Supporting Information
Experimental Exposures

After hatching, amphibian larvae were raised in the laboratory until they reached Gosner Gosner 1960()
 stages 26-28 for anurans and stage 2T Wong & Liversage 2005()
 for caudates. Upon reaching these early limb development stages, larval amphibians were isolated individually into 1.5 L containers filled with commercial spring water and randomly assigned to a parasite exposure treatment. Whenever possible, we collected Ribeiroia-infected snails from wetlands within the geographic range of the amphibian species being tested, including Minnesota (A. americanus and H. versicolor), Montana (A. macrodactylum), California (P. regilla, A. boreas, T. torosa), Oregon (R. cascadae, R. pretiosa, L. catesbeianus); however, there were exceptions; for instance, L. sylvaticus, P. triseriata, and X. laevis were exposed to Ribeiroia from California and Oregon. Nonetheless, there appears to be little genetic variation in Ribeiroia across the USA Wilson et al. 2005()
 and we have found have found no obvious differences in amphibian responses to parasites collected from divergent areas. Parasites were pooled from multiple snails to avoid any snail-specific effects prior to addition to larval amphibian containers. Larval caudates were fed live blackworms (Lumbriculus sp.) while tadpoles received a 1:1 mixture of Tetramin and Spirulina fish food or ground-up alfalfa (X. laevis only) ad libitum. Water changes were conducted every 5 to 7 d.
While we generally followed a standardized protocol for exposing amphibians to cercariae of Ribeiroia, there were some variations that occurred over the course of the study. In early experiments (1998-2006) involving P. regilla, A. boreas, A. americanus, H. versicolor, and A. macrodactylum, cercariae and amphibian larvae were combined into 100 ml containers for 90 min, after which larvae and parasite-containing water were transferred back into the 1.5 L containers. However, following direct observation coupled with filtering experiments that revealed the efficacy of parasites in finding hosts even in larger volumes (Johnson et al. unpublished), we added cercariae directly to 1.5 L containers for the remaining experiments. For P. regilla and A. boreas, no data were collected on host mass-at-metamorphosis. Another exception involves exposures of A. macrodactylum, which were conducted as part of a larger study investigating interactions between Ribeiroia infection and host injury Johnson et al. 2006()
. Here, we report only on abnormalities observed in uninjured limbs to avoid the confounding influence of injury. Parasite exposure for this species were also conducted over two years with differences in protocol: in year 1 (unpublished data), larvae were exposed to 0, 30, 60, or 120 cercariae over a 10 day period, as above; in year 2 Johnson et al. 2006()
, larvae were exposed to 0, 500, or 1000 cercariae over 30 days. Additional details on infections of these species have been published previously 
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(see Johnson et al. 1999; Johnson et al. 2001a; Johnson et al. 2006; Johnson & Hartson 2009)
, although the current study includes additional unpublished data for several species and new comparative analyses. See Table S1 for details on the specific treatments included for each host species, number of replicates and the source of experimental animals.
Phylogenetic Analyses

To further evaluate the potential role of evolutionary relationships among hosts in explaining our results, we quantified the parameter lambda for the transformed values of each response variable using the “fitContinuous” function in the “Geiger” package of R statistical software 2008(R Development Core Team ; Harmon et al. 2009)
.  Lambda incorporates phylogeny to evaluate whether species are independent for a given trait with values of zero indicating that a trait is evolving independently of the phylogenetic relationship and a value of 1.0 indicating that the traits are evolving in a manner predicted by a Brownian motion model of evolution where effect sizes for a given trait are linearly related with the time since divergence Freckleton et al. 2002()
.  We used program “phyloMeta” (with an effect size variance of one for all species) to evaluate whether a model that did not control for phylogeny was more parsimonious than a model that did control for phylogeny Lajeunesse 2009()
.  phyloMeta adjusts the variance-covariance matrix by the estimated lambda parameter and then calculates Akaike’s Information Criterion for the phylogenetically-adjusted and -unadjusted models. Information on host characteristics, including geographic range size (km2), maximum body size (mm), size at maturity (mm), maximum clutch size, maximum age (yrs), and average egg size (mm), were derived from multiple sources 
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(Hammerson 1999; Lannoo 2005; Summers et al. 2006; Cooper et al. 2008; AmphibiaWeb 2011)
.
For each response variable, lambda values were close to zero (all were < 0.001) and the phylogenetically-independent AIC was always more than 16 points greater than the model not controlling for phylogeny (Table S3).  Hence, all evidence suggests that the tested species evolved independently for the focal response variables and thus our analyses controlling for phylogeny were indeed conservative estimates of the revealed life-history patterns.

