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Synopsis Dil u tio n effects arise when increases in species diversity reduce di sea se ri s k, an d am plifica t ion effe cts arise when the 
o p p osite o ccurs. Desp i te ample evidence for both ph en om ena, th e m echanism s drivin g dil u tio n and am plifica t ion effe cts and 
h ow th ey are m e diate d by environmenta l fact or s remain p o or ly un der st o o d . Mec h ani sm s inv o l ving demograp hic rates or s ta ge 
structure of hosts are p art icu l arly l ackin g in the div ersity–di sea se lit erature . In M id western lakes, Me tsch n ikowi a bi cuspi d ata 
pa rasites inf ec t D aph n i a d ent ifera f oc al hosts in autumn, w ith epidemics beginning when water is warm ( ∼25 ◦C) and peak- 
ing when lakes have cooled ( ∼15 ◦C). Epidemics are sma l ler in la kes with m ore Ceri o d aph n i a dubi a a lternat ive hosts, which 
s erve as ke y dil u t er s of di sea se. How ev er, it is unclear whet her se a son al ch an g es in tem pera ture a ffe ct their abi lity to a lter host 
po p u lat ion dynamics and reduce di sea se. We co nd ucted a mesocosm experiment to test how tem pera ture (15, 20, or 25 ◦C) 
me diate d the effe cts of these key a lternat ive hosts on density, s ta ge s tructure, and di sea se dyn a mics in f o cal host p o p u lat ions. 
Th e experim ent yie lded s e v eral surprisin g resu lts. First, foca l hosts rapidly out compet e d a lternat ive hosts at a l l temperatures. 
By the t ime p arasites were adde d, a lternat ive hosts had been alm ost complete ly exc luded . Second , despit e di lut ing di sea se in 
th e fie ld, init ia l p resence o f these al ternative hosts a m plified infe ct io n p revalence in the exper iment. Third, t his amplification 
arose as a legacy effe ct, last in g g eneration s aft er alt ernativ e hosts w ere g one. O ur explanat ion for this legacy am plifica t ion effe ct 
cent er s on focal host stage structure and demogra phy. Com peti tio n wi th al ternative hos ts res ulted in focal host po p ulations 
that wer e mor e ad ul t-b ia sed when para sit es were added , at all 3 tem pera tures. Addi tio nally, host densi ties in these trea tmen ts 
in creased m o re rap idly in th e su bsequen t 10 days, consisten t wi th red uced background de at h rat es. S ince ad ul ts co nsume mo re 
para sites th an juveniles, an d sin ce exposed h os ts mus t s urv ive 10 d ays befo re p rod ucing infe ct ious spo res, these ini t ia l differ- 
ences in s ta ge s tructure and po p u lat ion g rowth se em to have set di sea se dyn a mics along a mplifie d t raj e ctories. These resu lts 
hig hlig ht the ne e d for a broader un derstan ding of th e m ech ani sms th at can amplify or dilute di sea se , inc l uding al tered host 
s ta ge s tructure an d m o rtali ty o f expos ed hosts in divers e co mmuni ties. 
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ntroduction 

igher species diversity can either decrease or increase
i sea se ri s k, du bbe d di l u tio n effects o r am plifica tion
ffe cts, respe ct i vel y ( Keesing et al . 2006 ; O stf eld a nd
eesing 2012 ). These ideas orig inate d w ith Ly me dis-
 ase in t he Easter n United St ates, where r isk of hu-
 an di sea se i s “dil u ted” by higher b iodiversi ty o f mam-
 al s a nd liza rds ( Ostf eld a nd Ke esing 2000 ). The ory

o r dil u tio n a nd a m plifica tion effects was later general-
 dvance A ccess publication May 12, 2025 
C Th e Auth or(s) 2025. Pu blis h ed by Oxford University Press on behalf of the
o r permissio ns, plea se e-m ai l: j ourna ls.permissio ns@ou p.co m 
ze d ( Ke esing et a l. 2006 ) and applie d bro ad ly to other
a rasites a n d path og en s infe ct in g human s ( A ll an et al.
009 ; J ohnson et al. 2009 ; L ui s et al. 2018 ), anim al s ( Hall
t al. 2009 ; Johnson et al. 2013 ; Ven es ky et al. 2014 ),
 nd pla nts ( Mit c h e l l et a l. 2002 ; Rosentha l et a l. 2022 ;
t rauss et a l. 2024 ). Alt hough t h e frequen cy o f dil u-
ion versus am plifica tion effects h a s been vigorou sly de-
 ate d ( Rando lp h and Dobson 2012 ; Ro hr et al. 2020 ),
et a-analyses sug gest t hat dil u tio n is mo re co mmo n, at
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least at local sp at ia l sca les ( Civitel lo et a l. 2015 ; Ha l liday
and Rohr 2019 ; Ha l liday et a l. 2020 ). Act ive r esear ch
o n diversi ty–di sea se re lations hips see ks t o c larify how
t hese patter ns vary wit h p arasite t ransmission mode
( Cortez and Duffy 2021 ; Chen et al. 2022 ), how they are
me diate d by chan g es in focal host density ( Rosenthal et
a l. 2022 ; St rauss et a l. 2024 ), h ow th ey exten d to mu lt i-
ple parasite species ( Johnson et al. 2024 ), and whether
dil u tio n effects persist at lar g er sp at ia l sca les ( Ha l liday
and Rohr 2019 ; Ma gnus son et al. 2020 ; Rohr et al. 2020 ).

One way to clar ify expect atio ns o f dil u tio n versus
am plifica tion is to groun d em er g en t pa ttern s betw een
diversity and di sea se in mech ani s tic s pecies interactions
a mong f oca l hosts, a lternat ive or n on-h osts (h ere af ter:
a lternat ive h osts), an d p arasites ( Ke esing et a l. 2006 ).
F or exam ple, “encoun ter re duct ion” occ urs w hen al-
ternat ive hosts re d uce co ntact b etween fo cal h osts an d
parasites by div ertin g infectious v ect or s ( LoGiudice et
al. 2003 ), con sumin g free-livin g parasites ( John son et
al . 2010 ), or bloc king airbor ne pat hog en s ( Boudreau
2013 ). In contras t, “hos t regu lat ion” occ urs w hen alter-
native hosts lower focal host densi ty—fo r example, v i a
int er sp ecific comp et it ion—an d th ereby inhi bit density-
dependent transmission ( Mit c h e ll et al. 2002 ; Strauss et
al. 2018 ). Species interactions tha t incr ease dis eas e—in
other words, am plifica t ion me ch ani sms—are less well
under st o o d, but can arise from higher contact rates be-
tween h osts an d para sites ( Lui s et al. 2018 ), higher den-
si ty o f vecto rs ( Randol ph and Dobso n 2012 ), addi tio n o f
a lternat ive hosts without re duct ions in focal host den-
sity (i .e ., additive community assemb l y) ( Jo hnson et al.
2024 ), o r higher densi ty o f focal hosts in diverse com-
munit ies ( St rauss et al. 2024 ). The strength of these
mech ani sms can reveal why addi tio n o f a species to a
co mmuni ty might increase or decrease dis eas e. 

