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Abstrakt

Prace obsahuje stru¢nou literarni reSerSi (v CeStin€) na téma proménlivost ve
strukturalni velikosti téla u hmyzu a manuskript védeckého ¢lanku (v anglicting)
predstavujici vysledky mého polniho vyzkumu. Velikost téla u dospélého hmyzu je
jednou z nejvice ekologicky relevantnich kvantitativnich charakteristik, které
predurcuji mnoho dalSich vlastnosti jednotlivych organismi, vcetné ekologickych,
fyziologickych i etologickych vlastnosti. U hmyzu je tizky vnitrodruhovy vztah mezi
velikosti téla a plodnosti samic, kdy plodnost se zvySuje se zvySenim velikosti téla.
Proto je wvnitrodruhova variabilita ve velikosti téla u hmyzu pomérné casto
studovana, avSak tyto studie jsou zpravidla zaméfeny na velkou prostorovou Skalu.
Na rozdil od téchto studii, tato prace vySetfuje variabilitu ve velikosti téla stfevliki
Anchomenus dorsalis a Poecilus cupreus v prostoru a ¢ase na malé skale. Brouci byli
sbirani na &tyfech polich v okoli Prahy-Suchdola, Ceské republika, na podzim 2009 a
2010, a na jare 2010, 2011 a 2012. U P. cupreus strukturalni velikost téla byla
signifikantn¢ ovlivnéna pohlavim (samice byly vétSi nez samci), avSak ¢asova ani
prostorova variabilita na malé Skéle nebyla objevena. Naopak, strukturalni velikost
téla u A. dorsalis byla signifikantné ovlivnéna pohlavim (samice byly vétsi nez
samci), polem, pfezimovanim (jedinci po piezimovani sbirani na jatfe byli vétsi, nez
jedinci pred prezimovanim sbirani na podzim), rokem, interakcemi pfezimovanixrok
a polexrok. Vysledky navrhuji, ze existence specifické velikosti, kterd ovliviiuje
mortalitu v pribéhu hibernace, se 1i§i mezi roky, pravdépodobn¢ diky konkrétnich
klimatickych podminek jednotlivych zim. Béhem vyvoje larvy se pole lisi v
podminkach prostiedi, coz vede k rozdilim ve strukturalni velikosti t€la u dospélych
stievlikii a navic podminky na jednotlivych polich se méni asynchronné v Case
(interakce polexrok). Tyto vysledky ukazuji, ze je dilezité provadét dlouhodoby
vyzkum (zahrnujici vice nez jeden rok), aby bylo mozné zaznamendvat nejen

prostorovou variabilitu, ale 1 Casovou variabilitu ve strukturalni velikosti téla hmyzu.

Klicova slova: zeméd€lska krajina, Poecilus cupreus, Anchomenus dorsalis,

strukturalni velikost téla, malé prostorové métitko, prezimovani.



Abstract

This work includes a brief review (in Czech) on variability in structural body size in
insects and the manuscript of scientific paper (in English) reporting results of my
own field research. Adult body size is one of the most ecologically relevant
quantitative traits that determine many other life-history traits of particular organism,
including ecological, physiological and ethological ones. In insects, there is quite
close intraspecific relationship between body size and fecundity in females, whereas
fecundity increases with increasing body size. Therefore, intraspecific variation in
body size relatively frequently studied, however these studies usually focus on large
spatial scale. In contrast, this study investigate variability in structural body size of
carabids Poecilus cupreus and Anchomenus dorsalis in time and space on small
scale. The beetles were collected in four fields near Prague-Suchdol, the Czech
Republic, in autumn 2009 and 2010, and in spring 2010, 2011 and 2012. In P.
cupreus structural body size was significantly affected by sex (females are larger
than males), however no temporal and small-scale spatial variability was observed.
In contrast, structural body size in A. dorsalis was significantly affected by sex
(females are larger in comparison to males) as well as by field identity,
overwintering (post-overwintering individuals collected in spring were larger in
comparison to pre-overwintering individuals collected in autumn), year,
overwinteringxyear interaction and fieldxyear interaction. Our results suggest that
existence of size-specific mortality during hibernation varies among years, probably
according to the specific weather conditions during particular winter. Fields differ in
environmental conditions experienced by larval stages, which results in differences
in adult structural body size and additionally conditions within particular fields
change asynchronously in time (fieldxyear interaction). These results show that it is
important to perform long-term research (spanning more than one year) in order to
record not only spatial variation, but also temporal variation in structural body size in

insects.

Key words: agricultural landscape, Poecilus cupreus, Anchomenus dorsalis,

structural body size, small scale, spatiotemporal variability, overwintering.
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1. Uvod

Velikost téla u dospélého hmyzu je napadny znak vSech organismi a jednou
znejvice ekologicky relevantnich kvantitativnich charakteristik (Blanckenhorn &
Demont 2004, Chown & Gaston 2010). Velikost téla pfeduréuje mnoho dalSich
vlastnosti  jednotlivych organisma, vcetné ekologickych, fyziologickych i
etologickych vlastnosti (Chown & Gaston 2010, Yom-Tov & Geffen 2011).
U hmyzu je Uzky vnitrodruhovy vztah mezi velikosti téla a plodnosti samic, kdy
plodnost se zvysuje se zvySenim velikosti téla (Hon€k 1993). T¢€lesna velikost tak
piimo limituje potencionalni (maximalni moznou) plodnost. Dosazena (realizovand)
plodnost je pro mnoho druhi (tzv. income breeders) naopak dana potravni nabidkou
pro dospélé jedince (Lovei & Sunderland 1996). Navic vétsi jedinci maji vyssi
uspéSnost pareni, zvySenou Zivotaschopnost a 1épe piezivaji pfezimovani nez mali
jedinci (Blanckenhorn et al. 2007b, Peixoto & Benson 2008, Kovacs & Goodisman
2012).

U mnoha druht musime také pocitat s pohlavnim dimorfismem ve velikosti
téla. Rozdily ve velikosti té€la mezi samci a samicemi, jsou bézné rozsifenym jevem
u mnoha druhti Zivo¢icht. Rozsah a smér pohlavniho dimorfismu ve velikosti téla se
znacné lisi mezi druhy i mezi populacemi v ramci druhu (Blanckenhorn et al. 2007a).
Vétsina z této variability ma geneticky zéklad, ale zjistilo se, ze rozdilna fenotypova
plasticita samcli a samic také miZze mit vliv na vnitrodruhovou variabilitu
u pohlavniho dimorfismu ve velikosti téla (Stillwell et al. 2010). U hmyzu jsou
typicky vetsi samice nez samci, ale ob¢as nalezneme i vyjimky, kdy je tomu naopak.
Také se u hmyzu objevuje vnitrodruhova proménlivost pohlavniho dimorfismu ve
velikosti téla, kterda mlze byt disledkem omezeni variability dan¢ho znaku (télesné
velikosti) v disledku silné stabilizujici selekce pisobici pouze na jedno pohlavi

(Blanckenhorn et al. 2007a, Chown & Gaston 2010).

