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Abstrakt

Predlozena disertaéni prace je zaméfena na problematiku predace na spoleCenstva
hmyzu v temperatnich ekosystémech a predstavuje vysledky nékolikaletého komplexniho
vyzkumu klicovych faktori, které tuto interakci ovliviiuji. Navrzena metodika byla zaloZena
na méfeni relativniho predacniho tlaku pomoci zivych névnad, které byly exponovany podél

gradientu prostiedi, a po 30 minutach bylo vyhodnoceno mnozstvi napadenych larev.

Finalni analyza pomoci zobecnénych aditivnich modeli nepotvrdila rozdily
v predacnim tlaku na hmyz v zavislosti na druhu dieviny (sledovdno 15 druhli dievin
temperatniho luzniho lesa). Siginifikantni rozdily vSak byly nalezeny podél gradientu od
otevieného do lesniho ekosystému a také podél vertikalniho gradientu v lesnich ekosystémech
(v riznych vyskéch na stromech). LiSila se také aktivita a kompozice predatori béhem

vegetacniho obdobi a také v riznych dennich hodinéch.

Kli¢ova slova:

Denni a sezonni aktivita, distribuce napadeni, interakce preddtor—hmyz, klicové faktory,
oteviené a lesni biotopy, vertikalni stratifikace, zivé ndvnady.



DR0OZDOVA M., 2012: Spatial and temporal variation of predation risk on insect communities
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Abstract

Presented thesis is focused on the predation on insect communities and summarized
the results of comprehensive research identifying key factors affecting the predation. Design
of experiments was based on relative predation risk measurement using living baits exposed
along gradient and the proportion of attacked or missing larvae were counted after 30 minutes

of the exposition.

Final analysis (using generalized additive models) does not confirm different predation
risk on insects between woody species (15 common woody species of temperate floodplain
forest). Significant differences were found along horizontal gradient from open to closed
habitat and also along vertical gradient in forest ecosystems. As expected, activity and

composition of predators also differ through vegetation season and during a daytime.

Key words:

Diurnal and seasonal activity, distribution of attacks, key factors, living baits, open and forest
habitats, predator—insect interaction, vertical stratification.
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Uvod

Vzhledem k tomu, ze je predace jednim ze zcela zasadnich procest, které hraji roli
v evoluci organismli a formuji tak strukturu populaci i spolecenstev, vénuji ekologové i
evolucni biologové této interakci znacnou pozornost (Ter Horst et al. 2010). V soucasné dobée
nalezneme v databazi Web of Science kolem 42 000 zdznamt, které obsahuji v polozce téma
(Topic) slovo ,,predation a za poslednich 10 let (2002-2011) je takovychto piispévki

publikovano vice nez 2000 ro¢n¢ (Graf €. 1).
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Graf ¢. 1: Vyvoj publikacni ¢innosti tykajici se predace na Web of Science (1980-2011).

Predace je studovana pomoci celé¢ Skaly metod ve vSech ekosystémech a na vSech
urovnich organizace zivota (gen, jedinec, populace, spolecenstvo, biom) a je navrzena fada
teoretickych modelt popisujicich dynamiku predace v prostoru i v ¢ase. S riistem znalosti o
predaci se ukazuje, ze vztah mezi predatorem a kofisti nelze popsat jednoduchym modelem a
7e strategie a vzorce vztahil jsou velmi Casto specifické pro rizné taxony i ekosystémy

(Murdoch et al. 2003).

Predace a design predacnich experimentil je Gstfednim tématem mé disertacni prace a
zabyvam se jim od doby, kdy jsem se zacala podilet na grantovém projektu Druhové bohatstvi
a hostitelska specializace herbivorniho hmyzu: srovnani tropickych a temperatnich
spolecenstev (GA AV B6187001, 2000-2002) a nasledné na projektu Hostitelska specializace
a druhova diverzita bryofagniho hmyzu — analyza kli¢ovych faktori (GA CR 206/07/0811,



2007-2009). V ramci feseni obou projektt bylo jednim z cild popsat predaci na hmyzich
herbivorech, pfipadné¢ na bryobiontech, a vyhodnotit jeden z predpokladanych klicovych
faktorit ovliviiujicich diverzitu a distribuci uvedenych skupin. Vzhledem k rozsahlosti celé
problematiky a mnoZzstvi m&fenych faktorii jsem tizce spolupracovala s Mgr. Janem Siposem
(Univerzita Palackého v Olomouci), se kterym jsem koordinovala jednotlivé experimenty, a

diky shodné metodice pak bylo mozné efektivné propojit vysledky jednotlivych vyzkumad.

Prvni vysledky tykajici se predace na herbivory v ramci zminénych projektta byly
publikovany v casopise Science (Novotny et al. 2006) a nasledné¢ v mé diplomové praci.
Celou problematiku jsem vSak mnohem podrobnéji rozpracovala aZz v predkladané praci

s cilem porovnat:

e rozdily v preda¢nim tlaku mezi vybranymi dievinami a korelace mezi predacnim
tlakem a nékterymi zjiSténymi charakteristikami (abundance dfeviny, frekvence

dreviny, abundance herbivori, lokalni druhova pestrost herbivori);
e rozdily v predacnim tlaku na okraji a uvnitf lesa (,,horizontélni stratifikace*);

e rozdily vpredacnim tlaku podél vertikdlniho gradientu v lesnim ekosystému

(,,vertikalni stratifikace®);
e rozdily v preda¢nim tlaku béhem dne a béhem roku (resp. béhem vegetacniho obdobi);

e vliv vybranych aspektli metodiky (napt. hustota rozmisténi navnad, barevné oznaceni

navnad, vliv délky provadénych experimenti).

Jednim z vyznamnych cili mého vyzkumu byl také navrh a verifikace efektivni
metodiky studia relativniho predacniho tlaku a jeji aplikace. Metodika by méla umoznovat
méteni predacniho tlaku Sirokého spektra predatort (bezobratlych i obratlovell) v riznych
habitatech a umoznit naslednou tvorbu komplexnich modeld, pomoci kterych by se dala

stanovit vyznamnost uvedenych faktort pro predaci na hmyzi taxocenozy.

Vlastni diserta¢ni prace je rozdélena do dvou hlavnich ¢asti. V prvni, teoretické, se
zabyvam problematikou pravé predace s dirazem na hmyzi taxony a na metodologii vyzkumu
predace. Ve druhé ¢asti stru¢né popisuji vlastni vyzkum s odkazy na publikované prace, které

jsou uvedeny v piilohach (seznam publikaci je uveden v Piiloze €. 1).



Pojmy ,,predace* a ,,predator*

Predace je jednou ze stézejnich interakci mezi organismy a spole¢né€ s vnitrodruhovou
kompetici je hlavnim zdrojem mortality organismt (Price 1975). Kazdy zivy organismus je
soucasti trofickych systému ptirody, kdy je bud’ konzumentem jiného organismu, nebo je
jejich koftisti, nebo ve vétsing€ pripadit obojim (Estes et al. 2001, Dunne 2006, Elewa 2007,
Verhoef & Morin 2010, Ritchie et al. 2012).

Vymezeni termini ,,predace* a ,predator” je v literatufe riznorodé (viz napf.
Andrewartha 1961, Daly et al. 1998, Estes et al. 2001, Krebs 2003, Begon et al. 2006, Elewa
2007, Townsend et al. 2010), ale obecné¢ je predace chapéana jako piima interakce dvou druhd,
kdy jeden druh (predétor) vyuziva jako potravni zdroj jiny druh (kofist). Nemusi ov§em vzdy
dochdazet k bezprosttednimu zahubeni kofisti predatorem a také negativni dopad predace neni
jednoznaény a nemusi vzdy mit zavazné nasledky (Strauss & Agrawal 1999, Estes et al.

2001).

Predator je tedy jakykoliv organismus, ktery konzumuje Zivé organismy nebo jejich
casti tak, ze ziskdvani zdrojii predatorem je na tkor kvality Zivota kofisti, protoZe snizuje jeji
plodnost, pfezivani a ve vysledku vede ke sniZeni jeji poCetnosti (napi. Creel & Christianson
2007). Na zakladé téchto charakteristik predace byly navrzeny riizné klasifikace predatort

(Tabulka ¢. 1).

Tabulka €. 1 — Klasifikace predatort dle riznych autorii

Autor Klasifikace predatort
Krebs (2003) 1. herbivor (zivi se rostlinami nebo jejich semeny a plody);
2. karnivor (zivi se jinymi zivoc¢ichy);

3. parazitoid (predator klade vajicka ptimo nebo do blizkosti jinych Zivocichu,
ktery je poté postupné zkonzumovan a zabit);

4. parazit (ektoparazité a endoparazité, ktefi hostitele obvykle nezabijeji);

5. kanibal (specialni typ predace, kdy je predator i kofist stejnym Zivo¢iSnym

druhem).
Begon et al. 1. taxonomicka klasifikace predatorii — sem fadime karnivory (konzumuji
(2006) zivoCichy), herbivory (konzumuji rostliny) a omnivory (konzumuji oboji, resp.

konzumuji organismy z vice nez jednoho trofického stupné);

2. funkéni klasifikace predatord — pravi predatofi, spasaci, parazitoidi a paraziti
(pfiCemz parazité se dale mohou délit na mikroparazity a makroparazity).
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Autor Klasifikace predatora

Townsend et 1. pravi predatoti (vzdy zabijeji kofist, vétSinou bezprostfedné po jejim chyceni, za
al. (2010) zivot zkonzumuji jen nékolik nebo mnoho jedincti);
2. pasouci se predatofi (z jedince konzumuji vzdy jen cast, za Zivot zkonzumuji
nekolik nebo mnoho jedinct, kofist obvykle neni zabijena — pokud ano, tak ne
bezprostiedné);

3. parazité (z kofisti obvykle konzumuji jen cast, kofist neni zabijena (pokud ano,
tak ne bezprostfedné), béhem zivota napadaji jednoho nebo jen velmi malo
jedincil — proto je mezi parazitem a hostitelem ¢asto velmi uzky vztah).

PrestoZze je problematika vztahu mezi predatorem a jeho kofisti pravdépodobné
nejcastéji zminované a popisované téma v ekologii (Matson & Berryman 1992, Berryman
1992, Elewa 2007, Ter Horst et al. 2010), z vySe uvedené tabulky je zifejmé, ze striktni
vymezeni jednotlivych skupin je problematické. Mnoho Zivotnich strategii do téchto
klasifikaci nezapada, ptipadné je jejich zarazeni nejednoznacné (Estes et al. 2001, Bengtson

2002, Townsend et al. 2010):

e Parazitoidi — jejich zarazeni je komplikované, protoze maji spolecné znaky s pravymi
predatory i parazity — jeden hostitel, kterého vzdy zabijeji (Daly et al. 1998, Townsend et
al. 2010).

e Gildy herbivorniho hmyzu — velka ¢ast hmyzich herbivort je zafazovana mezi spasace.
Toto neplati pro minujici a halkotvorny hmyz, ktefi jsou jednoznac¢né parazity. Sporné
jsou ale naptiklad skupiny jako ,leaf-rollers® i nékteré dalsi externi listozravé 1 sajici

druhy.

e Kanibalové — se vymykaji klasické definici interspecifické interakce, protoze se jedna o
intraspecifickou interakci. Kanibalismus je typem zoofagie (stejné jako predace) a
kanibalové vykazuji vSechny znaky pravé predace, proto napf. Fox (1975) oznacuje

kanibalismus jako intraspecifickou predaci.

e Semenozravi herbivofi — neodpovidaji zafazeni mezi pasouci se predatory, protoze kofist
usmrcuji velmi rychle a bezprostiedné po nalezeni, coz odpovida pravé predaci (Tkadlec
2008). Mezi semenozravé herbivory fadime napftiklad semenozravé ptdky nebo mravence

(Townsend et al. 2010).

Podle miry specializace predatora na potencialni dostupnou kofist obecné€ rozdélujeme

predatory na: 1) vSestranné predatory - generalisty; 2) relativné selektivni predatory; 3)
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specializované predatory — specialisty (Begon et al. 2006, Snyder & Wise 2001, Chase et al.
2002, Snyder & Ives 2003). OvSem jen velmi zfidka jsou predatofi pravymi generalisty,
protoze i z Siroké nabidky kofisti preferuji do urcité miry jen nékterou, ptipadné jsou az

extrémné specializovani (Eubanks & Denno 2000).

Vyznam predace

Dusledky predace se projevuji na urovni jedince, populace i celého spoleCenstva.
Z evolu¢niho hlediska je predace jednou zhybnych sil evoluce, protoze selektuje jak

morfologické tak behavioralni znaky organismi, které jsou pod predacnim tlakem (Lima &

Dill 1989, Endler 1991, Vermeij 1994).

Na trovni jedinct jde ve vétSin€ piipadi o vztah prospéSny pro predatora a negativni
pro kofist (pozorujeme piimé disledky — usmrceni, poskozeni, potlaceni ristu, dlouhodobé
muze jit o snizeni plodnosti). Znaky a adaptace, které se na této urovni vytvareji, jsou
napiiklad kryptické a aposematické mimikry, chemick4 a mechanické obrana apod. (Edmunds
1974, Hassel 1976, Harvey & Greenwood 1978, Blum 1981, Harvey 1981, Guilford 1990,
Morin 1999, Abrams 2000, Schilthuizen et al. 2006) a selektuje se také specifické
antipredacni chovani. Tyto behavioralni projevy se rozdé€luji do dvou kategorii: 1) vyhybani
se kontaktu s predatorem — napt. vyuzitim vertikalni stratifikace porostu nebo odlisné denni
aktivity (Morris & Lewis 2002, Shiojiri et al. 2002); 2) tGnik po kontaktu s predatorem
(Langerhans 2007). Velmi vyznamna je také strategie vyuzivani tzv. prostoru bez neptatel
neboli enemy-free space (Jeffries & Lawton 1984, Fryer 1986, Berdegue et al. 1996, Novotny
et al. 1999, Stamp 2001, Ishihara & Ohgushi 2008). Podle teorie zavislosti na velikost (tzv.
size dependent predation) ma predace vliv na velikost juvenilnich stadii hmyzu, coz vede
k rychlejSimu dospivani a nasledné i mensi velikosti téla (Berger et al. 2006, Ménd et al.

2007, Remmel & Tammaru 2009, Remmel et al. 2011).

