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SOME_CONSIDERATIONS ON BIOLOGICAL BASES
OF PALEOZOOLOGY

I. A. ErrEmMov

(Institute of Paleontology, Academy of Sciences, USSR)

The initial development of palacontology took place on the spur of the data of

geological investigations, The study of fossil animals appeared to be the cheapest method
of determining the stratigraphical succession.

Later the morphological investigations of extinct organisms turned paleontology into
a biological science, This biological trend proved to be useful for geological practice as
well. The remains of extinct animals became not only the documents of stratigraphical
succession but also the indicators of physical environments of the past geological time,
i.e. the palacogeography and the paleoclimatology,



84 VERTEBRATA PALASIATICA Vol. iI

The extension of the possibilities of biological analysis of fossill remains became
especially obvious on the background of the development of the branches of biology dealing
with recent animals,

The reconstruction of the anatomy and mode of life of the animals of the past by
means of incomplete fossil remains turned out to be very vague after finding out how
complicated the anatomical structures and physiological processes in the recent animals are.
Attempts of biological reconstructions seemed to be more satisfactorily made on the most
complicated extinct organisms—vertebrates and arthropods. The peculiarities of their
biclogy are better seen on the skeletal remains than in the low animal forms.

Therefore the doubt as to the scientific authenticity of biological analysis of palae-
ontological remains arose first in the invertebrate palacozoology. Here specific methods
of investigation were born, which were used to obtain biological characters of fossil forms
so to speak in a roundabout way. This way leads to studying palacontological remains
as documents of geological processes having formed the chropicle of the Earth and Life,

Biostratonomy dealt with the study of the arrangement of organic remains in sedi-
mentary rocks, deciphering the processes of embedding animal and plant remains. The
other branch of palacontology adequately named “actuopalaeontology” was devoted to
analyses of the processes of destruction of the recent animals and of accumulation of
their remains,

In the first two decades of our century there arose palacobiology from the combi-
nation of the two above mentioned branches. That term was used from last century
in various meanings. In the twenties of this century they begin to cal] it more definitely
as palacoecology. Very often in the Anglo-american literature the terms palacoecology
and palacobiology are not distinguished, but combined with the trend of functional
morphological analysis of skeletons of fossil organisms. That direction was of primary
importance in the vertebrate palacozoology beginning with the works of V. O, Kovalev-
sky, later on of L. Dollo, W, Matthew, O. Abel, P, Sushkin and others. However,
palaeoecology deviated to auxiliary methods of investigation of fossils as indicators of
certain geological processes forming the palacontological documents, Investigators tried to
acquire biclogical characteristic of the extinct creatures by a detailed analysis of the rocks
containing their remains. The character of the facies of the rocks became so to speak
a characteristic ‘of life conditions and consequently of adaptation of the organisms found
there,

The trend in question has been diligently developed by Soviet paleontologists with
R. Hecker and L. Davitashvili at the head, who finally determined its profile and attached
to it the term palaeoecology. This trend partly abandoned morphological examination of
remains and shifted the general investigations to the lithological and stratopomical con-
ditions prevailing. The trend of functional morphology in “palaebiological” investigations
having pure biological character remained prevailing in the Vertcbrate paleontology,

The necessity of such biological way for the vertebrates appeared to be absolutely clear
as soon as basic principles of taphonomy (the regularities of the formation of the geological
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chronicle) were stated. Taphonomy proved the embedding of remains of land animals
in centinentil sediments as well as the accumulation of the most fossiliferous strata to
take place selectively with regular destruction of certain remains (and rocks) and

regular preservation of others,

Another significant regularity of taphonomy is the absence in geologicil chronicle of
any remains of land animals conserved in their life conditions. The more ancient the

scdiments are, the less exceptions this regularity has,

Localities of vertebrates and other land animals with the excepiion of some very late
formaticns are accumulaticns of the remains transferred {rom regions of their habitation.
Evidently the study of sediments with fossil remains of land animals can yield no direct
information as to their life conditions. Only after having gathered many indirect facts
one could in a complicatcd way restore the initial character of fauna which had undergone
distortion in the “filters” of the burial process un:il the original biocoenosis turned into

fessilized coenosis or oryctocoenosis,

Divergence of the ways of investigation in palacczoology of vertcbrates and inverte-
brates expressing ltself in the primacy of functonal morphelogy in  the former and

3y

“palacoecology” (bearing in mind Fleeker’s school) in the latter may in the future become
sharpsr.  The gencral character of palacontologeal decuments leads to wrong conceptions
as to the corrclation between animals and their lifc condidons, Extreme incompleteness
ihe prescrvation of fauna along with good prescrvaticn of sedimentary rocks of different
facics makes the palacozoologist underestimaie the varielty of adaptatiens of living orga-
nisms and overesimate the number of biotopes and cecological niches as well as their
changceability (unsicadiness) in time.