Pohlavni vybér u samcti a selekce na vysokou plodnost u samic, jsou
pravdépodobné hlavnimi selekénimi silami, které upfednostiiuji vétsi velikost téla
u hmyzu. Vét§i samci maji Casto vyss$i uspéch pafeni diky kompetici mezi samci
nebo vybérem u samic. VEtsi samice maji veétsi plodnost a produkuji veétsi potomky.
Naopak vybér favorizujici malou velikost téla, mize byt zptisoben naptiklad tim, ze

vétsi velikost téla potiebuje del$i vyvoj a jedinci jsou vice ohrozeni mortalitou
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béhem larvalniho vyvoje (Blanckenhorn 2000). Selekce velké ¢i malé velikosti téla
muze vysvétlit mnohé z variability v pohlavnim dimorfismu ve velikosti téla mezi

taxony (Stillwell et al. 2010).

Pohlavni dimorfismus ve velikosti téla se liSi také mezi populacemi v ramci
druhu, coz mize byt dano geneticky, ale variabilita v pohlavnim dimorfismu
ve velikosti téla objevena v tzv. ,,zahradnich experimentech* poukazuje spis fenotyp
na vliv pohlavné specifické vyvojové plasticity. Samice bézné¢ odpovidaji
na podminky prostiedi odlisné nez samci, pfi¢emz mira odpovédi se 1i§i mezi druhy a

nékdy 1 mezi populacemi (Stillwell et al. 2010).

Vnitrodruhova proménlivost ve velikosti téla je Casto studovana na velkém
prostorovém méfitku, naptiklad zména velikosti s nadmotskou vySkou ¢i zemépisnou
Sitkou. V minulosti vzniklo mnoho pravidel pro vysvétleni variability ve velikosti
téla podél vyskovych i jinych zemépisnych gradientl, napiiklad Bergmannovo
pravidlo nebo inverzni Bergmannnovo pravidlo (Yom-Tov & Geffen 2011, Tsuchiya
et al. 2012). Bergmanovo pravidlo pivodné vyjadfovalo vztah zemépisné Siiky a
velikosti u teplokrevnych zivocichl (s rostouci Sitkou rostla i velikost téla), ale
casem se zjistilo, Ze toto pravidlo lze aplikovat i na hmyz. Opaény vzor vyjadiuje
inverzni Bergmannovo pravidlo, kdy velikost se snizuje s nadmotiskou vySkou
(Chown & Gaston 2010). U hmyzu zkoumali vliv nadmotské vysky a zemépisné
Sitky na télesnou velikost panové Blanckenhorn & Demont (2004). Navrhli, Ze
s rostouci nadmotiskou vyskou a zemépisnou Sitkou, velké druhy s typicky delsi
délkou vyvoje se stavaji mensimi (inverzni Bergmannovo pravidlo), zatimco mensi
druhy s krat$i délkou vyvoje se stavaji vétSimi (Bergmannovo pravidlo). To vede
k zavéru, Ze generacni Cas relativni k délce sezony je kritickym parametrem urcujici,

kter¢ pravidlo Ize aplikovat.

Zmény velikosti téla se zemépisnou $itkou a nadmotskou vyskou, mohou byt
zpusobeny bud’ adaptaci lokalnich populaci nebo fenotypovou plasticitou (Stillwell
2010, Tsuchiya et al. 2012). Casto je problematické odhalit, jaké mechanismy uréuji
rozdily velikosti t¢la, zda je to hlavné ovlivnéno geneticky nebo fenotypovou
plasticitou. Dilkaz, Ze proménlivost velikosti téla se zemépisnou Sitkou a
nadmoiskou vySkou ma geneticky zdklad poskytuji ,,zahradni experimenty*
(Blanckenhorn & Demont 2004). Tsuchia et al. (2012) zkoumali genetické rozdily a

fenotypovou plasticitu ve velikosti téla mezi populacemi z vysoké a nizké nadmotské
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vysky u stievlika Carabus tosanus a zjistili, ze vliv teploty (fenotypova plasticita)
na velikost té€la byl nizky ve srovnani s genetickymi rozdily mezi populacemi
pochézejicimi z rozdilnych nadmotskych vySek. Také Stillwell & Fox (2009)
ve svém vyzkumu objevili genetické rozdily mezi populacemi pro velikost téla,
plodnost a v teplotnich reakénich normach (vztah mezi fenotypem a teplotou
vyjadfenou genotypem; Angilletta et al. 2003), ale populace ve svych odpovédich
nebyly konzistentni. Z toho usuzuji, Zze vliv teploty na zmeénu velikosti téla
Spise jsou zde dalsi ekologické proménné, které by mohly urcovat velikost téla
(napriklad vlhkost, velikost hostitelskych semen a sezonalita — byl studovan druh
brouka vyvijejici se uvnitf semen bobovitych rostlin). Naopak, vliv fenotypova
plasticity na zmény velikosti téla mize byt zpiisoben napft.: zvySenim okolni teploty
pii chovu obecné vede ke zmensSeni velikosti téla u hmyzu, tento fenomén je znam

jako ,,temperature-size rule (TSR; Kingsolver & Huey 2008).

Zajimavosti je, ze existuje malo studii, které jsou zaméfeny na variabilitu
ve velikosti téla na malé prostorové Skale. Pro stievliky existuje jen jedna vyjimka,
Ostman (2005) studoval variabilitu ve strukturalni velikosti téla a kondici broukt
na 10 farmach okolo Upssaly ve Svédsku v pribéhu dvou let. Je dilezité
poznamenat, ze velikost téla mizeme méfit pomoci vice veli¢in. RozliSujeme
strukturalni velikost téla (naptiklad délka krovky) nebo télesnou hmotnost (Knapp &
Knappova 2013). Strukturalni velikost téla je uréena béhem juvenilniho vyvoje a je
ovlivnéna genetickymi predispozicemi, stejné tak jako teplotou (viz TSR) ¢i kvalitou
a kvantitou potravy (Bommarco 1998a, Karino et al. 2004). Na rozdil od ni je télesna
hmotnost dospélého hmyzu Casto urc¢ena podminkami prostiedi (naptiklad potravni
nabidkou), které zazije dospélec (Lovei & Sunderland 1996, Chaabane et al. 1997,
Bommarco 1998a). Imaga stevlikll jsou potravné limitovana a to mize mit hlavni
vliv na jejich reprodukéni uspéch (Bilde & Toft 1998, Bommarco 1998b), kviili tomu
je variabilita v kondici stievliku ¢asto studovana (napi.: Bommarco 1998a, Ostman et
al. 2001, Barone & Frank 2003, Knapp & Knappova 2013). Stievlici maji dokonalou
proménu a rtizna zivotni stadia obsazuji rizné ekologické niky, naptiklad vyuZzivaji
odli$nou potravu, i kdyz se vyskytuji na stejné lokalité¢ (Lovei & Sunderland 1996,

Bommarco 1998b). Tudiz télesna hmotnost dospélych stfevlikli nemusi byt v tizkém



vztahu se strukturdlni velikosti téla. AvSak studie, které zkoumaji variabilitu ve

strukturalni velikosti t&la stievliki, jsou vzacné (viz Ostman 2005).

