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Abstract
 Tikhmenev  E.A. 1997. Reproductive features of the northern angiosperms and as a factor of  plant diversity and community stability. 

The comparative studies of pollination ecology  of arctic and alpine plants, most of which are circumpolarly distributed, were

carried out in  the North East of Russia. The studied species  of   Fabaceaea,  Scrophulariaceae and  Salicaceae, as well as some species  of other  families are obligate entomophilous. They are well adopted to cross-pollination by bumble-bees, bees and syrphus.  A much more numerous group compose entomophilous species which may have  little or  no use  for insects in their reproductive cycle. Nevertheless, the density of antophilous insects in the massive blooming period of the species under consideration is usually high and sufficient to provide the cross-pollination. Obligate outcrossers are uncommon in northern anemophilous plants. In addition to outcrossing, most of them are capable of autogamy, cryocleistogamy and geitenogamy as alternative means of pollination, but no species that have been studied could be considered as obligate autogamics. Self pollination periodically occuring in the  studied anemophilous and entomophilous species is considered as an effective factor of plant diversity and community stability.  
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 Introduction
The main way of reproduction of the northern angiosperms in  extreme environments  is  seed  reduplication. This circumstance  defines  the  actuality  of  the study of this aspect of their ontogeny.  Being a critical stage of the plant life cycle  the flowering  and fructification for a long time have been the subject of permanent  attention of researchers, beginning with Charles Darvin. The most  prominent  reviews  on  reproductive  biology are those  H. Kugler ( 1970 ),  K. Faegri and L. Pijl ( 1979), and for  anemophilous plants by A. N.  Ponomarev (1964).  In these publications different aspects of  plant reproductive biology ,  mainly  angiosperms of the moderate to low latitude were considered.  The study of pollination ecology,  inter-relations in   the  "flower-pollinators" systems,  specific  for  the generative sphere of the nothern plants, and their conjugate evolution in ecologo-geographical aspects are of great significance to better understanding of the adaptation  mechanisms  of  angiosperms  in  arctic  and  alpine habitats.

   A considerable  contribution  to the study  of the reproductive ecology of the tundra plants in Russia was made  by V.F.Shamurin  (1966,  etc),  who carried  out  anthecological research in the High Arctic,  mainly in Yakutia.  Later,  on  Wrangel Island,  in  which  I   participated.

     Studies  of  the  insect  and flowers relation in the Canadian High Arctic,  on Ellesmere  Island,  were  contemporary carried out by  P.G. Kevan (1970,  1972, 1973). He had studied the pollination ecology of the entomophilous species on a highly  methodical  level  and reached good results in the field of his interest.  At the same time  seed reproduction of the Taymyr tundra plants was studied by E.A. Khadachek (1971, 1973, 1997).

 Although we have indicated that many inferences could be made about pollination in arctic and alpine plant associations ,  we  have  identifical  information gaps  that  need  to be focused more carefully obtained. Very little is known of the pollination requirements of the most nothern angiosperms and almost no experimentation has been done in natural surroundings.

     Mountain systems  of the North-Eastern Siberia are characterized by a great diversity of natural habitats, that defines the specific feature of the plant communities of the territory,  representing a part of the ancient Beringia. The arctic flora is derivative of the flora of the neogene Boreal zone and its direct predecessors were the high mountain floras,  that discended  to  the northern plains (Yurtsev, 1974).  Due to these facts,  the alpine and tundra plant communities at present contain  a significant number of common circumpolar  or almost circumpolar species.  Almost all are perreinial, as short summer periods do not  allow  the completion  of  annual  life  cycles (Porsild,1951;   Tikhomirov,1963).   The   life   forms of chamaephytes, hemicryptophytes and geophytes  dominate   in  arctic  and alpine  habitats.  Among  the  chamaephytes  there are cushion rosette forms. They are especially well constructed for  resisting  the  effects  of wind,  absorbing  solar radiation and resuming operation as soon as the snow melts (Wilson,  1957;  Tikhomirov, et al.,  1960;  Kevan, 1970,  Kevan, 1972).   Local   microenvironmental  differences  influence  flowering intensity,  pollination and seed set.  It is known, that reproduction in many plants may be completely apomictic,  with the production of vegetative propagules or by asexually produced seeds.  Being higher in the Arctic  than elsewhere, apomixis is the result  of  polyploid formation,  and the propagation may breakdown normal diploid sexual mechanisms. 

