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Currently changes in the earth’s vegetative cover have reached a planetary scale. The danger of extinction 
of species and ecosystems has become increasingly significant. Active measures must be undertaken to 
restore particular plant species and populations in order to minimise an ongoing loss of species. Polysti-
chum craspedosorum is a cliff-dwelling fern, an East-Asian relict species whose northern range includes 
the Russian Far East. The northernmost population of this species, located in the Amur Region, is at risk of 
flooding by the Lower Bureya Dam. A series of measures were developed and implemented to conserve this 
plant. Plant individuals were translocated from the flood zone to other suitable habitats on the territory of 
the Amur Region. Monitoring has indicated that, after three years, the translocated plants have their usual 
seasonal rhythm, sporulation and the formation of gemmae. The survival rate at new places ranged from 
60% to 88%. However, the final conclusions about the research efficiency can be made only after long-term 
monitoring for more than ten years. Cultivation of this species is being done in outdoor conditions at the 
Amur Branch of the Far Eastern Botanical Garden-Institute of RAS. The seasonal rhythm of cultivated 
plants was similar to the natural one in both spore production and gemma formation. The species can be 
assigned to cold hardiness zone 3 and it is promising for cultivation in the Amur Region. The possibility of 
cryopreservation of P. craspedosorum spores has been studied along with in vitro culture. After ultra-low 
temperatures, spores did not lose their viability and, thus, they can be stored in cryobanks for a long time. 
An integrated approach provides the maximum opportunity for the species conservation in nature and in 
culture. This integrated approach to conservation of a rare fern species is unique for Russia.
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Introduction
At the present time, change in the vegetation 

cover of our planet, associated with human econom-
ic activity, has reached a planetary scale. The con-
sequences of anthropogenic impacts are irreversible 
changes in natural habitats, and today, in this regard, 
there is a threat of extinction of both species and 
ecosystems. Active measures must be undertaken 
to restore particular plant species and populations 
in order to minimise the ongoing species loss (Hey-
wood, 2019). The need for research regarding de-
sign of methods for practical plant conservation, in 
particular combining both in situ and ex situ conser-
vation, is emphasised in the Global Strategy for con-
servation of plants 2011–2020 (CBD, 2012). Vari-
ous methods of species conservation do not exclude, 
but instead complement, one another and should be 
recognised as integrated programs for restoration of 

native species in situ (e.g. translocation, reintroduc-
tion) and ex situ (conservation in seed banks and 
in botanical garden collections) (Ibars & Estrelles, 
2012; Ren et al., 2019), keeping a balance between 
them (Silcock et al., 2019). Various research groups 
should actively collaborate in a lively exchange of 
data and, as a corollary, ensure that the necessary 
level of biodiversity is maintained (Sharpe, 2019).

Most fern species are extremely sensitive to 
environmental degradation and anthropogenic im-
pact, and are the first to «fall out» of an ecosystem 
when it is disrupted, which provides the basis for 
conserving ferns both in situ and ex situ (Pennisi, 
2010; Ballesteros, 2011). Research on questions 
concerning conservation and restoration of ferns in 
nature is pressing forward in many countries (e.g. 
Butz, 2004; Aguraiuja, 2011; Baker et al., 2014; 
Houser et al., 2016).
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In the Amur Region (Far East of Russia), dur-
ing the construction and filling of the Bureya Dam 
reservoirs, unique biotic communities and landscapes 
were practically lost, along with rare and endemic 
species, such as Woodsia manchuriensis Hook., Cor-
tusa matthioli var. sachalinensis (Losinsk.) T.Yamaz., 
and Scrophularia amgunensis F.Schmidt. The nar-
rowly local endemics Saxifraga korshinskyi Kom. 
and Taraxacum lineare Vorosch. & Schaga were re-
duced to endangered status. The filling of the Lower 
Bureya Dam (LBD) reservoir and the commissioning 
of the hydro-unit took place in August 2017, which 
created the risk of losing unique plant communities 
and habitats of many relict and rare plant species in 
the River Bureya valley in the Amur Region. The 
River Bureya valley is a unique natural refugium of 
East-Asian flora (Starchenko et al., 2015). At this lo-
cation, the northernmost habitat of the rare, relict spe-
cies Polystichum craspedosorum (Maxim.) Diels was 
found. This species has been included in the Red Data 
Book of the Amur Region (Senchik & Malikova, 
2019). The population of this species, discovered in 
2011, was small and, according to the predicted water 
level in the reservoir, was expected to be almost com-
pletely drowned. In this connection, the need arose 
for urgent solutions and actions to conserve the gene 
pool and the population of P. craspedosorum.

