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Chemical composition of some Lichen species
occurring in the Namib Desert,
South West Africa

J.J. Joubert!, P. L. Steyn 2, T. J. Britz} and D. C. J. Wesseis®

ABSTRACT

The protein content of three species of lichens from the Namib Desert was det-: mined
by means of the convenuonal Kjeldahl technique. Of these, Parmelia otientorio had
tire highest protein content (16.24%). followed by Dmphalodium convelutim (14.42%)
and Teloschistes capensis (13,15%). Acid hydrolysis of thalli of the three species
vielded fructose. galactose and giucose as well as the amino sugar glucosamine. The
hyvdroivsaie also coniained a variety of amino acids.
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Die proteininhoud van drie ligeenspesies uit die Namib-woestyn is deur niddel van die
konvensionele Kjeldahl-metode bepaal. Van die drie het Parmelic hoticntotia die
hoogste proteien-ithoud gehad (16.24%). gevolg deur Omphalodium convolutum
(14.42%) en Teloschistes capensis (13.13%). Suurhidrolise van die drie spesies het
fruktose, galaktose, glukose en die aminosuiker glukosomien opgelewer. Die hidroh
saat het cok 'n verskeidenheid aminosure bevat.

INTRODUCTION

A considerable amount of work has been published on the chemical compuosition of
the extracellular products of lichens. The chen atry. structure. properties and Jisir
bution of these so-called lichen substances have been treated in detail by Asahing &
Shibata (1954), Culberson (1969, 1970) and Culberson. Culberson & Joansen (197745
Several studies have also appeared on the chemistry of carbehvdrates. free amine acids

and other iatracellular products. Reference to these products has been made by

Huneck (1973), Mosbach (1973) and Hale (1974).

Huneck & Follmann (1971) reported on the occurrence of lichen substances i 1ok
schistes capensis (L.f.) Malme (salazinic acid. parictin) and Omphclodium convolu
turm Hue (norstictic . :id, stictic acid, (+) — usnic acid). The findings of these aid
other authors regarding the occurrence of lichen products in other species indigenos
to South West Africa are histed by Culberson (1970) and Culberson ¢r al (1977
Considerable lichen growth occurs in certain »arts ol the central and northern Namib
Desert. More information on their chemical composition seemed of interest in view
of their role as primary producers of organic matter in such an arid environment. This
paper represents an effort to determine the total nitrogen content as well as the amino
acid and carbohydridte composition of three lichen species trom the Namib Desert

MATERIALS AND METHODS

Lichen material

All tie lichens used in this investigation were obtained through the courtesy of rhe
Director, SWA Administration, Department of Nuwure Conservation an't Tourism.
and collected by Mr. J. Jankowits., Parmelia hoitentoria Ach. (Plaie 1) was tound
approximately 33 km east of Henties Bay. Omphalodium convolucon (Piae 21 was
collected along the gravel road between Swakopmund and Windhocek. approximate
15 km from Swakopmund. Teloschistes capensis (Plate 3) was collected on the gravel
flats approximately 3 km north of Wlotzka’s Baken.

The lichen material was thoroughly cleaned of adhering soil and rock puarticies.
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Amino acid and amino sugar assay

The fragmented thalli were washed in 0.5 M scdium phosphate butter (pH 7.5) and
lyophilized. Ten mg of thallus material was hydrolyzed in | cm® 6N HCI at 100°C
for 16 h in a sealed ampule. The solution was then evaporated to dryness in a rotary
flask evapcrator and finally redissolved in 1 em? distilled water. Thc pH was adjusted

to pH 8,0 with 5N NaOli. The solutron was centrifuged and the lL...I supernatant
stored at 4°C. The solutions (0.1 ¢m') were diluted with O m? citrate butr

1

(pH 2,2) and 0.2 cm’ of this was used for assay on a Bio-Cal BC
amino acid analyser. Resins used in the assay were of the Amrinex polystyral base type
7.5 1o 8,0% divinylbenzene. Thie assay specitications were as