     Materials and methods
     A  comparative study of reproductive ecology of different  species  of northern angiosperms  of  the North-Eastern Asia was conducted on Wrangel Island in 1967,  1970-73 and 1975. In  1976-1979   I continued my anthecological research of alpine and forest plants of  the Kolyma Upland  and  Kamchatka Peninsula. Then and until now,  I have been carrying out my research on the Okhotsk  Sea coast  mountain  systems (the Khasyn range) and Kolyma Upland.   In  the arctic  tundra  of  the Wrangel  Island Salix and Dryas  species  are the dominant shrubs  (Petrovsky,1973).  In alpine associations of the North-Eastern  Asia the leading role belongs to various Ericaceae  and  Betula  species (Khokhryakov, 1985  ).  Local  microenvironmental  differences  influence flowering intensity,  pollination and seed set.  A short  vegetation period,  low  air  and  soil temperatures  through out the growing season, and  constant wind form environmental severity.

     During our  anthecological observations,  we applied the  method  developed  by   Ponomarev (1960,1970 ).  The main attention was paid to the study of flowering phenology and  plant  reproduction ecology  of  typical species of  natural communities.  A total of 10-100 individuals (blossoms) or to1000 buds,  ready to be opened were marked for  observation  of  diurnal periodicity  of flowering of the species.  The observations were made during mass flowering of studied plants and through every  30-60 minutes.  Then we calculated the number of new open flowers at regular intervals.  Simultaneously the temperature,  relative  air  humidity,  and  light  expose  were  measured.  Male and female phases  of  flowers,  dichogamy,  dioecy  and  other  features  of  the generative  sphere  were recorded.  Pollen viability was determined by germination on an artificial medium,  composed of  sucrose  and  jelatine  in  various concentration (Tikhmenev,  1974,  1981).  Simultaneously,  the study  of  antophilous insects  activity  was  carried  out.  The daily dynamic activity of pollinators, and the duration and constancy of each their visits  were investigated.  To study the role and efficiency of  various manners  of  pollination,  the  flowers  (blossoms)  were isolated from agents of pollination (wind and insects).  The isolation was  provided with the help of special exclouders, which were consructed from gauze or  tracing-paper sheets put on wire frameworks with size depended on one of the species under investigation. The excluders were  placed over, and dug in around the individual plants, or groups of plants under study before the plants had bloomed, control plants were marked at this time and left alone for the duration of the experement.  The experimental plants were harvested at the end of the season, and returned to the laboratory for examination.

    Results 

   If we examine the  floral lists of the North East of Russia (Petrovsky, 1973; Khokhryakov, 1985)  we can easily state (Table1, 2),  that   in extreme habitats  the  herbs  and  shrubs  of arctic and alpine tundras  possess the likeness  of sexual expression and pollination systems. A herbs  mostly have bisexual  flowers  (1),  they  are hermaphroditic (2) and mainly (more than 70%) entomophilous (3).  Among the Wrangel Island  shrubs the number  of unisexual  flowers  is  increased (1),  they are mainly unisexal plants (2)  and  entomophilous  only (3).  In  alpine   shrubs   the   share   of hermaphroditic  plants  is slightly higher  (2) and 10%  of them are anemophilous (Fig.2).  Besides,  we have not found any differences in pollination  system and  sexual expression between alpine herbs and shrubs, and in forest communities as well (Table3).
     The reproductive ecology of entomophilous  plants

      Entomophilous  species   in   natural associations  comprise  of  not less than 2/3 of the species of  floral  lists  of  the territory  under consideration (Petrovsky, 1973; Khokhryakov, 1985).     The most   specialized   pollination  mechanisms are characteristic for the Fabaceae and Scrophulariaceae,  well adapted  to  sternotribic  pollination  by  anthophilous insects.  The fruitification  of  Astragalus,  Oxytropis  and  Hedysarum  species of this area completely depends on  pollination  by specialized insects,   e.g.  bumblebees  (Shamurin,  Tikhmenev,  1971; Berman, Tikhmenev, 1980; Tikhmenev,  1981a, b, 1984). These peculiarities of pollination mechanisms of studied species are also typical of  those genera elsewhere of the High Arctic (Shamurin,  1966;  Kevan, 1970, 1972; Kevan, Baker, 1984). Nevertheless, there are data, showing that some arctic Fabaceae are  self-pollinating  (Swales,  1979).  On  the  other   hand,   many antophilous  insects  are   constant visitors of these legum  species,  where an abundant  food supply  is  available,  such  as  nectar and/or pollen.

