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Abstract. The fossil record of parasitic helminths is often stated to be severely limited. Many studies 

have therefore used host constraints to constrain molecular divergence time estimates of helminths. 

Here we review direct fossil evidence for several of these parasitic lineages belong to various phyla 

(Acanthocephala, Annelida, Arthropoda, Nematoda, Nematomorpha, Pentastomida, 

Platyhelminthes). Our compilation shows that the fossil record of soft-bodied helminths is patchy, but 

more diverse than commonly assumed.  The fossil record provides evidence that ectoparasitic 

helminths (e.g., worm-like pentastomid arthropods) have been around since the early Paleozoic, while 

endoparasitic helminths (cestodes) arose at least during, or possibly even before the late Paleozoic. 

Nematode lineages parasitizing terrestrial plant and animal hosts have been in existence at least since 

the Devonian and Triassic, respectively. All major phyla (Acanthocephala, Annelida, Platyhelminthes. 

Nematoda, Nematomorpha) had evolved endoparasitic lineages at least since the Mesozoic. 

Interestingly, although parasitism is considered derived within Metazoa, the oldest evidence for 

Nematoda and Platyhelminthes includes body fossils of parasitic representatives. Furthermore, the 

oldest fossil evidence of these parasitic lineages often falls within molecular divergence time estimates 

based on host co-evolution suggesting the fossil record of helminths themselves might be just as good 

or at least complementary (and less circular in justification) to calibration based on host associations. 

Data also provide evidence for obvious host switches or extinctions, which cautions against models of 

pure co-divergence where use of host calibrations to constrain divergence time estimates may be 

considered. 
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1 Introduction 

 

Helminths are multicellular parasitic worms varied in size (Caira and Littlewood 2013) from 

the microscopic (200µm) to the enormously long (80 m). This polyphyletic grouping includes 

parasitic flatworms (flukes, tapeworms), nematodes and acanthocephalans (Rohde 2005). 

They can cause diseases in humans, livestock and wildlife (e.g., helminthiases). Some authors 

also include tongue worms (pentastomids: e.g., McAllister et al. 2010) or even parasitic 

annelids (e.g., Öktener 2005) when describing or listing helminths from particular regions. 

Although an artificial grouping, which contains a number of phylogenetically distantly related 

clades, the term ‘helminths’ is still used to describe a group of parasitic organisms sharing a 

similar form and lifestyle.  

Despite their biomedical and economic importance, the deep time evolutionary history of 

parasitic worms remains poorly understood, which has been largely attributed to their 

meagre, or rather poorly explored, fossil record (Littlewood and Donovan 2003). As many 

helminths use vertebrate animal hosts or other hosts with a demonstrably better fossil 

record, it is helminth hosts that have been used to constrain helminth origins (by phylum) 

where a certain degree of host specificity might be assumed. With such approaches, some 

groups of nematodes and parasitic flatworms have been suggested as existing during the 

Cambrian – Ordovician (Littlewood 2006; Poinar 2011, 2015). In other cases, particularly 

where host-specificity is common, current biogeographic distribution patterns of host-

parasite associations have been used to infer the temporal origin of the interaction (Borda et 

al. 2008; Verneau et al. 2009; Badets et al. 2011; Cuthill et al. 2016). Some of the most 

commonly used examples for host or biogeographic constraints include those made for the 

monogenean group Polystomatidae (Verneau et al. 2002, 2009; Badets et al. 2011; Héritier et 

al. 2015; Tinsley and Tinsley 2016). However, both approaches might involve circular 

reasoning (Kodandaramaiah 2011; De Baets et al. 2015, 2016; Warnock and Engelstädter 

2020). Fossil associations are among the only direct sources of evidence for the existence of 

particular lineages in the geological past (De Baets & Littlewood, 2015). In addition, the fossil 

record can provide additional information on morphology, host association and/or life 

history.  

 

The oldest known unambiguous fossil helminths are isolated remains of pentastomids which 

are known from the Cambrian-Ordovician (Klompmaker and Boxshall 2015). Older finds have 

been reported (Cong et al. 2017) although their phylogenetic assignment is poorly resolved 

and they are interpreted to be likely ectosymbiotic rather than ectoparasitic. There is also 

fossil evidence that nematodes already parasitized early land plants in the Early Devonian 

(Poinar et al. 2008) and monogeneans parasitized early gnathostomes in the Middle Devonian 

(Upeniece 2001, 2011). The first confidently identified evidence for intestinal helminths 

derives from the Permian (Dentzien-Dias et al. 2013) – although older Carboniferous finds 



have been reported (Zangerl and Case 1976). These finds suggest that the fossil record of 

helminths is more ancient than commonly perceived.  

Here we review the fossil record of helminths with the aim of providing suitable minimum 

and maximum constraints for dating their origins and key host transitions during their 

evolution. The fossil record of particular group of helminths is reviewed at greater length in 

other publications (Poinar 2011, 2015; Maas 2013; Parry et al. 2014, 2019b; De Baets et al. 

2015; Huntley and De Baets 2015; Herlyn 2020). We focus particularly on similarities and 

differences in the fossil record of helminths and in a phylogenetic context. For this purpose, 

we first briefly review the progress made in disentangling their phylogenetic position within 

the Metazoa since a major review on the topic (Zrzavý 2001). 

 

2 Phylogenetic affinities and distribution of parasitic “helminths” 

 

Since the early 1990s, the rapid accumulation of molecular sequence data has revolutionized 

our understanding of animal phylogeny and evolutionary history (Edgecombe et al. 2011). 

Bilaterian animals are now usually subdivided into three principal clades (Laumer et al. 2019): 

Deuterostomia, Ecdysozoa and Spiralia (including Lophotrochozoa), with the latter two 

groups forming the Protostomia. Protostomia contains the most animal phyla and body plans 

and likewise contains the highest diversity of groups that have evolved a parasitic lifestyle 

(Weinstein and Kuris 2016). A possible exception are Myxozoa – some of which are worm-like 

– now considered to be derived cnidarians (Okamura et al. 2015; see Okamura and Gruhl 

2020).  Various helminths are so divergent from their close relatives that they have previously 

been considered separate phyla. Examples include Acanthocephala and Pentastomida, which 

are now recognized as highly modified members of Rotifera in Syndermata (Struck et al. 2014; 

Sielaff et al. 2016; Herlyn 2020) and Crustacea in Euarthropoda (Sanders and Lee 2010; Oakley 

et al. 2012), respectively. In general, parasitic lineages have elevated rates of molecular 

sequence evolution, which often makes them hard to place robustly in phylogenies, where 

they often form long branches. Myzostomida are a key example, having been placed as close 

relatives of flatworms (Eeckhaut et al. 2000), rotifers (Zrzavý et al. 2001) and annelids 

(Bleidorn et al. 2009) based on different molecular datasets. More recent phylogenomic 

analyses (Weigert et al. 2014) have confirmed that myzostomids are modified annelids, but 

their precise phylogenetic position within the phylum remains uncertain.  

Nematoda are closely related (sister) to Nematomorpha and are grouped together in the 

clade Nematoida. All recent phylogenetic studies, using sequence data from a variety of genes 

and species, place Nematoida and other Cycloneuralia (Scalidophora) together with 

Panarthropoda (Onychophora, Tardigrada and Arthropoda) in a clade named Ecdysozoa 

(characterized by a growth strategy involving periodic moulting of an external cuticle). 

Acoelomorpha are long since removed from the phylum Platyhelminthes which now consists 

of the paraphyletic “Turbellaria” and the parasitic Neodermata (Egger et al. 2015). The 

relative position of Platyhelminthes and Rotifera within the Metazoa is less well resolved 



(Laumer et al. 2019), but they are usually assigned to Spiralia (Struck et al. 2014; Laumer et 

al. 2015; Marlétaz et al. 2019). The Spiralia also contain Lophotrochozoa including phyla as 

diverse as Cycliophora, Entoprocta, Mollusca, Nemertea, Annelida, Brachiopoda, Phoronida 

and Bryozoa. Most recent studies recover the mostly macrofaunal clade Lophotrochozoa as a 

sistergroup to a platyhelminth – gastrorich clade (Rouphozoa sensu Struck et al. 2014), both 

of which are sister to a clade populated by Gnathifera (Ghathostomulida, Micrognathozoa, 

Syndermata). The assignment of Chaetognatha as sistergroup to, or in a nested position 

within Gnathifera, is still debated (Laumer et al. 2019; Marlétaz et al. 2019). 

 

Even within these phyla, parasitism may have evolved multiple times independently. 

Weinstein and Kuris (2016) reviewed incidences of parasitism in light of modern 

phylogenetics and suggested that parasitism might have evolved as many as 143 times in 

Arthropoda, 18 times in Nematoda, 13 times in Platyhelminthes, nine times in Annelida, seven 

times in Rotifera (= Syndermata), six times within Acoelomorpha, but only once in the 

Nematomorpha. These analyses, clearly suggest that parasitic helminths have evolved 

convergently. This might not only have resulted in similarities in morphology and ecology, but 

also in their preservation potential, which is largely restricted to sites of exceptional 

preservation (Konservation-Lagerstätten sensu Seilacher 1970; see De Baets et al. 2020 for a 

review).   