The general aim of our study was to design and 
bring to fruition methods for conserving Polysti-
chum craspedosorum both in situ and ex situ. Our 
specific objectives were: 1) translocation of plants 
from the flood zone to suitable habitats in the Amur 
Region’s environment and in culture; 2) studying of 
the opportunity of long-term storage of P. craspedo-
sorum spores by cryopreservation.

Material and Methods
Object of the study
Polystichum craspedosorum is one of the eight 

representatives of the genus Polystichum found in 
Russia. It is an East Asian species found on the ter-
ritory of the Russian Far East at the northern limit 
of its range. The formation of gemmae (or leaf bud, 
bud brood) on the elongated ends of the frond is a 
feature of the species, by which plants are capable 
to vegetative reproduction. In Russia, the distribu-
tion of P. craspedosorum is limited to the mainland 
areas of the Russian Far East (Khabarovsky Krai, 
Primorsky Krai, Amur Region, and the Jewish Au-
tonomous Region). In Khabarovsky Krai and the 
Jewish Autonomous Region, P. craspedosorum is 
a protected species and has been added to regional 
Red Data Books (Schlotgauer & Rubtsova, 2006; 

Voronov et al., 2008). In the Amur Region, plants of 
this species grow on damp crevices of cliffs along the 
shore of the River Bureya valley near Sukhiye (Dry) 
Channels, in the Bureiskiy District (50.0829°  N, 
130.0969° E) (Starchenko & Darman, 2012). 

Translocation of individuals
Translocation of Polystichum craspedosorum 

plants was performed from the part of the popu-
lation which, according to predictive data, was 
threatened by flooding. Those plants growing 2 m 
or more above the projected water level in the res-
ervoir were left on their place. The translocation of 
P. craspedosorum was performed in several stages 
from 30.05.2015 to 31.07.2017, during various veg-
etative periods of the fern. Planting was conducted 
on predetermined plots with optimal conditions 
based on our observations of the species’ habitat re-
quirements (riverside cliffs with a similar geologi-
cal composition of rocks; with approximate values 
of abiotic factors, temperature, humidity, illumina-
tion): 1) on Zmeinaya Hill (near Domikan village, 
Arkharinskiy District, 49.70302° N, 129.86493° E); 
2) on the left bank of the River Bureya, downstream 
from the LBD (Bureiskiy District, 49.46362°  N, 
129.57291°  E); 3) on Palminskaya Hill, on the 
right bank of the River Selemdzha (near the village 
of Uglovoe, Mazanovskiy District, 51.56336°  N, 
129.21782° E). The first two plots selected as suit-
able habitats are part of a Protected Area (PA), Bu-
reiskiy Natural Park (Fig.). The separation of plants 
into three locations was determined primarily by the 
intent to minimise the risk of losing plants. At first, 
if something happen in one place and the translo-
cated individuals die, they would be preserved in 
another place. Secondly, this separation was deter-
mined by land area limitations for plantings, since it 
was important to plan for the possibility of growth 
and development of future populations both through 
vegetative and sporophyte regeneration. 

