
Phytotaxa  425 (2):  105–112
https://www.mapress.com/j/pt/
Copyright © 2019 Magnolia Press Article PHYTOTAXA

ISSN 1179-3155 (print edition)

ISSN 1179-3163 (online edition)

Accepted by Chiara PENNESI: 20 Nov. 2019; published: 2 Dec. 2019

https://doi.org/10.11646/phytotaxa.425.2.5

105

Planothidium kaetherobertianum, a new marine diatom (Bacillariophyta) species 
from the Adriatic Sea

Bart VaN de VIjVer1,2* & Sunčica BoSak3

1Meise Botanic Garden, Research Department, Nieuwelaan 38, 1860 Meise, Belgium
2University of Antwerp, Department of Biology - ECOBE, Universiteitsplein 1, 2610 Wilrijk, Belgium 
3University of Zagreb, , Faculty of Science, Department of Biology, , Rooseveltov trg 6, 10000 Zagreb, Croatia
*corresponding author: bart.vandevijver@plantentuinmeise.be

Abstract

during a survey of the epizoic diatom flora on carapaces of loggerhead sea turtles (Caretta caretta) from the adriatic Sea, 
a fairly large population of an unknown marine Planothidium species was observed. detailed morphological analysis based 
on scanning electron microscopy observations and comparison with a large number of known Planothidium species, resulted 
in the description of the new species as Planothidium kaetherobertianum sp. nov. the new species is characterized by a 
rapheless valve showing a rather broad axial area with irregular, shallow depressions, striae composed of only 1–2 rows 
of very small areolae. the raphevalve has biseriate striae with a short third row of areolae inserted between the two rows 
of areolae near the valve margins. the species shows some resemblance with the group of species around Planothidium 
delicatulum. the new species is illustrated using both LM and SeM observations and compared with other resembling 
marine and brackish Planothidium species. 
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Introduction

When the “catch-all” genus Achnanthes Bory (1822: 79) was split in a large number of (usually newly described) 
genera (Bukhtiyarova & Round 1996, Round & Bukhtiyarova 1996, kulikovskiy et al. 2013), one of the newly erected 
genera was Planothidium round & Bukhtiyarova (1996: 351) with Achnanthidium lancoleatum Brébisson ex kützing 
(1846: 247) as generitype. the genus groups species possessing multiseriate striae with internally occluded areolae, 
elongated terminal raphe endings, usually continuing onto the valve mantle and internally thickened virgae (round 
& Bukhtiyarova 1996). the original transfer of A. lanceolatum to Planothidium in 1996 by round & Bukhtiyarova 
was however declared invalid based on the absence of the publication of the basionym, which was later rectified by 
Lange-Bertalot in 1999.
 at present, diatombase lists 123 different Planothidium taxa (kociolek et al. 2018), most of them found in 
freshwater habitats although several of them are typically found in brackish and marine environments (Witkowski 
et al. 2000, riaux-Gobin et al. 2012, 2018, Álvarez-Blanco & Blanco 2013). the Planothidium diversity in marine 
environments is however much higher than actually known due to the force-fitting of a lot of unknown taxa within 
Planothidium delicatulum (kützing 1844: 75) Round et Bukhtiyarova (1996: 353). Witkowski et al. (2000) identified 
and illustrated a large number of Planothidium valves as P. delicatulum (see e.g. Witkowski et al. 2000: Plate 46, figs 
29–29, Plate 48, figs 1–2, 18–22, 23–30. riaux-Gobin et al. (2018) discussed the lack of sound information on P. 
delicatulum when she described a new marine Planothidium species, P. juandenovense riaux-Gobin & Witkowski in 
riaux-Gobin et al. (2018: 108), from the indian and Pacific ocean. analysis of the illustrations in Witkowski et al. 
(2000) shows that most of these valves in fact belong to currently undescribed species, especially after the rediscovery 
and analysis of the type material of Achnanthidium delicatulum kützing (1844: 75) (Van de Vijver et al. 2018). 
 during a survey of the epizoic diatom flora on loggerhead turtles (Caretta caretta) from the adriatic Sea, a small 
population of an unknown marine Planothidium species was found on the carapace of one of the investigated animals. 
after a detailed morphological analysis based on LM and SeM observations, the species could not be identified 



VaN de VIjVer & BoSak106   •   Phytotaxa 425 (2) © 2019 Magnolia Press

using the currently available literature. the present paper describes and illustrates the new species as Planothidium 
kaetherobertianum sp. nov. using light and scanning electron microscopy observations and compares it with other 
marine and brackish Planothidium species. Brief notes on its ecology are added. 