Pozitivni U¢inek pro kofist v pritomnosti predatora ukazuje, ze prava predace resp.
parazitace nebo herbivorie nemusi vzdy koncit zavaznymi nasledky a jejich dopad na
populaci ¢i jedince kofisténého druhu miize byt mensi, nez se na prvni pohled mize zdat

(Dyer 1975, Strauss & Agrawal 1999). V ptipad¢ pozitivniho ucinku pozorujeme napf.
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mobilizace rezerv ze zasobnich organti, probuzeni dormantnich pupeni nebo snizeni zastinéni
listth vedouci k ndslednému zvySeni intenzity fotosyntézy (review: Belsky 1986; dale napf.:
Trumble et al. 1993, Agrawal 1998, Lev-Yadun et al. 2004). Pokud ovSem organismus vytvaii
obranné mechanismy v nepfitomnosti predatora, pak jsou tyto investice nevyhodné a ztratové

(Karban et al. 1999).

Na populacni tirovni predacni tlak omezuje distribuci nebo redukuje abundanci kofisti.
Prispiva k negativni selekci (angl. selective removal) jedincti se snizenou zivotaschopnosti
nebo v pripadé¢ neusmrceni kofisti se snizuje jeji konkurenceschopnost (napt. Creel &
Christianson 2007). Uéinek predace na populace neni jednoznaén& negativni. Z hlediska
fitness celé populace mize byt efekt i pozitivni (Townsend et al. 2010). Pokud se pocetnost
populace pohybuje na hranici nosné kapacity prostiedi, mize predace snizit kompeti¢ni tlak
(Creel & Christianson 2007). Vliv predace tedy vtomto pfipadé zavisi na mnozstvi
dostupnych zdrojl pro koftist a negativné se projevi u kofisti, kterd ma dostatek potravy a neni
zatizena vnitrodruhovou kompetici (Townsend et al. 2010). Predace na populacich pro
Clovéka hospodarsky skodlivych druht se vyuzivd u biologické kontroly Skidci v
agroekosystémech nebo v lesnich ekosystémech (Murdoch et al. 1985, Daly et al. 1998, Lang
et al. 1999).

Na trovni ekosystému je predace spolu s vnitrodruhovou kompetici jednim z hlavnich
typl interakce (Morin 1999, Krebs 2003). Lze na ni také pohliZet jako na jednu z pficin
naruSeni neboli disturbanci (Begon et al. 2006, Townsend et al. 2010). Vyznam predace na
urovni ekosystému neznamena jen regulaci pocetnosti a jiz zminéné snizovani vnitrodruhové
kompetice populace kofisti, ale také muize zdsadné meénit vztahy nejblizSi nizsi troficke
urovn¢ (Paine 1966, Hairston et al. 1960, Sih et al. 1985, Fretwell 1987, Pimm et al. 1991,
Polis et al. 2000, Shurin et al. 2006). Ne vzdy se vSak jednd o snizovani mezidruhové
kompetice mezi jednotlivymi druhy kofisti, ale miize dochézet k interakci, kdy zvySeni
abundance jednoho druhu kofisti vede ke zvySeni abundance predatora a tim také
k intenzivnéj$imu tlaku na jiny druh kofisti (Holt 1977, Holt et al. 1994, Morris et al. 2004).
V tomto piipadé hovofime o tzv. ,,zdanlivé kompetici (angl. apparent competition). Efekt
predace se ale také mize projevit i na dal§ich nizSich Grovnich trofickych fetézct, kdy se
snizenim abundance kofisti muze snizovat tlak na niz$i trofické urovné (obvykle na
producenty). Tyto nepfimé interakce uvnitt trofické sit€¢ vedouci k tzv. regulaci ,,shora“ (top-
down efekt) jsou nazyvany trofické kaskady (Hairston et al. 1960, Denno et al. 2003, Borer et
al. 2006, Townsend et al. 2010, Barber & Marquis 2011). Na druhou stranu existuji také
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interakce, které reguluji vys$i trofické urovné ,,zdola* (bottom-up efekt) az na uroven
vrcholovych predatorii (Boege & Marquis 2006, Ishihara & Ohgushi 2008, Couture et al.
2010, Barber & Marquis 2011b). Komplexni teorie zahrnujici oba typy regulaci je
oznacovana jako Oksanen-Fretwellova teorie (Oksanen et al. 1981, Fretwell 1987). Koncem
20. stoleti se zacal zpochybnovat ptvodni koncept teorie bottom-up a top-down efektu.
Ackoliv jsou tyto sily ovliviiujici dynamiku potravnich fetézcl potvrzeny v terestrickych i
vodnich ekosystémech (Menge & Sutherland 1976, White 1978, Fretwell 1977, 1987,
Oksanen et al. 1981, Borer et al. 2006), je na n€ nutné pohliZet s ohledem na heterogenitu a
variabilitu mezi druhy, mezi populacemi a se zohlednénim abiotickych faktord prostredi

v riznych ekosystémech (Ritchie 2000).

Vyse uvedené interakce mohou v konecném dusledku vést k celé fad¢ dalSich zmén
v ekosystému. Vlivem predace muze napiiklad dojit ke zvySovéani druhové diverzity (Paine
1966, Morin 1999). Roli ptfirozenych neptatel jako pfiiny vysoké diverzity druhti dokladaji
vyzkumy ptevazné z tropi (Janzen 1970, Connel 1971). V takovém piipadé hovoifime o
koexistenci umoznéné konzumentem, kterd dovoluje pteziti i konkurencné slabsich druhti
(Paine 1966, Lawton & Strong 1980, Chesson 2000, Gallet et al. 2007, Futuyma & Agrawal
2009). Vrcholovi predatofi mohou ovliviiovat také samotnou existenci urcitych ekosystémi.
S prvnim popisem systému predatora a kofisti a vyznamu této interakce se setkavame jiz v 5.
stoleti pf. n. 1. vantickém Recku, kdy Hérodotos z Halikarnassu popsal prvni koncept
rovnovahy v pfirodé a predatorim piisoudil pravé vyznam pro udrZzeni rovnovahy
(Cuddington 2001). Recentni literatura vSak kritizuje koncepci ,udrZzovani rovnovahy*
v ekosystému a spiSe se hovofi o druzich, které¢ diky disturbancim udrzuji dynamiku
ekosystému (Mills et al. 1993, Menge et al. 1994, Navarrete & Menge 1996, Power et al.
1996, Symondson et al. 2002). Paine (1966) jako prvni oznacuje tyto druhy jako tzv. klicové
druhy (angl. keystone species).

V 80. a 90. letech 20. stoleti se dostaly do poptedi zdjmu také metapopulacni studie,
protoze zacal byt patrny vyznam teorie metapopulaci pro Ucely ochrany piirody. Diky
fragmentaci ekosystémi daly metapopulacni modely predator-kofist realistictéjsi obraz nez
klasické modely (Hanski 1999). Dynamika na predovanych a nepredovanych ploskach tak
naptiklad umoznuje dlouhodobé ptezivani kofisti 1 v ptipadé€, kdy klasické modely predikuji
vymfieni populace kofisti (Li et al. 2005), protoze je umoznén rozptyl (migrace) novych

jedinci (Hanski 1999, Tscharntke & Brandl 2004, Townsend et al.. 2010).

14



Teoreticky pristup — ekologické modely

Modely popisujici dynamiku predatora a kofisti 1ze definovat pomoci dvou typtli rovnic
podle charakteru rozmnozovéani — diferencni rovnice popisuji dynamiku pro populace s
porodnimi pulsy a diferencidlni rovnice charakterizuji dynamiku populaci s porodnim tokem
(Hassel 1976). Pivodni teorie popula¢ni dynamiky pro predatora a jeho kofist ma zaklady
v Malthusové-Verhulstové logistické rovnici popula¢niho ristu (Malthus 1798, Verhulst
1838). Samotnou interakci pro systém predator-kofist za ptredpokladu spojitého rlstu
vyjadiuje model Lotka-Volterry a pro diskrétni rlst systému parazitoid-hostitel model

Nicholson-Baileyho (Abrams 2000).

Lotka-Volterriv model pro predaci je stéZejnim teoretickym modelem predace a je
2003). Model je vyjadien pomoci dvou diferencialnich rovnic, ve kterych jsou zmény
v pocetnosti jednoho nebo druhého druhu za jednotku €asu, vyjadieny jako rozdil ptirozeného
ptirtstku kofisti nebo predatora a ubytku pocetnosti kofisti vlivem predatora nebo poctem
umrti predatora. Pravé proto, ze je model vyjadien pomoci jednoduchych rovnic, jsou
interakce obou populaci redukovany na minimum a nejsou v ném zahrnuty diilezité faktory,
jako jsou napf. migrace, vékova nebo jina struktura populace, casové zpozdéni apod. (Gotelli
2001). Model také nebere v uvahu intraspecifickou kompetici, kooperaci, switching (v
zakladnim modelu jsou predatoii specialisté), nasyceni predatora, Allecho efekt a popisuje
pouze homogenni prostiedi bez Casovych a prostorovych refugii. Mnoho autorti proto
poukazuje na nutnost navrZeni dalSich doplnéni a modifikaci (Hairston et al. 1960,

Rosenzweig 1969, Royama 1970, Arditi & Ginzburg 1989, Arditi et al. 1991, Berryman 1992,

upravy pivodniho teoretického modelu byvaji povazovany nasledujici doplnéni:

o Leslie (1948) — navrhuje logistickou rovnici pro predatora se zahrnutim mnozstvi kofisti,
kterou vyzaduje jeden predator. V tomto piipadé hovoiime o tzv. modelu zavislém na
pomeéru (ratio-dependent models) neboli modelu zavislém na predatorovi (Arditi &
Ginzburg 1989). Plivodni modely se nazyvaji modely zavislé na kofisti (prey-dependent
models), kde je mnozstvi kofisti vyzadované predatorem konstantni. Ktery z téchto

modelil je presnéjsi a lepsi, neni jednoznacné (Abrams & Ginzburg 2000), protoze oba
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pristupy maji své problémy. Piesto pfi pouziti konkrétnich dat jsou presnéjsi modely

zéavislé na poméru (Vucetich et al. 2002).

e Solomon (1949) — zavadi pojem funkéni odpovéd’, kterd v pivodnim modelu Lotka-
Volterry popisuje linedrni a neomezenou zavislost konzumace na abundanci kofisti (tzv.

funk¢ni odpovéd typu I).

e Holling (1959) — specifikuje funkéni odpovéd’ typu II (zahrnuti maximélni miry
konzumace, ¢asu pro vyhledani kofisti a ¢asu pro zpracovani a konzumaci koftisti). Tato
modifikace je mnohem realistiCtéjSi nez funkéni odpovéd typu I, protoze limituje

konzumaci predatora.

e Rosenzweig & MacArthur (1963) — modifikuji nulové izokliny pfi nizké abundanci.
Model Rosenzweiga-MacArthura (1963) zavadi do Lotka-Volterrova modelu funkéni
odpovéd’ typu II. Toto zpfesnéni muize vysvétlovat pritomnost refugii nebo moZznost

migrace.

e  Murdoch (1969) — popisuje funkéni odpoveéd’ typu III oznaCovanou jako piepnuti (neboli
switching), ktery vysvétluje zmény potravni preference pro rizné typy koftisti v zavislosti

na jejich dostupnosti (tyka se generalistil).

e Berryman (1992) — zpfesiiuje Lotka-Volterriv model pfidanim zavislosti na hustoté¢
kofisti pomoci parametru nosné kapacity prostfedi. Dochazi k tzv. modifikaci nulové
izokliny kofisti. Pravé zahrnutim intraspecifické kompetice pro populaci koftisti dochézi
ke stabilizaci celého systému (slozitd dynamika pivodniho modelu prochazi tlumenymi
oscilacemi a dosahuje jednoduché dynamiky). Druhou upravu predstavuje zahrnuti
intraspecifické kompetice v populaci predatora. V tomto ptipadé dochazi k modifikaci
nulové izokliny predatora a k celkové stabilizaci systému stejné jako u ptedchozi

modifikace.

Experimentalni pristup

Interakce predatora a kofisti je experimentalné studovana pomoci laboratornich nebo

terénnich experimenti. Az do poloviny 20. stoleti pifevazovalo pozorovani predace bez
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experimentalnich manipulaci a nasledné¢ se =zacal design experimentli v piirodnich
podminkach rozpracovavat (Sih et al. 1985). Presto se v pocatcich studia predace setkdvame
od klasickych pozorovacich metod (chovani, velikosti populaci, Zivotnich historii apod.)
ovsem vedou slozitéjsi experimenty k formulovani komplexnéjsich otazek a odpovédi (Sih et
al. 1985). Nejisté vSak je, do jaké miry muzeme vysledky laboratornich experimenti
aproximovat na konkrétni situace v pfirod¢ a zda lze timto zplsobem ziskat zobecnéni pro

ptirozené ekosystémy (Sih et al. 1998, Cadotte et al. 2005).

Ideédlnim zplsobem studia by bylo propojeni laboratornich a pfirodnich experimentt
(Sih et al. 1985, Fraser & Keddy 1997, Shimoda et al. 1997, Losey & Denno 1998, Mira &
Bernays 2002, Woodward & Hildrew 2002, Bjorkman et al. 2011, Gagnon et al. 2011). Ptesto
je problematika studia predace v ptirodnich populacich kontroverznim tématem a je Casto

zpochybnovana (Jost & Ellner 2000, Jost & Arditi 2001).

Laboratorni experimenty v historii pfinesly mnozstvi vyznamnych zobecnitelnych
zavérl (Gause 1936, Huffaker 1958). VétSinou byvaji provaddény v improvizovanych
mikrokosmech, které vytvaieji modelové ekosystémy. V jednoduchych piipadech mohou
mikrokosmy obsahovat jeden druh nebo par druhil, nebo jsou naopak konstruovany velmi
slozit¢ modely ekosystémti (napf. komplex Biosphere 2 v Arizon€¢, Ecotron v Anglii)
s velkym mnozstvim druhii (Lawton 1994, Naeem et al. 1995, Walter & Lambrecht 2004).
Laboratorni experimenty jsou vyhodné tim, Ze lze manipulovat s t€émi vstupnimi faktory (pfi
konstantni velikosti ekosystému nebo teploté), které situaci vyznamné ovliviiuji (Walter &
Lambrecht 2004). Organismy pouzivané v téchto experimentech musi mit vétSinou malou
velikost, pficemz vysledky jsou velmi casto dosaZitelné rychle a vétSinou jsou relativné
financn€ nendrocné (Benton et al. 2007). Je ovSem nutné si uvédomit, ze ani jednoduché
mikrokosmy, pouzivané pfi laboratornich experimentech, nevykazuji stabilni chovani a
neustdle musime brat v uvahu jejich proménlivost a vyvoj vlivem rtiznych interakci (Begon et

al. 2006).

