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Abstract

Mt. Marsabit forest, is an isolated Tropical Raiorést, oasis, located 560 Km north of Nairobi, Ka&ngnd
surrounded by deserts of Chalbi, Kaisut and Bubige. forest is under threat mainly by anthropogefiects
before the forest biota is studied. This researab @ investigate the role of bryophytes and focestopy in
trapping mist water, for supporting Mt. Marsabitelst community development. The experiments weratéml
1450 m. asl windward of Mt. Marsabit. Stem simuabdé varying circumferences were dressed with binytgs
and bryophytes mounted mist traps were locatecaoressite. The water retention capacity was 6 tioves dry
weight with a hygroscopic capacity of 13%. The misiter trapped by bryophytes was 8 liters of water 2/
mist day translating to 196 mm of rainfall per ye@he stem simulates of 20 cm circumference, 50lamg
trapped 30 ml of water per mist day using surfaea @f 0.05 m? translating to 914 ml of water pérp@r mist
day equivalent to 65 mm of rainfall per year. Thady revealed that vegetation is an important catatits area
surface (attract rain) whose loss leads to redueaér resource for plant and animal use; climatelemation.
Further, mist water is the compensation factor shgports the forest ecosystem. The cooling efiéetater is
lost with the loss of vegetation. The loss of wagads to drier environment with climate changehasripple
effect. The change in river regimes and the gerydtologic cycle is due to loss in vegetation, veheist
water was not accounted for by science. The mistmrasource is renewable water resource that earséd to
recharge ground water, conserve and rehabilitatesfoand provide water for domestic, agriculturat a
industrial use.

INTRODUCTION

Tropical forests have received considerable atianfbr reasons of their richiota diversity (Gradstein et al,
2000,), and they contain large stocks of Carbongbgentially influence the global carbon cyclaénte change
(Fearnside, 2004) and water catchments (Queenstjoedal., 2007).

Forests and vegetation in general are acceptedi@s eatchment, climate moderators and, €i@k. The forests
act as a sponge for water and slowly filter watethe soil, rivers, lakes and atmosphere (DrengsehTaylor,
1997). Research in Kenya (Lind and Morrison, 1979nzania (Pocs, 1973 and 1994) and South America
(Gradstein et al, 2000), have shown that vegetasiam important catchment delivering as much @&928m of
water from mist. In Kenya, vegetation was foundbéoa water catchment for light showers and dewyrahds.
i.e. Maasai land, the north frontier districts amanaize field at Muguga. Pastures that are nategtavere more
effective catchments than the gazed pastures fpitrg light showers and dew due to their largeamngfarea.
The mist forests are consistently subjected tot Igjfowers, mist, and dew formation caused by teatpsx
inversion. Dew is known to deliver up to 2mm ofnfail per day (Bruinjell, 2005).

Globally there is increased vegetation loss, ac@omgul by general water stress as global temperatareases.
In Kenya over 4.5 million people were exposed twéased water stress in the national drought 08 ZRICCN,
2010). In Uluguru Mountains, forest zones deprigédover evaporated four times more than foressetsmnd
recorded higher temperature as compared to arear diogest cover (Poc4,973). This imply that vegetation
have an important role in terrestrial and probajbpal temperature control.

On Mt. Kilimanjaro, the effects of forest cover $odue to conversion of natural forest to plantafiorest,
results to drier micro-climate within the forestamreduction in diversity of micro habitat causest of 90% of
forest species bryophytes (Po&973). This suggests that the tree species andat&getype is an important
factor in water catchment and conservation. Bryogdgare good indicators of forest environmentalddmns
due to their poikilohydric nature. Some bryophypscies such as epiphylls specialize on a contlisteat leaf
lamina are found in wet forest where dry perioghisrt or nonexistent (Richard 1984).The specityisés of
bryophytes lose habitat when forest microclimate modified (Hallingback and Hodgett, 2000), Thiggest
that different species have differing adaptati@ahmbisture levels and ability in trapping mist wate