In many of the prescnt day palaconiological works we come across opinions con-
cerning the insufficiency of the study of fossii remains only, Investigaiion must be
accompanicd by full analysis of the fossil-bearing rocks,

This conceptien would be absolutely coriect if investigators saw in the fossil-bearing
rock only the reflection of the embedding processes of the sedimentaiicn and of the mine-
ralisaticn of fossil remains. The analyses of these processes throw light on the conditions
of peril and irs reasons and consequently on the life conditions of fauna and its
characier. The reconstructicn of the embedding  processes may  explain a  selective

characier of the fauna and give an idea of its perished elements,

The “Palacoccology” however deviates from this purely biological aim and introduces
in the study a number of geological problums. In their lates: works (1956—57) many
palacoecologists have an idea that bentonic marine invertebrates are buried in their life
condiions and consider the sediment which contains fossil remains to be the reflection
of their habitat. Sedimentary facies in chis case are interpreted as physiographic conditions
of inhabiting.

But the authenticity and the universal impertance of the foundation of this palacoeco-
logica] trend are being questioned. A great many localitics of marine fossil faunas are
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taphocoenosis. Regularities found in the processes of embedding of land animals in
continental facies are quite adequate for marine sediments, containing sea animals, There-
fore contained deposits cannot be indicative of the conditions of life,

The last citade] of the “palacoecology” not yet gained is the bottom fauna of steady
marine invertebrates. Sediments centaining such fauna are undoubtedly precipitated at
the place of the inhabitance of animals,

The investigation of modern marine biocenoses showed that sedentary or immovable
bottom animals were distributed unevenly along the whole area. They formed separate
accumulations-“spots” with barren spaces in between. Such “spots” are situated in places
where there are no sediments deposited and the intensive current is able to wash out
the substratum,

if such bioccenosis or crowed areas of immobile forms go to perish as a result of
natural death they do not get into embeddiments, Skeleton remains not being covered
by sediments are readily dissolved in a very short period of time, Only in case of a
sharp change of the sedimentation in the area of bioccenosis inhabitance is the accumu-
lation of steady marine animals being covered by deposit, then it perishes and gets
embedded. In most cases when we come across closed shells, they correspond to the bottom
associations buried alive,

Aiccording to the taphonomic terminology the whole precess of hydrodynamic trans-
portation is left out in the course of embedding of marine steady forms. Thanatocenosis
passes into oryctocoenosis missing the taphacoenosis stage.

Obviously the sediments with such embelding do not reflect the conditions of life of
the animal but show the conditions of their extinction. That is why the embedding of
steady marine bottom animals does not coincide with the main demand of palaeoecology
(to Le correct, ecology) to explain the biological adaptation of animals by their life con-
ditions, For this purpose palacoecology may operate through applying chiefly indirect data
in localities of land animals.

Reefs and biocherms taken by themselves naturally reflect the conditions of life of
animals that have formed them. Tt must be pointed out however that the sedimentary
recks surrounding the reefs cannot characterize life conditions to the same extent as
marire bottom fauna,

Reefs or some of thelr parts are covered with sediments only after they are dead.

Unfortunately palacoscology with its study of fossil-bearing sedimen:s as indicators of
life hubital is ne: up to the level of modern biclogical science yet, though much has been
done due to the development of physical scicnces in general and methods of investigation
cf sedimental rocks in particular,

Li hological investigations would be futile without a detailed functional morphology of
extinct animals and recent animals analogous to them.

It goes without saying that the methods of modern physical sciences are and will be
of great importance for indirect taphonomic investigation. Such are physico-chemical in-
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vestigations of fossi] remains, for instance, isotopical analysis of marine shells, which enables
us to determine the temperature of the seas of geological past in relation to isotopes of
oxygen Org: Os. It is a direct indication to the physical character of the habitat, This has
nothing 0 do however either with the analysis of life environment judging from ihe
organism structure (“palacobiological” or functicnal morphology method) or with the
analysis of the organism concerning the nawue of its hubitat acquired by the study of the
containing deposits (“palacoscology ™).

Being of great significance for blosiratigraphy and conscquently for geclogical pra-
ctice, it must still be admitted that recent pa.acoscological inves.gaiions are not up to the
aemands ¢f the reconstruciion of fossil animuls as ol ining bungs. The more detailed
biological lnvestigations of recent animals are, the buiter one realizes how complicated and
subtle arc the adaptadons of the organisins Lo ciitain conaidens of lite. Former concep-
ucns which had coutemplaied oniy a direct connection between an organism and environ-
ment now secm to be very primiiave. Practically the ways of interrelation of an organism
with the surrounding nature are invariably original and often unexpected,

Flaving at its aisposal such iighty and subile means of investigation that are
engendered with the success of physics and chomistry, biology rises to a new much
higher stage of percelving nature,

Animal organisin is a combination of special, physical and  chemical  structures
geting cncrgy by means of a very complicaicd meabelsm, of soruciures regulating this
meiacolism as well as the growth, defence and w.ar of mulllards of cell units,

Animal organtan s a dynamical systom awhich has bon mace up in the course of
hundreds of nullions of years ol historical development. The subder the methods of learn-
g organisin, the cloarcr the devclopnient of physical scicnees which gives ug an extreme
complexiy of work and regulation of dhese “biological machines” in high  organisms
especially,

Sull more and more highcr technical adaptations are revealed by  physiological and
biochiumical investigations, They are for insiance the uitrasonic location of bats and
electromugnede one of mormyrid lishes (Mormyridae), the use of polarized light for
the so called "navigadon™ by birds and arthropods, an unusual gravitational orientation in
height in such archaic marine forms as horsesiicecrab (Xiphiurus) and so on. We can
only mention here peculiar biochamical discance-meiers in the c¢yes of falcon birds as
far as the using of infra-red light {or distant vision in eagles and vuliures or polarisers in
the cyes of herbivorous tropical ungulates, living in Savanuous, that always browse on the
border of light and shadow (giraffes).

