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CONTRIBUTIONS TO THE BIOLOGY
OF THE DOMESTIC LAMPYRIDAEB
LAMPYRIS NOCTILUCA GEOFFR. AND PHAUSIS SPLENDIDULA LEC.
AND EXPERIMENTAL ANALYSIS
OF THEIR PREDATORY AND SEXUAL BEHAVIOR

[Following is a translation of an article by
Hans Helmut Schwaldb in the German-language peri-
odical Zoologisches Jahrbuch (Zoological Annual),
Vol 88, No 4, , pages 399-550. )
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A _Introduction, Surve¥ of the lLiterature,

and Statement of the Problem

The fireflies are among the best known of our native
fauna, 8o that it is understandable that the scientific lite-
rature concerning them is very extensive. A good survey of

the Euro'ean snd non-European literature is given by Harve
(53,55; here and below, the numbers in square brackgts aftgr

thé author's name indicate the number in the bibliography at

the end of this article) in his two compilational works on
bioluminescence. The European literature breaks off after
the first quarter of this century, having reached its peak
in the first two decades. It concerned itself chiefly with
the phenomenon of luminescence and limited itself in Zurope
farticularly to anatomy and histology (Bongardt fg] Vogel
127,128,129,130], M. Schultze [116?,' Wielowiejski -t14o?)
and to the physiology of the luminous organs (Bongardt [8,9),
K¥lliker [6?], Kuhnt [708, Macaire [76], Perkinen§101], :
Owsjanikow [100], Weber [136], Weitlaner [137,138], Wielo-
wiejski [140])." There was also some study of the morphology
of the lirvae and ines (Acloque [1], Bongardt [9], H¥1l-
rigl [62], Knauer [68], Maille [77], Olivier [96,97,99]),
Verhosff -[126], Vogel 127,129,131}, Weber [135,136), Wielo-
wiejeki [140]), but biological observations or even experi-
ments and also ethological notes are rare, very scattered,
and often contradictory, being based only on accidental ob=
servation or on teleological speculation {e.g. Acloque {1],
Bongardt [e.?], von Bronaart [13], Czepa [31,32], Dieckhoff
34], Emery 3‘{,38], HSllrigl [62), Macaire [76], Morley
94}, Newport (95), Olivier [96,97), Verhoeff [126], Vogel
127.1293. Weber [136], Weitlaner [137], Wielowlejski f140]).
Olivier [96], who in his day brought out the firsi compila-
tional worke, writee, "De méme, leurs moeurs ont été égale~
ment peu observées; les documents relatifs & leur genre de
vie et & leur éthologie font A peu prds entidrement défaut
et, dans ?eaucoup de genres, on ne connalt que les individus
mAles." ("In the same way their habits have likewise been
1ittle observed; documents dealing with their mode of life
and their ethology are almost entirely lacking, and in many
genera we are acquainted only with male specimens."] He ap-
peals to the entomologista and holds out a promise of rich
discoveries. BSimilar statements were made by Mangold (1 105
and Verhoef? [126) and bﬁ the Americans Buck [23], Hess |58,
Mast [82), McDermott (84], and others. : -

In the narrower field of my investigations (sexual
behavior) the non-Buropean literature (and in part the south-
ern Buropean, as conoerns the species) must be con-
sidered apart (of. Ohapter D I). American research into the
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problem of luminescence has been conducted along many lines
and is still continuing. The morrhol.gy, anatomy, and histo-
logy of the luminous organs of the :vecies found there have
been treated by Brown and King 14], Buck (23], Geipel [44],
Haddon [51], Harvey [52], Hess [58}, and the physiology and
in particular the biochemistry of the process of lumines-
cence have s0 far been studied almost solely by American

| authors (Alexander [%], Brown and King [14], Buck [20,22,23],
| Dubois [35]), Emerson [see Note 1], Iund [75), Malouf tsee ‘
Note 1), Snell [120), Snyder [121)). Other American works

; concern themselves more or less intensively with the biologic-
| al side of luminescence and its connection with gexual behav-
| ior (Buck [19,21], Hess [58], Hutson [63], Mast [82], McDer-

| mott [83 to 88], Williams [see Note 2j. -

[Notel] For exact reference see Barvey [55].

[Note2] williams, F.X., "Notes on the Life History of Some North-

American Lampyridae,"” Journal of the New York Entomological Society, Vol 25,
1917, pages 11-33. This contribution was unfortunately not available to me.

For our native lampyridae there are as yet no experi-
mentally proved findings on the significance of the capacity
of luminescence for the sexual behavior. My studies have
therefore dealt with the following questions:

th 1. Normal sexual behavior of Lampyris and Phausis in
e open,

2. Qualitative and quantitative analysis of the sexual
stimuli of the two species,

3. Physical nature of the light emitted by the two
species,

4. Decoy experiments with arsificial sources of light,

5. Quaf&tiee of Lampyris and Phausis light that dis-
tinguish the two species, and

6. Comparison with the differing mechanisms of lumin-
escence of the southern European [ucjola species and the
American lampyridae thus far known.

I also set myself the task, not successfully attempted
previously, of raising the two native species of firefliies
from egg to imago. In the course of my experimental studies
I was also able to fill in various gaps in our knowledge of
the developmental cycle of the animals and to make unexpected
observations on the biology of the larvae.

I should like to express here my profound gratitude to my revered
teacher, Prof.Dr. P. Schaller, for suggesting the subject and for his tire-
less readiness to help.

1 also thank Prof.Dr. Mislin for his inmterest in the work and for
providing the place to work,




For repeated assistance in capturing the specimene, and for accompany-
ing and assisting me in my nocturnal capturing excursions and my experiments
in the open I owe a debt of thanks to my friends and colleagues.

3. Materials and Methods

Since of the three native species of fireflies Phos-~
phaenus hemipterus is extremely rare, I worked only with
Lampyris noctiluca and Phausis splendidula, which I collected
chiefly in the area around Mainz and in the vicinity of my
home town of Hettenleidelheim on the northeast edge of the
Palatine forest. The animals could be captured only at night,
when they glowed, in certain biotopes. The larvae luminesce
at very capricious times, and for that reason were especially
hard to find (often I found only one or two a night). Except
for the winter months; however, they can luminesce almost the
year round. To capture the larvae it is necessary to resort
to practices determined by habits of luminescence peculiar
to the species (cf. pages 47 £f. and Chapter C II 1). Cap-
ture of the imagines is possible only during a very brief
season of the year and then only from the beginning of dark-
ness until toward midnight (two or three hours). They often
show up suddenly in a biotope and are quickly gone again
(Chapter D I 1). Besides that the Lampyris males, which
were 80 important in my experiments, do not visibly luminesce.
All this may have contributed to the previous lack of bio-
logical studies.

For nourishment, culture conditions, and the rearing
of the larvae from the egg, cf. Chapter C.

The short-lived imagines were kept in large petri
dishes (height 12 om, diameter 30 cm) under largely natural
habitat conditions (see Chapter C I), separated by sex.

In view of the numerous and varied methods of study
employed in the course of the work it is best to discuss
them separately in the individual chapters. In principle
all laboratory experiments were preceded or accompanied by
extensive out-of-doors observations in the natural environ-
ment. All investigations were carried out at night or in
the late evening hours — unless othervise determined by the
nature of the experiment -~ in order to do Justice as far
as possible to the natural conditions of activity of the
animals (of. Chapter O III 1 and DI 1,2).

¢, Boology, Developmental Cvole, Larvel Biology

L. Boology

A rapid glance at the brief remarks not uncommonly
inserted in the literature concerning the localities where
fireflies are found (Bongrdt. , Hess, HBllrigl, Kaauer,
Macaire, Newport, Verhoeff, Vogel), both Buropean and non-
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Buropean species, indicates that they live chiefly in damp
places: 1in wet meadows, along the banks of brooks and rivers,
in bushes, at the edge of woods, etc. By a comparison of
various biotopes it is our intention here not only to work
out their common and their divergent characteristics, bdut
more especially to consider whether the two species inhabit
separave biotopes or whether theyoccur together and why.

1. oto

Of the 18 separate biotopes that became known t0 me,
12 were under constant observation, while I only visited the
others occasionally. These 12 habitats are situated n areas
divergent both in landecape and in geology.

Eleven are in the immediate zone of influence of woods
or a woods~like environment (park grounds, cemeteries, patches
of woodland among the fields, and the like); only one consists
of treeless and almost bushless terrain, namely of slopes
covered with rank grass broken by cultivated ground, with
only scattered fruit trees, blackthorns, and dog-rose bushes
(biotope B). It is striking that none of the habitats known
to me showa even the slightest growth of conifers, but — it
anything =-- deciduous woods or more or less light bushes.

Nine have direct contact with open water, either standing or
flowing; the rest have such a high groundwater level some-
times that the areas frequently become marshy. A compariscn
of the floristic inventory will give further information
about the physical appearance of lheir habitats and about
special peculiarities in their colonization. The following
biotopes were occupied in August (1958):

% - Blotope A (Figure 1)
SR In & wooded valley beside a pond.

1. Subsoil. partly exposed sandy loaa (Lower
Pernian sandstone);

2. Soil: peat, rav humus, modsrate to dense
grass (root) mat;

3. Herd stratum: grasnes, ferns, oxalis,
equisetva; commonly also Rugex acetoss, Gallum apar-
dne, Lactuca spec.. Jdtellaria media. Ursica dioeca.

4. Brushvood stratum: predominant: Rubus

|
stratua is very strongly sarked. Representatives of
the tree stratum ocour cnly as bushes. The tres
stratum 1s thus lacking.

GRAPHIC NOT REPRODUGIBLE _ , _
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Biotope B (Figure 2)

Slopes in open cultivated land near the bank of a small streanm.

1, Subsoil: limeatone and clayey #0il of limestone content, covered with
a topsoil layer.

2. Surface layer: extremely thick mat of grass roots and stems, vith only
occesional patches of moss.

3. Hord stratum: almost exclusively grasses up to one seter high: Achil-
Aes nillefoliva, Cichorium intvbus, Jenecio varieties, Deucys, Chenopodiyp vari-
oties.

4. Brushwood and tree stratum: Rosa cenina, fruit trees {pear, apple,
plum).

Biotope C (Pigure 3)

In the upper end of a ssall vatercourse.

1. Subsoil: variegated sandstone and a thin
weathered layer of same, completely covered with the
topeoil.

2. Surface layert very thick, mossey, 5-10 ca
rav husus, dense mat of gruss roots, stc.

3. Herd stratus very weakly developed because of
extrensly dense brushwood stratum. h::smt: "
gramineas, Jjuncaocess 1 iaceas, 0O 8, crium,
Ecamaria vesca. W scattered: Yiola canina,

. spec.

Wm&ﬁ ot% dense stand about 2 &
high of Carpizua betulus, vid scattered Fasus pilva-
3ica, Suarcus robuk, w Alnys, Rubua
fruticoma and Mama,

atmdpofmuoupnmck.und
about 5-15 @ Aigh of spruce, pine, and fir; no marked
tes stratun ia the bdiotope itself.

S
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. Biotope D (Figure 4)
On a small woodland stream, downstrcam from
biotope C.
1. Subsoil: as in C.
2. Surface layer: as in C.
3. derdb stratum as in C, with the addition of

welilot (in abundance), Plantago lanceolata, Taraxa-
cun spec., Urtjca dioeca, Yaleriana off., Melempyrum
spec.

4. Brushwood stratum: predominant: (Corylus
avellana, Quercus robur, Salix caprea; scattered:
Carpinus betulus, Pagus silvatica, Betula verrucosa,
Prunus avium, Bryonia alba, Fraxinus excelsior, Alnus,

Prunus spinosa, Viburnum, Acer pseudoplatanus, Evony-
ous, Rosa canina. No tree stratum.

Biotope E (Figure 5)

Extensive covert near a wood and sur-
rounded by an artificial groundwater lake.

1. Subsoil: clayey sand (so-called
"iuting sand"), not exposed.

2. Surface layer: raw humus 5-10 ca
thick under a stand of pedunculate oak of
tush height. Tovard the edge of the field
dense grassroote and atalks form a caontinu-
ous ground cover; little moss.

3. Berd stratua: in dense oak and
hedge terrain, completely lacking; other-
vise grasaes predominate. JScattered:
selilot, Planiago spec.es, Stellaria gedis,
Epilobiua silvaticun, » Juncacess, Anpi-
diua 1)1z 320, Silene inCista.

4. Brushwood stratuam: predominant: Quercus
rolnx. Populus nigra, Rubue fruticoeus. Prudus apinosa.

3aLX species; soattered: DBetula verrucosa. The tree
stratua is lacking.

Biotope P (Pigure 6)

Steep slope near a pond in the woods.

1. Sudsoil: variegated sandstons with a slight
weathered laysr, not exposed.

2. Surface stratum: in adbout equal proportionr
reav humus, & mat of grassroots and ctalks, anc soea.

3. Herd stratum: predoainantly grasses, Nelsg-
IYaum, Hedera halix: scettered: Plantago medis.
Aanceclats, IXaMAXia vesca. Asmidiua £ilix ass. Dmucus
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. carota, melilot, Achillea millefolia,
Helleborus foedidus, Teucrirm scorodonia,
Japonaria off,, Urtica dioeca, Viola spec.,
Hieracium boreale, Filipendula ulzaria.

4. Brushwood stratum: oredominants
Quercus robur, Corylus avellana, Acer o
pseudoplatanus, Viburnum lantana, Rubus
fruticosus; scattered: Carpinus betula,
Cornus sanguineus, Evonymus europaeus,
Betula verrucosa, Resa canina, Populus
nigra, Ligustrum vulgare, Prunus svium,
Rubus idaeus, Crataegus monogyna, Frangula

alnus, Yiburnum opulus, $alix alba. Tree
stratua lacking. B

Biotope G (Figure 7)

Continuetion of bictope F about 70-100 m below it, immediately adjaceant to
the bank of the pond, tut entirely separated from biotope F.

1. Subsoil: ver; humous, partly marshy, loamy soil.

2., Surface jayer: mosses or in places a thick layer of raw huius; grars-
root mal more toward the slope.

3. Herb stratum: gramineae, juncaceae, Rumex acetosa.

4. Brushwood stratum: Rubus fruticosus, Corylus avellana.
5. Tree stratum: predominating: Alnus, Populus nigra; in addition, Carpinus

betulus, Fagus silvatica, Quercus robur, Betula verrucosa, Salix species.

This description of seven isolated habitats shows that
the tree stratum may be lacking when a well-developed brushwood
stratum is present that affords adequate protection against
strons sunshine and drying out. The photographs were all taken
betwaen 12:00 noon and 1:00 p.m., when the sun was at its high-
est, and in clear, aunny weather, in order to demonstrate the
distribution of light and shade and the extent to which the ef-
fect of sunshine is excluded. The photographs also show that
the areas are more or less readily accessible (through paths,
broad game trails, small clearings, and the like). This cir-
cumstance seems to me to be characteristic of all firefly habi-
tats, since all the specimens I was able t0 find, of whatever
stage of development, were in open areas or in the edges of
denser growth, not more than two or three meters into the
thicket at most. This is attributable to the fact that the
snailas that serve as food for the larvae of both species
(Chapter C III 2) are dependent on the marginal and the more
open areas, which because of conditions of light are covered
with a heavier herd stratum, and also that the imagines =--
both the male for flying and the female as a site for showing
an attractive light = prefer open terrain (cf. appetency).

0f the twelve biotopes that were constantly under ob-
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servation, seven of which were chosen for description here,
nine were inhabited jointly by Lampyris and Phausis. This
finding is ell the more surprising in view cf the fact that

in the literature with which I am acquainted no observation

is to be found ‘concerning the simultaneous occurrence of the
two species in the same biotope. But the fact is also remark-
able for the reason that where the imagines of the two species
appear at the same time (Chapter C II 2) there could be com=-
plications in finding the sexes, since the sexually mature
animals (except for Lampyris males), the larvae, and the pupae
of both speciea luminesce. This question did in fact play a
big part in my later experiments concerning the sexual behavi-
or. DBiotopes C and G are among the three places where only
Phaugis splendidula occurs. The close connection with open
weter or ground water is suggested not only topographically,
but also by the stock of decidedly hydrophilous plants (sphag-
num, rushes, horsetail, ferns, cyperaceae, salix, alder),
which in the other biotopes are less conspicuous or entirely
lacking or are represented by plants less adapted to the water.
These relationships are clearly shown by the neighboring bio-
topes C and D and by F and G.

A little watercourse connects biotopes C and D, but on
the way from the source area (biotope C) to biotope D with a
high groundwater level (depression in the terrain) flows
through a typical sandy Cicindela habitat (at about 800 m)
that effects a s geparation of the two biotopes. The
head of the velley (vbiotope C) opens to the north and is sur-
rounded on all sides by high spruces and birches which shade
the biotope proper even when the sun is high. (The dew re-
mains on hot days until the afternoon hours) Biotope D on the
other hand is exposed to diffuse sunlight at various hours of
the day; plants appear that demand less moisture but more
light, such a8 melilot, plantago, dandelion, stinging nettle,
melampyrum; the brushwood is more open and the ground less
damp. The same striking peculiarities are shown by the
higher, driar biotope F (anorth slope of the hill) in compari-
son with the damp biotope G which is exposed to the pond on
the north. Coniferous forest always forms a strict boundary,
as is shown by C, F, and G. The separation between F and G
and between two other biotopes innabited by toth species 30 m
above F is formed in each case by a dense mixed crop of spruce
and pine of 70-100 m and 30 m in width respectively. This
forms such & definite boundary tnat of some 150 Fhausis larvae
and 30 Phausig females caugnt there 1 did not find even a
single specimen within the sharply defined area covered by
unbroken pinestraw. (The more mobile males ocuasionally do
£1y into the coniferous piantation.).




The area of the biotopes varies greatly, in those with
vhich I am acquainted from a few square meters (biotope D
§bout 60 square meters) to several thousand.

2. Habitat

I found most of the many hundred larvae of the two
:pecies 1: the %ro:ng str:tum, which is their real habitat,

0 a greater extent for Phausis than for Lampyris, *he larvae
of which are occasionally found in the herb stratun up to a
meter from the ground in search of prey. This is not parti-
cularly surprising, since it is precisely here that the best
cover is to be found, where it can be shown that even on hot
days the relative humidity does not drop below 80% at any
time of day, where no direct sunlight reaches, where the ex-
tremes of the microclima are largely leveled out, and where
-~ last but not leest =— the prey is to be found. Moxreover
the annual defoliation provides a cover for protection and
wintering that offers good insulation and is readily acces-~
sible to the ground insects, which are relatively slow and
not adapted to burrowing. That they are so much bound to the
ground stratum is the more striking in view of the fact that
they are well equipped to climb with sharp claws and pygo-
podium (they can even climb up unpolished glass surfaces if
‘these are a little inclined from the vertical).

In order to determine the place of abode during the
day in the open, soil samples up to 20 cm in depth were
systematically studied by digging out and spreading the
crumbled material on a white cloth, and it was found that
the layvae of both species in open terrain stayed exclusively
in more or less loose soil material (humus, raw humus, grass
met, moss), retiring not at all or only occasionally during
the day into the actual topsoil itself. (Cf. wintering,
Chapter C III la,) Because of its slowness and tediousness
this method is unsuitadble for determining the density of the
population even when the population is relatively dense,
since too great areas would have to be stvdied with pains-
taking exactness for that. In general it may be said that
the density of population decreases with increasing size of
the biotope. For a study of the density of population see
the findings on rate of multiplication and the like underxr
Chapter ¢ II 3. The next chapter gives further information
concerning the relation to the ground stratum.

3. Bcological Faotorg

My plan was first to study the optimal or preferred
conditione of the natural environment. The result could
then be taken into account in laboratory experimentation,
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s0 as to ensure as natural as possible behavior of the ani-
mals. In addition study of the ecological facvors would help
Yo make possible successful growing of my animals without

too great losses, and since this chapter supplements other

biological observations, it was left in the biological and
ecological section.

For the investigation of decisive factors experiments
on the._choice of "micro-" habitats were carried out, the
preferences determined in moisture, brightness, and tempera-
ture gradients, and laboratory and outdoor observations re-
sorted to on phototaxis and scototaxis.

The following observations are to be considered as

preliminary experiments on the complex problem of ecological
factors.

Experiments on Choice of Habitat

Phausis larvae were kept temporarily in a petri dish (dieameter 15
com). About half the dish was covered with moist red sand (soil froam various
natural biotopes) and the other half with raw humus. It was found that the
larvae sought the surface of the humus half, not only at night but also by
day (at about 400 1lx of diffuse daylight); this thus rules out interpreta-
tion of their behavior as a scototactic reaction (relatively ligbter sand
as against darker humus). This observation led me to further experiments:
Larvae of the two species (30 Lampyris, 40 Phausis) were put into a petri
dish (20 cm in diameter and 10 cm high) in artificial microhabitats in a nor-
mal day-and-night cycle (night from 6:00 p.m. to 8:00 a.m.; day = max. 500
1x), with the bottom of the petri dishes covered as follows (alwaye with about
100% relative humidity and an average of 15-17° C):

1. One half sand (variegated sandstone sand), one half leaf litter
over sand (Table 1, Figure 8).

2. One half sand (variegated sandstone sand), one half raw humus
over sand (Table 2, Figure 9).

3. One half sand, one half cultivated soil (loamy soil of limestone
content) (Tadble 3, Figure 10).

4. One half cultivated soil, one half leaf litter over cultivated
soil (used only for Phausis, Table 4, Figure lla).

5. One half cultivated soil, one half rav humus over cultivated soil
(used only for Phausis, Table 5, Figure 11b).

6. One quarter asnd, one quarter cultivated soil, one quarter leaf
litter, one quarter rav humus (Table 6, Figures 12a and 12b).

7. One quarter sand, one quarter cultivated soil, one quarter leaf
litter, one quarter pinestrav.(Table 7, Pigures 13a, 1%b).

- 10 -




Table 1. 1/2 sand, 1/2 leaf litter.

Lampyris (30 individuals) Phausis (40 individuzls)
Time Sand Leaves Time Sand Leaves
14:00 placed on sand - 14:00 placed at dividing line
17:00 1l 29 17:00 12 28
19:00 4 26 19:00 10 30
24:00 7 23 24:00 10 30

5:00 3 27 5:00 4 36
10:00 2 28 10:00 2 38
15:00 0 30 15:00 2 38
20:00 3 27 18:00 11 29

1:00 20:00 8 32

6:00 1:00 4 36
11:00 6:00 1l 39
12:00 put back on sand- 11:00 1l 39
13:00 3 27 12:00 put back on sand
16:00 2 28 X7:00 39 1
19:00 3 27 22:00 10 30
23:00 1l 29 3:00 4 36

4:00 3 27 8:00 2 %8

9:00 2 28 ; after two days
14:00 2 28 11:00 0 40
- 14:00 o} 40

‘.."‘ Ad, Iy A & l‘l‘ A I A
‘ N l. v 5 0y ! ¢ I?B ma 28 34 l!-

Figure 8. Choice between sand and leaf litter. Lampyris xxx, Phausis 0oo;
a beginning of experiment and resetting of the insects.

a) numver of insscts on leaves; b) number of insects on sand; c¢) Lempyris
placed on sand, Phausis et the dividing line; 4) all insects put back on
sand; e) time of day.

These microhabitate vere checked every five hours after it had been
found that shorter intervals did not change the results. Exceptions were
pade in order to demonstrate specific effects in the behavior of the insects
(of. in the tables the time check in the evening and morning hours).
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Table 2. 1/2 sand, 1/2 raw humus.

Lempyris (30 individuals) Phausis (40 individuals)
Tinme Sand Humusg Time Sand Humus
14:00 placed on sand 14:00 placed at dividing line
15:00 24 6 18:00 8 32
17:00 23 7 23:00 12 28
19:00 27 3 4:00 16 24
24:00 22 8 9:00 17 23

5:00 18 12 J14:00 12 28
10:00 23 7 19:00 11l 29
10:00 moved to humus ] 24:00 3 37
15:00 17 13 5:00 4 36
17:00 17 13 10:00 2 38
20:Q00 18 12 13:00 1 39

1:00 23 7 13:00 put back on sand-

6:00 21 9 18:00 8 32

9:00 12 18 2%:00 o 40

after two days 4:00 4 36
11:00 19 11 9:00 2 38
14:00 15 15 14:C0 2 38
19:00 7 33
24:00 4 36
5:00 8 32
10:00 7 33
after-two days
13:00 2 38

'j‘ '8:5 % e

Ly '3

fik e ® %

(y'ga "-5®.

i) ~ ‘3.
_. "iuu B e :'l‘, :
(©) oot ot syt WUalen d Aon -
\O A« b “15 as*'ﬂﬂﬂ

Figure 9. Choice between sand and raw humus. Syzbols as in Figure 8.

a) no. of insects on humus; b) no. of insects on sand; c) Lampyris placed
on sand, Phaysis at the dividing line; d) Lampyris put back on humus;

e) Phausis put on sand; f) time of day.

The larvae of both speciea always seek out the environ-
ment with the greatest degree of cover. It is nevertheless
striking that th:n&mmg_}g larvae have leas preference for
rav humus then sand, while the Phauplg larvae, as expected,
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TPable 3. 1/2 sand, i/2 cultivated soil.

Lampyris (30 individuals) Phausis (40 individuals)
Time Sand Cultivated Soil Time Sand Cultiv. Soil

14:00 placed at dividing line 14:00 placed at dividing line
18:00 20 10 17:00 motionless at the same

23:00 23 7 place, some still on
4:00 27 3 their backs -
9:00 28 2 18:00 20 20

14:00 26 4 19:00 20 20

19:00 26 4 24:00 8 32

24:00 23 7 5:00 1l 39
2:00 19 11 10:00 ki 39
5:00 20 10 15:00 2 38

10:00 27 3 19:00 11 29

14:00 25 5 20:00 5 35

14:00 placed on cultiv. soil 1:00 0 40

19:00 21 9 6:00 1 39

24:00 23 7 11:00 1l 39
5:00 27 3 15:00 1 39

10:00 26 4

15:00 24 6

Ve % % o
NIy '8
%u ng g
e W C Je
:.@‘E.u ns..-
Y ) »

¢

BTN T 7 T T YR T T T B Y R T T I
.‘ . w
o+ (©) et ot bwer st

Figure 10. Choice between sand and loamy soil. Symbols as in Figure 8,
a) number of insects on sand; b) number of insects on loamy soil; c¢) both
species placed at the dividing line; d) time of day.

give the preference quite decidedly to the raw humas. An
equally different behavior of the two larvae is shown in the
choice between sandy soil and loemy soil of limestone content
(in the table = culti:gted egil)éhiegﬁgéig;;eﬁirging }he

lo soil, Lgnn*;;g e sand. 80 prefers
1e::§s or humus to loamy soil is shown by lable 4-5 and Fig.
11. In the experiments with four choices the clear prefer-
ence for leaf iitter is evident in all cases. The number of

insects in the other parts is considerably below 205
except during the evening and night hours. This difference
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Table 4-5. 1/2 cultivated soil, 1/2 leaf litter (left column)
or raw humus litter (right column). Phausis (40) in each case.

Time Cul;:zgted Leaves Time Cul;:zited Humus
14:00 placed at dividing line 14:00 placed at dividing line
17:00 4 36 18:00 1l 39
19:00 6 34 23:00 8 32
24:00 5 35 4:C0 15 25
5:00 1l 39 9:00 15 25
10:00 1l 39 14:00 14 26
15:00 l 39 19:00 9 31
18:00 12 28 24:00 0 40
20:00 7 33 5:00 3 37
1:00 0] 40 10:00 2 38
6:00 0 40 13%:00 2 38
11:00 0 40 13:00 moved to cultiv. soil
12:00 moved to cultivated soil 18:00 7 33
17:00 38 -2 23:00 3 37
22:00 14 26 4:00 6 34
3:00 6 34 9:00 4 36
8:00 3 37. 14:00 4 36
after two days 19:00 16 24
e A - A
14:00 :
¢ 10:00 7 33
after two days
13:00 1l

Figure 1la,b. Choice between humus and loamy soil (brokes line) and between
leaf litter and loamy soil (solid line). a) number of insects on humus and
leaves respectively; b) number of insects on loamy soil; c) animals placed
along the dividing line; d) moved to loaay soil; e) time of day.

d night is also clearly shown in the course of
:;:wgggag‘{izgor ourve." The leaf litter tbus evidently

as the sole refuge during the day. Only at night is
:;iz.:rcs dessrted for the search for prey (not only in ex-
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Table 6. 1/4 each: sand, cultivated soil, leaf litter, raw humus.

L& wpPYT -8 (}Q indiﬂgals) Phausis (40 individuals)
ime Sand c“lgiI;t°d l?::f Rew Humus| Tize Sand C“I;izit°d ;t::ﬁ Rav Huzus
15:00 put in at the boundary point |15:00 put in at the boundary point
17:00 3 2 25 - 20:00 9 3 16 12
23:00 15 — 14 1l 1:00 2 10 24 4

8:00 16 2 11 1l 6:00 3 7 15 15
9:00 2 - 27 1l 11:00 == 6 29 5
14:00 1 —— 28 1l 17:00 o= 5 32 3
19:00 1 - 29 - 21:00 2 5 29 5
24:00 1 l 28 -— 2:00 2 7 22 9
5:00 1 2 25 2 7:00 1 5 29 5
10:00 2 1l 25 2 12:00 1 3 29 7
after four weeks 12 replaced as at the beginning
10:00 1 1l 24 1l 17:00 4 1l 4 4
15:00 = 1 29 -— (27 larvee still at center)
19:00 2 1l 26 l 22:00 ¢ 3 18 17
23300 == 3 22 5 3:00 == 16 13 11
9:0 2 - a 1l 8:00 == 7 21 12
9:00 replaced as at the beginning 13:00 == 7 2l 12
(only 25 larvae) 18:00 —~ 7 a 12
10:00 3 - 15 7 e300 17 18 18 3
15:00 o= - 23 2 4:00 == 7 P 10
20:00 1 3 20 1 | 9100 — 7T 3 10
1:00 1 1 19 4 (14300 = 7 23 10
6:00 2 2 0 ) § 19300 1 10 a 8
11:00 2 L 2l 2 243100 3 3 24 10
16100 == e 4§ 2 8300 o= l 36 3
21300 == l 22 e
2100 2 1 22 - after tvo days
T:00 2 1 22 -— 11300 o= 4 ¥ 1
12:00 2 - 22 1
12:00 replaced as at the deginning
13:00 1 - 24 -—
173100 == -— &5 -
22:00 1 3 19 2
3:00 4 3 16 F
8:00 3 2 19 1
13100 o - 4 1

periments but also in suiiable cases in nature, e.g. vhen a
road runs through a biotope ani the like). Queastions of the
rhythm of aotivity are deslt with in a chapter to themselves.
Let us merely mention at this point how very amuch the

larvae differ from the lagpvris larvas vith respect to ir
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Figure 12a. Choice of Lampyris larvae (for sand '°'"°, for loamy 8oil =:=.=,
for leaf litter , for rav hugus =—-). a) number of larvae; b) set at
the focal point; ¢) set back at the focal point (after 4 veeks); d) time of

FPigure 12b. Choice of m larvae. HNotation sams as for Figure 12a.
a) nusber of larvse; b) set at the focal point; c) set back at the focal
point; d) 27 larvae still at focal point; e) tiae of day.

sctivity ( in the daytime especially:). -- The prefer-
ence for le tter can be seen in nature from the mere fact
that the larvae of both species live exclusively under leaf-
bearing bushes and trees. It should be wentioned here that
for esch experimental arrangement the insects vers checked
several times for several days at a time. Tables 1-7 are in-
tended to demonstrate that and the graphs (Figures 8-13) to
maxe it possible to compare the results £or the two spacies
better, the number of individuals being reduced there to per-

centages.
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Table 7. 1/4 each: sand, cultivated soil, leaf litter, pinestraw,

Lampyris(25 individuals) | Phausis (40 individuals)
Time Sand “1‘511"’] ted lLelt °:r Pinestrav | Time Sand “lgg;‘“ L:::; Pinestrav
20:00 put in at the dboundary point 20:00 put in at the boundary point
22:00 2 2 17 4 22:00 S 9 19 7

1: 1 4 17 3 1:00 3 9 22 6
6:00 1 2 19 3 6:00 3 2 31 3
11: 1 2 20 2 11:00 2 2 34 2
16:00 — 2 22 1 16:00 1 1 35 3
19:00 2 1 19 3 19:00 3 7 21 9
23:00 2 2 18 3 23:00 == 7 22 11
4:00 o 2 20 3 4:00 1 3 31 5
9:00 ~= - 21 4 9:00 o= 3 33 4
14:00 - 1 23 1 14:00 == 3 33 4
14:00 replaced as at the beginning | 14:00 replaced as at the beginning

15: 30 = 3 21 1l 15:30 all still at the center, soxe
atill on their backs
18:00 =all still at the center, in
normal posture
19:00 4 2 15 4 19:00 11 1l 11 7
24:00 = 3 -z - 24:00 == 13 17 10
500 1 1 20 3 5:00 1 -— 3 4
10:00 1 2 2 -— 10300 w- -— 3 3
15:00 2 - 3 -— 15:00 = -— n 3
20300 = e 20 3 20:00 9 8 16 7
1:00 1 1 21 2 1:00 - 2 33 5
6100 - 3 2l 1 6100 1 2 34 3
1006 2 e 0 | 1000 2 -— 37 1l
after oight days after eight days

{

oy o -t nar ™
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Pig. 1%a. Choice of the Lampyris larves (for sond <+, lomay s0il =ee-=,
1::: 14806 e, PiDOSSINN ——=). &) DO. Of larvae; b) set at fooal
point; ) reset at fooml pojat; 4) time of day.
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Figure 13b. Choice of the Phausis larvae. Notation as for Figure 13a.
a) nusber of larvae; b) placed at the focal point; c) set back at the focal
point; d) all larvae still at the focal point; o) time of day.

0S8 03

nI-2N- =1 2] hil : d 2308 34
To determine the preference in the humidity gradieut,

a humidity gradient of nearly 100-0% vas produced in the usual

way by means of salt solutions: Hp0 1UO®, K2504 ?6-1005.

¥aCl 72-76.5%, CaCly 35%, ZnClg 10-20%, P20g (dry

hunidity. Immediately above the vessels was a runvay of net~

ting; the whole apparatus was hermetically sealed (Figure 14).

| pmmm—

|

Pigure 14. Buaidity gredient. Explanation in the text.

gegults for Iappvris Jarvae (?able 8)
Pemperature: 20° C
ting: complete darkness
Number of larvae: 15 (of various sges and varying
physiological state)
Observation: bhourly
The larvae were put into the apparatus over the Py0s.
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Table 8. Number of larvae [Lampyris] and distribution over:

dours from Be-
ginning of the
Experiment

P,05 nfl, CaCl,

NaCl

X,50

2

14.

16.
17.
18.
19.
20.
2l.
22.
23.
24.
25.
26.
27.
28.
29.
30.
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Results for Pheusis ILarvae (Table 9)
All experimental conuitions same as for Lampyris.

Table 9.

dours from Be- . - . -
ginning of the P,0-. 2nCl, CaCl, NaCl ]
Experiment 2_’ 2 2 * K2804 HZO

1. 2 - - - 3 10
2. - - - 1 10. 4
3. - - - - 12 b,
4. - - - - 12 3
2. - - - - 12 3
6. - - - - 12 3
7. - - - - 12 3
8. - - - - 12 3
9. - - - - 12 3
10, - - - - 12 3
1. - - - ~ 12 3
12. - - - - 12 3
13. get back over the P0g
14, i 5 T 1 1 -
15. - - 5 6 4 -
16. - - 3 6 P 1
17. - 1 2 6 5 1
8. - - 1 6 7 1
13. - - 2 5 7 1
20. - - 2 4 8 1
2. - - 2 4 8 1
22, - - 2 4 8 1
23. - - 2 4 8 1

The two tables and Figures 1l5a and 15b show a very
definite irreversible preference for relative humidities be-
tween 80 and 100%. The Phausis larvae, otherwiss more slug-
gish (cf. ekinesis and locomotion, Chapter E I), react con~
siderably more quickly and sharply here than the lampyris
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larvae. .While the Phausis larvae, whose natural biotope is
more humid, do not prefer the most humid-chamber, they give
all the more decided preference to the K2804 chamber with

I -
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Figure 15. Behavior in the humidity gradient: Lampyris (a), Pheusis (b).
~— Results 17 hours after beginning of the experiment; :-:+ results )
after the larvae were set back at 0% relative humidity (P05) after 12 hours.
Scale at left: number of larvae; scale at right (of each graph): relative
humidity.

