
UNCLASSIFIED

AD NUMBER

AD838466

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 1968. Other requests shall be
referred to Department of the Army, Fort
Detrick, Attn: Technical Release
Branch/TID, Frederick, MD 21701.

AUTHORITY

SMUFD, D/A ltr, 14 Feb 1972

THIS PAGE IS UNCLASSIFIED



TRANSLATION NO.

DA

CIO)

DDC AVAIIABILITY IYXTICE

Reproduction of this publicatirn in whole or in

part is prohibited. However, DDC is authorized

to reproduce tie publication for United States

Government purposes.

STATEMENT #2 UNCLASSIFIED

This document is subject to special export

conarols and each transmittal to foreign

governments or foreign nationals may be made

only with prior approval of Dept. of Army,

Fort Detrick, ATTN: Technical Release Branch/

TID, Frederick, Maryland 21701

nEPARTMENT OF THE ARMY
Fort Detrick

Frederick, Maryl and



Best
Available

Copy



CONTRIBUTIONS TO THE BIOLOGY
OF THE DOMESTIC LA4IPYRIDAE

LAMPYRIS NOCTILUCA GEOFFR. AND PHAUSIS SPLHIDIDULA LEO.
AND BXPERIMENTAL- ANALYSIS

OF THEIR PREDATORY AND SEXUAL BEHAVIOR

[Following is a translation of an article by
Hans Helmut Schwalb in the German-language peri-
odical Zoologiscbee Jahrbuch (Zoological Annual),
Vol 88, No 4, 1961, pages "99-550.)

Table of Contents
Page

A. Introduction, Survey of the Literature,
and Statment of the Problm • ................. 1

3. Materials and Methods .......... ...* .a ... . .... ............. e*. 3
0. Eoology, Developmental Cycle, Larval Biology" .... 3

I. Ecology .............................. .* . ............ . . 3
1. Biotope ........... .............. ......... ....... *•. 4
2. Habitat .............................. ................ o 9
3. Ecological Factors: Experiments on Choice of Habitat;

Preferenda in Humidity, Brightness, and Temperature
Gradients; Hydrokinesis, Weight Loss Through Drying Out;
Phototaxis and Scototaxis .............. ..... ..... 9

4. Geographical Distribution ...... . ......................... 31

II Data Concerning the Developmental Cycle ..................... 33
1. Egg-Laying and Layinp of Eggs ........................... 34
2. Ebryonic and Post-Embryonic Develoluent (Early Stages,

Larval Molting, Pupation and the Pupa, Imagines, Sex Ratio,
Sexual Dimorphim, Length of Life, Luminescence of Larvae
and Pupae of the Two Species) .......................... *. 38

3. Raising Fireflies and Its Results ............ ............ 49
III. Biology of the Larva.. ..... .. ... . ......... ........ s......... 52

I. Phonology ............................. o.......... 52
a) Annual Rhyfth of Activity ......................... 53
b) Day-light fetiodicity of Activity and LvAineuoence .... 54

2e Alimentation ...................... 58

a) Prey,.. 0estty. ot..9.d,.•Doig.Vikzt."-hot Drinking... 59
b) Predator7 Aotivity 61

mjQ@OO@@$e,@@@@@ @@@ @



Page

a)Normal Capture of Prey ..... *........................ 61
13) Experimental Analysis of the Behavior

and Its Sensory-Psychological Components . ... .. 64
o) Intake of Nourishment .**.........................******* 74

Y) Morphological Adaptations to Procurement of Food .... 74
A) Extraintestinal Digestion: General ............ 0.0... 75
y') Process of Taking Nourishment in LasiDyris and Phausis 75
f)^ Experiments Bearing on the (Qaestion of Extraintest1.nl

Digestion and on the Poison Effect on the Preyý ..... 77
3. Discussion ........ ********......................... 83

1. Oexual B Iiology (Sensory Physiology, Sexual Behavior) ............ 87
1. General Obseriations Concerning

Luminescence and Sexual Behavior of the Laupyrias....... 87
1. Normal Sexual Behavior in Lawxyris noctiluca

and Phausis sylenidula in the Natural Habitat ............ 88
a) Day-Xight Rhythm of Activity and of Luminescence ....... 88
b) Sexual Appetency Behavior ....... ... .0.......s.. * *...... 0 89

d) Perv'ersion~s ....................... 0.*..*.*............. 97

2. Reaction to Ordinary Artificial Light ............. 98

b) Scototaxis .***.*........................................ 100
a) Experiments on the Day-Night Rhythm of the Imagines

(Day-Night R eve rsal, Constant Darkness, Constant Light,

3. Sexual Dimorphism (Morphological Comparison of the Eyes) .. 107
a) Structure of the Eyes. Point of Intersection of the

Optical Axes, Number of Facets, Field of Vision ........ 107
b) Relationships Between Form and Function of the Eyes .... 114

11. Analysis of the "Femal Pattern" ...................... 117
I* Excitatory Effect of the Female's Light ...... 0............ 117

a) Experiments with Natural Female Light ..................# 117
b) Physical Properties of the Light of the Two Species

(Spectral Range, Spectral Energy Distribution of the
Light Emitted, Determination of Intensity) ............. 122

a) Decoy Experiments with Artificial Light ................ 124
a)Color as the Distinguishing Feature ......... 126
j)Brightness ......................... 129

e) Duaration of Liatt ......................*...*........* 131

e)Preference Tests ......... **...***.* 134

2. Excitatory Itffet of the Female Odor ..................... 135

3. ExcitatorY Biffct Of the Female Bodily PONS ............. 137

4. COmbination Of Light 00 Form Decoys ..................... 138



5. Excitatory Effect of Movement Stimuli Pag

During Approach and Copulation ....................... ......... 139
Annex: Attempts at a "Wale Pattern" 140

IIII Discussion " 141
Splementary Observations ................................. . 144

1. On Larvae ........................................................ 144
I. Akinesis ..................................... * 144
2o Enemies ............................ 145

3. Extirpation of the Luminous Organs and the Symbiosis Problem .. 147
4. Peculiarities of Locomotion ........... . ..................... 148
5. Repair, Regeneration, Viability ...... ................ . . 149
6. Perception of Drafts, Thipotaxis ...................... 149
7. Righting Movements ................ .... e.......... ........ eee 150

II. On Imagines ...................................................... 150
1. The Cgestion of Nourishment .e............. ................ 150
2. Enmiee; Phoresy .e..... .. e............................ . 152
3. Morphological Compaileon of the Penes and

Laying Apparatus in Lamri and 5WWjie ...................... 152
4. Rigti•g Novi ts .* ...................... •.. .......... 153