     The Scrophulariaceae are well adapted for pollination by bees and syrphid flies  (Macior,  1975,  1982).  The  Pedicularis  species observed (P.  langsdorfii Fischer ex Steven,  P.  aggr. sudetica Widenow,  P.  verticillata L., P. lapponica L., P. oederi Vahl,  P.  capitata Adam) are  tatally  dependent  on  insect  visitation for seed set (Shamurin,  Tikhmenev,  1971,  1974; Berman, Tikhmenev, 1980; Tikhmenev, 1981a, b).  This is also true with Castilleja elegans Malte,  but  autogamy  can occur in C.  pallida (L.) Spreng.  There are  data, that,  on  Mellville  Island,  N.W.T.,   Canada,  Pedicularis species are mostly  self-pollinating (Mosquin,  Martin,  1967).  According the data obtained by Y. I. Chernov (1978) the pollinators are not numerous for the Pedicularis species  on the Taimyr Peninsula.  Seed set in the obligately entomophilous species Pedicularis lapponica is extremely low at its nothern distriutional limit in West Greenland (Erihsen et al, 1993).

    Another group of typically entomophilous plants is  the Ericaceae,  numerous in species and  widespread  in  North-Eastern  Asia.  Rhododendron,  Loiseleuria, Phyllodoce, Arctous, Rhodococcum and Vaccinium species are facultative entomophilous plants and all of them are pollinated by  bees,  bumblebees,  as  well  as  by  Diptera  and occasionally other insects  (Tikhmenev, 1979, 1981a, b, 1984). The data obtained have shown that a representatives of Andromeda  and Ledum   are  unspecialized   entomophilous,  though   autogamy   of   some species of these genera can occur.  The  flowers  are  attractive  for  visitation  and pollination by  insects  of  various  systematic  groups.   

     All Salicaceae species are dioecious and Salix spp.  are higly attractive for insects in alpine and arctic  environments  (Tikhmenev,  1973;  Berman, Tikhmenev, 1980),  as  well as in  boreal  zone  (Argus,  1974).  The  species S. glauca L.,  S.  pulchra Chamisso, S. reptans Ruprecht, S. sphenophilla Skvortsov, S. tschuktschorum Skvortsov and others,  are completely dependent on insect-pollination for seed set (Table 1).

     Less specialized    in their pollination syndrom  are  species belonging to the   Caryophyllaceae, Brassicaceae,  Primulaceae,  Rosaceae,  and  Saxifragaceae.  They   comprise of facultative autogamous and agamospermous, but most of them are attractive for insects.  Cerastium beeringianum  Chamisso et Schlechtendal and   Minuartia  macrocarpa  (Pursch) Ostenfeld were shown to be  closely  dependent  on  insect-pollination in  fruit-set,  but other species, e.g.  M. rubella (Wahlenberg) Hiern are  inbreeding.  Among Saxifraga species,  autogamy  (contact-autogamy, e.g. S. hirculus L., S. platysepala (Trautvetter) Tolmatschew, S. setigera Pursh) and geitonogamy ( S. merkii Fisher ex Sternb, S.  nivalis L., S. punctata L., S. kolymensis Khokhrjakov,  S. funstonii (Small) Fedde)  often  took place,  especially at the end of the flowering periods of these species.  Nevertheless, among the  Saxifragaceae and Rosaceae there are some obligate outcrossers, which depend entirely on insect-pollination,  and are  highly  attractive  for pollinators (e.g. Saxifraga oppositifolia L., Rubus chamaemorus L.,   Sieversia  pusilla (Gaertner) Hulten).  S. oppositifolia is a rich  nectar producer (until 0,3 mg/flower/day with  30-35%  of  succrose).  The study of the Dryas punctata fruitification has shown seed set,  when insects are excluded from  flowers,  but  only very small, abortive seeds developed in exclosers.  Such kind of seeds germinated very poorly in our experements.  Primula tschuktschorum  Kjellman and Parrya nudicaulis (L.) Regel  demonstrated an abundant fruitification in open pollination and much less under exclosers.  The  strict outcrossers in our experiments are Androsace ochotensis  Willdenow ex Roemer et Schultes (Primulaceae) and Diapensia  obovata  (Fr. Schmidt) Nakai (Diapensiaceae).  The studied  poppy species (Papaver nivale Tolmatschew,  P.  pulvinatum Tolmatschew, P. radicatum Rottboel, P.  polare s.l.)  have shown equally abundant seed set under esclousers  and  in  open pollination.  In fact, we had not  excepted    apomixic  to be  the main way of reproduction   of   these   species.   The    Polemoniaceae    species  (P. acutiflorum Willdenow ex Roemer et Schultes  and  P. boreale Adam)   required  pollinators  for  more abundant fruitification.  Linnaea borealis L. (Caprifoliaceae) appears  to  be self-pollinating in alpine tundra.

