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Abstract: In the first part of this paper the author describes the stages of the adaptive
evolution of the caddis larvae from the passage of the larvae of the caddisflies’ ancestors from
land to eold flowing waters, through the passage of the caddis larvae themselves from flowing
to stagnant waters, to their return, via flowing waters, to the land environment. These consi-
derations are based, in addition to structural characters, on the functional parameters found
in experimentally induced responses as traces of old functions preserved in the present modes
of behaviour. Cenogenetic adaptations have been recognized as modifications of the palingenetic
adaptations in the evolution of caddisflies.

A relationship between the development of motor activity and that of the efficiency of
the photoreceptors has been demonstrated in the second part of the paper. The developmental
process of motor activity from asymmetrical uncompensatory movements to symmetrical
compensatory ones, or to locomotion on a horizontal plane is described. The time parameters
that have an effect on the origin and maintenance of a visual sensation have been determined,
and their selective value in the process of natural selection has been established.

In the part given to the final conclusions the author presents his own interpretation of
the adaptive process, and as its characteristics he mentions universality, multiformity, comple-
mentarity, feedback and symmetry in time. He reduces the adaptive processes in the historical
development and the adaptations associated with the reception of information from environ-
ment to unity.
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PART ONE

1. Introduction

A specific mode of life has evolved in the adaptive process of insects as
a result of the synchronization of the ontogenetic developmental cycle with
the physical rhythms of the surroundings, which condition the normal course
of the functions of particular developmental stages. A peculiar part falls to the
larval stage, whose fundamental function is growth and accumulation of matter.
In insects having complete metamorphosis (Holometabola) this function stops
at the time of attainment of the pupal stage and in those with incomplete
metamorphosis (Hemimetabola), when they reach the imaginal stage.

In modern opinions, the organism is an open system characterized by a non-
-stop interchange of substances with its surroundings (BERTALANFFY, 1950,
1952). The inflow of substances from the environment exceeds their outflow
in the period of growth, until the organism attains the stationary phase. The
storage of energy is a basic physiological phenomenon, which makes the sur-
vival of the organism possible and forms reserves that mould its adaptive
faculties. The exhaustion of these reserves, caused by unfavourable environ-
mental changes which go beyond the tolerance of the system, leads to the loss
of ecological position. KOZANCIKOV (1937) pointed out that during the growth
of an organism the consumption of energy increases evidently with deviations
from the optimum conditions.

The vast diversity of adaptive capabilities of insects points at their possi-
bilities to acquire and keep an ecological position. This is especially well seen
in larvae, in which the inflow of substances from the environment prevails
in the interchange and in this connection the constructive influence of the
environment is greater than it is in the case of more conservative imagines,
which are in the stationary phase. The adaptation of insects to life in water
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environment took place in early developmental stages, for there are no species
among them whose imagines are aquatic and larvae terrestrial. The adaptive
faculty of the larvae is therefore greater, which is also indicated by the great
diversity of their adaptations.

Except for the members of the family Xiphocentronidae (STURM, 1960)
and the genus Enoicyla RAMB. (Limnephilidae) (ULMER, 1903; HICKIN, 1958),
which occur on moist mossy tree stumps or rocks, the caddis larvae live in
various water environments, ranging from very turbulent ones, such as mountain
torrents and waterfalls, to stagnant waters. Connected with this fact are their
appropriate functional adaptations expressed by the mode of supplying their
living requirements. The problem of the evolution of these adaptations is the
object of the present study.

Its first part is theoretic in character and gives a synthesis of the facts
drawn from literature with the results of the author’s own studies and obser-
vations, included in the course of theoretic considerations. The second part
presents a separate investigation, the purpose of which was to elucidate the re-
lationship between the genesis of locomotive movements in the caddis larvae
and their photoreception.

2. Origin and evolution of caddisflies

The most ancient fossil remains belonging to members of the order Tricho-
ptera come from the Lower and Upper Lias of England (TTLLYARD, 1933) and
Germany (HANDLIRScH, 1906—1908), the Rhaetic of Argentina (WIELAND,
1925) and the Lower Cretaceous of Mongolia (COCKERELL, 1924). They have
been preserved in the form of imprints of wings, the venation of which very much
resembles that of the most primitive modern families Rhyacophilidae and
Philopotamidae (Ross, 1956). The structure of the wings allowed the distinction
of 24 species, grouped in 2 fossil families, Necrotauliidae and Prosepididontidae
(FISCHER, 1960).

In the members of the fossil species, e. g. Necrotaulius furcatus (GIEBEL),
there is no connection between the median vein M and cubital vein Cu, in the
basal part of the wing, whereas in Necrotaulius intermedius HANDL. these veins
are connected as in the recent species. In the Upper Triassic of Queensland
(Australia) TILLYARD (1917) found remains of forewings with their longitudinal
venation similar to that of the extinct caddisflies, but with a larger number
of crossveins in the apical part. Basing himself on this discovery, he distinguished
the family Mesopsychidae, containing two genera, Mesopsyche and Triassopsyche.
Their similarity to the caddisflies consists in the reduction of the number of
branches of the sectoral radial vein Rs and medial vein M to four in both the
genera and in the branching of cubital vein Cu, in Mesopsyche. However, the
number of crossveins in the middle-radial region, being atypical of the early
caddisflies, raises the question whether the caddisflies proper could have evol-
1
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ved directly from these forms. It seems that the Mesopsychidae and Necro-
tauliidae rather arose from a common stem to evolve separately.

The forms discovered by TILLYARD (1933) in the Upper Permian of New
South Wales (Australia), for which a new order has been erected and denomi-
nated Paramecoplera because of their similarity to the members of the order
Mecoptera, also show a comparatively close relationship to the Mesopsychidae.
Belmontia mitchells TILL., with branching Cu,, resembles the Mesopsychidae
most of all the members of this order. This species probably belongs to the forms
which, on the one hand, evolved from a common stem with the Mecoptera
and, on the other hand, gave rise to an evolutionary branch common to Meso-
psychidae and Trichoptera.

In the Mecopteran species Cu; does not branch. In this connection Ross
(1956) put forward the hypothesis that the anterior branch of this vein had
coalesced with M, and separated from its maternal vein in the scorpiontlies.
This hypothesis is acceptable, because in substance it explains the generic
relationships of the orders Mecoptera and Trichoptera.

In the caddisflies, however, the number of the crossveins is smaller and, in
addition, there is a greater differentiation of the hindwings. To be sure, the
wings are more homonomous in the members of primitive families, but in most
caddisflies the anal portion of the wing is better developed. According to MAR-
TYNOV’S (1925) modification of ComsTocK and NEEDHAM’S theory, the evolution
of the insect wings happened by the reduction of original veins (specialization
by reduction) and formation of new ones (specialization by addition). The evo-
lution of the caddisfly wings would thus consist in the reduction of crossveins
and development of anal veins.

The members of the suborder Annulipalpia — except the family Hydyo-
psychidae — and those of the primitive families of the suborder Integripalpia,
i. e., Rhyacophilidae, Glossosomatidae and Hydroptilidae, have 3—4 anal veins,
A,—A,, in the hindwings. Veins A; and A, have evolved partly or completely
in the Hydropsychidae and the remaining families of the Integripalpia. The
mechanism of evolution of these veins and their increase in number have been
explained by MARTYNOV (1925). In the anal part of a wing, at its base, is the
jugal fold, which links the forewing to the hindwing during flight. When the
wings are folded, it becomes tucked up along a narrow chitin strip, termed by
MARTYNOV the “plica anojugalis”. He has also found that, as in the scorpion-
flies, on the jugal fold of the caddisfly there occur 2 veins, which he calls the
“yena cardinalis” and “vena arcuata”. The first of them runs from the base
of the wing at the height of the third axillary sclerite and the other one branches
from it. MARTYNOV found that in the members of the family Polycentropodidae
a small depression had evolved behind A, at the margin of the wing, and a new
vein, A;, had branched off from A,, without reaching as far as this depression.
The new vein grows in the same way as the arcuate vein does from the cardinal.
Hence MARTYNOV inferred that A; is homologous with the arcuate vein and that
the anal veins grow successively out of the cardinal vein. In the insects obser-
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ved at rest the anal portion of the wing is tucked up exactly along vein A,
and its extension towards the depression at the wing margin. In the families
Phryganeidae and Limmnephilidae the hindwings have a relatively large surface
area and, if they were folded up in the jugal part only, they would protrude
from under the forewings. The fact that they fold up in the anal part is, in
MARTYNOV’S opinion, another piece of evidence that this part has arisen in
the same manner as the jugal part.

Some later fossil remains of caddisflies have been found in Baltic amber
from the Lower Oligocene (ULMER, 1912) and in Miocene shales from western
North America (Ross, 1956). About 152 species have been described; most
of them belong to the recent family Polycentropodidae, and yet they do not live
at. present Not a member of the now most abundant family Limnephilidae has
been found. Thus it may be supposed that anal vein A; did not evolve comple-
tely until the later geological periods.

The caddisflies have differentiated into two basic groups, which form two
evolutionary branches classified as the suborders Annulipalpia and Integri-
palpia (MARTYNOV, 1924). These suborders include the following families:

Annulipalpio

. Philopotamidae * 5. Polycentropodidae *
. Stenopsychidae 6. Dipseudopsidae

3. Xiphocentronidae 7. Hydropsychidae *
4. Psychomyidae *

o =

Integripalpia

1. Rhyacophilidae * 15. Calocidae

2. Glossosomatidae * 16. Pycnocentrellidae
3. Hydroptilidae * 17. Beraeidae *

4. Rhynchopsychidae 18. Sericostomatidae *
5. Lepidostomatidae * 19. Helicophidae

6. Plectrotarsidae 20. Philanisidae

7. Limnephilidae * 21. Antipodoeciidae
8. Thremmidae 22. Odontoceridae *
9. Goeridae * 23. Molannidae *
10. Phryganopsychidae 24. Philorheithridae
11. Plryganeidae * 25. Helicopsychidae
12. Brachycentridae * 26. Calamoceratidae
13. Limnocentropodidae 217. Leptoceridae *

14. Pisuliidae

* Members of the families marked with an asterisk occur in Poland.

In the Annulipalpie the supratentorium of imagines has atrophied and the
terminal joint of the maxillary palp is segmented. Most of the larvae of this
group spin fishing nets. In the Infegripalpia the supratentorium is retained,
the apical joint of the maxillary palp unsegmented, and.crossvein m reduced,
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whereas the larvae, except for some species of the Rhyacophilidae, which are
free living, build cases of secretion produced by their silk glands or of materials
available in their surroundings.

KLAPALEK (1893) divided the caddisfly larvae on the basis of their structuer
into two main groups, which he named the “campodeoida” and “eruciformia”.
The campodeoid larvae show a number of primitive characters, which resemble
those of the apterous insects of the genus Campodea (Apterygota, Thysanura).
Their head is prognathous and the legs are the same or nearly the same length.
The abdomen is generally devoid of tracheal gills and its segments are sharply de-
limited. They are predatory animals and do not make portable cases but
construct fishing nets or cases permanently attached to the substrate. They
inhabit flowing waters only. On the other hand, the eruciform larvae make
portable cases and occur in both flowing and stagnant waters. They are mostly
herbivores, their head is hypoghanthous, and the abdomen generally bears
tracheal gills. The legs are specialized; only the middle and hind pairs are walking
legs, the anterior, prehensile ones being considerably shorter. On the first
abdominal segment there occur one dorsal and two lateral humps, which in
literature are commonly regarded as organs which serve to hold the case. In
fact, their role consists in fulfilling tactile functions and regulating the internal
pressure, which will be described more in detail in the next section. KLAPALEK
(1893) also distinguished the group of suberuciformia, in which he placed the
family Phryganeidae. The members of this family have the characters of the
eruciformia, but in respect of the type of head they come close to prognathism;
like campodeoids they have loose, distinctly separated abdominal segments.
Hence, their abdomen is flabbier and more contractile. The suberuciform
larvae are predatory too.

The division of the caddisflies into these two bagic groups, campodeoida
and eruciformia, is such that the first of them, being more primitive, includes
all the families of the suborder Annulipalpia and the families Rhyacophilidac,
@lossosomatidae and Hydroptilidae, belonging to the suborder Infegripalpia.

Some authors (NIELSEN, 1957; FISCHER, 1960; LEPNEVA, 1964, and others),
however, identify the compodeoida with the suborder Annulipalpia and the
eruciformia with the Integripalpia, and thus they place all the caddistlies with
more primitive characters in one suborder only, though NIELSEN (1957) pointed
out on the basis of the structure of the copulatory organs of imagines that the
evolution of the suborder Integripalpia was started by the line Bhyacophilinae —
Glossosomatinae — Hydroptilidae. On the other hand, Ross (1967) holds the
opinion that either suborder has evolved separately and, in consequence, con-
tains both more primitive forms and those more specialized. This opinion,
according to which the families Philopotamidae (Annulipalpia) and Rhyaco-
philidae (Integripalpia) have the most primitive characters in both suborders,
seems to be convincing, the more so, since it may be inferred from the homology
in the musculature of the anal prolegs, demonstrated by Pryor (1951), that
the caddis larvae that make portable cases (eruciformia) come from the branch
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which initiated the evolution of the Rhyacophilidae. Studying the anal prolegs
in different species, PRYOR (1951) also manifested a homology in their muscu-
lature in the members of the Trichoptera and Megaloptera. This fact throws
light on the generic relationships of the caddisflies and neuropteroid insects.

Baging himself on an analysis of the external constructions built by the
caddis larvae and the morphology of their legs and processes used to hold the
case, Ross (1964) presented the sequences of evolutionary stages of these in-
sects. Starting from the free-living forms, i. e., the forms that make no constru-
ctions, which include the family Rhyacophilidae only, he distinguished 5 groups,
of which each constitutes the next evolutionary stage in relation to the previous
one.

Although the free-living forms do not build any protective constructions,
they live in different gaps under and between stones in mountain torrents, thus
availing themselves of natural shelter. In morphology they resemble, on the
one hand, the most primitive family of the suborder Annulipalpia, the Philo-
potamidae, which make fishing nets in the form of simple tunnels of the secre-
tion of their silk glands, open at both ends and anchored firmly to the substrate,
and, on the other hand, the members of the family Glossosomatidae, which build
domes of fine sand grains cemented with their gland secretion on submerged
stones, also open at both ends. According to Ross (1964), they gave rise both
to the forms making fishing nets, from very simple ones (Philopotamidae)
to those more complicated (Polycentropodidae and Hydropsychidae), and to the
forms constructing domes attached to the substrate. Owing to the specialization
of the larvae, such domes were next transformed into cases with free walls,
i. e, such that none of the walls was formed by the substrate. The opposite
arrangement of openings was, however, preserved. The larvae living in the
cases of this type subsequently gave origin to the forms which make portable
tube cases unattached to the substrate and with one — frontal — opening
only.

Rosg’s hypothesis seems reasonable, if we have regard to the fact that
all the caddis larvae stripped of their cases or fishing nets behave like free-
-living larvae (rhyacophilids), that is, they take shelter in various retreats in
which their bodies are surrounded on all sides or sink into a soft substrate
before they start making new protective constructions. I observed such a be-
haviour of the larvae hoth during field experiments and under laboratory
conditions. Another argument that supports Ross’s hypothesis is the fact
that the caddis larvae which make portable cases anchor them to the substrate,
while passing into the pupal stage. This would indicate that in their evolutio-
nary history they lived in cases attached firmly to the substrate, from which
they became detached owing to the deterioration of oxygen and food conditions.
The change released their searching reflexes and, in consequence, led to an
increase in their autonomy. The construction of portable cases and their trans-
portation was also connected with the appropriate differentiation of the legs
and their adaptation for walking.



318

However, Ross (1964) does not explain the mechanism of detachment
of the larvae from the substrate, though in one of the earlier papers (Ross,
1957) he shows that the primaeval caddisflies occurred in environments cha-
racterized by low temperatures typical of mountainous regions and described
them as “cool-adapted”; in the Cretaceous and at the beginning of the Cenozoic
took place their specialization by fitting to warmer environments and such
forms were designated as “warm-adapted. The cool-adapted caddis larvae
inhabited cold, well oxygenated and fast flowing mountain torrents, the adap-
tation to warmer and more slowly flowing waters being possible owing to the
development of physiological properties that facilitated the supplying of the
organism with oxygen. Stimulated by lack of the sufficient amount of oxygen,
the larvae increased the water flow through their cases by waving their abdomens
rhythmically. This resulted in the development of the abdominal muscular
system, and an increase in the respiratory surface of the abdomen by the appea-
rance of tracheal gills. In this way Ross explains the adaptive process and spe-
cialization of the caddisflies in connection with their passage from cool moun-
tainous regions to warm water reservoirs of the subtropical and tropical zones.
Mountainous environments did not, therefore, favour the origin of new specia-
lized forms but contributed to the preservation of the primitive nature of the
existing ones.

The adaptive process connected with the passage of the caddisflies from
flowing to stagnant waters seems to have run in the same way. A change in
living conditions caused the appearance of new forms of behaviour, a direct
result of the changed manners of satisfying their living requirements, followed
by a morphological differentiation and, no doubt, the development of percep-
tive abilities or, in other words, the physiological improvement of the reception
of information from the surroundings.

3. Morphological analysis of caddis larvae and their constructions

The literature on the morphology of larvae of different caddis species in-
cludes as many as hundreds of publications. Their list is given in the catalogue
of caddisflies by FISCHER (1960—1972) and, in so far as the species occurring
in Poland are concerned, in a paper by ToOMASZEWSKI (1965). The fullest infor-
mation concerning this domain will be found in the papers by LESTAGE (1921),
NIELSEN (1942, 1948) and HICKIN (1946) for the European species, LEPNEVA
(1964, 1966) for the East-European and North-Asiatic species, ULMER (1955,
1957) for the South-East Asiatic species, and Ross (1944, 1959) and Frint
(1960, 19644a, b, 1968a, b) for the North and Central American ones. Special
papers given exclusively to the constructions made by the larvae are those
by WESENBERG-LUND (1911), BoTOSANEANU (1963), TOBIAS (1963) and Ross
(1964).

Caddis larvae hatch in the oligopodal stage and moult 5 times as they grow.
The abdomen, at first smaller than the thorax, outsizes it considerably in the
next developmental stages.
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Fig. 1. Larva of Rhyacophila fenestra Ross (atter Ross, 1944)
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The morphological structure of the larvae and their constructions allows
the distinction of 3 caddis groups, regardless of the division into the campodeoida,
suberuciformia and eruciformia introduced by KrAPALEK (1893) and ROSS’S
(1964) division based on the case structure.

A
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4

Tig. 2. Larva of Philopotamus montanus (DoNov.) (after Hickin, 1946)

The first group would include the suborder Annulipalpia and the families
Rhyacophilidae and Glossosomatidae of the suborder Imtegripalpia, or the cam-
podeoid group except for the family Hydroptilidae, the second group the family
Hydroptilidae only, and the third group the remaining families of the Integri-
palpia or the species numbered in both the suberuciform and eruciform division.

The members of the first group are characterized by their most primitive
structure (Figs. 1, 2 and 3). Their head is elongate, flattened and prognathous.
The thoracic and abdominal segments have the shape of sharply delimited
convex annuli. The pronotum is the most differentiated and most heavily
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Pig. 3. Larva of Lype reducta (Hac.) (atter Hickin, 1950)

sclerotized part. The legs are the same length, unless the anterior pair is some-
what shorter than the other ones. The abdomen is flabby, soft and ends in the
anal prolegs called claspers, used for backward movements. The last segment
bears also the anal gills. The larvae breathe chiefly with the skin surface of the
abdomen and a dense network of tracheal capillaries is visible through the skin.
Tracheal gills occur ohly in some free-living members of the Rhyacophilidae
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and in the larvae of the family Hydropsychidae, whose abdominal segments are
relatively more heavily sclerotized.