1.1 Strevlici

Stievlici (Coleoptera: Carabidae) jsou zajimava a druhové velmi rozmanité
celed’ broukt. Maji rizny tvar, barvu a velikost téla a diky tomu se stali atraktivni
pro profesiondlni i amatérské entomology. Stfevlici maji kosmopolitni rozsifeni
(nalezneme je téméf vSude na zemi), obyvaji témei vSechny oblasti terestrickych
biotopti véetnd pousti a najdeme je i v jeskynich (Lovei et al. 1996). Casto maji
uzkou vazbu na biotop a mohou slouzit jako bioindikatory (Holland 2002), jsou
uspéSné pouzivani jako uzite¢ny nastroj pii monitorovani a detekci zmén v zivotnim
prostiedi (Rainio & Niemeld 2003).

Mnoho druht stfevliki se zivi jako predatofi, ale nékteré druhy se Zivi 1
rostlinnou potravou. Jednotlivé druhy se lis§i i svymi disperznimi schopnostmi.
Existuji zde druhy, které neztratily schopnost létat (makropterni) a druhy se
zkracenymi kiidly (brachypterni) nebo dokonce upln¢ bez kiidel (apterni; Lovei et al.
1996). Nékteré druhy maji tu zvlastnost, ze schopnost 1état maji jen néktefi jedinci
v populaci ¢i jen nékteré populace (kiidelni polymorfismus). Disperzni vlastnosti
mohou byt velmi dilezité, jelikoz ptezivani druhil je zavislé na jejich schopnosti se
rozSifovat. Obecné brouci, ktefi maji niz$i abundanci, maji horsi disperzni schopnosti
a naopak (Holland 2002). Fenologie u stievlikii je rozmanitd, nékteré¢ druhy
pfezimuji jako dospélci a jiné jako larvy. U nékterych druhii dochazi k diapause
(letni nebo zimni) a to také v rozlicné fazi zivotniho cyklu. Stievlici jsou vhodnymi
modelovymi organismy, protoze je vyrazné ovlivituje zeméd¢lsky management i
krajinna struktura (Lovei et al. 1996), jsou tedy znacné€ vystaveni prostorové a casoveé

variabilité, coz z nich délad vhodnymi druhy pro tuto studii (Holland 2002).

Vétsina druht stfevlikl je univoltnnich, maji tedy jen jednu generaci za rok,
1 kdyZ dospélci téchto druhtit mohou prezivat 1 déle nez jednu sezénu (Holland 2002).
Mnoho druhti stfevlikii jsou no¢ni organismy (Lovei et al. 1996). Kvili
rozmnozovani a prezimovani jsou stfevlici nejaktivnéjsi na jate a na podzim, na jate

vyhledavaji brouci partnera a samice hledaji misto pro nakladeni vaji¢ek, na podzim
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si stfevlici hledaji stanovisté pro pfezimovani a migruji z poli na jejich okraje (Lovei

et al. 1996).

Dilezity faktor timrtnosti dospélcii je predace a potravni nabidka. Larvy jsou
ohroZeny parazitaci ¢i patogeny (Lovei et al. 1996). Holland (2002) uvadi, ze
pfezivani broukii v zeméd¢lské krajiné je dano také tim, jestli zde bude dostatecné
vhodnych mist pro pfezimovani, protoze prezimujici stfevlici uvniti poli jsou vice

postizeni zemé&d¢€lskymi operacemi nez strevlici, ktefi hibernuji na hranicich poli.

Stievlici jsou prospéSnymi organismy, zivi se Skiidci mnoha plodin a dokazi
prodlouzit periodu mezi pfemnozenim hmyzich Skidct (Lovei et al. 1996,

Bommarco 1998a, Ostman et al. 2001).

1.2 Studované druhy

Anchomenus dorsalis (obr. 1) (Pontoppidan, 1763) (Coleoptera: Carabidae) a
Poecilus cupreus (obr. 2) (Lineaus, 1758) (Coleoptera: Carabidae) jsou generalisté
otevienych biotopt. Lisi se velikosti téla, 4. dorsalis je dlouhy asi 5.6 — 7.7 mm a
P. cupreus je dlouhy okolo 9.6 — 14.0 mm (Hurka 1996). Oba druhy se bézné
vyskytuji v zeméd¢elské krajiné a nalezneme je také na orné pudé¢ (Holland 2002).
Dulezitou roli v zivoté stfevlikil hraji meze, které jim poskytuji prostor pro jejich
prezimovani, slouzi jako biotop s dostateCnymi zdroji potravy a jsou vhodné
k reprodukci (Bommarco 1998a, Holland 2002). Reprodukce u A. dorsalis a
P. cupreus probiha na jate, larvy rostou béhem Iéta a dospélci vykukleni na konci
léta nasledné prezimuji. Po vétSinu roku se pohybuji po nohou, ale jsou schopni i
létat, cehoz vyuzivaji hlavné na jafe (Holland 2002). Oba druhy jsou polyfagni
predatofi mnoha druhti ¢lenovct, pii¢emz nékteré z nich jsou povazovany za sktdce,
naptiklad razné druhy mSic. A. dorsalis a P. cupreus jsou tedy oznaCovani
za prospeésné organismy s potencidlem biologické kontroly (Zangger 1994, Lovei &

Sunderland 1996, Bommarco1998a, Ostman 2001, Holland 2002).
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Obr. 1 - Anchomenus dorsalis (zdroj: www.naturephoto-cz.com)

1.3 Zemédélska krajina

Zemédélstvi prodélalo v posledni dekadé znacné zmény, od ptechodu
extenzivniho zemédé€lstvi az po intenzifikaci managementu s velkymi vstupy
agrochemikalii (Holland & Luff 2000). Intenzivni hospodateni s pouzitim pesticidl a
umélych hnojiv snizuje kvalitu a homogenizuje biotopy, které jsou dulezité

pro mnoho druht hmyzu (Holland 2002). Pasobeni pesticidii na stfevliky mizeme
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rozdélit na pfimé (napf.: pfimé usmrceni vlivem toxicity) a nepifimé (napf.: subletalni

vlivy jako disledek nedostatku potravy).