Oth er un dera pprecia ted dil u tio n o r am plifica tion
mech ani sms could ari se if altern ative hosts alter focal
h ost dem ography beyon d chan g es in den si ty. Fo r ex-
a mple, if certa in s ta ges of hos ts (e.g., juv eniles v ersus
ad ul ts) are mo re ep idemiolog ica l ly im portan t f or pa r-
asit es (e .g., Hit e et al . 2016 ; S haw et al. 2024 ), then al-
tered hos t s ta ge s tructure in diverse co mmuni t ies cou ld
incr ease or decr ea se di sea se . S imilar ly, e leva ted dea th
rates of exposed hosts could reduce the like lih o o d of a
parasi te co mpleting i ts lifecycle before host de at h [i.e.,
de at h dur ing a per iod of latency in hosts or extrinsic
in cu b at ion in ve ct or s ( C hi lds a nd P rosper 2020 )]. Al-
though dil u tio n o r am plifica tion mech ani sms grounded
in hos t s ta ge s tructure o r mo rtali ty o f exposed hosts
seem possible, we are unaware of any empirical exam-
ples in the diversity–di sea se lit erature . 

In addi tio n t o c haract erizin g nov el dil u tio n a nd a m-
plificat ion me ch ani sms, an oth er frontier in diversity–
di sea se r esear c h is t o de lin eate h ow th e density, s ta ge
structure, and per cap i ta trai ts o f mul ti ple species
j ointly vary a long environmenta l g radients. In th e m o-
t ivat ing case of Lyme di sea se, h ab i ta t fragmen ta tion
s hifts h ost co mmuni ty co mposi tio n in ways tha t eleva te
co mmuni ty co mpet ence ( O stf eld a nd Keesing 2000 ;
LoGiudice et al. 2003 ). In al p ine co mmuni ties, warmer
tem pera ture favors pl ants w ith faster-p ace d life histo-
ries which also suffer more dis eas e ( Ha l liday et al. 2023 ).
In la kes, sha l low er refug es inten sify fish pre dat ion on
zooplan kton, shift ing comm unity com position and in-
hib i t ing t ransmission ( St rauss et a l . 2016 ). In eac h of
th ese examples, environm enta l g radients shape di sea se
ou tco mes by altering relative densi ties o f focal and al-
terna tive hosts. F ewer studies have explored how abi-
ot ic g radien ts concurren tly media te host stage structure
or int raspe cific variat ion in relevan t per-ca p i ta trai ts.
In one intert ida l exa mple, wa rmer tem pera ture magni-
fied encounter red uctio n by increasing the rate at which
oyst er s a nd ba rnacles consume d fre e-living p arasi tes o f
mu ssel s ( Goe d knegt et a l. 2015 ). Other examples of en-
vironmenta l g radients driving int raspe cific variat ion in
traits tha t ca use dil u tio n o r am plifica tion—poten tially
co inciding wi t h shif ts in co mmuni ty co mposi tio n—
ar e extr em e ly rare. Neverth e less, de lin eating such ef-
fe cts cou ld lead to insight fu l pre dict ion s a bout how
b iodiversi ty–di sea se re lations hips might shift under
co ndi tio ns o f enviro nmental chan g e. 
Here, we co nd ucted a meso cosm exp eriment to test

how tem pera ture media ted the effects of a key alterna-
tive host on po p ulation and di sea se dyn amics in focal
hosts, using a zooplankton-fungus m ode l system. Th e
experim ent yie lded s e v eral surprisin g res ults. Firs t, fo-
cal hosts rapidly ou tco mpete d a lternat ive hosts at a l l
tem pera tur es, r esu lt ing in a l l mesocosms being dom-
inated by the focal host at time of parasite exposure.
Seco nd, ini tial p resence o f al ternative hosts (i .e ., before
p arasites were adde d) a ltere d di sea se dyn a mics in f o-
cal hosts, even several generations after a lternat ive hosts
had b een comp etiti vel y exc luded . Thus, we det ect ed a
legacy effect of diversity on di sea se . Third , infe ct ion
preva lence in foca l hosts was higher in co mmuni ties
t hat began wit h alter native hos ts—es pecially a t in ter-
mediat e t emperatures. O ur explanat io n fo r this unex-
pe cte d legacy am plifica t ion effe ct is g rounde d in host
s ta ge s tructure an d dem ography. In s h ort, int er specific
co mpeti tio n resul ted in ad ul t-b i ased foc al host po p u-
latio ns o n the day o f ini t ia l p arasit e exposure . More-
over, these po p u lat ions g rew fas ter (s ugges t ing re duce d
b ackg roun d m o rtali ty rates) over th e su bsequent 10
d ays, coinciding w it h t he la ten t p erio d for these in-
fe ct ions ( Stewart Mer r i l l and Cáceres 2018 ). Together,
these chan g es in s ta ge s tructure an d dem ogra phic ra tes
seem to have unleas h ed lar g er ep idemics in co mmu-
ni ties that ini tially co ntained al terna tive hosts, a t a l l
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 tem pera tur es. These r esu lts int roduce 2 n ove l am-
lificat ion me ch ani sms to the diversity–di sea se litera-
ur e: alter ed s ta ge s tructure an d m o rtali ty o f exposed
osts in diverse co mmuni ties. 

ethods 
atural history of the study system 

he focal host, Daph n ia dentifera , is a dominant clado-
eran grazer in many M id western lakes ( Tessier and
elser 1991 ). Its po p u lat io ns o ften suffer au tumnal ou t-