Malformation composition and analysis 

To evaluate patterns of abnormality composition among species and parasite treatments, we calculated an index of similarity as follows (adapted from Bray-Curtis index of similarity): 
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where yki is the number of k abnormalities for treatment within species i and ykj is the number of k abnormalities for treatment within species j. This process was repeated for each abnormality type, k, and the grand sum was multiplied by 100 to generate the percentage similarity between treatments i and j. Because some species exhibited few abnormalities, regardless of exposure level, we restricted our examination of abnormality composition to treatments containing ≥15 abnormalities (n = 8 species and 2-4 treatments per species).  We then used hierarchical cluster analyses to assess patterns in abnormality composition as a function of species and parasite treatment McGarigal et al. 2000()
.  
Among the 848 observed malformations, hind limb abnormalities comprised 95% of the total; what fore limb abnormalities were observed occurred predominantly in toads and caudates (Table S6).  Across all species, the most common malformations were cutaneous fusion (22.9%), extra limbs (18.9%) and digits (7.8%), bony triangles (18.0%), missing limbs, feet, or digits (7.8%), and micromelia (5.9%), although these patterns varied considerably among species. For all but one species with at least 20 malformed animals, malformation severity, or the mean number of abnormalities per abnormal animal Johnson et al. 2001b()
, increased with parasite dosage (P. regilla (Spearman ( = 0.44), R. cascadae (( = 0.69), L. sylvaticus (( = 0.34), R. pretiosa (( = 0.48), and T. torosa (( = 0.63) (all P < 0.01)). No significant relationship between these variables was observed for A. boreas (( = 0.21; P > 0.05). Few malformations were observed among control treatments; one wood frog exhibited a bilateral shortening and emaciation of the hind limbs while one long-toed salamander displayed an extra digit on a forelimb. 

We examined the effects of parasite dosage on abnormality similarity among eight species.  For P. regilla, P. triseriata A. macrodactylum, and R. pretiosa, there was high similarity in abnormalities across parasite dosage treatments within the species.  Similarly, for L. sylvaticus and A. boreas, the higher dosages of parasites tended to cluster for each species.  However, these two species were more similar to each other in abnormality composition at the lowest dosage of parasite than they were to the higher dosages for their respective species. The clustering of these two species at the lowest dosage of parasite appears to be driven the tendency to predominately develop cutaneous fusions, taumelia, and micromelia of the hind limbs. For the remaining two species (A. americanus and R. cascadae), parasite dosage treatments were randomly scattered among the other species rather than clustering within species. Overall, these results suggest that species differences largely outweigh the effects of parasite dosage for understanding similarity in abnormality composition. 
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Table S1. Summary information for amphibian species included in experiments. Listed is the taxonomic family, the locality from which animals were collected, the year in which the experiment was conducted, included treatments (i.e., number of Ribeiroia cercariae per tadpole), and the total number of animals used in the experiment. Egg masses of each species were collected in the field, with the exception of A. macrodactylum, which were collected as early-stage larvae, and X. laevis, which were purchased as eggs from a commercial vendor. Superscripts denote already published papers with more information on particular experiments.

	Species
	Family
	Collection source
	Year
	Ribeiroia dosages
	Total no. individuals

	Anaxyrus americanus
	Bufonidae
	Minnesota
	20051
	0, 20, 40, 100
	90

	Anaxyrus boreas
	Bufonidae
	Oregon 
	19992
	0, 16, 32, 48, 64
	230

	Pseudacris regilla
	Hylidae
	California
	19983
	0, 16, 32, 48
	168

	Pseudacris triseriata
	Hylidae
	Colorado
	2008
	0, 20, 40, 100
	85

	Hyla chrysoscelis
	Hylidae
	Tennessee
	2010
	0, 20, 40, 100, 200
	68

	Hyla versicolor
	Hylidae
	Minnesota
	20051
	0, 20, 40, 100, 200
	96

	Lithobates catesbeianus
	Ranidae
	Colorado
	2010
	0, 40, 100, 200
	80

	Lithobates sylvaticus
	Ranidae
	Alaska
	2009
	0, 20, 32, 40, 100
	165

	Rana cascadae
	Ranidae
	Oregon
	2009
	0, 20, 32, 40, 100
	156

	Rana pretiosa
	Ranidae
	Oregon
	2010
	0, 20, 32, 40, 100, 200
	215

	Xenopus laevis
	Pipidae
	Xenopus Expressa
	2009
	0, 20, 32, 40, 100, 200
	145

	Ambystoma macrodactylum
	Ambystomatidae
	Oregon
	2002, 20044
	0, 30, 60, 120, 500, 1000
	227

