N

N

a2H2+iBQM QM : Qri? > i2 M/ HQ+ H / Ti il

"2MQKB+ / Ti iBOQM /m BM: 2tT2 ' BK2Mi H
2tT MbBQMb BM i?2 T QiBbi h2i> 2vK2M i?;
62HBt JQ2 K M- 1K Mm2H 6 QM?Q72 -6HQ B M Hi2

hQ +Bi2 i?Bb p2 bBQM,

62HBt JQ2 K M- 1K Mm2H 6°QM?Q72 -6HQ B M Hi2 K ii- M/2 bq ;M
M/ HQ+ H / Ti iBQM /'Bp2 :2MQKB+ / Ti iBQM /m BM; 2tT2 BK2Mi H
h2i> 2vK2M i?2 ' KQT?BH X CQm'M HQ7 MBK H 1+QHQ;v- gBH2v- kykR

yj9keRNd

> G A/, ? H@yj9keRNd
2iiTbh,ff2 HXmKQMiT2HHB2 X7 f? H@yj9keRN
am#KBii2/ QM Rk LQp kykR

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://hal.umontpellier.fr/hal-03426197
https://hal.archives-ouvertes.fr

'.) Check for updates

51,067,797 Tite 12]‘-1]1;r|;79 e— "ir];10;u fete

Q ee:ececFe'y"Juuie'"—v

P ! I'$

&m7;uv|-m7bm] 1tbl-|; 1_-m]; u;vromv; bm |_; -]; o= ];molblv

";t;1|bom om Juo%| u-|; -m7 tol-t -7-r|-|bom
-7-r|-|bom 7tubm] ;Sr;ubl;m]|-t u-m]; ;Sr-mvb
Tetrahymena thermophila

tbS o ul/nf @ ] l-mt:;t : uon@dj=;utoub-m t[/{J|
m7u;-v )-]i0; (¢

1

;r-ull;m| o= “ott|bom-u< botlp

m-buoml;m|-t "|tT7b;v7 &mb~;upt 0V|U-l|

JAubl_7 "%b|E;ut-m7 e: orft-]bomv | _-| ;Sr-m7 |_;bu u-m]; 1-m tm7;u]Jo u-rb7 ; ot
2 . . -

sr-uflimfo= tf-1bl lotol<7 3% 5_ tphfhngouc |u-b|v7 7bvr;uv-t 0; -"botu -m7 -7-r|-|bom |o |_;
"% bvv ;7;u-t mv|b|t|; o= tt-]|b .

-m7 $:1_moto]<7 AO;m7o0u=7 "% "t1_ -7-r|-|bom |-< 0; -b7;7 ou _bm7;u;7 0< v;ST-t u;ruo7t1|t
"% bvv mv|b|t|; o= bobm=ouli|l | _; 1om|;§|:

" LS| bl; 5] 7;7 -tv- o & 2 ~
“géuub]|CES;|ut—rr:|7 more v-mm ‘0 0% ;" ;u7 =;% ;lrbubl-t -m7 ;Sr;ubl;m|-t v|t7b;v _-"; bm~;v]|b
4% 7 &mb" om|rittb;u7 "7 1 0-vbv o= -7-r|b"; ;"ott|bom 7tubm] u-m]; ;Sr-mvbomv: “;m t;
omfrittb;u7 u-mi; Ib>;m Jo |_; tt;vlbom _0% v;St-t u;ruo7til|bom I-< le7tt-|; vt
5 o L7 . =

$_itemi- o mylblTR7 teml- Y tf|bom 7tubm] u-m]; ;Sr-mvbomv:

E*:tt;mOovi_ mv|b|t]|; =ou 7°{m .

P"$ "Q7 )-tt:mo0:u] L:vi-ul_ :ni| i), _su; v|[t7b;7 ];molbl -7-r|-|bom 7tubm] ;Sr;ubl;m]|-t u-m];
"litt;mOovl_ &mbTiuvbl7 T[ittin | _; ruoMewdghymena thermophilabm t-m7v1l-r;v %b|_ - tmb=oul ;m~bu
=ubl-

- r Ju-7b;m|: "r;1b=b1-tt<7 % ; bm~;v|b]-|;7 |%o0 -vr;l|v o= ]
ouuivrom7.mi; 7tubm] u-m]; ;Sr-mvbom: buv|7 %; bm~;v|b]-|:7 -7-r|b":; ]:m;]|
tbhS o;ul-m
I-bt9 =:tbS:losul-m b;t:1E :1 |_; Tm7;ut<bm] mtI0;uv o= -tt;t; =u;tf;ml< 1_-m];v =uol v|-m
m7u;-v )-]lm;u |[bom denbvo “-ub-m|v: ); =0oltv;7 om _0% v;St-t u;ruo7til|bon
I-bt9 -m7u;-v:%-1m;u'b;t:1E&]: R

-7-r|b”; I;m; bl 1_-m];: ";1om77 % ; b7;m|b=b;7 ];m;v vtOf;1]
uivim| -77uivy Oc|_; :Sr-m7bm] u-m]; b|v;t=7 -m7 7bu;l|bom-t v;t;l:|bom 7%;
;thS o;ul-m7 mv|b|t]; o= “ot|f o
boto]<7 &mb ;uvb|< o= 7bmoOtl] viml; o= |_;r Ju-7b;m|: ); =0oltv;7 |_bv -m-t<vbv om -tt;t;v %
-Oou-Joub;v7 7bmOfu]_7 & 1 -m];v |_-| ol1tuu;7 bm r-u-tt;t bm lou; |_-m om; rortt-|bon
tm7bm] bm=oul-]bom tbh;t< 1-m7b7-|; |-u];|v o= v;t;1|bom:
fefe tuori-m Livi-ul_ ofmlbty «:)- =ogfm7 | _-| v;St-t u;ruo7tl|bom -t|];u;7 -7-r|b”; ];m;|b1 1_-
u-m|F %-u7 t10;u9 «'—ve"8 R o R ) N .
&mb ;uvb|< o= ,tubl_ &! “otf] odenovo "-ub-m|v -m7 v|-m7bm] ];m;|bl "-ub-|bom: 0% ;" ;u7 v
1lbom8 "1_%;bE&;ubvl_ju -|bon -==;1|;7 -tt;t; =u;tt;ml< 1 _-m];vbm v|-m7bm] ];m;|bl "-ub-|b
Etu Xu7;utm] 7;u )bvv;mvl_-F| o ) o . ) =
ouvl _tm]7 u-m|F %-u7 110;ulo o= tomgv|-m1l; ];m; =to%: 7-r|-|bom |o |_; u-m]; ;Sr-mvbom
Teeet Meefvve -m7 0 ee TMee—ev— "ot"™;7 bm 1;tt 7b"bvbomv -m7 u;r-bu7 % _;u;-v -7-r|-|bom
“m7tbm] 7b[®F9 ;ul:u -77blbom-ttc -==;1[;7 ];m;v bm~0t";7 bm bom 0-t-m1; -m7 oSk

$_;v; 1;m;|bl 1_-m];v l-< u;vtt] =uol v;t;1|bom om Juo%|_ -m7

r

$_bv bv -m or;m -11;vv -u|blt; Tm7;u b”; |pdleme= ||[pEhbwo;mI dmudb-t bl;mv;7 %_bl_ r;ulb|v fv;7 7bv|jubOt|bom -m
bm -m< |;7b1t17 ruo™b7;7 |_; oub]l]bm-t %ouh bv ruor;ut< 1b|;7 -m7 bv mo| tv;7 =ou loll;ulb-t rfurov;v:
a ‘s« $_; T|_ouv: Journal of Animal Ecdlogpv_;7 0< o_m )bt;< _ "omv |7 om O;_-t= o= ub|bv_ 1loto]lbl-t "olb;|«

J Anim Ecol2021;00:1-16. wileyonlinelibrary.com/journal/jane J|J .


www.wileyonlinelibrary.com/journal/jane
mailto:﻿
http://orcid.org/0000-0002-5164-0978
http://orcid.org/0000-0002-2219-784X
http://orcid.org/0000-0002-4831-6958
mailto:﻿
https://orcid.org/0000-0003-4299-3840
http://creativecommons.org/licenses/by-nc/4.0/
mailto:felix.moerman@ieu.uzh.ch
mailto:andreas.wagner@ieu.uzh.ch
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1365-2656.13598&domain=pdf&date_stamp=2021-10-16

*J | J Journal of Animal Ecology MOERMAN ET AL.

" m |_; -0v;m1l; o= ];m; =to%7 v;St-t u;ruo7tl|bom I-< -"; -b
[bom: :m; =to% l-< _-"; V%-lr;7 ;Sr-m7bm] rortt-|bemv %b|
t;t;v7 | _ftv u;7t1bm] |_; ;S|;m| o= ;"ott|bom-u< -7-r|-|bom 7-
“:St-t u;ruo7tl|bom -tvo -t|;u;7 |_; ];m;|bl O-vbv o= -7-r]|-]|
rorft-|bomde idve "-ub-m|v7 rovvbOt< O< rtu]l]bm] 7;t;|;ubotfv It

u;”;-tbm] =b|m;vv O;m;=b|v o= u-u; |;m;|bl "-ub-m]v:

+) !

];m; om|oto]<7 tb=; _bv|ou<7 r 7 u-m]; ;Sr-mvbomv7 $;|u-_<l;m-7 % _ot;
«J|J $! & % P -1 _-r;tt; _ ;tt7 ‘e+‘Q: milu;-v;7 ];m;|bl "-ub-|bom
tol-ttc¢ -7-r|;7 ];m;v 1-m -tvo bmlu;-v; |_; vill;vv o:
I-m]; ;Sr-mvbomv -m7 Oboto]bl-t bm~-vbemv u-um];bnSrumwhom]¢<«P1lblu-| ;| -t:7 ‘eev8 -";ulm; _ of
lom bm I-mc vr;1b;v: $_;< o=|;m u;vtt| =uol -m|_"Worlgitmub 1| Zbv7 Fe+"Q: 0% ;" ;u7 v;St-t u;ruo7t1l|bom
0-mil;v ou vr;1lb;v bm|uo7t1|bomv P _;m ;| -t:7ZSs=m8/bo%vulb-mm7 -tv«d8 bm7;u -7-r|-|bom7 =ou ;S-Irt;
-ul;v-m ;| -t:7 e———Q: ;1-tv; u-m]; ;Sr-mvboalyml-wlo-FhnV]E: ;m; v%-lrbm] o11tuv % _;m rortt-
[-]b1 Tomv;tt;ml;v om vr;1b;v 7bv|ubOt|bomv|-mbu;dem}y|]hbmRy]l-m ;m buoml;m]|-t Ju-7b;m|7 -m7
UoOV_OtE?7 ‘e«'8 _bttbrv ;| -t:7 ‘ee—Q7 b]| bv bi7oul;-M|o|p_ftm/miiyv}7Hh;7=t0% 7swmoib{< bduj rortt-|bon
| _:;bu ;l1oto]lbl-t -m7 ;"otft|bom-u< lomv;tt;mflov- t9Pgmub|rurorbbt{Mom -| |_; u-m]; ;7];: -m -v;S+t

| -1 ;Sr-m7bm] rortt-|bomv 1-m tm7;ulo -7-r|bpborow¥? yFtdot}t-T%p;7 bm7b"b7t-tv I-< vblrtc 7bv-rr;
I-fou I;1_-mbvlv: buv]|7 vr-|b-t vou|lbm] o= bmdbvb@dtbty: bm 1Sorm1¢;-%|7 v;St-t rortt-|bomv I-< ;Sr;

