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Synopsis B iodiv ersity loss can increase parasite transmission v i a the di lut ion effe c t w hen two cr iter ia are met. First, if com- 
muni ties co nsist o f hos ts that s p an a g radient o f co mpet ence , fro m highly co m peten t species tha t am plify transmission to low- 
comp etence sp e cies that de crease t ransmission. Se cond , if biodiver sity loss is n on-ran dom, suc h that low-diver sity communities 
pos ses s a disp ropo rtio nately high number of highly com peten t hosts. Infe ct ion is then pre dicte d to spread more efficiently in 

low-diversity (high com petence) comm unities. These cr iter ia offer a compelling direct co nnectio n between b iodiversi ty loss 
and di sea se. Eva luat ing the processes un der lying th ese cr iter i a c an prov ide insigh t in to h ow comm only th ey are m et, an d wh en 

we can expect to observe p arasite di l u tio n. B y pairin g recentl y pub lishe d competence va l ues and high-resol u tio n infe ct ion data 
fro m a mul ti-host mul ti-parasi t e syst em (five amp hibian species and four trematode taxa), we eval uated co re as s umptions em- 
be dde d in the dil u tio n effect cri teria: (1) Infe ct io n ou tco mes are g ov erne d by spe cies co mpetence; (2) co mmuni ty assemb l y is 
n on-ran dom; an d (3) life history mediates an indirect conne ct ion betwe en competence and co mmuni ty assemb l y. We found 

tha t com petence was a stro ng p redicto r o f infe ct ion in natura l systems for the maj o ri ty o f host-parasi t e int eractio ns. Co mmuni ty 
assemb l y order of a mphibia ns wa s al so pre dictable b ase d on the sp at iotempora l comm onn ess of each spe cies. Whi le a mphibia n 

life hist ory c haract eristics were associ ated w i th co mpetence (wi th faster pace-of-lif e cha racterist ics t ie d to high er leve ls o f co m- 
peten ce), we did n ot o bserve an as so ciation b etween life history ch aracteri s tics and s pa tiotem poral pa tterns o f co mmo nness. 
Consequent ly, t here was an idiosyncratic relatio nshi p between competence and assemb l y order. Sim ula tio ns demo nst rate d that, 
even wh en th e competen ce-assemb l y or der r e lations hip is a bsent, av erag e co mmuni ty co mpetence can st i l l de cline with spe cies 
richness, as long as the most co mmo n species (first to assemble) h a s re lative ly high competen ce. By conn e ct ing life history, de- 
mogra phy, com pet ence , a nd inf e ct ion, we found stro ng emp irical su ppo rt fo r so me o f the as s umptions un der lying th e dil u tio n 

effect; f or those that were not met, we gained novel insight into the pathways through which co mmuni ty structure may lead to 

dil u tio n. 
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ntroduction 

ron oun ce d de c lines in biodiver sity, alongside in-
reases in the emer g ence and spread of s e vera l infe c-
iou s di sea ses, h ave mot ivate d over two decades of re-
earch on how biodiversity might constrain infe ct ion.
 rowin g fro m foundatio nal m ode ls on th e dil u tio n ef-

e ct ( Ost fe ld an d LoGiudice 2003 ; Keesing et al. 2006 ),
 dvance A ccess pu blication Jun e 3, 2025 
C Th e Auth or(s) 2025. u blis h ed by Oxford University Press on behalf of the S
ommer cial r e-u se, plea se co ntact rep rints@ou p.co m fo r rep rints a nd tra nsla t
ur RightsLink service via the Permissions link on the article page on our site
h e fie ld o f diversi ty-di sea se theory h a s am a ssed hun-
reds of theoretical and empirical studies spanning di-
erse e colog ica l syst ems and int eractio ns ( Civi tel lo et a l.
015 ; Ha l liday et a l. 2020 ; Ma hon et a l. 2024 ). This
 o dy of work h a s tra nsf ormed our understanding of
 ow an d to what deg re e e colog ica l co mmuni ties can
egu late p at hogen spre ad ( Jo hnson et al. 2015 ; Ro hr
ociety for In tegra tive and Com para tiv e B iology. All rights reserved. For 
ion righ ts fo r rep r ints. All ot her per mis sions can be o bt ained t hrough 
-for f urt her infor mation ple ase cont act jour n al s.permi ssio ns@ou p.co m 
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et a l. 2020 ; Ke esing and Ost fe ld 2021 ), as we ll as h ow
th e influen ce of e colog ica l co mmuni t ies—and resu lt ing
di sea se ou tco m es—can be m odifie d by sca le ( Ha l liday
and R ohr 2019 ; R osentha l et a l. 2021 ; Liu et a l. 2023 ;
Strauss et al. 2024 ). But while a few notable systems have
yielded ro bus t and exten siv e evidence tha t comm unity
s tructure cons trains di sea se ( A ll an et a l. 2009 ; Ke esing
et a l. 2010 ; Ha l liday et a l. 2023 ; Johnson et a l. 2024 ), our
mech ani s tic unders tanding of how diversity-di sea se re-
latio nshi ps unfold across systems is st i l l in deve lopm ent.
Muc h of diver sity-di sea se li terature co nsists o f co rrela-
t iona l studies that explore asso ciations b etween mea-
s ures of s pecies diversity an d m easures of infe ct ion.
These studies r epr esent a valuable and essent ia l step in
as ses sing the generality of the theory. To expand our
mech ani stic insigh t, scien tists are now encouraging re-
sea rch efforts that move beyo nd co rrelatio n a nd ca re-
fu l ly invest igate the processes that un der lie dis eas e di-
l u tio n ( Johnso n et al. 2015 ; Luis et a l. 2018 ; Rohr et a l.
2020 ; Hals e y 2019 ). 

Species losses can increa se para site transmi ssion
when two cr iter ia are met: (1) if co mmuni ties co nsist o f
hos t s pecies that s p an a g radient o f co mpetence—fro m
high er competen ce species that act as parasite sources
t o lower-compet ence species that act as parasite sinks
(wh ere competen ce is th e c apacit y of the host to su ppo rt
infe ct ion, g iven exposure [ Stewart Mer r i l l and Johnson
2020 ]). And (2) if b iodiversi ty loss (the ext irp at io n o f
species) is n on-ran dom, suc h that low-diver sity com-
munities pos ses s a dis p ropo rtio na tely high n umber of
com peten t hosts ( Ostfeld and LoGiudice 2003 ; Joseph
et al. 2013 ; Johnson et al. 2015 ). When t hese cr iter ia are
met, pa rasites a r e pr e dicte d to sp read mo re efficiently
in low-diversity (higher average competence) commu-
nit ies, generat ing a dire ct negat ive relat io nshi p between
b iodiversi ty and t ransmission. Embe dde d in these two
cr iter ia are a series of as s um ptions tha t, when t est ed , can
offer insigh t in to th e gen erali ty o f diversi ty-di sea se a s-
sociations. 

The first a ssumption i s th at species competence is the
key factor cont rol ling infe ct ion. Th at i s, w hen predic t-
ing the c apacit y of an e colog ica l co mmuni ty to su ppo rt
infe ct ion, we as s ume t hat t his av erag e c apacit y arises
from the species identi ties co mp rising i t an d th eir un-
der lying competen ce values. How ev er, infectio n ou t-
comes can b e shap ed by s e veral process es outside of
th e h ost-parasit e int eractio n i tself. Parasi te (o r vecto r)
ch oice be h aviors, a s well as host avoidance or sickness
behav iors, c an shape which host species or individu-
a ls are expose d to infe ct io n, wi th hab i tat-specific facto rs
and st oc h a sticity f urt h er m odifying wh en an d wh ere a
h ost en count er s infe ct ive s ta ges ( Ki lp at rick et a l. 2006 ;
Sear s et al . 2015 ; Johnson et al . 2019 ; Payne et al .
2025 ). Such differences in exposure have strong poten-
t ia l to overwh e lm th e importan ce o f co mpetence fo r
shaping infe ct ion, potent ia l ly de cou pling co mpetence-
infe ct ion relat ionships. In such a case, how competence
i s di st ribute d wi thin co mmuni t ies wou ld ma ke a wea k
co ntribu tio n to transmi ssion. A n improv ed v ersion of
this first as s umption may then be that species compe-
t ence , g iven comp arable exposure, cont rols infe ct ion.
B y testin g the as s um ption tha t na tura l infe ct ion s av er-
a ged acros s th e lan dscape—an d ov er varyin g exposure
r egimes—ar e r eflective of species competence values,
we can explore how often the fir st crit erio n fo r di sea se
dil u tio n is met. 