    The studied arctic   and    alpine    representatives    of   the  Asteraceae,  Caprifoliaceae  and  Portulacaceae  are typically entomophilous, except Artemisia,  Antennaria and Leontopodium species, who are mainly anemophilous,  openly pollinated by a wide  variety  of  insects. Most  of  them  are  facultative  out-crossers.  Claytonia arctica Adam,  C. acutifolia Pallas ex Schultes, C. eschscholtzii Chamisso and Claytoniella vassilievii (Kuzeneva) Jurtzev showed direct dependence on pollinators for seed formation.
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Рис.1. Опылительные системы и половая структура растительных сообществ

арктических тундр о. Врангеля (а) и горных тундр Охотско-Колымского нагорья (б)







Рис. 2. Опылительные системы и половая структура лиственничников

бассейна р. Колыма (условные обозначения те же, что и на рис.1)



       Discussion: The reproductive ecology of entomophilous species
      The data obtained show the daily rythms of flowering  in  the  majority  of entomophilous  species  under  investigation, which  closely  correlating  with daily dynamics of     temperatures.   Maximum  of pollination  intensity  occurs  in the warmest midday hours. Being limited in warmth,  the activity of the antophilous  insects,  first of  all  flies,  bees  and  bumble-bees,  reach maximum at the same time period. Close correlation of daily periodicity  of  blooming  and  pollination process  with  dynamics of temperature is characteristic for all the studied species of   Fabaceae,  Scrophulariaceae,  Salicaceae,  Polygonaceae, Prymulaceae,  Ranunculaceae, Saxifragaceae, Rosaceae, Asteraceae  and many ones from other  families.  We have found strict  daily periodicity  of  flowering  only  in a few species - Claytonia arctica,  C.  acutifolia,  C. eschscholtzii,  Potentilla nivea,  P. arenosa and the studyied Papaver species,  where  mass  opening of new flowers occur in the morning hours (from 6 to 11).  Massive flowering of Minuartia rubella  occured only in midday time - from 12 to 15,  and in Rhododendron aureum  in  late evening and night hours.  The discrepancy of the period of   mass opening of flowers of typical entomophilous species  with the period of activity of pollinators  is probably to  be considered as atavistic feature.  It is possible to assume  that this feature  was formed in  environments different from the recent ones. Moreover,   species  with  strict  daily  periodicity are independent of pollinators to various  degree in their reproductive cycle.  

        All studied  species  are characterized by  lower threshold temperature limits of  pollination process,  equalling  3,5-6  C  and  at  higher air temperature,  over 10  C,  many species get the ability for  continuous  flowering  and  pollination  during  day  and  night time.  Such  features of daily rythm of plants'  flowering  help  to provide a  high  density  of  simultaneously functioning flowers and to accomplish this phase of life cycle in a short period of  season time,  that we consider as important adaptation feature.  Further,  large  numbers of  simultaneously  functioning  flowers maintain  profitability of pollinators'  visiting. 

