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Abstract: Recent and fossil molluscan shells have been analysed using
the comparative derivatographic method. Tt has become manifest that a record
taken with an appropriate programme and sensitivity can reproducibly reflect
the shell properties earrving taxonomie specificity. Due to the heterogeneily
of the organic and inorganie components of the shell structures, the thermo-
analytieal parct-processes are difficult to interpret separately, however, taken
all together, they ean vield a charactetistic  Jfingerprint™. The analysis of
sderivatogeaphie fingerprints™ is elfectuated by the comparison of DTG and
TG relations in a co-ordinate svstem. Such an analysis of mollusean shells may
vield possibilities for the evolutional phylogenetie evaluation ol recenl specie
of the determination of the fragmentary material of fossil species,

P(‘ 3 MO ."\ETUp CPaBHIITCAYHBIM ILCPHB&TOI'PEl\'T'H‘!L‘(‘KHM METOIAOM aHa.ﬂHBI'IPOI!ﬂ.JI
COBPEMCHHLIC I HCKOMAacMbic ;‘lfﬂ”ldSCﬂ'paKDIIHHbI. C-'I'ﬂ.f!(] HCHBIM, Yro OPpHTOTOBJCH-
HBIIl COOTBETCTBYIOILEH NPOTpaMMoil M 4YBCTBHTCATHOCTBIO CHHMOK BOCTIPOH3BOAMMO
OTpakKAcT CuoicTR1, o60HAUINLIINE CHCTEMHYIO cnienupuyHocTe pakorud. Ma rerepo-
FEHHOCTH OpPTradMyMeCKHMN | HeOpPraHHMYMeCKHX KOMIOHEHTOR, OGPBB)"KJIRHK CTRYKTYPY
PaKoBHH, l‘.‘]t‘J_\-‘t‘T. HTO TCPMOaHANHTHYECKHE YHalTHhIE llpﬂl.l!ft‘(.'l-l: .\IOI"\JT Tp)’ﬂ.i—l(‘l obs-
ACHHTBCH OTOAENEHO, HO OHH B CUEO}(YIIHOCTH namwT XEPEKTCPHMI"’! OTIHEYATOK (CIJHHI‘EP.
npuHt). Anaausy caepusatorpaduueckoro oriiedatka  (GUHrepPOPHHTA)D  CAYHKUT
cpasuenne JITT-, TT orsowennit 8 cucreme xoopanuar. Taknm auannsom Mollusca
PAKOBHH, MOMWET l'_bl.l'lb, 1aeTcd BO3MOMHOCTH LA BBDJ'HDT.[I‘IDHI—IO"!’I{JIOI‘EHETH‘{CCKOF!
OUEHKH COBPCMEHHBIN BHIOB WA OJH OIIPL'HK'J'[L‘HH)I ofI0MKDB HMCKONAEMBIX BHIOB.

I. Presentation of the problem

Tho solt parts of Peleevpods and Gastropods fapart Trom a Tew specilie groups) are
covered by a hard shell made up of inorganic and organic substances. Out ol this orga-
me and inorganie complex ol substanees lel us seleet one prolein component of the
shell: conchioline,

The rapid development of molecular-biological. comparative biochemical research in
the last decades has led o the final elucidation of this biochemical produel. J. Roe ke
eboal, (19500 S Tanaka and T Hatano (1953, S, Tanaka et al. (1960), C.
Gregoire et al, (19350 A Beedham (1952, K. A, Piez (1961, P E. Hare
(1962, 1063, 19651, P . Have and P L Abelson (1964, 1965, 1967). P. .
MHarve and RoM Mitterver (19660 E. T, Degens and S0 Love (1965, I
T. Degensand BH, Pareker (19650 have eleared up on a varied range of samples
the strueture of conchioline incorporated in the solid material of the shell. The method

applied by these workers is based on the qualitative and quantitative comparison of
amino acids. constituents of protein: molecules. The method. the so-called amino acid
spectrum analyvsis has supplicd information about substances, dilferent Trom the so
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far known shell proteins. and careving specificity within the taxonomic unit. This
indication of taxonomic specility has also been proved by other procedures. Thus.,
for example. the conchioline isolates investigated through Neray diffeaction analvsis
by KoM Wilbur an N0 Watable (1963 showed particular properties charaele-
vistic of species, Co Goregoire (TO70 TO530 1959, 19607 in electron microscopic studies
on decaleified  conchioline, revealed  its submicroscopic  tssuc-struture. and  relTered
to the latter as giving characteristic patterns Tor cach particular taxonomic unit.