If water is dripped into a dried-out cultivation dish,
the larvae are quickly oriented and run to the moist spot.
The hydrokinesis is shown by the following experiments: The
larvae (Lampyris) were kept for a few days beforehand at about
T70-80% relative humidity and without an opportunity to teke in
water and then put into a petri dish 2 cm deep and 15 cm in
diameter; this was covered with a dark handkerchief and light-
ed with a weak, diffuse overhead light (about 30 1lx). The
bottom was covered with sand dry as dust. At one end of the
dish a little water was dripped in until half the dish was
moistened, with a slight discoloration of the sand (red sand).
At the place where the water was dripped in a drop of water
was placed on the glass wall 1/2 cm from the bottom for drink-
ing (see pages 60 ff.), as the point of higheat water concen-
tration 80 to speak. All five larvae not only reached the
moist zone but stayed in it most of the time for hours.
The first one reached the moist zone after 5 minutes, the last
after 12 minutes; the water drop was used by three larvae for
drinking (the animals were naturally not all in the same phy-
siological state). When they occasionally got into the dry
zone they often turned around immediately and not infrequentl
went back to the drop of water to drink. The attempt to olim
up the glass wall was made only in the dry part.
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, Figure 16 shows the paths traced
by two of the larvae.

R 2 2R In cultivation dishes that are
1 \ drying out there is a fast drop in body
R SPPPPEL LS . voluae, both in the longitudinal and
— DT et in the dorsiventral axis. In order
u ' to demonstrate the effect of the

drying environment more precisely,

L - larvae of Lempyris and Phausis were

\ : put into an atmosphere of 45-48

v relative atmospheric humidity at
17-18° C and their water loss deter-~

Fig. 16. P = starting mined hourly by decline in weight on

point for both larvae; the analytical scales. For compari-

W = drop of water: son a freshly killed larva was

p of water; :
=% attempt to climb up weighed in each case.

the glass wall. The results are shown in Figures
17a and 17b. The body weight de-

.‘\m
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.§“ \\\ .
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Pigure 17a. Decreass in body weight at 45-48% relative atzospheric humidie-
ty and 17-18° C (Lampvris). 1-5 individual larvae, ¢ ¢ ¢ comparison fig-
ures for a killed larva, ® death of the subject. a) body weight in %
(weight at beginning of expariment = 100%); b) time in hours.

creases continuously down to a certain percentage; the

curve then runs asymptotically to the abscissa down %0 the

constant weight of the air-dried body. Death ocours in
between the sixth and seventh hours after the be=-

Phausip
th iment, in lampyris very irregularly
ginning of the experimen 3
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Figure 17b. Decrease in body weight at 45-48/% relative atmospheric humidity
and 17-18° C (Phausis). 1-3 individual larvae, 4 averages for five larvae;
other signs as in Figure 17a. a) body weight in % (weight at beginning of

experiment = 100%); b) time in hours.

or not at all (cf. curve 3, Figure 1l7a, and drinking, pages
60 f£f£). If we compare the curves for the experimental sub-
Jects with those of the killed test animals, we find that in
Phausig all the curves follow very closely the curve of the
killed animals, and in fact almost coincide with it; in the
case of is that is true only of curve 1, while curves
2=5 run much flatter. This circumstance suggests that Phau-
larvae lack any regulatory mechanism against drying out,

t that Lampyris larvae can protect themselves moderately
against drying out. That is also the only way to explain the
fact that one larva was able to survive. This curve 3 shows
repeated sudden drops with temgorar constancy of body weight.
The course of ocurve 1, Figure 17a (Lampyris), which nearly
coincides with that of the killed animal, may perhaps be at-
tributed to the larva's having been seriously injured for
some reason. That would also explain the relatively early
death (after the f£ifth hour).

In the course of this inveatigation characteristic
variations in behavior oscurred which were repeated in all
the individual larvae. Both species appeared surpris
active within the first hour; akinesis, which can last for
hours in Fhaugis larvae, was reduced to a fev seconds and
later did not ococur at all. After about four hours neither
species of larva showed any more coordinated locomotive move-
ments (except for the one that survived, whose movezents only
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became somewhat uncoordinated after 19 hours). Just an nour later nearly all
the larvae of both species ceased all locomotion (wita the exception already
mentioned); they moved only in response to powerful mechanical stimuli; the
reaction of turning over was lacking; death followed soon after.

These findings too indicate trat both species react very sensitively
to extreme conditions, and that like many pronounced ground animals they are
almost or completely without protective adaptations against drying out (by
direct sunshine, insufficient ground cover, high teamperature, etc.). The pos=
sibility of a slight adaptation of Lampyris also suggests the ability to in-
habit areas where Phausis is lacking (see pages 29 and 31).

Phototaxis, Behavior in the 3rightness Gradient, Scototaxis

That the factor of light has jreat ecological significance is indicated
by oy intensive but fruitless searches in the daytize in well-populated habi-
tats, and also the reaction %o ertificial lignt occasionally observed. Thus
for example the larvae in the evening or at night in the vessels in which they
were kept (without leaf litter end the like) stayed on the side of the vessel
away from the light, and when the direction of the light changed they always
turned negatively phototactically. With diffuse overhead light (500-700 1x) the
larvae crawl toward a 5 x 5 cm black wall set up at a distance of 20 cm and
follow even slight horizontal shifts of this wall.

Pigure 18. Light gradient. The sleeve used to darken it is not shown. The
figures on ihe apparatus indicate the brightness in lux. Other explanations
and dimensicus are given in the text.

For closer study of the phototactic oehavior 1 used a light gradient
(Figure 18). It consisted of a closed glass case 75 cu long, 8 ca wide,and
10 ca high and a removable glass cover plate. This apparatus was covered
with a sliding mantle of black paper except for one end that remained open.
That end was lighted vertically froz above with a small verticelly sliding
electric lamp with s shallov tray of Cu304 between the lazp and the case to
absord the heat. The bottom was ocovered to a depth of 1 cz with uniformly
moist sand. The appargtus vas calidrated in the dark from below with the
botton shade removed (before the sand was put in) with a light meter (Gossen's
*frilux,” neasuring unit "cendela lux” = "asulux") uatil, by shifting the
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black paper mantle and the lamp a usable brightness gradient had been produced,
with the following graduation: 2500-1000 1x = 11 ca of the length, 1000-500

= 8 cm, 500-100 = 10 cm, 100-50 = 8 cm, 50-10 = 11 cm, 100 (O 1x = no longer
dmeasurable vith the instrument) = 27 cm of the length.

Experimental conditions for both species:
Temperature: 20° C

Relative humidity in the apparatus: 80-100%

Number of larvae: 30

Start of experiment: 1:00 p.m,

Obgervation: hourly (except during the night hours).

The larvae, which aad been habituated to diffuse daylight (500-700 1x)

for :ix bours in the ordinary diurnal rhythm, were placed in the 500-1000 )x
section.

Table 10, Lampyris nocliluca (Figure 19a)

" Time Ofux 10Lux 50 Lux 100 lmx 500 Lux 1000 Lux 2000—2500 Lux

14.00 7 b 4 1 3 6 1
15.00 1 3 3 ) 4 b -
- 1600 10 6 3 2 2 © 6 1.
v 1100 17 4 3 2 1 . 8 -
. 18.00° 1 b b. 3 3. 4, -
1000 7 4 w1 2 4 ‘1 1
2000 8. 1 2 1 3 - -
replaced in 500-—1000 Lux (20.00) .
21.00 7%, 6 . 3 L 2 1 -
$3.00 165, T 2 3 1 .3 -
100 . 2% S 2 - - - -
replaced ia 500—1000 fus (1.0
S0 0 17 ] 3 TR S -
6.00 2 (3 1 - A -
veplaced in 500—1000 Lux (8.00)
00 1867 9 ] 1 1 1 -
900 17 8 3 3 - 1 -
10.00 11 8 1 ) S 1 - .
11.00 17 8 3 3 1 - -

I? ve vish to compare the results for Lazpyris end Phaysis in the
light gredient, we must — lot us euphasize this once more —- as in all our
experinents that are based on speed of running and of general activity, take
into account the faot that Phausis larvae are far 3ore sluggish and are ex-
tresely sensitive to mechanical influences as compared to the agile, more in-
sensitive Laxpyrig larvas.

The tables shovw that the larvae definitely react negatively phototac=
tically, both in the daytime and at night. It is striking that sfter they
arc moved back at night the reaction ocours more rapidly (soazstimes quite
prooouncedly so) than in the daytime. Since the experiments were carried out
independent of the normal day-sand-night periodicity of bdrightness, ve must
assume & correspondingly different type of day-night aotivity rhyths, which
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Table 11. Phausis splendidula (Figure 19b)

Time OlLux 10Lux &0Lux 100 Lux 500 Lux 1000 Lux 2000—2500 Lux

1400 — 1 3 4 16 6 -
., 1500 2 .6 -3 5 9 5, -
L1600 0 1 6 4 3 4 .3 . -
JA;0 1700 0 14 b 4 b 2 - —
1800 0 M 6 b 6 i - -
Y 19.00 13 6 6 ) 1 - —_
02000 14 6 4 5 1 - -
e -replaced in 500--1000 Lux (20.00; .
. 2100 4 6 6 ? 6 1 -
' 92,00 8 3 8 6 4 1 -
. 1.00 11 b 4 ? — -
raplaced in 500—1000 Lux (1.00) :
, 200 6 1 6 . 4. - -
L8000 21 8 1 - - - -
replaced in 500—-1000 Lux (5.00)
+ 1,00 10 6 10 3 2 - -
900 14 . 6 6 3 1 - -
71000 14 8 6 § = - -
1100 0 M 6 6 ‘ - - -

geems to be endogenous to a certain extent. We mignt also interpret this
behavior by saying that with the night hours & higher sensitization to light
occurs, or that before (during the day) there existed a higher willingness
to endure greater brightness. Once the state of insensibility is reached in
the gradient there is hardly any further change with the beginning of day:
the larvae remain motionless where they are, especially the Phausig larvae,
but also the lLampyris larvae, which are otherwise so agile.

When the data were recorded at 14:00 (or one hour after the start of
the experiment) the Phausis larvee were without exception oriented with the
anterior end precisely toward the dark, tte nead completely hidden under the
prothorax, which no doudbt protects against light as well as other things; on
subsequent checks no opposite orientation (and consequently direction of rune
ning) was ever observed. The Lampyris larvae occasicnally went back to the
brighter parts, but while there (especially in the 1000-2500 lx range) they
aoved remarksbly fast and unsteadily, in a way comparadle to a flignt reac-
tion. But in contrast to the imagines, no positive phototaxis could ever de
observed in the larvae in any situation.

Tovard red light the larvae of both species behaved totally indifferent-
1y, 80 that they could always be checked and observed under weak red light.

The running diagraas of Pigures 20a and 20 are intended to illustrate
the scototactic reactions under the folloving experimental arrangeaent (for
larvas of both species):

A petri dish 25 ca in diameter and 12 ca high vas surrounded to its
full beight with a vhite paper mantle; the uniforaly soist sand in the bottoa
vas oovered with vhite filter paper, also moistened and divided into 8 equal
sectors; and this arrangeasnt was lighted from above with a uaifora 600 1x.
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Table 1l. Phausis splendiduls (Figure 190b)
Time Olex 10Lex 60Lux 100 Lax 600 Lux 1000 Lux $03~3500 Lux
CoOM00Y — 1 . 8 4 16 ¢ -
. 16,00 2 . 6 -3 5 9 5, -
* 1600 11 6 4 3 4 .3 . -
Jdi, 1200 L M4 b 4 3 3 - -
. 18.00 14 6 6 ) 1 - -
1900 13 6 - b b 3 - -
SaC 2000 M4 6 ‘4 3 1 - -
R “replaced in 600—1000 Lux (20.00) :
e 00 4 ] 6 7 ] 1 -
22.00 8 3 8 L] 4 1 -
100 14 s ] ? - - -
replaced ia 500—1000 Lux (1.00) .
0200 6 1 ¢ 4 ’ - -
800 C 3t ] 1 - - -" -
replaced is 5001000 Lax (8.00)
T 100 10 8 10 . 8 - -
L. 000 M4 ., & e 3 1 - -
710000 1 T8 8 ¢ - - et
o100 1 ¢ ¢ ) - - -

seens to be endogenous to a certain extent. We night also interpret this
behavior by saying that with the night hours s higher sensitisation to light
oocurs, or that before (during the day) there existed a higher willingness
to endure greater brightness. Once the state of insensibility is resched in
the gradient there is hardly any further change with the beginning of day;
the larvas remain motionless where they are, especially the Phausis larvae,
btut also the Leapvriag larvae, vhich are othervise so agile.

When the data were recorded at 14:00 (or one hour after the start of
the experiment) the Phgusis larvae were without exception oriented vith the
anterior end precisely toward the dark, the head coap’siwely hidden under the
prothorex, which no doubt protects againat light as \ell as other things:; on
subsequent checks no opposite orientation (and consequently direction of rune
ning) vas ever observed. The Lampvris lervae occasionally weat back to the
brighter parts, but whiie there (especially in the 1000-2500 1x range) they
soved resarkadly fast snd unsteadily, in a vay comparable to a flight reac-

tion. Bt in contrast to the imagines, no positive phototaxis oould aver be
obeerved in the larvae in any situation.

Toward red light the larvae of doth species bebaved totally indifferent-
1y, 80 that they oould alvays de checked and observed under weak red light.

The running diagress of Pigares 20a and 20b are intended to illustrate
the soototactic resctions under the following experisental arrengeaent (107
larvae of both species):

A petri dish 25 oa in disneter azf 12 o8 high vas surrounded to its
full height vith a vhite paper santle; the uniformly soist sand in the bottom
was oovered with whits filter paper, aleo moistened and divided into 8 equal
soctors; and this arrengemsnt was lighted from above vith a unifore 800 1x.
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Figure 19a. Behavior in the brightness gradient (Lsxpyris). 7 hours
after beginning of experiment; «-+++ 5 hours after replacing c¢f the larvae;
—w=== § hours after replacing; -.-.- 6 hours after replacing. Scale at left
of each graph: nuaber of animals.

Figure 19b. Bebavior in the btrightness gradient (Phausis). Lines and scale
sane as for 19a.

The petri dish wvas covered with its regular 1lid to protect the larvae, vhich
are extremely sensitive to draughts of air. The parts of the glass wall out-
lined in black in the figures represent a wall of black paper as high as the
petri dish and reaching as far around it as indicated in the individual draw-
ings. The circular segasnt of a wector aaounts to about 10 ca. The experi-
ments were carried out at night (of. activity, Chapter C III 1 b).

For each experimsnt previously unused (unstimulated) larvas were used
(10 Lagpvris and 20 Phausis), put into the dish opposite the dark wall (at
room temperature). The positions found (e) after a given tise do not give s
true picture, since the larvae when they reach the black wall aake an atteapt
to climd up it or after a fev unsuccessful attempts often move on, usually
along the glass wall, cince the light atimulus ie still effective. The nuadber
of larvas had to be chosen in such a wvay that the expsriment could be under-
stood. If we compare the places where the larvas were particularly inclined
to stay for a fairly long time (0) or attempted to climd up the wall (x), we
£ind charscteristic tunchings against the dark wall or at the change to the
white wvall; often the path treced comes t0 the limit of the dark wall and
leads back to the dark wall. The paths, for the sake of clarity, are traced
further in only a few charecteristic cases after the dark wall has been
reached. For each species culy the paths of the five larvae are given that
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Figure 20a. Scototaxis in Lampyriz larvae. = starting point of all larvae
opposite the dark vall geem, { ) = zumber of larvae that stayed at the start-
ing point or returned te it. Other signs are explained in the text.

L

Figire 20b. Scototaxis in Phausis larvee. Signs as in Pigure 20a snd as ox-
plained in the text.

2ot in motion first. They show that the larvae of both apecies find the dark
mﬁmummnmmwumnws«mmmm. 1.0,
mtnuzsammmunuowmmmum.mmx
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10 ca in width or from about 12 cm away toward one 2 cm in width., It should
also be noted that the head is often hidden under the prothorax and that the
animals at the point where they are introduced pusn theaselves under parts of
the bodies of their neighbors, so that sometizes bizarre tangles develop
(especially in the case of Phausis); some paths traced snow that the larvae
occasionally return to the place where tney were put in, since the animals
that rezain there represent a dark region, tco. I was not able to carry out
exporizents with individual anizals because in some larvae (especially Phausis
larvae) akinesis often lasts for hours.

Preferendum in the Tezperature Gradient

The temperature gradient (Figure 21) consisted of an iron bar 10 ca wide,
68 ca long, 1.5 c@ thick with one end bent down. In one side of the bar were
seven thermoneters at intervals of 7 ca. On the.bar was placed a glass case
Closed on all sides, 50 cm long, 8 ca wide, and 8 - high. A freeszing mixture
and a suall Bunsen burner provided in the usual way for the temperature gradi-
ent: 50%, 40.5°, 33.4°, 26.8°, 14.59, 3 to O°.

cross
section

Pigure 21. Tempersture gradient. Explanation and dimernsions in the text.

In this apparatus, at night and in darkness, with observation every
half hour, 22 Laxpvrig and 17 Phausis larvae vere tested,

Table 12. (L = Lazpvris, P » Phausis)

Ealf<Hour 00°  408° 334 48 08° HA* 0B
—Checsa W w P L P L P L P L P L P LR
1. - e - - - - 4-4 8 8 ¢ 7 8§ 1)
4 @ em en e owm . -— ’ - ’ l ‘o “ ' '
Y - Z 23291818111
1 - e e - e - $ 3T YT T LB

Table 12 and Pigure 22a,b show that the Lagpyris larvae react less
sensitively than tbe Phauais larvae and have s somevhat higher and brosder
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Figure 22a. Reactions of Lampyris larvae in the temperature gradient.
Figure 22b. Reactions of Phausis larvae in the temperature gradient. Scale
at left of each graph: number of larvae in %.

temperature preferendum (cf. also geographic distribution, Chapter C I 4).
That is in accord with the fact that Phaueis occurs in biotopes that are bet-
ter protected against light, moister, and cooler, while Lampyris larvae are
much more often found in the marginal area of biotopes limited by humidity
(e.g. in biotope B).

The absolute recoil temperature for Lampyris is between 40° and 33°.
The larva rears the fore part of its body, lifts the first and second pairs of
legs, at the seme time making violant aand hurried movements of the fore part
of the body and of the head, which is quickly stretched forward and again drawm
in; the motion of the antennse is also strikingly violeat. The larvae never
voluntarily went past the 40° C line.

The times speat by individual larvae (Lampyris) at various temperatures
in the temperature gradient are shown below. The larvae were put in at 500;
the time taken from thermometer tc¢ thermometer (= 7 cm) after the akinesis
brought on by the reaction to being moved and placed in the apparatus was:

Table 13,

larva © 60° 406>  334° 268° 208° 156° 8--0°
Lo

| 16sec  20sec  20sec 180 wec .

2, | 16sec  26sec  B0sce 120sec 200 sec °

8 | 86sec 10 sec 20se¢  30sce ) *
4. | 10se¢c  B80sec  1403cc 250 sec )

6 120ec  28sec 180see 50 sec °

° Sta&"-iif longer than S5 minutea.

This 1ittle series of experimente is intended to show how quickly after
the akinesis has died out the larvae orient themselveos on the relatively large
surface (8 x 7 em per field) and how the speed of running steadily decreases.
No. 3 is interesting. After a longer psriod of orientation the larva flees all
the faster from this constant stimulus into the tolerable temperature {ields.
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A similar behavior is exhibited by Phsusig, but the flight reaction
begins as early as the 30° zone, the larvae never went voluntarily beyond the
309 line, and the movements of the flizht reaction look more violent and
"desperate" than those of Lampyris; the larvae run uncoordinated and without
direction, stumble, fall down, and often begin to luminesce after & stay of
one mimite at 50° C.

The test of speed of orientation came out as follows:

Isble 14.
Larva 6°  406°  33.4° 26.8° 20,8 156* 8—0°
1. 60eec  26sec 080c 180 sec [
2. 350ec B6uee  liHaee 240 sec L)
3. . } Y)
4. -
b. \ start 3b6sec  240nee . ‘
6. § at 40,6° 30sec  30ace 240sce °
1)

Tegen to glow after 10 sec, curled up, took firm hold with the
pygopodium, remained lying motionless; when moved within one mine
ute to normal temperature, they soon showed normal movement again.

A temperature of 50° C seems to have a mora dangerous effect on the
orgunism of the Phausis larvae than on Lampyris. Otherwise, in the progressive
decline of reaction speed, the results show about the same conditions as with
Lampyris, though Phausis may flee relatively faster than the very mobile Lam~

pyris.

It is very surprising that the temperature intolerable to the larvae
is as low as 309, especially as such temperatures often occur outdoors; lower
temperatures (around 0° C) are borme without noticeable reaction (e.g. rigor
due to cold). This again shows clearly why the larvase avoid exposed localities.

4. Geographical Distribution

In the literature there are few statements about the geographical and
horizontal distribution. E.Olivier [98] alone gives a sketchy description of
the geographical areas of distribution of the four big groups of lampiridae
(Lempyris, luciola, Photinug, and Photuris). Vogel, who has published most
extensively so far on the native lamzpyridae, also only cites Olivier. Accord-
ing to Olivier the Lampyrini (except Phausis, which also occurs in America)
are inhabitants of the Palaearctic region, distributed throughout Europe and
Asia, in the north as far as Finland and the Amur region, in the south to
Borneo, Sumatra, and Java; in Africa only in a narrow Mediterranean strip,
farther south in eastern Abyssinia, and from the equator to the Cape of Good
Hope.

According to Borchert (11] Phausis splendjdula is mot to be found in
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the European area north of the Hamburg-Kdslin line, while in the west the
boundary is approximately a line from Nancy to northern Italy and from there
approximately to Tiflis {Tbilisi), = Quite generally Lampyris noctiluca has
a wider area of distribution. This species together witn Photinus frigidus
(American) extends farthest to the north, to southern Scandinavia (about 60°
north latitude), England (not in northern Scotland and Ireland); it is found
on the Iberian Péninsula, in the Apennine and Balkan Peninsula approximately -
to 429 north latitude; its area of distribution opens out on the east as far
as northern China. The northern and southern distribution of the two species
I can confirm from various excursions.

No information is available about the vertical distribution. That at
least Lampyris occurs high in Alpine locations is shown by a find on the
Hetzkogel, 1542 meters high, near Lunz in the Lower Austrian Alps, in the im-
mediate vicinity of the peak.[see Note].

(Note] For the report of this find I am indebted to my friend N. Sischka,
cand.rer.nat.

The geographical and perhaps alsc the vertical distribution show a
greater tolerance with regard to temperature and exposure of the Lampyris
species in contrast to Phausis, as indeed other biological investigations also
indicate (Chapter ¢ I 1-3). It is interesting in this comnection to compare
the average temperatures of the north, central, and south European areas, the
main area of distribution of the two species in Europe. We have worked out
the annual average, the combined average for the spring, summer, and fall
months, and the averages for winter and summer months respectively (according
to tables of the monthly temperaturs averages in Hann's Handbuch der Klimatoe
logio (Manual of Climatology), Vol III, Klimatozraphie (Climatography),
Stuttgart, 1911). From the south Buropean area (not below 42° north latitude)
the points Perpignan, Montpellier, Avignon, Marseille, Cannes, and Nice were
chosen; from the central European, Frankfurt, Kaiserslautern, Nuremberg,
Karlsruhe, and Stuttgart; from the north European (not above 60° north latie
tude, Mandal, Skudenes, Sanddsund, Karlshamn, G3teborg, Jonkdping, Visby,
Stockholm, and Karlstad.

R T W e e

Table 15.
Average for th gv;ri:ge sfor :ﬁe Average for the Annual
Summer Months aﬁd Fal'.l Yo nth; vinter Months Aver.
(May-August) (oril=0 f:°! } | (Noveaber-tarch) age
South Burope 20.6° C 18.5° ¢ 8.10 C 14.2° ¢
Central Europe  16.3° C 14,20 ¢ 2,0° ¢ 9.1° ¢
North Europe 13, 70C | 11,30 ¢ 0,10 ¢ 6.8°¢C _

The compilation shows that the average for the summer months lies ex-
actly in the preferred temperature range of the larvae, that the average of
the spring, summer, and fall months together, which oonstitute the months of
ohief activity of the larvae, is at a temperature at which the animals remain
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noraally active, and that the averages for the winter months do not drop be=
low zero. This aspect is im.ortant when we coazpare with these data the ob-
servations concerning the annual activity rhytha (Chapter C III la).

By way of summary of this chapter on ecological factors it may be
stated that the interaction and interplay of the various factors discussed
here have a great importance in the life of the larvae: The special choice
of subsoil, negative phototaxis, scototaxis, thigmotaxis, hydrotaxis, lack of
protective mechanisams against desiccation keep the creatures in an environ-
ment to which their morphologico-anatomic and physiological qualities are
adapted, naxzely in a humid, even-temperatured biotope whose microclimate ex-
hibits no great extremes in any respect.

II. Data Concerning the Developmental Cycle

In order to have enough material, I had to grow the insects myself.
The following data on the developmental cycle thus originated as a mere by-
product of my work.

The conjectures in the literature that our native lampyridae as a rule
have a one-year developmental cycle (Acloque (1), Newport [95], Vogel [129])
were opposed by others (E81lrigl [62], Main [79], Rogerson {"On the Glowwora,®
Philosophical Magazine, Vol 58, 1821, page 531, Verhoeff [126]) that postu-
lated a two-year cycle. For non-zuropean lampyridae, Eess [58] assumes for
Photinus consanguineus, Photinus scintillans, Pyropyza fenestralis, and *aost
other native (= American) fireflies" a two-year cycle, vhile dutson and
Austin have demonstrated a one-year period of development for the Indian

firefly Lamprophorus tenebrosus.

Except for the last-mentioned finding, no one seems to have succeeded
up to novw in raising lampyridse from egg to imago, for the authors base their
statements on the developmental cycle solely on indirect observations. Thus
the authors that have made up their minds in favor of a two-year developmental
cycle adduce the fact that in larvae found during the pupation period a defi-
nite two-phase difference in size may be observed. For a one-year cycle I have

found neither supporting data nor argusents for successful raising within that
time.

These contradictions, because of the too small number of experiments
and observations up to nov, are based on only a fev individual insects.

The differing and uncertain statezents concerning the developasntal
cycle, the obvious difficulties in growing the larvae, and ay desire to obtain
as many adult individuals froa my breeding operations caused me to begin on
a large scale. I Degan with 4289 Lazpvris egss, which hatched into larvae
vith vory small losses (page 38). In the case of Phausis splendiduls I tried
growing froa the egg less intensively, becsuse I assumed I could get
enough imagines, as both sexual forms of this species luminesce quite visidly.
- On the basis of this extensive insect aaterial I can make quite sure state-
ments about the life history and habits of my insects.
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1, Eze-laving and Layines of Zrzs

Fenales that are bred toward the end of their short lifetime lay the
eggs immediately after copulation if they are in almost natural environmental
conditions. The sooner after the female's emergence as an izago that a copu=
lation takes place, the longer it may be before the egz-laying. This fact is
also deducible from a variety of observations in the open. The egg-laying
mey occur 6 to 8 days after copulation if the fezale copulates imzediately
after emerging from the pupal state. This extreme case, to be sure, may not
occur in nature, since the female as a rule reaains inactive for s certain
length of time after shedding the skin (see below). Tais is probably cousally
connected with the maturation of the eggs. In dissecting freshly hatched
females -~ and for comparison older fezales —- I was able to satisfy nyself
that the eggs are in very different stages of developmeat depending on the
tine of the imaginal molting. It is true that there are norzal-sized egzs
immediately after the shedding of the skin, tut a large part (especially in
the distal end of the ovarial pouch) are considcrably smaller. This condi-
tion changes progressively, though not always in the same tizme relation with
the imaginal shedding of skin, until all the eggs reach a certain sizc and .
are ready for laying, after about five days on the average. In most cases
the eggs are layed after 1 to 3 days at night, only occasionally in the day-
time.

The eggs are deposited at special places. If there is a possibility
of choosing between dry and damp ground, the damper is preferred, and in the
same way well covared ground is preferred over open, uncovered ground. In
the open the female does not travel very far between copulation and egg-laying,
but lays the aggs in the izzediate viciniily of her habitual place to ahine
every eveaing or in the place where she hides in the daytize. As a rile the
places chosen are vell protected places in the grass-root mat very close to
the ground, in cracks of stones, urder stones, in coarsely friadle earth, on
the underside of the leaves of szall ground plants (e.g. mosses), — in other
words alvays as close as possible to the zone of contact of earth and plants,
but not actually underground.

After mating the female as & rule no longer appears in the evening in
typical glowving position, nor does shc any lorger glov. An exception to this
is found in Lagpvris females vhich ‘under ladoratory conditions) are drousht
together vith a male icmedistely ¢ ter shedding the skin. These fezales lay
only a fov eggs, either imzediataly or aftver a day or two, and then again
exhibit coaplete sexual appetency behavior (which ses). Then after repeated
copulation all the eggs are laid. This behavior points to the sbovezentioned
incressing maturation of the uggs after the shedding of the skin; in eddition
it seens that the spermatosos cannot be visbly stored for several days. The
foaale goes about very slovly, alsost searching, often with the ovipositor
slightly outthrust, then with doring, searching motions pushes the fu‘ly ox-
tended laying apparatus into a crack in thw ground or, with dowmand curvin;
abdonen, under a moss lesf or root fiber (Pigure 23). The egge are thus laid
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singly, though in fairly large nuzber in favorable places, otherwise scattered,
tut in the normal case rnever hanging together in clumps (Fizure 24). To each
ecg that is laid is added a drop of viscous, sticky, colorless liquid that
fixes the egz to the surface it rests on, This adhesive drop may imzediately
precede the emerzing egg or be secreted simultanecusly with the egg. In both
cases it imuediately surrounds the egg and zay have 1/3 to 1/2 the volume of
the eg3. With a certain skill and csution and with knowledge of the approxi-
cate chronologicsl sequence of the emergence of the eggs, egg-laying can also
be experimentally induced in the female tnat is ready to lay, by stroking the
abdomen of tha insect froa front to back with a gentle pressure. Juring the
2 to 3 day curation of the egg-laying the pluap mature female visibly decreases
in volume, and at last is paper thin waen she has laid all the eggs. After
the egg-laying the females die after a varying length of time. All fezales
were dissected post mortea to deternine the exact nuxber of eggs, for not all
eggs vere laid in all cases before the daath of the insect (not even in the
open). ‘'hile it is often szall, obviously imzature (citron colored) eggs that
are found post-mortally in the ovaries, that is not an invarisble rule, for
often ezgs of normal size and obviously mature (light orenge) sre found. In
62.4% of &6 accurately checked cases all tho ecgs vere laid, and most of the
other feasles contained only one to three eggs. Tne cases in which only 10
to 30 fertile eggs were laid cust have been anozalous bacause death occurred
prematurely. Horually a laying consisis of 60 to 30 egss (average of over a
hundred layings in the open and under cultivation); only occasionally are
layings of a little over a hundred oggs encountered. Reports in the liters-
ture of hundreds of egge (Kuhat {70], Kaiser ("The Luminescence of Laapvris
coplendidylg L.," R aaiien (Inforwer of
the Academy of Sciences, Vienna), Vol 17, pages 133%=134, 1&23)) cannot be
correct. The abeolute nuaber may fluctuats considersbly: 4. at the alnimua,
198 at the maxisum (all imuature, often tiny eggs couated in). It may be
conjectured that this difference is correlated vith the difference in sise of
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the females, but I can give no exact information about this. In any case in
the outdoors quite viable females of 12 mm may be found along with gigantic
females of 30 mm, though the extremes are to be regarded as exceptions; on the
average the females would be about 20 mm long. Each of the paired ovaries
produces about the same number of eggs.

The freshly laid eggs are spherical, with a diameter of 1.0 to 1.3 am,
untransparent and light orange in color. (The ratiher larze eggs fill the
mature female's entire body cavity right up into the prothorax.) The skin of
the egg is at first so soft that at a touch or an effort to move the egg from
the surface it rests on the egg breaks and runs. After only about 12 to 24
hours the eggs become quite considerably harder (probably depending on tae
atnospheric humidity). The surface of the egz is not entirely smooth, but
appears under 150 to 200-fold m-gnification to be marked irregularly wiia
flattish elevations and depressions.

That the eggs are quite sensitive is shown by accidental observations
of neglected layings. In dried-out culture vessels the eggs show shrunken
places caused by loss of water; even the hardest egz skin is thus no absolute
protection against drying. But since in the matural biotope the eggs, in
viev of the high atmospheric humidity there (see pages 19 £f.), do not dry
out, no special provisions need to be at hand. If after visible loss of
water the eggs are placed in a high humidity, the shrunken places disappear
again through absorption of water and under favorable circumstances the develop-

ment of the eggs may be successfully completed, sometimes with a delay in the
time of hatching.

A great controversial question in the literature is the question of
vhether the eggs are luminescent or not. The answer to this question is often
represented as decisive in the matter of whether the process of luminescence
is to be regarded as purely a luzinescence of the species itself or whether
it may be considered as conditioned by symbiontic luminescent bacteria. (For
further discussion of the symbiosis problea see Chapter S I 3.)

De Bellesne [6), Bongardt (10), Dudois [35], Fabre [40], Gerretsen [45],
Bess [58], E8l1rig) [62), Hutson and Austin [63], Knsuer [68], Kunat [70),
Kain [79), Verhoerf {126], Vogel [128,131], and Wieloviejaki [140] have ob-
served a luminescence. Csepa (32), Haupt [57), Meissner [90], Newport [95],
and Yeitlaner [137) do not believe that the eggs themselves are luminescent
or note expressly that they have never observed it. BEven among those who afe
fira the luminescence there are opinions that do not assuse any inherent

luzinescence of the eggs, but rather that the eggs are sseared with a lumines-
cent substance.

In the many eggs (fertilized and unfertilized, about 6000 all told) that
I vas able to observe in the courss of my investigations I establichcd the
luninsscent capacity not only in egge laid in the natural vay but also in ag3s
found in the dody cavity of mated and unmated females whose luminous organs hod
remained entirely undamaged , as well as in externally sterilized eggs of
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nated end unmated females.

(External sterilization by a five-minute bath in

19% solution of chlora:r.ig;e in alcohol, as recozzended by Fink, Zeitschrift
fir die Morphologie und Ckolozie der Tiere (Journal of Animal Yorpholozy and
Ecology), Vol 41, 1952, pege 78, or in a five-minute bath of 2% Quinosol solu-

tion a§ rec.:om:nended by Nordgren end Funkquist, Nordisk Hygienisk Tidskrift
(Scandinavian Journal of Hygiens), Vol 21, 1941, pages 269-294.) Tae lumines-
cence of the eggs is therefore an inherent luzinescence (Figure 25). Contrary

to various opinions that the egzs glow

L

b
v

-

‘ only at certain periods of their develop-
| pent, I was able to establish lumines-

i cence throughout the entire period of

| egz and embryo development. At first —
| whether inside or outside the female

‘ body -~ there is a weak phosphoresceat

| glow distributed over the whole egg,

’ vwhile in sbout the last quarter of the

; embryonic development the glow is con=-

J centrated more in a definite place and

Figure 25.

own light. (About 8 x.)

Externally sterilized
eggs taken from an unmated female

(Lamoyris), photographed in their

is similar to the light of the larva.
Probably at that time the "luminous organ"
is identical to that of the hatched larva.
The glow of the eggs can be intensified _
by mechanical stimulation.

It must also be mentioned that unmated fenales show a quite different
behavior in egg-laying. The sexual appetency behavior appears greatly height-
ened (cf. Chapter D I 1 b), wnile the eggs as a rule are retained until shorte

ly before the natural death.

(Tois is also observed in the natural habitat.)