In arid land with sparse vegetation, there is abesible surface run off in contrast to accumulatbnwvater
below the individual plant (Gwynne, 1962 in Linddallorrison, 1974), showed that, the depth of pextietn of
rain water below plant is approximately equal taghe of the vegetation. Therefore light-grazed glasds
penetrate more water than the heavily grazed gnadsl|

According to Queensborougé, al., (2007) the abiotic factors that potentially ughce species coexistence and
distribution include water availability, soil chestry, topography and light availability, Plant sigscshow
significant positive associations with topography. &Ridges, valleys, slopes where local topograpd subtle
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effects on growth rate. Water and mineral nutrieatsilability influences on plants growth are haa
disentangle, because mineral nutrient availabdity correlated with topography, with topographyuaiicing
water availability and soil chemistry.
The forest top canopy receives the full force o&ther. The lower canopies serve to modify phygeadmeters
as they filter through the forest canopies to thié #ccording to Drengson and Taylor, (1997), ttmminating
tree species for the forest canopy have a majduein€e on the micro-climate, soil and water belavd a
therefore strongly determine the forest health prodiuctivity. The vegetation type is therefore apression of
resources available to plants for growth, the dédicbalance between species and climate and species
interconnections is observed in ecotones, whetiEarbalance exist between the ecosystems chaizedeby
high species diversity, and minor changes in ckntain cause replacements (Camp, 1997). Accordibintb&
Morrison (1974), the growth habits @hryosopogon Spp. grass of north and north eastern Kenya form an
important catchment in light showers to the advgataf plant community. With efficient plants catadmh, dew
formation at night can deposit 0.1mm — 1.0 mm (edirequivalent) per night, while fog (mist) drigeplosit on
vegetation and other obstacles as much as 4mmiropes hour (Bruinjeel, 2005). The fog also refdrte as
horizontal precipitation is water in form of cloyasrried by wind and normally above condensatmel which
when near the ground is referred to as mist, medsir term of visibility and humidity. Due to itsature of
moving horizontally, the resource must meet a galtblock, so as to trap the water, otherwise daisied away
by wind. Netting barriers have trapped as much &tetlof water per ffper day from mist in Atacama Desert
(Araya and Espejo, 1999).
The economic valuation techniques and the sciergifideavors have been unable to appreciate thasetfethe
forests as catchments and its ripple effects oarathosystems (Earth watch pg 134). The actualibotibn of
the forest vegetation in water cycle is not clead the climate moderating effects such as heatrbiogpeffects
that accompany the water catchment process andghuhesis is ignored as vital role of forest immelte
moderation. The interactions among niche axes agalater and soil nutrients availability, theirat@nship to
topography and synergistic role of forests, anaphytes as water catchments deserve further imatgtns.
The synergistic effects of mist trapping by vegetatand the consequent ripple effects on climatnge with
reference to heat sinking is yet to be describeddignce. The objective of this research was tesasthe mist
trapping ability of pendant bryophytes and treenbhastems in Mt. Marsabit forest.
Research questions were;

1. What is the contribution of the pendant MeteoriagcePilotrichella ampulacea and Frullania

angulata) bryophytes in mist water trapping in Mt Marsdbitest?
2. What role do stems and branches play in mist wedpping in Mt. Marsabit forest?

MATERIALSAND METHODS

Study site

Mount Marsabit is located on the northern part ehita, 560 km North of Nairobi, between latitudet@3°N
and longitude 37°E to 38°E, and raises from 900inak750 m asl; The forest covers 15,280 Ha, amgisland
surrounded by semi arid area (Gacatjal., 2001) and deserts of Kaisut, Dida Galgalu and l&thal

The vegetation starts as a dry open forest, andugity changes to a tropical rain forest at thekpeere it
ends abruptly without an ecotone into dry scrubetgm leeward parts of the mountain. Numerous pendan
bryophytes dominated the epiphytic vegetation @wtind ward part of the mountain.