Parallel with these were performed general physiological investizations of mollusean
shellss UL Sognnaes (19600 1964 in comprehensive studies deseribes the ealei-
fieation processes of biological svstems. i, e shell Tormation and regeneration,

Thus. o sequence of assumptions has been deawn up concerning the shell: <hell
protein is a genetically programmed unit. as a templete, which its free acid and hasie
groups provides the honding positions for inorganic anions and eations. thus creating
the inumerable varicties of shell-building struetures. determining the visible morpho-
logy of the whole shell. Very natueally, in our davs more and more efforts are being
made to approach evolulional svstematie problems. 1o make decisions on particular
developmental relations not by way ol morphological analysis. hut through primary
investigations on conchioline, . T Degens and o Sehmide (1966 15T, 1) e-
gens. DDW. Spencer and Re H. Pavker (19670 M, T, Ghiselin o al
19670 have suceceded in many cases Lo clear up or even Lo revise sequences ol evo-
lution by the latest method of shell amino acid spectrum analysis by computerized
factorial analysis.

Like any kind of neo-svstematic knowledge on evolution which s rooted i and
derived from paleosvstematies, studies of molecular evolution can also e essentially
supported by paleobiochemieal data. Parallel with the previous ideas was raised the
clain to extend investications to fossile sample material. Pioncering paleobiochemieal
investigations on conchioline are linked with the name of P TL A belson (1964a. b
1955, 1956, 19570, b 1959, 19620, who was Tiest 1o prove that the decomposition
products of proteins. oligopeptides. peptides. amino acids can he traced in non-recryvsial-
lized. non-dissolved fossil shells, nor having undergone thermal or bacterial decom-
position. The above-listed workers. nearly all of theme parallel with recent samples
have assessed the possibilities on fossil samples as well, Pondering the complex eha-
acter of the methods applied by them, the Taboriousness of the partienlar tests. there
arose the necessity of seleeting and elaborating a procedure capable of giving possibility
to simplify the process of determination,

A< is known, the thermoanalvtical examination of a helerogenous svstem consisling
of organic and inorganic components ecan give o realistic view ol the physieal and
chemical properties of the svstem. A very good example to prove this elaim was given
by M. Bevéenyi's work (19670, in which the derivatographic analvsis ol urinary
caleuluses as heterogeneons biogenie syvstems was elaborated. When studying the resulis
obtained by 7, Paulik and L. Erdex (195380 1960, 1962 with home instromen-
tation, on the basis of the derivatographic method through uniting the methods of
thermogravimetry (TG derivato-thermogravimetry (DTG differential thermoanalysis
DTAY and thermodilatometrs (DT1, the anthor was led 1o the b
a derivatogram of the mollusean shell taken with an appropriate programme and
sensitivityv. will display. in the aggregate, charvacteristic DTA. DTG, TG, and TD
relations. due to the complex. specific-heterogeneous character of the shell even if the
part-processes are should not be separated,

sie assumplion that
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[1. Elaboration of the method, investigation of recent and fossil molluscan species
II. 1. Selection of sample material

The sample material was selected from the phylum Mollusca, class Lamellibranchiata.
although a few analvses have been carried out on recent gastropod shells, oo, This
decision is supported by the Tollowing reasons:

a) lower number of species among peleevpods
b

¢) simpler structural properies
and the fact that the microscopic structural analyses ol the shells have heen summed
up by several authors (0. B. Boggild 1930: J.J. Oberling 1964; I. D. Taylor
et al. 19601, During the investigalions 26 recent and 34 lossil species were studied. the
number ol invesligations was raised to 250 by repetition and by parallels from average

greater mass, so betler preseevation of shell material

samples,

Corresponding to the reconnaissance character and phylogenetic aims of the investi-
aalions, species ol various loxonomic positions, [rom various ages and localities were
seleeted, Denomination of the species under study, age- and derivational dala are given

in the ligure caplions.
I1. 2. Deseription of the method

When examining fossile samples, nothing but well-preseved. non-recrystallized ones.
nol. permeated by Terrie or silica solutions  were analysed. To  reach  this aim
and 1o detect the stroctural constitution, the transversal cross section of the shells was
microscopieally examined. the mineralogical composition was analysed by 1R spectro-
scopy (G, Sz 6 dre 1969). The organic-chemical structure was analvsed by aminoacid
speetea (Goyv, Sz 6 6 1967), the regularities of trace element content by quarlz speetro-
graphy (Gy. Szo 6 1971a).