Most members of this group make protective constructions in the form
of fishing nets of various shape and cases and tunnels of fine sand grains. The

Tig. 5. Fishing nets of larvae of Newreclipsis bimaculata (L.) (after LrpNEva, 1964, fragment)

species of the family Philopoiamidae make tubular nets (Fig. 4), which in the
Polycentropodidae are already more complicated. The larva of Newreclipsis bi-
maculata (L.) builds its net in the form of a horn (Fig. 5) with a crumpled cone,
in which it takes shelter. Originally, however, this net is a simple tunnel, which
in the next instars the larva makes into something like a plankton net (We-
SENBERG-LUND, 1943). Plecirocnemia conspersa (CURT.) hides in a limp tunnel
joined to a baglike net hung on submerged plants (Fig. 6). Sinking plankton
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Fig. 7. Case of larva of Synagapetus sp. with circulatory openings on the dorsal side

i trapped in the net and the larva feeds on it. Glossosomatids make dome-sha-
ped cases of fine sand grains on underwater stones in mountain torrents. Some
species of the genus Synagapetus MoLAcH. furnish their cases with additional
openings in the dorsal wall, ensuring better water circulation (Fig. 7). The
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psychomyid larvae live in tunnels on the surfaces of underwater objects (Fig. 8),
whereas the hydropsychids’ tunnels are situated in gaps between stones and
fitted out with fishing nets at the opening, used to catech drifting plankton
(Big: 9).

Fig. 8. Tunnel of larva of Tinodes waenert (L.): A — original segment, B — annex oriented
upstream

Tig. 9. Photograph of fishing net of larval Hydropsyche angustipennis (CURT.)

A common character of the group analysed is that all the protective con-
structions are permanently anchored to the substrate and the larvae are not,
as a rule, adapted for fit locomotive movements, they can only turn over inside
their cases or fishing nets, which they do chiefly with the help of their relati-
vely well developed anal prolegs. Even the free-living larvae are unable to walk
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and, when removed from their retreats, perform incoordinate movements of
the whole bodies, as T observed in the laboratory. Only the larvae of the Psycho-
myidae and Hydropsychidae can travel using their legs, which is undoubtedly
connected with the length of their cases, markedly exceeding their body length.
Their movements are however slow and the competence of their legs is very
much limited compared with the portable-case- making larvae. Nevertheless,
these families belong to the most specialized ones in the suborder Annulipalpia.
The larvae of the group under discussion do not leave their retreats throughout
the period of development and in this connection the capactiy of the constru-
ctions in which they live exceeds their body volume considerably so that they
can easily change their position in them. This is another characteristic of the
first group.

The second group, consisting of the family Hydroptilidae only, also includes
campodeoid larvae, but they differ very much from the larvae of the first
group. Their head is prognathus too, but all the thoracic segments are uniformly
sclerotized. The middle and hind legs are the same length, the fore ones being
shorter. The abdomen in the first instar is narrower than and more or less the
same length as the thorax. In the next instars it grows and attains a size which
considerably exceeds its size in the larvae of the first group (Figs. 10 and 11).
The relatively large respiratory surface of the abdomen probably makes up
for the lack of tracheal gills. Tracheal lamellae occur on the abdominal segments
of the larva of Ithytrichia lamellaris BAT. (Fig. 11) in a manner that suggests
the mechanism of formation of the tracheal gills in eruciform larvae. To be
sure, the tracheal gills occur also in some members of the first group, namely,
in rhyacophilids and hydropsychids; however, they are not inert structures
but are seated on muscled stems, which the larvae can move. In the laboratory
I observed, usirg a colposcope, the rhythmical centripetal movements of the
tracheal gills, especially when the larvae had been transferred to stagnant
water. This would indicate, on the one hand, that they also serve to regulate
the internal pressure and, on the other hand, that they are structures left over
after the reduction of the abdominal prolegs during the embryonic development;
the more so, since they are also preserved at the bases of the mid- and hindlegs.
As in the eruciform Iarvae the tracheal gills do not appear before the 2nd instar,
it may be inferred that in the members of the third group they are cenogenetic
structures.

The hydroptilid larvae of the first instar are free living and have well-de-
veloped anal prolegs, which in the fifth instar become reduced to short anal
claspers (NIELSEN, 1948). This is connected with the fact that they do not
build their cases before the last instar, when they make them exclusively of
the secretion of their silk glands or line with algae or sand grains (Figs. 12 and
13). The cases are attached to leaves of submerged plants by means of a silk
thread and they cling closely to the flanks of the larva body.

The third group comprises the largest number of caddis families. The family
Limmephilidae is one of the most numerous and most widely distributed in the
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Tig. 10. Larva of Agraylea multipunctata CURT. (after NIELSEN, 1948)
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of Ithytrichia lamellaris E AT

11. Larva

Fig.

of Agraylea multipunctate CURT.

Fig. 12. Case of larva
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world. The larvae of this group have a rounded hypognathous head except
for the Phryganeidae, which in this respect approach prognathism. The prono-
tum is sclerotized most, the meso- and metanotum being stiffened with hard
plates only. The legs are specialized; the fore ones are the shortest and used

Fig. 13. Case of larva of Ithytrichia lamellaris EAr. (after RicHTERS-TOBIAS, 1963)

to seize food and build cases. The hindlegs are the longest and used for walking
or, in some leptocerid species, specialized for swimming. In this last case they
are furnished with numerous setae, which make swimming easier. The midlegs,
of intermediate length, are used both to walk and to catch hold of different
underwater objects. The abdominal segments, except the first one, are flat
annuli, which adhere closely one to another. Instead, on the first segment
there are one dorsal and two lateral hump-like protuberances (Fig. 14). They
admittedly serve to hold the case in place when the larva crawls. Colposcopic
observations of living specimens reared in the laboratory drew my attention
to another function of these protuberances, which are soft and pressed by the
case walls only.

The travelling larvae of Anabolia nervosa (Curt.) and Limmnephilus flavi-
cormis (FABR.) often had their first abdominal segment drawn out of the case,
which was kept in place with the hooked anal claspers at the end of the abdomen.
If the abdominal protuberances were inside the case, a slightest movement
of a glass rod at a distance of 2—3 c¢m from the protruding thorax caused a ra-
pid with-drawal of the larva into the case. If the protuberances were comple-
tely uncovered, a direct touch of the body or case was necessary to provoke
a reflex of retreat. It would follow that the pressed protuberances enhance
the sensitiveness of the larvae to the information coming from the surroundings,
whereas the fact that they are unpressed becomes a signal for the larva of the
degree to which the body is drawn out of the case, because after each exposure
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of the first abdominal segment the larva withdraws it into the case. Then there
follows a sort of compensation of the partial loss of sensitiveness, its course
being rhythmical. These protuberances also play an important role in the re-

Fig. 14. Larva of Limnephilus flavicornis (FABR.) (after Hickin, 1946)

gulation of the internal pressure. An experiment carried out in this respect
will be described in the next section.

Unlike the bushy tracheal gills which occur in pairs on the flanks of the
body in the rhyacophilid larvae and on the ventral side in the hydropsychid

ok
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ones, those of the larvae of the third group grow in the form of threads, single
or arranged in bundles, on each side of the abdomen. In many species, e. g.,
n those of the families Molannidae, Brachycentridae, Goeridae and Sericosto-

Tig. 15. Larva of Molanna angustata CURT.

matidae, they are reduced (Fig. 15) and sometimes, as in Brachycentrus sub-
nubilus (CURT.), occur only on several segments of the abdomen. This is pro-
bably associated with the occurrence of these species in relatively well-oxyge-
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nated water, i. e., in rivers and exposed parts of the littoral zone of lakes.
The terminal abdominal segment bears short anal claspers, which end in a hooked
claw each. The larva uses them to withdraw into the case. All the larvae of this
group build various portable tubular cases of materials that make up the sub-
strate of their occurrence, e. g., Limnephilus flavicornis (FABR.) of plant de-
tritus and fresh stalks of submerged plants or of shells (Fig. 16), Phryganea
grandis L. of spirally arranged plant fragments (Fig. 17), Potamophylax rotundsi-
pennis (BRAU.) of sand grains (Fig. 18), ete. The diversity of protective con-
structions is vast, because each genus, often even species, is characterized

Fig. 16. Cases of larvae of Limnephilus flavicornis (FABR.)

by a different structure of the case. Their common character is that they cling
relatively closely to the bodies of the larvae so that the larvae cannot turn
over in them. All their locomotive movements are accompanied by dragging
the cases about. The larvae of some families, e. g., Goeridae, make cases fitted
with lateral wings (Fig. 19), which form a sort of stabilizers in the lotic environ-
ment, whereas those of the Molannidae construct specific protective roofs
with lateral wings of fine sand grains (Fig. 20) so that the case merges into the
background of the sandy substrate.

The three groups thus distinguished on the basis of nothing but the general
morphological structure of the larvae and their constructions are reasonable
and seem to form an evolutionary sequence of the caddisflies.

Each biological classification, as a rule, boils down to the search of ade-
quate morphological equivalents. Often, however, this does not render the essence
of division and not uncommonly also shallows it. Not all the aspeets of life
have their morphological equivalents and, therefore, they can be characterized
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only by means of specific parameters, which are no less important than the
structural characters, for the evolution of reflexes and behaviour is ruled by
the same principles as the evolution of structure. However, a homologous

Tig. 17. Case of larva of Phryganea grandis L.

behaviour or parameter of an isolated phenomenon, e. g., general spatial orien-
tation or a definite reception, can be manifested only by experimenting. For
this reason the division into the above-mentioned groups will also be substan-
tiated in the next sections.
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Fig. 18. Case of larva of Polamophylas rotundipennis (BrAv.)

Iig. 19. Case of larva of Goera pilosa (I'ABR.)
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Tig. 20. Case of larva of Molanna angustata CURT.

4. The mode of supplying vital needs and the behaviour of the larvae in the light of
the author’s own studies and observations

The behaviour of larvae is closely associated with the manner in which
they supply their living requirements, i. e., the oxygen and food requirements.
This manner also suggests the division of the caddisflies into 3 groups closely
corresponding with the groups distinguished in the previous section.

The larvae of the first group live only in environments characterized by
strong water current. They occur in mountain torrents, rivers and welter zones
of large lakes. Their protective or fishing constructions are permanently ancho-
red to the substrate, with their openings facing up the stream, which incessantly
washes the bodies of the larvae, supplying them with adequate amounts of
oxygen and their fishing nets or cases also with food. The free-living larvae
(Rhyacophilidae) inhabit gaps between pebbles in fast-flowing streams. The lack
of tracheal gills in most members of this group is natural seeing that they live
in well-oxygenated everchanging water. On being transferred to stagnant
water, the larvae living in one-directional water currents, e. g., those of the
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Rhyacophilidae, Glossosomatidae, Philopotamidae, Hydropsychidae and some
species of the Polycentropodidae, leave their retreats, simultaneously performing
rhythmic movements of the abdomen, the wave-like motion of which causes
a continuous exchange of water in its immediate vicinity.

I reared the larvae of the families mentioned in small tanks, using the method
based on a closed system of circulating water, which flowed down from a higher
level (ToMASZEWSKI, 1955). The method was improved by introducing full
automaticity and the use of a cooler. A large aquarium with water-plants
and aerators was placed, as the main tank, at the top level of the rack. At
lower levels there were small breeding tanks, to which water flowed down
through a system of rubber pipes ending in glass pipettes with outlet diameters
of 0-5—1 mm. Fixed vertically on one of the walls of the tank, the pipettes
were bent at an angle of 90° close to its bottom. A horizontal narrow stream
of water, the direction of which could be freely changed, was attained in this
way. The excess of water flowed from the tanks through rubber pipes and the
cooler, which was a system of curved glass pipes placed in a thermos filled
with ice, to the terminal tank, from which it was pumped using a rotary pump
driven from an electric engine to the main tank fitted with a float switch. The
float rose and lowered, as the water level fluctuated in the tank, and the engine
was switched off ard on.

The larvae of Rhyacophila septentrionis McLAcH. (Rhyacophilidae), Syna-
gapetus sp. (Glossosomatidae) and Philopotamus motanus (DoNovV.) (Philopo-
tamidae) from mountain torrents in the Slaski Beskid Mts. and those of Hydro-
psyche angustipennis (CURT.) (Hydropsychidae) and Neureclipsis bimaculata (1..)
(Polycentropodidae) from the River Widawka in the Belchatéw District, deprived
of their retreats and placed in breeding tanks, behaved all in the same manner
in the first phase of “habituation”. Like the free-living larvae of Rh. septen-
trionis MoLACH., they, first of all, began to seek natural retreats in the close
neighbourhood. If they did not find gaps between the stones, they buried
themselves in the gravel on the bottom of the tank. They wandered about
by means if swimming movements of the abdomen and anal prolegs, using
their legs only to catch hold of the substrate. .

In this situation the behaviour of the glossosomatid, philopotamid, hydro-
psychid and polycentropodid larvae is homologous with that of the free-living
larvae of the Rhyacophilidae. A photograph (Fig. 9) illustrates the manner
in which the larva of Hydropsyche angustipennis (CurT.) buries itself in the
bottom layer of the aquarium. It, however, shows a later phase, because the
larva has already strengthened its retreat by gluing the grit grains surrounding
its body with the secretion of its silk glands and has spun a fishing net at its
entrance. I managed to take this photograph owing to the fact that the larva
had employed a glass wall of the tank as one of the walls of the tunnel.

Later, only the larvae that stayed in the zone of water streams which flow
out of the pipettes constructed fishing-nets and domeshaped cases (Synagapetus
sp.). On the contrary, the larvae which thrown into the aquarium at random
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took shelter out of the range of water streams did not build any structures
but left their retreats looking for new ones and despite the incessant undula-
tion of the abdomen died in a few days.

The water current supplying the larvae with sufficient amounts of oxygen
and food is therefcre a stimulus for them to improve their protective constru-
ctions and to spin fishing nets, whereas its lack releases search reflexes, largely
restricted in this group of caddisworms by their poor adaptation for locomotion.

As soon as the water stream had been stopped or its direction changed,
the free-living larvae of the Rhyacophilidae and other families mentioned above
came out of their retreats, nets and cases, and when the stream had been res-
tored in the same direction as before, they repeated the first phase of behaviour
and then started to build new structures. Only the rhyacophilid larvae did not
go beyond the first phase.

The behaviour of the larvae of the third group, which make portable cases,
was very much the same. They did not need movements of water in their en-
vironment and were reared in stagnant water. Stripped of their cases, they
buried themselves entirely in the bottom layer of the aquarium in the first
phase and next glued together the sand grains or detritus fragments surroun-
ding their bodies directly, using the secretion of their silk glands. A similar
behaviour was also cbserved by SzLEP (1958) in the larvae of Molanna angustata
Curr. Having satisfied their tactile demands, the larvae emerged from the
thus constructed tunnels, generally without drawing their bodies out of them
beyond the first abdominal segment, which bears the abdominal protuberances,
and started to build tubular cases. If they had not enough building material,
they constructed their cases in one of the corners of the tank so that its walls
should partly form the walls of the case also. In this instance the case was
stably anchored to the substrate, as with the members of the first group, and
the larvae performed incessant undulating movements of their abdomens.
It follows that also the movements of the travelling larvae are associated with
satisfying their oxygen requirements. Oxygen dissolves very slowly in stagnant
water and after its exhaustion in the space between the case walls and the
abdomen of the larva, the locomotive movements of the larva undoubtedly
cause an exchange of the water surrounding its body.

In another experiment the larvae of Limmephilus flavicornis (FABR.) and
Phryganea grandis L., which are members of the third group, were placed
singly in crystallizers, where building material suitable for cases was not only
too scanty for covering the whole body of a larva, but also consisted of grit
grains and vegetable fragments too big to be fitted tightly together. As a re-
sult, there were large gaps in the cases and the larvae filled them up with their
gland secretion. Under the same circumstances the larvae of Hydropsyche
angustipennis (CURT.) built their tunnels in a similar manner. This throws
some light on the genesis of net building. In rapid mountain torrents fine sand
grains and light detritus are washed downstream, which makes it difficult
for the larvae to bury themselves in the bottom. The occurrence of relatively
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large pebbles made the larvae fill up the gaps between them with silk gland
secretion, to which their food in the form of fine plankton stuck. The larvae
ate up the secretion with the food trapped in it and, next, refilled the openings
hetween the stones. The development of their ability to produce thread was
thus promoted and in course of time the forms evolved by natural selection
that filled the gaps between stones in a possibly economical manner, arranging
and joining threads loosely opposite to the water current. Probably the very
water current made it impossible for the larvae to spread the net tight and thus
bag-shaped structures resembling fishing nets were formed. In the adaptive
process here presented the environment played a specific role and picked out
the forms which had developed the ability of orientation in relation to the di-
rection and force of the current and which built the most expedient constructions.

This hypothesis contradicts Ross’s (1964) opinion on the direct origin of
the case-making caddisflies from free-living rhyacophilids, because the beha-
viour of the larvae belonging to the third group under the laboratory conditions
resembling the hypothetical conditions of their ancestors bears traces of their
old funections. This would indicate that the larvae that spin fishing nets have
arisen from the forms which made primitive retreats attached firmly to the
substrate. They next gave origin also to the caddisflies whose larvae make
dome-shaped cases placed on submerged stones, whereas the family Rhyacophi-
lidae would be a specialized side-branch which has evolved from the stem com-
mon to the net-spinning caddisworms. Ross (1964) did not quite explain the
mechanism of evolution of the net-spinning faculty, leaving the problem open.
Thus, the hypothesis given above is the only explanation of this phenomenon
offered so far, but it entails a change in the opinion on the caddisfly phylogeny.

As can be seen from the considerations presented in the second section of
this paper, the generic affinities between the caddisflies and scorpionflies seem
to rouse no doubts. The wing structure in the scorpiontlies points at their pri-
mitive character. These insects occur mostly in shadowed and damp gardens,
torests, ete. Their larvae live in damp earth, mould and moss. Basing himself
on his abundant study materials, GILAROV (1948, 1949 and 1957) put forward
and motivated the theory about the speciticity of soil environment as the link
connecting the water and land environments. Soil is a system of 3 elements —
a solid, an airy and an aqueous — and in the evolution of arthropods it was
an intermediate stage on their way from the aquatic mode of living to the ter-
restrial one. Although GILAROV proved this process only in one direction, that
is, from water through soil on to the land, the adaptive process of the larval
ancestors of caddisflies seems to have happened in the opposite direction on
the same way. This is indicated by the fact that, when deprived of their constru-
ctions, the larvae first seek a natural retreat and bury themselves in the sub-
strate. This is a homologous behaviour associated with their historically condi-
tioned need to be guided by their tactile information and bearing characte-
ristics of a palingenetic adaptation. Hence the inference that the present res-
ponses of the larvae reveal traces of their ancient functions.
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SMALGAUZEN (1966) presented his thecry on the relative nature of adapta-
tions, namely, that they are possible only in relation to the living conditions
in which the given organism evolved historically or which occurred repeatedly
as local or temporary phenomena in its history. Adaptive reactions are justi-
fied and even limited by the evolution of the organism. Each adaptive process
has therefore its history and the passage from one environment to another
is not irrelative to the properties moulded by the previous habitat.

SMALGAUZEN’S (1966) opinion allows the conclusion that the passage of
the larval ancestors of caddisflies from life in soil to the aquatic ways of living
revealed the adaptive reserves which had protected their existence during the
evolution and, later, were used to create new forms of organization.

If the larvae of these ancestors lived in conditions similar to those in which
the recent scorpionflies occur, their steam- or water-saturated habitat made
them develop suitable tolerances, and these formed their adaptive reserves
allowing the accomodation to respiration in water, which is really conditioned
historically, as it had existed before, in the evolution of arthropods.

The adaptation for respiration with oxygen dissolved in water was favoured
by the well-oxygenated cold water of mountain streams, which, as can also
be seen from the previous sections, make the original habitat of the caddis lar-
vae. The adaptation of the larvae of the ancestors of caddisflies to the soil
habitat, like that of the caddis larvae to the flowing waters, has left its functio-
nal traces with the portable-case-making larvae. The construction by these
larvae of cases attached to the substrate when there is not enough building
material, the undulation of the abdomen and filling up the gaps between pebbles
with silk-gland secretion are, very much like burying oneself in the substrate,
homologous with the behaviour of the larvae of the first group, which build
fishing nets and cases attached to the substrate, and associated with the adap-
tation of the larval ancestors of caddisflies to the soil environment. In conse-
quence, the supplying of oxygen requirements by travelling larvae thrcugh
exchanging the water in the case when they move about is also derived from
the ways in which these requirements were supplied by the larvae inhabiting
lotic waters.

