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Resumen: Manrique, E., Redondo, E L., Seriña, E. & J. Izco.: Estimación de/a degradación de
clorofila a feofitina en Anaptyclña ciliaris como método para detectar la contaminación del aire.
Lazaron 11: 141-148 (1989).

Se estudia la influencia de los siguientes factores sobre el valor del cociente de feofitini-
zación DO 435 nm/DO 415 nm eneí liquen Anaprychia ciliaris (L.) Kórber: edad del liquen,
concentración final de pigmentos, trasplante de los líquenes a áreas distintas sobre sustratos
diferentes o similares y el valor de pH del sustrato original o el adoptado tras el trasplante.
Sc discute la utilización deA. ciliariscomoun bioindicador áe la presencia de factorcs acidí-
ficanies en la atmósfera o en el agua de lluvia que provoquen la feofitinización de las cloro-
filas.

Abstract: Manrique, E.. Redondo. E L., Seriña, E. & Ji Izco.Estúnation ofchlorophyll degrada-
tion into phaeophytin in Anap¡ychia ciliaris as a method to dctect airpollution. Lazaron 11: 141-
148 (1989).

The influence of ihe following facíors on the ratio of ihe phaeophytination mdcx (OD
435 nm/OD 415 nm). in .4naptychia ciliaris (L.) Kóber is siudied: the age of the lichen ihallus,
the final concentration of ihe pigments, the transpíantation to different arcas on similar or
distinct substrates. and the pH value of ¿he original or adopted substrate. The use of A. cilla-
ns as a bioindicator of acidic Mr pollurion is discussed.
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INTRODUCTION

Lichensas air pollution bioindicatorshavebeenusedfor manyyears,
sinceNylanderobservations(in FERRY & al., 1973). Since then agreat
numberof different qualitativeor quantitativemethodshavebeenused,
basedon the studyof the relativeabundanceof lichens aroundurbanor
industrialareas,or on investigationsof the variability of variousphysiolo-
gical parametersin lichen specimensbelonging to oneor a few species.
Among thesekind of works,somemeasurethechangescausedbysomeair
pollutantson the photosyntheticpigmentsof the algal symbiont. Many
scientistshavestudiedthe relationshipbetweenchlorophyll phaeophyti-
nation andsulfur dioxide (RAO & LEBLANC, 1966; MOSS, 1967a;NASH,
1973; PUCKErr & al., 1973; KAuPPI, 1980; SILBERSIFIN & KELLER,
1986). Ihesemethodsdetectchangesin the absorptionspectrumof chlo-
rophyll whentransformsinto phaeophytin(VERNON, 1960; MOSS, 1967b).

For the spectrophotometricmeasures,different methodsfor pigment
extracts,have beenused traditionally: SO or 90 % acetone,methanolor
ethanol in water or pyridine. Nevertheless,theseextraction methods,
when applied in lichens,presentsome-problems,mainly when they in-
dudeacetone,methanolor ethanol,becausethesechemicalsshowa high
sensitivityto PH changes. ThesepH variationsmaybe an importantarte-
fact when measuring chlorophyll-phaeophytinconversion in acidic
pH. For this reasonit is usefulto addalcalinesubstances(ascarbonates)
into the extracts(BROWN & HooKERooker,1977). The useof pyridineal-
so preventsthe conversionof chlorophyll to phaeophytincausedby the
acidificationduringthe extractionprocess. SCHOAF & LIUM (1976),HiS-
COx & ISRAELSTAM (1979) and BURNISON (1980) useddimethylsulfoxide
(DMSO) forpigmentextractionfor phytoplankton. This solventnot only
behavesas a protonacceptor(alkaline),but it canextractpigmentsfrom
undamagedcelís,avoidingmaceration. SPEZIALE & al. (1984) compared
the extractionpropertiesof DM50, N,N-dimethylformamideand ace-
tone. Theyemphasizedthe advantagesof DM50 in the chlorophyll ex-
traction processes.RONEN & GALUN (1984)proposedthe DMSO as the
more efficient solvent system to extract chlorophyll from the lichen
Ramalina duriaei (De Not.) Jatta. The sameauthorsindicated that the
changesobservedin the optical densitiesof the lichenpigment extracts,
measuredasthe ratio OD435 nm/415nm, maybe a goodindexto estimate
the degradationof chlorophyll to phaeopigments.G2XRw & al. (1985)
usingthis methodin transplantsofR. duriaei in Israel, foundaclosecorre-
lation betweenphaeophytinationby sulphurdioxide andheavymetalsin
the atmosphere.