Sometimes the most complicated adaptations get very much ahcad of the general phy-
siclogical level of the class or order where they originats {rom for instance, embryoaic
cameras scorpions that are found at the roots of their middle extremitics. The ambryo is
fixed in the camera on the organ like placenta, 'I'his mechanism anticipates higher pla-
cenfary mammals,
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High organisation of the nervous system of Cephalopod mollusks seems to contradict
a relatively low general physiclogical level of the class. Octopus for instance has rather
big brain (fixed in hard cartilage-like skull) and binocular eyesight of large eyes. Bino-
cular vision of land vertebrates first appeares only among predatory dinosaurs and it is of

a lower siage of development than in Ocropus,

Some fishes (and tuna-fishes in particular) are characteristic of a high level of meta-
bolism wih intensive bloodcirculation that is due to the adaptation to extremely fast
swimming. Such forms as sword-fish or sail{ish at the speed of a hundred kilometres per
hour must have a very high physiolegical acavity that is to be practically warm-blooded.
Such warm-blooded animals with gills (but in a state of repose exothermic ones) are

tound among reccent animals.

The attempts of palacozoologists 10 elucidate the biclogy of extinct forms through
the analysis of their habitat reflected in contained rocks seem to be exceedingly
limited under complex conditions of modern adaptations. Palacoecological data would
be too gencral and vague concerning great complexity of the relationship between or-
ganisms and their habitat even if these rocks really reflected the conditions of life of

animals,

In the course of the functional morphological study of fossil animals one may come
across quite an insufiicient preservation of fossil remains that hinders any detailed analysis
needed for the comprehension of complex adaptations. There is stll a great variety of
different adaptation mechanisms in recent organisms enabling us to use mecthods of
analogy. In modern fauna one can always find adaptations like those reflected on

skeletal remains of extinct organisms,

The latest achievements in biology cxceeded the limits of functional analysis that the
pas; comparative anatomy had put up for palacozoology before. The former made it
possible to choose some analogous examples from the different classes fitting not for related

torms but for analogous adaptations.

A radiolocation of recent Mormyridae living in mud may serve as a good example.
According to Pref, D, V. Obruchev (oral information) the construction of weak electric
battery of Mormyridae may be analogous 0 some Devonian Placoderm fishes also living

in mud and with locatory orientation.

It 15 clear that the development of the brain of recent Mormyrids with their extremely
great cerebellum as well as their organisation on the whole utterly differs from that
of Placoderms, but the essence of adaptation remains as it is.

The reduction of the lateral osseous walls of nasal passages in some recent hoofed
animals togéther with the shortening of nasal bones presents some kind of a device for
cursorial animals, It is necessary during quick running when disiended nostrils provide

for the penetration of a sufficient volume of air at one breath,
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Analogous organisation is characteristic not only of cursorial Ungulata (such as
recent ruminants and Perissodactyls) but also of gigantic rhinoceroses Baluchitherium.,
The reduction of the nasal bones of the latier is connected not with a quick running but
with the necessity of providing for the gigantic thorax to be filled with air. The head
of these animals is relatively small (giraffa-like adaptation). The broadening of nasal
passages in some other way would require the enlargement of the size of the head but
it does not serve these adaptation. The essense of the adaptation remains the same as

in cursorial animals but it becomes ever functioning.

Recent cheetahs—"“grey-hound” cats developing speed over one hundred kilemeters per
hour are also characterised by extremely broad nasal passages and by the ability to broaden

them,

It seems to me that the main trend of the development of the biological base of
palaeozoology follows the way of a detailed functional physiological and biochemical
study of adaptations which will offer in the end the possibility to estimate and cempare

organisms as energetical systems,

The elucidation of the energetical essense of adaptations leads us to the comprehension
of the environment as an energy basis. It makes our conception of the geological past
more exact even if the geological chronicle is not full enough.

The examination of the whole series of adaptations of modern fauna presents a gi-
gantic problem unsolved vet by relatively little developed contemporary biological sciences,

The urgent task of the coordination of zoolegical and palaeozoological investigations
is to choose the most suitable archaic forms for the comparison with the extinct ones. Most
of such archaic forms of vertebrates are presented by the animals now living in very old
conditions of life-in such bictopes as large swampy lowlands, deltas of rivers, swamps
situated in tropical or subtropical zones, hylas and so on. Relic archaic foerms, preserved
in almost unreachable areas, i, high mountains and thick forests in the gorges of
mountains of tropical and subtropical zones, are exclusively rare,

Many such forms are for a long time known to the man, but their adaptations are
not in the least studied vet. Such are, for instance, two kinds of longsnout crocodiles,
Gavialus and Tomistoma, that greatly differ from each other in the construction of the
jaw and teeth, They are undoubtedly of different adaptations.

Quick as lightning movements of archaic marten-like asiatic beasts of prey, or viverras
from Africa as well as genettes, are reflected in a peculiar structure of the brain. Phy-
siology of these animals however has not yet undergone examination,

Monotremes and marsupials, armadillos and sloths as well as archaic ungulates are
also little examined. The gaps in the investigation of archaic fishes, insects and higher
molluscas are not less.