The larvae of the family Psychomyidae, which belong to the first group
of caddisflies, occur in shallow rivulets and on the stony bottom in the welter
zone of large lakes. On submerged stones and other suitably large objects they
construct tunnels of fine sand graing (Fig. 8). They feed on minute organisms
supplied by water flowing through the tunnel (ToMASZEWSKI, 1955). I found
that in rivers the tunnels are short (from 3 to 5 em), generally straight, and
have one of the terminal openings turned against the water current. In the lakes
the tunnels are, however, more contorted in shape and their length is up to
8 em, although both varieties are built by larvae of one and the same species,
Tinodes waeneri (L.). In this environment one of the openings of the tunnel
is often directed upwards. It has been shown by an experimental study (To-
MASZEWSKI, 1955) that the length of these tunnels and their tortuous shape
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are connected with the changeable directions of the water currents. In the
welter zone of lakes the water movements proceed in many directions, which
change with wind. They, besides, break in different directions against under-
ground objects (stones, plants) and the shore. The continuous flow of water
through the tunnels, supplying the larvae with oxygen and food, is the basic
condition of their life. This is why after each change in the direction of water
movements the larvae build additional segments of the tunnels so that their
opening is directed against the water current; as a result, the tunnels are long
and tortuous. In a calm period the larvae change the position of their tunnels
within 4 minutes so that one of the openings is directed upwards and cause
a flow of water by undulating their abdomens in order to draw the sinking
minute organisms into the tunnels. However, in quite quiet water the larvae
die in a fortnight. This adaptation thus allows the larvae to survive a period
of temporary unfavourable conditions. The calm never lasts as long as a fortnight
on a lake, especially in its exposed parts; its spells are rather short. Psychomyids
have, therefore, great adaptive reserves. Their undulation of the abdomen
to incite a water flow is also homologous with the behaviour of the larvae of
the third group, when deprived of their cases they are forced to build retreats
attached to the substrate. The psychomyid larvae are thus forms of the first
caddis group characterized by incomplete functional adaptation to stagnant
water, whereas larval Plectrocnemia conspersa (CURT.), which, like the other
species of the family Polycentropodidae, as a rule lives in cold mountain streams
and rivers, but is also met with in the littoral zone of large lakes (WESENBERG-
-LunD, 1943), has attained the state of full adaptation to the living conditions
existing in these aquatic habitats. If in the mountain brooks the fishing nets
of the larvae of this species are directed against the stream, in the lottoral zone
of lakes they occur in the form of bags hanging from submerged plants (Fig. 6)
and serving as traps for the sinking plankton.

The larvae of the species Plectrocnemia conspersa (CURT.) of the family
Polycentropodidae therefore represent the forms adapted for life in both these
habitats. Together with the members of the family Psychomyidae, which show
an incomplete adaptation to stagnant water, they are undoubtedly forms
characteristic of the phase of passage from the flowing water to the welter
zone of lakes, where shallow water is well aerated owing to the action of the
wind.

The larvae of the family Hydroptilidae, which is the only member of the
second group of caddisflies, live in slow-flowing and overgrown streams and
rivers and in the littoral zone of lakes, in small bays sheltered from the wind.
If in the larvae of the first group the water movements in relation to their
bodies are indispensable, in the case of hydroptilid larvae the movements of
their bodies in relation to the water are sufficient. These larvae are free-living
for four instars (NTELSEN, 1948) and in the fifth instar build cases (Figs. 12 and
13) anchored with silk threads to the submerged plants. The young larvae,
as I have found in the laboratory, also bury themselves in a light substrate
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of detritus or among fallen leaves of plants. Their tracheal system is poorly
developed. A few tracheae can be seen under the skin of the abdomen, which,
as the larva grows and develops, expands to a relatively vast size (IFigs. 10

Tig. 21. Structure of larva of Ithytrichia lamellaris Ear., showing the tracheal system (after
LAUTERBORN, 1902)

and 11). The lack of lasting retreats and cases in the first instars, sure enough,
made such growth of the abdomen possible in contradistinction to the larvae
of the third group, in which the tubular cases enclose their bodies tightly as
early as the first instar and keep the size of the abdomen within definite limits.
Instead, tracheal gills have developed from the skin folds similarly to the tra-
cheal lamellae in Ithytrichia lamellaris EAT. (Fig. 21). The cases made by the
hydroptilid larvae are transparent or coated with threadlike algae, diatoms,
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or fine sand grains. The larvae do not come out of their cases and produce
a water flow in them by undulating movements of the abdomen; in quite quiet
waters the openings of the cases are considerably enlarged. While rearing the
larvae of Owmyethira sp., WESENBERG-LUND (1943) placed them in crystallizers
with water plants. After some time the larvae stretched long silk threads be-
tween the plants and balanced on them like equilibrists. They besides lowered
themselves down the threads to the bottom of the tank. Behaviour of this ty-
pe, consisting in moving along silk threads stretched between plants occurs
also in the larvae of Hydroptila and Agraylea.

The members of the second group of caddisflies have therefore freed them-
selves from the imperative of environment to a certain degree. The environ-
mental conditions of stagnant waters caused the development of vital activity
of the larvae and their passage from the passive ways of living, characteristic
of the caddisworms of the first group, to more active ones, by which they gained
more autonomy.

Their becoming independent of water movements was connected with
the detachment of the larvae from the substrate and the development of their
locomotive faculty. It consists in the differentiation of the legs and their specia-
lization for walking movements. The larvae of the third caddis group have
achieved a full adaptation in this respect.

The larvae of the first group have relatively stiff legs and their coxae are
pushed aside. In this connection the capacity of their protective and fishing
structures considerably exceds the volume of their body. The larvae can easily
turn over and change their position. They are insensitive to the gravitional
force, for they can be found in all possible positions. In the members of the
second group the coxae are directed downward and the femora somewhat
forward so that the larvae can move their legs in the vertical plane. This is
also connected with the structure of their cases, flattened laterally and with
free spaces in the dorsal and ventral parts, enabling the dorso-ventral movements
of the abdomen and protrusion of the legs to the front. The larvae of the third
group can utterly protrude their legs forward. Each pair of their legs is longer
than the preceding one so that, when the larva is hidden in the case, its tarsi
project beyond the edge of the frontal opening. When travelling, the larva
draws itself out of the case with the help of the third pair of legs hooked on the
substrate. The detachment of larvae from the substrate and their crawling from
place to place have undoubtedly conditioned the smaller size of the cases, which
cling relatively closely to their bodies. Withdrawal of larvae into the narrow
cases has led to the development of their ability to straighten and fold the legs
to the front. The locomotive faculty of the cadis larvae arose owing to the
complementary action of a complex of factors and is characterized by its phasal
development, from the ability to move the coxae downwards from the horizontal
position to their complete folding forward along the thorax. If the legs were
the same length, the larvae would not be able to draw themselves out of their
cases and crawl, because their forelegs do not serve for locomotion, in which
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the main role is played by the hindlegs. Moreover, the larvae show positive
geotaxis and they are informed about the right position of their body by the
weight of the case. This phenomenon has arisen as a result of the evolution of
secondary orientation and has been fixed along with the evolution of the loco-
motive ability. It is, no doubt, a cenogenetic adaptation, the more so since
the present behaviour of the portable-case-making larvae also shows traces
of the lack of geotaxis, which certainly are vestiges of some functions of their
ancestors.

The laboratory larvae stripped of their cases bury themselves in the sub-
strate before they start building new cases. In the first phase of behaviour
they can be seen in various positions. They do not leave their retreats in the
substrate before they have glued together sand grains or vegetable particles
all round their bodies, and then they gradually pull out the cemented mass,
as the building of new well-fitting cases proceeds out of the substrate. Their
crawling to another place is the next stage, in which the ventral side of the lar-
vae’s bodies is turned in accordance with the action of the gravitational force.
These observations constituted the basis of the experiments described below.

Single larvae of Limmnephilus flavirocnis (FABR.), Limnephilus rhombicus (L.),
Anabolia soror McLAcH., Nemotaulius (Macrotaulius) punctatolineatus (RETZ.),
Potamophylax rotundipennis (BRAU.), Brachycentrus montanus KLAP., Molanna
angustata CURT. and Goera pilosa (FABR.) were placed in glass vessels filled with
water. Their responses to a touch with a glass rod, bent at a right angle at the
end, were observed. The larvae hidden in the cases did not respond to a touch
from the dorsal side at all, or withdrew still further inside, whereas the travelling
larvae, when their thorax or case was touched, withdrew rapidly, retracting
the body and folding the legs to the front. The same larvae stripped of their
cases showed a different mode of behaviour. Touched from the dorsal side,
they turned towards the rod and remained in this position longer than the time
of touching. If the touch lasted for 1 second, the response took more than 2 se-
conds. If the larvae were touched 3 times at one-second intervals, they remained
in the upturned position for over 5 seconds. In another experiment the glass
rods were placed so that, resting on the tank edges, they suspended just above
the larvae. After the first touch of the larvae with another glass rod they turned
over. After 2—4 touches at one-second intervals they caught hold of the sus-
pending rod, remaining in this position for a time longer than the duration
of the stimulation, and next returned to their normal position. When the exci-
tation was repeated rhythmically ten times, the larvae kept their upturned
position for 20 seconds. The longer the stimulation, the longer was the response,
which, measured from the moment when the stimulation was interrupted,
always exceeded it in duration, and the larvae even travelled along the suspen-
ding rod, hanging on it with their backs partly touching the bottom of the tank.

The continuance of the reaction for a time longer than the time of stimula-
tion indicates the inertness of this phenomenon and, conseuently, its share
in the adaptive process. Each reactive system, changing its state in response
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to information from the surrouundings, is characterized by inertia. This state,
induced by the accomodation of the biological system to new environmental
counditions, which accomodation is characteristic of each adaptive process
(ROTHSCHUH, 1959), can be fixed by natural selection. SMALGAUZEN (1962)
defines such a pheunomenon as modyfying adaptive changes that mark out
the direction of the evolutionary process of the given organism, and BRAE-
STRUP (1968) calls this a modificatory steering, owing to which at the passage
to a new niche there occurs the formalization of the modified state by natural
selection. This formalization or, according to WADDINGTON (1942) canalization,
is the condition of the survival and evolution of next generations.

The above-described reaction is homologous with the lack of geotaxis in
the behaviour of the larvae of the first and second groups of caddisflies and is
also related to the positive thigmotaxis, revealed in the behaviour of the larvae
stripped of their cases in the experiment carried out. This supports the theory
that the building of portable cases is a cenogenetic adaptation which has arisen
from the palingenetic adaptation associated with the satisfying of tactile requi-
rements. Oa the other hand, positive thigmotaxis in the larvae deprived of their
protective structures becomes transformed into defensive reactions when their
tactile requirements have been satisfied, for the same svimulus makes the larvae
hide rapidly in their cases. Thus thigmotaxis becomes inverted from positive
to negative in the same way as the positive thermotaxis of thermophilous
animals changes into a reaction of escape, if the ambient temperature exceeds
a definite value.

The satisfaction of tactile reguirements is a phenomenon consisting in pro-
duction of hypertension by means of external agents. In caddis larvae defensive
reactions are probably released at a definite internal pressure.

In the previous section I described the hump-like processes on the first
abdominal segment. Pressed by the case walls, they enahance the sensitivity
of the larva to information from its surroundings. Observations carried out
on the larvae stripped of their cases under a binocular microscope showed
that the apical portions of these protuberances are rhythmically retracted
into the inside of the body. These movements consist of several shallow and one
deeper retractions of their cones. Tenfold measurements taken with a stop-
watch on the larvae of Limnephilus flavicornis (FABR.) and Limmnephilus rhom-
bicus (L.) showed that the shortest time of retraction of the protuberances
and keeping them drawn in was 17 seconds and the longest time 20 seconds.
The most frequently repeated values were 17 and 20 seconds, whereas the re-
-bulging took 2-5 seconds at the shortest and 3-5 seconds at the longest. This
phenomenon indicates the densification of the internal environment in the
larva body. :

In order to examine the relationship between the function of these protube-
rances and the circulatory system, an experiment was carried out, which was
expected to elucidate the functional correlation of these organs with the heart
rhythm.

3 — Acta Zoolog. Crac.
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Larvae of Limnephilus flavicornis (FABR.) were placed singly in small glass
crystallizers with water at a temperature of +24°C, and their heart pulsation,
visible through the skin of the abdomen, was observed using a binocular micro-
scope. Ten larvae of this species were examined and a uniform heart rhythm
cf 45 contractions per minute was found in them. The crystallizers with 5 larvae
were next placed in dishes with ice. As will be seen from Table I, there was
a fall in the number of heart contractions per minute in the larvae studied,
as the water was cooled in the crystallizers.

Table I
Cardiac rhythm of larvae of Limnephilus flavicornis (FaBr.) at gradually lowered ambient
temperature
g . Frequency of heart contractions of 5 larvae
|  Larva
; (0 {odee, [imiee ) et 10 Bl | e e | 120
| } ' | \ |
S } 34 95 Lo s 8
| 2 45 | 32 27 ; 14 8 l 8 Bt
‘ 3 45 ] 36 26 | 17 8 8 8 |
4 B o ad G 00l 8 . 8 8
5 45 N 30 ‘ 22 | 14 \ B8 8
I |

The table shows that also at temperatures from -7 to +4-2°C the heart
rate is uniform and, as evidenced by this experiment, it is not affected by the
irritation of the larvae with a glass rod or seizing them with forceps.

In the larvae examined the temperature of 4-7°C is the activity threshold,
because from -+7°C downwards their movements become slower and slower
and the sensitivity of their bodies to touch decreases. At 42°C the larvae
are inert and show no responses.

At the same time the contractions of the protuberances on the first abdo-
minal segment were observed. At temperatures from 2 to 74-°C they were
more or less regular, whereas from +-7°C downwards, despite the steady rhythm
of heart-beat, their intensity decreased along with the decline of their mobility,
until the pulsation of the protuberances ceased completely at -+2°C. When
the crystallizers had been removed from the ice and the water in them became
gradually warmer, the larvae resumed their normal activities and regained
sensitivity to touch at as low a temperature as -+7°C, when the abdominal
protuberances began to pulsate normally.

The crystallizers with the remaining 5 larvae were also placed in dishes
with ice. As the water was cooled, the heart pulsation behaved as in the pre-
vious series, and at a temperature of 4-7°C and during its further lowering to
12°C the heart rate was established at 8 contractions per minute. When the
temperature was lowered on to +1-5°C, the heart-beat became arhythmical
and its rate descreased below 8 contractions per minute.

When the water was rewarmed, the heart rate of 8 contractions per minute
was restored at +7°C, but the larvae remained motionless. The warming up
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to +24°C accelerated the heart rate to 15 contractions per minute, which,
however, was not accompanied by the restoration of the mobility of the larvae
and the pulsation of their abdominal protuberances, and all these larvae died
after the lapse of some time.

The experiment was repeated on five other larvae. After the water was
cooled to +1-5°C, the crystallizers were removed from the ice. Next the water
was allowed to warm up to +7°C and then the abdominal protuberances were
artificially pressed with soft forceps at two-second interwals. Technical diffi-
culties did not permit the simultaneous exertion of pressure on all the three
protuberances, but only on the lateral ones or on the dorsal hump. N evertheless,
all the larvae came back to life and resumed normal activities. They were next
reared on and in their development passed through the pupal stage.

A similar experiment was made on 5 larvae out of the water environment,
The larvae removed from water did not show any fall in the heart rate ag long
as the abdominal protuberances pulsated. They stopped pulsating after 8—15
minutes, and from that moment onwards the heart rate decreased and the beat
became arhythmical. The larvae in this state were placed back in water and the
artificial pressure of the protuberances with forceps was applied in three of
them. The larvae treated in this manuer revived, whereas in the other two all
the evident signs of life disappeared.

The foregoing experiments indicate that the contractions of the protube-
rances of the first abdominal segment are connected with the regulation of
internal pressure, but their movements, being unautonomous, are controlled
by information from the surroundings.

They probably play the same role as the rhythmical inward movements
of the tracheal gills in the rhyacophilid and hydropsychid larvae, whose rela-
tively thick body tegument does not allow appropriate contractions of the abdo-
men along its axis. Such contractions are possible in the larvae devoid of tra-
cheal gills, owing to the loose joints of the segments of the abdomen and its
flexibility.

The tracheal gills of the portable-case-making larvae are homologous to
the tracheal lamellae of Ithytrichia lamellaris BAT., which grow out on the dor-
sal and ventral side of the abdominal segments. In these lamellae LAUTERBORN
and RIMSKY-KORSAKOV (1902) found large accumulations of tracheal capilla-
ries (Fig. 21), similar to those in the tracheal gills of the travelling lar-
vae.

Close-fitting cases of the members of the third group, adapted in respect
of weight and size for transport, made it impossible for the respiratory surface
of the abdomen to increase by augmenting its area, as it does in the larvae
of the second group; the more so, because the tracheal gills appear in the tra-
velling larvae in their postembryonic development, when their bodies are
already enclosed in the cases. It is therefore natural that they are formed from
the outfoldings of the abdominal skin.

Such tracheal gills must have evolved parallel to the formation of locomo-
3
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tive power and the acquisition of ability to construct portable cases. In the light
of the foregoing they are of caenogenetic origin.

However, not all the species classified in the third group of caddisflies
occur exclusively in stagnant waters. Many of them are also encountered in
the zone of welter of the waves and in fast-flowing mountain-brooks. They
include numerous species of the family Limmephilidae, such as the members
of the tribes Stemophylacini, Chaetopterygini and Chilostigmini and the subfa-
milies Ecclisopteryginae and Apataniinae. The families Goeridae, Brachycentri-
dae, Beraeidae, Sericostomatidae, Lepidostomatidae, Odontoceridae and some
others are also represented in this group.

In the larvae that live in stagnant waters the tracheal gills occur on abdo-
minal segments II—VIII. On the other hand, in many members of the species
which inhabit the welter of waves in lakes or mountain-brooks the number
of tracheal gills is partly or completely reduced. For example, the larvae of
Allogamus auricollis (P1cT.) have single tracheal gills on abdominal segments
II—VII, those of Crunoecia irrorata (CURT.) on segments 1I—VI and of Chaeto-
pterygopsis maclachlani STEIN on segments II—V. In Potamophylax mnigri-
cornis (P1or.) the tracheal gills are not so well developed as they are in the re-
lated species Potamophylax stellatus (CURT.) (NIELSEN, 1942). NIELSEN thinks
that this is associated with the fact that the larvae of Potamophylax nigricornis
(P1cT.) come out on to the land, as he found them on pads of dead soaked leaves
by the edges of brooks. Larvae of Crumoecia irrorate (CURT.) and Beraea pullata
(Curt.) were also found under similar conditions. The larvae of this last species
have no tracheal gills at all, not unlike the larvae of Enoicyla pusilla (BURM.).
I observed them in large numbers on big stones emerging from brooks and hardly
washed over by water in the Slaski Beskid Mts. The larvae of Enoicyla pusilla
(BUurM.) are, however, land forms, which can be met with among fallen moist
leaves, on mossy stones and rotten tree trunks (WESENBERG-LUND, 1943)
and in watery meadows amidst a forest (HICKIN, 1958).

The larvae of Brachycentrus montanus KLAP., which live in mountain brooks
and rivers, have tracheal gills, very short but forming bundles of 4—b5 threads
each, on segments II—VIL, in which they resemble the larvae of Oligoplectrum
maculatum (FOURC.), met chiefly with in lowland rivers. In Micrasema longulum
McLAcH. the tracheal gills are lacking, but this species dwells in fast-flowing
cold mountain-brooks. Sericostoma personatum (SPENCE), living in flowing
water, has tracheal gills on abdominal segments II and III (LESTAGE, 1921).

