlates with activity and
abundance of predators [19-23].

Stability of habitat conditions influences not only
abundance, but also species composition of predator
guilds. This results in different predation rate patterns
in different habitats, and, consequently, in different
spatial distributions of arthropod prey [24]. For example,
flying predatory insects like wasps prefer a boundary
layer between forest and open habitat as a major patch
for their activity [3], whereas ants primarily focus on
ground insects in forest habitats [25]. This indicates that
changes in total predation activity in a given habitat are
straightforwardly predictable if we are able to estimate
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the trends in predation rate for dominant predator
guilds. Such findings are very important and applicable
considering the recent and rapid forest fragmentation
and frequent outbreaks of pests [2].

Despite many authors having studied changes in
predator abundance and activity, and while we can
expect significant connectedness between activity
and predation rate, there are only a few studies which
explicitly focused on this relationship by measuring direct
predation rates on the ground. Experiments focused on
the relationship between forest openness and predators
measured predation rate only between the forest edge
and forest interior, but did not compare predation among
non-forest habitats. The effect of abiotic conditions on
predation in forest and non-forest habitats is unknown
[1,3]. Furthermore, such studies have focused on
different strata (mainly the understorey) and found no
significant differences in predation rate between the
interior and forest edge. Such results are inconsistent
with studies indicating that the higher trophic level
organisms (predators and parasitoids) are more affected
by fragmentation than are herbivores [2,26,27].

In our research, we focused on the following
questions: (1) Does the total predation rate on the
ground show any trend along a canopy openness
gradient? (2) How does total predation rate vary along
the gradient during the season? (3) Which major taxa of
generalist predators are significantly affected by canopy
openness, and can we observe the same trend for all
taxa? (4) How does total predation rate vary among
forest and non-forest habitats with different canopy
openness? (5) Is predation rate more affected by abiotic
conditions in non-forest than in forest habitats? Here we
hypothesize that predation on an epigeic insect in forest
habitats is negatively correlated with canopy openness
and this trend will be the same for non-forest habitats.

2. Experimental Procedures
2.1 Study site

The study was conducted in a temperate floodplain
forest near the towns of Studénka (49°41'44.949"N,
18°2'30.755”E)and Polankanad Odrou (49°46’39.397"N,
18°11"18.639E) in the Czech Republic. This area
consists of large and small forest fragments with
willows, oaks, lindens and poplars as the dominant tree
species and of grassland with shrubs and solitary trees.
We chose two forest habitat types which differ in canopy
openness (forest interior and forest edge). The third
type of habitat could be described as grasslands with
sparsely scattered trees. Solitary trees were used as last
type of habitat. Effect of forest openness on predation

can be well studied among the first two habitat types.
The remaining habitats were including in the research
to study patterns in predation rate among habitats in the
vicinity of the forest. We can exclude the effect of human
pressure on the research because study was arranged
in an area protected for more than 20 years.

2.2 Field experiment

Within each area we chose four different patches for
each habitat type. The samples were exposed in all four
patches each day. In both areas the predation rate was
measured during the daytime (between 7:00 a.m. and
2:00 p.m.), 2 times per month from April to September
during 2008. Live baits (larvae of the blowfly Calliphora
vicina Robineau-Desvoidy, 1830) were affixed to the
ground using entomological pins along the canopy
openness gradient: forest interior, forest edge, base
of solitary trees and meadow. These larvae are
primarily used as baits for fishing therefore we do
not see problematic affixing the living larvae by pins.
The entomological pins were fitted with colored paper
markers (0.5x0.5 cm) to facilitate counting. Twenty
larvae exposed for 30 min comprised one sample, and
the proportion of attacked baits was treated as predation
rate. Larvae were placed approximately 10 cm apart
from each other. The predation was calculated as
proportion of attacked larvae per 20 baits, that is why
we used term “predation rate”. Four sample replicates
were made for each factor combination (habitat and
day). After 30 min. the majority of the insect predators
were still on the baits and therefore could be identified.
Based on [3] and our own observation, missing baits
were considered as predation by vertebrates (mainly
birds). We also observed the trees using binoculars
to determine the species of birds. Due to the risk
that predators (particularly wasps, ants, as well as
mammalian and bird predators) would adapt to bait
location, we changed the placement of pinned baits
within the habitat. In each type of habitat environmental
conditions (temperature, humidity and solar radiation)
were measured by data loggers to separate effect of
abiotic conditions from the effect of canopy openness.

2.3 Data analysis

To determine whether canopy openness and climatic
conditions affect predation rate, we developed
generalized additive mixed models with binomial error
distributions and logit link functions. Predation rate
was always the dependent value. Generalized additive
models were used because shape of the response curve
is not limited. Regression lines were fitted using the cubic
spline method. Degree of smoothness was estimated
using the generalized cross-validation criterion [28].
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Temporal correlation among samples was demonstrated
because predation experiments were repeated across
days and months. Therefore, date of each sample
nested within the month was used as random effect in
the mixed model to avoid pseudo-replication. Standard
errors were corrected using a quasi-Binomial model to
compensate for over-dispersion [28]. The predation rate
was assumed to follow binomial distribution, because the
sum of attacked baits was divided by the total number
of baits for each sample. The final model was selected
using a step wise procedure. The most parsimonious
combination of environmental variables was selected
based on lowest Akaike information criterion (AIC) by
combining both forward and backward selection [29].
Effect of canopy openness and climatic conditions on
predation was tested by analysis of deviance using an
F test. We used the F test to check the significance of
the model, because it is a robust test for over-dispersed
data. To compare variability of predation rate between
habitats types, the multiple comparison method using
Tukey contrasts was applied. Effect of forest openness
on predation rate of each predatory species was fitted
by separate models. All analyses were done using the
statistical program R [30].

3. Results

We recorded 741 predator attacks from the total of
5,040 baits (384 samples). The best model selected
with AIC equals to 1026.46 and explained 42% of the
model deviance. The most frequent predators were
ants (65%, n=472), followed by ground beetles (21%,
n=159), spiders (5%, n=40), vertebrates (4%, n=30),
harvestmen (3%, n=23), and rove beetles (2%, n=16).
The most active ants were Myrmica rubra and Lasius
platythorax and most active spiders were Pardosa
palustris and P. amentata. The beetle family Carabidae
was represented by the genus Pterostichus, which were
dominantly foraging in the forest interior, and the genera
Poecilus and Amara, dominantly foraging in meadows.
The vertebrate predators had peak activity during
May and June, which probably is associated with the
breeding season.

We found a significant effect of tree canopy gradient
on predation rate (Table 1). According to our analysis,
predation rate in forest areas was influenced mostly
by temperature and canopy openness and in non-
forest areas by sun radiation and seasonality (Table 2).
In the forest, habitat predation rates decreased with
canopy openness, whereas predation rate was similar
among habitats in non-forest area (Figure 1). Multiple
comparisons test showed that only predation rate in

df F P-value
bs (temperature) 3 7.632 <0.001
habitats 3 7.185 <0.001
bs (month) 3 9.206 <0.001
bs (time of the day) 3 6.682 <0.001
habitats: bs (month) 9 4.945 <0.001

Table 1. Results of the analysis of deviance of the factors affecting
predation rate included in the generalized additive mixed
model (“bs” representing cubic regression spline). Month
nested within year was used as a random variable. Factors
were selected by the step-wise procedure.

