dHTOMOJJOIrHYECHOE OBO3PEHHNE, XXXV, 3, 1956
REVUE ’'ENTOMOLOGIE de I'URSS

B. N. Schwanwitsch

COLOR-PATTERN IN LEPIDOPTERA
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During the last three decades the investigation of the color-pattern
of Lepidoptera was progressing considerably both concerning its morpho-
logy, ontogeny and cryptic properties. In the present paper a brief sum-
mation of the work mainly of the USSR workers is to be given that being
mostly restricted to the wing-pattern of Lepidoptera.

I. MORPHOLOGY

The principal method of the analysis of wing-pattern in Lepidoptera
is that of studing the variety of its individual components in the imago
to build up morphological series and then to interpret the latter. The method
allows to study the almost innumerable forms of all the continents.

Portmann in his book (1932) deals with the evolution of color-pattern.
He described e g. a series of the wing-patterns of Lepidoptera after Henke
(1933) which are undoubtedly evolving from one another and says that wi-
thout some supplementary, e. g., palaeontological, evidence the direction
of its evolution cannot be recognized and the process might be equally con-
sidered as either a simplification or complication.

But were it so no pattern investigation on its present scale would be
possible. The Swiss author is right only in the fact, that without some sup-
plementary data it is really impossible to «read» the direction of evolution
in a single morphological series. But the difficulty persists only until dea-
ling with the isolated series and disappears at once on remembering the
basic method of comparative anatomy i. e. comparison of closely allied forms.
Let us consider e. g. the forms of the first medial stripe (made in black,
figs. 1—9) in Satyrus. There are two extreme forms of it. In . fatua — a con-
tinuous slightly curved one (fig. 1) and one dissolved into a series of uni-
cellalar fragments (fig. 3). In S. bischoffi the extreme conditions of the
stripe are the continuous and fragmentated ones (figs. 4, 6) but the frag-
ments are located ladder-like (fig. 6). In S. anthe we find the continuous
condition (fig. 7) and with a long denticle (fig. 9). All the three species’
exhibit intermediate conditions between the extreme ones (figs. 2, 5, 8).
None of the series affords any indication as to the direction of the varia-
bility. The evolution from fig. 1 towards fig. 3 is as likely as that in the
opposite direction. But a comparison of all the six widely divergent con-
ditions shows that three of them diverge at the utmost (figs. 3, 6, 9) while
the remaining three are practically similar (figs. 1, 4, 7). Consequently
the latter represent a condition in common to all the three species. As far
as the evolution passes from general conditions to specialized ones the above
demonstrates which is the direction of the variability in every of
the three species {fig. 1a—9a) and consequently it should be concluded
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that the interrupted, ladder-like and denticle shaped forms of the stripe M*
are really originating from its -primitive shape shown in the diagram
(fig. 10). On the basis of this fairly old method a number of wing-pattern
have been analysed belonging to many families of the Lepidoptera and
thus shown that inspite of
the greatest divergencies of
patterns studied they all de-
rive from some common source.
The results thus obtained are
corroborated by the experi-
mental work of German au-
thors on the ontogenesis of
wing-pattern. E. g. the Anla-
gen of different pattern com-
ponents proved to be different
as to the periods of their
appearance in the pupa (Koeh-
ler and Feldotto, 1935).

The prototypes or schemes
of the wing-pattern proposed
by different workers (Schwan-
witsch, Siffert, Henke) some-
what diverge from one ano-
ther. But their essence is the
same viz. first the wing-pat-
tern consists of several sys-
tems which though coordinate
into a whole are nevertheless
independent from one another
and second the phenomenon
of secondary symmetry is ty-
pical of the structure of some
of them. Let us consider the
prototypes of wing-pattern as
used in the work of the present
author.

