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Abstract 

Stable isotope analyses are widely used to identify trophic interactions and to determine trophic 

positions of organisms in food webs. While general patterns in the difference in isotopic 

composition between consumers and their diet (discrimination factors) have received much 

interest, comparative studies have mainly focussed on predator-prey relationships and have not 

considered a wider range of trophic interactions. In this phylogenetic comparative study, we 

investigate patterns in Δ13C and Δ15N discrimination factors in parasitic trophic interactions with 

the aim to determine the level of variation of discrimination factors among a wide range of 

parasite species and to identify predictors of discrimination factors in parasitic trophic 

interactions. We compiled a dataset from the published literature on stable isotope 

measurements of δ13C and δ15N in metazoan parasites and their hosts from a diverse array of 101 

parasite-host pairs. Based on these data we calculated Δ13C and Δ15N and used mixed-effects 

models to identify predictors of discrimination factors. There was a large variation in Δ13C and 

Δ15N among parasite species, with no overall sign for significant average trophic depletion or 

enrichment. Both Δ13C and Δ15N discrimination factors scaled negatively with host δ13C and δ15N. 

Apart from significant effects of several taxonomic affiliations of parasites or hosts on Δ13C and 

Δ15N, only ectoparasites, blood feeding parasites and parasites from terrestrial habitats showed 

significant sign of nitrogen enrichment. Our findings suggest that the absence of a universal 

trophic discrimination factor compromises the suitability of the traditional isotope analysis 

framework (using an average δ15N enrichment between trophic levels of about 3.4‰) for the 

study of parasitic trophic interactions. Whether taxon- or trait-specific trophic discrimination 

factors, such as the significant predictors identified in our analysis, can reliably be used as a 

substitute for the conventional Δ15N of 3.4‰ needs to be investigated. Our results further 

indicate the need for a scaled rather than a fixed trophic fractionation factor framework along 

gradients of host δ15N as we identified a negative relationship between host isotopic composition 

and parasite discrimination factors. We hope that our comparative study will help to develop such 

a framework.  
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Introduction 

Trophic interactions are pivotal in driving population dynamics, community structure and the 

functioning of entire food webs (Paine, 1966; Pimm, 1982; McCann, 2011; Hanley and La Pierre, 

2015). As such they have a central place in ecology and have been studied ever since the early 

days of the discipline (McIntosh, 1985). At the base of an understanding of the manifold effects of 

trophic interactions on ecological processes is the knowledge about who eats whom. 

Traditionally, this has been approached by diet studies based on the analysis of gut contents of 

consumers. While this approach is straightforward it has some important limitations as the 

resulting data are usually limited in temporal scope and biased towards identifiable and slowly 

digested resource items (Layman et al., 2012; Traugott et al., 2013). To circumvent such 

limitations, the analysis of naturally occurring stable isotopes has gained increasing popularity 

(Post, 2002; Michener and Lajtha, 2007; Layman et al., 2012). This method makes use of the 

differences (discrimination factor, Δ) between isotopic ratios of naturally occurring stable 

isotopes of carbon (δ13C) and nitrogen (δ15N) between consumers and their resources due to a 

process called isotopic fractionation (Fry, 2006). The difference in δ13C between consumers and 

their diet (Δ13C) is usually used to identify the diet source of carbon (e.g. terrestrial vs marine 

primary producers; Hobson 1986) and the difference in δ15N (trophic enrichment, Δ15N) is used 

to determine trophic position (Vander Zanden et al., 1997). The latter is calculated based on the 

empirically derived average Δ15N (also known as the trophic fractionation factor) between 

consumers and their resources. It is typically assumed in free-living organisms that a Δ15N of 

3.4‰ denotes the difference between one trophic level and the next (Minagawa and Wada, 1984; 

Vander Zanden et al., 1997; Post, 2002). 

Although a fixed trophic fractionation factor is commonly used to determine trophic 

position, the actual values of Δ15N (and also those of Δ13C) vary widely among individual 

consumer-resource relationships (Post, 2002; McCutchan et al., 2003). Based on published data 

on experimentally obtained trophic fractionation factors of consumers, several comparative 

analyses indicate that isotope discrimination factors differ depending on consumer and resource 

taxonomic affiliation (Vander Zanden and Rasmussen, 2001; Vanderklift and Ponsard, 2003; Caut 

et al., 2009), their environment (marine, freshwater, terrestrial; Vander Zanden and Rasmussen, 

2001; Vanderklift and Ponsard, 2003) as well as depending on the type of tissue analysed 

(Vanderklift and Ponsard, 2003; Caut et al., 2009). The general type of diet used by consumers 

(carnivorous, herbivorous or detrivorous; Vander Zanden and Rasmussen, 2001; Vanderklift and 

Ponsard, 2003) as well as their feeding mode (fluid feeders vs. others; McCutchan et al. , 2003) 

may, among others, affect discrimination factors. From a methodological perspective, the 

extraction of lipids prior to the analysis has been shown to affect isotope measurements 

(Sweeting et al., 2006; Bodin et al., 2007). Finally, recent comparative studies have further 

identified a negative scaling of Δ13C and Δ15N discrimination factors with the stable isotope 

composition (δ13C and δ15N) of the resources consumed (Caut et al., 2009; Hussey et al., 2014). As 

δ15N generally scales positively with trophic position, this means that Δ15N discrimination factors 

are not constant within food webs, but instead, decrease with increasing trophic level (Hussey et 

al., 2014). Although the underlying mechanisms of this pattern are not well understood, it has 

important implications for the use of stable isotopes in determining the trophic level of 

consumers as it suggests that a scaled framework of Δ15N discrimination along gradients of 

resource δ15N will be much more appropriate for correct identification of trophic levels of 

consumers within food webs than a fixed trophic fractionation factor (Hussey et al., 2014). 
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Although patterns of isotopic composition and discrimination factors in consumer-

resource interactions in general and their suitability as proxies for trophic position in particular 

have received much interest, comparative studies have so far mainly focussed on predator-prey 

relationships and have not considered a wider range of trophic interactions. Among those are 

parasitic trophic interactions in which parasites are consumers feeding on their hosts as resource. 

There are various classifications of what organisms and life styles fall under the term ‘parasite’,  

ranging from broad definitions including all organisms that have a durable relationship with their 

host from which they gain energetic benefits at the expense of the host (Combes, 2011) to more 

exclusive definitions based on the number of victims attacked (always only one per life-cycle 

stage) and the fitness impacts on victims (Lafferty and Kuris, 2002). For example, while blood-

sucking animals such as mosquitos, leeches, lampreys and vampire bats are considered by some 

authors to be parasites, others classify them as micropredators as they may feed on more than a 

single victim during a life cycle stage (Lafferty and Kuris, 2002). Likewise, sub-categories of the 

term ‘parasite’ have been suggested based on the impact on victims. For example, typical 

parasites (e.g. helminths) feed on a single victim without necessarily killing their hosts, while in 

parasitoids, although also only feeding on a single victim, the death of their host is inevitable for 

the development of the larval stages (Lafferty and Kuris, 2002). Further definitional issues arise 

from the distinction of parasitism from commensalism. While parasites, by definition, have a 

negative effect on their hosts, commensals gain benefits from their hosts but do not affect them 

in a negative or positive way (Begon et al., 2005). Some of these benefits may be nutritional but 

contrary to parasites, commensals do not feed directly on their hosts but rather on leftovers of 

their hosts’ meals so that there is no direct energy transfer from hosts to commensals (Goater  et 

al., 2013).  