It is just among rare animals that we come across striking adaptations that change

old conceptions not only of seperate forms but also of the stage of development of the
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whole group or class. This is quite natural because relics have survived to this day on

account of that they have special adaptations to very narrow ecological niches,

As an example of surprises in connection with the examination of archaic and rare
animals we may take giraffas with their exceptionally sharp sceing eyes thar polarize light,
with a very mighty heart, thick vessels and bloed pressure reaching three hundred
(according to the indices accepted in medicine). Antclope gercnook is notable for the
development of the crgans of cquilibrium in the inner ear characteristic for only biped
animals. This is natural since gerenook gets its food from the branches of acacies
balancing en its hind legs. Very long feathers on the back of the birds of paradise that
were thought to be useless decoration practically serve as a signal of alarm. Settling
down on a bough fer the night the bird arranges its feathers along the branch. The
slightest vibration is immediately sensed by the feathers, their roots having sensitive
nerve endings in the skin. Thanks to the length of the feathers the bird has time to
fly up, being inaccessible to the persecutor (1954).

The last example cited shows how most unostentatious things sometimes signify im-
portant adaptative peculiarities. There are no things of little importance in nature.
Alomst each peculiarity of the structure of recent animal explicable in the course of fun-
ctional merphological and physiolegical investimations offers for palacozoologists an  nop-
portunity to pene‘rate in‘o the past by means of precise methods of modern biology.

There is one more reason for ctudying the rare archaic animals of the present wirhout
delay. The areas of their habitat become limited and their extinction is going on very
fast. At the growing rate of mastering virgin areas it is quite evident that most of the
rare relict animals will cease to live in some decades. If we care for the future of
science we must make every provision for the preper study of archaic animals before
they disappear from the planet.

Simultaneously with the disappearance of ancient animals there disappears archaic
mode of life of men but the disappearance of the latter goes on more rapidly,

Tegether with the vanishing of the hunting trihes of various lands we lose the precious
experience-long standing observations of the mode of life of rare animals and those in-
habiting almost impassable regions,

That experience of peoples passing throvgh generations posesses detailed information
which is difficult to overestimate.

The bushmen of South Africa were known to guess individual characters of large
beasts bv judging frem the outer habitus of the organism. The hotrentott tribes of
shepherds of South Africa distinguish 350 shades of colour of cattle and there is a separate
name for each shade,

In the experience of nomadic tribes there have been accumulated a great many purely
ecological data, These data together with recent functional-morphological investigations
will help us to find out adaptative peculiarities without making gigantic efforts to renew

observations which are partially impossible now,
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The accumulation and generalization of the experiences of the hunting tribes is a
matter of more importance than the examination of extinct forms as the greater part of
them will vanish before the end of the seventies of this century, If so, we might have
missed most important ohservations of man on nature of animals,

The examination of the structure ef various organisms of the present in its full
complexity that is revealed by exact sciences with modern methods, gives every oppor-
tunity of finding out analogous adaptations in the organisms of the past.

The difference in evolutional development trone and place of inhabitance must not
discourage the palaeozoologist. A great deal of convergence testifies to relative scantinsss
of combinations of physicogeographic conditions of inhabitance occurring in different
geological epochs of the earth surface.

Convergence is characteristic not only for the common character of outer environ-
ment, but also of similar adaptive reaction of organisms to certain conditions of life.
This “similarity” of adaptations is conditioned by identically constructed organs acting
similarly in certain physicochemical parametra. This inevitable physiological convergence
becomes the more “universalized”, the more important systems of organs, with which
it is connected. For instance there 1s nct any difference in the mechanism of light
conception in the eye of recent mammal and archaic crustaceans. Even for the adjustment
to a definite part of the spectrum: yellow- greenish rays are identical.

Here lies the cause cf the appearance of many similar adaptations of different animals
as to their origin and level of advance. Physiological convergence will be a mighty
weapon for modern biological palacontology. Its power will depend on the number of
adaptations that will be fully studied nowadays.

The use of dialectical method will make the application of biological data in palaso-
zoology more fruitful. T wish to dwell on it because this method which will in future
substitute the “monolincal” formal logics is being hardly developed. The essence of
dialectical analysis of biological and palacontological and .any other phenomena lies
first of all in the revelation of dual discrepancy of any phenomenon and any development,
The analysis of the development of contradictions and unity of opposites must give
good results when combined with inevitable historical approach to palaeontology.

It is interesting to recall that at the dawn of the Middle Ages in secret books
available only to the initiates (in Hermes Trismegist’s for instance) dialectics was called
“a Great Secret of the Double” and considered to be the most refined mighty know-
ledge. This “Secret of the Double” is to play an important role as it is the reflection
of genuine process of contradictory historical development of organisms and organic
world on the whole,

The disclosure of the other “negative” feature of each adaptation leads to interesting
considerations.

If we take the most general stages of the historica] evolution of animals, the first
thing observed is the steady increase of the individual energy of the organism chara-
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cteristic of all forms from low up to high ones. Among low forms we come across
great energy of reproduction to the detriment of individual energy. As carly as in
1930 V. Vernadsky pointed out the gigantic energy of reproduction of bacteria, fungi
and algae. In high organisms the expenditure of energy for reproduction sharply
decreases and is substituted by the expenditure for a long standing postembryonic period
of individual evolution of a complex and long-living organism.