The wing-pattern of insects
in general has not yet under-
gone any systematic study.
But in its most generalized
form it seems to consist of

. Figs. 1—9. Variability of the first Medial strips
blﬁoad Stinpejls) transverse tO‘ the (Made in black) in three Satyrus species. 1—3 —
wing. In  Doropteron mirum g toma Frr., 4—6 — S. bischoffi v. eginus Stgn.,
(Hemiodonata, Perm) six of 7—9 — S. anthe v. enervata Alph.

them may be recorded on the %‘figS-img—}?a-t ’lihe Same Sg_tyrust specimens as in
3 1gs. 1— u aced according to e directions
B o T 1™ e of the variability of the first Medial stripe. 10—

° primitive form of the same stripe.

worthy that they seem to ori-

ginate from a continuous

pigmented area broken off into the stripes, the division not being every-
where completed. The number of seven has been indicated by Van Bemme-
len (1919) as primitive for the Lepidoptera and the same we met in Lemche’s
work (1937) with. In the Lepidoptera the maximum of this sort of stripes
recorded by myself is three; though the Micropterygidae possibly possess
a fourth one but the group has not been studied by myself yet. Accordingly
the trinominal prototype (fig. 12) valid for the Tortricidae and Hepialidae



Fig. 11. Doropteron mirum Zal. (Hemiodonata, Perm).
From Zalessky.
Fig. 12—17. Prototypes of the wing-patterns of Lepidop-
tera. 12 — trinomial, 13 — first mediodiscal, 14 — second
mediodiscal, 15 — simplified mediodiscal, 16 — general
rhopalocerous. 17 — nymphaloid. '
Lettering. B — Basalis, B!, B2 — first and second Basa-
lia, D1, D2, D3 — first, second and third Discalia, D2p —
posterior portion of D2, D3d — distal yortion of D3 (macula
sagittata), E — Externa, El, E2, E3 — first, second and
third Externae, M — Medial system, M. s — its broken off
art, M?', M2 — first and second Mediae, M — ring
udded off from M?, M2b — ring budded off from M2,
OC — eye-spot, T — Terminalis.
U — basal Umbra, eU — external Umbra, el/6 — portion
of eU in the 6th cell, ibU — infrabasal Umbra, mU — me-
dial Umbra, oU — ocellar Umbra, pU — peripheral Umbra,
sU', sU? —first and second supplementary Umbrae,
tU — terminal Umbra.
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consists of three broad stripes or rather systems — External, Medial and
Basal (E, M, B). In every of them the margins are darker than the middle,
i. e. a subdivision into two symmetrical halves takes place. Between these
components a system of scantily pigmented Umbrae is located (tU, eU,
bU, ibU) while along the termen a narrow stripe passes (T). Some inter-
mediary forms not to be described here lead to the first mediodiscal proto-
type valid for the huge bulk of Heterocera including Pyralids (fig. 13).
Here the medial system becomes culminating (M! M2) and one more Umbra

Figs. 18—25. Wing-patterns resembling the prototypes
represented in figs. 12—17. 18. Tortriz chrysantheana Dup.
Tortricidae (cf. fig. 12); 19— Spinterops spectrum R. Noctuidae
(cf. fig. 13); 20 — Thaumatopoea herculeana Rmbr. Thaumato-
poeidae (cf. fig. 15); 21 — Euchera sp. Drepanidae (cf. fig. 14,
from Siiffert, 1927); 22 — forewing of Satsuma frivaldskyi Ld.
Lycaenidae (cf. fig. 16); 23— Hindwing of Thecla niphon new.
Lycaenidae; 24 — Mycalaesis Sf{ Satyridae gcf. fig. 17); 25 —
Vanessa urticae L. (from Kohler u. Feldotto, 1935).

has developed inside it (mU), the basal system has contracted and lost its
proximal half while the external system loses its symmetry and consists
of a single stripe (E) which the external Umbra (eU) emanates from as it
were. To the enumerated components the system of Discal spots is added
consisting of three roundish markings of symmetrical structure (D!, D%, D3).
the two distal ones representing well known reniform and circular spots
of Noctuids.

In the second mediodiscal prototype a pair of supplementary Umbrae
stripes each split along (sU?!, sUZ? in fig. 14) are added to the above, while
the Basal system (B) consists of a stripe with an Umbra emanating basi-
fugally from it so that the E, eU and bU, B form now a symmetrical
pair. .