Experimenty v prirodnich podminkach jsou ovlivilovany mnoha faktory a

manipulovat 1ze, na rozdil od laboratornich experimentil, pouze s n€kterymi (Schoener 1983).
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Tyto pokusy musi probihat obvykle delsi dobu, pfedev§im z divodu variability pocasi
jednotlivych let (suché a destivé roky, teplé a chladné roky), tudiz také dosazeni vysledku je
casove narocné (Ritchie 2000, Mazia et al. 2004, Ovadia & Schmitz 2004, White 2008). Na
prvni pohled by se mohlo zdat, Ze variabilita prostfedi je obrovskou nevyhodou téchto studii,
ale prave ptirozenost podminek 1épe simuluje realitu skute¢ného chovani systému (Sih et al.
1985). Neoddiskutovatelnou vyhodou je nelimitovana velikost prostfedi a tudiz i moznost

studia velkych organismil.

V pribéhu cCasu se s vyvojem analytickych metod zdokonaluje také metodologie a
klasicky terénni vyzkum (zaloZeny Casto na prostém pozorovani) je nahrazen modernim
experimentalnim designem. SouCasna metodika tak rozliSuje experimenty vychazejici z
pozorovani bez manipulaci a experimenty s manipulacemi. Vlastni pozorovani predace pak
byva v optimalnim pfipad¢ zalozeno na pfimém zdznamu predatora konzumujiciho kofist
napiiklad pomoci fotoaparati nebo videokamer, coz je ovSem v nckterych ptipadech u
predatori. hmyzu nemozné nebo technicky narocné (Southwood & Henderson 2000,

Symondson 2002, Sheppard & Harwood 2005).

Pozorovani bez manipulaci:

e piimé pozorovani — u hmyzich taxocendz se mohou pouzivat dalekohledy, videokamery
nebo fotoaparaty — Cocroft (2001), Lill & Marquis (2001), Meyhofer (2001), Cocroft
(2002), Noldus et al. (2002), Lichtenberg & Lichtenberg (2003), Merfield et al. (2004);

e obsah Zaludku predatora — obsah Zaludkd predatorii je testovdn nékolika metodami
molekularni biologie (PCR, eletroforéza, chromatografie) — Giller (1986), Hoogendoorn
& Heimpel (2001), Agusti et al. (2003), Juen & Traugott (2005), Sheppard & Harwood
(2005), Fournier et al. (2008), Sloggett et al. (2009);

e serologické metody — napf. analyzy enzymi (enzyme-linked immunosorbent assay —
ELISA) — Stuart & Greenstone (1990), Sopp et al. (1992), Symondson (2002), Hagler &
Naranjo (2005), Sloggett et al. (2009);

e méfeni hmotnosti predatora — pfirtistek hmotnosti odpovidd mnozstvi zkonzumované

kofisti predatorem — Evans et al. (1999), Kaplan & Thaler (2009), Wilder et al. (2010);
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e analyza vykali a vyméSki — tyto vyzkumy se Casto vyuzivaji u ptaci predace:

Sunderland (1988), Southwood & Henderson (2000), Symondson (2002);

o znackovani kofisti — kofist (ndvnada) je oznacena napt. pomoci netoxickych barev nebo

pomoci radioaktivnich izotopli — Hagler & Jackson (2001).

Experimenty s manipulacemi:

1. Oplocovaci experimenty — tento typ experiment umoziuje urcit pocetnost
populace kofisti po zabranéni pfimého pfistupu predatora ke kofisti (angl. enclosure -
exclosure experiments). Tyto metody jsou velmi Casté a ve studiu predace pievazuji. Jejich
slabinou je ovSem ovlivnéni mikroklimatu studovaného habitatu. Pro zabranéni pfistupu se
vyuzivaji riizné typy bariér. Pro savce a ptaky se nejcastéji vyuzivaji sité nebo klece, kterymi
se oplocuji testované rostliny nebo specifické mikrohabitaty. Pro bezobratlé predatory hmyzu
se pouzivaji mensi sitky, které se pfipeviiuji na vétvicky nebo piimo na listy testovanych
rostlin a pro nelétavy hmyz (nejCastéji mravence) se vytvareji ,,pasti nebo se aplikuji

v blizkosti testovaného prostoru insekticidni ptipravky ptipadné lepidla.

Odstranénim predatora ze systému a sledovanim odpovédi populace kofisti
se porovnavaji oplocené vzorky s kontrolnimi vzorky bez manipulaci. Pfi experimentech
znemoznujicich pfistup predatora ke kofisti jsou pouzivany klece (Marquise & Whelan 1994,
Keese 1997, Haemig 1999, Gotthard 2000, Lill & Marquis 2001, Danner & Joern 2003,
Denno et al. 2003, Berger & Wirth 2004, Ovadia & Schmitz 2004, Berger et al. 2006), sité
(Holmes et al. 1979b, Mappes & Kaitala 1995, Gunnarsson 1996, Sipura 1999, Lang et al.
1999, Forkner & Hunter 2000, Strong et al. 2000, Storch et al. 2005, Boege & Marquis 2006,
Ishihara & Ohgushi 2008, Zehnder et al. 2010, Barber & Marquis 2011b), resp. kombinace
siti a kleci (Blaustein et al. 2004).

Casto se také vyuZivaji razné insekticidni p¥ipravky, které nastavi v daném
experimentu pocatecni stav bez predatord, nebo jsou aplikovany rtizné typy lepidel komeréné
pouzivanych proti Skiidciim na rostlinach — naptiklad Tanglefoot (Barton 1986, Nygard et al.
2008, Mooney 2007, Neves et al. 2011), Tacgel (Chong et al. 2010), Stickem-Special (Karhu
& Neuvonen 1998). Témito ptipravky jsou natirany kmeny stromd, ¢imz je znemoznén pohyb
predev§im mravenci smérem ke kofisti, pficemz jsou rostliny peclivé vybirany tak, aby byl

znemoznén piisun predatort z okolni vegetace (Barton 1986, Klimes et al. 2011).
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Experimenty s manipulacemi umoziuji méfit abundanci kofisti herbivora bez
predacniho tlaku a vysvétluji takto predevSim top-down efekt vrcholovych predatorii. Na
testovanych rostlinach je naméfena obecné vétsi abundance hmyzu ve srovnani s kontrolnimi
vzorky, az 97 % navnad na zakrytych (enclosure) rostlindch zistdva na svych mistech
nepredovana (Marquise & Whelan 1994, Mappes & Kaitala 1995, Lill & Marquis 2001,
Boege & Marquis 2006).

2. Experimenty p¥i volném pristupu predatora — v tomto piipadé se nemanipuluje
s pfistupem predatora ke kofisti. Experimenty jsou zaméfeny piedev§im na pozorovani a
meéteni abundanci jednotlivych slozek systému nebo se vyuzivaji umélé ndvnady. V tomto
pfipadé neni métena absolutni predace, ale predace relativni (Novotny et al. 1999, Denno et
al. 2003). Obrovskou vyhodou téchto praci je moznost nastavit shodné podminky vSem
taxoniim predatorti v rizném prostoru a ¢ase (Novotny et al. 1999). Takto miizeme srovnavat
Siroké spektrum predatorti, coZ je napiiklad u oplocovacich experimentii nemozné (Olson
1992, Novotny et al. 1999, Lichtenberg & Lichtenberg 2003). Tato technika byla vyuzita také
v mych vyzkumech, kdy byly predatorim piedkladany névnady (fixované entomologickymi

Spendliky) v riznych biotopech nebo na riznych stanovistich.

Pii métfeni predacniho tlaku za volného pristupu predatorti ke kofisti je nnavnada
nabizena predatoriim napt. na Petriho miskach, na papirovém podkladu nebo pfimo na listech
rostlin (Denno et al. 1990, Church et al. 1997, Ménd et al. 2007, Wiklund & Friberg 2008).
Fixace kofisti se provadi napiiklad pomoci Spendliki (Dlusski 1984, Olson 1992, Novotny et
al. 1999, Lichtenberg & Lichtenberg 2003), niti nebo provazki (Strauss 1997, Lill &
Marquis 2001), sponkami (Lill & Marquis 2001) nebo lepidly (Oliveira et al. 1987a, Oliveira
et al. 1987b, Remmel et al. 2009).

Obecné jsou v predaCnich experimentech nejvice pouZivany larvy motyli —
Pseudoplusia includens (Lichtenberg & Lichtenberg 2003), Argyresthia goedarthella (Olsson
et al. 2001), Epirrita autumnata (Tanhuanpdi et al. 1999), Manduca sexta (Bernays 1997);
larvy brouki — Blepharida rhois (Strauss 1997), Elasmucha grisea (Mappes & Kaitala
1995), Tenebrio molitor (Skelhorn & Rowe 2006, Ménd et al. 2007), Ophraella notulata a O.
slobodkini (Keese 1997), Diabrotica virgifera virgifera (Lundgren et al. 2009); larvy
dvoukiidlého hmyzu — Drosophila melanogaster (Barton 1986), Culiseta longiareolata,

Cironomus riparius (Blaustein et al. (2004), Calliphora vicina (Remmel et al. 2009),
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Calliphora vicina a Sarcophaga bullata (Lundgren et al. 2009), Calliphora sp., Lucilia sp.,
Eristalis sp. a dalsi (Dluski 1984), Calliphora vomitoria (Wilson et al. 1990). Ve vyzkumech
v tropech se nejCastéji pouzivaji termiti - Microcerotermes biroi (Novotny et al. 1999),
Cubitermes banksi (Olson 1992), Armitermes euamignathus a Microcerotermes strunckii
(Oliveira et al. 1987a, Oliveira et al. 1987b), Microcerotermes biroi a Nasutitermes princeps
(Leponce 1999). Predacni tlak byl také testovan na umélych nezivych navnadach
vyrobenych napf. ze smési mouky a slaniny nebo z plasteliny (Church 1997, Mind et al.

2007, Richards & Coley 2007, Remmel et al. 2009).

Pouzivani vhodného typu ndvnad je vzdy v predaénim experimentech diskutované
téma, pficemz je idedlni vyuzit dostatecné palatabilni, pohyblivou a dostupnou ndvnadu,
optimalni velikosti (Eubanks & Denno 2000, Ménd et al. 2007, Remmel & Tammaru 2009).
Pro mé experimenty byly zvoleny larvy bzucivky obecné (Calliphora vicina Robineau-
Désvoidy 1830, Diptera: Calliphoridae), které spliuji jak pozadavek palatability (Dlusski
1984, Lundgren et al. 2009), komer¢ni dostupnosti, optimalni velikost, tak také pohyblivosti.
Palatabilita a optimalni velikost bzudivek byla testovana v nékolika predacnich
experimentech. Atraktivitu tohoto typu navnad pro ptaci predatory prokazuje ve vyzkumu
napiiklad Dlusski (1984). V sérii testd byly ptadkiim nabizeny kombinace dvou palatabilnich
koftisti rizné velikosti (napt. larvy Eristalis nemorum, E. rupium, Ischyrosyrphus glaucius,
Syrphus ribesii, Lucilia caesar, Calliphora uralensis, Volucella pellucens), ptaci si vzdy
zvolili vétsi z nabizenych ndvnad bez ohledu na jejich palatabilitu. Calliphora sp., jejiz larva
dosahuje velikosti 9-13 mm, byla ptaky prokazateln€ preferovana (Dlusski 1984). Remmel et
al. (2009) zminuji, Ze hlavnim faktorem ovliviiujicim predaci byla pro ptaky velikost kofisti-
navnady, az poté jeji barva a chutnost. Ptaci se pfi vyhledavani potravy fidi zrakem, a proto je
primarné pfitahuje co nejveétsi kotist, naopak bezobratly predator si vétSinou vybira kofist
mensi velikosti (Remmel et al. 2011). Pokud chceme pozorovat bezobratlé predatory souc¢asné
s obratlovci, volime optimalni velikost, kterd bude atrahovat nejen ptaky, ale také ostatni
taxony predatort (Lang et al. 1999, Berger et al. 2006, Ménd et al. 2007). Laboratorni testy
ukazuji preferenci bezobratlych (vosy, brouci) pro kotfist hmotnosti 200 mg — 1 g (Dyer
1997), protoze u bezobratlych predator uspésnost predace klesa s rostouci velikosti kofisti

(Remmel et al. 2011).

Predatofi, ktefi se orientuji pii vyhledavani kofisti zrakem, preferuji pohyblivou kofist.
Pohybujici kofist je vyznamné preferovdna nejen ptac¢imi predatory (Wilson et al. 1990), ale

také napi. mravenci (Bergelson & Lawton 1988) nebo brouky (Eubanks & Denno 2000,
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Marston et al. 1978). Rada autori proto v rozporu s teorii size-dependent predation dochazi

k zavéru, ze pokud byly predatorim v experimentech predkladany rtzné typy kofisti,

vvvvvv

nahloucenost kofisti nebo mnozstvi vylu€ovanych obrannych latek (Kaspari & Joern 1993,

Church et al. 1997, Eubanks & Denno 2000, Provost et al. 2006, Skelhorn & Rowe 2006).

Shrnuti vysledku predacnich experimentii

Predatori herbivorniho hmyzu

VétSina experimentl testujicich predacni tlak na hmyzi spolecenstva se zaméiuje
pouze na jeden taxon predatord a prace studujici jejich Sirsi spektrum jsou spiSe vyjimkou
(Bernays 1997, Holmes et al. 1979a, Weseloh 1988, Zabel & Tscharntke 1998, Lichtenberg
& Lichtenberg 2003, Mooney 2007). Nejcastéji je studovana predace ptakd a mravenci
(Tabulka ¢. 2). Volba téchto dvou dominantnich taxonli predatorti odpovidd nejbéznéjsi
metodice predacnich experimentli — tzv. oplocovacich experimentl, které byly popsény
v pfedchozi kapitole, protoze pravé tento typ manipulaci s klecemi a sitémi umoZziuje

nejsnadnéji pozorovat predaci uvedenych taxont.