Preparation of the shells Tor derivatography was performed with a view 1o spectro-
agraphic purily. Sediments attached 1o the shell and the periosteacal layver were
removed by soaking in 6n NaOIL and washing with 2n HCI, then rinsing with excess
amonnt of distilled water. Removal of the periostracal layer is highly essential. infor-
malional derivatograms indicated that the periostracal layer lelt on the shells makes
the congruent derivalographic images of more than one individual of one species
fairly uneertain, The thickness and chemical state of the periostracal layer is dilferent
for the individuals of a living species. It depends on individual age and the mechanical.
physico-chemical effeet of the biotope, In the case of a recent shell, starting on the
way ol fossilization, the influence of the environment is amplified by an absolutely
uncalenlable variety ol effeels and, it is only chance that determines the state of the
periostracal layver of an individual cast ashore and included in the sample material
of the museum. This Tact and the circumstanee that it was only the rrest case thal
a periostracal layer was found on lossils [rom older series — recent species only served
as reference material — may well account for the complete removal of the layer.
Washing with distilled water was [ollowed by drying in aiv current al 60 °C and then
in an exsiceator. The material was ground 1o o grain size range below 0.06 mm in
diameter inan agate mill (Type Fritseh, temperature rvise was 1°/hour). For each
devivatogram: the whole shell material was worked up. and an averaged sample was
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used. Teving o number of possible programmes and sensitivily relations. the derivato-
vreams ol the samples were taken with the Tollowing prog

e
Woeinhing:

The measured weight of the samples varied between 1.5—=2.0 g, and
in the majority of cases was aboul a mean value of 185 g The measured weight of
inert AlOg was 185 o (The basie courve of the instrument was also taken with this
amount, using AsOy in hoth sample holders.)

I

ing measurements the volume and compaction ol ineet AUy were identieal with
those ol the material under study, Crucible: platinum erueible No o 11 Sensitivilies:
T = 000 °C (measured in sample), TG = 1/2 sensitivity, DTA = 1 2 <ensilivily.

Heating: e furnaee No 1o Starting voltage: 90 Volis, Spindle diameter: 15 mm.
Lee dise, Position of uadls: third vow, Position of denm and heating gearbox: 1007,
Oven atmosphere: air, under quartz enp. without exhaustion. Teating rate: 10 °C/min.
The T °C seale was calibrated by @ SiC)y = 55104 conversion.

M threough the investigations special care was taken that the preparation and de-
rivatographic treatment of each sample be identical to the minutest detail, Thus, iden-
tieal were the geain sizes, compaction. the crueible. the oven, the application ol the
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quartz cup. the programme and the sensitivity conditions, lemperature of the Iaboratory.
Soo it was discovered that, corvesponding to its high sensitivity, there was o considerable
bend in the DTA base curve of the instrument, On the other hand, choosing 1/2 DTA
sensilivity, the hidden thermoanalyviical

weesses, oo, manifested themselves elem

This phenomenon is demonstrated in Fig, Lo Here the changes in the DTA base eurve
of the instrument are comparved with the run of the DTA curve of the shell of the
recent species Tridacna elongata (1) as o Tunction of varving DTN sensitivities. Well
visible is the base-line deformation due 1o the asvimmeteic conditions of the oven.
In the case ol the shell. on the other hand, using the generally applicd 120, 115
and 110 DTA sensitivities. it does not appear. At higher sensitivities. however. there is
at 450 °C an endothermic minimum.

When establishing the method. it had 1o be primarily eleared up whether or not
there are dilferences between the ground shell material of one species taken from
different loealities, Fig. 2 represents dervivatograms of individuals of the reeent peleevpod
species Cardiume edule (L) from five different places. Sample @ comes [rom Varna,

simiple O from Galatas e from the distriet of Burgas on the Bulgarvian coast. sample o

from Rijeka and e from the distriet of Dubrovnik on the Adeiatic coast. The samples
were colleceted al different times, thus they displaved dilferent ages and  Tossilization
histories. This is Turther supported by the differences in thickness of the periostracal
livers and the different sizes ol the valves, Tnospite of all. these the derivatograms of
shells previonslhy deprived ol the periostracal  laver. were El|}fl1'llxilllil1[’|_\' wdentical.
Similar comparisons were made with individuals of Anodonta eygnea. Unio pictorion.,
Muyptilus edulis. with nearv-identical vesults in ench ease. Analvsing the devivalograms.
C’[ﬂ