In the simplified mediodiscal prototype (fig. 15) D? and D? are wanting
owing to their occurring rather seldom while the stripe T has, as it is com-
mon, dissolved into unicellular fragments. The principal prototype of the
Rhopalocera (fig. 16) differs from first mediodiscal one in the three Exter-
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nal stripes (E!, E2, E?) being present instead of two (T, E) and in the D?
being situated beyond the Medial system (fig. 16) instead of inside of it
(fig. 13). The prototype is valid for the Papilionidae, Lycaenidae and Hespe-
ridae. The Nymphaloid one (fig. 17) embracing five families differs in the
presence of the eye-spots series (OC) in the area of the ocellar Umbra (oU)
the latter corresponding to eU of the Heterocera. In figs. 18—25 some real
patterns are given that illustrate the described prototypes. Fig. 18 corres-
ponds to the trinomial prototype, fig. 19 to the first mediodiscal prototype,
fig. 21 to the second one, fig. 20 to the simplified one, fig. 22, 23 to the
general rhopalocerous prototype and fig. 24, 25 to the Nymphaloid one.

In figs. 26—51 the results are represented of the morphologal analysis
of more than forty wing patterns of moths and butterflies. The full analyses
of them are either published or under publication elswhere. To abbreviate
the representation only the final extreme forms are afforded while all the
intermediary ones are omitted. Most of the analyses belong to the present
author but several of them are borrowed from Henke (1936), Henke and
Kruse (1941) and from Sokolov (1936, 1947) but the diagrams of those pat-
terns are given in the present author’s system.

A. Heterocera

1. Pyralidae. Nymphula nymphaeata (fig. 27) — the narrow posterior
part (Ms) of M! M? has broken off from the broad anterior one, the lattes
being divided into two by the large D'. Crambus hamellus (fig. 28) — M2 is
sharply bent, so that its fore and hind parts have become almost longis
tudinal thus forming a narrow basifugal corner that enters the system M! M2,

2. Cymatophoridae. Thyatira batis (fig. 29) — four large rosewhite mar-
kings derive from the Umbrae (tU, eU, bU) and the surrounding interspaces,
the boundary of the apical marking being formed by the strips E those of
the middle and basal ones by M! and M? resp.

3. Notodontidae. Dicranura felina (fig. 30) — M?! has extended basifu-
gally along the nervures thus forming large sharp denticles. The same is
the case of the stripe-like margin of mU, the foremost part of the latter
component having moreover divided into two halves. The stripe T forms
a series of long interveinous bars.

4. Sphingidae. Deilephila euphorbiae (fig. 31) — M! has come to lie
along the diagonal (apico-basal) line of the wing and has met with E at the
apex. The space between the two stripes is filled up by the Umbra eU.
Daphnis nerii (fig. 32) — M! produces a beak like basifugal protrusion
in the middle cells, while sU?! has largely expanded in the three posterior
cells, and eU does the same in the anterior ones. B and dia (apical dia-
gonal) are present.

O. Arctiidae (after Sokolov, 1936). Both stripes and Umbrae expand
and darken hugely. Arctia caja (fig. 33) — the middle parts of M, mU

Figs. 26—40. Wing-pattern of 14 species of moths. Figs. 26a—40a. Diagrams of the
wing-pattern of the same species. Lettering and graphic representations as in figs.
12—17. 26 — Heterocerous Frototype amalgamating characters of the first and second
mediodiscal prototypes (13, 14). Figs. 27—28. Pyralidae. 27 — Nymphula nymphaeata L.,
28 — Crambus hamellus Thnbg. Fig. 29. Cymatophoridae. 29 — Thyatira batis L.
Fig. 30. 30 — Dicranura vinula v. felina Btl. Fig. 31—32. Sphingidae. 31 —
Deilephila euphorbiae F., 32 — Daphnis nerii L. Fig. 33. Arctiidae. (After Sokolov,
1936), 33, — Arctia caja L. Fig. 34. Lasiocampidae. (After Sokolov, 1947)." 34 — Den-
drolimus pini L. Fig. 35—37. Saturnidae. (After Henke, 1936). 35 — Antheraea sp.,
36 — Caligula boisduvali Ersch., 37 — Philosamia cynthia Dr. Fig. 38—39. Noctuidae,
(After Henke u. Kruse, 1941). 38 — Phytometra aemula Schiff., 39 — Cucullia asteris
Schiff. Fig. 40. Geometridae. 40 — Lygris prunata L.
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and M? fuse together forming a sort of trident, the latter’s posterior part
(Ms) has broken off from the rest.

