1:1;b7;79 "¢ -¢ ‘e

(JJ11;r]|;79 ‘-

;L0105 u fett

'.) Check for updates

9ET

Q eeiesse ey Jiutguinn

PERSPECTIVE

Circadian rhythms of hosts and their gut microbiomes:
Implications for animal physiology and ecology

Dominik W. Schmid' ® J| Pablo Capilla-Lasheras ® J| Davide M. Dominoni?
J| Simone Sommef ® J| Alice Risely*

Nadine Miiller- Klein®

1

Functional Ecology E EE'?ET"‘#W

J]

JjoAiseAuN Ag SG2YT SEYZ-GIET/TTTT OT/I0p/W00 8| 1M Aeiq 1 jou|uo's euInoseq/:sdiy woiy pepeojumod ‘0 ‘Geres:

mv|b|t|; =ou “ott|bom-uc« 1o
omv;u"-|lbom ;molblv7 &tl &m Abstract
2&“7 sul-me o: -bt¢ th7-JKh 1<¢1t;v v_-r; | _; 1bul-7b-m r_c<vboto]< -m7 0;_ 5"k
mv|b|t|; o= bo7b";uvb|<«7 nlb - o)
“m7 olr-u-1b~: :7bilbm:7 &mH" -tt ou]-mbvlv7 %b|_ “-ub-|bom bm 1bul-7b-m r_;mo]|«r;v _-Zgbn
t-v]0%7 t-v]o%7 & bm7b"b7t-t =b|m;vv7 vr;1b;v bm|;u;ldbfojmemm7 vr;1b;v 1oJs
2
Correspondence 1 1;m| ;"b7;ml; | -] 1bul-7b-m u_<|_Iv bm _ov| blltmb]« -%n?
thl; 'bv;t« viml_uombv;7 0« |_; ]t] IbluoObo|- vT]l;v| |_-] |_; 1bul-75-
I-bt9 ubv;t<-"]I-bt:10]l 2
IbluoO;v -u; - Tuflb-t 1olrom;m| o= |_;bu =fml|bom: 0% ; 3u’
Handling Editor: o _-mm;v ltofvh hmo%t;7]; ou Tm7;uv|-m7bm] o= |_; 7btum-t 7«<m-1b1V o= ]T|§Ib
u-t rortt-|bomv ou |_; 1omv;tt;ml;v =ou _ov| r_<vboto]« -m? ;
"I U7 %o; vill-ubv; |_; _-ttl-uhv o= ]f| IbluoObo|- ovlbtt-|bodmn\
X
-m7 |_; I;51_-mbvlv 0¢ %_bl_ |_;< veml_uombv; u_<|_Ilv bmg_c
I;|-0otbvl: ); of|tbm; |_; 1lomv;tt;ml;v =ou 7b";uv; 0boto]b§t-1
-v _ov| r-|_o]l;m vtvl;r|bObtb|< -m7 v;-vom-t v%Db|1_;v bm I%-'
_ 0% |_; Ou;-h70% m o= |_;v; 1bul-7b-m bm|;u-1|bothv7 =0§] ;
1;m1; ou 0;1-tv; o= tb] | rottf|bom7 l-< -==;1| %bt7th=; bn‘;i::,
“:); -tvo ruo"b7; ru-1|bl-t ]tfb7;tbm;v =ou |_; I;-vtu;l;m| o= %)
bm %bt7tb=;7 _b] _tb] |bm] |_-| % _btv] =-:1-t v-lrt;v o= %o'gbt
-0t; o";u -_‘rfJubo77 1_-u-1|;ubvbm] ;";m r-u|v o= |_; 17| Ib$u<
3
0; bm=oul-|b";: g
" m blruo™;7 tm7;uv|-m7bm] o= _0% ]t| IbluoOb-t 7bTum-t§u_
%bt7tb=; bv ;vv;m|b-t |o =ftt< lolru;_;m7 |_;bu uot; bm vZ -
lbul-7b-m r_;mo|<r;v -m7 |_; lomv;tf;ml;v =ou _ov]| r_<vbc§to
KEYWORDS §
Oboto]bl1-t u_«<|_Iv7 1bul-7b-m u_<|_IvTb]ityol®;1bmqbw-|t¥boow|d bIITm;g
=fml|bom 8
&
Q
2
g
3
g
xQ
g
g
________________________________________________________________________________________________________________________________________________________________________ g
$_bv bv -m or;m -11;vv -u|blt; tm7;u |_; [;ulv o= |_; u;-|b~; ollombvi;frjwbr0%dblwmJIrowmbdll n;F-7bv|ubOt|bom &m7
bm -m«< I;7bt17 ruo™b7;7 |_; oub]bm-t %ouh bv ruor;ut< 1b|;7 -m7 bv mo| tv;7 =ou loll;ulb-t rfurov;v: %
a ‘s’ $_; t|_ouv: Functional Egold@ybv_;7 0< o_m )bt;< _ "omv |7 om 0;_-t= o= wub|bv_ 1oto]lbl-t "olb;|«: §
3
Functional Ecology2023;00:1-12. wileyonlinelibrary.com/journal/fec JlJl g
8