F. ummry ............................................................. 154

Bibliogra#pW . .... ............. . s......... .. e....... . ........ 159

- Lt -



fS

A. Introduction, Survey of the Literature,
and Statement of the Problem

The fireflies are among the beat known of our native
fauna, so that it is understandable that the scientific lite-
rature coneerning them is very extensive. A good survey of
the Euro'•an end non-Buropean literature is given by Harvey
(53,55; here and below, the numbers in square brackets after
the author's name indic to the number in the bibliography at
the end of this articleJ 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 Europe
particularly to anatomy and histolofy (Bongardt 1-9) Vogel
1127,128,129,1309, M. Schultze (116 J, Wielowiejaki t140 J)
and to the physiology of the luminous organs (Bongardt 18,9),
KUlliker [61J, Kuhnt £70, Macaire [76), Perkins ýlol,
Owsjanikow ?100], Weber 1136), Weitlaner 1137,138 J, Wielo-
wiejski [140]).• There was also some study of the morphology
of the 1•ae and imagines (Acloque (1), Bongardt [9), .Ill-
rigl £62]1 Knauer [68] bMaille (77), Olivier [96,e7 99),
Verhoeff .t1263, Vogel .l27,129,131J, Weber (135,136J, Wielo-
wiejski (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 (11,

Boadt £8,9], von Bronaart [13] Czepa L31 32], Dieckhoff

S34], Emery 317,38], HWllrigl (62]J Macaire L76J, Morley

94, Newport L95 J, Olivier [96,97 , Verhoeff [126)v V gel
127,129], Weber 1136], Weitlaner 4137], Wielowiejki 1 ).

Olivier L96J, who in his day brought out the first compila-
tional works, writes, "De mrme, leurs moeurs ont 6t6 6gale-
ment peu observdes; lea documents relatifa b leur genre de
vie et & leur 4thologie font b. peu prbs entibrement d4faut

et, dans beaucoup de genres, on ne connait que lea individus

miles." L"In the same way their habits have likewise been

little 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 entomologists and holds out a promise of rich

discoveries. -imilar statements were made by Mangold (1910•

and Vqrhoeff [126) and b• the Americans Buck (23), Hess L58J,
Mast 182), McDermott (84], and others.

In the narrower field of my investigations (sexual
behavior) the non-DuMMopea literature (and in part the south-

ern European, as conoerns the XALialo species) must be con-

sidered part (of. Oh•pter D I -Amerioan research into the



problem of luminescence has been conducted along many lines
and is still continuing. The morpho1h.gy, anatomy, and histo-
logy of the luminous organs of the ý_-ýeelea found there have
been treated by Brown and King [141t, Buck [23], Geipel [44],
Haddon [51), Harvey [52), Hess 1581, and the physiology and
in particular the biochemistry of the process of lumines-
cence have so far been studied almost solely by American
authors (Alexander [3), Brown and King [14) Buck [20 22,23),
Dubois [35), Emerson Iase Note 1) Lund [75J, 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 sexual behav-
ior (Buck [19,21], Hess [58), Hutson [63), Mast [82), McDer-
mott [83 to 88], .Williams [see Note 2V.

[Note1] For exact reference see .arvey'[55).

[Note2J Williams, F.X., "Notes on the Life history of Some North-
American Lampyridae," Journal of the New York ntomologAcal 3ocietY, 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:

1. Normal sexual behavior of L and Phausis in
the 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. De8o experiments with artificial sources of light,
5. Qualities of Lmmyi and Phausis light that dis-

tinguish the two species, and
6. Comparison with the differing mechanisms of lumin-

escence of the southern European k22,& 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 fireflies
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 gratitade to my revered
teacher, Prof.Dr. F. Shaller, for e*Asetin te subjeot and for hie tire-
lees readimes to help.

I also thank prof..r. Kslua for hie lnterest In the work Wnd for
providing te plaoe to Wea.
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For repeated assistance in capturing the specimens, 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.

B. Materials and Methods

Since of the three native species of fireflies Phos-
Dhaenus 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 (of. pages 47 ff. 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-
nesa 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 so important in my experiments, do not visibly luminesce.
All this may have contributed to the previous lack of bio-
logical studies.

Por 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 cm, 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 otherwise determined by the
nature of the experiment - in order to do justice an far
as possible to the natural conditions of activity of the
animals (cf. Chapter 0 III 1 and D I 1,2).

0. fcoloa•t. Develo-aentaL Cycle 0101, ha Bioloir

A rapid glance at the brief remarks not uncommonly
inserted in the literature oonoez•nnig the localities where
fireflies are found (Ongardt;•, Ra, Homes, HIllrigl, Knauer,
Nacaire, Newport, VerWoefr, vogel), both Buropean and non-



European species, indicates that they live chiefly in damp
places: in 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, but
more especially to consider whether the two species inhabit
separate biotopes or whether theyoccur together and why.

1. Biotope
Of the 18 separate biotopes that became known to me,

12 were under constant observation, while I only visited the
others occasionally. These 12 habitats are situated "n areas
divergent both in landscape and in geology.

Eleven are in the immediate zone of influence of woods
or a woods-like environment (park grounds, cemeteries, pat*hes
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 shows even the slightest growth of conifers, but - if
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 comparison
of the floristic inventory will give further information
about the physical appearance of their habitats and about
special peculiarities in their colonization. The following
biotopes were occupied in August (1958):

.-.. -".-.....i-Blotope A (Figure 1)
In a wvooed valley beside a pond.

I A 7. 1. Subsoil& partly exposed sandy los (Louer
Persian sandstone);

2. Soil: peat, ray humus, moderate to deast
grass . (root) mat;

S.3. Herb stratum: grasnes, ferns, oxalis,
eauisetus; coonly also Rumeu ac at Gallumrka.. -
0I. , llaiatuM.JmaJ. 1g1. ULI ica lats&*

4. Dreshvood etratum: predominant: t j
SrtiUme and iItnua Z nira, Robinia,
ChercIulLfb, Phma Jillutia; scattered: k&,pms

b hlAWS2McoA SoB 5LifllI' - The butxhwood
,.,.ot is vr strongly maiked. epresentatives of

S.4the tree stratmm occur omly as bushes. The tree

flprtNO to DU1."IE

GRAPHIC NOT REPBODUCIBL.. 4



GRAPOi- NOT REPRODUCIBLE

. '/ . -• • , . .

Fiw 2..• • .,:,.£

Biotope B (Figure 2)

Slopes in open ultivated land near the bank of a mall stre.
1. Subsoil: lmestone and clayey soil of limeatme content, covered vith

a topsoil layer.
2. Sarface layer: extremely thick mat of gass roots and twms, with only

occasional patches of moss.
3. Serb stratru: almost exclusively gmsem up to on meter high: AS=-

Ieam jaslofolu. CijgMJuO UdtW&#. Ms varietioes, j, anouim vari-
*ties.