6. Lasiocampidae (after Sokolov, 1947). Dendrolimus pini (fig. 34) —
the spot D! has left the area of the M! M2 system and comes to lie proxi-
mal to M2,

7. Saturnidae (mainly after Henke, 1936). Antheraea sp. (fig. 39) —
the rectilinear M has approached the terminal border of the wing, the post-
discal portion of M? has shifted basipetally and broken off from the rest
(pierellisation). Caligula boisduvali (fig. 36) — M! protrudes into basifugal
interveinous denticles and has become sinuous. The same is the case of mU
and sU!, while the denticles of eU are basipetal and enter between these
of sUL. Philosamia cynthia (fig. 37) — the M!M? system is constricted
in the middle cells with the result that M! is pierced by D and the latter
partly comes to lie outside the medial system.

8. Noctuidae (after Henke u. Kruse, 1941). Phytometra aemula (fig. 38) —
D? is absent but its postdiscal supplement (D?p) is filled up by metal shi-
ning scales. Cucullia asteris (fig. 39) — E and M? extend into a number
of very long loops while in M! no modifications are to be noticed. D3d (ma-
cula sagittata) is present.

9. Geometridae. Lygris prunata (fig. 40) — mU is split along into two
stripe-like halves (mU?, m U2), the basal component (B) and apical diagonal
(dia) are well developed.

B. Rhopalocera

1 (10). Papilionidae. In a part of species the Umbrae transform them-
selves into stripes which may be longitudinally splitted and filled up by
red pigment being accordingly termed Rubrae (R! R? R®). The stripe E!
also tends to subdivision but is filled up by blue.

On the forewing of Papilio podalirius (fig. 43) E3, R! and R?® are pre-
sent but R? is lost (though existing in some subspecies). On the hindwing R?
has approached to the narrowed system M! M2 and shows orange pigment
instead of the red one. The most remarkable modifications are: on the fore-
wing a basipetal dislocation of the posterior parts of R!' and M! and on
the hind one the terminal position of E? which is due to the atrophy of the
terminal zona of the wing together with E!. The pattern has markedly de-
generated on the forewing of Papilio erechteus (fig. 44) while on*the hind
one the widely expanded E! and E2 are predominating which character
is typical of a number of Papilios. The interspace between E! and E3
is red.

2 (11). Lycaenidae show three tendencies viz. longitudinal subdivision
of stripes, their cellular fragmentation and the strialisation of Umbrae.
Cigaritis cilissa (fig. 45) is devoid of Umbrae, most stripes have dissolved
into unicellular fragments and a number of the latter are shaped circular
owing to their incomplete division. The fragmentation of components rea-

Fig. 41. General prototype of the wing-pattern of the Rhopalocera. Fig. 42. Prototyg)e
of the wing-pattern of the Nymphaloid families. Fig. 43—56. Wing-pattern in 14
species of Rhopalocera. Fig. 43a—56a. Diagrams of the wing-lgattern of the same
species. Lettering and graphic re4presentation as in figs. 12—17. Fig. 43, 44. Papilio-
nidae. Papilio podalirius L.; 44 — Papilio erechteus Don. Fig. 45, 46. Lycaenidae.
45 — Cigaritis cilissa v. maxima Stgr.; 46 — Zephyrus saepe striata Hew.Fig. 47. He-
speridae 47. Hesperia sidae Esp. Fig. 48. Satyridae. 48 — Caerois chorinaeus F.
Fig. 49. Brassolidae. 49 — Opoptera acadina Latr. Fig. 50. Morphidae. 50 — Morpho
narcissus Stgr. Fig. 51. Amathusiidae. 51 — Amathuzidia dilucida Hb. Figs. 52—356.
Nymphalidae. 52 — Charaxes arja Feld.; 53 — Prepona eugenes Bates; 5 — Agrias
lugens Stgr.; 55 — Callicore meridionalis Bates; 56 — Argynnis paphia L.
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ches a climax in Zephyrus saepestriata (fig. 46) and coupled with the stria-
lisation of Umbrae it results in a presence of some 92 markings on the two
wings.

2 (12). Hesperiidae exhibit a basifugal dislocation of the forewing ante-
rior part of M! and «albinisation» of the M! M2 system on the hind wing.
The latter consists of the interspace between M! and M2 growing either
white or at least lighter than the adjacent umbral areas. Hesperia sidae
(fig. 47) moreover shows a basipetal shlftmg of the anterior hindwing por-
tions of E3, M! and M2

Satyrzdae, Brassolidae, Morphidae, Amathusiidae and Nymphalidae are
pooled together on the basis of the nymphaloid scheme of pattern
(fig. 42).

