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AbstrAct: The vicariant genetic allospecies of the superspecies complex of the great ramshorn snail 
Planorbarius corneus s. lato, “western” and “eastern” – in Right Bank and Left Bank Ukraine, respectively, 
– are among the widespread and numerous gastropods in the Ukrainian river network. They possess two 
modes of respiration: pulmonary and surface (diffusive). The gas exchange in these snails is connected to 
the presence of the respiratory pigment hemoglobin in their internal liquid medium (hemolymph), which 
transports oxygen in their tissues and organs, and carbon dioxide to the lungs. We studied the features 
of impact of three mineral fertilizers widespread in Ukraine (nitrate, potassium and phosphate) used in 
concentrations measured in MPC 0.01 mg/L (0.5, 1, 2, 3) on the indexes of pulmonary and surface diffusive 
respiration in both P. corneus s. lato allospecies. Exposure of experimental individuals to 0.5 MPC-solutions 
of mentioned fertilizers does not affect them. The increase of toxicant concentration up to 2 MPC, however, 
is followed by an increase in respiratory activity (p≤0.05–0.001), but beyond that up to 3 MPC induces 
a	 significant	decline	 (p≤0.001). Considered individually, the examined mineral fertilizers presented the 
following order by their impact on great ramshorns: nitrate > potassium > phosphate. The “eastern” 
allospecies appeared to be more sensitive and less durable for all aforementioned pollutants by both lung 
and direct diffusive respiration, compared to the “western” allospecies (p≤0.05–0.001).
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INTRODUCTION

Intensifying agriculture in Ukraine relies heavi-
ly on the proper use of mineral fertilizers (naKaz 
MinisterstvA 2021). Improper use, and gross vi-
olations of storage and transport conditions have 

led to the contamination of surface and ground wa-
ters throughout the river network. Only 5–10% of 
those applied are taken up by plants, and 90–95% 
are dispersed in the wind or washed out by rain 
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and meltwater, entering streams, rivers, lakes, 
ponds and irrigation channels (kutsenko 2004, 
camarGo et al. 2005, bAtyAn et al. 2009, saVci 
2012, dudnyk & yevtushenko 2013, henrY et al. 
2013, stAdnychenko 2013, MArtynovA et al. 2017, 
kArApetyAnts & drAkin 2018, singh & crAswell 
2021, uVaYeVa et al. 2022a).

The usage of fertilizers is determined mainly by 
the character of different regions, in Ukraine di-
vided into four: Polissia, Forest-Steppe, Steppe and 
Carpathian Mountains (logvinov & shcherbAn 
1984). Each has characteristic soil types, water re-
gime and precipitation. Polissia, northern Ukraine, 
has favourable precipitation but naturally nutri-
ent-poor soils. This makes the use of nitrate fertiliz-
ers particularly effective. In Forest Steppe, centrally 
placed in Ukraine, regions to the west (right bank) 
of the Dnipro river, humid conditions and soil type 
favour the use of potassium fertilizers, while to the 
east (left bank), drier conditions favour the use of 
phosphorus fertilizers, as does the even more arid 
condition of the Steppe, where  droughts are fre-
quent (PYsarenKo et al. 2008).

When transferred to water bodies, concentra-
tions of nitrogen (as ammonium), potassium and 
phosphate ions increase. While not toxic themselves, 
they can change the direction of redox processes 
(camarGo et al. 2005, dudnyk & yevtushenko 
2013). In alkaline environments, ammonium ions 
transform into ammoniac, highly toxic to aquatic 
animals (Metelev et al. 1971). It can induce con-
vulsions, and blocks respiratory pathways, leading 
to	mass	mortality	in	both	fish	and	molluscs.	90%	or	
more of ammonium nitrate is transformed, and in 
carp ponds pH reaches 7.5–9.0. Phosphates can also 
cause problems, as when natural apatites are used, 
heavy metal contamination can occur, most espe-
cially	in	fish	ponds	(dudnyk & yevtushenko 2013, 
singh & crAswell 2021).