www.wileyonlinelibrary.com/journal/fec
https://orcid.org/0000-0001-8908-3882
https://orcid.org/0000-0001-6091-7089
https://orcid.org/0000-0003-2063-9955
https://orcid.org/0000-0002-8194-936X
https://orcid.org/0000-0002-5148-8136
mailto:﻿
https://orcid.org/0000-0002-0731-2934
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1365-2435.14255&domain=pdf&date_stamp=2023-01-20

*J | J Functional Ecology SCHMID ET AL. %
s
e J|J $! & % lbul-7b-mbla|® bm|;u-1]lbomv: ); 7bvlitvy _O%O§Tl
[bomv P;:]: tb]_| rottt|bomQ ou |_; v|[T7< o= vr;18;v
bul-7b-m u_<|_Iv v_-r; 7b";uv; Oboto]lbl-tJruod;;vvbm]vr{ongm;]vbm;:]: ;1]o|_;ulvQ 1-m _;tr Tngrr
7b”b7t-t r_<vboto]« -m7 0;_-"botu7 ;";m bm=tt;-nmMibm]; wihbb=tb P-m7A7 o= IbluoOb-t ovlbtt-lbomv%‘ I
;] -t!¥e”8 bO;u| ;30:287"ro;tv|u- ;leuQ7 vr;1B;v bbm=oul-|bom |o ruo"b7; u;loll;m7-|bomv om _0J |0 -%”-
[;u-1|lbomv P to2017,Q -tm7 vr;1hletiplom P);v|%o/gdv|-m7bm] o= ]t| IbluoOb-t ovlibtt-|bomv -m7 |Z£;b
;] -t2019Q: )_btv]| |_; ;Tott|bom -m7 ];m;|bl Im7rurkvimotbix]vm# ouo]l« =uol v|T7<bm] %bt7tb=; n§7
1-7b-m u_x<|_Ilv _-7; 0;;m u;t-|b";tc %o ;tt vVAORTZ;b;7 PrF1hLyo®bio]-: é
-lh; ;] 202D 8 +otm] 20007 |_; ;loto]lbl-t 7ub™;uv v_-rbm] 2
“-ub-|bom -m7 rt-v|blb|< o= -mbl-t 1bul-7h-m r_;mo|<r;v -luovv bm7b %
"b7t-tv -m7 vr;1b;v u;l-bm roout< tm7;@00o7 PJIkK;| -t:7 I " &S ! E
+;utv_-tlb _  @2009nQ@: m; o";utooh;7 =-1]jou b@SEIMLUAMODNS §
lbul-7b-m r_;moj|<r;v bv |_; ]Jt] IbluoObo|-7 |_; _<r;u7b”;uv; vtb]|; §
o= IbluoO;v |_-| bm_-0b| |_; bm];v|bm-t |u-1]: $];Ibfljud®bud®lvdpbtbybomv _-"; 0;;m b7;m|b&b;7 (&:m
rb”o|-t =ou |_; u;]tt-|[bom o= _ov]| I;]|-00tbvI¥ blttné¢mvmA; Jomv;l-mv -m7 |;;uh-|v82020;|Ridelu ;| -§:7
ttim|tc oul-mbvi-t _;-t|_ P"oll;u2013)cRémovald ;| -t2021Q -m7 1-r|b"; lo_ou|v P;:]: Ib1;7 1_bltm
|_bv IbluoOb-t 1olltmb]|< 7-Ir;mv |_; 1bul-7b-m Borahvvh@eRiB= Boh: ;|20198 -uubv 201987, -m] é
1;mlu-t -m7 r;ubr_j;u-t 1tolh ];m;v7 ;";m % _;m th]_-|t20217Q=;;Fb;m]|ir;w o= IbluoObol;v -tvo Tnh?;u]c% 7
-u; l-bm|-bm;7 P ;ome”Q: -t 17;m| ;"b7;m1l; vi]];vibtt-{pomv7 bmltt7bm] 10% utl;m IblweZbol;v B t
| _svy; ;==;1|v -u; I;7b-|;7 O0< vr;1b=b1 ]t| IbluoO;v-hb R @Tt-3bv_ vhbm Ibluo0bol202IPQta brt om| ;E-t
o";u |_; 7-<7 -m7 % _ov; r;ubo7bl1 bm|;u-1|bdmvuk(Eopr; ;wvlbluwoDbbl;v PROL®Q-7uBmMm[;uUf70u-]|; Iblguo
1b-t =ou viml_uombvbm] 1bul-7b-m u_<|_Iv bmOlbrahmv]| P bt bl P aw o haoR2 8: 70 ;7 ; u ; p022)7and %
;] -20R1Q -m7 I;|-0otbvl P 202bQ|-m77|_tv -u; B;< rtxu-t IbluoObol;v Plov;B002@]7;| bf:7thb]_|bm] |_; Tébt
;uv bm v_-rbm] _ov]| r_<vboto]l« -m7 =tml|bom: o= 7btum-t u_«<|_Iv --lvwevib-|o¥ |0bluoObol;v: é
$_; uot; o= |_; ]t| IbluoObo|- bm |_; u;]ttd|bom $=; Libwolroibjbrom_o= ]1| IbluoO;v |_-| v_0% S_§ o}