4. Bmnshwood and tree stratm: Rosa caina, fruit trees (pear, apple,
p1m).

antop• C (PFipre3)
In the appet mad of a mall watercourse.
1. Subeoil: variegated sandstme and a thin

weathered layer of same, completely covered with the
! topsoil.

2. Surface layer: very thick, voss63, 5-10 Om
k4 raw hums, das mat of pas rootse, Otc.

3. Ber stra'tu very weaky developed because of
• ~ " e.tt ly dense biAwood stratum. Predominat:z

**ie, J oea, polypodiLcee, oelis, taucrium,

sr*aia spec., Sjcy spec.
4. busbwood otratmt dense stand about 2 a

St .. hi s L Wu Ai& scatterled •L•A•Lsi,1-

fnl~m rabur Zaxmsafasm~ Alma, hikaz~
Sh U at toe ed of the blotope a thick stand
1 v t 515 a " of apqme, pin, and fir; no saUked

?ione .mt GUSI botloe itselt.



GRAPIU0I NOT. p PRODUCIBL4

"On a small woodland stream, downstrceam from

r ~ .. biotope C.
S1. ubsoil: as in C.

4%. -;:':"*i 2. Surface layer: as in C.
3. Aerb stratum as in C, with the addition of

Simelilot (in abundance), Plantago lanceolata, Taraxa-
Scut spec., Urtica dioeca, Yaleriana off., Kelayrua

S, epec.
4. Brushwood stratum: predominant: oru

4,j> avellana, -Qiercus-robur, Salix canrea; scattered:
.. . Carginus betulus, Faius silvatica, Betula verrucosa,

.Yium, Bryonia alba, Fraxinus excelsior, AWN,
pruus V unosa, buum, Acer nseudoDlattanus, on-

Figre 4. ius, Rosa canine. No tree stratum.

... Biotope E (Figure 5)
4 , Extensive covert near a wood and our-

rounded by an artificial groundwater lake.
"'' ' 1. Subsoil: clayey sand (so-called

•..a.'" "Zuting sand"), not exposed.

., _.', 2. Surface layer: raw humus 5-10 ca
S, ,thick under a stand of pedunculate oak of

-. , ..... ". .... ... . bush height. Toward the edge of the field
1''. "' dense grassroote and stalks form a cantinu-
., , . . . , ous ground cover; little moss.

3. Blerb stratum: in dense oak and
Figure 5. hedge terrain, completely lacking; other-

vise grasses predominate. Scattered:
- •nalilot, Plntg opee-e, itellaria 2e21a,ilobium eilvaticuW, VMz1ga dia, Juncacese, M•D-

4. ]rsnhvood stratua: predominant: e

War, POISnga iu ptUIs
$*U species; soatteredt BegUla verruweaa. The tree

stratum Is lackind.
slow"p F (1FLOM, 6)

Steep slope near a pond In the woods.
I. Sabeoil: variegated swastaoe with a SliGht

.: .. weathered la•er, not exposed.
..:• .2. Surface atratmt in about equal proporitont
A tr" " I h , 5 Mat Of MGasroOts end stalks, ag wte#.

3Bwb straat: predi.•astly grasses, et

?Lmre 6. I= d4esatrd a au
11O& Z&.nMIAV , AMAniLua AM fuj ma

-6



GROWEI NOT REPRODUdIBLE

C H lelleborus foedidus, Te.rrmscorodonia,
ek e Saponaria off., Urtics dioeca, Viola spec.,

* '~~ ijieraciu boreale, Eilipendulaurnr.
A- 4. Brushwood stratum: predominant:

__Quercus- robur, l~ue avellana, Acer
~. e~*'~ ~ Dseudoplatggus Vbrnum lantrana, Rubus

I ~ ~ ~'r~'~ Lr~uticosus; scattered: Carpinus eua
SCorQS sanafl~neaf, Rvon-ymus euro~aeus,

BetiilA Lerrucosa, Rosa canina, Po~ulus
LWa_ LISustrum, vulgare, Prunus rvium,

Figare 7. Rubul idaeus, Crataegus ion2Mva, Zrangula
alun Viburum opullas, Salix ID. fre
stratum lacking.

Biotope 0 (Figure 7)
Continuation of biotope P about 70-100 a below it, immediately ad~acent to

the bank of the pond, but entirely separated from biotope 1.
1. Subsoil: you; ?amos, partly marshy, loamy soil.
2. Surface l.ayer: mosses or in places a thick layer of raw h~ums; grapS-

root mat more toward the slope.
3. Hierb stratum: gramineae, juncaceae, Rue acetosa.
4. Brushwood stratum: Rubus fruticosup, Corylus avellana.
5. Tree atratum: predominating: Ainus, Populus niraa; in addition, Cattinu-s

betulu, Faaus jAivtica, 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
strong sunshine and drying out. The-photographs were all taken
between 12:00 noon and 1:00 pM.m. when the sun was at its high-
est, and in clear, iunny 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 loes readily accessible (through paths,
broad game trails, small clearings, and the like). Th~is cir-
cumstance seems to me to be characteristic of all firefly habi-
tats, since all the specimens I was able to 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
snails that serve as food for the larvae of both species
(Chapter C I11 2) are dependent on the marginal and the more
open areas, which because of conditions of light are covered
with a heavier herb Atratum, and also that the imagines --
both the male for flying and the female an a site for showing
an &attrwative light - prefer open terrain (Of. appetencY).

Of the twelve blotopem that were constantly under ob-

-7-



servation, seven of which were chosen for description here,
nine were inhabited jointly by Lampyris and Phausis. This
finding is all the more surprising in view of 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 Lam iris males), the larvae, and the pupae
of both species luminesce. This question did in fact play a
big part in my later experiments concerning the sexual behavi-
or. Biotopes C and G are among the three places where only
Phausis splendidula occurs. The close connection with open
water 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 sharp separation of the two biotopes. The
head of the valley (oiotope 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 as 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, drXer biotope F (aorth 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 both species 30 m
above F is formed in each case by a dense mixed crop of spruce
and pine of 70-100 a and 30 m in width respectively. This
forms such a definite boundary tnat of some 150 R larvae

and 30 P females caugat there I did not find even a
single specimen within the sharply defined area covered by
unbroken pinestraw. (The more mobile males ocuasionally do
fly into the coniferou plantation.).



The area of the oiotopes varies greatly, in those with
which I am acquainted from a few square meters (biotope D
about 60 square meters) to several thousand.