These mineral fertilizers are often used in con-
centrations above those allowed by law, not only in 
agriculture,	but	also	in	fisheries	(soloMAtinA et al. 
2019), which can worsen water quality, sometimes 
resulting in hypoxia. Hence, there is a need to study 

the mode, direction and level of these accidentally 
polluting effects, especially on the molluscan fau-
na. It is known (roMAnenko 2001, kreMser & 
schnug 2002, saVci 2012) that at certain concen-
trations they cause pH and oxidation level to in-
crease, along with mineralisation and eutrophication. 
Photosynthetic blooms result in accumulation of un-
decomposed detritus, leading to anoxic conditions. 
Excess of phosphates also disturbs the calcium bal-
ance in molluscs (shell thinning) (bAtyAn et al. 2009, 
PimenoVa 2011). Excess of nitrates leads to oxygen 
starvation in molluscs, decrease of hemolymph Hb 
concentration, and weakening of heart and vessel 
muscles (MArtynovA et al. 2017, kArApetyAnts & 
drAkin 2018). Excessive use of potassium fertilizers 
threatens the molluscs with dehydration due to ex-
cessive osmotic loses (rAdkevich 1998, chernoVa 
& bilovA 2004).

Planorbid snails are suitable to examine some of 
these effects. They have two methods of respiration, 
with the lungs, and by direct absorption of oxygen 
through the body surface (régondAud 1961). In 
pulmonary respiration, air is taken into the lung via 
a long moveable siphon. In normal conditions, both 
methods are of similar capacity, 0.025 (lung) and 0.03 
(surface) mg O2/hour per 1 g of fresh mass, respective-
ly (prosser & brAun 1967, stAdnychenko 2013). 
This study sets out to establish the effects of different 
concentrations of nitrate, potassium and phosphate 
fertilizers on the respiration, in both modes, of the 
great ramshorn snail Planorbarius corneus (Linnaeus, 
1758), taking separately its two vicariant allospecies, 
“eastern” and “western” (mezhzherin et al. 2005). 
These allospecies differ from each other by concho-
logical, anatomical, chorological and ecological fea-
tures (gArbAr 2003, 2009, gArbAr & gArbAr 2006, 
GarBar et al. 2020, BaBYch et al. 2021, uVaYeVa et 
al. 2022b). The species is abundant and widespread 
in both running and still waters. Our material comes 
from water bodies in the Polissia and Forest-Steppe 
zones in 2020–21; material from the Steppe zone, 
due to be sampled in 2022, has become unavailable 
to us for reasons beyond our control.

MATERIAL AND METHODS

Mature individuals of the great ramshorn P. cor-
neus s. lato (Linnaeus, 1758) allospecies (Figs 1–6), 
collected by hand in June–July 2020–2021 in four 
localities (Fig. 7). “Western” allospecies (diame-
ter of shell 25.84±0.09 mm): 277 ind. from Teteriv 
River (Zhytomyr, Zhytomyr region; 50°14'19.5"N, 
28°40'49.8"E), and 235 from Hnyla River 
(Horodnytsia village, Ternopil region; 49°24'38.4"N, 
26°00'31.9"E), and “eastern” allospecies (diame-

ter of shell 22.63±0.12 mm): 293 ind. from Snov 
River (Snovsk, Chernihiv region; 51°49'15.9"N, 
31°55'27.5"E), and 294 from Psel River (Sumy, Sumy 
region; 50°55'20.3"N, 34°49'30.1"E) were used for 
studying the pulmonary and direct diffusive respira-
tion, respectively (Figs 8–11).
Allospecies	were	identified	by	their	conchological	

features (gArbAr 2003, mezhzherin et al. 2005). 
Before the toxicology experiment, the selected indi-
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viduals were acclimatised over 15 days in laboratory 
conditions (KhleBoVich 1981): 10 l water volume, 
4	 ind/l	 density,	 20–22  °C	 temperature,	 7.6–8.3	 pH,	
8.4–8.9 mg/L O2 oxygenation. Renewing of condi-
tions, and feeding were daily, and the snails were fed 
on Cladophora sp. and Myriophyllum spicatum L., ob-

tained from the water bodies from where the snails 
originated.

The snails were weighed using electronic scales, 
WPS 1200/cm, and their shells were measured using 
calipers. The volume of hemolymph was measured 
after the experiments by insulin syringe via complete 

Figs 1–6. Shells of Planorbarius corneus s. lato: 1–3 – allospecies “western” (Teteriv river, Zhytomyr); 4–6 – allospecies 
“eastern”	(Snov	river,	Snovsk);	1,	4	–	top	view;	2,	5	–	bottom	view;	3,	6	–	side	view.	Scale	bars	10 mm

Fig. 7. Map showing the localities of Planorbarius corneus s. lato allospecies: I – Polissia (black circle – Teteriv river, 
Zhytomyr; black squares – Snov river, Snovsk); II – Forest-Steppe (black circle – Hnyla river, Horodnytsia village; black 
squares – Psel river, Sumy); III – Steppe; IV – Carpathian mountain region; black circle stand for “western” and black 
squares for “eastern” allospecies
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bleeding of the animals. Hb content was measured 
following the Sali method with the alYaKrinsKaYa 
(1970)	modification,	and	hemolymph	pH	–	by	indica-
tor strips pH-TEST (production of PRC). The snails 
were fed daily with Myriophyllum sp. in the experi-
mental arena.