As the actual magnitude of impact on the host and the presence or absence of a direct 

energy transfer is not always known, the distinction between a commensal and parasitic life style 

of a given organism can be difficult. In this case, stable isotope analysis has been proposed as a 

useful tool to identify the exact trophic relationship, also because gut content analyses are often 

difficult in the case of minute parasites (e.g. Parmentier and Das, 2004; Becker et al., 2013). Stable 

isotope analysis has also been used to investigate the trophic ecology of typical parasites such as 

helminths for which the parasitic status is not in question (e.g. Deudero et al., 2002; Behrmann-

Godel and Yohannes, 2015). Finally, some studies utilised stable isotope analysis to infer the 

trophic position of parasites in complete food webs (Iken et al. , 2001). In all these cases, inference 

is based on the assumption that the fixed trophic fractionation factor Δ15N of 3.4‰ empirically 

derived from predator-prey studies also holds true for parasitic organisms. However, a first 

qualitative review of the available data suggested that this assumption may not work well for 

parasites as they can be depleted in δ15N compared to their hosts, as well as enriched or be not 

isotopically different from their hosts at all (Lafferty et al., 2008). Likewise, Δ13C seems to show a 

larger variation among parasite-host systems (e.g. Deudero et al., 2002) than the average Δ13C of 

about 1‰ empirically derived from predator-prey systems (DeNiro and Epstein, 1981; Peterson 

and Fry, 1987; France and Peters, 1997) suggests. Although some patterns have started to emerge 

from the literature such as general δ15N depletion in nematodes and cestodes compared to their 

fish hosts (Deudero et al., 2002; Behrmann-Godel and Yohannes, 2015), a quantitative, 

comparative analysis of the variation in Δ13C and Δ15N discrimination factors in parasites with the 

aim to identify factors driving them is missing to date. In addition, it has never been investigated 

whether parasites show the same negative scaling of Δ13C and Δ15N discrimination factors with 

the stable isotope composition (δ13C and δ15N) of their resources as observed in predator-prey 

interactions (Caut et al., 2009; Hussey et al., 2014). This does not only limit our understanding of 
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the generality of this pattern but also compromises a critical evaluation of the suitability of stable 

isotope analysis for studying the trophic ecology of parasite-host interactions. Given the 

increasing interest in the role of parasitic trophic interactions in food web topology and 

energetics (Kuris et al., 2008; Lafferty et al., 2008; Dunne et al., 2013) a quantitative analysis of 

isotope discrimination patterns in parasites is desirable.  

In this study, we compiled a dataset from the published literature on stable isotope 

measurements of δ13C and δ15N in metazoan parasites and their hosts. We used a broad definition 

of parasitism and included all organisms associated with hosts that presumably derived energy 

from these hosts by consuming blood, host tissue, or specific compounds pre-digested by the 

hosts. Hence, we included parasitoids and micropredators as well as typical parasites such as 

helminths. Due to their durable interaction with their hosts, parasite-host interactions constitute 

quasi-experimental settings where the resource (the host) of the consumer (the parasite) is well 

known. Using a phylogenetic comparative approach, we aimed to 1) determine the variation of 

Δ13C and Δ15N isotope discrimination factors between parasites and their hosts, 2) identify 

potential factors affecting Δ13C and Δ15N discrimination factors; and 3) investigate whether the 

negative scaling between resource isotopic composition and isotope discrimination factors 

observed in predator-prey systems also holds true for parasitic trophic interactions. Our analysis 

provides a quantitative framework for identifying patterns in stable isotope discrimination 

factors of parasites and broadens our general understanding of trophic interactions.  

  

Materials and methods 

Dataset compilation 

We compiled a dataset from published studies which reported stable isotope (δ13C and δ15N) 

measurements of metazoan parasites and their respective hosts. A typical study collected hosts 

in the field, sampled parasites from these hosts and analysed the stable isotope composition of 

host and parasite tissue. We employed a broad definition of the term ‘parasite’ which included 

organisms that were presumably deriving energy from their host by feeding on host blood, tissue 

or on specific compounds pre-digested by the host. Besides typical parasites (e.g. helminths) this 

also included organisms sometimes grouped under different categories such as parasitoids and 

micropredators (Lafferty and Kuris, 2002). In addition, we included organisms that were 

presumed by the authors of a study to be deriving energy from their hosts in a parasitic manner 

(e.g. fish living in sea cucumbers) and for which the respective study used stable isotope analysis 

to infer the actual trophic relationship. 

We searched Web of Science for published studies on stable isotope measurements of 

metazoan parasites and their respective hosts using the search string (parasit* AND stable 

isotop*) using a topic search across all years up to 9 March 2016. All 265 papers retrieved were 

initially checked for their potential suitability by their title and abstract. In addition, we screened 

the reference sections of all potentially suitable studies for additional published studies not found 

by Web of Science. From all potentially suitable studies, we only retained those that reported δ13C 

and δ15N measurements for both parasites and their respective hosts, i.e. we omitted studies that 

measured only one of the isotopes (carbon or nitrogen) or only host or parasite tissue. In addition, 

to be included in our analysis, isotope ratio measurements had to be based on at least two 

replicate parasite and host samples. Finally, parasites had to be clearly associated with the 

respective host, i.e. parasitic organisms such as lampreys which were collected free-living 

without a specific association to a host were excluded. 
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From all 35 articles that met the inclusion criteria, we retrieved the name and taxonomic 

affiliation of the host (arthropods, birds, cnidarians, echinoderms, fish, lophotrochozoans 

(polychaetes & bivalves), mammals) and the parasite species (major taxa: arthropods, helminths, 

lophotrochozoans (polychaetes & bivalves), vertebrates; within arthropods: arachnids, copepods, 

dipterans, fleas, hymenopterans, hyperiid amphipods, isopods, lice; within helminths: cestodes, 

nematodes, trematodes). We also noted the general environment from which hosts were sampled 

(terrestrial, freshwater, marine), the habitat of the parasites on or in their hosts (endoparasitic, 

ectoparasitic, gills) as well as their feeding mode (blood vs. other). While for parasites whole body 

samples were usually used, host isotope measurements were usually based on specific host 

tissues (in 26 of the 35 studies). In most cases, particularly for fish hosts, this was muscle tissue. 

However, some studies reported isotope values from several alternative host tissues. In the case 

of fish hosts, we followed the general choice of authors to use (white) muscle tissue as the 

reference for analyses in all but a few cases where specific other tissues were used by authors 

reflecting the location of a parasite on its host and its known feeding mechanism (e.g. heart 

instead of white muscle as reference for blood feeding gnathiid isopods). We followed the same 

procedure for all other host types where several tissues were investigated and used the putative 

host tissues utilised by a parasite based on the information given by the respective authors. 

For each parasite-host combination, we retrieved the mean δ13C and δ15N stable isotope 

ratios for the parasite and its host from the text or tables in the respective publication. If data 

were only available in form of graphs, we used the software ImageJ to extract the data (average 

of two readings). In cases were sampling took place in several seasons or at several localities, we 

used average values for each parasite-host combination. For all isotope measurements, we noted 

whether lipid extraction was done prior to the analyses. In addition, we noted the number of 

replicate measurements per parasite and host. We noted here that while host replicates were 

always based on single individuals, parasite individuals from a host were pooled in some studies 

to generate enough material for isotope measurements (in 34 of the 101 parasite-host pairs 

included in our study). Thus, a parasite ‘replicate’ included multiple parasite individuals in those 

studies. 

For the entire data acquisition process we used a validation procedure as follows: DWT, 

MAG and TK developed the database configuration and inclusion criteria. DWT conducted the 

initial data compilation which was independently validated by MAG. Any inconsistencies were 

discussed among DWT, MAG and TK. 