 reaks o f the virulent fungus Metsch n ikowi a bi cuspi-
ata , wit h pe a k infe ct ion preva len ce som etim es exceed-
ng 50% ( Ha l l et a l. 2010 ; St rauss et a l. 2016 ). No other
lado ceran sp ecies a re inf e cte d n ear l y as frequentl y,
aking D. dentifera the focal host. Epidemics t ypic a l ly
egin in August, when tem pera ture in the ep ilimnio n
s near 25 ◦C. Epidemics peak when water h a s cooled
o ∼15 ◦C and end in late November as lakes cool fur-
h er ( Sh ocket et al. 2018 ). Hosts in g est parasite spores
hi le filter-fe e ding for a lgae ( Ha l l et a l. 2007 ). Ten days
ft er exposure , if infe ct ion s hav e not be en cleare d by
osts’ physical and immune def enses, pa rasit es reac h
 he ter min al a scu s s ta ge ( Stewart Mer r i l l and Cáceres
018 ). Infe cte d hosts that die after this s ta ge release in-
e ct iou s a sci bac k int o th e environm ent; h ow ev er, hosts
hat die sooner are much less likely to release infe ct ious
pores ( Stewart Mer r i l l and Cáceres 2018 ). Infe ct ion
revalence is t ypic a l ly 2–3 t im es high er in ad ul ts than
uveniles ( Hite et al. 2017 ), mostly because juveniles
hat consume spores mature into ad ul ts befo re termi-
a l infe ct ions be come app arent. E xposur e rates ar e also
igher for adu lts, be cause adu lts consum e m or e spor es
 i a faster fe e ding rates ( Hite et al. 2017 ). Then again, ju-
eniles ar e mor e s usceptible per s po re co nsumed ( Hi te
t al. 2017 ), due to weaker physical def enses a nd im-
une responses ( Stewart Mer r i l l et al. 2019 ). 
Ep idemics are typ ica l ly sma l ler in la kes where a lter-
ative hosts (i .e ., other c ladocera ns) a r e mor e common
 Ha l l et a l. 2009 ; Ha l l et a l. 2010 ). Lakes wi th mo re
eri o d aph n i a dubi a in p art icu lar have lower infe ct ion
reva lence in foca l host po p u lat ions, ma king C. dubia
 key dil u ter o f di sea se in the field ( Ha l l et a l. 2010 ;
trauss et al. 2016 ). Ceri o d aph n i a dubi a consum e par-
si tes bu t rarely beco me infe cte d (a fo rm o f encounter
e duct ion) and also compete with hosts for shared re-
ources (host regu lat ion) ( St rauss et a l. 2015 ). Addi-
 iona l ly, wh en C. dubi a do becom e infe cte d, they pro-
uce far fewer spores than focal hosts ( Auld et al. 2017 ).
h en D. d ent ifera f ocal hosts a re weak er co mpeti to rs,
. dubi a (h ere af t er: alt ernative hosts) reach higher den-
ities and driv e stron g er dil u tio n effec ts; w h en th ese al-
ernative hosts are rarer, they exert weak er effects on
i sea se ( Strau ss et al. 2018 ). 
We bro ad ly hypothesize d that warmer tem pera ture
ou ld st rengthen di l u tio n effects in this system. Al-

 hough growt h rates of b oth fo ca l and a lternat ive hosts
ncre ase wit h tem pera tur e fr om 15 to 25 ◦C, this in-
rea se i s steep er for Cer i o d aph n ia , potent ia l ly due to
heir sma l ler b o dy size ( Ko o i jman 2000 ). Co mpeti tio n
 h ould th er efor e favor C. d ubia a lternat ive h osts at th e
 nset o f ep idemics wh en water is warm er, but D. d en-
 ifera f ocal h osts s h ou ld gain a compet it i ve ad vantage
s water cools into the fa l l. Th us, warmer tem pera-
ure s h ou ld st rength en h ost regu lat ion. Warmer tem-
erature s h ou ld a lso st rength en en counter re duct ion,
ince filter-fe e ding rate of ectot her mic grazers gener-
 l ly increases with tem pera ture ( Goe d knegt et al. 2015 ;
 hoc ket et al. 2018 ). 

esocosm experiment 

e establis h e d a mu lt i-generat iona l mesocosm experi-
ent t o t est h ow a re leva nt ra n g e of tem pera ture (15–
5 ◦C) a ltere d the effects of C. dubia a lternat ive hosts on
o p u lat ion and di sea se dyn a mics in D. dent ifera f ocal
osts. We manipu late d tem pera ture (15, 20, or 25 ◦C)
nd co mmuni ty co mposi tio n (focal hosts alo ne, al ter-
ative hosts alo ne, o r both together) in a fu l l facto-
ia l desig n, replicat ing each t reat ment co mb inatio n 4x.
ach exper iment al unit (60 L po l yethylene bucket) was
l le d with 90% tap water (p asse d throug h ac t ivate d car-
on) and 10% filtere d la ke water (1 µm Pa l l A/E). Meso-
osm s w ere nested in t her most at ica l ly-cont rol le d wa-
er baths (1.3 × 3 m) an d h eated or cooled using wa-
 er heat er s and c hi l lers. Al l mesocosm s w ere inocu-
 ated w i th ini t ia l doses of p hosp horus (20 μg/L P as
 2 HPO 4 ) and nitrogen (300 μg/L N as NaNO 3 ) and a
igh-qu alit y algal fo o d for hosts ( Ankistro d ems us f alca-
us ). Alga l g rowth was st imu late d with LED g row lights
16:8 h light:dark) an d wee kl y rep lacem ent of N an d P,
s s uming a 5% daily loss rate ( Strauss et al. 2015 ). Al-
ae grew alone for one week before zooplankton were
dded to the mesocosms. 
Focal and alternative hosts were reared under stan-
ardized co ndi tio ns p rio r to the experiment (20 ◦C; 60
 
−1 ; fed 1.0 mgC/L A. falc atus dail y). A sin gle g eno-
ype of each species was used to avoid any tem pera ture-
epen dent differen ces in clonal se le ct ion. The foca l host
en otype (“Stan dard Clon e”) was th e stro ng co mpeti to r
hat dr ove d il utio n f ail u r e in Stra uss et al. (2015) ; the al-
ernativ e host g enotype had not be en use d in a p rio r ex-
er iment. Af ter s e v eral g eneration s, po p ulatio ns o f 200
osts were establis h ed for each experimental unit and
 radua l ly acc limat ed t o exper iment al co ndi tio ns (1.5–
 
◦C per day) before being added to the mesocosms (day
). We used an additive design, so each species started
t t he s ame densities in compet it ion t reat m ents an d
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single-spe cies t reat ments, wit h tot al cladoceran den-
sit y starting t w ice as high in co mpeti tio n trea tmen ts.
We did not sample on day 0, but est imate d that init ia l
den sities w ere ∼4 L 

−1 f or each host a nd as s umed an
init ia l 50/50 split between juveniles and ad ul ts. Meso-
cosm s w ere sampled w eekly (sievin g 1 L through 153
μm m es h) for 3 wee ks. Th en, on day 21, a low dose
of M. b icusp idat a parasites (5 spores/mL) was added to
a l l mesocosms. Al l p arasites wer e r ecently r ear ed ( < 6-
weeks old) in the same focal host genotype used in the
exper iment. Note t hat since parasites were added to all
mesocosm s, w e cannot as ses s impacts of parasites on fo-
cal host po p ul ation dy namics, or the impacts of alterna-
tive hosts on these dynamics in the absence of di sea se.
A fter para si te addi tio n, mesocosm s w ere sampled t w ice
weekly for 7 addit iona l we eks unt i l th e en d of th e exper-
iment (day 66). In each sa mple, f ocal hosts were counted
and classified by demographic s ta g e (juv enile o r ad ul t)
a nd inf e ct ion statu s (vi sib l y infe cte d o r not). Al ternative
hosts were counted and classifie d on ly by infe ct ion sta-
tus. Infe ct io n p reva lence was ca lcu late d for each species
as the p ropo rtio n o f hosts that were infe cte d, and s ta ge
s tructure was s ummar ized as t he p ropo rtio n o f focal
hosts that were ad ul ts. 