2. Habitat

I found most of the many hundred larvae of the two
species in the gr•ound stratum, which is their real habitat,
to a greater extent for Phausis than for Lampyris, *he larvae
of which are occasionally found in the herb stratu= 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 least - the prey is to be found. Moreover
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 larvae of both species in open terrain stayed exclusively
in more or less loose soil material (humus, raw humus, grass
mat, 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 unsuitable for determining the density of the

population even when the population is relatively dense,

since too great areas would have to be stvudied 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 under

Chapter CII 3. The next chapter gives further information
concerning the relation to the ground stratum.

3. EScoloical Factors

My plan was first to study the optimal or preferred
conditions of the natural environment. The result could

then be taken into account in laboratory experimentation,

-9-



so as to ensure as natural as possible behavior of the ani-
mals. In addition study of the ecological faczors would help
to 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.

Exberiments on Choice of Habitat

Phausis larvae were kept temporarily in a petri dish (diameter 15
cm). About half the dish was covered with moist red sand (soil from 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 Ix of diffuse daylight); this thus rules out interpreta-
tion of their behavior as a scototactic reaction (relatively lighter sand
as against darker humus). This observation led me to further experiments:
Larvae of the two species (30 LamDyris, 40 Phausis) were put into a petri
dish (20 cm in diameter and 10 cm high) in artificial miorohabitats in a nor-
mal day-and-night cycle (night from 6:00 p.m. to 8;00 a.m.; day a max. 500
lx), with the bottom of the petri dishes covered as follows (always with about
100% relative humidity and an average of 15-170 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) (Table 3, Figure 10).

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

5. One half cultivated soil, one half raw humus over cultivated soil
(used only for Phaueis, Table 5, Figure llb).

6. One quarter sand, one quarter cultivated soil, one quarter leaf
litter, one quarter raw hums (Table 6, Figures 12a and 12b).

7. One, quaker sand, one quarter cultivated soil, one quarter leaf
litter, one quarter pinestrav. (Table 7, Figarea 1a, "13b).

- 10 -



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

.IUZZIS (30 individuals) Phausia (40 individuals)
Time Sand Leaves Time Sand Leaves

14:00 placed on sand 14:00 placed at dividing line
17:00 1 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 1 39
12:00 put back on sand- 11:00 1 39
13:00 3 27 12:00 put back on sand
16:00 2 28 17:00 39 1
19:00 3 27 22:00 10 30
23:00 1 29 3:00 4 36
4:00 3 27 8:00 2 38
9:00 2 28 after two days

14:00 2 28 11:O0 0 40
S14:00 0 40

i ..

Figure 8. Choice between send and leaf litter. • xxx, Phui ooo;
* beginning of experiment and resetting of the insects.
a) nmbero of insects on leaves; b) number of insects on sand; c) L~1
placed on sand, • at the dividing line; d) all insects put back on
sand; e) time of day.

These aicrohabitate were checked every five hours after it had been

found that shorter intervals did not dhmg the results. Exceptions were
made in order to demonstrate specific effects in the behavior of the insects
(of. in the tables the time dcek in the evening and morning hours).

. i• - r w i • •-2• • 3.-=



Table 2. 1/2 sand, 1/2 raw humus.

Lampyris (30 individuals) 2hausis (40 individuals)
Time Sand Humus 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 14:00 12 28

10:00 23 7 19:00 11 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
20:00 18 12 13:00 1 39
1:00 23 7 13:00 put back on sand-
6:00 21 9 18:00 8 32
9:000 12 18 23:00 0 40

after two days 4:00 4 36
11:00 19 ii 9:00 2 38
14:00 15 15 14:CO 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

6 r A 9 ).}~ ~ ~ ~ ~ ~$1 oil tol'rOl#m ~tIPO

Figure 9. Choice between sand and raw humus. Symbols as in Figare 8.
a) no. of insects on humus; b) no. of insects on sand; c) L placed
on sand, Phasis at the dividing line; d) LapY1a put back on hmus;
o) MWbis put on sand; f) time of day.

The larvae of both species always seek out the environ-
ment with the greatest degree of cover. It is nevertheless
striking that the 1 larvae have loss preference for

raw humus than sm1, while the 2 MMIA larvae, as expected,

- 12 -



Table 3. 1/2 sand, 1/2 cultivated soil.

LamDyris (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 1 39
2:00 19 11 10:00 1 39
5:00 20 20 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 1 39
5:00 27 3 15:00 1 39

10:00 26 4
15:00 24 6

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 humus. An
equally different behavior of the two larvae is shown in the
choice between sandy soil and loamy soil of limestone content
(in the table - cultivated soil), u preferring the
loamy soil, I the sand* ThaI • also prrefers
leaves or humus---to loamy soil is shown by Table 4-5 and Pig.
11. In the experiments with four choices the clear prefer-
ence for leaf litter is evident in all cases. The number-of
insects in the other parts is usually considerably below 20%
except during the evening and night hours. This difference

-13-



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 Cultivated Leaves Time Cultivated Humus.Soil -- , Soill

14:00 placed at dividing line 14:00 placed at dividing line
17:00 4 36 18:00 1 39
19:00 6 34 23:00 8 32
24:00 5 35 4:00 15 25
5:00 1 39 9:00 15 25

10:00 1 39 14:00 14 26
15:00 1 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
11:00 3 37 24:00 11 29
14:00 3 37 5:00 8 32

10:00 7 33
after two days

13:00 1 39

Figure lla,b. choice between hums end loamy soil (broken line) and between
leaf litter and loamy soil (so3Lid line), a) number of insects on hums and
leaves respectiVely; b) number of Insects on loamy soil; c) animals placed
along the ditvdig line; d) moved to loamy sol1; e) time of day.

between day and, night is also olearly shown in the oozre of
the "leaf Uitter oixrve." The leaf Uatter thus evidentlyi
serves as the mole refuge during the day. Onl at nigh is•o
this szea d•eserted for the search for prey (not only in eZ.
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Table 6. 1/4 each: sand, cultivated soil, leaf litter, raw humus.