Non-forest habitats

df F P-value
bs (global rad.) 3 4.471 0.00518
bs (month) 3 4.501 0.00499
Forest Habitats

df F P-value
bs (temperature) 3 9.506 <0.001
habitats 1 5.471 0.021058
bs (time of the day) 3 7.852 <0.001
fortype: bs (time of the day) 3 7174 <0.001

Table 2. Results of the analysis of deviance of the factors affecting
predation rate included in the generalized additive mixed
model (“bs” representing cubic regression spline). Month
nested within year was used as the random variable.
Factors were selected by the step-wise procedure.
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Figure 1. Proportions of predation predicted by generalized
additive mixed models (with predation as the dependent
variable, canopy openness as the explanatory variable
and date nested within the month as the random factor)
in the forest (interior, edge) and non-forest habitats
(sol.tree, meadow). The proportions were predicted by
using the function “predict“in the program R. Shown are
median values with quartile range (box) and total range
(whiskers).
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the forest interior was significantly different from other
habitat types (Table 3). This effect can be due to different
abundances of major predators in different habitats
(Figure 2). The taxon with highest number of attacks,
ants, had its highest predation rates in the forest interior
(F=9.771, P<0.001, n=252) (Figure 2). In other habitats,
except for meadows, ants were also the predator with
highest number of attacks, but their predation was less
intensive than in the forest interior (Figure 2). There was
a significant trend toward the meadow for predation by
ground beetles (F=14.31, P<0.001, n=252) (Figure 2)

and spiders (F=3.288, P=0.02, n=252) (Figure 2). The
activity of predators culminated between 11:00 and
12:00, with no differences between higher predator taxa.

We observed that predation rate had a different
pattern through the year in different habitats (Table 1)
(Figure 3). At the beginning of the growing season
(April to May), predation was highest on meadows and
under solitary trees. During the rest of the season, the
highest predation rates were observed in the interior of
the forest. In our study, predation rate was positively
correlated with temperature only in the forest interior

Estimate Std. Error z value Pr(>|z])
interior - edge == -0.4193 0.1929 -2.834 0.0479
meadow - edge == -0.3674 0.2167 -1.696 0.3218
soliter - edge == -0.2083 0.2476 -0.841 0.8324
meadow - interior == -0.6595 0.1541 -3.788 <0.001
soliter - interior == -0.5004 0.1813 -3.368 0.0316
soliter - meadow == 0.1591 0.2270 0.701 0.8951

Table 3. Multiple comparisons of predation rate between habitat types using Tukey contrasts of the generalized linear mixed model.
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Figure 3. Proportions of predation predicted by generalized additive mixed models (with predation as the dependent variable, interaction between
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edge) and non-forest (sol. tree, meadow) habitats throughout the growing season. Shown are median values with quartile range (box)

and total range (whiskers).

(Figure 4). Optimal temperature during active feeding
was about 30°C; above this temperature predation
rate was starting to decrease in non-forest habitats
(Figure 4).

4. Discussion

4.1 Experimental design

Our data collection technique did not allow us to assess
real predation rates because immobilization of the baits
imposes the impossibility of it escaping from a predator
and limits its ability to defend itself. Although we did not
measure absolute predation, we nevertheless suppose
that the assessed differences reflect the real predation
rate and composition of predators. Selecting the right
baits is very important for this kind of experiment [25]. Our
experiment was situated in a temperate ecosystem, and
therefore the bait had to be a species normally occurring
in this kind of ecosystem. Other requirements were that
the bait had to (i) occur during the entire vegetation
period, (i) be one having no defensive mechanism,
and (iii) be edible [3,31]. From that perspective, using
of Calliphora larvae looks very appropriate. Also, the

size of larvae (about 1.5 cm) seems sufficient for a
wide range of predators [32]. High richness of predators
attacking our baits convinced us that we chose right
type of the bait. Predatory species did not show any
special preference for our baits also because we studied
predation rate of generalist predators [3,4].

4.2 Effect of canopy openness in forest and
non-forest habitats on predation rate
The results indicate that we were able to detect diurnal
activity for a large spectrum of arthropod and vertebrate
generalist predators along the entire canopy openness
gradient in forest and non-forest habitats through the
growing season. This is in accordance with most studies
focused on methodology of predation rate measurement
[25,26,32]. Predation rate has predominantly been
measured indirectly through predation exclosure
techniques [26,33-36], which provide sufficient estimates
of absolute predation risk. Although direct predation
measurement has been employed only in a minority of
studies [3,4,37,38], it is considered a better alternative
for comparing different habitats, identifying predators,
and estimating time of attack [3,26]. Our research was
designed with emphasis on avoiding known issues of
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direct predation measurements mentioned in previous
studies: a) we studied effect of canopy gradient in forest
and non-forest patches; b) we did more replications
for each month and hour; c) baits were exposed for
just 30 min to allow identification of predator taxa; and
d) we changed the placement of experiments during
the season to avoid possible bias caused by the non-
random searching pattern found in studies wherein
predation experiments were at the same place for a
long time period (with only missing or injured baits being
replaced). It is known that social insects like wasps and
ants can focus their activity upon locations with longer
bait exposure time and that vertebrates, especially
birds, may learn to find food there [39,40].

The majority of predation was by arthropods (96%),
the rest by vertebrates. Among the arthropods, ants were
the most active predators in our experiments. Similar
results have been reported for most studied ecosystems
and biomes [4,25,26]. We found an apparent trend in ant
predation toward the forest interior, whereas the ground
beetles, with second-highest predation rate, attacked
more baits in open habitats. These results were caused
by the proportion of attacks between species preferring
forest and non-forest habitat within each taxon. Ground
beetles showed a trend in predation rate toward open
habitat because the most active genera, Amara and
Poecilus, are active in daytime and predominantly
prefer open habitats [41]. The most active ant species

(Myrmica rubra) showed a trend in predation rate
opposite to that of ground beetles, because they prefer
moist forest habitats and build their nests and forage
in leaf litter or rotten wood [42,43]. Spiders showed a
trend in predation rate toward open habitat because
most active species were wolf spiders, which preferred
non-forest habitats. These results played only a
marginal role in our experiments and are in contrast
to predation experiments in temperate ecosystems
where birds are assumed to be important predators
[44-46]. The negligible predation effect attributable to
birds could reflect behavioral activity of birds, which use
leaf damage as clues in their searching effort for the
caterpillars, which comprise the most preferred food for
their nestlings [47,48]. Furthermore, birds prefer insect
food only for the short period of nesting to feed their
nestlings [45,46].

As we hypothesized, in the forest habitats we
observed predation to be highest in the forest interior;
on the other hand, we did not find significant difference
in predation rate between patches in non-forest habitats.
Similar predation rate between non-foresthabitats implies
that the canopy of solitary trees did not have sufficient
impact on predation rate as does the canopy of the forest
interior. The highest predation rate at the forest interior
supports the assumption that abundance of predators
also declines with increasing forest fragmentation
and isolation [2]. Such findings are in agreement with
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outcomes of pitfall trap studies, which confirm positive
correlations between low canopy openness and
predation activity [19-22]. Differences between forest
edge and interior in predation rate recorded in our
experiments probably result from temperature variability
within and between the two habitats. We found out that
predation rate is positively correlated with temperature
only in the forest interior, because negative effects of
high temperature on insects are not fully pronounced
in dense forest conditions. Predation rate in habitats
with higher canopy openness did not increase over
the whole temperature interval, but started to decrease
after some threshold level. Temperature can negatively
affect water distribution, water loss and other metabolic
reactions in the body, because insects are not able to
regulate body temperature [49]. Therefore, life is limited
within a range of temperature [49].

We also found that predation risk among habitats
differs during the growing season. This is in agreement
with an assumption that predation is highly influenced
by seasonal changes of weather [32]. The activity of
predators was greatest in open habitats during spring.
Such patterns can be caused by a higher temperature
in open habitats at the beginning of the growing season.
Predators that move in open habitats are more active
than are carnivores which seek their prey in shaded
places. In addition, the effect of temperature could be
more apparent at the beginning of the season, because
temperature speeds up hatching and emerging of
predatory species from hibernation.