The larvae of Notidobia ciliaris (L.) have tracheal gills on segments I—VIII
(SILFVENIUS, 1905), but they live in the littoral zone of lakes. In the brook
larvae of the same species the tracheal gills are reduced and very often present
only on segments IT and III.

The foregoing examples support the statement that these caddisflies have
developed a secondary adaptation to flowing-water conditions, accompanied
by the reduction of the tracheal gills. This is also indicated by the occurrence
of the larvae of Enoicyla pusilla (BURM.) on land; this species belongs to the
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very well specialized family Limnephilidae, which is also shown by the structure
of wings in the imago (see Section 2). The reduction of tracheal gills is therefore
an adaptation to flowing water in forms evolutionarily adapted to stagnant
water. In consequence, the adaptation of the larvae of Enoicyla pusilla (BurM.)
to life outside the water environment is also a secondary adaptation to life
on land.

Although the larvae of the third group are adapted for locomotive move-
ments, the species that occur exclusively in flowing water arrange their cases
$0 that their frontal openings are directed against the stream. I observed this
phenomenon in mountain-brooks and it is often mentioned in literature. The
reduction of tracheal gills is natural in this situation. JAKUBISTAKOWA (1933)
observed some regularity in the arrangement of the larvae of Goera pilosa
(FABR.) and the attachment of their cases to the stones in the littoral zone
of Kierskie Lake. She found that most of the larvae occurred on the stone
surfaces that faced the lake and in the gaps between the stones. She also obser-
ved the larvae settled on molluses, e. g., on fresh-water mussels (Unio sp.),
their cases being directed with their frontal openings towards the siphons.
The travelling larvae that live in the littoral zone of lakes and in mountain-
brooks are able to attach their cases to underwater objects with the secretion
of their silk glands. Then they show lack of geotaxis, as they may be found in
different positions. They are chatacterized by positive geotaxis only when
moving. In addition, the larvae with tracheal gills, as I have observed in the
members of Brachycentrus montanus KLAP., Crunoecia irrorata (CURT.), Chaeto-
pterygopsis maclachlani STEIN and Potamophylax stellatus (CURT.) can regulate
the flow of water through their cases in rapid currents by closing the frontal
openings with their heads, which are relatively bigger than the heads of the
larvae inhabiting stagnant waters. This is the phencmenon of phragmosis,
which makes it possible for them to regulare the flow of water.

When these larvae were exposed to the action of a water stream in the la-
boratory experiments, they always became motionless and closed the openings
of the cases with their heads. The water stream is thus the stimulus that incites
the larvae to stop moving and attach themselves to the substrate.

As I have observed in natural conditions, the travelling larvae that live
in mountain-brooks avoid rapid currents. They rather stay in places where
the current breaks up and is slower or even imperceptible to the human eye.
Unlike the larvae of the first group, when transferred from flowing water to
a vessel with stagnant water, they do not leave their cases in search of new
retreats, which is only natural, because in their evolution they passed through
a stage of adaptation to stagnant waters. Their secondary adaptation to flo-
wing waters also results from a historically evolved faculty, as the forms from
which they derive lived in cold lotic waters. Similarly, the secondary adapta-
tion of the larvae of Enoicyla RAMB. to life on land probably became possible
owing to the ability acquired by them of regulation of their internal pressure,
because, as can be seen from the experiments above, the heart rhythm of the



348

larvae examined out of the water environment does not change, unless there
is a drop in the frequency of pulsation of the protuberances cn the first abdo-
minal segment.

The foregoing considerations show that in the adaptive evolution of the
caddis larvae each relatively terminal state is determined by the original con-
ditions, for their return from stagnant waters to flowing waters and on to land
proceeds along the same way as the passage of the larvae of the caddisflies’
ancestors to aquatic life and the cenogenetic adaptation of the caddisflies
to stagnant waters did.

The adaptive changes that have arisen in this way result from the modifi-
catory steering of the adaptive process by the environment. They have been
fixed by natural selection and hence in the experimentally induced reactions
of caddis larvae one can distinguish traces of old functions, which were essential
for their existence at some stages of their evolution.

5. Conclusions

The conclusions made in the course of the considerations presented in the
particular sections of the first part of this paper are as follows:

1. The origin of caddisflies from a line common to them and to scorpionflies
(Mecoptera) seems to be beyond any doubt.

2. The most primitive caddis larvae belong to the families Riyacophilidae,
Philopotamidae and Glossosomatidae.

3. The case-making larvae do not descend directly from the family Rhyaco-
philidae, but from an ancestor of this family, which also gave origin to the net-
spinning forms. This fact contradicts Ross’s opinions (1964); never bheless,
the same conclusion can be drawn from PrYOR’S study (1951) or the homology
in the musculature of the anal prolegs.

4. The original habitat of caddis larvae are mountain-brooks of cold water
rich in oxygen.

5. The division of the caddis larvae into three biciogical groups seems to be
well grounded, since they are factual and reflect the phases and mechanism
of the adaptive process of these insects.

6. The members of the first group are characterized by the most primitive
structure and by their complete dependence on the movements of water in
their habitat. Lack of the well-developed ability to perform locomotive move-
ments of their legs is due to their passive ways of satisfying the living demands.

7. The fact that the larvae experimentally deprived of their fishing nets
and protective shields bury themgelves in the substrate is a response connected
with their satisfaction of tactile requirements. This response is a fixed vestige
of the adaptation of caddisflies’ ancestors to life in soil dnd, therefore, it is
a response arising from a palingenetic adaptation.

8. In the larvae of the first group the capability of building fishing nets
and cases attached to the substrate, moulded under the influence of the steering
action of environment, is a cenogenetic modification of a paligenetic adaptation
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fixed by natural selection. Lack of geotaxis in these larvae confirms this thesis.

9. The second group of caddistlies is characterized by the relative active-
ness of motion and, consequently, a certain degree of independence on the
environmental imperative. This is indicated by their increased respiratory
surface and ethological adaptation to life in stagnant waters.

10. The members of the third group of caddisflies are marked by the greatest
autonomy and relatively full vital activity. Their mode of satisfying living
requirements is active, and their positive geotaxis appeared when the larvae
became detached from the substrate and developed the faculty of locomotion.

11. The experimentally induced disappearance of geotaxis is related to the
palingenetic adaptation and behaviour of the larvae of the first and second groups.

12. The construction of portable cases is connected with the development
of lIocomotive ability. Thus, very much like positive geotaxis, it is a cenogenetic
adaptation which took origin from a palingenetic adaptation associated with
positive thigmotaxis.

13. Positive thigmotaxis turns into defence reactions as soon as the tactile
requirements, resulting from the palingenetic adaptation, have been satisfied.

14. Physiological functions of the abdominal protuberances on segment I
have been ascertained. Their pulsation is controlled by information from the
surroundings and, as shown by experiments, their action is connected with
the regulation of internal pressure, which exercises an influence on the sensi-
tivity of the larvae to information from their environment. The protuberances
have arisen as a result of the division and specialization of biological functions
and are a structural cenogenetic adaptation.

15. The tracheal gills of the travelling larvae are homologous with the tra-
cheal lamellae of the larvae of Ithytrichia lamellaris EAT. In this connection
their origin is also cenogenetic.

16. The adaptation of the travelling larvae to the environment of flowing
water is a secondary adaptation to the initial conditions.

17. The existence of larval Enoicyla RAMB. out of the water environment
is an example of the re-adaptation of the caddis larvae to life on land and is
agsociated with the mode of life of caddisflies’ ancestors, but the making of
portable cases, satisfaction of tactile requirements and securing of the suitable
degree of humidity in the space between the case and the body undoubtedly
caused the omission of the typical phase of soil inhabitation.

18. The traces of old functions, manifested by the experimentally induced
reactions, constitute actual, though latent, features characteristic of evolution.

PART TWO
STUDIES ON PHOTORECEPTION IN CADDIS LARVAE
1. Introduction

An essential aspect of life of animals is their spatial orientation, in which
the photoreceptors play an important role as links of information. The informa-
tive capacity of photoreceptors determines their sensitivity, which varies
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with their adaptation to light in time (Fipos, 1967, 1968). In his work on the
effect of light on the tactic responses of the larvae of the species Molanna
angustats CURT. GREBECKI (1955) empirically demonstrated a great sensi-
tivity of their photoreceptors, because the intensity of light used in the expe-
riments corresponded with the “threshold stimulus of human eye”!. He also
dealt in his study with the phenomenon of adaptability to light in time and
found that a continuous light stimulus brings about evident adaptation,
which leads to the complete vanishing of phototactic responses. No adaptation,
however, occurs in the case of interrupted stimulation, which evokes normal
responses. This may be presented as follows:

interrupted stimulation tactic responses, no adaptation

continuous stimulation no responses, adaptation

-

GREBECKI (1955) explains the occurrence of responses by the shock nature
cf stimulation, although, as he writes, “continuous light is a common ecological
factor”. His experiments were, in the first place, concerned with the primaeval
orientation of larval Molanna angustata CURT. The evolutionary nature of this
orientation is unquestionable, since it is a functional property of the structure
that has arisen by way of phylogenetic evolution. Primaeval orientation is a hi-
storically conditioned adaptation of the organism and therefore the photo-
stereotactic responses resulting from it should not take place owing to the
continuity of the stimulus that causes the process of adaptation, unless by the
stimulus we mean the artificial opposite of the natural stimulus. Moreover,
adaptation decreases the sensitivity of the photoreceptors and, consequently,
the light stimuli which produce stereotactic reactions in a natural environment
would have to be markedly differentiated in respect of their energy.

The photoreceptors of each organism are adapted for the reception of light
of a definite strength and quality, specific to them. The strength of an external
stimulus need not equal the strength of the physiological impulse, because,
if the organism is not equipped with a mechanism for automatic regulation,
the environment itself constitutes a regulating barrier. If the light stimuli
went beyond the functional possibilities of the photoreceptors, the shock na-
ture of the stimulation would be indubitable, but this fact would generate
rather lethal conditions. The conception of the shock action of discontinuous
stimulation should thus be excluded as well, since it comes very close to the
theory about the shock nature of spatial orientation in animals.

Although light seems to be a continuous factor in nature, it is a very chan-
geable stimulus for animal organisms. Each environment, according to the
elements that it contains, is very variable and differentiated with respect
to the spectral composition of light. Each movement has its reflection in the
light.

1 By the threshold stimulus of human eye GREBECKI probably meant the differential
threshold of perception, a subjective parameter under the conditions of experiments, their
numerical values not being given.
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The caddis larvae are bottom dwellers living in mountain-brooks and the
littoral zones of other water reservoirs. They generally occur in shallow waters,
where, in addition to the specific refraction and reflection of particular light
waves, each unevenuess of the water surface (e. g., ripples) brings about changes
in the lighting. The light rays are reflected and refracted in various directions
according to their angle of incidence. Stimulative luminosity in water can
never be identified with the lighting at the water surface, as is commonly done,
because it becomes markedly impoverished by the percentage of rays that have
been reflected.

In this environment there occurs, in addition, the phenomenon of extinction,
the degree of which is various for particular lengths of light waves (JAMES
and BIrRGE, 1938) and depends on the transparence and depth of water (SAU-
BERER and RUTTNER, 1941; HARNISCH, 1951). The undulating water surface
acts as a set of convergent and divergent lenses, which are in constant motion,
and the animals living in such conditions, e. g., caddis larvae, receive flickering
light. Besides, the very movement of animals in relation to individual elements
of the environment causes that they receive various quantities of light at the
time of motion. The organ of sight is in addition an inertial system (Luizov,
1961; Fipos, 1967), which consists in the fact that the visual impression still
lingers, when the stimulus has been cut off, and the one that follows also be-
comes fixed after some time. Hence, the perception rate should conform to the
properties of the motor activity of the animal, and the sensitivity of its photo-
receptors (thresholds of sensitivity) should also be related with this.

The purpose of the experiments presented below was to check the soundness
of these assumptions nots only as to their cognitive nature, but chiefly with
regard to their evolutionary aspect.

2. Material and methods

Larvae of the fifth instar belonging to the groups of caddisflies distinguished
in the first part of this work were used for study. Particular groups were repre-
sented by the following species:

Group I — Rhyacophila septentrionis McLACH.

Hydropsyche angustipennis (CURT.)

Group II — Agraylea multipunctate CURT.

Group III — Limnephilus flavicornis (FABR.)

Potamophylax nigricornis (PICT.)

The larvae used in the experiments with light stimuli were adapted to dark-
ness or a definite strength of light and placed in water, 2 cm deep, in rectangular
(20 x14 cm) or round (dia. 8 em) glass vessels.

The round vessels were used to check whether or not the phenomenon of
the so-called peripheric reaction (GREBECKI, KINASTOWSKI and KUZNICKI, 1954),
which occurs in the caddis larvae as a manifestation of their spatial orientation,
changes the picture of experiments as compared with that obtained with the
rectangular vessels in the given lighting conditions.
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The peripheric reaction results from the geometrical regularities of move-
ments of the portable-case-making larvae and consists in a constant angle
of rebounding from the obstacle encountered (90° in relation to a perpendicular
one). In this connection a larva placed in a round vessel moves exactly along
its circumference, along its “shortest chords”.

The phenomenon of extinction of light rays, being very slight in two-centi-
metre-deep water, may be left out of this study.

The larvae examined received some amounts of white spot light produced
by filament lamps (type RFT — 100 watt, 12 volt and type ZWLE — 20 watt,
6 volt). The strength of light was regulated with diaphragms in the lighting
equipment or by changing the distance of the source of light from the subjects
examined. Measurements of luminosity were made using a Ju 16 type lux-meter
produced in the U.S.S.R. Only the values of stimulative luminosity as expres-
sed by the results of light measurements under the vessel were taken into
account. :

In physiological optics the sensitivity of photoreceptors is characterized
by threshold values, the measuring methods of which have been drawn from
works by Fipos (1966, 1968) and modified for the present study, as demanded
by the technical aspect of the experiments. The differential sensitivity threshold
(4B) has thus been included as the smallest value of the differences in illumina-
tion between two neighbouring fields to which the larvae responded under de-
finite adaptive conditions:

AB = Bo— By

where B, is the illumination of the test area (stimulative luminosity) and B
the illumination of its background, to which the larvae were adapted (adaptive
luminosity).

The contrast sensitivity threshold (e), which is expressed by the ratio of
differential sensitivity threshold (4B) to illumination of background (adaptive
luminosity) ‘

AB Bo—Bt
il B/ By
was also calculated in order that the perception of light contrasts and their va-
lues should be examined. :

The times taken by reception of visual information, adaptation, and sub-
sidence of the light stimulus action are given in the tables. The differential
(AB) and contrast (&) sensitivity thresholds are individual parameters, and for
this reason all the experiments were carried out on series of 10 specimens in
order to make the calculation of statistical data possible. Preliminary studies
on a larger number of specimens (30) gave the same or very similar mean re-
sults and, therefore, a series of 10 larvae may be acknowledged to be represen-
tative. All the experiments were made in a dark room.
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In the experiments which were designed to show whether uniform conti-
nuous light has an effect on the motor activity of the larvae, the glass vessels
had their side walls and bottom covered with white paper and they were lighted
from above through a pane of frosted glass. The strength of light was determined
before each experiment. It was measured under the vessel through an opening
cut out in the paper and next covered again.

The effect of contrast illumination on the lcomotor activity of the travelling
larvae was examined using vessels with black paper stuck all over its sides and
lighted from below through a plate of frosted glass. On the other hand, a glass
insert with squares of black paper stuck oa it so that they formed a dark and
light chequered pattern was slipped urder the bottom of the vessels. The sides
of the squares were more or less adjusted to the body length of the larvae exa-
mined and they were, respectively, 10, 20 and 30 mm long. The strength of
light of the light fields was regulated with the help of a rheostat by the transfor-
mer of the lighting lamp and by laying a sheet of white paper under the chequer.

Each larva was observed for 30 minutes, which period was constant in all
experiments. The time of movement of the larvae was measured with a stop-
watch to an accuracy of 1 second.

3. The course and discussion of experiments

3.1. Thresholds of differential sensitivity under the conditions of adaptation to darkness and time of
adaptation to light

The objective of the first set of experiments was to investigate the behaviour
of larvae in uniform continucus lighting. The larvae were placed singly in the
vessels prepared, after they had got adapted to darkness during the night
directly preceding each run of the experiment. The stimulative luminosity was
increased in each successive experimert and both the time from the moment
when the light was switched on to the appearance of the optomotorial reaction
(t;) and the duration of reaction (f,) were measured. Practically, each of the
larvae examined was stimulated with illumination of 0-125, 0-25, 0-50, 0-75,
1, 3, 10, 50, 100 and 200 lux after it had been adapted to darkness during the
night. The time of stimulation with illumination of particular values was 30
minutes. The duration of the motor activity induced in the larvae is given
separately for each species in Tables II—VII, whereas the mean time of inertia
compared with the mean time of motor activity is presented in pe centages
in Table VIII.

Tables II—VII show that in each series of 10 specimens representing a gi-
ven species only 5—7 larvae moved under the influence of 0-125-lux illumination,
but all of them exhibited motor activity with the illumination of 0-25 lux,
and besides the mean duration of their activity was longer (Table VIII). As
a result, we can determine the differential sensitivity threshold (4B) for the
larvae of all the species examined at an ada ptlve luminosity B; = 0, as ranging
between 0-125 and 0-25 lux.
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These experiments were carried out in rectangular vessels, but in the case
of the travelling larvae of Limnephilus flavicornis (FABR.) round vessels were
also used. It was thus possible to find that the shape of the vessel has no stimu-
lative effect on the locomotor activity of the larvae. Although there was a sti-
mulus in the round form of the vessel, the peripheric reaction was not released
owing to the uniform constant illumination; this reaction, however, occurs
with contrast illumination (see Subsection 3-3).
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Tig. 22. Adaptation time curve in percentages of larvae of Rhyacophila septenirionis Mc LAcCH.
relative to the differences between adaptive background B; = 0 and stimulative luminositties
from 0-125 to 1 lux

The mean results obtained in the experiments carried out in rectangular
and round vessels (Tables V and VI, respectively) are very much alike and for
some values of illumination (e. g., 0-25 and 0-50 lux) the same. For this reason
they may be reduced to means from the results of experiments with 20 larvae
of Limnephilus flavicornis (FABR.) (Table VIII).

In the case of uniform continuous illumination the time of motor activity
is also the time of adaptation to stimulative luminosity and depends on the
strength of illumination (Table VIII). The intenser the illumination is, the stron-
ger, as a rule, the excitation and the comparatively longer the adaptation.
The relatively greatest increment in the time of adaptation, being a function
of increasing differences between the stimulative luminosity and the initial



361

adaptive background B;= 0, was observed in the larvae of Rhyacophila sep-
tetrionis McLAcH. (Table VIII, Figs. 22 and 23) and Hydropsyche angustipennsis
(Curr.) (Table VIII, Figs. 24 and 25). In the larvae of Rh. septentrionis McLACH
this state is particularly distinct with illuminations above 3 lux, since up to
this value they keep motionless for most of the time of stimulation. On the
other hand, the larvae of H. angustipennis (CURT.) remain motionless most
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Fig. 23. Adaptation time curve in percentages of larvae of Rhyacophila septentrionis Mc. LACH
relative to the differences between the adaptive background B, — 0 and stimulative lumino-
sities from 1 to 200 lux

of the time at illuminations up to 10 Iux, but the increase in the time of adapta-
tion is somewhat larger for the values of illumination up to 1 lux (Fig. 24)
and smaller for those above 3 lux (Fig. 25) than it is in Rh. septentrionis Mc LAcH.
The mean time of adaptation of larval Rh. septenirionis Mc LACH. at illuminations
up to 10 lux lies within limits of the 30-minute stimulative luminosity. Since
some larvae of this species showed full activenness at this illumination, just
as for 50, 100 and 200 lux (Table II), it may be assumed that the time of adap-
tation begins to exceed the fixed time of stimulation from as low an illumination
as 10 lux upwards. Practically, the time of adaptation is never longer than that
of stimulation, for if the stimulation has been cut off but the reaction lingers
on, it then includes the time of inertia. If, however, the reaction has a conti-
nuous course within the fixed time of stimulation and if this time were to be
uninterruptedly prolonged to infinity, we might expect that the adaptation

4>
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will be completed after the period initially designed for stimulation. However
unknown, the adaptation time will then be longer than the fixed time of sti-
mulation.