L. w 2 r :. s (30 individu•ls) P h a u s i s (40 individuals)
Cultivated Leaf Cultivated Leaf

Time Sand Soil Litter Raw Humus Time Sand Soil Litter Raw Humus

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 1 1:00 2 10 24 4
8:0016 2 11 1 6:00 3 7 15 15
9:00 2 - 27 1 11:00- 6 29 5

14:.00 1 - 28 1 17:00- 5 32 3
19:00 1 - 29 - 21:00 2 5 29 5
24:00 1 1 28 - 2:00 2 7 22 9
5;.00 1 2 25 2 7:00 1 5 29 5
1:sO0 2 1 25 2 12:00 1 3 29 7

after fout weeks 12:00 replaced as at the beginning
10:00 1 1 24 1 17:00 4 1 4 4
15:00 - 1 29 - (27 larvae still at center)
19:00 2 1 26 1 22:00 2 3 18 17
23:00 - 3 22 5 3:00 - 16 13 11

9:W0 2 - 27 1 8:00- 7 21 12
9:00 replaced as at the begining 13:00 - 7 21 12

(only 25 larvae) 18:00 - 7 21 12
10:00 3 - 15 7 23:001 18 18 3
15:00- - 23 2 4:00- 7 2# 10
20:00 1 3 20 1 9:00- 7 23 10

1:00 1 1 19 4 14:00- 7 23 10
6:00 2 2 20 1 19:00 1 10 21 8

11&00 2 -- 21 2 24:003 3 24 10
16:00 - 2 21 2 So0 -- 1 36 3
21:00 - 1 22 2afetw
2:0 2 1 22 -a
7:00 2 1 22 10- 4 1

12:00 2 h22 e
12:00 replaau sd at the WeIM1Wi
13:00 1 24 M
17:00 - 25
22:00 1 3 19 2
3:00 4 3 16 2
8:00 3 2 19 1
130 0- -- 24 1

periments but also in mas ble o0 e0 in nature, e*,. when a
road runs through a biotope and the l2ke). Questions of the
rhythm of activity are dealt with in a Chapter to themoelves.
Lot us merely mention at this point how very much the obALo
larvae atoer from ts " Sam" larvae With ePeat t
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% a rOI•Qof## a I 1111 0b A 1 II J IP on I S I a I

Figure 12a. Choice of Lamwn. larvae (for sand , for loamy soil ... ,

for leaf litter - , for raw hums -). a) number of larvae; b) net at

the focal point; a) net back at the focal point (after 4 week.); d) time of
day.

Fiure 12b. Choice of larvae. Potation sme as for Filre l2a.
a) amber of larvae; b) set at the focal point; 0) set ba* at the focal
pointi d) 27 la•vae stil at foul point; e) tme of dWy.

activity (rZuit in 'the daytime especially!). -- The prefer-

nce for t-- tercan be seoo In nature from the Amee fact
that the larvae of both species live exclusively under leaf-
bearing bushes and trese. It should be mentioned here that
for each experimental arrangement the Insects vere checked
several time for several days at a time. Tables 1-7 are in-
tended to demonstrate that and the graphs (Figures 8-13) to
make It possible to compare the results for the twvo species
better, the number of Individuals bein reduced there to per-
centagies.



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

L a m D Y r i s (25 individuala) P h a u s i s (40 individuals)

Time Sand Cultivated Leaf Time Sand Cultivated Leaf
Soil Litter .. a Soil Litter Plnestrav

20:00 put in at the boundary point 20:00 put In at the boundary point
22:00 2 2 17 4 22:00 5 9 19 7

1:00 1 4 17 3 1:00 3 9 22 6
6:00 1 2 19 3 6:00 3 31 3

11:00 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 - 2 20 3 4:00 1 3 31 5
9:00 - - 21 4 9:00 - 3 33 4

14:00 - 1 23 1 14:00 - 3 33 4
14:00 replaced as as the beginning 14:00 replaced as at the beginning
15:30 - 3 21 1 15:30 all still at the center, some

still on their backs
18:00 all still at the center, in

normal posture
19-00 4 2 15 4 19:00 11 11 11 7
24:00 - 3 22 24:00 - 13 17 10
5:00 1 1 20 3 5:00 1 35 4
10:001 2 22 - 10:00- 37 3
1OO02 23 15:00 - 37 3
20:00 - 2 20 3 20:00 9 a 16 7
I:001 1 21 2 1:00 - 2 335

:00- 3 21 1 6:00 1 2 34 3
10:00 2 2 20 1 10:00 2 -37 1

after "i~t daYs after eila days
1 0- - 25 - 14:00 - 4 29 7

# A"#

pig. 13a. CDie of te M lara (for sA .-.. , O sl u... S,

leaf lttr -.--.. p tw -- ). a) no. of larv; b) st at rooat
pout; c) root at foal Polatt 4) tim of aY.
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Fieare l3b. Choice of the phausis larvae. Notation as fir Figure l3a.
a) number of larvae; b) placed at the focal point; c) set back at the focal
point; d) all larvae still at the focal point; e) time of day.

Behavior in the iiumiditX Gradientn
d ~es o o0 "te i the Dr-viw ChIMber

To determine the preference in the humidity gradient.

a humidity gradient of nearly 100-0% was produced in the usual
way by means of salt solutions: H20 100%, K2304 o6-1-D_%#
SgaCl 72-76.5%, CaC12 300, ZnC1 2 10-20%, P20 5 (dry) 0% relative
humidity. Immediately above tue vessels vas a runway of net-.
ting; 'the whole apparatus was hermetically sealed (?igur. 14).

Pleats 14. B*ml41ty Vadlent. &q4WaatIOQS a tbe tet.

Abglts gr6 gwyig arva (?able 8)

oespora uro: 200 C
Liot:ing: complete darkness
Number of larna: 15 (of various s60 a"d vAMU

pahysaologimal state)
Observation: hourly
The larvae were pat Into the apparatus over the 20.



Table 8. Number of larvae [Lampyris] and distribution over:

Hours from Be-
ginning of the P2 05 ZnCl 2  0a012  NaCI K2S0 4  H2 0

Experiment
1. 6 - 2 1 - 6
2. 3 - 2 1 4 5

3. 2 1 2 2 1 7

4. 2 2 1 2 1 7

5. 2 1 1 2 1 8

6. 3 1 - 3 1 7

7. 1 1 1 2 4 6

8. 1 - 1 - 5 8

9. 1 1 - 4 3 6

10. - - - 2 4 9
11. - . - 1 2 11

12. - - - 3 10
13. - - - 2 4 9

14. - - I 2 3 9

15. - - 1 2 2 10

16. - - 1 1 3 10

17. - - 1 3 3 8

18. set back over the 2205

19. 3 10 1 - - 1

20. 3 9 2 - - 1

21. 4 6 2 2 - 1

22. 4 4 1 4 1 1

23. 3 2 1 2 4 3

24. - 3 1 3 5 3

25. - 2 2 5 3 3

26. 1 1 3 3 3 4

27. - 1 1 4 6 3

28. - 1 1 2 6 5

29. - - 1 2 5 7

30. d - 1 2 6 6
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Results for Phausis Larvae (Table 9)

All experimental conuitions same as for Lampyris.