No n-rando m b iodiversi t y loss c ar r ies a seco nd co re
as s umption: s pecies vary predictab l y in their proba-
b ili ty o f loss (i .e ., se quence of ext inct ion versus per-
sistence d uring co mmuni ty di sa ssemb l y [ Ostf eld a nd
LoGiudice 2003 ]). In the context of species extinctions,
earl y eco logical s tres s theo ry p roposed that a species’
vu lnerabi lity to s tres sors was, in p art, shape d by life his-
t ory strat egy ( Rapport et al. 1985 ). Fast pace-of-life (r-
sele cte d) or ganism s that inv est he avily in cur r ent r e-
p rod uctio n and have general niche r equir ements wer e
pre dicte d to be more resilient to environmental s tres s
than slower pace-of-life (K-sele cte d) spe cies that invest
in m ainten ance (futur e r epr o duction) and p os ses s s pe-
cific niche r equir ements. Mor e r ecent ly, t his t heory h a s
be en bro adene d to acco unt for po p u lat ion t rends be-
yon d vuln erab ili ty an d resilien ce. Th at i s, pace of life is
thought to be a key factor shaping species’ demographic
an d distri bu tio nal patt erns, suc h th at fa st pace-of-life
sp ecies may b e exp e cte d to occur mor e fr equently over
t ime, through sp ace, and across co mmuni t ies ( Cardi l lo
et al. 2008 ). Probing re lations hips betwe en p ace of life,
sp at iotempora l dist ribut ions, an d comm onn es s acros s
co mmuni ties ca n theref ore g round-t ruth our as s ump-
tion that species loss is n on-ran dom. 

Wh eth er n on-ran dom diversity los s res ults in a dis-
p ropo rtio na tely high n umber of com peten t hos ts res ts
on a third and final as s um ption. F or this pa tt ern t o
emer g e, a species’ like lih o o d of p ersistin g durin g com-
munity di sa ssemb l y must be related to its c apacit y to
tra nsmit inf ection ( Young et al. 2013 ; Johnson et al.
2015 ). As bef ore, lif e histo ry theo ry un der lies thi s a s-
sumptio n ( Johnso n et al. 2012 ; Joseph et al. 2013 ).
Species with fast pace-of-life strategies are thought to
a l locate energy to current rep rod uctio n at the cost of
long-t erm maint enance , inc l uding immuni ty and par-
a site resi stance ( Lee 2006 ; Cronin et a l. 2010 ; Previta li
et al . 2012 ). Conver se ly, s low pace-o f-life o r ganism s
ma y invest hea vily in immun e defense to in crease lifes-
pa n a n d maximize th eir potent ia l fo r fu tur e r epr oduc-
tio n. Life histo ry t rade offs betwe en r epr oduction and
immunit y c an th en gen erate a power f u l (a l beit in direct)
asso ciation b etween co mmo nnes s acros s the l andsc ape
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n d competen ce f or inf e ct ion ( Va lenzue la-San ch e z et a l.
021 ). This triad of associations is at the heart of the di-
 u tio n effect ( Keesing et al. 2006 ). Testing each link can
round diversity-di sea se theory in ultimate evol u tio n-
 ry drivers, a nd in doing s o, s olidify expe ctat io ns fo r i ts
enerality. 

In our past r esear ch on amphib ian-parasi t e int er-
ction s, w e hav e demon st rate d that the av erag e com-
etence of a mphibia n communit ies de clines with in-
reasing species richness, as is as s umed by the dil u tio n
ffect ( Johnson et al. 2013 ; Johnson et al. 2024 ). In-
e e d , ric hnes s-as sociat ed c han g es to amphibian com-
uni ty co mposi tio n a nd a mphibia n densities funda-
enta l ly shape infe ct ion s ucces s at th e wh ole wetlan d

cale for four dominant parasite taxa ( Johnson et al.
024 ). Yet, questions remain on the underlying pro-
esses g eneratin g th ese competen ce-infe ct ion p atterns.
o spe cies ident it ies (an d th eir associa ted com petence

alues) reliab l y pre dict natura l infe ct ions across the
 andsc a pe? Wha t aspects of a mphibia n demographic
atterns p rod uce the assemb l y orders that un der lie
ic hness-compet ence a ssociations? A nd can these phe-
 om ena be t race d b ac k t o life hist ory c haract eristics
f the a mphibia n hosts? To advance theory on the di-
 u tio n effect, we co mb in e n ew m etrics o f co mpetence
i th high-resol u tio n infectio n data and a suite of pub-

is h ed life history ch aracteri stics (egg size, larval pe-
iod, ad ul t body size, and lifespan) to address the follow-
ng hypotheses: (1) field infe ct ions across the l andsc ape
re shaped by species-level competence estimates; (2)
pe cies’ demog raphic p atterns (co mmo nness in space
n d tim e) un der ly co mmuni ty assemb l y order; and (3)
ife history mediates an indirect conne ct ion betwe en
ompeten ce an d co mmuni ty assemb l y. 

ethods 

tudy system and data 

e focus our work on natural communities of amphib-
a ns that a re co mmo n ly infe cte d by t rematodes in the
ast Bay region of California. The tremato de sp ecies in
ur system are aquatic parasi tes wi th co mplex life cycles
hat invo l ve se quent ia l m ovem ent from snail first inter-
 ediate h ost to la rval a mphibia n secon d interm ediate

ost t o vert ebrat e definitive host ( Sc hel l 1985 ). Infe c-
io n o f la rval a mphibia ns occ urs w hen swimming cer-
 ari ae are released from sn ail s; cerc ari ae seek an am-
hi bian h ost, pen et rate its t is s ue u po n co ntact, and de-
elop into met acercar iae or mesocercar iae (depending
n the parasite’s tax on) in side the a mphibia n’s tis s ue.
rematodes wit hin t he tis s ue persis t as the amphib-

an matures and under g oes meta morphosis, a nd ca n be
 ransmitte d to a verteb rate p redato r wh en th e amphi b-
an is consumed by the p redato r. Our study co nd ucts
nalyses on previously pu blis h ed data for this system,
hich co mp rises five amp hi bian h os ts (wes t ern t oad
naxyrus boreas [ANBO]; Pacific chorus frog Pseu-
acris regi l la [PSRE]; American bu l lfrog Ran a c ates-
 ei ana [RACA]; rough-s kinn ed n ewt Tari cha granu-

osa [TAGR]; California newt Taricha t o rosa [TATO])
 nd f our t rematode p arasites ( Al ari a m arcin a e [ALMA];
e phal ogon im us sp. [CES P]; Ec hinos t o ma spp. [ECSP];
 i b eiroi a ond at rae [RIO N]). Labo rato ry-derived co m-
etence values for each of the t went y host-parasit e int er-
ction s w ere pu blis h ed in Stewart Mer r ill et al. (2022) ,
n d associated fie ld infe ct ions an d dem og raphic p at-
 erns (sit e occupancy) were quant ifie d for 11 years and
02 co mmuni ties in Johnso n et al. (2024) . We uni te
 hese dat a sets to a s k n ew questio ns o n t he dr ivers of
o mmuni ty co mpet ence patt erns. O ur ana lyses go be-
on d th ese pas t s tudies in im portan t ways. First, while
tewart Mer r i l l et a l. (2022) develope d novel measures
 f co mpet ence t o h e l p explain co mmuni ty-level infec-
io n ou tco mes in Johnso n et al. (2024) , we n ow as k
 ow we l l a g iven spe cies’ competence va l ue p redicts

ts l andsc a pe-level pa ttern of infe ct ion. Se con d, th ere
ave been few studies (in cluding th ose from which we
er ive dat a) t h at h ave united robu st mea surements of
ompet ence , demog raphic p atterns un der lying assem-
 l y order, and species life history traits in a single study
o r mul ti ple parasi tes. Our analyses in tegra te all three
 ieces o f info rmatio n t o t est un der lying as s umptio ns o f
iversity-di sea se theory. 