The main toxicology experiment was conduct-
ed following aleKseYeV (1981). Toxicants (p.a.) 
– NaNO3, K2SO4, Ca(H2PO4)2, – were used in con-
centrations indicated in MPC: 0.5, 1, 2, 3. The value 
of the maximum permissible concentration (MPC: 

mg/L) for great ramshorn is for NaNO3 – 0.01, K2SO4 
– 0.005, Ca(H2PO4)2 – 0.001. Their solutions were 
prepared with aged (2 days) tap water. Duration of 
experiment – 7 days. The indexes of pulmonary and 
direct diffusive respiration were estimated by obser-
vation of behavioral and physiological reactions of 
experimental individuals to the applied mineral fer-
tilizers (stAdnychenko et al. 1996). The number of 
inspirations was calculated as number of emerging 
events	 through	the	water	surface	 tension	film	with	
pneumostome mounting to its bottom surface. The 

Figs 8–11. Habitats of great ramshorn Planorbarius corneus s. lato: 8 – Teteriv River (Zhytomyr, Zhytomyr region); 9 – Hnyla 
River (Horodnytsia village, Ternopil region); 10 – Snov River (Snovsk, Chernihiv region); 11 – Psel River (Sumy, Sumy 
region); 8–9 – allospecies “western”; 10–11 – allospecies “eastern”
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successful perforation was usually followed by a loud 
clap.	 It	 signified	 the	 beginning	 of	 inspiration.	 The	
duration of inspiration was considered as the time 
from the clap to the snail detaching from the water 
surface	tension	film	and	sinking	to	the	bottom.	The	
volume of inspiration was estimated by the number 
of bubbles appearing from the lung of each snail af-
ter they had been given some mechanical irritation, 
usually by being pricked by a pin repeatedly until no 
more bubbles emerged.

The level of diffusive respiration was estimated 
by the duration of presence of living signs in exper-
imental animals, which were deprived of access to 
pulmonary respiration. For this, they were placed at 
the aquarium bottom into the perforated (water-per-
meable)	plastic	boxes	(7 × 7 × 7	cm)	with	mounted	
weight.

The package “STATISTICA 6.0” (BoroViKoV 
2013) was used to analyze the data obtained from 
the experiments.

RESULTS

The samples of great ramshorn snail P. corneus 
s. lato were collected in the water bodies of two 
Ukrainian nature-geographical zones – Polissia and 
Forest-Steppe, divided by Dnipro River into Right 
and Left Banks. “Western” allospecies inhabits Right 
Bank of both zones, while “eastern” one is wide-
spread on the Left Bank of both (Figs 1–6). The in-
formation on natural and geographic conditions of 
their ranges is presented in Table 1.

Table 2 provides the data on the different levels 
of sensitivity and durability to the impact of miner-
al fertilizers of three types in the two P.  corneus al-

lospecies. Mortality was higher among the “eastern” 
allospecies experimental individuals under all treat-
ments in all applied concentrations (Table 2).

The effects of different mineral fertilizers on 
the pulmonary and surface diffusive respirations of 
P. corneus allospecies are given in Table 3. With tox-
icant concentrations rising from 0.5 MPC to 2 MPC 
the snails showed an increase of daily inspiration 
number, duration and volume along with shortening 
of intervals between them. At 3 MPC of the same 
toxicants, however, the snails showed a decline in in-
dexes of pulmonary respiration with longer intervals 

Table 1. The natural and geographic conditions of Planorbarius corneus s. lato allospecies’ biotopes

Natural 
geographical area Biotope Density, 

ind/m2
Biomass, 

g/m2

Hydrological mode conditions
Depth, 

m
Flow 

speed, m/s
Water transpa-

rency, cm pH Bottom 
sediments

“Western” allospecies
Polissia forest zone Teteriv river, 

Zhytomyr
29.3 54.0 0.43 0.1–0.3 Till bottom 7.20 Silty sand

Forest-Steppe zone Hnyla river, 
Horodnytsia village

18.0 33.7 0.37 0.2–0.3 Till bottom 6.80 Silty

“Eastern” allospecies
Polissia forest zone Snov river, Snovsk 10.2 13.8 0.35 0.1–0.3 31 7.32 Silty
Forest-Steppe zone Psel river, Sumy 11.7 15.5 0.28 0.5–0.6 15 7.73 Silty sand