 

Phylogenetic comparative analyses 

Prior to the analysis, we calculated carbon and nitrogen discrimination factors (Δ 13C and Δ15N, 

respectively) from the mean δ13C and δ15N of parasites and hosts by subtracting the δ13C or δ15N 

of the host from the respective δ13C or δ15N of a parasite. The resulting discrimination factors 

from different studies were unweighted with respect to the sample size. We considered this to be 

appropriate because the exact meaning of a ‘replicate’ differed among studies as aforementioned. 

Nonetheless, the use of unweighted means is unlikely to be a source of bias (Morrissey, 2016).  

Phylogenetic comparative analyses were carried out in R 3.3.1 (R Development Core 

Team, 2016). We used the MCMCglmm package (Hadfield, 2010) to account for correlated 

structures arising from study identity, species identity and host phylogenetic relationships by 

including these factors as random terms in mixed effects models.  

A host topological phylogenetic tree was included to control for shared evolutionary 

histories of host species (Harvey and Pagel, 1998). In multi-species ecological studies, species 
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share a different amount of evolutionary history with one another. To correct for such non-

independence, the expected co-variation between species can be modelled, as a random factor, 

using a correlation matrix derived from a phylogeny (Hadfield and Nakagawa, 2010; Nakagawa 

and Santos, 2012). The phylogeny tree was generated using an online phylogenetic tree 

generator, phyloT (http://phylot.biobyte.de/), which constructed a composite tree based on data 

from the National Centre for Biotechnology Information (NCBI) taxonomy database. Parasite 

phylogeny was not integrated in the analysis because molecular phylogenies of many parasites 

are unresolved and because a number of studies did not report parasite species names. The host 

phylogenetic tree was converted to an ultrametric tree using Hadfield and Nakagawa (2010) 

which is based on phylogenetic models assuming the Brownian motion model of evolution. Using 

this package, generalised linear mixed models were fitted using a Markov chain Monte Carlo 

(MCMC) algorithm with a weakly informative prior (V = 1, nu = 0.002; where V is variance and nu 

is the degree of belief parameter). This method samples from a posterior distribution and 

provides the mean and credible intervals of that distribution. In any case where the 95% credible 

interval does not cross zero the difference is considered significant. 

We employed a null intercept model to estimate the overall trend of the discrimination 

factors. Then, a series of models with a single predictor as fixed effects were employed to identify 

predictors of the discrimination factor including parasite and host taxonomic affiliation, host 

isotopic value, general environment (marine, freshwater, terrestrial), parasite habitat on the host 

(ectoparasitic, endoparasitic, gills), feeding mode (blood vs. other) and lipid extraction prior to 

analysis (yes vs. no). 

 

Results 

The final dataset consisted of 35 studies providing 101 effect sizes based on δ13C and δ15N 

measurements from a diverse array of parasite-host pairs from marine (61 pairs), freshwater 

(20) and terrestrial (20) ecosystems (for dataset see Supplementary Table S9.1). The majority of 

host species were fish (51 parasite-host pairs), followed by mammals (13), birds & arthropods 

(both 9), lophotrochozoans (polychaetes & bivalves; 8), and cnidarians & echinoderms (both 7). 

Most parasite species in the dataset were arthropods (50 parasite-host pairs), followed by 

helminths (41), and lophotrochozoans (polychaetes & bivalves) & vertebrates (both 5). In the 

following, we present the results of the analyses separately for Δ13C and Δ15N. 

 

Patterns in Δ13C discrimination factors 

The Δ13C discrimination factors between parasites and their hosts ranged widely from evidence 

for strong depletion to strong enrichment of δ13C in parasites compared to their hosts (Fig. 9.1A). 

The average estimated Δ13C discrimination factor reported in the literature was -0.214 but 

parasites showed neither a significant enrichment nor depletion in δ13C compared to their 

respective hosts (N = 101, posterior mean = -0.214, CI =-1.197 to 0.851; Fig. 9.1A; Supplementary 

Table S9.2).  

Most of the parasite-related predictors investigated (parasite taxon, general 

environment, habitat on the host or feeding mode) did not significantly explain the variation in 

Δ13C (Supplementary Table S9.2). Likewise, methodological variables, namely sample size and 

lipid extraction prior to isotope analysis, did not affect Δ13C (Supplementary Table S9.2). In 
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general, the 95% confidence intervals intersected widely with zero in most cases, indicating large 

variation of discrimination factors within the different predictors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9.1 Frequency distribution of A) Δ13C and B) Δ15N discrimination factors (calculated as δ13C or δ15N 

of a parasite minus the respective δ13C or δ15N of the host) observed in studies comparing isotopic values 

of parasites and their respective hosts. N = 101 parasite-host pairs. 

 

 

The only two predictors with the 95% confidence intervals not intersecting zero were 

echinoderm hosts and the δ13C value of the host. Parasites from echinoderm hosts showed a 

significant depletion in δ13C compared to their hosts (N = 7, posterior mean = -3.360, CI = -5.5123 

to -1.2094; Fig. 9.2A; Supplementary Table S9.2). The δ13C value of the host had a significantly 

negative effect on Δ13C (N = 101, posterior mean = -0.573, CI = -0.976 to -0.103; Supplementary 

Table S9.2), resulting from a negative relationship between the host isotopic δ13C and the isotope 

discrimination in the respective parasite (Fig. 9.3A). 

 

Patterns in Δ15N discrimination factors 

As for Δ13C discrimination factors, the Δ15N discrimination factors of parasites reported in the 

literature ranged widely from strong depletion to strong enrichment of δ15N in parasites 

compared to their hosts (Fig. 9.1B). On average, however, parasites showed a tendency for 

enrichment in δ15N compared to their respective hosts (Fig. 9.1B), with the estimated mean Δ15N 

being 1.179, but this was not statistically significant with the 95% confidence interval 

intersecting zero (N = 101, posterior mean = 1.179, CI = -0.213 to 2.438; Supplementary Table 

S9.3). 

In contrast to Δ13C, the mixed models identified more statistically significant predictors of 

Δ15N isotope discrimination factors (Supplementary Table S9.3). Regarding host taxonomic 

affiliation, parasites from arthropod (N = 9, posterior mean = 2.867, CI = 0.502 to 5.457) and 

echinoderm hosts (N = 7, posterior mean = 3.704, CI = 0.284 to 7.221) showed a significant sign 

of enrichment in δ15N compared to their hosts Fig. 9.2B; Supplementary Table S9.3). Regarding 

parasite taxonomic affiliation, the average Δ15N values were positive in parasitic arthropods (N = 

50, posterior mean = 1.741, CI = 0.216 to 3.317) and parasitic vertebrates (N = 5, posterior mean 

= 5.278, CI = 2.573 to 8.295), however were not significantly different from zero in the other 
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parasitic groups (Fig. 9.4; Supplementary Table S9.3). Within parasitic arthropods, a significant 

sign of enrichment was found in arachnids (mites and ticks; N = 2, posterior mean = 5.828, CI = 

2.347 to 9.184), fleas (N = 6, posterior mean = 2.899, CI = 0.04 to 5.854) and lice (N = 6,  posterior 

mean = 3.443, CI = 0.345 to 6.567; Fig. 9.5). Within helminths, cestodes showed a significant 

depletion in δ15N compared to their hosts (N = 14, posterior mean = -2.017, CI = -4.007 to -0.080; 

Fig. 9.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 9.2 Effect of host taxonomic affiliation on A) Δ13C and B) Δ15N discrimination factors. Δ13C was 

significantly negative in parasites from echinoderm hosts (N = 7) and Δ15N was significantly positive in 

parasites from arthropod (N = 9) and echinoderm hosts (N = 7) as denoted by asterisks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9.3 Relationship between A) host δ13C and Δ13C and B) host δ15N and Δ15N. The lines show significant 

regressions from mixed models (carbon: y=-0.5731x-0.2443; nitrogen: y=-1.18843x+0.9687). 
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Fig. 9.4 Effects of parasite taxonomic affiliation on trophic enrichment Δ15N. Discrimination factors were 

significant for parasitic arthropods (N = 50) and parasitic vertebrates (N = 5) as denoted by asterisks. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 9.5 Effects of parasite taxonomic affiliation within the arthropod group on trophic enrichment Δ15N. 