Using small garden shovels, the ferns, together 
with a layer of soil, were removed from the rocks 
where they were growing on. In order to reduce in-
jury to the plants, to the extent possible they were 
not separated from each other but were moved to-
gether with turf in small groups. To minimise the 
root system damage, they were moved in clumps, 
which made an exact count of individual plants to be 
difficult. The plants were placed in cardboard boxes 
and covered with cloth to protect them from solar 
rays during transporting, and were immediately 
moved to the planting sites. The plants were care-
fully watered during the planting process.
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Fig. Locations of growth and translocation of Polystichum craspedosorum. Designations: 1 – downstream of the Lower Bu-
reya Dam, 2 – Zmeinaya Hill, 3 – Palminskaya Hill.

Conservation in outdoor fern collections
Outdoor cultivation of Polystichum craspedo-

sorum at the Amur Branch of the Far Eastern Bo-
tanical Garden-Institute (Blagoveshchensk, Amur 
Region, Russia, 50.31428°  N, 127.4856°  E) was 
initiated at the unique scientific station «Genetic 
Resources Collection of the Amur Branch, BGI, 
FEB, RAS». The source of the collected material 
was represented by 30 living plants from the Sukh-
iye (Dry) Channels natural habitat, on the right 
bank of the River Bureya in the Bureiskiy District 
of Amur Region in 2012, 2016, 2017. Plants were 
carefully nurtured with regular watering and re-
moval of weeds. Phenological observations were 
conducted according to Kotukhov (1974). We in-
dicated the beginning of the growing season, the 
duration of formation and unfolding of fronds, the 
training of fertile fronds, the beginning of sori for-
mation, the time periods of spore maturation and 
their pour out, the vegetation termination. Results 
of the introduction were evaluated according to 
Khrapko (1989). We noted the winter hardiness, vi-
tality, dimensions and their correlation with those 
growing in natural surroundings, the occurrence of 
sporulation, the degree of vegetative growth, the 
presence of self-sown plants, decorative value, 
damage by pests and diseases, and others.

Cryopreservation of spores
Polystichum craspedosorum spores were col-

lected for deep freezing from a natural population in 

the River Bureya valley (Bureiskiy District, Amur 
Region) in August 2011. Fronds were put into pa-
per packets, which were then placed in shady and 
well-ventilated spots until spores emerged from 
sporangia. The germination rate of freshly col-
lected spores was checked. One part of the freshly 
collected spores was left in paper packets and re-
mained in the laboratory (120 days at a temperature 
20–22°C). The other part was put into cryoprobes 
and immersed in liquid nitrogen (-196°C). The ex-
posure time was 120 days. Defrosting took place in 
the laboratory air at a temperature of 20–22°C. The 
experiment was carried out in three replications. 
The spores were sown in Petri dishes with a diam-
eter of 12 cm with distilled water. Germinated and 
non-germinated spores were counted in five fields 
of view using an MBS-10 stereoscopic microscope 
at 60–80 × magnification. The germination rate of 
freshly collected spores was used as a control sam-
ple. The differences between germinated and non-
germinated spores in the control and experiment 
samples were checked by chi-squared tests with 
2 × 2 contingency tables and significance level set 
at p < 0.05 (Zaitsev, 1991). The spore viability was 
evaluated by germination rate. The germination 
was expressed in percentages as the relationship 
of the number of germinated spores to the sum of 
germinated and non-germinated spores. MS Excel 
and Statistica v. 10.0 (StatSoft Inc., Tulsa, OK, 
USA) programs were used for statistical analysis 
of the results. 
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Results and Discussion
Translocation of individuals
In our case the method of translocation was 