In conclusion, the results confirm the greatimportance
of vegetation’s spatial characteristics for patterns of
predator—prey interactions and for corresponding
predator activity. We found that total predation rate in
non-forest habitats is lower than in forest habitats. These
results correspond with the predation rate of ants as the
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Abstract. The predation on insects on leaves was measured by direct observation using live larvae of Calliphora vicina (Diptera:
Calliphoridae) as bait placed on 15 common species of woody plants in a floodplain forest in the temperate region. The predation
rate was measured in terms of the proportion of the larvae that were missing or had been attacked after 30 min of exposure on leaves.
Despite the fact that the important predators differed during the course of a season, the most frequently recorded predators were birds
and ants and less frequently recorded wasps and spiders. Analysis of the pattern in the distribution of the attacks confirmed that it is
best described by a negative binomial distribution, which corresponds to a clumped dispersal of predation. Based on the results of
the best-fitted generalized additive model, we could not reject an equal probability of attacks on the different species of woody
plants. Further, predation at the forest edge was notably higher than in the forest interior. The model also predicted marked varia-
tions in the incidence of attacks during the course of a day and a season, with the attacks occurring mainly in three periods during the
year and two during the day. In general, the sampling method used could become the standard measure of the risk of insects living

on trees being attacked by predators in future studies.

INTRODUCTION

Despite recent advances in ecological methodology and
quantitative analysis for determining the nature of the
complex interactions between organisms and their envi-
ronment (Bolker et al., 2009; Kilkenny et al., 2009; Csil-
lery et al., 2010), little attention has been paid to deter-
mining the potential of a multifactorial approach for
studying the risk to insects from predation. Some aspects
of predation risk on insects have been studied in both
tropical (Olson, 1992; Berger & Wirth, 2004; Koh &
Menge, 2006) and temperate ecosystems (Steward et al.,
1988; Weseloh, 1988; Church et al., 1997; Haemig, 1999;
Lichtenberg & Lichtenberg, 2003). However, mostly
single factors (or a class of factors, e.g. spatial, temporal
and taxonomical) are tested separately for different
groups of predators (e.g. birds: Bernays, 1997; Strong et
al., 2000; spiders: Riechert & Lawrence, 1997; Lang et
al., 1999; ants: Barton, 1986; Leponce et al., 1999).

For example, there are significant differences in the
predation risk on different species of trees because of dif-
ferences in their attractiveness to predators, particularly
for tropical rainforests (Janzen, 1966; Novotny et al.,
1999; Basset, 2001). Differences in predation risk are cor-
related with the abundance of herbivores on three species
of Salix (Ishihara & Ohgushi, 2008) in a temperate eco-
system. There are also experimental studies on spatial
variability in predation risk along vertical (Weseloh,
1988; Basset, 2003) and horizontal gradients, such as in
the interior of a closed canopy forest compared with that

at the edge of the forest or in the open (Koh & Menge,
2006; Valladares et al., 2006). There are few studies on
the diurnal and seasonal activity of predators (Barton,
1986; Kaspari & Joern, 1993; Reichert & Lawrence,
1997; Remmel et al., 2011) and these are only occasion-
ally tested (temperate: Lichtenberg & Lichtenberg, 2003;
Remmel et al., 2009; tropics: Richards & Coley, 2007).
This is despite the logical expectation that the risk of pre-
dation is likely to vary depending on the time of day or
year, for example, due to differences in temperature and
seasonal changes in ecosystems (Bernays, 1997; Lill &
Marquis, 2001).

The results of the experiments cited above have been
criticised (e.g. Sih et al., 2000) for underestimating the
interactions between the factors. Unfortunately, it is not
possible to produce a simple synthesis or compare the
results of the different studies because they were obtained
using different methods. Two key methods are used for
measuring the risk of predation on trees. Free access of
predators to prey is prevented by using exclosure experi-
ments (Marquis & Whelan, 1994; Sipura, 1999; Berger &
Wirth, 2004). This method is used mainly to study com-
plex multitrophic interactions, such as bottom-up effects
and top-down effects, and fitness of the prey or host plant
foraged by the herbivore (Gunnarsson, 1996; Strong et
al., 2000). In contrast, experiments using various types of
baits (Olson, 1992; Karhu & Neuvonen, 1998; Novotny
et al,, 1999; Lichtenberg & Lichtenberg, 2003) allow
direct contact between the prey and predator and provide
more information on the characteristics of the taxa or



guilds of predators, such as their species structures and
the effects of prey dispersal (Church et al., 1997; Beau-
champ, 2002), vegetation structure (Gunnarsson, 1996) or
seasonal changes (Lang et al., 1999; Lill & Marquis,
2001; Lichtenberg & Lichtenberg, 2003).

In addition to the aforementioned factors affecting the
accumulative risk of predation in space and time, many
authors note that the risk of predation is greater when
prey is abundant (e.g. Crawley, 1975; Turchin et al.,
1999; Abrams & Ginsburg, 2000; Lombaert et al., 2006).
They found that predation risk affects prey behaviour and
leads to avoidance and dispersal of the prey (Jeffries &
Lawton, 1984, Berdegue et al., 1996; recently, Skelhorn
et al., 2011; Gonthier, 2012). On the other hand, there is a
lack of information confirming that the distribution in
space of the attacks by predators is patchily distributed
even though the searching patterns of predators are well
known.

It is clear from the above that there are very few multi-
factorial models that include various predators and the
interactions between factors and those published are
mainly for tropical rainforests and there are no similar
studies for temperate ecosystems. Our goal, therefore,
was to identify the significant factors affecting predation
on insects on the leaves of trees and then develop a com-
plex model for assessing the predation risk. We tested the
following ecological variables: (a) tree species (15 tree
species with varying herbivore species abundances and
diversities), (b) habitat (forest interior and edge), (c) time
of day, and (d) time of year.

MATERIAL AND METHODS

Study site

This field study on predation was carried out in a lowland
floodplain forest within the Poodri Protected Landscape Area
(total, 300 ha; 18°03—-13'E, 49°42-48'N; Northern Moravia,
Czech Republic). The area included three fragments of primary
floodplain forest in close proximity to the regional capital of
Ostrava along a 20-km embankment of the meandering River
Odra. The area is characterized by flooded meadows and a
number of shallow ponds. The forest vegetation consists of
Quercus, Ulmus, Tilia, Prunus and Fraxinus.

Field experiment

Our sampling design was that previously suggested for com-
paring the predation risk between temperate floodplain forest
and tropical lowland rainforest (Novotny et al., 2006). For the
experiments, 15 locally common species of woody plants (Acer
campestre L., Acer platanoides L., Alnus glutinos (L.) Gaertn.,
Alnus incana (L.) Moench., Carpinus betulus L., Corylus avel-
lana L., Fraxinus excelsior L., Padus avium Mill., Populus
tremula L., Quercus robur L., Sambucus nigra L., Swida san-
guinea (L.) Opiz., Tilia cordata Mill., Ulmus glabra Huds., and
Ulmus laevis Pallas) typical of floodplain forests in the tem-
perate region, were selected.

The ecological attributes of the above woody plants (i.e. the
abundance and diversity of herbivores as well as the abundance
and frequency of the trees) were adopted from our plant—herbi-
vore study performed simultaneously with the predation experi-
ments. Only those folivorous insects that were feeding were
hand-collected from the foliage of 15 species of trees
throughout the 1999-2001 growing seasons. This resulted in

150 m? of foliage being inspected per species of tree. The esti-
mates of the species richness and frequency of woody plants
were based on total number of woody stems in 62 25 X 25 m
quadrats (for details, see Novotny et al., 2006).

Predation risk was estimated by recording whether bait placed
on leaves is attacked or missing (see Olson, 1992; Novotny et
al., 1999). The bait consisted of live larvae (last instar; size,
1-1.5 cm) of the blowfly Calliphora vicina Robineau-Desvoidy
(Diptera: Calliphoridae). These larvae are palatable and very
vulnerable to attack (Lundgren et al., 2009) and thus previously
used as model artificial palatable prey in several predator—prey
experiments (Wilson et al., 1990; Lundgren et al., 2009;
Remmel et al., 2009). Further, the last instars are of a suitable
size for both vertebrate and invertebrate predators (Lang et al.,
1999).