The unfertilized eggs, waich de not differ externally from fertiliced ones,
are then expelled premortally, either by reveated efforts and in clumps, or
else in one single conwulsive squeeze, after which death usually occurs im-
nediately (Figure 26). Almost always a zore or less large part of tne eggs
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figure 26. Egg-laying un~
nated fezale (Phausia),
shortly before death.

are left in the ovaries; only rarely are no.
egss laid at all. Apart froa the cluzpy cone
figuration infertile batches of eggs may be
recognized by the fact that the egg skins do
not harden; the egss do not adhere firmly to

the surface on which taey are resting, like the
fertilized ones, and occasionally they shrink a
little, take on a dark orange coloration, and
putrefy or grovw zouldy, depending on conditions
in the vessel, in a varying langth of time
(usually witain onc to three weeks). It is to
be assuaed that the liquid secreted in ordinary
egs-laying is not given off with unfertilised
eggs, and that taat liquid has not only adhasive
but also protective functions, against maechanical
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and infectious damage. "Fertilized" egys (= egss with solidified egg cases)
in which no development into the larva tekes place will keep up to a year ac-
cording to my observations (pernaps even longer) without putrefying or becoz-
ing moldy.

The processes described for Lampyris are very similar in Phausis.
Time, place, duration, and manner of egz-laying are as in Lemnyris. One dif-
ference is that there is not as high a degree of willingness to lay eggs in
captivity; unnated females often die with their entire stock of eggs. In egg-
laying a spasmodic, powerful contraction of the abdozen both lengthwise and
in the dorsiventral direction is noticeadble, which pushes an egg into the vagi-
na and finally ejects it. With suitable lighting these processes can be fol-
lowed clearly. Otherwise the behavior is the same as in Lampyris. The size of
the eggs is about 0.6-0.8 mm; the eggs have a somewhat lighter color than Lam-
Dyris eggs. A laying consists on the average of 60-90 egzs; the absolute num-
ber is 57-147 eggs (in 34 dissected females). As to luminescence of the eggs,
vhat has been said of Lampyris holds here too.

b: b: [+ 0 t

1 did not study the emdbryonic developament myself, and shall describe
here only the visible processes. The opaque eggs, at first light orange in
color, do not increase in size in the course of developeznt, as described by
Newport. The rigid chorion, too, seems to oppose any increase in volume. Be-
sides the changes in the luminescence of the eggs noted earlier, a cnangs in
the coloration of the egg and in the inner structure makes itself evident.
Toward the exd of the egs development, inside the egz, which is becoming only
a little more transparent, a separation of the egz mass sets in; a light
orange peripheral strip (probably the developing eabryo) surrounds a lighter
central portion (probably nutrient material). At about this time the diffuse
luninescence of the vhole egg changes into a concentrated point-like glow at
a spot not precissly determinadle. The time taken by the developzent must be,
as in all insects, dependent on external factors, especially on texperature
and huaidity. Thus in the case described on page 36 part of the eggs laid on
14 July 1957 hatched on 20 October and on 21 November 1957, or after 99 and
131 days respectively. The rest of the batch were no longer capable of devel-
oping. At an average temperature of 18-20° C and about 80-100% relative humide
ity the larvae hatch more or less constantly after 35.3 days (average of 46
layings). It zust be borne in mind that not all eggs are laid oa one day si-
sultaneously and neither do they hatch at the sane tice; the period of hatche
ing may extend over 8 days. In most reports the time ia reckonsd from degin-
ning of laying until the hatching of at le:..t 75% of the eggs. Under suitadle
conditions, adjusted to those of the natural eavironment, sortality is very
low; from 4289 eggs 3967 larvac hatched, the mortality thus being 7.5% on tue
average. In many layings the hatching rate was 1003. The percentage vas re-
duced to 92.5% only by a few datches that for sode reascn developed badly.
With the abov. 'ntioned exception all the layings had hatched by the end of
September. aevport's assumption of & two-ysar developmental period
only in the case of larvae that hatch out too late in the seascn, but normally
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only a one-year one, is not tenable according to my experience. During the
rest of the year the larvae reach a uniform or not greatly differing size of
about 6-8 om, as a rule without shedding the skin (cf. pages 40 ff.).

At the time of the hatching the chorion is burst in an irregular crack
and the waxy white larva, unpigmented except for the eyes, makes its appear-
ance without further effort. Hatching takes place predominantly at night,
but occasionally, on dark, overcast days, in the daytime. The integuzent of
the young, freshly-hatched Lampyris larvae, up to 4 mn in lcngth, darkens
within seven hours, and they are then quite like the older larvse, even in
external appearance. Imzediately after leaving the egz sheath and during the
period when pigmentation is acquired the larva if undisturbed is inactive and
assumes a position on its side, curled in a semicircle. Aftarwaris, evea in
the first few days, it is very active and takes nourishment.

In the young larvae during growth and after sheddings of the skin un=

'ti1 the final stage it is hardly possible to observe externally any character-

istic progressive change. No measurements of the cephalic capsule are possible
in the living animals, since at the slightest touch or breath of air they re= _
tract the head completely; measurements of length give extremely variable re-
sults depending on state of mutrition, and are also inaccurate because of the
possibility of a telescoping contraction of the abdomen. I did not succeed

at the time in finding any narcosis not dangerous to life that would for exame
ple have permitted measurement of the cephalic capsule. The only possibility
of identifying definite early stages seemed to me to be in the nature and de-
velopment of the hairs or bristles, but exact comparative studiss of that
matter lay too far outside my actual field of investigation.

If we compare the chronological sequence of moltings of the larvae froa
several layings (A-G) it is coaspicucus that they take place in each case ap-
proximately simultaneously. (Cf. time of appearance.) Exapples:

m.__...é—_—!_ (o B B A o) —

Mrst . S
Series r0YUsry Pebruary FPebruary Pebrusry Fedruary PFebrusry Pb _
o8 .o‘- 14. ‘.‘o 100 .oco ml ‘o‘o 21' 'o‘o lg’ 13'15. Ig'm

18'”’“' 11’ 11 13.15.17' m. lﬁ 20,23, 22. m

27 | 4 2 ¥arch 1 March
several larvae molted on one day in each case
(10,9) (20,26) (DMay, (2,6) (7 (26) (26 Nay,

=2 June) 4 June)
in sone cases seversl larvae molted on one day -

Series () (4,8,28) (T) (4) ¢ 14 June (12) (21)
| mmnlyuxgthnlhm.mmnmw
Tourth *23-24  iugust  ¢16 Bov. Sept. (5) - <10 Sept.. =17 .
OMwanm“ﬁmnmnuum.
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These data are for broods that were kept at 18-20° C even during the
winter half of the year. In scattered cases the larvae molted as early as
the beginning of Deceaber, vofore their winter pause in activity (Chapter C
III 1 a). Under sutdoor condiiions the larvas do not molt in the same yezcr
that they lesve the egss. In the outdoors the first molting begins somewhat
later tha: shown on the above tabis. It is found, however, that in an ob-
servation period of more than a year the molting periods within one laying
vary little, and that even in severzl layings (under approximately similar
conditions) they remain fairly syncaronous. Comparative and supplementary
material from outdoors permits the conclusion that the sbovementioned molting
periods sll shift somevhat toward the end of the year, so that the first molt-
inz takes place soon after the winter rest (March-April); the second and thimd
by preference coincide with the months of most active food-seeking on the part
of the larvee (July, August, September or Octoder). In ysar-old and mature
larvae one molting place in the late spring and one or two (depending on food
conditions) in the fall until the pupal molting in May or in June. In the
last year of their larval period (i.e. before pupation) I was able to fird s
molting only in exceptional cases, 8o tb.at ‘& total of only four to a maximum
of six moltings are to be reckoned uitu in the lavval period. This relatively -
mumnborofmltimomahuumthhwupcﬂndwnh.mu ’
length by a factor of 5 to 9 and spproximatelv a six-f0ld growth in breadth
can be very well cozpensated for by the larva through greet stretohing of the
ummmmummmumﬁommmwmum.
pleurs, and sternites on the othoar.

The wolting is procadel by a thru tc aix-day Test priod, darmc which
tho larva usually moves only in response to mschanical or light stimuli, It
1ies on its back or side ir a place protected from the 1ight, vith abdosen
curved ventrally into & seaicircle, until leavin; the exuvia. That the larvae
burrow into the ground for molting I wrs never sble to observe, although tasy
m;munm(mun. 20ld humue;. Phausig larvas do make them-

23lves & hole under leaves and the 1i.o, of
eiroular to oval outline, as described in oone
nection with the pupsl molting (Vigure 27).
in rare oases larvac were obeer:ii that moltad
ir anal) shells that they had previously eaten
a35ty. A day or twd hafore molting the larva
- pulls its basd back froa the oephalic capsule
“‘into the prothorsois cavity. (The empty
cephalio capsule, usuilly bent in the ventral
direction, ¢sn de reajved without inlury.)
‘ Atubo.\tt!rmunitumumhm
: mwtmofmlammxamhm-
s mtwmummm.
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-+ The exuvial integument is tightly

. stretcned over the rest of the body,

* but seems to have little contact

" with it, since the divisions bvetween
the se;ments ia the 0ld and the new

. integument are not in line. <The
anterior cnd is sudvjected to the
greatest pressure sacrtily before

- the molting, for at this stage quite
& slight pressure froz outaide on

" the prothorax oiten suffices to
cause the skin to burst opuin. The
integument bursts, not on the dor-~
sal median as in many other insect

larvae, but in a transverse break at the upper end of the pro-

thoracic segment, through which the nearly unpigmented head

appears. In the course of thrusting forward movements of the

larva to free_itself, by contraction and stretching lengtk<

wige and by movements of its anterior end, ike transverse

slit is first widened laterally on both sices to the posterior

corners of the prothorax. 4t the time that parts ¢f the fore=- :

legs bocome visible the integument tears further -- probably

because of bracing actions of the legs -~ in the caudal direc=

tion along the plsuron-tergite line to the metathoracic seg- .

ment, and occasionally as for as the first zbdominal segment

(Figurs 28). Under this big cover, nct by leg novements, but

by alternate contraction and stretchirg of tae abldomen, the

larva pushes itself out c¢f the exuvia or pushes the exuvia to

the rear, presunably with the help of certain large anally S

oriented setas nituoted on both sides at the posterior corners

e ——— it o,

- of the sscond %o eighth abdominal sternites and with the fur-

ther Le¢lp oi the pysopodium, which is already capable of funo-

. -tioning. AaTter moliting is coupleted the nngignsnttd laxva - :

(12 undisturbed) lies &lzost zotionless on its side Zor seve
hours, axcept for occasional violent movements of the head,
iz wnliok the head axu the parts of the neck imporitant in cap=-
ture of prey {according %o Vogel parts of the prothorax and
the caphalic capsule) are stretched forward to their maximum

. capacity; in the saze way the pygopodium is extended %o its
 paki,

capacity anc retracted. Since the larva frequently

" sakes rests of varying duratiorn during the molting process
~ the duration o2 molting caunot be eas stated. Ebrnnlly'

it can be couplated iz two to four hours. Ii takes place at

~ aight or on dark, overcast days, in the latter case

in the mornins or svening hours. In the normally aolted

larva the less are practically incapable of movement, stiffly
stretohed towvard the rear, for sdout five or sixi hours. After
that, noraal movement is possible, but the larva if undis~
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turbed remains inactive for about twelve nours. Not infre-
quently a molting miscarries, and tais may heppen at quite
varied stages of the molting process. Thus e.g. the outer,
0ld integument may be already loosexned Irom the new one, the
head retracted, and the last abdominel segments of the exuvia
already empty, and still the larve is unable by efforts over
several days to break the skin. It also happens that the
exuvia does not burst at the right place. In all these cases
the unsuccessful attempt at molting ends with the death of the
larva. In only two cases was I able to observe that a2 larva
had freed its nead and legs from the exuvia (ia one case with
ny help) and that the relatively long avdomen still remained
in the 0ld integument. The two larvae survived; the free ex-
uvial varts broke off in the course of time, and the abdominal
exuvial part burst -- especially in the interseguental aen-
branes (movements, expansion) —-- and was cast oif at the next
nolting. -- Deformities occur in the larvae Irom poorly molted
appandages, especially mouth parts and legs. Cases in which
the mandibles, feelers, or antennze are badly deformed eand in
the death (starvation?s of the larvze. :

The freshly molted larva is alwmost colorless with the

exception of the heavily chitinized mouth parts and the ocelli.

The tergites, sternites, and plewra in particular, however,
very rapidly take on first a light gray and then gradually the

final dirty dark gray coloraiion after a2bout 24 hours. A fresh-
ly molted larva czn still be distinguished from others for days

(especially by the strikingly pink posterior ccrners of its
tergites and by tbe lighter, flesh-colored or livid white con-
nective membranes between tergites, sternites, and pleura).

¥olting into the pupa occurs in

e o the same way as larval molting (Figure 29).
b . o It is preceded by a rest period of 8 to
L Gl 20 days during which the larva assumes the
' TN same position as in the case of a larval
i f‘u”', . molting. Thne time of molting is dependent
. Y7 %, o on the local climate. Near iainz the lar-
LYW }3§ R vae pupate usually in May; in the harsher
{f,' AN climate of the Palatine forest pupation
ST usually does not teke place until Junme or
\, Y22  even in July, in extreme cases not until
N "' September, as I deduce from the late ap-
" Y.,  pearence of the Lamoyris females. With

higrer temperature (roonm temperature) aird
‘ arvificially curtailed winter I was able
Fig. 29. Molting into t0 get pupse as early as lMarch.

the pupa (Lampyris Pupation also ocecurs in places pro-

male pupa). tected from light. The pupa is capabie
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Figure 30. Pupation chamber of
Phzusis (opened); male pupa and
larvsl exuvie.

GRAPHIC NOT REPRODUCIBLE

of quite consideravle movements,
in Foet even of "locomosion,™
Throusn the very thin,. trans-
parent pupal exuvia an increasing
darizening of the at first waxy
waite imzagd may be seen, but this
does nov reach its climax until
shortly before itne moiiling invo

X i The curation of the

& (not counting the
st period) differs
vetween the sexes. The meles re-
quire 2% 200 C Iroa one to three
days longer; this may be condi-
tioned by tae compliczted morpho-
logicel development of the males
(vings, eyes). The females of

e el

e .
Dunal nerio
2 -

.

o

Lamoyris take 10-11 days before the imagdinal molting, the . ___
males on the average 13 days. -- In Thausis the pupal stage
lasts 7 days on the aversge and occuxrs in the same way as in
Iamoyris, but with the difference that the larva mekes itself
a henmispherical pupation chemder of about 10 mm diameter, open
at the top, under z leaf, bit of wood, or the like (Figure 30)
Also the increasing pighentation can only ve seen in the eyes
(the pigmentation of the male imagines sets in only after the
imaginal molting; the femaies rema: - :npigmented throughout

life).

In the pupal stage the well-known sexual dimorpaisam
shows up for the first time (Figures 3la,b).
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Figure 3la. Sexual dimorphism of Lampyris pupae (female left, male right).
Figure 3lb. Sexual dimorphism of Pheusis pupae (male left, femsle right).

Tue molting into the imago is relatively quickly com-
ploted (often within a few minutes), with very active parti-
cipation of the legs and the abdomen, and takes place for the
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| Fizure 32a. iolting into the imago
(Lamoyris male).

Pigure 32b. Molting into the imago
(Lampyris female).

Figure 32¢. Pupal exuvia of a Phausis
female.

32¢

most part in the late evening or at night. The pupal skin

of the Lampyris female opens as in the larval molting already
described. In the males of both species and in the Phausis
female it bursts along a preformed dorsal median line fronm
the anterior edge of the prothorax to the first and often t0
the second abdominal segment. This crack usuvally does not
tear laterally to both sides at the caudal end to form the
P.shaped molting opening characteristic of many beetles (Fig-
wres 32a,b,c). lMolting to the imago miscarries more often
than that to0 the pupa. The thin skin occasionally tears in

. & transverse tear between thorax ané ebdomen; the insect, _
left to itself, is then only able to shed the posterior pert
and often dies prematurely. I was never able to observe &ap-
petency behavior, copulation, or egg-laying in such insects.
Males with wings not fully extended, stunted, incapable of
flight exhibit (as has also been observed outdoors) & sug-
gestion of appetency behavior, find females, and are normally
capable of copulation.’

The appearance and disappearence of the imagines is
also climate-conditioned. The imagines of both species ap-
pear approximately siisultaneously in one blotope, but the
whole period of appearance is over sooner in Phgusis than in
Lamoyris (Phausis toward the end of July, Lampyris until Sep-
tTember). The main time for both species is June and the first
half of July. According to my observations and those of other
authors (H8llrigl [62], Knauer [68], Verhoeff [126]) the main
period of appearance of the two species coincides chronologic-
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ally. According to Bongardt [9,10] and liacaire [76] Phousis
appears later than lampvris (eccording to Bongardt by taree
weeks!). In a four-year period of observation I found that
almost all imagines (especially in the case of Pazusis) ap-
pear suddenly in a diotope for eight to fourteen days and
then disappear; very rarely is there a second period of ap-
pearance. I could not afford to miss these mein periods of
appearance and flight if I wished to have enough specinens
for my studies of reproduction. The cause of the sudden ap-
pearance of the imagines within one biotope may lie in the
nearly synchronous moltings under the same environmentzal con-
ditions, for it is a striking fact that wnat has been said
is particularly true of ithe smeller biotopes (cf up to about
150 squere meters). This also applies to Lampyris, though
with somewhat extended time limits.

The numerical ratio of males to females is different
for the two species. Tor lempyris, since the males do not
glow, I must rely solely on experience in growing the insects.
For each male there were three ferales (18:54). For Phausis
I can give no precise statement in view of the small number
that I grew myself. The ratio was almost 1:1 (18 meles to 15
females). But since in this case both sexes glow, it is pos-
sible to get some idea out of doors. There the ratic shifts
very much in favor of the males, about 5 or 6:1 (88:16).
Toward the end of the seasonal period of appearance the sex
ratio of both species shifts surprisingly; males become in-
creasingly rarer, so that females hatching late in the season

‘offen remain unmated in spite of complete appetency behavior.

Because of the importance of the sexual characteristics
in the reproduction process, let us summerize them briefly
here.

Males of both species: KHormal beetles with wings and
elytra, .erge eyes_(of complex structure; see Chapter D I 3)
long, heiry entennze; in the Lamoyris female [sic; surely we
are to read "male" here] the larval luminous organs persist,
but are concealed by pigment, while Phausis has two well-de=-
veloped, functioning imaginel luminous plates ventrelly ia
the sixth and seventh abdominal segments vesides the pigment-
concealed larval organs [see Note); smaller body size, espe-
cially in ths case of Lampyris.

[Note] Tae larval luminous orgens of Lampyris consist of one bulb-
ous process on eacn side in the eighth abdominal segmeat. In Phaugis these
larval luainous organs are found laterally in variable arrangemcnt within
the species from the second to the sixth abdominal scgment as lumincus bulbs,
odd or even in number. Within the individual, however, the arran ozcat Ic-
pains constant through successive moltings. The number of luminous points
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varies froa three to twelve, btut most often six are found, i.e. three pair
of luminous bulbs. The larval luminous organs remain capable of function
throughout all poste-embryonic stages of developzent (but hidden in mzles of
both species). The imaginal luminous plates of the females (and of the
Phausis males) become active about three to five days before the molting to
the imago (Figure 3Sa-e).
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Figure 33 a-3. Luminous organs of the luminescing stages of Lampyris and
Phausis (photographed in their own light). a)Lampyris larva; b) Phausis
larva; c¢) Lempyris female; d) Phausis female; ¢) Phausis male.

females of the two species: Small eyes, wingless (in

Pheusis rudimentary elytra, incable of function), shorter,

ess hairy antennae. In both species besides the function-
ing larval organs imaginal luzinous plates ventrally in the
sixth and seventh abdominal segments. lLampyris females are
as a rule larger than the males, of clumsy, not well articu-
lated tuild. The larva-like females are almost sedentary and
Ieryizluggieh. while the males are typical very mobile beetle
magines.

The lifetime of the imazines is relatively short and

serves solely for reproduction. (Cf. the question of intake
of nourishment by the imagines, Chapter E II 1.) Immediately
after the imaginal molting copulation can take place, and
after a more or less coxplete egg-laying the females die.
The males live about as long. rrom outdoor observations and
ynder artificial growing conditions this period is found to
be for males and females about 10-18 days (). ::.lcs
averaged 12.7, 22 femsles 14.5 days at a constant 2C° C,,




for Pn2usis Temales 7-10 deys, for Zriusis males only about

5=7 days. Uader outdoor conditions tae lifetime 07 the males
of both species is often zvout 1/4 shorier than these Tigures.
The lifetime can be extended by preverting copulation and by
low temperature (e.z. 109 C), in IZzmoyris Temales up to ten
days, in Leomopyris zeles only aboul taree days. In Pheusis

the lifevize can hardly be lenzthened significantly. <he con-
ditions nmentioned on page %4 in connection with egz-layiag
play an essentizl r8le in detsrmining the life span. Thus e.g.
(in the Lomnyris female) the lifetime may be reduced by immedi-
ate copulation after the imazinal molting (only under ariifi-
cial conditions), early egg-laying, and early death (to only

5 to 7 days). Similarly the life of a male that copulates often
is shortened.

Approacning death is intimated by similar aging phenomena
in both sexes. About 1 to 2 days before death the insects show
loconotor movements only in response to mechanical stimuli;
movenent then is awkward, sometimes nmore or less uncoordinated;
the insects often fall over and remain lying on their sides or

backs without meking the turning movements that otherwise ocecur

imrediately. In the uzles aging manifests itself in diminished
inclination to fly. Shortly before death the insects are usu-
ally found lying on their sides or backs with extremities inter-
twined, the tip of the abdomen curled ventrally up to the tho-
rax. Unmated femzles, which have ejected a clump of eggs pre=-
nortally, presunably are usually fixed in that position with

the sticky eggs. -- 4s a rule the luminous organs glow pre-
mortaelly .and for several hours postmortally. Males and females
of Phausis not uncommonly bury themselves before death, but I
have never observed that in Lempyris.

Ye shall discuss here only the luminescence which occurs
under natural circumstances in the life of the larvaé and pupas,
and not that induced by unnatural influences (for which see the
physiological literature mentioned in the introduction, which
is pre¥minently, though in many points contradictory, a physio-
logy of the lumincus organs). The diurnal distribution of the
ggriods of luminescence will not be taxken up until Chapter C

Il.

It should be stated at the outstart that the luminescence
of all post-embryonic developmental stages is limited to thf
definitely circumscribed luminous organs and not, as Czepa 32],
Macaire [76], Meissner [92], Verhoeff {126], and Weitlaner :
[137] state, distributed all over the body {on this point of.
Figures 33 a-e and 79-8l).

Lampyris larvae do not glow continuously. Bongardt as-
sunes on the basis of superficial experiments that _u.izescence
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once begun continues, whetaer the insect is willing or not.
Vogel's observation that the larvae glow continuously during
the months of the winter rest is not valid, either. Hormally
(i.e. outside of the larval or pre-pupal rest periods) the
larvee glow at completely uncontrollable variable intervals,
without visible external cause (cf. Figure 38). ILven the most
powerful mechanical stimuli are incapable of inducing a glow.
The duration of luminescence varies Irom one second up %o
minutes. Frequently the pattern of the luminescence of lLan-
pyris larvae is that their light lasts for zbout 4 seconds,
reaching a maxinum intensity by about the end of the first
quarter, holding that maximum for about another quarter of the
total duration, and then gradually decrezsing in intensity
wntil it is totally extinguished. The beginning and end of
this "lightning" appear to be voluntary. This is also sup-
ported by the fact that when a larva that has just begun to
glow is touched the glow immediately ceases (not always con-
ditioned by the fact that the larva falls down from fright at
a touch, 80 that the wventrally located luminous organs become
invisible, but the luminescence, as Bongerdt believes, still
continuess.

~ On the luminescence of Phausis larvae there are only a
few observations (HSllrigl, Verhoeff), but they are all to
the effect that Pheusis is disinclined to glow without extern-
gl cause, such as fright or contact. I caught the several
hundred Phausis Larvae by making use of this peculiarity. The
larvae also react to loud noises (e.s. of blank certridges).
If they are stimulated repeatedly within a few minutes, as a
rule the luminescence fails to occur. 4s Figure 38b shows,
however, they too glow volunterily. The duration of lumines-
cence is commonly longer, but just &s variaole as in Lampyris
larvae, but it increases in intensity up to a maximum often
held for minutes at & time and then decreases to total ex-
tinction of the ligat.

The larvae of both species behave like the Phausis
larvae during the molting rest period and the winter rest peri-
od, during the state of rest before pupation, and during the
pupal period, but with the difference that they light up very
intensively after every stimulus, no matter at what intervel
the stimulus is given. It can even be brought about that pupae
or larvae in that condition glow continuously for a fairly
long time with a slight continuous stimulus. It is probably

" to this that the description of continuously glowing gupae is

40 be attributed (Meissner and others), since merely breathing
or movinz around e table not secured against shaking will pro-
vide such a continuous stimulus. Occasionally larvae in a
condition of satiety react similarly to such stimuli. This
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luminescence occurring under specific physiological circum-
stances can also be induced at any time in dayiight or under
artificial lighting. The meny contraedictory findings of other

authors are very probably to te attributed largely to this
ircuastance.

3. Raiging Fireflies and Its Resulis

In the literature there are no reports of successiul
raising ol Lampyris or 2hsusis larvae from ege to imago. I
attempted raising them in ziass cdishes (5 cm hizh and 10 cm
in diameter, which were covered with glass platzs and the bvot-
ton of which was lined to a cdepth of 1.5 ca with 2 layer of
gypsun whicn when filled with distilled water »rovicded for a
long=-lasting uniformly righ atwospreric numidity in tic vessel.

Large~scule reising was started within a year (from
over 4000 egzs). Plant and zanimal pests (Chapter & I 2), feed-
ing difficulties, nolting crises, the attempt to accelerate
development withcout a winter rest period at a high room tem-
perature (20° C) all year round, arnd other unfavorzbly chosen
ecological conditions are largely responsible for the high
mortality. (Only 60% of the insects lived from September to
December, 7% until February, 2% uatil April.) The animals
srown in vhis way were on the average larger than those of
the same age under outdoor conditions. Of the animals grown
in this attempt 0f course none were used for experimental pure
poses.

After this failure I investigated the various ecologic=-
al factors (Chapter C 1) and arranged the growing vessels in
accordance with the findings obtained and with previous know-
ledge. The gypsum vottom was replaced with send, which could
be nore easily kept cleaa and more easily chenged, so that
hiding places for pests wers considerably reduced; the larvae
were given a little forest ground litter for cover (leaf lit-
ter for Leuvyris, mainly raw husus for Ph ); the growing
vessels were also protected from direct sunlight and alwayvs
kept moist; a winter rest veriod of a% least one month at
0-59 C was observed (¢f. Chapter ¢ III 1 a). The greatest
difficulty in raising them froa the egg is feeding the [reedy
young larvae with correspondingly smell saails, up to about
3 or at =ost 5 mm in length (or in shell diameter, in the
case of shelled snails), which incidenta'ly renders necessary
the raising of snails, not easy in itself. In the slimé of &
snail thet was too big for them but hadi been attacked an{:fy,
or on pieces of snail put into their veasels, dozens of larvae
had ofter gotten stuck overnight and presumably suflocated.
Losses at molting and from the attack of pests were unavoidadle.
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Because of the long period of development the renewed
elfort to grow the insects Iroa the ez has not yel been con-
pleted, but after the first year it is running much more suc-
cessfully. (19% of the larvae are still living.) The sup-
plementary data on the developmental cycle and particularly
on its duration I obtained on the basis of about 600 Lamnyris
and about 400 Phausis larvae and imagines that I have obtained
from outdoors in the course of the years. ©These were for Tic
most part from year-old to mature larvae, most of vhich I
brought through to imagires. I have taus had one-year larvae
under conditions of cultivation for far over a year, and ve-
cause of the difficulty of odbtaining ILanpyris males I am con-
centrating my interest entirely on these rzising attezdts.

At least with them there were no feeding difficultic. , though
there have been serious losses because of pests and auring
molting crises. Although so far I nave not succeeded in rais-
ing the insects continuously from egg to imago, I have been
able to follow the entire developmental cycle in two stages.

That great losses must also occur under natural outdoor
conditions in their habitat may be shown indirectly by the
following observation: I completely w%ped out a small, well-
defined Lampyris biotope of about 30 m< by taking away all the
larvae and imagines during a continuous check extending over
three years. During the first year I found 6 females. (They
were all the females of that period, for no new generation
would be found.) If we assume that all six females stem from
one average laying (75 eggs), the loss would be 847% (an equal
number of developing males reckoned in; c¢f. page 45). During
the period of appearance of the sexual forms in the second
year no females were observed (in the case of nggxgﬁg. males
cannot be checked). DMeanwhile I had presumebly caught all
the larvae, for in the thiré year I foun¢ none. There were a
total of 56 year-old to azture larvee. This nuabder, too, shows
the great losses during developzent in the natural hebitat.
Por Phausis the losses may be estimated as lower.

This thorough investigation of this habitat permits
conclusions as to the length of the larval veriod and so as
to the total duration of the developmental cycle. Comparison
of the developmental stages of larvae that can be found at
one and the same time (in April! -- Figure 34a, I-III) shows
clearly three well-differentiasted size classes: 34a I is of
the same sige as the animals I grew after 8 months, 34a II is
a 20-month-old larva that still did not develop into the imago
that sare year, and 34a III is a 32-moath-old mature larva,
wnich pupated in May. 4 further indication of three-tizme
winterir_: of the larvae is given by the fact that in Septesber
and October I found lampyris larvae that in point of size wers
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Tigure 34a. Three La~nyris larval steges (I-III) found at the ssze tize oute
doors before the pupation seasoa {ipril). I - one-year-old; II - two-year-
0ld; III - thrase-year-old larva (oa millizeter-ruled pajper).

Figure 34b. Two Phausis larvae found at the ssze tize in Novezber (after the
tize of appearaance of tae sexual forms). Left: one-year-old larva, right:
two-year-old lerva, which pupates ihe next suzzor (oz zillizeter-ruled paper).

full-grown, but had not cdeveloped into iazgsines in the sunmer
Just past and lived tarough anotiher wister. In thie case the
larvae (also accoriing 1o ay laboraiory finziass) could only
have been of the siaze representzi in Jigure 34a (II), whicn
did rot become sexual forams until Tz Joliowing spring.

Bverytrhing would seem to tel. in Javer ol a taree-year
cycle in Isgnvris (wita tke lervae living tarouga throe win-
ters and thus Toackinz ez ese of 2 ¢/3 ysars). <The situation
is similar witz 2hcusis; though in tais case I have oaly
conducted the raisiag Zroa the ezy for a few moaths, the
lavoratory ooservations oa older larval stages in coanection
with outdoox obServatisns show a three-year cycle Lere, t00
(Figure 340). | S

The table on the next page summarizes the findings
from growing experime:xts and outdoor observatioas for Lam-
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Table 13 [eic; cf. poge 20]

; Exz zbryonic developzeas 50=35 days
|
' Larval - ;
: Sta; 20 1st zolting 7=8 zcatzs (¢ 1st winter rest peried)
-‘ 7o 2nd zolting & zonths
i (P0 3rd moltingz 2=3 ronths
| To 4th =olting 6=7 =onihs (+ 2rd vinter rest perioa)
; To 5th moluing 4 zontks
To 6th molting 2=3 zontas
! To pupal molting 7-9 zoatas (¢ 3rd winser rest period)
i
i Total larval period atout 33-34 —onths
g Pupal Pupal period 9 days
: __Stare (male end femnle)
; Inagina) ¢&_sdult period 10-10 dnvy
; S 2 aduwlc poriod (matved) 110-16 days
; _ ‘ € 2irs before eg,—lzx"i"f‘ up W 13 days
; Period of ezs-laying as 2 rule, 2-3 days
* : Tize after egz=laying as 2 ruie, 13 days
- Total duration
' o - - .of 1ife cycle about 3334 zonths
| i n L. Biolory of the Ierva
{

Hith vegard to ths asmual rhyikn of larvae of the lexpyricae the
opinions of different authors are aivergens:  actording to Boagairdt [10) ,
the larvae {no izdication of spoties) &re active thvoughout the year, a- v
cording to Vogel [129,131) they ¢o into "hibernatics,” and according %0 .- 7 -
Pranz (41) and Newport [95) tiere is a winier rest period dependent »loly
o tecrorature. The lurvae of the foreisn (3pocifically izerican) lsapyrie }
- dae 1ixcuise hmc an inactivo wintcr phasc, oftea {n a burrov they mike for RN
- themselver in wne ground (deas. {58) and others). == As to i diurnal raytha R
ool ac:.s*“ taere are no coaflicting odsgrvaticas in tis uunm: the -
hrm r.wa oaly beon found at nigit by t:.cir glov. o

s accordms t6 Eua m brillisaca of w4 a\ﬁi&ﬂﬂCw“ xs alzo
ﬂmuy proportionsl 30 the activity; accordiag to Newport putraiion, o=
SRS - tiom, and heat are W&-geura Lng" tmur-. ‘momﬁ. mu.i@t‘m are
SRS C 0 lackin: in sll ccses

Accoriing to. Jober - :.134]. pcriode in the A’c of tho ianacts w e
determiz:d zot only by periodic variations in the sesplex of extarnil face
tors, tus slso by endogonsus raytiss of the 2ot vm'.td nature, of 2ay dogend
on both exogszous and ‘cadogenous factore. "u dmr . aad anpusl ae..v..,
and luninescence rhytia of the larvas of tho o 83 2108 s nosked 10 Be
studied along this line, dut also t:.orchumpo bommm of
“wuv and pmm of mnm
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C 4he LuTVee DuCGLic Lnnlitive f.wdus cne end of llcvexber).
T bohivicr of the Tus LpoCicr wuring vne wiatver rict period
ic gifrv-v“v. : : . LooulT o nisornctica hole, con-
Stoucted inm the cLos way &f Sho Iural cnzmdber. 1T Svays in
thes nole durin thr winter Dontic without tiiing nourishzent,
eiithzr in The noriaz. :a;;;ag sosition or curled up on Its sile.
2t ;a;f; zoonds <he winter rest perioé in its nor;gl
aoyres sizee (undier zvones, leavgs, n08s, aE§ ?he like
curee ;t: side. setovolicm. wevelczment, activity, and
rosll ok ore reducel 0 & sinimum during this latent
pericd in boTh specics of larvae, Suv tpe' Zlow 2% the gﬁ‘gnt-
ezt vibrosery or vactise shimuli. I the temperature ol 2
winter “:;nt riccs TS Qooun 5°4C < T infreguently iampyris
larvae moy se Tound gleowing ond Juily active outdoors, vut no
2nzusis Larvae.

In “he astosmps ©o Jores ine dsvelopueat even during the
winter monIha oF roox temperziure znli Lig¢ USRLL Jrowing con-
c¢itions whe Tolleowins ciservaticn was .ode: n I2tL Specles
<he dezire Tor food £lmosty coapletesy Liod out dy —scemoer;
the Prausic Lorvoe in 308 CLSES ILLEe noles grc alli *ecimf
motionless, ..o _oooarwic larve ;luggls:: many o .hgm
inoetive, val Lo cloIresy ccasionally 00K nouxrish-
ment. in Thie VLY :hey £zent L » monthe (Decex oer,
Janusry, -Soonuary I nod considorioie *Es ses cprlfs that
tize. == SLlul * the Lamovrls 0orooLs nhav aCfQ zep; Tarougn
“re wintes (.0atas Or for at lgasv is aayf -n‘uES re‘;iée??.pr
2t =3 =6 -,Y o not only survived tae winuer devier, cuv waen

orousat ~..oG OO0 temderaiure were ror=zlly zotive after a few
ool "*e< oS00 & nmoderate amouav of nourisnzent, dut went
bﬁcb iv~0 nipernction in the reirigerator. ILhis c“ange of
activiiy could be repeatad oiten in Tamnvrlg, out no: at al}
A “”**n The winte:r inactive period 1in reirigeraior

in J:'.ww\“f—-uo < 3 wns siam 6 wotew a.y,.ough
1~“v¢» = cceasi ly coserved elizinciignm cl

ne anus, p*e°"~ a;y to raise the resisiance to cold (Fig. 357

Tre aciivity of the larvee is thuc sudject Lo an aanual
~ il = - 1 R
cycle in waich an active phase (seeking and taking rourishzens,
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Pigare 55, Zlinina

3 : ron of water, Présiuudly 10 riiaud tho resiciunco
(Lonmryris larva),

@olvings) is wollowed by . & winter ress neriod. Ghis aianauze
1s total and odbligsotory in Jhausis. Zomnvris sceas to belonr
O the aixed rcaction wype, in wiich tone inder caythm can ve
modilied by climatic fecovors, for while the rest »iriod is an-
varcntly encogenously fixed, its durciion ic ex serowcly vari-

able (pvartial, Facuitative diapause), but is not sizzle nunb-
ness fgom the cold. (CT. the beaavior in the teaperaiture gra-
dient.

o

)} Dovesand-iiicht Reriodicity of ~Cuivity and Ci.inescence

o] Suppay

sev in motion by the rhytamic variation of light, temperature,
and atmospheric awiidity, dut is also controlled by eancdogenous
components (ilcober {1347). et usz consider the relation of
endogenous and exgenous iniiuences to activity and luminous
capacity.