If under laboratory conditions the time of adaptation to light exceeds
the beforehand established time of definite stimulation, this may mean that
the larvae are adapted for the reception of given information and the time of
stimulation may be prolonged in order to ecxamine the duration of adaptation,

%, Ar
16

7
.
e //
0125 050 1 1y
Tig. 24. Adaptation time curve in percentages of larvae of Hydropsyche angustipennis (CURT.)

relative to the differences between the adaptive background B; = 0 and stimulative lumino-
sities from 0:125 to 1 lux

or that under natural conditions the appearance of an analogous stimulus
lasting longer than the here used fixed time of stimulation will cause a forced
adaptation at a suitable time and, according to the accomodative ability and
tolerance, this adaptation may be fixed by natural selection in the sequence
of successive generations. The occurrence of such a stimulus may be due to
some changes that have taken place in the environment or it may be associated
with the passage of the larvae to another mode of acquisition of food, e. g.,
their leaving dark retreats and acquiring food with the help of fishing nets,
which entails their stay in a relatively strong illumination for a suitably long
time.

Tables II—VII show that the time of motor activity or adaptation (¢s)
varied from specimen to specimen with particular intensities of illumination
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Fig. 25. Adaptation time curve in percentages of larvae of Hydropsyche angustipennis (CURT.)
relative to the differences between the adaptive background B; — 0 and stimulative lumino-
sities from 1 to 200 lux

within groups. For example, in Rh. septentrionis McLACH. examined at an
illumination of 3 lux (Table II) larva No. 8 had the longest time of adaptation
(991 seconds) and larva No. 7 the shortest (406 seconds). If we assume that
the time of stimulation with this illumination is 500 seconds, the time of adap-
tation of larva No. 8 will exceed the fixed time of stimulation. This means that
at the illumination of 3 lux, given here by way of example, the photoreceptors
of larva No. 7 are more efficient than those of larva No. 8 and that they better
tolerate the loads of light in time. This example as well as the wide range of
the figures which in the table columns represent the time of adaptation proves
also that the selection zone of this parameter is very wide, and the specimens
with the parameters representing the extreme values, which may appear more
suitable for the changes in the environment, have chances for better evolution.

In the larvae of Hydropsyche angustipennis (CURT.) the time of adaptation
lies within the range of the 30-minute stimulation with illuminations up to
50 lux and in the case of the illumination of 100 lux it exceeds the fixed time
of stimulation (Tables III and VIII). This is due to the application of fixed
values of illumination. However, as the specimens examined showed the com-
plete lack of full motor activity at an illumination of 50 lux, it may be supposed
that the threshold values of illumination at which the adaptation time exceeds
the fixed time of stimulation will be between 50 and 100 lux. Nevertheless,
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the explanation of this fact needs further special studies. In consequence of
the adaptive evolution a shift of the limit of tolerance and accomodative abili-
ties to higher values of illumination than those recorded for Rhyacophila sep-
tentrionis MoLAcH. took place in the larvae of this species (Table VIII).

As has been mentioned in the first part of this paper (Fig. 9), the larvae
of Hydropsyche angustipennis (CURT.) build retreats in the substrate in the form
of tunnels with fishing nets, made of secretion of their silk glands, stretched at
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Fig. 26. Adaptation time curve in percentages of larvae of Agraylea multtpunctata CURT. rela-
tive to the differences between the adaptive background B:; = 0 and stimulative luminosities
from 0-125 to 1 lux

the tunnel entrance. The nets, as has been observed in the laboratory, are often
examined by the larvae, which for this purpose go out of their dark retreats
and stay for some time in better illuminated places, whereas the larvae of
Rhyacophila septentrionis McLAcH. do not generally leave their shelters. Ho-
wever, these last larvae live in mountain-brooks, both in strongly shadowed
places and in open sunlit ones, and in this connection the light that gets into
their retreats varies, though not very much, in intensity. This may also explain
the range of adaptation time in larval Rh. septenirionis McLAcm. (Table II).

The range of adaptation time in the members of the species examined
suggests that a similar range occurs within specific population. A reduced
time of adaptation implies a relatively greater efficiency of the photoreceptors,
which is of great importance to the larvae in the struggle for the attainment
and maintenance of their ecological position, for it improves their reception
and transformation of informative energy from the environment and, in con-
sequence, their spatial orientation.
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The time of adaptation to light is therefore an element which enters into
the composition of the general adaptation to environment and is subject in
its zones to natural slection by the physical surroundings and connected with
the larvae’s stay in light , necessary for them to satisfy their vital requirements,
and with the development of their motor activity.

% r
33

T——

1 100 200 Lx

Fig. 27. Adaptation time curve in percentages of larvae of Agraylea multipunctata Curt. rela-
tive to the differences between the adaptive background B; = 0 and stimulative luminosities
from 1 to 200 lux

The larvae of Agraylea multipunctata CURT., belonging to the second group
of caddistlies, show a further reduction in the time of adaptation (Table IV,
Figs. 26 and 27) at particular illuminations used in the experiments. The increase
in the time of adaptation as a function of growing differences between the sti-
mulative luminosity and the initial adaptive background B; = 0 is considerably
smaller than in the previous species. At none of the illuminations used, not
excluding 200 lux, does the adaptation time exceeds the fixed time of stimu-
lation and so the larvae remain motionless for most of the latter time, i. e.,
66-72—99-83 per cent of it, according to the intensity of illumination (Table
VIII). This indicates that the larvae of A. multipunciata CURT. are adapted
to withstand relatively greater light loads in their environment. They, besides,
occur chiefly on submerged weeds in the littoral zone, in places which are not
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shadowed by the shore vegetation. Moreover, as in most members of the fa-
mily Hydroptylidae, their cases, made of secretion of their silk glands (Fig. 12)
are highly translucent.
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Fig. 28. Adaptation time curve in percentages of larvae of Limnephilus flavicornis (FABR.)
relative to the differences between the adaptive background B; = 0 and stimulative lumino-
sities from 0-125 to 1 lux
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Fig. 29. Adaptation time curve in percentages of larvae of Limnephilus flavicornis (FABR.)
relative to the differences between the adaptive background B; = 0 and stimulative lumino-
sities from 1 to 200 lux
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The larvae of Limnephilus flavicornis (FABR.), which here represent the third
group of caddisflies (Tables V and VI, Figs, 28 and 29), have the adaptation
time still more reduced as compared with Agraylea multipunctata CURT., espe-
cially at illuminations above 3 lux. Below this value the differences are small,
which indicates a similar level of efficiency of the photoreceptors at low- value
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Fig. 30. Adaptation time curve in percentages of larvae of Potamophylax migricornis (Pict.)
relative to the differences between the adaptive background B; = 0 and stimulative lumino-
gities from 0-125 to 1 lux

illuminations. The larvae remain inert for most of the time of stimulation
(82:39—99-81 per cent) (Table VIII) and at illuminations above 3 lux the time
of inertia (f{) begins to increase more clearly in comparison with that in the
larvae of the species belonging to the second group of caddisflies.

As in the previous species, an increase in the time of adaptation in the lar-
vae of L. flavicornis (FABR.) at illuminations below 1 lux is brought about
by small differences in lighting up, whereas above 1 lux, while the differences
between the stimulative luminosity and the initial adaptive background B; = 0
become greater and greater, the adaptation time deviates most from proportio-
nality (Fig. 29). This example shows that the relative increments in the adapta-
tion time can be induced only by successively increasing differences in illumi-
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nation. It follows that in intense illumination larvae respond exclusively to
big contrasts (see Subsection 3-3).

The larvae of Limnephilus flavicornis (FABR.) are portable-case-making
travelling forms. Their locomotor activity is possible only when the whole
thorax is stuck out of the case. The photoreceptors must therefore be adapted
for reception of light information which is markedly differentiated and varying
with time, because illumination of various intensity, derived from light rays
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Fig. 31. Adaptation time curve in percentages of larvae of Potamophylax nigricornis (Pict.)
relative to the differences between the adaptive background B; = 0 and stimulative lumino-
gities from 1 to 200 lux

reflected from nearby objects, acts on them when the larvae are in motion.

The larvae of Potamophylaz nigrocornis (PicT.), which also belong to the
third group of caddistlies, resemble those of Limmephilus falvicornis (FABR.)
in respect of adaptation time (#,), but this is the case at illuminations up to
10 lux (Table VII, Figs. 30 and 31). Below 10 lux the differences are small,
the time of adaptation being either longer, at illuminations of 0-50, 0-75, 1
and 3 lux, or shorter, at 0-25 and 10 lux (Table VIII). On the other hand, a rapid
-drop in adaptation time is observed above 10 lux (Fig. 31). If at illuminations
up to 3 lux the mean time of adaptation still showed an upward tendency, rea-
ching 10-89 per cent of the fixed time of stimulation at 3 lux, at an illumination
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of 10 lux it fell as low as 8-28 per cent and at 50 lux to 1:87 per cent. In the case
of illuminations of 100 and 200 lux there were no evident locomotor responses,
and the larvae withdrew deep into their cases. This was therefore a sui generis
escape reflex, consisting in an attempt to break off the connection with the
external information in a specific manner. This behaviour suggests that the re-
duced time of adaptation at the illuminations of 10 and 50 lux does not indicate
a greater efficiency of the photoreceptors in this species, but the lack of tolerance
and accommodability to such illumination, the more so since after the period
of adaptation, forced in this case, the larvae hid inside their cases. Apparently,
they cannot endure such light loads for rather a long time. Another argument
supporting the opinion that the reduced adaptation time at the illuminations
of 10 and 50 lux does not indicate a great efficiency of the photoreceptors
is the fact that at 100 and 200 lux there was no adaptation at all.

At illuminations of 50, 100 and 200 lux the larvae of Potamophylax nigrocornis
(Prct.) stripped of their cases behaved similarly to the larvae of Rhyacophila
septentrionts McLAcCH. of the first group of caddisflies. At an illumination of
50 lux they began their motor activity with locomotor movements, which next
turned into asymmetrical uncompensatory movements. These consisted in
straightening and bending the whole body in all direction in an incoherent
manner, the movements of the legs being normal and like those performed by
the larvae travelling on a herizontal surface. Such movements were sustained
throughout the time of stimulation, and thus under these circumstances the
adaptation time exceeded the fixed time of stimulation. At illuminations of
100 and 200 lux full motor activity was observed as well, and from the very
beginning it was represented by asymmetrical movements. This indicates the
fact that these larvae are not adapted to such light loads. The foregoing obser-
vations allow the following conclusions: firstly, the case weight informs the
larvae about the direction of the plane of travelling; secondly, the larvae of
the species under discussion show a similar behaviour to that of the larvae
of more primitive Rhyacophila septentrionis McLAcH. in definite conditions.
These are undoubtedly traces of a function of their ancestors. They manifest
themselves in definite conditions and protect the existence of the larvae, be-
cause if some sand is placed near them in the vessel, they bury themselves
in it immediately. Light is the source of their motor activity and the portable
protective structures caused its change into symmetrical compensatory move-
ments, which were possible owing to the ability acquired by the larvae to
perform the same movements of the left and right sides of the body and to tar-
vel on the horizontal surface (see also Subsection 3-3).

Like Rhyacophila septentrionis McLAcCH., the larvae of Potamophylar ni-
gricornis (PI1CT.) occur in mountain-brooks, but on the top and side surfaces
of underwater stones, often on stones only washed by water. They represent
the phase of passage from water on to land, because they are also met with
near the banks of brooks, among damp dead leaves. Their taking shelter from
light is therefore the function that prevents them from losing moisture.
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The time of adaptation to light, as a parameter having selective values,
is an important indication of the process of sight evolution and it determines
the efficiency of the photoreceptors. The development of this efficiency, consi-
sting in the reduction of the adaptation time, is phylogenetic, but the efficiency
is also moulded in the individual development, as will be seen from Table IX,
which presents the values of the time od adaptation for the second instar larvae
of Limnephilus flavicornis (FABR.).

It is more convenient to use the second larval instar than the first irstar
for these experiments, because the former shows mecre distinet phototactic
reactions. The reactions visible and provable in the first instar are, above
all, thigmotactic ones. This indicates that the formalization of the sense organs
in relation to the information channels of the environment proceeds by degrees
in the postembryonic development.

Table 1X shows that the time of adaptation to light in the second larval
instar of Limnephilus flavicornis (FABR.) resembles that of Rhyacophila septen-
trionis McLacH. (Table IT) and Hydropsyche angustipennis (CURT.) (Table IIT),
and so that of the members of the first, most primitive, group of caddisflies.
At illuminations up to 0-75 lux the time of adaptation is similar to that of
both the species mentioned, but from 1 to 10 lux it somes close to the time found
for Rh. septentrionis MOLACH. and at an above 50 lux to the values obtained
for H. angustipennis (CURT.), only that it begins to exceed the fixed time of
stimulation at as low illuminations as 50 lux, and thus lower than in the case
of this last species. The efficiency of the photoreceptors in larval instar II is
still low compared with the last instar (Tables V and VI). The range of adapta-
tion times in particular illuminations gives evidence of great tolerance and
accommodability, which will develop in the next stages, and of varying selective
values of this parameter in the postembryonic development.

A comparison of the values presented in Table IX with those in Tables V
and VI indicates the direction of studies on the development of photoreceptor
efficiency in the individual development of larvae and, in consequence, on the
selective values of particular developmental stages. This problem will however
be dealt with in another paper.

3.2. Time of acquirement of visual information and time of seeing inertia

The time from the outset of stimulation to the appearance of a response
is the time of acquirement of visual or light information (#) and it depends on
the strength of illumination. The values of this parameter are presented in Ta-
bles II—VII and IX, which also show the time of adaptation.

At the lowest illuminations used the time of acquirement of visual informa-
tion is 2 or 3 seconds at 0-125 lux and 3 seconds at 0-25 lux in the larvae of
Rhyacophila septentrionis McLAcH. (Table II), Hydropsyche angustipennis
(Curr.) (Table III), Agraylea multipunctata CURT. (Table IV) and the second
larval instar of Limmnephilus flavicornis (FABR.) (Table IX). It is also 2 or 3
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seconds at 0-125 lux but below 2 seconds at 0-25 lux, and thus undergoing
a reduction, in the members of the third group of caddisflies, Limnephilus fla-
vicornis (FABR.) (Tables V and VI) and Potamophylax nigricornis (P1ct.) (Ta-
ble VII), which have the most efficient photoreceptors.

At the other illuminations used the time of acquirement of visual informa-
tion becomes still more reduced. The process of its reduction to 1 second beging
at different illuminations in particular species, reaching 1 second at 3 lux in
the larvae of Rh. septentrionts McLACH., A. multipunctata CURT., L. flavicornis
(FABR.) and P. nigricornis (P1cr.), only that in the last two species it begins
at lower illuminations (0-25 Iux). From 10 lux upwards the response is immediate,
but the threshold illumination at which the response occurs immediately is
certainly different in particular specimens and no doubt it lies between 3 and
10 lux. On the other hand, in the larvae of H. angustipennis (CURT.) and in
larval instar IT of L. flavicornis (FABR.) the reduction in the time of acquirement
of visual information to 1 second was noted at illuminations of 1, 3 and 10 lux,
and the direct responses were observed at 50, 100 and 200 lux.

The time of acquirement of visual information (t;) is therefore another pa-
rameter which undergoes a decrease in the evolution of the process of seeing,
although this happens in a far less dynamic manner than in the case of adapta-
tion time. It also becomes reduced in individual development as evidenced
by its values in the larvae of L. flavicornis (FABR.) in the second and fifth instars
(Tables IX, V and VI).

The numerical values of the time of acquirement of visual information
obtained experimentally under definite and fixed conditions of adaptive and
stimulative luminosities are of relative values and characterize the efficiency
of photoreceptors to a limited degree only. Neither do they fully characterize
the rate of perception, for in the natural environment kinetic contrasts act
on the photoreceptors owing to the motion of the larvae in relation to their
surroundings and that of the surroundings in relation to the larvae, and under
such changing conditions of illumination the time of acquirement of visual
information merges with the time of inertia, because after the stimulus has
been cut off the responses do not cease at once but continue for some time.

In this investigation the time of inertia is represented by the time of subsi-
dence of the motor reaction after the interruption of the light stimulation.
Larvae adapted to dark during the night were successively exposed to 10-second
stimulative luminosity of continuous uniform light. The time of inertia was
examined in reference to the same values of illumination as were used for the
time of adaptation and that of acquirement of visual information. After the
white light has been turned off, the movements of the larvae were observed
by red light.

The time of inertia examined under definite conditions is naturally a con-
ventional parameter, because the extinction of the light means the outset of
another stimulus, darkness or, as in the present case owing to the necessity of
observation, monochromatic light. Dim red light, used for observation, may
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however be regarded as “darkness”, for the larvae did not respond to it by motor
activity after they had been adapted to dark. Besides, in the natural environ-
ment of the larvae most of the red rays — about 90 per cent per 1 m of water
depth — undergo extinction (SAUBERER and RUTTNER, 1941).

Within a frame of reference differing from that used before (when the lar-
vae used for experiments are adapted to light of definite intensity) the time
which has been assumed to be the time of inertia will be the sum of the time of
aquirement of visual information and that of adaptation to dark. A comparison
of the data presented in Tables X—XV with those from Tables II—IX shows
that it is somewhat shorter than the time of adaptation to light. This is espe-
cially well seen at intenser illuminations. Hence it follows that the process of
adaptation to dark proceeds faster than that of adaptation to light. This is,
in addition, tantamount to the statement that the inertia time after a definite
stimulation resulting from the assumed frame of reference is shorter than the
time of adaptation to intenser illuminations. On the other hand, at weaker
illuminations, i. e., at a stimulative luminosity of 0-125, 0-25 and 0-50 lux,
if the sum of the time of acquirement of light information and the time of adap-
tation to light was 10 seconds or less (cf. Tables II—IX), that is, as much as
or less than the time of stimulation used for examining inertia, and the motor
reaction occurred after the extinction of the stimulus, then its duration was not
the time of inertia because the adaptation had taken place during the stimula-
tion. It was therefore the time of acquirement of information and that of adap-
tation to dark, as the phenomenon of inertia occurs only when the adaptation
becomes interrupted by the next stimulus; this happens during the action of
kinetic contrasts on the photoreceptors, and so at variable values of illumi-
nation.