The increase of energy is due to the acceleration of metabolism and of the strength
and speed of movement, the extension of receptorian ability of the sense organs and
accordingly the complication of the whole nervous system., The other aspect of this evolu-
tion is eoncerned with the steady increase of the necessity in the nourishment of high
quality. This necessity gets greater in the high forms as compared to the low ones.
This process is consequently accompanied by a keen struggle for food and enlargement
of area of life, and by weakening the resistance to starvation. This general regularity
is applicable to molluscas as well as to birds. Development of rapid movement enables
the animal to make use of large areas to nutrition, In fact all the quickly moving forms
are in need of much food; that being their weakest point and under unfavourable con-

ditions it results in mass death.

Some peculiar deviation from former ecological niches due to the competition with high
forms may be witnessed among certain poikilotermic land vertebrates of a low organization.
The biggest recent amphibians, the former inhabitants of warm climate adjust themselves
to different conditicens of life in the cold water of mountainous rivers (Megalobatrachus,
Ranodon), The general lowering of the body temperature sharply lessens mobility, me-
tabolism and consequently-want of food, The animal can live only on catching occasional
prey.

It is of note that the latest Stegocephalian (Capitosaurus, Mastodonsaurds and others)
being obliged to compete with physiologically more active reptiles, have come to a passive-
predatory life,

However the lack of possibility to diminish metabolism in warm climate by low
temperature made it necessary for the beasts to develop huge trap-Mouths, the only meaas
of providing food enough for the passive, catching hunter of the prey.

The smallest warm-blooded animals-little shrews cannot preserve the minimum of
constant temperature of the body necessary for hibernation. During winter they manifest
such great want of food, that can be satisfied only by permanent motion. Practically
endless eating and movement keep the small animal alive in severe frosts. These two
examples are good illustration of the diametral use of the contradiction: food-motion,

Once again it can be pointed out that the higher the organization of the animal is,
the more it is independent of physico-geographical conditions and accidents, The long
living animal acquired the greater individual experience. Still such animals are easily
wounded after sharp viclations of their routine existence. They can stand only short
period of hunger, still shorter period of thirst, The break-off of any normal breathing
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results in immediate death. Therefore the highly organized animals are much more easily
subjected to quick and mass loss. It is especially true for the highly specialized forms.

The optimal conditions of work of biclogical mechanism, ie, of living being (an
animal with high organization in particular), comprise “four step”,in other words four
degrees, from death. That is the difference between the optimal temperature of 37°
and the lethal one of 42°. So, the greater the energy of the vital activity is, the closer
the organism is to the lethal bound.

The complex functions of the nervous system of the animal are in accordance with
its organisation. Embryonic development is not at all sufficient for the manifold actions
and perceptions of the nervous system. The animal in its postembryonic life
is forced to undergo a long period of training which is possible only if care is taken
to the offspring. It makes its first steps in life when having learned elementary sense-
conceptions, walking, flying, crawling and having been already used to the surroundings.
This sharply decreases mortality. From the point of view of the preservation of energy,
the duration of life of the species becomes much more economical. But on the other
hand this significant achievement has a certain disadvantage that tells as a rule on the
parents (especially of rapidly developing forms)-it is a burden to force the individual
to fight for more food and shortening the longevity of the latter. This reflectively
results in the lessoning of individual expericnce and training, all that being unfavourable
in the struggle for existence of the species.

If we rcject the principle of classification of the adaptive radiation to movement
formulated by H, Osborn, many phenomena of adaptive radiation in palacozoology
become clearer. Food is undoubtedly the main factor in adaptive radiation and nearly
all kinds of motion are designed to get it.

The way of moving is in full accordance with the ability to subsist on the limits of

a certain fodder zone.

The mastering of the steppe and half-desert areas by the large animals could take
place only after the appearance of the animals moving with little loss of energy. Then
meagre food scattered on large areas could offer fodder for a large and physiologically
active animal as, for instance, recent ruminant. The large steppe areas could not have
been fit for reptiles, for instance, even on the condition that there was vegetation there
adequate to the modern one.

Dialectical analysis compels us to give up the idea of unequality between the
adaptive and the inadaptive development of the ungulates suggested by Kovalevsky. The
ability of the extremities to pass through ancient biotopes-swampy areas with moist soil is
what is really called the “inadaptive”, The extremities adjusted to new biotopes-dry plains
with hard soil were taken by Kovalevsky for the “adaptive” ones, which he considered to be
a higher type of organisation. But from the point of view of expediency and univer-
sality of adaptation both types are absolutely equal.
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The examples were cited from the field of “external” contradictions in the evolution
of animals. Here are some examples of other contradictions in the structure of the
separate organs and the entire organism as well,

The structure of the eye of the vertebraics is a most striking example of conflicting
contradictions in the physiology,

Two main elements of the structure of retina, i.e. rods and cones serve different
purposes, Rods provide for the sensitivity of the cye, cones-acuity of eyesight. The wwo
functions are vitally important. For millions of years a process has been going on for
the conjugation of sufficient sensitivity to light and acuily of cyesight as to the adaptations
of the eyes of the vertebrates. Prevalence of acuily over semsitivity is specific for birds
and for Saurepsida in general. The latter sces in the daytime better than Mammalia
but the acuity of their eyesight is abruptly reduced at twilight and in dark forests. It
is well known that birds go to bed early, Everbody knows how hens get under
shelter in the evening but the essence of this biological peculiarity is not explained in any
of the text-books, It goes without saying that I do not mean any night forms, their
eye adapiation being specific.