Statistical analyses 

We used a co mb inatio n o f general addi tiv e mix ed mod-
e ls (GAMMs), gen era lize d lin ear m ode ls (GLMs), an d
linear mixed models (LMMs) to ask how co mmuni ty
co mposi tio n a ffected host po p ul ation dy n amics, di sea se
dyna mics, a nd s ta ge s tructure. Four mesocosm s w ere
excl uded fro m the an alysi s becau s e the y were invaded
by non-tar g et spe cies. Al l ana lyses were co nd ucted in
R versio n 4.3.1 ( R Co re Team 2021 ). GAMMs were fit
usin g the m g cv packag e ( Wo o d 2023 ) to as k wh eth er
p resence o f o n e h ost a ltere d t ime series dynamics of
t he ot her. Separate GAMMs were fit fo r focal host den-
si ty, al ternativ e host den sit y, foc al host infection preva-
len ce, an d focal hos t s ta ge s tructure (i .e ., p ropo rtio n
ad ul t). We as s um ed n egative bin omia l dist ribut ions for
the density responses and binomial distribu tio ns fo r in-
fe ct io n p revalen ce an d p ropo rtio n ad ul t, weighted by
t he tot al numb er of fo cal hos ts o bserved in e ach s ample.
Al l GAMMs include d smoot h ter ms for time ( t effects),
fact or s for presence of the other species (co mmuni ty;
C effec ts), fac t or-smooth int eractions t o as ses s wh eth er
p resence o f t he ot her spe cies a ltere d the t ime series ( C
× t effects), a nd ra ndo m erro r smoot h ter ms to account
for repe ated me asures from eac h replicat e mesocosm.
Separate GAMMs were fit for each tem pera ture. Due
to our sma l l sample sizes, we use d rest ricte d maximum
li keli ho o d to help av oid ov erfittin g the GAMMs ( Wo o d
2023 ). 
We fit GLMs to as ses s wh eth er presen ce of the other
host a ltere d integ rate d or cum ula tiv e metrics ov er the
ent ire t ime series. GLMs a ls o re vea le d the dire ct io ns o f
effec ts, w hich were obscured in the GAMMs by factor-
smooth in teractions. In tegra ted density was ca lcu late d
as the area under the curve of densities over tim e, an d
cum ula tive infectio n p revalen ce an d p ropo rtio n ad ul t
were ca lcu late d as the p ropo rtio n o f all focal hosts ob-
served in a mesocosm over its entire time series that
were infe cte d o r ad ul ts, respecti vel y. We as s umed Gaus-
sian dist ribut ions for in tegra te d densit ies an d bin omial
respo nses fo r cum ula tive prevalence and p ropo rtio n
ad ul t, weighted by the cum ula tive n umb er of fo cal hosts
observe d. Al l GLMs include d presence of t he ot her host
as a factor. 
Fina l ly, be cause init ia l p resence o f al ternative hosts

consisten tly eleva te d infe ct io n p reva lence in foca l host
po p u lat ions at a l l 3 temperatures (see Results), we in-
vest igate d 2 potent ia l explanat io ns fo r this unexpe cte d
ou tco me. Spe cifica l ly, we teste d wh eth er init ia l pres-
ence of a lternat ive hosts a ltere d either (1) s ta ge s truc-
ture of the focal host po p u lat io n o n t he day t hat para-
sit es were added , or (2) c han g es in po p u lat ion g rowth
over th e su bsequent 10 d ays. A ltered s ta ge s tructure on
the day of parasite exposure could have a ffec ted w hich
hosts (e.g., juveniles or adults) consumed the init ia l
dose of pa rasites. Va riation in subsequent po p ulation
g rowth cou ld in dicate differen ces in eith er birth rates
or de at h rates while t his init ia l dose of p ara sites m a-
tured inside hosts (i .e ., the lat ency p erio d). In p art ic-
u lar, elevate d de at h rates could have reduced the like-
liho o d of exposed hosts surv iv ing unt i l these p arasites
re ached t he infe ct iou s a scu s s ta ge, 10 d ays l ater. We
used GLMs to ask whether presence of the a lternat ive
host a ffe cte d s ta ge s t ructure of the foca l host on day 21.
We fit LMMs with package nlm e ( Pinh eiro an d Bates
2000 ) to ask whet her alter native hosts a ffected po p ula-
t ion g rowth of foca l h osts in th e 10 days a fter pa rasite
addi tio n. Th ese LMMs in cluded ran do m intercepts fo r
eac h replicat e mesocosm, a l lowe d va ria n ce to in crease
exponent ia l ly with sampling day to account for the ob-
served h eteros ked asticit y, and wer e r e-center ed so that
co mmuni ty effects ( C effe cts) indicate d any differences
on the day of parasite addition. 

Results 
In genera l, foca l hosts ou tco mpete d a lternat ive hosts re-
gardless of tem pera ture ( Fig. S1 in Appen dix), an d ad ul t
focal hosts wer e mor e likely to be infe cte d than juveniles
o r al ter native hosts. Of t he 36,026 tot a l zooplan kton ob-
served in co mpeti tio n trea tmen ts, 7.86% were alterna-
tive hosts and 92.14% were focal hosts. Of these focal
hosts, 53.68% were juveniles and 46.01% were ad ul ts,