     Period of the flower fertility  of entomophilous plants usually lasts for 3-4  days, when  the weather is favorable for pollination and  may be prolonged until  8-10 day  when lower temperatures occur, or rain  and snow falls begin.  Such  extended  functioning  of  the  generative sphere of the flower permits plants to compensate  the  factors  of  environment frequently adverse for pollination, including  the weak insect activity  caused by unfavourable  weather.  Our search  let us state,  that dichogamy in arctic and alpine entomophilous plants are last  for several hours (most of Rosaceae, Saxifragaceae, Fabaceae,  Asteraceae, Valerianaceae, Ranunculaceae and Papaveraceae species) and few days (e.g.Chamerion and  Rhododendron species)  but many of them   have shown   homogamous under impact of unfavourable  weather  conditions or  severe habitats.  Especially often this feature have appeared when  the species flowering period toward its end or  the growth habitats are in melting snow beds where plants begun their sesonal developing late.  

      The study of pollen viability of typical arctic entomophilous species as  Oxytropis  wrangelii Jurtzev,  Astragalus  umbellatus Bunge,  A. richardsonii  Sheldon,  Pedicularis verticillata L.,  Polemonium boreale Adam, Valeriana capitata Pallas ex Link  and  others  showed high, Papaver radicatum Rottboel -  low (28%)  level pollen viability (Tikhmenev, 1978, 1981).  The  pollen viability of some alpine species is presented in Table 2. 

       The relation between plants  and  antophilous  insects  in arctic and alpine habitats demonstrated many common features.  In the studied areas,  the main groups of pollinators  are Hymenoptera and Diptera, while Coleoptera and Lepidoptera are not of great significance in pollination of native plants.  Five  bumble-bees and ten butterflies species have been recorded  by  us  on Wrangel  Island  and 12 species of bumble-bees  in alpine communities on the Kolyma Upland.  Diptera species are  very  common  and  abundant  there (Tikhmenev, 1976,  1981; Berman, Tikhmenev, 1980). Many plant species may have little or no absolute use for insects; however insects are responsible for   outcrossing,  providing population diversity in these species. The density of antophilous insects during massive blooming period is  high and sufficient   to   provide   cross-pollination.  To evaluate the significance of pollinators for plants we have examined  7  alpine associations. Out of 52 species of angiosperms , 35 species are entomophilous and 9  of  them obligately  (Astragalus alpinus L.,   Oxytropis tschuktschorum Jurtzev,  O. evenorum Jurtzev et Khokhrjakov,  Pedicularis oederi Vahl.,  P. lapponica L.,  Salix sphenophylla Skvortsov,  S.  tschuktschorum Skvortsov,  Siversia pusilla (Gaertner) Hulten,  Polygonum   ellipticum Wildenow ex Sprengel),   4   are   primally   and  22  are  facultative entomophilous.  Polytrophy of pollinators permits them to exist due to numerous nectar producers,  while prosperity of Fabaceae,    Scrophulariaceae  and Sallicaceae  species   directly depend on the pollination activity of bumble-bees,  wasps and Syrphidae. 

   The calculations have showed  that  the proportion of  density  of  antophilous  insects and quantity  of simultaneosly  functioning  flowers  can be possibly  assumed as the deficiency of food  for  insects rather,  than  the deficit  of  pollinators  for successful  pollination process.  At the same time as for the prosperity of separate species the role of insect-pollination  in  their  reproductive cycle  there  is  no doubt,  as for the significance of pollinators for stability of the plant communities, it is rather  small. 

   The number  of  entomophilous  plants  is  equal to one  third  of  phytomass  of the investigated  associations,  while  the   number   of   the   obligately entomophilous  ones   is  only  0,1  to  2,9%  of  the total  phytomass.  Approximately the same pproportion  was observed in arctic habitats.

     The reproductive ecology of  anemophilous plants

     The studying  of reproductive  features  of  anemophilous  plants was  focused on the pollination process dynamics and the flower biology  of plants  of natural associations.  Dynamic anemophily is supposed to be of high adaptive value  and to play   part in     sympatric  speciation  in grasses (Ponomarev,  Prokudin,  1975).  In the temperate  zona condition  anemophilous plants are usually characterized  by  a strict  daily  flowering rhythm,  specific for each species,  especially for grasses. In arctic and alpine habitats  this feature of the pollination process  in the Poaceae  and  Cyperaceae  species is seldom  realized;  it breaks  usually down  under impact of unfavourable environmental  factors (Shamurin,  1967; Tikhmenev, 1976, 1981; Tikhmenev,  Levkovsky,  1973; Levkovsky, Tikhmenev, 1977, 1981).  It  was  found,  that  the  daily  rhythm  of   flowering   of anemophilous  plants    closely correlated very often with the temperature dynamics, much in the same manner as  was  mentioned above for most  entomophilous species.  More or  less  definite  daily  periodicity  of  the pollination process  we  observed  only  for a few  species:  Hierochloe alpina (Swartz) Roemer et Schultes and Alopecurus alpinus Smith with massive pollen release occurred in the morning   and for Festuca baffinensis Polunin, F. brachyphylla  Schultes, Trisetum spicatum (L.) K. Richter,  Phippsia algida (Solander) R. Brown with massive pollen release in  afternoon and evening time.