In each experiment (sample), 25 living larvae were pinned
onto each tree for 30 min (one larva per twig separated by a
minimum distance of about 25-30 cm) at breast height using
entomological pins inserted into veins on the upper surface of
leaves. Attaching larvae by pins to leaf veins prevents them
from accidental falling off leaves and makes the removal of the
pins by invertebrate predators impossible. The pins were
marked with small coloured tags to avoid missing those that
were accidentally dislodged. Baits continued to move actively
throughout the duration of the experiment. After 30-min, during
which we moved away from the tree upon which the test was
performed, the presence of predators or missing larvae were
recorded (the proportion of larvae attacked per tree was used as
a response variable). The experimental sites were systematically
changed during the course of the year to eliminate the possi-
bility of birds learning to find larvae by searching for tags.
Based on our experiences from a preliminary study in 2001 and
other published experiments (Lichtenberg & Lichtenberg,
2003), pins that disappeared (confirmed after carefully
searching for baits on the ground and nearby vegetation) were
assumed to reflect bird predation. On the other hand, ants and
wasps, which were the most frequently recorded invertebrate
predators, were always observed feeding on the baits.

In total, 300 experiments with 7500 baits were conducted
from May—September 2002 between 09:00 to 18:00 h. The fol-
lowing factors were recorded in each experiment: time of day
(Hour), time of year (Day), species of woody plant (Species)
and habitat (MicHab, i.e. forest interior or edge). Samples that
were more than 20 m away from the edge of the forest were
regarded as being in the interior of the forest. To maximise the
balance in the design, the experiments were replicated twice
each month for each species of tree species and type of habitat.

Data analysis

As a patchy dispersal is very often recorded in nature because
resources are not uniformly distributed (Potthoff et al., 20006),
we expected that the dispersal of predator attacks would follow
a negative binomial distribution. Thus, the index of dispersion
(the variance-to-mean ratio), Morisita’s index of dispersion and
goodness of fit to a negative binomial distribution with aggrega-
tion parameter k estimated by maximum likelihood were used to
identify the patterns in the distribution of the attacks (Krebs,
1999). Index wvalues significantly higher than 1 (or 0 for
Morisita’s index) indicated clumped (patchy) distributions. The
dispersal of the attacks was analysed separately for each combi-
nation of habitat (interior, edge), month and time interval (2 h
per interval) to distinguish between spatial and temporal distri-
butions. For this reason, we used additional data from 2001 (not
applicable for the other analyses due to the low number of repli-
cations for each combination). This approach allowed us to
increase the number of samples for each combination and
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Fig. 1. The mean (+ SE) of the number of attacks recorded
per experiment on the different species of woody plants studied.
ACC — Acer campestre; ACP — Acer platanoides; ALG — Alnus
glutinosa; ALl — Alnus incana; CAB — Carpinus betulus; COA
— Corylus avellana; FRE — Fraxinus excelsior; PAA — Padus
avium; POT — Populus tremula; QUR — Quercus robur; SAN —
Sambucus nigra; SWS — Swida sanguinea; TIC — Tilia cordata;
ULG — Ulmus glabra; ULL — Ulmus laevis.

improve the validity of the results. However, we had to omit
some combinations because of the low number of attacks.
Generalized additive models (GAM) were used to investigate
the effect of the factors studied on the probability of attack. For
those cases when the response variable was a probability and the
model indicated overdispersion (the dispersion index was
approximately 1.7 for our data), a quasibinomial distribution
gave more reasonable results. The numerical variables Hour and
Day were smoothed by using thin plate regression splines
(Wood, 2006). The basis dimensions for both the terms were
selected manually (k = 4 for Hour and k = 6 for Day) using the
generalized cross validation (GCV) criterion, which is one of
the best ways of estimating smoothing parameters. This crite-
rion was also used for manual selection of the best parameters in
the additive models (for more details, see Wood, 2006). All fac-
tors tested were added sequentially to the model using GCV and

Cp Mallow’s statistics criteria for model parameter selection
(Mallows, 1973; Hocking, 1976) and the best fitting model com-
parisons (the lowest Cp and GCV values indicated the most par-
simonious model).

The final model of the probability of attack was constructed
based on the GCV, and Mallow’s Cp ranking statistics. Both cri-
teria are based on the maximum parsimony approach recently
suggested for model selection, but mixing of criterion-based
selection with standard measurement of significance is not rec-
ommended (Anderson, 2008).

All analyses were performed using R software 2.14.0 (R core
development team, 2011) and several specific libraries: lattice
0.20-0 (Deepayan, 2008), vegan 2.0-1 (Oksanen et al., 2011),
gam 1.04.1 (Hastie, 2011) and ved 1.2-12 (Meyer et al., 2011).

RESULTS

A total 119 of the 7500 baits (1.6%) were attacked by
predators, meaning that on average, 0.4 baits were
attacked per experiment (standard deviation (SD) = 0.85;
standard error (SE) = 0.05; maximum = 6 baits per
experiment). The dominant groups of predators were
birds (59.7%), ants (13.4%), Heteroptera (11.8%),
Mecoptera (5.9%) and wasps (4.2%). Several other
groups were recorded occasionally (spiders and carabid
beetles). The maximum predation risk, measured as the
average number of baits attacked per experiment, was
recorded on Corylus avellana (0.75), Tilia cordata (0.7)
and Quercus robur (0.65) and the minimum on Ulmus
laevis (0.20) and Sambucus nigra (0.20) (Fig. 1).

Predation risk correlated neither with the abundance
and frequency of particular species of trees nor with
abundance and diversity of insect herbivores (Pearson’s
correlation coefficient was the highest for abundance of
herbivores, r=0.43; p>0.1).

The results of all the tests used for determining the pat-
tern of the attacks were consistent with our prediction of
patchy dispersal. We found the variance-to-mean ratio of
attacks per experiment to be significantly greater than 1 (I
= 1.793, x%e = 536.0, p < 0.0001) and the Morisita’s
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Fig. 2. The observed (dark grey) and theoretical negative binomially distributed (light grey) frequencies of attacks per tree plotted
on a logarithmic scale (left), the probability density (empirical density function) of the standardized Morisita’s indices (middle) for
each combination of temporal and spatial variables (positive values indicates a patchy distribution), and a box plot comparing the
standardized Morisita’s indices for the edge and interior of the forest (right).
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Fig. 3. A contour plot with predicted probabilities of attack
by predators (grey scale on the right) for the most parsimonious
model, including type of habitat (left, forest edge; right, forest
interior), time of day and time of year.

index to be 2.98 (standardized Morisita’s index =
0.5026); further, the goodness-of-fit test (maximum like-
lihood estimate of k = 0.506, 3% = 0.011, p = 0.995) did
not support a rejection of a negative binomial distribution
(Fig. 2). Such outcomes can result from a patchy dispersal
in time (attacks occur mainly within specific time inter-
vals). However, we observed similar results for the pat-
tern of distribution of attacks for each combination of the
temporal and spatial variables. Nearly 75% of the stan-
dardized Morisita’s indices calculated were positive (indi-
cating a patchy dispersal). Negative indices (indicating a
uniform dispersal) and indices equal to 0 (indicating a
random dispersal) were found only for samples with a
low number of attacks and the most frequent were for
samples recorded in autumn.

The best fitting GAM model chosen by forward selec-
tion included three terms: microhabitat, time of day and
day of the year (Table 1). All terms in the final model
have weak but significant statistical support from the
analysis of deviance (p-valuemicuas = 0.096, p-valueior =
0.067, p-valuepay = 0.049). In contrast, we could not reject
the hypothesis of an identical risk of predation on all spe-
cies of woody plants. The final model predicts the risk of
predation is highest at the edge of forest during late

TaBLE 1. Values of the statistics used in the selection of the
best GAM model (GCV — generalized cross validation; Cp —
Mallow’s Cp; DevExpl — explained deviance).