there was o = 5 20 deviation between the minima and maxima of the DTA. DTG

CLHrN s,

Fig. 3.\ microscopie picture of periostracal-, homogeneous ealeite-, homogeneous aragonite
layer of Mytilus edulis (1.0 in transmitted  light, parallel nicols, 25 X.
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In the following I have proved that the units of the shell-building structure can be
identified not only by optical (O. B. Boggild 1930; J. J. Oberling 1064: L
D. Taylor el al. 1969) or aminoacid spectra (K. A, Piez 1061: P. E. Hare
1963). but by the derivatographic procedure, too. In the course of the experiments,
ns sample material the shells of those genera were used in which the separate layers
were nol entangled and could be separated mechanically by splitting (Unio, Anodonta.
Meleagrina, Mytilus). As an example, the shell of Mytilus edulis (1), is built up of
the periostracal-, a homogeneous calcite- and a homogencous aragonite layer (Fig, 3).
These dilferences due 1o dissimilar physico-chemical structures are well demonstrated
by derivatograms taken of the whole shell (Fig. 4) and of the separated steuctural
units (Iigs, 5 and 6).

After this procedure, when comparing derivatograms of the ground shell material
of a number of recent mollas an species. the assumption was made that the records
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can well represent laxonomice specificity down 1o species level, or if there 1s a way
for the separation and separate analyses of struclural units, to subspecies level (G,
Szoar 1969),
There is no possibility here 1o present the derivatograms of all studiced recent species.

however, the stalement can be illustrated well by several examples, Figs. 7. 8, 9 show

the

Are

derivatograms ol species belonging 10 the order of Tavodonta and the family of
tdae, Figs, 10 and 11 give the derivatograms of species ol the ovder Anisomyarta

and Tamily Pectinidae, Tig. 12 that of a species representing the Tamily Ostreidae of

the
the

same order, Mg, 13 shows the image of a Murea species. All species came Trom
sundy deposit of the Yugoslavian coast and belong 1o the cenosis of the shell. Not

roing here into a detailed analvsis ol thermoanalyvtieal relations. when comparing the
separale Tgures, il is obvious that all species have dilferent derivatograms, the thermo-

analyvtical character of species of identical genera is similar, but greatly different from
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that of species representing other genera. This similarity and difference is more markedly
manilested surveying higher taxonomic units, Let us compare the records of Ostrea
and Pecten species, both built up mainly of ealeite and displaying similar base structu-
ces. This example not only illustrates such dingnostical possibilities o the shells. but
ealls attention to the facet that differences may be due not only to the variety ol inorga-
nie stenetures hut to the differences of the organie material,

[ 3. Evalnation of thermoanalytieal processes
The themmoanalytical reactions taking place in the course of decomposition are very

complex. the particular processes arve difficult to differentiate. This is primarily due
to the complex heterogencous  inorganic-organic composition of the shells. and can
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be dedueed Trom the following methodological consideratins. Heating of the samples
was carried oul in platinum erueibles at high compaction: in sueh cirenmstanees
organic material does not buen so fast. a kind of cracking takes place,

The samples examined in our experiments were lestod by M. Berényi (1969,
Heating them in platnum erueibles noa different apparatus. he obtained identienl
reslt (thus proving the reproducibility: of the procedure Tor DTN, DTG velations
However, using a platelot-type  sample-holder. the  DTA

relations ol markedly
simplificd and  a great number ol

shighter  effeets  did  not manifest. Cureent
measurements with corundum erueibles seem 1o prove that with platinum crueibles
one has 1o reckon with the eatalytic effeer of the platinum sample holder. Tt is clear
from the foregoing that the actual interpretation of  changes taking place during
pyrolysis can only be effected in the conrse of a longer series of experiments, destined
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to solve this very problem. However, il scems necessary to make public the assumptions
so Tar reached. Analysing the derivatographic fingerprints of several recent and fossil
mollusean species, under the given experimental conditions. the following thermo-
analylieal processes ean be laken into account (Gy. Sz 6 6r 1969).

al Endothermic reactions involving loss of weight

1. Loss of adsorptive water in the temperature vange of 20 °C—200 °C, which can
he observed in all the samples under study,

9. Loss of water bound colloidally on the surface of organic macromolecules. Accord-
ine 1o M. Derényi (1969) it can be assumed that it is in connection with the
carboxylation and deamination ol frec® amino acids having decomposition poinls
within this range (glutamic acid = 177 °C, aspartic acid = 212 °C, glycine = 185 °C.
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ete.) which can be observed with the Tamilies Areidae. Cardiidae. Veneridae and some
species of Gastropoda,

3. Loss ol water trapped between the aragonite lamellae (J. D. Hudson 1967)
within wide temperature limits, from 300—500 °C. Tt can be observed for all aragonite-
containing Lamellibranchiates. This process in all cases coincides with the endothermic
minima denoting the irreversible conversion of aragonite = ecaleite.

4. Unknown endothermic changes involving loss of weight in the lemperalure range
ol 500—600 °C. It is markedly apparent within the genus Arca.

b) Exothermic processes involving loss of sveight

. Slow burning process in the temperature range of 340—=375 °C. due to the de-
composilion of organic substances,

2. Exothermic changes in the lemperature range of 500—700 °C in some eases abrupt
in other cases gradual according 1o the amount of organic matevial (Ostreidac. Pinnidac,
Mytilidae Tamilies).

3. Hardly noticeable, but reproducible exothermie changes, the canse of which has
not heen eleared up, possibly denoting the burn-out of built-in organic pigment materials
of the shell. (Noticed with species of Murer. Mytilus. Pecten.)

¢l Structural change

According to G, T. Faust (1950.M.SubbaRaoandS.R. Yoganarassim-
hoau (1965) the irreversible aragonite = ealcite conversion takes place between 400 °C—
500 °C. depending on the presenee of contaminating eations. With all the investigated
molluscan species the aragonite = caleile conversion ook place in this temperature

RGO
ange.

d) From 700 °C upwards the CaCOy content of the shell is decomposing with the
release of CO..

The correlative nature of these changes. the presence or absence, strength or hidden
charncter of the separate processes account for the differences in the derivalograms
of the particular species, The derivatograms. sinee the parl-processes can only be
approximatively interpreted. but in their allover aspect are reproducible and characle-
ristic ol the shell mate

vial, may be called Lderivatographie lingerprints™.
I1. 4. Comparison of DTG — TG data in syvstem of co-ordinales
I ]

An analysis of DTG and TG values, based on the lollowing consideralions is suitable
to verily the statement so Tar made and to allow group comparisons of laxonomic
character. The thermal decomposition was performed in the 20 °C—900 °C temperature
range, I'he most specilie signals [rom this range were received from the 200 °C—=700 °C
interval, since from 20 °C 10 200 °C the adsorbed waler content (marked by Va) s
released, which is different for cach group according Lo the environment and anlece-
denls,

Above 700 °C CaCOy decomposes into CaQ) and COs, Within the range of 200 °C
to 700 °C takes place the decomposition of specific proteins and the specilic struelural
clements determined by the Tormer. The me data of the TG curve were recaleulated
to weight per cent values and arcanged by being assigned 1o lemperalure ranges
determined by the minimum values of the DTG curve (Gy, Szddre 1969), These
intervals are: 200 °C—300°C, makred as Cp weight per cent, 300 °C—400°C. marked
as oy weight per cent, 400 °C—500 °C. denoted by Oy weight per cent. 500 °C—700 °C
marked Oy weight per eent. Thus the Cp 4= Co 4+ Oy 4+ Os = ZA-Va weight per cent value
denotes all the bound-material loss characteristic of the 200 °C-700 °C temperature range.
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us take as an theanalysis of the presented derivatograms made withsuch considetions, as i-
ven in Table 1) The weight per cent loss of material in the parl processes were compared
by plotting. as a binary function, the Oy 4+ Oy weight per cent values on the ordinate.
the Cp 4 Cooweight per eent values on the abseissae T Taetl. malerial losses at low and
high temperatuees, loss ol water. eracking and burning were compared.  Drawing
perpendicular lines on the ordinate and the abscissa. connecling the interseetion poinls
of the resultants. the arrangement of points in the co-ordinate system displayed a kind
of regularity, Fig. 14 represents the position of 25

ent peleevpod speecies in the
co-ordinate svstem. The co-ordinate points of the species representing the individual
families Tall near each other and. according to the numerical boundavies of the studied
samples, well cirenmseribed fields are separated. Recent resulls not incorporated in
the present paper completely conlirm this aspeet.)

With this method the tixonomic specificity of the Tamily can be well observed. at
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Fie. 14, A comparison of Recent Peleexvpod species in C+Co/0 40y weight per cent co-
ardinate system, Samples were colleetsd Trom freshwaters of Hungary (H) and from the
Artie Ocean (A), the Black Sea (B), the Mediterranean Sea (A, the Red ."'h{_-:l (1.

