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Abstract

Microturbellarian flatworms comprise a diverse assemblage amongst  meiofauna. These

animals primarily exhibit carnivorous feeding habits, preying on various organisms, such as

crustaceans, annelids and even other microturbellarians. However, details of their diet are

poorly known. This study represents the first documentation of a proseriate preying upon a

rhabdocoel. The proseriate was extracted from the sediment and studied alive. Within its

digestive  tract,  structures  of  the  reproductive  systems  of  its  prey  were  observed  and

identified as belonging to Phonorhynchopsis haegheni, a predatory turbellarian as well. No

remains of any other organisms were detected. This finding underscores the relevance of

Proseriata as top-level predators within the meiofaunal trophic web, a role that warrants

further consideration beyond what has been previously acknowledged.
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Introduction

Turbellarian flatworms, along with nematodes and crustaceans, are predominant members

of meiofaunal communities in terms of biodiversity and abundance (Fonseca et al. 2010, 

Leasi  et  al.  2018).  The  majority  of  these  organisms  act  as  predators  or  scavengers,

exerting pressure on other meiofaunal members and juvenile stages of macrofauna (Bush

1966, Menn and Armonies 1999, Noreña et al. 2015). Turbellarians exhibit varied diets,

encompassing  diatoms,  annelids,  rotifers,  crustaceans,  nematodes  and  even  dead

animals,  with  no documented evidence of  feeding on detritus (Graff 1904,  Graff  1882, 

Luther 1960, Bilio 1964, Bush 1966, Straarup 1970, Martens and Schockaert 1986, Rocha

et al. 1990, Ser 1991, Knaust 2021). Flatworms can specialise in feeding on specific items

and develop physiological mechanisms linked to their dietary preferences. For example,

some species of macrosotmids and proseriate have been found to harbour kleptocnids,

cnidae acquired from cnidarian prey,  which provide protection  from potential  predators

(Karling 1966, Krohne  2018).  Additionally,  kleptoplasty,  which  consists  of  sequestering

algal plastids that provide their host with carbon and oxygen derived from photosynthesis,

has been demonstrated in rhabdocoel microturbellarians (Graff 1905, Luther 1948, Karling

1974,  Rivest  et  al.  1999,  Adam  and  Balzer  2001,  Van  Steenkiste  et  al.  2019).  The

representativies of Proseriata and Rhabdocoela orders are amongst the most diverse and

prevalent microturbellarians in marine sandy habitats (Curini-Galletti 2001, Fonseca et al.

2010,  Schmidt-Rhaesa  2020,  Curini-Galletti  et  al.  2023).  Proseriates  are  exclusively

carnivorous, with records of predation on crustaceans, annelids, hydroids, ostracods and

scavenging activities, even involving beached fish (Palombi 1926, Bush 1966, Bilio 1967, 

Murina  1981,  Watzin  1983,  Watzin  1985,  Watzin  1986,  Curini-Galletti  et  al.  2020).

However, little is known about their interactions with other carnivorous platyhelminths or

their trophic web position within the meiofaunal ecosystem. This study presents the first

documentation of a proseriate preying on a carnivorous rhabdocoel.

Material and methods

The specimen under examination was collected from the intertidal  zone of Bueycabón,

Santiago de Cuba, Cuba, on 18 November 2017 (Fig. 1). The sample was sourced from a

depth  of  0.5  min  fine  sand  enriched  with  organic  matter  and  with  a  salinity  of  31‰.

Sediment  extraction  was  performed  using  the  MgCl  decantation  method  ( Schockaert 

1996). The accompanying fauna comprised numerous species of crustaceans, nematodes

and annelids, alongside an additional specimen of the same proseriate species. No food

items were observed in the additional specimen. After isolation, the specimen was studied

alive and subsequently fixed in lactophenol to study its internal morphology further. The

identification of the rhabdocoel remnants discovered in the proseriate gut was based on
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the diagnostic features outlined in existing literature (Artois and Schockaert 2001, Willems

et al. 2017, Diez et al. 2018, Smith et al. 2020). The classification of the prey's genital

structures follows Artois and Schockaert (2003).

Results and Discussion

The  collected  specimen  was  identified  as  a  new  species  of  Proseriata  (Fig.  2),  the

taxonomic  description  of  which  is  presently in  progress  by  the  authors  of  this  report.