Material & Methods 

on 30/05/2016, a carapace scraping sample was collected from a juvenile loggerhead turtle named Žanja-Mara (ccL 
= 44 cm, weight 11 kg) that arrived on 18/09/2015 in the Marine turtle rescue Centre in the Pula aquarium (eastern 
adriatic Sea, Croatia) due to injuries and remained in the pools with circulating seawater for a long rehabilitation period. 
Epibiotic samples were collected using non-invasive methods and under the necessary permits by karin Gobić Medica 
by randomly scraping approximately 20 cm² of the carapace with a curette. the carapace fragments were preserved in 
seawater with added formaldehyde (final concentration 4%) in 50 mL Falcon tubes. Samples were prepared for LM 
and SeM observation following the method described in van der Werff (1955): small parts of the sample were cleaned 
by adding 37% H2o2 and heating to 80°c for about 1h. The reaction was completed by addition of kMno4. Following 
digestion and centrifugation (three times 10 minutes at 3,700 x g), cleaned material was diluted with distilled water 
to avoid excessive concentrations of diatom valves on the slides. Cleaned diatom material was mounted in Naphrax. 
The slides were analyzed using an olympus BX53 bright field microscope and the olympus uc30 imaging System. 
Samples and slides are stored at the Br-collection (Meise Botanic Garden, Belgium). For SeM analyses, parts of the 
oxidized suspensions were filtered through a 1-µm Isopore™ polycarbonate membrane filter (Merck Millipore). the 
stubs were sputter-coated with a Gold-Palladium layer of 20 nm and studied on a JEoL-7100F SEM microscope at 2 
kV (Botanic Garden Meise, Belgium). 
 diatom terminology follows ross et al. (1979) (stria/areola structure), round et al. (1990) (raphe structure) 
and round & Bukhtiyarova (1996) (genus morphology). the morphology of the new species was compared with the 
ultrastructure of similar freshwater, brackish and marine Planothidium species (Witkowski et al. 2000, Morales 2006, 
Blanco et al. 2013, Álvarez-Blanco et al. 2014, riaux-Gobin et al. 2011, 2012, 2018, Bąk & Lange-Bertalot 2015, Van 
de Vijver et al. 2018). 

Results

division Bacillariophyta
Class Bacillariophyceae 
order Achnanthales
Family Achnanthidiaceae
Genus Planothidium

Planothidium kaetherobertianum Van de Vijver & Bosak sp. nov. (Figs 1–47)

LM (Figs 1–37): Valves lanceolate to elliptic-lanceolate in smaller valves with cuneately rounded, only very weakly 
protracted apices. Valve dimensions (n=40): length 7–13 µm, width 4.0–4.5 µm. rLV (Figs 1–18) axial area broad, 
linear to narrowly lanceolate, not widening near the central area, often weakly thickened. Central area presenting 
at least one shortened stria. Striae equidistant, 15–16 in 10 µm, clearly radiate throughout the entire valve, never 
becoming parallel or convergent towards the apices. areolae not discernible in LM. rV (Figs 19–37) axial area 
very narrow, linear, only slightly widening towards the central area. Central area very small, rounded to rectangular, 
bordered by usually only one irregularly shortened stria. raphe branches straight, filiform with simple central raphe 
endings. terminal raphe fissures not discernible in LM. Striae radiate throughout the entire valve, never convergent 
near the apices, 16–17 in 10 µm. areolae not discernible in LM. SeM (Figs 38–47): rV (Figs 38–39, 45–47) Valve 
face smooth. Mantle shallow lacking areolae (Fig. 45). Central raphe endings straight to slightly deflected, simple to 
weakly enlarged (Figs 38, 45, 46). terminal raphe fissures unilaterally bent, continuing shortly onto the valve mantle 
(Figs 38, 45, 46). Striae composed of 2–3 rows of small, rounded areolae, the middle (third) row only present near the 
valve margins (Figs 38, 46). Near the apices, virgae becoming narrower (Fig. 38). Internally, raphe branches situated 
on a raised raphesternum (Figs 39, 47). Central raphe endings deflected into opposite directions (Fig. 39). terminal 
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raphe endings terminating on small helictoglossae (Fig. 47). Virgae strongly developed (Figs 39, 47). Striae situated 
in depressed grooves, becoming shallower towards the axial area (Fig. 39). areolae internally covered by individual 
hymenes. rLV (Figs 40–44) Valve face undulating. Valve mantle shallow lacking areolae. axial area broad, forming 
a shallow groove, weakly lanceolate with the largest width near the middle of the valve. Clear, irregular depression 
present near the central area (Figs 40, 42, 43). Striae composed of 2 short rows of small, rounded areolae at the valve 
margin, terminating in a series of 3–5 small rounded areolae towards the axial area (Fig. 40). Internally, virgae very 
broad, well developed (Fig. 41). axial area clearly thickened (Figs 41, 44).