Table 9.
Hours from Be-
ginning of the P20 5 ZnCl2  OaCl2  XaC1 X2S0 4  HI20

Experiment

1. 2 - - - 3 10

2. - - - 10.. 4

3. - - - - 12 3

4. - - - - 12 3
5. - - - - 12 3

6. - - - - 12 3

7. - - - - 12 3

8. - - - - 12 3

9. - - - - 12 3

10. .- 12 3

11. - - - - 12 3

12. - - - - 12 3

13. set back over the P205

14. 1 5 7 ]. 1 -

15. - - 5 6 4 -

16. - - 3 6 5 1

17. - 1 2 6 5 1

18. - - 1 6 7 1

19. - - 2 5 7 1

20. - - 2 4 8 1

21. - - 2 4 8 1

22. - - 2 4 8 1

23. - - 2 4 8 1

The two tables and Figures 15a and 15b show a very
definite irreversible preference for relative humidities be-
tween 80 and 100%. The Phausis larvae, otherwise more slug-
gish (cf. akinesis and locomotion, Chapter E I), react con-
siderably more quickly and sharply here than the 3
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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 X2804 chamber with
about 96-100%.

..D ID

#~ ~ ~ ' VO /

Figulre 15. Behavior in the humidity gradient: Lamdyris (a), Phausis (b).
Results 17 hours after beginning of the experiment; .. results

after the larvae were set back at 0% relative humidity (P205) after 12 hourst
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

70-80% relative humidity and without an opportunity to take 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 lx). 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 highest water concen-
tration so 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 infrequently
went back to the drop of water to drink. The attempt to climb
up the glss wall was made only in the dry part.
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Figure 16 shows the paths traced
by two of the larvae.

~2 In cultivation dishes that are
drying out there is a fast drop in body
volume, both in the longitudinal and
in the dorsiventral axis. In order
to demonstrate the effect of the
drying environment more precisely,
larvae of Lampyris and Phausis were
put into an atmosphere of 45-485S
relative atmospheric humidity at
17-18o 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

--*attempt to climb up weighed in each case.
the glass wall. The results are shown in Figures

17a and 17b. The body weight de-

I, iJ ** * 9 .9Im fl U UUAUMUMUMi

Pigire 17a. Decrees in body veight at 45-4w4 relative atmospheric humidi-
ty and 17-180 C (Lamwrjl . 1-5 individual larvae, * + * comparison fie-
ures for a killed larva, 0 death of the subject. a) body weight in %
(weight at beginning of experiment a 100A); b) time In hours.

creases continuously down to a certain percentage; the

curve then runs asymptoticaly to the abscissa down to the
constant weight of the air-dritd body. Death occurs in

Mag between the sixth and seventh hours after the be-
ginni of the experiments, in LaMMA14S very irregularly
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Figure 17b. Decrease in body weight at 45-4&A relative atmospheric humidity
and 17-180 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
exnerient - 100%); b) time in hours.

or not at all (of. curve 3, Figure 17a, and drinking, pages
60 ff). If we compare the curves for the experimental sub-
jects with those of the killed test animals, we find that in
_Phaus9is all the curves follow very closely the curve of the
killed animalso and in fact almost coincide with it; in the
case of Lamp-yris that is true only of curve 1, while curves
2-5 run. much flitter. This circumstance suggests that Zhau_-
&q larvae lack any regulatory mechanism against drying out,

W-that Lampyrig 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 %amory 0onstancy of body weight.
The course of curve 1i, Figure its (L~ampyris), which nearly
coincides with that of 'the killed an mal, y 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 fifth hour).

In 'the course of this investiga&tion characteristic
variations in behavior occurred which were repeated in all
the individual larvae. Both species app6ared surpris nalyv
active within the firt hour; akinesege, which can last for
hours in ,bLMML larvae , was reduced t;o a few seconds and
later did not occur at all. After about four hours neither
$pool*$ of lav showed my7 more coordinated locomotive aove-

merits (except for th mne that 8Ur~iVed, whose aovs~mmets Ol
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became somewhat uncoordinated after 19 hours). Just an hour later nearly all
the larvae of both species ceased all locomotion (with 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 that 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 temperature, etc.). The pos-
sibility of a slight adaptation of Lampyris also suggests ýhe ability to in-
habit areas where Phausis is lacking (Fee pages 29 and 31).

Phototaxis, Behavior in the Brtlhtness Gradient, Scototaxis

That the factor of light has great ecological significance is indicated
by my intensive but fruitless searches in the daytime in well-populated habi-
tats, and also the reaction to artificial light occasionally observed. Thus
for example the larvae in ttie evening or at night in the vessels in which they
were kept (without leaf 1U tter 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 phototactica'ly. With diffuse overhead light (500-700 lx) the
larvae crawl toward a 5 x 5 cm black wall set up at a distance of 20 ca and
follow even slight hor4 ontal shifts of this wall.

----- ---. ..... .....

Figf're 18. Light gradient. The sleeve used to darken it is not shown. The
fi6aes on the apparatus indicate the brightness in lux. Other explanations
and dilmauslos are given in the text.

For closer study of the phototactio behavior I used a light gradient
(Figure 18). It consisted of a closed glass case 75 cm long, 8 cam wide,and
10 cam high and a removable glass cover plate. This apparatus was covered
with a slidin mantle of black paper except for one end that remained open.
That end was lighted vertically from above with a small vertically sliding
electric lImp with a shallow tray of CN304 between the lamp and the case to
absorb the heat. The bottom was covered to a depth of 1 ca with uniformly
moist sand. Us appsrtue was calibrated in the dark from below with the
botto shade reOved (before he $and was put in) with a light neter (Oosem'es
frIn,- asasrring anit ýsoadela lux" s "aelux") Untilt, % shitnt the
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black paper mantle and the lamp a usable brightness gradient had been produced,
with the following graduation: 2500-1000 lx 11 ca of the length, 1000-500
a 8 cm, 500-100 a 10 cm, 100-50 - 8 cm, 50-10 - 11 cm, 10-0 (0 lx - no longer
measurable with the instrument) = 27 cm of the length.

Experimental conditions for both species:
Temperature: 200 C
Relative humidity in the apparatus; 80-100%
Number of larvae: 30
Start of. experiment: 1:00 p.m.
Observation: hourly (except during the night hours).

The larvae, which aad been habituated to diffuse daylight (500-700 lx)
for six hours in the ordinary diurnal rhythm, were placed in the 500-1000 3,x
section.

TL ~ 10,1mpyni IwWoAac (Figure 19a)

Time 0 iax 10 Lux 60 Lux 100 Ijux b0 Lux 1000 Lux 2000-2500 Lux

14.00 7 6 4 4 3' 6 1
15.00 11 3 3 4 4 6 -

16.00 10 6 3 , 2 6 1
, 17.00 17 4 1 .3. -
* 18.00" 11 & 3) • -'. 4, -

19.00 -17 4 ... 2 1 2 4 1 1
0.00 .18... 7 2 -2

replaed in 600-1000 LUX (20J.)
1.2 00 17 r 3 2 2 1 -

a.00 16- 2 1 2 -
1.00 .. 24- -.k "*'-2 -" --

replaced ja 600-106o I.a 0A,.I
. 2.00 17 7 3 - 2 " 1 . .