lo t;-7 |o bmlu;-v;7 7bvr;uv-t O;_-"botu -| |_; AaAmBm;7d mP=b pitlym7 % _;m ;mot]_ bm7b"b7t-tv lo~
;uhbmv?7 fee—8 " _bm; ;| -t:7 ‘eeeQ: ";1om77 thipurdbtmy;fpl|bpmm| v%-lrbm] _<ro|_;vbv7-];m; =to
|_; to% rortt-|bom 7;mvb|< u-m]; ;7]; t;-7v |guv|t;17brdmMboscwo=m- rortt-|bom -| |_; d-tolv ;7]; P -u
rdv;t;1];7 thovjJou< v|u-|;]< P fulom ;| -t:7 ‘eee8 buthttbub7lhees8-28 -t7-m; _ ou77 «="u8 buhr-Jublh
_bttbrv ;| -t:7 feeeQ: !;1;m| v|t7b;v _-"; 7;lomt{l-p7™|_-|-u§om7 ‘e+”8 o0t;1_0"™7 ‘eevQ7 -v u;l1
r-m7bm] rortt-lbomv 1-m bm7;:7 u-rb7tc ;"otfu-|[7:00| 7thvr;uw-tSr;ubl;m|-t v|tT7< P o;ul-m7 uo
0;_-"bofu P uo%m ;| -t:7 ‘eee8 1 _o0l1lhb _ btteu70Q«rB7)btb:i¥ v|T7< P -1_I-mm ;| -t:7 ‘¢‘«Q:
7| -t:7 feeuQ -mbYbeyd viu-|;]<« P uom_o=;u _ t]|;ul-||70%%"8u7 tb||t; bv hmo% m o= |_; ];m;|bl1 I;1_-mbvh
_bttbrv7 ‘ee—Q: 77b|bom-tt<7 |_;< 1-m ;"0ot";;Sr:hlybbmv-7)b|-|bo;¥v ;S1;r|bomv P ovv_-u7 ;| -t:7
|lo tol-t 1om7b|bomv7 vt1_ -v |;lr;u-|tu; -m7omo[;t Fwd7|vermud¢v];m;|blv o= u-m]; ;Sr-mvbomv _
P"EALlv ;| -t:7 ‘eee8 (-m ;[;];1 ;| -t:7 *eeuQ: JimtMglvrorttjtepom vjutl|tu; -m7 7b ;uvb|< P;:]: o
ru;vvtu;v 7tubm] u-m]; ;Sr-mvbom 1-m 0; v|ub%]7;uortl-{tad@mwe’| $_bv % ouh _-v 7;lomv|u-|;7 |_-
u-ml; ;7]; I-< -7-r] ttblhtc P"-h-b ;| -t:7 ‘seeQft-pPOnivu7| ;" 0, u-mj]; ;7]; |<rbl-ttc _-uOotu t;vv ];m
tt|bom 7tubm] u-m]; ;Sr-mvbom 70;v mo| m;[L;vm-pbtdes=ybftGe|lbomv P Slo==b;u ;| -t:7 ‘ee—Q:
7bvr;uv-t 0;_-"botubvmdutblu-db|v7 ;vr;1lb-tt< Bubmm J-mvy|luom]t< -==;1| rortft-|bomv -| - u-mj; ;717;
lu-b|v |wW=I53%b|_ ;-1_ o|_;u P fulom ;| -t:7 ‘epe8<-ttuth;vijustbim]=7 |_; bmlu;-v; bm =u;tt;mlc -m"
fee—Q: o= m;t|u-t ou I-t-7-r|b"; “-ub-m|v -| - u-m]; ;7]; P S
rorft-|[bom=v ro|;m|b-t |Jo -7-r] I-< 0; lomvVdu—®mtar=bvd;bm ;| -t:7 ‘eeuQ: of_|_;v; I;1_-mbviv 1
-7-rlbm] Ju-blv _-"; - 1olrt;S 1;m;|bl -ul_b|;1|Tu;; P72mpgm7rodsemgb-t -| - u-ml; ;7];: ;vrb|;-vil_ %oc

-1h-<7 'eeeQ: ou ;S-Irt;7 %o _;m Itt|brt; Ju-b|v tmZ{blv 0:;ihboox -u;;mo|<rbl ;"ott|bom 7tubm] u-m]; ;¢

]y;m;|bl-tt< mo| bm7;r;m7;m| =uol ;-1_ o|_;u7 vroaltxommlZxuvlpda7vv ou ;S-Irt;7 %; hmo% tb||t; -0o01

;==blb;m|tc om ;-1_ bm7b"b7t-t |u-b| P)-tv-_ _ Jtm%vv[7_“pe—tQ:bmiptt7 bm r_;mo|<rbl ;"ott|bom 7tub
rou|-m| I;51_-mbvl |_-] 1-m _;tr o";ulol; ;"otf|bomemc Jommjakbnifm t;vv -00F| _0% ];m; V% -Irbm] I-
blrov;7 0< ];m;|bl -ul_b|;1|tu; bv | _; u;v_t==thholtbjbosbv|bm] ];m;|b1l

“-ub-|bom |_uot]_ v;St-t u;ruo7t1l|bom "Mb)tt7 e—v)8 _:zum-w|[FAJ7b;7 |_; rortt-|bom ];molblv-0= ru;"t
e—ev8 ||o _ ;moul-m77 ‘e¢'Q: $_bv O;m;=b} o=tbyS1t7t wsmio7Sr-mvbom ;Sr;ubl;m[etabymena ; ruo|b
[bom _-v O;;m 7;lomv|u-|;7 u;r;-|;7t< P ot;]u-";thermepBila tPfidSul-m 7 uom_o=;u7 ;| --t:7 ‘e
;] -t:7 feee8 1 om-t7 ;| -t:7 ‘eeu8 ;|ho"bl _ ot;]o4in7|7e%Q7_-m7;Sr;ubl;m|-tt< bm™;v|b]-[;7 |_; 1;m;

bv ;vr;lb-tt< ruomotm1;7 bm |_; ru;v;ml; o= _bkro],my|hi7 7®<¢;umb;«vbm] _0% Vv;St-t u;ruo7t1l|bol



MOERMAN ET AL. Journal of Animal EcologyM |J J’

-==;1];7 ;"ott]|bom 7tubm] u-m]; ;Sr-mvbom ;dh_yjubbmiob7;rhbjbowl-m7 |_; IbSbm] o= |_; -m1;v]|u
im~buoml;m| ou bmjo - r Ju-7b;m|: ); 1_ov; - r*;lUbdnni{:=doum|%tarou|bm] m=oul-|bom: "t0v;tt;m|
u;-vomv: buv|7 r bv -m blrou|-m| ;m buoml;me-tuyrtb;vyow dbmhb¥ fonl;v|u-t rorft-|bom |o ;Sr-m7

0l;-m -1b7b=bl-|bom P -t7;bu- _ )blh;||7 ‘e¢’8 % ;;mv;P-tc7;msd8bomvQ: ); h;r| -tt violh 1tt|tu;v
.05 o] -t:7 feevQ: ";10m77 r 1-m ;-vbtc 05 I-mbomtv|[7TuBmiuSr;ubl;m|-t ;"ott|bom bm - 1tbl-|; uoc
I;m]-tte: $_; ;Sr;ubl;m| v_0%;7 |_-] v;ST-t u;ructubimbo®r -b7l; |-t u-m]; ;Sr-mvbom7 % ; tv;7 -r
-7-r|-lbom 7tubm] u-m]; ;Sr-mvbom7 0f| omt< bm |vivDM;m%; |6&dImt-m7vi-r;v P uom_o=;u _ t|;ul-[|7 "
=to%: ); _;u; r;u=oul;7 % _ot; 1;mol; v;ttTmlbmitef ramt;Er-m7bm] u-m]; ;7]:r-|9_; vt %ooll-r ;v
thermophila rortt-|bomv =uol |_bv ;Sr;ubl;mllomybw] ;o b%b;'7-ulv];7Q|10;y Pdim|itbrm=-"1e07
rortft-|bomv %b|_ |_; viuom];v| r_;mo|«<rbl 1_bmB;V7 ;rootl;7 thim 7M-avtyb7 <>« Q7 -m7 -u; lomm;1];7
“"b7t-tv =uol |_;v; rorft-|bomv -m7 v;tt;m1;7 {m; dJnvdbltthllom; |10;: rt-vibl 1t-Ir bv tv;7 |Jo 1to
o= |_; u;vttibm] rootv: ); |_;m bm~™;v|b]-|;7 _0)%ko ;a7 ofpbm7 ]m;|F0; -tto% v 1;ttv |[o -1]|b";t< 7bvr;u
1_-m]; Pb:;: I5;m;|bl 1_-m];v =uol v|-dethbw] “{&bo b ;vmAv;; b]tu; «Q7 7tubm] v; ;u-t 7bv|bm1l|
“-ub-m|vQ % -v -==;1];7 0¢< v;St-t u;ruo7tl|bom® ]7mubmd % +-M7 Zbrvr;uv-t ;";m|v 1;ttv 1o~;7 =uol |
Ju-7b;m|: ), ru;7b1[;7 |_-| |_; -lotm| o= ];m;[bl B_em]r-v1=QUpv|_; vilom7 r-|1_ P|-ul;| r-|1_Q7 %o; ru
|_; -lotm] o= r_;mo|«<rbl 1_-m];7 -m7 |_-| v;§$rtublrmg764d [[memv=;uubm] |_; lom|;m|v o= |_; |-t
lott7 =-1btb]|-|; ];m;|bl 1_-m]; O< Oubm]lbm] |o;%e ;|Wbed70-r|-"m7vdbr;: |_;u%bv;7 %; |[u-mv=;uu;7
-m|v7 0t] omte bm [_; -0viml; o= [;m; v¥% -lrom]}_;Tudl;;ubpl;7| Pbo-; m-|% [T vi-r;: $0 ;ITt-|; |_;
b7;m|b=b;7 ];m;v bm"0ot™;7 bm -7-r|-lbom }o | _u-mIm]LouS7-Ma;bb-tanbl-bm;7 |_; -mi;vjou 1tom;v bm
vit= -m7 |o |_; r Ju-7b;m|7 =oltvbm] om v;t;110bv7 b%a; %v E t{ulz ;Sr;ub;m1;7 lom|bmtotvt«
;==;1] -tt;t;v |_-] olltuu;7 bm r-u-tt;t bm Fhiobbib;vorintZ|booy:7b"bvbom u-|;v: $_;v; lom7b|
jU; %o; ru;7b1|;7 |_-| -7-r]-lbom 7tubm] u-m].;;Su-miboloul-= rortt-|bomv -u; b7;m|bl-t |o |_; !
-1] om thh¥]jduc< |u-b|v ou 7bvr;uv-t O0;_-"botutBPmily7-0<«T-tys5 Lltom;v % _bt; O;bm] I-bm|-bm;7 bn
[bom |o |_; r Ju-7b;m| I-< -1| ru;7o0lbm-m|tc p;mbmhb|bOaTb|<;|oSr;ubl;m| 0< bmoltt-]bm] om; r-|1
lor; %ob|_ -1b7b|<«<7 ;b|_;u |_uot]_ bom I-bm|rmimlt-rmmd@vi:tt %db|o="es ; -m1l;v|u-t rorft-|bom: 7
Ou-m; =tmil|bom: u-ml]; ;Sr-mvbom7 %; lom|uott;7 |_u;; =-1]louv: b

|_; -0bo|bl ;m~“buoml;m|7 % _;u; rortt-|[bomv ;b]|_;

<tmb=oul= ;m"buoml;m|7 %b|_ - r ;tiwt7pom|:=7 ou
“J|J $ ! " $ " ;m~buoml;m|7 % _;u; |_; r Ju-7t-ttc 7;1u;-v;7 =uol