 

3 Preservation potential 

 

The fossil record of various groups of helminths, or the phyla they belong to, was recently 

reviewed by various authors (Poinar 2011, 2014, 2015; Maas 2013; Parry et al. 2014, 2019; 

De Baets et al. 2015; Klompmaker and Boxshall 2015; Herlyn 2020). To avoid repetition, we 

therefore focus here on the bearing of these fossils and alternatives for constraining date 

estimates of the origins and diversification of parasitic helminths.  

As many helminths are small and soft-bodied their fossil record is quite patchy and largely 

restricted to rare finds in conservation traps (e.g., amber) or other sites of exceptional 

preservation (Littlewood and Donovan 2003; De Baets et al. 2020). Ectoparasitic forms often 

use attachment organs (suckers, hooks) and during fossilization might be transported away 

from their host making it hard to recognize their mode of life or association. Endoparasitic 

forms might not be discovered at all as they reside within their hosts; few have structures 

that are not likely decomposed along with the soft-tissues of their hosts. When body fossil 

evidence is found the often few remaining characters can make it difficult to assign them to 

particular lineages (Schram 1973; Muir et al. 2014). Additionally, due to convergent losses 

and gains of traits in the diversification of helminths, they can look quite different from their 

free-living ancestors and/or very similar to other extant clades of helminths (De Baets and 

Littlewood, 2015). 

 



 
 

Figure 1. Life-cycle of the trematode Ribeiroia ondatrae marking stages which could be preferentially 

preserved in the fossil record (malformations in metamorphosed frog, eggs in coprolites).  

 

Soft-body imprints or remains have become particularly known from nematodes, likely 

related to their resilient external cuticle – characteristic amongst both free-living and parasitic 

forms. Sclerotized or otherwise more resistant structures such as attachment organs, cocoons 

and eggs (Fig. 1) are considered to have a better preservation potential than body fossils 

(Littlewood and Donovan 2003). In particular, eggs of particular groups seem to have a high 

preservation potential – surviving various acid and base treatments (Dufour and Le Bailly 

2013; Camacho et al. 2018). In the last decades new and impressive findings of parasite eggs 

have been particularly found with different techniques in subfossil (dessicated) to fossil 

(permineralized) coprolites. Coprolites are known to be a Konservat-Lagerstätte (Seilacher et 

al. 2001; Qvarnström et al. 2016), the bacteria content on feces induce early mineralization 

that allow the preservation of soft tissues in exquisite detail (e.g. muscles, parasite eggs, hair 

and feathers; Hollocher and Hollocher 2012; Chin in press). As most fossil coprolites are 

permineralized – they are commonly treated with HCl. Using such approaches nematode eggs 

have been recovered from material back to the Triassic (Da Silva et al. 2014; Hugot et al. 2014) 

with evidence of acanthocephalans and trematodes from the Cretaceous (Cardia et al. 2019a; 

Poinar and Boucot 2006). However, using such an approach might destroy particular remains. 

Additional, and including older, fossils have been discovered in coprolites using microscopic 



(Zangerl and Case 1976) or thin section approaches (Dentzien-Dias et al. 2013, 2018; 

Francischini et al. 2018; see Fig. 2) – a common approach to study fossil coprolites (Chin 2002). 

The assignment of coprolites to their hosts is less straightforward than commonly assumed. 

It is often done based on composition, fossil content (providing clues to environment or diet), 

morphology and size. However, these methods are not flawless and identification is best 

achieved when they are still associated with their owner. Even if the coprolite producer can 

be identified, there is still a need to establish that putative parasitic remains are not simply 

present in the coprolite because the microorganism (or its host for that matter) is 

microbophagous (Poinar 2015) or coprophagous (Bajdek et al. 2016).  

 
 

Figure 2.  Parasites eggs found inside coprolite thin sections. A and B - Tapeworm eggs from a Permian 

shark coprolite (Dentzien-Dias et al. 2013); C - pinworm Paleoxyuris cockburni egg from a Triassic 

coprolite (Francischini et al. 2018); D - nematode egg with 65 μm long and 50 μm wide from a Miocene 

crocodile coprolite (Dentzien-Dias et al. 2018). Scale bars A: 75 μm, B-C:100 μm, D: 50 μm  



Sclerotized hooks from helminth attachment organs have also been identified from fossil 

remains (Upeniece 2001; De Baets et al. 2015). The best evidence for this is a collection of 69 

circlets of microscopic hooks – mostly still attached to their acanthodian and placoderm fish 

hosts in the Devonian Lode Formation (Upeniece 2001). Similar remains from 

acanthocephalan or cestode hooks have yet to be found, although the presence of their 

attachment organs have been interpreted to be present in remains of developing larvae 

within putative parasite eggs (Dentzien-Dias et al. 2013; Cardia et al., 2019a).  

 

Other types of evidence involve characteristic trace fossils and pathologies left in their hosts 

(Huntley et al. 2020), although they are hard to tie to particular parasite taxa with much 

phylogenetic precision. In some cases, various phylogenetically distantly related modern or 

now extinct groups with similar behavior could have led to similar structures. More 

confidence is gained when characteristic parasitic remains or at least signs of in-situ 

infestation are associated with these structures. Such evidence is however comparatively rare 

and in some cases, the host structure might be unsuitable for preservation (e.g., early decay 

of isopod parasite within decapod pathologies: Klompmaker et al. 2017).  

 

4 Time constraints on the origin of eumetazoan helminths 

 

The fossil record can only provide meaningful hard minimum time constraints on the timing 

of divergences of a clade. Various authors have used records of near-relatives to place soft 

maxima on the existence of a certain clade at a certain time. This is typically based “on the 

understanding that they could have been there but are not based on the existence of facies 

preserving their near relatives, among which are at least some ecological analogues” (Benton 

et al., 2015). In the case of Eumetazoa a meaningful maximum constraint would be the 

maximum age of the Lantian biota (Benton et al., 2015). This together with Doushantuo 

Formation represent the oldest Konservät-Lagerstätten which have yielded putative 

eumetazoans in similar preservations which have yielded eumetazoans in younger 

formations. Consequently, a soft-maximum of 636.1 Ma (Condon et al., 2005) time constraint 

on the origin of free-living eumetazoan clades may be inferred. As parasitism is a derived 

condition within the various eumetazoan lineages discussed herein, so the origins of parasitic 

helminths could only arise after the first appearance of Eumetazoa.   

 

Eumetazoan origins considerably predate putative nematoid remains (Muir et al. 2014), with 

possible traces from the Ediacaran to Ordovician (Balinski et al. 2013) or borings found in 

Cambrian-Ordovician trilobites (Babcock 2007) reminiscent of possible nematode borings in 

foraminifers (Sliter 1971; Hope and Tchesunov 1999).  These traces even predate the 

Ediacaran fossils where Dickinsonia has occasionally been superficially compared with the 

annelid Spinther (Wade 1972; Conway Morris 1981) associated as ectoparasites or 

commensals with modern sponges (Rouse and Pleijel 2003; Rouse 2005). However, 

Dickinsonia shows no annelid characters and is now mostly considered a more early divergent 



metazoan (Sperling and Vinther 2010; Bobrovskiy et al. 2018) if indeed a metazoan at all 

(Brasier and Antcliffe 2008). Considering its comparatively large size it is also difficult to 

consider it parasitic as no larger-sized suitable host has so far been found (De Baets & 

Littlewood 2015).  More importantly, Dickinsonia has been found associated with trace fossils 

attesting to its free-living mode of life (e.g., Sperling and Vinther 2010).   

In the following, we discuss possible time constraints on the origin of particular helminths in 

their phylogenetic and host context (see Fig. 3). We provide details for some possible 

calibrations, largely following the guidelines by Parham et al. (2012). However, most helminth 

fossils have not been included in formal phylogenetic analyses. We therefore list the 

characters which have been used, or could be used, to justify their inclusion within a particular 

clade.  

 
Figure 3. A timeline of clades evolving parasitic worms. The phyla or larger clades to which they 

belong are listed on the right. See Figure 5 for explanations of abbreviations.  

 

 

7.4.1 Fossil record of parasitic annelids 

 

The fossil record of Annelida was recently reviewed by Parry et al. (2014, 2019b). The fossil 

record of free-living annelids can be traced back to the early Cambrian at least (Morris and 

Peel 2008; Han et al. 2019), but are resolved as members of annelid stem lineage. The earliest 

fossil jaw elements or scolecodonts taken to represent crown-group annelids probably are as 

old as the Tremadocian (Hints and Nõlvak 2006), but even older soft-body remains of crown 

group annelids from the early Cambrian were recently described (Chen et al. 2020).  



Node. Total group Annelida 

Fossil taxon. Ipoliknus avitus, Adelochaeta sinensis and at least two unnamed species 

Fossil evidence. 6 carbonaceous compression fossils (Han et al. 2019).  

Phylogenetic assignment. Both Ipoliknus and Adelochaeta possess biramous parapodia with 

capillary chaetae, constraining them to the annelid total group.  Ipoliknus avitus is resolved 

as the deepest lineage in the annelid stem group in analysis only considering extinct taxa (Han 

et al. 2019) as well as a more comprehensive analysis of most annelid lineages and their close 

relatives (Parry et al. 2019a).  