ow well are field infections explained by 

pecies-level competence estimates? 

 ur re cent met ric o f co m petence sough t to incorpo-
a te informa tion tha t is epidemiolog ica l ly releva nt (a nd
otent ia l ly essent ia l) t o under sta nding natural inf ec-
 ion p att erns ( St ewart Mer r i l l et a l. 2022 ). In p art icu-
ar, our metric inco rpo ra ted: (1) varia tion in exposure
wh ere competen ce was in tegra ted over a range of eco-
og ica l ly rea list ic doses), (2) pre-t ransmission morta l-
ty (where competence was sca le d b ase d on the likeli-
o o d of host de at h pr ior to t he po int o f transmissio n),
nd (3) p arasite-spe cific r esponses (wher e competence
or a given host was measured sepa rately f or different
 arasite taxa). Be cause our metric builds u po n lower-

nfo rmatio n estimates, we can ask whet her t he addi tio n
 f info rmatio n gets us c loser t o pre dict ing infe ct ion in
atural systems. 
We comp are d thre e labo rato ry estimates o f a host

pe cies’ cap aci ty to su ppo rt a g iven p a rasite inf e ct ion.
 ur lowest informat ion est imat e , init ia l suscept ibi lity,

s t he percent a ge of adminis ter ed cer c ari ae that de-
elop into encysted met acercar iae (or mesocercariae)
n th e h os t 36 h after expos ure to one sta nda rd dose
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(20 cerc ari ae per amphibi an). This metric is t ypic al of
a rapid infe ct ion assay and excludes variation in ex-
posure, an d th e possi b ili ties o f infe ct ion clea ra nce or
p re-transmissio n mo rtali ty. Our moderate info rmatio n
estimat e , dose-int egrat e d suscept ibi lity, is the percent-
age of administered cerc ari ae over a ran g e of expo-
sure doses that persist as en cysted m et acercar iae (or
mesocerc ari ae) in the host (for this estimat e , amphib-
ian s w ere as ses sed f or inf ection 20 days after exposure).
Thi s estim ate ther efor e inco rpo ra tes varia tion in expo-
sure and provides time for clearance of infe ct ion to oc-
cur, b ut does no t incl ude p re-transmissio n mo rtali ty. Fi-
na l ly, our highest informat ion est imat e , dose-int egrat ed
competen ce is th e per centage of cer c ari ae across a ran g e
of exposure doses that be come t ran smitta ble metacer-
c ari ae (w ith th e h osts remainin g aliv e) 20 days after ex-
posure. Val ues fo r each estimate and host-parasite in-
teraction are pu blis h ed in Stewart Mer r ill et al. (2022) . 

To as ses s t he per for mance of the thre e est imates out-
lined a bov e, w e eva luate d associat ion s betw een each es-
timate and natural infection levels in the field. Mean in-
fe ct ion levels (number of met acercar iae/mesocercar iae
per host) for each host-parasite interaction were quan-
t ifie d fro m individ ua l infe ct ion data pu blis h ed in
Johnson et al. (2024) . From this dataset, we excluded
a mphibia ns col le cte d fro m si tes that did not have cer-
c ari ae present (zero-exposure sites) and we excluded
a ny a mphibia ns with inf e ct ion lo ads g re ater t han 200
(b ecause the exp osure dos es in Ste wart Mer r i l l et a l.
2022 ran to a maximum of 200 cerc ari ae per host). Ex-
cl uding amphib i ans w ith loads over 200 did not mean-
ing fu l ly re duce our sample sizes. This excl usio n resul ted
in retention of 99.6% of indiv idu al s a s ses sed for Al ari a
m arcin a e (3418/3429), 99.9% as ses sed for Ce phal ogo-
n im us sp. (5232/5234), 97.0% ass ess ed fo r Ec hinos t o ma
spp. (9390/9676), and 99.5% ass ess ed for R i b eiroi a on-
datrae (9076/9126). We ran linear m ode ls for each par-
a site species th at a s ses se d the effe ct of the lab est imate
(p redicto r) o n mea n inf e ct io n (respo ns e) and e va luate d
s ummary s tatis tics for th e re lations hip ( P -value and R 

2 ).
We did not control for variation in exposure across
the sites (as in Johnson et al. 2024 ) because our high-
est info rmatio n met ric, dose-integ rate d compet ence , is
desig ne d to encomp a ss n atura l variat ion in exposure.
Wit h t his metr ic, we could t h en as k wh eth er embedding
variable exposure in a lab proxy a pproxima tes the vari-
able exposure hosts experience in the field. 

Does commonness underlie community 

assemb l y? 

We est imate d each spe cies’ co mmo nness as an out-
co me o f i ts sp at ia l occup an cy (h ow bro ad ly a spe cies
occurs within the sampled pond habitats) and tempo-
ra l reliabi lity (how regu larly a spe cies is observe d within
a pond over t ime). O ur est imates w ere deriv ed from
elev en y ea rs of a mphibia n data pu blis h ed in Johnson
et al . (2024) , for whic h the densi ties o f la rval a mphib-
ian s w ere as ses se d annua l ly using a series of dipnets
deployed around each pond’s perimeter. We converted
pu blis h ed amphi b ian densi ties to p res ence/abs ence val-
ues for each pond-year com bination. To q uant ify sp a-
t ia l occup ancy, we co mpu ted the p ropo rtio n o f sampled
ponds in which a species occurred within each year,
then av erag e d the va lues across years. Be caus e s ome
species’ ran g es did not fu l ly overl ap w it h t he study re-
gion (i .e ., some species are never observed from ponds
in certain counties or areas co mp rising the study re-
gion), w e ex cluded p onds b eyon d th e species’ ran g e
fro m our deno minato r. To quan tify tem po ral reliab il-
ity, we first rest ricte d the data to ponds in which a
sp ecies o ccurred at least once over the entire study pe-
r iod. From t h ese pon ds, we th en computed th e pro-
po rtio n o f ye ars t he species was present in each pond
and av erag e d the va l ues across po nd s. We u sed the
p rod uct o f the two val ues (spatial occu pa ncy a nd tem-
po ral reliab ili ty, which both scale between 0 and 1)
a s our estim a te of spa tiotem po ral co mmo nness, which
conveys the joint li keli ho o d of o ccurrence in space
an d tim e. 