chosen because it was necessary to remove (save) 
mature Polystichum craspedosorum plants from 
the flood zone of the LBD reservoir. In total, about 
100 plants were transplanted from the flood zone to 
safe growing areas: about 53 individuals to Zmein-
aya Hill, about 25 individuals to the slopes of hills 
downstream from the LBD, and 25 individuals to 
Palminskaya Hill. It should be noted that some au-
thors (e.g. Clabby, 2010; Traill et al., 2010) suggest-
ed that 5000 individuals is the minimum number 
needed for any species of animals or plants to create 
and further develop a population. Other authors (e.g. 
Flather et al., 2011) claim that this number is differ-
ent in each individual case. In some cases, it is suf-
ficient to plant 50 or fewer plants to achieve a stable 
population (e.g. Silcock et al., 2019). In our case, 
the number of planted individuals was determined 
by the numbers of existing P. craspedosorum popu-
lations that had to be moved from the flood zone. 

Annual monitoring of the translocated Polysti-
chum craspedosorum plants showed that a large num-
ber of them «took root» in their new habitats. Toward 
the end of the vegetative season, on Zmeinaya Hill, 
seven dead plants were noted over the entire observa-
tion period, three downstream from LBD, and ten on 
Palminskaya Hill (Table 1). Some of the plants have 
died from mechanical damage caused by animals.

It should be noted that the plants, developed most 
successfully, were those, which were transplanted 
with intact root clumps. In these cases, there were vir-
tually no dead plants, evidently because root systems 
were less damaged. Transplanted plants typically have 
a seasonal rhythm: sporification and the formation of 
gemmae are visible. However, rooting of gemmae has 
not yet been observed. This allows us to make a tenta-

tive conclusion regarding the success of translocation. 
But since the final goal of translocation is the creation 
of a sustainable plant population, capable of autono-
my, development, and reproduction in a new habitat, 
final conclusions about the results of this study can be 
made only after long-term monitoring for at least ten 
years (Albrecht et al., 2011; Silcock et al., 2019). 

Conservation in outdoor fern collections
In the literature on plant cultivation, Polysti-

chum craspedosorum appears as a cliff-dwelling, 
shade-tolerant, winter-hardy species. In its freeze-
tolerant zone designation (USDA-zones), it is 
placed in zones 3–4 (Konovalova & Shevyreva, 
2004), zone 5 (Hoshizaki & Moran, 2001), or zones 
5–7 (Olsen, 2007). Olsen (2007) notes that growing 
of P. craspedosorum is not always feasible, and can 
be difficult. It is an obligate calciphile species.

Open-air cultivation of Polystichum craspedo-
sorum has been underway since 2014 at the Amur 
Branch of the Far Eastern Botanical Garden-Institute 
of RAS. In the collection, there are over 20 individu-
als of this species. The vegetative season, signaled 
by the unfurling of fronds, starts in early May. The 
appearance of new fronds took place during the first 
ten days of June, and the formation of gemmae in late 
July or in early August. Spore formation and spore re-
lease was started in the second half of August. Fully 
fledged gemmae were formed in late August or in 
early September. Rooting of individual gemmae was 
evident. Sexual regeneration from spores has not been 
observed. The end of the vegetative season occurs 
with the onset of prolonged cold weather in late Sep-
tember or in early October. Since temperatures during 
the winter reach -40°С in natural habitats of this spe-
cies and in its cultivation location (Blagoveshchensk, 
Amur Region, Russia), P. craspedosorum can be des-
ignated as the zone 3 for the frost hardiness.

Table 1. Initial evaluation of Polystichum craspedosorum translocation results during 2016–2019

Planting location Number of translocated individuals Number of dead individuals Survival rate
Zmeinaya Hill 53 7 87%
Downstream from Lower Bureya Dam 25 3 88%
Palminskaya Hill 25 10 60%

Table 2. Germination rates of Polystichum craspedosorum spores under different storage conditions

