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ABSTRACT 

The global latitudinal gradient in biodiversity weakens in the high polar biome and so an alternative 

explanation for distribution of Arctic and Antarctic photoautotrophs is required. Here we identify how 

temporal, microclimate and evolutionary drivers of biogeography are important, rather than the 

macroclimate features that drive plant diversity patterns elsewhere. High polar ecosystems are 

biologically unique, with a more central role for bryophytes, lichens and microbial photoautotrophs over 

that of vascular plants. Constraints on vascular plants arise mainly due to stature and ontogenetic barriers. 

Conversely non-vascular plant and microbial photoautotroph distribution is correlated with favorable 

microclimates and the capacity for poikilohydric dormancy. Contemporary distribution also depends on 

evolutionary history, with adaptive and dispersal traits as well as legacy influencing biogeography. We 

highlight the relevance of these findings to predicting future impacts on diversity of polar photoautotrophs 

and to the current status of plants in Arctic and Antarctic conservation policy frameworks. 
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INTRODUCTION 

The polar regions exhibit a polar frost climate (Peel and Finlayson, 2007) with summer mean temperatures 

near freezing. Historically, however, they were significantly warmer and plant paleo- biogeography reflects 

this. Extensive rainforests occurred in both polar regions at least from the Cretaceous until the Miocene, 

when significant global cooling occurred (Herman and Spicer, 2010; Cantrill and Poole, 2012). Post-glacial 

recolonisation then occurred from multiple refugia that were abundant at least in the Arctic (Abbott and 

Brochmann, 2003). A striking feature of contemporary polar landscapes is that high-stature vascular plants 

(trees and shrubs > 0.5 m tall) are largely absent, and completely so from the Antarctic. This reflects a 

broader latitudinal transition in plant composition from tree-dominated landscapes in non-arid temperate and 

tropical latitudes, to a sub-polar tundra dominated by shrubs and dwarf trees, and finally beyond the limit for 

shrubs to High Arctic and Antarctic regions where vascular plant life is relatively or extremely restricted, 

respectively. This structural trend parallels the negative latitudinal gradient in productivity and species 

richness (Gillman and Wright, 2010; Gillman et al., 2014). Contemporary polar diversity also displays a 

clear dichotomy, with the Arctic supporting thousands of extant vascular plant species (Walker et al., 2005) 

whereas the Antarctic has only two, and these are restricted to the Antarctic Peninsula (Cantrill and Poole, 

2012). Here we illustrate contemporary biogeographic patterns for vascular plants, non- vascular plants and 

lichenised and free-living photoautotrophic microorganisms; herein collectively referred to as plants to reflect 

the importance of microbial photoautotrophy in polar regions (Aleksandrova, 1988; Vincent, 2000; Jungblut 

et al., 2010). We review their historical biogeography and present an explanation for major transitions in 

contemporary communities. We identify how microclimate and organismal traits drive this biogeography and 

explain how the disparity in plant distribution between the Arctic and Antarctic is a result of temporal and 

dispersal barriers. Finally, we evaluate conservation status for polar plants within the context of current 

Arctic and Antarctic treaties and policy frameworks. 

 

 

 



  International Journal of Education and Science Research Review      P-ISSN 2349-1817 
  www.ijesrr.org                 December- 2017, Volume-4, Issue-6                    Email- editor@ijesrr.org   E-ISSN 2348-6457                                                                                             
 

Copyright@ijesrr.org                                                                                                                                                                Page 98 
 

THE HIGH POLAR BIOME 

The highest latitudes on Earth are permanently cold due to their obliquity toward the sun as a result of the 

planet’s rotational tilt. These polar regions comprise the Arctic in the north and the Antarctic in the south, 

defined by circles of latitude at approximately 66.5° that mark the limit where the Sun can remain 

continually above or below the horizon throughout a 24 h period (Marsh and Kaufman, 2012). Polar regions 

have also been delineated using the treeline and the 10°C summer isotherm (UNEP, 2010). Such criteria are 

not static, since they vary with the Earth’s tilt and climate, while treeline can be misleading in that trees 

may be absent from otherwise favorable sites because of local circumstances, including microclimate and 

disturbances (Körner, 2012c).  

 
FIG. 1 : EXTENT OF CONTEMPORARY ARCTIC ANDANTARCTIC HABITATS FOR POWER 

PHOTOAUTOTROPHS 

The terrestrial Arctic comprises approximately 11,000,000 km2 of landmass from eight nations, much of 

which is contiguous with temperate landmass at lower latitudes (UNEP, 2010; Figure 1). Conversely, the 

terrestrial Antarctic includes approximately 14,000,000 km2 of mostly permanently ice-covered landmass and 

is a large isolated Antarctic continent managed by an international treaty, plus small outlying sub-Antarctic 

islands governed by five sovereign nations (UNEP, 2010; Figure 1). 