The diurnal dynamics of insectis iz by no mean:s wlways
da
v

Outdoors the larvae o tnec ITwo specles are as o rule
Jound ornly at aigki, when they glow. Only on dark, overcast
days nave I found Zamovris larvae (not 2hsusis!) in the morn-
ing or ev.ning hours. Noraalily tney seex t0 ve inactive in
the dayti.c, for even in densely populated habitats scarch for
then is Zruiitlcess. The activity of the larvae also zppears to
be extensively adapted to the seasonally changing length of
day and niznt; i.e. the larvae 2lways eppear at tr. coaing of
dariness and disappear at tre beginning of day, ana chis means
e lengthening of activity in the spring and fall by about six
hours.

Secause 02 <the difficulty of observing the diurnal
variation in activity accurately outdoors, experiments with
an acvograph were set up.

This consisted of a smoked-paper drum driven by a .welve-hour clock
and ir contact with a stylus fastened to the end of a2 bzlance beaz. To the
balance beam was attached a light plastic tube in wnich filter-pazper inserts
ensured a uniformly high humidity (95-1C05%5). The dizensions of the tube were
for Lampyris 45 cm in length, 2 cz in diameter, for Phsusis 30 co in lengin
and 1 ¢z in dismeter. The diazcier of the tudbe was not xzuch greater than ine
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mo » 3 .
Tae series of experinents zave the folliowing results:
1. Normal dzy-and-night rhythn (day-ffom 8:0C to 18:C0

at 500 1x illumination for Lampyris anéd 300 1lx for Phausis )
[See note. ]

[ Note] Tae illumination of the erxperimental space on bright days ran
about -5C0 lx. ‘At that brightness Phousis reacted sgototacticelly, but was in-
differént to a diffuse daylight of 300 1z.

Linitation of activity to the nizght hours; inactive in
S w pope o -y L4 - L) »
daytime (Figure 362,b [I) and 8-13). PFigure 36z (I) ¢-4 -- -
s actograns of larvae sated with food.

2. Day-night reversal (day 18:00 tc 8:00, illumination
as above). Lamovris maintains the active rhythm fory several
days, but is £iso active 2%t "night" (Figure 362 [II], a-b);
the normal cycle is gradually broken dowm and adapts itself to
the experimentally vrovided day-nighi conditions (Figure 362

II), ¢~&). —— Phausis immedictely rezcis as in 1. above, giv-
ing up the natural cycle (Figure 36% [II]).

on

the
show

3. Constant darkmess. Iempyric is active day and night,
with a maximum in the night hours (Figure 36z iIII); Phausis
maintains the naiturel activity cycle {(Figure 36b LIII], 2,b),
but with preceding 24-hour constant light the activiiy begins
immediately after darkening (Figare 36b [III], ¢).

4. Constent light (lighting for ILampyris 500 1lx, for
Phausis 300 1x). Iempvyris: normel day-and-night rhytha is
gradually given up, _aiier which inactive or only minimally
active (Figure 36z [IV), a-d). ¥ith subsequent normal day-
night conditions the normal rhythm does not set in a2gain until
after several days. -- Phausis: the activity is immediately
greatly reduced or ceases entirely (Figure 36d (zv]).

5. Six-hour cycle, light intensity as above. The cycle
was so arranged that one period of darkness would fall in the
normal daylight hours and one period of lignt in the normel
night hours, so that the short veriods completely cut up the
normal diurnal cyele (Figure 36z,o [V]). Iampyris shifis the
veriod of activity into the nightly derk hours, extending it
cceasionally for 2 _to 2.5 hours into the subseguent period of
light (Figure 36a [V]). -- Phausis is only active during the
periods of darkness, and occasionally only during the one that
Falls during the natural night (Figure 360 [(v]). Since the
factors of temperature and humidity were constant and only the
lighting conditions changed, the results are to be attributed -
solely to the effect of tne light facvor, In Lempyris the
endogenous component obviously predominates at firstg, and the
endogenous rhythm only gradually adapts itself to the exogen-
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Fipure ){ caovLiyosrazh e rocoru né aiurnei riytna of luzinescence in Laze
Tyris and is larveae. Zuplancilons in tne toxt

a dras driven bj a twelve-iour cloce wos covered with niznly scnsie
tive £ilu with time zarkcs (Ilford Lo 27/:C0 ULM). 4 few millizcioss above
the noricontally placcd 'ru: tne vescels containing the experizontzl aninals
vere suspcnded. The oa toz of the ve

ccels, walch was turned toward the druz,

consisied of Tincly perioratcd, truncparcnt papor; the cylindrical walls were
lined with moistencd layers of filser pupur, wiich provided for high, unifora
1c was zude up of a eoncave silvercd mirror

huzidity. The cover of the vessels

wnose foczal point coincidcd with thc surface of the film and which reflected

all the light froz the larvec upcn tne filn, The experizents were carried

out at 20° C ané of nocessity in constant darimecs. In each vessel was one

larva, which after 24 hours was tazen cut and not uscd &guw... 1n the vessels
e,

there was no place for the larvee {o eravl aioy and hide. Tie scries of ex-

s a

oents were repeated with at least fiftcen individusl larvae.
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Flgure 38. Rhythan of luminescence of Lanpyris and Phausis larvae. Tre dif-
i ferent-sized markings indicate glow of varying duration (or varying inten-
sity). Scale: 24-hour time.

} 2. Alimentation

Concornin the alimentation of the larvee there are conflicting ob-
servations ancd assurtions. The mejority of the authors report shelled snails
as tne chi~T food in captivity (for foreign laupyridze larvae, too) (Fabre,
daddon, Lc-:, HEllrigl, Butson, Xnauer, xain, Xaille, KMeissner, Newport,
Vogel). .ccording o Hess, Knauer, iain, and Feissner tiiey also eat shell-
lecc snailc; Newport denies this. They are also said to take vegetadle food

(Haupt, Ku-.ucr, Olivier, Weitlaner). Thne Azerican lampyrid Pyrovysa fenest?a-
: lis, according to Eess, eats not only snails but also woras and szall insect
' iz;vae with wnite cuticula (Levtinotarsa decemlincata Szy, Perasrotis species,
Peridrome margaritosa Eaworth, Anoua tristis Do Geer).

Avtacks on snails have been descrited for Lampyris by Fabre, Eaddon,
Hess, Zutsen, Haille, Newport, and Vogel L129] Since these observations
were made under the most varied corditions in -captivity, they are incompleta
and partially contradictory (probably t...u.o they were not repeated cr not
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oIlered 10 thnon, 22 loan ag Tney Lid no% oxecoca o cersaia
size (cnelled cnzilc For 2a-ais not larger than covsut 10 =n
in 2iz .tgr or noizh, for it un 1o the sizoe of full-

. A = e : ;
Jrowm Loneans; sacll-less cnoiles could be up 6 zdouv twice
&S olons as ns Ziouvgic oy Ioavynin lorvac). oesidcs the above-
maationed spocies They ate Iouwine aouxitc wad ghosuirn, EHeli-
colls a-icenorun, girintzs, ane cannootno, Liclivop AYi-
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Terslinnivli, JrXueillceo.n no.cnida,
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c L erwsteilliing, and orion species
;. co scuz, 4. noncensis, L. circumceriptus).

Sut many land snoils witn touzn, nere, or dark fiesa tacy took
only vrhen hunsry or scorned inem entirely (c.s. Limex moximus,
L.cinerconinr, arion specics, Cuvexiius czllerius pieces of
olc specizens of zglix, and the like). rrom tne enwseration
it will bes ceen that the larvee cvea eat xerovhilous snails
that occur la their biotores rarcly or not at 211 (Helicella,
Zebrinz); wney very avidly eat wotcr cneils (Ivmnaes statnolis
ana awvricy oorin, Plonordis rrnaus) Iin captivity they also -

- .

c memnalian meat (lean beef),
mashed, ceud larvee and mash fexales of their ovn species;
living or dead undamzged € e of their own species are
not aticcied or devoured. Syctematic feeding experiments pre-
sunably could revecl & svill nore extensive list of I. s,

In pertvicuiar it is +o0 be accuxed taat they attack aninals of
sround habistet and soft slimy consistency and that even in

the outdoors they feced on animal cadavers that offer zccess
throuzha woeunds to 30ft body parts. Older, slightly putrescent
cadavers (includingz those of snails) they leave untouched.
Living caterpillers and maggots of various ground species were
not accepted. In tests of choice the larveae always preferred
snails as foc.. This fact and the biological and morpnological
adaptations permit the coneclusicxn ..ot snails constitute the

take earvaovworns, Irog nead

-

A
B o

-
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Larvee take J0od wnvil thoir ingoroe

e e PO - e Qtéboav\n‘»o-vsnnﬂ-hAouU LXe
stretch ea vO Trne moximwn; in thic VLY Thay cun oxpand to almost
double in length and width and quadrunie Thelr Lily weisht.

L larva that has eaven itz £i11 in iz

: ive Til vaic ?ﬂy Sachio _severel days
motionless in iic hiding-pioce (e, Fisures 33z (I, c~d).

Both syecics czn 2lso 70 without Tocd -o“ months av ¢ time,
however. (4t room temnworaiure, aliter 2

v-\.\lb\ Sy S8

the subjecis were still zlive.)

The water recuireaents of the larvae are

ure geaerally cov-
cred oy the dict of snails. I intalze of focd is prevoased
(for orly atout Zour weeks at 95 o 10C veiztive sumidity!)
the larvae cagerly drink water, waich sacy can also ahsorb when
it iz held in o copillary statve (e.g. Trom m0ict sundy soil or
filter parer).

azbundunce via tne snail diet
is eliminated during or soon af ne iy

thinly liquid urine, cicar as wa nich leaves crystals be-
hind after drying out (uric zcid? this quick excrction of
water is to be observad evbﬂc1u;~v during and alter big meals,
and of course maxes it Po oseible Zor %he iar ae to tclze in nore

food. In addition the elimination of water mey iuprove tae
sroatly impaired mobility of the

vJ

. Cowed lorvae. T ic ;a:cre,.lng
. <t urine is a2lso secreicd in
cleﬂ.lng Lthe riouth partsy zfter
a zcal to soften the occivional-
iy already dried snzil clime
é ' - o {zee below). The rest of the
Tomis . food coes not finish passing
R ' throuza the intestine until a2
Lot : dcy or itwo later, and the indi-
B e Jestible remnant Lo exXcreted irn
tne form of more or less liquid
feces., This is of a greenish
color ané =zxells like a smashed
snail. .4 mature larva that has
caten its £ill excretes z2bout
0.05 to 0.2 cm’® of feces after

Water teken in in too grea
% o ntaxe ol 008 as a

t
er
ter
\

2t -

Figure 39. Marking left by feces
(evidence against extraintestinal
digestion).
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the coolozicnl condivisonn woeoe Conuluily volien fao 2cceunt. o owluol S Gl
cervations only wurin Tag rocuurawnl noricts of zetivivy of the larvae; oy
rod Lizas (aoy over 20 1up ef. piie 23). S 3~uy woed ecnsisted of caclled
cnd Locll=locs snuils (mosily varaous spacics oF Jopnean ond Linuw soweatis

recpeetively).

& Jex Lo, 5 vmov, == Sevture of prey oy both
SACCLLS TUAS VLS LOLLOWLLT cLuric: Coﬁuuuauiv c“;051:~ pite
surlace ¢l Tio u:uw“u WLTL Lmovosones ol tn Jeclors 4ol c.auine
nLe, WRE luvas Joilow tné snail.  Jren the gnelil iz roucaed,
iv iz cegerly JIolt over. soinsalning coanstant feelicr contact,
tac Tervoe Lhii Lonreh - weuelly crowliing aloang one cide of

Tae snail ~-=Jor the fore end.

Xot wnvil thoe Jore c¢né is rezcnred (i.e. irn the cacse of
ch snoils cnd ;gLO“ snecies abewd tne foremost cuarter,
i wecices the Tore purt Wp te the sheil) do they begin
the . Usually opening thas maasdiovles repeatedly, they
Feel s0 coutiously and Noftly over tae fore end of the snail
that it usuelliy doev not evea sull In its feelers. Then with
naximum extension o the head tThey nsike 2 voweriul, rapid
bite, usually in the viciniiy of <he -celc-u, after waica the

larvae immecdiziely back away cal reiract the head (defense
posturc). Shell-less snazils _.:i™z2rt frelers and head as far
as possible and strile out viclently with the tail, with coile
ing motions of the whole dody. Snilled snails retire cs fast
as poseibdle 1“uo the zhell., Iuring toese defensive movezents
bota secrete & wore or less Jreat zaount of slime, but o not
fall from thely suddors

Ia v Jollows it is largcly sne further behavior of
the uﬁmn*ris Lorve thst ig deazerited. It vehaves in a vay
thet diziors uynically dep nal:g 0 whethcr tae larva ras at-
tacked a shell--c53 or o shelled sunzil. In the case of
shelled sneils it very soon gives up the avove-described de-
Tensive atti une, _oes ground the retracted snail once or nmore,
always fec ;iing, and {inally elindc up on the shell, tckes a
position Iueing vhc openins of the crell, and holds Tasv with
tae pygooodiu~ In this position 1t Peeps the openinz of the
shell uander observation by Teelinz {(Figure 40). Ofter the
snail closes the opening with a thiu mucaus menbrane and may

- 61 -~




GRAPHIC NOT REPRODUCIBLE

v
— - v
) /‘ \ - :
; ; \ ‘\I\ - - . . Y l
' \ “"_i -
¢ b oI,
R I AR ;
v ae X oYy
s ) ., . 4 -* E
NS R - - :
H ~ R . \ - P o iedle B -
oA, I~ . . £ PR \
N ’ . 2 «
S . ; D /.
S NV : ’
. ~ .- - . - ,
Y N . * : om0 :
- . ) !
- - . »
~. e ——.
~ - . \“’}: o 1
. -~ St S—— . “‘
S, * -~
0 L Y
;
“
- AT LR LTS - - . - ~
o FiZe Q. __ e Lo ussuchk o
) Ci e . e
b encll (Jooooa)r iprincoln alliy obe
B o . PR A P F . .
L3O BULWLVLICL O ToC Snunlin.
-’
VA
;(.".‘ The Sl Lot lamvn wicos S o
) Adle Seaw o TRV LLTVE TLACL o 2

-

e . em, 2 N e -l -
chellee zanll (Cepaez): tive inm

R
LT

e WYL -l B + S -y - &%
v 1ulte WAL DD tal :ch’lns Shlil.

L L TR

. ‘.‘.' i3

24 - Ay Y -~ P - “ v i
SLly &2, Lvvack oV coveral Lomovsis

lotvee on ¢ snell-lecs email (Lizax)s
N C o e .

D10 aluays into the rore end, even
vacn the rear end comzes veory ciose

0 the fore end.

remaia Thus, inaccessible to the lurva, Ior hours. I: does
not Torce ivs way into a2 shell closed with a mucous rembrane
or epiphragra. During thic time the lzrva leaves its prey,
if at all, only for a2 moment to =alie a2nother cirecuit around
the sneil or to clean itself (sece below). L hungry lerva re-
turns agoin and zgain to the snail shell and continues to
cacek itc opening. I have seen larvae persisi in this con-
centrated lurking position for more than %relve hours. —- As
a rule, however, the crail tries afier 2 short time to run
avay with ive danjgerous rider. 3But, thanks to its constant:
observation, the larva perceives every movement of the snail,
and as soon as the latter comes out of its shell, thrusts its
head or -- depending on the size of The snail -- its whole
body far forward in order to bite into the snazil's feelers or
close behind them (Figure 41). The snzil retracts repéatedly, .
cecreting slime; the larva checks on the shell opening from
the shell or from the ground, ané depending on the size of
the larva relative to the snail this may be often reveated,

until the snail is peralyzed, often after many ho *s; Final-
deom AP

ly the snz2il is no longer capable ol closing its s
ing with slime, or it cazn no longer hold fast to its
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<= VO CLUHLUA Zeella ovol uvhe whotloe srnolil snéd a further

HaLLUl 0o DLTULS, WOOVLLChH Ll Sacil one Loarer TeLaus, ithe paras
li:;; Sholl-lill or uiellud snmzil Lo woized and corried avey in
& DolunlosewOrnellle Doelvand moulon.  Zuring the vraasnors
the larvo ortin leaves T snoll To wlloeniilic cxewrslions ta

VAC reishborlocn.  Thele GUOWBLCLL e ..00C O LCSS concen—
Sriculliy with the 2rey zs the ceater. V,o“ ;qrour*e“*n~'oo~
Llaeles tnot could serve oS Cu*vuu;b ;;;;n; DLLges vh arva
«CiICs ctriing seoreaing movowenil (Cecelerated speed of locec~-
moTlon, CioW vertical andé norizontul movencais of wae fore

pary o tae body), and eravis under tho odbsvacls, o raappear
only aiter o cansi“eraolc Tie Zuv these excur icns “lways

icad bzclk o thc VLY. ace time it is felt around Trom all
zides and drazsed &°"'Hcr. Toc trensnort cundes in 2 “-an”—
vlace, oiica uit““ a distzace of mesers. Phis behavior of

the I~wreis lorvas is often wartlng in well rrotected habi-
Tats and al;o often in the case of larvae that have been with-
out fooc for cevercl monsns.

Do attaens of Phnucsiz laryvae on shelled or shell-less
snalls cue Loss differcntiaved. Zot lzinds oF snails zre at-
taczed wil poralyzed in advout tre way that ITamoveis attacks
shell-lc¢.: cnails. 3ut the shell ope nln of saelled snails
iz just oo nersisitently ané carefuily xatched. Only rarely

do Phrisis iarvae elimp up on the shell. The Fhausis larva
usuaily .ezves the paralyzed snail right where it is and im-
zmediately vegins with ivs mea Occasionally, nowever, I was
avle to observe it, too, dragglng its prey awvay.

Cleaninzg up (Figure 43) is a cons picuous activity. 1In

the case of Lampyris it is accomplisaed almost solely with
the pygopodiua, waich is also userul in locomotion and in
molting, and which consistc of many cevarate whitish tubes
which can pe tarust out froz the cnus oy ovloodyressure and

drowm vack in by musculaiture. The uawnvn~s larvae are_so
z=otile that they can clean all peruz ol ineir vody. ne pygo-
podiun "grasps" the wilkering partlcl 5 ¢f slize anc d;r t, pviis
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In <he Znouszis lerve Clé&ﬁiﬂJ w;zh the Dysosoinon is
rarely obscrvea, and vecwuce ol Tac wisiness of ne lurva
is probably also lasa suceessiud, c“ o”*cn Zor éays clter tne

ttack the lox 1S STill covered v;:h siime on spotTs tnat are
nzrd to reach (c.;. scrzites). In Zhausis uhe usual cleaning
with the legs preuominatec.

/o) Zimorinontal oonluvsis of .ne b havior and its psycho-
logical components. Lnere nod provi J been no ex pﬁrlments
conc rn-n; the lorva's capiure oI prcy. 2ut by nere observa-
tion cicne verious perts of the serice of reactions cannot be
explairncd, cuch e.g. &8 e way of rinding and following the
gna¢- (L). +%.e Tinding of the Tfore end of the snzil (II), the
differing behavior in attack;ng sroll-~ _c ;5 and shelled snalls
("r1d1n~") (III), the causes for cragging away the snail and

for the excursions that tau pl¢ce in coanection with that
(IV), and the effects of interventlons in the norzal course
of the predatory deaavior patiern (V).

The following experizents were done with Lamwyris (I,
1,2,4; II, S5a,b with Ph2usis as well;:
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' . - < o R Y o . .
3. Amputatione of The Zeciers OF autennce znd L illae
~ - - S ’ ~ . -
(per:ormea only on Jomowirris). LCCOPGin T 1o VOoraits 120 50
YA day 3 ; IO TN ) g s T e
logical studics (123] %the orzias of touck cnd Zoell Ll oa the
X Fad -~ - 4 M ~p -~ - .
anvennae and feelers. Jumpultoiion of one or Tovia orzenc %o the
Fa -y .n " e 3 i, . - . - o
base should therelore resuli in corrucscadin: losc of wlose
o : -
senses. 7Tne amputztion vas nexr
o4
v

t perioraea vuter €O, nurcosis. TFour
days after tae amputation ithe hungry Lervae we¥e put into %ne

Y-tube described under 2b) Tnis yieléed tne results shown in
Pigure 45.

T o Vertical scele for sotn
Wi e i T v Tigares: nuzber of runs in
o 0 an 'f: n  Sae wwo snatlc of tie Y-tube.
: o i t, fg v ”!s g Q % ‘2 ¥ Legend for Figure 47:
S R a EE de b I: after 4 hours
* ”;é 3 E.”;% A ggg g % %Eﬁ II: after 30 hours
§<”}3 o s 0L g Egg ??’iﬁ;’ EII: after 40 hours
s % j : :: W t ihs :.' 33 ’;{' l;: t% iV: after S0 hours
Eali $ &ﬁ% G4 i Rignt: tube without slime
E n‘,.% e § 19 K 25 traii
. aE olidE B o1
IR ifj K 3 i .
,; a3 L 4 noch & | nachd) i_jbwﬁ: ahm
i ! Jagen ‘,.O.ur{en { Aae 40 Stunden | Sinien |
R A R A

1. L. O SR 1V S A

figure 45. Following of the trail of snail siive: Lompyris larvae I with
antennae amvnataved, II with moxillary fecl. o Lnzatated. Leoft:

Ly d. values for
the leg of tic apparatus containing the oLians toail.
Tigure 47. Luration of effectivencss of o treil of snail slice,
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appears

to beIOﬁg S01CGLy TC ac Jeeliers, In wnicsn we must taerefore
100z for thac corrosyhoniing wacentors., Jazcoznclecss anicals
Uitn feelerc tehave guite normelly in these exzeriments, vhile
Teelerless cnes witL antennce &0 o follicw tho slize trail,
80 Trnot iv st e assuzed Tawt Tie Sutonnae nave no Iunction
in thc-copuure of grey. Vogsel't exwnlanatvions ¢ Thc coasc
rrone ol e caTennae v uld Lave 0 Lo reviged (9*0 Jigure 46,
RoEIZ, fesiiae, le ). O Tac lovuc EHTEINUS 0Z tae Tirst
Caxille ond ¢a the labiald Zecleors It iz ovviouzs that no special
Sensory. ~y-ly cre localized Thau Lille i aogs*b;e to picli us
anG foilow the Troil of grall sline. Tne rest ol tae n*eaato*y
berevicr of the larvae wita EnputaTions wWel nwormel; those wish

no fee lers, rowever, n“d t0 bz brougt
the s 1 ezca tinme.
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'o no%t cxciuwde o sizultcneouz omvical sereention, thc Zollow-

inc experizeatc wore carried cub:
1. Elind, nangry larvee (eycs covercu wish o co.uing of
lazpblack and chellac) were Sut on o Treil of comcil oitfoo.

The rezuldv corresoo To TLe gozerxvations mroscated

in Chapter ¢ III 2b. <ne tory vehovior (finding she

snail, finding the fore T wac ;nai¢, attack, climolnb

on the shell if zny, Xeepiny whe fore ¢nd unier ovservation,
3

Gragging the csrail auwcy, anc saking focd) took the same course
as in "signted" larvac.

2. Amoutatvion of Feclers wad of hecad of s3nail:
%)

a) Both pair of feelers of ke snail (czell-less or
shelled) were cut off in succes sxo“, sut the fore end was
still found in the attack (Pisure 4E).
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Fizure 48. Tinding the fore end of the shellied snail vhen the snail's pairs
ol feelers have been amputated.

Figurc 49. Finding the fore end of the shcil-losc oo L
on a conbination (fore end of a sneil on the roax

t Lompnds lurvee
» ona of anotner snail).
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o) Do the poar end o o shull-less cnoil vas seovm the
Sore erd (= »art up To the rudilentory caell) of another,
which tihe sunelil dragged clionz sernind iv. ZSota ends were bit-
tea (fisure 48).

Ly Wne nead of o ochellelccs cniil vl ottached to the
rear end (= nari deaind the rudlzentary <nell) of amother.
Bites occur 0T wt Lthe ends {tips of teils), but at Tt head
part in tac ceater of the sazil combiaation (Fisure 50).

7 it B g s -

o) Tne Core uné 0 w gholl-lesr cnnil weo comcined
with a piece of elde. .urry »ith inzitelirng tac roes end end
cooared with slice Trom thc Tore ené.  (whe pith of the elder
bush was used For tnis an@ the follcovwiz cuwasies Tecause it
is lignter than placticine and tze l1iks, &id not give way at
the joiri withn <he saazil, vut zTill could be corried by the
iajured chail. sliso, it is oloriesct and vastcless, and snail
cline sticks deiier on it.) Lezeticr as in 3a).

b) .n excerberry pitia fore enc
a secail rear end: reaction ac in atvaci on 2 normal chell-
less s -3

nzil —- bites in the ariilicial Sore end (Figure 51).

¢) 4in cléerderry itk reur ead sumeared with recr-end
<

slire on a real csnail Sore end got xno bites. The larvae felt
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Figure 52. Bchavier scunrd tThe
£is): to the lafT of inc cork

the right (pointed end) slime froz tihe vosw

PASS AV

) Siize-Ffree hits of elderiteryry »itn 2t the Tore end
of the snail were disregorded.
5. Coxpiete Gumnies:

a) In accordance wita what woac learned “roz II 3-4, an
elderberry pith dvrmmy crudely imiteting 2 shell-less cnail

was smearcec zt one o6 (blunt end) with fore-end siinme, at the
pointed end with reor-end sline. The larvee bit into the
blunt end (Figure 522) and even Erczzed this éummy avay.

b) Since the 2bove experiments (II 2b-4ic) couwld be per-
formed only wita snell-less snails (sec the note under 2b),
the same dummy was tesied with corressending distribution of
slime froa shelled snails, and wita the saze result.

Since 2azusis larvae react ¢ znall interferences with-
long-lasting zkinecis, only experiments 52 and 5b of series
II were done wita %hem. This checiz, nhowever, coafirmed for
Praucsis the same cavacity Ior distinguisking fore end and rear
end of +the snail by the consistency of the slime (Figure 52b).

ITI. Climoins on tne Shelil and 2iding

1. Over tne mantle o a chell-iess snail an eapty
snail snell is aounted. LAlter the firstv bite the larva climbs
on the snail shell only in those caoces when the snail (or at
least its Tore eri) entirely diszypears under the chell in
the ensuing lengthwise contractiozn.

2. Conically sointed naper srells or Ilat-littir - dits
o: paper are climbed upon lilke the shells oI shell-~becoring
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With Luweili-leso cnellz thsoe Lo o differenv situavion
in thav afuer vhe dofencive moveLcnts lnduced oy whe Tirst
bite they lio.cdiolely atteunt o iloc, and tahe larvae resppnd
to this inmedictely with »ursuit o zuoviher bitve. 1L the vody

T the snoll is coverel zIiter the rirst vite on tre side
tovard the larva, ine larva will ireligicly ciimbd up on the

- - - - A e, Kol B -] o, - ", 9
. & cover smeared hcwvily with glime {(shell, yaper
> 3 - - = ol A - -~ ‘
and the lilke) is razrely ciliidbed upo=x.

Smep oL v
SCr s2ad

.- cem cmm .
=17 : e oo TR e ana
Ve mDIINT S iUl L =S8 C2 L 1SR

la) seriy flat terrzin without cover (sandy soil).

one loovee often i zooul For nours with thelr cead
or pareiyzel Drey, leave Thi 3rey vo secrch aboutr Ior long
periods, ané 2l in all cover several aevers' distance telore
they finglly tegin vo Zeed.

) Dense turi.
ither does 1ot arzar its prey at 211 or only

istance iavo the thickest growth. IT very

Tre larve
crazgs it a ¢

Y
202

e
a
soon begins to fee

o

22) The larvze O

£ iz
5.%3 ol paper, and tae lixke ze &z o

. -
-

i1z) imrediately accept leaves, moss,
f.inz diczce and begin vo Teed.

~zce is nut in the way of 2
T i1ts transsorited prey and is

v If a possible hicding
lorva that has for the momeat 1
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dragging treil or searcies arouwnd i a wide eirelo.
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V., Tnterventions i the ior.2l Dne CLoOQYYy =Sulavicy

v toncmmm  ame e Vo -

b

nas been
a5 describved

1. If the snail is taken awey juev alter i
overcome, tne previously so cautious larve bernzve
under IV 3b).

2. If this larve (o* v L) ic »resented wisii o Jreéesh,
iving snail, lt repeats tae envire altiack, but without being
able to overcome it even after hours of pursuit andéd cozeans of
bites (see next chapter, 2 ¢ 4d).

e
[
foe
-~

3. I livi.g snails zre drouzidy ©o & larva that as just
overcoac its prey, it cdoes not leave its prey andé does not at-
tack the new s“a-'o, even il taey cravwi ovaer ine head cr under
the mandib;cs ol tae larve. Lixewise the larva does not attack
living snaiis during its excursion, out goes dack instead to
thae para-yzed orey.

Lo 1T @ nuegry larve iz put bes*ae an alrcafy injurec
snail or & freshly ca» jﬂece of a snail, it begins -- uwithout
the actioi. oreceding the capture o: orey (bursult attacl,
ete.) == %0 d*ag the prey avay or to devour it 1mmediately (Ge-
pending on t.e conditicns of IV a2,%).

5. IZ ahangry larvee meet 2 larva that is drazging awe
it p ey, they immediztely aiia k it in oxrder t¢ carxry the nrey
;' cn3elves. They »null in 2ll wirecilons or the mejorivy
C: our nges t lerva “telkes over" she directicn and all the
harglﬁb on by their teetn, are drazzced alonz against
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rediate SUeps mey ve readily wrozenisd (¥ 2) or cizipned (V 4£,5).
The zmode of zction To Le cnoCell ECCONOLINES itzels Slexibly to
tre given stinuius-reaciion situaotion between prey and larva.

ehzaical sersco {smell aznd taste) and the cense of
wluy the decicive réie in the predavory obeanvior.
¢l sz ;7 hovever, Goes not operate at & dlstance.
seanse o form nlay nc parl.

Mre copture of nrey ailfers Iuxndomentally fron Tac prac-
tices ©f ctner snsil srecialists zmon: the vectles or beetle
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marked hairinecs a.c brigrlincse ol the whole larv.., zoecial
arransements of nairs on the szirccles, and the usc ol the
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Fizure 54. Zezd and mouth parts of
a Lampyris larva. Appendeges of
the head froa outside to inside:
antennaze, mandidles (and carals),
maxillary feeler ¢+ external lobe

£ the first zaxilla, labial fecler.

apparavas are

oTaer Such phcuoncaa.
In comvarison to ‘b=1r cloce

weiotives (czntiharidze) the
mouth parts are Larkcalf sP
cizlized (3 Figure 54). ;nej
£::01r »oints of similarily to
Those 02 the dyticcidae, es
moy e seei “ron Zadden's and
Tozel's expositions for Lenm-
yvris and I8llrigl's for
ZLONSAS.

m% rwe

irgestinal tract
(Vosel (129])) is not zreatly
adhnued avart Irom tiae prarynx

ané the m rscular proventricu-
lug. Unly those two sSeguentis
are suitec t0 cerve as pres-
sure or suction punps.
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Srronyv. Toausnorells, 00, Sue observes that nlec-c o food

- - o™ o - B [P s PN \f
SrC LilC_WoiICn LIgeuiy IaTo trhe moutih. Hoddon _;-, cnd New-
wort S35), wao ziso co“cer wd TheLcelves with -occ inscrze in
e . RORN PN ) ... e
LOOPYXLe, 2CHE %0 STataacnts suout sze cotusl insake 0 the

o e A= i

food; mxiddca docs, o wever, pociulote on the basis of tiae hair
arranzindny o sileve elfect durin. ool intake which wouléd make
it pozsivle To Taxke only liguid aourishmont.
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Jhre, He°°, ~cwoery, and Yozel statve that the dites
. e ™ e, Y
during <he citeck hove 2 poiscaous cilect, bu, vogel, on the
“.U -~ e . Y by .
bas;: of nus mormaclogicel siudics (Zaclk of venom or saliva

12ads), is Tic First o SUSZesT conacetions with the extra-
‘) - 2 N s
intesvinzl c;~g~ulod, uita the ceerev ¢ intestiral juice
hoviag a sinmuitaneous toxic eflcet via the ganglia especially

A tae locomovive orgznz o Tne srail. Zut t“e*e are no nore
nrecise at”“ cxents as 1o ,ne eZlzev ol tThe poison on te snail.
Tne sneil i s2id Yo be veralyzed firct a.; then éie (Newport,
Vo**l) or to racover a.*e: tre paralysis (Fadre). Haddon de-
nies any paralysing elfect on the Snai— from the bvite of the

*n
-:-:3.- v&o L)

y& Process of Taxing ~ourichzent in IZzmpyrie and Pheusis
Statoments corncerniag the intake of nourishment by

- .

Zagusis are lacking; Tor Loxprwls tney ocre guite scanty and
incompiete (Vozel Ll29j), Decouse weea disturbed the larvae
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an welract the head into thre »rothorer haile xeepinzy Sne

w—-
mandidbles sunk irto the flesh’ o” tze prey, “nu SO aﬁ%eﬂm o
continue »,b-“b. With the shelled snails tha* mos nthors
have fed to their insects the saiing »r oceso cando+ be ccen

»

in any - case. I observed the food intake mos»ly on shslli-less
snails or pieces of snail. 32ut in ordexr to0 be zbie <o see

une cating process in shelled snails, I used snails wiin Qeli-

cate shells (Succinea, 3 LYNnLE, "our‘ specimens or (-

tensis) which could easily ce broxen in such & WRY viies winG

pieces remained in place and coulid Le reumcved Jo0r odhservaiiozn

{under 15 to 20-fold vinocular macaificetion).