Table 2. The mortality (%) of great ramshorn allospecies under the exposure of different concentration of mineral ferti-
lizers

Concentration, MPC
NaNO3 K2SO4 Ca(H2PO4)2

n mortality, % n mortality, % n mortality, %
“Western” allospecies

Control 10 110 10 110 10 110
0.5 MPC 10 110 10 110 10 110
1.0 MPC 10 110 10 110 10 110
2.0 MPC 10 150 10 140 10 140
3.0 MPC 10 100 10 100 10 100

“Eastern” allospecies
Control 10 110 10 110 10 110
0.5 MPC 10 110 10 110 10 110
1.0 MPC 10 110 10 110 10 110
2.0 MPC 10 160 10 150 10 150
3.0 MPC 10 100 10 100 10 100
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Table 3. The impact of mineral fertilizers in different concentrations on indexes of lung and direct diffusive respiration of 
Planorbarius corneus s. lato allospecies

Mineral 
fertilizer

Toxicant 
concentration n

Indexes of lung respiration
Index of direct 

diffusive 
respiration, h

Daily number 
of inspirations

Interval 
between 

inspirations, 
min

Duration of 
inspiration, 

min

Volume of 
inspiration, 
number of 

bubbles
Mean±SE

“Western” allospecies (Teteriv river, Zhytomyr)
NaNO3 Control 20 16.32±1.15* 56.24±1.12*** 21.34±1.14** 20.05±1.22** 46.45±2.05**

0.5 MPC 20 17.16±1.14* 53.34±1.13*** 22.57±1.19** 21.86±1.16** 48.89±2.08**
1.0 MPC 21 18.25±1.24* 49.62±1.18*** 25.11±1.21** 24.04±1.14** 51.84±3.13**
2.0 MPC 20 20.31±1.29* 41.74±1.28*** 28.39±1.26** 30.22±1.18** 57.25±2.24**
3.0 MPC 19 13.42±1.18* 72.18±1.12*** 14.88±1.08** 11.38±1.12** 21.34±2.79**

K2SO4 Control 20 16.21±1.08* 56.58±1.04*** 21.28±1.09** 20.24±1.15** 46.11±2.34**
0.5 MPC 21 16.94±1.20* 54.61±1.19*** 22.13±1.28** 21.34±1.19** 48.24±2.56**
1.0 MPC 20 17.88±1.08* 50.32±1.18*** 24.89±1.11** 23.52±1.21** 50.52±3.02**
2.0 MPC 19 19.95±1.11* 43.56±1.24*** 27.74±1.18** 29.44±1.24** 55.45±2.75**
3.0 MPC 20 13.12±1.17* 76.88±1.28*** 14.16±1.27** 11.06±1.18** 20.63±2.86**

Ca(H2PO4)2 Control 20 16.15±1.28* 56.62±1.01*** 21.17±1.17** 19.86±1.29** 45.62±2.54**
0.5 MPC 20 16.76±1.32* 55.36±1.16*** 21.78±1.25** 20.63±1.08** 47.32±2.28**
1.0 MPC 19 17.34±1.14* 51.28±1.04*** 23.58±1.18** 22.94±1.15** 49.28±3.12**
2.0 MPC 19 19.46±1.21* 45.76±1.08*** 26.62±1.17** 28.64±1.16** 53.64±2.46**
3.0 MPC 18 12.86±1.14* 80.21±1.10*** 13.54±1.18** 10.67±1.11** 19.68±2.58**

“Eastern” allospecies (Snov river, Snovsk)
NaNO3 Control 19 14.12±1.23* 68.38±1.11*** 19.52±1.16** 17.05±1.16** 39.12±2.12**

0.5 MPC 20 15.31±1.19* 63.67±1.12*** 20.89±1.25** 18.72±1.28** 43.63±2.21**
1.0 MPC 19 16.85±1.06* 59.43±1.18*** 23.16±1.07** 21.48±1.17** 46.73±2.34**
2.0 MPC 20 19.27±1.27* 52.62±1.21*** 26.69±1.10** 27.60±1.21** 50.29±2.69**
3.0 MPC 19 11.24±1.11* 105.40±1.06*** 12.82±1.21** 10.59±1.16** 19.37±2.01**