	Taricha torosa
	Salamandridae
	California
	2010
	0, 20, 32, 40, 100, 200
	160


1Johnson and Hartson 2009

2Johnson et al. 2001
3Johnson et al. 1999

4Johnson et al. 2006
aCommercial vendor
Table S2.  Summary of Ribeiroia ondatrae infections (metacercarial cysts) in field-collected amphibian species from sites across the United States. Data come from opportunistic sampling efforts and amphibian necropsies from wetlands. For each species, we present the total number of hosts examined (generally larvae or recent metamorphs), the number of sites (wetlands) sampled, the number of sites at which Ribeiroia infection was detected, the US states represented by those sites, and average infection intensity (and 1 S. E.) among sites that supported infection. 
	Host species1
	Individuals examined
	Total sites examined
	Sites with Ribeiroia
	States with Ribeiroia
	Mean (SE) Ribeiroia at positive sites

	Anaxyrus americanus
	521
	17
	6
	MN, WI
	2.79 (2.25)

	Anaxyrus boreas
	775
	62
	36
	CA, OR, WA
	6.20 (1.46)

	Hyla versicolor
	448
	7
	3
	MN  
	0.23 (0.10)

	Pseudacris regilla
	5031
	318
	177
	CA, OR, WA, MT
	9.10 (1.13)

	Pseudacris triseriata
	316
	50
	1
	CO
	0.11 (0)

	Rana cascadae
	8
	5
	2
	OR  
	17.50 (16.50)

	Rana pretiosa
	15
	5
	1
	OR
	88 (0)

	Lithobates catesbeianus
	433
	80
	30
	CA, OR, PA, ID
	16.23 (2.56)

	Lithobates sylvaticus
	71
	11
	1
	MN 
	17.42 (0)

	Taricha torosa
	106
	11
	6
	CA
	58.89 (42.65)

	Ambystoma macrodactylum
	80
	20
	9
	OR, MT, CA, WA
	58.06 (25.85)


1Hyla chrysoscelis was not examined, but this species is likely exposed to Ribeiroia infection in nature given the similarity of its breeding habitat and geographic range to other species which were examined.

Table S3. Comparison of the effects of host life history (Factor 1) on epidemiological responses both with and without correcting for host phylogeny.  Presented are lambda values, for which values close to 1.0 reflect a strong phylogenetic signal, and the AIC values for models without (“traditional”) and with phylogenetic correction.
	 
	All species
	 
	All species but Hyla

	 
	Lambda
	Traditional AIC
	Phylogenetically Independent AIC
	ΔAIC
	 
	Lambda
	Traditional AIC
	Phylogenetically Independent AIC
	ΔAIC

	Parasite load
	<0.001
	-0.980
	22.390
	23.370
	 
	<0.001
	-7.810
	15.920
	23.730

	Mortality risk
	<0.001
	-99.210
	-76.740
	22.470
	 
	<0.001
	-83.460
	-65.950
	17.510

	Malformation risk
	<0.001
	-66.360
	-41.440
	24.920
	 
	<0.001
	-55.760
	-35.210
	20.550


Table S4. Effects of parasite exposure on the survival of 13 amphibian species to metamorphosis. For each species, we present results from logistic regression analyses in which cercarial exposure is used to predict binomial survival, including sample size, the (2 value (df = 1), the estimated odds ratio and its 95% confidence interval, and the associated P-value.