LOO 24 61 - -- " -
replaced..Is 600-1000 loux i(MA)

7.00 16 9 2 1 1 1 -
9.00 17 S 2 2 - I -

10.00 17 6 1 1 2
11.00 17 8 2 2 1 - -

If we wish to compare the results for Lp=J& and PhIngsj in the
light grsdient, we mst - let us $Mphasise this once more - as in all our
experiments that are based on speed of rwming and of general activity, take
into account the fact that Pgsj larvae are far more sluggish and are cx-
tresely sensitive to morhaical Ifluenoes as compared to the agile, more in-
"soetive Ljpmrh larvae.

The tables show that the larvae definitely react eativuLy phototac-
tically, both in the daytime and at night. It is strlkig thst after they
a• moved beck at night the reaction occurs more rapidly (sometimes quite
prosooomodly so) than In the daytime. 3nce the expMets were carried out

dnepmaident of th nomsal dq-a4.m t Ver ioity of brightnss, we mat
somme a oas 4vol dnly different type of dary- t activity rhythm, ubich



Table 11. Ph�.�i apdidul (Figure 19b)

Time 0 L,,x 10 Lux 60 Lux 100 Lux 600 Lux 1000 Lux 2000-2500 Lux

' 14.00 - 1 3. 4 16 6
16.00 2 6 3 5 9 6 -
"16.00 11 6 4 3 4 .2

, '17.00 14 6 4 5 2 -
.18.00 14 6 6 6 1 - -

19.00 13 6 6 5 1 -

•. 20.00 14 6 4 5 1 -

:,replaced in bOO-1000 Lux (20.0M)
21.00 4 6 6 7 6 1
22.00 8 3 8 6 4 1

1.00 14 5 4 7 - -

replaced in *"00-1000 Lux (1.00)
2.00 6 11 6 4 3 --

6.00 21 8 1 - - -

replaced in 600-1000 Lux (5.o0)
7.00 10 6 10 3 2

. 9.00 14 6 6 a 1 -
10.00 14 6 6 4 - -
"11.00 14 6 6 4 - - -

seems to be endogenous to a certain extent. We might also interpret this
behavior by saying that with the night hours a 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 Phausia larvae,
but also the Lam2Vyrs 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 larvae were without exception oriented with the
anterior end precisely toward the dark, the head completely hidden under the
prothorax, which no doubt protects aGainst light as well as other things; on
subsequent checks no opposite orientation (and consequently direction of run-
ning) was ever observed. The Llavis larvae occasionally went back to the
brighter parts, but while there (especially in the 1000-250 lx range) they
moved remarkably fast and unsteadily, in a way comparable to a flight reao-
tion. But in contrast to the imagines, no positive phototaxis could mr be
observed in the larvae in any situation.

Toward red light the larvae of both species behaved totally indifferent-
ly, so that they could always be checked and observed under weak red light.

The running diagrams of ?igures 20a and 20b are intended to illustrate
the soototactio reactions under the following experimental arrangement (for
larvae of both spoeies):

A petri dish 25 cm in diameter and 12 cm high was surrounded to Its
full height with a white paper antle; the uniformly moist sand in the bottom
was sovered with white filter paper, also moistened and divided into 8 equal
sectors; od this arangement was lighted from above with a unifom 800 lx.
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Table11,l Pi4w""ieplendidwl. (Fige 19b)

Timo 0 1ux 10 Lux 60 Lax. 100 ix 600 Lox 1000 Lux O ..0--3•OLex

; 14.00 - 1 .44 16 G -
1.0 2 6 h 9-

16.00 11 6 4 3 4 %
.. 17.00 14 6 4 6 1 --

MO1O0 14 6 6 b I --

19.00 13 6 6 "
W0.00 14 6 4 5 1

S r lace in 600-1000 lAx (OO)
21.00 4 6 6 7 4 1 -

* 1.00 14 1 4 ? --

* replaced In *00-1000 Lux (1.0)
2.00 6.. 11 6 4. a
LOD 31 6 8 - - - -

relaced IN boo-low LJ, (.OO)
, 7.00 10 1 a --. --

9.00 14 8 6 . . ..
10.00 14 -6 6 4 -- - -
"'Il0a 14 6 6 4 - - -

seems to be andogeamos to a certain extent. We might also interpret this
behavior by saying that with the night hours a higher sessitisation to light
oours, or that before (duin the day) there existed a higker willingnss
to endur, re ater brightoee. Own the state of Insensibility Is reached in
the radlent there is hardly a= further chae with the beginning of day;
the lara rmain motionless where they are, especially the nWaJ& larvae,
but also the JMUMI larvae, mhich are otherwise so agile.

Mm the data were recorded at 14:00 (or one hour after the start of
the experiment) the ZtIMt larvae were without exception oriented with the
anterior and precisely toward the dark, the head cmp~r.;ly hiddem under the
prothora•, whic no doubt protet spainst light as %sll as other thimgs; on

uboequent checks no opposite orientation (and conequentl direction of rus-
nina) ws ener observed. The IM 31 larvae, occasionally went back to the
brighter parts, but Aio there (especially In ioh IW1 -2 zx range) they
Sowed rerMsably fast md unstedily• In a way comparable to a flight reac-
tion. Bet In contrast to the imaginses, so positive phototalis could ever be
oboerved I the larvae In any stuation.

Tomrd red light the larvae of both species behaved totally Indffermt-
ly, so that they could always be FM nip ed and Observed under weak red light.

The nmmig dispes of i 2e 20 sd 20b ae Intended to illustrto
the soototac, i reactiloms uder the following expwatal armramt (ior
larvae of both speclise):

A petr dish 25 em in dimmster ir.d 12 as high was surameded to its
rl hoesiht with a ghute paoer 0n1le; tho umifomuly mist s*Ad In the bottom
was cov with bitse filter papea, aleo moistened and divided into 8 equal
sectors; ad tits mwm t wa listed t afm ve with a unfoi 600 Izx
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Figore 19a. Behavior Intebrightness gradisnt (Lammr.j) 7 houars
aftrbeginning of experiment; *.'5 hour after rpaigof thelave

4 hours after replacing; -,-6 hours after replacing. Scale at left
oeahgraph: number of animals.

Thepeti dsh ascovered with its replar lid to protect the lre hc
aeextremely sensitive to 4r,%ugbts of sir. The parts of the glass wall out-

peti dsh ndreaching as far around it as indicated In the idvda rw
lap.7hecirularsepnt f asector amounts to about 10 an. U xei

seas vre arred ut t ight (o.activity, Chapter C III I b).