K2SO4 Control 20 14.24±1.18* 68.61±1.02*** 19.34±1.05** 17.21±1.08** 39.34±2.53**
0.5 MPC 19 14.92±1.24* 66.52±1.26*** 20.26±1.09** 18.04±1.05** 42.48±2.13**
1.0 MPC 20 16.04±1.08* 61.28±1.17*** 22.54±1.18** 20.26±1.11** 45.82±2.41**
2.0 MPC 20 18.41±1.21* 54.26±1.21*** 25.47±1.04** 26.75±1.28** 49.78±2.37**
3.0 MPC 19 10.93±1.16* 109.39±1.06*** 12.21±1.16** 10.11±1.19** 18.44±2.16**

Ca(H2PO4)2 Control 20 14.10±1.15* 68.84±1.10*** 19.25±1.19** 17.16±1.21** 38.87±2.24**
0.5 MPC 20 14.68±1.05* 67.56±1.19*** 19.96±1.11** 17.83±1.20** 40.62±2.69**
1.0 MPC 19 15.36±1.13* 63.39±1.21*** 22.34±1.08** 19.64±1.14** 42.64±2.25**
2.0 MPC 19 17.16±1.17* 57.68±1.13*** 24.68±1.19** 26.47±1.27** 45.71±3.27**
3.0 MPC 20 10.52±1.21* 112.74±1.27*** 11.88±1.24** 9.82±1.16** 17.52±2.08**

“Western” allospecies (Hnyla river, Horodnytsia village)
NaNO3 Control 20 17.88±0.95* 51.36±1.08*** 22.81±1.04** 21.32±1.11** 48.36±2.43**

0.5 MPC 19 18.21±1.06* 48.88±1.17*** 24.06±1.14** 22.44±1.08** 51.31±2.25**
1.0 MPC 20 19.32±1.31* 43.92±1.16*** 26.54±1.27** 24.70±1.10** 53.68±3.84**
2.0 MPC 20 22.04±1.25* 36.58±1.21*** 29.67±1.22** 31.09±1.09** 58.59±2.88**
3.0 MPC 20 15.78±1.16* 66.79±1.06*** 16.75±1.05** 13.82±1.16** 23.45±3.34**

K2SO4 Control 20 17.64±1.12* 51.88±1.22*** 22.54±1.16** 21.22±1.04** 48.05±2.01**
0.5 MPC 20 18.12±1.13* 49.32±1.24*** 23.86±1.18** 22.03±1.16** 50.10±2.21**
1.0 MPC 19 19.24±1.02* 45.10±1.14*** 25.89±1.12** 24.27±1.27** 52.47±3.24**
2.0 MPC 20 21.67±1.19* 37.63±1.28*** 29.06±1.13** 30.72±1.31** 57.21±3.08**
3.0 MPC 19 15.14±1.21* 68.25±1.31*** 16.31±1.21** 13.31±1.29** 22.63±2.49**

Ca(H2PO4)2 Control 20 17.37±1.02* 52.11±1.13*** 22.27±1.11** 21.08±1.22** 47.86±3.25**
0.5 MPC 19 18.04±1.14* 50.64±1.11*** 23.10±1.23** 21.88±1.14** 49.64±2.67**
1.0 MPC 20 19.02±1.16* 46.49±1.07*** 25.26±1.24** 23.94±1.19** 51.52±3.54**
2.0 MPC 20 21.13±1.19* 38.76±1.16*** 28.86±1.22** 30.12±1.23** 55.78±3.21**
3.0 MPC 19 14.75±1.24* 70.51±1.19*** 15.34±1.21** 12.51±1.13** 21.82±3.04**
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Table 4. The physico-chemical indexes of Planorbarius corneus s. lato allospecies hemolymph under the exposure of mineral 
fertilizers in different concentrations (on the 7th day of exposure)

Mineral 
fertilizer

Toxicant 
concentration n

Volume of 
hemolymph, ml

Mass of 
hemolymph, g

Hb amount, 
g%

Hb amount by the 
body mass, g%/g

Hemolymph, 
pH

Mean±SE
“Western” allospecies (Teteriv river, Zhytomyr)

NaNO3 Control 19 0.59±0.06** 0.60±0.06** 1.22±0.07** 1.60±0.18** 7.10±0.13**
0.5 MPC 20 0.55±0.09** 0.57±0.10** 1.11±0.05** 1.44±0.15** 7.30±0.17**
1.0 MPC 18 0.51±0.08** 0.52±0.08** 0.95±0.03** 1.25±0.12** 7.90±0.12**
2.0 MPC 19 0.46±0.06** 0.48±0.07** 0.83±0.06** 1.14±0.19** 8.30±0.16**
3.0 MPC 19 0.42±0.05** 0.43±0.06** 0.73±0.07** 0.94±0.24** 8.50±0.18**