The rainfall is under the influence of the Intaopical Convergence Zone (ITCZ), with the rain lgclouds
originating from East, to receive 1000 mm of raiinfeer year (Gacanjat al 2001), with two dry seasons in a
year, that are three months long. Mist is a coastsbccurrence throughout the year and a dailydaydlong
occurrence in July and August. Mt Marsabit foresthe water catchments area for 36,000 people, rouse
domestic animals and wild life. It stands as arisoagthin arid and semi arid lands. On the mount#iere are
two crater lakes, Paradise and Sokote. (Marsalatnsiéhe cool place of the clouds in local dialethe threat
to flora is serious due to human encroachment é&dtlesnents, trampling by livestock and general tabi
degradation. This study was conducted in dry moafhlanuary, February, June and July which recdomsst
rainfall. The study site is shown in Figure 1.
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Research site.

Mt. Marsabit

Fig. 1: Map of part of Marsabit National Park / &str showing the location of the research site. Mt.
Marsabit forest is in the midst of arid reaion afthern Kenva

Vegetation survey

The change of bryophyte and vegetation was assessegl transects running from wind ward side tovizel
side. A second transect run from Karare (southjhtough the mountain peaks to lowlands (north) offG
Chopa. The location of the bryophytes on the teegsother substrates was noted.

Bryophyteswater retention capacity assessment

To assess water retention capaofyeteoriacea@andFrullania angulata bryophytes, naturally occurring mats
of varied weights were harvested in plastic bagsweighed. The mats of Meteoriaceae &ndlania angulata
were placed on mesh wire and sprayed with wateB@ominutes, then allowed to drip until drippingbed,
the mats were then weighed. The mats were oved dtid2°C for 4 days, and the dry weight was taken when
hot.

Bryophytes hygroscopic capacity assessment

The hygroscopic capacity of Frullania angulata ktedeoriaceae bryophytes was assessed. The bryaphgte
harvested in paper bags and taken to laboratoryoaad dried. The bryophytes were mats to the ldbora
oven dried at 8DC for 4 days, and then weighed hot. Thereafter nlats were then put in open trays and the
tray placed on a bench in a room at @0and relative humidity of 70% for 4 days, andtheweighed.

Bryophytes mist trapping assessment

To assess bryophytes mist trapping ability, 300 grgophytes were mounted and sandwiched betwesite?
mesh of 6 cm x 6 cm mesh size on the mist traprtiegsured 50 cm x 50 cm. The reservoir was capgp@ctm
wide gutter for collecting drip water from of brymyges was inserted through the reservoir cap. 28 traps
were set up to study mist trapping extent of thephytes (See Fig. 1 and 2).
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Stem simulates mist trapping ability assessment

To assess mist trapping ability of stems and braschi2 logs simulates of 20 cm, 35 cm and 53 cm
circumferences all 50 cm long, were dressed with §®f Meteoriaceaghe moss was held to the logs using
wire mesh of 6 cm x 6 cm-mesh size. The logs wkxegol on the same platform 1.2 m above the groutd%0

m asl. A plastic gutter was tied at the base ohdag with to direct collect water to reservoir.

RESULTS

Vegetation survey

The vegetation on Mt. Marsabit forest occurednralb communities dominated by different species,Groton
megalocarpus, Croton dichogamous, Croton microstachyus, Olea europaea spp africana, Vangueria
madagascariensis, Srychnos henningsii, Piliostigma thonningii, (Bauhinia thonningii), Dovyalis abysinica,
Trichilia emetica, among others. The forest trees on leeward anghéh& has an extensive cover of pendant
Meteoriaceae bryophytes. When there was no vemieadipitation at all, the research site was slipge walk
on due to mist water dripping from the trees anddaat bryophytes in the forest. On the leewardspafrthe
forest, overlooking Parkishon and Hulahula, thedreiere heavily laden with lichedsnea sp. TheUsnea sp.
lichenwas absent on the windward side. On some tredsUsnka sp. and Meteoriaceagppear but bryophytes
were on the windward side at$nea sp. on the leeward side. Healthy trees had a lot afifiaxt and extensive
bryophyte cover in contrast to dying and dead trglesse bryophyte cover was scanty. During mistttees
were wetted on the leeward side and completelyodrthe leeward side (Fig 4).
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Fig 4: Olea europea s
africana dripping wet on
windward side and dry on
leewarc side in Mt. Marsabi

On misty days, water would trickle down the boughgrees, causing a surface runoff, 50 m. longeaatively
dry ground (Fig 5). The ground wetting was pronathon ground under trees. In open places without
vegetation cover, the soil remained dry or supefficwetted during heavy mist (Fig 6).