7tubm] u-m]; ;Sr-mvbom7 |o ;Itt-]; -m ;m"buoml;m]|
“2eJJ"|T7< ou]l-mbvl -m7 ;Sr;ubl;m|-t ;"@t¥{boemm;7 |_bv r u-m]; -v |_;r o= =u;v_ ;== I;

u:"Q7 -m7 |_; to%o;v| r -tto%bm] 1;ttv |o Juo% Pr
Tetrahymena thermophilabv - =u;Vv_%-|;u 1btb-|; lolbomuett;7;[7_ ;oumruo7t1|b”; 107;7 %b|_ <-v;St-t=ror-
;loto]lbl-t -m7 ;"ott|bom-uc< ;Sr;ubl;m|v P t|;wb|{mibmt: Dm¢«"8v;St-t u;ruo7ti|bom 7tubm] |_; ;&
-bumv ;| -t:7 ‘e‘s8 ottbmv7 ‘se'8 o;ul-m7 w@endtotsuforft-tbdmv -tvo u;ruo7t1;7 l-bmtc -v;St
‘«'e0Q7 bmiltt7bm] bm v|t7b;v o= u-m]; ;Sr-mvb;mvo Puuondtot;w;ruo7t1l|bom ;“;m|v 7tubm] |_;
tl;ul-]]7 *«+”8 bol;||o ;| -t:7 Tetfahymerad char bm7t1;7 v;S 0< Ju-mv=;uubm] rorft-lbomv |o v|-u’
-1];ub@&;7 0< mt1t;-u 7t-tbvl: $_-|] bv7 1;ttv 1-owd 7retvriSoib-i=Prortt-|bomv om - v_-h;u7 -v |_bv ru
8 ‘“7 1_uolovol;vQ I-luom*t1lt;tfv -m7 - 7brtob7lbmifurdmbint; tmPgbju;=0ou; =uol I-|bm]: -v|t<7 %o;
1 _uolovol;vQ P <mm _ o;Uétrahyméena'QQv:t-tt< u;ruo/bv|-ml; ];m; =to% =uol |_; u-m]; lou; |o |_; ;7];7

7t1;v -v;St-tt<7 0Of] 1-m 0; bm7t1;7 |o u;ruo7 fth,m{id/i-md ;| Jumt]=to% % -v <-0v;m|=7 |;-mbm] %o;
Vl-u"-|bom P -wMmb&%xJ'e+‘Q: tubm] -v;St-t u;toTdbY|bmm7];m; =to%7 ou ];m; =to% % -v <ru;v;m]

Oo|_ mtlt;b -u; 1orb;77 01| |_; 1_uolovol: 1ofb;vbbro\;7 Foltwbtwmhld; ];m; =to% ;" ;m|v7 O0c u;rt-11|
mtlt;tv -u; r-u|blbom;7 u-m7o0ltc -lom] 7-t]Jof y_ArotvttPllbfamt:| |_; u-m]; ;7]; %b|_bm7b"b7t-tv
il -t:7 feeuQ: ); tv;7 -m1;v]|u-Tetrahyimen@ t0;i7t-t- lou;: tlo];|_;u7 otu ;Sr;ubl;m| |_tv tv;7 ;b]l_| |u;
[bomv =uol - u-m]; ;Sr-mvbom ;Sr;ubl;m]| 0< o=Ll-puZ-|b;am70%;;u7 o0t ;7 =b"~; u;rthb1-|; rortt-|bom
] -t: P'e'e0Q |0 bm™;v|b]-|; |_; I;molbl 0-vbv o=|o]-t|ehbtmradiiutiblomyv:
u-m]; ;Sr-mvbomv: ); ;Srt-bm |_; lov| r;ulbmsm| 7;|rbi{v;oF yiB¥;1$;7 |_; rorft-|bomv |0 e % hv 0= ;¢
roubl;m| _;u; -m7 u;=;u |_; u;-7;u =ou of|_;u Ti{-Bouf|ldbom7u7tmBm] % _bl_ %; u;r;-[;7 |_; v-1; 1<1t
uom_o=;u7 ;| -t: P‘««0Q: ;Tsuc ot T7-cv: "r;lb=bl-tt<7 %; vtOf;1];7 ;-1_ rortt-|
ub;=t<7 bm |_bv ;Sr;ubl;m|7 %; IbS;7 =otu r7hwropabtl -ttm|#F % bl _|ooh rt-1; om 7-<¥-«7 ' -m7
I;m| P o;ul-m7 uttbm|7 ;| -t:7 ‘e‘e-Q.theomoplt viutbhty:o=|;u |_; |_bu7 7bvr;uv-t ;";m|7 %; vtO0f;1];7

ila [o 1u;-|; - ];m;|bl-ttc 7b7;uv; -ml;v]ju-t rorftl-]boenmuooub?|]-lutv|l;m| JuoTradbyqd-mtlgnjlih; =to% -m?7|



“J | J Journal of Animal Ecology MOERMAN ET AL.

(i.3) Unsuccessful dispersal event
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Uniform pH pH-gradient

(@ (b) o
2,000 (‘:D
(]
1,000~ g
[2]
2 P
5 0 ' &
= @
® =
> =3
5 —1,000
3 () (C) o)
Qo [0
E 2000 3
z 5
1,000 2
Y
0 @
()
3_
~1,000 :
0.25 0.50 0.75 0.25 0.50 0.75
Allele frequency of novel variants (cut-off)
Reproduction [#] Asexual B Sexual
& ! "JDenovoub-m|v bmilu;-v; |Jo _b]_;u =u;tt;mlc bm v;St-t rortt-lbomv: $_; =b]tu; v_o0%vVv |_; n
;"0t™;7 rortt-|lbomv ;Sr-m7bm] bm|o - tmb=oul ;m buoml;m| Pr-m;tv - -m7 1Q auShm|\w_o% v]li-7H;MJ P
o== "-tt; bm Ilbmbltl -tt;t; =u-tShm ¥ <o%ev yYJ; mtl0;u eskemwo %o _ov; =u;tt;ml< bv -00=; -blblfov 11]|J
u;ru;v;m| |_; 7-1-7 %b|_ | _bm tbm;v Tomm;l|bm] 7-|- =uol |_; v-Il; u;rtb1-|; rortt-]bom: $_; | _blh;u c
ru;7b1[;7 I;-mv -m7 ="w lom=b7;ml; bm|;u”-tv =ou |_; O;v| lo7;t: otofuv u;ru;v;m| |_; lo7; o= u;ruo

Uniform pH pH-gradient

1500 (2) (b)

Q)
@
=}
[0}
1,000 =
(=]
2
[2]
g 500 §
k5 s
Z o ! |~
o 1
5 5% () @ ©
£ g
= 1,000 %
5
500 2
[0
(2}
()
=
07 T
0.4 0.6 0.8 0.4 06 0.8
Magnitude of allele frequency change (cut-off)
Reproduction [#] Asexual Bl Sexual
& ! “Jliruo7tl|bom -tl;uv J;m;lbl 1_-m];v bm v|-m7bm] J;m;|bl “-ub-|bom % _;m ];m; =to% bv -
vblmb=bl-m|t< bm =u;tt;m1< 7tubm] u-m]; ;Sr-mvbom bm|o - Tmb=oul ;m*“buoml;m| Pr-m;tv - -m7 1Q
xFSbv v_0%vVv p==1%tdt; bm |_; I-Imb|t7; o= -tt;t;-Sbpivmlevy ;ydTtl0;u o= “-ub-m|v -a=+<0:7T:| ;-1_
bult;v u;ru;v;m| -tt;t; =u;tt;mlc 7-|-7 %b|_ |_bm tbm;v Tomm;1l|bm] 7-|- =uol |_; v-I; u;rtb1-]; rortt
lo7;t ru;7b1l|bomv =ou |_; O;v] lo7;t: "_-710omEbV;,mlokmiwd -tv =uol |_; rov|;ubou 7bv]|ubOf|bom: o

o= u;ruo7t1l|bom P<¢;tto%9 -v;St-t7 0tt;9v;St-tQ

$ ; |o]-t mtlO;u o= -tt;t;v |_-| 1_-m];7 vb]mbsbl-n§t<mlvimomuP bltu; “177Q7 |_;u; % -+ mo 1t;-
tt;mlc %-v vblbt-u =ou rortt-|[bomv ;Sr-m7bm] |[Betfon --¢SE=bum7mIbSt-t rortt-|bomv: Tttt rov|;ubo
uoml;m| P b]fu; “-71Q -m7 bm|Jo - r Ju-7b;m| P b]mu0;"&D7@:7 b ;"tfu7ou|bm] m=oul-|bom ";1|bom "¢

|_: i==:1] o= ujruo7fljbom -m7 Jim; =to% 7b==;u;3[0;|% ;bm [v{b]-|; % _;|_ju |_; -lotm| o= ];im;]|k
rortt-lbomv: m |_; -0v;m1l; o= 1;m; =to% 7 %; oCwal;7[{om7;omim]fnL|bl “-ub-|bom 1-m _;tr -Srt-bm |
1_-m];v =ou rortt-|bomv %b|_ - v;St-t 107; o= m;nvwoZtdrhdpm %% Lolr-u;7 |_; mtlO;u o= -tt;t;v |_-| 1
rortt-lbomv ;Sr-m7;7 bm|o - Tmb=oul ;m buomiszm|{tP;mitu7 tu@m]0lott|bom %b|_ |_; 1_-m]; bm Juc

=;%;u ]1;m;|bl 1_-m];v % _;m rorftt-|bomv ;Sr-m3%$p77bmv@7-%; lutltt-|;7 |_; ;-uvom louu;t-lbom 1lo;=
7b;m| P b]tu; “0Q: ) _:m rortft-lbomv ;Sr;ub;m1;7 ;Nm|%o60%|TdLbnPlr-bu;7 v-Irt; 1ouu;t-lbom |;v|Q:



ee] | J Journal of Animal Ecology MOERMAN ET AL.

