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Abstract 

The structure of kinetid (flagellar/ciliary apparatus) is known to have a phylogenetic 

significance in sponges (phylum Porifera). Studying of this cell element could give the data for 

analysis of their evolutionary processes. The larval kinetid structure of the two closely-related 

species Oscarella lobularis and O. tuberculata (Homoscleromorpha, Oscarellidae) has been 

studied. Four previously recognized morphological regions in cinctoblastula  of O. lobularis and 

O. tuberculata were confirmed: anterior pole, lateral zone, posterior-lateral cells (paracrystalline 

belt) and posterior pole. Kinetids of studied larval cells have two unique features: 1) position of 

the accessory centriole, which is arranged right under the kinetosome in apical-basal direction, 

and 2) inequality of the two fibrillar roots. The cells of paracrystalline belt have pear-shaped 

nuclei with paracrystalline inclusion connected to the roots of the kinetid. In the cells of other 

zones the nucleus is separated from the kinetid, and roots adjoin the Golgi apparatus. In studied 

species the position of kinetosome and nucleus coincides in larval cells and in their descendants 

– choanocytes. We propose the plesiomorphic state of next character set for the larval flagellated 

cells of the whole lineage "Calcarea+Homoscleromorpha": kinetosome-nucleus link, striated 

roots, simple basal foot, orthogonal centriole, long transition zone of the flagellum. The position 

of the centriole under kinetosome in homoscleromorph larvae and long fibrillar/microtubular 

bundle on the kinetosome in calcarean larvae might be an apomorphies of these groups. 

  



Introduction 

Sponges are the enigmatic group of animals that attract attention of the researchers for two 

reasons. At first, sponges are the candidates to be most basal group of Metazoa and therefore to 

be among the first animals on our planet (Pisani et al., 2015; Simion et al., 2017). At second, 

sponges are very specific group of animals, whose structure and biology differ substantially from 

other metazoans. 

The subject of our interest is the kinetid (flagellar apparatus) of sponges. Studying of this 

cell element may give the data for analysis of evolutionary processes. This character is known to 

be relevant in taxonomy and phylogeny of unicellular eukaryotes (e. g., Yubuki & Leander, 

2013). Kinetid structure is quite diverse in sponge choanocytes (collar cells) and fitting the 

phylogenetic classification based on the genetic data (Pozdnyakov, & Karpov, 2013, 

Pozdnyakov, & Karpov, 2016a, Pozdnyakov, & Karpov, 2016a, Pozdnyakov, Sokolova, 

Ereskovsky & Karpov, 2018). Tracking the character states in different groups, we tried to 

reconstruct ancestral kinetid structure of the sponge choanocyte (Pozdnyakov, Sokolova, 

Ereskovsky & Karpov, 2017). 

But it has to be attended that sponges possess several types of flagellated cells and, 

accordingly, more than one type of kinetid. Sponges have biphasic bentho-pelagic life cycle with 

sessile adults and swimming larvae covered with cilia. The functions of flagellated cells in 

different stages are drastically different: cilia of larvae are responsible for moving through the 

water column, while flagella in choanocytes of adults establish water flow through the sponge. 

Therefore, the kinetid in choanocyte and larval cells could evolve in different ways. Herewith, 

the larval flagellated cells and choanocytes are not independent but linked to each other by 

morphogenetic processes. In many cases choanocytes of adult sponges are derived from the 

flagellated cells of larvae (Ereskovsky, 2010). In order to form the general picture of kinetid 

evolution in sponge flagellated cells, we have to collect more data on the kinetid structure of 

different sponge cells and recognize the plesiomorphic and apomorphic character states. 

The object of the present study is larva of Homoscleromorpha, recently recognized (Gazave, 

Lapebie, Vacelet, Renard, & Cardenas, 2012) sponge class. Homoscleromorphs combine the 

typical-sponge simple morphology with the highly organized histological structure bringing 

them together with Eumetazoa (Ereskovsky et al., 2009a). The choanocyte kinetid of 

Homoscleromorpha coincides with that in the class Calcarea (Pozdnyakov et. al., 2017). That 

seems not surprising if one takes into account close phylogenetic relationships of these classes 

(Philippe et al., 2009; Simion et al., 2017). The kinetid structure in larval cells of both calcarean 

sponges (Calcarea: Borojevic, 1969; Gallisian, 1983; Amano & Hori, 1992; Gallisian & Vacelet, 

1992; Amano & Hori, 2001; Ereskovsky & Willenz, 2008; Lanna & Klautau, 2012) and 



homoscleromorps are not fully studied (Boury-Esnault, Ereskovsky, Bézac & Tokina, 2003; 

Maldonado & Riesgo, 2008).  