Treatment type
Spores, number

Criterion, χ2* Germination rate
Germinated Non-germinated

Control 338 72 – 82.4%
Cryopreservation (-196°C) 409 76 0.57 84.3%
Laboratory storage (22°C) 421 208 30.33 66.9%
Note: * – if χ2 ≥ 3.841, it is a statistically significant difference.
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Accordingly, these plants have a typical sea-
sonal rhythm. So, the fronds are green over the 
winter, being in a twisted, dehydrated condition, 
and unfurl with the onset of stable above-freezing 
temperatures and with the appearance of a suffi-
cient amount of soil moisture. In cultivation, Po-
lystichum craspedosorum forms fronds, where 
the spores mature, and gemmae develop. Results 
permit the conclusion that cultivation is success-
ful, with adequate hardiness in cultivated plants. 
Khrapko (1996) designates P. craspedosorum as 
a species with excellent potential for cultivation 
under conditions of the Primorsky Krai, and, in 
the conditions of Amur Region, this species like-
wise can be cultivated and included to the group of 
promising species.

Cryopreservation of spores
Freshly collected Polystichum craspedosorum 

spores were subjected to cryoprocessing to ascer-
tain their extreme low-temperature hardiness and 
the possibility of using cryopreservation for the 
long-term storage of genetic material. Results of 
this experiment are shown in Table 2. 

In the control group, the germination rate of 
spores was 82.4%, and 84.3% after cryoprocess-
ing. Data analysis showed that the germination rate 
of spores in the control group and after cryopreser-
vation was not significantly different, while germi-
nation during storage in laboratory conditions was 
significantly lower. These data are consistent with 
data of Ballesteros et al. (2006, 2012), and Kresh-
chenok & Nesterova (2007) who demonstrated 
that cryopreservation does not adversely impact 
the spore viability, while a reliable decrease in ger-
mination is observed during laboratory storage. It 
can be concluded that Polystichum craspedosorum 
spores tolerate the impact of extreme low temper-
atures and preserve their viability. In this regard, 
cryopreservation is a promising method for the 
long-term storage of P. craspedosorum spores.

Some authors (e.g. Dudani et al., 2013) em-
phasise the particular significance of studies con-
cerned to microclonal reproduction of ferns for 
preservation purposes. One more research was 
conducted in the Amur Branch of the Far Eastern 
Botanical Garden-Institute of RAS about Polysti-
chum craspedosorum preservation by means of in 
vitro culture, where optimal methods were selected 
for spore sterilisation, nutrient media for germina-
tion and further cultivation of gametophytes and 
sporophytes, and a process has been developed 
for sporophyte acclimatisation (Shelikhan, 2020). 

This provides the possibility of considering culti-
vation of P. craspedosorum gametophytes and spo-
rophytes in vitro as a method of conservation of 
this rare species.

Conclusions
For conservation of populations and gene 

pools of rare ferns in general, and of Polystichum 
craspedosorum in particular, it is the best way to 
simultaneously apply both in situ and ex situ meth-
ods. An integrated approach ensures the maximum 
potential for conserving this species in nature and 
in culture. Apart from natural habitat conditions, 
conservation of rare fern species is possible using 
methods of long-term spore storage through cryo-
preservation, by in vitro culture, and in collections 
of introduced plants. In the natural environment, 
it is possible to create new populations in suitable 
habitats. In addition, monitoring of the status of 
remaining populations in nature is needed, along 
with protection of the species in Protected Areas.

Information about integrated conservation of 
fern populations is absent from scientific, pop-
ular-scientific, and mass media publications in 
Russia. In this regard our study can be considered 
unique in Russia.

Acknowledgements
We thank Anthony Allison (International Environmen-

tal Education Exchange, Seattle, WA, USA) and Anna N. 
Vorobyeva (Amur branch of the Botanical Garden-Institute 
of FEB RAS, Russia) for the language assistance in prepar-
ing the article. We thank Svetlana V. Nesterova (Botanical 
Garden-Institute of FEB RAS, Russia) for help in the spore 
cryopreservation. The study was financed by the Ministry 
of Science and Higher Education of the Russian Federa-
tion (Project No. АААА-А20-120031990009-4), and this 
study was carried out with partial support from the project 
«Implementation of Mitigation Measures for the Negative 
Impact of the Construction of Lower Bureya Dam on Plants 
and Animals in the Reservoir Flood Zone» carried out un-
der the Russian Ministry of Nature in the framework of the 
project «Tasks of Biodiversity Conservation in the Policies 
and Programs of Russian Energy Sector Development», and 
from implementation of an environmental monitoring pro-
gram in the areas impacted by the Bureya Dam cascade, 
operating since 2005.