Tabulka ¢. 2: Seznam vyznamnych vybranych praci predacniho tlaku na terestricka hmyzi

spolecenstva dle studovaného taxonu predatora.

Taxon predatora Vybrané studie predacniho tlaku

Holmes et al. 1979b, Dluski 1984, Kaspari & Joern 1993,

Marquise & Whelan 1994, Suhonen et al. 1994, Gunnarsson 1996,

Church et al. 1997, Haemig 1999, Sipura 1999, Thiollay 1999,

. = . Forkner & Hunter 2000, Strong et al. 2000, Lill & Marquis 2001,

(pfedevsim ptici) Olsson et al. 2001, Beauchamp 2002, Storch et al. 2005, Boege &
Marquis 2006, Ménd et al. 2007, Mooney 2007, Remmel et al.
2009, Zehnder et al. 2010, Barber & Marquis 2011a,b

obratlovci

Barton 1986, Oliveira et al. 1987a,b, Nonacs & Dill 1990, Olson
1992, Mappes & Kaitala 1995, Karhu & Neuvonen 1998, Stiefel &
Margolies 1998, Leponce 1999, Novotny et al. 1999, Di Giusto et
al. 2001, Lichtenberg & Lichtenberg 2003, Berger & Wirth 2004,
Mooney 2007, Ishihara & Ohgushi 2008, Chong et al. 2010,
Nygard et al. 2008, Klimes et al. 2011, Neves et al. 2011

mravenci

dalsi blanokftidli Bernays 1997, Lichtenberg & Lichtenberg 2003
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Taxon predatora Vybrané studie predacniho tlaku

Marston et al. 1978, Keese 1997, Lang et al. 1999, Denno 2000,

brouci Berger & Wirth 2004, Ishihara & Ohgushi 2008, Lundgren et al.
2009
Gunnarsson 1996, Riechert & Lawrence 1997, Lang et al. 1999,
pavouci Danner & Joern 2003, Denno et al. 2003, Berger & Wirth 2004,
Ovadia & Schmitz 2004, Ishihara & Ohgushi 2008
plostice Gotthard 2000, Berger et al. 2006
rovnokitidli Berger & Wirth 2004

Sledované faktory v preda¢nich experimentech

S vyzkumem podobného typu, ktery by podrobnéji vyhodnotil vliv prostorovych a

casovych faktorti ovliviiujicich miru predace na terestricka spolecenstva hmyzu, se setkavame

jen ziidka (Novotny et al. 1999, Lichtenberg & Lichtenberg 2003). Nejcastéji byvaji

sledovany jednotlivé faktory zvlast' (viz Tabulka €. 3).

Tabulka ¢. 3: Vybrané¢ vyzkumy predacniho tlaku na terestricka hmyzi spoleCenstva

7 hlediska studovaného faktoru.

Testovany faktor

Vybrané studie predacniho tlaku

sezona (vliv mésice resp.
obdobi béhem roku)

Holmes et al. 1979b, Barton 1986, Rosengren & Sundstrom
1987, Gunnarsson 1996, Reichert & Lawrence 1997, Lang et
al. 1999, Lill & Marquise 2001, Lichtenberg & Lichtenberg
2003, Nygard et al. 2008, Remmel et al. 2009, Chong et al.
2010

prostorova heterogenita (vliv
vertikalni a horizontalni
stratifikace)

Oliveira et al. 1987a, Weseloh 1988, Olson 1992, Holl &
Lulow 1997, Haemig 1999, Beauchamp 2002, Lichtenberg
& Lichtenberg 2003, Storch et al. 2005, Wiklund & Friberg
2008, Barber & Marquis 2011b

¢asova variabilita (vliv denni
doby)

Barton 1986, Novotny et al. 1999, Lichtenberg &
Lichtenberg 2003, Berger & Wirth 2004, Blaustein et al.
2004

vliv hostitelské rostliny

Bernays & Graham 1988, Denno et al. 1990, van der Berg &
Cock 1993, Mappes & Kaitala 1995, Gunnarsson 1996, Holl
& Lulow 1997, Keese 1997, Karhu & Neuvonen 1998,
Novotny et al. 1999, Sipura 1999, Di Giusto et al. 2001,
Olsson et al. 2001, Lill & Marquis 2002, Denno et al. 2003,
Lichtenberg & Lichtenberg 2003, Mazia et al. 2004,
Gotthard et al. 2005, Boege & Marquis 2006, Ishihara &
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Ohgushi 2008, Nygard et al. 2008, Barber & Marquis
2011ab

Ackoliv je v Tabulce €. 3 uvedena fada vyzkum testujicich vliv hostitelské rostliny na
predacni tlak, nejde v tomto ptipadé o komplexni vyzkumy porovnévajici vice druhil rostlin
rizné piibuznosti, ale autofi se v téchto vyzkumech zaméfuji napiiklad na sekundarni
metabolity nebo specifické fyzikalni vlastnosti rostlin, které mohou predaci ovlivnit. Efekt
pusobeni rostlin je studovan ve vSech typech ekosystéml na Zemi, pficemz nejvice dikazl
pochazi predev§im z moiskych a sladkovodnich ekosystémi, které¢ jsou studovany castéji.
Ovsem také spousta terestrickych studii ukazuje vyznamné propojeni jednotlivych trofickych
stupniti, vlivy eutrofizace rostlin a ptsobeni predatorii, coz zptusobuje zmény v distribuci a

biomase celych spolecenstev (Morin 1999).

Jelikoz ma predace vyznamny vliv na rozmisténi kofisti z hlediska preference habitatu,
fada vyzkumi se zabyva rozloZenim preda¢niho tlaku v prostoru (Storch et al. 2005, Wirth et
al. 2008, Chalfoun & Martin 2009), i pfesto je jen velmi malo informaci o aktivité predatort
vzhledem k rozlozeni prostoru (Valladares et al. 2006). Struktura a kompozice habitatu ma
vliv predevs§im na prezivani méné pohyblivé kotisti (Chalfoun & Martin 2009). Podle teorie
optimalniho potravniho chovani (angl. optimal foraging theory) mize byt hustota porostu a
celkova heterogenita prostfedi pro predatory prekdzkou (Martin & Roper 1988, Martin 1993).

v

Predace je casto niz$i v misté slozitéjsiho a ¢lenitéjsiho habitatu (Chalfoun & Martin 2009).

Slozité a Clenité prostiedi vyuzivaji organismy jako ukryt pred pfirozenymi nepfateli
neboli tzv. prostor bez nepratel (angl. enemy-free space = EFS), jehoz koncept je znam jiz
vice nez 2000 let (Fryer 1986). Tento pojem definovali v praci Jeffries & Lawton (1984).
Tento ,,prostor neni chdpan pouze ve smyslu prostorového tkrytu pfed predatorem, ale také
z hlediska Casového, a je povazovan za jeden z klicovych faktorti formujici niku a hraje
vyznamnou roli ve studiich a debatach evoluce hostitelské specializace (Fryer 1986,
Thompson 1987, Denno et al. 1990, Keese 1997, Novotny et al. 1999, Stamp 2001, Ishihara
& Ohgushi 2008). Berdegue et al. (1996) shrnuji ve své praci 53 studii testujicich existenci a
ptipadny vyznam EFS (19 praci terestrickych ekosystémech a 34 praci sladkovodnich
ekosystémech). Studie byly sefazeny podle rozsahu hypotéz, které ovétovaly napiiklad
zranitelnost mimo EFS, vyznam EFS méfeny skrz fitness apod. V 70-84 % praci byl efekt

vyuzivani prostoru bez neptatel potvrzen (Berdegue et al. 1996).
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Clenitost prostfedi vede ke vzniku mnozstvi piechodnych ekotonovych pasem a
samotny vliv okraje — ekotonu (tzv. edge effect) na hmyzi spoleenstva je studovan fadou
autorq, pticemz ocekava odlisnou miru predace ve srovndni s lesnim zapojem (Murcia 1995,
Haemig 1999, Lichtenberg & Lichtenberg 2003, Storch et al. 2005, Gonzales-Gomez et al.
2006). Oblast ekotonu se vyznacuje odliSnym piisobenim abiotickych faktord — vyssi teplotni
variabilita, niz8i vlhkost, vice svétla; 1 biotickych faktorti — distribuce a abundance druht
rostlin 1 zivo€ichli (Murcia 1995, Didham et al. 1996, Zheng & Chen 2000, Foggo et al. 2001,
Valladares et al. 2006, Wirth et al. 2008).

Zda je v ekotonu vys$si nebo niz$i predacni tlak nez uvnitf lesa, zavisi pfedev$im na
typu ekosystému a na taxonu studovaného predatora. Zatimco v temperatnich oblastech je
obecné¢ predacni tlak na okrajich lesa vyssi, vysledky z tropického destného lesa rozdily
neprokazuji nebo maji opacny trend (Koh & Menge 2006, Sobrinho & Schoereder 2007).
Prostorové zmény samoziejmé neplati pro vSechny taxony predatorti. Prokazatelné vyssi
predaci (ptakt, vos 1 mravencll) v ekotonovém pasmu pozoruji na riznych rostlindch napf.
Olson (1992), Haemig (1999), Holl & Lulow (1997), Lichtenberg & Lichtenberg (2003),
Storch et al. (2005), Valladares et al. (2006).

Nahloucenost predacniho tlaku v Case lze ocekavat predevsim vzhledem k rozdilné
abundanci kofisti a aktivité¢ predatord béhem roku a béhem dne (Gunnarson 1996, Ovadia &
Schmitz 2004, White 2008). Obvykle se setkdvame s komplexnimi studiemi miry herbivorie
v zavislosti na dostupnosti zdroji béhem jednoho roku nebo v ramci nékolika let (bottom-up
efekt, napt. Ritchie 2000, Mazia et al. 2004, Ovadia & Schmitz 2004). Na druhou stranu je
vliv predace (top-down efekt) z hlediska ¢asovych zmén testovan jen vzacné a okrajové
(Remmel et al. 2009). V jarnich mésicich jsou dominantnimi predatory hmyzu ptaci (Holmes
et al. 1979b, Remmel et al. 2009). Holmes et al. (1979b) pozoruji primérné 37% ptaci predaci
na listech javorii v ¢ervnu. Pravé v tomto obdobi tvoii housenky motylt hlavni zdroj potravy
vetSiny pévetl, zvlasté pii krmeni mladat (Holmes et al. 1979a). Letni maximum predace
bezobratlymi predatory souvisi s vy$Simi teplotami letnich mésicii (Sih et al. 2000). Predaéni
tlak mravencli vykazuje maximum v ¢ervenci a sprnu (Lichtenberg & Lichtenberg 2003), v
pozdnim 1ét€¢ a v podzimnich meésicich prevazuji vosy a pavouci (Gunnarsson 1996,
Lichtenberg & Lichtenberg 2003). Takovéto vysledky ukazuji vyzkumy, které pozoruji Siroké
spektrum predatorti, pokud je ovSem studovan jen konkrétni taxon predatorii, vliv sezony
vétSinou pozorovan neni (Mappes & Kaitala 1995, Riechert & Lawrence 1997, Lang et al.
1999).
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Vliv sezény zavisi na prostiedi a taxonu studovaného predatora. Pokud chceme
klasifikovat rozdily v predaci z hlediska sezoény, musime rozdélit vyzkumy podle typu
ekosystému (Hawkins et al. 1997). Rozdily ve sloZeni a aktivité¢ predatort (podobné jako u
parazitoiddi a patogenil) v riznych typech ekosystémil a ukazuje trend vysSiho predac¢niho
tlaku v tropickych oblastech ve srovnani s mirnym pasmem (Hawkins et al. 1997, Novotny et
al. 2006). Pokud se ovSem zaméiime na ¢asovou variabilitu této interakce, mizeme fici, Zze v
tropech jsou rozdily v predaci béhem roku minimdlni a Casto se setkdvame s konstantnim
tlakem, pouze v nékterych ptfipadech pozorujeme rozdily v predaci béhem resp. po obdobi
dest’d nebo obdobi sucha, pricemz opét je nutné specifikovat taxon predatora. Napt. Richards
& Coley (2007) popisuji v tropech konstantni predaci mravencu, naopak pavouci zde vykazuji
sezonalitu. ZvySeni predacniho tlaku hmyzozravymi ptdky po obdobi sucha bylo naptiklad
pozorovano v oplocovacich experimentech v tropickém lese v Argentiné (Mazia et al. 2004).
Mnoho autorti ovSem sezonni rozdily nezaznamenava (Barton 1986, Rosengren & Sundstrom
1987, Mappes & Kaitala 1995, Reichert & Lawrence 1997, Lang et al. 1999, Lill & Marquis
2001).

Rozlozeni predacniho tlaku zhlediska denni hodiny je u predatori na hmyzi
spoleCenstva studovén jen ziidka a jak jiz bylo v textu n¢kolikrdt zminéno, velmi zdlezi na
taxonu studovaného predatora. Z hlediska denni aktivity je u bezobratlych predatort (jako
ektotermnich organismil) nejdalezitéjsi vliv teploty, proto nejintenzivnéj§i predaci
pozorujeme okolo poledne, kdy teplota prostiedi je vysokd. Lichtenberg & Lichtenberg
(2003) pozorovali maximalni predaci vos a pavouki okolo poledne a predaci mravenct okolo
14 h. Rozdilnou predaci mravenci (rdno-odpoledne-noc) srovnava také napt. Barton (1986).
Ptaci predace byva vétSinou koncentrovana do brzkych rannich hodin (Hutto 1981). Vysokou
ranni predaci ptaki na jafe 1ze vysvétlit intenzivnim vyhleddvanim potravy pii krmeni mlad’at

(White 2008).