Th e amphi b ian co mmuni ties in our s tudy sys tem
have a we ll-establis h ed n es ted s truc ture, w hich made it
feasible to estimate their assemb l y order with a space-
for-tim e su bsti tu tio n ( Johnso n et al. 2013 ). In brief,
we eva luate d how spe cies’ o ccurrences mapp ed onto
co mmuni t y richness, follow ing t he premise t hat some
species m ay domin at e low-ric hn ess pon ds across th e
l andsc ape (an d s h ould be m ost like ly t o per sist fol-
lowing di sa ssemb l y), while others may occur rarely
and only in high-richness ponds (and should be most
likely to be lost during di sa ssemb l y). By qu antify ing
the p ropo rtio n o f po nds o f a given richness level that
a sp ecies o ccurs wit hin, we could efficient ly extract as-
semb l y o rder. We eval uated the co rrespo n den ce be-
twe en sp at iotempora l comm onn ess an d assemb l y or-
der with a simple Pearson’s product-m om ent corre la-
tio n. W hile our qu antific atio n o f assemb l y p rod uces
an estimate of the order in which species a re lik ely
to occur across natural richness gradients, we note
that our metric is tim e-in depen dent; i t co mb ines in-
fo rmatio n fro m both assemb l y and di sa ssemb l y pro-
cesses (both are occur r ing natura l ly t o generat e the
co mposi tio n s w e observ e) wi thou t sp ecifying temp o-
ra l dire ct iona lity. Wh eth er our m etric for assemb l y
refle cts tempora l assemb l y o rder (addi tio n o f species
over tim e) an d is th e inverse of di sa ssemb l y order
(removal of species over time) remains a gap in this
system. 
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s there evidence for life history strategy 

haping competence and commonness? 

uilding on our qu antific atio n o f co mpeten ce an d com-
 onn es s, we as sembled life history data for the five

 mphibia n species using reports from the literature
 Jo hnson et al. 2012 ; Oli veira et al. 2017 ). Four life his-
 ory c haract er istics t hat span t h e amphi bian deve lop-

enta l t raj e ctory had associated values pu blis h ed for all
f the species: egg size (ovum diameter in mm), larval
 erio d (days to m etam orph osis), adult b o dy size (max-

mum ad ul t length in mm; snou t to vent fo r Anurans
nd total for Ca uda ta), and lifespan (maximum age in
ears). 

For each life histo ry trai t, w e ran a g en eral lin ear
ixed m ode l wit h t he life hist ory c haract eristic as the
 redicto r va riable a nd sp ecies comp eten ce as th e re-
pon se varia ble . Compet ence values for a l l host-p arasite
nteraction s w ere included in the an alyses becau se we
er e inter ested in how a species’ general competence

amo ng mul ti ple infectio n types) co rrespo nded wi th
ts life hi story. Becau se mu lt iple va lues were present
 or each a mphibia n (one competence value for each
nique host-parasite interaction), we included amphib-

an species as a random effect in the model. We arcsin-
ra nsf or med t h e competen ce va lues be caus e the y were
 ropo rtio nal, and log-tra nsf ormed la rval p erio d due to
 he bre adt h of values an d th eir high right skew (i .e .,
 ost amphi bians had larval p erio ds less than 200 days,
it h t he exceptio n o f American bu l lfrogs, who ta ke
u lt iple years [ > 500 days] to reach m aturity). A meri-

an bu l lfr ogs wer e a cle ar out lier for t heir larval per iod,
nd also r epr esent the onl y amp hibian in our study that
 s non-n ativ e. G iv en tha t com peten ce of a h ost-parasite
nteraction is shaped by the evol u tio n ary hi sto ry o f that
nteractio n, no n-nat ive spe cies m ay h ave competence
alues that dev i ate from expe ctat io ns. We therefo re ran
ur life histo ry—co mpetence analyses wi th no n-native
u l lfrogs include d and exclude d to se e h ow th ey con-
ormed to patterns among native species. 

We ra n simila r gen eral lin ear m ode ls between th e
 our lif e hist ory c haract erist ics (pre dict or s) and eac h
 mphibia n s pecies’ s pa tiotem po ral co mmo nness (re-
po nse). As wi th co mpet ence , sp at iotempora l com-
 onn ess was a rcsin-tra nsf orme d be cause the val-

es span 0 to 1. If life history shapes both com-
eten ce an d comm onn es s, life his tory could me-
iate an indirect (and im portan t) conne ct ion be-
ween competence and assemb l y order. This connec-
ion is a central tenet of diversity-di sea se th eory, an d
e t est ed i t wi th a sma l l an d simple m ode l. For

ac h parasit e , we ran a Pearso n’s p rod uct-mo ment
o rrelatio n between amphib ian assemb l y order and
ompet ence . 
c  
esults 

ow well are field infections explained by 

pecies-level competence estimates? 

e as ses sed h ow we ll three labo rato ry-ba sed estim ates
f a species’ c apacit y to support infe ct ion a lig ne d with
 atural level s of infe ct ion observe d in th e fie ld (aver-
g ed amon g sites across th e lan dscape). O ur lab-b ase d
s timates s panned low- to high-info rmatio n, an d th eir
es ted s tructure allowed a co mpariso n o f which p ieces
 f ep idemiolog ica l ly releva nt inf o rmatio n led to high-
st per for man ce. Th e high est info rmatio n metric, dose-
n tegra ted com p etence, b est expla ined inf ection pat-
erns ( Fig. 1 ). Dose-in tegra ted com petence was posi-
i vel y, significantl y ( P < 0.05), and tightly (R 

2 > 0.80)
ssoci ated w it h me a n inf e ct io n levels fo r three o f the
 our pa rasi tes ( Table 1 ). Co nverse ly, th e low an d m oder-
 te informa t ion met rics, init ia l suscept ibi lity and dose-
n tegra te d suscept ibi lity, were associated with infe ct ion
o r o nly o n e ( Al ari a m arcin a e ) of the four parasites
n d did n ot th emse lves differ in per for mance ( Table
 ). Dose-in tegra ted com peten ce in co rpo ra tes varia tion
n exposure by co mb ining dos e-dependent sus cept ibi l-
ty and dose-dependent mo rtali ty ( Stewart Mer r i l l et a l.
022 ). Its high per for man ce, re lative th e oth er m etrics,
 ugges ts that p re-transmissio n mo rtali ty me aningf ully
hapes infe ct ions in th e fie ld an d that av erag e lev els of
nfe ct io n fro m th e fie ld (across a l l sites and levels of
xposure) can closely match competence if the compe-
en ce m etric itse lf conta ins va r iation in exposure. Me an
nfe ct ion levels for Ce phal ogon im us sp. were not asso-
i ated w i th any o f the labo rato ry-b ase d est imates (a l l
 > 0.5; Table 1 ). Notab l y, chor us f rogs had s ubs tant ia l ly
igh er leve ls of infe ct ion t han t heir dose-in tegra ted
om petence estima tes migh t s ugges t ( Fig. 1 B). Thi s di s-
ari ty might po int to addi tio nal drivers o f infectio n in
h e fie ld , suc h as h ost be havio r o r parasi t e c hoice , that
xten d beyon d th e t ransmission potent ia l of th e ch orus
rog- Ce phal ogon im us sp. interaction. 

oes commonness underlie community 

ssemb l y? 

he five focal amphibians varied in their sp at ia l oc-
upa ncy a nd tempo ral reliab ili ty, both o f which were
ositi vel y associ ated ( Fig . 2 ). Chor us f rogs a nd Calif or-
ia newts (assemb l y orders 1 and 2, respe ct i vel y; Tab le
 ) occurred in the majo ri ty o f sampled po nds (high
p at ia l occup a ncy) a nd were observe d regu larly over
ime (high temporal reliab ili ty). On the o p posite end
f the spe ct rum were th e less comm on species, rough-
 kinn ed n ewts an d Am erican bu l lfrogs (assemb l y or-
ers 4 and 5, respe ct i vel y; Tab le 2 ), whic h t ended t o oc-
ur in fewer than 50% o f po nds, wi th lower tempo ral
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Fig. 1 Field infections are well-explained by the competence of a given host-parasite interaction . For each parasite taxon, we evaluated the 
r elationship betw een dose-integrated competence measur ed in the lab and natural lev els of infection observ ed in the field. Field infections 
for each host species w er e av eraged ov er multiple years and multiple sites with known variation in levels of exposure, and our competence 
measures incorporated a range of exposure doses designed to capture this natural variation. We found remarkable correspondence 
between competence and infection for three of the four parasites (R 

2 > 0.8) suggesting that the competence of a given host-parasite 
interaction can strongly shape infection outcomes. Deviation from this pattern, as observed for Cephalogonimus sp., might indicate the 
presence of additional epidemiological forces that can overwhelm competence (e.g., parasite choice). Amphibian code names presented in 
the legend are as f ollo ws: ANBO ( Anaxyrus boreas , or western toad); PSRE ( Pseudacris regilla , or Pacific chorus frog); RACA ( Rana 
catesebeiana , or American bullfrog); TAGR ( Tar ic ha granulosa , or rough-skinned newt); T A TO ( Tar ic ha torosa , or California newt). 