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icaf035#supplementary-data
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it h st age structure fluctuating in all trea tmen ts over
im e. Depen ding on tem pera ture and time, the mean
ercent of adults ran g ed from 12 to 76%. A tiny frac-
io n o f focal hosts (0.32%) were males, which are pro-
uce d by asexua l ly-r epr oducing females under s tres sful
o ndi tio ns. Of the 24,921 focal hos ts o bserved in focal-
n ly t reat ments, 3.77% were infe cte d. After dividing
his focal host po p u lat ion into demog raphic g roups, in-
e ct io n p revalence was much higher in ad ul ts (8.07%)
han juveniles (0.34%). Of the 62,551 a lternat ive hosts
bserve d in a lternat ive-on ly t reat ments, on ly 0.36%
ere infe cte d. Thus, in single-host t reat ments, infe c-
io n p revalence was similarly low for a lternat ive hosts
nd juvenile focal h osts, an d much higher for focal host
d ul ts. Impo rt ant ly, alt hough we design ed th e experi-
ent to as ses s the effects of tem pera ture, im p acts of a l-

ernative hosts were qua litat i vel y similar at 15, 20, and
5 ◦C. Ther efor e, we focus our r esul ts o n a mo re intrigu-
ng set of patter ns t hat emerged between host demogra-
hy and di sea se at a l l 3 temperatures. Desp i te our sma l l
ample size at the mes ocosm s cale, s e veral significant
ffects emer g ed. 
Hos t dens ities: Times series of densities reit erat ed the

esult that focal hosts uni versall y ou tco mpete d a lter-
 ative hosts. Dyn amics were qua litat i vel y similar at 20
 Fig. 1 ), 15, and 25 ◦C (a l l 3 s h ow n in Fig . S2 in the Ap-
en dix). Alternative h ost dy namics were signific antly
 ffe cte d by presence of focal hosts ( P < 0.001 for C ×
 effect in GAMMs Fig. 1 A), an d th e GLM confirm ed
hat focal hosts reduced in tegra t ed alt ernative host den-
ity ( P < 0.01; Fig. 1 B). Alternative hosts did not alter
o p u lat io n dynamics o r in tegra ted densi ty o f focal hosts
 t any tem pera ture (a l l P > 0.1; Fig. 1 and Fig. S2 ), al-
hough it is possible that differences could have emer g ed
 ith l ar g er sample sizes. 
In f ectio n p rev al en c e: Init ia l presence of a lternat ive
os ts consis ten tly eleva te d infe ct io n p revalence in fo-
al host po p ulatio ns. These resul ts were qualitati vel y
imilar at 20 ◦C ( Fig. 2 ) and the other 2 tempera-
ures (15 an d 25 ◦C s h ow n in Fig . S3 ). A lthough al-
ernat ive hosts be ca me ra re in co mpeti tio n trea tmen ts
 Fig . 1 A and Fig . S2 ), their initi al presence significantly
 ltere d di sea se dyn amics in focal host po p u lat ions ( C
t : P < 0.001; Fig. 2 A). Moreover, the GLMs showed

hat init ia l p resence o f al ternative hosts significantly el-
vated cum ula tive infectio n p revalence o f focal hosts.
his am plifica t ion effe ct was lar g es t in ma gnitude at
0 ◦C ( P < 0.001; Figs. 2 B and 4 H) but was also signifi-
an t a t 15 ◦C ( P < 0.01; Fig. 4 G) and 25 ◦C ( P < 0.05; Fig.
 I). Infe ct io n p reva lence was universa l ly low for alter-
ative h osts, an d presen ce of focal hosts did not alter
heir cum ula tive infectio n p revalence (all P > 0.1; Fig.
 J–L). 
c  
St age s t ruct ur e: One poten t ia l explanat io n fo r the
urp rising bu t co nsisten t am plifica tio n o f di sea se
nvo l ves s ta ge s tructure. At 20 ◦C, s ta ge s tructure var-
e d sig nifica ntly f or f o cal host p o p u lat ion s ov er time,
ith po p u lat io ns so m etim es m o re ad ul t-b iased and
om etim es m ore juveni le-biase d ( P < 0.001 for t effect
n GAMM; Fig. 3 A). This pattern was qua litat i vel y
imilar at 15 and 25 ◦C ( Fig. S4 ). Although a lternat ive
osts were rapidly out compet e d ( Fig. 1 ), their init ia l
 resence al tered these s ta ge s t ructure dynamics (a l l C
t : P < 0.001; Fig. 3 A and Fig. S4 ). Init ia l presence

 f al tern ative hosts al so significantly increased the
um ula tive p ropo rtio n o f focal hosts that were ad ul ts
ver the entire time series at 20 ◦C ( P < 0.001; Fig. 3 B),
 ut no t at 15 or 25 ◦C (bo th P > 0.1; Fig. S4 ). 
Pot ential exp lanatio ns f o r the legacy a m p lificatio n ef-

e ct: Two pot ent ia l explanat io ns fo r the legacy ampli-
cat ion effe ct invoke (1) a ltere d hos t s ta ge s tructure
n the day of parasite addition, and (2) elevated back-
round de at h rates for exp osed fo cal hosts in mono-
ul tures co mpared to co mpeti tio n trea tmen ts over the
ubsequen t 10 days. F ocal host po p ulation s w er e mor e
d ul t-b iased o n day 21 (when parasites were added to
h e m esocosms) in t reat m ents wh ere a lternat ive hosts
ere init ia l ly present. This effe ct was sig nifican t a t 15 ◦C

 P < 0.01; Fig. 4 G), 20 ◦C ( P < 0.001; Fig. 4 H), and 25 ◦C
 P < 0.001; Fig. 4 I). Focal host po p ulatio n densi ty o n
ay 21 was similar in t reat ments with or without alter-
a tive hosts a t a l l tem pera tures (a l l P > 0.1; Fig. 4 D–F),
ut tended to increase more steep l y over the subsequent
0 days in t reat ments that init ia l ly include d a lternat ive
osts. Thi s pattern i s consi stent with higher b ackg round
o rtali ty rates (o r lower b irth rates) when focal hosts
ere alone. Po p ulation growth was significantly slower
n this tim efram e for focal hosts growing alone at 20 ◦C
 P < 0.01 for C × t effect in LMM; Fig. 5 B) and 25 ◦C
 P < 0.05; Fig. 5 C) and also qualitati vel y slower at 15 ◦C
 P > 0.1; Fig. 5 A). Higher mo rtali ty when focal hosts
ere alone and juveni le-biase d on day 21 would be con-
istent with s h orter starvat ion t imes for juveniles versus
d ul ts ( Tessier et al. 1983 ). Altho ugh o ur in terpreta tion
 s ba sed o n co rrelatio n s, these tran sient differences in
 ta ge s tructure ( Fig. 4 G–I) an d dem ogra phic ra tes ( Fig.
 ) seem to have set s ta ge s tructure dy namics ( Fig . 3 ) and
i sea se dyn a mics ( Fig. 2 ) along differen t tra jecto ries fo r
h e remain der of th e experim ent (3–6 h ost gen erations).