FIGURES 1–41. Planothidium kaetherobertianum sp. nov. LM and SEM pictures taken from the holotype population (loggerhead “Žanja-
Mara” carapace sample), adriatic Sea, Croatia. Figures 1–37. Light microscopy observations showing size diminution series and the 
variability of the valve outline. showing striation pattern. Fig. 38. SeM external view of an entire raphe-bearing valve showing the raphe 
structure with the bent terminal raphe endings. Note also the structure of the striae. a short third row of small areolae is placed between 
the two other rows of areolae. Fig. 39. SeM internal view of an entire raphe bearing valve showing the individual hymenes covering 
the areolae. Note the clearly raised axial raphe sternum. Fig. 40. SeM external view of an entire rapheless valve showing the distinct 
depressions in the axial area and the short striae terminating in a series of small areolae. Fig. 41. SeM internal view of an entire rapheless 
valve with the typical raised sternum. Scale bar represents 10 µm except for fig. 41 where scale bar = 5 µm. 
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FIGURES 42–47. Planothidium kaetherobertianum sp. nov. SEM pictures taken from the holotype population (loggerhead “Žanja-Mara” 
carapace sample), adriatic Sea, Croatia. Figs 42 & 43. SeM external views of an entire raphe-bearing valve. Fig. 44. SeM internal view 
of an entire rapheless valve. Figs 45 & 46. SeM external views of an entire raphe-bearing valve. Fig. 47. SeM internal view of an entire 
rapheless valve. Scale bars represent 5 µm. 

 Type:—Loggerhead sea turtle, Pula, croatia, adriatic Sea, sample 13 Žanja-Mara carapax, (leg. k. Gobić Medica, 
30/05/2016) (holotype Br!, slide no. 4570, isotype PLP! slide no. 364, University of antwerp, Belgium).
 Etymology:—the species is named after Mrs. käthe Robert (university of antwerp, Belgium), master student of 
both authors to acknowledge her work on epizoic turtle diatoms. 
 Ecology:—Planothidium kaetherobertianum was found on the carapace of one loggerhead turtle. the associated 
diatom flora was very diverse and species-rich and composed of several Nitzschia Hassall (1845: 435), Fallacia 
a.j.Stickle & d.G.Mann in round et al. (1990: 667), Parlibellus e.j.Cox (1988: 19) and Amphora ehrenberg ex 
kützing (1844: 107) species. 