Min age. 515.5 Ma. The fossils are derived from the early Cambrian Chengjiang Biota from 

the Maotianshan Shales of southwest China. The maximum age of the Chengjiang Biota has 

been constrained to 518.03±0.69/0.71 Ma using CA-ID-TIMS U-Pb geochronology, whereas 

the minimum age is constrained by correlation with the Antatlasia gutta-pluviae Zone to an 

age of 517.0±1.5 Ma (Yang et al. 2018). This minimum age is slightly older than minimum age 

based on the Nevadella trilobite zone for the Sirius Passet Lagerstätte (Harper et al. 2019) 

which has previously been considered to yield the oldest annelids (Morris and Peel 2008).  

 

Node. Crown group Annelida 

Fossil taxon. Dannychaeta tucolus Chen et al. 2020 

Fossil evidence. 21 carbonaceous compression fossils 

Phylogenetic assignment. Dannychaeta tucolus shares morphological features with extant 

Magelonidae, including a flattened prostomium, ventrolateral palps that attach near the mouth 

opening and a sessile, tubicolous lifestyle (Chen et al. 2020). Phylogenetic analysis recovers this genus 

as a member of stem group Magelonidae, and it is therefore a member of crown Annelida. 

Min age.  514 Ma. The fossils derive from the Hongjingshao Member of the Canglangpu Formation 

which is Cambrian Stage 3 in age, and younger than the Chengjiang Biota (Zeng et al. 2014; Chen et al. 

2020). 

 

Annelid fossils of a similar age to those found in Chengjiang have been found in the early Cambrian 

Sirius Passet Lagerstätte (Conway Morris and Peel 2008). Two species are currently described from 

this deposit, namely Phragmochaeta canicularis (Conway Morris and Peel 2008) and Pygocirrus 

butyricampum (Vinther et al. 2011). Although annelid fossils are more abundant at this site than 

Chengjiang the age of Sirius Passet is less tightly constrained. This deposit is constrained to the middle 

to late Cambrian Stage 3 based on its correlation with the Nevadella trilobite Zone (Harper et al. 2019). 

According to GTS 2016 (Ogg et al. 2016), this would yield a minimum age of 515 Ma but the site may 

be as old as 518 Ma and so this uncertainty encompasses the age of the Chengjiang Lagerstätten (Yang 

et al. 2018). 



 Previously, the annelid crown node has been calibrated based on the age of the oldest 

scolecodonts (Benton et al. 2015), the jaws of eunicidan polychaetes, which first appear 

unambiguously in the Tremadocian (Hints and Nõlvak 2006). Eunicida is deeply nested within annelids 

however (Weigert et al. 2014; Parry et al. 2019a) and so this calibration was always a conservative 

estimate for the age of the annelid crown group. The above age for the annelid crown node may also 

be slightly too conservative if the identification of sipunculans from the Chengjiang Biota is correct  

(Huang et al. 2004) as Sipuncula is recovered as an ingroup annelid taxon in phylogenomic analyses  

(Weigert et al. 2014). However, no additional sipunculan specimens from the Cambrian have been 

positively identified (nor are unambiguous sipunculans known from younger deposits) and so the 

occurrence of this taxon in the Cambrian requires confirmation. Pygocirrus butyricampum  from Sirius 

Passet could also conceivably be the oldest crown group annelid, but the phylogenetic position of this 

taxon is poorly constrained and it is typically resolved in a polytomy with the annelid crown node  

(Parry et al. 2019a).  

 All of the fossil annelids known from the Cambrian either have morphological features 

indicating an epibenthic lifestyle or live in dwelling tubes and so are demonstrably free living and not 

parasitic. So far, fossil evidence for only four lineages of parasitic annelids has been identified: 

Branchiobdellida, Myzostomida, Oenonidae and Spionidae. Other groups of annelid parasites have no 

known fossil record.  

Two eunicidan polychaete families that share a prionognath type jaw apparatus are parasitic 

(Paxton 2009). The family Oenonidae contains species that spend part of their lifecycle as 

endoparasites of polychaetes, echiurans and bivalves (Hernández-Alcántara and Solís-Weiss 

1998). The majority of oenonids parasitize other polychaetes, although some species are 

thought to be exclusively free-living. This may be a consequence of the parasitic phase of 

these species not having been recognized however, and all oenonids may in fact share a 

parasitic lifestyle (Poulin 2001). The Histriobdellidae share a similar jaw architecture and live 

as commensals on crustaceans, but their close relationship to Oenonidae and other 

prionognath eunicidans is not universally accepted (Paxton 2009); some authors consider 

them as close relatives of the Dorvilleidae (Tzetlin 1980).  Currently there is no phylogenetic 

analysis that integrates the diversity of fossil polychaete jaws with extant taxa, although 

phylogenetic hypotheses of relationships are shown in Paxton (2009) and Parry et al. (2019b). 

The prionognath jaw apparatus first appears in the Middle Ordovician (Hints and 

Eriksson 2007; Paxton 2009), indicating that the oenonid total group had diverged from 

Lumbrineridae, their sister group (Struck et al. 2015).  Jaws that appear more similar to extant 

oenonids occur in the Silurian (Mierzejewski 1984), with species that are Mesozoic (Jurassic, 

upper Oxfordian) being assigned to the extant genus Arabella (Szaniawski and Gazdzicki 

1978), suggesting that the crown group of Oenonidae is at least Oxfordian in age.  

 

Node. Total group Oenonidae  

Fossil evidence. Isolated scolecodont finds 



Phylogenetic justification. No explicit phylogenetic analysis has been undertaken for 

polychaete groups known from isolated scolecodonts. Atraktoprionidae fossils have jaw 

apparatuses that are of the prionognath type, a type of jaw apparatus that is characteristic of 

oenonids (Paxton 2009). 

Host. unknown   

Min age. 458.4 Ma. The earliest finds of these taxa are reported from the Ordovician of Estonia 

and surrounding regions. Several finds derive loose glacial erratic boulders which are hard to 

date as their original provenance and stratigraphic context is not precisely known (Hints 

1998). Some finds like Atraktoprion sp. A might at least range into the local Uhaku stage (Hints 

2000) which would correlate with the top of the Middle Ordovician yielding an age of 458.4 

Ma according to GTS 2016 (Ogg et al. 2016). 

 

Node. Crown group Oenonidae  

Phylogenetic justification. Mesozoic fossils have been assigned to the extant genus Arabella 

based on the morphology of jaw elements and apparatus architecture (Szaniawski and 

Gazdzicki 1978) 

Host. unknown  

Min age. The specimens derive from a borehole and have been attributed to the upper 

Oxfordian (Szaniawski and Gazdzicki 1978). This would correspond with a minimum age of 

157.3 Ma according to GTS 2016 (Ogg et al. 2016). 

 

The body plan of Myzostomida is unique among annelids due to their mode of life, but several 

traits place them in the Annelida, including the presence of parapodia with chaetae 

(Lanterbecq et al. 2008). Recent myzostomids are associated with echinoderm hosts – chiefly 

crinoids and to a lesser degree asteroids and ophiuroids (Summers and Rouse 2014). 

Myzostomid lifestyles range from forms stealing food from their host´s food grooves 

(kleptoparasitic) to consuming host tissue directly (true parasites). Most described species 

live freely on the exterior of their hosts as adults (although starting life on the host within 

cysts), while some taxa permanently reside in galls (hard), cysts (soft), or within their host’s 

mouth, digestive system, coelom, or gonads (Summers and Rouse 2014). Typically, galls are 

expected to have good preservation potential in the fossil record (Welch 1976). A variety of 

galls in fossil echinoderms – particularly in crinoids - have been attributed to myzostomids 

(Cameron 1969; Warn 1974; Radwańska and Radwańska 2005). However, only pathologies 

observed in Carboniferous and Jurassic crinoid arms (Hess, 2010; Welch, 1976) represent galls 

which are similar to those produced by extant myzostomids (Jangoux 1987; but see Eeckhaut 

1998). So far, no identifiable remains of myzostomids have been identified from such galls 



which is not surprising as myzostomes have no hard parts other than five pairs of small 

chitinous hooks (Welch 1976). Other swellings are of uncertain affinity (Ausich and Simms 

1999).  Eeckhaut (1998) described the first galls induced by myzostomids on extant crinoid 

stalks, but these look quite different from previous fossils galls on Paleozoic crinoid stems 

attributed to myzostomids. In some cases, other types of swellings are associated with 

phosphatic tubes or rings attributed to Phosphannulus – an organism of uncertain affinity. 

The composition, microstructure and morphology of these tubes and rings rules out an 

affinity with myzostomids (Welch 1976).  Additionally, myzostomids build true galls (Summers 

and Rouse 2014), penetrating from the outside with the host crinoid reacting with the 

production of a swelling.  Phosphannulus are found attached to the outside of crinoid stems 

and may be subsequently overgrown, a feature not found in association with myzostomids. 

Although their affinities are unclear, some Phosphannulus might have at least been facultative 

parasites as they were seemingly able to tap in the axial canal of the crinoid when attached 

(Welch 1976).   