Pokud je zminovana predace na hmyzi spolecenstva béhem dne, je nutné zminit také
vyzkumy nocni predace. Béhem nocnich hodin je obecné pozorovéna niz§i mira predace
hmyzozravych ptaki, mravenct i fady jinych bezobratlych, z divodu sniZeni aktivity vétSiny
predatort (Bernstein 1979, Traniello 1989). Z divodu technické narocnosti jsou tyto
experimenty provadény velmi ziidka. Ve vétSin€ piipadl se jedna o vyzkumy z tropického
lesa (Novotny et al. 1999, Berger & Wirth 2004), kde je béhem dne predacni tlak obecné
vyssi nez v temperatu (Hawkins et al. 1997, Novotny et al. 2006), ale v noci je predace

naopak nizka a také skladba predatort se lisi. Vyjime¢né je v noci naméfena vyssi predace
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nez ve dne — napt. predace broukti a pavoukti na Metriophasma diocles v Panamé (Berger &

Wirth 2004).

Vysledky vlastnich vyzkumi

Predlozend disertacni prace se zamétfuje na analyzu relativniho predacniho tlaku na
hmyzi spolecenstva z hlediska nékolika vyznamnych faktori ovliviujicich predaci — vliv
hostitelské rostliny, rozdily mezi okrajem lesa a lesnim zapojem, rozdily ve vertikalni
stratifikaci porostu, vliv denni hodiny, vliv mésice béhem vegetacni sezony. V této kapitole
jsou shrnuty vysledky z hlediska jednotlivych faktorti v rozsahlém terénnim vyzkumu z let
2001-2008, které probihaly v riiznych typech lesnich ekosystémt (CHKO Poodii, CHKO
Beskydy, CHKO Jeseniky).

Vsechny terénni experimenty byly zalozeny na podobné metodice, kterd byla upravena
podle Novotného et al. (1999). Predatorim byla predklddana jednotnd kofist, kterou
predstavovaly larvy bzucivky obecné (Calliphora vicina). Vhodnost volby navnady je
popsana v kapitole Experimentalni pfistup. Zivé larvy bzuéivek byly pfipeviiovany na
testované habitaty pomoci entomologickych Spendlikd, které byly oznaceny pomoci
barevnych stitkii (barevnost S§titkli nevykazovala zadny vliv na frekvenci napadeni
predatorem, ale pouze umoznovala snazs§i dohledavani exponovanych névnad, navic tento
faktor by m¢l vliv zejména pii méteni absolutniho predacniho tlaku). Pfi ptipravé metodiky
byla nékterd méfeni doplnéna také o pozorovani pomoci dalekohledl, abychom mohli urcit
typ predatora také v piipadé nedohledani navnad. Na zaklad€ toho, byly vSechny chybéjici
navnady na listech vyhodnoceny jako ptaci predace, zatimco casti chybéjicich névnad
odpovidaly pfedev§im aktivité¢ vos. Ve vétSin€ experimentli predstavoval jeden vzorek 20
navnad exponovanych po dobu 30 minut, ackoliv byly provedeny také testy s delsi expozici.

Pro méfeni relativniho predac¢niho tlaku byl ovSem casovy interval dostacujici stejné jako
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pocet navnad (predacni tlak linearn€ rostl s potem navnad, Drozdova, nepubl.) Diky délce
expozice také pravdépodobné nebyl zaznamenan efekt density koftisti, protoze predator stacil

obvykle zpracovat pouze jednu kofist.

Velkym piinosem celé predlozené prace je bezesporu rozpracovani standardizované
metodiky, kterd umoziiuje nastavit shodné podminky pro vSechny sledované faktory

v riznych typech prostiedi.

Pouziti podobné metodiky s Novotnym et al. (1999) umoznilo vysledky mé prace
porovnat s predacnimi experimenty z tropického destného lesa (Novotny et al. 2006).
V uvedené publikaci bylo métfeni predacniho tlaku vyuzito k demonstraci nizs$i predace
v temperatnich lesnich ekosystémech oproti ekosystému tropického destného lesa, proto jsem
detailni analyzu publikovala samostatn¢ (Ptiloha ¢. 2). Zakladni testované faktory byly druh
dreviny, mikrohabitat (okraj lesa, stfed lesa), ¢as v prubéhu dne a sezonalita preda¢niho tlaku.
Celkem bylo provedeno 450 experimentti s 9000 navnadami na 15 vybranych druzich dievin.
Obecné bylo zaznamendno pomérné Siroké spektrum pozorovanych predatorit generalistl
(ptaci 59.7 %, mravenci 13.4 %, plostice 11.8 %). Na zéklad¢ zobecnéného aditivniho modelu
(quasibinomicky model) konstruovaného pomoci manualni forward selection (pouzita GCV a
Mallowsova Cp statistika) se ukazal jako nejvyznamnéjsi vliv mikrohabitatu (ekoton vs. stied
lesa), hodiny béhem dne a obdobi v roce. Findlni model ukézal nejvyssi predaci
v ekotonovém pasu lesa na konci srpna a pocatku zati mezi 13. a 15. hodinou. Rozdil mezi
testovanymi dfevinami nebyl prokézan, ackoliv nékteré rostliny byly predovany primérné
vice nez jiné (vysoky prumérny pocet napadeni na vzorek pro Corylus avellana 0.75 a Tilia
cordata 0.7, naopak nizky pro Sambucus nigra 0.2 nebo Ulmus laevis 0.2). Vyslednad mira
predace vSak nekorelovala jak s frekvenci a abundanci dfevin tak ani s abundanci a druhovou
pestrosti herbivort (uvedené tidaje k jednotlivym dfevindm byly pievzaty z prace Novotného
et al. 2006). Vzhledem k velkému poctu vzorkl s nulovou predaci nebylo mozné otestovat
jednotlivé taxony predatorti samostatné, presto lze konstatovat, ze rizné taxony predatora
vykazovaly pro sledované faktory rizné vysledky. Nejintenzivnéj$i ptaci predace byla
namétena v kvétnu a ¢ervnu béhem rannich hodin, zatimco bezobratli predatoii dominovali

v Cervenci v dopolednich i odpolednich hodinach.

Podrobnéjsi analyza prostorového rozmisténi ttokti ukéazala, ze distribuce predace na
jednotlivych vzorcich odpovida prevazné nahloucené distribuci. Z diivodii eliminace vlivu

casu na distribuci predace byly testovany vzdy vzorky pro kazdou kombinaci faktorii
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samostatné. Ve vice nez 75 % piipadli odpovidd pomér variance a priméru i Morisitiv index

nahloucené distribuci (dalsi ptipady odpovidaji pfevazné kombinacim s minimalni predaci).

Vzhledem k tomu, ze vySe uvedeny vyzkum prokézal vyznamné rozdily v preda¢nim
tlaku mezi ekotonem a stanovisti uvniti lesa, byly nésledujici experimenty (s optimalizovanou
metodikou) zameéfeny na zmény predacniho tlaku v prostoru podél vertikalniho 1
horizontalniho gradientu. Na ptfedchozi vysledky navazoval vyzkum probihajici opét v luznim
lese (CHKO Poodii), ktery zjistoval predaéni tlak na epigeické bezobratlé s predpokladanymi
rozdily predace v zdvislosti na stupni zapoje lesa (Ptiloha ¢. 4). Porovnana byla oteviena
stanoviSté se stanovisti u paty solitérnich stromil, na okraji lesa a uvniti lesa. V ramci téchto
testdl byla kromé jiz zjisténého vyznamného vlivu obdobi v roce zjisténa také interakce mezi
obdobim v roce a habitatem. Na pocatku vegetacni sezony byla nejvyssi predace namétena na
loukéch a okraji lesa, naopak ke konci vegetacni sezony byl pozorovan trend posunu predace
dovnitt lesa. Tyto rozdily se tykaly nejen vy$si primérné predace, ale také odlisné skladbé
taxonil pozorovanych predatort, coz odpovida rtizné abundanci a aktivité nejvyznamngjSich
predatori ve zminénych habitatech: mravenci (Myrmica rubra, Lasius platythorax)
dominovali v lesnim zapoji, brouci (Poecilus sp., Amara sp.) a pavouci (Pardosa palustris, P.
amentata) dominovali na loukach a okraji lesa. Na rozdil od pfedchoziho vyzkumu na listech
dfevin, dominovali v experimentech na povrchu hrabanky mravenci (65 %) a brouci (21 %).
Maximalni predace obratlovci byla shodné s pfedchozim vyzkumem namétfena v obdobi

kvétna a Cervna.

Relativni predacni tlak podél vertikalniho gradientu byl testovan v luznim lese (CHKO
Poodii) a ve smiSeném lese horského ekosystému (CHKO Beskydy a CHKO Jeseniky).
V luznim lese byla predace méfena na lipé srdcité (7ilia cordata Mill.) a lipé velkolisté (T.
platyphyllos Scop.) u baze stromil, na kmenech stromli a na listech, pficemz polovina
experimentl byla provedena na okraji a druhd polovina ve stiedu lesa (Ptiloha ¢. 5). Analyza
pomoci zobecnéného linedrniho modelu (s binomickym rozdélenim) prokazala signifikantni
zmény predacniho tlaku podél vertikdlniho gradientu. Nejvyssi predacni tlak byl naméfen na
mikrohabitatech byla aktivita mravencti vyrazné niz$i). Podle o¢ekavani také CCA analyza
ukazala rozdily v predaci mezi riznymi mikrohabitaty. Na zemi vzdy dominovali mravenci
(61 % vSech napadeni predstavovali mravenci — nej¢astéji Myrmica lugubris, Lasius brunneus

a L. platythorax), na listech a vétvich pak vosy (Vespula vulgaris) a hmyzozravi ptaci.
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V horach pak byly obdobné experimenty provedeny na porostech borav¢i (Vaccinium
myrtillus L.), a to pod porostem, uvniti porostu a na vrcholu bortiv¢éi a dale na mechovych
polstatich (Dicranella sp., Polytrichum sp.) Pozorovana byla opét odlisnd skladba predéatort
v ruznych typech mikrohabitati s podobnou kompozici jako u pfedchozich experimentt
s vertikalni stratifikaci predacniho tlaku (Ptiloha €. 3). Vysoky predac¢ni tlak mravence lesniho
(Formica lugibris) pod porosty boriv¢i byl naméfen na lokalitach v Jesenikach (lokalita
blizko Mravencovky), kde je abundance tohoto druhu mravence vysokd (Bezdécka 1999).
V porostech testovanych mecht a pod ketiky borivei byla pozorovana také vysoka predace

pavouku, broukt a stonozek.

Zavér

Ackoliv je predace na hmyzi spoleCenstva v temperatni oblasti velmi dualezitym
tématem ekologickych vyzkuma jiz tadu let, nckteré otazky tykajici se tohoto
interspecifického vztahu jsou stale jest¢é nezodpovézeny. PiedloZzend prace piedstavuje
pomérné komplexni analyzu dosud malo studovanych aspekti predace na hmyzu s

nasledujicimi vysledky:

- Nebyla prokazana rozdilna predace mezi jednotlivymi druhy dfevin v temperatnim luznim
lese. Mira predace nekoreluje s abundanci a frekvenci dfevin ani s druhovou pestrosti a

abundanci herbivoru.

- Dominantnimi skupinami byli ve vSech testech pfedev§im mravenci, vosy, pavouci a
v neposledni fad¢ také ptaci. Kompozice predatorti byla zavisla na charakteru testovaného

habitatu a na ¢ase.

- Z hlediska vertikalniho gradientu byla krom¢ odlisnych taxont predatorii pozorovéana také
odli$nd mira predace, s maximalnim preda¢nim tlakem na povrchu pidy a s klesajicim
trendem smérem do vysSich vegetacnich pater (z technickych divoda vSak nebylo mozné

studovat korunové patro).

- Na zaklad¢ ziskanych dat se obecné ukazuje, Ze existuje signifikantni interakce mezi
vertikalni a horizontalni stratifikaci. Na listech dievin byla naméfena vyssi predace na
okraji lesa nez uvnitt lesa, naopak métfeni na zemi ukazala opacny trend (vyssi predace

v lesnich habitatech a nizsi na okraji lesa).
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- Rozdily v celkové¢ intenzité¢ predace jsou signifikantni v pribéhu dne i roku, jednotliva

lokalni maxima predace v ¢ase jsou disledkem aktivity riznych taxona predatort.

- Jako velmi efektivni se dle mého ndzoru jevi pouzivani standardizované metodiky, ktera
umoznuje piimé sledovani predaniho tlaku a nasledné srovnavani miry predace

v gradientu prostfedi (dokonce véetné srovnani mezi biomy).

Jako u vétSiny vyzkumi pifinaSeji dosazené vysledky dalSi fadu otdzek a problém.
V soucasné dobé proto spolecné s kolegy intenzivné pfipravujeme dalSi experimenty
zamétené na témata tykajici se naptiklad defenzivniho chovani kofisti, zmén predacniho tlaku
béhem 24 hodin, predace v korunovém patife nebo interakce mezi pravymi predatory a

parazitoidy.
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Abstract. 1. Direct observation of predation on insects on leaves using living Calliphora vicina
(Diptera: Calliphoridae) larvae as bait was performed on 15 common woody species in temperate
floodplain forest. Predation rate was measured as the proportion of missing or attacked larvae after 30

minutes of larvae exposition on leaves.

2. Despite that major predator taxa differ during the season, birds and ants were recorded as the

most frequent while wasps and spiders were observed in lower abundances.



3. Tests for distribution pattern confirmed that a negative binomial distribution prevails in time,

which corresponded with a clumped dispersal of the predation.

4. Based on the best fitted generalized additive model, we cannot reject equal probability of attacks

for woody species. Predation on the forest edge was notably higher than in forest interior.

5. Notable variation during time of day and season is predicted by our model, as attacks are

concentrated into three time periods during the year and two peaks during the day.

6. In general, the described sampling method could be used as a standard approach for measuring

direct predation risk on insects.

INTRODUCTION

Despite recent advances in ecological methodology and quantitative analyses in support of testing a
complex of interactions between organisms and their environment (Bolker et al., 2009; Kilkenny et al.,
2009; Csillery et al., 2010), the potential for using a multifactorial approach to studying predation risk
on insects has been only poorly examined. 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), but mostly one factor has been tested (or a class of factors, such as spatial, temporal,
taxonomical) for many predator taxa separately (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, significant differences in predation risk on various tree species due to differing plant
attractiveness for predators are known particularly from tropical rainforest (Janzen, 1966; Novotny et
al., 1999; Basset, 2001). Some differences correlated with abundance of herbivores were also found on
three species of Salix (Ishihara & Ohgushi, 2008) in a temperate ecosystem. There are also
experimental studies of spatial variability in predation risk along vertical (Weseloh, 1988; Basset,

2003) and horizontal gradients, such as forest interior and edge or between open and closed canopy



(Koh & Menge, 2006; Valladares et al., 2006). Diurnal and seasonal activity of predators has rarely
been studied (Barton, 1986; Kaspari & Joern, 1993; Reichert & Lawrence, 1997; Remmel et al., 2011)
and only occasionally tested (temperate: Lichtenberg & Lichtenberg, 2003; Remmel et al., 2009;
tropics: Richards & Coley, 2007), even though variability in predation risk through the day and year is
logically to be expected and can be explained by temperature changes in ecosystems (Bernays, 1997,

Lill & Marquis, 2001).