_‘“—-o e

!-

The process of food insake is +the same for voth ssecles
ol larvae and for shelled and skell-less snails. Tac siime
secreted by the snail during itze attack is not avoided (New-
port), but is taken flrSu, beiore Ihe. l4rva sets to the flesh
of the snail, Chewipg invo’ves the mandibles and: the bristle-
covered, brush-like lacinize. Trhe mechanical éhopping of the
prey is accomplished: (clearly vislbly) by the: manalbles, which
pound away rh;tnmlcall for hours‘and evenﬂdayso(about 60 %o
100 tizmes a mlnut° at OP ) ‘In tne mandlbles

alternately. In thzs vay,the flesh 1sﬂqu1te vzsloly cut up,
end when more or less well chewed ghd pulvérized is immediate=~
1y puszed lnto the oralicavit;., “hls moving is accomnlxshed

nos1tlon ere. po¢nted foiyard and uowardg'ne mealan, in rest
: E-1-35 qve late*aa, uhelr

movmng medladgin fhe shove’ﬁp _
: douotless“eff

not. only in the chopplng ) : ng
They comnlement,the'shove ‘action of theﬁl”clnlae
i h 'dxbleSf

lowe* inner edse of uhe mandloles, ‘ané; theAsuct on: ‘mechanism
of The paurynz shou.d assxst in corveylng uhe food znto the 1n-
testinal tract. . co® ~

The assumnulon of -ntake of nourlshmenu through the
mendibular canals, such as Fabre and Newport report as the ex-
clusive mode axni Haddon, ﬁess, and Vogel as occurrins side oy
side witk the normal int aze tnrough the mouth, is opposed by
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tign thel perts of snails as big as the larva's
head are crazmed infc the orel caviiyy, thet whole snail re:iilze
',three times aa wide aa6 meny times as long £z ke diameter o
the mandivaier canal gre fousd iz the larva's intestire, aii
that {tahe tiny opsnings of the ’:ndlou_ canals are situated
iz a place unizvorable for irteke of nowrishmant (iz view of
Cdnz dOVE“an o ihe manéibles e inner sicde would be: o

suitadble)s ... -

Turing iae eciion ol the 3and;s .28 the larve, wiih iis B

2

) mandib es opensd. (!), secretes eve*y few seconds a watlery hya-

ine l*qu_a;‘uhlch scens 10, coﬂevno. ;ron »be manalsula* Cana.s‘
vt from the oral cav1;y.;;‘ . :

Bur1p~ tne sne to *"o-*ay 1“*afe of Food ‘the snx '; ls
completely devoured, so tihal on$y the szell (in the case of -

* shelled snails end species-of Litex) is lefi. 0ccas1ona*ly\

Taris of tne intestinal tract are also le*u;;xnlcn by their

,grﬂenls“ coentents suggest that vereiadle food has just been

taken (evidence againsi he:olvcrluy Lof *he larveel). ,:r’
carefully cleaning itself at the end of the snail meal unu s
larva, which is often too full %o move, spends . several. days in

;comolete inactivity (ef. gctobram, Figure 36a (I), c-d)

é) Exnerlmenﬁs Bearmng on “she. Qnestlon of Bxt raintea- 15‘”:~
o .nal ngestlon and on the Poigor Ef?ect on the Prey

on tha*Questlon of X ralntesolnal Dagestzon

The inmediate 1ntake of the ‘chopped” food made possible
the follow;ng checks on both snec1es of” lzrvae.f

‘1. The heads of larvae that had 3usz eaten their fill

‘were cut 0ff and the bits-of food found in the oral cavity -

-examined nlstologlcally Result:- The cells of the snail flesh
~ - showed no signs of dlgestlon and wvere almost all -still ¢n the
‘Ltzssue arrandemenu. “ _ :

2. ifter. hunrry 1ar"ae had been L“lnter*uptedly feeg§ng

“A,forbéo nours (so that the entire 1ntest1nal tract . was fille

the content of various sectlons of .the intestine was examined

Cf‘histologzcally I tied off various parts of the central -and
- lower intestine so that their content could be studied separa%e-
~ly. The resul’s were as follows'*af“’

‘a) Pherynx, esophagus, and proventriculus are usually

free of food particles.- The food is presumably conveyed very -
 rapidly by the observable peristeltic motions of the esophagus
“and by the sucking motions of the pharynx and proventriculus
into the greatly expansidle’ intestine.

b)- Upper. and middle intestine (Figure 5Sa,b) Tiaaue

‘fragmenta and isolated cells. R o L
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Pigure 56. Cell nuclei in the iower pari of tue middle intestine and the upper
rectum, with the cytoplasm already digested. Ircrease in finely granulated,
cenmpletely digested chyce. T T
Tigure 57. Eozogeneous firely granulated, coxpletely digested content of the
niddle to lower portion of the lower intestine.

¢) Lower =iddle inies 1pe and upper rectum (r*gu:e 56):

Isolated cells and cell nuciel 1euely iiberated from the
cytopiasm; increase in Iinely ~ranul ted, compietely digested
content. ' '

Central znt lower zoriions of the lower intestine
: homogeneous, fine-grained, fully digested content.
n

-+

The middle

brane, whicna is saic =2
ing insects (Weber [13:

testine possesses a peritrophic menm-
?e lacking in extraiantestinally digest-

II. On the (Juestion of Zoison IZifect on the Prey
In the larvae's attacz on ghelled snails trhe sacil
withdraws into the shell at every bite, and the furiker 300~
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vvvwel rensin niddon.  Thot efver onc or more bites ani after
ffof‘ul mucaugi?al stimuld <ue snuil'c foot ig no longoe
\ 5“‘“i,r°tf§f:e“L;nt° ;he sncli, 2nd 4hot the larva ot about

viow SWHe TlLe suops the attack zives grounds for conjecture
; 3353 vhe csnuil has been injured in &« way +that endangers its
N Y

In ghell-less cnails all thet is observed exiternally

-< &L orocressively decreasing capability of notion of +he
enizel, whicu nas previously becn defencing itself violently,
LOWL J0 tnie point of complete motionlessness. During the at-
vacl apart from body movemenis only the cardiac motions are
i clea;ly otservable. In the case of transparent shells taey .

cein oc¢ scen directly, and in other cases carefully making an
odening in the shell does not disturd the cardizc action.

1. Cardiac motions of the snail during the attack.
The clightly increassed cardiac frequency observable in a
Con:.ca hortensis with an artificial opening in its shell re-
maing constant after a few minutes. The experiments do not
wi5in wntil after that. The normal cardiac frequency of
Cenzea when crawling fluctuates between 60 and 75 beats a
ninute, that of the snail resting, with its shell closed with
a meabrane of slime, is between 30 and 60 a minute at room

temperature.
Y -

(%18
' '?::. |
§M-~ ;
@4 !
i :
* i
- ;
ol H

[

{ \ RL L -
GDlld @ 0 (D) weiere e frihester Sepon de,

Novvngsa:lnshme

Figure 58. Exazple of the variation of the cardiac frequency of a snail
(Ceraea hortensis) during the attack of a larva. Explanation in the text.

a) Cardiac frequency per minute, b) first bite, c¢) second bite, d) other bites,
¢) earliest beginning of feeding.

An example of the cardiac fre?uency curve is shown in
Figure 58. The chronological course (abscissa) naturally can-
not be set down in units, since the secuence of biteg is in-
constent both chronologically and guantitatively. Since the
physiological conditions (stock of poison) and the ratio of
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T0 a Stop ané ke auricle ucves. Uithin She caricariivwae the
peristaliic cohuractlo“-an~—dil;tation anteas ran in constant
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t on is followll *v s con-
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For d-ab.osis and to tzite account of possible damages,
in the csecries ol experiments described telow the symptemc of
the cardiac motions were aiwzys notcd.

The phenoxena described occur C.Z- in a2 Cepzea horter-
sis of 6 mn shell diameter ofter the :1r;: “.%e 0f 2 Tull-grovn
hangry larva., IS inmediate¢y isolated the snail d*es v;tnln
one day (rno heartbeat; it can be easily pulled out of the shell
without resistunce). Saalls with 2 1 dienever of 15-20 mm
usually are not vicble affer 4 to © e of 2 aungry full-
growa lzrva. In these cuses tic he at persicis even a2fter
complete paralysis of I rpotor musculature of the body

no reaction t0 pimpricks). Full-grown Covzose are often over-
come only after dayes and after dozens of

2. Bxperimenval Mechanical Litackc on the Snail's Body

a) Upon pinching with a2 strong, sharp-nointed »eir of
pincers in various regions of <the boly (esp %ly in the fore
end), shelled snails withraw into tae cshull and chell-less
cacile Gelend themselves as when bitten oy larvae, th“ Seoe-
+ion oF slime. After several dozen repeoteld vicdient pinc...
the snails snow no defects in rﬁox:>....j.*_,r G no e::ccu~ au“ g:':,

- .

<0 ll&-ep +the czrdiize ;.recuc WCYy vwhaich no*'ﬁallj 50es Wp \ -:""-
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3. Suncsure z;:,;'“ Vi ZiZoll ol she foot, dar allj
»ﬂ*ouﬂn the viseera: 63/~

- e e we s
w.-\.a--, C-v-.\..: :-u Vi wie IACL

T . ? g
coanAQ:p witrhdrawal izaso <=2
o 2 | v .
I sl

bty . . o - . -
De & ule O toe oye teatacle
<& EN \ 3 R, e & - 3 e me -e®, . p
{Lorizonia /: ;& ; witadravel into vhe shell;
- Dam - YL ‘e -
comes tacik oul alfver = fow miautoes.
h»' PY SN Ta e e b - PP, R - *a
L. Zuagiurs Lenind the Joclors (near Ghc cerebrzl san-—-
P -~ S P e e S e, ——, S s ee o a-
Jlion):  72/ain, Luimediaie winhiroul L4vo Ghe saclo.
! -~ o . SR PP . - TN ewe , - - 3 ot
Souilsnistreaved in this WLy ~ive on Tor woeels with
e 3o Mem [ - S - ” o
SoTnina carcice freluency, and aormal mobilisy, end 2ora a
- ., - -2 . - - - -y e e D 2 S
niztrane of slime ot the canvronce Lo thc She.i ({Se 2 sna2ili in- .
: 2 Y . 1 - APt (A iy - — e
curcd by trne atteck of & larvo nover coez). -

y 7
~‘\
rY

¢ enés cut off close tehind %ae nenvle (limex
corentis) ¢ n

alo)
en continue o0 move Jor nours without sign of
Gizturvznee and with g00& coordination. The rezr end, with-
4 £ d
out ganzlia, is ixzcapable of any loccmotioxn.

Other s svere injurice (zec welow) a;c survived for
aours and aays without dusmazes o the uctor zcchanica.

- R

pechsalonl cuimuli znd mocoive injuries which are in-
comparably siresioel than the xechuaiccl effect of tites with the
zandidles arc citnout influence on tze locomotvion and cardlgc
activity 0f <i¢é sneils, an€ in fact usgally €o not affect their
vital pheznozcnz (except as in 2¢) =t sil.

&) I the cneil just peralyzed (or killed) is replaced
with a live one, the Larve (;3¢ovr::) is o longer capable,
even aftcor many bites (over »uj, o overcoming its prey. Car-

& and cayacit fo* zovexzent rexain noraal; dis-
dizc freguency and cadaeity
turbvances are only as descrived under 2.
b) The stock of poiSCL is exhausted after 4 to 5 bites.
i

Ywen szzll snelled sazil wn'c.
bite, or snell-lecs sn,1¢o, whlc

H

2 mo*ta‘_y injured with one

»
RS O]

renct tremely sensitively X
t0 bites of larvae, endure zn atteexk lzsting hours without ;
injury; they are still livinz weceks afterward. =- That full-
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h o= \ ..‘.L.M~0. . SO 2LNSTY O3 :u‘.'.:ecna dsa Che :
the thick cliin of old saciis oo overy b;te.v bv?{vﬁﬁugﬁ ia
¢) Afer chout 12 To 3¢ hours tne Dbits of tho 3
. . ; -’;“ - -:~ v L sedLSe W LiTS Ox t.':\:."‘g.z‘va
again nzos %ts C-ICCy; Tae sloel ¢ woison appecrs 0 kava Soon
regenerated (test with tie Larvae of LY. B - e
4. DPlace of Production of the Poizon
Crushed matier and extreets Swom various nare s of
Lgmnvrls larvac were injected into the JOre cuu OF ‘i
(For cach individuel test 10 sholli-lcss end 10 zxz.lle
of vcrious species and sizcs were used.) ISriracts werc Sbhiwiace
by crushing the corrosponding parta of the lar—a in a mortar
with double-distilled water. Control injections with pure dou~
ble-distilled water in the fore end of the snails vwere without
influence on the vital phenomena of the snzils; they behaved
like uninjected conirol snz2ils. Experiments a to 4 were re~
veated three times.

a) Extracted crushed maierial of whole larvoe: Shell-
less snails were dead ofter 2 to 6 days, shelled snails after
9 to 17 days. (Here and in the following cases the Zirst num~
ber indicates the time of death of the first snail, the cecond
that of all snails used in the experiment.)

~ b) Content of intestine and extracted crushed material
from the intestines: Shell-less snails were dead after 2 to 6
days, shelled snails after 6 to 12 days. :

¢) Heed extract: Shell-less snails deed after 2 to 7
days, shelled snails after 4 to 10 days.

d) Hemolymph: Shell-less snails dead after 1 to 3 days,
shelled snails af<er 4 to 9 days.

e) Intestinal secretion injected into other parts of the
body, e.g. visceral sac, foot, and pericardium, had no fatal i
consequences. These experiments could be carried out only once,
on one Cepaea hortensis, for lack of larvae. ,

?) I repeated experiments b) and ¢) using an‘earthWOrm.
vhen intestinel secretion was used the earthwor.. was dead
after 2 days, when head extract was used it was killed immedi-
ateiy! ‘ ‘
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These experiments show firstly thet all the extracts
obtzined from the larvase have a poisonous end in the final
result a fatal effect on snails, secondly that the poisons
from different parts of the body work egually well, and thirdly
that shell-less snails, as in natural cepture of prey, are much
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O larvzl polzcr thin srelled- sneils. -~ iry
& polzonours olizct o fthe variocus exiraci:
J congicering tvie snails' symptoms in G2-
races from L .uytlﬁe, nead, and wvhele lorva
. Fﬂa: rdir nid zn inereasingly p:we%~u4
7 vive necranigm of shell-less
3 nnils onitine nemolyoll L
iy i el DTG LoCCmOViOon, wWhlle s otl.aT
noizons secacd o lave no Suvioarily vizible Gazaze aariig Vil
Jirsy Zoew Geys a2t 2ll.  In thaece eurceriments it must ve borae
in zind thav vhe concenirations oI the extracts wers bound 10
ce very cnuniiorn depending on their vrlg:m; the tiny head
nazTurclly yieldeld thne least sudsionce.

The cceurrence 0 subsiances poiscnous to snails in so
mony Gifferent vyarts 0f tha lzrve was not ¥0 be exvected. The
cuesiion now is what poison is injected into the snail uhrougn

, aow it is connected wi

The zandidvbular canzals 0f the lazrve, 7
the mendibular cznzls, and vacre it is stored. Ve nust still

(Y

cizune vhe storage of a smell stock of poiso“, for-this stock

iz denmonsiradly azqausuec after only a few vites with no visi-

ble outpouring of liguid. The intostinal aecretlon is the

123 Tthing to sssign “the “e nonsxozllay to, since it:is® ‘secret-

ed Ffor rours et = time during tue intaike of food (walch see)

and vecause it nas the 1ea~~ ffect on tne sn all

5. Disgussion . .
Litsie is knowm cohcerning the biological significance

0f the raythms ané the time seuse in the life of the larvee;

occasionally this has been related vo the searchx‘o*jfoodi‘*

J

(von Budisnbrock {24], Welsa [1391). Phe ecircumstances 6 ‘
the activity of larvae of lambyrlaae ailow of . suchian ;nter-’
vretation, For toth the annual znd diurnzl rhythm- of’activity
(“romnlua ‘A°j, Jzeckel [66], Szyzansiki le’l ané also:the.
preferret eanvironment of most snails coincide with the. co”re-,7
sponding environmental demands 2né habits of 1ife o-;the larvae.
For the lzrvae cannot overcome a sneiled snail sea.eu un,
its nibernaticn with 2 thin membrane of slime. A definite’
rhythn of feeding, nowever, is ruled out by the Tfact: thatfthe .
la*vae can do wltnout food for months. That ontlcaLIy oriented
animgls have a mon ophasa¢ diurnzl activiity varlatlon¢and‘tac-a:
tile, osmetic animals a polyphasal one (Szymenski) “does: not -
no0ld for ny tactile, osmatic larvaze, for they have a: ‘definite
monovhasal activity cycle. This can be explained by <he: fact

that it is not the diurnal microclimatic varlatlons o< tre:

stratum of air near the ground thet determine the veristion in-
zesivity, but, apvart from endogenous factors, solely the. ulur-'
nally varying conditvions of l$°“u and darkness. .
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. The enconomic rﬂjt““ or luninescence o ¢ axrra

lnexplicaole. They g on_*cztner to Gefend themselves Ilroa

eneares nor 1o atiract taelir »rey.
) 2 v

-
v

_ The vwhole nature of txe recauor" behavs the morais—
iogical adaptztions to tas sneil diet, aud the faos Lnat v
gnails can survive much srosser Injuries tell i roscnr oot
view that the Zurvae 0F Boik 338ClisS 40 20T oVelrali.c “i..

rTrey purely *93'u“~ca‘* , but 3c¢s:n EZC.  TLl DOTLUN fec s el

;ast, for Tleein :g snails (especially species ©F Iira-:)

2o g
et [SFa
PRSI

Sinply run away Irom the larvae, wrlcn :oxlc" “”: voeli Of

Vea wmures U

lime slowly and gropingly. That the larve concenirzses if
o

....-ubu - -)

S

attacx on the *ore end of the snail and not on The rear, wWaich
it reaches first in parsuing the snail, is no doubt an ino.’ ca-
tion that the poison must work on the nervous SJste& of the
snail, wnicn is concentrated at the fore end. A further 1nd;—
cation of poisonous effPCu on the central nervous system is-

the long conti nulng action o0 thae snz2il's heart, whose relatlve
independence from the central nervous o"gans is well Inown
(Sk*.m¢1f [118,215], Willems [141]), after parzlysis of the
vhole bodily musculature. 7The great secretion of slime induced
by the bites may cocantribute o impeiring <he locomotion:(Bronn
[12]), since the snail is afterwards uneble to fora the: slime
track on which it must erawl; for the locomotor: undu.aulons

may still be continued: wﬂtaout The sngll’s being able to nove
about. (This can be readily observed in shell-less forms.) -

The bites of the larvae do not act as a- "aesen51tlzing anes-
thetic" Ffrom the effect of whicn the snail recovers (Fabre: .
[40]); they are leth2l. Vogel's assumption [127,129,131] that
the toxic effect comes from exnecuo*ayed intestinal secretion,
a2s in the case of extraintestinally dn.gest:.no beetles, cannot
be correct, for the stock of poison is: exhausted after a few
bites without visible efflux of fluid, although the' larvae

are sunnosea to have the intestinal secretlon available: for ==
more than two days afterwards for the "extraintestinal dlges-‘%.
tion"! 3But according to Vogel's and according to my own studies
the manéibular canals appear toebe connected only with the. oral<
cavity (and of course by way of it with the intestina ract)
In ny inJeutzon experiments it is conspicuous that ‘the. extract
of the tiny head has lethal effecis that are disproportionate-
ly more powerful in comparison to the higher. concentratidons of
the a2bundant intestinal extract. That justifies thé assimp-
tion that there is in the head of the larvae a small; quickly
exhausted poison-producing or n01son-concentrat1ng anparatus,
such as ngel himself mlgnt have found tc¢ the number of four
in whe anterior bases of the pharynx. He interprets these, of
course, as orgens of taste. But these structures, described

by bin as pouch-shaped complexes of cells with markedly vacuo-
lizeé content (!}, in view of their glandular nature, hardly
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Figure 59. Vogel's "smarymgeel organs of taste" (froz Vogel [123], rpage 395).
Cross section throuza the anterior pary f the nharynx andoze pair of the
Trerynzezl organs of toste. Tixztive: absclute alcoﬁol. Stainlng- eos;n— o

rez. Legend: Dilat., Gilatztors of the pharynx; HzX.,. ‘nuclei of spiral
cortical cells; Zyz., hyvoderzis; 1.Pha.C., lef: pheryngesl organ ‘N1, neuri-
leama; N1.XK., mucleus of neurilexxza; Pha.2o., base of phsrynx; Pha.D. ;" roof
of paarymx; Po.Pl., censillae placodze of the paaryngeal orgars; -.Pha.O.,‘
rigat rharyngezl orgen; Vac., Vacuoles. Zsiss ocular 2. E. Lmz._l/lz.,-Zeiss
apparatus. o

svcbesu Séﬁ’O”J cells (Vogel L12,J, vzge 399, Figufe'SQ)y
Sic; ef (128" with the szame age reference under Figure
59 aoove ]

Tarough the tases of tne mandibles, situaied. forward
toward the entrance to the nhﬂ*ynx, an eaele* *ommunzcat“”n of
the mandibular canals with the pher; is achieved. Bedause
o this imporitant sneclalwza ion the ~mouth~openingv £ the l"é=_:
vae of lampyridze is relatively very small. This calis foria
Z00d pulve*ivat*on of the focd, vhich {according to’ ngel,vuoo)
can be zccomplished splendidly by the mandibles. -ALided by the
peculiar location of the hair-covered parts o ‘the -mouth éfgansﬁ
ané by the suctional function of the pharynx and perhidps also.
the nrovcrurlculus, the normali transyort of undlges ed. f£ood -
has no obstacles in iis way. According to Eaddon's: [51, and
Vogells no“traya.s the bristle “rrangemerus on the mouth’ parts -
serve as a sieve apparatus wiich prevents the entry: of: ‘S0114 -
food paru-cl:s into the oral CaVluy- It is evidence againsu
the filter effect thatl pieces of fcod are taken and-thet” whole
snell radulze that are larger than the wiexpanded mouth'Obenl
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servetion. It is significant that Fzdre and Vogel spcai 0%

Vasio & o

v‘-.)"'
cxtraintestinnl digestion only in connection with ¢ (Lot ¢
shelled snails. 3y viriue of their shaslls they are conce ivadly
quite well suited to that scheme; the entirs snail is supposcd
tc ve "lﬂcu Tied" simulitaneously in the shell into 2 "bouilloa"
(Fab re) or to a "tough, viscous brotk" (Vogel). But the lar-
vae oI the lampyridze also eat skell-less snails end: other .
shelli-less; animzls just as rezdily! Direct observation shows
that the o’reaaj cnonpe& food disanpears 1mmedla+ely and. rela-
vively qhzckly into the oral caviiy, so that it is subjected-
o +he digestive- 3u1ce much too short a time to be Mdigested"
before belng taker into the intestinel tract. The hzstologlcal
exarinations of the cayme from the orzl cavity and from the in-
testinal {tract confira this and refute Vogel's nlstologlcal
findings The mede of function o the mouth parts and of thae
vharynx "na 2lso the consistency of the:Ffood offer nore of the
necessary p*ereculsltes zs_assumel for extraintestinal diges-
ticn generally ( ordan L67} von Leangerken [72]). HMoreover
toe larvae of the _aﬂpyvlaae lack various adaptations or‘char<
acteristics typical of extraintestinzily alsestlng insects.
such as diverticula especizlly of the lower part of the midille
intestine for zosorptiorn of the liguefied chyme and 'isolation B
from the intestinal lumen and so from the digestive secretic:, ~
and 2 minimel defecation as a result of' the almost totalire--
sorption of the preorally 71que&1ed chyme (Blunck {71). ver
t*onnwc membvane, lachlng in such cases (ﬂeber [1341) is’present
in the larvae of the lampyridse. The larvae 40, however; elimi-
nate a secretion at irregular intervals during the intake of
food. This is not eliminated tﬁroubh the mendidbular: canals
with the mandibles closed, zs during ine attack, -- a thing
that is quite vlslb7e in biting 1nto zlderberry—nlth dummzes,
anc occasmon ly also with mechenicsl and chemieal: stimnli,” -
but through the mouth opening with the mardibles onened.g Buu
it vz;x be clear from whet nas been said that this is no extra-
intestinal digestion in the measure described by Favbre znd . .
Vogel; in txis secretion. (presumably from t:ze intestine) I. uee
resner a "salivation" of the food, the transport of wh;ch anc
its sucking invo the pazrynX are uhereby facilitated.
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of the eyes ia comnarisen af the

; s0n T aalées and femeles o0 tha -wrg
species, 4. analysis of the "Femals petitera” of <the tuo Suu-
ciezs oc~’“r1n~ sizulitancously in ihe cans bEdtove.
L. Normal Sexuzl Behaovioy in Danmryris noctilucs
2aod Phzusis swvle nu¢ca¢a in Tne dosunel meoo-neh
Ce se“v;t;on 0 the ncwrmsl Sthavior of hie $we svLsiie
. . N . -
*n tneir tura_ aanztat was the starting peirs. for Tho =i . lu-
mental par L the stud ies of the sexual'oea¢v1or.
a) Dav-Klpku Rnvtrm of sctivityv and. of '“ﬁinescence
¥ales and Temdlés: ‘of ‘both secies appesr {hrcughout thei

Lifetine (.emaWes as a rule O“ly ur il ?e*ulglzat;on) every
evening at the ¢oming of aarkness, i.e."between 800 and . 9330
D.2. The males (def*n tely ve*lzlao*e oaly for the luhlnes-

cing Phausis meles) do- not flyruntil abou* 30-60 cinutes ba-
fo*e Tae rexzales. begin. 1o glow, Duv are zctive bafore that Sine

iisew

ward mldnig 1nj:ar_ﬂ”as=§ - aou. s0T. tw0'¢0“ sers. “urlng‘
the last few: day ‘ redeath :

ai*e* as °um1ng he
vlowzvg nosture, : ‘bout ,0 cm 1r

”he“tlmeeof;disapg araneces o
‘ixed&indig;duall s

motlons, ner*ormed
is a me‘:s;thef--mél'e
,fema.es Squ-gl wing
sexes 0Z Phausg d'
”he rest 0T the

gs. ”?lowered M'O'I:hore.x
;;ly ing: 20-60. ninutes e tha

.th the beginning -
; “'nxris’femal,
*%it-‘,mmdnigh

“ane laso-mentioned cases befor° tpem.

g8 -

simultaneously with t%e Temales. Each individual female leaves
ne* hiding place- at e, flied'u¢me,»vl*hlﬂ aﬁwaﬂ~= of p,}o-ﬂﬁn
 exceptional cases” 10=15 minutes. Just as consient tinmes of
. _pnearance are given. by‘kasu [82] an@ Buck {20 for Pnoc inus
oyralis. he female Zssumés 2 dezlnl*e posturs Zcw glowing. ...
(cf. 2 poete cy dehavior) and . remains in tney posture wntil to-
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3ide it. (Cf. eye invesiigations, Chaepter D I, 3.) .
naccurave Ilight the nmzle runs toward the femalce witha very
125ty movenmeris (not otherwise cusicnary); if the sizght is
obstructed by ground plents, ke immediately climbs %0 an ¢
posed point and flics toward the fermzle from it. The lass
case may ve repeated, or combined with the first, depending

on the circumstances, or it mey, presumebly because of sighi
difiiculties, still not lezd to wnion with the Temale flovm
towerd, even after 2 running about of varying length and execu-
ted with hurried movements; then the male suddenly flies away.
-— In the diving flight the elytra and wings must be folded

1=

4

’J. [ 6] ]-l. ,_.

byt

quick as 2 flash into the rest position, for even in landivgs

from low altitude (about 20-30 cm) they are in the normal posi-
tion on the bhack when the insect strilkes the ground. More.
rarely a spiral path of flight is observed, which is probably
to be attributed to imperfect folding of the wings. :

During the searching flight the Phausis nale glovs
strongly and continuously, vul with somewhat fluetuating in-
tensity. (Lampyris males glow, but hardly visibly; cf. pages
45~-46.) The statements that crop up everyvhere in the litera-
ture about an irregular flashing of the males must be due to
inaccurate observations, for if one follows the flight from
normal observational persvective (standing), the ventral
luminous organs of the males, which are for the most part
flying lower, are repeatedly covered by the abdomen. In addi-
tion the restless up-and-down f£light hinders a continuous
line of signt to the luminous plates. If the observer lies
on his back he can easily assure himself in clear weather as
to the continuity of luminescence during flighf. -- It is only
vaen leaving his hiding-place and climbing to a take-off point,
and again after a landing, that the male shows an irregularly
fiuctuating glow, which usually does not attain the intensity
usuel in flight. :

The flight is a quite typicel and pronounced lifting
flight. The abdomen, which is relatively mobile for a beetle
(in Lemuyris meles longer than the elytra!) hangs down almost
vertically in flight, the tip of the abdcmen usually curved
forward a little in the ventral direction. The position of

- 92 -



the center of gravity conditioned by this posture (center of
gravity behind and bdbelow the point of attachment of the wings)
retards progressive motion, but promotes the "dipping" flight
also observed in American fireflies (McDermott [83)), which
apparently can be even be regulated by movements of the abdo-
men. VWith movement of the abdomen into the vertical position
the flight becomes on the whole less suited for horizuntal
motion and more favorable for vertical maneuver.

In the female the following takes place during the period
of "activity" and luminescence: Not shining o: only slightly
glimmering (mostly with the larval organs), the female leaves
the daytime hiding place to seek out an exposed, elevated place
(stone, blade of grass, or the like). If a female is put on a
flat surface, she hunts until she finds such a suitable place,
often tries over an hour to climd up a glars wall, and accepts
any object introduced immediately as a her glowiag place. The
glowing posture 4is typical, and though i+ is executed differ-
ently in the two species, it is such that the ventral luminous
organs are turned upward. The most usuel glowing poature of
§§%¥x;1; females is like the normal waliring posture with the

ifference that the abdomen is twisted like a screw in the
lengthwise axis by 90 to 180°, so that the luminous organs
beneath the sternites of the posterior abdominal segments are
turned upwvard and the corresponding targites downward. At the
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Figure 61. Glowing posture of the’ Phausis female.

fectly executed; the female, clinging to the object with her
head up, bends the abdomen in the ventral direction more or
less at a right angle, so that in this case too the luminous
organs are exposed upward (Figure 60b). -- Phausis females in
all cases merely curve the tip of the abdomen upward from the
normel walking posture; occasionally the entire body is dia-
gonallx inclined upward toward the back from the support (Fig-
ure 61). This makes not only the ventral imaginal luminous
plates but also the dorsally visible larval luminous bulbs ef-
fective. The females of both species, if undisturbed, réemain
-motionless in their glowing places, glowing continuously with
naximum intensity, until the end of the daily period of activ-
ity. This very continuity of luminescence in the females of
the two species 1s a quite fundamental difference in the sex-
ual behavior as compared to the American and South-European
|« ) species. If females are disturbed by mild
ne cal or luminous » » the glowing posture is given
up and the luminescence decreases depending on the intensity
of the stimulus down t0 & weak glimmer, but after a short time
~- oven in the case of repeated disturbances -- the complete
gloving‘so-turo is resuned. After powerful stimuli or when
istur tovard the end of the period of activity and lumines-
oence the female orawls avay and hides and does not reappear
on the same night. -- The Phausis female is far more sensitive.
A mere dreath or a vidration can upset her so that she crawls
avay and hides and does not appear again on the same night. -~
The no::n%yond of thorpzztgg ot :oti;;tyiand 1“-1:;’0:20.1:;
signal fenales © specing giving e glow
posture, gradually reducing tg: luminous 1nton:¥ty (the larval
organs as a rule retaining their btright glov lon’nr in the
case of %. ihon:’unlor in » and seeking
the hidiniion.h Nost then se the same hiding place
o

:‘itn. al ihoy have innumerable similar refuges avail-
'noa?hy. .
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In conclusion an interesting intensification of the
female appetency behavior should also be mentioned. Unfertile
ized Lampyris females toward the end of their lives, while
largely retaining the normal glowing posture, maks beckoning
or rotating movements of the abdomen, and at the same time the
external genital appendages, which are otherwise enclosed by
the terminal segments, are protruded and retracted with circu-
lar motions at arrhythmic intervals. In "old" females of bdoth
species it is also noticeable that they occasionally give up
the glowing posture several times in an evening, run about
restlessly, and begin to glow again at & different place. Both
these phenomena are doubtless expressions of the heightened
sexual appetency behavior.

Bonﬁardt (9,10]), von Broneart [13), H81lrigl [62], and
Knauer [68] report that they have found females (at least of
Lampyris) lying on their backs, and they interpret this as a
special evidence of the sexual nature of the luminescence. I
cannot confirm this. Of the far above 200 females of the two
species that I have observed outdoors and in the laboratory,
I have never seen one lying on the back. It is evidence againset
this that the females never willingly relinquish the contact of
the tarsi with the object they are resting upon, that when
placed on their backs they always immediately execute turning
movements (Chapter B II 5), and that copulation with a female
fastened in position with the back down never succeeds even
after attempts at copulation on the part of the male for over
an hour. With females in the normal position copulation takes
lace in a very short time, even in the case of dead females.
On this point of. the next chapter.)

2) Copulation

The following applies to both species if not otherwise
specified.

In immediate proximity to the female the behavior of
the male changes. The movements becoame more hurried, almost
unsteady, and the antennae are moved violently and rapidly.
As soon as the male touches the female, the female gives up
the glowing posture. The male, vibrating fast, immediate
mounts the female regardless of which direoction he approaches
her from, and thrusts out his copulative organs. Proper
orientation to the longitudinal axis of the female is accom-

1ished immediately by the male's hol fast on both sides

0  the sharp s of the tergites. sition rear end
t0 rear end io eved after more or less ty, occasional-
1y (especially

. in the case of ) repeated adbout
on the female With lichsninc-qsiggléeins. the male, with vio-

lent movements of the sntennas, apparently reaaining in fairly
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Pigare 63. After proper orientation the male "hunts” for the female genital
opeaing, moving backward and vith copulative organs protruded.

long contact with the head or with the tip of the abdomsn of

the famale (Pigure 62). Upon correct orientation to the fe-

ulo the pincer-like parameres open and close, with simultane-
ous exploratory moveaments of the entire copulative organs (of.

Pigure 100). response to this taotile stimulus the female
raises the tip of the abdomen slightly. (This may also be
induced expe ntally with a soft brush.) The male,

after n.::..nf contact with the fore end of the 1l-l. OF
larger £ e, moves relatively slowly back along tho femalu's
back, continuing to "hunt" with the copulative organs in the
1ntoru tal membranes of the tergites, pleura, and otemites
uggo”. These experiments usually last as long in

as

copulation itself, while achieves
coupling vithin a fev seconde. coit%on !ng 64a,b) (in

about 15 nmt_c_!_,____ﬂg smale's light
tyqucuydrop-uo o ongli.urortholuninu-

cence d:l.up ars entire In cases vhere the luminescence
continues with Mmm Lntmi for a while after coup-
a udachi:nd. otht;:- males t:ocm din t:o t:l.ol.:‘ ob’.:orv:?om)
epen pulation ¢ ons, a wvildly
&utod nﬂ:ﬁu{ nu{: around the female thoy try with
lowvered prothorax omhcmthonlrodyoo male.
mmoormxnttmmrptutom po ions.
mrinc coition female, except for t moveaents of the
» Ordinarily remains oolploto } the asle moves
tho antmu st lower. frequency than uxdu the oriontation
and at he male mmm
fall in%0 a oopula ua is disturded

in oonhun attenpts or uruc ooition by mild photic
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Pigure 64. c;ﬁl;tiu position in Lamppvris (o) and Phausis (b).

and tactile stimuli. males immediately separate from
the female, flee or play dead. The fact that light stimuli
(not above 200-400 1x) do not disturd copulation in
is in harmony with the fact that Lampyris, in contrast to
Ehgggég, copulates in diffuse daylight. No changes are ob-
servable in the copulation behavior under these conditions.
males are ready to copulate 1 to 2 hours before and

er the normal period of activity. After copulation the fe-
male cravls avay and hides, but the male does not always do
80, for at least in laboratory experiments copulation can in
both species be repeated several times (with the same or other
femsles). Thus I observed two males that after a
10-15 minute pause each time performed 4 and 3 copulations
respectively of normal duration (20, 25, 36, 60 and 48, 40,
50 minutes). This repetition of copulation within one activi-
ty phase or within the brief imaginal period, often odeerved
(in the labdoratory), is not charscteristic for short-lived
insects. Occasionally after separation the nale re-
mains on the back of the female in the ::xuln on position dut
without further attempts at copulation is carried around

the female. I was noi able to cbasrve such behavior in

4) _Perversions |

Anong males of both species atteapts at
infrequently ooour (observed doth in the field
laboratory) (Figure 65). The males shov the same behavior as
toward females: mounting the back of a male, hasty, uncon-
trolled movements, vibration, searching for the genital open-
ing with protruded copulative organs, orientation on the male.
Oopulation atteapts bLetween males wers obeerved of over an
hour's duration. Vhile most of the attempts at copulation do

00 tion not

in the
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Mgure £5. Xttupt of tvo Lampyris males to copulate.

not lead t0 union, in one case I observed an actual copulation
of twvo lampyris males, where the penis with the parameres Lad
penetrated bestween the sexual appendages of the other male and
wvas anchored fast there. The intensity of sexual excitement
seems t0 be in no way dirinished in homosexual copulation at-
tempts. The "attecked" male usually runs about constantly but
without being able to shake off the perverted one. -~ That this
perversiocn has little connection with luminsecence is clearly

shown by males, which 40 not luminesce and in whom
nevertheless homosexual relr.cions occur oftener than in the
luminescing males, often proving & hindrance in decoy

experiments. ng the males of American lanpyridao copulation

attempts hawn been voserved by McDermott [86] t nus mar-
and by Buok
] then orms not very marked uoxul d o

and f\uctioning luminous organs in both sexes), in
vhich homosexual activity is easier to explain than in our
native specise with extreme sexual dimorphisa.