Model GCV Cp DevExpl
Null 1.2594  377.70 0.000
Species 1.3039  390.20 0.059
Hour 1.2358  370.67 0.037
MicHab 1.2328  369.82 0.028
Day 1.2098  362.79 0.070
MicHab + Hour 12182  365.37 0.057
MicHab + Day 1.2046  361.21 0.080
Hour + Day 1.1917  357.23 0.100
MicHab + Hour + Day 1.1903  356.74 0.107

August and early September between 13:00-15:00 h (Fig.
3).

Despite the overall low number of records of predation,
we performed separate analyses for invertebrate and ver-
tebrate predators, and found apparent temporal differ-
ences between predation by arthropods and birds. This
was confirmed by the lack of a correlation between the
two groups (Pearson’s correlation coefficient r = —0.22, t
=-0.99, df = 19, p-value = 0.3349). A peak in predation
by birds was recorded during the morning in May and
June while arthropods dominated in July between the
hours of 09:00 to 11:00 and 15:00 to 17:00 (Fig. 4).

DISCUSSION

Our experiments on predation revealed that the distri-
bution of attacks on bait attached to leaves was clumped,
with no significant differences between species of trees
but an important effect of habitat (higher predation risk at
the edge than in the interior of the forest), time of the day
and season. The important predators were birds and ants,
but the frequency of their attacks varied during the year
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Fig. 4. A comparison of the mean (+ SE) of the number of attacks recorded that were attributed to birds and arthropods at different
times of the day in different months of the season (right-closed intervals).
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and was dependent on their seasonal activity (cf. epigeic
predators, Sipos et al., 2011).

The analyses of the spatial distribution of attacks indi-
cate that rates of predation in patches with equal densities
of prey differed. This probably reflects random search for
the first prey and then systematic searching in the sur-
rounding area. Such behaviour is often mentioned as
typical of birds and ants (Church et al., 1997; Beau-
champ, 2002). On the other hand, these results should be
interpreted cautiously, because very few attacks were
recorded and we did not distinguish between these two
groups in the analyses of the spatial distributions of the
attacks.

As expected, our data did not provide a basis for
rejecting the hypothesis of a non-random distribution of
attacks on the different species of woody plants. This
result is also supported by the non significant correlations
between the average predation risk and features of the
different species of trees (abundance, frequency, and
number of herbivores and their diversity). Unlike parasi-
toids (Iwao et al., 2001), true predators probably have not
evolved close interspecific interactions with plants in for-
ests in temperate regions (Olsson et al., 2001) but have in
tropical rainforests (Basset, 1995, 1996; Novotny et al.,
1999). Significant differences were found only for those
species like ants, which have a mutualistic relationship
with plants (Janzen, 1966; Floren & Linsenmair, 1997,
Fiala et al., 1994; Di Gusto et al., 2001).

The greater predation risk at the edge of the forest (Fig.
5) predicted by our final model, was previously recorded
for the same predators as we studied (Olson, 1992; Hae-
mig, 1999; Lichtenberg & Lichtenberg, 2003; Valladares
et al., 2006). This may be due to a greater abundance and
activity of insects (mostly herbivores) and more favour-
able microhabitat conditions at the edges of forests (Mur-
cia, 1995; Didham et al., 1996; Cadenasso & Pickett,
2000; Zheng & Chen, 2000; Wirth et al., 2008). Moreo-
ver, wasps can have a notable effect at the edges of forest
because it is warmer there than in forests (Steward et al.,
1988; Lichtenberg & Lichtenberg, 2003).

Despite the fact that we could not include the entire
range of diurnal and seasonal differences in predatory

activity (see Fig. 3), our model did indicate three peaks of
predation risk during the course of the growing season
and two during the day. There are only a limited number
of incidental records of the diurnal variation in the preda-
tion risk (Barton, 1986; Novotny et al., 1999; Berger &
Wirth, 2004) and our model cannot predict the risk of
predation either at night or early in the morning when
there is a peak in the incidence of predation by birds (e.g.
Hutto, 1981). However, a greater incidence predation
early in the morning was partially apparent in the predic-
tion of our model (i.e., the decline in the rate of predation
that occurred after the expected early morning peak) and
particularly notable was a shift in peak predation during
the course of the year (Fig. 3, dark grey areas at the
bottom of the left figure). Montllor & Bernays (1993)
state that the high predation risk recorded at midday is
due to the greater activity of invertebrates then because
both the temperature and relative humidity are high at that
time. At night the expectation is that the foraging activity
of ants and other invertebrate predators is likely to be
very low in ecosystems in temperate regions (Bernstein,
1979; Traniello, 1989). Moreover, for predators that ori-
entate visually (including insectivorous birds) searching
for prey is less effective at night. However, there is little
experimental data on this, because recording attacks by
predators at night is difficult. Novotny et al. (1999) used
termites (Microcerotermes biroi) as bait to determine the
risk of herbivorous insects being killed by predators
during day and night in Papua New Guinea rainforests.
They record marked differences in the composition of
predators, but the differences in the probabilities of being
attacked were not significant. Their results differ from
those of Berger & Wirth (2004) who used exclosure
experiments and revealed that the predation pressure on
phasmids in rainforest in Panama was significantly higher
at night than during the day (p-value < 0.001).

Consistent with the results of Holmes et al. (1979), Lill
& Marquis (2001) and Lichtenberg & Lichtenberg (2003)
and our unpublished data from the previous year (not
used because of an unbalanced design for species and
daytime), we recorded a greater predation risk at the
beginning of May (using extrapolation, we estimated that
the peak occurred at the end of April), with birds at that
time the most important predators, at the end of June it
was birds and ants and at the end of August wasps, as
colonies of these insects were large and very active (Mac-
Donald & Matthews, 1981; Stamp & Bowers, 1996).

Measuring the risk of predation is technically difficult
and it is likely that the method used and the features
measured could have biased the results. For this reason,
exclosure and predator removal experiments are generally
regarded as the best way of estimating the real effect of
predation (absolute predation risk). However, it is impor-
tant to note that our experiments were performed under
identical conditions for each factor combination and that,
it is thus possible to correlate relative differences in the
number of attacks with predator activity within a study
site. (Novotny et al., 1999). Another issue usually dis-
cussed is the most suitable bait (Kaspari & Joern, 1993;



Berger et al., 2006). For generalist predators like birds
and ants, size (Lang et al., 1999; Di Giusto et al., 2001;
Mind et al., 2007; Remmel & Tammaru, 2009; Remmel
et al., 2011), palatability (Skelhorn & Rowe, 2006; Lund-
gren et al., 2009), mobility (Eubanks & Denno, 2000) and
colour (Church et al., 1997) are the main characteristics
determining the probability of a bait being attacked. The
most widely used baits in studies in tropical forest are ter-
mites, which are highly palatable prey for ants and all the
other important predators of herbivorous insects in the
tropics (Olson, 1992; Leponce et al., 1999; Novotny et
al., 1999). However, the baits most widely used in eco-
systems in temperate regions are caterpillars (Bernays,
1997; Lill & Marquis, 2001; Lichtenberg & Lichtenberg,
2003). The larvae of Calliphora vicina, which we used in
our experiments, are probably analogous to termite baits
used in the tropics (see Lundgren et al., 2009). A very
important characteristic is that the larvae attached to
leaves are highly active and therefore likely to attract
predators that orientate visually when searching for prey.
It is known that the mobility of prey can increase their
risk of predation by beetles (e.g. Marston et al., 1978;
Eubanks & Denno, 2000) and spiders (Reichert & Law-
rence, 1997). Finding prey by responding to visual stimuli
is recorded for birds (Beauchamp, 2002) and wasps (Ber-
nays, 1997). In most cases, the mobility of the prey seems
to be more important than its nutritional quality (Bernays,
1997; Eubanks & Denno, 2000; Beauchamp, 2002).
Although Calliphora larvae are not herbivores, the range
of predators we recorded attacking them does not differ
from the predator composition recorded in the previously
cited experiments that used caterpillars. The low fre-
quency of bird predation recorded by Lichtenberg &
Lichtenberg (2003) may be because they did not include
in their results the baits that disappeared and the baits
were attached to the undersides of the leaves.