    One of  the  important  features   of  pollination  of   northern anemophilous plants is the ability of the generative elements of  flowers  to keep fresh and ready to be  fertilized through 30-36 hours or more, while for  many  of the wind-pollinated  species  of the temperate zone this  period  to from a  few minutes to 1-2 hours.  Our data also shown  that  the  pollination  process  occurs  at low  air  temperatures (3.0 - 6,0 C - in arctic tundras and 5,0 - 8,0  C  - in  alpine  habitats.  Especially  low  threshold temperatures of the flower activity  is characteristic of euarctic species.

     The viability of pollen was found to be high in a hole group of grass species, e.g.  Alopecurus  alpinus Smith,  Hierochloe  alpina  (Swartz) Roemer et Schultes,  H. pauciflora R. Brown,   Poa   abbreviata R.Brown,   Dupontia    fisheri R. Brown,    Arctagrostis arundinaceae  (Trinius) Beal, A. latifolia (R. Brown) Grisebach and  Deshampsia  glauca C. Hartman.  Most  of  them are obligate or  facultative outcrossers.  The duration  of  pollen viability is  more than 24 hours in natural condition. The pollen germinability of other grasses (e.g. Poa arctica R. Brown, P. glauca Vahl., Festuca auriculata Drobov  is much more lower and ranges  from 9 to 28%, and the pollen life duration is a few hours.

     Obligate   outcrossers are uncommon in anemophilous plants. The  flowers usually demonstrated homogamy; protogeny was recorded for Alopecurus alpinus, Hierochloe alpina and H.  pauciflora. In additional to  outcrossing,  most  of  them  are capabable  of autogamy  and geitonogamy as alternative means  of pollination.  In some  arctic  grasses e have found  frequent cases of facultative cleistogamy,  or, to be more precise,  cryocleistogamy (Levkovsky et all,  1981),  when pollination  occurrs  inside the closed flowers.  This feature  appears  under  the  impact  of  unfavourable conditions - low temperatures or rain,  when open flowering is impossible.  Such species  are Arctagrostis latifolia  (R. Brown) Grisebach,  Deschampsia  borealis (Trautvetter) Roshevitz,  D.  glauca C. Hatman,  Poa  abbreviata R. Brown,   P. pseudoabbreviata Roshevitz, P. wrangelica Tzvelev, Phippsia algida (Solander) R. Brown,  Puccinellia tenella (Lange) Holmberg,  Festuca baffinensis Polunin, F. brachyphylla Schultes, F. brevissima Jurtzev and  F. hyperborea Holmen. This phenomenon  is observed especially frequently in euarctic species. Moreover,  such species as  Poa  abbreviata  and  Phippsia  algida  are  able  to  produce  seeds  twice  a  season.  Embryological research  indicates,  that  some  arctic grasses have formed several embryos in the sac (polyembriony),  and two species - Poa arctica and P. glauca are apomictic (Levkovsky, Solntzeva, 1979).  These  features of the generative sphere should be considereed  as progressive ones, as they  add to the fi? of  arctic  grasses  in extreme habitats.

     The  ability of  Cyperaceae  (Carex and Eriophorum)  to complete   pollination  within 1-2 days  of  favourable  weather  subsequent to  long temperature depressions should be considered as an important adaptive feature.  In  such  periods, the pollen concentration in the air is high and promotes successful pollination in local populations of  these anemophilous species (Shamurin, 1966; Tikhmenev, 1979, 1981).