|_bv ;-uvom louu;t-|bom=od-t4L_=dbu|J_; |-Imb|;fB7;0%1;7 0¢ |_; =bm7bm] |_-| v;St-t u;ruo7t1|bom
-tt;t; =u;tt;mlc 1_-m]; |_-| %o; _-7 Tv;7 bm |_;=hmMbevvbami}t¢vb@v;m1l; o= ];m; =to% P b]tu; ‘Q: t
o=];m;|bl 1_-m]; =uol v|-m7bm] “-ub-|bom: ); 7b?7|vi®uwegmneouvo |;tub=ov u;-1_;7 7;|;1]|-0t; =u:ztt;mlb;
rorft-|lbomv ;Sr-m7bm] bm|o Tmb=oul 1om?Zb|bdmybom®% forft:$boubymB;7 v;St-t u;ruo7tl|bom P b]
r-m7bm] bmjo - r Ju-7b;m|7 -v % ;tt -v =ou-v;Simb -Im7-uvBniht %dit =b|m;vv 1_-m]; Pv;; "trrou|bm]

t-|lbomv P b]tu; "Q: $_Tv7 %; 1-t1tt-|;7 |_; 1odu@:|Bobwv lwhH=b|¥b}fm| #ow| o= |_; 7;];1];7 4T|-|bom
=otu Juotrv lom|-bmbm] =otu ;"0t";7 rortt-|bomiT 2b|Mhmbm|uoonjtc: tu =bm7bm] |_-| v;St-t u;ru
[bomv % b|_ -m7 %b|_ot] ];m; =to% bm - vbm]t; -Juaf+bom bm |_; ru;v;ml; o= ];m; =to% mo| omtc bn

ou -v;St-t rortt-]bomv P«;tto% 1bult;v PmE]twb-mQZ;0Q|7-tvo;bm |_; Tmb=oul ;m~bueml;m| P
mtI0;u o= -tt;t;v 1_-m]bm] |_;bu =u;tt;mlc %n7|=vbjumpbwbin]-teb|_bm |_; =u-l;%o0ouh o= ];m; v%o-
-u; mo| louu;t-];7: m lom|u-v|7 =ou v;St-t rort@:;|b&nvoPO 7t bEbluit; Wk -lrbm] 7o0;v mo| omtc -==;1]|
-m7 |ub-m]t;vQ7 |_; mtlO;u o= -tt;t;v 1_-m]bm] ||_;Bol=t;tmhimdemmm|7 O0F| -tvo -==;1|v_|bv|pwdt|bol
|_; :S|;m| o= =b|m;vv 1_-m]; -u; louu;t-|;77 7;r{m-ddm]Poon yl-m-Dbuom_o=;u7 ;| -t:7 ‘«'«0Q: ;1-tv; o
olbl 1om7blbomv: "r;1b=b1-tt<7 =ou rortt-|btdomh;7S1;m7 b=rhd % n¥%d|- tvu®t-t u;ruo7t1l|bom7 v;$
=oul ;m"buoml;m|7 rorftt-]bomv bm % _bl_ ldu; ~“ubk:m|we L_;-m%sArbm] o= ;Sr-m7bm] rortt-|bom
|_:sbu =u;tt;mlc< -tvo bmlu;-v;7 |_;bu =b|m;va7-rd;7 Jut;t|yuP!SdmP buhr-|ublh?7 e——e8 -t7-m; _
P bltu; "7 t;=| r-m;tvQ: m lom|u-v| =ou rortt"|b® mwvuh&+[ubZbm] bmoon7 «——+Q7 |_tv lotm]|;u-1}|
- r Ju-7b;m|7 |_;v:; l;Jublv % ;u; mo| louu;t-f=F;R|bdtuy;t7l|bom|rubou |o v;St-t u;ruo7t1|bom:
r-m;tvQ: rortt-lbomv ;Sr-m7;7 |_;bu u-m]; bm |_; ru;v;m1; o=

$0 ;Srt-bm % _<7 bm |_; -0v;m1; o= ];m;-=to%7;|;B10-dtdyraswh$t-t u;ruo7t1l|bom l-< _-"; u;";ul;

|[bom u;vtt]|;7 bm lou; -tt;t; =u;tt;mlc 1_-m];v|bdu Opmtthpwomw % ;"botv v;t;1|bom: $ ;u;=ou;7 |
r-m7bm] bm|o - tmb=oul ;m"buoml;m|7 -m7 =;bu VTIImZT;upolmy =db-u|-|bom rubl-ubtc "b- v;t;1|bol
rortt-]bomv ;Sr-m7bm] bmj|o - r Ju-7b;m|7 % ltloomvb7tubm]_r,yb®7v o= -v;St-t u;ruo7t1l|bom O;

tt|bom-u< _bv|jou< o= otu rorft-|bomv: ;1-tv: |_;vi&m7tbugomo7-tddbom:

tt-lbom ;Sr;ub;m1;v % _;m ;Sr-m7bm] bm|o - tmb=oul ;m~ buoml;m]|

-u; vblbt-u |o |_ov; ;Sr;ub;m1;7 0¢|_; -mi;v]u-trortt-lbom?7 v;t;1

[bom om v|-m7bm] ];m;|bl “-ub-|bom |-« vt==b1J|doum7vrpmooi  ;$7 bvm -7-r|b"; ;"ott|bom
rovvbObtb|< bv vtrrou|;7 O« |_; rovb|b™; louu;t-|bom 0;|%;;m |_;

mtl0;u o=1;m;|bl 1_-m];v -m7 |_; =b|m;vv bmilu;-vin=oturor;${|bmmtevbv7 % ; %-m|;7 |o b7;m|b=< vr;1b:
:8r-m7bm] bm|o - tTmb=oul ;m buoml;m| P-b]tjlu;-|"®Q-<« "aSbm atL;@ bm -7-r|b"; ;"ott|bom: ); 7bv|br
Obm-|bom 1ott7 _;tr vt1l_ rortt-|bomv -7-r| 0% ;Qmbmhb;m]bjo]oft”;u bm ];m;u-t -7-r|-|bom |Jo lom
-7-r|b”; -tt;t;v =uol 7b==;u;m| -ml;v|olb|lffombymP;-Axnmd<u7tt rortt-|bomv7 vtl_ -v |_; Juo%|_ I;’
e—evQ: m lom|u-v|7 bm |_; r Ju-7b;m| Pmo " ;Sramibhiminb;-m|]Q7 -mP;m;v |_-| -u; vr;1b=bl-tt< bm
IT]-|bomv ou =;% "“-ub-m|v =uol v|-m7bm] “-ylbefbgom o%b|r Juvfbom|: ou Oo|_ 1t-vv;v o= ];m;v7
O;m;=blb-t =b|m;vv ;==;1] I-< _-"; 0;;m lou; bloow|-tmjt;vn_-y;B5f-m];7 vblmb=bl-m|tc bm =u;tt;m1«
rortt-|bomv7 |_; t-1h o= v;St-t u;10l0bmdgdbommdlrabrou|_-f ~meto]otvde novo<v-mb-aw|v bm "trrou|bn

novo “-ub-m| ou -m¢ bmb|b-tt< u-u; O;m;=blb-tmMm=whiinipomudl|lybom7o'm]

“-ub-|bom 1-mmo| O; v;r-u-|;7 =uol b|v ];m;|bl O0-1hJuotm7: $_+1v7

b= - O0;m;=blb-t "-ub-m| bv tTm7;u vijuom] rovb|b™; v;t;1|bom7 m;t|u-t

ou 7;t;|;ubotv -tt;tovlltd %] _ b| l-bh;bla_JIb]' :':¢JGJ _-m];v bm v|-m7bm] "-ub-|bom -vv
-tt;t; =u;tt;mlb;v: $_; blrou|-m1; o= _b|1__bHWabd] by yhitot|;770k|-|bom bm~ot”™; |[u-mvl;I0u

|_; oOv;u"-lbom |[_-] bm -v;St-t rortt-lbomv7 fFuomibmy e7ithtbm-v; 70l-bmv

1_-m];v 70;v mo| louu;t-|; %b|_ =b|m;vv Pv;; -tvo b]tu; "uQ7 vTt]

];vibm] |_-|] lov]|] -tt;tbh1l 1_-m];v 70 mo| -==;1| =bfmrevcwuomltd;mmlibl tolb -| % _bl_ vb]mb=bl-m

0o|_ 1-v;v7 v;St-t u;ruo7t1l|bom I-< _-"; -b7;71-7-m[:yboml7tul|77u ‘“* tolb =b| otu ];m;u-t -7-r|-|bc

O0< Oubm]lbm] |Jol;|_;u -7-r|b”; "~ub-m|v bm |_; fimbsdtl tolbAudmélmffuu;ToFimnmuaj]jbmdv7 % _bl_ =;

ou Ocv;r-u-lbm] -7-r|b™; It|-|bomv =uol |_;bu ];m;[bTZB=Fhuafini7m;v P$-0t; "euQ: = |_;v; “" ];m;v7 " ;

bm | _; r Ju-7b;m]|: I;10u-m; ruo|;bmv7 =ofu ;mlo7; hbm-v; 70f-bm ruo
)_;m ];m; =to% %o-Vv ru;v;m|7 %; oOv;u”;7 mo 1Mto7y A, mIQmTbmP 7ol-bm ruo|;bmv7 |_u;; ;m

|_; mtlO;u o= “-ub-m|v % _ov; =u;tt;mlc 1_-m];ZOM|]%uyvmmv; $%a ;m107; 1-|[bom 1_-mm;t ruo|;bmv:

-m7 v;St-t rortt-|[bomv P b]tu; “177Q: $_; u;-vhmul;mQp7; tmAYubu-1|;ub&;7 ruol;bmv Pes 0t| 0= *’
I;ml-t ;==;1] o= ];m; =to% om -7-r|-|bom P ;mout-mbt7; <=>t@7 [ vomvd 1-|;]Joub;v Pv;; -tvo $-0t; "*uQ:



MOERMAN ET AL. Journal of Animal EcologyM |3 J e«

100 (a) p=0.0942 |(b)

075 r=0.9058 ° s 9 -
0.50 :
o =0.216
0.25 R A f: -0.784
0.00
_ ") (5 R E— E—
= 0.75 A,
=050 ;
° 4 . =0.0274 =0.2847
g o R Foe726 fo 07153
© 0.00
31.00 (e) (f) o®
o 0.75 Y
= @
2050
[} L) = 0.0496 = 0.0894
=0 2 7= 0.9504 Fe 09106
2000
21.00 (g) (h)‘ ‘
G 0.75 2
w &
@ 050
£ 025 A L ° p=0.0481 p=0.088
= ® A r=0.9519 r=-0.912
5 0.00
2 100 () g
2075 )
5,0.50
N =0.6528 =0.7814
=025 i f: 0.3472 f: -0.2186
0.00
1.00 (k) (l) :
075 b §
0.50 F
025
0.00 2
0 400 800 1,200 0 400 800 1,200
Number of variants (genotypic evolution)
Gene flow ® Absent 4 Present Reproduction © Asexual ® Sexual
& ! »J rovb|b”; 1ouu;t-|bom 0;|%;;m =b|m;vv 1_-m]; -m7 ];m;|bl1 1_-m]; % _:m v;St-t rorft-|bo
;m-buoml;m|: "|-|bv|b1l-t -vvolb-|bom O0;|%;;m 1_-m]; bm =b|m;vv -m7 |_; m*TIO;u o= -tt;t; =u;tt;m1lc«
=ou rorft-lbomv ;Sr-m7bm] bm|o - tmb=oul ;m buoml;m| Pt;=]| r-m;tvQ -m7 rortt-|bomwS8r-m7bm] b
V_0%V |_; mtlO;u o= v|-m7bm] ];m;|bl “-ub-m|v |_-|] 1_-m];7 vb]lmiSblvlvmq o \b i :t1;t;neu;bm; huae%e$_;u
P=b|m;vvQ o= ;"0t™;7 rorftt-|bomv 10lr-u;7 |o |_; -m1;v]|u-t rortt-|bom: oubE&omp=at=vTorito]viv,70% |_
=ou |_; Ilbmblfl 1_-m]; bm -tt;t; =u;tt;mlc -| |_; ;m7 o= ;"otf|bom =ou bmlttvbom bm |_; -m-tcvbyv:
u;ru;v;mlv - vobm]t; rortt-]lbom7 %b|_ lototu u;ru;v;m|bm] u;ruo7t1|b”; lo7; P<;tto% = -v;St-t7 Ott; =
=10 %o ult; = ];m; =to% -0v;m ub-m]t; = ];m; =to% ru;v;m 0 $; S mv;|v v_o%o ;o 1-0wo; ouu
to% Plbult 1 to% -0 |7 Jlub-m]t ] to% |Q: $:S| b | 0% |_; 7-0wvwom 1

om - r-bu;7 v-Irt; 1ouu;t-|lbom |;v|] =ou v;St-t rortt-|bomv POtt; |;S|Q -m¥bymbtulror|t t-dbantv|FPenwo
V_0%m bm tb]_| 1ototu P¢;tto% ou O0tt;Q7 % _;u;-v vblmb=bl-m| louu;t-|bomv -w=¥_0%m Batt7t;uh 1¢
=u;tt;mlc 1_-mQ7 %; 7b7 mo| 1-t1tt-|; |_; louu;t-|[bom7 O0;1-%tv; v;";u-t rorft-lbomv 7b7 mo| _-uOoft
7u-l-1bl-tt< bm -tt;t; =u;tt;mlc