Discussion

the new species shows a lot of morphological features that are shared with the genus Planothidium justifying its place 
in this genus (round & Bukhtiyarova 1996). the striae are composed of multiple rows of areolae, the latter covered 
internally by individual hymenes. the terminal raphe endings are unilaterally deflected and continue onto the mantle. 
the mantle itself is rather shallow and devoid of areolae. Within the genus Planothidium, three different groups can 
be distinguished based on the presence/absence of a sinus or cavum in the central area, recognized under the scanning 
electron microscope for the first time by Moss & Carter (1982). Sinus-bearing species are best represented by the group 
of species around P. lanceolatum. they all possess an asymmetrical central area with a rimmed, shallow depression on 
one side. Species with a cavum, for instance P. frequentissimum (Lange-Bertalot in krammer & Lange-Bertalot 1993: 
4) Lange-Bertalot (1999: 282), also show an asymmetry in their central area with on one side a hood. recent molecular 
studies confirmed the importance of the asymmetrical central area for the differentiation between the two major clades 
within Planothidium (jahn et al. 2017). a third group lacks entirely the asymmetry in the central area. apart from the 
group of species around P. delicatulum, most of the marine and brackish Planothidium species known so far belong 
to this third Planothidium group (e.g. Witkowski et al. 2000) and also the new Planothidium species lacks a sinus or 
cavum. 
 the new species can be distinguished from other Planothidium taxa that are currently known. It is highly likely 
that the species had been identified in the past as P. delicatulum or P. hauckianum (Grunow in Cleve & Grunow 1880: 
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21) Bukhtiyarova (1999: 44) as many taxa were force-fitted into these two taxa (tyler 1996). Van de Vijver et al. 
(2018) illustrated and discussed the morphology of the type of P. delicatulum establishing that way its correct identity 
and making clear that most of the (previously illustrated) marine valves should not be identified as P. delicatulum. 
this had already been discussed by riaux-Gobin et al. (2018) when they compared their new taxon P. juandenovense 
with P. delicatulum. the morphology of Achnanthes delicatula subsp. hauckiana (Grunow in Cleve & Grunow 1880: 
21) Lange-Bertalot & ruppel (1980: 6), later transferred to the genus Planothidium was analysed and illustrated using 
LM observations. the valve outline of the latter differs from P. kaetherobertianum in having almost parallel margins 
and broadly cuneately rounded apices in contrast to the new species that has convex margins and narrowly cuneately 
rounded apices. Moreover, the striae in P. hauckianum are more distantly spaced than in P. kaetherobertianum. Currently 
the type material of A. hauckiana Grunow (in Cleve & Grunow 1880: 21) is being investigated to acquire a better 
understanding of its ultrastructure (Van de Vijver, unpubl. res.). a taxon very similar to P. kaetherobertianum was 
illustrated by Witkowski et al. (2000, plate 48, figs 18–19 or 22–24) as P. delicatulum ssp. delicatulum. the authors 
doubted partly this identification by adding a question mark to the name. the rapheless valve shows some resemblance 
in having a broad axial area but can be separated by the more distant central striae and a broader elliptic-lanceolate 
valve outline. Planothidium diplopunctatum (Simonsen in Hinz, Simonsen & r.M.Crawford 2012: 82) Witkowski 
et al. (2000: 119), described from the Baltic Sea (Simonsen 1959) has more elongated valves with the rLV having a 
broad, lanceolate axial area and more distant striae in the central area. 
 Based on valve outline, Planothidium campechianum (Hustedt 1952: 389) Witkowski et al. (2000: 118) and P. 
heidenii (Schulz 1926: 190) Witkowski et al. (2000: 120) resemble P. kaetherobertianum but the striae in the rLV 
almost reach the axial area reducing its width. Moreover, P. heidenii has an asymmetrical gap in the central striae 
and P. campechianum never shows a third row of areolae near the axial area contrary to what was observed in P. 
kaetherobertianum. the recently described P. juandenovense shows a broad, lanceolate axial area but a more elliptical 
valve outline, a typical marginal crest and multiseriate striae on its rLV, all features that were never observed on P. 
kaetherobertianum (riaux-Gobin et al. 2018). In 2012, riaux-Gobin et al. discussed the morphology of an unknown 
Planothidium species that was finally only described as Planothidium sp1. the species bears a slight resemblance in 
valve outline (being typically lanceolate to elliptic-lanceolate) but differs in its stria structure (having long, strictly 
biseriate striae on its rLV), the absence of a broad axial area and more parallel striae on the rV, excluding all possible 
conspecificity (riaux-Gobin et al. 2012). 
 at present, there are no other marine or brackish Planothidium species known to show some similarity with 
P. kaetherobertianum. Bąk & Lange-Bertalot (2015) described several small-celled Planothidium species from the 
freshwater-brackish realm but they all are too small to be confused with the new adriatic species. Planothidium 
werumianum Lange-Bertalot & Bąk in Bąk & Lange-Bertalot (2015: 347) for instance shows a similar axial area but 
has smaller, elliptic valves and the terminal raphe endings are very short, never deflected or continuing onto the valve 
mantle as is the case in P. kaetherobertianum. 
 It is still possible that similar species were described in the past in the genera Achnanthes, Achnanthidium kützing 
(1844: 75) or Cocconeis ehrenberg (1837: 173) that have not yet been transferred to the genus Planothidium. a 
literature search through a large number of iconographic guides on marine diatom floras worldwide (e.g. Navarro 
1982, Podzorski & Håkansson 1987, Witkowski et al. 2000, Lobban et al. 2012, Álvarez-Blanco & Blanco 2014, 
kaleli et al. 2017, Park et al. 2018) however, did not yield any species with the same set of morphological features. 
 The sample that was taken from the carapace of the hospitalized turtle Žanja-Mara contained a very diverse 
diatom flora. Curiously enough, a large number of the species that were observed in the sample proved to be unknown 
to science with already one new Catenula (Mereschkowsky 1903: 97) species (robert et al. 2019) and one new 
achnanthoid genus (Van de Vijver et al., pers. comm.) being currently described. other taxa belonging to the genera 
Fallacia, Amphora and Nitzschia are still under investigation. Why the carapace of this turtle was covered with such a 
high number of new taxa is unclear, and we can assume that this points to the fact that the benthic diatom diversity in 
the adriatic Sea as well as the rest of the Mediterranean Sea is largely unexplored. Within the community found on this 
specific loggerhead carapace, we did not find epizoic taxa that belong to genera that are known to thrive exclusively on 
marine vertebrates such as tursiocola Holmes et al. (1993: 5–6), Poulinea Majewska et al. (2015: 243) or Medlinella 
Frankovich et al. (2016: 106). therefore we cannot conclude that the newly described Planothidium species belongs 
to the strictly epizoic assemblage, and there is a high probability that this species will later be found on non-biotic 
substrates in the marine environment such as rocks or sand grains. 
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