Points in co-ordinale svstem: | — Glyeymeris pilosus (1., (M) 2 — Area noae (L), (M), 3 —
Area barbata (L. (MO A& — Meleagrina ( =Pteria = Pinetada) margaritifera (L), (R0, 5 —
Pinmra nobilis (Lo (ML G — Mytilus edulis (L), (B, T — Pecten jacobeus (L. (M), 8 —
Pecten marvimus Lo, (A0 Chlamys operealaris (1), (A), 10 — Pecten irradians (lam.),
(A, 1 Ostrea edulis (1 (ML 12 — Unio pictorum (1), (H, 13 — Unio tumidus
(Retz.). (1, 14 Anodomta eygnea (1), (1), 15 — Pseudanodonta (= Anodonta) compla-
e (Mossm). (1, 16— Margaritana (= Margaritifera) margaritifera (L), (O, 17 —
Cardivme taberentatnom (10, (M), 18 — Cardium edule (1), (M), 19 — Tridacna clongata

(L), (0, 20 — Venus cerrucosa (Lo, (B), 21 — Venus gallina (L., (M), 22 — Donax analium
(Lam.), (AN 2% — Tellina tenuis (L), (M).
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the same time, good possibilities for comparison are available as 1o the properties
and quantily of organic matter included in the shells of the species, as well as to the
praportion of water content trapped in struetures hound 1o organic matter,
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11, Investigations of [ossil molluscan species

After it had been proved that by derivalographic fingerprints laxonomic specifity
can be traced, the investigations were extended to lossil samples. Now the main aspeel
was detection ol taxonomic specificity. however changes occurring during fossilizalion
were also set as a task ol a pilot study.

The investigated lossil species were in good state of preservation. The shell structures
were nol dissolved or reerystallized  during fossilization. To allow a better survey.
the derivatograms of fossil species have been elassified into groups.

Surveving Fig. 15 and Table 2 both representing fingerprints of mostly Pliocene
(only one Pleistocene) Tossiles. it is obvious how varied the DTA. DTG and TG relations
are. Samples 1—8 are Unio species, 9—10 species of Congeria, sample 11 represenis
the shell of a Pectenculus species. The thermodynamic processes characteristic of the
eenus nio can be summed up as Tollows:

From 20 °C 1o 200 °C loss of mainly adsorbed wet content (Va): from 300 °C 1o
A00 2 release of water trapped in the aragonite nacreous structure (Cq); 400 °C—
500 °C aragonite = caleite conversion and burn-oul of organic material (Oy). O TG
relations the dominance of weight loss adjoining the Co phase was characteristic,

The DTA-DTG relations of Congeria species dilfer from those of the previous group.
Although the DTA curve tvpe of Congeria ungula eaprae is similar 1o that of the Unio

species of samples 7 and 8, in this case: too, the DTG — TG relations are complelely
different. In the case of Congeria species. the loss of adsorbed water content (Va) and
a loss of material marked by the temperature values 325 °C an 265 °C can be observed
(Ca).

The derivatographic Tingerprint of the Pectenculus species (sample 11) differs Trom
that of both Unio and Congeria species. This dilference is mainly demonstrated by ma-
terial losses in the Co range. Comparison in the co-ordinale svstem Cp-+Co/O 0y is
restricted 1o a comparison Co/Op in the case of Pliocene samples (Fig. 16). The co-ordi-
nate points of the Unio species come near one another (with the exceplion of samples
7 and 8) separated by the points of the two species of Congeria and Pectenculus.

In Fig. 17 and Table 3 an analysis of the derivatographic fingerprints of Miocene
shells is given. Samples 1 and 2 represent different Venus species collected al the same
place of oceurence: samples 3 and 4 show lingerprints of 2 individuals of Lueina inera-
ssata Tound at different localities, Regardless of the conditions of the localities. the 1wo
species of the genus Venus are similar Lo cach other, and differ from the print of Lucina
incrassata. In spite of the dilferent places of ocenrrence, the DTN relations of the two
Lucina incrassata individuals are almost campletely identical. The dilferent speeies

marked by sample numbers 12203 come from the same loeality, however, their deriva-

-—— S B -

Fig. 15, DTA-, DTG-Tingerprints of Pleistocene and Pliocene Peleevpod species.

