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1. Introduction

Sponges (Porifera) are important component of 
marine and freshwater ecosystems due to their species 
richness and widespread abundance (Diaz and Rützler, 
2001; Bell, 2008; Van Soest et al., 2012). Baikal 
sponges make up the bulk of the benthic biomass in 
Lake Baikal (Timoshkin, 2001) and play an important 
ecological role as biofilters. Endemic sponge family 
Lubomirskiidae includes today 18 accepted species 
(Rezvoi, 1936; Efremova, 2004; Itskovich et al., 2015; 
Bukshuk and Maikova, 2020).

For sponges, the insufficiency of morphological 
data alone was noted for the development of taxonomy 
and the study of phylogeny (Van Soest et al., 2012). 
Molecular studies provide additional data to address 
these issues in the case of marine sponges (Morrow et 
al., 2012; Boury-Esnault et al., 2013). Molecular studies 
have also helped to determine the phylogenetic position 
of a number of cosmopolitan freshwater sponges 
Spongillidae (Addis and Peterson, 2005; Itskovich et 
al., 2008; Carballo et al., 2018; Erpenbeck et al., 2019; 
Sokolova et al., 2021). The use of molecular markers 
with different evolutionary rates also made it possible 
to identify founder species of endemic families in 
ancient lakes (Meixner et al., 2007; Erpenbeck et al., 
2011; Itskovich et al., 2013a; Sokolova et al., 2020).

Species identification of Lubomirskiidae is 
difficult both on the basis of morphological and 
molecular methods. To date all molecular analyzes 

based on the protein coding (COXI, silicatein) and intron 
(ITS region rDNA and intergenic spacer region mtDNA) 
sequences have not supported the current morphology-
based taxonomy of Lubomirskiidae (Meixner et al., 
2007; Itskovich et al., 2008; 2013b).

Taxonomy and the definition of species criteria 
are the fundamental basis for theoretical and applied 
biological research. Recently, there has been an 
increase in the number of publications devoted to the 
issue of species boundaries in marine sponges, most 
of which indicate an underestimation of the existing 
biodiversity (Cruz-Barraza et al., 2012; Boury-Esnault 
et al., 2013; DeBiasse and Hellberg, 2015). Sponges 
present a goodmodel for testing hypotheses of species 
delimitation by study of molecular evolution and 
morphological variability.

The problem of species differentiation is 
especially relevant in Lake Baikal, which is a natural 
laboratory for the study of evolutionary processes. 
In Baikal along with other ancient lakes there is a 
process of accelerated evolution driven by the extreme 
and unique environmental conditions of the lake. 
Rapid radiation processes operate at all levels from 
cell to species and affect both genetic and anatomical 
characteristics. The high intraspecific morphological 
variability of Lubomirskiidae is probably the result of 
their morphofunctional and anatomical adaptations. 

In this work, we analyzed the variability of 
morphological characteristics in representatives of 4 
Liubomirskiidae genera.
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2. Materials and methods

Samples of sponges were collected by SCUBA 
diving at two collection points in Central Baikal: 
Maloe more strait, Kurma village (53°11’496”N 
106.59’752”E), Maloe more strait, Zama village 
(53°28’275”N 107°32’022”E), Cape Izhimei on Olkhon 
Island (53°13’444”N 107°44’052”E) during expeditions 
performed in 2022. During the collection of samples, 
ecological parameters such as temperature, water 
quality and mineral composition, and substrate type 
were recorded, which will reveal the links between 
taxonomy and ecology, which is important for species 
delimitation. Underwater photo and video surveys 
were carried out and for all samples in vivo images 
were captured (Fig. 1, Fig. 2). Spicule and skeleton 
preparation were performed as previously described 
(Efremova, 2004) and examined using an Olympus 
CX22 microscope. The shape and consistency of 
sponges, osculum structure, skeletal characteristics, 
the form and size of spicules, the presence and shape 
of spicule spines, the nature of their distribution along 
the spicule and their variability in each sample were 
analyzed. Spicule sizes were determined by the results 
of measurements of 50 spicules within each sample.