Proseriates are readily recognised by the distinctive morphology of their anterior statocyst,

which sets them apart from other platyhelminths (Fig. 2, Ehler (1991)), as well as by their

‘plicatus’ type pharynx (Fig. 2, Curini-Galletti (2001)). Within the proseriate's digestive tract,

we  observed  reproductive  structures  belonging  to  a  rhabdocoel  (Polycystididae  Graff,

1905). These structures comprise a prostate stylet type IV (66 µm), an accessory stylet

type  IV  (279 µm)  and a  part  of  the  bipartite  bursa.  Willems et  al.  (2017) defined the

presence of an accessory stylet longer than the prostate stylet and a bipartite bursa as

diagnostic features of Phonorhynchopsis Willems & Artois, 2017 (Willems et al. 2017). A

detailed study of these structures allowed us to identify the species as Phonorhynchopsis 

haegheni (Artois  &  Schockaert,  2001)  Willems  &  Artois,  2017.  Measurements  of  the

sclerotised structures align with the size range previously recorded for specimens of P. 

haegheni from Cuba: a 60–100 μm long prostate stylet type IV and a 250–294 μm long

accessory stylet type IV (Diez et al. 2018).

Ecological studies on proseriate feeding are scarce; the most recent ones were published

over three decades ago (Luther 1960, Bilio 1964, Bilio 1967, Straarup 1970, Murina 1981, 

Figure 1.  

Locality of eastern Cuba where the proseriate microturbellarian was collected.
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Watzin 1983, Watzin 1985, Martens and Schockaert 1986, Watzin 1986). Most insights

from  these  works  are  derived  from  gut  content  analyses;  direct  observations  of  live

specimen predation are sporadic (Watzin 1985). It is generally assumed that the feeding

behaviour in free-living flatworms is intricately tied to pharynx morphology (Bilio 1967).

Turbellarians with a simplex pharynx and a 'doliiform' pharynx are constrained to ingesting

whole prey (Jennings 1957, Bilio 1967). Flatworms with a pharynx of either the 'plicatus'

type (such as proseriates) or 'rosulatus' type (such as rhabdocoels) can consume entire

prey or insert their pharynx into larger animals, extracting their contents and also feed on

dead organisms (Meixner 1938, Jennings 1957, Bilio 1967, Straarup 1970). Bilio (1967)

characterised the simplex pharynx as minimally  specialised,  'doliiform'  as a swallowing

pharynx,  'plicatus'  as  a  sucking  pharynx  and  'rosulatus'  as  a  sucking  and  swallowing

pharynx.

Proseriates primarily feed on copepods, nematodes, oligochaetes and polychaetes, with

occasional reports of predation on cnidarians (Luther 1960, Bilio 1964, Karling 1966, Bilio

Figure 2.  

Collected  specimen  of  Proseriata  with  structures  of  the  rhabdocoel  Phonorhynchopsis 

haegheni in the gut lumen. A complete animal body; B, C medial part of the animal body.

Abbreviations: as4, accessory stylet type IV; b, brain; bu, bursa; gl, gut lumen; ph, pharynx;

ps4,  prostatic  stylet  type  IV;  s,  statocyst;  t,  tale.  as4,  bu and  ps4 correspond  to  the

rhabdocoel and the other structures to the proseriate specimen.
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1967, Straarup 1970, Murina 1981, Curini-Galletti  2001). Watzin (1983), Watzin (1985), 

Watzin  (1986) presented  detailed  accounts  of  the  predation  strategy  of  the  monocelid

Promonotus wilsoni (Stirewalt, Kepner & Ferguson, 1940) Martens & Curini-Galletti, 1994.

This species preys on a wide array of mesopsammic organisms, including annelids and

crustaceans and has even been observed preying on juvenile bivalves, nematodes, small

flatworms and acoels (Watzin 1985, Watzin 1986). Notably, P. wilsoni displays a preference

for injured crustaceans, using its protrusible pharynx to extract the entire prey or its internal

organs and fluids. Partial ingestion was also observed in the case of large annelid prey

organisms (Watzin 1985).

Murina  (1981) reported  Pseudomonocelis ophiocephala Schmidt,  1861  targeting

amphipods,  oligochaetes,  harpacticoids  and  isopods.  According  to  the  estimations  of

Murina (1981), in laboratory conditions, an annual density of about 14,640 individuals m

of P. ophiocephala can consume a massive quantity of amphipods, estimated to be up to

589,000 individuals m  per year. Straarup (1970) recorded food items of four proseriate

species  and  compared  the  observations  with  Luther  (1960),Bilio  (1964),  Bilio  (1967): 

Promonotus schultzei Meixner,  1943,  Monocelis lineata Müller,  1774,  Monocelis 

unipunctata Fabricius, 1826 and Coelogynopora schulzii Meixner, 1938, all of which had

diatoms or oligochaetes remains in their gut. Bilio (1964) provided a brief description of the

feeding behaviour of C. schulzii on oligochaetes: this species attaches itself lengthwise on

to a targeted oligochaete. Despite the prey's vigorous movements, C. schulzii connects its

pharynx to the oligochaete and proceeds to extract the contents until the prey is empty. In

comparison, no traces of items food previously mentioned were observed in the gut of the

animal recorded in the present work.