The Mammalia have inherited the structure of the relina from the inhabitants of
thick forests, tree-climbing twilight animals. Thal is a reason for their higher sensitivity
but less acuity of eyesight as compared to Sauropsida. This shortcoming of the highly
organized representatives of the class is to a great extent compensaied by the develop-,
ment of the cerebrum with “the psychological” eyesight intensificd, ie, the intcnsilica-
tion of cerebral perception of the image and of visual memory, At the carly slages of
the evcludon of mammals the shorlage of eyesight in comparison with that of Saurop-
sida was counicrpoised by the sense of smell that has survived as the dominant sense of
the whole class,

Binocular vision is necessary for the beast to estimate the distance to catch the prey,
The same is true for some of the herbivorous animals that need to judge the distance
for jumping in trees (these are monkeys and lemuroids),

Among the animals with the prolonged front part of the skull (cspecially birds
with their beaks) the necessity of crossing the axes ot the centra] vision sometimes con-
tradicts the development of the beak which hinders the binocular vision. This con-
tradiction is usually settled by the develop.nent of the second supplementary fovea of
the maximum acuily on the rctina, Supplementary fovea of falcons are placed on the
back temporal surface of the retina, It serves the bird when looking in front, The
crossing of the axes of the central vision of the birds with a very leng beak (some
predatory herons and litterns) cannot be achieved by the additional temporal fovea.
Such birds have the fovea on the upper part of the retina. Under the necessity of bino-
cular visicn the bird raises its beak vertically and looks at tht prey from under it. The
setting with the beak raised up to the sky is specific for litterns {or example, but it was
incomprehensible untl special examinations were conducted,

Here is an example from palacozoology.
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Only such fishes as crossopterygians have been assimilated to the littoral zones, gotten
into delta and later on passed to the land in spite of the fact that at that very time
there existed sharks and Dipnoi of high organization,

The delatic zone is rich in food which is enough for the only slightly mobile forms of
fishes and invertebrates. These forms are supplied as a rule with hard armours which
protect them from the teeth of a predatory animal, Millstone-like teeth which can
overcome the fast clenched shells are not wuniversally good.  The mobile ar-
moured animals must not only be “opened”, but also killed. Labyrinthodont teeth
appear in accordance with the peculiarities of inhabitance in deltaic zones and it is not of
an accidental nature that they are passed to all large Stegocephalians and even to
Batrachosaurs, their very names denoting the nature of their food,

Labyrinthic teeth made of complex folds of dentine bone (and partly of enamel), are
very much like Damask steel that is a kind of hard, unbreakable material “invented”
four hundred million years before it was invented by man.

Such “Damask” teeth enabled slow crossopterygians to assimilate in coastal deltaic
zoneg with its supply of fodder, Massive structure of this fish is not accidental either.
To struggle with the somewhat strong currents in deltaic channels and further in rivers,
crossopterygians (as well as dipnoans) have developed four strong fins that rest against
the bottom and keep the fish in the current without using too much of energy.
Dipnoan fishes with their specific teeth fitting for the thin-shel]l mollusks could not get
deep into the continent and survived in land conditions. Crossopterygians had practi-
cally crawled deep into the continent on their fins and later on became the ancestors of
all Tetropoda. Though mobile sharks with comparatively high organization could
swim fast and wanted more food, their unspecified teeth did not meet this necessity.
That was the cause of their failing to compete with crossopterygians. Later on under
the need of a more universal dental apparaius, labyrinthic teeth in accordance with their
complexily in growth and changes came in contradiction with the structure of land
tetropods and gave way to the codont ones. They appeared again however looking
different among herbivorous mammals when only hard fodder was available con dry
areas of the land. If it had not been for them there would not have been recent hoofed
animals,

The creeping kind of motion of the extinct reptiles was  considered an  archaic
“survival” as if inherited from their fish-like ancestors. In fact the adaptation to swampy
land was so common in ancient continents, that the former being the main biotops of
the most ancient quadropedal caused the development of this type of walk. A very low
position of the body is of primary importance for the animals’ motion in half-watery
ground as its weight was to be alloted not so much to the extremities but to the belly
as well. Slow-moving kind of locomotion contradicted the usual way of opening the mouth.
Instead of depression of the lower jaw it was necessary to raise the upper one in a
way as recent crocodiles do it, Special “tongs” structure of the jaws has been develeped
with the shifting of the depressory mechanism of the lower jaw further back to the
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tabular processes of the occiput and retroarticular precesses of the mandibula, Now we
are sure in determining a slow-moving type of locomotion in any forms having such a
structure of the jaws even if the skelstons cf these forms are unknown, The mode of
opening of the upper jaw of such fish as Dinichthyd Arthrodires is a prompt indi-
cation of their former creeping along the bottom,

The opening of the upper jaw instead of the lower one results in the drawback-
the weakest point of all slow-moving predatory animals, recent crocodiles in-
cluded. When the animals jaw is open, the beast «ceascs to see anything in
front as its eyes are hidden behind the raised skull. That is the explanation why
predatory animals with reptile-like motion could hunt mainly by watching their prey
(catching-hunting).