The structure of late Homoscleromorph larva (cinctoblastula) was detailly described 

previously (Boury-Esnault et al., 2003; De Caralt, Uriz, Ereskovsky, & Wijffels, 2007; 

Ereskovsky, 2010; Ereskovsky et al., 2014; Ereskovsky, Konyukov & Tokina, 2009; 

Ereskovsky, Tokina, Bézac & Boury-Esnault, 2007; Maldonado & Riesgo, 2008). Four 

morphological regions were recognized in its body: anterior pole, lateral zone, posterior-lateral 

cells bearing intranuclear paracrystalline inclusions (hereinafter referred to as the paracrystalline 

belt) and posterior pole (Boury-Esnault et al., 2003; Ereskovsky et al., 2007). This arrangement 

and appearance of larval cells were found in all investigated homoscleromorphs.  

In this paper we investigate kinetid structure in larval cells of the two closely-related 

species: Oscarella lobularis Schmidt, 1862 and O. tuberculata Schmidt, 1868, representatives of 

the family Oscarellidae. This family is notable because one of its species clades (so-called 

“balibaloi group”) has the kinetosome-nucleus connection in choanocytes, while in the second 

clade (“lobularis group”, which includes both species studied here) nucleus and kinetosome are 

separated (Pozdnyakov et al., 2020). Therefore, the description of kinetid structure in larval cells 

of oscarellid sponges can shed some light on relation between the structure of choanocytes and 

larval flagellated cells in sponges. 

 

Materials and methods 

The sponges were collected by SCUBA diving in July–August 2009, 2015, and August–

September 2016 in the Gulf of Lions, the Mediterranean Sea, at depths of 5–25 m.  In the 

laboratory, larvae were released from maternal sponges by table-lamp illumination following 

dark adaptation. Larvae were transferred to sterile Petri dishes containing 30 ml of seawater and 

maintained at 18°C. Free-swimming larvae were collected with Pasteur pipette.  

For transmission electron microscopy (TEM), two fixation methods were used: 1) one 

volume of 2.5% glutaraldehyde, four volumes of 0.2 M cacodylate buffer (pH 7.2–7.4), and five 

volumes of seawater (1.120 mOsm) and post-fixation in 2% OsO4 in seawater, and 2) samples 

were prefixed in 1% OsO4 in 0.1 M phosphate buffer (pH 7.2–7.4) for 10 min and fixed in 2.5% 

glutaraldehyde in 0.1 M phosphate buffer (1.120 mOsm) at room temperature for 1 h. After 

fixation, samples were washed in 0.1 M phosphate buffer (pH 7.2–7.4) and postfixed in 1% 

OsO4 in 0.1 M phosphate buffer (pH 7.2–7.4) for 1 h (Ereskovsky & Boury-Esnault, 2002). Two 

methods of fixation were used in order to select the best. However, both types of fixation (with 

strict compliance to the protocol and osmolality) turned out to be good enough for the purpose of 

this work and we used the specimens fixed in both protocols. After finishing of all fixative 



processes the samples were dehydrated through a graded ethanol series, and embedded in 

Araldite. Thin sections were stained with uranyl acetate and lead citrate and were observed under 

a JEM 1400 electron microscopes equipped with an Olympus Veleta digital camera. 

For scanning electron microscopy was used the first fixation method. After dehydration 

through a graded ethanol series, specimens were critical-point dried, mounted on a stub, coated 

with gold–palladium mixture and examined under a Hitachi S570 microscope. 

 

Results 

The cinctoblastula of Oscarella lobularis and O. tuberculata is covered by a columnar 

epithelium of polarized monociliary cells interspersed with single non-ciliary flask-shaped cells. 

We confirmed four morphological regions in its body: anterior pole, lateral zone, paracrystalline 

belt and posterior pole (Fig. 1 A). In cells of the paracrystalline belt the kinetid structure 

markedly differs from that of other cells. Its nuclei are pear-shaped and connect to the fibrillar 

roots of the flagellar apparatus and the Golgi apparatus (Fig. 1 B, C, D). In other ciliary cells the 

nucleus is separated from the kinetid, and roots adjoin the Golgi apparatus only (Fig. 1 E, F, G). 