	Species
	Sample size 
	(2
	Odds ratio (95% CI)
	P-value

	Rana pretiosa
	215
	27.94
	1.017 (1.010-1.024)
	<0.0001

	Rana cascadae
	156
	5.55
	1.023 (1.004-1.043)
	0.02

	Lithobates sylvaticus
	165
	80.42
	1.071 (1.043-1.099)
	<0.0001

	Anaxyrus americanus
	90
	50.40
	1.059 (1.035-1.083)
	<0.0001

	Anaxyrus boreas
	230
	19.47
	1.032 (1.017-1.048)
	<0.0001

	Pseudacris triseriata
	85
	33.82
	1.065 (1.031-1.100)
	<0.0001

	Pseudacris regilla
	168
	26.68
	1.051 (1.03-1.07)
	<0.0001

	Taricha torosa
	160
	18.37
	1.025 (1.012-1.038)
	<0.0001

	Ambystoma macrodactylum
	227
	0.86
	1.002 (0.991-1.007)
	0.318

	Xenopus laevis
	145
	40.41
	1.026 (1.016-1.036)
	<0.0001

	Hyla versicolor
	96
	3.578
	1.013 (1.00-1.026)
	0.059

	Hyla chrysoscelis
	68
	2.755
	1.008 (0.999-1.017)
	0.102

	Lithobates catesbeianus
	80
	0.116
	0.999 (0.991-1.007)
	0.736


Table S5. Effects of parasite exposure on malformation likelihood among 13 amphibian species. For each species, we present results from logistic regression analyses in which cercarial exposure is used to predict malformations at metamorphosis, including sample size, the (2 value (df = 1), the estimated odds ratio and its 95% confidence interval, and the associated P-value.

	Species
	Sample size 
	(2
	Odds ratio (95% CI)
	P-value

	Rana pretiosa
	129
	37.16
	1.039 (1.024-1.054)
	<0.0001

	Rana cascadae
	148
	100.93
	1.157 (1.102-1.215)
	<0.0001

	Lithobates sylvaticus
	101
	73.42
	1.198 (1.117-1.284)
	<0.0001

	Anaxyrus americanus
	51
	8.79
	1.059 (1.011-1.108)
	0.015

	Anaxyrus boreas
	134
	79.81
	1.130 (1.088-1.173)
	<0.0001

	Pseudacris triseriata
	57
	19.94
	1.093 (1.041-1.148)
	<0.0001

	Pseudacris regilla
	90
	71.98
	1.287 (1.133-1.463)
	<0.0001

	Taricha torosa
	151
	9.273
	1.014 (1.005-1.023)
	0.002

	Ambystoma macrodactylum
	226
	78.09
	1.005 (1.004-1.007)
	<0.0001

	Xenopus laevis
	104
	1.841
	1.022 (0.992 -1.054)
	0.155

	Hyla versicolor
	88
	n/a
	n/a
	n/a

	Hyla chrysoscelis
	44
	n/a
	n/a
	n/a

	Lithobates catesbeianus
	80
	n/a
	n/a
	n/a


n/a – analysis could not be performed because no animals exhibited malformations (i.e., the data were perfectly separated).
Table S6. Composition of malformations in 10 amphibian species experimentally exposed to Ribeiroia ondatrae. H. versicolor, H. chrysoscelis, and L. catesbeianus were excluded from the table because no malformations were observed. For each species, the number of each malformation type (and relative percentages) across all Ribeiroia dosage treatments is presented.  Given that a single individual can display multiple malformation types, the total number of observed malformations exceeded the number of individuals with malformations.  Malformations are described according to Johnson et al. [4], with the average number of abnormalities per abnormal individual – a measure of malformation severity – presented in the final row.   

	 
	Species 

	 
	P. regilla
	P. triseriata
	L. sylvaticus
	R. pretiosa
	R. cascadae
	A. americanus
	A. boreas
	X. laevis
	T. torosa
	A. macrodactylum

	Malformation type
	
	
	
	
	
	
	
	
	
	

	Forelimb
	
	
	
	
	
	
	
	
	
	

	Ectrodactyly
	0 
	1 (3.3)
	0
	0
	0
	1 (2.0)
	1 (0.8)
	0
	1 (4.0)
	0

	Polydactyly
	0
	0
	0
	0
	0
	0
	0
	0
	2 (8.0)
	13 (27.1)

	Apody
	0
	0
	1 (0.8)
	0
	0
	0
	0
	0
	0
	0

	Hemimelia
	0
	0
	0
	0
	0
	0
	1 (0.8)
	0
	0
	0

	Ectromelia
	0
	0
	0
	0
	0
	0
	6 (4.7)
	0
	0
	0

	Polymelia
	0
	0
	0
	1 (2.4)
	0
	1 (2.0)
	2 (1.6)
	0
	0
	12 (25.0)

	Cutaneous fusion
	0
	1 (3.3)
	0
	0
	0
	0
	0
	0
	0
	1 (2.1)

	Taumelia
	0
	0
	0
	0
	0
	1 (2.0)
	0
	0
	0
	0

	Hindlimb
	
	
	
	
	
	
	
	
	
	