iscussion 

dding a species to an e colog ica l co mmuni ty can ei-
h er in cr ease or decr ea se di sea se ri sk for a focal host
pe cies. Di l u tio n mech ani sms descri be h ow th e n ew
pe cies interact ions can re duce di sea se, while amplifi-
at ion me ch ani sms descri be h ow th ey can in crease it
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Fig. 1 Population dynamics of focal and alternative hosts at 20 ◦C. Focal hosts ( D. dentifera ) ra pidl y outcompeted alternative hosts ( C. dubia ). 
(A) Population dynamics of alternative hosts was significantly different in the presence (dashed light blue; circles) or absence (solid dark 
blue; diamonds) of focal hosts. (B) Specifically, presence of focal hosts strongly reduced the integrated density of alternative hosts (i.e., area 
under the curve of the time series). (C) In contrast, focal host dynamics w er e not significantly affected by the initial presence (dashed light 
green; circles) or absence (solid dark green; squares) of alternative hosts. (D) Similarl y, f ocal host density integrated over the entire 
experiment was not significantly affected by presence of alternative hosts. Results at 20 ◦C are shown here; results at 15 and 25 ◦C are 
qualitatively similar and shown in the Appendix ( Fig. S2 ). Error bars are standard errors of means among replicate mesocosms. Asterisks 
indicate significance of GAMMs (time series) or GLMs (integrated densities): ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. Vertical gray line at day 
21 indicates the addition of parasites. 

Fig. 2 Disease dynamics of focal hosts at 20 ◦C. Although alternative hosts were ra pidl y outcompeted ( Fig. 1 ), their initial presence 
affected—and even elevated—infection prevalence in focal host populations. (A) Disease dynamics in focal hosts w er e significantly altered 
by initial presence of alternative hosts (dashed light green line with circles versus solid dark green line with squares). (B) Specifically, initial 
presence of alternative hosts elevated the cumulative infection prevalence in focal hosts, calculated as the proportion of focal hosts that 
w er e observ ed inf ected in a mesocosm o v er the entir e duration of the experiment. Results at 20 ◦C ar e shown her e; r esults at 15 and 
25 ◦C are qualitatively similar and shown in the Appendix ( Fig. S3 ). Infections in the alternative host population were extremely rare at all 
temperatures, with or without focal hosts ( Fig. S3 ). Error bars are standard errors of means among replicate mesocosms. Asterisks 
indicate significance of GAMMs (time series) or GLMs (integrated densities): ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. Vertical gray line at day 
21 indicates the addition of parasites. 
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( Keesing et al. 2006 ; Strauss et al . 2018 ). Here , we in-
t ended t o t est h ow a fie ld-re levant th erma l g radient a l-
tered the effects of key alternative hosts ( C. dubia ) on in-
fe ct io n dynamics o f a virulent fungus ( M. b icusp idat a )
in po p u lat io ns o f a focal h ost ( D. d entifera ). Th e m eso-
cosm experiment yielded s e veral unexpected ou tco mes,
which w ere con sisten t a t a l l 3 tem pera tures (15, 20, and
25 ◦C). First, focal hosts rap idly ou tco mpete d a lterna-
tive hosts. This result was surprising , bec ause warmer
tem pera ture was pre dicte d to favor sma l ler-b o die d a l-
ternative hosts ( Koo i jman 2000 ). Seco nd, desp i te be-
in g ex c luded , the init ia l p resence o f al ternative hosts al-

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icaf035#supplementary-data
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Fig. 3 Stage structure dynamics of focal hosts at 20 ◦C. The proportion of focal hosts in the adult stage varied over time, likely both 
responding to and contributing to disease dynamics ( Fig. 2 ). (A) Initial presence of alternative hosts altered stage structure dynamics of 
focal hosts (dashed light green line with circles versus solid dark green line with squares) and (B) increased the cumulative proportion of 
adults over the course of the experiment. Results at 20 ◦C are shown here; time series results at 15 and 25 ◦C are qualitatively similar and 
shown in the Appendix, although cumulative effects are only significantly different at 20 ◦C ( Fig. S4 ). Importantly, at all temperatures, initial 
pr esence of alternativ e hosts r esulted in focal host populations that w er e transiently mor e adult-biased when parasites w er e added on day 
21 (gray vertical lines; see Fig. 4 ). Error bars are standard errors of means among replicate mesocosms. Asterisks indicate significance of 
GAMMs (time series) or GLMs (integrated densities): ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. Vertical gray line at day 21 indicates the 
addition of parasites. 
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ere d foca l host di sea se dyn a mics f o r the d uratio n o f the
xperiment. Third, infe ct io n p revalence was higher in
o mmuni ties that ini t ia l ly containe d a lternat ive hosts.
t face value, this result was surpri sing becau s e thes e
 lternat ive hosts re duce d di sea se in other experiments,
 athem at ica l m ode l s ( Strau ss et al. 2015 ), and the
eld ( Strauss et al. 2024 ). Previous work also demon-
t rate d that t hese alter native hosts were unable to reduce
i sea se wh en th ey were ou tco mpete d ( St rauss et a l.
018 ). Here, alt hough t hey were ou tco mp eted b efore
arasites were added, their initial presence som e h ow e l-
 vated dis eas e. O ur explanat io n fo r this legacy amplifi-
at ion effe ct invo l ves re lations hips am ong species diver-
ity, h ost dem ography, an d infe ct iou s di sea se (di scu ssed
elo w). I n short: am plifica tion a ppear s t o h ave ari sen
rom (1) varied epidemiolog ica l importance of juveniles
nd ad ul ts, (2) al tered hos t s ta ge s tructure in the pres-
nce of a competitor, (3) a lag between host exposure
 nd pa ra site relea se (i .e ., lat en cy), an d (4) potent ia l in-
reases in lon g ev it y of exposed hosts in more diverse
o mmuni ties. These cri teria could be easily met in other
os t–parasite sys tems, s ugges ting that hos t demogra-
hy and s ta ge s t ructure cou ld play an underappre ciate d
ole in diversity–di sea se re lations hips m or e br o ad ly. 
Alternative hosts clearly a ltere d s ta ge s tructure dy-
amics in focal host po p u lat ions. Genera l the o ry fo r
 ta ge-s t ructure d consumer-r esour ce dyn amics i s well-
 rounde d in interaction s betw een Daph n i a consum ers
n d th eir a lga l r esour ces ( Tessier et a l. 1983 ; McCau ley
t al. 1996 ; de Roos et al. 2007 ). Resources can regulate
he ma tura tion ra te of juveni les, the fe cundi ty o f ad ul ts,
n d m o rtali ty rates o f bot h st ages, dr iving r esour ce-
ent ric fe e db acks that a lter po p u lat io n dynamics o f
oth hosts ( De Roos et a l. 2003 ; McCau ley et al. 2008 )
n d th eir parasi tes ( Hi t e et al . 2015 ; Hit e and de Roos
023 ). Here, it is un surprisin g that Ceri o d aph n ia a ltere d
 ta ge s truc ture of D aph n i a, because th ese h osts compete
or r esour ces. Compet it ion appear s t o h ave increa sed
uveni le morta lit y of foc a l hosts, impose d a juveni le
ottlen eck, an d s kewe d foca l host po p u lat ions toward
d ul ts in the first 3 weeks of the experim ent. Clear ly,
ost po p u lat ion s w er e mor e ad ul t-b iased when para-
ites were adde d. Elevate d po p u lat ion g ro wth o ver the
ext 10 days lik ely a rose as a pulse of r epr oduction fr om
he ad ul t-b iased po p ulation s, ena bled by r elaxed r e-
ource co mpeti tio n as alternative hosts were exc luded .
m portan tly, th ese dem ographic chan g es co rrespo nded
ith amplified di sea se . Exposure rat es a re higher f or
d ul ts d ue t o their fast er fe e ding rat es ( Hit e et al . 2017 ),
nd exposed hosts must survive 10 days before pro-
ucing infe ct ious spores ( Stewart Mer r i l l and Cáceres
018 ). Thus, we hypot hesize t hat t he init ia l dose of p ar-
si tes became co ncen tra ted in ad ul ts, that mo re o f these
xpose d adu lts survive d to transmit new infe ct ions, and
hese different init ia l co ndi tio ns amplified di sea se for
 e v eral g eneration s. Future pa ra m eterized m ode ls could
larify how well these hypothesized feedbacks recap i tu-
 ate the dy namics observed in th e m esocosms at each
em pera ture. 
Dil u tio n o r am plifica t ion me ch ani sms centered on
os t s ta ge s tructure an d m o rtali ty se em potent ia l ly rel-
va nt f or a wide va riety of host–parasite systems. The
 ta ge s t ructure me ch ani sm we pr opose r equir es that (1)
 ta ges of hos ts vary in epidemiolog ica l importa nce, a nd
2) other spe cies a lter foca l host stage structure. Host
 ta ge and age are im portan t for am phibian chytrid fun-
us ( Hite et a l. 2016 ), snai ls that t ransmit sc hist osomes
 Daoust et al . 2010 ; S haw et al. 2024 ), plant pathog en s
 Pa nter a n d Jon es 2002 ), an d human chi ld ho o d dis-
ases ( Agur et al. 1993 ), with juveniles frequently evolv-

