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Abstract. Madagascar is a freshwater biodiversity hotspot, yet the current understanding of freshwater 
bryozoan diversity is limited. Using a dissecting microscope, bryozoan statoblasts were collected during 
macrofossil analysis of a sediment core, which was taken from Lake Sofia, Madagascar, in 2019. There 
was a peak in the abundance of statoblasts prior to 1900, with 67 statoblast valves found at 45.5 cm and a 
decline in more recent sediments. A subsample of 14 specimens was examined under a scanning electron 
microscope to determine species identification. One of the species found was Plumatella kinesis. Two 
new species, Plumatella tsimiheta sp. nov. and Plumatella sofiae sp. nov. were also found and described. 
These results show the potential of lake sedimentary bryozoan remains for categorising species presence 
and distribution. Although poor preservation was a limitation for identification, there is still value in 
having a historical record of past biodiversity, especially when species may no longer be extant. This 
study highlights the need for further research to better understand the status of these species and other 
potential new species of bryozoan in Madagascar.
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Introduction
Bryozoans in the class Phylactolaemata Allman, 1856 occur exclusively in fresh water. They are commonly 
found in lakes, ponds, and rivers where they attach to almost any submerged surface (Wood & Okamura 
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2005). A characteristic feature of phylactolaemate bryozoans is the asexual production of small capsules, 
called statoblasts, that germinate to form new individuals, usually following a period of dormancy. 
Some statoblasts are buoyant upon their release into the water and are known as floatoblasts. Others 
are attached to the substratum as sessoblasts. Both types have a pair of sclerotized valves which are 
commonly preserved in lake sediments, and their morphology is often used for species identification. 
These characteristics mean that statoblast remains found in lake sediment cores can significantly aid the 
determination of bryozoan species presence and distribution, as demonstrated for Lophopus crystallinus 
Pallas, 1768 in the UK (Hill et al. 2007).

Madagascar is a freshwater biodiversity hotspot, but assessment of its wetlands shows widespread habitat 
degradation (Benstead et al. 2003; Bamford et al. 2017). Lake Sofia (14°35′04″ S, 49°00′30″ E) is a 
shallow lake and Ramsar site, in the Sofia Region of Northwest Madagascar (Pruvot & de Roland 2021). 
Including the extensive surrounding marsh system, the 16.5 km2 site supports several endemic bird 
species of conservation importance, but there is significant pressure from human disturbance (Bamford 
et al. 2017; Pruvot & de Roland 2021). Here we report on the statoblasts found in a lake sediment core 
taken  from Lake Sofia (Fig. 1).

These are the results from one of a suite of analyses which have been conducted on this core, which will 
later be published in full. The wider project aims to use palaeolimnology in lakes related to a critically 
endangered duck, the Madagascar Pochard, to inform conservation and restoration work being done by 
the Wildfowl and Wetlands Trust. The separate publication of this record aims to highlight the value 
of statoblasts remains in lake sediment cores, as a record of historical bryozoan biodiversity, and to 
demonstrate their potential contribution to published freshwater bryozoan research, especially from 
underrepresented regions such as Madagascar.

Fig. 1. Map (left) showing the location of Lake Sofia within Madagascar, in relation to the capital city 
of Antananarivo, and (right) showing the location of the SOF3 core within Lake Sofia.
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Material and methods
In September 2019, a ʻBig-Benʼ wide-bore (14 cm) piston corer (Patmore et al. 2014) was used to take 
the SOF3 sediment core from a 1.5 m water depth. The SOF3 core was extruded and sliced into 1-cm 
sections on site. Each section was transferred into a Whirl-Pak™ bag, flown to the UK and stored in a 
University College London cold store. The core was dated radiometrically, analyzing the sediment for 
210Pb, 226Ra, 137Cs and 241Am in the Environmental Radiometric Facility at University College London 
by direct gamma assay (Appleby et al. 1986). Sixteen samples at 5 cm intervals were analyzed for 
macrofossils according to standard methods (Birks 2001). For each sample, 30 cm3 of sediment was 
sieved through a 250 µm and 125 µm sieve and the remaining material was examined under a dissecting 
microscope, with all bryozoan statoblast valves picked out and stored.

Selected statoblasts were used for species identification by scanning electron microscopy (SEM). The 
isolated statoblasts included whole floatoblasts, floatoblast valves, and at least one sessoblast. They were 
first rehydrated in deionized water to restore their original shape and size. They were then cleaned in 
2 ml Eppendorf containers with a 0.1 M solution of sodium hexametaphosphate and vibrated at 60 Hz for 
3 minutes (Wood 2001). When necessary, whole statoblasts were further treated with a 2 M NaOH solution 
to separate the valves. Measurements were made from enlarged, calibrated photographs of valves in water. 
For scanning electron microscopy at the Natural History Museum in London, the valves were dried, then 
transferred to aluminum stubs, but not sputter coated as this is not necessary at low magnifications. The 
scanning electron microscope was an FEI Quanta 650 FEG used in low vacuum mode.