In this work we discussthe use of the DMSO in pigment extraction
from the lichenAnaptychiaciliaris andthe Phaeophytinationindex (OD
435/0D415nm) to detectacidic pollution in Spanishwoodlands. This is
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a preliminaiy work proving thatthe useof Anaptychiaciliaris is convenient

lot alt monitoring.

MATERIAL ANO METHODS

Thepresentstudyhasbeenperformedwith tite fruticoselichenAnapiy-
chía ciliaris, becauseamongahercharacteristicsit doesnotcontainacidie
lichensubstances.The absenceof acidielichensubstanceshasbeencon-
firmed by thin layerchromatographyandHPLC techniquesin avery large
numberof specimens.A. ciliaris is very easyto identify ami canbe found
growingon differentsubstratessuch asbarkofQuercusrorund<folia, Q. pyre-
naica,Q. faginea, Ulinus sp., Pinas sylvesrris, 1? nigra andJunipenisoxycedrus.
andon calcareousancA acidic rocks.

Thelichen materialwascollectedin severalnon-contaminatedlocaIl-
ties (control localities): Selas(Guadalajara.Spain), on Quercusfaginea;
Montejo de la Siena(Madrid. Spain),on Q. pyrenaica. ancA Montede El
Pardo(Madrid, Spain),on Q. rozundifolia(map1), substrateswith verysim-
ilar physicalancA chemicalcharacteristics(bark pH between5.6 and6.7,
mea-suredwith the methodproposedby JoHNsEN & SOCWTING 1973).

Tbe specimenswere analyzedwithin the first five days alter collee-
don. AH thesampleswere air-driedancA thosethat werenotusedweresiored
in thedarkat —20’ C.

Por the extractionof the chlorophyll pigmentswe have followed the
methoddescribedby RONEN & GALl.N (1984). About 20 mg from each
sample.apboteciaavoided,were inmmersedin 5 ml of DMSO,andremai-
ned in dark at 65~ C br 40 minutes. Ihe extractionwas completedafter
thistimebecauseihelichenmaterialwasentirely transparent.Theextract
was diluted by adding5 ml of DMSO. ancA the opticaldensities(00) of the
diluted extractsweremeasuredat 435nm,usingDM50 astheblank. The
turbidity of ihe extractwasverified at 750 ancA 415 nm. This valueusually
was aroundzero.but in caseit exceeded0.001 00 unjts, Ihe extractwas
passedthrougha Millipore AP 2001300filter.

The degreeof phaeophytinationwascalculatedaccordingto RONEN &
GALUN (1984). TheseauthorsestimatethaI in Ihe caseof minimal chloro-
phyll degradationinto phaeopigments,Ihe quotient 00 435 nm/OD
415 nm isbetween1.40and1.45. To knowthe maximaldegreeof degrada-
tion, 60 ¡sI of an IN UCI solution was addedto Ihe control extracts,ancA
remainedin thedark for 10 minutes. In theseconditions11w quotientrea-
chesits minimal value,between0.56and0.65. More acid ancA more time
in the dark do not increaseIhe chlorophyll degradationof the extracís. In
parallel the samequotientwas measuredin two vascularplanís, Lohum
perenneancA Dactylis glornerara.

Sincethe analycedspecimens,althoughof identicalweight,do nol con-
tain Ihe samepigmeníconcentration.we weighted5, 10, 20, 30, 40 ancA 50
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mg ofA. ciliaris with the purposeof checkingthe effectof the final pigment
concentrationon Ihe valueof the quotient. This allowedusto avoid the
problemof differencesin age, algal distribution audshapeof the speci-
mens.

AlI thevaluesobtainedfor the quotientarethe averageof at leastthree
measures.

The specimensofA. clítoris usedas transplantatswereanalyzedwithin
the first 48 hours afrer collection and inmediatelytranspíantedto trees
with similaror differentbark thanthatof origin.

With the purposeof measuringthe pH of the original andnew sub-
stratesofA. ciliaris, piecesof thebarkwere processedby themethoddescrí-
bedby JOHNSEN& SOCHTZNG (1973>.