C-200 automatic

with 2 cross-linking of
follows:

I. Basic amino acids

Column — 25 ¢m with internal diameter of 0.9 ¢m
Resin — Aminex AS, particle size 11.3=135 um
Resin height — 14 ¢m
Buffers — pH 5,28: 033N in Nu ions ard 0.2N NaOH
Temperature - 30°C

2. Neutral and acidic amino acids
Column — 60 cm with iq'vrn;'-f diameter of 0.9 ¢m
Resin — Aminex A6, particle size 155—19v.5 um
Resin height — 3 em
Buffers — A = pH 3.25: 0.2N in Na ions

B = pH 525: 02N in :\'.1 s and C2N NaOiH

Temperature — 30°C

An amino acid calibraton mixture supplied by Beckmizn Instrumients was used
standard. This standard selution contil I em® ol 0.62N HCI with
umole ol’ each amine acid. One om' of this solution was diluted 10 f
0,2 cm?® was applied to the column. giving a final concentrauon of 0.1 =onole

the low solubility of cvstine 1t was only present in halt the concentraton. The amount
dih x height method
the

correct for the hvdrolytic 1oss of e

ned

ez
-
ps
~

by tie vi as described in

of cach amino acid was determined
During prolonged hvdrolsis with 6N HCL.
= (=~

15 made to

manual. amino sugars underwent

hydrolytic degradation. No attempt w
the corresponding increases in ammo

amino sugars or ni.

Analyvsits of the cell sugurs
A modification of the method of Cato. Cummins and Smith (1970) was used for the
analysis of the cell sugars. Ten mg amounts of washed thalli + cre hyvdrolvzed in 2 em’?

of 2N H:SOs ftor two hours in a boiling water bath. When cooled. the acid was neu
tralized with sohid barium hydroxide to a pH of 7.0. The precipitate was removed by
centrifugation and the deposit washed with 2 em? of distilled water. The sypernatant
was evaporated in a water bath at 60°C. The dry residue was dissolved in*0.3 em’
distilled water. The solution at this step was clear of any remaining barium hydroxide.
One dimensional ascending thin |oer chromatogranhy was performed on silica gel G
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according to Stahl (Type 60 — Merck). The snlvent system ethyl acetate (65 ¢cm?) and
35 cm? isopropanol-water mixture (2:1) was used. (Akhrem & Kuznetsovn. 1965).
The chromatograms were run for three hours at 5°C. Spots were visuaiized by
spraying with acetonic-aniline-phthalate (aniline 2.0 cm’: phthalic acid 3.0 g: acetone
95 cm?® and 5 cm® water) followed by heating at 105°C for five minutes. One ul of
either hydrolysate of known standard was applied to the base line of chromatogram.
The relative amounts present have been arbitrarily graded as 3+, 2+, +, (+) or-,
according to the size and intensity of the spot obtained.

Nitrogen Content was determined by means of the conventional Kjeldahl method.
A conversion factor of 6,25 was used for calculating the crude protein content.

RESULTS AND DISCUSSION

The crude protein content of the three investigated species is shown in Table 1. In all
three cases the crude protein content was unexpectedly high and compared favourably
with that of lucerne hay (17,1%) and was much higher than that of veld grass hay
(3.9%) (Van der Mcrwe. 1970)

According to Huneck (1973) the protein content of lichens varies between 1.6 ard
11.4% of their dry weight. Some lichens, notably Peltigera canina growing in the
Himalayas may. however, contair as niuch as 2[Y% protein (Subramanian &
Ramakrishnan, 1964). The range of amino acids found in the investigated liches was
similar to those found in other plants and micro-organisms. and none of the less
commonly occurring amino acids were detected. (See table 2). The highest
coneontration of amine acid found was glutamic acid in the case of P. houer.uita.
There was a notable absence of cystine, hydroxy-proline and ornithine in ll three
species. The absence of D-. L- or meso-diaminopimelic acid is not unexpected as this
amino acid has so far onlv been found in bacterial cell walls. Unfortunately tryptophan
could not be resolved by the method used and no further attemps were made to
determine the tryptophan content of the licten thalli.