Struktura krajiny a jeji heterogenita pravdépodobné ovliviiuje fitness
Clenovcl, hlavné predatorti, ktefi se pohybuji krajinou a setkdvaji se s mnoha
riznymi biotopy, které se 1i$i mikroklimatem, potravni nabidkou i moznosti ukrytu
(Bommarco 1998a, Ostman et al. 2001). Velikost t&la jedincii miize byt také
ovlivnéna strukturou krajiny. Napiiklad Bommarco (1998a) zkoumal vliv krajinné
struktury na kondici, velikost téla a plodnost a zjistil, ze velikost t¢la a kondice je
vy$$i na menSich polich a naopak, plodnost byla negativné ovlivnéna s rostoucim
zastoupenim jednoletych plodin, velkou rozlohou pole a nizkym pomérem obvodu
k plose. Mnohem castéji se studuje vliv zemédélstvi a krajinné heterogenity
na kondici jedincti (Bommarco 1998a, Ostman et al. 2001). Naptiklad Ostman et al.
(2001) ve své praci zkoumali vliv farmateni a krajinné komplexity a jejich vliv
na kondici stfevlikl. Zjistili, Zze kondice broukd je vys$Si na farmach, které byly
obhospodaiovany extenzivné, mély nizs§i pomér obvodu k plose a vétsi diverzitu

plodin.

Jednotlivd pole jsou casto rozdélena neobhospodafovanymi liniovymi
biotopy, které jsou oznaCovany jako meze nebo travni pasy (Holland & Luff 2000).
Vliv mezi na strukturni velikost téla odhalili Zangger et al. (1994), kdy porovnavali
délku krovky jedincii chycenych na polich a na mezich a zjistili, Ze samice mély vétsi

krovku na mezich.

Agroekosystémy se zdaji byt vhodnym systémem ke studiu prostorové
a Casove¢ variability ve velikosti téla hmyzich predatori na malém prostorovém
méfitku, jelikoz potravni nabidka se muze liSit mezi jednotlivymi poli v zavislosti
na jejich vlastnostech, jako je rozloha pole, druh plodin nebo zemédélsky
management (Bommarco 1998a, Ostman et al. 2001). Navic v agroekosystémech se
vyskytuje nékolik pocetnych druha stievlikl, které z nich délaji vhodné modelové

druhy pro studium ¢asoprostorové variability ve strukturdlni velikosti téla.

1.4 Prezimovani
Jak uz bylo zminéno vyse, hranice poli (meze) jsou dilezité pro piezimovani

sttevlikli. Pro uspésné prezimovani je také dilezita teplota. Pritbéh teploty béhem
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zimy muze pusobit odlisné€ na rizné druhy stievlikii. Naptiklad u Bembidion lampros
mortalita byla vyssi, kdyZz zima byla mirnd, ale béhem zimy se vyskytlo né¢kolik dnt,
kdy teplota klesla hluboko pod nulu. Naopak, kdyz byla teplota celou zimu
pod nulou a konstantni, tak amrtnost byla nizka. Mortalita byla také vysoka, kdyz
tydné teplota kolisala od -2C°do +6C° (Petersen et al. 1996). Van Dijk (1994) nasel
vztah mezi uspéSnym prezivanim a mnozstvim potravy na podzim. Kdy Calathus
melanocephalus m¢l niz§i mortalitu, kdyz brouci meéli dostatek potravy proti
broukim, ktefi hladovéli, ale musim poznamenat, ze signifikantni vztah mezi
uspéSnym piezimovanim a mnozstvim shroméazdéné potravy nasel pouze pro jeden

rok z dvouletého vyzkumu.

Typické pro A. dorsalis a P. cupreus je to, ze pirezimuji na hranicich poli
(Andersen 1997). Brouci se na podzim a brzy na jafe shromazd'uji na mezich
v blizkosti pole, coZ umoziuje nasbirat velky pocet jedincii. Navic podzimni a jarni
sbéry broukli umoznuje zkoumat efekt prezimovani na strukturdlni velikost téla,
napt.: specificka velikost zimniho pfezivani. Zimni mortalita je jednou z hlavnich
pficin umrti dospélct 1 juvenild a u nekterych druhii dosahuje az 90% (Leathers et al.

1995).

1.5 Cile prace (experimentu)
V této studii zkoumdm prostorovou a casovou variabilitu ve strukturalni
velikosti téla dvou druht stievlikti: Anchomenus dorsalis a Poecilus cupreus

v zemédelské krajing. Polozila jsem si ndsledujici otazky:
1) Lisi se strukturalni velikost téla broukt mezi jednotlivymi poli?
2) Lisi se strukturalni velikost téla broukti mezi roky?

3) Lisi se strukturalni velikost téla brouki mezi podzimem a jarem (vliv

pfezimovani)?
4) Lisi se strukturdlni velikost téla mezi samci a samicemi?

5) Existuje néjaky komplexnéjsi efekt vySe uvedenych proménnych na strukturalni

velikost téla broukt reprezentovanych jejich interakcemi?
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Manuskript

Small-scale spatiotemporal variability in body size of two

common carabid beetles in agricultural landscape

Zkoumané pole nedaleko Lysolaji, jaro 2011 (foto Eliska Baranovska).
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Abstract

Adult body size is one of the most ecologically relevant quantitative traits that
determine many other life-history traits of particular organism, including ecological,
physiological and ethological ones. In insects, there is quite close intraspecific
relationship between body size and fecundity in females, whereas fecundity increases
with increasing body size. Therefore, intraspecific variation in body size relatively
frequently studied, however these studies usually focus on large spatial scale.
In contrast, this study investigate variability in structural body size of carabids
Poecilus cupreus and Anchomenus dorsalis in time and space on small scale. The
beetles were collected in four fields near Prague-Suchdol, the Czech Republic, in

autumn 2009 and 2010, and in spring 2010, 2011 and 2012. In P. cupreus structural
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body size was significantly affected by sex (females are larger than males), however
no temporal and small-scale spatial variability was observed. In contrast, structural
body size in A. dorsalis was significantly affected by sex (females are larger in
comparison to males) as well as by field identity, overwintering (post-overwintering
individuals collected in spring were larger in comparison to pre-overwintering
individuals collected in autumn), year, overwinteringxyear interaction and fieldxyear
interaction. Our results suggest that existence of size-specific mortality during
hibernation varies among years, probably according to the specific weather
conditions during particular winter. Fields differ in environmental conditions
experienced by larval stages, which results in differences in adult structural body size
and additionally conditions within particular fields change asynchronously in time
(fieldxyear interaction). These results show that it is important to perform long-term
research (spanning more than one year) in order to record not only spatial variation,

but also temporal variation in structural body size in insects.

Key words: Anchomenus dorsalis, Poecilus cupreus, agroecosystem, structural body

size, spatiotemporal variation, overwintering.

INTRODUCTION

Adult body size is noticeable feature of each organism and one of the most
ecologically relevant quantitative individual characteristic (Blanckenhorn & Demont
2004, Chown & Gaston 2010). Individual body size determines many other life-
history traits of particular organism, including ecological, physiological and

ethological traits (Chown & Gaston 2010, Yom-Tov & Geffen 2011). In insects,
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there is quite close intraspecific relationship between body size and fecundity in
females, whereas fecundity increases with increasing body size (Hon¢k 1993). In
addition to higher fecundity, bigger individuals commonly have higher mating
success, enhanced longevity and winter survival in comparison to smaller ones

(Blanckenhorn et al. 2007b, Peixoto & Benson 2008, Kovacs & Goodisman 2012).

