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‘‘Biodiversity’’ is a term capable of almost limitless

interpretation. For the particular context of trematodes

of fishes, an understanding of biodiversity might be

taken to mean that we

• Know what species exist

• Know how they are related

• Know the range of their hosts

• Know their geographical distribution

• Know their life-cycles

Here, progress in these areas is considered in seven

papers that arose from a workshop (The Biodiversity of

Trematodes of Fishes) held as part of the 9th

International Symposium on Fish Parasites in Valen-

cia in September 2015.

Five papers review progress in the description of

trematodes of fishes focusing on the faunas of the

Mediterranean Sea, the Atlantic and eastern Pacific,

and the Indo-west Pacific, and freshwater fishes of the

Old and New Worlds. Together these papers show that

there are thousands of species known but that there

remain an unpredictable number of undescribed

species, and many that require improved characteri-

sation. An unsurprising outcome of these analyses is

that the components of the global fauna have different

levels of understanding. The faunas of Europe and

North and Middle America are probably the best

known, but for no area is there any suggestion that

understanding approaches completion. None of the

analyses predict total richness for their respective

regions; this suggests that the faunas are too poorly

known for a prediction to be convincing.

Several authors here comment on the small and

diminishing pool of taxonomists available to study the

taxonomy of trematodes. The issue is controversial

globally. Some (e.g. Costello et al., 2013a, b) argue

that ‘‘taxonomic effort has never been greater’’ and

that taxonomy is thriving, whereas others disagree

vehemently (Mora et al., 2013; Bebber et al., 2014; De

Carvalho et al., 2014). Examination of the chart of

authors describing most species of trematodes during

the last 16 years generated by the World Register of

Marine Species (WoRMS, 2015) is instructive. The 30

most productive workers described between 17 and

354 species over this period. Only three authors

described more than 100 species whereas 25 described

17–48. Several are now retired (though some are still

active) (e.g. Bray, Gibson, Machida) and two are

deceased (Manter & Yamaguti). Several others are

closer to the end of their careers than to the start

(Blend, Cribb, Dronen, Justine, Kostadinova, and

Madhavi). Several younger taxonomists have made
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significant contributions (e.g. Bott, Bullard, Cutmore,

Hall, Hunter, Miller, Nolan and Pulis) but some have

already left the field and may make no further

contribution. Although the data relate only to marine

taxa and for trematodes of host groups in addition to

fishes, the implications can be considered relevant

both for (more narrowly) just trematodes of fishes and

(more broadly) for all trematodes. Certainly the pool

of scientists making a sustained contribution to this

field is small relative to the size of the task.

An important aspect of the analyses of trematode

richness is the size of the task of cataloguing the fauna.

In this context the opportunity offered by the World

Register of Marine Species is one that must be grasped

by the trematode community. The possibilities of the

system were presented at the Workshop by Professor

Geoff Boxshall of the Natural History Museum,

London. Already the database is a tremendous resource

for trematodes, largely through the efforts of Dr David

Gibson, also of the Natural History Museum, London.

However, there is great potential to incorporate non-

marine taxa as well as host, distributional and life-

cycle data. It is clear that ‘‘many hands make light

work’’ – the trematode community cannot expect the

likes of David Gibson to do all the work forever.

An attraction of the Trematoda as a group for study

is the complexity and variety of life-cycles. Elucidat-

ing life-cycles is critical to complete understanding of

trematodes, but it is a formidable task. One paper in this

issue considers knowledge of life-cycles of trematodes

incorporating freshwater molluscs in Europe. There

seems little doubt that this region is as well-known as

any, and yet only about half the trematodes of fishes

have been linked to their molluscan hosts. For marine

species, probably no more than a tenth have been

linked anywhere and often the proportion is worse than

that. Specifically for trematodes of fishes it is note-

worthy that life-cycles have been demonstrated rela-

tively recently for two hitherto completely unknown

families – Gyliauchenidae Fukui, 1929 (see Al-Jahdali

& Hassanine, 2012) and Gorgocephalidae Manter,

1966 (see O’Dwyer et al., 2015). However, the vast

majority of trematode life-cycles remain unknown.

The papers in this issue comment repeatedly on the

need for, and potential of, molecular approaches in the

recognition of species, the linking of life-cycle stages,

and the inference of phylogenetic relationships. The

linking of life-cycle stages and the recognition of

species relates on the one hand to the problems of

phenotypic variation which may obscure shared

identity and, on the other, to the problem of cryptic

species. Cryptic trematode species are now encoun-

tered so commonly that they can almost be expected

and should certainly be suspected (Pérez-Ponce de

León & Nadler, 2010). Clearly, molecular approaches

are critical to the recognition of cryptic species, as has

now been shown for numerous trematode families

(e.g. Miller & Cribb, 2007; Carreras-Aubets et al.,

2011; Rosas-Valdez et al., 2011; Curran et al., 2013).

The potential of molecular approaches for the eluci-

dation of life-cycles has meant that they are fast

dominating the field (e.g. Heneberg et al., 2015;

Kudlai et al., 2015; Muñoz et al., 2015; Shirakashi

et al., 2016). In view of this importance, one paper here

outlines ‘best practice’ for the molecular characteri-

sation of trematodes in detail.

The development of understanding of phylogenetic

relationships of trematodes is now seemingly depen-

dent on molecular data; morphological characters

seem too sparse and too unreliable to allow reliable

progress. It is striking that, in almost every instance in

which groups of trematodes are subjected to molecular

phylogenetic analysis, unexpected but plausible

changes in our understanding of relationships emerge

(e.g. Choudhury et al., 2007; Bray et al., 2009;

Cutmore et al., 2013; Pulis et al., 2014; Pinto et al.,

2015). Despite this, the field can be considered to be in

its infancy with the vast majority of genera and species

not yet subjected to molecular phylogenetic analysis.

Huber (2014) observed that for pholcid spiders ‘‘a

complete (or near-complete) inventory is neither

realistic nor necessary and that knowing the majority

of species of a particular group will answer most

questions on that taxon’s biology’’. This observation

rings true for the trematodes of fishes; at the present

rate of study we cannot aspire to complete knowledge

of the fauna. Two trematode-specific observations

follow. First, we are by no means close to a point

where further study has little value. Secondly, we

should target our research into the areas that will

improve our understanding most.
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