Table X

Time of decline of stimulus action (inertia) in larvae of Rhyacophila septentrionis
Mc LacH. after 10-second stimulative luminosity using continuous uniform light
of various strength (in seconds)

Larva 0-125 0-25 | 0-50 | 0-75 1 3 10 50 100 | 200
No. Ix Ix Ix Ibe Ix bl ibe 1x Ix Ix
1 — 5 8 10 12 23 28 45 55 65

2 — 4 6 12 16 22 35 40 39 58

3 — 3 6 9 12 21 26 29 41 49
4 — 6 6 7 18 26 30 40 49 59
5 — 9 10 15 13 17/ 23 38 45 58

6 1 3 i 9 15 19 22 28 34 46

7 — 2 6 11 9 18 24 48 52 61

8 — 9 9 8 16 17 21 31 39 56

9 — 11 13 1 13 30 37 48 52 61
10 — 4 7 9 14 21 28 37 41 60
x — 6 8 10 14 21 27 38 45 57
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Table XI

Time of decline of stimulus action (inertia) in larvae of Hydropsyche angustipennis
(Curt.) after 10-second stimulative luminosity using continuous uniform light
of various strength (in seconds)

Larda | ‘0195 [Po'9s | 0's0 [foirs | 1 3 10 ‘ 50 | 100 | 200
No. Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix
1 e 2 9 11 13 21 24 31 38 41
2 2 4 8 8 12 19 22 37 43 57
3 3 3 6 9 16 22 26 32 39 43
4 3 4 7 8 14 24 29 36 41 49
b — 6 7 9 12 21 30 33 39 46
6 e 6 8 10 14 19 24 29 | 40 52
7 2 5 8 12 14 23 31 36 38 44
Dk g 3 6 ) i Wb s O St i R )
QR 7 10 10 11 22 29 34 48 52
10 3 ZEud 8 15 19 24 33 41 56
! z 1 4 8 9 13 21 27 34 41 50

Table XII

Time of decline of stimulus action (inertia) in larvae of Agraylea multipunctata
Currt. after 10-second stimulative luminosity using continuous uniform light
of various strength (in seconds)

Larva 0-125 0-25 | 0:50 | 075 1 3 10 50 100 200
No. Ix 1x Ix Ix Ix Ix 1x Ix Ix Ix
1 il 3 7 8 10 17 21 29 32 49

2 4 4 4 6 12 12 19 28 41 52

3 — 3 6 7 9 18 23 26 38 51

4 — 6 5 5 7 14 19 24 36 48

5 — 3 4 6 8 16 20 25 33 43

6 —_ 4 5 T 8 16 22 27 36 39

7 3 4 8 9 12 19 23 29 30 42

8 — 3 7 8 15 21 22 31 37 50

9 1 2 3 5 7 15 19 28 34 49

10 — 5 4 4 9 17 26 30 43 51

l z 1l 4 5 6 10 16 21 28 36 47

As will be seen from Tables X—XV, the time of inertia depends on the
strength of illumination and differs between the members of different groups
of caddisflies. In the specimens examined it is characterized by its range, which
shows a tendency to grow as the differerces between the stimulative luminosity
and the initial adaptive background B; = 0 increase. It may therefore be in-
ferred that as the illumination intensifies, the selection zone of this parameter
widens. This supports the conclusion, which may be drawn on the basis of the
studies on the time of adaptation, that the process of adaptation of caddisflies
to light consists in the adaptation of photoreceptors to intenser and intenser



Table XIIT

Time of decline of stimulus action (inertia) in larvae of Limnephilus flavicornis
(FaBr.) after 10-second stimulative luminosity using continuous uniform light
of various strength (in seconds)

Larva 0-125 0-25 | 0-50 | 0-75 1 3 l 10 50 100 | 200
No. Ix Ix Ix Ix Ix Ix ‘ Ix Ix Ix Ix
1 — 3 6 5 8 8 12 19 29 40

2 2 5 6 6 i 10 16 19 31 38
3 = 4 5 6 7 7 12 21 29 36
4 4 4 4 5 6 7 18 24 29 41
5 6 4 6 5 11 15 19 32 39
6 — 5 6 7 7 8 15 18 38 44
i — 4 6 4 6 uf 16 24 31 40
8 —_ 3 3 '5) 8 9 18 27 40 49
9 - 4 5 5 8 10 19 26 33 41
10 3 4 4 5 8 7 22 29 36 41
x 1 4 5 5 7 8 16 23 33 41

Table XIV

Time of decline of stimulus action (inertia) in larvae of Potamophylax nigricornis
(Prct.) after 10-second stimulative luminosity using continuous uniform light
of various strength (in seconds)

Larva 0-125 0-25 | 0-50 | 0-75 1 3 10 50 100 | 200
No. 1x Ix Ix Ix Ix Ix Ix Ix Ix Ix
1 2 4 6 6 8 10 14 25 — —_

2 1 6 7 6 6 8 16 19 - —
3 st 4 5 7 9 98 T SodllE e il
4 - 5) 4 5 8 11 13 18 — —

5 1 3 3 4 6 10 19 23 — —
6 1 4 5 74 9 11 18 26 — —_

i e 3 4 6 8 10 21 29 - —

8 — 3 5 5 6 9 19 29 — —
9 4 5 4 5 7 8 16 26 — =
10 2 4 5 6 6 uf 14 21 — =
z 1 4 /i) 6 a 10 17 24 — o

illumination in phylogeny. Besides, Tabies X—XIV clearly illustrate the re-
lative reduction of the inertia time at particular illuminations in the members
of the caddisfly groups under examination. The highest mean time of inertia
is observed in the larvae of Rhyacophila septentrionis McLAcH. (Table X)
and Hydropsyche angustipennis (CURT.) (Table XI). A relative decrease in the
time of inertia oceurs in Agraylea multipunclata (CURT.) (Table XII), Limne-
philus flavicornis (FABR.) (Table XIII) and Potamophylax nigricornis (PIOT.)
(Table XIV). In larval instar IT of L. flavicornis (FABR.) (Table XV) this pa-
rameter comes close to the values obtained for H. angustipennis (CURT.) (Ta-

5 — Acta Zoolog. Crac.
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Table XV

Time of decline of stimulus action (inertia) in larval instar II of Limnephilus fla-

vicornis (FaBr.) after 10-second stimulative luminosity using continuous uniform
light of various strength (in seconds)

Larva | 0125 | 0-25 | 050 | 075 | 1 3 10 | 50 | 100 | 200
No. = Ix el albe Ix Ix I Ix Ix Ix Ix
g g 4 M0l ilo | 990 ase. gl (443
i 2 Ao W Gl tgp ) G ) 308 D idy
3 4 6 8| Il5 L AI8 B8 1 a80. ) 430 IR0
A8 s 3 7 9 S0y | dou w32 | A30k | W44 5650
Bis: e G g8 0. e 1 03 | 830086 | T - ko
8 ¥ a 4t g6 LR Bl | %90, 596 | 638 4R L ge5a
T g o bl B D AR B9 | YO0 629 656 T
| eite ‘ - 3 5 9 |16 [ %23 | 30| 84| 139 AT
| 189 & o T 1o U8 | die | ¥on 320 ; isAs k40 iG]
L aglo e ho i 1] cmt LLaae [ Boa | 258 83T | 940 53
[z fr 8| O el o DL 001 11435 | 42| 49

ble XI) belonging to the first group of caddisflies. Thus the time of inertia
like the time of acquirement of visual information and that of adaptation, under-
goes a reduction in the phylogenetic and individual development.

3.3. Effect of contrast illumination on motor activity of larvae

Larvae used for the experiments with contrast illumination were also adap-
ted to dark during the night. As at continuous uniform illumination, a period
of 30 minutes was designed for observation of each larva.

In contrast illumination, obtained by the use of vessels with their side walls
covered with black paper and lighted from below through a chequer of black
squares, the motor activity of the larvae examined started at a differential
increase of 0-125 lux in the illumination of the light fields in relation to the dark
ones. However, not all the larvae moved. Six larvae of the species Rhyacophila
septentrionis McLACH., 6 of Hydropsyche angustipennis (CURT.), 5 of Argaylea
multipunctata CURT., 5 of Limnephilus flavicornis (FABR.) and 7 of Potamophylaw
wigricornis (P1cr.), out of the 10 larvae of each species examined, moved, but
an increase in illumination by 0-25 lux incited all the larvae to motion. This
confirms the results of one of the preceding experiments that the threshold
of differential sensitivity (4B) of photoreceptors in the dark adapted larvae
lies between 0-125 and 0-25 lux.

Moreover, these lighting conditions made all the larvae move in the vessels
throughout the time of observation, that is, for full 30 minutes. Hence it follows
that contrast illumination has an effect on the motor activity of larvae.

The motor activity of the larvae of Rh. septentrionis McLACH., H. angusti-
pennis (CUurr.) and A. multipunctata CURT. manifested itself by disorderly,
incoordinate clinokinetic movements of the whole body. The intensity of these
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movements augmented with differential increase in the illumination of the
light fields in relation to the dark ones. At the 3-lux illumination of the light
fiels only the larvae of A. multipunctate CURT. went beyond the borders of
the dark squares. The larvae of Rh. septentrionis McLAcH. and H. angustipennis
(Currt.) avoided the light fields at this illumination, but their movements con-
tinued throughout the time of exposure to light. The movements of the larvae
of A. multipunctate CURT. became more orderly, if a few water plants had been
placed in the vessel. The larvae wandered on them, gripping the leaves with
the legs of the third pair and bending their bodies in various directions, whereas
from the very beginning the larvae of L. flavicornis (FABR.) and P. nigricornis
(Prcr.) showed locomotor activity consisting in roaming over the bottom of
the vessel. In this connection larvae of Limnephilus flavicornis (FABR.) were
used as representatives of the third group of caddisflies for a study on locomotor
activity on the horizontal plane in contrast illumination.

Divested of their cases, the larvae of L. flavicornis (FABR.) behaved like
those of Rh. septentrionis McLAcH. and H. angustipennis (CURT.), i. e., they
turned away and contracted and stretched their bodies, but performed the same
movements of legs as when moving on a horizontal plane. If, however, they
happened to meet a flat surface, they travelled in a normal way, as if they had
retained their cases, but only for a short time, and next they relapsed into di-
sorderly, incoordinate movements. This fact indicates that the satisfaction of
tactile reguirements and gravitational orientation, in which they are directed
by the weight of their cases, formalize their locomotion by means of legs and,
in consequence, their movements become symmetrical and compensatory.

Observation of the travelling larvae of L. flavicornis (FABR.) non-divested
of their cases showed that at increases in the illlumination of the light fields
up to 3 lux they moved incessantly on the hottom of the vessel, passing uncon-
cernedly from dark fields to light ones and vice versa. On the other hand,
at differential illuminations above 3 lux (up to 10 lux) the larvae were observed
to hesitate at the passage from dark fields to light ones, and at an increase in
the illumination of the light fields above 10 lux they euntered the light fields
only partly and immediately returned or travelled to the nearest dark squares.
Practically, in this case they most frequently wandered along the lines conrecting
the dark squares.

At continuous uniform illumination, after the extinction of response 6wing
to adaptation, the stimulative luminosity (B,), retaining the same value, turns
to the adaptive luminosity (B;). Tn this connection the thresholds of differential
and contrast sensitivities will have different values, conditioned by the values
of By, at each increase in the illumination of the background.

At contrast illumination (experiments with black squares) the larvae moved
continuously for the whole period of 30 minutes and therefore the light that
acted on their photoreceptors varied in strength with time. If a larva stayed
in a dark field before the light was switched on, this field formed an adaptive

background, B;, and the illumination of the nearest light field was a stimulative
5*



378

luminosity, B,. As soon as the larva had entered the light field, its background
became, in turn, the adaptive luminosity and the nearest dark field the stimu-
lative luminosity. Thus, during the motion of the larva the times of the action
of both luminosities, B and B,, overlap each other.

Previous experiments showed that motor responses do not begin simul-
taneously with the onset of the stimulus, but after the lapse of a definite time.
Neither do the responses stop immediately after the extinction of the light
stimulus. If the responses were immediate, it was so0 owing to the increased
strength of the stimulus. It may however be supposed here that the time of
acquirement of visual information would rnot have reached the zero mark, if

Time of stimulation

LN

(@ N\

Time of acquirement Time of fixation Time of inertia

of visual information of visual information (time of extinction

(time of adaptation) of stimulative action)
1 # 1l o |
i | i
& J
~—

Duration of reaction

Tig. 32. A diagram showing the relation between and the overlap of time parameters acting
on the formation and maintenance of a visual sensation

the next stimulus had followed, because its reception would have been delayed
by the time of inertia caused by the stimulation and adaptation connected with
the previous stimulus. In addition to the strength of light, 3 agents have an
effect on the formation and maintenance of a visual sensation: the time of acqui-
vement of visual information, the time of fixation of information or adaptation,
and the time of inertia or subsidence of the action of the stimulus. The sum of
the time of acquirement of visual information and the time of adaptation makes
up the time of stimulation, and the sum of the time of adaptation and the time
of inertia is the time of duration of the response. The time of stimulation and
that of duration of the response overlap. A diagram showing the relationship
and overlap of the agents that act on the formation and maintenance of a visual
sensation is given in Fig. 32. This diagram, greatly simplified and linear in form,
is constructed on the basis of the data obtained chiefly from the experiments
with continuous uniform light, and it illustrates the course of a single visual
sensation. Naturally, the lengths of individual sections do not represent the
mutual relations between the time values, because they vary according to the
successive stimuli. If there follows another light stimulus, the time of acquire-
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ment of new visual information depends not only on the strength of this sti-
mulus, but also on the time of inertia conditioned by the strength of the pre-
ceding stimulus. In other words, the new information is checked by the inertia
following the preceding visual sensation.

The time of fixation of visual information is a secondary parameter of the
time of adaptation at a continuous uniform illumination. It results from adap-
tation time interrupted durinrg the action of kinetic contrasts. If the locemotor
reaction is to proceed in a possibly continuous manner, the adaptation to the
stimulative luminosity must be continually interrupted. The occurrence of
the response is thus conditioned by the rhythmically repeated action of kinetic
contrasts.

The particular time parameters are closely connected, variable, and show
a rhythmic pulsation, the amplitudes of which depend on the frequency and
strength of consecutive stimuli and the individual receptive capacities of the
larvae. The fact that the perception of a light stimulus takes a definite time
to appear indicates the formation of a physiclogical excitation, which, having
attained an appropriate threshold value, elicits the phenomenon of vision and
next a motor response.

The problem of physiological excitation is well known, but in physiological
optics the authors generally treat the process of formation of the phenomenon
of vision as a direct result of the action of a light stimulus. This is probably
due to the fact that physiological optics is concerned chiefly in studying the
parameters of vision of such an efficient sight organ as the human eye is, whose
time parameters are very short and difficult to manifest in isolation, because
they fuse together and overlap each other. The fact that the visual sensation
originates from a physiological excitation and adaptation, set up in time, was
emphasized for the first time in the theory of sight feeling (Finos, 1967, 1968),
which was put forward out of need of more detailed studies on the efficiency
of the human eye.

However, only comparative studies of a systematic unit which is characte-
rized by evolutionary phases represented by both the forms which are etholo-
gically and morphologically relatively primitive and those more specialized for
attainment of a higher degree of autonomy can throw light on the evolution
of vision or that of the efficiency of photereceptors.

A given efficiency of photoreceptors, consisting in the lowering of the time
parameters owing to the evolution of vision, certainly cannct be an indication
of the evolutionary stage of the organism. The development of the efficiency
of photoreceptors is nothing but a result of the adaptive evolution of animals
to their living conditions.

In order to find the thresholds of sensitivity of the photoreceptors in the
larvae of Limnephilus flavicornis (FABR.) at other adaptive illuminations, expe-
riments with chequer were repeated, the black squares being replaced with layers
of white paper of the same size so as to make it possible to regulate the relative
illumination of the darker and lighter fields optionally. The differences in illu-
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mination between the squares of the chequer were calculated, after the light
penetrating through the layers of paper had been measured separately for light
and dark fields. Illumination was measured after each experiment, the same
lighting conditions being repeated by the use of the recorded numbers of layers
of white paper.

Dark adapted larvae were used for the first experiments. Since in the pre-
vious experiment with contrast illumination of the “light-dark” type, the larvae
moved continuously throughout the time of observation (30 minutes), the occur-
rence of a locomotor response owing to an increase in luminosity of the squares
of the chequer was an indication of the threshold perception here. The results
of these experiments are given in Table X VI, which also confirms the results
of the previous studies, that is, the threshold values of differential sensitivity
of the photoreceptors in the larvae adapted to dark.

The experiments were carried out so that if the highest increase in illumination
of the light squares 4B (Table XVI) that caused motion was 0-25 lux, the lu-
minosity of the dark squares with B; = 0 was adjusted to 0-25 lux, or the sti-
mulative luminosity, to make them the adaptive background for the next
experiment. After the extinction of locomotor activity owing to the adaptation
to the background, the luminosity of the squares designed as stimulative fields
was raised up to the occurrence of a response, the illumination of the dark
squares being left unchanged. If in the next phase of experiments the highest
illumination releasing motor responses was 1 lux, the illumination of the dark
squares, being 0-25 lux, was raised to 1 lux so that they should become an
adaptive background again and stop the movements of the larvae exami-
ned.

The figures in the columrs of Table X VI marked with the symbol B, repre-
sent the illumination of the light squares in lux at the given adaptive luminosity
B; of the darker squares. The 4B column gives the differences between the sti-
mulative illumination B, and the adaptive background B¢, which are at the same
time the thresholds of differential sensitivity of the larvae examined, whereas
the ¢ column lists the thresholds of contrast sensitivity expressed by the ratio
of threshold of differential sensitivity to adaptive luminosity:.

Table XVI shows a clear dependence of the thresholds of differential sensi-
tivity and those of contrast sensitivity on the luminosity of the adaptive back-
ground. The threshold of contrast sensitivity rises, as the adaptive illumination
increases, which means that the larvae adapted, e. g., to the background lu-
minosity B; = 77 lux do not perceive obiects of a luminosity lower than 24B =
= 445 lux at stimulative illuminations B, = 5425 lux. In this case the contrast
between the adaptive illumination (77 lux) and the differential increase in sti-
mulative illumination must be nearly sixfold (5-8). Hence it follows that at
relatively low illuminations, e. g., below 10 lux, the larvae perceive more light
changes in the environment than they do at illuminations above 10 lux, and
the adaptation to stronger and stronger illumirations decreases the sensitivity
of the photoreceptors because the thresholds of contrast sensitivity rise.
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The photoreceptors seem to be most sensitive at adaptive illuminations
below 3 lux, because the thresholds of differential sensitivity show a distinet
increase starting from this value upwards. The immediate motor responses at
stimulative luminosities from 10 lux upwards under the conditions of conti-
nuous uniform illumination (Tables V and VI) may rouse doubt as to the soun-
dness of this conclusion. However, it should be kept in mind that in those
experiments the adaptive background was darkness, to which the larvae had
been adapted during the night and so for a relatively long time. Thus, the res-
ponses may have been of the nature of a shock.

Like the time parameters determined under the conditions of continuous
uniform illumination (time of acquirement of visual information, time of adap-
tation and time of inertia), the thresholds of differential and contrast sensitivity
are individual characters of specimens examined. The numerical range of the
thresholds indicates also their selective value. The larvae whose photoroceptor
sensitivity is best suited to environmental conditions undoubtedly have a chance
of better development, because their better spatial orientation owing to the
more efficient reception of information facilitates both the intake of substances
from the surroundings and the avoidance of unfavourable conditions. Photo-
receptors are not the only factors that contribute to spatial information. Other
receptions may play and probably play a more important part. Nevertheless,
the parameters of these receptions, like those of the photoreceptors, are chara-
cterized by the individual properties of the specimens, and within a population
have certainly selective values.

In the experiments in which round vessels were used in contrast illumination,
i. e., with a chequer of black and light squares placed and lighted up under
the bottom, the larvae were observed to mowe incessantly right along the cir-
cumference of the vessels, starting from as low an increase in the illumination
of light fields as 0-25 lux. Observations were made for a definite time, not
exceeding 30 minutes, for it was not the purpose of this study to examine the
tiredness of larvae. If however the experiments were continued longer, no breaks
in the movements of the larvae were noted before the lapse of about one hour.
Since the locomotor movements along the circumference of the vessel practically
lasted longer than the designed time of observation, it may be stated that
contrast illumination releases the peripheric reaction in the travelling larvae.

At illuminations of the light fields up to 10 lux the larvae moved along
the circumference of the vessel without any inhibitions at a mean rate (z from
10 measurements) of 25-14 cm, that is, the circumference length, in 4 minutes
8 seconds or about 6 cm/minute, whereas at illuminations above 10 lux the
larvae were observed to hesitate and linger before passing from a dark field
to a light one, and so the time they took to travel all round the vessel was
lengthened to 8—10 minutes. Frequently however, especially at illuminations
of 50, 100 and 200 lux, the preipheric reactions were interrupted by excursions
towards the centre of the vessel. Thus, the responses to light stimuli were of
the nature of a shock under these conditions.
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In order to examine the influence of the time of adaptation on the reactions
of this sort, a half of the vessel bottom was covered with black paper instead
of the chequer used in the previous experiment. In this way longer periods of
adaptation to light and dark were established for the travelling larvae. It appea-
red that at as low increases in illumination as 1 lux the larvae behaved in the
same manner as they did at illuminations above 10 lux with a chequered back-
ground, i. e., their motion was characterized by moments of lingering and tur-
ning along the boundary between the dark and the light field (Fig. 33) before
entering the latter. At illuminations above 10 lux the larvae did not leave the
dark field at all. This proves that the shock nature of the response is influenced
not only by the stregth of the new information, but also by the time that the
larvae have for adaptation to the preceding information. The normal course
of reaction is thus conditioned by the shorter and therefore interrupted time for
adaptation. The frequency of interruptions is certainly not indifferent and has
its threshold limits, because it is connected with the rhythm of the action of
kinetic contrasts in natural surroundings and the adaptation of the organism
to this rhythm.