 

 

CONTEMPORARY BIOGEOGRAPHY OF POLAR PHOTOAUTOTROPHS 

A major delineation for contemporary plant biogeography is the treeline, here defined as the natural absence 

of trees (Figure 1). The low temperature treeline may range substantially beyond the Arctic Circle, 

reaching latitudes as far north as 72° on the Taymyr Peninsula. Beyond the Arctic treeline, heathland 

occurs composed of dwarf shrubs and graminoids such as sedges and rushes of the Cyperaceae and 

Juncaceae (Daniels et al., 2013). Small patches of these reach high latitudes, with more than 20 

angiosperm species described for the northern edge of Greenland (Bay, 1992) and 64 described for the 

northern edge of Canada (Vincent et al., 2011). The Antarctic does not have a treeline, because this 

vegetation boundary is located at lower latitudes than the Antarctic Circle (Figure 1). Although continental 

Antarctica is generally colder than the Arctic, this is not true for the Antarctic Peninsula, which features 

comparable climatic conditions to northern Greenland but only hosts two vascular plant species; the 

Antarctic hair grass (Deschampsia Antarctica) and Antarctic pearlwort Colobanthus quitensis, (Cantrill and 

Poole, 2012). Based on climatic data, however, the Antarctic should host more vascular plant life than is 

currently present. 
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Beyond the latitudinal limit of angiosperms, plant life is restricted to non-vascular cryptogams. Here the 

bryophytes become a major plant cover, with the Arctic supporting hundreds of described mosses and 

liverworts covering about half the Arctic (Walker et al., 2005), whereas the Antarctic has only 

approximately 100 described moss and liverwort species that cover a small fraction of Antarctica’s total land 

area (Seppelt and Green, 

 

1998; Figure 1). A diversity of species occur in soil and submerged habitats in the Arctic tundra (Daniels et al., 

2013), with relatively fewer species, commonly Bryum and other genera in higher latitude polar desert 

locations (Seppelt and Green, 1998; Daniels et al., 2013). Because water is a limiting factor for productivity 

such patterns are consistent with the predominantly linear relationships found between species richness and 

productivity (Gillman et al., 2015). Bryophytes may, however, be locally abundant and form extensive 

moss beds even at high latitudes where sufficient moisture occurs, for example near ephemeral runoff 

streams from glacier meltwater. 

 

The largest and most complex terrestrial biocoenoses of polar regions are biological soil crusts (Belnap et 

al., 2003). These comprise high species richness but very few (2–3) trophic levels supported by 

cyanobacterial and chlorophyte photautotrophs, plus fungi, lichens and bryophytes in different proportions 

(Figure 1). A recent assessment of one Antarctic biological soil crust revealed it supported 66 cyanobacteria, 

44 algae, 42 lichens, and 14 bryophyte species (Büdel and Colesie, 2014). Extreme polar desert soils such 

as those of the McMurdo Dry Valleys of Antarctica and the Arctic Basin support relatively less soil crust 

cover, although prolific growth of cyanobacterial mat (dominated by Nostocales and Oscillatoriales) occurs 

in lakes and streams (Bonilla et al., 2005; Taton et al., 2006). 

 

From Cryptogams to Microbial Photoautotrophs.  

In the most extreme high polar environments, a final transition occurs from  multicellular cryptogams to  

unicellular algae and cyanobacteria. Even during short windows of favorable microclimatic  conditions  the  

cyanobacteria  thrive  at  low temperatures (Vincent, 2000; Pointing et al., 2009; Bahl et al., 2011) with 

virtually no minimum time required for these physiological temperatures to be present, which allows them 

to opportunistically “live by the hour” (Convey, 1996). A key advantage for lichenised and free-living 

chlorophytes and cyanobacteria is that their cytology and biochemistry permit photoautotrophic 

metabolism at temperatures close to 0 (Kappen and Friedmann, 1983; Tang and Vincent, 1999), and even 

the capacity of some species to gain positive net photosynthesis at sub-0 temperatures, for example as 

low as − 18.5°C for the Antarctic lichen Neuropogon acromelanus (Lange and Kappen, 2013) in the 

laboratory and similar values reported in the field for Usnea sphacelata and Umbilicaria aprina (Kappen, 

1989; Schroeter et al., 1994). 

 
FIG.2 : MINIMUM FAVORABLE MICROCLIMATE PERIOD FOR COMPLETION OF LIFE 

CYCLE BY POLAR PHOTOAUTOTROPHS 
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The cyanobacterial response to desiccation involves secretion of intracellular  compatible  solutes such  as 

trehalose  and sucrose (Potts, 1999; Billi and Potts, 2002; Kranner et al., 2008).  Polar  cyanobacteria  invest  

considerable  resources into secretion of an extracellular polymeric substance rich in polysaccharides and 

other protective substances, and this has been implicated in desiccation and other stress tolerance 

(Knowles and Castenholz, 2008). They also possess a wide array of osmotic stress tolerance genes, as 

revealed by a recent metagenomic study of Antarctic cyanobacteria (Chan et al., 2013). Other cellular 

protective functions such as DNA repair mechanisms and secretion of chaperone proteins are likely 

important, as demonstrated for the extreme radiation and desiccation tolerant bacterium Deinococcus 

radiodurans (Cox and Battista, 2005). Due to their simple cellular architectur and clonal growth, 

cyanobacteria are able to maximize carbon balance during brief periods of favorable conditions due to rapid 

metabolic response (Figure 2). We propose that as with the cryptogams and some invertebrates (Convey, 

1996), this ability to “live by the hour” is the key organismal trait for successful colonization of the arid 

polar biome by unicellular photoautotrophs. 

 

CONCLUSION 

We highlight the dominance of non-vascular plants and microbial photoautotrophs in many high latitude 

regions. Microclimate emerges as the major driver of transitions between photoautotrophic phyla, whereas 

life cycle and stature in higher plants and poikilohydry in non-vascular plants are the key biotic traits that 

govern organismal response. We highlight that although vascular plants are considered in polar 

conservation frameworks, there are gaps with regard to recognizing the ecological importance of 

cryptogams and photoautotrophic microorganisms, and identifying appropriate responses to the threat from 

invasive species in a warming world. 
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