 

Node. Myzostomida 

Fossil evidence. Figured gall on the arm of crinoid 

Host. unidentified crinoid 

Min age. 303.4 Ma.  The specimen derives from the Seminole Formation of Tulsa County 

(Okhlahoma). It is attributed to the Missourian (Welch 1976) which is correlated with the 

Kasimovian – this upper limit of this stage yields a minimum age of 303.4 Ma according to GTS 

2016 (Ogg et al. 2016).  

Phylogenetic assignment. The galls target the arms and are similar in form and morphology 

to those caused by extant myzostomids.  

 

Spionid annelids have also been implicated in a variety of pathologies (Cameron 1969) and 

are usually treated together with parasites by the damage they cause in shellfish and other 

invertebrates (Martin and Britayev 1998). Spionidae characteristically bore hard substrates, 

including bivalves shells (Martin and Britayev 1998) and are facultative parasites at best 

(Huntley 2007). Mud blisters caused by some taxa (e.g., Polydora) indicate that they can also 

affect living bivalves. The oldest confident occurrences of spionid trace fossils derive from the 

Miocene although candidate trace fossils might be as old as the Silurian (Cameron 1969). 

Cameron (1967) attributed soft-tissues remains found within a burrow within a bivalve to 

Spionidae as far back as the Devonian, although the understanding of the preservation of this 

specimen, and therefore also its phylogenetic affinity, are in need of revision (Blake and Evans 

1972; Parry et al. 2014). The bivalve did not show evidence for an in vivo response.  



 

Node. Spionidae 

Phylogenetic justification. Cameron (1967) interpreted external structures such as a 

prostomium, anterior tentacle-like palps, peristomial cirri, parapodia, and dorsal cirri of the 

parapodia. Its habit together with its residence within a bivalve shell would speak for its 

assignment to the Spionidae. Nevertheless, the worm is not associated with a U-tube or mud 

blister attributed to be characteristic for in situ damage of most of this group (Blake and Evans 

1972; Huntley 2007).  

Host. Bivalve Cornellites flabellum 

Min age. The fossil assemblage derives from a small quarry north of Morrisville where the 

middle part of the Cardiff shale member of the marine Marcellus Formation is exposed 

(Cameron 1967). This member correlates with the upper part of the Marcellus Formation 

(Oatna Creek Member) at other localities which are considered to represent the upper part 

of the hemisiatus conodont zone of the Givetian (Brett et al. 2011). The upper boundary of 

the zone would yield a minimum age of 387.3 Ma according to GTS 2016 (Ogg et al. 2016).   

 

Clitellata can be confidently traced back to the Triassic based on characteristic cocoons 

(Manum et al. 1991, 1994; Bomfleur et al. 2012, 2015; McLoughlin et al. 2016). The most likely 

producers of these cocoons are considered true leeches and branchiobdellids (Manum et al. 

1991; Bomfleur et al. 2015). Clitellate cocoons sometimes function as conservation traps for 

other remains including nematodes or ciliates (Bomfleur et al. 2015). In one case, they contain 

spermatozoa, which suggest branchiobdellids could have produced these coccoons at least 

since the Eocene and that this group had a significantly different geographic range in the past. 

This group is usually considered as ectoparasitic of, or at least ectosymbiotic with, crayfish – 

although they show a variety of relationships ranging from symbiotic, commensal to parasitic 

(Skelton et al. 2013).  More precise evidence is necessary to tie older Triassic cocoons to 

Branchiobdellids as they could also belong to Hirudinae. True leeches might occur in the 

Upper Jurassic (Kozur 1970; Shcherbakov et al. 2020), but this specimen is rather considered 

a carnivorous then a parasitic species.  

 

Node. Total group Hirudinae 

Phylogenetic justification. Characteristic cocoons are only produced by true leeches 

(Euhirudinae) and branchiobdellids. They may also provide the oldest evidence for clitellata 

as a whole (Parry et al. 2014), but a putative oligochaete has recently been described from 

the Lower Triassic (Shcherbakov et al. 2020). 



Min age. 201.4 Ma. The earliest finds are attributed to the Rhaetian (Bomfleur, Mörs, 

Ferraguti, Reguero Marcelo, et al., 2015; Manum et al., 1991), which would yield a minimum 

age for this group of 201.4 Ma according to GTS 2016 (Ogg et al., 2016).  

 

Node. Total group Branchiobdellida 

Host. Unknown, but modern representatives are mostly leech-like ectoparasites of crayfish 

(Govedich et al. 2010). 

Phylogenetic justification. Annelid sperm described from inclusions in cocoons from the 

Eocene of Antarctica possess characteristic elongate acrosomes and helical marginal fibres of 

branchiobdellidan spermatozoans (Bomfleur et al. 2015). 

Min age. 47.8 Ma.  The Cucullaea I Allomember of the La Meseta Formation has been 

considered Ypresian (Montes et al. 2013), early Eocene, based on Strontium isotopes 

stratigraphy (Ivany et al. 2008) as well as mammal biostratigraphy (Reguero et al. 2013). The 

age of the Ypresian-Lutetian boundary tabulated in GTS 2016 (Ogg et al., 2016) can therefore 

be used as a conservative minimum constraint.   

 

 

7.4.2 Fossil record of parasitic pentastomids 

 

Pentastomids, or tongue worms, have traditionally been considered to be a separate phylum, 

but they are now considered crustaceans (Klompmaker and Boxshall 2015) – most likely the 

sister group of Branchiura (Oakley et al., 2012; Regier et al., 2010; Sanders & Lee, 2010; but 

see Haug et al. 2020). So far no crown-group Branchiura have been reported from the fossil 

record. Dzik (2008) assigned the enigmatic Cyclida (Carboniferous – Triassic) to Branchiura, 

but these are free-living (Schram et al. 1997) and their affinities with modern Branchiura is 

unlikely (Haug et al. 2020).  

The fossil record of Pentastomida has been reviewed by various authors (Castellani et al. 

2011; Klompmaker and Boxshall 2015).  Various isolated fossils from the Cambrian-Ordovician 

have been identified as pentastomids (Walossek and Müller 1994; Walossek et al. 1994; 

Waloszek et al. 2005; Castellani et al. 2011), and due to their morphology these early forms 

have been interpreted as being parasitic.  They represent the oldest direct evidence for 

ectoparasitic “worms” in the fossil record.  Their hosts are still debated (De Baets et al. 2015). 

Most authors suspect they were parasitizing early vertebrates (Walossek and Müller 1994; 

Sanders and Lee 2010), but no direct associations are known. Their hosts must have been 

different from current hosts as present day lineages were not around at the time of the early 

fossil pentastomids (De Baets et al. 2015). A recent discovery interpreted as a pentastomid 

(but see Haug et al. 2020) makes interpretations of early life histories even more problematic 



as these fossils are interpreted as larval and attached to ostracods - a host relationship so far 

not observed in present day associations (Siveter et al. 2015).  

Node. Total Group Ichthyostraca 

 

Fossil Taxon. Boeckelericambria pelturae Walossek and Müller 1994 

 

Fossil evidence. Isolated phosphatic remains of larvae in calcareous nodules 

 

Phylogenetic justification. The diagnostic synapomorphy of a head of Boeckelericambria 

pelturae with two pairs of grasping hooks (Walossek and Müller 1994) as well as a cladistic 

analysis (Almeida and Christoffersen 1999) place this species as a stem-group pentastomid. If 

we accept pentastomida to be the sister group of Branchiura, B. penturae must therefore also 

constrain the first appearance of Ichthyostraca (Wolfe et al. 2016; but see Haug et al. 2020).   

 

Host. Unknown – possibly a conodont or other early vertebrates (based on circumstantial 

evidence).  

 

Hard minimum. 497 Ma. The Orsten fossils derive from the Agnostus pisiformis zone in the 

Cambrian Alum Shale, which is now considered to represent the upper boundary of the 

Cambrian series 3 (Nielsen et al. 2014). The minimum age of the uppermost stage of the 

Cambrian 3 series therefore yields 497 Ma according to GTS 2016 (Ogg et al. 2016).  

 

 

7.4.3 Fossil record of parasitic platyhelminths 

 

Transitions from free-living to parasitism amongst the Platyhelminthes may have evolved at 

least 9 times (Weinstein and Kuris 2016), but only the divergence of the Neodermata can be 

reasonably constrained by fossil evidence (De Baets et al. 2015). Neodermata are a 

monophyletic group comprising exclusively obligate parasites (Fig. 4). Present day 

associations include the use of vertebrates as definitive hosts. The internal phylogeny is still 

debated, but most authors consider ectoparasitic monogeneans as the earliest diverging 

lineage while cestode and trematodes are considered sister groups in most molecular 

analyses (Lockyer et al. 2003; Park et al. 2007; Egger et al. 2015). The oldest fossils of 

Neodermata include circlets of hooks found on early jawed fishes (Upeniece 2001, 2011; De 

Baets et al. 2015). Their appearance, particularly the arrangement of hooks and association 

with putative sucker discs, are consistent with their identification as monogeneans (De Baets 

et al. 2015; Leung 2017). Their location near gills and abdominal near fin spines, would also 

be consistent with an ectoparasitic mode of life. The larger size of hooks when compared to 

extant taxa is consistent with a trend towards smaller size within monogeneans over time 

(Poulin, 2005). 



 

Figure 4. Flatworm body fossils plotted against phylogenetic structure of Platyhelminthes (Egger et al. 