Holotype material examined for comparative purposes included Plumatella dhritiae Wood, 2022, 
Specimen No. P1190/1 at the Zoological Survey of India in Kolkata, India; Plumatella kisalensis Wood, 
2018, Specimen No. 61 at the Royal Museum of Central Africa at Tervuren, Belgium; and Plumatella 
patagonica Wiebach, 1974, Specimen No. 291 at the Zoologisches Museum, Hamburg, Germany.

Results
A stratigraphic plot displaying the total number of the pooled plumatellid statoblast valves found in this 
core is shown in Fig. 2. There is a clear increase and subsequent decline in statoblast abundance at this 
site over time, with a peak of 67 valves at 45.5 cm, just below the earliest 210Pb date of 1898 at 39.5 cm.

The identification of a subsample of 14 selected statoblast valves, from various sample depths, determined 
that there were three species present: one is a known species and two are new species (Table 1). The 
condition of several of the remains was too poor for adequate identification.

The following is a systematic account of the three species found.

Class Phylactolaemata Allman, 1856
Order Plumatellida Allman, 1856

Family Plumatellidae Allman 1856
Genus Plumatella Lamarck, 1816

Plumatella tsimiheta sp. nov.
urn:lsid:zoobank.org:act:BD3A02EE-5785-45B7-A3DB-E939BE6A59FB

Fig. 3

Diagnosis
Floatoblasts unusually long and narrow, the outer dimensions similar to Plumatella dhritiae Wood, 2022; 
fenestra tubercles well formed and densely crowded, spilling onto the annulus in a manner resembling 
P. patagonica Wiebach, 1974.

https://zoobank.org/urn:lsid:zoobank.org:act:BD3A02EE-5785-45B7-A3DB-E939BE6A59FB
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Fig. 2. A stratigraphic graph displaying the total number of plumatellid bryozoan statoblast valves found 
in the SOF3 wide diameter core from Lake Sofia, Madagascar. Each bar represents the number of valves 
found in 30 cm3 of sediment.

Depth (cm) Identity No of individuals

30.5
Plumatella kisalensis Wood, 2018 2
Plumatella sofiae sp. nov. 1
Unidentifiable 1

40.5
Plumatella sofiae sp. nov. 3
Plumatella tsimiheta sp. nov. 2
Unidentifiable 3

80.5
Plumatella sofiae sp. nov. 1
Unidentifiable 1

Table 1. The resulting identifications of a subsample of 14 Phylactolaemata bryozoan remains, from 
different depths in the SOF3 lake sediment core, from Lake Sofia, Madagascar.
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Etymology
The species name is a tribute to the local ethnic group, the Tsimihety, who inhabit much of the northern 
Madagascar.

Material examined
Holotype

MADAGASCAR • Statoblast valves; Mahajanga Province, Sofia Region, Bealanana District, Marotolana 
Village, Lake Sofia; 14°35′04″ S, 49º00′30″ E; Sep. 2019; L. Unger leg.; NHMUK 2023.1.17.1, slide 
collection.

Description
Floatoblast 51–535 µm long (Fig. 3a) with an average of 530 µm and 245–255 µm wide with an average 
of 253 µm (n = 3), length : width averaging 2.16; capsule measuring 360 µm by 215 µm; dorsal valve 
nearly flat, with fenestra encroaching on underlying capsule only at the poles (Fig. 3a, arrows); ventral 
valve convex, with fenestra matching capsule outline; fenestra tubercles small, densely crowded and 
highly convex, merging indistinctly with annular cells surrounding the fenestrae; other annular cells 
mostly defined by low mounds; suture appearing as crenulated margin around entire floatoblast (Fig. 3b).

Remarks
While the floatoblast outer dimensions resemble those of Plumatella dhritiae Wood, 2022, in that species 
the dorsal fenestra encroaches uniformly on all sides of the capsule, fenestra tubercles are well spaced, and 
the outer margin is smooth. Floatoblast tubercles in P. tsimiheta sp. nov. resemble those of P. patagonica 
Wiebach, 1974 in their size, density, and distribution (Fig. 3c). However, in that species the floatoblast 
is over 750 µm in length and more broadly oval.

Fig. 3. Floatoblasts related to Plumatella tsimiheta sp. nov. a. Unpaired valves, dorsal on left with arrows 
showing annulus encroachment over the capsule, image of ventral valve (right) electronically composed 
to show two planes in focus. b. SEM micrograph showing floatoblast surface details on dorsal (left) and 
ventral (right) valves. c. SEM view of a portion of floatoblast in P. patagonica Wiebach, 1974 showing 
similar tuberculation. Scale bars: a–b = 100 µm; c = 50 µm.
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Plumatella sofiae sp. nov.
urn:lsid:zoobank.org:act:84847FC0-B38F-4548-B9AE-EB3FB8A28B99

Fig. 4

Diagnosis
Floatoblast large, average length > 500 µm, average length : width 1.79; fenestra tubercles small and well 
spaced; suture minutely toothed and projecting beyond the outer margin.