I GI u-7Thvymlb=b1l 1_-m];v bm -tt;t;Pe* 1;m;vQ: $_; u;l-bmbm] ];m;v ;b|_;u ;mle7; tmil_
=u;tt;ml< -u; -vvolb-|;7 %b|_bom O-t{may P« ];m;vQ ou |_;< =;tt bm|o =tml|bom-t 1-|;]
0¢ omtc =;% ];m;v: 0]|-0t<7 |%o0 ];m;v7 - ];m; ;mlo7
); =0tm7 —+7u—« ];molbl rovb|bomv =ou % _b1l- % ;1lcthti ittt =mlbt<ruw3d;bm -m7 - ];m; ;mlo7bm]--m oS-t-
=;u;ml;v bm -tt;t; =u;tt;mlb;v |_-umo|fik;mvd®;tur-aui;u7 % ;u; bm~ot™ ;7 bmvaolbdbi7b;mI;v bm -tt;t;
[;v] P ;|_0o7vQ: =|;u om=;uuomb louu;l|bom7 %o;tth;mbm:™77]uwilpmbddndbvo "-ub-m|v P$-0t;v "ee -m7 "o—
|[bomv %b|_ vblmb=bl-m|t< 7b==;u;m| -tt;t;-=u;t"t;mdb}bnd];| % 5ou roblotm Q :
[bomv ;Sr-m7bm] bm|o - r Ju-7b;m| -m7 rortt-]bomv ;Sr-m7bm] bmjo

- Tmb=oul ;m"buoml;m|: m -tt7 ¢7¢”v o= |_;v; rovb|bomv 0l11fuu;7 bm
ruol;HdmIbm] u;lbomv7 -m7 =;tt bm|o u'u 7h==;u;m]'BB: PB-WU:t"=7-r|-|bom ru;=;u;m|b-ttc -=
bm "frroulbm] m=oul-lbomQ: $_; t-ul;v| vtov;| Jam| . vvb mmov % B|bm u;r-bu -m7 ];:m; :Sru;

=tml|bom-t -mmo|-|bom Pe'u ];m;vQ ;mlo7; |u-mvl;lOu-m; ruo|;bmv:

| _su _b]l_t< u;ru;v;m|;7 Juotrv bm1tt7; ];m;v [$o|=bml70 D;t hBen-M; ;u ];m;v bm~ ot™ ;7 bm ];m;u-t -7-
70l-bm ruo|;bmv P—— ]t ¥Q3d|@FMIDAMR] 7o0l-bm]uudb;wrfdlb=bl -7-r|-|bom % ;u; -vvolb-|;7-%b]|_ 7t
[;bmv P'— 1;m;vQ7 1-|bom 1_-mm;t ruo|;bmv Pev|homwD %m¥ |EDmMZI Fhn¥lnew;u;m|b-t ;mubl_I;m| o= ];



tJ |J Journal of Animal Ecology MOERMAN ET AL.

bm |_;v; |%0 Juotrv o= ];m;v7 =olfvbm] om |_ovsdim7onijorphdf;ylv-] 1;m;v u;t-1;7 [o ];m; ;Sru;vyv
% b|_ 1t;-u 7b==;u;ml;v 0;|%;;m |_; Juotrv: u;t-1;7 |o 1;tt 7b"bvbom % ;u; tTm7;u v;t;1|bom bm -t
lom] eee |;ulv -vvolb-|;7 %b|_ |_; “ ];m;u-ba/Zbjt{blom] |_-|] 2_-m];v bm vt1l_ ];m;v I-< 0; -7-r
1;m;v7 ¢ |;ulv bm ¢ I-fou 1-|;]Joub;v % ;u; vblmb#bl-@|t«v;mabd, yu7-|bomv -u; lomvbv|;m| %b|_ u
-=];u Itt|brt; |;vlbm] l1ouu;l|bom P ;mf-Ibmb |_;0017 Gpub7l_e+u,;Bb1l|v viuom] v;t;1|bom om rortt-|t
o=t;u ;| -t:7 ‘eeeQ: bh;%bv;7 -lom] «=*v |;ulv -yvolubm]7 %/4}_P fulom ;| -t:7 ‘eee8 bttbrv ;| -t
u‘u Ju-7bymUb=b1l ];m;v7 u="[;ulv bm < [-fou 1-|;]-auDb;ve %Qu;
vblmb=bl-m|t< ;mubl_;7: I-m]; ;Sr-mvbom |_;ouc¢ -tvo ru;7b1|v viuom] v;t
m b]tu; u7 |_; r;ul;ml|-]; o=]_; ¢ I-fou 1-|;]oubuy-bMv7lo¥%smuv-t P tulom ;| -t:7 ‘eee8 " bm; ;| -t:7
=ou |_; |;ulv -vvolb-|;7 %b|_ ]:m;u-t -7-rThromv-RrOom;t'b®Qtu o=|;m _-v - ];m;|bl O0-vbv P"--v
-m7 Ju-7hrmlB=b1 -7-r|-|bom Pr-m;t 0Q: m 00{vQ7-Peov;Tb7 Bwo| 00Ov;u"; v;t;1|bom om ]J;m;v 00" bc
=0otTm7 I-m< ;mubl_;7 [;ulv u:;t-];7 Jo |;|-06& byl 77Wvir;uv-t bm |_bv ;Sr;ubl;m|:
rul;mj|-]; o= |;ulv 7b7 mo| 7b==;u vblmb=b1l-mtvy WOm%otm7| _bm VuddbsinlJ -7-r|-|bom -%;u; -v
| %0 7-]-v;|lv: ); =otTm7 omtc |[%0 vblmb=bl-mlbe|7bdeouy;odpntt% b bom Obm7bm] -m7 |u-mvrou
ubl_ ;7 |;dl 1-];]Joub;v: $_; =buv| 1olrubv; |u-inpllubmBaim-tm7tml|bombm] -m7 oSb7ou;7t1]|-v;
[u-mvt-|bom =ftml|bomv7 % _bl_ % ;u; lou; tbihltu;|oQ0;$-bvodb]{yviv |_-| I;m;w;0-¢7bmimdpbbmm.
%ob|_ ];m;v bm~ot™;7 bm J;m;u-t -7-r|-|bhomhvByv -+ W IbFolttomFtuh-TIJ=tml|bomv |-« 0; -7-r|b™; 7;r;m7
|[_-m %b|]_ ];m;v bm~ot™;¥rbbhbFb17b7nAr||}|bom He:;;’w oFm buoml;m|: 0% ;" ;u7 |_;v; 7b==;u;m1l;v %o,
-tt [;ulv8 ! TQ: $_; v;1lom7 lolrubv;v IbybymbZbl-m| -=|;u 1ouu;1|bm] =ou Itt|brt; |;v|bm]

u;r-bu -m7 1 _uolovol; 7b"bvbom7 % _bl_ % ;u7-ttvldbodmu;utbH;7<|pobom |u-mvrou| -m7 Obm7bm] |
0; -vvolb-|;7 %b|_ ];m;v bm~0t™;7 bm ];m;u-tovadejp1bwm;WP,utmywu to% r lom7b|bomv P u;l;u _

o= -tt [;ulvQ |_-m bm ];m;v -vvolb-|;7 % b|Sb7;ou;7 flul-Fhymrt:< -m blrou|-m| uot; bm-|_; ruo
vr;lb=b1l -7-r|-|bom P’':¢"w 0= -tt Qudyg _tlv-1|b~; 0S<];m vr;1b;v P! "Q7 % _b1l_-u; _-ul=tt |o 1

& ! ulJ ;m;u-t -m7 yu;¥bsmlJ-7-r|-|bomv 7tubm] u-m]; ;Sr-mvbom: -u|lb|bombm] o= -tt ;mubl_;"
7;viubObm] Oboto]bl-t ou lot;1tt-u =tml|bom o= ];m;v7 -v % ;tt -v 1;tttt-u viutl|tu;Q -lom] " |-fou
bm ];m;u-t -7-r|-|bomv Pr-m;tvrQlbmbJu7~bfjnplomv Pr-m;t 0Q: ototuv louu;vrom7 |o |_; ¢ |-fou 1
T10;uv bm ;-1_ u;1|-m]t; u;ru;v;m| |_; mTlO;u -m7 r;ul;m|-]; o= ];m;v % _ov; -mmo|-|bom =;tt bm ;-1
1-|;]Joub;v -u; 7bvrt-<;7 -v =btt;7 u;1|-m]t;v -m7 -u; 00S;7 bm |_; lototu t;];m7: $_: u;l-bmbm] 1-|;]c

%ob|_ - 1lototu;7 Oou7;u



MOERMAN ET AL. Journal of Animal EcologyM |J Je’

;] -t:7 ‘eevQ: 0% r 1-m -tvo lom|ubOt]; |o ;t; t{n¥7vded;t1ppbom7bbom7 v;St-t u;ruo7ti|bom I-« _;tr

" P -10;u] _ u-m77 ‘e¢“8 ;l-ub; ;| -t:7 ‘eeeQ: b batolvit{;ubotv It|-|bomv -m7 tmtolh |_; _b77
=0otm7 |_-| v;t;1|bom =ou |_; 1-r-1b|< |o I;|-00tbE;u-tup\ ;s |bltoUjub-m|v % _;m rortt-|bomv ;Sr-m7 |_;b
-m| -vr;1] o= ;"otf|bom tTm7;ur v|u;vv bm r_<|amro"mth]jmmb Bolmh;m@;w]= - r Ju-7b;m]|: Tu ru;"botfv o0V

ottbmv7 ‘«'«Q: omv;tft;m|t<7 ];m;v -vvolb-|;7 PDobdh-tibpottgdmdmb-ttvo tm7;ujJo viuom] -7-¢|-|bom |c
=tmil|bombm] -m7 oSb7o0u;7t1]|-v; u;-1|bomv l-uomirmjobm%b} -Qv;m1l; o= v;St-t u;ruo7ti|bom P
_-ul=tt lomv;tt;ml;v o= 1 ": il -t:7 fete-Q vi]l;v|v If]-|bomv u-|_;u |_-m v|-m7b
[-< rt-< - I-fou uot; =ou ;"ott|bom-u< -7-r|-|bom |0 |_

Ju-7b;m| ;m"buoml;m|:

":"J]J blb|-|bomv :m;|bl -7-r|-lbom bm otu ;Sr;ubl;m| lov|tc -==;
tbmh;7 |o Juo% |_ u-|; -m7 |_; -Obtb|< |]o Juo% bm |_
) _bt; otu ;Sr;ubl;m|v b7;m|b=b;7 Itt|brt; ]:mollaim|t_&mibh;-vuelbotv ;Sr;ubl;m|v7 %; =otm7 mo bm
-1;7 %b|_ u-m]; ;Sr-mvbomv7 otu -0Obtbh|< |o ];miatth@®;m=wsl7pv;d;bw-t 0;_-"botu b|v;t=7 m;b|_;u om
vtOof;1] |o v;";u-t thlb]|-|bomv: $_; =buv]| o=-|_;lobv-|r;;mapmdlvitit7 bm7bl-[bm] |_-] bm |_bv ;Sr;u
[bom %; oOv;u”;7 -]-bmv| om; -ml;v|ju-t 1tom;m$| thntrv;md|bmom%-v lou; blrou|-m]| |_-m |_; uot; o
u;ttbu;7 tv |[o -rrtc viubm];m| 1ub]|;ub- |o b7;m|b=<];m;v Tm7;u v;t;1
|bom7 -m7 I-< |_tv _-"; I-vh;7 vol; vblm-|tu;v o= ];m;u-t -7-r|$"
[bom: "r:1b=b1-tt<7 b| thlb|;7 otu -0btb|< |0 7;:|)L||romhmblit -t7-Aufblomm?7 "bt"-m- cev;u -m7 "-u-_
o= Ift|brt; % ;-htc v;t;1|;7 “-ub-m|v7 -m7 lolrt;l;tm|%ux| O0t{0momdu<« %ouh?7 (-m;vv- );0;u ; ;to =ou
r-u-tt;t -7-r|-|lbom o= 7b==;u;m| ];m;v bm 7bm*iu;my viorht{pboomvuololot7 -ut- ;tto -m7 BDtim;
P -ul_b ;| -t:7 *s*«8 "|;r_-m7 ‘esuQ: t|tu; u-m]; %Sr-mlvhodgBmzudul-|blv7 -v %;tt -V |[%0 -mom<clotv
Ismlv v_ott7 0; 7;vblm;7 %b|_ |_; 7;|;1|bom o= ;jtrzv;t -I7oIl|;-hbenom - ru;"botv ";uvbom o= |_; I-mtvl
mechanisms in mind. bv =uol |_; &mb~;uvb|< o= ,fubl_ &! "ott|bom bm
vilom7 tblb|-|bom bv |_-| %; 1ott7 mo| tf%myb=«¢|bon=b|HhLlyvml; ofm7-|bom7 wu-m| o o
;==5;1] o= bm7b"b7t-t ]J;m;|bl 1_-m];v: $-; u$viomblywriOtphe|bo@ ‘<" 03 |_; mv|b|t|] 7;v "1b;m1l;v
viu™;7 I-mc I;m;|bl 1_-m];v7 -m7 |_-| b| -bv Tb=obfl|btgm|lo;{tbry:b); %ott7 -tvo tbh; |[o -1hmo%t;7]
1-tt< ;m]bimhenmophila |[o v|T7< |_; ;==;1] o= -On<"%orbyvv tflbom-t "1b;m1l; otm7-|bom Ju-m| "eee’ M
1 _-m];: 7b==;u;m| v|[T7< ou]-mbvl |I-< 0; m;;7tdojrg-m"jud;el;1_ otmlbt 7°-ml;7 u-m| o0: ¢ —ve"“:

| _bv tblb|-|bom:
$ bu77 71; |o tblb|-]bomv 1-fv;7 0< v;tt;mlbm] lovPv7 %; B01t7 $
omt< v;tf;ml; root;7 v-Irt;v =uol - tblb|;7- mtBO;;u-bF awvtt-"; mo lom=tbl| o= bm|;u;v| |o 7;1t-u;:
[bomv: m; lomv;tt;m1l; bv - tovv o= tbmh-]; bm=oul-|bom =ou vr;1b=b1l
“-ub-m|v7 % _bl_ tblb|v otu tTm7;uv|-m7bm] o= &% udt;]o= v$It-t&u;ruo”

7t1lbom: "t1_ bm=oul-]bom I-< 0; blrou|l-m| =ou7lolr-ubvom-#b|: : 7;vblm;7 |_; ;Sr;ubl;m|8 : :r
o|_;u vr;1b;v7 -v |_; t-ul; mtI0;u o= I-luomt1tl-u ;Broobdbwol:v %ouh -m7 v|-|bv|bl-t -m-tcv;v8 : :7
and random chromosome division in Tetrahymenal-< =-1btb|-}; ;"0: : : bm]|;uru;|[;7 |_; u;vtt|v8 : : -m7 :): %ouol|; |_; =
tt|bom bm |_; -Ov;m1; o= v;St-t u;ruo7t1|bomd=adlr-u:mtfielubdb:m7 -tt -t|_ouv 1oll;m|;7 om -m7

|[_-] t-2h vt1_ ];m;|bl 1_-u-1|;ubv|blv: mo-_;u|lomlym-it mlyvibontbl
b|;7 u;rtbl-|bom o= v;tt;mlbm] -luovv rorftt-]lbomv7 % _bl_wu;7t1;v otu
-Obtb|< |Jo b7;m|b=< vb]lm-|Tu;v o= v;t;1|bom 0-v;7%0m (r-u-tt;t ;$ot T B o $

-luovv rortt-lbomv: $_; v;tt;mlbm] o= lou; rorttnbpmblod-hm7m7bDdT|rt| =bt;v =uol "-ub-m| 1-ttt

T-tv u-|_;u |_-m root;7 rorft-]lbomv u;l-bmv -m birpak-m|v{Eyh |swoju-mmubd _|;m| -m-tcv;v -u; -"-bt-0t;

=t|tu; %ouh: U<-79 _||rvOFF70b:ou]Fee:"eueF7u<-7:%ul—°"tt_ P o0;
‘efeQ: 1-% v;tt;m1l; =bt;v -u; -"-bt-0t; =uol |_; tuor;-
ul_b"; P_||rv9FF% %0 %0:;0b:-1:ThF;m-FOuo% vVv;uF"k

“J|J &" " tt -m-t<vbv viubr|v -m7 “b7;0 -m-tcvbv r-u-Il;|;uv -1
b|_t09 _||rv9FF70b:ou]Fee:"'veFE;mo70:"" e¢"" P 0;uU

); V_0%:;7 bm |_bv ;Sr;ubl;m| |_-| v;S%-t u;ruo7t1l|bom 1-m -t|;u

Oo|_ r_;mol«rbl ;"ott|bom -m7 |_; tm7;ut<bm] ];im;|bl -ul_b|;1]|tu;

7tubm] u-m]; ;Sr-mvbomv7 7;r;m7bm] om Oo|_ Felix Mogwnam'=; oFfr9RFouUlb7:0u]FesseJeee ] ey Jo_ay

Ju-7b;m| -m7 |_; ru;v;nmrbvp=mtani}in; =to%: tTu EnamiebMmAnhofer™ _|[rO9FFoulb7:0u]FeeeeJoeceJ te_Joy

vtlliv] |_-1 v;St-t u;ruo7t1l|bom I-< Oubm] }ol;|Flotan Alterpbett - up|rOFFouUlb7:0U]FesseJees I v eJu-"v

-m|v =uol v|-m7bm] “-ub-|bom % _;m rortt-|bomAnd@as Wagnei - fmbeBBEbuUulb7:0uU]FeeesJoeece’J  __J y"



«“J | J Journal of Animal Ecology MOERMAN ET AL.

| | " om tbhl0 t;m]|_ bm -m bm~-vlolrnallof_Bvolotianary

tl;ul-||7 :7 wuvom_o=;u7 : :7 =-umb;u7 :7 ||o7B'o“}gy7F?z> 97“—““(" [ITVOFF70b:ou]Fee:eeeeFf 0077 "
t;1h-7 :7 Ju-m77 7 cel _tu7 :7 —vvb 7 $ ] L P7' DS usti-vivo | g v 7 thidufedm jtott|
t;0-mb7 :7 om|-ur7 :7 "1 _|blh@E:tt;7 :7 $_ Tbttb420p 7'EQ7“1“”"" K 1ITVOFF70b:0u]FsmemtvEm-|1u
Ptee”Q: Db] -mv%;,uv =uol vl-tt %oout7v9 tv; u?v f’%‘%‘% -'ouPrLo Tral?ymeh@thermophllaP-w $7:Q: 1-751b1

Ibluolovlv -v - lo7;t vev|;l bm 1oto]MethUasm0t‘r|bom

Ecology and Evolutio B Q7 *4vK 7 7 1+;7b7 7 ;|b|7 t: :7 _ Slo==b;u7 : F

-1 I-mm7 : :7 -mv;m “-m !;mvO0tubmm-uuodu|: E-—Lﬂ'.ljbtvﬁj' 07: bm -P:bomVQQF;:v7vbb.; bm'luo.‘JEYMan;n:n?L OJ( tot
7 _(-m Ttvhbuh7 : P‘«*eQ: ;m; =to% tblb|v -7-r]- %Jp\r/,n_Q:t om] v vl v ob:ou] AL v

;m~buoml;m]|-t ]urhé Bmmrican Naturalis? 199" Q7 weK ' v
-u]l_b7 :7 ;ulbvvom?7 7 _ "1 _tX||;u;u7 = P‘e‘eQ: bcf% gl 7T|b|bb
tTmb=<bm] =u-l;%o0uh |o tTm7;uv|-m7 Natwe |b"
Reviews Geneticg 2P+ Q7 cu~K

"7 _ Multiletic tallingPmedel @:

P ‘chisg@osthoc.test: Perform post hoc analysis based on
re5|duals of Pearson's Cliguared Test for Count Data

;tt7 ¢ PeJdhéQ@nasterpiece of nature: The evolution and genetics of
. R bv;m7 : 7 o«m;7 ':":7 )7 7 )t7 :7 $_b-]-u-f-m7
sexuality: &mb~;uvb|«< o= -tb=oumb- u;vv: 21 o n7 1'7:07 7 om: 7—_ 7 $-ttom7
;mf-lbmb7 +:7 _ 01_0;u]7 +: Ps—="Q: om|uottbm] |_; =- L’;;..b}'/ébo, u]<7u",|.57 Z.b‘tA 7 L 7 Y V7’ : ,7' fou

ru-1|bl-t -m7 ro%;u=1t -rruo-1_ |Ourhtpbrt; |[; v|b 1:

7w a7 ) . Pies .
the Royal Statistical Society Series B: Statistical Methodol@ggP « Q 7 7 o-utlom7o w7 b7t o7 U b_ vi P uQ:
VoK Tee: ];mol; v;tt;m1l; o= | _Tetrhlynhenp thermophil&d - o7t

;“iulom?7 1:7 _  ot|7 On tie-dynaics of exploited fish popula- » T'h-u <ofLoS Biology #-Q7 ;'vu:

tions: "rubm]:u: viju_™E&<«7 :7 bm]7 : ":7 +-ho"t;"7 :7 _ buv|7 : P
t-m77 : 7 _ t|l-m7 : : Pe——"Q: tt|brt: vb]mb=b L mi‘ 1U11 gS<lim vridlbiv 0¢ olr;S P 9 &0b
omz..uu.om_b ! ﬁelmw..’Q7 e Sh70 Ll 1] - v‘E}cheucmlacob -m7 1lolr-ubvom-|o |_; ;r
; i : eunlis . g
otl;u7 : :7 o_v;7 7 _ &v-T7;t7 : P'ee"Q: $ub||o|—|bqi§)I T'):é IB{?l“Ol:mW AT PetQ7 Wik _[lrveFF
Jubll;u =ou tttlbm- v;t{BipiffornTaticsBO P«"Q7 ‘ee¢“K _ ’
‘ete: ||TVOFF70b:0u]Fes=oul5E0DBO oo Slo= b u7 7 ott7 :7 _ ;|b|7 1 : P'ee=Q: ;m;|bl 1lon
OUV7 : :7 Guuiu-7 ":7 ouubv7 : :7 _ " _-mh7 $:=- : P‘--—%r_m“l};tb“ m;(ual Review of Ecology Evolution and Systemaﬁcs
molblv o= u-rb7t< bm>-7bm] thom=bv_ bm |_ B9 ¥y v bim-ty  atural selectian & < o7
o= u-m]; ;Sr-mvbom bm |_; -Ov;m1; o= vr-|b-t t d)bom v|u li@ |ca eory of natural selectian ou
Ecology and Evolutio@ PuQ 7 ’"’-‘uK_||rv9FF7ob.ou]F--:--- R
e uom_o=; u7 o7 tlul- |7 TRt @Mm-Uuo F;;70-1hv
T . Sriubl; d} t u-mj NatSre Qommonicationss 7
ovv_-u77 :7 ;bv1_t7 ":7 1h;ul-mm7 :7 Slo::b;u7 i .
o= |_; It]-lbom -11tItt-[bom ruol;vv 7fubm] 0-1 &Vg[& 700 BT R w1011
-’ ) ’ - h%9| ov'? ]7 buhr-|ub1h7 P Pe——+Q: ;m;|bl lo7;tv 0
r-mvboBMC Genomic¥21P.Q7 : _||rv9FF70b:ou]F--:--vu_}:] m: —to%o bm r;ubr_;u-Bvaleioh 51 B e@ A v eK

vevu fJ e uueud & |vOFF7ob: OUIFeeeodaPluediyd:[0a: S
u;l;u7 7 _ uoel;u7!:P"-—Q:lvromvvo-lbluooud v&y|o7 |0L91”7 .7