The use of the factor of 6.25 for converting Kjeldahl nitroger into protein content,’
is subject to criticism. because no attempt was made to determine whether the ratio
between nitrogen from protein. free amino acids, nucleic acids or chlorophyll was
approximately the same as that from plant material of known composition.

The uscfulness of a protein depends upon its digestibility as well as its biologi:al
value. The biclogical value is determined by the number and kinds of amino acids
present in the molecule: The nearer the food protein approaches the body proteins in
amino acid make-u;~ the higher will be the biological value. (McDonald, Edwards &
Greenhalgh, 1973). According to data on the essential amino ncid composition of
proteins for non-ruminants (NRC, 1973). 0. convolutinn was low in methionine/
cystine. lysine. nistidine and i-leucine: P. fotientorra was low in histidine. while
1. capensis was low in histidine and phenylalanine/tyrosine. Unfortunately trypto-
phan. which is an essential amino acid for nen-ruminants. was not assaved. The uses
of lichens by man as an emergency ration and as part of his daily diet has been
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discussed by Richardson (1977). As the chances wre remote that the fichen growth ol
the area wili be used as a fOOu source by non-ruminant mammals no further cons
deration was given to this aspect.

[n ruminant dicts the amino acid composition is of less importance than the tow!

protein and carbohydraic content. The use - lichens as a food scurce by verte
as been summarized by Run.ndkon (1975) and Richardson & Young (19770,

mcnmomd by Richardson (.- 75) that lichens preferred by reindeer were irot thos

the highest protein content but the ones which contained o high proportion of
chout 2 K

o

nlex carbohydrates. He also stated that a deer requires the cauival nt of
of dry liciien daily. To obtain that amount an ammal browses aboi

which amounts to approximately 2160 m* of pasture cver: 1
thic slow zrowth of lichens a particular lichen range is not reads
years after modest grazing. This pertod increases 10 10—135 yeuars ¢ HHCNse 2rsing

(Richardson, 1975).

It seems that the lichen ficlds of the Namib Desert are atihized by animals tsprinzbug
in particular) as a supplementary food source. especially during prolonged
periods inland (sightings by L.CJ.W.. Coetzee'. 1978 and Loutt
personal commiunications). The existence of such an association will

"(‘l]\

L

surprising in view ol the universal cccurrence of such

Wessels, Wessels & Helzaptel (1979) reported on tie
feeding Coleoptera species and Teloschistes capensis in the Namib Deser The vast
literz\.ture that exists on such relationships has been extensiveliy
1973) and Gerson & Seaward (1977). According to Gerson & Scaward (19
Suts mites and mollusc constitute imporiant components of the terrestrial fauna
are the main lichen grazers while the Protozoa. Retitera and Tardigrada belong
aquatic lichen-feeding fauna. The -eport of Wessels ¢r «/ (1979) is unigue in thie sene
that it is the first repo.t on the existence of such an association between membe

the terrestrial fauna and lichens from an arid rezier.

reviewed by Gerson

As no tests for digestibility were carried out no

conient deternmined. conclusiens can not be drawn re
ce tor anmmals. In view

lichen species as a food sou
between lichens ans anmmals of
aspect further. concentrating on insect fichen relationst

the Namib Desert. 1t 1s intended 1o puriue ths

e

as peseareh hae airdads

been compicted.
Other low-molecular compounds. such as carbohuvdr

i lichens (Aspiall. Hirst & Warburten, 1953 Lu

sre. Misiormy & Wach
{1

1933). The carbohydrates and amino sugars that could be detected i the three mves:
gated species are shown in Table 3. No attempt was made to investizate the occurrence
of polyols or polyoi glycosides for »-ich lichens are noted. Glucos. fructose ard