mo|<«r;v _-v blrou|-m]| blrtbl-|bomv =ou otu tm7 uVbhoniabmbm~v Phb;jubm -m7 0;|%;;m vr;1b;v7 %bf_
Oboto]bl-t -m7 ;lotolbl-t ruol;vv;v: ou bmv|-mi;7-|bon7Hvp-iS¢bomba=tmb|v P $&vQ 0;bm] b7;m
IbluoOb-t ovlibtt-|bomv bv tbmh;7 |Jo ou]l-mbvl-turmm i} nDl|9%0%nrahd eVew P!;b|l;b;u ;3020;: Thaiss

b|E ;u207Q7 bmilu;-v;7 bm=;1|bom vivZD2e)pb0Obth|<tF*b8 ;futtk/imr-u‘ee  Q:7vibtt-|[bomv bm |-J§omo§b1

10D PUBSLUR,
o
11

-m7 |;]-0o0th1l 7bvou7;uv20218®H4;b|lsb;;u ;202@),7 rovb|bom |u-mvt-|;v bm|o u_<|_Iv bm ]t]| IbluoO%—t
rovvbOte “b- |_; 7<vu;]ft-]lbom o= 1bul-7b-m ];m}{LSrw;,yubomiRbomi;v7 I;[-00tb|;v -m7 ];m; lom§;m
;] -ti¥e”8 $_-bvv jpeutQ7 $_;v; =bm7bm]v u-Bv; |]|;-R@BbClom; ;| «4"8 $_-bvv ‘eeu)andin cow rumen §
bl< |_-|] ]f|] IbluoOb-t 7<vObovbv I-< 0; 1_-u-1]|;blw;d000l5vt-Lh;vo==tTml|bom-t v_b=]|v blr-1] I;|§__-rr
u_<|_Iblb|l< bm |_; ]Jf| IbluoObol; P;2p20);dnfl;b;@", |--tnfF ;3018 Q7 ;I0;uv o= tov|ub7b-t;v -rr;-u |0§Tn
m;]-|b”;tc blr-1] _ov| _;-t]_ |_uot]_ |_;bu ;==;1|vodm ooV lbyglbenbl-m| -m7 lov|] 1omvbv]|;m| 0vlbtt§-|b
u_<|_lv: 0% ;";u7 ofu hmo%t;7]; -0ot| |_; bm]|;ublhmdrbolOy|%Bes;MmII-tv P ;ommee™§ -b-Mm] ;| o=t 7 é
|_: 1t] IbluoObo|- -m7 _ov| 1bul-7b-m u_<|_Jv bVb@:v<7;|-208WB ;$1thvv :peuB7)T ;| 2001B 8 ,—uubmr—u%
vb itc om - u;t-|b7;tc vli-tt u-m]; o= 1-r|b"; lo7Jt ou]-MbPRIQ-mMY7_rfovvbOt< Obu720R9 B;h;-nh]-tLo2)7 %
[-mv: $o0 =1tt< Ju-vr |_; ;1oto]lbl-t u;t;"-m1l; o= Y%by: bM|;wolbbotnyw?m7 -1|o0-1btt-t;v -tvo |;m7b§1]
% _bl_lott7 _-"; ruo=0fm7 ;1loto]lbl-t -m7 ;"ottdbamttutboimb bmblomvZo-m IbluoObol;v: “;u-tt7 %2 b
u;ttbu;v - 1-u;=1t 7;vblm o= IbluoObol; v|T7b;v|-lleaweV 7Hbjlby;7; bofdI0;u o= vr;1b;v7 |_;« _b]_tb§_|