K2SO4 Control 20 0.58±0.03** 0.59±0.04** 1.19±0.05** 1.51±0.12** 7.30±0.21**
0.5 MPC 19 0.52±0.07** 0.54±0.08** 1.09±0.06** 1.32±0.18** 7.50±0.24**
1.0 MPC 20 0.48±0.06** 0.49±0.07** 0.92±0.08** 1.20±0.12** 7.90±0.16**
2.0 MPC 19 0.43±0.03** 0.45±0.04** 0.79±0.09** 1.04±0.15** 8.10±0.10**
3.0 MPC 19 0.38±0.04** 0.40±0.05** 0.70±0.03** 0.92±0.17** 8.30±0.13**

Ca(H2PO4)2 Control 20 0.56±0.04** 0.58±0.05** 1.15±0.09** 1.46±0.24** 7.10±0.19**
0.5 MPC 20 0.48±0.04** 0.49±0.04** 1.05±0.06** 1.26±0.21** 7.30±0.17**
1.0 MPC 20 0.44±0.07** 0.46±0.08** 0.88±0.05** 1.14±0.14** 7.70±0.12**
2.0 MPC 19 0.39±0.08** 0.41±0.09** 0.80±0.04** 1.01±0.11** 8.00±0.15**
3.0 MPC 19 0.35±0.05** 0.37±0.06** 0.65±0.05** 0.90±0.12** 8.10±0.11**

“Eastern” allospecies (Snov river, Snovsk)
NaNO3 Control 20 0.46±0.04** 0.48±0.05** 1.10±0.08** 1.38±0.18** 7.30±0.12**

0.5 MPC 19 0.41±0.05** 0.42±0.05** 1.05±0.04** 1.20±0.12** 7.50±0.18**
1.0 MPC 19 0.38±0.07** 0.39±0.07** 0.92±0.06** 1.15±0.16** 7.70±0.22**
2.0 MPC 20 0.34±0.06** 0.36±0.07** 0.80±0.05** 0.99±0.17** 8.10±0.16**
3.0 MPC 19 0.30±0.05** 0.33±0.07** 0.68±0.07** 0.88±0.14** 8.40±0.13**

Mineral 
fertilizer

Toxicant 
concentration n

Indexes of lung respiration
Index of direct 

diffusive 
respiration, h

Daily number 
of inspirations

Interval 
between 

inspirations, 
min

Duration of 
inspiration, 

min

Volume of 
inspiration, 
number of 

bubbles
Mean±SE

“Eastern” allospecies (Psel river, Sumy)
NaNO3 Control 20 15.82±1.12* 61.24±1.03*** 20.16±1.09** 18.14±1.11** 40.74±2.21**

0.5 MPC 20 16.88±1.07* 58.54±1.19*** 22.08±1.12** 20.54±1.10** 47.52±2.67**
1.0 MPC 19 18.13±1.16* 54.26±1.21*** 24.11±1.23** 22.62±1.08** 49.37±2.22**
2.0 MPC 19 20.58±1.13* 45.82±1.27*** 27.83±1.16** 29.26±1.28** 53.08±2.14**
3.0 MPC 20 12.61±1.17* 101.18±1.08*** 14.79±1.08** 11.85±1.25** 20.81±2.12**

K2SO4 Control 20 15.61±1.18* 61.82±1.14*** 20.24±1.13** 18.28±1.19** 40.74±2.21**
0.5 MPC 20 16.46±1.16* 59.69±1.21*** 21.82±1.15** 19.91±1.12** 45.61±2.02**
1.0 MPC 20 17.82±1.26* 55.05±1.16*** 23.86±1.23** 22.03±1.07** 47.23±2.67**
2.0 MPC 19 19.94±1.14* 47.49±1.24*** 27.15±1.19** 28.33±1.18** 51.32±2.98**
3.0 MPC 19 12.14±1.05* 101.72±1.17*** 14.38±1.22** 11.32±1.26** 19.56±2.55**

Ca(H2PO4)2 Control 20 15.44±1.06* 62.14±1.21*** 20.02±1.05** 18.08±1.28** 40.74±2.21**
0.5 MPC 19 16.10±1.19* 60.32±1.14*** 21.27±1.19** 19.25±1.08** 42.28±2.35**
1.0 MPC 20 17.19±1.24* 56.44±1.18*** 23.18±1.24** 21.52±1.04** 44.48±2.74**
2.0 MPC 20 19.63±1.22* 48.78±1.27*** 26.33±1.14** 27.68±1.16** 48.50±3.05**
3.0 MPC 19 11.34±1.27* 103.37±1.35*** 13.19±1.21** 10.48±1.13** 18.67±2.64**

*	–	statistically	significant	differences	(p≤0.05);	**	–	highly	significant	differences	(p≤0.001); the survival of snails without lung respira-
tion is given in hours in the last column.