Discrimination factors were significant for parasitic arachnids (N = 2), fleas (N = 6) and lice (N = 6) as 

denoted by asterisks. 

 



Chapter 9 

185 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 9.6 Effects of parasite taxonomic affiliation within the helminth group on trophic enrichment Δ15N. 

Discrimination factors were significantly negative cestodes (N = 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 9.7 Effects of general environment (marine, freshwater, terrestrial) on trophic enrichment Δ15N. 

Discrimination factors were significantly positive for terrestrial habitats (N = 20) as denoted by asterisk. 
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Fig. 9.8 Effects of parasite habitat on their host (ectoparasitic, endoparasitic, gills) on trophic enrichment 

Δ15N. Discrimination factors were significantly positive for parasites from ectoparasitic habitats on hosts 

(N = 31) as indicated by asterisk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.9 Effect of parasite feeding mode (blood or other) on trophic enrichment Δ15N. Discrimination 

factors were significantly positive for parasites feeding on blood (N = 26) as indicated by an asterisk. 
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The Δ15N discrimination factors were also affected by the general environment from which 

parasite-host pairs were sampled, with parasite from terrestrial habitats showing significantly 

positive Δ15N discrimination (N = 20, posterior mean = 2.57, CI = 0.529 to 4.646; Fig. 9.7). 

Furthermore, ectoparasites showed a significant sign of enrichment (N = 31, posterior mean = 

3.014, CI = 1.307 to 4.928; Fig. 9.8). In addition, blood feeding parasites showed a positive Δ15N 

discrimination (N = 26, posterior mean = 2.359, CI = 0.625 to 4.238; Fig. 9.9). Finally, as for Δ13C, 

the Δ15N discrimination factors of parasites scaled negatively with the δ15N isotope composition 

of the host (N = 101, posterior mean = -0.346, CI = -1.814 to -0.557; Fig. 9.3B). 

 

Discussion 

Our analysis revealed a large variation in Δ13C and Δ15N isotope discrimination factors among the 

parasite species included in the analysis, with no overall sign for significant depletion or 

enrichment. A closer look at potential predictors showed that both Δ13C and Δ15N discrimination 

factors scaled negatively with host δ13C and δ15N. Apart from significant effects of several 

taxonomic affiliations of parasites or hosts on Δ13C and Δ15N, only ectoparasites, blood feeding 

parasites and parasites from terrestrial habitats showed significantly positive average Δ15N. 

The absence of a significant average enrichment of parasites in δ13C and δ15N compared 

to their hosts contrasts with the typical enrichment observed in predatory trophic interactions 

where predators show an average trophic fractionation of Δ15N of 3.4‰ (Minagawa and Wada, 

1984; Vander Zanden et al., 1997; Post, 2002) and an average Δ13C of about 1‰ (DeNiro and 

Epstein, 1981; Peterson and Fry 1987; France and Peters, 1997). In contrast, we found averages 

of Δ15N and Δ13C of 1.793 and -0.214, respectively. This contrasting pattern compared to free-

living species may have several explanations and has generally some important implications. The 

lack of a general support for enrichment in δ13C and δ15N of parasites compared to their hosts 

may suggest that many parasite species included in the analysis are actually not parasites but 

rather commensals not feeding on their hosts. For some species, this may be true. For example, 

the stable isotope analyses conducted with some pearlfish species living inside sea cucumbers or 

starfish suggest rather a commensal than a parasitic lifestyle, although the expectation given the 

natural history of the species suggested otherwise (Parmentier and Das, 2004). However, for 

most of the parasite species in the database their parasitic status is not in question as they belong 

to typical parasitic taxa such as helminths, fleas, lice, parasitoids etc. that are  known to feed on 

their hosts. Nevertheless, most of these typical parasitic taxa showed large variation in 

discrimination factors, ranging from negative to positive Δ13C and Δ15N. Only a few parasite taxa 

showed significant enrichment in δ15N compared to their hosts while one taxon, the cestodes, 

even showed significant depletion. This suggests that the average discrimination factors observed 

in predatory trophic interactions (Δ15N of 3.4‰ and Δ13C of 1‰) may not hold true as a general 

rule for parasites. The reasons for the deviating fractionation patterns in parasites most likely 

relate to their feeding ecology. Although feeding on their hosts, parasites may differ from 

predators in metabolic processes and they may often feed only on specific host tissues or on 

specific compounds pre-digested by the host rather than on the entire host. For example, most 

helminths have only limited ability to biosynthesise amino acids (Köhler and Voigt, 1988) and 

thus many endoparasites absorb 15N-depleted amino acids from the intestines of their hosts 

(Barrett, 1981; Hare et al., 1991). In addition, they can often also re-utilise 15N-depleted ammonia 

that they have excreted or taken up from host blood to synthesize amino acids (Barret, 1981). 
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These metabolic pathways can lead to lower isotope discrimination than observed in predators 

and can even lead to the significant depletion in δ15N of cestodes compared to their hosts as 

observed in our analysis. Likewise, if parasites selectively feed on specific host tissue or host 

blood which is relatively depleted in 15N this may lead to lower isotope fractionation factors than 

observed in predators which usually consume their prey as a whole. Selective feeding may also 

affect Δ13C discrimination factors. Host tissues with high lipid content are usually 13C-depeleted 

relative to other tissues (Focken and Becker, 1998; Pinnegar and Polunin, 1999; Pinnegar et al., 

2001) so that selective feeding on these tissues (e.g. blood, liver) may lead to lower Δ13C 

discrimination than in predators. Whatever the detailed mechanisms behind the deviating 

fractionation patterns in parasites, the large variation in discrimination factors and the absence 

of a universal average enrichment of parasites in δ13C and δ15N compared to their hosts suggests 

that the traditional framework of isotope fractionating patterns developed based on predatory 

trophic interactions is not suited to determine the trophic positions of parasites.  

While no overall enrichment or depletion patterns in discrimination factors were 

observed, the mixed-effects models identified several host and parasite taxonomic affiliations to 

be significant predictors of Δ13C and Δ15N. In the case of Δ13C, only parasites from echinoderm 

hosts showed a significant depletion in δ13C compared to their hosts but no other host or parasite 

taxonomic affiliation had a significant effect on Δ13C. In the case of Δ15N, parasite from arthropod 

and echinoderm hosts had a significantly positive Δ15N. Parasites of arthropods consisted of 

hymenopterans (parasitoids) and arachnids (mites), with the latter showing a significant positive 

Δ15N, thus potentially confounding the effect of host taxonomic affiliation. Likewise, confounding 

effects may be present in parasites from echinoderm hosts which mainly consisted of parasitic 

fish which themselves made up the majority of the vertebrate parasite category showing a 

significant positive Δ15N. However, isotope enrichment between some fish species and their 

presumed echinoderm hosts was so high, that they may be functionally commensals, using the 

echinoderms as protective habitat but feeding elsewhere (Parmentier and Das, 2004). Further 

significant positive enrichment of parasites in δ15N compared to their hosts was observed in 

arthropods, mainly driven by significant enrichment in arachnids (mites & ticks), fleas and lice, 

although inference is limited due to low sample size (N = 2-6). In contrast, a significant depletion 

of δ15N compared to hosts was observed in cestodes. While the latter probably results from the 

specific metabolic pathways of cestodes (see above), all enriched parasite taxa are known to feed 

on host blood or tissues and this seems to lead to enrichment patterns that resemble the ones 

observed in predatory trophic interactions. Interestingly, hymenoptera (parasitoids) and other 

typical parasitic such as trematodes and nematodes did now show significant average 

discrimination factors. Nematodes have earlier been described to be depleted in δ15N compared 

to their hosts (Pinnegar et al., 2001; Deudero et al., 2002), but our analysis indicates that this does 

not seem to hold true in general for all nematode-host interactions. For other taxa, such as 

trematodes, the absence of a universal isotope enrichment pattern has previously been noted and 

ascribed to the specific metabolic pathways of helminths as described above (Dubois et al. , 2007). 