tolbl-t 1om|;S|v: u_<|_Ilvo=|_; ]t IbluoObo|- -u; o=|;m ";u« v|u0m]§-m
m |_bv r;uvr;1|b™;7 % ; vill-ubv; h;< =bm7bm]vubn bldm Ibhudbd®lrotvb|bom |_-m bm7b”b72021;b7;m|%3|<
ovlbtt-|bomv 7;ub”;7 =uol lo7;t vev|;lv -m7 _tt'-mvmbm;]7 -d1§t2068;| -t:7 8018-m] ;| -t)7 2021 ;
_0% -m7 % _< |_;< -u; u;t;"-m| |o Tm7;uv|-m7bm] 7b";uv; Oboto]b1l-t g
-m7 ;1oto]lbl-t ruol;vv;v: ); =buv]| u;"b;% |_; _-ttl-uhv -m7 hmo% m %
7ub”;uv o= ]1| IbluoOb-t ovlibtt-|[bomv |_-| _-"; 0;JhDb7!m|b=b"7 |o 7-|&$ ! 8
-m7 vill-ubv; _0% 1bul-7b-m luovv|-th 0;|% ;;mOSIVINLATTIONSIoO0;Vv é
1-m u;]tt-|; u_<|_Iv bm _ov| r_<vboto]«7 %MWl|_ - =0oltv om _0% 1lbu §
1-7b-m 1b¢pwO; bm|;u-1|bomv bm=tt;m1l; _ov| owlvl;nibjlblth|d;w|-bmtc u;]tt-|; vol; =-1;]|v oéz

r-]_ol:mv: ); m:8] ruo"b7; vbS ;S-Irt;v o= 7b";uvy Dbtttdpiolmy >mB1; t-1hbm] =tm1|bonBmalltolh &:
(o]

;loto]lbl-t ruol;vv;v7 vtl_ -v r-|_o]l;m vivI;r|bf@bRdr]lR2 7mro Wtbome]bm1;7 7bvrt-< 7bvutr]|;7 ]1]| I§1|

1-t vim;vl;ml;7 |_-| -u; tbh;t< |o O; I;7b-|;77 -P th-wm|] bfie+t:67] To®]| ;| ' e=tu@: m7b " b7t-t 0-1|;ub§t

85U01 SUOWIW



SCHMID ET AL. Functional Ecologyd | J ’

QUMOQ ‘0 'GEVZSIET

0f] -tvo IbluoOb-t lolrovb|bom -m7 7b";uvb|<7 7u¢ -Im77[u;;emyudic mo| m;1;vv-ubtc 0;J;Sr;13;7

=uol Oo|_ |_; bmm-|; -m7 -7-r|b"; -ul o= |_v|uoly|l]wlwdDbmt; 1bul-7b-m u_<|_Ilv: %

vev];l P otmblhee|8-t:fo==a711 ;| -t¢«¥"), which g

| _5lv;t™;v -u; tTm7;u ]1;m;|bl 1bul-7b-ms2agm|uot P -m ;| -t:7 %‘

"1_;b;ul-mm 2018 Q7 bvutr|bomv o= ]t| IbdluoOWpU; ovliibt "$J ! %

t-lbomv tm7;u lomv|-m]| tb]_| ou 7-uh 1&dm TCROSSBITALK; SHBPEMCERCADIAN 3

bm] vi_;7tt;v u;l-bm b7;m|bt'-t ;P2@t¥Bmb ond] $ + " & $+ 2:

;| -20208 ;; ;| 202778 )t ;| 20188 ,_-m] ;p021)7 *;
ruo"b7; viuom] vtrrou| =ou |_; uot; o= - 1;m|b}tldbuwolo-b/-bb-onv Ubtdijblomyv -u; v_-r;7 0« |_; bm|;L§|%(
% _bl_ bv t-u]l;tc ;mlu-bm;iym0utlof]t-]blntwl_ <[ Iv _bom| 1tolh -m7 =;;7bm] v1_;7tt;v: +;[7 11| Ibém
]t| IbluoObo]-: |_;lv;t™;v o -u; - 1Tutlb-t lolrom;m| bm |_; Zo%om§|u

;;7bm] vli_;7tt;v -m7 7b;| -u; -tvo blrou-m|mrowr |Ih@ - [d=m ] Tl brt; 1bu1-7b-m;rzbmmc];1<);h.lquﬂm§
1uo0b-t ovlbtt-|lbomv: Sr;ubl;m|-t _b]_ =-| 7bjjwabwddt|{ludt;y7lvbduo0Ob-t I;|-00tb|;v -m7 O—l|;l§b—
Ifubm; 11| IbluoObol;v ;";m % _;m |_; |blbrd] obm=pt7bmpbrmvvbymmttbm] r-|_%-<v |_-| |;7b-]; 1bu§-7
|[bl1-t P ;om;'¢«4" Q77 -m7 =;;7bm] Zob7;¢ _-me]J bnbHOmb|<7 I;]-00tbvI7 -m7 0;_-"botu Pu; " 202%;7 bm§ _
vott]|; 0-1];ub-t -0fm7-m1; bm |_; Itubm; ]1| 1$lbudoObml;; |[F0R0:Fbvly- ;|2022Q7 %; =0l1ltv om % o 1§§Ir
il -t:7euQ: mb|b-t ;"b7;m1; vt]l;v|v |_-| =;;7bm];mlv ;@Ft}v;-blltm; vev|;l P-m|blbluoOb-t r;r|b7év
;tt-tte blrou|-m| =ou 7ub”bm] IbluoOb-t ovilbtt-|biomo/]to®dtebt7 b +qv| {-lowot]_t< v|T7b;7 bmJ_; 10§n|

bm =ou-]bm] -1|b"b|< 0= %bt7 I;;uh-|v7 % _bl_ wb:-t];bwttfbtmby;z|[dv -m7 r-|bd};B). Theraled; P =
;-ute loumbm] -m7 ;";mbm] 71; |o _o]| |;lr;ud|tuow TTubml|jub-Itbm |_bv l1uovv|-th 1-m O0; v;r]-u-|;7§,>0
7t; o= |_; MktRaQ7 louu;vrom7 |o r;-hv bm |J; -Ova®Bf[0-4Qfwb- |_-|] lotombv; |_; ITlov-tm]th;saIbmbmj‘:”r]?
7-ml;v o= vol; -0tm7-m| IbluoOb-t P03} QP! 98 btjconjmens@av8 -m7 0-1|;ub- | _-| -u; lov|tc =otTm7 bm f_,

[;10;uv o= tov|ub7b- bm r-u|bltt-u r;-hbm] v|douwm]Tumijalbabdena P 7;m 00;;t; 2p11:Mucosal comJ B
7;1tbmbm] bm |_; -EF]tdm@omo®;0";u7 |_;v; ovlblttmMrowmvu; 7bv|bm]tbv_-0t; =uol ttlbm-t 0-1.J|;ub-2@<
_-CsubrrgE 1| v7 % bl bm o |[tfum viutl|tu; |_; tojpdut oL iblud®bstjo -m1_ou |_;lv;t";v |o |_; _o§| |

lolltmb|bdcQ: 0% ;" ;u7 |_; ;S|;m| |o % _bl_ J|;7TB1alo0lb-t:7. 2018 )
ovlbtt-]bomv 011fu -1uovv m-|fu-t rortt-|bomv bvofavlbmy-ht; bm|ub-7lthl;v 0o|_ m Djaubmm |- 7 :%o
0= v|t7b;v7 -m7 |_; tObttb|< o= IbluoOb-tJovilgniv|thormje bm 1%fFbl.;unbou; |_; tru;]tt-|bom o= o
[-tv I-< 0; bm r-u| 7t; |o v;| =;;7bm] |bl;v |J-| Fon ™ dlolr,erh;I|m-d= bmm-|; blltTmb|< 7tubm] =;;7§m‘
tu-t =ou-lbm] vi_;7tt;v 0= %bt7 1otm|;ur-u|v:]te = Tt&-1tb,@dmuaEbm]_o];m 7;=;m1;: tubm] |_; -:%b'
-mbl-tv I-< mo| _-"; viuom]tc viut1l|tu;7 =;;7bm}tmbl-thttuy -%audvyv-m7 =;;7bm]7 _b]_ 7;mvb|b;v o§ ]