The results of the experiments cited above are criticised (e.g. Sih et al., 2000) for underestimating
interaction between factors. Unfortunately, the use of various approaches does not allow simple
synthesis and comparison of individual outcomes from different studies. Two key methods are
generally used for predation risk measurements on trees. Free predator access to prey is prevented
during exclosure experiments (Marquis & Whelan, 1994; Sipura, 1999; Berger & Wirth, 2004). The
method is used particularly to study such complex multitrophic interactions as bottom-up effects and
top-down effects, and fitness of the prey or fitness of host plant foraging by prey are the main findings
(Gunnarsson, 1996; Strong et al., 2000). By contrast, experiments with various types of baits (Olson,
1992; Karhu & Neuvonen, 1998; Novotny et al., 1999; Lichtenberg & Lichtenberg, 2003) allow direct
contact between prey and predator and provide more information on characteristics of predator taxa or
guilds, such as species structure of predator guilds, impact of prey dispersal (Church et al., 1997;
Beauchamp, 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 accumulation of predation risk in space and
time, many authors note higher risk of predation induced by density of prey (e.g. Crawley, 1975;
Turchin et al., 1999; Abrams & Ginsburg, 2000; Lombaert et al., 2006) and found that predation risk
influences prey behaviour and leads to avoidance and dispersal of the prey population (Jeffries &
Lawton, 1984, Berdegue et al., 1996; recently e.g. Skelhorn et al., 2011; Gonthier, 2012). On the other
hand, there is a lack of information to confirm that dispersal of attacks is patchily distributed in space

even though the searching patterns of predators are well known.



It is clear from what has been stated above that multifactorial models including various predator
taxa and interactions between factors have been described very rarely, and then primarily in tropical
rainforest while similar studies from temperate ecosystems remain lacking. Our goal, therefore, was to
identify significant factors affecting predation on insects on leaves and consequently to suggest a
complex model for predation risk. We tested the following ecological variables: a) tree species (15 tree
species with different abundance and species diversity of herbivores), b) habitat (forest interior and

edge), c¢) time of day, and d) time of year.

MATERIAL AND METHODS

Study site

The predation field study was situated in lowland floodplain forest within the Poodri Protected
Landscape Area (18°03-13E, 49°42-48°N, Northern Moravia, Czech Republic, 300 ha in total). The
area includes 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. This area is characterised by
flooded meadows and a number of shallow ponds. The forest vegetation is dominated by Quercus,

Ulmus, Tilia, Prunus and Fraxinus.

Field experiment

Our sampling design was originally suggested for comparing predation risk between temperate
floodplain forest and tropical lowland rainforest (Novotny et al., 2006). For the experiments, 15
locally common woody species: Acer campestre L., Acer platanoides L., Alnus glutinos (L.) Gaertn.,
Alnus incana (L.) Moench., Carpinus betulus L., Corylus avellana L., Fraxinus excelsior L., Padus

avium Mill., Populus tremula L., Quercus robur L., Sambucus nigra L., Swida sanguinea (L.) Opiz.,



Tilia cordata Mill., Ulmus glabra Huds., Ulmus laevis Pallas., typical for the temperate floodplain

forest were selected.

The ecological attributes of the woody species (meaning abundance and diversity of herbivores as
well as tree abundance and frequency) were adopted from our plant-herbivore study performed
simultaneously with the predation experiments. Only feeding folivorous insects were hand-collected
from the foliage of 14 tree species throughout the 1999—2001growing seasons. Sampling effort
amounted to 150 m” of foliage inspected per tree species. Estimates of woody plant species richness
and frequency were based on total enumeration of woody stems in 62 quadrates of 25 x 25 m (for

details see Novotny et al., 2006).

Predation risk was estimated by recording attacked or missing baits from foliage (see Olson, 1992;
Novotny et al., 1999). Baits consisted of living larvae (last instar; size 1-1.5 cm) of blowfly
Calliphora vicina Robineau-Desvoidy (Diptera: Calliphoridae). The larvae are palatable and have
minimal defensive mechanisms (Lundgren et al., 2009), and thus they have been used to model
artificial palatable prey in several predator—prey experiments (Wilson et al., 1990; Lundgren et al.,
2009; Remmel et al., 2009). The last instars also 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 (one larvae per twig with
minimum distance about 25-30 cm) using entomological pins to the upper leaf venation for 30 min at
breast height. Tacking pins to the leaf venation prevents accidental drop off and also makes
withdrawal of the pins by invertebrate predators impossible. Pins were marked with small coloured
tags to avoid oversight of accidentally fallen baits. Baits were actively moving for the entire time.
After the tested time (during which we moved away from the tested tree) attendance of predators or
missing larvae was recorded (proportions of attacked larvae per tree were used as a response variable).
Experimental sites were systematically changed during the year to eliminate the possibility that birds
would learn to find larvae by searching for tags. Based on our experiences from a preliminary study in

2001 and other published experiments (Lichtenberg & Lichtenberg, 2003), disappeared pins (so



determined after careful searching for baits on the ground or vegetation) were assumed to reflect bird
predation. On the other hand, ants and wasps, comprising the most frequently recorded invertebrate

predators, were always observed feeding on the baits.

In total, 300 experiments with 7500 baits were conducted during May—September 2002 from 9:00
a.m. to 6:00 p.m. The following factors were recorded for each experiment: time of day (Hour), time
of year (Day), woody species (Species) and habitat type (MicHab, being forest interior or edge of
forest). Regarded as forest interior were such samples as were minimally 20 meters distant from the
edge of the forest. With respect to maximising balance in the design, the experiments were replicated

two times in each month for each tree species and for each given habitat type.

Data analysis

Index of dispersion (variance-to-mean ratio), Morisita’s index of dispersion and goodness of fit for
negative binomial with aggregation parameter k estimated by maximum likelihood were used to
identify distribution patterns of attacks (Krebs, 1999). Dispersal of attacks was analysed separately for
each combination of habitat (interior, edge), month and time interval (two hours per interval) to
distinguish between spatial and temporal distribution. For this reason, we also used data from 2001
(inapplicable for other analyses due to unbalanced design for species and daytime). Such approach
allowed to increase the number of samples for each combination and improve the validity of the

results. We did need to omit some combinations, however, due to low numbers of attacks.

Generalized additive models (GAM) were used to investigate the effect of the studied factors on
probability of attack. For such case as when the response variable is a probability and the model is
overdispersed (dispersion index was approximately 1.7 for our data), quasibinomial distribution gives
more reasonable results. The numerical variables Time and Day were smoothed by thin plate
regression splines (Wood, 2006). The basis dimensions for both terms were selected manually (k = 4
for Time, k = 6 for Day) following the generalized cross validation criterion (GCV). All tested factors

were added sequentially into the model by GCV and Cp Mallow’s statistics also was calculated.



The final model fitting the probability of attacks was constructed using the ranking by GCV, but
Mallow’s Cp statistics were also calculated. Both criteria 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 recommended (Anderson, 2008).

All analyses were performed in R software (R core development team, 2009) using several specific
libraries: lattice (Deepayan, 2008), vegan (Oksanen et al., 2011), gam (Hastie, 2011), and vcd (Meyer

etal., 2011).

RESULTS

A total 119 of 7500 baits (1.6%) were attacked by predators, meaning that on average 0.4 baits
were attacked per experiment (SD = 0.85, SE = 0.05, the values reached at 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 rarely recorded (spiders and
carabid beetles). Maximum predation risk, measured as the average number of baits attacked per
experiment, was found on Corylus avellana (0.75), Tilia cordata (0.7) and Quercus robur (0.65) while

minimum numbers of attacked baits per tree were on Ulmus laevis (0.20) and Sambucus nigra (0.20)

(Fig. 1).

Predation risk correlated neither with abundance and frequency of the tree species nor with
abundance and diversity of insect herbivores (Pearson correlation coefficient reaches the maximum for

abundance of herbivores, r = 0.43, p > 0.1).

All tests for distribution pattern confirmed the expected negative binomial distribution. We found
the variance-to-mean ratio of attacks per experiment to be significantly greater than 1 (I =1.793, %00
=536.0, p <0.0001), Morisita’s index is 2.98 (standardized Morisita’s index = 0.5026), and also
goodness-of-fit test (maximum likelihood estimate of & = 0.506, ¥, = 0.011, p = 0.995) does not

support rejecting negative binomial distribution (Fig. 2), which evidently reflects temporal distribution



of attacks. However, we found similar results as to distribution pattern of attacks also for each
combination of temporal and spatial variables. More than 75% of calculated standardized Morisita’s
indices were positive (Fig. 2). Negative indices were found only for samples with low number attacks,

and especially autumn samples.

The best fitted GAM model chosen by forward selection includes three terms: microhabitat, time of
day, and day of the year (Table 1). It is obvious that all terms in the final model are substantial in spite
of the weak significance estimated by analysis of deviance (p-valueycna = 0.096, p-valueyo, = 0.067,
p-valuep,y = 0.049). By contrast, we clearly cannot reject the hypothesis of identical predation risk for
woody species. The final model predicts the highest predation risk at the edge of forest during late

August and early September in the period 13:00-15:00 (Fig. 3).

Despite the overall low number of predation events, we performed separate analysis for
invertebrate and vertebrate taxa and found apparent temporal differences between predation by
arthropods and birds. We did not find correlation between the two groups (Pearson correlation
coefficient r = -0.22, t = -0.99, df = 19, p-value = 0.3349). The peak of bird predation was observed
during morning in May and June while arthropods dominated in July from 9:00 to 11:00 and from

15:00 to 17:00 (Fig. 4).

DISCUSSION

Our predation experiments show clumped distribution of predator attacks on leaves with no
significant differences between tree species, but with important effects of habitat (higher predation risk
at the forest edge than in forest interior), time of day and season. Major predator taxa were birds and

ants, but frequency of their attacks varied during the year according to their seasonal activity.

Tests for negative binomial distribution point to a clumped dispersal of attacks, which means that
for patches with equal densities of prey there are unequal rates of predation. This probably reflects

random search for the first prey and then systematic searching in surrounding area. Such behaviour is



often mentioned as a typical searching pattern of birds and ants (Church et al., 1997; Beauchamp,
2002). On the other hand, these results should be interpreted cautiously, because we did not
distinguish the two groups for spatial distribution analyses and also due to the low frequencies of the

attacks.

As we expected, our data did not provide a basis for rejecting the hypothesis of non-random
distribution of attacks between woody species. This result is also supported by correlation tests
between average predation risk and the observed tree species features (abundance, frequency, and
number of herbivores and their diversity), where no significant correlation was found. In contrast with
parasitoids (Iwao et al., 2001), true predators probably have not evolved close interspecific
interactions with plants in temperate forest (Olsson et al., 2001), as is also the case for tropical
rainforest (Basset, 1995, 1996; Novotny et al., 1999). Significant differences were found only for
species where mutualism between ants and plants had been previously confirmed (Janzen, 1966;

Floren & Linsenmair, 1997; Fiala et al., 1994; Di Gusto et al., 2001).

Higher predation risk at the edge of the forest (Fig. 5), as predicted by our final model, has been
observed in some studies with the same predator taxa composition as in our experiments (Olson, 1992;
Haemig, 1999; Lichtenberg & Lichtenberg, 2003; Valladares et al., 2006). This fact could be
explained by higher abundance and activity of insects (mostly herbivores) and favourable microhabitat
conditions at the forest edge (Murcia, 1995; Didham et al., 1996; Cadenasso & Pickett, 2000; Zheng &
Chen, 2000; Wirth et al., 2008). Moreover, wasps can have notable impact at the forest edge due to the

higher temperature there (Steward et al., 1988; Lichtenberg & Lichtenberg, 2003).

Despite that we cannot involve the entire range of diurnal and seasonal predation activity (see Fig.
3), our fitted model does show that there are three main peaks of predation risk during the growing
season and two peaks during the day. Only limited and indirect findings have been published on
diurnal variation in predation risk (Barton, 1986; Novotny et al., 1999; Berger & Wirth, 2004), and our
model, too, cannot predict predation either in the night or in early morning when the peak of bird

predation is observed (e.g. Hutto, 1981). However, more intensive early morning predation is partially



apparent also in our model (our model described decline of predation rate after expected early morning
peak), and particularly notable is a shift of peak predation during the year (Fig. 3, dark grey areas in
the bottom of the left figure). Montllor & Bernays (1993) explain higher predation risk during midday
by higher activity of invertebrates as a consequence of temperature increase and relative humidity
decrease. During the night, significantly lower foraging activity can be expected in temperate
ecosystems among ants and other invertebrate predators (Bernstein, 1979; Traniello, 1989). Moreover,
for visually oriented predators (including insectivorous birds) searching for prey is less effective at
night. Experimental data in this area are uncommon, however, because measuring predator attacks
during night brings with it numerous methodological difficulties. Novotny et al. (1999) studied
variance in predation risk using termites (Microcerotermes biroi) during day and night in Papua New
Guinea rainforest. They found noticeably uneven composition of predators while differences in the
probabilities of attack were not significant. That was in contrast with the research of Berger & Wirth
(2004), who conducted exclosure experiments on phasmids in Panama rainforest, where the predation

pressure was significantly higher during night compared to the daytime (P<0.001).

In conformity with Holmes et al. (1979), Lill & Marquis (2001), Lichtenberg & Lichtenberg (2003)
and our unpublished data from the previous year (not used due to unbalanced design for species and
daytime), we found accumulation of predation risk at the beginning of May (using extrapolation we
can estimate the peak at the end of April) with birds as a major group of predators, at the end of June
with the dominant groups being birds and ants, and at the end of August when wasp colonies tend to

grow and their activity increase (MacDonald & Matthews, 1981; Stamp & Bowers, 1996).