Y Mr. FL Coctzee: Nature Conservation and Tourism. P.O. Box 31,9000 Swakopmune
= Mrs. Bl Loutit; ¢/o The Senior Game Ranger, Ugabmond. Sieleton Coast Park. Priva i .
’

Swiakopmund
!
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galactose are known constituents o lichens after chemical hydrolysis. Doubtful
amounts of lactose could only be detected in O. convolutum. Galactosamine is a
known constituent of many polysaccharides. vet was not detected in any of the three
specimens analyvsed. Ribose was included as standard but contrary to expectations it
was not detected. This can only be explained in that the concentration may have been
100 low to be detected.

No attempt was made to investigate the occurrence of extracellular lichen substances.
These substances are mostly weak phenolic compounds and their physiological role
has been the subject of considerabie speculation. Huneck (1973) and Mosbach (1973)
respectively discussed the nature and biosynthesis of such extracellular substances
while reference to their cconomic uses and possible ecological role was made by
Richardson (1975) and Varta (1973).

TABLE i: Crude protein content of three spectes of Namib Desert Lichens.

Y crude protein

Species

Omphalodivm convolutum 14.42

Permelia hotien 16,24
13,45

Pefoschisies < apenses

TABLE 20 Quantative amino acid analysis of three species of Namib Desert Lichens expressed as gnol

per 10 mz of dried material.

. Omphalodium Purnicliu . Telozchistes
Anine Acid ek . 5
convolutm hotientotia Capensis
Alanine Lo L 1.50 &3
Arginine ... oL 025 0.0
Aspartic Acid ... L L 1.50 229 .35
CESUE :vpuvsamsssswampasise 0.0 0.0 0.0
Diamin 0.0 0.0 0.0
1.30 4.60 373
GHVEINE - svvmmanmms o swmgsss s 1.50 293 2,10
histidine ... ... i, 0.08 0.0 [OX(
Hydronyproline . ... ... ... .. 0.0 0.0 0.0
IsOlHGIRE oo ns mmmmmsisms s 0.20 .83 0.50
Leucine ... L. 0.75 .20 125
Lysine . ovwviriiivmsminncnis 0.33 .6 1.10
Methionme oo Lo L. 0,25 0.50 0.40
ORI, pssevsssrnpnnmes ns 0.0 0.0 0.0
Phenvlalarse oo oo a .t 1.60 143 0.0
Prolime ... ... L 1.40 23 .53
SEPIIE i s onmidnsissssommuns 25 240 1.80
Threonine ... Lo L. 1.30 2015 1.43
Tryprophan ... L. = - o
PEPOSUIE .« oo e s e o a5 0.0 0.90 0.0
Vahoe Lo (.33 F.23 .95
Ammonia ... 2.60 1.30 260

Nast 1 wase

i
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TABLE 3: Qualitative amino sugar and carbohydrate analysis of three species of Namib Desert Lichens.

Amino sugars and Omphalodium Parmelia Teloschistes
carbohydrates convolutum hattentotte capensis
Glucosamine ................ + + #
Galactosamine ............... — - —

Monosaccharides

Arabinose ... ... — - =
Fructos® seegmm q 05 4ald 3608 S ) ++ - T4
Gligose cnusvnss sumwsy sasns + - ()
Mannose .....ovosvvecassnas - -
Bhamnose ....cosxevssonssnis — - -
GAASIOSE 5o s sawass mns o mm - o

isaccharides
LACTOSE 5 o i, & 5 300 g 8% b ROE - (=)
NIAHOSE ns wesennns censms s sas - - -

+ present in small amounts: = + present mintermediate amounts: - + ¢+ present 1 coppreciable amounts:

(+) doubtful; — absent.