Fig 5: Tristernia conferta tree by the road side, trapped mist
water in one morning and generated 50 meters ltegra
of surface runoff.

Dry areas in open patches

Wet area under tree canogy

Fig 6: The effect of tree canopy on mist trapping
showing the origin of the surface run off and daygh
beyond.

Bryophyteswater retention capacity
The mean mat weight of difyrullania angulata was 19.35g, with water retention of 5.21g (ml) geam of
bryophytes. Meteoriaceae bryophytes had retentagpadaity of 5.14 g (ml) of water per gram of bryofssy
The retention capacity of both Meteoriaceae Bndlania angulata bryophytes was more than 600 % of their
own dry weight (Table 1).

Table 1: Water retention capacityfafullania angulata and Meteoriaceae.

Harvest Wt.(g) After drip Wt. (g) Dry Wt. (g) % wthange
Meteoriaceae ~ Mean
(19 samples) 60.36 347.31 56.52 614.43
Frullania angulata
Mean (28 samples) 21.92 120.21 19.35 620
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Bryophytes hygroscopic capacity assessment

The hygroscopic capacity of bryophytes was more tti: % of own dry weight at RH of 70 % (Table 2hisr
implies to that bryophytes have affinity for watarthe atmosphere that may be more effective inctbads
when RH is 100 %.

Table 2: Hygroscopic capacity Bfullania angulata and Family Meteoriaceae bryophytes
Harvest Wt (g) Dry Wt (9) Wt gain () % Wt. change
Meteoriaceae 330 223 252 13.9
Frullania angulata 300 208 237 13.0

Bryophytes and mist trapping assessment

The Meteoriaceae mounted mist trap interceptedirstdlled in the reservoirs an overall mean of 3l of
water using an area of 0.2% per mist day, equivalent to 709.3ml pet per mist day. In the month of February
the mean water trapped per mist water installetthénreservoir was 1293.68 ml pef per mist day (Table 4);
translating to 42mm of rainfall annually and 3.5rofrainfall in February. Working with the observetst
frequency of 1day per week during the dry peridls,rainfall equivalent in mm was calculated.

The Meteoriaceae mounted mist trap interceptedistdlled in the reservoirs an average of 709.3mbater
per nf per mist day; equivalent to 23.2mm of rainfall fbe two months. In the month of February the mean
water trapped per mist water installed in the nesienwas 1293.68 ml per fiper mist day (Table 4); translating
to 42mm of rainfall and 4.09 mm of rainfall in Ju®@orking with the observed mist frequency of 1lgeey
week during the dry periods, the rainfall equivaiermm was calculated.

Table 4: Mist trapping data by Meteoriaceae brydphyn February and June

Mist Mean water trapped per trap / m|sWater trapped / m2 / mist dgy Rainfall equivalent (mm
days day (ml) (ml) yrt)

Feb. June Control Feb. | June Control | Feb. June  Contro|
Mean 323.42 31.25 46.0 1293.68 125/0 184.0 42.44509 4 6.035

The stem simulates mist water trapping ability assessment

The stem simulates of surface area of 0.05 m2, @08nd 0.13 m? to trapped equal volume of 690mhgeper
mist day (Table 5, Fig 8 and 9); translating to #®rof rainfall annually. The tree stems had mistewat
catchment ability of 7mm of rainfall annually. Theist water catchment ability of vegetation was sedy
proportional to surface area of the vegetation {Hig

Table 5: The mist water trapped by stem simulategh varying area per mist day converted to rainfal
equivalent.