Intraspecific variation in body size is frequently studied at large spatial scale,
e.g. variation along latitudinal or altitudinal gradients. Such variation in body size at
large scale stimulated searching for zoogeographical rules, for example Bergmann’s
rule or converse Bergmann’s rule (Yom-Tov & Geffen 2011, Tsuchiya et al. 2012).
In insects, continuum of latitude and altitude effects on body size was reported by
Blanckenhorn & Demont (2004), who suggest that with increasing latitude or altitude
and thus decrease temperature, specimens of large species with typically longer
developmental time become smaller (converse Bergmann’s rule), whereas specimens
of smaller species with typically shorter developmental time become bigger
(Bergmann’s rule). Changes in body size with altitude or latitude could be caused
either by adaptation of local populations or by phenotypic plasticity (Stillwell 2010,
Tsuchiya et al. 2012). For example, increase in rearing temperature generally leads to
decrease in body size in insects, phenomenon known as temperature-size rule (TSR;

Kingsolver & Huey 2008).

Interestingly, studies focused on small-scale spatial and temporal variation in
body size are lacking. To our knowledge, the only exception for carabids is study
performed by Ostman (2005), who studied variation in structural body size and body
condition of beetles on 10 farms around Uppsala in Sweden in two subsequent years.
It is important to note that two different measures of body size could be measured:

structural body size (e.g. elytron length) and body mass (sometimes corrected for
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structural body size and called “body condition”; Knapp & Knappova 2013).
Structural body size is determined during juvenile development and is affected by
genetic predispositions as well as by temperature (see TSR above), food quantity and
quality (Bommarco 1998a, Karino et al. 2004). In contrast, adult body mass (body
condition) in income breeding insects is determined by environment condition, e.g.
food availability, experienced by adults (Lévei & Sunderland 1996, Chaabane et al.
1997, Bommarco 1998a,). Adult carabids are known to be food limited as adults,
which could have substantial effects on their reproductive success (Bilde & Toft
1998, Bommarco 1998b), thus variation in body condition (body mass) is frequently
investigated (e.g. Bommarco 1998a, Ostman et al. 2001, Barone & Frank 2003).
Carabids have complex life-cycles and different life stage can occupy various niches
and experience diverse environmental conditions, e.g. food availability, at the same
locality (Lovei & Sunderland 1996, Bommarco 1998b). Thus, adult body condition
(body mass) may not to be tightly correlated to structural body size. However,
studies investigating variability in structural body size of carabids are rare (but see

Ostman 2005).

Agroecosystem seems to be suitable habitats to study small-scale spatial and
temporal variation in body size of predatory insects as food availability could vary
between particular fields in dependence on their properties, e.g. field area, crop
identity or agricultural management applied (Bommarco 1998a, Ostman et al. 2001).
Moreover, agroecosystems host several ubiquitous and abundant carabid species,
which makes them suitable for performance of a study investigating spatio-temporal
variation in structural body size. These species typically overwinter out of arable
land in baulks (Andersen 1997), so beetles are aggregated in field margins in autumn

and in early spring, which makes possible to collect large numbers of specimens. In
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addition, autumn and spring sampling enable to investigate effect of overwintering
on structural body size, i.e. size-specific winter survival. Winter is thought to be
period with substantial mortality risk for temperate insects, reaching up to 90% in

some species (Leathers et al. 1995).

In present study, we investigate small-scale spatial and temporal variation in
structural body size (thereafter SBS) of two carabid beetles: Anchomenus dorsalis
and Poecilus cupreus in agricultural landscape. We address the following questions:
1) Does SBS vary among particular fields?; 2) Does SBS vary among years?; 3)
Does SBS differ between autumn and subsequent spring?; 4) Does SBS vary
between males and females?; 5) Is there any more complex effect of above

mentioned variables on SBS represented by their interactions?

MATERIAL AND METHODS
Study species

Poecilus cupreus (Lineaus, 1758) (Coleoptera: Carabidae) and Anchomenus dorsalis
(Pontoppidan, 1763) (Coleoptera: Carabidae) are open habitat generalist species
differing in body size, A. Dorsalis is 5.6 — 7.7 mm long and P. cupreus is 9.6 —
14.0 mm long (Hurka 1996). Both are common in agricultural landscapes and
frequently occur also in arable fields (Holland 2002). However, non-crop habitat
plays crucial role for their overwintering and reproduction (Bommarco 1998a,
Holland 2002). A. Dorsalis and P. cupreus are typical spring breeders, i.e. species
reproducing in spring and early summer, larval growth takes place during summer
and overwintering stage are adult beetles. Both species are polyphageous predators

of diverse arthropods including these considered as serious pests, e.g. aphids, thus 4.
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Dorsalis and P. cupreus are classified as beneficial organisms with biocontrol
potential, (Zangger 1994, Lovei & Sunderland 1996, Bommarco1998a, Ostman

2001, Holland 2002).
Experimental design

Carabid beetles were collected repeatedly in four arable fields situated few
kilometers north-west of Prague, the Czech Republic (Figure 1). Fields are distanced
few kilometers from each other and they differed in size (area). All fields were
conventional managed during sampling period (2009-2012). Within each field two
field margin sites, one neighbouring forest boundary and second neighbouring grassy
boundary, were sampled using pitfall traps. Traps were made of plastic gutters 80 cm
long, 15 cm wide and 15 cm deep, which were buried in the ground. The rim of the
traps was precisely flushed with the soil level to enhance trap efficiency for smaller
specimens. So-called “live traps” were employed, i.e. traps were not filled with any
conservation fluid. Each trap was covered by metal plate (90 x 30 cm) made of
aluminium, fixed by large (15 cm long) nails. At each site (neighbouring forest or
grassy boundary) three pitfall traps were operated. Traps were emptied every other

day.

At the same sites, beetles were collected in autumn (October) 2009 and 2010,
and in spring (April) 2010, 2011 and 2012. At each site in each sampling period we
tried to collect at least 40 specimens per particular species (4. dorsalis or P.
cupreus), i.e. at least 80 specimens per particular species per field. Live beetles were
transported to the laboratory, killed by freeze and stored in a freezer at -20°C until
sample processing. Before size measurement was realized, specimens of particular
species from particular site and particular sampling period were sexed and 15 males
and 15 females were selected at random. If there were fewer than 15 males or
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females per site, then all available specimens were used. Elytron length, hind femur
length and pronotum width were subsequently measured for all selected specimens
using digital calliper with a precision to 0.01 mm. However it is a common practice
to measure only one size, it was shown that measurement of more sizes is meaningful
in carabids, because individuals of particular length could be either wide or thin

(Knapp & Knappova 2013).