2015). Flatworm fossil assignment follow De Baets et al. (2015) unless otherwise discussed.  

 

Node. Neodermata 

Fossil evidence. Over 69 circlets of hooks, at least 29 still associated with their fish hosts in 

position suggestive of ectoparasitism (Upeniece 2001, 2011) 

Phylogenetic justification. No formal phylogenetic analysis on the attachment organs was 

performed. However, the circular arrangement of the bilateral symmetric hooks, traces of 

cuticular disc as well the maximum number of 16 hooks strongly suggests their assignment as 

monogenean platyhelminths (Upeniece 2011; De Baets et al. 2015; Leung 2017).  

Host. mostly attached to the acanthodian Lodeacanthus gajicus (24) and some (5) also 

associated with juveniles of the placoderm Asterolepis ornata (Upeniece 2001, 2011). 

Minimum age. 382.7 Ma. The formation containing the finds was initially assigned to the Early 

Frasnian (Upeniece 2001), but currently the Lode Formation is assigned to the Upper Givetian 

(Lukševičs et al. 2012, 2014). This corresponds with 382.7 Ma corresponding to the minimum 

age assigned to the Givetian-Frasnian boundary according to GTS 2016 (Ogg et al., 2016).  

 

Most phylogenetic analyses resolve a sister relationship between Trematoda and Cestoda 

(Lockyer et al. 2003; Park et al. 2007; Egger et al. 2015), both groups with complex life cycles, 

although some rare phylogenomic analyses suggest otherwise (Laumer et al. 2014,  2015). 

Cestodes can be confidently traced back to the Permian (Dentzien-Dias et al. 2013) with fossil 

remains yielding cestode-like eggs based on morphology and size, the presence of a 



developing larva with familiar cestode-like hooks and the arrangement of eggs in proglottids. 

Older finds of eggs within shark coprolites have been attributed to cestodes (Zangerl and Case 

1976), but this identification is less convincing and in need of reinvestigation (De Baets et al. 

2015). Either way, these finds represent the oldest convincing evidence for endoparasitic 

helminths in the fossil record (but see Upeniece 2011 for putative earlier finds) and also 

overlap with divergence time estimates for trypanorhynch tapeworms (Olson et al. 2010).  

 

Node. Eucestoda 

Fossil evidence. Eggs in Permian coprolites (Dentzien-Dias et al. 2013) 

Phylogenetic justification. No formal phylogenetic analysis was performed. However, the size 

and morphology of the eggs (ovoid, smooth shelled, with operculum, among others), their 

interpretation of hooks within one of them as well as their association in protoglottidia 

(Dentzien-Dias et al. 2013) speak for the assignment to Eucestoda.  

Host. Shark based on spiral coprolite morphology (reflecting the spiral valve morphology of 

the shark intestine). 

Minimum age. 259.8 Ma. The coprolite containing the fossil evidence derives from the upper 

member of the Rio do Rasto Formation. The vertebrate fauna suggests a Guadalupian (Late 

Wordian – Capitanian) age (Cisneros et al. 2012; Dentzien-Dias et al. 2012; Dias-Da-Silva 2012) 

which yields a minimum age of 259.8 Ma defined by the Guadalupian-Lopingian boundary 

(Ogg et al., 2016).  

 

Although eggs of some lineages of Trematoda such as Dicrocoeliidae (Dufour & Le Bailly, 

2013) are considered quite resistant – trematodes have so far only been found in a Cretaceous 

coprolite (Poinar and Boucot 2006) and Middle Pleistocene to younger coprolites (Jouy-

Avantin et al. 1999). Most evidence in the fossil record derives from characteristic pathologies 

these helminths cause in their hosts (De Baets et al. 2015; Huntley and De Baets 2015). 

Research has focused particularly on characteristic pits and igloo-shaped concretions caused 

today by gymnophallid trematodes in their bivalve hosts (Ruiz and Lindberg 1989; Ituarte et 

al. 2001, 2005; Huntley and De Baets 2015). These structures allow tracing back the origin of 

trematodes to the Eocene (Todd and Harper 2011) and the Cretaceous (Rogers et al. 2018), 

respectively. However, other trematodes or even distantly related taxa could potentially 

cause similar pathologies. Superficially similar igloo-shaped pathologies in bivalves (Liljedahl 

1985) have been observed as far back as the Silurian. The only fossil vertebrate pathology 

attributed to a trematode was found in Burmese amber (Poinar et al. 2017). Remains of a 

lizard trapped in resin contained a cyst which could be convincingly compared to similar 

metacercarian cysts found in extant lizards. Due to the sister-group relationship between 



Cestoda and Trematoda, the first appearance of trematodes can be at least constrained to 

the Permian. If cestodes and monogeneans would be sister taxa, as in some morphological 

(Brooks, 1989) and less commonly molecular analyses (Laumer et al. 2015), trematodes and 

cestodes could be constrained to the Devonian as inferred from the first appearance of 

monogeneans in the fossil record.  

The ancient record of parasitic flatworms is quite remarkable since the body fossil record of 

confidently identifiable free-living flatworms (the paraphyletic ‘Turbellaria’) start 

considerably later. Trace fossils associated with soft-body impressions of Permian-to-Triassic 

age have been attributed to polyclad and triclad flatworms (Knaust 2010). Earlier Ordovician 

trace fossils associated with worm could potentially be attributable to free-living ‘Turbellaria’, 

but this assignment awaits further scrutiny (Knaust and Desrochers 2019). The oldest 

confidently identified body fossil of a free-living flatworm is that of a rhabdocoel flatworm 

from Baltic amber (Poinar 2003a). Rhabdocoela separated even earlier from the lineage 

leading to the obligate parasitic flatworms (Neodermata) than triclad flatworms (Egger et al. 

2015). This establishes the record of more derived Neodermata to be seemingly more ancient 

and relatively more common than that of their free-living relatives.  

 

Acoelomorpha are now assigned to their own clade (Xenacoelomorpha) together with 

Xenoturbellida and no longer considered platyhelminths (Philippe et al. 2011; Ruiz-Trilloand  

Paps 2016). Xenacoelomorpha are now considered simplified relatives of the Ambulacraria 

(Philippe et al. 2019). To our knowledge, there is no fossil record of parasitic acoelomorphs. 

Some drop-shaped structure in X-ray analyses of the Early Hunsrück Slate, considered of early 

Emsian age (De Baets et al. 2013), have been interpreted as acoelomorph remains (Fauchald 

et al. 1988) – but this interpretation (Knaust and Desrochers 2019) and several other of 

Stürmer’s interpretations based on such X-ray analyses have been proven to be erroneous (as 

reviewed in Otto 1999, 2000). Based on trace fossils associated with body fossil remains – 

acoelomorphs have potentially been traced back the Late Ordovician (Knaust and Desrochers 

2019), although these comparisons are hard to verify and await further scrutiny. 

 

7.4.4 Fossil record of parasitic nematodes 

 

Molecular phylogenetic analyses have shown that parasitism of plants and animals has arisen 

at least 15 times independently in nematodes (Blaxter and Koutsovoulos 2015). The sampling 

coverage of enigmatic nematode lineages is slowly improving (Leduc and Zhao 2019; Leduc 

et al. 2018), but as long as not all extant families have been molecularly sampled, the 

independent origins of parasitism might be more numerous (Sudhaus 2008, 2010; Weinstein 

and Kuris 2016). The fossil record can so far not constrain all of these transitions, but it can 

place multiple constraints on the origin of parasitism throughout the nematode tree. The 

fossil record of parasitic nematodes has recently been reviewed by Poinar (2015), who also 



reviewed the fossil record of nematodes in general with a focus on amber deposits (Poinar 

2011, 2014).  In the meantime, various new discoveries of parasitic nematodes have been 

made in Triassic to Cretaceous coprolites (Da Silva et al. 2014; Hugot et al. 2014; Cardia et al. 

2018; Francischini et al. 2018) and in Miocene coprolites (Dentzien-Dias et al. 2018).  

 

We herein map fossil finds in the phylogeny (Fig. 5) to demonstrate that several constraints 

on nematode evolution may be derived from the fossil record.  

Based on trace fossils suggestive of free-living nematodes, and therefore also their sister-

group Nematomorpha, Nematoda must have been around at least since the Late Ordovician 

(Knaust and Desrochers 2019). Older sinusoidal trace fossils have been reported from the 

Early Ordovician (Balinski et al. 2013) and even the Cambrian-Ediacaran (Parry et al. 2017).  

Such sinusoidal trace fossils are caused by the specific movement of vermiform animals 

(possibly nematodes) in waves as their body wall comprises only longitudinal muscles but no 

ring muscles - an apomorphy for Nematoida (Maas 2013). Confident assignment to Nematoda 

remains difficult however, as distantly related forms with similar behavior could potentially 

also have created such burrows (Metz 1987; Collins et al. 2000; Seilacher 2007). One can be 

more confident when such traces are associated with worm-like body fossil remains (Knaust 

2010; Knaust and Desrochers 2019), but even then it is quite difficult to identify the particular 

lineages of nematodes that created these traces. Many nematodes lack rich distinguishing 

external features, which makes them even more difficult to identify in a fossil state, 

particularly when poorly preserved (Schram 1973; Muir et al. 2014). This is ably illustrated by 

putative carboniferous nematode remains (Størmer 1963) that have now been re-identified 

as scorpion spines (Poinar 2011). Well-preserved compression or impression fossils have been 

attributed to free-living nematodes since the Carboniferous. Schram (1973, 1979) described 

various specimens of a putative nematode Nevamermis mackeei, considering it to be the 

remains of a free-living form with affinities to modern species of Chromadorida which have 

comparable cuticular ornamentation and structures possibly identifiable as papillae or cirri 

(an opinion shared by Poinar 2011). However, these characters are plesiomorphic for 

Nematoda and are not necessarily helpful for their taxonomic assignment (Maas 2013). 