	Ectrodactyly
	1 (0.8)
	1 (3.3)
	5 (3.8)
	2 (4.8)
	4 (1.5)
	0
	3 (2.3)
	1 (33.3)
	3 (12.0)
	1 (2.1)

	Polydactyly
	2 (1.6)
	2 (6.7)
	6 (4.6)
	1 (2.4)
	17 (6.4)
	2 (4.0)
	17 (13.2)
	0
	7 (28.0)
	12 (25.0)

	Syndactyly
	0
	1 (3.3)
	4 (3.1)
	0
	0
	0
	1 (0.8)
	0
	1 (4.0)
	0

	Apody
	0
	0
	3 (2.3)
	0
	1 (0.4)
	0
	1 (0.8)
	0
	0
	0

	Polypody
	2 (0.02
	0
	2 (1.5)
	3 (7.1)
	13 (4.9)
	4 (7.8)
	5 (3.9)
	0
	0
	0

	Hemimelia
	6 (4.8)
	0
	1 (0.8)
	2 (4.8)
	2 (0.8)
	0
	0
	0
	0
	0

	Ectromelia
	18 (14.5)
	1 (3.3)
	6 (4.6)
	0
	1 (0.4)
	0
	1 (0.8)
	1 (33.3)
	0
	0

	Polymelia
	56 (45.2)
	3 (10.0)
	7 (5.4)
	9 (21.4)
	57 (21.4)
	3 (5.9)
	20 (15.5)
	1 (33.3)
	0
	5 (10.4)

	Femoral projection
	6 (4.8)
	0
	3 (2.3)
	4 (9.5)
	8 (3.0)
	2 (4.0)
	4 (3.1)
	0
	0
	4 (8.3)

	Cutaneous fusion
	16 (12.9)
	15 (50.0)
	44 (33.8)
	7 (16.7)
	56 (21.0)
	19 (37.3)
	32 (24.8)
	0
	5 (20.0)
	0

	Taumelia
	4 (3.2)
	4 (13.3)
	16 (12.3)
	4 (9.5)
	90 (33.8)
	15 (29.4)
	19 (14.7)
	0
	1 (4.0)
	0

	Micromelia
	1 (0.8)
	1 (3.3)
	20 (15.4)
	4 (9.5)
	15 (5.6)
	3 (5.9)
	3 (2.3)
	0
	3 (12.0)
	0

	Limb hyperextension
	2 (1.6)
	0
	4 (3.1)
	2 (4.8)
	0
	0
	2 (1.6)
	0
	0
	0

	Other malformations
	10 (8.1)
	0
	8 (6.2)
	3 (7.1)
	2 (0.8)
	0
	11 (8.5)
	0
	2 (8.0)
	0

	
	
	
	
	
	
	
	
	
	
	

	Total malformations
	124
	30
	130
	42
	266
	51
	129
	3
	25
	48

	Malformations severity (± 1 SE)
	2.4 (0.2)
	1.8 (0.3)
	2.4 (0.2)
	1.6 (0.2)
	3.0 (0.2)
	1.6 (0.1)
	2.2 (0.2)
	1.0 (0.0)
	1.4 (0.2)
	1.7 (0.2)


Table S7. Influence of Ribeiroia cercarial exposure on host growth. Presented are the standardized coefficients from regression analyses in which parasite exposure is used to predict host mass (log10-transformed), host length (log10-transformed), and the number of days to metamorphosis. For analyses of mass and length, days-to-metamorphosis was included as a covariate so as to indicate the unique effects of infection on each response. 

	Species
	Body mass
	Body length
	Days-to-metamorphosis

	Rana pretiosa
	0.025
	0.19*
	0.068

	Rana cascadae
	-0.043
	-0.277**
	0.541***

	Lithobates sylvaticus
	0.027
	-0.092
	0.129

	Anaxyrus americanus
	-0.348*
	-0.199
	0.419**

	Anaxyrus boreas
	n/a
	-0.041
	0.154

	Pseudacris triseriata
	-0.067
	0.165
	0.074

	Pseudacris regilla
	n/a
	0.147
	0.054

	Taricha torosa
	-0.182**
	-0.247***
	0.073

	Ambystoma macrodactylum
	-0.113
	0.119
	0.504***

	Xenopus laevis
	-0.239*
	-0.251*
	0.292**

	Hyla versicolor
	0.174
	0.192
	-0.03

	Hyla chrysoscelis
	-0.006
	0.231
	0.208


* P < 0.05

** P < 0.005

*** P < 0.0005

Table S8. Parasite load among metamorphosing hosts of each species. For each species, the number of necropsied hosts, the proportional recovery of Ribeiroia (relative to the number of cercariae administered), and the standard error values are presented.