Table 3 continued
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between them. At 3 MPC, survival in the absence of 
pulmonary respiration was always shorter than in 
the controls, but it was sometimes more prolonged 
than in the controls at lower concentrations.

Table 4	shows	the	significant	differences	between	
the allospecies by some indexes of their internal 

medium (hemolymph) when treated with the dif-
ferent mineral fertilizers in concentrations from 0.5 
to 3 MPC. Experimental snails showed a decrease in 
hemolymph volume, mass and Hb content, and an 
increase in pH.

Mineral 
fertilizer

Toxicant 
concentration n

Volume of 
hemolymph, ml

Mass of 
hemolymph, g

Hb amount, 
g%

Hb amount by the 
body mass, g%/g

Hemolymph, 
pH

Mean±SE
K2SO4 Control 20 0.44±0.05** 0.45±0.06** 1.08±0.05** 1.31±0.24** 7.30±0.18**

0.5 MPC 18 0.39±0.07** 0.41±0.08** 1.02±0.06** 1.15±0.14** 7.70±0.12**
1.0 MPC 19 0.35±0.04** 0.36±0.04** 0.90±0.07** 1.10±0.19** 8.00±0.16**
2.0 MPC 20 0.30±0.08** 0.31±0.08** 0.77±0.04** 0.93±0.15** 8.30±0.17**
3.0 MPC 19 0.26±0.02** 0.28±0.03** 0.63±0.05** 0.84±0.11** 8.50±0.20**

Ca(H2PO4)2 Control 20 0.45±0.02** 0.47±0.03** 1.02±0.04** 1.22±0.12** 7.10±0.12**
0.5 MPC 20 0.38±0.05** 0.39±0.05** 0.95±0.04** 1.12±0.20** 7.50±0.19**
1.0 MPC 19 0.34±0.03** 0.35±0.04** 0.85±0.05** 1.02±0.24** 7.90±0.21**
2.0 MPC 20 0.29±0.08** 0.31±0.09** 0.73±0.07** 0.90±0.12** 8.10±0.23**
3.0 MPC 19 0.25±0.09** 0.27±0.10** 0.60±0.05** 0.82±0.25** 8.30±0.17**

“Western” allospecies (Hnyla river, Horodnytsia village)
NaNO3 Control 20 0.65±0.06** 0.66±0.06** 1.30±0.03** 1.65±0.16** 7.30±0.11**

0.5 MPC 18 0.60±0.04** 0.62±0.06** 1.21±0.05** 1.45±0.19** 7.50±0.21**
1.0 MPC 18 0.55±0.02** 0.56±0.02** 1.08±0.09** 1.30±0.20** 7.90±0.15**
2.0 MPC 19 0.50±0.06** 0.52±0.07** 0.95±0.10** 1.17±0.16** 8.30±0.18**
3.0 MPC 17 0.45±0.09** 0.46±0.09** 0.86±0.05** 1.09±0.14** 8.50±0.25**

K2SO4 Control 20 0.63±0.03** 0.64±0.04** 1.25±0.05** 1.59±0.09** 7.30±0.22**
0.5 MPC 19 0.57±0.07** 0.56±0.07** 1.18±0.04** 1.38±0.12** 7.70±0.24**
1.0 MPC 17 0.52±0.09** 0.54±0.10** 1.05±0.08** 1.24±0.10** 7.90±0.12**
2.0 MPC 18 0.48±0.07** 0.49±0.08** 0.91±0.06** 1.11±0.08** 8.10±0.16**
3.0 MPC 18 0.43±0.06** 0.45±0.07** 0.82±0.09** 1.01±0.12** 8.40±0.11**

Ca(H2PO4)2 Control 20 0.64±0.04** 0.65±0.05** 1.23±0.06** 1.54±0.14** 7.10±0.14**
0.5 MPC 19 0.54±0.05** 0.56±0.06** 1.15±0.07** 1.30±0.12** 7.50±0.12**
1.0 MPC 20 0.50±0.06** 0.51±0.07** 1.01±0.09** 1.19±0.11** 7.70±0.15**
2.0 MPC 19 0.45±0.02** 0.46±0.03** 0.88±0.05** 1.08±0.13** 8.10±0.13**
3.0 MPC 18 0.41±0.04** 0.42±0.04** 0.79±0.08** 0.94±0.18** 8.30±0.19**