Despite these difficulties, our complex model of the
risk of insects being killed by predators in forests in tem-
perate regions is based on the results of very simple
experiments using baits that are suitable for most insec-
tivorous generalists. We consider this method to be very
useful and believe that it is suitable for use as a standard
method for directly measuring predation risk in the future.
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Introduction

Abstract

The effect of the complexity of tree canopies on the effectiveness of biolog-
ical control of tree-dwelling insect herbivores by predators has been
neglected. A complex canopy provides a greater variety of resources than
a simple canopy, which may result in an increase in the abundance of
both herbivores and predators in complex canopies and a higher predation
rate. On the other hand, it may be more difficult to locate prey in trees
with a complex canopy, which may lower the predation rate. The main
aim of this study is to determine the relationship between predation rate
and canopy complexity. We have used a system consisting of lime trees,
larvae of blowflies as prey and naturally occurring predators (mainly birds
and ants). The complexity of the canopy of 12 of the lime trees was
reduced by pruning, and the predation rate was determined by recording
the fate of prey pinned on each of the trees for 30 min several times dur-
ing the course of a year. The predation rate was negatively associated with
canopy complexity. We compare these results with those reported in the
literature and contrary to the widely held view conclude that a negative
relationship between predation rate and canopy complexity is a common
phenomenon and can be expected to be reported in studies not only on
ambush but also on predators that actively search for prey.

predation and cannibalism (Langellotto and Denno
2004), (iii) find stable microclimatic conditions (Halaj

Population dynamics of insect herbivores may some-
times be more affected by spatial complexity than the
food quality of their host plants (Van Valen 1973;
Lawton 1983; Halaj et al. 2000a; Riihimaki et al.
2005; Obermaier et al. 2008). This is because differ-
ences in canopy complexity may affect predator—prey
interactions (Hunter and Price 1992; Tscharntke
1992; Clark and Messina 1998; Sipura 1999; Halaj
et al. 2000b; Casas and Djemai 2002; Langellotto and
Denno 2004; Tschanz et al. 2005; Riihimdaki et al.
2006). It is unclear, however, whether this effect is
positive or negative.

On the one hand, predators may survive better in
more complex patches because in such patches there
are more places where they can (i) find safe places for
resting (Polis 1996), (ii) escape from intraguild
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et al. 2000a,b), (iv) find alternative food sources
(Polis 1996) and (v) encounter more potential prey
(Polis 1996; Langellotto and Denno 2004). High
number of refuges, prey and alternative food sources
can potentially enable predators to reach large
abundances. This may result in a positive correlation
between predation rate and canopy complexity (Law-
ton 1983; Halaj et al. 2000b; Kondoh 2003; Langellot-
to and Denno 2004; Nouhuys 2005).

On the other hand, locating prey on trees with
complex canopies is more difficult; therefore, herbi-
vores are less likely to be discovered there, and also
residence time of predators is negatively correlated
with tree canopy complexity (Clark and Messina
1998; Hawkins et al. 1993), which indicate it is more
likely that the correlation between canopy complexity
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and predation rate is negative (Carroll and Janzen
1973; Andow and Prokrym 1990; Bell 1991; Clark
and Messina 1998; Geitzenauer and Bernays 1996;
Langellotto and Denno 2004).

Evidence from empirical studies is also contradic-
tory (table 1). The results of most studies indicate that
herbivores survive better in more complex habitats
(Hartvigsen et al. 1995; Halaj et al. 2000b; Casas and
Djemai 2002; Gingras et al. 2002). Riihimaéki et al.
(2006) also report a negative correlation between pre-
dation rate and canopy complexity for ambush preda-
tors, like spiders, but no correlation for actively
searching predators, which visually scan the environ-
ment, like ants. Stamp and Bowers (1993) observed
that predation activity of wasps and stinkbugs was
negatively influenced by the size of the plant. They
hypothesize that this is because plant size is positively
correlated with number of refuges. Birds, which are

Table 1 Review of hypotheses on the relationship between habitat
complexity and predation. The first column indicates whether the
hypothesis ‘habitat complexity is negatively correlated with predator
and parasitoid activity’ is confirmed (+) or not supported (—) by empiri-
cal data

Detailed description of

the variables measured References

+ Parasitism was higher on Gingras et al. 2002
plants with a simple structure

+ Parasitism rate was higher Andow and Prokrym
on simple surface of plant parts 1990

+ Height and density of the Obermaier et al. 2008

vegetation affected beetle
oviposition positively and
egg parasitism negatively

+ The probability that egg Meiners and Obermaier
clutches will be present 2004
increasing with decreasing
habitat complexity

+ Predators captured aphids at Clark and Messina 1998

higher rates on plants with
less complicated architecture

+ Predators are more effective
on smaller-sized plants

Hartvigsen et al. 1995

- Larvae survived worse in more Riihimaki et al. 2006
complex trees, if predation by
ants was not prevented

— Needle density reduction and
branch thinning led to decline

in both prey and predator

Halaj et al. 2000b

abundance
- Increased habitat complexity Langellotto and Denno
resulted in large and significant 2004
increase in natural enemy
abundance

J. Sipos and P. Kindlmann

also actively searching predators, use visual cues like
damaged leaves or leaf shape during the foraging
(Heinrich and Collins 1983; Murakami 1999). These
visual cues are likely to be more difficult to detect in
larger or more complex plants. Foraging behaviour of
parasitic wasps was also influenced by plant complex-
ity: on average, wasps spend more time on plants with
low structural canopy complexity (Mackauer and
Volkl 1993).

Here, we hypothesize that a negative correlation
between predation rate and canopy complexity is a
common phenomenon and show that it occurs in
actively searching predators like birds and ants.

Materials and Methods

Field experiment

The study was conducted in a temperate flood-plain
forest near the village of Grygov, Czech Republic (49°
41'44.949"N, 18°2'30.755"E). This area consists of a
large homogeneous fragment of original flood-plain
forest (fig. 1). Typical tree species in the study area
are lime, ash, oak and hornbeam.

Predation rate was measured three times per month
from April to October 2010, that is, 21 times, and
measured at a randomly chosen 30-min interval
between 8 a.m. and 2 p.m. Predation rate was calcu-
lated as proportion of attacked larvae per 20 baits. The
tree chosen for this study was lime (Tilia spp.),
because it is characteristic of this biotope and abun-
dant. Twenty-four trees, each about 2 m tall, with
similar crown complexity were chosen. Twelve of
these trees (control group) were left untouched and
the crown complexity of the remaining 12 trees
reduced by removing all third and higher order
branches (Riihimdaki et al. 2006). Canopy complexity
is represented by the density of twigs and leaves
which form canopy of the tree. Canopy complexity
can be artificially reduced by the reduction in bran-
chiness (clipping the higher order branches) or by
reduction in foliage (clipping the first-order branches
to avoid changing the branching pattern itself)
(Rithimédki et al. 2006). Predation by ants is deter-
mined to a large extent by whether the saplings are
within the territory of ants. To minimize the effect of
the distribution of ant colonies in the study area pair
sly adjusted trees were selected one which was the
control and the second was pruned. In temperate
ecosystems, ants build their nests on the ground and
are active during the whole growing season (Floren
et al. 2002; Lichtenberg and Lichtenberg 2003). The
branches were removed before bud burst to minimize

© 2012 Blackwell Verlag, GmbH
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the chance of the trees responding to pruning. Prun-
ing the tree can induce growth changes in leaves and
buds. Therefore, we have chosen similar-sized trees
with similar canopy complexity, and after pruning,
we still controlled the canopy size of all trees. The pre-
dation rate was measured by pinning twenty blowfly
larvae to branches on each tree and recording the
number eaten by predators after 30 min. After
30 min, the majority of the insect predators was still
on the baits and therefore could be identified. Preda-
tion was attributed to birds when the bait plus pin
were missing. We also observed the trees using binoc-
ulars to determine the species of birds. Live larvae of
Calliphora vicina Robineau Desvoidy, 1930 (Diptera,
Calliphoridae) were used as the bait and were each
attached to a branch of a tree by an entomological pin
inserted through the caudal region of their body. Our
experiment was situated in a temperate ecosystem;
therefore, the bait had to be a species normally occur-
ring in this kind of ecosystem. Furthermore, the size
of larvae (about 1.5 cm) seems to be sufficient for a
wide range of predators and larvae are lacking any
type of defence mechanism (Lichtenberg and Lichten-
berg 2003; Remmel et al. 2009).