    Cytotaxonomical studies of the monocotyledons of the Wrangel Island  show  that  among 90 studied species, there are 29 aneuploids (all  Cyperaceae),  7 diploids,  24 tetraploids, 15 hexaploids, 8 octaploids and 7 poliploids (Petrovsky & Zhukova, 1978). Some species of Poaceae (e.g. Poa arctica,  P.  glauca, P. malacantha, Festuca rubra and others)  possesses  several chromosomic races.  Determination of these races according to their macromorphological charactaristics  proved to  be  difficult. Doubtlessly,  apomictic  reproduction  is  more  wide spread among  arctic  and  alpine plants  than it has been realised up to now.  Apomixi may be the result  of  polyploid  formation,  and  the propagation breaks down  a normal diploid sexual mechanism (Love,  Love, 1975).  A tendency  towards  constancy in chromosome numbers of most species,   irrespective   of  the  morphological  and  ecological peculiarities,  is  suggested  by the investigation in  Salicaceae,  Brassicaceae,  Poaceae,  Cyperaceae, and other  families (seria of publications  by  Zhukova,  1982;  Petrovsky, Zhukova,  1983, etc.). Karyological differentiation discovered in northern angiosperms,  as a rule,  does  not imply any  remarkable changes in population morphology and general ecology.

     The number of fertilized flowers in anemophilous as well as  entomophilous arctic and alpine plants is usually great, but reaches 100%  in apomictic  ones only.  Most  of  the studied  plants  do not  produce  ripe seeds  every season.  Species  such as  Dupontia  fisheri R. Brown,  Leymus  interior (Hulten) Tzvelev,  Festuca  cryophila V. Kreczetovicz et Bobrov,  Bromus pumpellianus Scribner,  Calamagrostis holmii Lange, Chamerion latifolium (L.) Th. Fries et Lange and Saussurea tilesii Ledebour frequently do not complete the annual life cycle. Seed productivity of arctic and alpine plants depends largely on local microenvironmental differences  and the season weather as a whole (cf.  Molau, 1993). Full and stable seasonal development of the studied species take place mainly  in habitats located on the warmest slopes of southern exposition. These tops are regular suppliers of the seed material for other sites.

     Conclusion

     The specific  feature  of  species  of  the investigated areas  is  such that  there  is  a  group  of   species   well   adopted   to cross-pollination.  This  is  comparatively  small  group of  obligate   entomophilous   species,   mainly  of  Fabaceae, Salicaceae and Scrophulariaceae,  as  well as some species  of other families  that have an inherent specialization to pollination by  bees, bumble-bees and  flies.   It  possesses  the  high pollen viability, produces  much nectar and/or pollen  and has  usually  large,  bright flowers  or  blossoms,  forms  the density groups (clones).  Due to those features it  is  very attractive  for  pollinators.  The other  group of entomophilous species,  much  more numerous one,  with simple flowers and blossoms is  available to various pollinators, unspecialized ones including.  Most of these  species   require   insect   visitation   for  more abundant fructification.  This  group in the case of deficiency  of pollinators or their full absence can  readily pass to self-pollination  in the form of geitonogamy  or autogamy,  as  a  reserve  way  of  pollination process,  guaranteeing  regular fructification.  They usually do not form any dense clones  in natural habitats and have the scattering distribution in the plant communities.  Thus,   the arctic and alpine floras of the North-Eastern Russia contain  many  species with highly specialized pollination systems and generalized pollination biology, self-pollination and agamospermy. The relative impotance of wind-  and  insect- pollination,  sexual separation between and within plants,  and  various  breeding  systems  are  related  to  plant  growth,  form  and  habitat.  Similar  environmental  surroundings  and  history  of  arctic and alpine floras have defined the similarity of forms and tendencies of the  plant  adaptation  process to extreme conditions. Flexibility of seasonal and daily rhythms of flowering and pollination,  high  fertility  of  the  generative sphere  of  flowers,  dichogamy,  different  ways  of  pollination including  autogamy, geitonogamy  and  xenogamy,  are  guaranteeing   a successful fructification in northern plants. The data obtained have shown that there is no one species  that  could  be  considered  as  an obligate  autogamic.  Self-pollination,  periodically occuring  in the studied plants,  can be considered only as the result of infringement of the pollination process under the impact of  the external  conditions.  Self-pollination  as  an alternative manner  of seed reproduction promotes fixation of new combinations,  arising  due  to outcrossing  and  an effective   factor  of  plant  diversity  and community stability.
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