3. Results and discussion

We collected and performed morphological 
analysis of 208 Lubpomirskiidae specimens. Most of them 
were identified as Lubomirskia baikalensis, L. fusifera, 
L. abietina, L. incrustans, Baikalospongia intermedia, B. 
bacillifera, B. recta, B. martinsony, Rezinkovia echinata, 
Swartschewskia papyracea (Fig. 1). About 20 samples 
had difficult species identification (Fig. 2). Some of 
them had spicule sizes beyond the previously described 
species. Some samples had combinations of features of 
different species.

The largest number of such specimens had 
intermediate characteristics between representatives 
of the genera Lubomirskia and Baikalospongia, but at 
the same time, we did not encounter any difficulties in 
identifying such a species as Lubomirskia baikalensis (in 
the case of adult branched specimens). For some species 
of these genera (for example, Lubomirskia baikalensis, 
Lubomirskia incrustans, Baikalospongia intermedia), the 
structure of megasclera in the form of oxeas of similar 
size is common. Important characteristics for the 
identification of these species are also the structure of 
the skeleton, the shape and size of the skeletal bundles, 
and the nature of their branching, however, these 
characters vary significantly. Oxeas are also present 
in Spongillidae, which lose gemmules when living 
in constant conditions in Baikal, and this sometimes 
makes it difficult to identify Baikal sponges even to the 
family level (Itskovich et al., 2015). 

At the same time, the genera Swartschewskia 
and Rezinkovia have less variable morphological 
characteristics within the genus, so the identification of 
species belonging to these genera based on morphology 
is not difficult. Swartschewskia papyracea also differs 
in ecological features. This species lives on negative 
slopes, in places with low amount of light, that also 
affects the composition of its symbiotic community 
(Kaluzhnaya and Itskovich, 2016).

Our data are consistent with the data of 
other researchers, who also noted the blurring of 
morphological features and overlapping of species 
boundaries in Lubomirskiidae (Efremova, 2001; 
Masuda, 2009; Maikova et al., 2017). Some genetic 
markers also indicated the proximity of the genera 
Lubomirskia and Baikalospongia (Itskovich et al., 2013b; 
Maikova et al., 2017), however, the lack of separation of 
other Lubomirskiidae species using intergenic mtDNA 
regions indicates the need for additional studies. Rare 
deep-water species (R. arbuscula, B. abyssalis) and three 

Fig.1. Sponge body, the skeleton and microscopy of megascleres, respectively, of (A–C) Baikalospongia bacillifera; (D–F) 
Lubomirskia baikalensis; (G–I) B. intermedia; and (J–L) L. abietina.
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closely related species of the genus Swartschewskia 
should also become the object of close attention for 
species delimitation.

Marine sponges also have a phenotypic plasticity 
that can lead to misidentification of specimens and a 
problem to determine their low level relationships. For 
example, morphological studies of sponges of the genus 
Callyspongia have shown that some species are actually 
growth forms (Zea et al., 2014). However, molecular 
analysis revealed evolutionarily distinct lineages that 
were not concordant with current species designations 
in Callyspongia (DeBiasse and Hellberg, 2015).

The morphologically divergent specimens 
identified by us in this work may be either new 
species of Lubomirskiidae or indicate that the real 
number of sponge species in Baikal is overestimated. 
Molecular studies based on genomic data will help 
resolve this issue. A large-scale ddRAD analysis of the 
Lubomirskiidae specimens collected and analyzed by us 
is currently in progress.

4. Conclusions

The results of morphological analysis made 
it possible to identify samples with intermediate 
characteristics between representatives of the genera 
Lubomirskia and Baikalospongia. The delimitation of 
Lubomirskiidae species including these specimens, 
as well as a number of closely related and deepwater 
species, should be carried out using morphological, 
ecological and genomic data.
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