In A. dorsalis we analyzed two datasets: overwintering dataset (A1) consisted
of two autumn sampling events (2009 and 2010) and two spring sampling events
(2010 and 2011); long-term dataset (A2) consisted of three spring sampling events
(2010, 2011 and 2012). Low abundances or activity of P. cupreus in some sampling
events resulted in insufficient numbers of collected specimens from some sites.
Therefore, we had to analyze only limited datasets for this species. Overwintering
dataset for P. cupreus (P1) consisted of one autumn sampling event (2009) and one
spring sampling event (2010). Long-term dataset for P. cupreus (P2) consisted of

two spring sampling events (2010 and 2011).

Statistical analyses

To analyze effects of sex, field, overwintering (autumn or spring), year and their
interactions on body size, we employed direct multivariate ordination techniques
called Redundancy analysis (RDA). All three measured sizes, i.e. elytron length,
hind femur length and pronotum width, were used as dependent variables. Data were
analysed separately for particular datasets (A1 and A2 for 4. dorsalis and P1 and P2
for P. cupreus; see above), whereas all possible environmental variables (e.g., sex,
field, year for A2 dataset) and their interactions were included for each particular

dataset.
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At first step significant terms were identified using forward selection
procedure and significance of final model (all canonical axes together) was tested
using randomisation test with 999 permutations. Subsequently net effects of
particular significant terms were analysed and tested. For such purposes all other
significant terms in particular model were used as covariates and randomisation tests
with 999 permutations were performed under restricted permutation scenarios
(permutations were made only within blocks defined by main effect covariates, i.e.
non-interaction covariates). All analyses were performed in Canoco for Windows 4.5

software (ter Braak & Smilauer, 2002).

RESULTS

In total, we collected and measured 1133 individuals of 4. dorsalis (934 were
analyzed in overwintering dataset A1 and 677 were analyzed in long-term dataset
A2) and 683 individuals of P. cupreus (468 were analyzed in overwintering dataset

P1 and 455 were analyzed in long-term dataset P2).

Body size in 4. dorsalis was significantly affected by sex (females are larger
in comparison to males), field of origin, overwintering (post-overwintering
individuals collected in spring were larger in comparison to pre-overwintering
individuals collected in autumn) and overwinteringxyear interaction (Table 1; Figure
2). Effect of sampling year was not significant in overwintering dataset (2 years
sampling; RDA: F = 2.77, P = 0.085), but it became significant when long-term data
were analyzed (3 years sampling; RDA: F =4.02, P = 0.013). In long-term dataset,

there was also significant fieldxyear interaction (Table 2; Figure3).

In P. cupreus, body size was significantly affected by sex (females are larger

than males; RDA: overwintering 1 year dataset: F = 5.31, P = 0.009; long-term 2
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years dataset: F = 9.66, P = 0.002). There was no significant effect of field of origin
(RDA; overwintering 1 year dataset: F = 3.11, P = 0.059; long-term 2 years dataset:
F = 2.84, P = 0.069) neither sampling year (RDA; long-term 2 years dataset: F =

1.48, P =0.217).

DISCUSSION

There are only few studies investigating small-scale spatial and temporal variation in
structural body size in insects. The only study on carabid beetles was published by
Ostman (2005), who studied variation in structural body size and body condition of
carabid beetles in two subsequent years at several farms in Sweden. To our
knowledge, this is the first study investigating effect of winter period on shift in
structural body size of carabid beetle within populations, i.e. size-dependent winter
mortality in natural conditions, at several sites in two subsequent years. Our results
indicate that structural body size in Anchomenus dorsalis differed between autumn
and subsequent spring, varied among sites and this spatial variation was
asynchronous through time. Interestingly, in second studied species (Poecilus
cupreus) there were no significant effects of site, overwintering or sampling year on
structural body size. Possible cause is higher within sample variability in body size in
P. cupreus in comparison to A. dorsalis. Structural body size in both species was
significantly influenced by sex, whereas females were larger than males. Female
biased sexual size dimorphism in investigated species is in agreement with general
trend observed in insects (Blanckenhorn et al. 2007a). Bigger females are able to
reach greater fecundity (Honc¢k 1993), thus body size in females is under strong

selection favoring larger size (Stillwell et al. 2010).
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Structural body size in 4. dorsalis was significantly affected by
overwintering, specimens of species collected in autumn were bigger than these
collected in subsequent spring. Possible explanation for this pattern is size-dependent
winter mortality (i.e. large individuals have higher probability of surviving). As adult
structural body size is determined during preimaginal development (Bommarco
1998b, van Dijk 1994), it is possible that survival of beetles during winter is
indirectly influenced by food and temperature experienced during preimaginal
stages. Interestingly, structural body size differed between beetles collected in
autumn and in subsequent spring mainly during winter in 2010-2011 (there was
significant interaction between overwintering and year). Season-specific effect of
physiological condition on winter survival in carabids has been previously reported
by van Dijk (1994). Winter mortality in insects is substantially affected by
temperature and other environmental condition (Petersen 1996, Leathers et al. 1995).
Carabids could suffer from extremely low winter temperatures causing chill injuries
as well as from mild winters causing depletion of energy reserves, whereas probably
the most unfavourable conditions correspond to temperature fluctuations around zero
point (Petersen 1996). The course of winter temperatures differ strongly among
particular years in Central Europe, thus varying effects of overwintering on structural

body size is not surprising.

Variation in structural body size among particular years is probably caused by
year to year variation in environmental conditions. The weather, mainly temperature
and moisture, could substantially affect abundance of prey and thus determine
feeding conditions of carabid larvae (Bommarco 1998b). Moreover, preimaginal
growth and final adult structural body size are also affected by experienced

temperature per se. In general, body size of individuals experienced lower
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temperatures during preimaginal development is larger in comparison to these
experienced higher temperatures (so-called temperature-size rule; Kingsolver &

Huey 2008).

Variation in structural body size of 4. dorsalis among fields could be a result
of difference in local feeding conditions, which could be affected for example by
landscape parameters (structure) or by agricultural management taking place at
particular field (Ostman et al. 2001). Bommarco (1998a) reported that body size of
beetles increase as area of arable field and perimeter-to-area of particular field
decrease. However, it is difficult to identify particular causes of variation in
structural body size of beetles among fields in this study as only four fields were
investigated. It is important to note that just developmental plasticity (proximate
causes) is discussed above. However, variation in structural body size could be also
caused by local adaptation of particular populations (ultimate causes). But at small
spatial scale investigated in this study ultimate causes are unlikely. We assume that
beetles have been able to move among particular fields investigated. The majority of
ground beetles, including both species investigated in this study, have quite high
dispersal ability as they are able to fly (Holland 2002). Thus, high gene flow
probably leads to low level genetic differentiation in our study system (Lagisz et al.

2010).