In addition, differences in isotope discrimination patterns among life cycle stages of trematodes 

may blur an overall pattern. For example, while sporocysts, rediae and cercarial stages of 

trematodes in their first intermediate hosts do not show much trophic enrichment (Dubois et al. , 

2007; Yurlova et al., 2014), trophic enrichment may occur in the next metacercarial stage 

(Yurlova et al., 2014). Such mediating effects of life cycle stages on isotope discrimination may 

also occur in other parasite taxa but the available data were too limited to formally include this 

in our analysis. 
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Further confounding of discrimination factors may result from methodological issues that we 

were unable to disentangle in our analysis. While parasite species were usually analysed as a 

whole in the studies included in our analysis, only specific tissues were usually sampled from 

hosts. The stable isotope composition often differs among tissues of the same individual (DeNiro 

and Epstein, 1981; Hobson and Clark, 1992; Caut et al., 2009), thus the specific host tissue used 

as reference will inevitably affect the calculation of discrimination factors. Hence, in the case that 

parasites feed on other host tissues than used for the analyses, this may lead to distorted 

magnitudes of isotope discrimination. This general methodological issue further illustrates the 

difficulties in using the classic stable isotope analysis framework to study the trophic ecology of 

parasites and this aspect needs careful consideration in isotopic studies on parasitic trophic 

interactions. 

In addition to the significant effects of several parasite taxonomic groups on Δ 15N, the 

mixed-effects models identified several other significant predictors. Parasites from terrestrial 

habitats showed significantly positive trophic fractionation factors (Δ15N) while parasites from 

freshwater and marine habitats did not. This may reflect earlier suggestions regarding predatory 

trophic interactions that terrestrial organisms may show larger trophic enrichment than aquatic 

organisms due to the predominance of ammonia excretion in the latter resulting in lower 

discrimination factors (Ponsard and Averbuch, 1999). However, the difference in nitrogen 

excretion among environments is much less distinct in parasites as many terrestrial 

endoparasites also excrete ammonia (Barrett, 1981). The observed difference may result from 

the fact that most of the parasite taxa that showed a significant trophic enrichment (arachnids, 

fleas and lice) are terrestrial taxa and may thus confound the terrestrial category in our analysis. 

Another significant predictor of Δ15N was the habitat of parasites on their hosts. Ectoparasites 

and parasites living on the gills of fishes showed significantly positive average discrimination 

factors, while endoparasites neither showed a depletion nor an enrichment in δ15N compared to 

their hosts. This may, at least in part, be related to the feeding mode of parasites which was 

another significant predictor identified by the mixed models. Parasites feeding on host blood 

showed a significantly positive trophic enrichment while parasites feeding on other tissues such 

as live or dead host tissue, compounds pre-digested by the host or a mix of those did not show a 

significant trophic enrichment. Blood-feeding parasites dominated in ectoparasites and this may 

underlie the observed positive discrimination factors in these groups. The observed variation in 

Δ15N isotope discrimination factors among parasite taxonomic affiliations and the presence of 

several significant predictors suggest that using a fixed discrimination factor derived from 

predatory trophic interactions to infer trophic position of parasites is not appropriate. Whether 

specific trophic discrimination factors can be used for individual parasite taxa, environments, 

habitats on hosts or feeding modes will need more research on the trophic ecology of parasites 

and the mechanisms driving trophic fractionation patterns between parasites and their hosts. 

Besides being affected by some categorical predictors, discrimination factors of both Δ 13C 

and Δ15N scaled negatively with host δ13C and δ15N, i.e. parasite species feeding on hosts with a 

relatively low isotope ratio showed larger isotope discrimination factors than parasites feeding 

on hosts with relatively high δ13C and δ15N. The same pattern of a decrease in isotope 

discrimination factors with resource δ13C and δ15N has been observed in comparative analyses 

on predatory trophic interactions (Caut et al., 2009; Hussey et al., 2014) as well as in studies of 

specific predator-prey interactions (Caut et al., 2008; Dennis et al., 2010). A comparison of the 

slopes observed in predatory trophic interactions (Caut et al., 2008: C: -0.113 to -0.417, N: -0.141 

to -0.311; Hussey et al., 2014: N: -0.27) with the ones observed in our study (C: -0.573, N: -1.188) 

indicates that the relationship seems even tighter for parasites. The underlying mechanism of the 
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pattern observed in predatory trophic interactions is not well understood (Caut et al., 2009; 

Hussey et al., 2014) but the fact that our analysis identified the same negative scaling suggests 

that it may be a universal pattern in trophic interactions that may be driven by similar 

mechanisms. Whatever the underlying mechanism, the observed negative scaling of 

discrimination factors has important consequences as it suggests that the classic framework to 

use a constant trophic fractionation factor to determine trophic position (Minagawa and Wada, 

1984; Vander Zanden et al., 1997; Post, 2002) may not only be inappropriate for predatory 

trophic interactions (Caut et al., 2009; Hussey et al., 2014) but also for parasites. This further 

complicates the potential use of stable isotopes to study the trophic ecology of parasites and more 

research into the factors mediating trophic fractionation in parasites and predators is needed to 

develop a universal scaled framework of Δ15N discrimination along gradients of resource δ15N to 

enable an appropriate identification of trophic positions of consumers within food webs.  

In conclusion, our comparative analysis suggests that the large variation in Δ13C and Δ15N 

isotope discrimination factors observed among parasite species and the absence of a typical 

universal trophic discrimination factor, as previously identified in predatory trophic interactions, 

compromises the suitability of the traditional framework of isotope fractionation patterns in 

studying parasitic trophic interactions. Whether taxon- or trait-specific trophic fractionation 

factors such as the significant predictors identified in our analysis can reliably be used as 

substitute for the conventional Δ15N of 3.4‰ will need further studies. In addition, the negative 

scaling between parasite Δ15N and host δ15N observed in our analysis suggests the need for a 

scaled (rather than a fixed trophic fractionation factor) framework of Δ15N discrimination along 

gradients of host δ15N for the appropriate identification of trophic positions of parasitic 

consumers within food webs. We hope that our study will spark future research into the patterns 

and mechanisms of trophic fractionation in parasitic trophic interactions with the aim to develop 

a holistic framework of isotope fractionation patterns in trophic interactions that appropriately 

integrates parasitic and other trophic interactions. 
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Supplementary material 

Table S9.1. Abbreviated dataset with the host habitat, host taxa, host species, parasite taxa, parasite 

species, parasite habitat, feeding type, carbon discrimination factor, nitrogen discrimination factor, lipid 

extraction (Yes (Y) / No (N)), pooling of parasite samples (Yes (Y) / No (N)) and the respective reference 

to the literature (reference list can be find below the table).     
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Marine Cnidarians Anthoptilum 
grandiflorum 

Copepods Lamippe 
bouligandi 

Endo Other -1.8 2.1 N Y 1 

Marine Cnidarians Halipteris 
finmarchica 

Copepods Corallovexiidae Endo Other -2 2.3 N Y 1 

Freshw. Fish Perca 
fluviatilis 

Copepods Neoergasilus 
japonicus 

Ecto Other -0.5 3.7 N N 2 

Freshw. Fish Rutilus  
rutilus 

Copepods Neoergasilus 
japonicus 

Ecto Other 0.1 6.4 N N 2 

Marine Polychaeta Escarpia 
laminata 

Polychaetes Protomystides 
sp. 