A (cm) B (m? C (m? D (ml) E (ml/ m?) F (mm) yrt

Largest Mean Largest Mean Largest Mean
20 0.05 20.0 80 34.8 1600 690 52.52 19.12
35 0.0875 11.43 80 315 914 360.0 30.00 9.7
53 0.13 7.69 80 33.8 632.1 253.7 20.18 7.8
Key

A; Circumference of stem simulates experiments amdrols. B; Actual area used by the stem simal&etrap mist. C;
Conversion factor to actual surface area used portigt in m2. D; Largest and mean quantities cftmiater trapped by
stem simulate. E; Total mist water collected byah3tem simulates. F; Volume of mist water trappgdstem simulates
experiments equated to rainfall in mm.
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g 0 1 1500 =
= =
c 40 + E
= E 1 4 .
g L 30 1000 2 | water trapped
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= 500 =
o 10 +

0 ; ; 0

20 35 53

Steimulates circumference (cm)
Fig. 7: Comparison between stem simulates circuenfez and mist water trapped.
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Conversion of water trapped (ml) to rainfall equivalent (mm).

A standard rain gauge collects 100 ml of water wlenm of rainfall is recorded using the rain gaagea is
126.729 cm 2. The mist water trapped was expreissed / m 2, while the rate of mist occurrencetba study
site was once a week (52 weeks per year).

Therefore; Volume of water trapped per m?2

Annual Rainfall equivalent = X 8 /100 x 52.

Area of rain gauge

The water collected in the reservoir of the miaptivas the excess water dripping after bryophygtsned 6
times their own dry weight (Fig 9, 10 and 11). ®tem simulate with circumference of 20cm trappdin&s
more mist water than stem simulate with circumfeesof 53 cm (Fig 7). This supports the large s@rfaeing a
more effective mist water catchment. In all Metaogiae mist traps; there was a significant diffezdmetween
the experiment and the control with the controppiag more water than the experiment. However, when
retention is factored in, the mist water trappedHhzycontrol was 0.14 of the water trapped by Medeeae. But
Frullania angulata experiments and control trapped equal quantitiesaiér, implying thatrullania angulata
was less effective catchment when compared to Miemmzae.
This implies small size branches trap more watan tlarge stems suggesting that the leafy part effdhest
canopy was more effective catchment in trapping méger than other parts of vegetation.
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Fig 8: Comparison of average of mist water trappedtem simulates and controls.
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Fig 9: Comparison of mist water trapping abilitystém simulates of 20cm, 35cm and 53 cm circuméeren
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Fig. 10: Comparison of mist water trapping abitfyEast facing mist Meteoriaceae trap with confroéan).
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Fig.11: Comparison of mist water trapping abilif\Wdest facing mist trap with control (mean).

DISCUSION

Vegetation and mist water catchment

The vegetation on Mt. Marsabit forest is a watdcluaent that intercept and avail to the forest gst@sn more
than 300mm of extra water from mist, over and abitnee1000mm of rainfall received annually and meadu
by rain gauge (Tables 4 and 5). This extra watey awailable to the parts of ecosystem covered ggtegion.
The volume of mist water trapped is directly prdjmoral to surface area of the vegetation (Tablengking the
thick forest more efficient in mist water trappinghe evidence of large surface area is reinforcgdstbm
simulates experiments (Table 5 and Fig. 7), wisereilates of 53 cm circumference, using 0.F3unface area
and a branch simulates using an area of 0.05mdthpgual amount of water.

The height of trees in forest increases with alétuhile the forest changes from an open fore80am asl to 3
canopy forest at the peak. It appears that thetatige creates proportionate synergistic effectsmist water
trapping and forest growth. The bryophytes haveresitve surface due to their small size and numdeawes
making bryophytes more efficient in mist water paqy than other plants. Considering that only atfom of the
forest surface area (stems) was used for this stheytotal volume of mist water trapped by foresgetation
availed to the forest ecosystem is more than 100@fMmainfall received annually. The total rainfaficeived
annually from both rain and mist on Mt. Marsabitefst is over 2000mm.