Predation risk measurements present numerous technical difficulties in practice, and we are
conscious of possible bias caused by a given method and measurement features. For this reason,
exclosure and predator removal experiments are generally chosen as the most useful methods for
estimating the real effect of predation (absolute predation risk). On the other hand, it is important to
recognise that our experiments were performed under identical conditions for each factor combination
and that it is thus possible to correlate relative differences in the rate of attacks with predator activity

within a study site (Novotny et al., 1999). Another issue usually discussed is that of which bait is most



suitable (Kaspari & Joern, 1993; Eubanks &Denno, 2000; Berger et al., 2006; Skelhorn & Rowe,
2006; Ménd et al., 2007). For such generalist predators as birds and ants, size (Lang et al., 1999; Di
Giusto et al., 2001; Berger et al., 2006; Mind et al., 2007; Remmel & Tammaru, 2009; Remmel et al.,
2011), palatability (Skelhorn & Rowe, 2006; Lundgren et al., 2009), mobility (Eubanks & Denno,
2000) and colour (Church et al., 1997; Skelhorn & Rowe, 2006; no effect was found in: Remmel
&Tammaru, 2009; Remmel et al., 2011) have been detected as main characteristics affecting the
probability of a bait’s being attacked. The most appropriate baits used in tropical forest studies were
termites, which were regarded as highly palatable prey for ants — the major herbivorous insect
predators in the tropics (Olson, 1992; Leponce et al., 1999; Novotny et al., 1999). However, the most
preferred baits in temperate ecosystems are caterpillars (Bernays, 1997; Lill & Marquis, 2001;
Lichtenberg & Lichtenberg, 2003). The larvae of Calliphora vicina chosen for our experiments are
probably reasonably analogous with termite baits in the tropics (see Lundgren et al., 2009). Very
important is that the larvae mounted on leaves are highly active and they attract the most visually
oriented predators searching for prey. It has been shown that prey’s moving can increase predation by
beetles (e.g. Marston et al., 1978; Eubanks & Denno, 2000) and spiders (Reichert & Lawrence, 1997).
Visual prey-localising behaviour has been noted also in birds (Beauchamp, 2002) and wasps (Bernays,
1997). In most cases, prey mobility seems to be even more important than is its nutritional quality
(Bernays, 1997; Eubanks & Denno, 2000; Beauchamp, 2002). Although Calliphora larvae are not
herbivores, the structure of the predator taxa nevertheless does not differ notably from the predator
composition found in the caterpillar experiments cited above. The low frequency of bird predation
detected by Lichtenberg & Lichtenberg (2003) can be affected by the facts that disappeared baits were

not counted and baits were mounted to the underside of leaves.

Despite the aforementioned difficulties, our results represent the most complex model of predation
risk on insects in temperate forest while using very simple and effective experiments with palatable
baits that are attractive to most insectivorous generalists. We consider our method to be very useful

and that it could be a standard method for measuring direct predation risk in future.
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Table 1. Characteristics of the fitted GAM models used in forward selection (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 1.2182 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



Fig. 1. Mean number of attacks per experiment with standard error bars for studied woody species.
ACC — Acer campestre, ACP — Acer platanoides, ALG — Alnus glutinosa, AL1 — 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.
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Fig. 2. Observed (grey) and theoretical negative binomially distributed (white) frequencies of attacks
per tree on a logarithmic scale (left), probability density of standardized Morisita’s indices for each
combination of temporal and spatial variables (middle) and box plot comparing standardized
Morisita’s indices between edge and interior (right).
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Fig. 3. Contour plot with predicted probabilities of predator attack for the best model (left —forest
edge, right — forest interior).
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Fig. 4. Comparison of mean numbers of attacks between birds and arthropods through time (with

standard error bars).
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Fig. 5. Mean numbers of attacks for forest edge and forest interior (with standard error bars).
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Résumeé

Le risque de prédation est un des plus importants facteurs pouvant affecter la vie de cha-
gue 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 maniéeres de vivre réduisant ou éliminant le risque de prédation (ou la
vulnérabilité des espéces) «I’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 hbtes et
diversité des espéces des communautés d’insectes bryophages - analyse des facteurs clé) de la
Grant Agency de la République tcheque.

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%
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O Opilionida

60% + --- O Araneida

O Staphilinidae

40% 1+ ---1 |mCarabidae

B Formicoidea

20% + ~~~1 |EChilopoda

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 0.5
|
|—

—

0.3
|

average predation

]
—

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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Abstract

As canopy structure produces spatial heterogeneity of litter microclimatic conditions and thus
is a crucial factor affecting ground insects in forest ecosystems, we hypothesized that high
canopy closure density has a positive effect on the activity of ground insect predators.
Blowfly larvae were used as bait along the canopy density gradient (forest interior, forest
edge, base of a solitary tree and meadow) and the attack rate was assessed after 30 min of
exposure. Although the predation rate has a varying pattern throughout the year in different
habitats, in contrast to previous studies, we observed a significant positive trend in predation
rates toward the forest interior. We found that the trend was strongly influenced by ants as the
most abundant taxon of predators (65%) attacking our baits, whereas ground beetles, the
second-most dominant predators (21%), showed the opposite trend along the canopy density
gradient. Our results indicate that direct measurement of predation rate is associated with

measurement of predator abundance and activity. We propose to use direct predation rate



measurement as a simple prediction method for complex studies assessing the effect of forest

fragmentation on predation rate in surrounding ecosystems.

Key words arthropod predation, canopy density, living baits, temperate forest

Running title: Predation rate on epigeic arthropods

Introduction

There has long been debate whether canopy complexity significantly influences predation rates on
arthropods [1-5]. It is known that canopy complexity in forests does play an important role in the
formation of spatial heterogeneity and microclimate stability in forest litter [6,7,8]. 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 [7,11,12,13]. 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
sites, places for reproduction, and shelters to hide from higher trophic level predators [13,14,15]; and
(4) reduction of abiotic stressors [6,9,16,17,18]. The use of pitfall trapping to study activity of
predators has confirmed that vegetation density positively correlates with activity and abundance of
predators [19-22]. On the other hand, pitfall trapping as a method for estimating total predation rate is
not accurate because it underestimates beetle populations in dense vegetation and vice versa [23].

Moreover, it is not suitable for trapping vertebrate and flying insect predators.

Stability of habitat conditions influences not only predation rate but also species composition of
predator guilds. This results in different predation rate patterns in different habitats and, consequently,
in different spatial distribution 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 rate on a particular arthropod guild in a given habitat are straightforwardly predictable
if we are able to estimate the trends in predation rate for dominant predator guilds under given
conditions. Such findings are very important and applicable in consideration of recently rapid forest

fragmentation and frequent outbreaks of pests.

Despite that many authors have studied changes in predator abundance and activity, and while we can
expect significant connectedness between activity and predation rate, there are only few studies
explicitly focused on this relationship and that measured direct predation rate on the ground.
Experiments focused on the relationship between canopy complexity and predators compared only
predation rate between forest edge and forest interior but did not study the wider interval of canopy
gradient [1,3]. Furthermore, such studies have focused on different strata (mainly understorey) and
found no significant differences in predation rate between 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
differ along the canopy closure density 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 density, and can we observe the same trend for all taxa? (4) Is the direct measurement of

predation rate linked with predator abundance along the gradient?

Materials and methods

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 Polanka nad Odrou (49°46'39.397"N, 18°11'18.639"E) 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.



Field experiment

The predation rate was measured during the daytime (between 7:00 a.m. and 2:00 p.m.), 4 times per
month from April to September during 2008. Live baits (larvae of the blowfly Calliphora vicina) were
affixed to the ground using entomological pins along the canopy density gradient: forest interior, forest
edge, base of solitary trees and meadow. The entomological pins were fitted with colored paper
markers (0.5 X 0.5 cm) to facilitate counting. Twenty larvae exposed for 30 min comprised one
sample, and the proportion (or number) of attacked baits was treated as predation rate. Four sample
replicates were made for each factor combination (habitat and day). Based on [3] and our own
observation, missing baits were considered as predation by vertebrates (mainly birds). Due to the risk
that predators (particularly wasps, ants, as well as mammalian and bird predators) would adapt to bait

location, we were changing the placement of pinned baits within the habitat.

Data analysis

We fitted generalized additive mixed models with binomial error distribution and logit link function to
analyze the relationships among the canopy closure gradient (a discrete variable, 4 levels) and
predation rate. Models were controlled for overdispersion [28]. We used Akaike information criterion
(AIC) differences for selection of the best parsimonious model [29]. The date of experiment as a
random factor was nested within the month. All analyses were made using the statistical program R

[30].

Results

We recorded 741 predator attacks from the total of 5,040 baits (252 samples). 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 abundant
ants were Myrmica rubra and Lasius platythorax and most abundant spiders were Pardosa palustris
and P. amentata. The beetle family Carabidae was represented by the genus Pterostichus, which was

dominant in the forest interior, and the genera Poecilus and Amara, dominant in meadows. The



vertebrate predators had peak activity during May and June, which probably is associated with

breeding season.

We found significant effect of tree canopy gradient on predation rate (x> = 12.1, P =0.007, n = 252).
Predation rates increased with closure of the crown canopy (Figure 1). The effect can be due to
different abundances of major predators in different habitats (Figure 2). The most dominant predator
taxon, ants, had its highest predation rates in the forest interior (x> = 86.5, P < 0.001, n = 252) (Figure
2). In other habitats, except for meadows, ants were also the dominant predators 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 (x*=63.5, P <0.001, n=252) (Figure 2) and spiders
(¢ =157, P<0.01, n=252) (Figure 3). 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 (y* = 10.9,
P =10.027, n=252) (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.

Discussion

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 density gradient through the growing season.
This is in accordance with most studies focused on methodology of predation rate measurement
[25,26,31]. Predation rate has predominantly been measured indirectly through predation exclosure
techniques [26,32-35], which provide sufficient estimates of absolute predation risk. Although direct
predation measurement has been employed only in a minority of studies [3,4,36,37], 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 direct predation

measurements mentioned in previous studies: a) we used a larger interval of canopy gradient; 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
[38,39]. The choice of suitable prey is very important in this type of experiment [25]. The bait must be
among organisms typical for the particular ecosystem and available through the whole growing
season. It should be highly palatable for most invertebrate and vertebrate generalist predators and
display minimum defensive behavior toward predators [3,40]. 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 [31].

The majority of predation was by arthropods (96%), the rest by vertebrates. Among the arthropods,
ants were the dominant 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. Ground beetles showed a trend in predation rate toward open habitat because the most
dominant genera, Amara and Poecilus, are active in daytime and predominantly prefer open habitats
[41]. The most dominant ant species 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]. 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
[44,45,46]. 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]. Therefore, insects living on the ground are not

attractive for birds.



As we hypothesized, we observed predation to be lowest on the meadow and at the base of a solitary
tree, intermediate at the forest edge, and highest in the forest interior. The highest predation rate at the
forest interior accords with the assumption that abundance of predators also declines with increasing
forest fragmentation and isolation [2]. Such findings are in agreement with outcomes of pitfall trap
studies which confirm positive correlation between canopy density and predation activity [19-22].
Thus, we can predict similar outcomes also for nocturnal predators. Differences between forest edge
and interior recorded in our experiments probably result from temperature variability within and
between the two habitats. Despite that forest edge does not provide the same microclimatic stability,
insect predators, as poikilotherm organisms, are more active in warmer patches. Consistent with this
theory, [3] found a trend in predation by wasps toward the forest edge. We recorded no predation by
wasps throughout our experiment, however, and probably because wasps search for prey mainly in the

treetops [3].

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 [31].
The activity of predators was greatest in open habitats during spring. Such pattern 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,
at the beginning of the growing season insect predators find their prey mainly in open habitats, where

herbivores are feeding on young leaves [49].

In conclusion, the results confirm the great importance of vegetation’s spatial characteristics for
patterns of predator—prey interactions and for corresponding predator activity. We found that total
predation rate in habitats with low canopy density is lower than in forest interior. These results
correspond with the predation rate of ants as a dominant group of predators. Although the ants
predominate along the entire observed canopy density gradient, increasing forest patchiness affects
them negatively and thus the highest predation rate was found in forest interior where we can expect
more stable environmental conditions. By contrast, we did not find the same trend for other taxa of

abundant predators. The latter findings are, however, in agreement with those reported for other



studies using different methods (e.g. pitfall traps). As the method of direct predation rate measurement
is very simple, we propose to use this as an effective alternative method in estimating the impact of
deforestation on epigeic arthropod fauna within areas of disturbance and also in the vicinity of such

habitats.
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(Figure 1) Proportions of predation predicted by generalized linear mixed models (with
predation as dependent variable, canopy closure gradient as explanatory variable and date
nested within the month as random factor) in the horizontally organized habitats. Median

values with quartile range (box) and total range (whiskers).
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(Figure 2) Proportions of predation predicted by generalized linear mixed models (with
predation of particular species of predator as dependent variable, canopy closure gradient as
explanatory variable and date nested within the month as random factor) between studied
microhabitats: a) ants, b) spiders, ¢) ground beetles. Median values with quartile range (box)

and total range (whiskers).
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(Figure 3) Proportions of predation predicted by generalized linear mixed models (with
predation as dependent variable, interaction between month and canopy closure gradient as
explanatory variable and date nested within the month as random factor) in the horizontally
organized habitats throughout the growing season. Median values with quartile range (box)

and total range (whiskers).
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Abstract

For predation experiments spatial variability in predation rate are well described only for few
predators. Therefore the main objective of our research was to describe seasonal dynamic of insect
predators between forest microhabitats. We hypothesize that predation rate will be highest on a forest

floor in the central part of the forest due to habitat preferences of predatory species.

The design of our experiments allows direct measurement of relative predation pressure on
baits (larvae of the blowfly Calliphora vicina) pinned onto selected microhabitats (base of tree, trunk
and leaves) at different strata within temperate flood-plain forest along the River Odra (Czech

Republic).