SUMMARY

The thalli of three lichen species collected from the Namib Desert (Omphalodiin:
convolutum. Parmelia hottentotta and Teloschistes cupensis) were analysed for their
crude protein content. amino acid composition of the proteins and the sugar compusi-
tion of the carbohvdrates.

The crude protein coiitent, calculated from the total nitrogen contert as «fetermined
by means of the conventional Kjeldahl .nethod. was found to be unexpectedly high in
all three cases (14.42% for O. convolutum, 16.24% for P. hoteniotta 1ad 13,435,
for the 7. capensis.) The amino acid composition ot th: thallus proteins was deter-
mined by means of an automatic amino acid analyser after acid hydrolysis. The range
of amino acids found was similar to those found in higher plants and micro-organisms.
and nene of the less commonly occurring amino acids was detected. The highest con
centration of amino acid found was that of glutamate in P. hotieniotia. There was
a notable absence in all three cases of eysuine. hyvdroxy-proline and ornithine. The
digesuibility of the thalli by ruminants as well as non-ruminants was not determined
accordingly, no conclusions could be drawn regarding the uscfulness of the lichen
thalii as a food source.

Carbohydrates were analysed by actd hydrolvsis and thin laver chromatozraphy.
Fr.:tose and glucesamine were detected in all three species. the former iy appreciabic
amounts. Glucose was detected in only two of the three cases, whereas galuctose  ad
lactose were found in only one species.

Reference has also been made to the role of lichens as a rfood source for animals
the area.

Plates of the three lichen species are presented. '
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fole of Lichens in the Ecosvstiem

The most 1mpressive aspect of the excursion for the
participants was to see firsthand the i1ncredible size and
extent of the lichen communities and the obviously significant

role they play 1n consolidating the soi1l. Several crustose

lichens and the foliose Xanthoparmelia walteri (Figs. 1.,2) are

especlally 1mportant i1in this respect. The Teloschistes flats

near Wlotzka’'s Baken. covering several square kKilometers, were

the most

n

acular and unique lichen displav th

t

D=ec

Q]

participants had =ver seen anywvhere 1in the world (Figs. 3,4).
An equally unusual but less conspicuous display of
lichens was seen on gravel flats several Kilometers east of

he main highway from Cape Cross. consisting of small pebbles

N

covered with Xanthomaculina hottentotta (Figs. .B). A

related lichen which grows loose on soi1l, X. convoluta, was

found on the road to Gobabeb (Fig. 7) and in several cther

localities. fhis particular lichen 1s highly endemic. Known

Oobserves what 1s probably one of the most restricted and
interescting lichens in the world.

/m1ch nad been described by Mason Hale several vears sarlier
Ti1gs. 3,32
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Conservation of the Lichen Flora

The lichen communities of the coastal fog zone must be
considered not only botanically interesting, as much 1n_th91r
way as Welwitschia, but extremely 1mportant i1n their role as
so1l consolidators. However, these communities are also quite
fragile and, while long-lived, take many decades to regenerate
after being disturbed or destrovyed. i

The most 1mmediate threat to the lichens 1s disturbarnce i
by 4WD or off-rocad vehicles. A vehicle driving just once
through the lichen fields destroys a swath of plants, leaving
a pulverized channel subject to wind erosion. As greater
numbers of wvehicles try to enter these areas. more and more
destruction 1s occurring, as can be easily seen now rrom the
mailn coastal highway. Except for the Skeleton Coast National ‘§

Park, off-road access 1s not being controlled effesctively

because c¢f the huge area to be patrolled and the absence of

1. The unigus lichen communities described in this report
should be recognized as i1mportant botanical treasures for

SWA/Namibia ancd considered as potentially threatened plants

2. Th= areas occupied by these lichens should be L
|
ascertained and i1nventcocried as completely as possible
3. The most 1mportant areas should be oifi1cially
designated as floral reserves and posted as sucn Lo makKa2 the

]

public aware of their existence and 1mportanc
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to these areas by 4WD or off-road vehicles
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