This research confirms that vegetation on Mt. Mpitsforest is an important catchment than previpusl
appreciated (Tables 4 and 5); and that mist issauree that Mt. Marsabit forest ecosystem havézetll to
maintain it tropical forest type of luxuriance hretmidst the desert.

The role of trapping of the mist water by vegetatis supported by the following findings and obs¢ians;
Firstly, epiphyll were collected on Mt. Marsabitrést during the 4 months long dry (rainfall defitleseason,
confirming the wet status of forest during the dignths. Secondly, the tree stems were wetted bynikeon
the wind ward side while the leeward side was cetay dry. Thirdly, the bryophytes mats and thedaat
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Pilotrichella spp. were growing on the wind ward side of trees, sstigg wind borne rain (Horizontal
precipitation) or mist as the principle form of pigtation. The bryophytes mats were heavy withev@t misty
conditions. The weight of the water trapped by phydes would make the mats cut and fall off tcelitthe
forest floor. Fourthly, on the north eastern slopdt. Marsabit, 1000 m asl, a 50 meters long wateface run
off formed on a on a dry road after trickling dotte trunk ofTristernia conferta during mist condition when
there was no rain at all. (Trapping of mist watéckting down the stem&ucalyptus trees, is an important
source of water for domestic use, on the streamHesri hills, 70 km west of Mt. Marsabit).

The change of vegetation on Mt. Marsabit foreggrisdual on the windward side, from scrubland tihree
canopy Tropical Rain Forest at the peak, but ebdgpdly without an ecotone to a dry scrub type efetation
on the leeward side of the forest. The changedrfdrest vegetation suggest increasing availahifitynist water
resource with altitude.The luxuriance of the vetietacannot be justified be justified byl000mm afnfall
annually received on the mountain. The rainfallnalocannot explain the sharp transitional bounddry o
ecosystem change. This leeward effect is also wedesn mountains; Uluguru (Pocs, 1973), Kenya (Bass
1994), Kilimanjaro Pocs, (IUCN) and (Kemp, 2002ndfHly, the location of permanent springs less th@Am
from the peak, suggest consistent aquifer recharge. occurrence of mist on the mountain is consiste
throughout the year. The rainfall brief and seaboaiafall and cannot therefore be the means fpler@shment
of the springs.

The implication of vegetation loss is primarilyettoss of catchments surface for mist water andaed water
resource. The secondary effect of vegetation leseeduction in mulching effects of the forest covleat
conserve the harvested water to create a wettehamé forest microclimate. According to Pocs (1pzl@ared
parts of forest evaporates four times as mucheara under vegetation.

This explains for the sudden change of Mt. Marsdbipical Forest to scrubland just past the peakhen
leeward side. The typical forest and tree strucharée more surface area on the twigs than bramehsstThis
means that more mist water was trapped by twidgldrforest compared to branch stems. This viewppsrted
by mist traps trapped more water than stem sinsilditerev.).

The dominant trees species in Mt. Marsabit forestewnainly trees with large crowns and branchesasting at
an angle of more than 45° to horizontal of the brabase. For exampl&icus spp., Olea europaea sp.
africana, Croton megalocarpus, Prunus africana, Diospyros sp., Strychnos henningsii, Srychnos mitis, Trichilia
emetica, among others. These types of trees appear toumgeth by misty climate in Mt. Marsabit forest,
possibly because of the tree ability to trap miatew and direct the mist water to the base ofrdw t

Vegetation aswater catchment and bryophytes

Loss of vegetation means loss water catchmentsezhated mulch effect both of which accelerate oawrying
(Pocs, 1973). The positive synergy that vegetatieates works negatively when vegetation covesss | This
explains for the sudden change of Mt. Marsabit aipForest to scrubland just past the peak ondbward
side. The results of the stem simulates evidendargé surface area is more efficient. (Comparm stinulates
of 53 cm circumference, using 0.13 sarface area and a branch simulates using an &fe@5m trapped equal
amount of water).