Inconsistency of variation in structural body size of A. dorsalis among fields
in time (significant field and year interaction) could be caused by rotation of annual
crops grown. Crop identity and connected specific agricultural operations and their
timing may substantially alter environmental conditions within fields (Holland 2002,
Bommarco 1998a). Unfortunately, limited extent of our study (just four fields

investigated) do not allow to us to investigate effect of crop identity rigorously.
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In conclusion, structural body size in both investigated species was
determined mainly by gender. However, smaller portion of variation in body size of
A. dorsalis was also explained by field identity, sampling year, overwintering,
interaction of overwintering and year and interaction of field identity and year (i.e.
small-scale spatial and temporal). This study shows that it is important to perform
long-term research (spanning more than one year) in order to record not only spatial

variation, but also temporal variation in body size.
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Tables

Table 1

Effects of sampling site, sampling year and overwintering on structural body
size in Anchomenus dorsalis. Presented results are outcome of direct linear
multivariate ordination analyses (RDA) performed on dataset consisting of beetles
sampled repeatedly at four field sites in autumn and spring during two subsequent
years. Structural body size is represented by elytron length, hind femur length and
pronotum width. Final model presented in the table was selected using forward
selection procedure, whereas selection was made among following terms: sex, field,

overwintering, year and all their possible interactions.

Term F-value P-value R’
Forward selection Sex 216.51 0.001
Field 19.43  0.001
Overwintering 8.06 0.002
Year * 277 0.069
OverwinteringxYear 4.78 0.018
Net effects Sex 225.78 0.001 0.189
Field 10.60  0.001 0.027
Overwintering 7.98 0.004 0.007
Year” 2.77  0.085  0.002
OverwinteringxYear 4.78 0.027 0.004
all together ' 39.24  0.001 0.229

* there was no significant (at P = 0.05) main effect of year, however the term was

included in final model because of significant overwinteringxyear interaction

" represents final model (shown in Figure 2) including all above mentioned terms
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Table 2

Effects of sampling site, sampling year on structural body size in Anchomenus

dorsalis. Presented results are outcome of direct linear multivariate ordination

analyses (RDA) performed on dataset consisting of beetles sampled repeatedly at

four field sites in spring during three subsequent years. Structural body size is

represented by elytron length, hind femur length and pronotum width. Final model

presented in the table was selected using forward selection procedure, whereas

selection was made among following terms: sex, field, year and all their possible

interactions.

Term F-value P-value R’
Forward selection Sex 188.91 0.001
Year 6.29 0.013
Field 6.03 0.010
FieldxYear 15.85 0.001
Net effects Sex 193.62 0.001 0.219
Year 4.02 0.013 0.009
Field 3.83 0.009  0.013
FieldxYear 4.24 0.001 0.028
all together ' 20.33 0.001 0.269

" represents final model (shown in Figure 3) including all above mentioned terms
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Figure 1

Map of localities investigated in this study
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Investigated arable fields were situated near Prague-Suchdol, the Czech Republic
(GPS coordinates of centre fields: field 1 — 50°7°46.942°°N 14°21°37.574’E, field 2
50°8°28.480°’N 14°21°54.754’E, field 3 — 50°7°16.933’N 14°21°44.419"’E,

field 4 — 50°7°38.451°°N 14°19°30.361"’E).

-30 -



321

322

323

324

325

326

327

328

329

330

331

332

333

Figure 2

Effects of sex, field and interaction between overwintering and year on

structural body size in Anchomenus dorsalis.
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Ordination diagram displays results of redundancy analysis (RDA) performed on
"overwintering dataset" (Al — see materials and methods). Total variability in data
explained by environmental variables included in the final model was 22.9% (the
first canonical axis explained 22.1% of variability in data, the second canonical axis
explained 0.5% of variability in data; permutation test for all canonical axes: F =

39.235; P =0.001).
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Figure 3

Effects of field identity and year on structural body size in Anchomenus dorsalis.
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Ordination diagram displays results of redundancy analysis (RDA) performed on

"long-term dataset" (A2 — see materials and methods). Fields were classified by crop

type grown in particular year: squares represent field with cereal crop, circles

represent field with other crop than cereal (rape or poppy). Total variability in data

explained by field, year and their interaction was 5.0% (the first canonical axis

explained 4.6%, the second canonical axis explained 0.4%; permutation test for all

canonical axes: F=4.127; P=0.001; sex was used as covariable in the analysis).
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Shrnuti

Cilem této prace bylo zjistit, jak se 1isi strukturalni velikost téla dvou druha
stievlikl Anchomenus dorsalis a Poecilus cupreus v prostoru a Case, na malém
prostorovém meéfitku. Tito stievlici jsou vyznamni predatofi Skidci na polich
(Holland 2002). Oba druhy se vyskytuji ve velkém poctu v zemédélské krajiné v
okoli Prahy, coz je déla vhodnymi modelovymi druhy ke studiu variability ve
strukturalni velikosti téla. Také samotné agroekosystémy disponuji vlastnostmi
(napt.: velikost pole mtize ovlivnit potravni nabidku a tim ovlivni i velikost téla
broukt), které umoznuji studium Casové a prostorové promeénlivosti velikosti téla
broukti (Bommarco 1998a, Ostman 2005). V této studii jsem zjistovala, jak se
velikost téla li$i mezi samci a samicemi, mezi jednotlivymi poli, mezi podzimem a
jarem, v prubéhu let a v analyze byly zahrnuty i vSechny mozné interakce mezi

zkoumanymi proménnymi.

Vyzkum probihal pobliz Prahy v okoli Suchdola a Horoméfic na Ctyfech

polich. Pole jsou od sebe rizné vzdalena a lisi se rozlohou (obr. 3).

Obr. 3 - Mapa lokalit (zdroj: www.amapy.cz)
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Brouci byli sbirdni pomoci zemnich pasti. Na kazdém poli byla stanovena dvé
mista pro poloZeni pasti, jedno misto bylo u lesa a druhé misto u travnaté meze Na
kazdém vzorkovacim misté byly zakopany tii zemni pasti, takze na jednom poli bylo
vzdy 6 pasti. Tyto pasti se skladaly ze dvou do sebe vlozenych truhlikt, které byly
80 cm dlouhé, 15 cm Siroké a 15 cm hluboké. Kazda past byla pfikryta stfechou
vyrobenou z hlinikového plechu a zajisténou ¢tyfmi hiebiky. Do pasti padali zivi
brouci, a aby bylo zabranéno predaci uvniti pasti, byly pasti vybirany kazdy druhy
den. Zivi brouci byli pieneseni do laboratofe a byli zabiti zmraZenim a uskladnéni
v mrazicim boxu. Podzimni a jarni vzorky byly vzdy zpracovany nésledujici 1éto.
Sbér broukt probihal na podzim béhem zaii v letech 2009 a 2010 a na jafe v prub¢hu

dubna v letech 2010, 2011 a 2012.

Velikost jednotlivym broukli byla méfena digitalni Suplerou. Byly méteny
vzdy tii rozmé&ry: délka stehna, Siika Stitu a délka krovky (obr. 4). Na kazdém poli
bylo nasbirdno pfiblizné¢ 80 jedinci od kazdého druhu. Do analyzy vétSinou
vstupovalo nédhodn¢ vybranych (nepoSkozenych) 30 samcti a 30 samic za jednu
lokalitu, ale na nékterych polich se dostate¢ny pocet jedinci nepodatilo nasbirat, v

takovém ptipad¢ byli pouziti vSichni brouci, kteti byli k dispozici.