Table 1 Compared to lower-information competence metrics, dose-integrated competence best predicts natural infection patterns in the 
field. 

Initial susceptibility Dose-integrated susceptibility Dose-integrated competence 

Parasite P R 

2 P R 

2 P R 

2 

Alaria marcinae 0.005 0.950 0.008 0.933 0.002 0.973 

Cephalo g onim us sp. 0.653 0.076 0.599 0.103 0.576 0.115 

Echinostoma spp. 0.636 0.084 0.172 0.515 0.023 0.859 

Ribeir oia ondatr ae 0.756 0.037 0.931 0.003 0.040 0.801 

This high-information metric (combining host susceptibility to infection and pre-transmission mortality from infection across a range of realistic doses) 
generall y outperf ormed the lo wer-inf ormation metrics, initial susceptibility and dose-integrated susceptibility. Evidence f or r elativ e performance is 
indicated by the P and R 

2 values (bolded to denote significance) for general linear models assessing each metric’s correspondence with field infection 
data. 
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reliab ili ty. West ern t oad s (a ssemb l y or der 3) wer e the
in termedia te of the five spe cies, a lth ough fe ll closer in
sp at iotempora l rarity to American bu l lfr ogs and r ough-
s kinn ed n ewts. Fo r each species, we p rovide sp at iotem-
pora l t ren ds (in cludin g a bun dan ce) from a subset of
pond s a s a n exa mple o f the b ro ader p atterns ( Fig. 2 a–
e). U ltimat ely, we det ect ed a stro ng co rrelatio n be-
twe en sp at iotempora l comm onn ess an d assemb l y or-
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Fig. 2 Basic demographic patterns of amphibians are closely linked with their community assembly order . To capture fundamental differences in 
the demography of amphibians, we quantified their spatial occupancy (how widespread they are within suitable habitat) and temporal 
reliability (ho w consistentl y they occur within suitable habitat o ver time). Panels (a) through (e) are examples of these f eatures f or our five 
focal amphibians using data from a subset of ponds ( n = 11) for which we had continuous, long-term sampling (10 years). In these panels, 
year of study (spanning 2009 to 2019, with the exception of 2014 where a drought and fully dried ponds limited sampling) is on the x-axis, 
and each row on the y-axis r epr esents a single pond. An amphibian species’ presence is indicated by filled cells, with increasing cell 
saturation r epr esenting incr easing density of the species. Av erage spatial occupancy and temporal r eliability acr oss a br oader set of sites 
and years is plotted in panel (f). These two properties are correlated, and their joint likelihood (product) directly corresponds with 
assembly order (assembly order estimates provided in Table 2 ; and indicated with inlaid numbers). 
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er ( r = 0.95; P = 0.015; Fig. 2 f), such t hat t h e m ost
o mmo n species are also the first to a ssemble. Thi s re-
ul t po ints to the p redictab ili ty o f co mmuni ty assem-
 l y in our system and its ties to basic demographic and
acroe colog ica l p atterns. 

s there evidence for life history strategy 

haping competence and commonness? 

e found evidence that compet ence , b ut no t
o mmo nnes s, follows clas sic p redictio ns r egar ding
h e influen ce o f life histo ry. Co mpeten ce declin ed with
gg size (est = −0.431, st d .err = 0.107, z = −4.016,
 < 0.001) a nd lif espa n (est = −0.026, st d .err = 0.010,
 = −2.524, P = 0.012), and de cline d marg ina l ly with
d ul t b o dy size (es t = −0.002, s t d .err = 0.001, z =
1.793, P = 0.073). Col le ct ive ly, th ese patterns sug-
 A  
est that a mphibia ns with faster pace of life tend to
e more com peten t. We observed no effect of larval
 erio d o n co mpetence (es t = 0.069, s t d .err = 0.217,
 = 0.319, P = 0.750), although this nu l l resu lt was
r iven by Amer ican bu l lfrogs, which had long larva l
 erio ds re lative th e oth er species. Rem oval of Amer-

can bu l lf rogs f r om our analyses r esulted in a decline
n competence with larval p erio d (est = −0.789;
 = 0.006) and incre ased st atistic al signific ance in

h e declin e in competen ce wi th ad ul t b o dy size (est =
0.19; P < 0.001), but did not chan g e the qua litat ive

esul ts o f t he ot her analyses (eg g size [est = −0.392,
 < 0.001]; lif espa n [est = −0.024, P = 0.009]). In
o ntrast wi th co mpet ence , co mmo nness exhib i ted no
ignific ant associ ations w ith any of the life history
 haract erist ics (a l l P > 0.1; Supp lementary Tab le S1 ).
n i l lust rat i ve examp le i s th at California newts are

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icaf077#supplementary-data
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Table 2 Assembly order from occupancy-richness associations. 

Richness PSRE T A TO ANBO TAGR RACA 

1 0.69 0.13 0.04 0 0.14 

≤ 2 0.85 0.53 0.13 0.06 0.09 

≤ 3 0.91 0.72 0.28 0.24 0.11 

≤ 4 0.92 0.76 0.35 0.26 0.16 

≤ 5 0.92 0.76 0.36 0.26 0.17 

Order 1 2 3 4 5 

We estimated each amphibian’s assembly order by determining the pro- 
portion of ponds they occurred in for progr essing lev els of species rich- 
ness. For instance, of those ponds with only one species present (rich- 
ness = 1), the majority (69%) had chorus frogs (PSRE) present, indicating 
that chorus frogs are the dominant taxon in single-species communities. 
Extending to ponds that contain 2 or fewer species (richness ≤ 2), cho- 
rus frogs remain dominant (85%) with California newts (T A TO) as the 
next-most dominant addition (occurring in 53% of ponds with 2 or fewer 
species). The stepwise addition of species as diversity increases allows a 
straightforward determination of assembly order. Rows in the table rep- 
resent species richness levels, columns indicate amphibian species, and 
cells denote the proportion of communities a species occurs in. Shading 
helps illustrate how dominance of each species ov er incr easing richness 
levels yields the assembly orders indicated in the final row. Amphibian 
code names are as f ollo ws: ANBO ( Anaxyrus bor eas , or western toad); 
PSRE ( Pseudacris regilla , or Pacific chorus frog);RACA ( Rana catesebeiana , 
or American bullfrog); TAGR ( Tar ic ha granulosa , or rough-skinned newt); 
and T A TO ( Tar ic ha torosa , or California newt). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Competence is not associated with community assembly order . 
While community competence (competence averaged among the 
species comprising a community) often declines with div ersity, w e 
found a striking lack of evidence for the idea that species’ 
competence values (y-axis) decrease with assembly order (x-axis). 
In other w ords, incr easing richness did not progr essiv el y ad d 
lower-competence species. Competence values are provided for 
each parasite species (indicated in panel labels), with each point 
denoting an amphibian host. Amphibian points are labeled in the 
first panel (for the parasite Alaria ) and remain consistent in their 
assembly order across panels. Amphibian code names are as 
f ollo ws: ANBO: Anaxyrus boreas , or Western toad; PSRE: Pseudacris 
regilla , or Pacific chorus frog; RACA: Rana catesebeiana , or 
American bullfrog; TAGR: Tar ic ha granulosa , or rough-skinned newt; 
T A TO: Tar ic ha torosa , or California newt. 
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except iona l ly common despite th eir re lative ly s lower
pace of life c haract eristics. 