According to Poinar (2014), no other fossil nematodes could so far be attributed to 

Chromadorida.  

 

 

 

 



 

Figure 5. Nematode fossils plotted against phylogenetic structure of Nematoda based on nuclear small 
subunit ribosomal RNA analyses and interpretation of taxon relationships derived from morphology 
and origins of particular types of parasitism (Blaxter and Koutsovoulos 2015). Nematode fossil – 
assignments follow Poinar (2011, 2014, 2015) unless otherwise discussed.  

 
  



Node. Nematoida 

Fossil evidence. Trace fossils associated with worm-like fossils (Knaust and Desrochers 2019) 

Phylogenetic justification. The sinusoidal trace associated with worm-like body fossils 

suggest a nematode or at least a nematoid caused these traces  

Minimum age. The rocks of the Vaureal Formation have been assigned to the Late Katian 

(Knaust and Desrochers 2019), which yield a minimum age of 445.2 Ma according to GTS 2016 

(Ogg et al. 2016). 

 

Additional free-living nematode remains include the Jurassic Eophasma jurasicum (Arduini et 

al. 1983), the Early Cretaceous Captivonema cretacea (Manum et al. 1994) and the Late 

Cretaceous Palaeoenoploides alessandrellianus (Mattavelli and Bracchi 2008). These have 

been assigned to their own families (Eophasmidae, Captivonematidae, Palaeoenoploididae) 

which in turn have been attributed to modern orders (Desmoscolecida, Plectida and Enoplida, 

respectively; Poinar 2011). However, their assignment to modern lineages (Poinar 2011) is 

based on limited and possibly plesiomorphic traits (e.g., small size, finely annulated cuticle 

and dense coating of prominent irregularly distributed setae in Captivonema; coarsely 

annulated cuticle in Eophasma). The second oldest fossil attributed to the order Plectida is 

Oligoplectus succini derived from Baltic amber (Poinar 2014).  

The oldest confidently identified nematode body fossils derives from the Early Devonian 

(Poinar et al. 2008; Maas 2013). These specimens are associated with the early land plant, 

Aglaophyton major (Poinar et al. 2008), and are considered the earliest evidence for plant 

parasitic/pathogenic nematodes (Poinar 2011, 2015). The fossils placed in their own family 

(Paleonematidae) have also been assigned tentatively to Enoplida (Poinar 2011).  

 

Node. Crown-group Nematoda  

Fossil Taxon. Palaeonema phyticum Poinar et al. 2008 

Fossil Evidence. Up to 500 nematodes and eggs from substomatal chambers and intercellular 

spaces of early land plants (Poinar et al. 2008) 

Host. Aglaophyton major 

Phylogenetic justification. The body fossils are well-preserved revealing fine morphological 

details such as buccal cavity, surface ornamentation, pharynx, ovaries, tail and various other 

features (Poinar et al. 2008) which allows them to be placed unequivocally within Nematoda 

(Maas 2013). They were assigned to their own family based on the presence of transverse 

cuticular striations and structure of pharynx and buccal cavity, but could be assigned 



tentatively to Enoplia due to inconspicuous lips, a buccal cavity divided in two sections, 

presence of teeth (two visible, probably three) in the buccal cavity, didelphic and reflexed 

ovaries, spiral amphidial apertures and a cylindrical pharynx it shares with members of 

Tripyloididae (Poinar et al. 2008).  

Minimum age. 407.6 Ma. The relationship of the radiometric dating of the Milton of Noth 

Andesite (Parry et al. 2011) with the Rhynie chert is still disputed (Mark et al. 2013; Parry et 

al. 2013). Therefore, it is more conservative to use the age of the Pragian-Emsian boundary 

(407.6 Ma according to GTS 2016: Ogg et al. 2016) based on the constraints of spore 

assemblages of Windyfield and stratigraphically underlying Rhynie chert (Parry et al. 2011).  

 

Cretaceous Burmese amber provides the first evidence for mycetophagous nematodes in the 

form of fungal-feeding Cretaciaphelenchoides burmensis which Poinar (2011) assigned to the 

Aphelenchoididae; this is also considered the oldest evidence for the order Tylenchomorpha 

in the fossil record (Poinar 2015).  

 

Node. Tylenchomorpha 

Fossil Taxon. Cretaciaphelenchoides burmensis Poinar 2011 

Fossil evidence. Worm body associated with host in Burmese amber 

Host. Crane fly (Gonomyia) 

Phylogenetic justification. Poinar (2011) assigned it to Thelasmotidae based on its 

morphology, dimensions and host association. He suspects it is closely related to 

Cephalobellus.  

Minimum age. Biostratigraphic evidence suggest a late Albian to early Cenomanian age for 

Burmese amber. Recently, dated zircons suggest a minimum age of 98.17 Ma (Shi et al. 2012). 

 

The oldest record for nematodes exploiting other animals can be traced back to the Mesozoic 

with evidence of eggs found in a herbivore coprolite from the Triassic (Da Silva et al. 2014). 

The coprolite is usually assigned to a cynodont (Hugot et al., 2014) – although identifying its 

owner is not straightforward (Francischini et al. 2018).  This coprolite contains eggs attributed 

to Ascarididae (Ascaridoidea, Ascarida) (Da Silva et al. 2014) and overlap in time with the 

molecular clock divergence time estimates of Ascaridoidea (Li et al. 2018) based on the host 

fossil records. This suggests, in some cases at least, the fossil record may have value in 

constraining the initial radiation of terrestrial parasites.  

 



Eggs attributed to Ascaridomorpha are also known from a Lower Cretaceous coprolite 

(Ascarites gerus, A. priscus) attributed to a theropod dinosaur from Belgium (Poinar and 

Boucot 2006) and Upper Cretaceous coprolites (Bauruascaris adamantinensis, B. cretacicus) 

attributed to Crocodyliformes from Brazil (Cardia et al. 2018, 2019b). Younger eggs from the 

Upper Cretaceous Adamantina Formation (Campanian-Maastrichtian) were attributed to 

Heterocheilidae (Cardia et al. 2019b) – their minimum age (Castro et al. 2018) falls just outside 

the divergence times estimated by Li et al. (2018) for the crown-group of this lineage.   

 

Node. Ascaridomorpha 

Fossil Taxon. Ascarites rufferi Da Silva et al. 2014 

Host. Inferred to be a cynodont based on circumstantial evidence  

Fossil Evidence. Egg derived from an Upper Triassic Coprolite. 

Phylogenetic Justification. No formal phylogenetic analysis was performed but possession of 

a round, mammillated surface suggests the assignment of eggs to Ascaridae (Da Silva et al. 

2014).  

Minimum age. 236 Ma. Coprolites from the formation which is assignable to the 

Dinodontosaurus Assemblage Zone (Da Silva et al. 2014). This is can be assigned a minimum 

age with age derived from zircons from the overlying formation and consistent with the 

correlation of this Formation with the Chañares Formation (Francischini et al. 2018).   

 

These Triassic coprolites attributed to cynodonts also contained eggs assigned to 

Oxyuridomorpha (Hugot et al. 2014) which represent the oldest eggs assigned to Ascaridae.  

 

 

Node. Oxyuridomorpha 

Fossil Taxon. Paleoxyuris cockburni Hugot et al. 2014 

Fossil Evidence. Egg from in Triassic coprolites 

Host. Cynodont? (see Ascaridomorpha) 

Phylogenetic Justification. The size, shape and presence of a polar cap speak for the 

assignment of fossil eggs to the family Heteroxynematidae (Hugot et al. 2014) 

Minimum age. 236 Ma. See Ascaridomorpha. 

 

Based on modern host associations and fossil record, oxyurids might have parasitized 

invertebrates before vertebrates (Poinar 2015). The oldest direct evidence for oxyurids 



parasitizing invertebrates, however, is Paleothelastoma tipulae found associated with the 

crane fly Gonomyia found in Burmese Amber (Poinar 2011). This species was compared with 

Thelastomatidae parasitizing modern crane flies.  

 

Various other lineages of parasitic nematodes or at least containing parasitic representatives 

(Mermithidae, Heterorhabtidae, Cosmocercidae, Allantonematidae) are now known from 

Cretaceous to Cenozoic amber (Poinar 2015); in various cases these are still associated with 

their arthropod hosts (Poinar 2011). This does not necessarily mean parasitism of 

invertebrates started later, but probably rather reflects a preservation and/or collection bias 

associated with later deposits.  