Obr. 4 - Métené rozméry, Poecilus cupreus (zdroj: www.hlasek.com)
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Byly vytvofeny dva datasety pro kazdy druh: pfezimovaci dataset a
dlouhodoby dataset. U A. dorsalis se ptezimovaci dataset skladal z dvou podzimnich
sbéra broukti (2009 a 2010) a dvou jarnich sbéra (2010, 2011). Dlouhodoby dataset
se skladal ze tifi jarnich sbért broukt (2010, 2011 a 2012). U P. cupreus
pfezimovaci dataset se skladal z jednoho podzimniho sbéru broukt (2009) a jednoho
jarniho sbéru broukt (2010). Dlouhodoby dataset se sklddal z dvou jarnich sbérti
brouka (2010 a 2011). Nasledna analyza byla provedena v programu Canoco for
Windows 4.5 software (ter Braak & Smilauer 2002).

Celkem bylo nasbirdno 1133 jedinci A. dorsalis (934 bylo analyzovano
v prezimovacim datasetu a 677 v dlouhodobém datasetu) a 683 jedinct P. cupreus

(468 bylo analyzovano v pfezimovacim datasetu a 455 v dlouhodobém datasetu).

V této studii bylo zjisténo, ze velikost téla A. dorsalis byla vyznamné
ovlivnéna pohlavim (samice byly vétsi nez samci), polem, pfezimovanim (jedinci po
pfezimovani byli vétsi ve srovnani s jedinci, ktefi byli sebrani na podzim),
interakcemi pifezimovanixrok a polexrok (v dlouhodobém datasetu). Rok v
prezimovacim datasetu nebyl signifikantni, ale v dlouhodobém jiz vyznamny byl.
Strukturalni velikost téla u P. cupreus byla vyznamné ovlivnéna pohlavim (samice
byly vétsi nez samci), ale ostatni faktory vyznamné nebyly. To je castecné
zpusobeno tim, ze vnitropopulacni variabilita (= uvnitt vzorku) ve velikosti téla u P.

cupreus byla vyrazné vyssi nez u A. dorsalis.

U obou druhti je patrny pohlavni dimorfismus ve velikosti téla (samice jsou
vétsi nez samci), coz je v souladu s celkovymi trendy pozorovanymi u hmyzu
(Blanckenhorn et al. 2007a). V¢étSi samice dosahuji vyssi plodnosti (Honék 1993),
proto je velikost téla usamic siln¢ ovlivnéna selekci, ktera upiednostiiuje veétsi

velikost téla (Stillwell et al. 2010).

Piezimovani ovlivituje strukturdlni velikost téla u A. dorsalis tak, ze vétsi
velikost méli jedinci, ktefi byli sebrani na jate. To je zfejmé zplisobeno tim, Ze veEtsi
brouci maji vyssi pravdépodobnost pfeziti zimy ve srovnani s mensimi jedinci. Je
dalezité poznamenat, ze strukturdlni velikost téla je urCena béhem larvalniho vyvoje
(Bommarco 1998b, van Dijk 1994) a je tedy mozné, Ze piezivani broukd béhem zimy

je nepfimo ovlivnéné potravni nabidkou a teplotou v pribéhu vyvoje larvy. Pfimy
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vliv na pfezivani brouki béhem pifezimovani u hmyzu ma hlavné teplota a dalsi

environmentalni podminky (Petersen 1996, Leathers et al. 1995).

Mezirocni zmeény ve strukturdlni velikosti téla jsou pravdépodobné
zpusobeny meziro¢nimi rozdily v podminkach prostiedi. PoCasi ovlivituje pocetnost
kofisti, a tedy pfimo urcuje potravni nabidku pro larvy (Bommarco 1998b). Teplota
sama o sobé ma vliv na rust larev atedy na celkovou velikost dospélych broukt
skrze ovlivnéni rychlosti nékterych fyziologickych procesu (viz ,temperature-size

rule®; Kingsolver & Huey 2008).

Krajinna struktura a nebo rozdilny zeméd€lsky management by mohly byt
puvodci rozdili ve strukturdlni velikosti téla u A. dorsalis mezi poli. Krajinné
parametry a rizna zemédélska ¢innost miize ovliviiovat potravni nabidku (kvantitu 1
kvalitu) na jednotlivych polich (Ostman et al. 2001). Bommarco (1998a) zjistil, Ze
velikost téla se zvySuje s klesajici rozlohou pole. AvSak faktory, které plisobi na
strukturalni velikost téla broukli v nasi studii, je obtizné identifikovat, protoze
vyzkum probihal pouze na ctyfech polich (= maly rozsah studie). Je dilezité
poznamenat, ze velikost t€la neovlivituje jen fenotypova plasticita, ale variabilitu ve
velikosti mohou zptisobit i lokalni adaptace jednotlivych populaci. AvSak v méalem
prostorovém méfitku jsou adaptace nepravdépodobné, jelikoz je zde predpoklad, ze
brouci se mohou pohybovat mezi poli. Oba studované druhy maji dobrou schopnost
Sifeni, protoze jsou schopni 1 létat (Holland 2002). Vysoky tok gent tak ziejmé
snizuje genetickou rozrtiznénost studovanych populaci (Lagisz et al. 2010). Pfimé
diikkazy vSak chybi, protoze zddné analyzy genetické podobnosti populaci nebyly v

ramci vyzkumu provedeny.

Variabilita ve velikosti t¢la byla objevena také uvniti jednotlivych poli v
prubéhu let. Pravdépodobné je zphsobena stfiddnim jednoletych plodin na
zkoumanych polich. Bohuzel omezeny rozsah této studie neumoziuje detailnéji

prozkoumat pravé pficiny tohoto jevu.

Existuje zfejmé jen jedna studie zkoumajici Casoprostorovou promeénlivost ve
strukturdlni velikosti t€la na malé prostorové skale, kterd byla provedena na
stfevlicich, a to ve Svédsku (Ostmana 2005). Autor zjistil, Ze zmény ve velikosti t&la
v ¢ase nejsou synchronni mezi lokalitami, coz by odpovidalo i vysledkim této studie.

Toto je prvni studie, ktera zkoumala i zménu ve strukturdlni velikosti téla béhem
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prezimovani. Tato studie dale potvrzuje, ze je dilezité¢ provadét dlouhodoby vyzkum
(zahrnujici vice nez jeden rok), aby bylo moZzné zaznamenat nejen prostorovou
variabilitu, ale 1 zmény velikosti téla v prib¢hu let. Rozsahlejsi studie s hlubSim
zam¢efenim na konkrétni vlivy zemédé€lské Cinnost v interakci s vlivem krajinné
struktury by ndm umoznila Iépe pochopit, které faktory ovliviiuji strukturalni velikost

téla stfevlikii na malém prostorovém méfitku v zemeédélské krajiné.
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