A significant disagreement between the mode of feeding and moving arose among
repiiles with the appearance of herbivorous forms. The flat body of the predatory
creeping reptiles cculd contain small portions of meat enough for the animal.
Herbivorous and inseciivorous reptiles that demanded larger size of the belly certainly
could not agree with creeping motion, To provide for the necessary volume of the body
Le. digestive apparatus and lungs (because in herbivorcus animals metabolism requires
greater expense of air for oxidizing processes) it became necessary to lift the body from
the ground. The first herbivorous four-legged cotylosaurs and deinocephalians passed
to a different mode of walking with the body raised, Cotylosaurs walked with the
whele body raised while Deinocephalians had only the front part raised, thanks to
strong development of the front legs and shoulder girdle. Recent large herbiverous
Iguansl of Galapagos Isles (Amblyrhynchus, Conolophus) resemble Deinccephalia with
the front part of the body lifted.

The new kind of motion appeared to be not fit for the half-watery swampy soil
that had been the habitat of the most ancient four-footed animals. It made the her-
bivorous inhabi:ance drier than the temporal regions of lowlands. There they came across
coarser vegetation, that was badly digested with weak tceth of the most ancient
herbivorous repiiles. In the end cetylosaurs and deinocephalians disappeared.  Anomo-
dontia with extreme strength of jaw apparatus succeeded the former in borderland
biotopes of marshes and later on of some high areas of eating. The mentioned
adaptive faculties were the foretokens and imperfict analogues of the very second palate
of higher theriodents, that undoubtedly became warm-blooded animals,

An example of non-dialectical approach to the diciphering of the adaptations can be
seen from Prof. A. P, Bystrov's researches with regard to the analysis of microstructure
of dermal benes of the Stegocephalian skull. Bys:rov pointed out two types of adaptation
of Permian and Triassic Stegocephalians:

a) strong vascularisation of dermal bones testifying to the intensive gaseous exchange
through the skin- “hydrophilous” type and

b) weak vascularisation with feeble gaseous exchange through the skin-“xerophilous”
type. On the basis of the prevalence of ‘he “xerophilous” forms in Permian and “hydro-
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philous” in Triassic, Bystrov made a formal conclusion that in Permian there was a dry

climate and in Triassic a damp climate.

In fact, a reverse corrclation takes place, The skin of Amphibians lacks the mois-
ture isolating scaleous horned cover, a characteristic for the reptiles. Therefore Amphi-
bians can be the active (nonself-buried) land forms only in the conditions of very daxﬁp
climate, in biotope overshaded by vegetation, It is especially essential for large amphi-
bians like Stegocephalians unable to survive in microclimatic ecological niches. So the
existence of amphibians of land appearence, 1. e, “xercphilous”™ type is an indication of
damp climate, but not of dry one.

On the other hand the motion of the raised body along the soft ground at horizontal
position of the roots of extremities- a struciure inherited from the creeping way of
walking-required great muscle power. Therefore herbivorous Cotylosauria and Deinoce-
phalia develop monstrous massive bones with extremely thick muscles. The waste of
the muscle energy was contradictory to the fodder base which is also fatal to the animals’
existence,

There are many localities of herbivorous cotylosaurs that are strictly selective. Ta-
phocoenosis in such a locality is presented by one or two forms as a result of the mass

death of the animals in marshy siits where their contemporaries moved frecly.

With the development of intensive movement, organisms of ancient Theromophous
Reptiles were getting more and more complex that resulied in an inevitable change to
a higher kind of energy of the animals, the latter becoming warm-blooded. Accordingly,
the want in nutrition of higher quality and bigger quantity as compared to that of lower
reptiles grew greater and greater. So metabolism to its intensification in turn required
the increase of frequency of respiration. Complex palatal processes, interchoanal ridges and
transverse flanges of pterygoid bones

all these formations in the skull of Thermorph
reptiles remained obscure up to the recent time. They are asigned to push the food from
the palate in the moment of chewing and to let the stream of air move above the
food that is to provide for breathing during the process,

The hydrophility that is a strictly limited adaptation to the aquatic life is a result of
dry climate in which the large Amphibians cannot survive outside the water.

The main point of the bilateral dialectical analysis of biological adaptations lies first
of all in the discovery of the opposite “negative” side of each adaptation that is in its
disadvantage, incompleteness and weakness in ceriain conditions of life, By the analogous
analysis of the destructive aspect of the geological processes it was possible to ‘state in ta-
phonomy important regularities of the geological chronicle formation.