] : ) _!'bm-t707 : P'eeeQ:- ;lo]Ju-r_
v | u; VAnnual Review of Microbiologf7Z3 P« Q7 '¢*K _||rvOFF7o0b: |b1b|< -m7 u;votul; -t|olouu:t-|[bom lom|uot Oboto
OuJFeessuF-mmTu J [b1uode's™s - v 14olimioty (-mDKISTIR Q7 +#"tK: _||TVIFFTob:
uo%m?7 : :7 "_btlom7 :7 _bttbrv7 : :7 _ "_bm; 70u]FP--:--- Eoldh svbom?7
Viujvv7 -m7 vrbm-t -u|_ub Frocedings-afthe|Mational bol;||o7 :7 'bm-t707 :7 -uu-u-7 :7 _ tl;ul-[|7 : P*e
Academy of Sciences of the United States of Amerid®4 P“" Q7 ru;7b1|-0t; =;-|tu;v o= wu;rtbl-];7 Oboto]bl-t bm’
ceU—VKeeeo: Proceedings of the National Academy of Sciences of the United States
tulom?7 7 _bttbrv7 7 _ $u-"bvDd==v:i-m7P|ec Qof RMerlcal 11P Q7 ‘oK
;"ott|bom o=beheub;v 7tubm] u-mEroldyyLettelom: yov_ otE7 : P'e«'Q: loto]bl-t -m7 ;"ott|bom-uc< lomuv;t
13PeeQ7 otk invasions. Trends in Ecology & Evolutign 1P« Q 7' 4K
-bumv?7 7 ojul-m7 7 uom_o=;u7 7 tl;ul-[|7 7t7-RtlAmm7$7 Plegriz o Pe—"uQ: $ -lbom 0;] %

“otflbom bm bm|;u-1{bm] vr;lb;v -t|;uv ru;7-|ou tbt= | bobrv | o 7 | = P+ ¥ Z Praceedings ofithe Royal SometyB
0;_-"bou -m7 lour_oto]< bm ;Sr;ubl;m|-t IbluoOb- tBibRYIcRMsRiEAGYE 145 — « Q7 *euK

Proceedings of the Royal Society B: Biological Sciem88: _||[rvOFF _mv:;m7 $: : PesuQ: $_; ;"ott|bom o=Anma|Reviem1l b|;1]|
70b:ou]Feciee—VvFUVIO:‘e'ereu” of Ecology Evolution and Systematigs3P+ Q7 "*K
-t7;bu-7 7 _)blh;[|7 : : P'e¢’Q: m|_uoro];mbl LruGom -m7 oliiih7 :Principlessaf @opulation geneticsP | _
r : Nature7 422Pu-"uQ7 'u”: _|[[rvOFF7o0ob:ou]Feciee’VE*"'"'"07"-Q: "pbm-t;u vvolb-|;v bv -m blrubm| o= S=ou7 &1
-vvb7ednt;<7 : P‘Yetrghymena bm |_; t-Oou-|ou<9 'bl_Ump(ﬁT}n]Z!;$;7 _ -ujom7 : D PfeeQ: $_; ;==;1] o= 7t
votul;v7 I;|_o7v =ou 1tt|[tu;7 I-bm|;kethedsin -m7 v|@k-1-7-r|-|bom bm -v;ST-GenetidsTtgDRmMW: =K
Cell Biology7 109 ‘’etu: _|IrvOFF70b:ou]Fee:bdvFqums|’ ="
_-ut;v%ou|_7 7 -u";<7 ¢ 7 _ -ulom7 : -PleeqQuhripubbh7_bIA_ -ujom7 : : Pe——¢Q: “otfTHeom o= - \
_ b h bPhiJosophical Transactions of the Royal Society3B5 P+“«'Q 7 American Naturalist7 15@ « Q 7’ :* K
1553-1562. tor=v|;bm7 ":7 fuu-|7 :7 _ Slo==b;u7 : PfeeuQ: $_;
om7 73 btt7 7 _tilAtt;u7 1':7 lo<7 : 7 _ $_ol-v¥tu=bM]*oR:|_; %-"; o= - u-kdecuylSrrBivledycamd
'-rb7 u-m]; v_b=|v o= vr;1b;v -vvolb-|;7 %b|_ _b]Evblutidn7 a8’ & 7b I“v'#
% -ulb®cenceB33 Pu""Q7 o= _||[rVOFF70b:0ou]Fee:p20fu7 !:7 -m7;<7 !: (:7 _ "1 _tX]||;u;u7 i PleeeQ:
science.1206432 7;m|b=<bm] 7b==;u;m]|b-|bom O0;[%;;m rortt-|bomyv
t-uh;7 "7 "_bm;7 17 _ _btthrv7 o D Plee—Q: -< |_; dPV;itodkh7;Q =oulkt;Q; P, t@RibInformaticsR27 P “Q7 '*'"K

%b|_<ot9 "r-|b-t voulbm] -m7 m-|tu-t v;t;l|bom ;S;tluarroMmv® FFEDAI ;0 U] F e = o DbR®|m " v -



MOERMAN ET AL. Journal of Animal EcologyM |J Je”

o=t;u7 1:7 _ "1_tX]||;u;u7 : P‘e¢'Q: 0%bm7-9 &mObevyud-mm/-t<vbv ottphm}7 17 ;uhtb7 ":7 )-1m;u? 7
V| ;mubl_I;m]| =0]amodyyolb-|b oBiwinfgrinaticsy : uom_o=;u7 = = P'e'eQ: T“otf|bom tTm7;u r v]u
28P«"Q7 ‘¢wVK: _||rvOFF70b:ou]Feezoul|BObBDNV " rorft-|bom 7;mvb|b;v t;-7v |o Bprio;7-vm7 Fbivb]

o=t;u7 ':7 _ "1_tX||;u;u7 : P'ee“Q: tb7; =ou |_; Mmybymbo= |_ " ptTet@hymgena thermophilaEvolution774 P’ Q 7
-m7 u;v;tt;m1lbm] Molecidlar, Biology and Evolutiod31 P Q 7 "e'K'VU:

“UK VT o;ul-m7 :7 wuvom_o=;u7 : :7 )-1m;u7 :7 _ t|;ul-||7

0% -ubh7 : P‘ee’Q: TI-m -];ml< bm Oboto]lbl-t bm -v%oirb] ;-tpmvV-yott|bom 7tubm] u-m]; ;Sr-mvbomv
u;t;-v;v =ov|;u m-|fu-tbv-|bom -m7 rortft-|bom ;TetrahymbrartheomophitdBjotogy Letters 18 uQ7 ‘e‘ee‘":
rt-m| vr;1Biological Invasion§5P“Q7 °*«"K _||rv9FF7obftt;u7 : : Pe="'Q: "ol; ];m;|b1l TheAIrﬂe\ricat:NatLSa:lisV
OU]Fee:ee'"F 9 (;@¥8efh:eee“:yu 66P e’ Q7 eivK

-1 _-r;tt;7 7 _ tt7 2 Pfee'Q: “otf|bom-u< u;v1t; bzodbi7-t :m77-v;Sbtt;u7 $: : *: P‘eeeQ: !-rb7 ;"0ott|bo
t-t rorft-]lbomv bm - 7;|;ubou-Bvoution@6Be«a¥l;m|:-0btb|< I-h;v Oboto]bl-t bm“-vbomv =-vNawrem7 lou;
"evK "ev: _||[rVOFF70b:ouU]Fes:essyFlizés3¢:beu—o:S CommunicationsB7 «“’¢”: _||rvOFF70b:ou]Fee:ve"vFmiloll

-10;ul7 : 7 _ u-m77 : : P'se*Q: "tr;uoSb7; [{o@7'1|blom Omoul-m77 $: P‘ee'Q: !;vot bm] |_; r-u-7o0

9&0bttbmom; oSb7o0u;7t1]|-v; Plolrt;S Q 7;r;m7¥od0nb in-Natanm Reviews Geneticd B“Q7 ‘UK
Ju-7b;m| -luovv |_; Ib|lol_om7ubTheBiochemicej|0Ou-ml;v-m7 :7 l<u_otl7 :7 "|;=-m;v1it7 :7 btt7 : 7 9
Journal7 38R Q7 e ;viblom?7 7 tm|t;«<7 :7 -bt-7 27 ttto;u]7 7

-l1_1-m7 : ": Pe——eQ: $u-mvlubr|bom mmteindionaP m o ;&;Tobem |7 ): 7 $_ol-v7 : 7 _ )-uu;m7 = Pe———(
Journal of Biochemistry & Cell Biolo@y2® e« Q7 «*¢%K: v_b=|v bm J];o]lu-r_bl-t u-m];v o= Of|];u=t< vr;1b

-ulm;7 "7 _ oto=vh«7 :PfeeeQ: mlu;-v;7 ];m;|bl-"-ub-|bofh b7 ;iolhom-t NWatweB3@IPue'uQ7 "w=K_||rvOFF70b:
|bom-uc< ro|;m|b-t 7ub”™; |_; vi1l1l;vv Proceedings " -vb"; ou}Ree:iee’ VFE eoye
of the National Academy of Sciences of the United States of Amevica ;1h7 : !: Pe——"Q: utOc bm |_; ut00bv_9 ;m-s=blb-t I’
104 P++Q7 "YwviK: ofv It|-]bomv -m7 |_; ;" ot GpD@icsnBE PV (B7: Utk

il-ub;7 7 117 7 -E-u;m|EQOTIU7:7T7I-_Tubll7 ": _|IrvOFF70b:ou]Fee:bdVvFq;m,]| -

P'eeseQ: "r;1b=b1 7bvbm]|;Ju-|bom o= 1olrt;$ vhbIbiZ|;9R 0btdbfwo-m;7 : Pee—Q: ";S bmiu;-v;v |[_; 1

oSb7o0u;7t1]|-v; tbmhv r 1_-m];v |[o 0Sb7-|b"; v]u;vvotibomoulowbsvit; bm |_; ru;v;m1;Jaumaloflolr;|b]o

bm 7t 1|Cel Meath and Differentiatiorvl8 P Q7 "wK _||rv9FF Evolutionary Biologyr 3P« Q7 «é"UK:

70b:OU]Fee:ee’ VFE177: 00e:-" _bttbrv7 : P'ee—Q: $_; ;"ott|bom o= Juo%|_ u-|;v om -r
ymoul-m77 $: PfeeQ: ;m; =to% -m7 |_; tblb|v |o m+|7]uBiclagytLdtidsF B uQ7 ve“K