Nuclei in the above-mentioned zones are located on somewhat different level: in lateral zone 

(Fig. 1 E) they are basal, while in anterior (Fig. 1 F) and posterior (Fig. 1 G, Fig. 2 A) pole they 

often occupy almost middle position. Nevertheless, even in the rare cases when nucleus locates 

quite apically in these zones, it never connects to the kinetid root (Fig. 2 A). The flask-shaped 

cells, though lacking the flagellum, also have kinetid identical to that in lateral, posterior and 

anterior zones (Fig. 1 H, h1).  

The accessory centriole occurs strictly perpendicular to the kinetosome and right under it (in 

apical-basal direction) (Fig. 1, D, E, F). The centriole is connected to the kinetosome by the 

bridge of fibrillar material (Fig. 2 E). Two fibrillar roots derive from the accessory centriole. The 

lateral root looks simply structured, and the posterior one is markedly striated (Fig. 1 C, D, Fig. 2 

E, F, H). The kinetosome bears a basal foot, approximately 180 nm long (Fig. 1 B, Fig. 2 C). It 

consists of two or three stalks attached to the kinetosome and a large round distal head, which 

serves as a microtubule organizing center (MTOC) (Fig. 2 B, C, G). Numerous lateral 

microtubules radiate from the head in different directions. A bunch of microtubules also starts 

directly from the kinetosome surface without notable additional MTOCs (Fig. 2 C, D). 

Nine thick transitional fibrils (=alar sheets) radiate from the distal end of the kinetosome 

(Fig. 2 C, D). An axial granule is attached by filaments to kinetosome microtubular triplets in 

distal part (Fig. 2 H2).  

The central microtubules of axoneme do not reach the cell surface, and the flagellar 

transition zone (area between the ends of the central microtubules and kinetosome) can be 



classified as of the long type. Above the transition zone the flagellum is filled with an electron-

dense material that forms so-called dark zone (Fig. 3 A).  

We found no remarkable differences in kinetid structure of O. lobularis (Figs. 1-2) and O. 

tuberculata (Fig. 3). General structure of the flagellated larval cell kinetid can be described by 

the scheme given on the Fig. 3 E, F. 

 

Discussion 

Our results show that kinetid in larval cells of Homoscleromorpha has some peculiarities in 

comparison to other sponges. Firstly, we observed a stable orthogonal position of the accessory 

centriole arranged right under the kinetosome. It was probably such location that results in shift 

of the two fibrillar roots from the kinetosome to the centriole. This shift neither occurs in larval 

cells of other investigated sponges. In choanocytes of adult homoscleromorphs the sponges’ 

typical centriole position (orthogonal and aside of kinetosome) recovers, but one root retains on 

the centriole (Pozdnyakov et al., 2020). 

Second peculiar feature is inequality of the two roots. The basal root is notably striated, 

thick and longer while the apical is non-striated, thin and shorter. Such a combination of fibrillar 

roots has never been observed in any other sponges. In calcarean larvae the kinetosome of 

flagellated cells connects to the nucleus by two similar, stout, striated fibrillar roots (Borojevic, 

1969; Amano & Hori, 2001; Ereskovsky & Willenz, 2008; Gallisian, 1983; Amano & Hori, 

1992; Gallisian & Vacelet, 1992; Lanna & Klautau, 2012). In demospongian larval cells fibrillar 

roots are non-striated, though in embryos of the chondrillid Halisarca dujardini Johnston, 1842 

(Gonobobleva, 2007) and the poecilosclerid Lycopodina occidentalis (Lambe, 1893) (Riesgo et 

al., 2007) the fibrillar roots are striated on the early stage of development.  Later that striation 

disappears.  