Bryophyteswater retention capacity

The high water retention capacity of bryophytesb{@al) can be explained by several features on the
bryophytes. Firstly, the bryophytes lack of cutidieerefore exposing the hydrophilic bio-chemictile pure
water in the air (mist). The concentration gradieetween the atmospheric mist water and water hddoin
bryophytes, cannot be bridged because pure misrvietcomes impure on touching the bryophytes, ngusi
continuous mist water attraction to the bryophy{@alisburry and Ross, 2001). The electro-staicetiarged
hair points attract the polar water droplets frolne tmist (Hallingback and Hodgett, 2000). In additio
Bryophytes have hygroscopic capacity of 13 % of its own dry weight (Table 2), which is adddional force
that assists bryophytes to attract and harvestrvirate humid air.

The ability of Bryophytesto trap mist water was over 7,000 ml of mist water was trapped by a 1 unfase
area.The experiments using bryophytes and stem simultiesved that Mt. Marsabit forest vegetation is a
water catchment for mist water equivalent to 300 afrrainfall, over and above the 1000mm measuredhaby
gauge (Table 4). This explains the rush vegetationhe windward parts of Mt. Marsabit forest (Fig®8and
10). The bryophytes mist traps experiments trag@0 ml of mist water per m2 per mist day, equinate 65
mm of rainfall per yearThe 1000 ml of water (65 mm rainfall equivalentiisfdao the ground as excess, while
6,000 ml (196 mm rainfall equivalent) are retaineyg the bryophytes (See water retention capacitgll a
thereafter, gradually released to environment gsadrd evaporation.

Stem simulates mist water trapping ability (Table 5 and fig. 7), show that the stem simulates trapped 600
mis per of water of mist water per mist day usingarea, translating to 52 mm of rainfall per ybgrtree
branches (Table 5). Mt. Marsabit forest therefoeeeives more water than documented becauseahesl@and
twigs have more extensive surface area than brarark stems.

Vegetation, mist water and climate change Loss of vegetation in cloud forest results to reiducof water
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resource that the ecosystem had been receivingsind in maintenance of its dynamics, in directportion to
surface area lost. The water absorbed cools theystsn and accelerates carbon dioxide fixatiorhéngame
proportions. Water absorbs the heat on earth sudiacl resists increase in ambient temperatureriastaal
ecosystem at the rate of specific heat capacitiiftérent states of water. Vegetation loss marlsitfitial stage
in a positive feedback mechanism with adverse eigffects on climate changes. Trees attract “daynttapping
horizontal precipitation. The climate moderatinderof vegetation and terrestrial ecosystem theregatdation
and heat sinking may be far more important thawipusly appreciated. The link between biota andspgaf
climate is photosynthesis. In the forest trees femrtical barriers with large surface area thap tnaore mist
water than shrubs, bushes and grasses. In abstnestioally standing physical tree blocks, the hndeposits
nothing in the area. The effect of clearing forieshegatively synergetic and accelerated rate whdr(Pocs,
1973). While the shading effect of trees is redua=dliting to faster rate of water loss. Most stiedn the mist
forest could be maintained by of surfaces run mfiif trees trapped from horizontal precipitation.

L oss of mist water catchment and climate change

Water accelerates plant growth by mobilizing nuise encouraging soil formation and maturation psses.
The mist water trapped by the vegetation changesclimate in the forest by; increasing the levelwatter
resource and conservation of moisture. The ripfilece are; reduced ambient temperature, decreaséd s
temperature, reduced the drying effect of wind,shoe conservation by vegetation and reduce sathation as
vegetation absorbs light and heat for photosynshelne overall effects of the vegetation in thee$trare,
increased moisture index in the forest and reduestberature. This discourages evapo-transpiratianvierse
proportion to number of mist days, mist duratioriensity and vegetation covers.

The cooling effect of dew and mist water in ecosysbecomes apparent when latent heat capacityffefatit
states of water is considered.