Data analysis

Data were analysed using the statistical program R (R
Development Core Team 2009). The generalized lin-
ear model (GLM) was used with binomial error distri-
bution and link function logit (dispersion parameter
was 1.414) to investigate relationships between the
variables, month and day (continuous variables),
canopy complexity and individual trees (nominal
variables). Standard errors were corrected using a
quasi-binomial distribution to compensate for over-
dispersion (Pinheiro and Bates 2000). We used bino-
mial distribution because the response variable was
calculated as the proportion of attacked larvae per 20
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Fig. 1 Map of the research area.
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baits. The variables in the GLM model were ordered
using stepwise procedure. The most parsimonious
combination of environmental variables was selected
based on lowest Akaike information criterion (AIC)
by combining both forward and backward selection
(Burnham and Anderson 2002).

To test the effect of tree structure on predation rate,
function in R-generalized linear mixed models using
penalized quasi-likelihood (glmmPQL, part of MASS
package) with quasi-binomial error distribution was
used (Venables and Ripley 2002). Predation rate was
the dependent value and canopy complexity the
explanatory variable. Effect of the tree was proved
because predation experiments were repeated on each
tree throughout the season. Therefore, we used each
tree as random effect, and each tree was nested within
the particular tree-pair in the mixed model to avoid
pseudo-replication.

To analyse diurnal and seasonal variation in preda-
tion, we used the generalized additive model (GAM).
The variables time and day were smoothed using a
cubic regression spline. Degree of smoothness for
GAM model terms was estimated using the general-
ized cross validation criterion. Generalized additive
model with spline methods was used because the
response curve was not constrained. Effect of explana-
tory variables on predation was tested by the analysis
of deviance using F-test, because it is a robust test for
over-dispersed data.

Results

We recorded 789 predator attacks on a total of 5760
baits (252 samples). The most abundant species of
ants were Myrmica rubra, Lasius brunneus and Lasius
platythorax and most abundant species of birds Parus
major, Cyanistes caeruleus, Sitta europaea and Dendrocopos
spp. The best and the most parsimonious model based
on the lowest AIC was fitted by forward and backward
selection including the following variables: Time of
the season + Time of the season 2 + Experi-
ment + Time of the day + Tree (table 2). Model
explained 49.3% (adjusted R?) of the data deviance.
Predation rate was significantly higher in the
pruned trees (d.f. =2, resid. d.f. =11, F=323.19,
P < 0.001; fig. 2). Ants (77%) and birds (20%) were
the predominant predators, followed by Dermaptera
(2%) and Hemiptera (1%). Both the diurnal and sea-
sonal patterns of predation by ants and birds differed
(figs 3 and 4). Birds showed a diurnal variability in
predation rate (d.f.gyine =3, F=26.46, P <0.001;
fig. 3) but mnot ants (dfgpne =3, F=0.693,
P = 0.557; fig. 3). Birds attacked baits mainly in the



Canopy complexity of trees affects insect predation

J. Sipos and P. Kindlmann

Table 2 Results of the analysis of deviance of

df. Deviance  Resid. d.f. Resid. dev. Pr>F) the factors influencing predation rate included
in the generalized linear model
NULL 287 51.064
Time of the season 1 15.4336 286 35.630 157.4729 < 0.001
Time of the season2 1 2.0811 285 33.549 212339 < 0.001
Experiment 1 2.4271 284 31.122 247643 < 0.001
Time of the day 1 0.0314 283 31.091 0.3089 0.57886
Tree 22 35854 261 26.710 1.6629 0.034127
3.5+ E B means that a predator must search longer to find prey
__L_ in a more complex space. This means that herbivorous
;,: S insects living in the large complex canopies of old
g 2.5 trees have a greater chance of escaping from their
fnf 20- I enemies in space and time. We also conclude that in
& studies of predation similar to that presented here,
; 1.5- baits for attracting predators should not be fixed at the
;..j 1.0 same place for a long time, because this might lead to
-] predators memorizing the positions of the baits.
0.5 Riihimaki et al. (2006) report a negative correlation
0.0- between predation by spiders and tree canopy struc-

Control trees Pruned trees

Fig. 2 Average number of attacks recorded on control and pruned
trees. Vertical bars show standard error.

morning at around 8:00 (fig. 3). Predation by birds
attained its maximum in May, while predation
by ants increased exponentially throughout the
entire season (d.f.gpine =3, F=146.4, P <0.001;

d.f.gpiine = 3, F = 56.74, P < 0.001; fig. 4).

Discussion

Contrary to previous results from Riihimaki et al.
(2006), we conclude that insects feeding on trees with
a reduced branchiness are in greater danger of being
eaten by predators. More complex patches provide,
not only spatial, but also temporal refuges, which

ture but not for ants and hypothesize that this is
because ants forage actively in the canopy. They con-
clude that such correlation is more likely to hold for
ambush predators, like spiders, than for actively
searching predators, like ants. This contradicts, how-
ever, the negative correlation recorded between the
rate of predation by parasitoids and tree canopy struc-
ture, as parasitoids also actively search for hosts
(Gingras et al. 2002; Meiners and Obermaier 2004;
Riihimadki et al. 2006), and other results (Hartvigsen
et al. 1995; Halaj et al. 2000b; Casas and Djemai
2002; Gingras et al. 2002).

Predation rate on the trees can be influenced by the
predator-prey ratio. Previous studies of species rich-
ness on the trees proved that the abundance of insect
guild structure peaked in different times of the year
(Southwood et al. 2004; Stork and Hammond 2012).
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Fig. 3 Relationships between predation rate
and the time of the day for (a) ants and (b)
birds. The standard error of the regression
curve is indicated by the dashed lines. Preda-
tion rate was calculated as the proportion of
the attacked larvae out of the total number of
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Fig. 4 Relationships between predation rate
and the time in the season for (a) ants and (b)
birds. The standard error of the regression
curve is indicated by the dashed lines. Preda-
tion rate was calculated as the proportion of
the attacked larvae out of the total number of
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baits. Smoothed line and standard errors were
predicted by the generalized additive model.

Predator—prey ratio also shows a significant trend dur-
ing the growing season (Southwood et al. 2005). In
our study, we measured predation rate during the
whole growing season. Therefore, our outcomes are
not biased by its temporal fluctuations.

Our method enabled us to monitor the diurnal
and seasonal activities of predators, which yielded
some additional interesting results. In particular,
increased temperature boosts the running speed of
ants, and therefore, they can forage over a larger
area (Taylor 1977), which is in accord with the
exponential increase in the rate of predation by ants
during the growing season. The colonies also
increase in size and require more food. Birds exerted
the highest predation rate in late May, which coin-
cides with their nesting period (Tinbergen 1960;
Royama 1970).