Trends in Ecology & Evolutioh 1P “Q 7 evK _bttbrv7 : 7 uo%m7 : :7 _ "_bbw[buzx Pet¥fQhorm=h
b7 :7 _ tuObm7 !: P'ee—Q: -v| -m7 -11tu-|; v_ou| uu-mb pral;m] % b | Bcoldgy@IvP.uQ 7 ewe'=K _||rvOFF70b:

fuuo%Pov,dt;u |u-mvBminformatics725P«“Q7 e=%tk: OU]Fee:ev—cfocs]e

_|IrvO9FF7o0b:ou]Fee:=»eo4|F0LbvddOmr " “ _bttbrv7 : :7 _ ;uhbmv7 $: : P‘ee—Q: "r-|b-t vou|bm]
bm70;ul7 !': $:7 _ ottbmv7 "tRmjoQ< |b=THY<Rub~; to]t; o= m-[tu-t v;t;1]|bom: ThebreBcaDEcAHIGK

=tml|bom-t |u-b| ;"ott|bom bm - lo7;t Ibluo-t]-t <lthlttlhriv7-m:]; %bMm;O0uooh;7 !: 7 _ $tum;u7 : : Plee—(

m ; UEcplogy Lettery 28" Q7 eweK v;tt;ml;v o= ro|;m|b-t u-m]; Ofconectes winlisarm=

0;% ;7 7 _ btt7 ): : P'eeeQ: $_; rortt-|bom ];m;|blGrconectes|rusbaumdv@®-<=bv_ bm -mu;7b ;Beuironmental
0077 0-7 -m7 bm Philesophical [Transactions of the Royal Reviews? 17 ‘'"Kv:

Society B7 368" ““Q7 eedUK: ot;1_0"™7 : P'eevQ: v |_; vhe |_; thlb|5 m |_; ;Sr-m
tbfihS7 :7 o7 : : :7 -vbl7 :7 _;m7 ":7 "|-mb1l7 0=7 -+vm;1lbt,vy RLO® Rididgyl6 PuQ7 ;‘ee”’s': _||rVOFF70b

+1":7 _ Ju-%-t7 i : P‘eesQ: b]_;u u-|;v-0= v;S QUJF e tarlFiditathibo: ee” e

-r|-lbom |o lou; 1olrt;$S ; mPiwceedingsofthe National ot;1_o"™7 :7 _ -ulom7 : : P‘ee”Q: blb|v |0 -7Z-r]-]bom -

Academy of Sciences of the United States of Amerit P'Q 7 ™K I;m|-t ]Ju-7bRnoceedings of the National Academy of Sciences of

cmm7 2 7 _ o;u7;u7 o P'ee'Q: $_Tetrhhymema7 |bl;vthednited States of Americd 11P ‘'« Q7 uti¢=Ki:

Methods in Cell Biology 108 —K tbmt-m7 = 1:7 _ -tt7 = : PleeeQ: $oo0tv9 =t;Sbot;

-1h-<7 $: : : PfeeeQ: $_; ];m;|bl -ul_b|;1|tu; o= tt-wob|ddlr-dbnd]vi; molb Bicnfejmaiics726 PuQ 7 w“«K
Annual Review of GeneticB5 P« Q7 "¢-K _||rvOFF7o0b:ou]Fee:ee“ufF|rvOFF70b:0ou]Fee*:=e-wlalb/dtOmte "’

-mm;Tul;m; | iee teeie—ey’’ I ou; $;-1: P'eRsMlanguage and environment for statistical comput

-«<m-u7Ubb|_7 : PeFhev&Yolution of sex -10ub7]; &mb~;uvb|<ng: ! oftm7-|bom =ou "|-|bv|bl-t olrf|bm]:

u;vv: '-">m7 :7 -t7;bu-7 7 t7;u=btt7D;w]7 a7]_bvv7 : ":7

1 om-t77 : :7 'b1;7 : :7 _ ;v-b7 : : P'eeuQ: "8 vr;iByos Tty 8o " _;r;u77 7 $tut;<7 :7 Ocpahvom7
O¢ -tl;ubm] |_; 7<m-1blv o= lot; Nhatwe B3loR ¢"|-b' @ : acidification due to increasing atmospheric carbon dioxidRoyal
“K'ur _||rvOFF70b:ou]FeeitedvFm-|Tu "olb;|< otbl< ol1tl;m]:

1 tu;-|_7 !: P Statigfical rethinking: A Bayesian course withexam !'t;_t;7 : :7 ub-v7 :7 _ ;-uvoTetrahymendds e-uni@el
plesinRand Stan Pev| ;7:Q: _-rl-m -m7 -ttF ! : ttt-u lo7;t th-u<o|;9 ;m;|bl -m7Gknetic$BUB PO QA :

o;ul-m7 : P‘e*eQ: ~-|- =uo0l9 1lolr-m<bm] 7-|- -m-tut-Kwuuvlubr]|v
=ou9 ";t;1|bom om Juo%|_ u-|; -m7 tol-t -7-r|-|bemIBbm;mzmoribal;7b7 :7 o|;7 :7 ;lu-m77 :7 *tbtt-
-7-r|-lbom 7tubm] ;Sr;ubl;m|-t u-m]; ;Sr-mvbomv:Bo¥ |upmruo=;u7 : :7 -ulb-7 :7 ;mu<7 !:7 tvO0<;
| b vTetrahymena thermophila Zenodo7 _||rv9FF70ob:ou]Fee:"'veE7 om|;7 :7 ottom7 :7 ohho7 :7 -||_«vim7 :7
E;.mo70:"" ‘e’ om-h-7 :7 "|;";mv7 (: :7 $u-"bv7 = = 7 ,; ;t]-7o0

o;ul-m7 :7 t|;ul-||7 :7 uom_o=;u7 :7 _ )-Im;u7 : P'PYQvQ-:|-;mupbav o= 7bvr;uv-t: BiodRQl Re\4dws
";t;1]bom om u0%|_ !-]; -m7 ol-t 7-r|-|bom "-hb®7 ;molB1l tt;m7ou=7 : ):7 ot|7 : ":7 o7];7 : 7
7-r|-lbom 7tubm] Sr;ubl;m|-t !-m]; Sr-mvbomv Bm| _|7; ruofbv|t]_I-m7 ":7 -0bm7 !: :7 o_;m7 : :7
Tetrahymena thermophila Dryad7 _||rvOFF70b:ou]Fee:"eusF7u<«-77 1 -ft;<7 : :7 ] ;bt7 :7 -uh;u7 : :7 $_olrvor

%oul—3tt_ );tt;u7 " 1 P'eeeQ: $_; rortt-|[bom Oboto]< o= bm”-



u J| J Journal of Animal Ecology MOERMAN ET AL.

Annual Review of Ecology and Systemat®B8 7 '«"K': _||rv9FF7ob: Proceedings of the National Academy of Sciences of the United States
U]Fee:ee“uF-smmlfastw:’  ieveee:eee’e of America7 11R "« Q7 ' %43%Ku:

"1_tX]||;u;u7 :7 $00t;u7 ':7 o=t;u7 ':7 _ ot]|;7 (: P{ehQ; ;1 7mLbm] rdoOv;<;7 :7 "|ohv7 !:7 _ om]|;7 : P°
o= bm7b b7bnbnkK ];mMebd; rotcdour_bvl 7-]- %b|_ov;t;1|bom -m7 tol-t -7-r|-|bom fbbpojuc« y otrt tb-
Ob] =tm7bm]: Nature Reviewg GBretiQs/ «l-K [bom 7tubm] u-m]; ThE Amendao mMNaturalis7188 P" Q 7

"1 _l;tt;u7 2 "7 ";b|E®7 7 ub”;ttb7 7 _ (;b|-7 : P'WKQ@=v:iuovvbm] vr;
1b;v] u-m]; Oou7;uv9 mj|;uvr;lb;v ];m; ;S _-m):tV, 7b-{77_0¢0%Vv7 : ): Pee—Q: OtTm7-mpNMphudm] V5ub-|bo
Oub7o0]; mRroteedings of the Royal Society B: Biological Scieffces t;1|bemtt|b -ub-|; ];m;|bl 1lomv]ju-bm|v9 };ol;|ubl
272 P« Q7 eulu"K: | - | b oAnnual Review of Ecology Evolution and Systema#i@PQ7 “

"_bm;7 117 uo%m7 : :7 _ _btthbrv7 : : PfeeeQ: mbttbotiVfbom-ux ruodivtvv : 7 _ ;"bm;7 : : PleeuQ: !
|_-] -vv;lOt;v r_;mol«<r;v |_uot]_ vr-1; u-|_;u |_-dl)t;wef;M_rt-m| rortt-|bom vru;-7 bm =u-]I;m|;7
| b |;Proceedings of the National Academy of Sciences of the United t-m7v1-8cienceB53Pu‘—vQ7“W'K_||rvOFF70b:ou]Fee:ee‘u
States of Americal 108 “Q7 "¥ewkK viblm--=u‘uv

"rb|E®7 :7 _ tutom]7 : : : P‘es'Q: $u-mvliubr|bom;s0170uv97 yel ;ov7-ml;u -t7;bu-7 7 _ $cuu;tt7 $: Ples
Obm7bm] |o 7;7;torl; mNatufedRaievest GeneticAl3 P-Q 7 vbomv -m7 -1b7b=Db1r BER'hwvSgentes K
ue'Ku‘u: _||rvOFF70ob:ou]Fes:iee’vEFMuU] ‘ee

"I-m ;7storl;m| $;-1: P'e'eQ: RStan: The R interface to Stan

"lsr_-m7 ): P'eeuQ: "b]m-|tu;v o= rovb|b~; v;t'llbp 9 q(% V; t 1|b" $
V% ;;rv -| bm7b"b7t-t tolb |o vtO|t; -tt;t; =u; tT m1lc« Y bm
rot<];mb1 -7-r|Mpkeoutar Ecology25 P« Q7V'\I—K_||I'V9FF7OZ)7b|b0m t vTrrou|bm] bm=oul-|bom I-< 0; =0fm7 br
OU]FeeieeeeF|;1:¢ vV vbom o= |_; -u|blt; -| |_; rtfOtbv_;u=v %;0vb];:

"%o-;l;uv7? 7 ;ul;-<7 7 $_;uu<7 :7 -ultv;-t7 : = 7 m|;7 7 _

"lohv7 1: P‘e¢’Q: !-rb7 u-m]; ;Sr-mvbom bmilu;-v;v },...;'bl 7h==:u

im|b-|bom % _bt; 1-tvbm] tblb|;7 u;7t1|bom bm ]' bl 7b";uvb|< bm

7-1v;t=tHeredity7 111 P" Q7 “*“K _||[rVOFF70b:0ouU]Fes:es ok |° 1615°178Y 206169 ojul-m7 7 uom_o=;u7
hdy.2013.64 tl;ul-]|7 7 _ )-Im;u7 : P‘«'eQ: ";t;1|bom om ]Juo %o

"%, 7 :$:7 _ ttbv7 : : P'eeuQ: vot-|Fetrahymenartub=brh7bom-¢=7-r|-|bom 7ub”; ];molbl -7-r|-|bom 7tub
nuclei. Cold Spring Harbor ProtocolR006 P“Q7 r70:ruo|“"ee: _ |r";%':r';:ubl;m|—t u-mj]; ;Sr-mvbomv bm |_; ruo|bv]| Tetrahy

"GEA710vb7.OL:j;F(.-._.:/.;'résﬂ:O.:r;JO|;t0.c;Tum;7 7 lemTu7 gh;err{\;qu\t}i\ll%\]ournalofAnimaIEcologilo-?-uLMF?ob:

27 _ t=0-t;u7 ': : P'eseQ: !-rb7 -7-r|b"; ;"ott @ Bm M YdIu "~

;m buoml;m|v -1|v -v -m -ul_b|;1| o= rortt-]bom n-ml: :Sr-mvhom:



