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CLINES IN THREE SPECIES OF LAMPSILIS
(PELECYPODA: UNIONIDAE)

T

P

Alan M. Cvancara
Museum of Paleontology, Ann Arbor, Michigan, U. 8. A.

ABSTRACT

In relating the latitudinal position of three species of fresh-water mussels to shell
measurements, an attempt is made to demonstrate a geographic north-south cline.
Specimens used for this study range from northerrn Michigan southward to southersn
Alabama, Three shell messurement ratios:; height/total length, width/total length and
posterior length/total length, are plotted against the latitudinal position of specimens
for each of the three species: Lampsilis venivicosa (Barnes} (121 specimens), L. ovala
{Say) (79 specimens} and L. excavala (Lea} (60 specimens), Scatter plot diagrams indi-
cate a trend of gradual shifting of points to one side or other of the diagram depending
on the shell measurement ratio used. Diagrams of the ghell ratios height/total length
and width/total length show an increase in the ratic number as lower latitudes are
appreached. The posterior length/total lengthplot shows a decrease in the ratic pumber
with lower latitudes. Some support for a eline is given in that the ranges of the three
species overlap., The more northerly species, L, ventricosa apnd L. ovals, overlap in
their respective ranges, and the range of L. ovaele merges with that of the southern
species, L. excavata. A statistical analysisofthe data offers litile to prove or disprove
a ¢line, The concept of a cline, as suggested, raises the implication of a change in the
taxonomy of the three species considered here. It is suggested that these nominal
species are probably subspecies. A definite judgment must depend on confirmative
gstudies based on soft part morphology and cross-fertility experiments,

INTRODUCTION other way, shellsare more obese (swollen)
downstream in the larger rivers and less

A gradual change in some character over obese (compressed) in the headwaters,

large areas has been noted in many animal
groups. This character gradient or cline
has even led some workers to formulate
“rules”, which, in a general way, can be
applied to express gradual geographic
variation (for summary of rules, see Mayr,
1942: 88-84). The purpose of this paper
is to demonstrate a regional cline infresh-
water mussels {family Unionidae), which,
as far as the writer isaware, has not been
done previously.

Clines in moliusks, in general, are
rather well-known {examples in Clench,
1954: 122-125 and van der Schalie, 1948:
p. 26-30 and p. 57-60}. However, clines
reported in naiads are few, and thege may
be termed ecoclines (Huxley, 1938, p. 219).
Ortmann {1920: 269-312} found that in
certain mussels of the upper Ohio
drainage, obesity (length of shell divided
by diameter or width) increases gradually
in a downstream direction, Stated in an-

(215)

Ball (1922) statistically analyzed obesity -

and size of stream andarrivedatthe same
conclusions as Ortmann.

This study is an analysis of a cline of
regional extent and is based on shell
measurements of river naiads which range
from northern Michigan southward {0
southern Alabama. The specimens used
are from an area bordered approgimately
on the east by the Applachian Mountains
and extending west to eastern Kansas.
Three species of Lampsilis (subfamily
Lampsilinae) were chosen for the study
because they are suspected of forming a
closely related group: L. veniricosa
{Barnes), L. ovala (Say) and L. excavaia
{Lea} (Fig. 1). They are typically de-
veloped, as follows:

Lampsilis veniricosa (Barnes); shell
subovate to subelliptical; beaks highand
sculptured with few coarse irregular

Hemined fom Maincologia, Vol 1, No. 7, 1963,
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FIG. 1. Compariscn of the left valves of three species of fresh-water mussels: Lampsilis ventri-
cosa {Barnes), A (UMMZ 165196), Grand River, Michigan; L. ovale (Say), B (UMMZ 86356), Wabash

River, Indiana; L. excovals {(Lea), C (UMMZ 65656}; Cababa River, Alabama, All specimens are ofapproxi-
mately the same age, each having B+ annulae,
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ridges; posterior ridge low or wanting
(upper Missigsippi drainage; in lati-
tudinal extent from about northern Mich-
igan to northern Ilinois).

Lampsilis ovata (Say); like L.ventricosa
but with strong, well-developed pos-
terior ridge (Kentucky and Tennessee).

Lampsilis excavaie (Lea); with well-
developed posterior ridge but smaller
than L. veniricosa and L. ovata {Alabama
River system).

MATERIAL AND METHODS

Shell measurements used in the present

study are {Fig. 2):

Total length - greatest length measured
parallel {o the hinge iine.

Posterior length - distance from pos-
terior end of shell to point of beak,
parallel to hinge line and measured on
interior of left valve,

- P osterior L ength —

pe—— Width ——

)

Total Length

FIG, 2, Left interior (left} and anterior {right) views of Lampsilis venivicosa (Barnes)}

Y

showing where shell measurements were taken.
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Height ~ distance at rightanglestohinge
line at highest part of umbo.

Width ~ distance across both valves,
measgured at same relative position as
height,

Another measurement, the distance
between the outer edges of the adductor
muscle scars (DAS) measured parallel to
the hinge line, was also made onall speci-
mensg., However, this measurement does
not appear significani, as is mentioned
again inthe Discussion, All measurements
were made with vernier calipers.
Measurements from the shell interior
were obtained by fixing the shell to the
back of a framedplate glassby stiff rubber
bands, Desired distances were {rans-
ferred through the glass on paper with
triangle and T-square and then measured
with calipers,

Since all three speciesinvolvedhereare
sexually dimorphic, care was taken to
measure specimens of the same sex, l.e.,
males. Male shells have a somewhat
pointed posterior end, whereas the pos-
terior end in females is biuntly truncated
and the postero~-ventral part is more in-
flated. To maintain relative size within
and between all three species, only river
forms were measured;lake forms are often
typically stunted. Also, in this study are
included only those specimens which have
four annulae or more. All specimens
measured are in the collections of the
Mollusk Division, Museum of Zoology,
University of Michigan,

From the measurements of the 260
specimens {Lampsilis veniricosa, 121, L.
ovafa, 79, L. excavata, 60}, various shell
ratios were computed; height/total length,
width/total length, posterior length/total
length, distance between outer edges of
adductor muscle scars (DAS)/total length,
and width/height (these data are on file in
the Mollusk Division, Museum of Zoology,
University of Michigan), These ratioswere
then plotted against the latitudinal position
of each specimen. Of five ratioplots con-
structed, three are presenied here: height/
total length, width/total length and pos-

terior length/total length (Figs., 3, 4, 5).
Each point on the three grades represents
a single specimen. In some localities the
spread of several points on a given lati-
tude gives some idea of station variation.

DISCUSSION

It can be seen that points on the scatter
plot diagrams (Figs. 3, 4, 5) show a trend
of gradual shiff to one side or the other
with a change in latitude, depending onthe
measurement ratioused. The gradual shift
seems to indicaie gquite clearly a gradual
change in a measurable character, i,e,, &
cline. Addiiional support for the concept
is given in that the three species overlap
in their geographic ranges. The range of
the northerly species, Lampsilis ventri-
cosa and L. ovala overlap, andthe range of
L. ovala merges with that of the southern
species, L. excavaia. The clinal situation
also seemstobereflectedincertain physi-
cal factors of the shell., Asg pointed out
earlier, L. ovata, as well as L. excavala,
typically differ from L. venivicose in the
possession of a well-developed posterior
ridge, which is low or completely lacking
in the latter species. However, the de-
velopment of this ridge in L. venivicosa
and L. ovale is gradual and intermediate
in strength in certain areas where thetwo
species occur itogether., Another gra-
dational character appears to be size. Al~
though no statistical proof has yet been
compiled, there seems to be a gradual
decrease in size within the three species
from north to south,

In a way, it seems rather surprising that
a gradual trend is indicated by shell
measurements of specimens over an area
of regional extent. One might expect local
environmental effects to ¥mask”, moreor
less, any regional frend which might be
present, Some idea as to the effect of
habitat on size, shapeandother characters
on mussel shells is given by Baill (1922:
93-97, summary of observationsby earlier
workers).

The shell ratio height/total length (Fig.
3) seems to show the most uniform shift
of points, with an increase in the ratio
number as lower latitudesare approached.
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FIG. 3. Scatter plot of height/total length of shell to latitude in three species of fresh

water mussels, Latitudinal limits of various statesare given only for orientation; shells
from states other than those given are also included in the plot.

FIG,

4, Scatter plot of width/total length of shell to latitude in three species of fresh-

water mussels, Latitudinal limitsof various statesare given only for orientation; shells
from states other than those given are also included in the plot.
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FIG. 5. Scatter plot of posterior length/total length of shell to latitude in three species
Latitudinal limits of various states are given only for orien-
tation; shells from states other than those given are also included in the plot.

of fresh~water mussels.
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This would indicate a decrease in total
length of shell relative to height with more
southerly forms. The shell ratio width/
total length (Fig, 4} gives a similar in-
creage in ratic number with the approach
of lower latitudes, indicating a gradual
decrease in total length relative to width,
The points on this plot, however, appear
more widely scattered, indicating that
width isa more variable measurement than
height (Fig. 3).

Part of this apparent variability may be
due to using shells of rather variableage,
Ball (1922: 118) pointed out that younger
shells are more obese (swoilen)thanolder
ones in the species he considered. How=
ever, this does not seem to be the case
with the three species considered here, at
least as can be determined from those
localities where several specimens were
measured. The width/total length plot
also differs from the preceding one inthat
the poinis representing Lampsilis exca~-
vatae are rather markedly “skewed” toward
the side of higher ratic numbers, and
show a break from the general trend. The
reason for this difference, at present, is
unknown,

Figure 5 shows a plot of the ratio pos-
terior length/total length which gives a
general trend of lower ratio numbers with
lower latitudes. These measurementsre-
flect a change in the position of the beak,
and they indicate that a more eentrally
located beak occurs in the more southerly
specimens. This plotalgo appearstio show
that the points for Lampsilis excavala are
slightly skewed, in this case towardlower
ratio numbers.

Two other shell measurement ratios
were analyzed, but they are not shown here
in graphic form; these were width/height
and DAS/total length. The width/height
plot was very similar to the width/total
length plot (Fig. 4) with points for L. ex-
cavate skewed somewhat more markedly
toward higher ratio numbers, A plot of
DAS/total length showedno apparent trend,
a condition taken to mean that the position
of the adductor muscie scars is notsigni-
ficant and is probably a mechanical factor,
A long shell would reguire adductor

muscles to he spaced farther apart for
effectively closing the two valves, with
the reverse being true in shorter shellis.

STATISTICAL ANALYSIS OF DATA

Regressions were computed for three
shell measurement ratios on latitude, for
each species separately, and also for all
three species taken together (Table 1).
For the height/total length and width/total
length ratiosof Lampsilis ventricosa there
is a gignificant correlation at the 85
percent significance level, indicating a
change of ratio number with latitude, For
the posterior length/total length ratio of
L. ventricosa there is little, if any, corre-
lation. Lampsilis ovafa and L, excavata
show, from the correlation coefficients,
essentially no correlation, for each of the
ratios analyzed. Two interpretations can
be given for the data of the latter two
species: (1) there is actually no change in
any of the ratio numbers with a change
in latitude; (2) the latitudinal distribution
in each of the two species is too limited
t0 indicate a change, although one may be
present,

Regressions computed for the three
species taken together produce relatively
high correlation coefficients for all three
shell measurement ratios, indicating a
rather significantly high correlation or
change with latitude,

However, these data should be i{reated
with some reservation, Ahighcorrelation
coefficient could be obtained for three
populations widely separated latitudinaily
and in some specific measured character.
That is, there could be plots of three
clusters of points, separated along one
axis by a difference in latitudinal range
and along the other axis by a differencein
some measurable character, If these
clusters were more or less offset, en
echelon, there would result a relatively
high correlation coefficient and a re-
gression line would pass throughthe three
separated clusters of points. If there is
a valid correlation for all species taken
together, it would point out that sufficient
latitudinal range is needed for the corre-
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TABLE 1, BStatistical daia of three shell measurement ratios for Lampsilis venlvicosa, L. ovale, and L. ‘

excavate, Numbers written as exponents and subscripts to the correlation coefficient (#) in-
dicate the 95 percent confidence interval on ».

Species i Correlation I Number Arithmetic }; Standard
and shell measurement ratios (X} coefticient Mean (%) Deviation
(#} {sg)

Lampsilis ventvicosa

Height/total length -.346::};;2 121 6912 03738

Width/total length - 3197 « 4453 04731

Posterior length/total length +.088::gg§ « 6782 03384
Lampsilis ovala

Height /fotal length *'05";2;23 79 7291 03316

Width/total length "°°14:§gi u .4416 01553

Posterior length/total length +.139;:g§g « 6508 02022
Lampsilis excavala

Height /total length +.oo’z;:§ég 60 7533 03501

Width/¢otal length m.om‘::ggg « 5371 03782

Posterior leagth/total length —.os’ff::l;?g “ L6268 ,02730
All 3 species of Lampsilis combined

Helght/total length —.ma:ggg 260 7170 04380

Width/total length —.556:‘;32 “ L4653 05735

Posterior length/total length +.458::gzg B 5557 05608

lation to appear, It would then follow that
the significant correlation of Lampsilis
pentricosa for the height/total length and
width/total length ratios is merely additive
to the more extensive trend. It is con-
cluded that the statistical analysis offers
but little proof or digproof of the thesis
presented here,

CONCLUSIONS

The attempt to analyze the clinal possi-
bilities asg they relate to three nominal
species of {resh~water mussels, Lamps-
ilis wveniricosa (Barnes), L. ovala {Say)
and L. excapata (Lea), stems from the
practical problem one faces when names

are to be applied tothisgroup. It has been
a common experience to label northern
forms L. venfricosa; that is, those forms
found inthe upper Mississippi River drain-
age (in latitudes encompassing New York,
northern Ohio, Michigan, Wisconsin, and
northern Hlinois), On the other hand,
gpecimens from Kentucky and Tennessee
would be considered “southern” and with
their more centrally placed beaksandtheir
high and well-developed posterior ridges,
these forms are identified as L. covafa.
But in suchintermediate areasas southern
Ohic and Illinois intergrades are common
and they have usually been named L.ovala
ventricosa. As for L. excavala, it seems
to have most of the characteristics of L.
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ovata with respect to the more central
position of the beaks and the prominent
high posterior ridge; it varies essentially
in being consistently smaller in size than
L. ovata. In distribution L. excavata is
part of the fauna of the Alabama River
system; its differences probably reflect
a change brought about since the time the
Alabama and Tennessee drainages may
have been connected,

indication that a cline exists among
Lampsilis wvenilvicosa, L. ovaie and L.
excavaia, based on shell measurement
ratios, raises some doubi regarding the
taxonomic status of these three species.
One would naturally suggest that these
gpecies could be represented by sub-
gpecific taxa, If so, various possibilities
come to mind; for example, the three
groups could be treated as separate sub-
species of a single species complex. On
the other hand, the [IL. ovala ventricosa
complex is already recognized as quite
intimately related so that it could be
geparated subspecifically from the south-
ern form, L. excavala, It is alscpossible
to usetaxa of lesser rank, but this approach
does not seem warranted here, I must
be emphasized that the taxonomic charac-
ters used are only those of shell measure-
ment ratios and that only the shells of
these animals were examined. Muchwork
remains on the anatomy of the animalsg
and the cross-fertility among these three
species has not been studied. The recog-
nition of the possibility that a cline exists

may be helpful in future studies designed
to understand better the interrelationships
in this complex.

ACKNOWLEDGEMENTS

The writer expresses thanks to Dr.
Henry van der Schalie, Mollusk Division,
Museum of Zoclogy, University of Mich-
igan, He suggested that this fresh-water
mussel species complex might be suitable
for a clinal demonstration and placed the
collections of the Mollusk Division at the
writer’s disposal.

REFERENCES

BALL, G. H., 1922, Variation in Fresh-
water mussels. Ecology, 3: 93-121.

CLENCH, W. J., 1954, The occurrence
of clines in molluscan populations (part
of Symposium; subspecies and clines,
99-126, 133). Syst. Zool., 3: 122-125.

HUXLEY, J. 8., 1938, Clines:anauxiliary
taxonomic principle, Nature, 142: 219~
220.

MAYR, ERNST, 1942, Systematics and
origin  of species. Columbia Univ.
Press, New York. 334 p.

ORTMANN, A. B., 1920, Correlation of
shape and station in fresh-water
mussels (naiades). Proc. Amer, Philos.
Soc., 59: 268-312,

VAN DER SCHALIE, HENRY, 1948, The
land and fresh-water mollusks of Puerto
Rico, Misec. Publ. Univ. Mich., Mus.
Zool., No. 70, 134 p.

ZUSAMMENFASSUNG
GEFALLE IN DER MUSCHELGATTUNG LAMPSILIS (PELECYPODA: UNIONIDAE)

Es wurde versucht ein geographisches Nord-SUd Gefflle in der Slisswassermuschel
Lampsilis dadurch nachzuweisen, dass Schalenmessungen an 3 Arten dieser Gattung auf
deren Vorkommen in verschiedenen Breitegraden bezogen und graphisch dargestellt
wurden. Die 260 Exemplare auf denen diese Studie beruht stammen aus einem Gebiet,
dass sich vom nBrdlichen Michigan bis ins stidliche Alabama erstreckt; es handelt sich
um L. wvenivicosa (Barnes) (121 Exemplare}, L.ouveta (Say) (79 Exemplare) und L.
excavata (Lea) (60 Exemplare}. Die angewandten Verhiliniszahlen betreffen folgenae
Masse der Schale: Hdhe/Gesamilinge, Breite/Gesamilinge und Hintere Linge/Gesamt-
linge, Die eingetragenen zerstreuten Punkte neigen zur Verdichtung auf der einen oder
anderen Seite des Disgranumes, je nachdem um welche Messungen es sich handelt, Die
Werte der Verh#liniszahlen von HBhe und Breite zur Gesamtliinge steigen, je sldlicher
die Pundorte der Muscheln gelegen sind, wihrend sie flir diejenigen der hinteren Linge
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zur Gesamilinge nach dem Stiden hin fallen, Fir das Bestehen eines Gefflles spricht,
dass die Verbreitungsgebiete der 3 Arten sich Uberschneiden; dies trifft fitr die beiden
néirdiichen Arten L. wveniricosa und L. owvaie 2u, und auch fir die stidliche Art L.
excavale, deren Verbreitungsgebiet in dasjenige von L. ovafa thergeht, Ob ein solches
Geflille nun besteht oder nicht, iiess gich mittels der statistischen Analyse nicht
eindeutip beweisen, Dennosch liegt es nahe, dags diese 3 nominellen Arten nur Unter-
arten sind, Ein endgliltiges Urteil wird jedoch nur auf Grund weiterer Studien {ber
die Anatomie der Weichteile und die wechselseitige Fruehtbarkeit gefillt werden
kinnen,

RESUME
“CLINE? DE TROIS ESPECES DE LAMPSILIS (PELECYPODA: UNIONIDAE)

Nous avons essayé de mettre en évidence un “cline” géographique nord-sud pour 3
espéces de Lampsilis, en mettant en rapport les latitudes de leurs lieux de provenance
et les proportions de leurs coquilies. Ces rapports ont été représentés graphiquement,
Les 280 specimens utilisés dans cette étude appartiennent aux espéces L. ventvicosa
{Barnes) (121 specimens), L. ovata (Say) (79 specimens) et L. excavatn {(Lea) (60 speci-
mens) et proviennent d'un territoire allant du Nord du Michigan jusqu’zu sud de
V"Alabama. I.es rapports hauteur/longueur totale, largeur/hauteur totale et longueur
postérieure/longueur totale furent mis enface des positions latitudinales, La dispersion
des peints des diagrammes, montre une tendance graduelle vers un ¢bté ou Pautre, selon
les mesures considérées: pour ceux qui concernent les rapports de la hauteur of de Iz
largeur 4 la longueur totale, U'on distingue une augmentation des valeurs en allant vers
le sud, tandis que pour les rapports de la longueur postérieure i la longueur totale,
les valeurs caleulées diminuent en allant vers le sud, Le fait que les aires de réparti-
tion de ces 3 espdces se chevauchent donne prise 4 la suppesition de Pexistence de ce
“cline”: c’est le cas pour les 2 espéces sepientrionales, L. ventvicosa et L. ovaiq et
également pour 'espéce méridionale L. excavafe dont Vaire se confond avee celle
de L. ovgle. Quoique Vanalyse statistique ne nous ait pas permis de décider défini-
tivement pour ou conire I’existence de ce “cline”, il existe probablement et il se pour-
rait bien que ces 3 espéces ne sofent que des sous-espdces. Un jugement définitif ne
sera possgible qulaprés confirmation par des &tudes supplémentaires sur la morphoclogie
des parties molles et sur Pinterfertilité de ces espéces.

RESUMEN
CLINO EN TRES ESPECIES DE LAMPSILIS (PELECYPODA: UNIONIDAE)

Se utilizaron en este estudio 121 ejemplares de Lampsilis ventricosa {Barnes), 79 de
L. ovata (Say) v 60 de L. excavala (Lea), Esas fres especies se distribuyen desde el
norte de Michigan hasta el sur de Alabama, Se sefizlaron, en diagramas de Correiacién,
tres medidag proporcionales de la concha - las razones entre altura/longitud total,
didmetro/longitud total v longitud posterior/longitud total - en oposicidn a la situacidn
latitudinal de los ejemplares de cada especie. Se¢ observd wna tendencia a la dis-
locacidn gradual de log punfos para un u otro lado del diagrama, de conformidad con la
razédn utilizada. Asi, en la direccidn de las bajas latitudes aumenta la frecuencia de
las razones altura/longitud total y didmetro/longitud tofal, y disminuye la frecuencia
de la razdn longitud posterior/longitud total. Las especies de mas al norte, L. ventri-
cosa y L. ovata, se sobreponen en sus respectivas distribuciones, y la distribucidn
de.L. ovaia se continda con aguellade la especie del sur, L, excavafa. Estas relaciones
espaciales entre 1as tres especies favorecen la hipGtesis de un clino geografico de norte
a sur. Sin embargo, el anilisis estadisticode log datos ofrece poco para probar o negar
esa hipdtesis, El concepto de clino implicard en un cambio en la taxonomia de las
tres especies nominales consideradas. 5S¢ sugiere que éilas son probablemente sub-
egpecies, Un juicio definitive depende de estudies confirmatorios basados en Iz morfo-
logia de las partes blandas y en experimentos sobre la fertilidad de los cruzamientos,
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ABCTRAKT

KIVHARM B TYEX BWOAY POLA LAMPSILIS (BIVALVIA, UNIONIDAE)

Cpapivpas UpoTIWH apeas TPeX NDPECHOBOANYX NEpIOBMI ¢ @ HEPEHMAMN WY
PAROBAH, FONHTKA CHEJ&HE AOKASATE WX KAWHALK G GEeEepa Ha Wr. 308 eMIASpH
UM BSATH HNL M3YUeHMY WX apeafz oT CEREDHOrO Kpad oszepa Muuuran ¥ ua wor
20 mEEOM Anasansr. LM ASMEpEHUA DAKOBMHN B UpONODLAK: BMIKHA KO Boel nav-
He} L¥pMHAE Ko Beell MiMHS 1 3alNAF Ys0Th DAXOEMEH Ko scelfl Zuvide es Gwum
3AHECEKH He IDapy B COOTBETCTEMH ¢ MUPOTHHM 2DEANOM KAXACIO W8 TpEeX BUEOE:
Lampsilis venivicosa (Barnes) - (121 swoewmuap), L. ovate {(Say) - (79 oixe
seMinapos) u L. excovala  (Lea) - (B0 srzexmazpos). PeaGpoCaEHOCTE Todek
AAATDAMME TIOKAZMNEBERET TERAGEIMD ITOCTenelHolro Mx COQI3AHNA TO B QAHY CTopONy,
TO B EPYTYL, B 38BMCMMOCTY OT Toro, xaxoll nponopuueR Wy monp2cBammMc:.
Mvarpamier TponOPLUM DAKOEMNM - BHCOTE KO Roefl nasde n mvpuza wo seedl pii-
He - OOKAZNBART ¥yoeldldenre, KOorrea MEMELEeHME O0THOCATCH K DHICMITIADAM ¥ -
HUX mepoT.  Tpolopilu we 3ainel 4acTW parxonwus wo sboel zodupe FHMeRLHAKNTCR B
SEIEMIATDAY © HEMKEKX #MDOT. HexoTopoe NoATBED¥EERME KIMHAAM JAST To ofcto~
ATRHELCTED, HTO Apeas peex TPpeX BUIOR AEeDeXDHBARTCH ¥ noUTe COBIEaEAnT .« BEo-
mee cesepmme pugn L. venivicosa w L, ovata cawsawrten cpowmu apeasamu u L.
ovald B CEOMX EWHMX TpamMlax CORNAZAET ¢ apeascw L. excavala  CratHotHuec-
Kkﬁ AR8IAM3 MMEBMACHE ESHHEY e HQCTaTOUSH ENE NORTBEDEASHMAI AJdM STy 1 HVEH
HEIAV KHHH&EG%. YKaaaame HE& BC3MOKHOCT: HARMUMURE KJIMHS aacTERAREeT ITOE-
BATE: BOUPLCC TaKcQHOMMYLCHQTDo XapaxTepsa TPpeX VHEAIAHHEMX BHMIOB: BCOEMOKHC, 970
3TO TOXELED HNOABMAK., OROHUaTERLEOS ZRHERUSHKE 00 37T0M 3RBHMOAT OT nayuenpmMa
VIX aEBATOMKMM W SHCHCPMMeHTOR CHPellMBaRMg .
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