The most parsimonious generalized additive model showed significant differences in predation
rate along the vertical gradient. High predation rate was measured at the base of a tree and it was low
on the tree’s leaves. We observed significant differences also in the species structure of predators in
various microhabitats. Bird predation was the greatest on the trunk, wasps dominated on the leaves,

and ants were mostly observed at the base of trees.
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Introduction

Predation is considered one of the most important factors determining species distribution and
abundance (Sih et al. 1958, Hairston et al. 1960, Janzen 1966, Scheirs & De Bruyn 2002). As 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 strata in
the forest litter, canopy and understory (Basset et al. 1992, Lowman 1995, Malhi et al. 1999, Basset et
al. 2003). Spatial heterogeneity and quantity of diet are positively correlated with amount of biomass
(Polish & Winemiller 1996). This correlation positively affects (i) overwintering sites, (ii) magnitude
of abiotic stressors, and (iii) access to alternative prey (Halaj et al. 2000, Langellotto & Denno 2004,
Riihimiki et al. 2006). Therefore, differences in biomass partitioning along forest strata can alter the
abundance of predators towards strata with the greatest amount of biomass (De Dijn 2003, Vance et al.

2007).

This information can be useful in testing 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 strata 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, Weseloh 1988, Loiselle & Farji-Brener 2002). The main
disadvantages of recent predation experiments are that they (i) focus only on a few predators (mostly
ants and birds), (ii) were carried out only in one or two vegetation periods, and (iii) do not show
diurnal or seasonal variability of predation rate in different forest strata (Weseloh 1988, Olson 1992,

Floyd 1996, Novotny et al. 1999, Loiselle & Farji-Brener 2002, Lichtenberg & Lichtenberg 2003).



Insect predators are poikilothermic, and so factors like temperature, humidity and solar radiation
influence their activity. Therefore, it can be assumed that the forest layer with highest predation rate
will not be invariant but rather will change through the day and growing season. A final predation rate
will be determined by a spatial and temporal interaction of biotic and abiotic factors (Floyd 1996,

Heard et al. 2006).

The majority of predation experiments have been conducted using predator exclusion
techniques (Holmes 1979, Steward et al. 1988, Marquis & Whelan 1994). While these techniques can
be used to evaluate absolute predation pressure, they (i) cannot identify particular carnivores, (ii) are
scarcely 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).

It is assumed that there should be variation of predation pressure in relation to i) various
habitats within a plant, ii) different types of forest habitat, and iii) diverse predator abundance and
species. To test this hypothesis, we measured relative predation at a tree’s base, trunk and leaves. Our
research provides more precise information as to spatio—temporal variability of insect predators with

major emphasis on differences in predator pressure and composition among forest strata

Materials and Methods

Sampling

The research was conducted in temperate flood-plain forest along the River Odra in the Czech
Republic. Two sites within the Poodri Protected Landscape Area were chosen for field experiments
(NR Polansky les and NNR Polanska niva). Predation rate was observed from April to September

during 2003-2008.

Relative predation pressure was measured as the number of attacked baits (assumed from

Novotny et al. 1999) pinned onto the base of a tree, the trunk and leaves, thus representing three



different forest microhabitats along the vertical gradient. Each sample consisted of 20 baits that were
fixed at the microhabitats of one tree (the baits on leaves were mounted on their upper surface). After
30 minutes of bait exposure, we counted the number of attacked baits and visually identified predator
taxa. As bait we used living larvae of the blowfly Calliphora vicina Robineau-Desvoidy, 1930
(Diptera, Calliphoridae). Larvae were pinned using entomological pins and fixed in the abdominal part
to allow greater activity of the larvae and decrease their mortality during experiments. Entomological
pins were outfitted with small coloured markers (red and yellow) for better visibility to the

researchers.

The experiment was performed on the most abundant tree species Tilia cordata and T.
platyphyllos. To exclude potential effect of horizontal stratification, half of the experiments were
performed at the forest edge and half within the forest interior. In total, we analysed 2382 samples

(47640 baits).

Data analysis

Relationships among predation rate (treated as probability of bait attack within one sample) and
studied factors (microhabitats and growing season) were tested using generalized additive mixed
models using penalized quasi-likelihood (GAMM) with binomial error distribution (link logit). Models
were controlled for overdispersion (Pinheiro and Bates 2000). The best and the most parsimonious
model based on the lowest Akaike information criterion was fitted by forward selection. Individual
month was used as random variable and was nested within the years. The variables year, time and
month were smoothed by cubic regression spline. Degree of smoothness for GAMM model terms was

estimated using the generalized cross validation criterion.

As we cannot expect a linear response of species, we use canonical correspondence analysis
(CCA) to test whether the structure of predator guild differed between strata. Species data were
centred by species and logarithmic transformation of predator frequency was used. Significance of

canonical axis and explanatory variables was tested by Monte-Carlo permutation test. Data were



analysed using the statistical programs R (R Development Core Team 2009) and Canoco (Ter Braak &

Smilauer, 1998).

Results

We recorded 3167 attacks of baits by predators in our study. Ants were the most abundant
predator observed in our experiment (61%, N = 1,935), followed by wasps (11%, N = 358), birds
(10%, N =325), Carabidae (7%, N =237), Opilionida (4%, N =118), Araneidae (1%, N =33),
Staphylinidae (1%, N = 28), Mecoptera (1%, N = 24), and Heteroptera (1%, N = 20). Other predator
taxa represented only a small proportion of attacks. Three species of ants were distinguished in our
experiment. The greatest proportion of predation within ants was by Myrmica rubra (54%), followed

by Lasius brunneus (26%) and Lasius platythorax (20%).

The generalized additive model reveals that predation rate varied significantly between the
studied microhabitats (Table 1) and held to the same pattern in all studied years (Fig. 1). Significant
interaction between forest type (forest edge versus interior) and forest levels was proven (Table 1). In
the forest interior, predation rate was highest at the base of the tree (Fig. 2). On the other hand, the
difference between predation rate 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. 3),
primarily by ants. In addition, CCA analysis shows that different species of predators directed their
activity to different microhabitats within the tree (Fig. 4). The high significance of environmental

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

Predation rate was significantly lowest on the leaf and trunk (Fig. 3). This significantly lower
predation of those microhabitats was due to the lesser activity of ants in these microhabitats (Fig. 4.).
Baits fixed on leaves and trunks were typically attacked by wasps (Vespula vulgaris) and birds

(Passeriformes) (Fig. 4.).



Discussion

Experimental design

Our data collection technique did not allow us to assess real predation rate because
immobilization of the baits imposes the impossibility of its 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.

During the fixing of baits, we try to avoid bias caused by larvae immobility. We strive not to
damage the bait, because this can cause early death and attract unwanted insect taxa. Church (1997)
proved that birds can distinguish among different colours of baits. Therefore, we did not try to situate
the research in the same place and same locality. The experiments were made repeatedly over longer

periods of time.

Selecting the right baits is very important for this kind of experiment. Novotny et al. (1999)
and Olson (1992) used worker termites as bait, which comprise a typical prey in tropical ecosystems.
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

through the entire vegetation period, (ii) be one having no defensive mechanism, (iii) be edible.

Vertical stratification of predation

We proved significant variation in predation rate between forest layers (Table 1.). Studies
from tropical rain forest also have shown significant variability among forest levels, but the location of
highest predation rate differs 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 smallest 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. The activity of the
majority of tropical insects is situated in the canopy, and that is why the predation pressure occurs
mainly in this stratum (Basset et al. 1992, 2001, 2003). In a temperate ecosystem, the difference in
biomass production between canopy and forest litter is not so great. Therefore, predation activity will
be influenced by the environmental condition, which in temperate ecosystems is more stable and

suitable in the understory than in the canopy (Lowman 1995, Basset et al. 1992, Basset et al. 2003).

Variability in predation between forest strata can reflect 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 strata in
tropical versus temperate forest (Olson 1992, Floren et al. 2002, Davidson et al. 2003, Lichtenberg &
Lichtenberg 2003). In tropical forest, the canopy provides ants a more stable environment for building
nests and hunting prey (Briihl et al. 1998, Floren et al. 2002). In a temperate region, the majority of ant
species show strong affinity for foraging in forest litter (Lichtenberg & Lichtenberg 2003). This is
confirmed by the most dominant ant species in our work, Myrmica rubra, whose activity was
significantly directed to the forest litter and the behaviour of which corresponds to the ecology of this
species. These ants tend to forage in leaf litter because they find most of their prey there and also
obtain honeydew from aphids living on the roots (Wilson 1971). On the other hand, Lasius brunneus
exhibits a significant trend towards the trunk in its predation. Lasius brunneus builds its nests higher
above the ground in dead wood or under the bark, and therefore it mainly forages on the tree (Pisarski
& Vepséldinen 1989). Lasius platythorax builds its nests in rotten wood, and this may explain why we
did not detect its having a clear affinity for a particular habitat (Savolainen & Vepséldinen 1988). The
predation activities of the two less-dominant ant species were not so frequent as to alter the final
predation pattern, which was oriented towards forest litter. After ants, the main predators in the forest
litter were ground beetles, rove beetles and harvestmen. This type of predator tends to forage in wet
habitats, mainly leaf litter. Other important predators in this experiment were flying predators. These
predators (Vespula vulgaris, Aves, Cantharidae and Mecoptera) direct their activity to the leaves and

trunk, probably because of the higher temperature there which they need for flying (Lichtenberg &



Lichtenberg 2003). Wasps attacked baits dominantly at the edge of the forest on the leaves, and this
can explain the non-significant difference in predation rate between leaf and base of tree at the forest
edge. Predation by wasps and birds was significantly less than by ants in our analysis. Predation by
wasps started at the end of June and peaked in September. Wasps are much more sensitive to weather
than are ants, because wasps depend on habitats which are suitable for nest building (Madden 1981).
In our experiment, predation by wasps fluctuated among the years (data not shown). This fluctuation
was probably caused mainly by a shortage of habitats for nesting (Madden 1981). Ants exerted great
predation pressure through the entire vegetation season and had stable predation activity between
years (data not shown). Birds are assumed to be an important predator in temperate ecosystems
(Holmes 1979, Marquis & Whelan 1999). The negligible predation effect observed due to birds could
reflect the negative effect of winter starving. This induces birds to appear only in the most profitable

habitats (Dhondt et al. 1992). The highest predation by birds occurred through the nestling periods.

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

through the years (Fig. 3).

Results reported here mean that there exists a wide range of potential predators of insects in
different parts of the trees and a possibly high risk of predation on the ground. Highest predation risk
on the ground was caused mainly because of predation activity of Myrmica rubra species. We
demonstrate that high spectrum of predators should be included in predation experiments. Our study
suggests that ants, wasps and birds can be important predators of insects in the temperate forest. These
results also imply that we should not underestimate effect of seasonal changes on predation rate. Our

results support stable pattern in predation rate among forest levels during 2003-2008.
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(Figure 1) Effect of forest layers on predation rate. Y coordinates are predicted by generalized additive
mixed model using penalized quasi-likelihood. Median values with quartile range (box) and total

range (whiskers).
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(Figure 2) Interaction between predation rate in forest layers (ground, leaf, trunk) and forest type
(edge, interior). Y coordinates are predicted by generalized additive mixed model using penalized

quasi-likelihood. Median values with quartile range (box) and total range (whiskers).
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(Figure 3) Proportions of predation in forest layers through the years. Y coordinates are predicted by
generalized additive mixed model using penalized quasi-likelihood. Median values with quartile range

(box) and total range (whiskers).
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(Figure 4) CCA ordination graph showing 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 = Staphylinidae,
Araneida = Araneida, Vespa = Vespula vulgaris, Heteropt = Heteroptera, Canthari = Cantharidae,

Aves = Aves, Ensifera = Meconema thalassinum)
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(Table 1) Analysis of deviance for generalized additive mixed model using penalized quasi-likelihood
model testing factors influencing predation rate (“bs” representing cubic regression spline). Month

nested within the years was used as random variable.

Factors df F p-value
forest level 2 14.414 <0.001
bs(month) 3 37.802 <0.001
bs(year) 3 9.183 <0.001
bs(day time) 3 5.389 0.00108
place 1 3.836 0.06030
forest level:bs(year) 6 2.147 0.04542
forest level:forest type 6 5.108 <0.001

forest level:bs(month) 6 4.065 <0.001
bs(month):forest type 6 7.178 <0.001

R-square (adj) = 0.259

Dispersion parameter = 3.706828




(Table 2) Summary of Monte Carlo test in CCA model

Axes

I II. II1. Iv.

Eigenvalues
Species—environment correlations

Sum of all eigenvalues
Sum of all canonical eigenvalues

Test of significance of first canonical axis

Test of significance of all canonical axes

0.333 0.209 0.091 0.787

0.740 0.552 0.416 0.000

5.744
0.633
Foratio=11.022 p_yalue = 0.0005

F-ratio = 7.393 P-value =0.0005




(Table 3) Significance of environmental variables in CCA model.

‘l?;l?;;r;)lzmental 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




Ptiloha ¢. 6 — Seznam dalSich vystupi disertacni prace

Vysledky experimenti, které byly provedeny v rdmci mé disertacni prace, byly

prezentovany na né¢kolika védeckych konferencich:

Kréova M., Kocurek T. & Drozd P., 2003: Existuje predacni tlak na herbivory
v luznim lese? In: Bryja J. & Zukal J. (eds.): Zoologické dny, Brno 2003. Abstrakta
referatd z konference 13.—14.2.2003. Ustav pro vyzkum obratlovett AVCR, Brno.

Drozdova M., Sipo§ J. & Drozd P., 2008: Kompozice predatord hmyzu v
temperétnich lesnich ekosystémech. Zoologické dny, 14. — 15.2.2008, Ustav biologie
obratlovett AVCR, Ceské Budgjovice.

Drozd P., Dolny A. & Drozdova M., 2009: Diversity indices — magical numbers in
conservation biology. Book of Abstracts, 2nd European Congress of Conservation

Biology. 1.-5.9.2009 Prague: Czech University of Life Sciences.

Drozdova M., Sipo§ J. & Drozd P. 2009: Predation risk for insects living in moss
cushions: comparison between different strata of mountain forest. 3rd International

bryological meeting, 9.—13.6.2009. Vierves sur Viroin, Belgium.

Sipo$ J., Drozdova M., Drozd P., 2009: Stratifikace a kompozice predatori v
podhorském stupni Beskyd a Jeseniki. In: Bryja J., Rehak Z. & Zukal J. (eds.):
Zoologické dny — Brno 2009, Sbornik abstraktii z konference 12.—~13.2.2009. Ustav
biologie obratlovcit AVCR, Brno.
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