We foun d n o eviden ce th at life hi st ory mediat es a
conne ct ion betwe en h ost competen ce f or inf e ct ion and
h ost comm onn ess within communit ies. O ur ana lysis
invest igat ing a potent ia l indire ct associat ion betwe en
competen ce an d assemb l y order was simp le (Pearson’s
co rrelatio n), a s wa s the res ult. We o bserved no cor-
rel ation bet ween these properties for any of the four
p arasites (a l l P > 0.2), an d th e lack of a ssociation wa s
of ten st ark ( Fig. 3 ). Hitherto, w e had observ ed rela-
tio nshi ps between competence and pace of life. How-
ever, th e amphi bian dem og raphic p atter ns t hat under-
lie assemb l y order did not co rrespo nd wi th life histo ry
c haract erist ics, re ducing the possib ili ty o f an indirect
association. 

A post-hoc analysis: reconciling the 

competence-assemb l y disassociation with 

evidence of dilution 

Prio r wo rk in this system h a s observ ed g en eral declin es
in the av erag e co mpetence o f amphib ian co mmuni ties
wit h incre asin g lev els of species richness ( Johnson et al.
2013 ; Johnson et al. 2024 ). In deed, this re lations hip is
th ought to un der lie di sea se dil u tio n. So how can we rec-
oncile t hat est ablis h e d p atter n wit h t he lack of an as-
so ciation b etween each s pecies’ as semb l y order and its
competence? 
Invest igat ing th e re lations hip between each amphib-
ian’s assemb l y o rder and i ts co mpetence ( Fig. 3 ), i t is
cle ar t h at choru s frogs (PSRE), whic h dominat e single-
species co mmuni ties, t end t o hav e relativ ely high levels
o f co mpetence fo r a l l four p arasi tes. Co nversely, Cali-
fornia newts (TATO), which join chorus frogs in two
species co mmuni ties, hav e much low er (an d at tim es
zero) competence for three of the four parasi tes. Co n-
sequen tly, a comm unity con sistin g of both chorus frogs
a nd Calif or nia newts (r ichness = 2) wi l l a lwa ys ha ve
lower m ean competen ce than a co mmuni ty o f just cho-
r us f rogs (ric hness = 1). Ext ending this example t o
high er richn ess leve ls, we n ote that wh en ever a n ew
species is added to a co mmuni ty (increasing richness
by one), as long as the competence value of the newly
adde d spe cies i s lower th an th e m ean competen ce of th e
p rio r richness co mposi tio n, th en th e m ean competen ce
o f the co mmuni t y w i l l de c line . Inde e d, we se e ju st thi s
effect. Lower-richness co mmuni ties tend to have higher
m ean competen ce than high er-richn ess co mmuni ties
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Fig. 4 The commonness and relatively high competence of chorus frogs may drive negative relationships between species r ic hness and community 
competence . We simulated all possible permutations of community assembly order and resulting relationships between species richness and 
community competence (mean competence across species in a community) for the four parasites (a/e: Alaria marcinae ; b/f: Cephalo g onim us 
sp.; c/g: Echinostoma sp.; d/h: Ribeir oia ondatr ae ). For all possible perm utations and assembl y pathways (panels a through d), increases in 
community competence with richness are balanced against decreases in community competence with richness (as expected). How ev er, for 
those permutations and pathways where chorus frogs are the first to assemble (panels e through h), community competence exhibits a 
general decline with species richness, regardless of the assembly order of the other community members. We note that the slope of the 
decline varies based on the competence of chorus frogs r elativ e to other species, declining most steeply when chorus frogs have 
substantially higher values (e .g., Alar ia marcinae in panel e). 
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ecau se choru s frogs an ch or th e in tercept a t an init ia l ly
igh val ue (Su pplementar y Fig. S1 ). This obser vation

ed us to a p ost-ho c hyp othesi s. Perh aps a ssemb l y order
s n ot th e crit ica l factor driving negat ive relat io nshi ps
etw een div ersi ty and co mmuni ty co m petence; ra ther,
his re lations hip may be driven by a p art icu lar spe cies.
 iv en the co mmo nness and high competence of chorus

rogs, we asked whether chorus frogs generate the neg-
 tive rela tio nshi p between amphib ian species richness
n d m ean co mmuni ty co mpet ence . 

To address this question, we sim ula ted all possi-
le co mmuni ty co mposi tio ns o f th e five h os t s pecies
cross the five richn ess leve ls (120 possible composi-
ions), a nd f or each composition, we ca lcu late d aver-
ge compet ence . These variable species co mposi tio ns
rovide d mu lt iple p at hways t hroug h w hic h ric hness
ould shape mean compet ence . We fir st evaluat ed the
e lations hip between richn ess an d m ean competen ce
or this complete set of pathways ( Fig. 4 a–4d; r epr e-
ent ing a l l co mmuni ty co mposi tio ns), then eval uated
his re lations hip for only t hose pat hways wh ere ch orus
r ogs ar e the fir st t o assemble ( Fig. 4 e–4h). The com-
ariso n o f the two sets o f sim ula tion s allow ed us to
valuate wh eth er ch or us f rog com petence is sufficien tly
igh t hat t he addi tio n o f new spe cies a lways resu lts in
eclines in mean compet ence , r egar dless of assemb l y
rder. 

We found go o d supp ort for our p ost-ho c hyp othe-
is. W hen co n siderin g a l l possible p athways betwe en
ichn ess an d competen ce, w e observ e d an expe cte d flat
e lations hip ( Fig. 4 a–d). In cases wh ere ch or us f rogs
re the first to assemble, the p athways betwe en rich-
 ess an d competen ce dem onst rate d an overa l l nega-
 ive (a l beit n ot always lin e ar) patter n ( Fig. 4 e–h). The
 lope of th e ch or us-f r og-driven r e lations hip varied by
arasit e , hig hlig hting the importance of this species’
ompeten ce (re lative th e oth er m embers of th e com-
uni ty) fo r shap ing richness-co mpeten ce re lations hips.
 ltimat e ly, th ese results tell us that there can be mu lt i-
le pathways to dil u tio n. Av erag e competence of a com-
unit y c an genera l ly de cline with richness as long as a

ighly com peten t h ost is th e fir st t o assemble . 

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icaf077#supplementary-data
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Discussion 