1 found an inexplicable peculiarity in Fhaujis femalss.
In one night I found 17 females of that species at an uncom-
mon altitude for females -- 30-50 om above the ground
-~ glowing in perfec owing posture. Under the usual obdidi-
tions of captivity 12 of these females died ove ¢, and the
rest during the day. Subsequent examination showed that thess
noticeably flattened females had not a single ogg left in their
ovaries. This ias the only case in vhich I have found complete
sexual appetency behavior of the females after egg-laying.

| WM
g e e [l s
Tgﬁj 1 sn rogg:g p:o:zivt photozzgin
®

no information is amui able as to
tho intonsity of the lnnps and since I never succeeded in

g T REE RN R R

veak eouides of light no long-




er in use at the present time. When I was working in the open
with an almost burned-out pocket flashlight Lampyris males did
occasionally fly up to me, but sorarely that female luminous
decoys at any rate were more effective. Nothing was known of
positive phototaxis in Phau males, and I could not attract
them, either, in the open by using pocket flashlighte of vary-
ing strength. Bugnion probably observed best when he stated
that Iampyris males come near (!) lamps; presumably just not
near enough to get into the light of the lamp, which is too
strong for them [see Note]. The experiments of McDermott (84, !
87), Mast [82], and Buck [19,21] concerning the signal systenm ;
of American lampyridae were carried out with matches, candles,
vocket flashlighte and the like, without imitation of the fe-
male's Juminous field. In nearly all cases, of course, the ‘
males showed definite poeitive phototactic reactions when the
flashing was done according to certain flash patterns.
[Note] Cand.rer.nat. W. Eiither informs me that in catching insects at
night with a carbide lemp be has caught Lampyris males, which to be sure did
not fly directly to the source of ‘ight, dbut flew around the lamp at a certain
distance.

My observations on the imagines (males and females) of
our two native species of lampyridae showed over and over that
they reacted with both positive and negative phototaxis toward
artificial light.

a) Phototaxis

Positive phototaxis is clearly proved for male imagines
at a definite intensity by the possibility of attracting the
males of both ageciea by the female light or by artificial
light (of. Chapter D II 1). Jampyris females that wers in the

tri dishes in various decoy experiments also ran toward the
t decoys vhen thog.happenad to get near them. In Fhausls
fenales no aimiler behavior was observed.

With too great 1ntonaitg of the decoy lights (in com-
parison to the femele liggt) the activity of the males declined
or stopped coapletely. the experimente concerning the ex-
citative effect of decoys of varying brightness an intensity-
dependent behavior was also found. If the overhead lighting
of the roon (about 500 1x) was switched on during the active
period, the es (males and females of both species) crawled
avay and hid. males immedistely stopped glowing, dropped
to the floor, and, with eyes covered with the prothorax, went
in search of a hid place; the females reacted somevhat more

alovly (espeoci ‘the females), but also ceased to
glovw, gave up their gl posture, and oravled a to hide.
After a fev minutes of #8 their complete se appeten~

oy behavior was restored. Veak light 414 not dieturd the in-
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sects in their activity. They thus appeared to react posi-
tively or negatively pototactically depending on the inten-
8ity of the light. This question will be studied below for
the males of both species. Gradually increasing and decreas-
ing (measurable) changes in intensity of the lighting during
the insects' activity period were tried. Since the movement
phase necessary for these experiments lasts in the females of

the two species only from the time of leaving the hiding
 places to the assumption of the glowing posture, and so is
very brief, the change from negative to positive phototaxis
was investigated only for Lampyris females and rather crudely.
It took place between 200 and 500 1x. That the glowing fe-
males attract each other mutually was never to be observed.
(See Table 15.)

Results (Table 15): With gradually decreasing inten-
8ity the behavior took place in reverse sequence. The change
from positive to negative phototaxis is not sharp (sharpest
in Phausis males), since not all individuals react with equal
sensitivity to light. To arbitrarily selected intensities
the irnsects reacted as shown in th2 Table, even in the case
¢f change from 2000 to 20 1x; within 5-7 minutes the males were
active and positively phototactic, the females (more sluggish
in general than the males) after about 15-20 minutes.

Negative phototaxis was exhibited by male and female
inagines when exposed (at 500 1x) to green, yellow, red, and

blue light, red light having a less powerful effect, especial-
ly on Phausis males. While they assumed the characteristic
posture for great light intensity, they did not crawl away to
their hiding places until the subsequent illumination with
normal light (500 1x).

b} Scototaxis

The same experimental arrangement described for the larvae was also
used for the imagines and is illustrated in the same way (Figures 66a,b).
Here, however, the petri dish was lighted to 1000 1x. The experiments were
carried out with 10 insects each during the nightly activity phase.

The males of both species showed definite scototaxis.
In Figures 66a,b A the males of the two species were all at
the derk wall after 10 minutes (e). The positions (e) in
Fig. 66ac B were helt by lempyris after 10 minutes, by Phausis
(Fig. 66b B) after 15 minutes. Comparison of the path dia-
grams of Fig. 66a B with those of 6tb B shows that Lampyris
malea react more quickly and exactly than Phausis males. The
males assumed at the dark wall the well-known posiure assumed
under too powerful light {prothorax as shade, head retracted).
They seldom left the dark wall (especially Lampyris), and if
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Figure G6a. Scototaxis in Lagpyris noctiluca. A end B, males; C, feaales.
Meaning of symbols as in Figure 20a; further explanations in the text.

Al 55: Satvian de Masss pieridvie
Amibdd, L 29

— e

Tigure 66b. Soototaxis in Phausis splendidula. A and B, males; C, females.
Meaning of symbols as in Figure 20a; further explanations in the text.
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they did they always went back to it (e.g. Figure 66b B 3).

The females of the two species showed no scototactic
reaction or no definite one. The behavicr of the female in
Pigure 66a C 2 might suggest that when she got very close to
the dark wall she did perceive it. The paths of the other
females (for clarity only a total of two are shown here) are
like that of no. 1. The location of the individuals af the
two species after 30 minutes allow of no positive statements
either.

¢c) Experimental Work on the Day-Night hm of Imagine

The question of what determines the day-night rhythm i
is generally interesting in the case of luminescent animals, E
and is especially important if we wish to appraise their be-
havior under largely normal conditions.

There are two opinions as to the relation of the day-
night activity rhythm to the lumineascence of the firefly ima-
gines: 1. that this rhythm is a periodic phenomenon largely
independent of immediate environmental factors (Mast [82]),
and 2. that the periodicity can be modified by environmental
conditions (411 ,,[gited accordinf to Harvey, 55], Buck [20],
Perkins [101], Rau [109], Newport [95]).

That the temperature variation normally occurring in
summer plays no part in the appearance of the imagines has been
shown in Table 14. The same table also shows that with natural
variations of the intensity of daylight (with cloudiness,
storms, earlier onset of darkness with the advancing ceason)
the actirvity begins earlier (repeatedly observed in both males
and females!!). On the other hand full moon, street lighting,
and the like cause no delays in the period of activity o -
inhibitione of activity such as Czepa (31] and others report.
In this connection I should like to0 mention again the s
(Table 15) which shows that the imagines remain active at low
light intensities. OChecks at the habitats show that even
modern neon street lighting hardly reaches an intensity of
more than 15-20 1x, and thus does not reach the effective in-
hibiting range..

The series of experiments (I to V) on this problem were
carried out with our native lampyridae (the otlie:r authors' re-
sults were obtained chiefly with the American lempyrid 2h%§é§!§
Eﬁiﬁltl)’ at a constant room temperature of 21° C (max. +

at 100% relative atmospheric humidity (I1I-V predominantly
with Lampyris females, since the males were urgently needed
for decoy experiments). The insects were kept for at least
24 hours before the beginning of the experiment at normal un-
disturbed day-night rhytham in the experimental vessel (petri
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dish 30 cm in diameter and with the most natural possible bot-
tom). Observations were taken hourly and in many cases, e.g.
at the beginning or end of the normal activity phase, quarter-
hourly or half-hourly. The series were repeated several times
and were checked over a period of 24 to 72 hours. (The short
lifetime of the imago must be borne in mind, and also the fact
that in most cases it will already have lived several days in
:g:nogen.) The number of experimental animals was never less
en.

Experiments on the normal day-night rhythm. (1)

First we were interested in the effect of artificial
changes in intensity within the natural activity rhythm.

a) Two petri dishes (A and B) were both occupied by
males and females o0f both species. In B were control subjects
exposed to the normal daily rhythm (but with constant humidity
and temperature). A was lighted from 17:00 on with 500 1x of
diffuse lamplight (= average daytime brightness of the labora-
tory). At that time all the insects were hidden under leaves
and the like, completely inactive. The control subjects began
to glow at 20:50, while the animals in A remained in their

. hiding places. At 20:30 [sic] A was darkened; after 5-10

minutes all the males were active, and after 15-20 minutes the
females, always more sluggish, showed the complete sexual ap-
petency behavior (glowing on an exposed spot in the glowing
posture). After 30 minutes' darkness A was again lighted with
the same intensity; within 10 minutes all the males had dis-
appeared into hiding places; the females stayed in glowing
posture for a little while, with gradually decreasing intensi-
ty of lumimescence, but after 20 minutes were in their hiding
places. This change was repeated toward midnight with the
same results, except that the insects became active noticeably
more slowly after the darkoning (at 23:45). At about the same
time the control insects ceased their activity (the males
earlier than the famales).

b) Experimental conditions as in a). The insects (A)
were subjected continuously from 17:00 to 24:00 to 500 1x.
They all remained inactive and did not glow. From 24:00 on
darknese was provided; after 3 minutes all were active, and
after 15 minutes all the females exhibited complete appetency
behavior (the first after only 6 minutes). They glowed until
about 2:30 with :ndimtg::poddinton;::y and :ho;:%y afteirzzoo
graduill{ stoppe 0 and craw awvay to 8, == oxr
about 2 1/2 tgp3 hgtr-! The control subjects (B) were active
toward 21:00 and gradually ceased their activity about 23:30.
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Constant Darkness (II). With constant darkness after
preceding normal day-night rhythm the insects -~ at whatever
time of day -~ left their hiding places immediately or after
1 to 2 hours, but did not glow or glowed only with a faint
glimmer (in the case of the females mainly with the larval
luminous organs); the females sought out exposed places, but
left them again or stayed there often for hours without glow=-
ing, either in the normal walking posture or in the glowing
posture. About 2 to 3 hours before the controls' usual time
the insects became maximally active and showed normal sexual
appetency behavior, which died out before midnight. During
the remaining hours of the night they behaved as described above,

usually not looking for hiding places but showing little or no
activity.

Although the normal strict rhythm of activity and lumi-
nescence seems somevhat disturbed by constant darkness, still s
the recurring 24-hour rhythm is essentially maintained, but |
gppears somewhat prolonged in its active phase through earlier j

eginning. !

Constant Light (500 1x) (III). BEven with constant il- ‘
lumination for several days the insects (here only
and females were tested) remained motionless, not
glo » for several hours in the same posture (in one case
for 28 hours).

Day-Night Reversal (IV). When the vessels were darkened
at a normal daytime hour (e.g. 8:00 a.m.) after several days
of constant brightness, the insects (Lg%g¥;gg_gnd Phausis fe-
males) within 10-15 minutes showed complete sexual appetency
beshavior for about 3 hours. This observation grom ted me to
cresate periodic reversed duy-night conditions by illumination
at night (from 18:00 to 8:00 with 500 1x) and darkening in
the daytime (from 8:00 to 18:00). BEven in the first experi-
ment, which followed the constant illumination (III), they be
haved as in the normal day-night rhythm (i.e. active in the
dark, inactive under illumination), maintaining the 2=3-hour
period of activity and luminescence.

| If this oxgeriment follows a normal day-night rhythm,
the insects need 12 to 24 hours to convert, since day is fol-
lowed by "day" or night by "aight + day

# Six-Hour Cycle (V). This shortened oycle was arranged

under the light econditions used in the day-night reversal
(only with fgne%?ig females). A nooturnal constant illumina-
i tion (from 18: ) lgigg) :u;hzgllozoghby tha_{::::hnix-gour
dark phase, then the te ¢ of the same le; and 80
| on. Result: oompletely normal appetency behavior, regardless
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of whether the dark period fell during normal daytime or night;
the 2 to 3-hour period of activity and luminescence was main-
tained. After this phase the females were not luminescent,

-- a few at first in the glowing posture without glowing, others
in the hiding place and inactive, even when the activity phase
occurring under normal conditions coincided with the period of
:llggigggion (e.g. during the illumination period from 16:00

0 22: .

Lastly I have one series of experiments to report which
I carried out with blind Lampyris females. The eyes of the
females were painted under narcosis with a shellac mixed with
lampblack, and this was checked under the microscope for opa-
city. The experiments were begun 36 hours after the treatment.

a) Normal day-night rhythm: The females began with
normal appetency behavior about 1 to 2 hours before the control
subjects, glowed until toward midnight, and then and during
the daytime sought out hiding-places, which were usually not
very well protected against light. Compare to this the behav-
ior of normel insects in constant darkness (Il).

b) Constant darknese: No influence on the females; be-
havior as in a). :

¢) Constent light: Behavior as in a).
d) Day-night reversal: Behavior as in a).

2s gg;g%; D;%gfgglgg
morphological comparison of the eyes of males and

females of the two species)

In spite of the constantly recurring references in the literature to
dimorphiss in the development of the eyes of males and females of the lampyri-
das (Pigure 67), thers have been no morphological or other comparative studies
of it (not even for the American laapyridse). Only Leinemann [71] gives the
ouaber of facets comparatively for the sexes of the two speoies ( :
uales 2600, females 700; Phausis: males 2500, females 300). Bxner (39
studied only the Phgusis eye, end specifically the sorphology and the physical
characteristics of the dioptric apparatus.

It is intended here mainly to compare the eyes of the
two species and of the sexes with each other, in order to dis-~
cover the relationships to the mode of biological function.

: Morphological Siructure, Point ¢ 0 -
Qptical Axes, Number of Facets, Field of Vig

Egsnfglg‘igtg Structure. -- The cross sections (Figures
68 and see Note] were prepared essenti in accordancge

with the practices describdbed in detail by del Portillo (103].

- 107 -




GRAPHIC NOT REPRODUCIBLE

[lotc] After the evaluation of the sections the slide box unfortunate-
ly was dropped on the floor, so that the sections became unusable, especially
those of the longitudinal sections of the male eyes. For that reason the
microphotographs that were to have been taken later are lacking.
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Figure 67 (left). Eyes of both sexes and
both species, overall viev froz beneath.
a) Lampyris male; b) Phausis male; c) Lex~
pyris female; d) Phausis female.

X---X plane of section of Figures 68-69.

Figure 68 (below,right). Dorasoventral sec-
tion through the male eyes in the plane
of greatest ventral extension of the syes
(aarked x—--x in Figure 67a,b). a) Lan-
zyris male; b) Phaugis male.

The illustrations sh;w‘th; b:oic uuihrit omhh::h
eves and of the female syes of the two species. e
ﬂyw eyes are typiocal superposition syes, but in their internal
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GRAPHIC NOT REPRODUCIBLE

FPigure 69,8-d. Sections through the
fenale eyes of the two species.

a) Lagpyris § , dorsoventral sectioa.
b) Lanpyris ¢ , horisontal section.
¢) Phausis @ , dorsoventral section.
d) Phausis $ , horison?al section.
Plane of section of tne dorsoventral
sections in the greatest ventral-
dorsal extension (marked x—x in
Pigure 67c,d4). Plane of section of
the horisontal sections in the great-
est rostral-caudal extension of the
oyes (approximately corresponding to
the optical section in Pig. 67¢.4).

iy
¥ ¥ SR

PR N
- atlet

4

HELY et

S e - .
—
-‘.‘.".u' “2‘

GRAPHIC NOT REPRODUCIBLE
faTET

) .... pA)

o .
B A ey ot o
-’ P VA TN
! ..'l .‘_.‘;"\"q'vn;.’: /“ ‘.' ’ .-/ . : .
A P R A L A N A I !l
AT . s Cer s o
N "/: WA s e .If’,: o .t
e .-‘u" T -. * L ‘\-' =
{2 .5 L
K ol ‘,.

and external morphological structure they have characteristic

peculiarities.

g%%.mntg out (in the plane of greatest ventral ex-
tension of the eye, marked x---x in Pigure 67a,c):

External and internal ssymmetrical structnre.’ relstive-

great extension toward th

ventral median, orientation of

e facets dovnward (about 2/3), non-uniform curvature of the

surface of the eye (dorsal third showing

(Figure

line oone ventral in
dorsal in [anpyris

ater curvature)

68a,b), ssoreasing lengthvwise development of the visual
elenents toward the ventral direction (e.g. cornea and ¢

stal-

g 5 e T
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Pigure 70. Length of the optiocal axes. &) iaspyris and Phusis males; ) Lam-
RYris and Phyusis females. ---++ Lampyris from veatinl to dorsal rim of the

eye; o:.c¢ Lampyris from rostral to caudal ris of the eye: :-+~ Phsusis froa
ventral to dorsal ria of the eye; =+ Phgisiy frox rostreal 10 caudal ria of
the eye. 1) Relative units of length; 2) ventral and rostril respectively;

3) dorsal and caudal respectively; 4) unit: 5 omsatidia.

Plgure T1. Angles of camatidia from wveatral to dorsal and fros rostral to
osudal raspectively in the planes of secticn sbown in Figures 67 and 6A,
) Laspyzin oales (below) snd femaies (abrve): b) Phauaia seles (bdelow) and
fensles (above). Symbols #s in Pigure 70; iegends as in Pigure 70 except:
1) Qegress of angle per 4 camatidia; 4) wvalts 4 ommatidia.

insreasing 2 4
do:::l (n&l;l‘)’.

aportnri of the oamatidia from ventral to

Horisontal section (in the plans of greatest rostral-
caudal extension of the eye, approximaisly corresponding to




the optical section in Figure 67a,b).

Eyes directed forward, almost radial, hemispherical
external structure, though the internal structure does not
entirely correspond to the external: in Lampyris the eyes
are oriented toward the front (smaller angles of optical axes,
greater radii = relatively slighter curvature), while the
eyes of Phausis males are best developed l.terally (Fig. 70).

The Female Eyes. —

Eyes of both species oriented somewhat ventrad and for-
ward, and externally of radially symmetrical structure in the
horizontal and dorsoventral directions (Figure 69a,d); in
Phausis the internal structure corresponds to the external,
radially symmetrical structure in the horizontal section (Fig.
624 and 73b;. but not in the dorsoventral direction (Figures
69¢ and 73b). The eyes of Lampyris are developed internally
in both directions asymmetrically to the external radial sym-
metry (Figures 69a,b, 73a).

Point of Intersection of the Optical Axes. -

The findings shown in Figures 72 and 73 were obtained by microscopic
projection of the sectional preparations at about 1000~fold magnification.
A focal ray wae ¢rawn from every fourth osmatidium.

The focal rays, regardless of asymmetrical structure,
converg: in the longitudinal and transverse directions in a
single point in males and females c. both species; i.e. they
nowhere form focal areas. Tae {ucal point of all the optical
axes is ahifted upward and except in the Phausig ifemale some-
what to the rear, and 80 does not ccincide with the center of
curvature. Sincc the ooraeas of the facets are equal in size,
the angles wus: become greater towerd the top and back (Figure
71) and the radii shorter (Figure 70). This has the result
that the focal rays cannot be perpendicular to the surface of
the eye in all cases. Surprisingly, they are perpendiocular
to the surface of the eye only in the {ront and ventral por-
tions.

Nuaber of Facete. -~

The corneae aad crystalline cones are fast grown tugether (pseudo-
cone eyes), 80 that vith fresh eyes that have bdeen carefully cut ocut all the
wey to ihs «dges the dioptric apparetus of the eatire eye can be ccapletely
1solated from the ceoaory cells by bruehing out. Ryes thus prepared ware
periplierslly silv, imbedded in the usual vay, and pressed detvesn slide end
cover glass. Such preparsticne wvere aicroprojected and the facets of ten
syes of ezch sex and species oounted.




4
(&

Figure 72, Point of intersection of the optical axes on the basis of dorso-
ventral (left) and horizontal sections (right): a) Lampyris wmales, b) Phau-
gis males. Every fifth focal ray is drawn in.

Figure 73. Point of iutersection of the optical axes on the basis of dorso~
ventral and horizontal sections: a) Lampyris females, b) Phausis females.
Every fifth focal ray is drawa in,

The averages were 3412 facets for Lampyris males, 2750
for Phausis males, 605 for Lampyris females, and 375 for Phau-
sis females. The eyes vary in size (especially great differ-
ences among Phausis females), so that among the males of the
two species deviations from the average of up to 10% occur,
among Lampyris females up to 15%, and among Phausgis females
up to 305%. The ratio of number of facets of the Lampyris male
to the Phausis male is 1.24 : 1, between the Lampyris female
and the Phausis female 1.61 : 1. The surface of the eye of
the Lampyris male averages 5.64 times as great as that of his
female, and in the Phausig male 7.34 times as great (the size
of thg facets 18 the same in both sexes -- about 25 p in dia-
meter).
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Field of Vision

: The field of vision was determined on the basis of the pseudopillae
(cf. von Buddenbrock [ 25]). The microscopic sections were not usable for

this purpose, since they were done vertically or horizontally, while the max-
imun extent of the facets does not always run exactly in these directions.

Thue e.g. the surface of the eye of the males runs in a curved extension to-
ward the ventral medial posterior direction, and therefore cannot be deter-
mineil froam longitudinal or transverse sections. Figures 74 and 75 show ap-
proximate average values for 10 specimens each, since the field of vision
fluctuates somewhat with the size of the eye, = less in males than in females.

wulsl vewirsl

L/

Figure 74. Field of vision of Lampyris males (a) and females (b). Right:
from dorsal to ventral. Left: from rostral to caudal. Binocular field of

vision shaded.

The field of vision of the males' eyes is usuall§ 3600
in the vertical (dorsoventral) direction, and up to 250° in
ihe horizontal direction (from froat to rear), with a gap in
the field of vision at the back of the head (where it 1s joined
to the thorax). The binocular field of vision in Phausis is
up to 60° ventrally and up to 20° forward; in Lampyris it is

70-75°_ventrally and wp to 30° forward.
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Figure 75. Field of vision of Phausis males (a) and females (t). For expla-
nations see Figure 74.

b) Relationships Between Form and Function

As a rule typical superposition eyes are spherical in
form, and the uniformly radial external structure is matched
by a largely to almost absolutely uniform internal structure:
uniformly developed ommatidia, forming equal angles with each
other and undergoing no mutual shifts, being thus situated
radially, perpendicular to the surface of the eye, with their
optical axes intersecting almost in the same point; any spe-
cialization is practically ruled out.

_ The eyes of the females of the two species very closely
approach such a structural type, but those of the males have
undergone enormous modifications as compared to the normal
morphological structural type of superposition eyes and become
highly specialized organs which take up almost the entire sur~

face 0f the head.

_The most striking modification is the extension of the
males' eyes toward the ventral and frontal median, by which
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a considerable extension of the field of vision in all direc-

tions is achieved, but especially downward and forward. Two
othe:r facts besides the enlargement of the surface of the eye
yield an extension of the field of vision: Increasing length-
ening of the focal radii from dorsal to ventral and from back
to front (Figure 70), and shift of the ommatidia out of the
perpendicular to the surface (cf. point of intersection of the
optical axes with the surface of the eye, Figure T72). 3y these
two methods a different curvature of the surface of the eye

is achieved, and thus indirectly an enlargement of the field
.0f vision. These two method: alsomake it possible to orient
the eye especially ventrad, but alse forward, for by increas-
ing or keeping constant the focal radii in the ventral or for-
ward half of the eye on the one hand (Figure 70) and by shift-
ing the point of intersection of the optical axes dorsad on the
other (Figure 72) the facets are directed downward and forward.

The special enlargement of the field of vision toward
the ventral and frontal median, in combination with a greater
convexity, provides an especially large binocular field of
vision downward and a smaller one to the front, serving mainly
for distance localization and hardly inferior in development
to those of predatory daytime insects (ILavhria gibbosa 259,
Bembix rostrata 35°, Nepa cinerea 94°, Calopteryx splendens
B8O, according to von Buddenvrock [24]). The high number of
facets also favors localization.

These two striking specializations of a nocturnal in-
sect (360° vision, binocular field of vision) are splendidly
suited to facilitating recognition of the luminescing female
and together with the typical flight of the males (which seeB
make possible exact sighting of the female and accurate land-
ing beside her.

An important question in connection with the active
sexual behavior of the males is that of the light sensitivity
of their eyes. Superposition eyes are generally characterized
as light-catching organs, as the almost punctiform surface of
the perceptive portion of the retina converges the twilight
gathered upon a much greater surface of the dioptric system.
In spite of the enormous deviation of the males' eyes from the
typical radial structural design, the enlarged surface of the
eye concentrates all the light in one point. A particularly
rich tracheal ramification between the bgsal membrane and the
lamina ganglionaris (especially in the 2/3 of the eye that is
ventrally oriented) may be interpreted as a tracheal tapetum
(unfortunately not visible in the microphotographs). This de-
velopment of the tracheae is lacking in the females of hoth
species. The sensitivity to light must be quite considerably
inocreased by these two morphological peculiarities.
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The resolving power or acuteness of vision is dependent
on the number of facets in a given angle, and so is greater
the smaller the angle that encloses the individual ommatidium.
For the same size of eye, therefore, the narrow-angle eye is
superior to the wide-angle eye, but the latter is more sensi-
tive to light. Resolving power (or acuteness of vision) and
sensitivity to light are thus tied to two conflicting condi-
tions, for which a solution must be found if both are to be
highly developed. The solution of the problem is accomplished
in the Lamoyris male eye in an excellent fashion: 1. The
angles are reduced in the ventral and forward directions (to
increase the acuteness of vision), and 2. the surface of the
facets is kept large by extending the narrow-angled facets in
the longitudinal dimension (no reduction in sensitivity to
light). The acuteness of vision or resolving powver of the male ,
eye is in fact very pronounced, for it distinguishes fields of
light form~d in different ways in flying to the female (see
decoy experiments). It is interesting in this conic..lon that
in the Phausis male eye the angular values in the posterior
and upper half of the eye are much larger than in the Lampyris
male eye, and must accordingly greatly reduce the acuteness
of vision. We might attribute to this cause the incapacity
of the Phausis male tc distinguish different luminous fields
and his consequent confusion of his females with those of ‘
Lampyrig, if we do not intend to make fundamentally different
(end phylogenetically more primitive) neural conditions respon-
sible for that. ’

The non-uniform curvature of the cornea due to its devi=
ation_ from the spherical form and the oblique position of the
crystalline cones might impair the visual perceviion of shape,
since distortions of the images formed are to be expected.

The more exact (in comparison to Phausis males) orientation
to dark surfaces (see scototaxis) in Lampyris males I evaluate
as superior visual perception of form on the part of the Lam-
pyris males. This is in agreement with the fact that they
recognize the arrangement of the luminous surfaces in the
luminous organs of the female as a species-isolating stimulus
(see light decoy experiments).

Decoy experiments with monochromatic light (which see)
and the phototaxis experiments with light of wvarious colors
(which see) tell in favor not only of the reception of these
wave-lengths of visible light, but also, in the case of the
selective choice of specific colored luminous decoys, of the
color vision of the males' eyes.

The morphologically fine differentiation of the males'
eyes (as compared to the almost primitive structure of the
females' eyes) must be conceived of as an adaptation to the
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sexual behavior, for through enlargement of the field of
vision, a binocular field of vision, and light sensitivity
and acuteness of vision of the eyes all the problems set are
simultaneously and excellently solved.

II. Analysis of the "Female Pattern"

By the so-called "female pattern" is meant the inherit-
ed excitative mechanism of the male which selects specific key
stimuli of the female and groups them into a single stimula-
tive complex. As a basis for the analysis of this pattern we
used the observations on the normal sexual behavior of the two
species in the field and in the laboratory (Chapter D I). Be=-
sides optical components of the stimulus, olfactory and tactile
components were also tested. But in order to be able to make
pronouncements concerning the efficacy of the individual stimu-
1i it was necessary to attempt to present the doubtful compon-
ents of the stimulus to the male in as near isolated form as
possible. Tr: . “lcwing investigeations and experiments were
carried out either in the natural biotope or, where specific-
ally mentioned, in the laboratory under as nearly natural con=-
ditions as possible and during the nocturnal activity phase.
The results of experiments with free-flying males can of course
be only of a qualiitative nature, but were nevertheless import-
ant as starting points for the series of experiments in the
laboratory.

1. Excitatory Effect of the Female's Light
a2 Experiments with Natural Female Light

To make it possible to answer the question o0f the much
discussed function of the female light it was necessary to
study the flight of the males with all non-optical stimuli
(especially olfactory ones) excluded. I attempted to do this
for both species in the field and in the laboratory as follows:

1., Isolation of the females in airtight and odor-proof
weighing bottles with ground-in covers.

2. Indirect presentation of the female light by reflect-
ing it upward perpendicularly by combinations of mirrors some
20 cm away from the hidden female. This method was combined
with the first.

3. Offering artificial sources of light of about the
same intensity as the female light. I used pocket flashlight
bulbs whose spectrum extended over the whole visible range.
The battery-powered series of bulbs gave off light without
any sort of mask and without the pattern of luminous surface
characteristic of females of a given species, as used later
for light decoys (which see).
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In 21l three cases the males flew straight and eccurate-
ly to the isolated females, the "isolated" female light, and
to the artificial light. The artificial light of the bulbs,
however, was far from being as effective as the light of the
other experimental arrangements. The second experimental
arrangement, which does not exclude the finding of the female
by olfactory means, nevertheless did not lead to a meeting oI

the two sexes, although they had come within about 20 cm of
each other.

During these experiments I noticed that Phausis males
also flew toward Lampyris femele light, while Lampyris males
paid no attention to the Phausis female light. I a2lso ob-
served this often in the field, where I found Phausis males
beside Lampyris females, attempting for a long time (occasion= ;
ally over an hour) unsuccessfully to copulate with the female |
of the other species. Iater quantitative experiments (light i
decoys) confirmed this observation. I saw several Phausis
males making intensive copulation attempts (with protruded,
groping copulative organs and the behavior of the male in copu-
lation mentioned above) on a Phausis male pupa.

Lastly an observation should be mentioned which also
demonstrates the strong attraction by light: 10 cm from a :
copulating lLemoyris pair a Lampyris female was placed, which »
soon glowed brightly. The male gave up the copulation posture,
but still remained coupled with the female u.nd dragged her with
him to the glowing female, and mounted the latter, though
s8till coupled with the non-glowing female.

These examples appear to exclude the possibllity that
there is a female odor in Phausis peculiar to the species.
They also show for Lampyris a sexual effect of the female
light, and in fact of giéﬁt in general, independent of the
female odor. Light is the sole precipitating stimulus for
the approach flight of the males.

b) Physical Properties of the Light of the Two Species

Studies of the physical qualities of firefly light were
a prerequisite to experiments with light decoys. Since all
developmental stages of both species glow (except Lampyris
males) and occur simultaneously in the insects' bioiope dur-
ing the swarming time of the males of both species, these
investigations were carried out for all stages.

Spectral Range

Many authors have made statements as to the spectrum and color of
firefly ligit. According to Murray (Experimental Regeaprches on the Lisht
and Luminous Matter of the GlOWWOIR, 0%C., Glasgov, 177 pages) the light of
Lenpyris larvae is greenish; acocording to Lehmann (“Lampyris Prize Contest,”
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Nova Acta Leop.Carol., Vol 30, 1862, pages 113-114) Lamoyris light possesses

red, yellow, and green components; according to de Bellesme Léﬂ violet is
lacking, red is abundantly and green maximally represented; Conroy [BCQ gives
the only exact statezents concerning our native fireflies, but unfortunately
with regard to an English "glowwora" not further icentified; from his descrip-
tions it may have been a Lampyris nocti.uca larva (cf. Table 16). Dubois
kited according to Harvey, 55] later reports that not only the spectra within
the species but also in different developmental stages within the individunl
are different, and attributes this to differences in light intensiiy. Zc says
that the Lampyris light is blue. Keissner [91]reports green ligznt for the
larva of Lampyris, while Knauer [ 68 ] reports bluish lignt for lampyridae (with-
out mentioning the name of the species. I have not been able to find state-
ments concerning Pheusis in the literature anywhere.

In the table [see next page] I give a chronological sumzary (parily
according to Buck [22]) of the spectral range of fireflies studied down to
the present (predominantly American species), the authors, and their methods
of investigation.

The inaccurate, subjective, often contradictory state-
ments by only the older authors concerning our native lampyri-
dae are unusable for my purposes.

Technical: The insects' lignt was recorded with a spectroscope
(Zeiss pupil spectroscope), attached by a connecting piece to the camera obe
jective (Makro Kilar 1:3.5/40 mm; camera: Exakta Varex IIa), on the highly
sensitive panchromatic Ilford Film (HPS 27/10° DIN). Conducting the relative=-
ly weak light of the insects through the many optical systems made exposure
time up to» 30 minutes necessary. =- The long lighting time led to difficulties
in taking the photographs connected with the peculiar nature of the animal
subject. As has been mentioned, the larvae ordinarily glow only at complete-
ly unpredictable times and only when undisturbed. Getting spectra from them
photographically was possible only during the periods izmediately befors molt
ing, vhen theyglowed continuously at uniform brightness with continuous slight
mechanical stimulation. The same method could be used with the pupae. It was
hardest to make the photographs of the female imagines, for first of all they
glow only during their activity period, and then they stop at any disturbance
(e.g. slight vibration; attempt to fix them in front of the slit of the spec-
troscops). The only vay remaining vas to get them in front of the spec-
troscope slit completely without disturting them and during their glowing
period (usually in the open). Any movement of the luminous organs away from
the area of the slit then became a defective picture. To photograph the Bhau-
ala male light the males were decapitated or the isolated abdomen with the
luminous organs slightly mashed and then fixed in front of the slit.

Photographing a wave-lengtu scale over the spectrum being photographed
made it unnecessary to close the slit as far as possidble in order to doteraire
the speotral range and identify the dark lines with the corresponding wave
lengths. The slit remained opened to the maxizum extent for all photographs,
as did the shutter of the camera objective. For the rest, all photocr . .ic
technical precautions were constantly maintained; the exposed films werd wil
developed in the same tank under the same conditions (Ilford I D - 11 Fine
Grain Developer, 14 minutes at 20° C).
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Table 16.

. .
Species R nave }ﬁff‘h Method Author
Pholinus spee. (7) . . . HWT—=00h Vv YouNg 1870
English glow-worm
(Lurve von Lampyris?) m  01R—60 A CoNnoy 1852
Pyropharus nocislucwl o
Thorax . o (o om0 $68—sidn v LaxeLey & Veny 1890
Abdemen. . ., S 463663 \Y
Pholinus pyralis . . 32540 P Ivis & ConneNtz 1910
Photinus pyralis . . . . €& 533—u2u v Me Dinvory 1910
Pholinus consanquineus ., €3, HHI—H1D \Y « MeDennorr 1910
Pholuris pennsylvaniea . ¢a. H0—010 v T MeDensorr 1610
Phengodes laticollis . . AM1—6d) Vv MeDuusmory 1912
LIholimus consanguinens R ERAY] P Contents 1911, 1912
Dholuris pennsylvanics HMO—ulv P ContiNtz 1911, 1912
Glow-worm(?) . . . . . 520 —5n4 r Rasinas & VENKITESH-
wanan 1631
Glow-worm (?) . . . . . 469 —H8d P Brooxs 1940
Pholinus zanthopholis .
catherinaed . . . . . 535—udt (I*) 20—633 (V) maxasd  Bres 1941
ame . ...... wax 380 Buck 1941

Pholinus pallensg . . . . 815—642,5(P)  Hld—uid(v) max577,0 Buck 1941
Iholinus pallens Q. . . . 320643 (1) 812.5—635.V) max 77,6 Bues 1941

DPhetinus synchronans g . 515--645 (1 20635 (V) max 886 Buek 1941
Dhotinus varinbilis ¢ . . 530—660 (P 3225665 (V) maxd80 Buck 1941
Pholinus flavilimbalua @ . -— 827.5—620 (V) —  Buck 1941
Pholinus ceratus g . . . - 535620 (V) — ilyck 1ML
Pholinus evanescensd .« . - 335655 (V) - ek 1941
Pholinus gracilodus . . . - 507,563 (V) —  Bucxk 1941
Dipholus uniscus . . . . - 303645 (V) —  buek 1M1
Dipholus montans . . . . —_ 515—620 (V) — Buck 1941
Dipholus semifuscus . . . - 512,5—655 (V) - Buck 1941

DPholuris jamaicensiad . . €. 1878 (I")
Pholuris jammicensis Q . -—
Dyrophorus glagioph-
thulmus .
Therax . .« .+ ¢« 305—i3 (1) 497,53 —683 (V) wmax 383 Buck 1941
Abdomen . . .. .. 540~ ") Ma—~u33 (V) mex §95 Bucx 1041
DPhengedesupee. . . . . . - 30--390 (V) — Buck 1941

V - visual method; P - photographic method of deteraining
the spectral range; ? - no indication of species.