	Species
	Sample size
	Ribeiroia load (% of initial exposure)
	Standard error

	Rana pretiosa
	68
	34.31
	2.57

	Rana cascadae
	59
	29.33
	1.19

	Lithobates sylvaticus
	36
	41.60
	1.92

	Anaxyrus americanus
	20
	23.5
	3.42

	Anaxyrus boreas
	21
	17.41
	2.44

	Pseudacris triseriata
	11
	15.68
	2.43

	Pseudacris regilla
	38
	38.96
	2.89

	Taricha torosa
	33
	21.98
	2.46

	Ambystoma macrodactylum
	6
	27.05
	5.34

	Xenopus laevis
	51
	17.38
	1.49

	Hyla versicolor
	27
	0.185
	0.185

	Hyla chrysoscelis
	26

	0.173
	0.121

	Lithobates catesbeianus
	27
	7.01
	2.60


Table S9. Candidate models used to evaluate the influence of hypothesized predictors on amphibian responses to pathogenic infection.  The eight species-level traits (geographic range size, size-at- and time-to-metamorphosis, maximum body size, maximum age, size-at-maturity, maximum clutch size, and average egg size) were analyzed individually and grouped by trait type (range size, larval growth, adult growth, and reproduction).  For each model, 1 indicates that the variable was included while 0 indicates that the variable was excluded.
	
	
	
	
	Larval growth
	
	Adult growth
	
	Reproduction

	Model
	Category
	Intercept
	Range size
	Size at meta
	Time to meta
	
	Max size
	Max age
	Size at maturity
	
	Clutch size
	Egg size

	1
	Null
	1
	0
	0
	0
	
	0
	0
	0
	
	0
	0

	2
	Global
	1
	1
	1
	1
	
	1
	1
	1
	
	1
	1

	3
	Single variable
	1
	1
	0
	0
	
	0
	0
	0
	
	0
	0

	4
	Single variable
	1
	0
	1
	0
	
	0
	0
	0
	
	0
	0

	5
	Single variable
	1
	0
	0
	1
	
	0
	0
	0
	
	0
	0

	6
	Single variable
	1
	0
	0
	0
	
	1
	0
	0
	
	0
	0

	7
	Single variable
	1
	0
	0
	0
	
	0
	1
	0
	
	0
	0

	8
	Single variable
	1
	0
	0
	0
	
	0
	0
	1
	
	0
	0

	9
	Single variable
	1
	0
	0
	0
	
	0
	0
	0
	
	1
	0

	10
	Single variable
	1
	0
	0
	0
	
	0
	0
	0
	
	0
	1

	11
	Larval growth
	1
	0
	1
	1
	
	0
	0
	0
	
	0
	0

	12
	Adult growth
	1
	0
	0
	0
	
	1
	1
	1
	
	0
	0

	13
	Reproduction
	1
	0
	0
	0
	
	0
	0
	0
	
	1
	1

	14
	Range + larval
	1
	1
	1
	1
	
	0
	0
	0
	
	0
	0

	15
	Range + adult
	1
	1
	0
	0
	
	1
	1
	1
	
	0
	0

	16
	Range + reproduction
	1
	1
	0
	0
	
	0
	0
	0
	
	1
	1

	17
	Larval + adult
	1
	0
	1
	1
	
	1
	1
	1
	
	0
	0

	18
	Larval + reproduction
	1
	0
	1
	1
	
	0
	0
	0
	
	1
	1

	19
	Adult + reproduction
	1
	0
	0
	0
	
	1
	1
	1
	
	1
	1

	20
	Range + larval + adult
	1
	1
	1
	1
	
	1
	1
	1
	
	0
	0

	21
	Range + larval + reproduction
	1
	1
	1
	1
	
	0
	0
	0
	
	1
	1

	22
	Range + adult + reproduction
	1
	1
	0
	0
	
	1
	1
	1
	
	1
	1

	23
	Larval + adult + reproduction
	1
	0
	1
	1
	
	1
	1
	1
	
	1
	1


Table S10. Model selection results for parasite load controlling for phylogeny.  Models are inversely ranked according to AICc value (models ≤ 4 ∆AIC are shaded). For each model, k is the number of parameters, AICc is corrected Akaike’s Information Criterion, ∆AIC is the difference in AIC units between the lowest ranked model (presented first) and the model under examination, and wi is the Akaike weight. See Table S9 for details on each model.