4 (13). Satyridae. In both wings of Caerois chorinaeus (fig. 48) M! has
dislocated basifugally, while the postdiscal portiones of M? have shifted
basipetally and having coalesced with D? form complex stripes (pierellisa-
tion) (Schwanwitsch, 1925, 1928). Externae are rudimentary which possibly
depends upon the atrophy of the zone of ‘wing margin.

5 (14). Brassolidae. Opoptera acadina (fig. 49) — a large ring-shaped
portion (M2b) has budded off from M? basifugally and come to lie between
M! and M2 A basipetal dislocation of eye-spots and numerous strioles on
the hindwing, are noteworthy.

6 (15). Morphidae are rather primitive and show all the main compo-
nents. In Morpho narcissus (fig. 50) the Umbrae are very wide especially
on the hindwing, the enlarged eye-spots press, as it were, on the compo-
nents near by without contacts however.

7 (16). Amathusiidae. Amathuxidia dilucida (fig. 51) has feeble Umbrae
but most of the stripes are retained and shaped rectilinear. A remarkable
phenomenon is that the posterior eye-spot is «superposed» on the stripe E3
and the latter seems to be translucent through the former.

8 (17). Nymphalidae. In Charaxes arja (fig. 52) the interspace between
M! and oU, has greatly expanded and pushed far away the system M!M?
basipetally and oU with the eye-spots basifugally. The eye-spots have
grown reniform, the zone of the Externae is not analysed yet. On the fore
wing of Prepona eugenes (fig. 53) series of rings has budded off from E3 while
the stripe itself is dislocated basipetally. On the hind wing E3 is similary
dislocated but the eye-spots holding their positions have passed
through the stripe and come to lie distally from it i. e. the two com-
ponents have exchanged their places. On the hindwing of Agrias lugens
(fig. 54) the latter process has advanced further. But moreover several eom-
plex components are present on the hindwing, i. e. the posterior portion
of M! occupies the place of disappeared oU portion, while in the former’s
place a correspondingly dislocated portion of M? is situated. A partial
exchange of places in D? and M? is noteworthly and two curvations of the
anterior portions of M2 to M! are noteworthly. The forewing pattern is
markedly atrophied. A similar degenerescence is observed on the forewing
of Callicore meridionalis (fig. 55). On the hindwing the middle of the M!M?
system has shifted basipetally like in Charaxes arja. But a portion of M?!
remains stationary, and has budded off from its maternal stripe. It encir-
cles D! and is fused with the umbral circle that surrounds the anterior eye-
spot. The complex component thus evolved resembles the umbral circles
of the two posterior eye-spots.

In Argynnis paphia upperside (fig. 56) E2 and E3 have dissolved into
unicellular fragments which resemble the depupillated eye-spots present.
The E? fragments are internervural while those of E? lie on the nervures.
The general fragmentation is coupled with an abundant representation of
the prototypical components.
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The described examples which a number of others could be added to
prove that the most divergent wing-patterns of Lepidoptera really originate
from the same ground source. If the latter is represented by six prototypes
that is due to the fact mainly of technical grounds as e. g. it is hardly pos-
sible to locate D? in two different places in the same scheme: viz. beyond
the Medial system (Rhopalocera) and inside of it (Heterocera), also it is
impossible to figure the system E both in the symmetrical and unilateral

Figs. 57—60. Morphology of dead leaf wing-patterns in the Nymphalidae. 57 — Nym-
phaloid prototype; 58 — Siderone marthesis v. nemesis Ill.; 59 — Zaretes isidora
v. strigosa Stgr.; 60 — Kallima inachis Boisd.

Figs. 57a—60a. Diagrams of the wing-patterns of the same species. Lettering and

graphic representations as in figs. 12—17.

conditions and so on. But nevertheless it is evident that all the six proto-
types represent different sides of the same ground plan of the wing pat-
terns.