-— -— Buex 1041
022,3—-665 (V) - Buex 1941

Spectroanalysis by the difficult photographic method
was preferred because of its objectivity to subjective ob~
gervation (the Purkinje effect, etc.). At the same time it

ermitted a comparative determination of the energy distri-
gxigé gilzéo spectral light on the basis of the darkening
of the .

Results: The spectra of both species and in all stages
of development lie in the same region of the visible spectrum
as & continuous band from about 500 to 660 mp. Details may
be seen in the curves of the spectra in Figures 76-78. The
results were confirmed on the basis of photographs ¢f several
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Figure 76 a. Spectral energy curve of the light emitted by the Lszpvris lare
va. Z2Zxposure: 5 minutes. Ordinate: blackening of the emulsion side of the
film (S); abscisse: wave length in mp.

Figure 76 b. Spectral energy curve of the light emicted by the Pheusis larva.
Exposure time: 5 minutes. Notation as in Figure 76a.
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Figure 77 a. Spectral energy curve of ligznt exitied by the Laupyris female,

Exposure: 5 minutes. Notation as in Figure 76a.

Figure 77 b. Spectral energy curve of light eamitted by the Phausis female.
Exposure: 5 minutes. Notation as in Figure 76a.

(at least 5) specimens for each stage of development.

Spectral Energy Di ution of the Light Emitted

The basis for determination of the energy distribution in the spectral
band of the 1ight emitted by the insects was the blackening of filas obtained
by the above method. The distribution of density of the blsckenings in the
spectral bend corresponds to the light energy of the various wave lengths on
the assuaption of uniform color sensitivity of the fila material, which is
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guaranteed in the case of the panchrozatic Ilford film. The density of black-
enirg of the spectral band was measured photograpnically. [See Note.]

(Note) The measurezents of density of blackening were made with a
Zeiss rapid photozeter with Steinheil recorder aai vhotozultiplier I ? 28.
I cordially thank Tr. £ichhoff, of tne Inorganic Institute of tne University
of Mainz for making the apparatus availadle, for making me acquainted wiih
the technique, and for his readiness to help in manipulating tne instnuuinis.

=) &y oay
T TrrTIUEEET 0 Figure 78. Spectral energy distribution of the

light enitted by the Pnausis male. Ixposure
tize: S minutes. Notation as in Figure Toa.
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Pigures 76-78 show the direct ncasurexzent values of
blackenings of the emulsion layer of the film. Since the
width of the spectra lies in a range in which the exulsion
is almost uniformly sensitive, the measured velues largely
correspond to the avsolute data, i.e. the maxiaoum of density

Z blackening is matched by an energy maximum of the insects,
and the nearly syazetrical pattern of the curve is matched
by a wiiform (sharp) decrease in short-wave and long-wave com-
ponents of the spectrum outside of this maximum value. The
naxima for both species and all stages of development lie dbe-
twveen 550 and 580 mp, and thus in the yellow range.

Deteraination of Iriensity

In order t0 compare the light intensity of the developczental stages
of the two species, the luminous organc were zZacroprotograpkically recorded
in their own light. To make possidble short exposure tizes, Ilford =PS fila
was used for these photographs too. Prerequisites for cosparable darcenings
of the fils and for later photoelectric registrution were uniform distance
froa the odjective lens, similar arrangesents of apparatus, and similar cono-
ditions of photographic developing for all the photographs. The cazers usad
vas =——as before-—— "Bxacta” with the "NakroKilar” objective.

Figures 79-8l1 show that the zaximus intensit: exhidits
not only very slightly diverging values for #ll develozuointes
stages, but also that the intensity of individual parts ol
the luminous organs is equal. Nor can they confira the
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Tigure T79. Density curves of & Lazpyris larva (i) and a Lozprrig fezale (3).
I larval luminous orzan of the imaginal luairnous apparaius, II imaginal
luzinous plates. Distance from camera 12 ca, exposure S secords., 3 = dark-
ening of tne negative., Abscissa: region of the lumirous orgasns from thora-
cic to caudal.

Figure 80. Density curves of a larval luzinous orgss of Preausis. A froa
the dorsal, B from the ventral side; other exp.anations as for Figure 79.
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Figure 6l. Censity curves of the luainous organs of tne Paiusis fezale (4
from the dorssi, B froz the ventral sids) and of the D saunis male (C).

I larval luninous organs of th2 imaginal luzinius apparatus (in tne Paausis
cale not externally visidle), II isagizal luzinous plates; otnervise as in
Pigure 19.

assertjons of Czepa (29], #gceire (76], Lieissner [88], Ver-
hoeff (126}, and Weitlener (123 that the entire body of the
firefly glows (a support for the syzbliosis theory!), for the
photometer scanned the whole area surrouniing the luzinous
organs and the dody of the insect; results there: OF density
(in this connection of. Figures 33a-e).
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~ petri dish (diameter 30 cm, height 10 cm) the bottom of which
- relative humidity close to the ground.

‘actual size.) The height and width of the sleeves were such:
‘tbat they fitted closely over a pocket flashlight bulb (2.5 v,
" Q.5 amp), mounted on a foot that could be pressed down into )
. the soft ground (for field and flying-cage experiments). : f

- put in front of the mask. To get a uniformly lighted mask -
- gurface, & frosted glass was always attached in front of the

-~ of bulbe and the same source of power for all series of decoy

particular experiment (abscissae of the figures). But in
" order that it would always be possible to check on the course.

8 wit it

Knowledge of the physical properties of the female
light as the principal key stimulus of the sexual behavior of
the males formed the basis of the decoy experiments described
below, which analyze the reaction of the males to variations
of the most important artificially provided stimuli.

. Method: Decoy experiments were done in the field only
a8 a check on the laboratory experiments, because they lasted
to¢ long there and the results were consequently too scanty \ :
and could not be evaluated quantitatively, especially as the |
lifetime of the imagines is too short and experiments are pos- ‘
8ible only 2 to 3 hours a night, during the natural period of
activity. Under laboratory conditions I was able by certain
measures (cf. Chapter D I 2¢) to extend the experimental time
by about an hour without concern about abnormal influence.

In the laboratory the decoy experiments were carried out at a
room temperature of 20° C + 29, in a flight cage (1 x 1 x 1 m)
the bottom of which consisted of a ground mede t0 resemble
that of the natural habitat of the insects (c¢f. C I) or in a

was lined with sand. Both containers always had about 95-100%

_ The decoys consisted of cylindrical slesves to oné
end of which the decoy mask to be investigated was fastened.
(The abscissae of Figures 82-92 show the respective masks in

This buld lighted the decoy mask from beneath. ILight filters,
colored paper strips, frosted glass and the like could bs

ﬁdecqx;maaks~'The,lighta’were connected with each other and
powered in the field by batteries, in the laboratory by an
adjustable transformer. In both cases the light intensity
could be modified by a resistance. The use of the same stock

experiments provided from the outstart for a more or less
wniform luminous energy. The number of decoys used simultene-
ously during an experiment was determined by the object of the

of the experiment at a glance, not more then seven decoys .

- were ever used. They were set up irregularly in the flight

‘chge at more or less equal distances from each other. Around.

~ the petri dish they were set outside the dish at equal = . ...
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distances of 2-3 cm, oriented toward the center of the dish
and above the ground level. The petri dish arrangement was
most successful and toward the last was used exclusively. The
locations of the decoys were often changed during the experi-
ments, .in order to exclude any habituation phenomena. <The
males were thus basically subjected to multiple-choice tests.
The males' eyes with their 3600 vision allow of this method.
The constant ratio of turning toward particular targets in

the individual series and the behavior toward and at the de-
coys are evidence of a genuine spontaneous choice.

; Comparison tests with glowing females could be used
simultaneously with the decoy tests only in cases of special
interest, since because of difficulties of procurement, because
of the brief lifetime of the adult insects, and because of
other difficulties repeatedly mentioned above, it is very tedi-
ous and time~consuming to get the females into a continuous
state of luminescence and at the same time in a position visi-
ble to the males. For this purpose movable raised objects were
put into the vessels witn the females, on which they went into
the constant glowing posture. _For the comparison tests covered
petri dishes were used exclusively, as they excluded any odor
- factor very conveniently, since the females when strictly
separated from the males would glow outside the petri dish.
Glowing females were constautly used, however, to regulate the
light decoys and compare their intensity. - o :

- Evaluation of the experiments was done as follows: In
the field and in the flight cage I counted the approaches by .
direct flight. In the petri dishes these approach flights oc-
curred more rarely because of the short distance to the glaas

. wall; here the males ran toward the decoys, as they did in

the field when only short distances were involved. 43 a rule
they ran in & straight line to the decoys, with vigorous an-

' tenna movements and other movements. In order to rule out

- chance, the decoys and the control females were set 2 to 3 om
~ above the ground. Climbing up the glass wall to the decoys

showed the intentional approach quite unambiguously. Moreover

- the males usually spent a fairly long time near the decoys,
‘went sbout in the immediate vicinity of the decoy with search-

"";’ing,rapid movements, and made butiing movements with the head
and

o prothorax against the glass wall in front of the light
decoy, == all symptoms that permitted a definite diagnosis of
"approaches" of the males. The experiments could usually be -
performed in the dark, since the light of the decoys was
bright enough. Otherwise a weak light from above was used,
Just sufficient for observation of the arrangement, and fall-
ing through a colored paper of the color least noticed by the
males (for Lappyris blue, for Phausis green). These cheoks,
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L Figure 82. Reactions to light decoys.

. Ordinate: number of approaches.

» Abscissa: decoy masks, half actual

P size. :
i,.

9

N L (Lempyris noctiluca): ‘ :
- 7 n (number of specimens) = 15;
K N (number of reactions) = 166;
Y % : Y/ P (Phausis splendxdula) :
| IENURIEERE: n= 30, N = 295. ?

o | i | b | T - |
blue green yel-~ md i l.ampyria: Phausis.
low spectrum ad

= I lasting only a few seconds, did not disturd the males at all,
1 - '~ even when they were running toward a decoy. The results of

i S & series were regarded as confirmed only when counts of rums.
T after certain intervals of time (e.g. after every 30 minutes)

- during the test pericd .yielded no. significant relative dif- -

.-, ferences for the individual decoy patterns (total number of
. approaches on the ordinate of the graphs is the total count

- of often repeated experiments over a three-year period).

- o) Golor as the Distinguighing Feature

- 1. Reactions to the basic colors, blue, ?'reen, yellow, R
j‘red, and to0 the whole spectrum of visibdle light (flashlight = - o
~ buldb light). The basic colors werf produced by light passing ,
through. transpmnt colored paper [see Note] (Figure 82).

: . o [Note] I am indebted for the measuresents of the spectral cuwes of
& ot the colored papers to the Physics Institute of the Technical University of
i -+ PBrunswick through the kind offices of Prof.Dr. Schaller, They were done with

it : a spectrophotometer Type Sb 500, "Unicam," no. 11768. The source of light o
“ - - was a tungsten lamp, Width of slit: 0.1l mm, I = intensity transaitted through .
i‘, " " the paper, Iy = original intensity. Maximum scatter of tho nnmod values 1.5. -
For graphic representation, see the next page.]

, ‘2. Use of monochromatioc filter colors Esee Note] lying
. within the spectral range of the female light (Figure 83).

‘ [Noto] I thank the firm Jenaer Glaswerke Schott und Genossen here
 for the loan of the interference color filter used (manufacturing specifica-
- tionst IL no. 629 416, 617.351, 631 048, 617 876, 135 417, 619 157, 608 806,

624 815 608 301, 620 472).
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Figure 84. Ligkt decoys: Comparison of the o?timal_ excitatory colofs.

q) blue,

- Left: Lampyris: n =15, N= 363; rigat: Pheusie: a =30, K= 275,
~Vertical scale: approaches. a) yellow, b) whole ‘spectrum,. ¢) female controls,

%u;%i pay little attention or none at all to the
basic colors blue, green, and red, while they respond maximele
ly to yellow. The more exact analysis with monochrometic
color filters shows the same thing, and also. shows that the

The same holds for

- energy meximum of the speotrum of light emitted by the female
(around 570 mp) coincides with the maximum number of epproaches
_ to,grtirioial decoys that emit light of the same wave-lengths.

nales -~ maximum number of

approaches when the wave=le 8 are used in which the light
On the other hand they dif-

tted by the female is richest.

fer very strikingly and unexpestedly from the
on the follow pointa: They react very wel

males
I;%%ngfigwavo-

lengths of visible light, and even have a ssoond maximum in

, , surpasges that in yellow
light. It is a remarkable faot, however, that dlue light is

the dlue t range that ac

missing from the emission spectrum of all developument

stages,
short-wave visible light being in fact represented thore,ogfy

at very low energy.

~ The ocomparison of the optimally excitatory colored lights
~ (gigure 84) with genuine females demonstrates for both species
t

the corresponding monochromatic lighte induce the approsch

flight of the males not only opttnally, but "supernormally.”
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Figare 85. Lignt decoys: distinguishing
tharacteristic brightness. Notation as
in Pigure 82.

L: n=11, N= 130,

P: ns 30, e 1040

a) darker than female
b) fexale controls
¢) brighter than female

Arwendungen
o3 % &8 & g A

p) Brightness as the Distinguishing Feature

The decoys (Figure 85) were about the same amount
brighter or derker than the female light for the two species.
Measurement of the relatively slight intensity of these little
glowing surfaces with instruments was not possible, but only
a subjective comparison. - The decoys were lighted with normal
light (that is in the following experiments the light of a

- flashlight buldb with all wave-lengths of visible light).

lempyris males prefer the intensity of the natural fe-

brighter and less bright decoys. They often ran in a straight

line toward the brighter decoys up to a certain distance from
them, only to twn aside then or turn around, as rarely hap-
pens otherwise in their approaches, or after a normel approach

‘they become inactive before the brighter decoy for several

minutes, with retracted head and bowed prothorax; this is the

same as the reaction to too strong light (cf. Chapter D I, 2a).

Bhaugis males alvays definitely prefer the greater in-

y) Size as the Distinguishing Feature .

In this series of experiments iriguro 86) I used over-
sized, normal, and undersized decoys (the normal decoy having
the surface dimensions and arrangement of the luminous organs
of an average-sized female). For both species the surfaces
of the oversized decoys are about four times as large as the
normal decoys, and the undersized decoy in the case of -
%_g is reduced by 1/3, for P by 1/2. The % under-
s8ized decoy alsc has o two pairs of points of (as is
not infrequeat in nature) instead of the three of the normal
decoy. == Lighting with normal light. ,
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Figure 86. Light decoys: distinguishing feature size. Notation as in Figure
82. L: n= 22, N=155; P: n=30, N=134. &) normal decoys, b) oversized
decoys, ¢) undersized decoys.

Figure B7. Light decoys: distinguishing feature movement. Notation as in
Pigare 82. L: n= 13, N=93; P: n= 30, N =131, a) moving decoy,
b) stationary decoy, c) female control.

Pigure 88, Light decoys: distinguishing feature duration of light (constant
vs. intermittent light). Notation as in Figure 82. L: n = 22, N = 164;
P: ae=30, N=185. a) female nora decoy, b) flashing decoy.

In the case of the normal decoys get the maxi-
mum number of approaches, in the case of Phausis the oversiz
ones. The varying size of the luminous organs of is Lo~
nales due to the considerable differences in body sice (less
in ) has no advantages in the extreme cases, which lie
wit ® I of the light decoys used here, dbut not too
great disadvantages, either. .

d) M ho Cha 1y ’ )

The Xoint of dopo.r.wrok for the cbmm:l.son of moving and
stationary decoys (Figure 87) was the observation that unmated ’
Zemales (dut not wj‘ females) toward the end of é

Sty

e etimes make becko motions with the abdomen, which
bears the luminous organs. With the moving decoy pendulum
motions of about 5 mm/sec were produced, approximately corre~
sponding to those of the fexmale, although the latter are not

- striotly rhythaical.
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The "0ld™ beckoning Lomnyris female should actually

bave somewkat greater success in attraciing males than the
"soung"” non-beckoning one. Conirol experiments with Phensis,

. on tha other hand, show a decrease in approsches in the case

© ©of moving light decoys. IZ the Gecoy was moved about 10 cm/sec,
the number of approaches for tanose decoys went down very sharp-
‘ly with both species, an cbservation that I followed Zor about
an hour but did not evaluate statisiically. == Lighting wisn
normal light. ‘ ‘ P

) Duration of Iight as the Chavacteristic Feature o
£gomp?r150n of Constant Light and Rhytamicaelly Flashing
gaht : ‘ ‘ g

The effect of rhythmical shining (= flashing, similar.”

to that of species of Luciola and the iAmerican species) was to V'f

be investigated. Along with the continuwously glowing normal
decoy a female decoy was offered that glowed for 1/2 second
per second (Figure 88). Iighting with optimal light (here- .
after always yellow light for Lempyris, blue light for Phausis).
== If with the same length of flash the frequency was reduced
to one flash every two seconds, the males usually interrupted
{h;ir course toward the decoys with the interruption of the
ight.

The lower rate of approaches of both species to the
flashing decoy may be attributable to the lack of the constant-
1y effective stimulus or to the incapacity to orient themselves
to the temporarily "attractionless" decoy has been observed
-with the flashing American species (Mast tagﬁ). ,

g) (Arrangement and Shape of the Decoys) gs
the ter F

1. Regrouping and modification of the luminous fields
o? the female luminous organs (Figures 89a-b), lighting with
optimal light. =-- These important series of cxperiments were
carried out in order to determine to what extent the patterns
of? luminescence or the female luminous organs peculiar to the -
species also constitute specific stimuli Lor the males of a

iven species. This question arose from the fact that the

fight emitted by the females of the two speciea is alike, 80
that its pure spectrum cannot isolate the species, and from
 the faot that the arrangement and formation of the individual .
luminous ficlds are quite markedly different in the females of
the twvo species. . ’ I B

2. Decoys with round, rectangulsr, and broken luninous
fields of varying size (Pigure 90a-c) were compared with the

. corresponding female-norm decoys. ~- Lighting with opt;nn;
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Figure 0. Liznt decoys, a) wita round,
b) with rectangular, ¢) with broken
surfaces. Notation as in Figure 82.

a)l: n=3 25, K= 329,
P:ane 3, X =424,

b) L: n = 15, N = 322,
P:a=30, ¥Fe 216,

‘¢) L:nw= 25 K= 292,
P:ne= 35, K= 253,

NN S
NN

© ith Jempyris any moéificution or regrouping of the
R gyio;lt%u ‘ﬂold,::agination oa_nsé;:‘m\;oog ngn—
S ber o nsgroncbo hes, especially in the more greatly nodified of
- Pigures 89a II IiI vhich do deviate sharply from the type = -

- of ' t'typiaﬂ.»or ‘the L is feuale's luninous organ.

) _ ; : pattern of light of the
- thu affect their males nmoue ' 2 o
- @al decoy if the aea is also increased; fesales with more

 larval luminous nodules may therefore be more sucosssful. R




Unbroken surface patterns of light are
both species to the roken surfaces. That in

vreferred by
vhe case of the

e e
T LS aw#z..m

Lampyris

1y conditioned) positive phototaxis is taking place here,

is male, with its mariked preference for the tyvical
luminescent pattern of the female, the number of approaches
increases with the size of the area gives grounds for conjec-
ture that a transition to general (i.e. not absolutely sexuzl-

while the more intensive approaches to any large surfaces in

the case of the Phausis male come nearer corresponding o our

previous observations.
n) Preference Tests

(Figure 91 with Optimal Light, Figure 92a,b Normal Light)
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| ‘ scoys: G etween lumi: developmental stages of
Figure 91. Light decoys: Choice between luminescing developm -of
thimt'wo species. For identification of the luminous organs (abscissa) -cf.

- Figure 33a-c. Notation as in Figure g2. L:', n=26, Ns=

295; P: n = 0,

gure : o "two species between f 1ignt decoys and -
P 92a. Choice of males of the two species beiween female ,
genuine females of the two species. I{ota‘ti_on‘as in Figure 82 L: n = 47,

N =188; P: n= 40, N = 241,

Pigure 92b. Choice of the Phaugis msle between Lempyris and M fem:
decoys (n = 35, N ® 124). The columns zarked X are a compilation of results
obtained at different times, They ahow that the results always remain almost
{n the same proportion. Such controls, though used in other cases, are not‘

shown in the other graphs.
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The figures (91, 922-b) confirm what was suggested in
1l: The lLamoyris males "recognize" quite well the proder ar=-
rangement of the luminous fields of their females. They can
hardly confuse the other luzirescing developmentel stzges of
the two species {for the identificztion of thesc cf. Figures
33a~e) with their femeles (Figure 91). The fact that Phausis
male lwainous-organ decoys are relatively much freguente
nay be explained by the fact that they resemble the luminous

~orgens of swall Lampyris femaies (if we disregard the little,

dgt—l%ke pair of luminous organs carrieé over frem the larval
stage).

© Ppzusis mcles on thre other hand cannot disiingrish e~
tween their own and Ieompyris Iemales; the decoy experinments
confirm in this resQect the observations oiten made in the
field (see page 118). Before the glowing larval stages of the
two species the number of approaches drops off; their light,
coming on erratically, must rarely lead males asiray in the
field as well, — at any rate I never was able tc obsexrve it.
The glowing Phausis males are equally rarely approached, since
they fly themselves. (On this point cf. 1l ¢ a@

On the light decoy eXperiméntéithe following may be
said in suimary: The first reaction in. the stimulus-reaction

-chain of sexual behaviowr, t'. approach flight of the males,
leads reliably to the goal, numely to the female of the same

species, only in the case of t'e lempyris male. Here the con-
ditions of the iemale 1iight, such as maximal luminous energy

‘in the yellow range, intensity, size, and arrangement are

optimal. Deviations from this norm yield inferior results,
monochromatic yellow light when combined with the other charac-

o teristics of the‘normvyieldsabove-normal ones. :

- Any visibl. light will serve to trigger the'appfoach'

'*‘,‘flight of the Phaucis male (a8 long as it is not strong enough 7‘

to bring about negative phototaxis), quite independent of the
arrangemernt of the luminous fields. The wave-lengths strong-
est in the light emitted by their females have an optimal ef-

- fect, althouzh other colors of visible light precipitate the
reaction quite well, Blue light, which occurs nowhere in the
 emission spectra of the species studied, has an above-normal

effect. This explains why Phausis males cannot distinguish
their owm from_Lampx¥is‘fem§ies.~This defective performance,

- which is not insignificant in view of the short lifetime of -
the imagines, may be compensated for by overproduction of males.

. 2. Breitatory Effect of the Femsle Odor

From the above it is clear that £light toward the femals
odor == if it ocours at all =-- can only be conceded a minor
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r&le, although the Lampyris females at least give off a clear-
1y perceptible, _Somewhat cabbzge-like odor.

The above-described atiempts at copulation by the males
among themselves, which a% least in Lamoyris are initiated
without the ‘influence of llght, copulations with non-glowing
females that the males encounter accidentslly, and the whole
foregoing chapter do not rule out any ‘olfactory influence
either in the males' approach flight or 1n the rest ol tlhe
sexual behavior. .

The following experiments were carried out witk hoth ;
species under as nearly natural conditions as possidle, wita

: 'weak, diffuse, non-disturbing light in the laboratory.

1. Preely moving, non-glowing females and females with
luminous organs covered or darkened with black lac were not
approached by flight (even in the field). -- But if such fe-
males were approached by the males within about 5-15 mm, sud-
den searching movements of the male usually brought about a
contact very quickly, and this in’ turn led to coitus.

2. Females that had been dead for forty hours and were

 .in fact slightly putrefied induced sexusl behavior in the mele,
- ;which usually ended with a normal copulatlon of normal dura-

3. 'Female parts (head, thqrax, abdomen, and entralls E
resnectlvely) were arranged: in & circular vattern (5-7 cm in
diameter) and males ready to mate set in the ceater of the -

-~ cirele. In every case the males when they came Jpon the fe-

male parts showed a behavior clearly deviating from the normal
movement: Staying on the spot with vibrating move-ent: of the

. antennae, cautious feeling over the female pats; finally the
'~ males ran alongside the parts and at fairly large abdominal
parts actuelly unsheathed the penis —- all indications

. that ‘a female odor is quite well perceived and has a sexually

exciting effect. Still more definite was the sudden change

'in behavior when males running free and in straight line out-
~ . side the radius of the odor sudienly encountered it. --~ The
o males showed gimilar reactions to fresk-laid eggs. :

4. The following series of exper*ments, carried out only
with Qgggxg;s, will be discussed in part in the next chapter.
I attempted to study the selective efrect of the female odor

~of particular regions of the bodr end at tha same time the sex-
ual effect of partiocular bodily shapes of the female by the

use ot mutilated femaies. ‘
a) Isolated female head + prothorax.. attention for

o minutes, with lively feeling and rapid movements as at the
. boginning of oopulation, the peais is nov protruded. ‘

, _n- 135/_
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b) Isolated mesothorax and metathorax: as in a), but
é less long and intensive.

| ¢) Isolated abdomen: rapid and correct orientation,
complete normal copulation as with the normal female (duration
"9-17 minutes) (Figure 93). '

'\ ... GRAPHIC NOT REPRODUCIBLE

.‘/. "

~ Tt -
. ! '\.\.'

e
< »
- ey Y

-

. Figure 93. Copulation with isolated ferale abdomen (Lgn;px_r_i_g). ?

d) A female without the last three abdominal segments:.
as in ¢), but with shorter durstion. The penis is iniroduced
into the open end of the abdomen and withdraw:. several times:
in rapid succession; the female is then soon abandoned.

. . o
K .

© 7 a) The fore end of the female (= head + thorex and legs)
_was replaced with the rear end (= last three abdominal segments):
“result as in ¢). —- The description of the results of this

series refers to Lampyris.

: * Phausis males ready to copulete react to fragments of
 their females much more powerfully and intensively; even fe-
' male entrails bring asbout protrusion of the penis.: In spite
" of the fact that in all the above individual experiments the
normal copulation behavior of the male was induced, however,
copulation wes achieved less frequently then with Lempyris.

. The femele odor is thus not a remote stimulus for the
 approach flight of the male, but doubtless contributes greatly
%o intensifying the sexusl reaction to the female. In parti-

‘oular it apparently mekes possible orientation %0 the female,
~ although we cannot say what bodily parts 0of the female serve
- this purpose (cf. the next chapter). The external female sex-
. ual parts, which the long-waiting female protrudes (see page
- 95)_ cannot be considered responsible for it, for even without

‘them the normal sexual behavior leads to “copulation" (ef. 4d).

'3, Bxojtetory Effect of the Femele Bodily Form |

B _ After the results of the preceding chapter the question
arises whether the mere form of the female plays a definite
v8le in the sexual behavior. In that line the following re-
sulta were chtained: - S ; ~
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body appears to be largely secon

It may ello be stated on the basis of these experiments and

various ocnes desoribed in the previous chapter that it plays
no pari in the orientation either.

‘1. Females flxed in alcohol for a year were oflered
after repeated washing.in sterile distilled water %o males

- ready for copulation. These lifelike form "decoys" 1nduced
ne approaches or other reactions.

2. These decoys were smeared with material from mashee,
females, They then had the same effect as the "odor rings"

(see preceding chapter), and in addition were occaszonally
~mounted with protruded penis. -

. 3. Plasticine imitations of the female shape had no

| effect on the males.

- 4. Plasticine imitations that were smeared with materi

‘al from mashed females or the end of which was dipped into :

a severed, mashed abdomen of a freshly killed female had the
effect described in 2.

5. Combinations of plastlclne fore end with female

*'rear end and plasticine rear end with female fore end hed
‘ the effect described in 2°'or as in 4c¢ (preceding chapter).

6. Females were surrounded with cylindrical plasticine

e _~~shells 80 thet only the fore end and the rear end (= the last
<< ftwo abdominal segments) remained free.

- - side the male approached this "semidecoy," orientation to the

- female and copulation ran normally in every respect, although

No matter from what

the male as he moved backward to hunt for the female. copulative

.- opening completel¥ lost feeler and tarsi contact with the big
- female (Eigure 94

o7 e e

. e L Ty . e :
E JE w L il “ Wl

Figure 9. Copulation (end attempt at orientation) with a female surrounded
vith & oylindrical ylasticino shell (Lampyris males and females).

“According to these findings the shape of the female
ndary for the sexual behavior.

An attempt was made o clarify the question whether

- 138 -




~ away from the light decoy. The following experiments were car-

~ light decoy was approached first; only through chance contact

. female ran away, the male left her and went back to the Lempy-
‘ris female light decoy. Return to the light decoy when the

. female of the male's own species ran away was also occasional- -
-1y observed in experiment no. 1. S

- 5, Bxcitatory Effect of Movement Stimuli
: During Avproach and Copulation :
specific excitatory movements in the course of copulation at-

‘movement stimuli come from the femeles. Some stimulus is

“with tactile stimuli at any point when a male approaches the

e e cmmf e emi—— B ) e e e - R i ihauk, LIV~ R

the female bodily form in connection with a light decoy has au
excitatory effect. 7The female form in questiocsn was zbout 5 zu
ried out with both species. ‘

1. Pemale light decoy + non-glowing living female: The

with the female did a copulation come about. \ ‘
2. Female light decoy + dead female: result as in 1.

. . 3. Female ligh% decoy.+ female preserved for a year 1n‘ ',. L
alcohol and washed for days: approaches only to the light de- ’

4. Female light decoy + plasticine imitation of the fe-
male: result as in 3. ‘

5. For Phausis males a glowing Lamoyris female decoy was
combined with a non-glowing Phausis female. Result as in 1l.;
the Lempyris female light decoy was approached first. VWhen the
female was accidentally found, attempt at copulation. If the

b ) e . _—

6. The combination of Phgusis female light decoy and
non-glowing Lampyris female had no success with Lampyris males.

. i, Lk

As described in Chapter D I 1, the femeale hardly mekes

tempts and during copulation. £ince copulation with dead fe-
males is possible, it appears that no essential mechanical

necessary, however, that induces the female to give up the
typical glowing posture and assume the normal walking posture
without which copulation is impossible. This change comes

female. -~ The mechaniocal stimulus of the searching movements
of the ponis induces the female to raise the tip of the ab-
domen, and this facilitates copulation; in the ocase of dead
fenales the copulation sttempt takes longer. In addition the
vibratory motions of the male's antennse, which are directed
predominsntly toward the fore end, especially the head, appear
to induce the female to stay on the spot. This may be observed
e.g. when a male is brought to a running female dur: the
aotive period. Experimentally, too, the locomotlion of a female
may be stopped by touching the fore end lightly but with high
frequency with a soft brush. In attempted oopulation of Phau-
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8is males with Lampyris females the female takes to flight,
evidently becauss the smeller Phausis males cannot provide
this stimulus. All the above tactile stimuli can be experi-
mentally provided successfully with females willing to mate.

- Along with‘light and olfactbry>5timuliﬂthese‘mbve-
- ment stimuli appear to be not entirely without significance.

. In any case the moverent-stimuli reaction chain vesseci- male

and female acceler:tes the undisturbed course of the sexual
- relations (compared witu copulations with dead females).

‘Annex: Attempts at a "Male;Pattérn? :A -

The relatively great passivity of the females in the
choice of partners does not in itself mean that there is no
"male pattern" for the females. The Phausis males, equipped B e
with splendid luminous organs, come in for specisl coasidera- . -
tion in this respect, especially as it is precigely their fe- -
meles that possess in the prothorex, which covers the eyes,

- two large transparent (completely vigment-free) windows, such
.88 are otherwise known only in the males of the two. species, -
" but not in Lempyris females. On this point I did the follow=-
- ing experiments: : T T e ‘ -

1. In both spscies:~fi£ c02gnarcot1ééd»or freshly killed

' males are presented to femsles ready to mate (in the glowing

" posture), nothing at all shows up in the behavior of the fe-
males that would justify inferences as to a sexual “"affect."

A - 2. In Phausis: a) Glowing FPhausis males immediately
before the eyes of females realy to mate (i.e. exhibiting com-
plete sexual appetency behavior).

‘ b) Non-glowing meles in the immediate vicinity of Lo
nales ready to mate, but not touching then.

; o) Material from mashed males in immediate vicinity of
fenales ready to mate, but not touching then. ,

d) Male light decoys (which ses) in ing intensity
before the eyes of femsles ready to mate: With too strong
intensity of the decoy light the females give up the glowing

sture, and vhen subjected for long to the effect of the
ggghg)thny seek out hlding places (of. phototaxis, Chapter

; A1l these attempts to find out somet about the ef-

feot and significence of the Fhausis male light were complete-
1y without results; neither an optical nor an olfactory effect
on their females o0uld be demonstrated. : .

G the analysis of the "female pattern” the following
- 140 -




-8is males react to very unspecific light and consequently con-

~ with natural odoriferous substances are difficult to carry out,

‘&iL._Discuseion
gerves exclusively the purposes of reproduction and is part of

“above=normal effect (not even when =- in order to exclude any

‘luminescence of the imagines vere carried ocut without any in-

e e st et e e e i b e . . . . . R s P U LN

may be said By vay of summary:

The sexual appetency vehavior of the two spacies agrees
in the mein. Any effect that isolzies the specie: =23 reduczes
errors in the choice of partners must therefore be looked for
primarily in the grouping and choice;, tyvical of the species,
of definite key stimuli (the inherited excitative mechanisz)
and in morphological and physiological differentiations.

1. The inherited excitative mechanism for *he ajpzpreach
flight is simply the ligh*t emitted by the female, which for
for Lempyris males must not cnly have 2 definite quality, but
also be radiated out in a specific surface arrangement. Phaou-

fuse their females with those of Lampyris. Certain light de- .
coys operate as supernormal stimuli. Odoriferous substances o !
of the females play no part as remote stimuli for the approach ‘
flight. ‘ ‘

2. The inherited excitative mechanism for orientation
t0 the female, for protruding the penis, and for the actual
copulation appears to be based on restricted components of an
olfactory and tactile naturs for both species. The olfactory
component is superior to the tactile. Since decoy experiments

I can make no detziled statements as to the specific inherited
excitative mechanisms., It is not possible to localize specific
stimulative odoriferous substances in definite bodily regions
of the female, but odoriferous substances are nevertheless
certainly important stimuli at close range. =- The overall
form or the form of specific parts of the female body are not
t0 be oredited with any stimulative effect when isolated from -
other components.

3. A specific "male pattern”" appears to be lacking in
the females of doth species.

The rhythm of activity and luminescence of the imagines

the sexual appetency behavior, for outside the aotive-lumines-
cent phase tgo'malos 4o not react to light decoys of otherwise
fatigue of the corresponding reaction-specilic energy -- males:
are ggod that have not before copulated or been used for decoy
experiments). Gradual ineffectivedess of key sexual stimmli,
preseated naturally or artificially, after a certain period of
00d effectiveness coincides with the end of the active phase.
ince the studies of the normal diurnal rhythm of activity and

o e e
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fluence of key sexual stimuli (cf. Chapter D I la), in the
ineffectiveness of the inherited excitative mechanisms for
the search for the glowing femele or the luminous decoy we
are not concerned with exhaustion of reaction-specific energy,
but with the end of the phase of activity and luminescercs,
conditioned by inherent factors. While the approach flighi
of the males, which can be often repeated, thus appearz o
consume little reaction-specific energy, on the other naud

ghe ginal act, copulation, can less often be repeatedly iu-
uced.