3

(a) .“.\‘ """ Wetseason  (c) © Morning @ Afternoon f\g

] J . s oTTmmes Dry season 3

BTN o :

g N s °0%ccege z

S@ % &5 %~ 4 58 CcC 00 ¢® o H

i RIS, et Yon O €0 @ [ ) S

UL 5 P31 0J° oo8e  €e

£ = coooc % o OO ) O.. () . 3

g o $ [ 4S-acg e eyt

g Bacilli OOOOOO%. o © o %

§ O 0p%cg®e 3

< OOO .%. o0 &

2 O (@) ) () () g

© ° g

ey . 8

Sunrise Time of day Sunset PCoA Axis 1 E

¢

& ! *Joml;r|t-t =b]Jtu; u;ru;v;m|bm] I;;uh-| =ou-]bm] vl_;7ft;v -m7 louu;vrom7bm] v_b=]v lgsrm
=uol Plbv;tc ;| -@:7R02L ;;uh-|v =ou-]; lov|t< bm |_; loumbm] -m7 -]-bm 0;=0u; 7tvh |0 -"0b7 |V_; Ib%?-
loot 7uc< v;-vom |_;< 1-m -tvo =ou-]; |[_uot]_|_; ;m|bu; 7-<8 POQ vilbtt-|bomv bm v;t;1];7 [-S- v_@%o
bm |_; loumbm]7 -m7 r;-hv bm -1bttb bm |_; -=];umoom7 %b|_ -0tm7-m1l;v O-v;7 om «u" lor< mtl&;u
toviub7bt17 1-tv; 1&db7mlv||wdt1l|tubm] o= |_; ]f| IbluoObo|- -11lou7bm] |o |bl; o= 7-<7 -v u;ru;v;mg;7

35U8917 SUOWILND.- NIRRT |



“ J| J Functional Ecology SCHMID ET AL.

48H PHOTOPERIOD
< >

ACTIVE REST ACTIVE REST
Mucosal Luminal I sigA AMPs
commensal bactdHia susceptibility / ‘

-..)

--‘

Gut slgA controls GM composition
and circadian attachment of
mucosal commensals

Gut m|crobe3 Circadian attachment of

mucosal commensals
triggers release of AMPs

IMMUNE FUNCTION

GUT MICROBIOTA

Gut bacteria oscillate in
abundance over the day.
Some taxa that adhere
to the mucosal layer
(mucosal commensals)
appear to peak at the
start of the active phase,
whilst luminal bacteria,
that are found in the gut
lumen, peak later.

Some components of
immunity, such as anti-
microbial peptides
(AMPs), peak in the
gut during the active
phase when animals
are most likely to
encounter pathogens.
Others, such as the
secreted antibody
Immunoglobulin A
(slgA), peak at the end
of the rest phase.
Some pathogens can

manipulate the host

AMPs and sIgA‘
neutralize gut
pathogens

Pathogens such
as E.colican
manipulate GM to
maximize fitness

Circadian attachment of
mucosal commensals to
the gut lining triggers

the upregulation of Layer of immune system to evade

innate immunity (e.g. mucosal commensals detection

antimicrobial peptides; prevents pathogens

AMPs) during the active | crossing gut-blood PATHOGEN SUSCEPTIBILITY
phase, t.hereby barrier Infection susceptibility is highest at the end of
hne%f::éng Relieden the rest phase, due to circadian rhythms in

immune function. As such, pathogens such as
\ Salmonella colonise at higher abundances in
the rest phase.
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(a) Adaptive significance: How do mi- R (b) Susceptibility: Do disrupted (¢) Urbanisation: Does artificial light
crobial rhythms manifest in species gut microbial rhythms increase | and pollution in urban areas shift or
where metabolic and immune require-§ host susceptibility to pathogens? | disrupt gut microbial oscillations?
ments are uncoupled (e.g. snakes)?
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(d) Hibernation: How do microbial (e) Migration: Are microbial rhythms (f) Senescence: Circadian rhythms
rhythms mediate seasonal switch- disrupted or amplified during peri- dampen in old age. Is this reflect-
es in metabolism, e.g., during ods of intense metabolic activity, e.g.,] ed in gut microbial rhythms?
hibernation? migration?
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