Mermithidae have been reported from various amber deposits (Poinar 2011). The oldest 

fossils which have been assigned to this group (Poinar et al. 1994) derive from Lebanese 

amber now attributed to the Barremian (Maksoud et al. 2017). Mermithids are reminiscent 

in size and shape to nematomorphs, but have a smooth outer cuticle as opposed to 

prominences observed in the cuticle of nematomorphs (Poinar and Buckley 2006). 

Node. Mermithida 

Fossil Taxon. Cretacimermis libani Poinar et al. 1994 

Phylogenetic justification. The characteristic of the final molt occurring in the host, the 

absence of cross fibers in the cuticle, the lack of a tail projection on the postparasitic cuticle 

as well as the host family speak for their similarity to the extant Heleidomermis and their 

assignment to Mermithidae (Poinar et al. 1994). The specimen was interpreted to be moulting 

in post-parasitic late ontogenetic stage which is rare, but also observed in some extant 

mermithidae parasitizing chironomid and biting midges (Poinar 2011).  

Fossil Evidence. Body fossil coiled in abdominal cavity of host in Lebanese Amber. 

Host. Midge (Chironimidae) 

Minimum age. 126.3 Ma. The age of the Lebanese amber has been pushed back to the 

Barremian (e.g., Maksoud et al. 2017). These authors argued that amber from middle to late 

Barremian was reworked from older Early Barremian strata. We conservatively use the age of 

the Barremian – Aptian boundary as the minimum age until the reworking hypothesis is more 

generally accepted and it is better established that all amber with inclusions can be 

confidently attributed to the early Barremian.  

The earliest evidence for parasitic Rhabditida or Rhabditomorpha (Heterorhabditidae) are the 

Cretaceous Proheterorhabdites burmanicus parasitizing a rove beetle found in Burmese 

Amber (Poinar 2011). Free-living forms (Vetus libani) initially unattributed on the family level, 

first attributed to the same family (Poinar 2011) but later attributed to a closely related family 

Rhabditidae prove the earliest evidence for the order Rhabditida (Poinar 2014).  The latter 



are slightly older as they can be traced back to the Barremian as they were reported from 

Lebanese amber.  

 

Node. Heterorhabditidae 

Taxon. Proheterorhabdites burmanicus Poinar 2011 

Host.  Rove beetle (Staphylinidae) 

Phylogenetic justification. Their size, ensheathing cuticle with longitudinal striations and 

small terminal tooth align these fossils interpreted as third-stage juvenile with 

heterorhabditids (Poinar 2011). The presence of bacterial cells in the body cavity similar in 

size to that of modern representatives also strengthens this interpretation (Poinar 2015). 

Minimum age. 98.17 Ma. See Tylenchomorpha for justification. 

 

Juveniles of the parasitic Palaeocosmocerca burmanicum adjacent to a snail in Burmese 

amber are considered the oldest fossil evidence of family Cosmoceridae (Poinar 2011) 

Node. Cosmocercidae  

Taxon. Palaeocosmocerca burmanicum Poinar 2011 

Fossil Evidence. Worm bodies associated with putative host in Burmese Amber 

Host. Unidentified snail  

Phylogenetic Justification. The morphological characteristics of the second-stage juveniles 

(offset lips, flat head, constricted anterior portion of the pharynx) and dimensions of pre-

infective stages are similar to extant Cosmocercidae – particularly Cosmocercoides dukae 

(Poinar 2011)  

Minimum age. 98.17 Ma. See Tylenchomorpha for justification  

 

Howardula helenoschini from Baltic amber, considered to belong to Allantonematidae (Poinar 

2003b), provides the oldest evidence for the presence of animal parasitism in 

Tylenchomorpha (Poinar 2011, 2015). Other evidence for the presence of this order in the 

fossil record is Paleoiotonchium dominicanum parasitizing a fungus gnat in Dominican amber 

and a population of Oligaphelenchoides atrebora from Mexican amber (Poinar 2011). The 

former might represent the oldest fossil evidence for the presence of separate life cycles 

between fungal gnats and fungi in Iotonchidae (Poinar 2011). The latter consist of eggs, 



juvenile and adults, together with fungal hyphae, providing further evidence for mycophagy 

in the family Aphelenchoididae (Poinar 2015).  

 

Direct evidence for filariid nematodes goes back to Baltic amber and Dominican amber 

(Poinar 2015). Their size, shape and ornamentation speak for their identification as filariid 

nematodes. Horizontal transfers of retroposons suggest that at some time filariids were likely 

parasitizing tropical birds rather than mammals, thus constraining them to a time interval 

which at least partially overlaps with the age estimates of Dominican amber (Suh et al. 2016; 

Suh 2020). In addition to filarial remains, also tropical bird remains (Poinar et al. 2007) have 

been reported from Dominican amber, suggesting they at least were present at the same time 

in the same region.  

Node. Filarioidea 

Fossil Taxon. Cascofilaria baltica Poinar 2011 

Fossil evidence. Microfilaria associated with its female blackfly intermediate host (see Poinar 

2012)  

Host. Female blackfly (Simuliidae)  

Phylogenetic Justification. Their dimension, morphology and number speak for its 

identification as filarial nematodes. Due to its body size and morphology with rounded heads 

and pointed tails, they have been compared with modern Onchocerca and Spendidofilaria 

infecting modern mammals and birds, respectively (Poinar 2011) 

Minimum age. 34.7 Ma. The age of Baltic amber is still debated. The age of the richest amber-

bearing deposits deriving from the Prussian Formation have been attributed to the Late 

Eocene microfaunistically (Kaplan et al. 1977). However, Ritzkowski (1997) inferred a middle 

Eocene for the lower layer of the Prussian Formation based on glauconitic dating of its host 

sediment. However, this reassignment is not generally accepted (Perkovsky et al. 2007). We 

hereby conservatively use the 34.7 Ma based on Kaplan et al. (1977) which is younger than 

the minimum age estimate of 43.1 Ma by Ritzkowski (1997).  

A summary of this exercise (see Fig. 5) illustrates that constraints are available for parasitic 

lineages or at least free-living relatives assigned to all major nematode clades (I-IV) proposed 

by Blaxter et al. (1998). Clade II can possible be traced back to the Early Devonian, Clade III to 

the Upper Triassic, Clades I, IV and V at least to the Cretaceous. Pending reinvestigations and 

new discoveries, fossil evidence for additional orders can potentially be traced back to the 

Mesozoic or even Paleozoic. 

 

7.4.5 Fossil record of nematomorphs 



 

Adult nematomorphs are free-living in marine or freshwater, while larvae are parasitic on 

terrestrial or marine arthropods (Hanelt et al. 2005). The oldest confidently identified crown-

group hairworm derives from Cretaceous amber (Poinar and Buckley 2006), which is 

considerably later than the inferred origin based on the fossil record of their sister-group 

Nematoda. The host of the oldest specimen is unknown, but other finds have been found 

associated with cockroaches (Poinar 1999). Younger finds derive from Eocene brown coal 

deposits (Voigt 1938) and Dominican amber (Poinar 1999) which is now usually dated to the 

Miocene (Iturralde-Vinent and MacPhee 1996; Iturralde-Vinent 2001). All forms so far 

reported have been attributed to the Gordoidea – parasites of terrestrial arthropods. They 

are reminiscent of mermithid nematodes, which have, however, a smooth outer cuticular 

layer. No fossil forms have so far been attributed to the nectonematids, a group which 

exclusively parasitizes marine invertebrates.   

The placement of exclusively parasitic Nematomorpha as sister to Nematoda in molecular 

analyses raises the interesting question whether the common ancestor of nematodes and 

nematomorph was also parasitic. However, it is clear that although parasitism arose multiple 

times in nematodes, the earliest divergent lineages are free-living and lineages parasitizing 

arthropods similar to nematomorphs like mermithidae are derived (Blaxter and Koutsovoulos 

2015).  This suggests stem-nematomorphs were likely free-living and may look quite different 

from crown-group nematomorphs.  

The diversity of Cycloneuralia in the Cambrian fossil record might suggest an even earlier 

origin (Maas 2013). Some free-living forms of Palaeoscolecidae even closely resemble some 

Nematomorpha (Xianguang and Bergström 1994), but they are usually interpreted as being 

early offshoots of the lineage towards Priapulida (Harvey et al. 2010). Shergoldana 

australensis from the Cambrian of Queensland resembles nematomorph larvae to some 

degree (Maas et al. 2007), and probably also lived in the meiofauna, similar to kinorhynch 

cycloneuralians (Nagler and Haug 2015). 

The oldest constraints on the origin of Ecdysozoa are arthropod trace fossils (Benton et al. 

2015).  

Node. Gordioida.  

Fossil Taxon.  Cretachordodes burmitis Poinar and Buckley 2006 

Fossil evidence. Isolated body fossil  

Fossil Host. Unknown – possibly a cockroach based on circumstantial evidence (Poinar and 

Buckley 2006).  



Phylogenetic Justification. No formal phylogenetic analysis has been performed, but surface 

ornamentation, dimensions, coiling after death speak for the assignment of these body fossils 

to Gordioida (Poinar and Buckley 2006).  

Minimum age. 98.17 Ma. See Tylenchomorpha (Nematoda) for justification. 