On the other hand, the shock nature of stimulation, which cannot be ruled
out in a natural environment, may either provide lethal conditions or cause
slight mutations in the genetic apparatus, which sorted out in the adaptive
process through natural selection, may prove useful for the further evolution
of the organism in changed living conditions.

The thresholds of differential and contrast sensitivity were not examined
in the larvae of the first and second groups of caddisflies in gradually increased
adaptive illuminations, because then it would have been necessary to apply
other methods of examination in connection with the different manifestations
of their motor activity. The methods used were only fit for larvae exhibiting
locomotor reactions in the horizontal plane, and comparative studies demand
standarized methods. The results obtained from the investigation carried out

Fig. 33. Movements of larvae of Limnephilus flavicornis (FABR.) in relation to their adaptation
to the background
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in both continuous uniform and contrast illuminations are of some significance
in the comparative aspect and may be used as the basis for conclusions concer-
ning the evolution of the efficiency of photoreceptors in the larvae of caddisflies.

The thresholds of differential and contrast sensitivity of the larvae of the
first and second groups of caddisflies in gradually increased adaptive illumina-
tions will undoubtedly differ from those in the larvae of Limnephilus flavicornis
(FABR.), which is evidenced by their relatively high time parameters at conti-
nuous uniform illumination. The sensitivity thresholds of the photoreceptors
of these larvae will certainly be higher, especially in stronger illuminations.

4. Results and conclusions

The results obtained from the studies on the photoreception of the larvae
representing the particular groups of caddisflies and the conclusions drawn
from them are as follows:

1. Light induces optomotor reactions in caddisfly larvae and thesereactions
make it possible to examine the sensitivity and efficiency of their photore-
ceptors.

2. The time parameters having an effect on the formation and maintenance
of visual sensations and demonstrated under the conditions of continuous
uniform illumination are the time of acquirement of visual information, the
time of adaptation and the time of inertia. The sum of the time of acquirement
of information and that of adaptation corresponds with the time of stimulation,
and the sum of the time of adaptation and that of inertia covers the duration
of the response. The time of stimulation and the time of response fuse together
and overlap each other (Fig. 32).

3. The time parameters depend on the strength of stimulative illumination
and individual properties of specimens. The most differentiated of them is the
time of adaptation, which shows the widest range within the series of larvae
of particular species. The time of inertia is also variable, though to a lower
degree, whereas the time of acquirement of visual information is a relatively
constant parameter.

4. The time of adaptation and the time of inertia grow with differential
increases in stimulative illumination and the time of acquirement of visual
information undergoes a shortening as the stimulus increases.

5. The range of the time parameters within 10-specimen series of individual
species suggests the occurrence of a similar range within specific populations.
It iy therefore of selective importance to the adaptive process.

6. The longest times of adaptation and inertia were found in the most pri-
mitive larvae of the first group of caddistlies, Rhyacophila septentrionis MCLACH.
and Hydropsyche angustipennis (CURT.). The shortest times of adaptation and
and inertia were observed in the members of the third group, Limmnephilus
flavicornis (FABR.) and Potamophylax nigricornis (PICT.), which are travelling
forms and so the most independent on environment.
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7. At particular values of stimulative illumination (0-125, 0-25, 0-50, 0-75,
1, 3, 10, 50, 100 and 200 lux) used for examining the responses of larvae, the
time parameters were found to decrease in the members of individual groups
of caddisflies in connection with their transition from passive to more active
ways of life.

8. This decrease in the time parameters of vision is associated with the
development of motor activity and the transformation of asymmetrical uncom-
pensatory movements into symmetrical compensatory ones. They consist
in the larvae’s ability to move over a horizontal surface, and this ability deve-
loped owing to their detachment from the substrate and the presence of pro-
tective structures which condition the appropriate orientation of the larvae
in relation to gravity and facilitate their travelling mode of life.

9. The detachment of the larvae of the third group of caddisflies together
with their cases from the substrate has resulted in the development of the
positive geotaxis, and the travelling way of life has contributed to the impro-
vement of their photoreception. The decreased time parameters of vision are
a manifestation of their efficiency.

10. The evolution of the efficiency of vision thus consists in the reduction
of the time parameters of vision.

11. There is also some improvement in the efficiency of photoreceptors
in individual development, as can be seen from the time parameters of vision
in the second larval instar of Limmephilus flavicornis (FABR.) in comparison
with those in the fifth instar of the same species. Since the fifth instar attains
the highest photoreceptive efficiency, the particular instars will have varying
selective values in this respect, because this is related to the development of
spatial orientation.

12. The time parameters cf the second larval instar of Limmnephilus flavi-
cornis (FABR.) resemble the parameters of the fifth larval instar of Hydropsyche
amgustipennis (CURT.), which belongs to the most primitive group of caddistlies.
This indicates that the parameters of the second larval instar of L. flavicornis
(FABR.) are traces of a function of its ancestors, and their diminution is co-
nected with the development of cenogeretic adaptations.

13. At contrast illumination, during the action of kinetic contrasts caused
by the movement of the surroundings in relation to the organism or that of
the organism in relation to the surroundings, the time of acquirement of visual
information and the time of inertia fuse and overlap, and so do the time of
stimulation and the time of reaction. This results in a specific pulsation of the
time parameters owing to the rhythm of the action of kinetic contrasts.

14. During the action of kinetic contrasts the time of acquirement of visual
information depends on the time of irertia induced by the action of the prece-
ding stimulus. Acquirement of visual information is checked by inertia in this
case.

15. Kinetic contrasts interrupt adaptation to light stimuli, which is evi-
denced by the incessant motor activity of the larvae examined throughout
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the designed time of observation at contrast illumination, whereas during
the same time at continuous uniform illumination adaptation leads to the decline
of the response. Discontinuous adaptation is therefore the condition of the
occurrence of response, and kinetic contrasts which act in a natural environ-
ment, that is, illumination changing with time, release optomotor responses.

16. The cylindrical shape of the vessel releases the peripheric reactions in
travelling larvae only at contrast illumination.

17. The thresholds of differential sensitivity at the sort of light used for
all the examined larvae, adapted to dark at night, lie within a range of 0-125—
0-25 lux.

18. The thresholds of differential and contrast sensitivity depend on the
luminosity of the adaptive background. As the adaptive illumination increases,
the threshold of contrast sensitivity rises, which means that the larvae adapted
to a definite luminosity of the background do not perceive objects of lumino-
sity lower than the thresholds of differential sensitivity, and their adaptation
to stronger and stronger illuminations decreases the sensitivity of photorecep-
tors. ;

19. The photoreceptors of the larvae of Limnephilus flavicornis (FABR.)
are relatively most sensitive at adaptive illuminations below 10 lux. At illu-
minations above 10 lux the responses assume a shock nature. It is so because
above 10 lux light begins to have a dazzling action on these larvae.

20. The sensitivity of photoreceptors is also dependent on the time of adap-
tation to adaptive luminosity, for in the experiments in which the adaptive
background had a larger area (Fig. 33) than the adaptive areas of chequer
squares at contrast illumination the responses assumed a shock nature at as
low increases in stimulative illumination as 1 lux, whereas when a checkered
background was used, it happened from 10 lux upwards.

21. A shorter time of adaptation, i. e., discontinuous adaptation of frequercy
certainly suited to the informative capacity of photoreceptors, conditions a r.or-
mal course of optomotor reactions.

292. The thresholds of differential and contrast sensitivity are characterized
within series by a range which widens as the stimulative illumination increases.
They are therefore, like the time parameters of vision, of selective importance
to the process of adaptive evolution.

FINAL CONCLUSIONS AND INTERPRETATION OF THE ADAPTIVE PROCESS

The course of adaptive process of caddis larvae in their historical develop-
ment has been presented in the first part of this paper. A relationship of the
new cenogenetic adaptations to the palingenetic adaptations in the adaptive
evolution of the insects mentioned has been demonstrated. This relationship
consists in the cenogenetic modification of palingenetic adaptations under
the influence of the controlling action of environment. SMALGAUZEN’S (1966)
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theory about the relative nature of adaptations, which are conditioned and
restricted by the historical development of the organism finds its justification
here.

A diversity of adaptations both in function and in structure indicates the
multiformity of the adaptive process, and the mutal supplementation of indi-
vidual adaptations its complementarity.

The adaptive evolution of caddis larvae includes the phases of transition
of the larvae of their ancestors from life on land to life in cold running waters
and next that of the caddis larvae from flowing to stagnant waters and their
return through flowing waters to the land environment. Individual phases can
be regarded as adaptations to definite living conditions. The particular adapta-
tions were therefore interrupted in their adaptive evolution by the next phases.
The discontinuity of adaptations is thus the condition of the maintenance of
the morphogenetic adaptive process just as the discontinuous adaptations to
light in the process of photoreception are the condition of the optomotor reactions
and, in consequence, photoreception itself. The receptive reactions and adaptive
processes connected with them, resulting from the processes of reception of
information from the surroundings, proceed in microintervals of time, which
can be observed by man and recorded by the apparatuses applied. On the
other hand, the morphogenetic reactions resulting from the adaptive process
in the historical development proceed in macro- and megaintervals of time.
We learn about them on the basis of the conclusions from comparative studies.
It is probably in this connection that these two processes are generally inter-
preted differently, the adaptive process in the phylogenetic aspect and the
adaptations associated with the process of reception of information from the
surroundings. It seems that these processes can be reduced to a unity, because
they are of the same nature but occur in different intervals of time.

A biological system is a reactive system characterized by the phenomenon
of inertia. This phenomenon is caused by the share of the genetic apparatus
in the adaptive process, which apparatus is responsible for the fixation of
adaptive characters through natural selection. REMANE (1956) put forward
the rule that “if an animal changes its environment, the characters of the pre-
vious ways of life are often retained far longer than it would suited the ecolo-
gical requirements of the new environment”. Inertia is therefore a consequence
of a fixed adaptation just as it is connected with adaptation in the process
of vision. The time of adaptation in the process of photoreception is an indivi-
dual character and within a series of specimens it is marked by the zone of se-
lection. It is thus of importance to the adaptive process. Adaptations formed
in the historical development are also related to the properties of the individual
genetic apparatus. Within populations they must therefore have their selection
zones connected with the various degree of tolerance and of accomodation
to variable and cyclically changing environmental conditions. Otherwise na-
tural selection could not act and there would not be any morphogenetic processes.

In the historical development the time of adaptation has certainly its li-
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mits and, if it is not interrupted at an appropriate stage by the next phase
of adaptation to changed living conditions, it probably leads to the ageing
of the evolutionary line of the genotype similarly to how the time of adaptation
to light, if not interrupted, leads to the decline of phototactic and photokinetic
reactions.

Steady conditions have a preserving action on the function and structure
of a biological system in the same way as a continuous stimulus leads to adap-
tation. However, the living conditions, e. g., in stagnant waters, to which
many forms of caddisflies have adapted themselves, cannot be regarded as
steady. Nevertheless, full adaptation to such conditions completes the adaptive
process. If the process taking place in an environment did not provide conditions
for accomodation, which begins each adaptive process (ROTHSCHUH, 1959)
and is possible owing to the tolerant properties of the organism, which pro-
perties form selection zones within the population, the caddis larvae would
represent only the phase of adaptation to stagnant waters. The preservation
of a few relatively primitive caddis families is due to the steadier living condi-
tions provided by mountain-brooks (Ross, 1956).

The phenomenon of inertia arising from the multiform adaptation to de-
finite living conditions resists new adaptations in the adaptive evolution,
just as in the process of photoreception it delays the acquirement of visual
information. The formation of new adaptations in the historical development
is connected with the fact that the resistance resulting from the preceding
adaptations abates, as the new adaptations are improved by natural selection.
The resistance is therefore morphogenetic, for it never vanishes in the adaptive
process.

There occurs an analogy to the resistance of the biological system to infor-
mation from the surroundings. It is inconceivable that this system should be
absolutely “transparent” to information (SEDLAK, 1968), for then it would
not be reactive. This resistance is due to the piezoelectric characteristics of
cells and tissues of animals (ATHENSTAEDT, 1960) and is connected with the
semi-conductive properties of organic compounds (GARRETT, 1962) and the
existence of a piezoelectric effect in DNA and RNA as well as in nucleoproteids
and proteins (DUCHESNE et al., 1960). Owing to such properties of biological
systems, external information induces a change in electricity inside the system
(SEDPLAK, 1967). Internal information is an internal state which resists external
information. The reception of external information is therefore differential,
since it is achieved by comparison. The existence of an internal signalling system
causes that the biological system is not only a store of information, but also
its active and responding receiver. Thanks to internal information the automatic
regulation can act inside the biological system by means of feedback loops in
the signalling system. The state brought about by internal information is
adaptation, though it does not come to a full adaptation, because new informa-
tion interrupts the preceding adaptation, as in the photoreceptive process.
Neither do the responses to the signals running along the feedback channels
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allow this state of adaptation, for they act on the changes in an inhibitory
or stimulative way. It may be stated that the biological system is partly of
ambivalent nature, because if the feedback is negative, it receives changes,
guarding itself against them at the same time.

The same is probably true also of the duration and dynamics of the adaptive
process in the historical aspect. As a result of the action of natural selection
adapted or inadaptive specimens get eliminated. The process continues owing
to the fact that adaptations to definite living conditions are inhibited and
interrupted by stimuli to new adaptations. If the interruption does not occur
at the appropriate point of the evolutionary line of the genotype, then the
prolongation of the time of adaptation probably leads to the preservation
of the function and a narrow specialization, and so an adaptive specialization.
In this case the unadapted specimens are eliminated by natural selection.

Although the phenomenon of adaptation to a stimulus in reception processes
proceeds in time, it never reaches its limits, because the biological system is
continually disturbed by information.

Feedback is a relatively well known phenomenon in natural sciences, espe-
cially in biophysics and neurophysiology. In physiological optics it is demon-
strated in the block diagram of the sight analyzer (Fipos, 1967). The sight
analyzer is a system of automatic regulation with a loop of negative feedback.

The negative feedback also seems to act in the adaptive process in the
historical development. According to SMALGAUZEN’S (1966) theory, the only
possible adaptations are those to the conditions in which the given organism
evolved historically or which occurred frequently in its history as local or
temporary phenomena. This is also indicated by the process of adaptive evo-
lution of caddis larvae, i. e., by the relationship of new adaptations in parti-
cular phases to the original adaptations of the larvae of the ancestors of cad-
‘disflies. Hach phase or evolutionary stage arises from the preceding one, and
the characteristics of the phase representing the return to life on land are also
related to the initial phase. SMALGAUZEN (1966), as has already been mentioned
in the first part of this paper, defines these phenomena as adaptive modifica-
tions, which mark out the course of the evolutionary process of the given orga-
nism. This suggests the existence of a “historical inheritance” in the genetic
apparatus and its inhibitory and restrictive action on the direction of the
adaptive process, which it controls simultaneously. WINKLER (1959) also paid
attention to such a “historical inheritance” in the modes of behaviour displayed
by the organizations of many organisms.

The phenomenon of automatic regulation and steering is defined in the
cybernetic language as the action of the output of the system on its input.
The biological system is historically conditioned. Bach of its evolutionary sta-
ges, or relatively terminal state, is related to the preceding stages. If the model
of a biological system were presented in the form of an evolutionary line and its
particular stages, which may be represented by a species or another systematic
unit, in the form of blocks, each of them would have to be provided with loops
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of negative feedback going to the preceding blocks. The adaptive process
is therefore characterized by feedback.

The adaptive evolution of caddisilies, in addition to the phases in the adap-
tive process, presents also a cycle from the land phase of the larvae of their
ancestors to the land phase of the caddis larvae themselves. Cycles and phases
are properties of rhythms. The adaptive evolution of caddis larvae therefore
includes a segment of the biological rhythm in the megaintervals of time.
The interrupted adaptations to individual living conditions confirm the exi-
stence of this rhythm. The adaptive process is thus characterized by biological
rhythms.

Biological rhythms are peculiar to living organisms. They occur at all the
levels of biological organization. This is evidenced by the existence of the he-
reditarily conditioned circadian rhythms (SOLLBERGER, 1960; BUNNING, 1963)
maintained within the 24-hour rhythms of the physical surroundings. They
are physiological rhythms connected with the rate of physico-chemical changes
occurring in the organism and are adaptive in character, because they must
be adjusted to the cosmic rhythms. The biological rhythms are observed starting
from the molecular level, where the reccurrence of chemical cycles and the
doubling of molecules of DNA acids appear, throughout the levels of climax
organization, which betray the 24-hour, monthly, seasonal, annual and solar
rhythms and probably those of still greater time intervals, because they are
characterized by the ageing of climax formations and their renewal through
the serial stages (CLEMENTS, 1936). The fact that a constituent of a biological
system fails to keep the rhythm peculiar to it is a pathological phenomenon
and the system must strive against it. If at higher levels of organization, e. g.,
that of population or multi-population organization, the rhythm of specimens
is not synchronized with the rhythms of the surroundings (e. g., the reproduction
cycle, in which this is connected with the development and acquisition of food),
they will be eliminated from life by natural selection; they may be preserved
only if their rhythm is better suited to the new conditions, e. g., while passing
to a new niche. The adaptive process is therefore marked by rhythms of various
lengths of cycles. The rhythm of adaptation in the processes of photoreception
originated from both the rhythm of the action of interrupted stimuli and the
appropriate internal rhythm of the biological system.

In biological philosophy the so-called PCT theorem has been introduced
(RENSCH, 1968) as a general rule of life based on the principles of symmetry.
It is characteristic of all known elementary life processes. The constant P
represents the existence of the parity of the right and left sides, which arise
like mirror reflections. The constant C expresses the law of contrast, according
to which each elementary molecule has a corresponding anti-molecule with
the opposite electric charge. These molecules exchange each other and substi-
tute for each other. Finally, the constant T indicates that there must also be
a symmetry in the time arrangement. RENSCH (1968) does not discuss the pro-
blem of biological rhythms, yet symmetry is an essential character of rhythms.
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The adaptive process is therefore characterized by symmetry in time.

Summing up the foregoing considerations based on the conclusions and
results of the studies reported in both parts of this paper, it may be stated
that the adaptive process is marked by the following characters: the universality,
for it occurs at each level of biological organization, multiformity, compleneta-
rity, feedback and symmetry. These characters are closely related to each
other, intermingle, and result from each other. This interpretation of the adap-
tive process allows the reduction of the adaptive processes in the historical
development and the adaptations connected with the reception of informaton
from the surroundings to unity.
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STRESZCZENIE

W pierwszej czefci pracy autor oméwil pochodzenie i rozwdj ewolucyjny
chrufcikéw. Na podstawie analizy morfologicznej larw i budowanych przez
nie konstrukeji ochraniajacych oraz zachowania sie zwiazanego ze sposobami
zaspokajania potrzeb zyciowych wyrézniono 3 grupy biologiczne chrudcikéw,
ktére okre§laja nastepujace po sobie, kolejne fazy procesu przystosowawczego
tych owadoéw: przejicie z zycia ladowego larw przodkéw chruscikéw do wod
zimnych, biezgcych, nastepnie larw chru$cikéw z wéd biezacych do wod sto-
jacych i powr6t poprzez wody biezace do §rodowiska ladowego.

Do pierwszej grupy autor zaliczyl podrzad Awnnulipalpia oraz rodziny
Rhyacophilidae i Glossosomatidae z podrzedu Integripalpia, do drugiej — rodzing
Hydroptilidae, a do trzeciej — pozostate rodziny Integripalpia.