| — Unio sp.. Pleistocene, Mezizombor (Hungary), 2 — Unio haevneri (Penk), Levantian,
Malina (Yugoslavia), 3 — Unio thalassimus (Brus.), Levantian, Malino (Yugoslavia), 4 —
Unio pavloviehi (Pavisch), Levantian, Malino (Yugoslavia), 5 — Unio michalovichi
Brus), Lower . Radmanesti (Mumania), 6 — Unio sp., Lower Pannonian,
Vieendorl (Austria), 7 — Unio wetzleri (Dun k1), Upper Pannonian, Kishér (Hungary).
8 — Unio atavus (Partseh), Upper Pannonian, Kitese (Hungary), 9 — Congeria ungula
caprac (Partsch), Upper Pannonian, Tihany (Hungarvy), 10 — Congeria subglobosa
Partsceh), Lower Pannonian, Virendorl (Austria), 11 — Pectunewdus (=Glycymeris)

bimaculata P o li), Levantian, Torino (Italv).
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tographic lngerprints are different. The same is valid for the studied samples of Lueina
inerassata (sample number 4) and Area diluvii 'sample number 5) collected at the same
locality Trom the same [acies. Samples 7 and 8 and 9 represent species with caleite

DTA DTG
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frame from different places of occurrence and different stratigraphic levels, In this ease
no comparison in the former sense can be effectuated. Table 3 demonsteates that the

samples can be classified into 2 groups, For the families Veneridae, Lucinidae. Areidae
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Fig. 16, A comparison of Pleistocene and

Plioeene Ill'll'{'l\'lil!ll .‘i[ll'l'il'.n'- il1 (--:‘JI'FOI \\'('i_'.:lll.

per ecent eco-ordinate svstems,  Numbers as
on I 15.)

Fig. 18, A comparison of Miocene Peleeypod
species in (/00 an C/0. weight per cenl
co-ordinale svstems, (Numbers as on Fig, 170

ig
the Co and Oy thermoanalytical processes are charactevistie, In the case of the Tamilies
Ostreidae and Peetinidae on other material losses than Co and Oy can be observed. (On
this basis, comparison in the Cp 4= (5/0; < Oy co-ordinale svstem was modified 1o
a Co/Op and Os svstem ol eomparison.)

In the co-ordinate svstem seen in Fig, I8 two groups are separaled. One of the Tields
comprises samples 1—=3 the other the 6=9, Comparing the co-ordinate svstem which

P - . e = s
Fig. 17, DTA-, DTG-fingerprints of Miocene Peleevpod species. | — Venus multilamella
(L), Tortonian, Lapugy (Romania), 2 — Venus dethrata (D ubois), Tortonian, Lapugy
(Rumania), 3 — Lueina inerassata D ubois), Tortonian, Lapuey (Rumania), 4 — Lucina
incrassata (Dubois, Tortonian, Bujtue (Rumania), 5 — \rea diluvii (Lam.), Torlonian,
Bujtur (Rumania), 6 — Ostrea crassissima (LAM.), Tortonian, Virpalota (Hungam), 7 —
Pecten pracbenedictus '1Lowren,y, Tortonian, Devinska Nova Ves (Slovakia), 8 — Aequi-

pecten (= Chlamys: pracscabrinsendus, Durdigalian, Mogyorad  (Hungarey), 9 —

Ostrea sp.,
Burdigalinn, Budalok (Hungars).
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Fie, 19, DTA-, DTCG-lingerprints of Paleogene and Jurassic Pelecypod species. 1 — Cardium
cingulatum (s nfrf,“ Oligocene, Fger (Hungary) 2 — Cardinata planicosta (L.am.), Eocene,
Grigon (FFranee), 3 — Cytherea semisuleata (Lam.. Focene, Grigon (France), 4 — Axinea
pulvinata (D e p b, Focene, Grigon (Franee), 5 — (.‘J'mn'rr'(l ufrﬁ-']lm (Goldl), Jurassic,

Pées (Hungary

analyses the Miocene species with the ones analysing the recent or Pliocene species
(s, 14 and 16), the Tollowing conelusions can be deawn, Tnproportion 1o the degree
of Tossilization and time. there is o growing density of projection points, In the ease
ol recent and Pliocene samples, the Lomilies are \\'l-ll separaled, which is hardly the
case with the Mioeene ones, The representatives of the Tamilies Veneridae, Lucinidae
and Avcidae are located close o one another. the families Ostreidae and Pectinidae

another gronp. With Miocene shells, by this mode of comparison only the differences
due 1o ereat basie strneture can be deteeted. Tnodetail, the Ostrea and Pecten species
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with ealeite Trame are characterized by the presence of enviched organie  malerial
and by the decrease ol water content. the shells of the species with aeagonile steaeture