Endo Other 1.08 2.62 N N 3 

Freshw. Fish Esox 
 lucius 

Cestodes Triaenophorus 
nodulosus 

Endo Other 2.25 -0.32 Y N 4 

Freshw. Fish Perca 
fluviatilis 

Cestodes Triaenophorus 
nodulosus 

Endo Other -2.17 -0.79 Y Y 4 

Terres. Mammals Oryctolagus 
cuniculus 

Fleas Spilopsyllus 
cuniculi 

Ecto Blood -1.02 4.59 N N 5 

Terres. Mammals Oryctolagus 
cuniculus 

Cestodes Cittataenia 
enticulata 

Endo Other -1.32 -2.2 N N 5 

Terres. Mammals Oryctolagus 
cuniculus 

Cestodes Mosgovoyia 
pectinata 

Endo Other -3.66 -3.26 N N 5 

Terres. Mammals Oryctolagus 
cuniculus 

Nematodes  Graphidium 
strigosum 

Endo Other 1.72 4.44 N N 5 

Marine Fish Salmo  
salar 

Copepods Lepeophtheirus 
salmonis 

Ecto Blood 1.78 1.62 N N 6 

Terres. Mammals Desmodus 
rotundus 

Diptera Trichobius 
parasiticus 

Ecto Blood -3.89 0.93 Y Y 7 

Terres. Mammals Otaria 
flavescens 

Vampire 
bats  

Desmodus 
rotundus 

Ecto Blood 3.4 3.07 Y N 7 

Terres. Insecta Pericoptus 
truncatus 

Mites Mumulaelaps 
ammochostos 

Ecto Other -0.7 7.6 N Y 8 

Marine Fish Oncorhynchus 
gorbuscha 

Copepods Lepeophtheirus 
salmonis 

Ecto Blood 0.59 2.82 N N 9 

Marine Fish Haemulon 
flavolineatum 

Isopods Gnathia  
marleyi 

Ecto Blood -0.1 -0.4 N N 10 

Marine Fish Haemulon 
flavolineatum 

Isopods Anilocra 
haemuli 

Ecto Blood 0 1.7 N N 10 

Marine Fish Holocentrus 
adscenscionis 

Isopods Anilocra 
holocentri 

Ecto Blood 0.4 -0.4 N N 10 

Marine Fish Stegastes 
diencaeus 

Isopods Gnathia  
marleyi 

Ecto Blood 0.1 0.2 N N 10 

Freshw. Fish Phoxinus 
phoxinus 

Bivalves Unio  
crassus 

Gills Other -0.04 0.8 Y N 11 

Freshw. Fish Salmo  
trutta 

Bivalves Margaritifera 
margaritifera 

Gills Other 1.09 -1.04 Y N 11 

Marine Fish Platichthys 
flesus 

Copepods Lepeophtheirus 
pectoralis  

Ecto Blood 0.11 -0.22 N N 12 

Freshw. Fish Rutilus  
rutilus 

Cestodes Ligula 
intestinalis  

Endo Other -0.43 -1.42 N N 12 

Marine Fish Clupea 
harengus 

Nematodes  NA Endo Other -0.34 -1.75 N N 12 

Marine Fish Eutrigla 
gurnardus 

Nematodes  NA Endo Other -3.02 -1.79 N N 12 

Marine Fish Eutrigla 
gurnardus 

Nematodes  NA Endo Other -0.89 -2.44 N N 12 

Marine Fish Eutrigla 
gurnardus 

Nematodes  NA Endo Other -1.9 -1.44 N N 12 

Marine Fish Gadus 
morhua 

Nematodes  NA Endo Other -0.39 -1.6 N N 12 
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Marine Fish Gadus 
morhua 

Nematodes  NA Endo Other 2.77 0.94 N N 12 

Marine Fish Helicolenus 
dactylopte-
rus 

Nematodes  NA Endo Other 0.61 -3.27 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -2.91 -6.34 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -2.14 -4.25 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -1.65 -6.73 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -1.12 -5.92 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -2.02 -5.24 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -1.35 -4.64 N N 12 

Marine Fish Merlangius 
merlangus 

Nematodes  NA Endo Other -1.55 -3.47 N N 12 

Marine Fish Platichthys 
flesus 

Nematodes  NA Endo Other -1.19 -1.67 N N 12 

Marine Fish Platichthys 
flesus 

Nematodes  NA Endo Other -0.85 -1.1 N N 12 

Marine Fish Sprattus 
sprattus 

Nematodes  NA Endo Other -1.69 -2.06 N N 12 

Marine Fish Gadus 
morhua 

Copepods Lernaeocera 
branchialis  

Gills Blood -2.39 -0.82 N N 12 

Marine Fish Melanogram-
mus 
aeglefinus 

Copepods Lernaeocera 
branchialis  

Gills Blood -0.62 1.1 N N 12 

Marine Fish Merlangius 
merlangus 

Copepods Lernaeocera 
branchialis  

Gills Blood -1.55 -2.61 N N 12 

Marine Fish Merlangius 
merlangus 

Copepods NA Gills Blood -1.97 -5.82 N N 12 

Marine Fish Merlangius 
merlangus 

Copepods Clavella adunca  Gills Other -4.06 -4.23 N N 12 

Freshw. Insecta Pteronarcys 
biloba 

Diptera Nanocladius sp. Ecto Other 0.7 3.6 N Y 13 

Marine Mollusca Cerastoderma 
edule 

Trematodes  Labratrema 
minimus 

Endo Other -0.3 0.6 N N 14 

Marine Mollusca Cerastoderma 
edule 

Trematodes  Monorchis 
parvus 

Endo Other -0.6 0.3 N N 14 

Freshw. Fish Gasterosteusa
culeatus 

Cestodes Schistocephalus 
solidus 

Endo Other -0.4 -2.2 N N 15 

Freshw. Fish Pungitius 
pungitius 

Cestodes Schistocephalus 
pungitii 

Endo Other 0.3 -2 N N 15 

Marine Cnidarians Aurelia  
aurita 

Amphipods Hyperia  
galba 

Endo Other -0.5 1.6 N N 16 

Marine Cnidarians Cyanea 
capillata 

Amphipods Hyperia  
galba 

Endo Other 1 -1 N N 16 

Marine Cnidarians Cyanea 
lamarckii 

Amphipods Hyperia  
galba 

Endo Other 0.2 0.8 N N 16 

Freshw. Fish Micropterus 
salmoides 

Bivalves Lampsilis 
cardium 

Gills Other 0.49 1.76 N N 17 

Marine Birds Calonectris 
borealis 

Fleas Xenopsylla 
gratiosa 

Ecto Blood 0.78 2.77 N Y 18 

Marine Birds Calonectris 
diomedea 

Fleas Xenopsylla 
gratiosa 

Ecto Blood 1.26 2.87 N Y 18 

Marine Birds Calonectris 
borealis 

Lice Halipeurus 
abnormis 

Ecto Other -0.53 3.27 N Y 18 

Marine Birds Calonectris 
borealis 

Lice Austromenopon 
echinatum 

Ecto Other -0.52 2.27 N Y 18 

Marine Birds Calonectris 
borealis 

Lice Saemundssonia 
peusi 

Ecto Other 0.07 3.23 N Y 18 

Marine Birds Calonectris 
diomedea 

Lice Halipeurus 
abnormis 

Ecto Other 0.67 4 N Y 18 

Marine Birds Calonectris 
diomedea 

Lice Austromenopon 
echinatum 

Ecto Other 0.65 3.62 N Y 18 
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Marine Birds Calonectris 
diomedea 