References

Aguraiuja R. 2011. Reintroduction of the endangered fern 
species Woodsia ilvensis to Estonia: a long-term pilot 
study. Biodiversity and Conservation 20(2): 391–400. 
DOI: 10.1007/s10531-010-9970-2

Albrecht M.A., Guerrant E.O.Jr., Maschinski J., Kennedy 
K��������������������������������������������������    . 2011. ������������������������������������������    A long-term view of rare plant reintroduc-

Nature Conservation Research. Заповедная наука 2022. 7(2): 81–87		                 https://dx.doi.org/10.24189/ncr.2022.012



86

tion. Biological Conservation 144(11): 2557–2558. 
DOI: 10.1016/j.biocon.2011.07.021

Baker K., Lambdon P., Jones E., Pellicer J., Stroud S., Ren-
shaw L., Niissalo M., Corcoran M., Clubbe C., Sarasan 
V. 2014. Ecology and conservation of a rediscovered 
island endemic fern (Anogramma ascensionis): ex situ 
methodologies and a road map for species reintroduction 
and habitat restoration. Botanical Journal of the Linnean 
Society 174(3): 461–477. DOI: 10.1111/boj.12131

Ballesteros D. 2011. Conservation of fern spores. In: H. Fernán-
dez, A. Kumar, M.A. Revilla (Eds.): Working with Ferns: 
Issues and Applications. New York, USA: Springer Sci-
ence. P. 165–172. DOI: 10.1007/978-1-4419-7162-3_12

Ballesteros D., Estrelles E., Ibars A.M. 2006. Responses of 
Pteridophyte spores to ultrafreezing temperatures for 
long-term conservation in Germplasm Banks. Fern 
Gazette 17(5): 293–302.

Ballesteros D., Estrelles E., Walters C., Ibars A.M. 2012. 
Effects of temperature and desiccation on ex situ con-
servation of nongreen fern spores. American Journal 
of Botany 99(4): 721–729. DOI: 10.3732/ajb.1100257

Butz M. 2004. National Recovery Plan for Tectaria de-
vexa. Canberra: Department of the Environment and 
Heritage. 34 p.

CBD. 2012. Convention on Biological Diversity. Global Strat-
egy for Plant Conservation: 2011–2020. Richmond, UK: 
Botanic Gardens Conservation International. 36 p.

Clabby C. 2010. A magic number? An Australian team says 
it has figured out the minimum viable population for 
mammals, reptiles, birds, plants and the rest. Ameri-
can Scientist 98(1): 24–25. DOI: 10.1511/2010.82.24

Dudani S.N., Mahesh M.K., Mukri V., Chandran M.D.S., 
Ramachandra T.V. 2013. An appraisal and conserva-
tion strategies for the Pteridophytes of Uttara Kannada. 
CES Technical Report 129. Bengaluru: Indian Institute 
of Science. 57 р. DOI: 10.13140/RG.2.1.4359.2563

Flather C.H., Hayward G.D., Beissinger S.R., Stephens 
P.A. 2011. Minimum viable populations: is there 
a ‘magic number’ for conservation practitioners? 
Trends in Ecology and Evolution 26(6): 307–316. 
DOI: 10.1016/j.tree.2011.03.001

Heywood V.H. 2019. Recovering threatened plant species and 
their habitats: The need for integrated action. Plant Di-
versity 41(2): 33–35. DOI: 10.1016/j.pld.2019.03.002

Hoshizaki B.J., Moran R.C. 2001. Fern Grower’s Manu-
al: Revised and Expanded Edition. Portland: Timber 
Press. 604 p.