In orderto know what effect transpíantationcould causeto thetrans-
plantedlichen, three samplesof A. ciliaris were allocatedon the barkof
eachsubstrate,pines(E radiata, E pinaster)andoaks(Quercusrobur), acidic
andsubneuíralconditionsrespectively,from locality fi (in which Lotario
pulmonariais common)to an areathatpresumablyis not polluted(locali-
ties E, F, ancA O). Thevalue of the OD 435 nm/OD 415 nm of the trans-

Map 1.—Localities of iranspianis sonree: A, Monte del Pardo (Madrid) on Que>-cus ro.rund¿fo-
ha: El, Montejo de la Sierra <Madrid) Qn ~. pyrenaica: C, Selas (Guadalajara) on Q.faginea~
and localities whereAnaptychia ci/ian\ was allocated to detecí the etfects of SOi fumigations:
O, Morelia (Castellón) on several substrates (see ihe texí>, and transpíantation effects; E.
Fontau (La Coruña); E. Abrairas (Lugo) Qn P~nus pinasrer, and G, Guitiriz (Lugo) on Quereus
‘vbur
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plantswas calculatedbeforeandafter transpíantation.The samplesof Ii-
chen,once the quotient value of them was known, were transpíantated
inmediatelythe ist of July 1986 andcheckedduring íhe next ninemonths
in August. Septemberand October1986 and Februaryand March 1987,
whenwereallocatedon pinebarks,andonly in March 1987.(br thosealío-
catedon oakbark.

The transpíantationwere performedas follows. The samplesof the
lichenA. ciharis werecarefully removedfrom their substrates(the barkof
Quercusfaginea, Q. pyrenaico and Q. rotund<folla). After measuringthe
quotientO.D. 435 nm/O.D.415 nm, the samplesweretranspíantedto the
new substrate,threeduplicateson eachtree, amI fastenedover the bark
with a networkof nylon at 2,5 metersover the ground. The lichenswere
transpíantedon Pinusradiata, 1? pinasterand Quercusrobur barks.

At the end,andwith thepurposeof knowing the effect of thepH and
the bufferingcapacityof the substratein preventionof the chlorophyllde-
gradationcausedby acidificationin the nearbymedium,we measuredthe
valueof the quotient OD 435 nm/OD 415 nm in specimensof A. ciliaris
that were found growing on different substratesin a confinedarea (ñg.
ID). Ml of them have beensubjectedto a SO?fumigation of 62 ¡sg/mt
percentile98, as monitoredby ENDESA(1986), for almost five years.

RESULIS AND DISCUSSION

Ihe averageof the quotient OD 435 nm/OD 415 nm calculatedfor 13
samplesfrom eachcontrol locality was 1.40 ±0.03.The maximalvalueof
chlorophylldegradation,afteraddingIN HCI, for the rate OD435nm/OD
415 nm was 0.66 ±0.04 for the samesamples. Similar valueswereobtai-
ned for the sameparametercalculatedin Lolium perenneandDaczylisglo-
picrato, 1.36 ±0.05 and 1.38 ±0.03 for the maximal values, respective-
ly. ‘¡te size of Ihe sample(age) ancA the final pigment concentrationdo
not seemto interferewith the valueof the quotient,at least over20 mg of
sample(table 1). andno somuchfor 5 and10 mg. This couldtelí usthatit

Table ¡

Influence of ihe final pigmení concentration on the value of ihe quotient
OD 435 nm/OD 415 nm

Dryweigbt(mg) OD?Sontn Quotiení

5 0.002 1.26
10 0.001 1.27
20 0.002 1.33
30 0.005 1.32
40 0.008 1,38
0 0.010 1.37
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is possibleto usesamplesofA. ciliaris with differentagesor sizes.that is,
with differentpigmentconcentrationsperweightunit. This is vety impor-
tant becauseit could allow us to know what the stateof healthof the
lichensis in a locality which is presumedto havebeensubjectedto air pol-
lution. and in which this tichenpresentsa very dissimilargrowth. Also.
whenthelichenis not very abundantin thepollutedareatobestudied,it is
possible to make a transpíantationof it from unpolluted localities, in
whichA. ciliaris growsluxuriantly, to the presumablycontaminatedlocali-
ty, on differentspeciesof trees. The effect of transpíantationandthe dif-
ferentpH of theadoptedsubstrateon the quotientis shownin taiMe 2. In

