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ABSTRACT. Within the framework of the monitoring of the Baikal endemic sponge fauna, which was
started in 2015, we organized field observations. This study is aimed to investigate the dynamics of the
disease incidence in sponges and the rate of their degradation/regeneration in the natural environment
within a limited space. The observations of the tagged sponges having different shapes were carried
out using the photo and video method. Thus, from 2016 to 2018, there was a deterioration dynamics
in the state of most control sponges. From 2018 to 2019, the state of some sponges improved owing
to the regeneration of the affected areas of the body. In this study, we revealed that Baikal sponges
with encrusted and globulous shapes could recover very quickly owing to the regeneration of the
affected areas and the rapid growth of the body. After almost complete degradation of the body in the
encrusted sponge, the fragments remain, which can subsequently grow as individual specimens. Similar
observations are currently being conducted throughout Lake Baikal.
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1. Introduction

Sponges play a significant role in the ecosystem
of any water body. They serve as the habitat for
many organisms and are important in benthic-pelagic
interaction due to their impressive filtration activity.
Sponges provide extraordinary flows of matter and
energy; at sites of their accumulation, there is a large
species diversity of organisms (Maldonado et al., 2015).
They process a solid substrate, accelerating bioerosion,
and are involved in the processing of organic compounds
of primary production through microbial symbionts
(Bell, 2008). Currently, there are 7 families, 47 genera
and 236 freshwater species in the World sponge fauna
(Manconi and Pronzato, 2019). In Lake Baikal, 15
species of the endemic family Lubomirskiidae and 5
species of the cosmopolitan species Spongillidae have
been described (Efremova, 2001; 2004; Itskovich
et al., 2017; Manconi and Pronzato, 2019; Bukshuk
and Maikova, 2020). Baikal endemic sponges are an
example in the formation of the bouquet of closely
related but morphologically different species that are
adapted to the unique conditions of a deep-water lake.
According to the visual observations of 1.V. Khanaev
and some publications (Kozhov, 1972; Masuda, 2009;
Efremova, 2001; 2004; Bukshuk and Timoshkin, 2013),
sponges are adapted to inhabit a wide range of depths,
from 1.5 to 1540 m. Although the species composition
of sponges in Lake Baikal is small in comparison with
other representatives of zoobenthos, they are a constant
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and very significant component of bottom communities
(Kozhov et al., 1969). The bulk of their abundance and
species diversity is at depths of 3-40 m (Efremova, 2004;
Masuda, 2009). This depth range concentrates the main
species diversity of many benthic organisms, and this
zone is currently experiencing the greatest changes
indicating an increasing anthropogenic load (Kravtsova
et al., 2012; 2014; Kobanova et al., 2016; Timoshkin
et al., 2016). Attached sponges are very stressed when
environmental conditions change. Stress can affect the
physiological state of sponges, which entails the loss
of control over microbiome and, consequently, the
development of diseases (Pita et al., 2018).

Information about the disease of marine sponges
first appeared approximately 100 years ago. At that
time, losses of commercial sponges due to the diseases
reached 95% in some areas (Smith, 1941). The first
data on diseased Baikal sponges were published in
2011 (Bormotov, 2011). At present, diseased sponges
are found in all three basins of Lake Baikal (Timoshkin
et al., 2016; Khanaev et al., 2018). These data on the
disease of freshwater sponges were the first in the world
literature; though in marine ecosystems this problem
has been already existing for decades.

In 2015, comprehensive monitoring of the state
of sponge fauna in Lake Baikal was organized. Along the
transects laid in all three Baikal basins, the projective
cover of the bottom with healthy and diseased sponges
were measured and their species diversity and state
were evaluated. We used the underwater photo and
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video method that is widely used to monitor the state
of attached animals. Additionally, we used the tagging
of single (separate) sponges, which is also widely used
to study corals and sponges, including monitoring the
rate of the disease progression (Hill and Wilkinson,
2004; Sweet et al., 2015; Precht et al., 2016). In 2015,
based on the library materials, freeze-frame data and
videos of the Baikal bottom, the number of the affected
sponges ranged from 2.4 to 19.1%. The proportion of
the affected branched sponges was higher (from 8.5%
to 63.3%) than that of encrusting ones (from 0.5% to
17.9%). Sponges are diseased throughout the lake;
however, in Listvennichny Bay, the anthropogenic
factor significantly aggravates the situation. Here, the
lesion of branched sponges is 100%, encrusted sponges
— up to 50% and globulous sponges — 38% (Khanaev et
al., 2018).

In addition to the transects, the monitoring
system of the state of the Baikal sponge fauna includes
field observations at the site located in Bolshiye Koty
Bay opposite Varnachka Valley (Fig. 1). This study
aims to investigate the dynamics of disease incidence in
sponges and the rate of their degradation/regeneration
in the natural environment within a limited space.

2. Materials and methods

A natural site of the sponge state observations was
organized on 4 June 2016 opposite Varnachka Valley,
170 m from the water’s edge (the edge coordinates
are51°54°07,3""; 105°06°20,2"), at depths of 10-11 m.
White stones indicated the boundaries of the site. The
area of the site is approximately 6 m? (Fig. 1). For the
observation site, we chose a section of the bottom in
Baikal having an outcrop ridge separately rising from
the main slope, with minor affected sponges of different
body shapes: globulous, encrusted and branched.