In addition to the roots, sponge kinetid is anchored by the transverse cytoskeleton: lateral 

microtubules radiating from the microtubule organizing center (Amano & Hori, 2001; 

Ereskovsky & Willenz, 2008; Pozdnyakov et. al., 2017). The microtubular bundle in studied 

larvae start straight from the kinetosome itself. By this bundle, the kinetid of homoscleromorph 

larvae slightly resembles the kinetid of larvae in Calcarea, the sister lineage to 

Homoscleromorpha (Philippe et al., 2009; Wörheide et al., 2012; Simion et al., 2017). Calcarean 

larval cells include an additional dense and long cytoskeletal bundle on the kinetosome, which 

was described as the microtubular (Amano & Hori, 2001; Borojevic, 1969; Ereskovsky & 

Willenz, 2008; Lanna & Klautau, 2012). However, the fixation quality does not allow 

unambiguous interpretation of its composition, and this bundle was also suggested to be 

filamentous (Efremova, Sukhodolskaya, & Alekseeva, 1988). If the bundle of calcarean larvae 



has yet microtubular or mixed state, in can be the homologious to the one of homoscleromorph 

larvae. But if it still filamentous that the transverse cytoskeletons in kinetids of 

homoscleromorph and calcarean larvae consist of different elements and possible evolved 

independently. 

In this study we confirm the known complex structure of cinctoblastula of homoscleromorph 

sponges with three types of flagellated cells recognized: the antero-lateral, postero-lateral and 

posterior (Boury-Esnault et al., 2003; Ereskovsky, 2010). In studied larvae of O. lobularis and O. 

tuberculata nuclei position is slightly different than in the previously proposed scheme (Boury-

Esnault et al., 2003). In postero-lateral cells (paracrystalline belt cells) the nucleus is definitely 

linked with the kinetosome, but other cells never have such connection and their roots always 

contact with the Golgi apparatus only (even if the nucleus takes place not far from the 

kinetosome). Also, the nuclei position in anterior and posterior regions is a bit more apical than 

in lateral cells.  

The complex structure of homoscleromorph larva forms only at late developmental stages. 

But flagellum emerges at the earlier stage of coeloblastula (Boury-Esnault et al., 2003), and we 

have no complete data on kinetid transformation during embryo development. There are also no 

data on the kinetid’s fate after larval settlement. Homoscleromorpha are the only sponges whose 

larval epithelium retain the flagella during metamorphosis (Ereskovsky et al. 2007). Thus, the 

kinetid of larval cells is to maintain too. However, the peculiar features of kinetid in larval cells 

(centriole position and roots structure) are not reproduced in choanocytes of the studied species 

(Pozdnyakov et al., 2020). Some kinetid transformations therefore take place.  

O. lobularis and O. tuberculata larvae include both cells with and without the kinetosome-

nucleus connection, while choanocytes of these species has no such connection (Pozdnyakov et 

al., 2020). Choanocytes of Homoscleromorpha derive mainly from anterior and lateral cells of 

larval epithelium (Ereskovsky et al., 2007; Ereskovsky et al., 2009; Ereskovsky, 2010), i. e. the 

cells with the independent nucleus and kinetosome. Thus, in studied species the position of 

kinetosome and nucleus coincides in larval cells and in their descendants – choanocytes (Fig. 4 

A). It is intriguing whether homoscleromorphs with kinetosome-nucleus connection in 

choanocytes (Plakinidae and some Oscarellidae) inherit it from larval cells or not (Fig. 4 B).  But 

we have only partial data on such homoscleromorphs’ larvae. Their cinctoblastulae are known to 

include the same three types of covering cells (Boury-Esnault et al., 2003), but we have not 

precise understanding of  their kinetid’s diversity (Boury-Esnault et al., 2003; De Caralt et al., 

2007; Ereskovsky et al., 2009; Maldonado & Riesgo, 2008). 

Comparing to homoscleromorphs, calcarean sponges has the nucleus, kinetosome and Golgi 

apparatus arranged more uniform. In both calcarean subclasses, Calcinea and Calcaronea, the 



nucleus of larval flagellated cells is always apical and pear-shaped. It connects to the kinetosome 

by striated fibrillar roots (Borojevic, 1969; Amano & Hori, 2001; Ereskovsky & Willenz, 2008; 

Gallisian, 1983; Amano & Hori, 1992; Gallisian & Vacelet, 1992; Lanna & Klautau, 2012). But 

choanocyte kinetids in these two groups differ: Calcinea has the kinetid separated from the basal 

roundish nucleus (Amano & Hori, 2001), while Calcaronea maintains the pear-shaped nucleus 

clearly associated with the kinetid (Pozdnyakov & Karpov, 2013). The fate of flagellated cells in 

Calcarea differs from that in Homoscleromorpha: their flagellum resorbs and cells dedifferentiate 

during metamorphosis (Amano & Hori, 2001; Ereskovsky & Wilenz, 2008). Thus, in Calcarea 

the kinetid organization in choanocyte kinetid structures possibly does not depend on larval 

kinetid (Fig. 4 C, D). 