The latent heat capacity and specific heat capa€itiaporization of water are 4200kj/ liter fot Celsius, and
2260Kj/liter, respectively. The ambient temperatoféit. Marsabit forest was £&. To Estimate the dew point
the formula below was used;

Dew point = Ambient temperature — (100 - Relativentidity /5.) + 2.5C.

In misty conditions the relative humidity was 100¥herefore, the dew point temperature was 2.8t RH of
80%, the dew point was 18, While the dew point temperature was?35at RH of 65%. At RH of 50% the
dew point is11.%C. The implication is that when humidity is low thest water trapped has more cooling effect
on the earth surface due to the large temperatffezehce between the dewater and ambient temperature.
Referring to mist trapping ability of vegetatiom @ misty day in Mt. Marsabit forest ecosystem, aah
bryophytes trap 7000 mis of mist water which abswmrer 51,680kj of heat form ecosystem per mist dray.
every liter of mist water added to the ecosystever ®460Kkj of heat is absorbed when temperaturaggmby
1°C and thereafter evaporates from vegetation andeéinéh surface. The dew point (mist) temperaturieis
degrees lower than the ambient temperature whendityris low. The sun delivers energy to the eatinface
at an average rate of 4.3 x*1§ hr! (Chuanhaat al., 2010), which is used for heating the bare growamd, for
photosynthesis in forested parts of the earth. @tweversion rate of the suns energy to organic méye
vegetation is at a rate of 60 quanta of blue ligihteach glucose molecule fixed (Salisburry andsR@900).
The energy absorbed by vegetatioreigpressed as absorption spectrum and action speetreé more active
within the heating range of the visible light spaot. Increased vegetation means more chlorophytencQ
fixation (higher productivity) and heat sinking. i$his supported by research findings by Pocs (1981)
Kilimanjaro, where bare forest parts recorded higieenperature than forest, and dried four timesefathan
forest. Increase of CQOevel in the atmosphere is global and attributed/eégetation loss (lit. rev.) implies
decrease in heat sinking process. The cooling (bieéing effect) of the vegetation, through mist dew
catchment and photosynthesis is beyond the formsbtdaries and a contribution to climate change. lirile
between C@ levels in atmosphere, global warming, and chamgelimate is photosynthesis through water
cycle. This makes vegetation the thermo-reguladirgans for the earth surface. The naked earth inaveased
temperature, that encourage generation of heatsvamd faster wind currents, that causes furtheingryn
Kenya, the country annual average temperature, inaveased by 2C (NCCS, 2010). This may be explained
by progressive vegetation loss on protected highléorests (Bussman, 1994) but more critically, the
unprotected rangelands that constitute 83% of Kéauya surface.

Conclusion

The additional 300 mm of water resource availedhto forest ecosystem, explains the increase intatge
luxuriance with altitude windward side and lack efotone on the leeward side of mount Marsabit. The
additional 300 mm of rainfall is only available whehere is vegetation. The efficiency of the vatgeh as a
catchment for mist water increases with the surfaea of the vegetation. Mist is the compensatimtof that
supports this forest ecosystem, while the vegetatiomportant water catchments for mist waters ktlear that
the role of the vegetation on the water cycle, llatimate moderation and climate change is more tharently
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appreciated by science.

The bryophytes have an surface area larger thaasr pthnts, that combine with high water retentiapacity
600%, hygroscopic capacity of 13% own dry weight arsatiable affinity for mist water to have a wmgrole
in mist forest.

The fact that bryophytes colonize inhospitable tebias pioneer community makes them special caahm
with ability and unique role. The primary effect wégetation loss is loss of the extra water for pient
community. The ripple effects of catchment lossiaterrupted hydrologic cycle, reduced vegetatiomngh and
recovery and heat sink. Mist water trapping makesviegetation to thermo-regulate and resist adw&ranges
in climate, hotter Earth and accelerated climatiarges towards desertification. The thermo-requiagiffect of
vegetation on the earth surface makes vegetatiticatin management of the effects of climate d®an

Mt. Marsabit forest receives 1000mm of rainfall aalfy and additional 300 mm of rainfall equivalérapped
from mist by vegetation and availed to ecosystem.
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