Houser D.C., From M., Landry M., Copeland A., Kellar P.R. 
2016. Systematics of Diplazium laffanianum (�������Athyri-
aceae), a Fern Species Endemic to Bermuda. Ameri-
can Fern Journal 106(3): 206–222. DOI: 10.1640/
AFJ-D-16-00005.1

Ibars A.M., Estrelles E. 2012. Recent Developments in ex 
situ and in situ Conservation of Ferns. Fern Gazette 
19(3): 67–86. 

Khrapko O.V. 1989. Ferns of coniferous and broad-leaved 
forests of the Primorsky Krai (biology, ecology, pros-
pects for use and tasks of protecting the gene pool). 
Vladivostok: FEB AS USSR. 124 p. [In Russian]

Khrapko O.V. 1996. Ferns of the south of the Russian Far 
East (biology, ecology, issues of gene pool protec-
tion). Vladivostok: Dalnauka. 200 p. [In Russian]

Konovalova T.Y., Shevyreva N.A. 2004. Ferns for the gar-
den. Moscow: Kledez-Buk. 96 p. [In Russian]

Kotukhov Y.A. 1974. Methods of observation of ferns of 
the family Polypodiaceae R.Вг. Bulletin of the Main 
Botanical Garden 94: 10–18. [In Russian]

Kreshchenok I., Nesterova S. 2007. Genome conservation 
for rare and ornamental species of Russian Far East 
ferns by cryopreservation. In: III Global Botanic Gar-
dens Congress. China, Wuhan. Available from https://
www.bgci.org/files/Wuhan/PosterConserving/Kresh-
chenok%20poster.pdf

Olsen S. 2007. Encyclopedia of Garden Ferns. Portland: 
Timber Press. 445 p.

Pennisi E. 2010. Tending the global garden. Science 329(5997): 
1274–1277. DOI: 10.1126/science.329.5997.1274

Ren H., Qin H., Ouyang Z., Wen X., Jin X., Liu H., Lu H., Liu 
H., Zhou J., Zeng Y., Smith P., Jackson P.W., Gratzfeld 
J., Sharrock S., Xu H., Zhangi Z., Guo Q., Sun W., Ma 
J., Hu Y., Zhang Q., Zhao L. 2019. Progress of imple-
mentation on the Global Strategy for Plant Conserva-
tion in (2011–2020) China. Biological Conservation 
230(3): 169–178. DOI: 10.1016/j.biocon.2018.12.030

Schlotgauer S.D., Rubtsova Т.А. (Eds.). 2006. Red Data 
Book of the Jewish Autonomous Region. Rare and En-
dangered Species of Plants and Fungi. Birobidzhan: 
Publishing House «Birobidzhan». 267 p. [In Russian]

Senchik A.V., Malikova E.I. (Eds.). 2019. Red Data Book 
of the Amur Region: Rare and endangered species of 
plants, fungi and animals. Blagoveshchensk: Publish-
er of FESAU. 501 p. [In Russian]

Sharpe J.M. 2019. Fern ecology and climate change. In-
dian Fern Journal 36: 179–199.

Shelikhan L.A. 2020. In vitro culture of the rare fern Po-
lystichum craspedosorum (Maxim.) Diels. Botanica 
Pacifica 9(1): 91–95. DOI: 10.17581/bp.2020.09102

Silcock J.L., Simmons C.L., Monks L., Dillon R., Reiter N., 
Jusaitis M., Vesk P.A., Byrne M., Coates D.J. 2019. 
Threatened plant translocation in Australia: A review. 
Biological Conservation 236: 211–222. DOI: 10.1016/j.
biocon.2019.05.002