 

7.4.6 Fossil record of Syndermata 

 

Weinstein and Kuris (2016) considered that parasitism might have evolved at least nine times 

independently in Rotifera (= Syndermata). However, earlier reports (May 1989) considered 

the ectoparasitic Seison and Acanthocephala to be independent transitions which is probably 

not the case (Sielaff et al. 2016). The fossil record of Pararotatoria (Acanthocephala + 

Seisonidae), which are now considered derived rotifers (syndermatans), is rare. Until recently, 

the oldest fossil constraint for their presence was that of their closely relatives – bdelloid 

rotifers in Dominican amber (Poinar and Ricci 1992; Waggoner and Poinar 1993). Other more 

distant relatives have become known from older non-marine Eocene deposits from South 

Australia (Southcott and Lange 1971). Dominican amber has traditionally been dated to the 

Eocene to Oligocene, but is currently attributed to the Miocene (Iturralde-Vinent and 

MacPhee 1996; Iturralde-Vinent 2001). New discoveries of acanthocephalan eggs from Upper 

Cretaceous crocodyliform coprolites push back this record considerably (Cardia et al. 2019a). 

However, estimates based on host relationships might place the origin of this group 

considerably earlier as far back as the Cambrian (Conway Morris and Crompton 1982; Sielaff 

2016; Herlyn 2020). Enigmatic hook-like fossils from the Cambrian have been attributed to 

Acanthocephala (Qian and Yin 1984; Amin 2013), but their size and morphology make this 

assignment unlikely (see Herlyn 2020).  

The age of the gnathiferan crown group is complicated by the phylogenetic position of 

chaetognaths, which have historically been difficult to place in animal phylogeny. 

Chaetognaths have recently been argued to belong either within, or as the sister taxon of 

gnathifera (Laumer et al. 2019; Marlétaz et al. 2019) based on phylogenomic analyses. 

Furthermore, macrofossils with morphological similarities with both chaetognaths and other 

gnathiferans have been identified from the middle Cambrian Burgess Shale (Caron and 

Cheung 2019; Vinther and Parry 2019) further bolstering the hypothesis that chaetognaths 

and gnathiferans are closely related.  

 

 The oldest evidence for chaetognaths are protoconodonts, identified as the remains of their 

grasping spines (Bengtson 1983; Szaniawski 2002; Vannier et al. 2007), which can at least be 

traced back to the Fortunian (Yang et al. 2016; Kouchinsky et al. 2017). The grasping spines of 

chaetognaths have been argued to be homologous with the jaw apparatus of gnathiferans 

(Vinther and Parry 2019). These fossils therefore provide a minimum age for the split between 



chaetognaths and their sister taxon, which may be all other gnathiferan phyla (e.g., some 

analyses in Laumer et al. 2019), a clade of rotifers and gnathostomulids (Marlétaz et al., 2019) 

or Rotifera (Vinther and Parry 2019). 

Ectoparasitic, or at least ectosymbiotic, relationships were likely present since the Cambrian 

(Cong et al. 2017) in forms which are by some considered as possible gnathiferans (Vinther 

and Parry 2019).  

 

Node. Total Group Gnathifera 

Fossil taxon. Protohertzina anabarica 

Phylogenetic justification. No formal analysis incorporating protoconodonts has been 

performed, but based on microstructural and gross morphological similarities, 

protoconodonts have been assigned to the total group of chaetognaths (Bengtson 1983; 

Szaniawski 2002; Vannier et al. 2007) and would therefore be crown group gnathiferans.  

Hard minimum. The oldest protoconodonts assigned to Protohertzina anabarica (Bengtson 

1983) derive from the middle Fortunian Anabarites trisulcatus – Protohertzina anabarica 

assemblage zone or its correlatives (Yang et al. 2016; Kouchinsky et al. 2017). This would yield 

a minimum age of 532.7 Ma according to GTS 2016 (Ogg et al. 2016).  

 

Node. Archiacanthocephala 

Fossil evidence. Unnamed remains of acanthor larvae (Cardia et al. 2019a) 

Host taxon. Probably a crocodyliform archosaur (Crocodyliformes) based on the 

characteristics of the coprolite (Cardia et al. 2019a), but this is probably only a false or 

facultative host based on modern host-parasite relationships (Herlyn 2020).   

Phylogenetic justification. No formal phylogenetic analysis was performed, but egg size, their 

elliptical shape and structures wrapped by three concentric, thick shells suggests their 

identification as acanthocephalan eggs containing remains of acanthor larvae (Cardia et al. 

2019a). These thick-shelled eggs are most similar in size and morphology to other described 

archiacanthocephala eggs from recent ancient remains and lack a fourth layer present in 

extant forms. The latter might however be a preservational artefact as this layer is usually 

poorly present or absent in ancient remains (compare Herlyn 2020). 

Hard minimum. 69.9 Ma. The coprolites derive from the Adamantina Formation. The age of 

the Adamantina Formation is still debated (Castro et al. 2018). The youngest analyses place it 

formation between 87.7 Ma in the Coniacian (Castro et al. 2018) to early Maastrichtian 



(Gobbo-Rodrigues et al. 1999) yielding a minimum age of 69.9 Ma according to GTS 2016 (Ogg 

et al. 2016).   

 

7.5 Discussion 

In some case, confidently identified fossil remains of free-living relatives are more ancient 

(e.g., annelids) than those of parasitic representatives. In other cases, remains of parasitic 

helminths are considerably older than those confidently attributable to their closest free-

living relatives. Putative free-living Ordovician nematodes have been reported (Muir et al. 

2014; Knaust and Desrochers 2019), but confident assignment to Nematoda is unclear. 

Helminth eggs seems to be more readily preserved in the coprolites of sharks (Dentzien-Dias 

et al. 2013; De Baets et al. 2015), archosaurs (Poinar and Boucot 2006; Cardia et al. 2018, 

2019a, 2019b) or synapsids (Da Silva et al. 2014; Hugot et al. 2014) with age depending on 

the clade investigated.  

At least the rare cases where divergence time estimates based on host-constraints can be 

compared with those of fossil helminths recovered from these hosts (Fig. 6) suggest that 

additional evidence from Paleozoic Lagerstätten or coprolites might be useful to constrain the 

macroecolutionary and macroecological history of worm parasites (Dentzien-Dias et al. 2013; 

Da Silva et al. 2014; Cardia et al. 2018, 2019b). Such examples concern estimates of crown-

group eucestode flatworms (Olson et al. 2010) and stem-group ascaridoid nematodes (Li et 

al. 2018). The minimum age of eggs attributed to Heterocheilidae (Cardia et al. 2018, 2019b) 

are slightly younger than the molecular divergence estimate (Li et al. 2018). However, the age 

of this Lagerstätte is still uncertain (Castro et al. 2018) with older estimates overlapping with 

these divergence time estimates. Furthermore, it might also be just a matter of time before 

similar eggs are recovered from older vertebrate coprolites.   

 

 

Figure 6. Minimum age of fossil attributable to particular parasitic helminth lineages 

(Dentzien-Dias et al. 2013; Da Silva et al. 2014; Cardia et al. 2019b) plotted in relationship 

with available molecular clock divergence estimates based on their hosts (Olson et al. 2010; 

Li et al. 2018). More details can be found in the text. 

 

 



In other cases, remains have been recovered from extinct hosts which are phylogenetically 

placed in between extant hosts suggesting their record might still be consistent (De Baets et 

al. 2015) with a deep evolutionary origin of these parasites in their common ancestor (e.g., 

oxyurid nematode in cynodont coprolites, monogenean flatworms attached to fossil 

acanthodians).  In yet other cases, fossil helminth remains are recovered from extinct hosts 

which are only distantly related to extant hosts suggesting host relationships which are no 

longer recovered nor predicted from extant host relationships (e.g., putative pentastomid 

attached to ostracod, gnathiferan ectosymbionts attached to scalidophorans). This suggests 

caution in considering modern evidence alone when constraining the evolution of past 

parasites and inferring ancient parasite-host relationships (De Baets and Littlewood 2015; 

Warnock and Engelstädter 2020). However, novel methods are currently being developed 

which might be able to deal with changes in host repertoire (Braga et al. 2019). Fossil finds 

and their known host associations should be considered when available and further finds 

might provide crucial information in the context of unravelling the evolutionary history of 

helminth parasitism. 

 

7.6 Conclusions 

The fossil record of soft-bodied helminths is patchy, but more diverse as commonly assumed. 

This summary provides evidence that ectoparasitic helminths in various lineages have existed 

since the early Paleozoic, while endoparasitic helminths arose during, or before the late 

Paleozoic. Lineages parasitizing terrestrial plant and animal hosts have been in existence at 

least since the Devonian and Triassic, respectively. All major helminth phyla had evolved 

endoparasitic lineages at least since the Mesozoic. Data also provide evidence for obvious 

host switches or extinctions, which cautions against models relying solely on co-divergence 

where use of host calibrations to constrain divergence time estimates may be considered.  In 

some cases, the fossil record of parasitic helminths is better than that of their free-living 

relatives, yielding constraints on the age of their free-living sister-groups. In at least some 

cases (Eucestoda, stem-Ascarida), the earliest fossil evidence for particular lineages falls 

within the divergence time estimates based on host constraints. The fossil record also 

provides direct evidence for certain modern or now extinct host associations (e.g., 

pentastomida on ostracods, gnathifera attached to scalidophora).  
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