In our studied specimen, it  can be inferred that the prey specimen was similar in size

compared  to  its  predator,  considering  the  measurements  of  the  prey's  sclerotised

structures  (Artois  and  Schockaert  2001,  Diez  et  al.  2018).  A  part  of  the  bursa  of  P. 

haegheni was identified in the gut lumen of the proseriate. The bursa epithelium in this

species is described as pseudocuticula (Artois and Schockaert 2001). The remaining body

structures of the prey seem to have already undergone digestion. According to Bilio (1967),

food items with sclerotised structures, such as diatom shells, bristles of oligochaetes and

spicules of nematodes, persist in the gut of flatworms for longer periods than soft tissues; if

the prey has been exclusively sucked out, sclerotised structures, difficult to digest, are not

ingested. As such, it may be inferred that the rhabdocoel was ingested in its entirety by the

proseriate, which may be facilitated by their soft, unsclerotised bodies.

Consumption  of  certain  turbellarians  by  proseriates  has  been  documented,  albeit  less

frequently  than  the  consumption  of  other  metazoan  groups  (Luther  1960,  Bilio  1967, 

Straarup  1970,  Watzin  1985).  Anecdotal  reports  indicate  that  turbellarians  are  being

consumed as food items by several proseriate species, including Promonotus schultzei, 

Monocelis lineata and Monocelis fusca Örsted, 1843 (Bilio 1967, Straarup 1970). However,

these contributions do not provide any details on the particular turbellarian groups targeted

or provide details about the exerted predatory behaviour. No specific pharynx modifications

or  other  morphological  adaptations  indicating  a  specialised  diet  are  observed  in  this

proseriate and we may, therefore, speculate that this species is a generalist predator. In
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contrast,  some  proseriates  that  prey  on  specific  organisms,  such  as  Cnidaria,  exhibit

morphological modifications in their pharynx (Karling 1966).

Phonorhynchopsis haegheni primarily feeds on crustaceans and nematodes, as evidenced

by the presence of cuticles from these organisms in its gut (personal observations). With a

documented presence in Florida, The Galapagos, Curaçao, Indonesia and Cuba (Artois

and Schockaert 2001, Diez et al. 2018, Diez et al. 2023, WoRMS 2023), it is evident that

this species thrives in a wide range of tropical regions. In eastern Cuba specifically, it was

previously recorded in the intertidal zones of the North and South coasts, inhabiting areas

with salinity levels between 30–35‰ and sediments ranging from coarse to fine sand (Diez

et al. 2018). Furthermore, Diez et al. (2023) identified numerous specimens of P. haegheni

in  the  same  locality  where  this  study  was  conducted.  Considering  the  similar  habitat

preferences of the proseriate detailed in this study, encounters between both species are

likely to occur. An additional factor to consider is the occurrence of the zoological groups

mentioned in literature as common food sources for the proseriate within the sample. This

suggests that  predation on the rhabdocoel  is  not linked to the absence of  typical  food

sources for Proseriata. Given that P. haegheni is a predator (personal observations), the

observed proseriate appears to occupy a top-tier position in the food web of the meiofaunal

ecosystem.

Trophic relationships with the meiofauna community may be more intricate than previously

understood.  While  this  study demonstrates predation by a proseriate on a rhabdocoel,

predation on Proseriata by other  meiofauna members,  including rhabdocoels,  has also

been  observed  (Curini-Galletti  2001).  For  instance,  the  rhabdocoel  Pseudograffilla 

arenicola Meixner,  1938  (Graffillidae  Graff,  1905)  preys  mainly  on  monocelids  and

relatively high residential turbellarian densities may be a prerequisite for this rhabdocoel to

thrive  (Bilio  1964).  Indeed,  Monocelis lineata is  commonly  found  co-occurring  with  P. 

arenicola and could make up the main prey for the latter species (Bilio 1964). From the

above and our observations, it is evident that both rhabdocoels and proseriates occupy top

positions  in  meiofaunal  feeding  networks  and  predator-prey  relationships  exist  in  both

directions between these two lineages.  As members of  both taxa may also engage in

competition for resources, the resulting dynamics are likely intricate and require further

study.

Final considerations

Proseriates' feeding tendencies suggest they influence other meiofauna populations. As a

result,  these  animals  might  shape  meiofaunal  communities  by  competing  with  and

regulating other turbellarians like rhabdocoels, with whom they share habitats and dietary

preferences. This highlights the intricate and yet-to-be-fully-understood dynamics amongst

predatory meiofauna taxa. Furthermore, their predation on juvenile stages of macrofauna

could also potentially impact the structure of macrofaunal communities. As such, we here

argue  that  a  deeper  exploration  of  proseriate's  ecological  role  is  vital  for  a  holistic

understanding  of  marine  ecosystem  intricacies.  It  is  also  worth  mentioning  that  the

proseriate object of this report and presently under study, could not be easily assigned to
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any known genera and even families of Proseriata and may be taken as explicative of how

little is still known about the rich and diverse Cuban meiofauna (Diez et al. 2023).
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