Etymology
The species name is derived from the region of Sofia in northern Madagascar where these statoblasts 
were collected.

Fig. 4. Floatoblasts of Plumatella sofiae sp. nov. a. Paired floatoblast valves, dorsal on left, ventral on 
right. b. One end of ventral valve showing toothed margin. c. SEM of a portion of the ventral valve 
showing tuberculation. Scale bars: a = 100 µm; b–c = 50 µm.

https://zoobank.org/urn:lsid:zoobank.org:act:84847FC0-B38F-4548-B9AE-EB3FB8A28B99
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Material examined
Holotype

MADAGASCAR • Statoblast valves; Mahajanga Province, Sofia Region, Bealanana District, Marotolana 
Village, Lake Sofia; 14°35′04″ S, 49º00′30″ E; Sep. 2019; L. Unger leg.; NHMUK 2023.1.17.2, slide 
collection.

Description
Floatoblasts broadly oval and rounded at the poles, somewhat variable in shape and size (Fig. 4a), length 
474–573 µm with average of 529 µm, width 252–326 µm with average of 296 µm (n = 4), length : width 
averaging 1.79; ventral valve more convex than dorsal one; dorsal fenestra slightly oblong to nearly 
round, encroaching on all sides of the underlying capsule; ventral fenestra matching outline of capsule; 
tubercles uniformly small and uncrowded on both fenestrae; annulus about three times wider at poles than 
along sides; suture projecting slightly beyond annulus, giving outer margin slightly serrated appearance 
(Fig 4b–c).

Remarks
Most of the statoblasts of this species were intact, but a persistent layer of silt or clay particles obscured 
many of the surface details.

Plumatella kisalensis Wood, 2020
Fig. 5

Stolella indica Wiebach, 1964: 22–25, text-figs 16–21, pls 8–10 (not Annandale 1909: 279–280).

Material examined
MADAGASCAR • Statoblast valves; Mahajanga Province, Sofia Region, Bealanana District, Marotolana 
Village, Lake Sofia; 14°35′04″ S, 49º00′30″ E; Sep. 2019; L. Unger leg.; NHMUK 2023.1.17.3, slide 
collection.

Fig. 5. Floatoblasts of Plumatella kisalensis Wood, 2018. a. Paired valves, dorsal on left, ventral on right. 
b. SEM image of one end of ventral valve showing tuberculation. c. One end of ventral valve showing 
toothed margin. Scale bars: a = 100 µm; b–c = 50 µm.
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Description
Floatoblast small: 330 µm long, 214 µm wide, both valves about equally convex; dorsal fenestra unusually 
large in proportion to overall dimensions, measuring 250 µm by 182 µm, ventral fenestra slightly larger 
(Fig. 5a); tubercles small, bead-like, and well spaced; small, rounded knobs project from suture around 
entire periphery, giving a distinctly toothed appearance (Fig. 5b–c).

Remarks
Since only a single statoblast was available, there is no range in size to report. Plumatella kisalensis 
was first described from material collected at three sites in what is now the Democratic Republic of 
Congo (Wood 2020). The single floatoblast examined from Lake Sofia sediments is considerably smaller 
than those of the type material, which average 476 µm in length (Wood 2020). Statoblast size among 
plumatellid bryozoans is often strikingly variable, even from the same colony. All other features of the 
floatoblast match the holotype.

Discussion
The high number of statoblast valves found preserved in this lake sediment core confirms the potential 
of sediments for bryozoan species sampling and determining community change over time. This is 
unsurprising as species in the genus Plumatella are notoriously prolific producers of statoblasts (Francis 
2001). This approach could be used to greatly increase the understanding of bryozoan species presence 
and distribution in Madagascar. Preservation quality does affect identification potential, illustrated by 
the frequency of valves being too degraded or damaged to identify. The decline in the abundance of 
plumatellid statoblasts in this core indicates that these species may be declining at Lake Sofia. Additional 
sediment core records from across the lake would confirm whether this is a general or localised trend. If 
these two new species are endemic to Madagascar, further study of their current status and distribution is 
urgently needed to ensure their protection. The sampling of modern bryozoan colonies at Lake Sofia and 
other lakes in Madagascar, will be important to address these issues and provide further details of these 
new species, such as colony morphology. There is also a number of existing lake sediment cores from 
Madagascar that could be examined for bryozoan remains to further contribute to bryozoan research in 
Madagascar and potentially lead to the identification of more new species. There is increasing evidence 
for bryozoan dispersal by waterbirds (Okamura et al. 2019), therefore water bird conservation at this site 
may benefit the bryozoan species present.
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