Fazowo§¢ procesu przystosowawczego uzasadniaja §lady dawnych funkeji,
ukryte w aktualnym zachowaniu sie larw chrugcikéw. Slady te, ujawnione w do-
Swiadezalnie wywolywanych reakecjach przedstawicieli poszezegélnych grup
sg pozostaloscia funkeji, ktére w pewnych etapach rozwoju historycznego
larw stanowilty podstawe ich egzystencji.

Kazda faza w ewolucji przystosowawczej larw chrudcikéw, polegajace]
na wzroscie autonomii, nawigzuje do poprzedniej i reprezentuje wzglednie
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koricowy stan, ktory jest determinowany przez warunki poczatkowe, poniewaz
powrét z wod stojaeych do wod biezgeych i na lad odbywa sie w tej samej drodze
co przejscie do zycia wodnego larw przodkéw chruscikéw i przystosowanie
sie cenogenetyczne chruscikéow do wod stejacych. Powstale w tej drodze zmiany
przystosowaweze s3 wynikiem modyfikujacego sterowania przez Srodowisko
procesu przystosowawczego. Zostaly one utrwalone przez dobér naturalny i za-
chowatly si¢ w postaci §ladéw dawnych funkeji, ktére ujawnione w dos§wiad-
czalnie wywolywanych reakejach stanowia, jakkolwiek utajone, aktualne cechy
charakteryzujace rozwoj historyczny.

Druga czesé pracy obejmuje badania nad fotorecepcja larw chrudeikow.
Obiektem badan byly larwy reprezentujace wyréznione grupy chruscikow.
W doswiadezeniach ujawnione zostaly parametry czasowe dzialajace na po-
wstanie 1 utrzymywanie sie wrazenia wzrokowego: czas osiggania informacji
wzrokowej, czas adaptacji i czas inercji widzenia. Suma czasu osiggania infor-
macji wzrokowej i czas adaptacji obejmuje czas stymulacji, a suma czasu
adaptacji i czasu inercji stanowi czas trwania reakeji. Czasy stymulaeji i trwa-
nia reakeji zlewaja si¢ z sobg i zachodza na siebie (rys. 32). Autor zwrdcil uwage
na rozpieto§¢ liczbowg parametréw czasowych w obrebie serii badanych osob-
nik6éw, ktéra ma w procesie przystosowawezym warto§é selekcyjnag. Stwierdzit
rowniez proces skracania sie tych parametréw u przedstawicieli poszezegélnych
grup chrudcikéw w zwigzku z przejéciem z biernego do bardziej aktywnego
trybu zycia.

Skracanie si¢ parametréw czasowych widzenia jest wyrazem ewolucyjnego
rozwoju sprawnofci widzenia i wigZze sie z rozwojem aktywno$ci ruchowej
i przeksztatcaniem sie ruchéw asymetryeznych, niekompensacyjnych w ruchy
symetryczne, kompensacyjne, polegajace na zdolnodei poruszania si¢ po pla-
szezyznie poziomej w zwigzku z oderwaniem sie larw od podloza i stosowng
budowg konstrukeji ochraniajacych, warunkujgeych odpowiednig ich orientacje
wzgledem sily przyciagania ziemskiego i ulatwiajacych wedrowny tryb Zycia.

Oprécz wykazania zwiekszania sie sprawnofei fotoreceptoréw w drodze
tilogenetycznego rozwoju autor stwierdzil rowniez proces skracania si¢ para-
metréw widzenia w rozwoju osobniczym larw Limnephilus flavicornis (FABR.)
i w zwigzku z tym wysungt wniosek, ze poszezegélne stadia rozwoju larwalnego
maja rézna wartosé selekeyjng w procesie dziatania doboru naturalnego, gdyz
wigze si¢ t0 z rozwojem orientacji przestrzennej.

W o$wietleniu kontrastowym podczas dzialania kontrastéw kinetycznych
wynikajaeyeh z ruchu otoczenia wzgledem organizmu lub organizmu wzgledem
otoczenia, czasy osiggania informacji wzrokowej i inercji zlewaja si¢ z sobg
i zachodzg na siebie, podobnie jak czas stymulacji i czas trwania reakeji. Sprawia
to swoista pulsacje parametréw czasowych, wywolywang rytmikg dzialania
kontrastéw kinetycznych. Poniewaz kontrasty kinetyczne przerywaja adapta-
cje do bodZeéw Swietlnych, przerywana adaptacja jest warunkiem wystepo-
wania reakeji optomotoryeznych. Natomiast w o§wietleniu ciagtym, jednolitym,
nie przerywana adaptacja prowadzi do zaniku reakeji.
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Badanie progbéw czulosci réznicowej i kontrastowej wykazalo, ze zaleza
one od luminancji tla adaptacyjnego. Cechuje je takze rozpietesé liczbowa
w obrebie serii osobnikéw w miare wzrostu oswietlenia stymulujacego. Majg
wiec one, podobnie jak parametry czasowe widzenia, wartosé selekeyjna w pro-
cesie ewolucji przystosowawcze].

We wnioskach koficowych autor wysunal teze, ze podobnie jak przerywane
adaptacje w procesie fotorecepcji sa warunkiem wystepowania reakeji optomo-
toryeznych, proces przystosowawezy w rozwoju historycznym trwa dzigki
temu, ze przystosowania do okreflonych warunkéw bytowania sa hamowane
i przerywane wzbudzaniem do nowych przystosowari. Jest to warunek ksztalto-
tworezego procesu w rozwoju historycznym.

State warunki dziataja w sposob konserwujacy na funkeje i strukture ukladu
biologicznego tak samo, jak bodziec ciggly prowadzi do adaptacji. Zdaniem
autora czas adaptacji w rozwoju historyeznym powinien mieé takze swoje
granice i, je§li nie zostanie na odpowiednim etapie przerwany nastepng fazg
przystosowaweza do zmienionych warunkow bytowania, prowadzi prawdo-
podobnie do starzenia sie linii rozwojowej genotypu, podobnie jak nie przery-
wany czas adaptacji do Swiatla prowadzi przez adaptacje do zaniku reakeji
fototaktycznych lub fotokinetycznych.

Porownujac proces przystosowawczy w rozwoju historycznym z procesami
adaptacyjnymi zwigzanymi z odbiorem informacji otoczenia autor wykazal
wspolne ich cechy: powszechno$é, wielopostaciowosé, komplementarnogé,
sprzezenia zwrotne i symetria w czasie. Cechy te pozwalajg na sprowadzenie
tych proceséw do jednosci.

PE3IOME

B nepBoil yactu cBOeil paGoTbl aBTOpP COCYAMII IPOUCXOMKIEHHE M IBOJIOLOHHOE
pasBUTHE pyqeﬁHHROB. Ha ocuosanuu MOp(l)O.TIOI‘I/I‘ICCKOI‘O aHAJIM3a JIMUUMHOK M IIOCTPO-
€HHBIX MMM SAIIUTHBIX KOHCTPYKIHMN M WX IIOBEIEHMs, CBA3AHHBIX CO CIIOCOOAMH YHO-
BJIETBOPEHUsI HX JKU3HEHHBIX IOTPEOHOCTEH, OBUIM BBIENEHBI TPM GHOJIOMUECKUE
IPYIIBL PYUeHHHUKOB, KOTOpbIE ONpPEENAIOT IOCTeAOBaTeNbHbIC OuepeiHble (asbl
HpOIECCa TIPUCIIOCODIICHNA 9THX HACEKOMBIX: NEPEXO[ M3 HA3EMHOM JKM3HM JIMUMHOK
NPEAKOB PYyUYEHHUKOB B XOJIOAHBIE TEKYHIME BOJBI, CIEHOBATEIBHO IIEPEXOJ, JIMUUHOK
pyUeHHIKOB U3 MPOTORHBIX BOJ B CTOAIIME M BO3BPAT UEPE3 IIPOTOUHBIE BOJABI B MaTe-
DUKOBYIO CpEfy.

K mepgoit rpynme aBrop orHéC mopotpan Annulipalpia u cemelicrBa Rhyacophili-
dae u @lossosomatidae u3 moporpsma Integripalpia, ko BIOpoH TIpymme cemeHCIBO
Hydroptilidae, a x TpeThelt — ocranmpuble cemeiictBa Integripalpia.

Daspl TpoIecca IPUCIOCOOIICHNS JOKA3bIBAIOT CIIEABI IPEXKHMX (DYHKIMMA, COXpaHsI-
IOLIMECST B HACTOSIIEM MOBEHCHHU JIMUMHOK DPYUYEHHHMKOB. OTH CJeMbI, OOHAPYKEHBI
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B OIBITHO BBISBAHHBIX PEAKIUSAX IIPEACTABUTEIIEH OTHENBHBIX IPYI, ABJISIOTCSI OCTAT-
Kamyu (DYHKIMHA, KOTOPBIE B ONPEJENEHHBIX STalaX HCTOPUUECKOTO DASBUTHA JIMUMHOK
OB OCHOBOH MX CYILIECTBOBAHHS.

Kanpast ornensnas (asa B IPOIECCE IPUCTIOCOOIEHHS INUMHOK PYIeHHIKOB PacCUm-
TaHa HA POCT ABTOHOMUY, HABASBIBAET K MPEAbIIyINeil (hase u mpeICcTaBIIgeT OTHOCHTE -
HO, KOHEYHOE COCTOFIHME, KOTOPOE SaBHUCHT OT HEYATbHBLIX YCIOBHIL, TaK KaK BO3BpAT
U3 CTOAIMX BOJ B IPOTOYHBIC M HA MATCPUK IPOMCXOMUT II0 TOMY K€ IIyTH, UTO HEPEXOJ
K BOIAHOH YKUSHH JIMYMHOK IIPEAKOB PYUCHHUKOB U IIEHOI €HETUUECKOE MPHUCIIOCOGIICHIE
PyueHHMKOB K CTOALMM BOZ2M. BosHuxiune Ha 9TOM IIyTH H3MEHEHWS MPUCIIOCOBIICHHST
ABJIAIOTCA PE3YJIHTATOM MOAMGDUKAIMOHHOTO YIPABIICHUSI CPEOH HPUCIOCOBUTEIBHOIO
nporecca. OHu CHUIM YKPEITICHBI €CTECTBEHHBIM OTOOPOM M COXPAHIIINCh B BHJE CIICIOB
npexKHuX QYHKIHH, KOTOPbIe ObLIM 0OHAPYYKEHBI SKCIEPUMEHTATIBHBIM [IyTEM BBISBAH-
HBIX PEaKIii M IPEJICTABJIAIOT CO00M, XOT5I CKPBIThIE, HACTOSIIUE UEPTHI, XapaKTEPU-
3yIOLINE MCTOPHUECKOE PA3SBUTHE.

Bropasi yacts pa0oTEI OXBAaTBIBAET HMCCIEHOBAHUS (OTOPEIENIMM JTMUMHOK PyUeli-
muKoB. Ilpeamerom ucciiemoBanuii ObLIM JIMUUHKH, HPENCTABISIONINE BBIIEICHHBIE
rpynnbl pydeHHuKOB. B oxcnepumentax GbIIM 0GHADY>KEHBI BpEMEHHBIE IIAPAMETPHI,
JEeHCTBYIOIME HA BOSHUKHOBEHHE M COXPAHEHHE B3PUTENILHOLO BIICUATIICHHS: BPEMS
TIOJTyUCHUsA 3PUTEIBHON MHDOPMAyY, BPeMsl IPUCIOCOBIIEHHA U BPeMs MHEPIUH 3pe-
nusi. Cymma BpeMEHHU JIJIA TIOJIYYCHUsI 3PUTENbHOI MH(OPMAIMK 1 BpeMsl IPHCIOCobIe-
HUSL OXBATBIBAET BPEMA CTHMYJIIIHM, & CyMMa BPEMEHM IIPHUCIOCODIEHUS ¥ BPEMEHM
uHepIpy Ta€T BpeMsi IIPOMODKUTEIBHOCTH PeaKuy. Bpemss crumyIANUM U IPOHODKU-
TEJIBHOCTH PEaKIUM CIIMBAETCSA ¥ HAKIAIbIBAEICA Jpyr Ha mpyra (puc. 32).

ABTOp 00paTHJ BHMMAHHE HA UHMCIMTENBHBIA [MAlas0H BPEMEHHBIX IAPAMETPOB
B KPYIy CEPUH MCIICHOBAHHBIX 0CO0EH OTHOro BHIA, KOTOPBI HUMEET SHAUECHUE CEJIEKITIN
B IIPOIECCE NPHUCIOCOOIEHHs. ABTOP TOXKE CKOHCTATHPOBA IIPOIECC COKPAIIEHUS STHUX
[apaMeTpoB y NpeACTaBUTENCH OTHENBHBIX I'PYII PYYEHHHUKOB B CBA3H C IEPEXOMIOM
OT IIACCUBHOI'O K 0ojiee aKTUBHOMY 00pasy >KU3HH.

CoxpallieH1e BPeMEHHBIX NAPAMETPOB 3PEHHSA ABJISETCS BHIPAYKEHHEM SBOJIOLOH-
HOI'0 PASBUTHS TOYHOCTH 3PEHMSI M CBA3aHO C PAa3BUTHUEM JBUIATEIBHOM AKTUBHOCTU
1 IpeodpasOBaHUeN ACHMMETPHYECKUX U HEKOMIICHCAIHOHHBIX JBIOKCHUNA B CHMMETDH-
UECKHUE, KOMIICHCAIIUOHHLIE, KOTOPBIE TAIOT BO3MOYKHOCTH JBHYKEHHMS 10 BEPTHKAJIBHOK
IUIOCKOCTA B CBA3H C OTOPBAHUEM JIMUMHOK OT ITOUBBI W IIOAXOMAUIAM IIOCTPOECHMEM
BAILUTHBIX KOHCTPYKIMH, 0O0YyC/IOBJIMBAIOIIUM, COOTBETCTBEHHO, MX OpPHEHTHPOBKY
B OTHOLICHHM K 3C€MHOMY IIPUTSIKEHHIO M OOJIETYaOIMM AaKTUBHBINA 00pa3 »KU3HMU.

Kpome noxasarenscrsa yBenuuenust HCIPABHOCTH (DOTOPENENTOPOB IyTEM ¢utore-
HETHYICCKOTO PA3SBUTH, aBTOP CKOHCTATUPOBAJI TAKKE IPOLIECC COKPALCHHUS [1apaMeTPOB
BpCHUA B OHTOrCHE3e JInuuHOK Limmnephilus flavicornis (FABR.) 1 B CBA3M C9THM BBIBH-
HYJI IPE/UIOMKCHIE, YTO OTAETIbHBIE CTAIUM JIMYMHOYHOTO Pa3BUTHSA MMEIOT DA3JIHYHYIO
CEJIEKIHOHHYIO CTOMMOCTE B IIPOLECCE E€CTECTBEHHOrO 0T0Opa, TaK KaK 9TO CBA3AHO
C pasBUTHEM IPOCTPAHCTBEHHON OPHEHTHPOBKH.

B KOHTPAaCTHOM OCBCIICHMYM BO BpeMs [JeHCTBOBAHMA KHHETMUECKUX KOHTPACTOB,
HCXOMAMMX U3 [IBUYKCHUS OKPYXKEHHUS II0 OTHOIUEHHUIO K OpPraHM3MY HJIM OPTaHu3Ma
II0 OTHOWICHHIO K OKPYKCHMIO, BPEMS IIOJIYyUCHUs 3pUTEIILHOM uudOopMaIK U MHEPITAI
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CJIMBAIOTCS M HAKJIAALIBAIOTCS IPYT HA Apyra, HomoOHBIM 06pasom, KaK BPEMsI CTUMYJIA-
LM ¥ BPEMS IPOMOJHKUTEIIBHOCTH PEaKIMU. DTO BEISBIBAET CBOMCTBEHHYIO ITYJIbCAIMIO
BPEMEHHBIX IAPAMETPOB, BBISBAHHBIX DUTMMKOH NeHCTBOBAHMSA KHUHETHUECKHX KOH-
TpacToB. TaK KaK KMHETHYECKUE KOHTPACTBI IPEPBIBAIOT IPUCIOCOOIEHIE K CBETOBOMY
CTHMYJY, TIPEPBAHHOE IIPUCIOCOOICHHE ABJIACTCA YCIOBHEM IIPOSABJIEHUSA ONTOMOTOPH-
YECKUX peaKIuil. 3aro B MOCTOSIHHOM MOHOJIMTHOM OCBELIEHHM HE IPEPBAaHHOE IIPUCIIO-
co0JieHre JOBOAUT K KCUE3aHUIO PEaKIUH.

Uccnepoanusa moporos autdepeHnnaIbHOl U KOHTPACTHOH UyBCTBUTEIBHOCTH
JIOKa3ajJy, UTO 3aBMCHUT OHM OT MJUIIOMUHALUM aJanTanyoHHOr0 (oHAa. XapaKIepu3yer
UX TOYKE UHCIIUTEIPHBIN UANa30H B KPYIY CEPUH 0CO0el 10 Mepe POCTa CTUMY JIAIMOHHOIO
ocBemenusi. Taxkum o0pasom OHUM MMEIOT, KaK ¥ BpPEMEHHBIC IIapameTpbl 3PEHUA Ce-
JIEKIIMOHHYIO CTOMMOCTh B 3BOJIIOIIMOHHOM IIPOLIECCE IPHCIIOCOOJIEHHMS.

B KOHEUHBIX UTOIAX aBTOD BBIABUHYJ TE3HC, UTO IIOX0KE KAK Pa3opBaHHBIE a/alTa-
UK B mporecce GOTOPENEIIHH ABIIAIOTCA YCIOBUEM CYIIeCTBOBAHMSA OITOMOTOPUYECKON
PEAKIIHM, IPUCIIOCOOUTENLHBINA NPOIECC B UCTOPHYECKOM PasBUTHH IIPOOJDKaeTcs Oia-
rOZIAPSI TOMY, UTO NPUCTIOCOOIIEHMSI K OIPEIeIEHHBIM YCIOBUAM CYIIECTBOBAHUSA OBIBAIOT
3aTOPMOYKEHBI ¥ IIPEPBaHbl BO30Y»KACHHEM K HOBBIM IPHCIOCOOIEHUSAM. DTO ABJIACTCA
ycnoBuem (hOPMUDYIOIIEro IIPOIeCca B HCTOPUYECKOM PAa3BUTHH.

TlocTosiHEBIE YCIOBUS JIEHCTBYIOT, KaK KOHCEPBATOPBI Ha (DYHKIUIO U CTPYKTYPY
OMOJIOTHYECKOH CHCTEMBI TaK JKe, KaK IIOCTOSHHBIM CTHMYJI MOBOOUT K aJaNTalyu.
Ilo MHEHHMIO aBTOpa, BPEMS A[aNTAIMH B MCTOPUYECKOM PasBUTHHU [IOJDKHO UMETH TOXKE
CBOM TIPEIEIIBbI M, €CIIM OHM He OyIyT Ha COOTBETCIBYIOIIEM STAIle IPEPBAHBI IIOCICAYIO-
et (hasoit IPHCIOCOGUTENBPHON K M3MEHEHHBIM YCJIOBHAM CyIIECTEOBAHMA, JLOBOIUT,
BEPOSTHO, K CTAPEHMIO JIMHHUM DPa3BUTHS TEHOTHIIA, TaK KaK HE IPEPBAHHOE BPEMSI
aANTaMy K CBETY HOBOMUT Uepe3 afanTalllio K MCYE3HOBEHMIO (POTOTAKTUUECCKUX MU
(DOTOKUHETHUECKUX PEAKIHI.

CpaBHMBAsI IIPOIECC TIPHUCIOCOOICHAA B MCTOPUYECKOM PA3BUTHM C afaNTallHOHHBIMY
[POLECCAMM, CBSISAHHBIMU C Ipuémom HH(DOPMAIUK OKPYYKEHHs aBTOP JIOKA3aJl MX
ofIue uepThl: BCEOOLIHOCT, MHOrocOpasye, KOMIJICMEHTHOCTb, BO3BPATHYIO CBA3b
U CUMETPHIO BO BPEMEHH. DTU UEePThI Pa3peIlaroT IPUBECTH HTH IIPOLECCEI K eIHHCTBY.
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