“Eastern” allospecies (Psel river, Sumy)
NaNO3 Control 20 0.50±0.04** 0.53±0.06** 1.18±0.08** 1.48±0.19** 7.10±0.14**

0.5 MPC 18 0.46±0.06** 0.47±0.07** 1.10±0.03** 1.30±0.21** 7.50±0.17**
1.0 MPC 19 0.42±0.04** 0.43±0.04** 1.00±0.06** 1.22±0.18** 8.00±0.12**
2.0 MPC 17 0.37±0.03** 0.39±0.04** 0.89±0.07** 1.09±0.24** 8.40±0.14**
3.0 MPC 20 0.32±0.08** 0.34±0.09** 0.78±0.05** 0.99±0.15** 8.60±0.09**

K2SO4 Control 20 0.48±0.06** 0.50±0.07** 1.10±0.06** 1.40±0.24** 7.30±0.11**
0.5 MPC 18 0.44±0.05** 0.46±0.06** 1.06±0.05** 1.24±0.13** 7.50±0.12**
1.0 MPC 19 0.40±0.02** 0.41±0.03** 0.96±0.06** 1.17±0.14** 7.70±0.17**
2.0 MPC 18 0.35±0.04** 0.38±0.07** 0.85±0.09** 1.03±0.09** 8.10±0.21**
3.0 MPC 18 0.30±0.08** 0.32±0.09** 0.75±0.04** 0.94±0.26** 8.40±0.12**

Ca(H2PO4)2 Control 20 0.47±0.08** 0.49±0.09** 1.14±0.09** 1.43±0.26** 7.10±0.17**
0.5 MPC 19 0.42±0.05** 0.44±0.06** 1.04±0.03** 1.21±0.14** 7.30±0.18**
1.0 MPC 18 0.38±0.03** 0.39±0.03** 0.93±0.06** 1.12±0.13** 7.50±0.11**
2.0 MPC 18 0.33±0.06** 0.34±0.06** 0.81±0.05** 0.97±0.12** 7.90±0.19**
3.0 MPC 18 0.28±0.07** 0.30±0.08** 0.68±0.07** 0.86±0.19** 8.30±0.17**

*	–	statistically	significant	differences	(p≤0.05);	**	–	highly	significant	differences	(p≤0.001).

Table 4 continued
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DISCUSSION

The ionic components of these fertilizers, nitrates, 
sulphates and phosphates, enter the snails percuta-
neously (dudnyk & yevtushenko 2013, henrY et 
al. 2013, singh & crAswell 2021). They accumu-
late in the hepatopancreas, but are widely distributed 
around the body by the haemolymph. They can dis-
turb the natural balance of the metallic ions essential 
for normal function (bAtyAn et al. 2009, henrY et al. 
2013, singh & crAswell 2021, Presa et al. 2022).

Our experiments establish the limiting concen-
trations of the toxicants involved, in terms of their 
effects. In absolute terms, nitrates were the most 
toxic, and phosphates the least. For pulmonary res-
piration, the pattern is one of increasing respiration 
rates up to 2 MPC, presumably a response to stress; 
number of intakes, their frequency, duration and 
volume all increase. At 3 MPC, however, there are 
clear signs of systemic collapse; respiration is se-
verely curtailed. A similar effect at 3 MPC is seen 
in survival time when only subcutaneous respiration 
is possible, although there is an anomalous increase 
in survival time at lower concentrations relative to 
controls, perhaps indicating a decrease in metabolic 

activity. Some clues as to the mechanism of inter-
ference in normal respiratory processes are given by 
the changes in hemolymph volume, composition and 
pH. The toxic effects include both the reduction in 
volume and a decrease even in the relative amount of 
Hb present. All these effects increase markedly at 2 
MPC and above.

While the changes in respiration and survival in 
response to increasing concentrations of pollutants 
followed the same pattern in both “western” and 

“eastern” allospecies, the “eastern” is, on all meas-
ures, more vulnerable than the “western”. The “west-
ern” form is found in the western and central part of 
Right Bank Ukraine, while the “eastern” is found to 
the east and north-east of the Left Bank, referring to 
the Dnipro River. It also occurs in the extreme south 
of Ukraine. While it is unclear why such a difference 
should exist, we note that the “eastern” form lives 
in areas generally more arid than those occupied by 
the “western” form (harBar et al. 2021). The use of 
species like the great ramshorn snail as bioindicators 
of pollution requires a detailed knowledge of such 
variation in tolerance.
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