Lice Saemundssonia 
peusi 

Ecto Other 1.01 3.6 N Y 18 

Marine Echino- 
Derms 

Oneirophanta 
mutabilis 

Gastropods NA Ecto Other -0.7 -0.17 N Y 19 

Marine Fish Coryphaenoi-
des armatus 

Nematodes  NA Endo Other 3 -1.43 N Y 19 

Marine Fish Coryphaenoi-
des armatus 

Copepods NA Gills Blood -0.06 2.8 N Y 19 

Terres. Insecta Rhopalomyia 
californica 

Parasitoids Platygaster 
californica 

Endo Other 0.4 1.9 N N 20 

Terres. Insecta Rhopalomyia 
californica 

Parasitoids Tetrastichus sp. Endo Other 1.6 0.5 N N 20 

Terres. Insecta Rhopalomyia 
californica 

Parasitoids Torymus 
koebelei 

Endo Other 1.3 2.3 N N 20 

Terres. Insecta Rhopalomyia 
californica 

Parasitoids Torymus 
baccharidis 

Endo Other 1 2.2 N N 20 

Marine Fish Chimaera 
monstrosa 

Cestodes Gyrocotyle urna Endo Other -1.32 -3.33 N N 21 

Marine Echino-
derms 

Bohadschia 
argus 

Fish Carapus homei Endo Other -6.1 9 N N 22 

Marine Echino-
derms 

Bohadschia 
argus 

Fish Carapus 
boraborensis 

Endo Other -4.7 7.5 N N 22 

Marine Echino-
derms 

Bohadschia 
argus 

Fish Encheliophis 
gracilis 

Endo Other 3 2.5 N N 22 

Marine Echino-
derms 

Culcita 
Nvaeguineae 

Fish Carapus 
mourlani 

Endo Other -8.2 7 N N 22 

Terres. Insecta Syrphus 
vitripennis 

Parasitoids Diplazon 
laetorius 

Endo Other -0.3 2.89 Y N 23 

Marine Fish Salmo  
salar 

Cestodes Eubothrium 
crassum 

Endo Other 1.61 -2.45 N N 24 

Marine Fish Boops  
boops 

Isopods Anilocra 
physodes 

Ecto Blood -0.1 -0.3 N Y 25 

Freshw. Fish Gasterosteus 
aculeatus 

Cestodes Schistocephalus 
solidus 

Endo Other -0.14 -2.32 N Y 25 

Marine Fish Merlangius 
merlangus 

Nematodes  Hysterothylaciu
m aduncum 

Endo Other 1.95 -1.39 N Y 25 

Marine Fish Platichthys 
flesus 

Copepods Lernaeocera 
branchialis 

Gills Blood -1.63 -0.81 N Y 25 

Freshw. Fish Gasterosteus 
aculeatus 

Cestodes Schistocephalus 
solidus 

Endo Other 0.13 -1.35 N Y 26 

Marine Fish Gadus  
ogac 

Cestodes Pyramicocepha-
lus phocarum 

Endo Other 0.52 -4.28 N Y 26 

Marine Fish Salvelinus 
fontinalis 

Cestodes Eubothrium 
salvelini 

Endo Other 0.01 -2.1 N Y 26 

Marine Cnidarians Chrysaora 
plocamia 

Amphipods Hyperia 
curticephala 

Endo Other -0.9 1.6 N N 27 

Freshw. Crustacea Artemia 
parthengene-
tica 

Cestodes Flamingolepis 
liguloides 

Endo Other 2.82 0.24 N Y 28 

Terres. Mammals Meriones 
unguiculatus 

Ticks Ixodes ricinus Ecto Blood 0.24 3.94 N Y 29 

Terres. Mammals Cynomys 
ludovicianus 

Fleas Oropsylla 
hirsuta 

Ecto Blood -1.74 1.91 N Y 30 

Terres. Mammals Onychomys 
leucogaster 

Fleas Oropsylla 
hirsuta 

Ecto Blood -0.89 -1.01 N Y 30 

Terres. Mammals Onychomys 
leucogaster 

Fleas Pleochaetis exilis Ecto Blood -1.18 2.89 N Y 30 

Marine Cnidarians Phacellopho-
ra 
camtschatica 

Amphipods Hyperia 
medusarum 

Endo Other 6.49 -2.39 N Y 31 

Terres. Mammals Carollia 
perspicillata 

Diptera Trichobius spp. Ecto Blood 0.19 3.8 N Y 32 

Terres. Mammals Desmodus 
rotundus 

Diptera Trichobius 
parasiticus 

Ecto Blood -2.1 2.6 N Y 32 

Terres. Mammals Desmodus 
rotundus 

Diptera Strebla 
wiedemanni 

Ecto Blood -1.2 2.2 N Y 32 

Freshw. Fish Carassius 
auratus 

Isopods lchthyoxenus 
japonensis 

Endo Other -0.5 -0.6 N N 33 



Discrimination factors in parasitic trophic interactions 

194 

H
o

st
 

h
a

b
it

a
t 

H
o

st
 

ta
x

a
 

H
o

st
 

sp
e

ci
e

s 

P
a

ra
si

te
 

ta
x

a
 

P
a

ra
si

te
 

sp
e

ci
e

s 

P
a

ra
si

te
 

h
a

b
it

a
t 

F
e

e
d

in
g

 
ty

p
e

 

Δ
1

3
C

 

Δ
1

5
N

 

L
ip

id
 

P
o

o
li

n
g

 

R
e

f.
 

Terres. Insecta Neuroterus 
sp. 

Parasitoids Omyrus sp. Endo Other -0.24 2.07 N Y 34 

Freshw. Gastropod Lymnaea 
stagnalis 

Trematodes  Cotylurus 
cornutus 

Endo Other 0.3 3.8 N N 35 

Freshw. Gastropod Lymnaea 
stagnalis 

Trematodes  EchiNparyphium 
recurvatum 

Endo Other 0.8 2.1 N N 35 

Freshw. Gastropod Lymnaea 
stagnalis 

Trematodes  Plagirochis 
mutationis 

Endo Other -0.6 -0.6 N N 35 

Freshw. Gastropod Lymnaea 
stagnalis 

Trematodes  Diplostomum 
chromathophor
um 

Endo Other -0.6 1.2 N N 35 

Freshw. Gastropod Lymnaea 
tumida 

Trematodes  EchiNparyphium 
recurvatum 

Endo Other -0.6 0.5 N N 35 

 
References: 1) Baillon et al. (2014), 2) Baud et al. (2004), 3) Becker et al. (2013), 4) Behrmann-Godel and Yohannes 

(2015), 5) Boag et al. (1998), 6) Butterworth et al. (2004), 7) Catenazzi and Donnelly (2008), 8) Clarke and Hawke 

(2012), 9) Dean et al. (2011), 10) Demopoulos and Sikkel (2015), 11) Denic et al. (2015), 12) Deudero (2002), 13) 

Doucett et al. (1999), 14) Dubois et al. (2009), 15) Eloranta et al. (2015), 16) Fleming et al. (2014), 17) Fritts et al. 

(2013), 18) Gomez-Diaz, Gonzalez-Solis (2010), 19) Iken et al. (2001), 20) Langellotto (2006), 21) Navarro et al. (2014), 

22) Parmentier and Das (2004), 23) Perkins et al. (2014), 24) Persson et al. (2007), 25) Pinnegar and Polunin (1999), 

26) Power and Klein (2004), 27) Riascos et al. (2015), 28) Sánchez et al. (2013), 29) Schmidt et al. (2011), 30) Stapp 

and Salkeld (2009), 31) Towanda and Thuesen (2006), 32) Voigt and Kelm (2006a, b), 33) Xu et al. (2007), 34) Yarnes 

et al. (2005), 35) Yurlova et al. (2014). 
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Table S9.2 Estimated effects of the various predictors tested on carbon discrimination factors (Δ13C) 

between parasites and their hosts. Given are the posterior mean, 95% credibility intervals, effective sample 

sizes and significance levels of the MCMC mixed model analysis. 

