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Climate changeisoneof themost important globd
environmenta chalenges, withimplicationsfor food pro-
duction, water supply, health and energy. Microbesare
involved in many processes, such asthe carbon and
nitrogen cyclesand are responsiblefor both the pro-
duction and consumption of greenhouse gases such
carbon dioxideand methane. Microbes, itissafeto say
aresadly neglected in most discussionsof climate sci-
ence, thesetiny organismsareeasily overlooked and
thereisnothingwehuman beingscan dofrom oneminute
to the next that isnot based on co-operative arrange-
mentswith our microbia partners. Global climate not
only impact plantsand animal sbut will also affect bac-
terig, fungi and anima sand other microbid populations.
Microbeshavethe capacity to dter theenvironmentin
profound and lasting ways asthey are effective geo-
engineersand biogeochemids. Lifeaswenow know it
could not have evolved without drastic risein oxygen
levels. Cyanobacteriain oceansarefirst organismsto
produce O,. Our respiration and digestion immune
function, well being and surviva depend on microbes.
All our foodisproduced in aliancewith complex com-
munity of organisms.

Why Climatechange matters

Climate change affects biodiversity according to
Millennium eco system assessment, climate changeis
likely to become dominant driven of diversity lossend
of century. Microbes-bacteria, archaeg, protistaare
crucial to biodiversity sincethey arepart of it. Inge-
neric termsthereismorevariety within microbesthan
inother formsof life. The continuousexistenceof mi-
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crobesisnecessary for survival of everything elseas
they areimportant asdecomposes and producers. Cli-
mate changeisforcing biodiversity to adapt through
shifting habitat, changing life cycles, devel oping new
physical traitsand attaining dormancy. Dormancyisa
critica factor promoting diversity particularly in bacte-
riain comparison with eukaryotes. In agiven ecosys-
temfunctiondly diversecommunitiesaremorelikely to
adapt to climate changeand climatevariability thanim-
poverished ones. High genetic diversity within species
appearstoincreasetheir long term persistence. The
ability of ecosystemto either resist or returnto their
former statefollowing disturbance may depend onleve
of functiond diversity.

IMPACT OF CLIMATE CHANGE ON
MICRO ORGANISMS

Changein number and typeof Microor ganisms

Difference microbesoccur in different placeswith
natural changeson seasona and longer cyclein costa
seawater, greatest abundance of microbesoccursin
mid summer, but greatest diversity isin mid winter,
around 100000 species at single sight explains
Williamson et al., 2009™. If thereisorganic pollution
for exampleby sewage, microbia number will increase,
it therearetemperature changesthe number might fall
or rise. In both cases speciescompostion will change.
It may not be necessarily good or bad but just different.

Higher temperatureincreasesthe survival of dis-
ease causing microbesthat are undesirableand could
beimplicationfor biodiversity. For exampleduring
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warmer and dryer conditionsincreased levels spore
forming bacteriaare observed. Suchfindingshelp sci-
entiststo determinewhether apathogen’s presenceis
weather related or asign of bioterrorist attack. Air -
bornebacteriaalow scientiststo track theeffect of cli-
mate change on microbia population in atmosphere.
For examplewind blown dust from Sahara desert of
Africathat reachesNorth Americaincreasesincidence
of asthmain CARI.

Theoccurrence of diseasesin natural population
can bedetrimental to the survival of endangered spe-
cies. For exampleamphibians suffer from infectious
diseases contributing to declinein fog popul ationworl d-
wide. Thisalsoincreasesbiodiversity inlongterm, if
speciesreduced in number the opportunity may be pro-
vided for otherstoincrease.

Affect on Carbon and Nitrogen contents

Microbia decomposition of organic carboniscru-
cid toterrestrial carbon cycle. A tota of 93% of earth’s
CO, isstoredin oceans. Oceans cyclesabout 90 bil-
lonstonnes of CO, per year dwarfing 6 billion tonnes
or so generated by human activities. Themechanisms
of thisoceanic carbon cycle aredominated by micro,
nano and pico-plankton, including bacteriaand archaea.
Thereislot of frozen dead materia under the snow
pack, asstudied inAlaskan Boreal forest and areaex-
periencing greater warming. Treseder found in her re-
search that anincreased temperaturewould lead toin-
creased decomposition by fungi. Sinceoneby product
of decompositionisCO, increased temperatureresuilts
ingreater CO, releasefrom soil. Nitrogenlevelsin-
creased with increasein temperature. Nitrogen tends
to suppressfungal decompositionrate. Soit endsup
asdecreased CO, productionwhichinturn resultsin
temperatureincrease. Thusincreased temperature may
provideapositivefeedback to climate changeaffecting
biodiversity through microbid activity.

Increased bacterial decompositionratesin soil in
Arctic Tundracould rel ease extragreen house gases.
Tundraisproducing increasing quantities of methane.
The main source of methane in permafrost soilsis
methanogeni c (methane-producing) archaea, whilethe
only knownterrestrial sink ismethanotrophic (meth-
ane-consuming) bacteria Methaneisafar more effec-
tive greenhouse gasthan carbon dioxide.