The modification of the prototypes are very different but they are
specific for every group, though a given modification may occur in two
distant patterns. The main modification-however is undoubtedly the dislo-
cation either of the total component or oftener of some part of the latter
affecting the general form of a given component in a number of ways.
Also the disappearance of components, their coalescence, division, formation
of complex stripes are met with being however mostly derived from dis-
location. Melanisation stands apart, the appearance of new components
is uncommon. In general the modifications themselves are comparatively
simple but the occurrence of several of them in a single wing-pattern may
afford to the latter a considerable complexity the latter being made out
only by the method of morphological analysis.
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{figs. 74—78) where the balls themselves are made shining to reproduce
the reflections from walls seen in them. The dark spots of the snake Anci-
strodon contortriz (figs. 70—73) are
also stereomorphic and again represent
depressions with elevated middle of
the bottom and overhanging margins
(fig. 71) a general construction of the
cryptic spots. The spots of the Argu-
sianus spots differ from the general
standard only in their circular shape
and strong elevation of the bottom
middle.

Green reflex principle
(Schwanwitsch, 1945) is based oun the
importance of illumination for the
cryptic effect. If e. g. a Colias is sitting
with closed wings among the grassthe
green reflexes from the plants trans-
form the yellow coloration of the under-
side of wings into a green that does
not differ at all from the general hue
of vegetation and thus a strong cryptic _. . ) dtis L
effect arises. Amore specialized example T 7 75'11(3;?32 r:g?; of fﬁ:sﬁggrﬁlgﬂeztm
affords Phytometra (Plusia) chrysitis the green color of the nettle and are
(fig. 77). The yellow metallic areas practically invisible thus the shape of
of its wings serve perfect booking- the moth being utterly distorted. Below
. the total shape of the moth. From
glass that reflects exactly the green Schwanwitsch. 1945. 1949.
of the foliage if the moth is sitting ’ '
deep enough among the plants. The
indicated areas thus become practically invisible while the remaining
yellowish brown parts of the body show an irregular shape of a scorched
dead leaf utterly dissimilar to any insect. Undoubtedly the phenomenon is
widespread among the animals and its cryptic significance is evident.

SUMMARY

1. The studies of the color pattern of Lepidoptera, mainly carried on
in the USSR with remarks on Vertebrata are briefly reviewed.

2. A principal method of studying wing-pattern in the imago is that
of building up morphological series of individual pattern components.
To find out the direction of the evolution of a given component a compa-
rison of several series of it is necessary. No single series may reveal the
evolutionary direction.

3. Three broad transverse strips, or systems of symmetrical structure —
Externa, Media and Basalis — are the main components of the trin o-
mial prototype valid for the primitive Lepidoptera. In the medio-
discal prototype of the Heterocera the medial system becomes domi-
nant, the External one loses its symmetrical structure and a system of three
Discal spots is added to the rest. The general rhopalocerous pro-
totype as compared to the preceding one has three peripheral stripes instead
of two and shows the extra medial position of one of the Discal spots instead
of the intra medial one. The Nym phaloid prototype differs from
the preceding one in having a series of eye-spots. Two more prototypes
of a secondary importance are added to the medio-discal one.

4. Some 28 wing-patterns of the Heterocera and Rhopalocera chosen
from amuch greater number areshown to be reduced to the above prototypes.
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5. Biological value of cryptism is shown by a number of authors and
by the Soviet author Schwarz (1950) among them.

6. The maximum resemblance to biotop models and maximum modi-
fications in the morphology of pattern are often concomitant.

7. Stereomorphism i.e the presence on the wing of two
dimensional images of three dimensional biotop models makes the flat
wing surface visually relieved and thus enhances the cryptic effect. Stereo-
morphic color-patterns are not restricted to the Lepidoptera but occur in
other animals including Vertebrata (Argusianus, Ancistrodon) too.

8. By the green reflex principle the fact is meant that some
surfaces of the body especially the shining ones may reflect the green of the
vegetation and thus become visually as green as the latter, the cryptic effect
being thus heightened.
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PE3IOME