Predictors Parameter Posterior 
mean 

 95% CI Effect. 
sample 
size 

MCMC p 

Mean Intercept -0.214 -1.197 to 0.851 2143 0.602 
Host isotope value Intercept -0.244 -1.118 to 0.508 2000 0.431 
 Scale -0.573 -0.977 to -0.103  2000 0.008 
Host sample size Intercept -0.222 -1.153 to 0.778 2000 0.558 
 Scale 0.137 -0.334 to 0.589 2000 0.552 
Parasite sample size Intercept -0.210 -1.125 to 0.680 1870 0.562 
 Scale 0.130 -0.319 to 0.529 2000 0.542 
Host taxa Arthropods 0.673 -1.178 to 2.371 2000 0.379 
 Birds 0.441 -1.638 to 2.520 2000 0.650 
 Cnidarians 0.390 -1.387 to 2.353 2193 0.644 
 Echinoderms -3.360 -5.512 to -1.209 2000 0.009 
 Fish -0.197 -1.598 to 0.975 2000 0.687 
 Lochotrophozora -0.085 -2.088 to 1.616 2000 0.912 
 Mammals -0.827 -2.328 to 0.899 2360 0.238 
Habitat Fresh water 0.179 -1.209 to 1.513 2000 0.758 
 Marine -0.255 -1.293 to 1.101 2000 0.593 
 Terrestrial -0.480 -2.036 to 0.847 1690 0.490 
Parasite taxa Arthropods -0.253 -1.251 to 0.567 2000 0.513 
 Helminths 0.000 -0.960 to 1.141 2000 0.975 
 Lochotrophozora 0.386 -1.377 to 2.219 2000 0.673 
 Vertebrates -1.792 -4.204 to 0.771 2000 0.155 
Parasite taxa – Arthropods Arachnids -0.243 -2.988 to 2.890 2000 0.875 
 Copepods -0.756 -2.482 to 0.960 2000 0.334 
 Diptera -1.151 -3.711 to 1.319 2000 0.327 
 Fleas -0.351 -2.714 to 2.087 2000 0.742 
 Hymenoptera 0.105 -2.535 to 2.642 1883 0.901 
 Hyperiids 1.879 -0.530 to 4.422 2000 0.128 
 Isopods 0.336 -1.756 to 2.569 2000 0.741 
 Lice -1.004 -3.583 to 1.282 2000 0.394 
Parasite taxa - Helminths Cestodes -0.018 -1.471 to 1.395 2000 0.945 
 Nematodes 1.037 -0.969 to 3.415 2000 0.389 
 Trematodes -0.542 -3.421 to 1.811 2000 0.672 
Parasite habitat Ectoparasitic 0.020 -1.296 to 1.404 2000 0.977 
 Endoparasitic -0.230 -1.415 to 0.906 2000 0.687 
 Gills -0.974 -2.625 to 0.541 2000 0.209 
Parasite food source Blood -0.263 -1.485 to 0.943 2000 0.621 
 Other -0.175 -1.237 to 0.946 2000 0.677 
Parasite food source (pairwise) Intercept (Blood) -0.276 -1.440 to 1.086 2000 0.632 
 Other 0.081 -0.816 to 0.993 2000 0.859 
Lipid extraction No -0.220 -1.132 to 0.847 1830 0.586 
 Yes -0.002 -1.707 to 1.834 2000 1.000 
Lipid extraction (pairwise) Intercept (No) -0.193 -1.310 to 0.725 2288 0.626 
 Yes 0.171 -1.245 to 1.964 2000 0.814 
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Table S9.3 Estimated effects of the various predictors tested on nitrogen discrimination factors (Δ15N) 

between parasites and their hosts. Given are the posterior mean, 95% credibility intervals, effective sample 

sizes and significance levels of the MCMC mixed model analyses. 

 
 

Predictor Parameter Posterior 
mean 

 95% CI Effective 
sample 
size 

MCMC p 

(Null model) Intercept 1.179 -0.213 to 2.438 2000 0.075 
Host isotope value Intercept 0.969 0.064 to 2.013 2000 0.045 
 Scale -1.188 -1.814 to -0.557 2000 < 0.001 
Host sample size Intercept 1.189 -0.170 to 2.772 2251 0.084 
 Scale -0.347 -1.097 to 0.260 2000 0.301 
Parasite sample size Intercept 1.222 -0.020 to 2.791 2000 0.064 
 Scale 0.112 -0.440 to 0.673 2000 0.688 
Host taxa Arthropods 2.867 0.502 to 5.457 2000 0.029 
 Birds 3.210 -0.604 to 6.979 2000 0.090 
 Cnidarians 0.646 -2.119 to 3.427 2000 0.603 
 Echinoderms 3.705 0.284 to 7.221 1526 0.040 
 Fish -0.325 -1.193 to 1.532 2000 0.663 
 Lochotrophozora 1.399 -1.342 to 4.326 2000 0.320 
 Mammals 2.032 -0.490 to 4.463 2000 0.090 
Habitat Fresh water 0.821 -0.794 to 2.479 2000 0.314 
 Marine 0.689 -0.535 to 2.126 2000 0.272 
 Terrestrial 2.569 0.530 to 4.646 2000 0.018 
Parasite taxa Arthropods 1.174 0.216 to 3.317 2000 0.038 
 Helminths -0.879 -2.572 to 0.692 2000 0.269 
 Lochotrophozora 0.684 -1.610 to 3.137 2000 0.555 
 Vertebrates 5.278 2.573 to 8.295 2000 0.001 
Parasite taxa – Arthropods Arachnids 5.828 2.347 to 9.185 2000 < 0.001 
 Copepods 1.626 -0.463 to 3.857 2000 0.092 
 Diptera 2.895 -0.262 to 5.783 1601 0.059 
 Fleas 2.899 0.034 to 5.854 1847 0.030 
 Hymenoptera 2.0168 -1.082 to 5.206 2000 0.182 
 Hyperiids -0.050 -2.852 to 3.025 2031 0.992 
 Isopods 0.225 -2.290 to 3.045 1865 0.853 
 Lice 3.443 0.345 to 6.567 2000 0.024 
Parasite taxa - Helminths Cestodes -2.107 -4.008 to 0.080 2000 0.049 
 Nematodes 0.784 -3.422 to 2.120 2000 0.525 
 Trematodes 0.547 -2.686 to 3.760 2000 0.635 
Parasite habitat Ectoparasitic 3.014 1.307 to 4.928 2000 < 0.001 
 Endoparasitic 0.314 -1.307 to 1.948 2000 0.658 
 Gills 1.706 -0.184 to 3.888 2000 0.087 
Parasite food source Blood 2.356 0.625 to 4.238 2000 0.010 
 Other 0.916 -0.672 to 2.513 2000 0.211 
Parasite food source (pairwise) Intercept (Blood) 2.366 0.653 to 4.385 2000  0.012 
 Other -1.448 -2.551 to -0.218 2000 0.013 
Lipid extraction No 1.206  -0.137 to 2.639 2000 0.081 
 Yes 0.931 -1.875 to 3.456 2296 0.504 
Lipid extraction (pairwise) Intercept (No) 1.239 -0.126 to -2.688 2000 0.075 
 Yes -0.274 -2.943 to 2.404 2000 0.846 