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icaf035#supplementary-data
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Fig. 4 Suggestive correlations between stage structure and disease at all 3 temperatures. Initial presence of alternative hosts altered 2 
demographic properties of focal host populations that coincided with amplified disease: adult-biased populations on the day when parasites 
w er e added (shown here), and accelerated population growth over the subsequent 10 days ( Fig. 5 ). These patters were remarkably 
consistent at 15 ◦C (left column), 20 ◦C (center column), and 25 ◦C (right column). (A–C) Integrated density of alternative hosts (blue; 
alone [diamonds] or in compeition [circles]) was strongly reduced by presence of focal hosts at all temperatures. In contrast, integrated 
density of focal hosts (green; alone [squares] or in compeition [circles]) was qualitatively but not significantly elevated by initial presence of 
alternative hosts. (D–F) Very similarly patterns in density had already emerged by day 21, when parasites were added. (G–I) Although 
densities of focal hosts w er e similar, stage structure of focal hosts was significantly affected by alternative hosts. Specifically, initial presence 
of alternative hosts resulted in focal host populations that were significantly more adult-biased on the day of parasite addition, at all 3 
temperatures. (J–L) Finally, these changes in stage structur e corr esponded with changes in disease. Specifically, at all 3 temperatures, 
cum ulative inf ection prevalence in f ocal hosts was significantl y higher with the initial pr esence of alternativ e hosts (and stronger stage 
structure bias toward adults on day 21). Cumulative infection prevalence in alternative hosts was universally low. Error bars are standard 
errors of means among replicate mesocosms. Asterisks indicate significance of GLMs: + P < 0.1; ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. 
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Fig. 5 Potential differences in focal host mortality in the 10 days after exposure to parasites. In addition to altering focal host stage structure on 
the day of parasite addition ( Fig. 4 ), initial presence of alternative hosts (light green circles versus dark green squares) also accelerated 
population growth of focal hosts over the subsequent 10 days. Accelerated population growth indicates either reduced background death 
rates, elevated birth rates, or likely both. Background death rates are potentially important, because if exposed hosts die before 10 days, 
then the parasites they consumed cannot be transmitted. Population growth rate of focal hosts was (A) qualitatively elevated at 15 ◦C, (B) 
significantly elevated at 20 ◦C, and (C) significantly elevated at 25 ◦C by initial presence of alternative hosts (dashed versus solid lines). 
Error bars are standard errors of means among replicate mesocosms. Asterisks indicate significance of LMMs: ∗P < 0.05; ∗∗P < 0.01; 
∗∗∗P < 0.001. Data are re-centered so that community effects ( C ) indicate differences on day 21 and community by time effects ( C × t ) 
indicate population growth over the subsequent 10 days. 
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ng g reater suscept ibi lity than adults ( A shb y and B run s
018 ). Thus, the first r equir ement is genera l ly met. The
e cond quest ion remains: How common ly do int er spe-
ific interactions alter host stage str ucture? Impor t ant ly,
f such effects are gen eral, th ey could eith er amplify—as
ccurr ed her e—o r dil u te di sea se, depending on which
emographic s ta g e is fav ored in div erse co mmuni ties,
nd which s ta ge is more im portan t for di sea se. The sec-
n d m ech ani sm (a ltere d morta lity of expose d hosts) re-
uires (3) a l ag bet ween exposure and infe ct iousness
i .e ., lat en cy), an d (4) a ltere d risk of mortality in more
iverse co mmuni t ies. This first re quirem ent is gen era l ly
et: It is r epr esented by the “E” (i .e ., E xpose d) class in
en eral SEIR m ode ls ( Kee ling et al. 2007 ) an d kn own
s t he “extr insic in cu b at ion p erio d” fo r vecto rs ( C hi lds
 nd P rosp er 2020 ). L ess cle ar is how frequent ly in-
 er specific int eractio ns al ter mo rtali ty rates o f exposed
osts. Note t hat t his mort a lity me ch ani sm differs from
ech ani sm s a bout host den sit y [host regul atio n o r aug-
en ta t ion ( St rauss et a l. 2024 )], be cause e qua l ly dense
o p u lat ions can arise from re lative ly fast or slow de-
ogra phic ra tes. Futur e r esear ch is ne e de d to explore
ow frequent ly t he second cr iter ia of bot h mech ani sms
s met in other study systems, an d th er efor e how fre-
uently dil u tio n o r am plifica tion effects a re lik ely to
rise from a ltere d s ta ge s tructure or hos t mo rtali ty. 
Per haps our m os t intriguing res ult i s th at init ia l in-