The “bilateral” estimation of every adaptation would to a great extent restore the
peculiarities of different trends of evolution, the causes of the vanishing of various groups

and the appearance of new ones in exceedingly complex processes of the evolution of
living organisms,
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Applying the dialectical method that excludes one-sided conception of duplex pro-
cesses in pature and drawing comparative information from an enormous variety of recent
animals, adaptations, modern palacozoology overcomes the difficulties it faces,

Only then it would be able to determine the historical formaticn of the structures of
organisms and the correlations in the animal world only then it would gain the right to
stand in line with other biological sciences thar have now acquired primary importance in
the knowledge of the origin and comprehension of the world,

References

[11 Bystrov, A P.., Hidrophilous and xerophilous Labyrinthodonts, Acta Zoologica, 1946,

{2] Efremov, I, A., Taphonomy and geological chronicle (in Russian). Trady Palacontol. Institute
Academy of Sciences, Vol. 24, 1950,

[3] Heckter, R. F.; The outlines of palaeoecology (in Russian) Academy of Sciences of USSR, Moscow,
1957,

[4] Ladd, H. S.. Treatisc of marine ecology and palcoecology, Mem, Geol, Soc, Amer, Vol 2, 1957,
New York.

[5] Lane, F, G.. The Nature Parade, New York, 1954,

[6] Moore, R, C,; Modern methods of palacoecology. Bull, Amer, Assoc, Petrol, Geologists, Vol. 41,
N 8, 1957.

[7] Vernadsky, W, I.. Biogeochemistry, Leningrad, 1950,

HEROTOPbIE COOBPAHEHMA 0 BEU0JIOTUHECKUX
OCHOBAX MNAJIE0300J10T UM

U. A. Edpemos

(Peswome)

PasBuTue nasjeo300JioTHH B psAAy OHOJOTHYECKHX HAyK noTpeGoBano yriayoc-
JIEHHOIO MOHHMMAHUS CTPOEHHA M apmanTauuMii pckonaemblx opranusmoB. Eie c¢
OPOILJIOrO BeKa, MNajeobHOJIOrHs, METOAaMH QYHKUMOHAILHOH CPaBHHUTEJbHOM
AHATOMUH, aHA/M3UPOBANa PUCNOCOCUTENBHEIE YyCTPOUCTBA BLIMEPIIHX KUBOTHBIX
A OTCIOA& BBLIBOAHMJIA 3aKJIOUEHHA 06 00pase KH3HHU.

Ham Bex xapakTepHsyeTcsi YCUJIEHHBIM PasBUTHEM APYrOro, HPOTHBOIOJIO-
JKHOTO HANpaBJIeHUs B MAajIe0300/10rHH, KOTOPOE OKOHUATEBLHO ONPeAeTHJiOCh IO
HA3BAHMEM NAJIEOZKOJIONUH., ITO HampaB/jeHue, MyTeM H3yueHHs 0Caj0uyHbIX
[OPHBIX [OPOJ, BMELIAIOUINX UCKOMAeMble OCTATKH, NBITAETCA BOCCTAHOBUTD YCJI0-
BHSL JKH3HM XKHMBOTHBIX M OTCIOZ2 BBIICHUTL Ha3HAueHHe IIPHCIOCOOHTEJIBHBIX
YCTPOMCTB, HAGII0[aeMBIX B CTPOSHHU BBLIMEPIIHMX OpraHu3MOB,

Ilo pamy npuYuH, ONpeAe/IAeMBIX YCJOBUSIMU 3aXOPOHEHHs H (DOCCHIN3ALUN
OCTATKOB HMCKOMAEMBIX MKHBOTHBIX, [4JIEO9KOJIOIHYECKOE HANpaBJeHHE HE MOXKET
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pacriosaraTb JOCTOBEPHBIMM  JaHHbIMUM 00 06pase KH3HH OpraHu3MoB. ITO
06CTOATEIBCTBO NIPUXOAUT B OCOGEHHOE NPOTHBOPEUHE C COBPEMEHHBIM PA3BUTHEM
GUONOTHH HbIHE KUBYUIUX JKUBOTHBIX., [MranTckue ychexXsw TOUHBIX HAyK H
npexjae Bcero QH3HKH M XHMHH, JaeT B PYKH OHOJIOraM HOBBIE MeTO,1bl, HCCJIEe-
JIOBAHHS HECPABHIMBIE CO BCEMH IPEXHHMH.

B pesyawTare, naseoCHONOTHUECKOE HANpaBieHHe——(QyHKIIHOHAALHAS CPAB-
HU TeJipHAA avaToMus, (Pu3MoJorus, GHOXHUMHSI JKUBOTHBIX CTAHOBUTCH BAXKHEH-
MM NyTeM HCecJeI0BaHus, peanpnHoi Guosoruueckof ©asoff  najeo3000THH.
HaoGopoT, naneoskosoris, ¢ ee BecbMa NpuGIHyKEHHDIMI METO1aMU, OKA3bIBACTCS
MaJo MPHTOAHON 1Js U3YUCHHS TOHYAUIIMX, CJOXKHBIX U HEpej KO KOCBEHHBIX
CBSI3CH amanTauUOHHLIX CTPYATyp C YCJOBUAMU OOUTAHUHA, KOTOPhIE MOTYT
XapaxkTepi30BaThCsl METOJAMH NAJIE03KOJOTHE JiIIb B BecbMa OOMIMX YEpTax.
[TaseoOuostornyeckuil nyTh HCCJEI0BAHHA OCOOSHHO IJIOJIOTBOPEH IpU JABYC-
TOPOHHEM, JHAJEKTHUYECKOM aHajau3e ajanTanyi, [NpuMepbl KOTOpPOro JAAaHb! B
CTaThE.