Starchenko V.M., Darman G.F. 2012. New plant species 
to the flora of Amur Region. Botanicheskii Zhurnal 
97(10): 1364–1366. [In Russian]

Starchenko V.M., Darman G.F., Borisova I.G. 2015. Flora 
of the Bureya valley (Amur Region). V.L. Komarov 
Memorial Lectures 63: 69–99. [In Russian]

Traill L.W., Brook B.W., Frankham R., Bradshaw C.J.A. 
2010. Pragmatic population viability targets in a rap-
idly changing world. Biological Conservation 143(1): 
28–34. DOI: 10.1016/j.biocon.2009.09.001

Voronov B.A., Nikitina E.M., Salnikova M.V. (Eds.). 2008. 
Red Data Book of the Khabarovsky Krai. Rare and en-
dangered species of plants and animals. Khabarovsk: 
Priamurskie Vedomosti. 632 p. [In Russian]

Zaitsev G.N. 1991. Mathematical analysis of biological 
data. Moscow: Nauka. 184 р. [In Russian]

Nature Conservation Research. Заповедная наука 2022. 7(2): 81–87		                 https://dx.doi.org/10.24189/ncr.2022.012

http://www.bioone.org/loi/amfj
http://www.bioone.org/loi/amfj


87

КОМПЛЕКСНЫЙ ПОДХОД К СОХРАНЕНИЮ
РЕДКИХ ВИДОВ ПАПОРОТНИКОВ НА ПРИМЕРЕ

POLYSTICHUM CRASPEDOSORUM (DRYOPTERIDACEAE)
В АМУРСКОЙ ОБЛАСТИ (ДАЛЬНИЙ ВОСТОК РОССИИ)

И. А. Крещенок* , Е. В. Лесик

Ботанический сад-институт ДВО РАН, Россия
*e-mail: ikreshhenok@yandex.ru

Глобальное изменение растительного покрова Земли приобрело планетарный характер. Все значи-
тельнее становится опасность исчезновения отдельных видов и экосистем. Необходимо применять 
активные меры по восстановлению конкретных видов растений и популяций, чтобы минимизировать 
продолжающуюся потерю видов. Polystichum craspedosorum – скальный реликтовый папоротник. 
Это восточноазиатский вид, находящийся в северной части своего ареала на территории Дальнего 
Востока России. Самая северная популяция этого вида, находящаяся в Амурской области, попа-
ла под угрозу затопления водохранилищем Нижне-Бурейской ГЭС. Для сохранения этих растений 
был разработан и осуществлен комплекс мероприятий. Была проведена транслокация растений из 
зоны затопления в другие, подходящие места произрастания, находящиеся на территории Амур-
ской области. Мониторинг показал, что через три года перенесенные растения имеют обычный для 
себя сезонный ритм, отмечается спороношение, образование выводковых почек. Доля выживания 
в новых местах составила от 60% до 88%. Однако окончательные выводы о результативности этих 
работ можно делать только после многолетнего мониторинга, длительностью не менее десяти лет. 
Осуществляется культивирование этого вида в условиях открытого грунта в коллекции Амурского 
филиала Ботанического сада-института ДВО РАН. Сезонный ритм культивируемых растений соот-
ветствует природному, образуются споры, формируются выводковые почки. Вид отнесен к зоне 3 
морозостойкости и является перспективным для культивирования в Амурской области. Исследована 
возможность криоконсервации спор P. craspedosorum, а также введение в культуру in vitro. Споры 
переносят воздействие сверхнизких температур и не теряют свою жизнеспособность. Следователь-
но, их можно долговременно хранить в криобанках. Комплексный подход обеспечивает максималь-
ную возможность для сохранения вида в природе и культуре. Данный опыт и комплексный подход к 
сохранению редких видов папоротников является уникальным для России.

Ключевые слова: криоконсервация спор, культивирование папоротников, редкий вид, сохранение 
растений, транслокация папоротников
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