One might at first be inclined to interpret the at-
traction of the males by the female light by saying that the
positive phototaxis observable in many nocturnal insects is
utilized here in the sexual appetency behavior. The change
from positive to negative phototaxis at "purposelessly" high
luminous intensities regardless of color might be regardzd as
evidence in favor of this interpretation. This and the phys-
ical similarity of the emission light of the females of both
species (and all developmental stages) makes further stimulus
socreening mechanisms necessary. My decoy experiments with
¥ both species showed that only a few charecteristic key stimull
§ have an effect on the corresponding inherited excitative
mechanisms. The central nexrvous "screen" between light-sensi-
tive organ and motor center is finer and better differentiated
, in nmales than in usig males, so that the latter
E on their approach flights often confuse their females with
g those of L%EBI;&%ﬁ it might also be seid that the "Lamp
female pattern™ is also contained in the stimulus scree ,
of the male. The sharpness cheracteristic of the lock
and key system for thus appears to be much attenuated,
and this xmay de “"conmpensated for" by the ove uction of
males of this species and by the morphologic conditioned
3 Is;%bility of copulation with Jempyris females (cf. Chapter

N L St Rl s b i i

R " Ehausis seems less highly specialigzed than in
various respecis (othologicaf?%y;ns'morphologicalzyz -
fenales 6.g. with prominent rudimentary wings, which dr
thea closer to the normal beetle type; pigmentless prothorax
- windows, such ;.-bclonghfo'ths;maloq of both species), and
.~ probebly is closer to the original type of lampyridae (with
- sexes showing no great sexusl dimorphism).
: ~ From this phylogenetic standpoint the imaginal luminous
- organ of the ph"ufggssIhiohfhquhpcamo;lexua;ly;functium-_,
. less, sppears understandable, for, as is well known, the other
s .dae, vhich are not sexually dimorphous or not so much
~ §0,_8till have imaginal luninous organs in both sexes. Buck
23], to be sure, considers that it is they, whioh find each
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other by means of a2 mutual flashing signal duet (sce below),
" that are to be regarded as derivad forzs in comparison to the
lampyridae with continuous or intermittent luminescence.

The sexuzl behavzor of the Few la%nyrlaae thus ;ur
accurately observed {chiefly Amerluan species) is cl“*c*e
from that of ou nauive SueCl“S. They all seem S0 belon[
to the same l-,au eaiss t"ne, naﬁe’v the “lz:z¢“; :;3“
(see paze 87,. Zuck Ll*—d~J, Hess (534, Mast L8Z., anc ..oov-
mott [83—88] agree in reporting that the femeles resypond ex-
clusively to spontaneous flashes of tae males or (not in all
cases) to artificially (with pucket flasalights, matches, and
the like —- Buck, Mast, McDermott) imitated flashes with
flashes of their owr. The meles then orient themselves im-
mediately toward the flashing females (and according +to lfast
not to artificial light) if the answvering flash of the female
follows the male flash at the interval of time characteristic .
for the species. Through rejeated signaling end continued }
orientation of the males the meeting and cooulamion finally g
come about. The females (according to Nast) constantly twrn f
the adbdomen, equipped wiva the luamincus organs, in the direc- ;
tion of the flashing males. These lampyridae never respond
to continuous light (of artificial sources of light) (Mast
McDermott). The southern European £%§L§%§5§p80138 (Emery [37.
38] end my own observations, unpublishe long to the same *
flashing type. L

_ The sexual appetency behavior of these fleshing and our v
slowly intermittent glowinz types (in Buck's sense) is thus : ;
basically different: In the former the males spontaneocusly .

- flash in a definite rhythm and their otherwise non-glowing fe-

" males answer by flashes. In our species the females glow
without the 1n£luonce ot ths malea throughout the activity
cycle continuously in a typical notionless glowing posture.

~~The optical situaxion thn$ unos the final act, copulaxion, .

. 4s thus also different: For the flashing species the time

~ relstionship botween male and remale flash and the duration
~ and nature of the flashes is typical (& 95).  Bince in

. our species neither the meles nor their light (1: it ooours

" wisibly at all) affeots the fensles and the female light of =
" the two speoies is not different, the systenm of stimuli must =

.~ look different. Uhile both sexes of the flashing species are

© o extraordinarily sotive, 1n cur spooiql ths thnalcn AVe s
_-‘larntly passive behavior.

.. -This difference in tha soxunl bohawior of thn two erauao,
. has not been considered previcusly. Instead the observatuioss

‘of Annrican lanpyridas have sinply been transferred inen fn- .
- to all 1anpyridnn But the almost oxclus&vnly e
'do:ortpt:xnuazsorvnmicns o: -exual bohawior ot tlaahi;g  i'-j‘ﬁ:_h};‘i
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d'ﬂYh ? A Praliaus pesagyivenicus
Pig. 95, Chart showing reitiv intensities and

durations ¢f flashes of American Lampyridae

" (1 cm vertically squals approximately 0,02 eandie
power: 1 am harisentally equals appreximately
one setond in leagth of curves; space between
onrves representing flashes of male and fomale of

. mmhuﬂm

{After McDermott ra-n. Mros
m-sa.)

L mlmuotbo ciut .tnto nausuponm -
omf; I:t the coph-.lothomic region -

. npical stimulation, espe
" (touch, agitation, etc.)
o sture renains

S fusech ourls ite
©o or side the larva alvays.

e postm zay last for hours.

st alvays

,range of the light

nnnnmunot»prmm In con

T e nt no8t £0 & fev minutes.
mm are sdsent in doth species.

wm rcpnm mucn tho ctato or m- hocms

zzupyridae (with the exzeeption of
Protinus oyrelis, which Buck [21]
studied more accuretely experi-
mentally) will only have the value
of prel™inary studies until they
are followed up by more exhasusiive
experirental analyses. Such arc-
lyses seem &ll the more %o & Gu=
8ired in view o the fzect tizi
often several species inhsbit con-
mon biotopes and that -- as shown
by Figure 95 and Table 16 —- many
gpecies 4o not differ essentizlly
in rhythn of flashirng, in duretion
{lashes, or in the speciral
enitted.
sides mechanisms to isolate the
species we should expect to 2ind
in the flashing species 2 "fezale
pattern” and a "male pattern,"” since
for both sexes an aciive reaction
to light is prerequisite to their
meeting. We are still far from a
preciss knowledge of the specific

g
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inherited excitative mechanisms

o2 the various emission typol of

- lanpyridao

after mild stimuld thc'
a.rtcr ruaor stizull the

" ihe extrenities. and :@ih o %:“.ﬁa“ ack. h&m‘" s
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s - - &norter and shorter; the reaction tires.
’ - Hecheniczl, chexieel, and theracl cuiiuii
at an intensity erceeéing a corvain
thresicld may »roduce thas dwwtion ¢f ciie
nesis or c;imina.c iV endircly. f.*..."c:.._7
mechanical and thermal siimulil apniied =o
the torsl and $he zbdomon 2ol T8 L e eauoe
thoracic ave.“z.e Zave an espedislily
antagonistic efiect.

In {the imagines there is no ekinesis. .

2. Enenies

The chi?‘ nagasites ir oy growin
exzerizents (for Phausic and Lerpyris
vere mites {gge Sote Z;igure 85). Soue-
’ vizes up to 805 of the firellies were in-
7ig. %. Unidentified fested, sae rest being for the most part
ectoparasitic mite, &  froghly molied or freshly captured oute-
parasite in my larva-  ggoorg, The larvee were often infested
: groving experizents. with enoraous numbers, especially at the
' of%t neck vert, the mouth parts, and the
~ Peelers; other, less *ore ferred places were the legs, the anal
region, and the intersegmentel membranes. The mites sucked
mostly at the soft integumental paris (such z2s intersegmental
membranes, hair tolucles aad the like). Keavily infested
larvae died after a short tine. b In tke groving vessels the
still unattached mites ware usuaily 40 be found on elevated
aces with the first dair of legs extended uzvard end groping.
. sunably the mites first attached the:aselves to the feelers ,
S and legs o the beetle larvae, to look for secure pleces on the
“host's body later (neck fold, joints, and intersegmentsl nmom~
branes). Tie mites possese & auctior.-cup—lue process at thc ,
'tﬁ%m' w{n;tt-nptﬁ tg Sa'an seca goually terilizing ;
e vesseis clean ocoas ste s SR
S . » and bygﬁohtug the larvee ust molted snd still win- -
tum - Removing the tixw aitea (160 n in length) from the

. larvas was time-con mdcxingitcoul&boamonly
- under 50 to Bo-told cam.on. a.nd of couru only on nar-

: ,ootina lmu
’ [lou] m um hm mt yo: bun uonttnu.

. xore rayely the 02 both speciaz were dﬂictod o
© - with nematodes fuo xm&, ‘whioh lived parasitiocally in the -~ -
i . hesd and neck of the la>vae and caused parm.ic sy=pions ﬁrnt._. .
i - of the infested parts oo .ho body uxd then or -t :holt inseds,
"V;_ruulu.ncinduth._g | "
: | ] mmmmziator u«mmmmww

‘-,-us- s
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Figure 97. Lamsge to Lampyris larvae - R
by endoparasitic fungus (Besuveris o b :
bassiana Bals., Wuill.). A
Figure 97a. One day after the death ) N
of the larva the funsus sycelinn, - e SR
previously not .isitle externelly, AT S
.. has grown through the softer parts of N ML
- the larva's body. : B A
~ Figure 97b. Sporophores of the fun= ¢ Lo eI
~ . - gus outside the body of the larva.. - . - j-.. IR T
 Figure 97c. Bells of fat of the ler= L
va's body, grown through with a fine, 7 e

dense mycelium at the time of the
larva's death. S o

' Bspecially in the fall and winter funzi (Beauveris bas- -
séang (Bals.) Vuill. [see Note]) were a devastating plague in o
s8] ﬁﬂggs-larvae with fatal effects. The first symptoms of at-
teck could not be detected until after death, when on the same
‘day that death occurred a soft fungus mycelium grew out of the
‘mouth opening or between the mouth parts and at the anal re-= oo
glon. In this stage the body of the insect is noticeably hard = -

and stiff, After one day (Figure 972) the mycelium has grown
through all intersegmental membranes end overgrown the whole .

‘body; this process is accompanied by guttation, which disap- =

ears during the subsequent sporophore formation (Figure 97b).
t about 17° C this sets in after 5 to 7 days and manifests
itself macroscopically in a yellowish tint. -- Afflicted lar-
vee in a living condition cennot be detected even 2-3 days
before the first wisible signs of fungus growth,-since they
show no deviation from normal behavior. Insects dissected im=

- mediately after death show that the viscera, fat bodies, ete.
ere completely grown through by & finer aycelium than the ex -

ternally visible one and form a matted, compact, but at the

R
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same tine brittle mass, the exterzel organ coxzpleies still be-
ing quite recognizable (“ izure 97¢). I founé none of these
larvae afflicted with naraglte in tze natural zzbhitzt.

[\ote; I an indebied io the Federal 3iological Zsiablishment for
. 1\ TS e rn e D
Azriculture and Forestry (Imstitute for ticlogzical Pest Comirolj, Darusisls,
Zranichsteinerstrasse 61, for identification of the funzus.

In the literature there are extremely verisd ;Atern_vah—
tions of the juninescent function of the larvas with rebara
%0 its biological S-gﬂlIlCance. dsny suthors come out in favor

~of a protectzve function, others against it. In its favor it

has been pointed out that ihe em_les, vhich need protection

most, glow mosit strongly (Dieckhois [34]), that predators would
not like to snap at "sparks of fire® (Ezupt L57]), that the

- free-flying species luminesce intermittently, and only the
- Wwingless on3s, which live mostly hlcaen in folizge and the 1like,
- luminesce continuously and nerma“sntix {(Clivier ~9o3,. Cn the

other hand Knauer {68] axd Vogel [131] reject the *ep“151ng
function of the light, sayzng that frogs,‘toaca, s3iders, and
bats are not ’rlghtened avay by it. -~ I could find no reports

-0f experiments on this question, axd sirce I needed my 1nsects

for other purposes until the completion of this article, I
ecould not carry out any experiments,- either. Studies with

' glowing larvee are also very dlfflchlt, since they normally

glow. very capriciously (except Guring the rest periods before
rolting, which see); Dpupae would be beuter suited to this pur-
pose. =~ I think the luminescence could have 2 protective
function only in Fhausis larvae, and not in Iamnxgl larvae,
since they let their light go out pretty quickly in response
to mechanical stimuli. In any case they should be well pro-
tected by akinesis, by protective coloratlon, and - by their S

~ hidden way of llfe.»\ , 7
3, Extlrpation of the Luminous Orgqns; the Snglosis Probleg“

_ Statements in favor of a symbzosis with luminous bacteria in lam- B

| pyridde {cf. also pages 36 ££.) have been made by Kunnt [70], Piérantoni,*
~ and Zirpolo;* this is opposed by Czepa [32]), Harvey [52,53,55], Basama,®
- Meissner [90,372], Verhoeff[126), Vogel [130], and Weitlaner[l37], while

Buchner awaits further studies and sppraises the problem cautiously [15-18].

- . The opponents base their position either on unsuccessful attempts to grow
. luminous bacteria or oa indirect phyaiological experimanta vhich rnle out
- any lumineaoenco symbiosis.» '

- *Cited according to Earvey [551..
Harvey {52] extirpated the luminous organs of firefly

‘1arvae. and raised threa of thesa to. imagines.- ihesg imagines;
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were all equipped with normal imgziral luminous organs. Fvon
~ this experiment Harvey concluded thei luminescence - a funan-
mental characterisiic of the photogenic cells, which is Towided

on the chemical production of luminous material, since %

“a
LS

N ';imaginal Organ is newly formed. In case of symbiosiz, ccw
~§ 3 - . removal of the larval luminous organ no luninescence :
g1 - expected in the adult insect; since no other resion

et T o
TOULLL L

- -
GydmMia Ve v.oi

= . o WialGoL E
2 © . larva glowed, —- unless we assumed a non-luminescent stzge i
¢l - the life cycle of the bacteria. o -
Yo -1 repeated the experiments with larger numbers of female
L Lempyris larvae (30 individuals). The larvae were operated
E on on one side ‘and on both sides. During the experimental
& - period four larvae underwent the molting into the jaego. In

_checks made both subjective-~optically and photokymograrhical-

1y no luminescence could be discerned in larvae operated on
on both sides, but in those coperated on on one side luminescence
of the intact luminous orgaen was observed. S

igpdy

o ~ The larval organs wers not regzenerated after several

- moltings (up to four). In all the larvae the normal imaginal
*+ luminous plates developed during the pupal stage (as was = .
- . .~ -afterwards proved histologically), and they glowed. The lar-.

8+ val luminous organ of the ‘specimens extirpated on one side of

course were retained in the adult insect.
-+ .. Rarvey's findings, which were somewhat unsure because
. of the small number of subjects, are thus confirmed for Lam-
SR | ) ‘ng;ghpy ny experiments. On the basis of these experiments
-+ ] - . -end the physiological experiments ecncerning the luminescence
-1 - . of the lampyridae, especially those of MeElroy and Strehler
- (voth eited according to Harvey 155]), I do not consider the
- ~luminescence of the lampyridae symbiontic, either. ~

B T T TRy

. Peculiarities of Locomotion-

- . . ~DBecause of the fact that the relatively small, weak
- legs have 0 move an abdomen that in the case of Lempyris.is
- ~especlally long, there are among the larvae peculiar modes of
- -locomotion, which appeer also to be quite useful in the pur-
ST T - suit of snails. The well developed pygopodium is used by lam-
. 11 - pyrds larvae not only as a cleaning organ, but also in almost
S B “all cagses for meaaurinf-wormplike,locomotion; in the different-
4. ly bduilt Phausis this is less the case. With the ﬁygopodium
‘1 "~ the larvae cen oreep backwards gquite agilely. -- The strong
‘1 . - - bristles on both sides of the rear corners of the second to
i4 -~ . . eighth abdominal sternites are considerably prolongsd in the
~ snal direction (especially the last three pairs) and arranged
© - obliquely toward the rear. During the looper-like movements
~ they ocan assist the pygopodium as organs of locomotion. (On
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the function of the bristles cf. also page 41).

5. Revair, Regeneration, Viability

- If it is difficult to raise larvsze, thet is not due to
any lack of hardiness, or viediiity, fox their viavilisty ig
“astenishing. Decapitated Lexmpyris lervae run arourd Ior owo
than two months (at about 180 C) with such normelly cotolinli-
ed walking, looping, and retrograce movements thot taey ave
indistinguishable from uninjured larvze. They perform normal
righting movements, but do not fall into akinesis. Decapitated
Lampyris larvae without intestinal tract behave in the same
way, out not for so long a time. This astonishing behavior is
to be explained chiefly by the fact that for lack of space the
cerebral ganglia are located in the prothorax and so are not
removed by decapitation. ‘ :

They stand severe wounds, bruises, emputations of bvodily

appendages, operations on the inside of the body with great
loss of blood so well that after a Iew hours they can again
‘attack snails. Wounds heal very quickly. Extirpations are
apparently not made good in the course of moltings. ‘

6. Perception of Drafts, Thismotaxis

R The lér#ae‘reaCt~Very‘sensitively to the siightest cur-
~ rents of air (especially Phausis). They imzediately become
motionless and c¢ling fast to their support with feet and pygo-
podiuam. : '

' To air currents, very slight concussions, and tactile
stimuli just too slight to bring on akinesis the larvae react

- with negative thigmotaxis and recede from the stimulus with
suitable mody movements. Iarvae meeting or otherwise touching
each other show no such reactions.

During their daily inactive period the larvae show &
strong positive thigmotaxis. In the absence of obstacles the
‘larvee press against their support; they also like to force
themselves intd corners of the vessels they are kept in (of.
the paths shown in Figures 20a,b) and into all sorts of open~
ings (even at night or when the opening is formed by translu-
cent material; negative phototaxis is thus ruled out in these

cases). This positive thigmotaxis often hampered the carrying

out of experiments. In the larvae living at liberty it is no
doubt connected with the sensitivity to external stimuli of

21l kinds, for by -ositive thigmotexis the enimal is protected

in its preferred habitat against drying out, angainst light,
and other influences. ;

.o | - 149 =
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Z. Rightine Movements ‘
- If larvae under normel conditions (in climbing, in the

capture of prey, etc.) get into a prostrate position on a flat,

- rough surface (e.g. filfer paper), they try iz tvo ways Go ve-
25 SRR establish contact with the tarsi: 2) Head and boCy are mexi-

3 : - mally extended, the legs meke grovirg movements, and Fore :

& PATCI ER Rl
25 1 - rear portions of the body are raised from the supjoriing suv-
& - face and twisted zround their lorngitudinal axis 1o the Rk g Jole rog vt
k © . ing surface. This turning movement only occasionally succeeds;
~in that case the animal then falls into the normal position
end immediately holds fast. This sort of twisting often con-
tinues for ceveral minutes. ' o

b) If after long attempts a) does not lead to turiing
over, with lighining speed posture a) is changed to posiure b):
The fore end and the abdomen press against the supporting sur-
face with a slight elevation of the central portion of the ;
body, and the larva flips over sideways and gets into its nor- \
mal position by using the. pygopodium and tarsi. This reaction |
- usually leads to the desired result within a second. A

It is remarkable that a) is always executed first, for
this reaction under normal conditions usually leads to the
legs-or the pygopodium again finding contact. == That the ef-

o et ki S

b | 7 forts to turn depend on a contact of the tarsi and pygopodium
oy , with the support is epparent vhen tarsi and pygopodium acei-
i - - dQentally touch each other during the semicirculer curling of

~fore end and abdomen and hold fast to each other for a while.
The larvae often remain in this posture, so that further tura-
ing movements are ruled out.

»
il. On Imezines
&..1he Question of Noupjshment

: Accommg to Czepa [32] and Weitlsner {138] the imagines eat humus,
| 1 | the Lazpvris fezales alnop:ating green plants; according to lMaille (78] they
ave herbivorous, according to Reoluz [110)both herbivorous and carnivorous
 (snails); Aclogue [1] and Newport {95] report the taking of nourishmnt oaly
4n the case of females (Newport vithout menticn of the type of food, Acloque
mentioning snadle); E¥1lrigl (62] vas never sbla to cbserve taking of nour
ishment by Phusis izagines. — According to my observations the imagines of
both species take water. I
o -The following observations and considerations tell
‘sgainst the taking 0f nourishment by the imagines of the two
T WPEOLOBE. Lo T L L
-1, The reduced mouth parts: in is while the &=
 velopment typical for the larvae is ret l, sandibwlar
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Figure 98, Decrease in weight in the course of the lifsiize of the imazines
(Lamoyris): a) in males until taeir deatn, t) in feacles uniil the beginning
of egg-laying. Vertical scale: §» of total weight. Further explavations in
the text. Eorizontal scale: days of the [imagincl) lifelime.

canals, ete. are lacking; in Iamovris they are redueed:toftxmy
rudinents.

2. The activity cycle: The imaéines are completely in- f

active in the daytime, and at night they show only sexual ap=-
petency behavior (e¢f. Chapter D I 1).

. 3. The empty intestine (even in freshly captured speci-
mens;: The intestinal tract seemns recduced as comnared to that
of the larvae, but otherwise still fully devalopea.,

' 4. The fect thet the *at bodies are used up by the end
of the lifetime.

5. The fact that specimens kept fro:m the puyel state

" until death between Pilter peper without nourishment o ay
- kind lived just as long as imagines kepy in growing vessels

arranged as true to nature as possidble with abundant proviaion
of gnails. (Imagines show no reactions of any kind to snailsl)

6. The weight of the living insect declines progres=

 gively down to a certain percentege (Ptfure 38a,b), after whioh
. "natural" death ocours. . This death co

= pwtted a8 "death from starvation.™ The experiments whose re-

- sults are sho'm in thease figures ware carried out in a ll‘gbly
- natural habitat at 1C0% relative hunidity end 216 C. It is to

be noted that no open water was available to then, as thcy

Itako uutor cruodily (104%&% ot their bo&y woight).:

¢ of course be inter- e
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The fact that tae curves for the mezles fall off rapidly

at first is tc be atitributed tc their i.comparaoly greater

activity. Curve I of Figure °8b represents the decline in
weight of a female thai Taid 21l her eggs (unfertilized) ic-
tween the sixth and seventh day and died on the eightna day ol

O'V

her life. This curve shows that the net vei"n. 02 tue Tenadles
(without the egg ballast) also decliines 50% oy thz time of

Maatd  Mawicd

deatn. The other curves of Pigure 98b were oroien il i i
beginning of egg~laying.

- 2. _Enemies; Phoresy

The females, many of which I was able to observe in the
field from the first day of thair appeavance untll the natursl
end of their lives, appear to have fer or no cnenles. I offered
glowing females to toads, which ate them. — Zic males on the
other hand are found by the dozens in spzderveb;, where they
are sucked dry by spiders. I offered non=-glowing imegines of
both sexes to a bat (Selvsius bechsteini) that hed Leen with-
out food {at 21° C) for several Gays. Only during a meal of
meal worms did it happen that the bat started to eat a firefly
or actually bit into one, but then flung the dite away. When
not given meal worms with them, the bat did not react atl all

to the fireflies offered. Perhaps their unpleasant smell has
. repellant effect.

I observed phoresy on & copulating pair that R
‘Were covered thickly all over their bodies wi , =

anim . i e g e

VUrhoe!f [125] dcscribea only ths abdomtna of ]
females, sc that con son of the two =

e two sexes was not possil Ths necessity of
proscnted itsclt to ne throuch the fact thax

= - rlmnlcl.Abux also
pulation be .

- ths pcnis
cion._ The penis and thn tha:l.
ainpler 1n fora 4in Bt

paratus pe: :
ankb !1zn$1on in thn tonnls gpnxzal op‘ninc |
sidle for the Phausis male. The dorsal process G
npyrig female also seens to de- a,hinp BT
, 2or in the attempt at oopnlnxion the . -
pcnio uring'thp huntzng'nnvan.nxc does a0t txnxa PR
¢nn1tal opcninc of the ;ggnuz;g,!ilnla tt .
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Figare G9. Liale sexual appendazes
of Lampyris (a) and Phausis (b).
(Hair omitted.)

Figure 100 (rignt). Mezale sexusl
appeadagas of Lzmovris (a) and
Phausis (b). (Hair omitted).

Legend for both figures:

P

i . PrIX process of the ninth terglte
6 .- VIII, IX eighth end ninth sterzite
gxt_.rgxa:omctsnly ,

SR TR  The righting mvemts ot the rmslc m&xinu are aimi-' L
hr 0 those 0f the larvae, thouzk the s utnce of rasort te SR

' ' -tho m poasibmtiu 1is not 80 atrictly orved. . i
o males r:.ghting aovezent h) o2 the lmao and DI

: _:tmlu is OM etely vanting; it probably could not ve exw..,n- R

" od becsuse of the vings aad, or elytra and -boosuse of whe shory

ahd.m ‘The addonen of ‘males is longer thar thac

cl;m. lo that th-y can § cnto richung mmt b).

= Conb e -
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Movements a) and b) are made in rapid succession in the rizht

LTIt R g

ing reflex of the males, a; alvays preceding.
¥, Summary

Bcology, developmental cyele, larval bio’ocy, cnd ,e“-
ual biology of the native l;:nj*lc“e zamuyvedl s noetilucn an

“a\s

Phausis splendiduls were studied in tas Zic..i awn .

P bial
- e Gasala —n va-u - .w‘

ratory. Tae following findinzs may be prasenied:

1. Iamnyris and Phsusis as a rule have common biotopes.
The typical biotope is damp, with well developed herd and '

bgusg;pod strata. Their habitat is the ground stratum exclu-
sive

Sherp reacticns to specific ecologicel factors (soil,
humidity, brightness, temperature, etc.) axd “o Jicir intsrace-
tion and interplay keep the lerves in an envzron;en. whose
microclimate exhibits the least possidble fluciuaiion

2. The cycle of dewelojpment o2 both srecics is a three-
eaxr one. Complete individual dete ers aveilable only for
= , for which growing from e vas success‘ul in two
stages; 1n£brmaxion on Fhsusis is ted to the first and

- last periods of life.

%« The larvae of both speeiea have a seasonsl cycle of
activity in waick a winter diapause (for ;ggp§g§§ partiel and

- facultative, for gg%§g;g total and obligatory ternates
-with an active peri during the rest of the ysar. :

4. The diurnal variation in sctivity (active by nisht,.

1 1n§ct£vn by day) ds aooompanied by rhytha ot luninescence

(orrnxic ‘Juminescence at nish oo

. &) The rhythnm of activity in ;gnpx;;g 13 stronsly cndo- -
ti:ad.hygith other conditions constant it isonly .
exogen: by change in illuminstion. JFhe 8 -
adapts 1tsolt inmedin oly to any changa of ph;so 1&4_

' The rhythm of 1un1moacencn oheya 1nhorant taoturs.

o = that uninescence normally reamsins confined to.thn nooturnal
~-.;_.nttvn phasg The larvae do not ‘glov continuousl PP P
TR 5. The chief food of the larvas in the. opan consi:ts at e et TR
"*:~_lh.11~10.8 and shelled snails. In captivity ther acoept. ani- T
‘mals of sinilar cuns&ntcnny (ourthuorns).;~ and also fresh, IR
-ununﬁ.d cnimnl cadavers of the most v:xic& groups.

?ffj2 , e aat b.h,yio» ‘of both spocies of lhtht
*’Fditrbrs trun tgi' orx

of other snail specialisis

N aoze
: +~;4:;thn bootlnl aad is nnxkndly adapmaa to thn h:hit. ot 1i£a c’ e o
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 well'adapted to the suail dles.

~Zemales, snd the mat
tho field und u the 1_.;_ :

the snzils. The individuzsl memoerg ¢ the typical siimeluse
reaction chain betveern snail exné larva need nos foiloyr coch

other rigicly, but may be resezied or sizipped Cepending on
the situatioa.

a) The larvae finé the cneils oxly Ty ke trall of

V..u Vo CGrmewn

slime, which {aey follow clsscly, act by re=ose=des.. v

--u.

senseg. 4 snz2il slime vrcil coa 311l e Zoliovwcd &les p

Cens 20 Vo . e

to 2 days. In this oaly the f;vl,:: ¢2 the It

.4....2‘... v semen ——

function as presumably oilactiory sense organs.

©) For firding the fore end of <h¢ sneil, which is im-
portant for the poison injectiorn, reither opitical ror tactile
stimuli of the snhail sre decisive (Vogel [149] notwishsitand-

ing), but tae differing {chemical?)} composiiion of the slime
at the fore and rear ends.

¢) Disappearance of the fore end of tre snail into the
shell or wnde> & uuz:y an‘ “lso tre absence o2 slims tien
bring about mounting the snail shell and “riding" oz it.

d) ire poison injected inic the prey during the atiaeck
of tze lerva hes en irreversible peralytic elfect on all its
movements; tae Deralysis vresu:aa.y sterts Ironm the nerve
centers 1n the fore ené o the snail. The clace where the
voison is prouuced is undelernined; extracts from the most

- varied paris of the larva zave & lethal effect on snails.

The place of storage and concentration o2 the poison should
not_de sought in the intestine (Fzbre (401, Vbael 127,129,
131)), but in the heed of the lerva. Che st tock of poison is
exhausted after a few bites. ' '

e) Positive thignuctaxis Zinally leads to car*ying the

| “prey avay to o hiding plaoce.

Sxtreintestinal digestion (“ao*e [40]; Vogel [127.

129, 131}) hardly sppears to occur glong with the normal ia-.
'r tak; of nour‘ahnsnéyin the Jorm of finely chopped Zocd. The .-

- morphologlcal structurs of the biting mouta perts and of the

‘.

[APUITT I,

grovide for a normel intake of nourishaant and appacr'f"

7. The typlosl day-night rhytis

flight of tke na‘as. the waliti =giouwing poaturo 02 the

WOTS oba.rvad and ciosely studied 1n

_ in-the %wo spooies.-.
8. E:poriaonxa yioldea tha :olloaing *tsuitn:
a) Duizy cyolo ot uativity and Iun&nnsc.aoo of the

 ‘5}1557f_"

Lo R ot eot anc lnnin..-'f]f73"'.
. cenoe which detcraiaos the sexual agpetency behavior.-tha. i

atory. Tais waole cozplex of bchn- i




B T Lo TR o St s U ot At RN

e " cies in quertion)
3«1;“1 energy of

B i s

inagines: “Che ac...vi:j 0f %ota zer .3 tmd ”e {oonsinucan )
luminescence o2 the fezales are counled, and norsa~ly ...:.:.‘.. ia
the night hours before aldnigne. Their dur; ioa iz wndc unoul
ly tixed, but %he aeg-“n*“; Ccal D2 indugsd By sertzin coiid.e-

tions of light. The other enviroomernsal condivions Loeveiling

at the same tize in the opea (:::,e.:’"“e, avnmosphsric il
ity, wind, raiz, and so0 on) have 20 elfecs.

b) Precipit ating stizuli *o* the gerusl behavicl il
narrover sensc: The sole effective ST.L‘T.\-L..J.S Sor The L5 o
the males leading to coitus is the Temale liznt (.VJO.e stizu-
lus). The femasle odor comes into pley for tae firs: 'iize in
the orientation of the male upon tze female ané ounly intensi-
fies the further male sexual behavior afier the approach flight
has succeeded.

Tectile stimull of the nals then irnduce certain pove=
ments of the female. DThese moveaenss in Sura ere inporsant
to the success 0f the covu...e.‘aion, but svizl cow_ataon oceurs
even with dead femeles iz the normal walling nosture.

‘Vhen isolated froz the other cormnonents the whole shape
of the female body and the shepe o2 parcs of it ere not to be _

e mditod vith any excitatory eifect.

Dead or narcotized males produce no rea.ctions in the

'tmlu. and the 1ight of the _;_t}_g_‘gg nales is also inelZective.

~ ¢) The progerties of the light of lampyridas: Spectral

| W -{500-650 ©2;, energy c.is..ra.oxs‘.cn of ths spectral licht

and its maximun (550-580 &), and light intezsity are the same

‘in the two species snd &ll davelogmntal sts.ws.

4) Iuminous decoy exserizents: Pemals decoys (= docoyc |

-'-"Jf,with'tm-to-lu. 1§i e luainous snrta.co :ew 28 of the spe=

ted with ycllo's a mpxizun of the
u.gﬁn ovoke & naximuam

s of the nales of ‘octh specias.- This maxizun is -

ded inthome of Phausis by snother moximua located m

" the blus of the spectrua, waioh does not ocour at all.

- -4n the on. apootm ol that species. Jaznynis tales. do
. oot react to blus, groen, and red t, although They per- .
»fuivoi.t.;. nJ. rmtwoutoanu_,_ :

, ruets o tae fezale light dn-

rum..a light aceoyn

luua thc wabor :'.I prouhu .'m boeh mo.ea. ,}

- e e

ers fenale deco ormmtmnommm-w"'




-] - - o Nee ms
Cvrersized sand wd rs;_-g Temale it dacoys o :

-4 -~ b gl o~ Camase oW, T am s e
nuzber 02 arsroacies in the cosc of Iirovnis, but ia Znavall

e T

oversized ones have a2 more soweriul eIizew.

Tﬂman”{n mﬁ GS -“ <n R DAL A ':‘ - CGV\‘,""’»‘Q

e

vers LIS LT .l-d..-a \~O -\ W
B

-

the sihul:anu:“.‘J CLOWEnTs SLvoLllnanlol LUl el

- u.—\; LA aw W —— - s \;’\4‘1

- - . ~e PO S R o wete,
species, and es cc¢g;$y eHE wvlinezting Zoonde Temolies g
fuma s

fexales of their oz cpecies poorrnois 2Eled GO0 SOLTUNG Vhaewd
own females withz those of I ::vr;rs.

Both wnbrokea and broken lwairous surlaces n*oduce a
nunber of gpurozches that increases with skeir gize, wut cnly
in the case of Paassis ard not that of Izmiveis do they equal
the nunber of anprozcries 0 the normel Temeic cecoy. —ookea
surfzces have less atirection than uwzbroken caes.

The patiern of surlaces ¢ <the I:M*V~ws famele luminous
rgan is optizel for Lanoyris zeles, a..‘.. tae ceores ¢ modidi-
cation corresponds 10 the reaucsion in RUTDEr O apPreatils.
&nJ vigible ligat vorks as a siix &lus oa Zhsuels. 3y schoza-

tization and mulitiplica :.sn o2 the elemenss o tre Prausis
female luminous orzen it is possible to construct “supernormal"
decoys, if their lu:n..nous suri’e.ce is at tke sane tim increased
snd glows with blue ligat.

!’ellow-light decoys with a luzinous ;a‘ctem rai‘:hm to
that of the Iamyvris fexzale luminous organ have a supernormal
effect on Ismavris males (about 507 more apmaches than to
the glowing Zozaia).

@) Pren observations in the field e...d ‘ame*imnta vith

luminous decoys it appears that the Tesovris mele 2inds his

“Zemale by the arranzement of the lunizious -ields peculiar to.
~ the apec.‘.es axd by the quality ¢f the female light. ,_gggg,ﬁ -
‘melies 21y to 31l glowing surfaces of a certain size, color,
- .and intensity, tad find their fezales ornly by itrial and error. -

o _Overproduction 6: males appsars to coapezsste for this defeot.

9. The eyes: of the zales &eviate matly fron the usual

:mrpho:l.cgiod structure of superpositica eyes, and so meet the

= e m two .pocios.

with respect to size, poaitica on the -

| "-tionot fanarosol ver, to find the + gexusl parte
...orphology ta v rowkablc di‘nmcn ror-

S The eyes of the rcmlos o2 bath auaaiu hrscly com-
DM %o the uml structure of superposition eyu. S

B 10 la males react voalsively to B 'Q'sinsi-» - 
‘ ‘tiu x to ix, and t¢ amr :Lr.tou:.‘:..u {at 1600

u'antly or vith dozini tive yhoto‘uxa Ia

_;_ ;5715 o

vis .on, binocuh.r fisld o vision, great ooncentZe~




Phausic males the change from positive 0 negative whotosoxis
occurs at 60 1x. ‘

¢ 1l. The sexual appetency behavior is disturied in Iom-
pyris females by light above 80 1x, in Ffagusis females oy
light above 100 1x. : '

© 12. Scototaxis (percepticn of form?) cem dbe demiist
ed only for the males, not the Iemales.

R
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