	Model #
	Model predictors
	k
	R2
	Adj. R2
	AICc
	∆AIC
	wi

	4
	Size at metamorphosis
	2
	0.524
	0.481
	-52.56
	0.00
	0.594

	11
	Larval growth (L)
	3
	0.527
	0.432
	-48.95
	3.61
	0.098

	7
	Maximum age
	2
	0.336
	0.276
	-48.55
	4.01
	0.080

	5
	Time to metamorphosis
	2
	0.323
	0.261
	-48.32
	4.24
	0.071

	9
	Clutch size
	2
	0.226
	0.155
	-46.71
	5.85
	0.032

	1
	Intercept only
	1
	0.000
	0.000
	-46.58
	5.98
	0.030

	10
	Egg size
	2
	0.195
	0.122
	-46.24
	6.32
	0.025

	8
	Size at maturity
	2
	0.176
	0.101
	-45.97
	6.59
	0.022

	6
	Maximum size
	2
	0.120
	0.040
	-45.18
	7.38
	0.015

	14
	Ra + L
	4
	0.549
	0.399
	-44.82
	7.74
	0.012

	3
	Range size (Ra)
	2
	0.042
	-0.045
	-44.16
	8.40
	0.009

	13
	Reproduction (R) 
	3
	0.275
	0.129
	-43.83
	8.73
	0.008

	12
	Adult growth (A)
	4
	0.420
	0.227
	-41.81
	10.75
	0.003

	18
	L + R
	5
	0.573
	0.359
	-39.17
	13.39
	0.001

	16
	Ra + R
	4
	0.275
	0.034
	-39.13
	13.43
	0.001

	15
	Ra + A
	5
	0.420
	0.131
	-35.52
	17.04
	0.000

	17
	L + A
	6
	0.624
	0.355
	-31.90
	20.66
	0.000

	21
	Ra + L + R
	6
	0.580
	0.280
	-30.59
	21.97
	0.000

	19
	A + R
	6
	0.556
	0.238
	-29.91
	22.65
	0.000

	20
	Ra + L + A
	7
	0.626
	0.251
	-18.76
	33.80
	0.000

	22
	Ra + A + R
	7
	0.556
	0.111
	-16.71
	35.85
	0.000

	23
	L + A + R
	8
	0.734
	0.362
	-0.88
	51.68
	0.000

	2
	Ra + L + A + R
	9
	0.739
	0.216
	42.92
	95.48
	0.000


Table S11. Model selection results for host survival controlling for phylogeny.  Models are inversely ranked according to AICc value (models ≤ 4 ∆AIC are shaded). For each model, k is the number of parameters, AICc is corrected Akaike’s Information Criterion, ∆AIC is the difference in AIC units between the lowest ranked model (presented first) and the model under examination, and wi is the Akaike weight. See Table S9 for details on each model.