The projective cover of the bottom with sponges
(the percentage of sponge cover relative to the total area
of the site) was calculated using the ImageJ programme
by photographs taken in opposite angles on the day of
the site organization.

For regular video filming, seven specimens were
randomly selected and tagged within the boundaries
of the site: two globulous, three encrusted and two
branched sponges. Tags were made of rubber and had
a round form with a diameter of 20 mm; they were
attached to the sponges by thin stainless steel nails.
Each tagged sponge had a number (Table 1). To assess
the progression of the disease lesion, the tagged sponges
were monitored in the field using photographs. SCUBA
divers took photographs every year in June.

The degree of lesion or degradation of the sponge
body was assessed visually by photographs using
scoring system (Easson et al., 2013; Maldonado et al.,
2015): 0 - no signs of lesion, 1 — start of lesion, point
lesions of the body (lesion occupies approximately up
to 20% of the body), 2 — continued lesions (less than
50% of the body), 3 — severe lesion (more than 50%
of the body); 4 — degradation of the specimen (to its
complete or partial disappearance).
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Fig. 1. The site with sponges; white stones indicate the
boundaries.

3. Results and discussion

On 4 June 2016, the projective cover of the
bottom with sponges of all shapes was 26-36 % (Fig. 1).

Table 1 shows the list of tagged sponges with
a description of the lesion development (in points).
Throughout the entire observation period (from 2016
to 2019), only one branched sponge under the number
VB-2 lacked the disease or any lesion. Other branched
sponge, VB-1, had stable point lesion of the body (1
point). Over four years, the lesion degree of the body
surface in this sponge did not exceed 20%, which
probably indicates some stability and resistance to
disease.

Table 1. Description of the lesion degrees in the tagged
sponges using a scoring system

Number and body
shape of a specimen

State of a specimen
in 2017 [in 2018
1

in 2016 in 2019

VB-1, branched 1
VB-2, branched

VG-1, globulous
VG-2, globulous
VE-1, encrusting
VE-2, encrusting
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VE-3, encrusting
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In three sponges (globulous VG-2 as well as
encrusted VE-2 and VE-3) point lesions of the body (1
point) appeared after two years (in 2018), but already
in 2019, there was tissue regeneration of the affected
areas. Similar processes were also observed in another
globulous sponge, VG-1. The first point lesions of the
body surface (up to 20%) in this sponge were recorded
in 2017, and in 2018, lesions affected 50% of the
body surface, but already in 2019, the affected areas
reduced and were again up to 20% (Fig. 2). In other
words, the rate of the relative recovery of affected
areas owing to tissue regeneration and growth of
encrusted and globulous species is sufficiently high. In
2019, we observed not only partial regeneration of the
affected areas but also covering the tag with a sponge
(overgrowing of the tag with a sponge).

Figure 3 shows the encrusted sponge VE-1. This
sponge had no lesions of the body when the observations
were organized (in 2016); in 2017, a significant part of
the body was degraded (ca. 50%) compared to the initial
state. In 2018, the sponge degraded almost completely;
only small separate fragments of the body remained. It
is possible that in the future each of them will be able
to grow as an independent specimen. Therefore, by 31
July 2019, among the tagged sponges at the observation
site, one specimen (VE-1) degradated.

4. Conclusions

In general, at the beginning of the observations
(June 2016), we ascertained a sufficiently good state
of control sponges (among seven control sponges, only
one had initial signs of the lesion) at the observation
site. A year later, in June 2017, we observed a slight
deterioration in the general state associated with the
addition of one more sponge having initial signs of
the lesion (VG-1) and worsening of the state of the
encrusted sponge (VE-1). After another year, in June
2018, the deterioration in the state continued: in five
sponges, the lesion degree worsened (in globulous and
encrusted sponges), and in two branched sponges, the
lesion degree did not change. In 2019, we observed
a slight improvement in the state of control sponges
compared to 2018: four sponges (two encrusted and
two globulous) had changes in the lesion degree
resulted from the regeneration of some affected areas
of the body; in two branched sponges, the lesion degree
did not change. Of course, we cannot assess the state
of the entire sponge fauna in the lake by the state
dynamics of the studied sponges. This requires similar
observations throughout Lake Baikal, at sites with the
highest abundance of sponges.

Long-term field observations of the state of
sponge fauna have revealed that sponges of any shape
inhabiting Lake Baikal can be affected. Regardless of
the lesion degree, sponges are capable of regenerating
or degrading to complete disappearance. Moreover,
fragments of the body remaining after degradation of
encrusted sponge can subsequently grow as independent
specimens.

The results of the observations of separate
Baikal sponge specimens are the first in the system
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of monitoring that we started in 2015. There are still
tagged sponges in other areas of the lake. These studies
are being continued and will more completely elucidate
the dynamics of changes in the state of the Baikal
sponge fauna.
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