Table 2

Evolution of ihe quotient OD 435 nm/OD 415 nm in three samples ofAnap¡ychia cihiaris
transpíanied from oak (locality fi) to pine and oak trees of localities E. Fand G (see fig 1)

Time Locality

Augusí
September
October
February

March

E(pine) F(pine)
IAl ±0.01 1.38 ±0.05
1.27 ±0.11 1.33 ±0.10
1.43 ±0.07 ¡.40 ±0.05
1.31 ±0.09 1.38 ±0.05
1.36 ±0.09 1.40 ±0,07

G(oak)

1.34 ±0.08

Table 3

Different pH values calculated for several bark trees
(Each value is ihe average of ten samples>

Pinusradiata
Pinuspinas¡er
Pinussylvesrris
Quercuspyrenaica
Quercusrobur
Quercusfaginea
Juniperus oxvcedrus

Minimal Average
3.4 3.6
3.4 3.7
3.8 4.1
5.5 5.8
5.9 6.0
5.2 5.7
4.2 4.7

Maximal
3.9
4.0
4.2
6.1
6;2
6.0
4.9

this tablewe canseethat thevalueof the OD 435 nm/OD415 nm decrea-
sesbetweenthe momentof transpíantationandthe secondmonth.but it
recoversthe initial valuesafter the third month,andremainsconstantfor
ninemonths.on conifers(pines)aswell ason decidoustrees(oaks). The
pH valuesof differentbarksarepresentedin table3. The coniferspresent
the moreacidic conditionsto the lichen.

Someauthorshavepointedout the ideathat in the corticolouslichens.
the pH of thebarkaudthebufferingcapacitymaybe two importantfactors
thatcanhavea significantinfluenceon the lichenresponseto acidic pollu-
tion (BADDELEY & al., 1971; HILL, 1971; TORI( & WIRTH, 1975). If so,the
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lichensgrowingon acidic substratesor substrateswith avery low buffering
capacitywould be the first to demonstratethe symptomsof injury in a
polluled atmosphere.

In table 4 we presentthe phaeophytinationquotient of samplesof
A. ciliaris thaI were growing naturally on different substratesin an area
subjectedto a SO? fumigation of 62 ¡igm-3, percentile 98 (ENDESA,
1986). The samplescollectedon pineandjuniper barkswere thosewhich

Table 4

Subsirate influence on the quotiení OD 435 nm/OD 415 nm calculated
for Anaptychia ci/iaris submitted to a S02 fumigation of 62 pg m-3 (percentile 98)

Subsirate Quoiient pH

Pinas sylvestris-Pnigra 0.78 ±0.01 4.1
Juniperis oxycedrus 0.83 ±0.08 4.7
Quercusro¡undifohia-Q.faginea 1.00±0.05 5.7
Ca/careous rock 1.20 ±0.05 9.1
Control locality(Quercusfaginea) 1.30 ±0.03 5.7

showedthe smallestvaluesof the quotient. ‘Phis valueincreaseswith the
pH of the substrate. The specimenslessaffectedby the SO?presentsin
the atmospherewere those which were growing on calcareous
rocks. RONEN & al. (1985) statedthat lichens are able to continuetheir
photosyntheticactivities without severedamageup to a degradationof
10% of the chlorophyll. The sameauthorsestimatethat this degradation
correspondsto a valueof the quotient OD 435 nm/OD 415 nm of 1.28 in
the lichenRatnalinaduriaei (De Not.) Jatta.

GaseousSO?andothergases(NOx) dissolverapidly in watercausinga
drop in the pH of the resultingsolution. Thesegasesthereforecanenter
into the lichen thalluswith the ram wateror directly dissolvein the lichen
water. In this way, the acidic contaminationcan affect the lichen pig-
mentsandcausedegradationof the chlorophyll mío phaeophytin.

We think that the results here discussed,allow us to use the me-
thodproposedby RONEN & GALUN (1984)lo estimatethepigmentdegra-
dationin lichenssubmittedto acidic air pollution. We alsothink that it is
possibleto useAnaptychiaciliaris as agoodbioindicatorof the kind of air
pollution discussedaboye,not only to know the steady-stateof the lichen
pigmentsand thereforethe environmentalquality of the studiedareabut
also, by meansof transpíantationfrom unpollutedareas,to monitor the
declineof the lichenvitality since4w momentof the transpíantation.
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