By co mb ining a high-resol u tio n infe ct ion d ataset w ith
measures of competence a nd lif e history ch aracteri s-
tics from five a mphibia n s, w e eva luate d thre e as s ump-
t ions embe dde d in the cri teria fo r parasi te dil u tio n:
(1) competence g ov ern s infe ct ion p atterns across the
l andsc ape; (2) host species vary predictab l y in their
co mmuni ty assemb l y patterns; a nd (3) lif e history me-
diates a negative asso ciation b etween assemb l y order
an d competen ce. We foun d s trong s u ppo rt fo r the first
two cr iter ia. For t he major ity of host-parasite interac-
tio ns, amphib ian infe ct ion p attern s w ere t ightly a lig ne d
wit h expect ation s stemmin g from la boratory measures
o f co mpet ence . As our mea sure of transmi ssion po-
tent ia l accounte d fo r mo re e colog ica l ly relevant fact or s
(hos t s uscept ibi lity, p arasit e dose , a nd pre-tra nsmission
mo rtali ty), i ts p redictiv e pow er increa sed. A mphibian
hos ts also pos ses sed as semb l y orders that corresponded
closely with their sp at ia l and temporal distribu tio ns,
s ugges ting that co mmo nnes s acros s th e lan dscape un-
der lies comm onn ess in communit ies. Whi le we ob-
serve d the expe cte d associat ion s betw een life history
c haract eristics and competence (where “faster” pace-
of-lif e a mphibia ns tended to have higher competence),
th ere was n o s uch as so ciation b etween lif e history a nd
sp at iotempora l comm onn ess. This decoupling led to no
re lations hip between competen ce an d community as-
semb l y. W hile o ne o f the species wi t h t he fas tes t pace
of life, Pacific chor us f rogs, was th e m ost comm on, th e
re lations hip between competence and assemb l y bro ke
dow n w i th Califo rnia n ewts, wh o had am ong th e lowest
co mpetence val ues fo r 3 o f the 4 parasi tes bu t were o nly
s econd to ass emble. By sim ula ting all possible permu-
tatio ns o f assemb l y, w e found that av erag e competence
of a community could still decline wit h r ichness as long
as th e m ost comm on h os t (firs t to as semble) is of rela-
ti vel y high compet ence . O ur resu l ts therefo re re lax th e
third as s umption; wh en an ch o red by a widesp read am-
plifier, co mmuni ty patterns of competence can pos ses s
mu lt iple p athways to p arasite di l u tio n. 

For three of the f our pa rasites, our high-inf ormation
com petence estima te we ll explain ed natural patterns of
infe ct io n fro m th e fie ld. Thi s estim a te—dose-in tegra ted
competen ce—in corporated two pieces of information
th at h ave the potent ia l to crit ica l ly sh ape n atura l infe c-
tions ( Stewart Mer r ill et al. 2022 ; Johnson et al. 2024 ).
First, a ran g e of exper iment al doses captures t he var iety
of exposur e r egim es that h osts might fin d th emse lves in,
as well as any n on-lin ear sensi tivi ty in their responses to
exposure . Second , pre-transmission mortality accounts
for the possib ili ty th at para site pathology can kill heav-
i ly infe cte d h osts, th ereby con strainin g infe ct io n p reva-
len ce an d in tensity in na tura l systems ( Wi lber et a l.
2020 ; Westph al 2024 ). Th at thi s high-inform ation es-
t imate genera l ly ou tperfo rmed lower-info rmatio n met-
rics hig hlig hts the e colog ica l impo rtance o f both dose-
dep endent resp onses to infe ct io n and p re-transmissio n
mo rtali ty fo r shap in g (and creatin g dete ct io n b iases
f or) inf e ct ions in the field. In pract ice, our resu lt sug-
gests that suscept ibi lity assays that rely on a single ex-
posure dose and short-term infe ct ion outcomes a lone
may not fu l ly refle ct a spe cies’ natura l cap acity to sup-
port infe ct ion. Interest in g cav eats from these trends
a rose f or A. m arcin a e an d Ce phal agon im us sp. While
dose-in tegra ted com peten ce was th e stron g est p redicto r
of A. m arcin a e field infe ct ion s, the low est info rmatio n
met ric (init ia l suscept ibi lity) per for m ed n ear ly as we ll.
Pr ior exper iment a l infe ct io ns wi th A. m arcin a e demon-
st rate d high host survival and minimal dose sensi tivi ty
( Stewart Mer r i l l et a l. 2022 ); i t is therefo re not surp rising
t hat t he addi tio n o f this info rmatio n did n ot m eaning-
fu l ly improve pre dict ion of field infe ct ion for this less
p athogenic t remat ode . Conver se ly, n on e of th e compe-
t ence estimat es for Ce phal ogon im us pre dicte d field in-
fe ct ions, an d ch or us f rog infe ct ion s w ere nota b l y higher
than expe cte d. In p art, this p attern may refle ct host
a nd pa ra site beh aviors not accounted for in laboratory-
b ase d competence estimates (e.g., Daly and Johnson
2011 ; Johnson et a l. 2019 ). Infe ct ive cerc ari ae may be
m ore like ly to se lect certa in la rvae of pa rticula r a mphib-
ian species, whereas amphibian l arvae c an also vary in
their c apacit y to avo id o r dislodge colo nizing cerc ari ae
( Sear s et al . 2015 ). In s um, s p ecies comp etence can pro-
foun dly s h ape para site infe ct ions in natura l systems—
how we me asure t his property is crit ica l for our as s ump-
tions r egar ding which hosts ar e sour ces versus sinks for
parasites. 

Across t went y host-parasit e int eraction s, w e ob-
serve d st ro ng co rrespo n den ce b etween comp eten ce an d
host life histo ry trai ts. Amphib i ans w ith faster pace-
of-lif e cha racteri stics (sm aller eggs, s h orter lif espa ns,
and sma l ler b o dy sizes) t ended t o have higher compe-
tence values t han t hose wit h lar g er eggs, lon g er liv es,
and greater b o dy sizes. Th e m ost p ro min ent h ost on
th e “fast” en d of th e p ace-of-life spe ct rum was the Pa-
cific chorus frog, which h a s a repu tatio n fo r acting as
an indicato r o f infe ct io n ( Johnso n et al. 2024 ). On the
“s low” en d of th e life his tory s pe ct rum for nat ive am-
phi bian h osts was th e California n ewt, wh o was n on-
com peten t for three of the f our pa rasites a nd m ay h ave
a strong c apacit y to dil u te infectio n. These resul ts su p-
p ort lab oratory-b ase d ( Johnson et al. 2012 ; Huang et al.
2013 ) and observat iona l evidence ( C app elli et al. 2020 ;
Ha l liday et al. 2023 ) for a link between life history traits
a nd inf e ct ion, whi le elevat ing competence as a distinct
property g eneratin g that lin k ( Mart in et a l. 2016 ). This
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 o dy of evidence h a s focu sed on a variety of life history
ra its, ra n gin g from b o dy size and o ffsp ring number in
nim al s ( Joseph et al. 2013 ; Han et al. 2015 ) to specific
ea f a rea a nd growth rate in pla nts ( We ls h et al. 2020 ;

a l liday et al. 2023 ). 
We found a co mplex, albei t interes ting, as sociation

etwe en durat ion of the a mphibia n la rval p erio d (i .e .,
im e to m etam orph osis) an d competen ce. Lon g er am-
hi bian deve lopm ent al per iods r epr esent th e “s lower”
nd of the pace-of-life spectrum, and we expected that
arval p erio d would b e n egative ly associated with com-
et ence . Yet, non-nat ive bu l lfrogs had both the lon g est

arval p erio ds an d exhi b i ted th e high est competen ce
 nd inf e ct io n levels fo r two o f the f our pa rasites. The
e lations hip bet ween l arval p erio d and comp etence was
bsent when this non-nat ive spe cies was inc luded , but
ecam e n egative (in line with expectations) when bull-
r ogs wer e exc luded . Bullfrogs exhib i t a mul ti-yea r la r-
al p erio d that exce e ds that of t he ot h er amphi bians by
our to thirte en t imes; bu l lfr ogs ar e t hus an out lier in
h eir deve lopm en tal ra te as much as they are in their
 colog ica l sta tus. Com pet ence is an out com e of h ost an d
 arasite t raits and is shaped by evol u tio nary p res s ures
n both players and their int eraction ( St ewart Merri l l
nd Johnson 2020 ). Wh eth er life history pre dict ions can
e extended to host-p arasite interact ions that lack co-
vol u tio n ary hi story i s a n importa nt question f or deter-
ining the role of non-native hos ts, s uch as bu l lfrogs,

n the co mmuni ty ecology of di sea se. G iv en their mu lt i-
ear exposure to infe ct ive cerc ari ae, bu l lfrogs cou ld play
m portan t epidemiolog ica l roles in our study system,
ctin g as reserv oir hosts (ma inta ining la rva l t rematodes
cross years), dil u ters (red ucin g tran smissio n), o r am-
lifiers (increasing transmission). To better un derstan d
 hese roles, f u ture wo rk mu st a scertain how bu l lfrog
ates of exposure (durin g activ e trematode tran smis-
ion) are b a lance d a gains t rates of infe ct ion clearance
over the fu l l larva l p erio d) t o det er mine t h e n et suc-
ess of infe ct ive cerc ari ae contacting this species. 