(Venus. Luctna. Areal by great water content and o modest quantity of organie matter,
IN. Discussion of results. General conclusions

is

Studies on recent mollusean shells by the derivatographic fingerprint method,
a novel procedure od investigation. can be made capable of teacing the taxonomie
variability brought about by phylogenetic evalution. Tt has been proved through thermo-
analytical analyses that the devivatographic Tingerpeint. different according 1o species,
appears reproducibly when applied 1o individuals, too. The taxonomically specific marks
are consequences of different biochemieal. straetural constitation.  developed in the
course of the evolution of the shells. Tt has been verilied by plotting in the € + Cy/
(=0 system ol co-ardinates that accomling 1o the present morphological-svstematie
classification. the phylogenctic velationship is reflected by the chemical. physico-chemi-

cal steoetures ol the shell material. The investigation of recent sample material
a model. can basically secure such an analvsis of the taxonomice identilication ol Tossil
simples in the eases when the shell material did not undergo Tar-reaching changes
diving Tossili

HE

cation. To prove this elaim. diveet examples are given through the analysis
of Tossil sample material. Material Trom the different steatigeaphic Tevels and litholacies
horizons of the Pliocene are similar as 1o theie Co/Op velation, but they sharply differ
from the thermoanalyvtical relations of other genera of Lamellibranehiata colleeted Trom
the corresponding age and lithofacies. This Tact can be applied in identifying the Tound
fragmentary material, in the ease of Pliocene mollusean samples, 1o genus-taxon level,
M acdeveloped the method may be suitable to dotermine the taxonomic specificity of
.\]l('t'i('.‘-’. Lo,

Investigations on the samples of Lamellibranchiata Trom the sandy littoral Tacios of
the Mioeene Tortonian stage have given promising results, Tt is signilicant that the
derivatographic fingerprints of individuals of Lucina inerassata from various localities
can be regarded identieal, This Tact suggests the possibility of identification 1o the
species-laxon level. which is supported by the previous statement, (Cy, Sz 66 ¢ 196R)
that the trace element speetea of the samples are identical. too. Within an identieal
lacies. similarly 1o the Phocene samples

ilentiflieation 1o the genus-taxon lTevel has
heen proved in this ease. too, This is justified by the study of a previonsly analysed
material ol Gastropoda. not diseussed here (Gy, Szade 19710) which, at the same
time. ealls attention 1o the Tact that taxenomie identification ean be exelusively done
on the sample material ol the same litholacies. applving devivatography jointly with
amino acid spectrnm and trace element speetrum analyvsis,

In the course ol the experiments o number ol Paleogene saomples have heen studied
Mg 191 T spite o being seemingly ino o good state of preseevation, the shells con-
tined but traces ol or no organic material, Contrary 1o 1l

sooan the shells ol Mioeene
species amino acids can sull be detected in gquantities enongh 1o give spectea (v,
Sidre 167, Derivatographic anlyvsis wave the sweprising vesult that the thermo-
analvtical properties ol species ol dilferent taxonomical groups, colleeted ot ddentical
localitios. we wlentical, This is well demonsteated l:}' e |||':||'|}‘ wlentieal DTA-DYT
lingerprints of Cardita planicosta. Cytherea semisuleata, and \vinea pulvinata, collee-

ted Trom identie horizon and Titholacies. Tnothe case o Paleogene species no taxonomie
ientilication by the devivatogeaphic Tingerpreint method can he achieved,

Thus. it can he assamed that ddentilication by the [|l'i‘i\':l|l‘]_"F':I]I1Iil' method, diagnosis
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of Fragmentary material ean only be performed i the amino acids of the shells are
present in sufficient quantities 1o give spectri. ioein the Holocene. Pleistocene, Plio-
cene and the younger stages of the Miocene, The basis Tor deteeting and deciding on
phylogenetic relations is the necessity that the conchioline protein substanee be present
in relatively unimpaired and undecomposed condition. The amino acid or prolein

essentially plays the role of anindieator which. by ils presenee. ean prove the

favourable Tossilizational state of the struetures.

When interpreting the results for fossil sample material 10 must be emphasized that
the data given here only suggest the possibility of taxonomic identilication. Derivato-
araphic analylies serving the laxonomic identification of Tossil Tragmentary material
may be developed by o longer series of subsequent carclul investigations.

As a Tiest step we muost endeavour to perform extended studies on comparative
sample material and 1o elucidate the basic thermoanalyvtical processes,

As o second step the Tossil material of type facies musl be mapped. proceeding Trom
age 1o age. The matevial thus obtained must be compared. considering in every ease the
dingenctic history of the embedding medium and checking the results by the already
claborated bioehemical and optical routine methods,
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