	Model #
	Model predictors
	k
	R2
	Adj. R2
	AICc
	∆AIC
	wi

	4
	Size at metamorphosis
	2
	0.501
	0.456
	-143.50
	0.00
	0.304

	5
	Time to metamorphosis
	2
	0.490
	0.444
	-143.20
	0.27
	0.266

	7
	Maximum age
	2
	0.464
	0.415
	-142.60
	0.87
	0.197

	11
	Larval growth (L)
	3
	0.544
	0.453
	-140.90
	2.59
	0.083

	6
	Maximum size
	2
	0.321
	0.259
	-139.80
	3.70
	0.048

	14
	Ra + L
	4
	0.611
	0.482
	-138.10
	5.39
	0.021

	1
	Intercept only
	1
	0.000
	0.000
	-138.10
	5.41
	0.020

	8
	Size at maturity
	2
	0.201
	0.128
	-137.80
	5.65
	0.018

	16
	Adult growth (A)
	4
	0.591
	0.455
	-137.50
	6.00
	0.015

	9
	Clutch size
	2
	0.134
	0.055
	-136.90
	6.63
	0.011

	10
	Egg size
	2
	0.056
	-0.030
	-135.80
	7.66
	0.007

	3
	Range size (Ra)
	2
	0.041
	-0.046
	-135.60
	7.84
	0.006

	13
	Reproduction (R) 
	3
	0.136
	-0.037
	-133.20
	10.26
	0.002

	15
	Ra + A
	5
	0.591
	0.387
	-131.20
	12.28
	0.001

	12
	Ra + R
	4
	0.275
	0.033
	-130.60
	12.87
	0.000

	18
	L + R
	5
	0.553
	0.329
	-130.10
	13.35
	0.000

	17
	L + A
	6
	0.727
	0.532
	-127.20
	16.24
	0.000

	19
	A + R
	6
	0.680
	0.452
	-125.40
	18.12
	0.000

	21
	Ra + L + R
	6
	0.617
	0.343
	-123.20
	20.31
	0.000

	20
	Ra + L + A
	7
	0.729
	0.458
	-114.10
	29.36
	0.000

	22
	Ra + A + R
	7
	0.691
	0.383
	-112.60
	30.90
	0.000

	23
	L + A + R
	8
	0.765
	0.435
	-93.83
	49.65
	0.000

	2
	Ra + L + A + R
	9
	0.783
	0.349
	-50.81
	92.68
	0.000


Table S12. Model selection results for malformation risk controlling for phylogeny.  Models are inversely ranked according to AICc value (models ≤ 4 ∆AIC are shaded). For each model, k is the number of parameters, AICc is corrected Akaike’s Information Criterion, ∆AIC is the difference in AIC units between the lowest ranked model (presented first) and the model under examination, and wi is the Akaike weight. See Table S9 for details on each model.

	Model #
	Model predictors
	k
	R2
	Adj. R2
	AICc
	∆AIC
	wi

	4
	Size at metamorphosis
	2
	0.401
	0.347
	-108.70
	0.00
	0.323

	10
	Egg size
	2
	0.350
	0.291
	-107.70
	0.98
	0.198

	11
	Larval growth (L)
	3
	0.455
	0.346
	-106.20
	2.55
	0.090

	9
	Clutch size
	2
	0.245
	0.176
	-105.90
	2.78
	0.080

	1
	Intercept only
	1
	0.000
	0.000
	-105.50
	3.22
	0.065

	8
	Size at maturity
	2
	0.197
	0.124
	-105.20
	3.53
	0.055

	13
	Reproduction (R) 
	3
	0.395
	0.273
	-104.90
	3.80
	0.048

	5
	Time to metamorphosis
	2
	0.152
	0.075
	-104.50
	4.18
	0.040

	6
	Maximum size
	2
	0.101
	0.019
	-103.80
	4.88
	0.028

	7
	Maximum age
	2
	0.099
	0.018
	-103.80
	4.90
	0.028

	3
	Range size (Ra)
	2
	0.032
	-0.056
	-102.90
	5.77
	0.018

	14
	Ra + L
	4
	0.471
	0.295
	-101.80
	6.89
	0.010

	18
	L + R
	5
	0.673
	0.509
	-101.30
	7.41
	0.008

	12
	Ra + R
	4
	0.395
	0.193
	-100.20
	8.51
	0.005

	16
	Adult growth (A)
	4
	0.341
	0.121
	-99.18
	9.54
	0.003

	15
	Ra + A
	5
	0.421
	0.131
	-94.44
	14.27
	0.000

	21
	Ra + L + R
	6
	0.673
	0.440
	-92.51
	16.20
	0.000

	17
	L + A
	6
	0.593
	0.303
	-89.89
	18.83
	0.000

	19
	A + R
	6
	0.530
	0.194
	-88.15
	20.57
	0.000

	20
	Ra + L + A
	7
	0.647
	0.294
	-78.38
	30.33
	0.000

	22
	Ra + A + R
	7
	0.592
	0.184
	-76.65
	32.06
	0.000

	23
	L + A + R
	8
	0.766
	0.437
	-61.30
	47.42
	0.000

	2
	Ra + L + A + R
	9
	0.793
	0.379
	-18.80
	89.92
	0.000


Table S13. Model-averaged parameter estimates for parasite load, mortality risk, and malformation risk. 
	Factor
	Parasite

 load
	Mortality odds
	Malformation odds

	Range size
	-0.077
	0.254
	-0.502

	Size at metamorphosis
	-1.162
	-0.221
	-0.679

	Time to metamorphosis
	-0.124
	-0.249
	0.131

	Maximum size
	-0.201
	-0.266
	-0.356

	Maximum age
	-0.944
	-0.241
	-0.425

	Size at maturity
	-0.917
	0.110
	-0.700

	Clutch size
	-0.223
	-0.438
	-0.244

	Egg size
	1.554
	0.282
	0.198
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