Affect on phytoplanktons

Changesin Oceaninwarmer world would reduce
Phytoplankton productivity hencelessuptake of amo-
spheric CO, by biological carbon pump. According to
Worm rising surface temperature prevents mixing be-
tween the oceans O, rich upper layers where phy-
toplankton are present and colder morenutrient rich
waters below. Studies have shown that temperatureis
associ ated with declinein phytoplanktonsin 8 out of
10regions. Thisdeclineisparticularly around poles,
whereit seemslogical that increasing warmth would
drive more growth to be driven by increasing winds
and ocean mixing. A decreasein plankton meansless
food for fish population . Temperature increases are
expected to shift many species polewardswherecli-
mateiscooler. Warm water speciesincreasein abun-
dance affecting commercial fisheries. Many seabirds
that prey onfish and plankton arelikely to havetheir
food supply reduced or rel ocated.

Affect on show mold

Asgloba temperatureraisesglaciersretreat, mi-
croorganismslosetheir habitat. They will probably go
extinct beforewe can study them and get abetter idea
of their contribution. Schmidt et a., 2008 studied mi-
crobia activity under the snow pack in Coniferousfor-
ests. Under snow microbid activity isespecidly highin
thelatewinter as snow pack provesideal temperature
and moisturefor the growth of matsof snow mold.

Snow mold may damagethelawn. They arerap-
idly growing at low temperaturebel ow freezing and con-
tributeto 10-30% of year round CO, production. Snow
mold needsaperiod of 1-2 monthsat low temperature
todothejob effectively. Asglobal temperaturerises
thelatewinter period of sub freezing temperature will
shorten and snow packswill be lessaswell. As soil
warm snow mould will havelesswater and will pro-
duce less CO, which may be good, but tree also de-
pend on snow melt water and will ultimately dieunder
extremedrought leading to overall decreasein CO, fixar
tion.

Affect on phyllosphere

John Kéelly of Loyola University in Chicago
studied theeffect of increased CO, on microbia popu-
lations on leaves of treeson land and in streams and
foundadigtinct shiftinmicrobid population. Thiscould
have an enormousimpact on food change as microbes
areasourceof nutrientsfor small animal sthat feed on
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leaves.
Affect on Viruses

Marine viruses are estimated to be 4 x 10 *vi-
rusesin ocean waters. If stretched end to end marine
viruseswould span 10 millionlight years. Vira carbon
isequivaentto 75 million bluewha es.Virusesmay lyse
up to 50% of oceanic bacteria per day. In thisway
they affect geo chemistry ongloba scaleby ateringthe
storage and respiration of organic and in organic
material.Viruses have direct dependence on host or-
ganismsfor surviva and hence cause animal are plant
diseases.

Affect on plant pathogens

Temperate climate zoneswith cold average tem-
perature experiencelonger periodsof temperaturethat
are uitablefor pathogen growth and reproduction .For
eg potato and tomato late blight caused by
Phytophthora infestans, infects more successfully
during periodsof high moisture content whentempera-
tureiswarmt®. Some pathogenslike apple scab, late
blight and root pathogensarelikely toinfect plant with
increased moisture. Research hasshown that increased
CO, concentration resultsin higher growth of semand
leaveswith denser canopiesin presenceof high humid-
ity. These conditionsfavour pathogen growth they also
result in greater fungal spore production. Itisalso ob-
served that increased CO,can result in physiological
changesin host plant that canincrease host resistance
to pathogens™.

Affect on symbioticreationships

Williamson explainsthat most plant estinganimas
directly depend on gut bacteriaand archaeato digest
cellulose Warm water Coral sdirectly depend on pho-
tosynthesizing micro algae within their tissuesto pro-
videthemwithinterna energy supply. Cord bleaching
occurswhenagaeareexpe led under stressconditions,
thecorasdieif symbiosisisnot reestablished. Biolumi-
nescence by fish, jellyfish and insectsisachieved by
symbiotic bacteria. Declinein pollinating insectshas
worryingimpact intermsof biodiversity. Accordingto
Williamson declinein honeybees may be dueto bacte-
rid or vird diseaseinvolvedinVarrao miteacting asan
agent toincreaseits spread.

> Rev/ew
Concerns

= Key ecosystem functionsthat aparticular micro
organism perform may beaffected by globa warm-
ing.

= Another concernispossibleincreasein ability of
pathogeni c micro organism to cause diseases ei-
ther asresult of morefavorabletemperaturefor re-
production and therefore better ability to disperse
into new geographic areas, where they could not
previoudy survivewell.

= Microorganismsand bacteriain aparticular, have
amazing genetic capacity to either utilizeafood
source or becometolerant to many chemical that
would betoxictoanima sand plantsincduding many
xenobiotic compounds

= Inpublicview, micro organismsmay not havethe
charismaaspandas, dol phinsand butterfliesbut their
communitiesare centra to health, agricultureand
play akey roll in earth’sgeo chemical cycle.

Hencethereisaneed to

= Identify and conservebiodiversity componentsthat
areespecialy sensitiveto climate change.

= Preserveintact habitatsso astofacilitatethelong-
term adaptation of biodiversity.

= Improve out understanding of the climate change
biodiversity linkages, and

= Fullyintegratebiodiversty considerationsintocli-
mate change mitigation and adaption plants.

= Microbesarefoundationof dl lifeonearthand with-
out themlifewould eventuadly ceaseto exist.
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