Amphib ian co mmo nnes s over time, s pace, and acros s
o mmuni ties s h owed n o associ ations w i th pace o f
if e. The a mphibia n communities in our study ex-
ib i t a well-s ubs tan tia t ed nest ed structure , where low-
iversi ty co mmuni ties rep res ent reas onable subs ets of
igher-diversi ty co mmuni ties ( Johnso n et al. 2019 ).
hi s feature lend s p redictab ili ty to sp ecies o ccurrences,
s well as efficiency in ext ract ing their assemb l y or-
ers ( Johnson et al. 2013 ). As expe cte d, we found that
hes e ass emb l y or ders wer e closely r elat ed t o eac h am-
hib ian’s co mmo nnes s—the mos t wides pread s pecies
hrough space and time were also the first to assemble.
hus, th e dem ographic fact or s that control spatiotem-
 oral o ccup ancy may a lso shape do minance o r rari ty
i thin co mmuni ties ( Brown 1984 ). W hen we eval u-
ted this result in the context of di lut ion, reg ressing
ach species’ co mmo nnes s a gains t four dis tinct life his-
 ory c haract eris tics, we o bserve d nu l l resu l ts. Mo reover,
o me data po ints p resent ed c lear co nflicts wi th p redic-
io ns. Fo r insta nce, Calif ornia newts were except iona l ly
o mmo n across the l andsc ap e, but also o ccu p ied the
 low en d of th e p ace-of-life spe ct rum. It is ther efor e un-
ikely that the lack o f associatio ns stemmed from lack of
 tatis tical power. It is possi ble, h ow ev er, that co mmo n-
ess is not the best measure of ext irp at ion risk during
nvironmental chan g e and that disassemb l y order is not
u l ly refle cte d by our assemb l y m etric. In deed, obser-
at ions ta k en during a n extr eme dr ough t demonstra ted
 hat Califor nia n ewts had am ong th e m os t s ubs tant ia l
eclines in hab i tat occu pancy ( Moss et al. 2021 )—a sen-
i tivi ty that stands in s tark contras t to their early as-
emb l y order and t ypic a l p atterns of abun dan ce. Meta-
 nalyses a r e incr easin gly demon st rat ing that spe cies
osses, rat her t han diver sity gradients per se , under-
ie dil u tio n effects ( Halliday et al. 2020 ; Mahon et al.
024 ). Col le ct ive ly, th ese an d our results m otivate ef-
orts to establish robust measures of ext inct ion vu lnera-
 ili ty, a nd f o rmalize co nnectio n s (as w ell as disp arit ies)
etwe en sp at iotempora l p atterns and temporal assem-
 l y and di sa ssemb l y orders. Estab lishing s uch linka ges
i l l bro aden our the oret ica l foundat io n fo r which co m-
uni ty p rocesses ma ke di l u tio n effects mo re likely. 
G iv en incon si stent a ssoci ations w ith life history, it

a s not surpri sing to find di sj ointe d relat io nshi ps be-
ween assemb l y o rder and co mpet ence . As ric hness in-
r eased pr ogr essi vel y, the competence val ues o f added
pe cies often vaci l late d from high to low in a n on-lin ear
 attern. This p attern dev i ates from the triad of associ-
tion s betw een life histo ry, co mpeten ce, an d assemb l y
hat are expe cte d for di lut ion, and in bro ader evolut ion-
r y theor y, contrasts with expe ctat ions r egar ding para-
ite ada pta tion to common hosts (Li vel y and Dybda h l
000 ). At face value, this n onlin ear re lations hip also ap-
ear s t o c ha l len g e esta blis h e d p atterns of p arasite di lu-
ion in this system ( Johnson et al. 2013 ; Johnson et al.
024 ). Through sim ula tion, how ev er, w e re conci le d this
ispari ty. By explo ring a l l co mmuni ty assemb l y permu-
 ations and t heir associat ed c han g es to competence, we
bserved that n on-lin earity in sp ecies’ comp etence val-
es can st i l l p rod uce overa l l de clines in av erag e com-
uni ty co mpet ence , as long the first species to assemble
 a s a re lative ly high val ue. Fo r A. marcinae , fo r exam-
le , c hor us f rog competence is ov er tw o tim es high er
 han t hat of ot h er amphi bians; wh en ch or us f rogs as-
emble first, co mmuni ty co mpetence wi l l a lways de-
line r egar dles s of s ubsequent as semb l y or der. This r e-
ult is highly consistent with sim ula tio ns fro m th e Lym e
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di sea se system, where highly com peten t whit e-foot ed
mice p rod uce a stro ng an ch o ring effect o n co mmuni ty
compet ence ( O stf eld a nd LoGiudice 2003 ). Similarly,
Johnson et al. (2019) observed that random amphib-
ian assemb l y o rders p rod uced no chan g e in infe ct ion
wit h r ichness, but re a list ic assemb l y or ders (wher e cho-
r us f rogs as semble firs t) res u lte d in negat ive richness-
infe ct ion relat ionships. Whi le we focused our simula-
tio ns o n t he ar it hm etic m ean o f co mpet ence , we not e
that inco rpo rating h ost re lativ e a bun dan ce (to p rod uce
a weighted mean [ A ll an et al. 2009 ; Johnson et al. 2013 ])
wou ld li kely st rengt hen t hese resu lts, g iven expe cte d
low er den si ties o f adde d spe cies. Hence, whi le a linear
n egative re lations hip b etween comp eten ce an d assem-
b l y order increases th e like lih o o d of dil u tio n, such a
s trict as sociation is not r equir ed for the pheno meno n
to occur. 

Conclusion 

We found empirical support for some, but not a l l, of the
pa thways to com petence-b ase d di l u tio n in a mul ti-host,
mu lt i-p arasit e syst em. In foundat iona l the ory, the di-
l u tio n effect proposed a triad of associations between
life histo ry, co mpeten ce, an d ext irp at ion ris k. Th e e l-
egance of this triad stemmed from how it conne cte d
growing ideas on the life history drivers of immune de-
fense wi th mo re classic theo ry o n how pace o f life co n-
strains po p ul ation dy na mics a n d vuln erab ili ty. Logisti-
ca l cha l len g es in qu antify ing these pa ra met er s have led
to a slowly dev elopin g empiric al found atio n fo r co nnec-
tion s betw een all three fact or s, whic h we have aimed
to build toward in our study. While we found go o d
evidence that competence f ollows lif e history expecta-
tions and can be a strong determinant of infe ct ion p at-
terns, how sp ecies comp etence val ues co rrespo nd wi th
assemb l y order an d un der lying dem og raphic p atterns
was s ome wha t idiosyncra tic. Im portan tly, we found tha t
av erag e co mpetence o f the co mmuni ty cou ld st i l l de-
cline in sp i te o f this idiosyncrasy, given dominance of
a highly com peten t host. Carefu l eva luat ions of the as-
sum ptions tha t un der lie dil u tio n cri teria, a s well a s their
rela tive im porta nce f or g eneratin g negativ e div ersity-
di sea se re lations hips, wi l l clarify pre dict ions for where
an d wh en this ph en om en on is most likely. As we ex-
t end suc h approac hes t o broader as sembla ges of para-
sites, as well as more speciose host co mmuni t ies, we wi l l
gain valua ble in sigh t in to th e gen erali ty o f co mpetence-
b ase d dis eas e dil u tio n. 
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