In our experiments, ants and birds were the main
predators and they attacked fewer larvae in control
than in pruned trees, which indicate that there is a
negative correlation between the rate of predation by
birds and ants and tree canopy structure. Explanation
of the discrepancy between our and Riihimadki et al.
(2006) results may be in the different methods used
to measure predation. Riihimdaki et al. (2006) used
baits that were located at the same place for a long
period. Therefore, ants could have learned to find
food at this place (Bell 1991; Nicolis and Deneubourg
1999). It is well documented that many social hyme-
noptera recruit other foragers if they find a rich food
source (Bell 1991). Similarly, birds can develop a
search image and as a consequence they spend more
time by foraging in areas, where prey is abundant
(Church et al. 1997).This could have resulted in equal
larval survival they record on both the control and
experimental trees. In our experiment, we measured
predation rate after 30 min of larval exposure. This
makes a learning response to the availability of prey
by either the birds or ants unlikely. We feel that this
is more realistic, as in the field the abundance of prey

© 2012 Blackwell Verlag, GmbH

Time of the season

T T
Jun Jul
Time of the season

is not artificially maintained at the same level for a
long period of the time.
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Résumé

Le risque de prédation est un des plus importants facteurs pouvant affecter la vie de cha-
que espece animale. Il existe bon nombre d’adaptations qui permettent d’éviter la détection
ou la capture par des prédateurs et qui sont la conséquence directe des effets de la prédation.

Nous appelons ces manieres de vivre réduisant ou éliminant le risque de prédation (ou la
vulnérabilité des especes) «|’espace sans ennemi».

De récentes études mettent en évidence que la distribution spatiale de la proie peut éga-
lement étre le résultat de la prédation, spécialement quand les espéces préférent «s’échapper
du champ de bataille» vers des refuges au faible risque de prédation occasionné par plusieurs
facteurs.

L’hypothése principale de notre recherche est que les coussins de mousses sont un habitat
unique qui peut servir de refuge contre les prédateurs. En nous basant sur la comparaison du
risque de prédation dans deux habitats montagneux et micro-habitats au sol (coussins de mous-
se vs. litiere), nous avons découvert la structure spécifique des prédateurs d’insectes, proba-
blement unique pour les micro-habitats composés de mousses.

Cette étude a été subventionnée par le grant NO. 206/07/0811 (spécificité des hotes et
diversité des especes des communautés d’insectes bryophages - analyse des facteurs clé) de la
Grant Agency de la République tchéque.

Abstract

Predation is a process of a major importance affecting the distribution, abundance,
and diversity of species in ecosystems. Thus ecological research of predation is very intensive
at present and very sophisticated designs are proposed to measure complex phenomena such as
existence of an enemy-free space and tritrophic interactions. In our research we used living
baits for a measurement of the predation risk in various microhabitats along vertical gradient
(surface level, moss cushions, bushes and trunk of trees). The main hypothesis of our research
is that moss cushions are unique habitat that can provide a shelter against predators. Based on
the comparison of the predation risk in different strata in two mountain habitats and ground
microhabitats (moss cushions vs. litter) we tried to describe specific structure of insect preda-
tor guild probably unique for the moss microhabitats.

Introduction

Predation risk is one of the very important factors affecting the whole life history of each
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animal species (Hairston et al., 1960). The existence of predation strongly influences the host--
enemy coevolution (Kniskern & Rausher 2001). As the consequence of a predation pressure
there is a number of various adaptations to avoid detection or capture by predator (Lichtenberg
& Lichtenberg 2003, Novotny et al. 1999). These ways of living that reduce or eliminate preda-
tion risk or species vulnerability are commonly called “enemy free space” (Jeffries & Lawton
1984, Strong et al. 2000, Weseloh 1988, Denno et al. 1990). Recent studies give us evidence
that also spatial distribution of the prey can be the result of predation especially when species
prefer to “escape from the battlefield” to refugees with low predation risk caused by various
factors (Novotny et al. 1999, Schuler 1990).

The most of the studies that tested predation pressure measure the predator impact by
comparison of sites where predator is eliminated and control sites (e.g. Gunnarsson 1996, Hae-
mig 1999). Various cages or boxes that avoid the access of natural enemies are often used in
these "enclosure” experiments (Low & Conner 2003). Contrary we can study the contrast be-
tween a number of baits attacked by predator under different conditions. First method is more
sufficient for total predation pressure estimates when second method can measure relative
predation rate and it is more flexible and less difficult. Of course there is also a problem with
the type of the bait (Church et al. 1997).

Despite a number of predation studies concerned tritrophic interactions of predator, prey
and major plant taxonomic groups, especially woody species important for pest management
and plant herbivorous studies (Bianchi et al. 2005, Jones & Sieving 2006) informations about
predation risk within moss cushions are very sporadic (Wotton & Mcrritt 1988). Although mosses
are mentioned as potential shelters for arthropods and bryophytes provide them great camou-
flage (Gerson 1982).

The main object of our study was to describe diversity and structure of insect predators
within moss cushions in comparision with other vertical strata.

Methods

Experiments were performed on two sites in the submontane forest of the Beskydy Moun-
tains and the Jeseniky Mountains in the Northern Moravia (Czech Republic) during the years
2004-2008. Living larvae of blowfly Calliphora vicina (Calliphoridae, Diptera) that are palatable
and tasteful for most of insect predators were used as a baits. The great advantage is also their
agility during all exposition interval. All the time 20 baits for each test were pinned on leaves,
trunk, phyloids or forest floor in studied microhabitats: bushes of blueberries (Vaccinium myr-
tillus), moss cushions (Polytrichastrum formosum, Polytrichum commune, Dicranella sp.),
trunk of spruce (Picea abies). Attacked and missing larvae were counted and presence preda-
tors were identified into higher taxonomical levels after 30 minutes of the exposition time.

Results and discussion

Taxonomical structure of predators is approximately same for similar microhabitats at the
both localities (Fig 1 and Fig 2). The most dominant taxa of predators on the surface level are
Formicoidea and Araneida - the major groups of diurnal surface active invertebrate predators in
temperate forests. Ecological dominance of ants is represented by their biomass, and estima-
tion for different environments shows that they contribute 15-20% of the total temperate ter-
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restrial animal biomass (Schultz 2000). Also spiders are established in all terrestrial ecological
niches (Platnick & Norman 2009, Greenstone 1999).

Predation rate inside the moss cushions is almost same to rate on the ground (litter), but
there are obvious differences in the taxonomical structure of the predators (cf. Fig 1 and Fig
2). Millipedes (Chilopoda) were found as a dominant predators on Dicranella and inside the
cushions of Polytrichum followed by spiders and beetles (Carabidae and Staphylinidae). Simul-
taneously Chilopoda were recorded also from the ground below Vaccinium, where mosses oc-
curred. It is evident that they are well adapted to dense vegetation typical for moss cushions.

Bird predation that dominated on the leaves of Vaccinium can be explained by better ac-
cessibility for birds in the Jeseniky site where the sampling was maintained near forest clear-
ance.

100%
’ Il

80% - g ---{ |@Vespoidea

O Opilionida

60% -+ - - O Araneida

O Staphilinidae

40% + - ---1 |m Carabidae

@ Formicoidea

20% | -

~~ 71 |@Chilopoda

0%

dicranella ground poly. stem polytrichum trunk

Fig 1: Proportion of predator taxa in different microhabitats in the Beskydy Mountains.
(poly.stem = terminal part of Polytrichum, polytrichum = inside cushion of Polytrichum)
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Fig 2: Proportion of predator taxa in different microhabitats within Vaccinium in the Jeseniky Moun-
tains.

Analysis of variance shows significant differences of predation risk between different micro-
habitats within moss cushion and other strata in the Beskydy site (p<0.001, Fig 3). The highest
probability of predation was found inside the cushion of Polytrichum. Predation of the baits
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mounted on the terminal parts of Polytrichum was same as predation rate on the trunk of
trees.

0.4

e

average predation
0.3

0.2
——
—

0.1

0.0

dicranella ground poly.stem polytrichum trunk

microhabitats

Fig 3: Mean number of attacks per experiment (with standard error).

The most intensive predation risk was recorded from the forest ground in the Jeseniky Mts
site. Higher predation was probably caused by extreme abundance of ant nests (Formica lugu-
bris) and relatively high heterogeneity of the habitat in comparison with spruce wood monocul-
ture in the Beskydy Mts. site.
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