Mopdonoraaecknii aHaIA3 pPHCYHKA B3POCIHX UYeMYEKPHJIHX BeeTCA
ciexyounM obpasoM. CrposTcsa psAOK AHIABALYAIbLHON M3MEHYABOCTH HAH-
HOTO KOMIIOHEHTa PHCYHKA Y HECKOJBKHX OnIM3KEX BAXOB. Hammeil ormens-
HEIA psi He yKassBaeT HampaBJIeHAsT H3MEHYABOCTH, HO HpH CpPaBHEHHAN
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HECKOJIBKAX psANOB ONHE HX KOHIH OKA3KBAIOTCS PpAas3NHIHEIMHA, a Apyrue
cxogHeMA. CXONCTBO yKashBaeT Ha OOLIHOCT OCHOBHI BCeX PAMNOB, W TaKHM
00pa3oM BHIACHAETCS HAaImpaBlIeHAe M3MEHIMBOCTH JIJI KasKOOTO pAfa. ITOT
MeTO, MO3BOJIAJ HOCTPOHTH HPOTOTHOH pHcyHKa AiA Rhopalocera m Hete-
rocera W CBf3aTh ¢ NPOTOTHIAMU pAR PHCYHKOB m3 obemx rpymm. B macros-
meM coo0LIeHAW MOpefsiaraeTcsd MecTh MPOTOTHIOB [JS pPAa3iHYHHX TPYLI
demyeKprInX. OOBegWHeHme BceX IOPOTOTHIOB B OJHY CXeMy TeXHHYECKH
HEeBO3MOJKHO, HO BCe OHH HMeloT oOLIyi0 OCHOBY, KOTOpasd cllaraeTcd U3 He
foilee 9eM TpexX MMHUPOKAX NOHEPEYHHX IOJNOC, HMEIOIIAX CHMMETPHYHYIO
CTPYKTYpPY, U3 yMmOp, JeKallAX B IPOMEKYTKAX MKy HAMHA, H H3 Tpex
He0ONMBIMUX OATEH TaK HA3KBAEMOR MUCKAJIBHOH CHCTEMH, TaKKe HMEII[AX
cuMMeTpHIHy10 cTpyKTypy. Yacts Rhopalocera mmeer mo6aBounylo cmcreMy
riasgaTex nateH. [lpuBopsaTcs, Kak mpmMmep, pucyHkd 46 samos Lepidoptera,
aHAJIM3WPOBAHHHX HAa OCHOBe YKAa3aHHKIX HPOTOTHIOB, 4TO COCTABIAET He-
fonbpmyI0 9acTh BceX OHNyONMKOBAHHKX aHaldH30B. JI3MeHYMBOCTH PHCYHKA
COCTOHT TIJIaBHEIM 00pa3oM B MHOroOoOpa3HHX CMeINEHMSX ero KOMIOHEHTOB
I OX 9acTedl DO KpHJy. Pe3ynpTaThl MaHHOTO MeTOma HCCIENOBAHAA IOJ-
TBePIKAAIOTCA W M3yJIeHmeM OHTOTeHe3a PHCYHKA.

9P PeKTHBHOCTE KpHNTH3MA MOATBEPKAAETCS MHOTHMH IOJIEBHIMU HCCIIe-
NOBaHUSAME, B TOM 4mcie @ coBeTckmx aBTopoB (IlIBapm). Vcmmenme mopdo-
JIOTAYeCKAX W3MEHEHMA pACYHKA BefeT K HOBHIMEHMIO CXOHCTBA C PaCTHTENb-
HEIMU MOJEJNSMA.

Hpunragecknit sddeKT ycnnmpaercs mocpefcTBOM crepeoMopdaaMa: myTem
OpPAMeHeHHA CHOeNUaJbHHX CTePeOCKONMYECKAX MeTOJOB IIOKa3aHO, 4TO Ha
IJIOCKAX KpHUIBAX MHormx 6abodek HaxofATcsi m300pajKeHHAs HEKOTOPOTO
penbeda, KOTOPHIH MOKHO BOCIHPOH3BECTH HA ONHONBETHHIX CKYJBIOTYPHHEX
Mopensax. fIBneHme moxasaHO TakiKe AIA penTwimi m mran (A ncistrodon,
Argusianus).

Kprorigecknit 3dderT y demyeKpRUIHX ycHiamBaeTcs 6jaromaps «3eje-
HOMY pedJerscy»: OTHeJbHEe He3elleHhle yJaCTKH KpHIJIbeB CTAHOBATCA BH-
3yallbHO 3elIeHBHIMH, OTpajsKasd 3ejleHble JIy9d B IIyOHMHe TPaBHLi

Kagenpa srETOMONIOTHR
JlemuHrpagckoro I'ocygapcTBeHHOrO
YEmBepcHTeTa.