l usio n o f Ceri o d aph n ia a lternat ive h osts e levate d infe c-
io n p revalence in Daph n ia focal hosts later in the ex-
erim ent, wh en th ese a lternat ive hosts were previously
 h own to reduce di sea se ( Strau ss et al. 2015 ; Strauss
t a l. 2016 ; St rauss et a l . 2018 ). In this syst em, dilu-
ion occurs v i a encounter re duct ion ( Ceri o d aph n ia con-
 ume s por es while rar ely g ettin g infe cte d) an d h ost reg-
 lat ion ( Ceri o d aph n ia lower Daph n ia density through
 esour ce co mpeti tio n). Int er sp ecific comp etitiv e a b ili ty
a ries a m ong h ost gen otypes, an d dil u tio n effects a re
tron g er when alternative hosts reach higher relative
bun dan ce ( Strauss et al. 2018 ). For t his exper iment, it
ppe ars t h at we unintention ally selected a genotype of
 lternat ive host that was a universa l ly wea k compet itor.
 iv en how rare they became, it is un surprisin g that al-
ernative hosts did not reduce di sea se v i a encounter re-
 uctio n o r host regu lat ion. A si lv er linin g o f their co m-
et it iv e ex clu sion i s th at in th e absen ce o f stro ng dil u-
 ion me ch ani sm s, w e w ere a ble to observ e the ampli-
cat ion effe cts that li k ely a r ose fr o m al tered host mor-
ality and s ta ge s tructure . S imilar resul ts o f di sea se am-
lification emer g ed from an oth er zo oplankton exp eri-
ent with a different species of alternative host ( Dallas
t al. 2016 ). These ou tco mes are a reminder that mul-
 iple di lut ion a nd a m plifica t ion me ch ani sms can oper-
 te sim u ltane ously, with overa l l b iodiversi ty–di sea se re-
atio nshi ps reflecting their net effe ct. Simu ltane ous di-
 u tio n a nd a m plifica tion mech ani sm s w ere dete cte d in
o mmuni ties o f roden ts tha t tra nsmit ha ntavirus ( Luis
t al. 2018 ) and co mmuni ties amphib ians and trema-
odes ( Johnson et al. 2024 ), and t he s ame species that
il u ted di sea se in one year of a plant b iodiversi ty ex-
erimen t am plified di sea se 20 years later ( Strauss et al.
024 ). The b iodiversi ty–di sea se literature would benefit
rom other studies that p art it ion mu lt iple di lut ion and
m plifica t ion me ch ani sms th at m ay frequently over-
hadow or counteract one another. 
Our study h a s s e veral limi tatio ns which s ugges t in-

 riguing dire ct io ns fo r fu tur e r esear ch. Th e m ost con-
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s picuous weaknes s of our s tudy i s th at o ur pro posed
am plifica t ion me ch ani sms are ba sed on correlations.
Init ia l presence of a lternat ive hosts did alter host stage
structure and did amplify di sea se, b ut we canno t test
c ausalit y of amplific at ion me ch ani sms wit h t his ex-
per iment a l desig n. O t her exper iments could test these
mech ani sms directly. F or exam ple, a future mesocosm
experiment could track s ta ge s tructure cycles in focal
h osts, manipulate wh eth er exposure to parasites occurs
when po p u lat io ns are ad ul t-b iased o r juvenile b iased,
a nd f ollow di sea se dyn a mics f or s e vera l addit iona l gen-
erat ions. A simi lar experiment cou ld eva luate the im-
po rtance o f mo rtali ty rates by adding parasites when
host po p u lat ion s w er e incr easin g v ersu s decrea sing. A
seco nd limi tatio n o f our study is that we co uld no t esti-
ma te dea th ra tes directly. How ev er, future experiments
cou ld re cord the number of eggs per ad ul t f emale a nd
ca lcu la te dea th ra tes as in Duffy and Ha l l (2008) . Fi-
na l l y, it is possib le t hat t he observed am plifica tion ef-
f ects a rose f o r reaso ns ot her t han a ltere d s ta ge s truc-
ture o r mo rtali ty . T w o testa ble a lternat ives are that focal
h osts e levated th eir fe e ding rate (an d h en ce exposure)
in th e presen ce o f al ternative hosts, o r t hat t h ey redu ced
their fe e ding rat e , whic h cou ld have in turn re duce d
their r esour ce acquisi tio n an d immun e fun ction. Ei-
ther chan g e could hav e conceiva bly p ro moted di sea se.
Presence of conspecific and heterospecific zooplank-
t on t ends t o red uce per-cap i ta fe e ding rates in Daph n ia
( Har grav e et al . 2011 ; Civit ello et al . 2013 ), so the latt er
se ems more li kely of these two a lternat i ve exp lanations.
Future experiments could evaluate th ese possi bi lit ies by
me asur ing effects of Ceriodaph n ia and Ceriodaph n ia -
co ndi tio ned water o n Daph n ia foraging rates, Daph n ia
immun e responses, an d th eir p robab ili ty o f infe ct ion
p er sp o re co nsumed. 

We init ia l ly desig ne d an experiment to as ses s how
tem pera tur e alter e d the effe cts of a lternat ive hosts on
focal host di sea se dyn a mics. Effe cts of a lternat ive hosts
were qua litat i vel y similar at all 3 tem pera tures. Sur-
pr isingly, t hey were consistent ly exc luded , an d yet th eir
init ia l presence consistently ele vated dis eas e. Although
we desig ne d an exp eriment ab ou t the effects o f species
addi tio n o n di sea se, t he exper iment p aradoxica l ly be-
cam e on e ab out sp ecies loss. L oss of species from natu-
ral co mmuni ties o f ten causes incre a ses in di sea se sever-
ity ( Ha l liday et al. 2020 ), imp l ying t hat t he loss of di-
l u t er taxa int en sifies tran smissio n amo ng the remain-
ing hosts. Our dat a sug gests a subtly different intrigu-
ing a lternat ive: losses of a lternat ive spe cies can be asso-
ci ated w ith chan g es in focal h ost dem ography, an d th ese
chan g es in focal host demography can in turn alter dis-
ea se dyn a mics. The legacy a m plifica t ion effe cts that we
det ect ed in this zoop lankton stud y system likely arose
fro m so me co mb inatio n o f al tered h ost m o rtali ty and
s ta ge s tructure in co mmuni ties that ini t ia l ly containe d
a lternat ive hosts. This r esear ch intr o duces these 2 p o-
tent ia l ly genera l me ch ani sms o f dil u tio n o r amplifica-
t ion and high ligh ts the im po rtance o f host demography
fo r relatio nshi ps between diversity and di sea se. 
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