The hypothesis about plesiomorphic state of kinetosome-nucleus connection was put 

forward by Ereskovsky and Willenz (2008) for calcarean larvae. Since this character is present in 

some cells of all known homoscleromorph larvae, we can extend the assumption about its 

plesiomorphy to the whole lineage "Calcarea+Homoscleromorpha". The set of plesiomorphies of 

larval cell kinetid for this lineage is to include also the striated roots, long transition zone of the 

flagellum, simple basal foot, orthogonal centriole; these features coincides in representatives of 

both classes (Borojevic, 1969; Amano & Hori, 2001; Ereskovsky & Willenz, 2008; Gallisian, 

1983; Amano & Hori, 1992; Gallisian & Vacelet, 1992; Lanna & Klautau, 2012). At this point, 

position of the centriole under kinetosome in homoscleromorph larvae and long 

fibrillar/microtubular bundle on the kinetosome in calcarean larvae might be an apomorphies of 

these groups. However the long bundle of the calcarean larvae might have the homology in the 

homoscleromorph larvae. It could be clarified after exact study of its fibrillar or microtubular 

nature. 
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Figure legends 

Fig. 1. Structure of Oscarella lobularis larva. A – general view of Oscarella lobularis larva 

and sectioned larva in SEM, B-H – ultrathin sections (TEM) of different kinds of larva cells. B-

D – cells of the paracrystalline, E – lateral cell, F – posterior cell, G – anterior cell, H – flask-

shaped cell, h1 – magnified kinetid zone of the same cell but in the next section of a series 

(kinetosome, centriole, roots and basal foot are seen). 

Abbreviations: A – anterior pole, L – lateral zone, B – belt zone, P – posterior pole; ac – 

accessory centriole, bf – basal foot, fl – flagellum, Ga – Golgi apparatus, ipi – intranuclear 

paracrystalline inclusions, k – kinetosome, N – nucleus, r – root. 

Fig. 2. Kinetid ultrastructure of Oscarella lobularis. A – general view of posterior cell of 

Oscarella lobularis larva at longitudinal section, B-F – details of kinetid structure, G  – the basal 

foot (magnified), H1-H3 – a series of the same cell. 

Abbreviations: ac – accessory centriole, ag – axial granule, bf – nasal foot, Ga – Golgi 

apparatus, h– head of basal foot; lmt – lateral microtubules, mct – microtubules, fb – fibrillar 

bridge, fr – fibrillar root, k – kinetosome, sr – striated root, st – stalk of basal foot, tf -- 

transitional fibrils. 

Fig. 3. Kinetid structure of Oscarella tuberculata. A – longitudinal sections of belt cells, B-

D – longitudinal sections of lateral cells, E – scheme of kinetid structure in lateral, anterior and 

posterior cells of the studied larvae, F – scheme of kinetid structure in the paracrystallline belt in 

both species.  

Abbreviations: ac – accessory centriole, ag – axial granule, bf – basal foot, cm – central 

microtubules, dz – dark zone, fb – fibrillar bridge, fr – fibrillar root, Ga – Golgi apparatus, ipi – 

intranuclear paracrystalline inclusion, lmt – lateral microtubules, n – nucleus, sr – striated root, tf 

– transitional fibrils.  

Fig. 4. The arrangement scheme of the nucleus and kinetid in flagellated cells of 

Homoscleromorpha and Calcarea. 

A – Homoscleromorpha without the kinetosome-nucleus connection in choanocytes 

(Oscarellidae of "lobularis group"); B – Homoscleromorpha with the kinetosome-nucleus 

connection in choanocytes (Plakinidae, Oscarellidae of "balibaloi group"); C – Calcarea without 

the kinetosome-nucleus connection in choanocytes (Calcinea); D – Calcarea with the 

kinetosome-nucleus connection in choanocytes (Calcaronea). 

Abbreviations: al lfc – antero-lateral larval flagellated cells, ambl – amphyblastula, ch – 

choanocyte, coebl – coeloblastula, cibl – cynctoblastula, lfc –larval flagellated cells, pl lfc – 

postero-lateral larval flagellated cells (cells of “paracrystalline belt”).  

 