Poreac exerientpreviously unused (unstimalated) larvae vnue
(10 NRW&and 0 DMW jputInto tae dish opposite the dark wall (at
roomteseraare. Te psitonsfound (e) &ftur a given time do not give a
tme ictresaim th lavaswhothey reach the blank wall asaks an attempt

to ol~ upuitorocetrsf fe attempts often amov on, "Maally
along the glass vlaneteligtt stioulus is still effective. The aumber
of larva had to be abosen in suac a way *hat th expriment could be under-
stood. If we omasthplcswhere the larva were partioularly inclined
to stay for a fairly long time (o) or attempted to climb up the wall (s) , we
find abaracteristic uaig against the dark wall or at thes Ohange to the
white waill often at ua comes to the limit of the daft wallan
leads back to the datvl.?epathe, for he asake of clarity, aWe taced
furthier In only a " woeitaeases after the daft wall has beess

reached Par sea &ele h a~s of the five larve, an LV giv stha
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Figure 20a. Scototaxis In ldPY.• 'ame. startin point of all larv'ae
opposite the dark vall ambe- unr of :larvae that stayed at Us start.
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p:•ure 20. Soototatiso ta AM Zh~~I rms. sips as in Fa 20s ed as ex-
plae I te tort.

go iUs ot0.. first. in am that the Iarve of both species MA the dark
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10 cm 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 push themselves under parts of
the bodies of their neighbors, so that sometimes bizarre tangles develop
(especially in the case of Phausis); some paths traced show that the larvae
occasionally return to the place where they were put in, since the animals
that remain there represent a dark region, teo. I was not able to carry out
experiments with individual animals because in some larvae (especially Phausis
larvae) akinesis often lasts for hours.

Preferendum in the Te=perature Gradient

The temperature gradient (Figure 21) consisted of an iron bar 10 cm wide,
68 cm long, 1.5 cm thick with one end bent down. In one side of the bar were
seven thermometers at intervals of 7 ca. On the:bar was placed a glass case
closed on all sides, 50 ca long, 8 cm wide, and 8 r high. A freezing mixture
and a small Biunsen burner provided in the usual way for the temperatue gradi-
ent: 500, 40.50, 33940, 26.80, 14,50, 3 to 00.

t II .1 kcross I

Figure 21. Temperature gradient. Explanation end disecsions in the text.

In this apparatus, at night end in darkness, with observation over,
Uhlf hous 22 La l and 17 Phusis larvae were tested.

Half-Sourlr W 4oAO W41 2A W )' 3 14A 0-4'
.Cheek:a P L P h P & P L P L P

-- - - - 4.4 S 4 4 7 6 1
2. I a - 71 o S a 1
I 4.----4-- It 1 I -N
4. -- --- '-7110 11 aA.-------------I - 41t 86 4 -
6. ---- 1-4-7 4410 5 t
7.--- --- 4 6 - 10 1 -
S . ..... - - --- 68 4 6 4 6
9.---9 - I 1 5 9 4 1
10..-- --- --- 1 01438-
IL. a I a 7 1 2
IL. I -- -- 10 57 I 1

Table 12 and IPiure 22a,b show that the /dURXC larvae MGMt lees
sesitivey thn the nhMj larvae dnd bayv a omewbat highe" ad breeder
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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 (of. also geographic distribution, Chapter C I 4).
That is in accord with the fact that Phausis occurs in biotopes that are bet-
ter protected against light, moister, and cooler, %hile Laxp-yris 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 L;M~is is between 400 and 330.
The larva rears the fore part of its body, lifts the first and second pairs of
legs, at the same time making violent and hurried movements of the fore part
of the body and of the head, which is quickly stretched forward and again drawn
in; the motion of the antennas is also strikingly violent. The larvae never
voluntarily went past the 400 C line.

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

Table 13.

Larva b0o 40,60 33,40 26,80 20,80 16,65 8-00
1. 16 see 20 sec 20 see 180 sec *
2. 16 get 26see 80 see 120 see 200.see
8. 86 se: 10 see 20see 30800 04. 10 sec 30 see 140 see 260 seec 0
5, 12., 28 see 1800e0 60 met *

Stay of longer than 5 minutes.

This little series of experiments is intended to show how quickly after
the akinesis has died out the larvae orient themselves on the relatively large
surface (8 x 7 cm per field) and how the speed of running steadily decreases.
No. 3 is interesting. After a longer period of orientation the larva flees all
the faster from this constant stimlua into the tolerable temperature ýiolds.
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A similar behavior is exhibited by Phausis, but the flight reaction
begins as early as the 300 zone, the larvae never went voluntarily beyond the
300 line, and the movements of the flight reaction look more violent and
"desperate" than those of Lam-DYris; the larvae run uncoordinated and without
direction, stumble, fall down, and often begin to luminesce after a stay of
one minute at 500 C.

The test of speed of orientation came out as follows:

Table 14.

Larva 60 40,6° ,3.4* 26.80 20,80 16.50 3-.v

1. 60 see 26 see 70 rec 180 see *
2. 36m 66b se. 11 see 240 ee *a., p '
4.'

6. I start 36see 241 sec *
6. j at 40,6 30 sec 31) arc 240 ae. *

iegan to glow after 10 sec, curled ap, took firm hold with tae
pygopodium, remained lying motionless; when moved within one min----
ute to normal temperature, they :;oon showed normal movement again.

A temperature of 500 C seems to have a mor3 dangerous effect on the
or&Lnism of the Phausis larvae than on La=Dyris. Otherwise, in the progresive
decline of reaction speed, the results show about the same condi-tions as with

Lamovris, though Phausis may fiee relatively faster than the very mobile Lam-
yeriS.

It is very surprising that the temperature intolerable to the larvae
is as low as 300, especially as such temperatures often occur outdoors; lower
temperatures (around 00 C) are borne without noticeable reaction (e.g. rigor
due to cold). This again shows clearly why the larvae avoid exposed localities.

4. Geographical Distribution

In the literature there are few statements about the geographical and

horizontal distribution. E. Olivier 198) alone gives a sketchy description of
the geographical areas of distribution of the four big groups of lampiridae

(Lamnvris, Luciola, Photinus, and Photuris). Vogel, who has published most

extensively so far on the native lampyridae, 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] P&hausis solendidula is not to be found in
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the European area north of th3 Hamburg-K.slin 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 with Photinus friaidus
(American) extends farthest to the north, to southern Scandinavia (about 600
north latitude), England (not in northern Scotland and Ireland); it is found
on the iberian Pezinsula, in the Apennine and Balkan Peninsula approximately'
to 420 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 Lam ris occurs high in Alpine locations is shown by a find on the
Hetzkogel, 1542 jieters high, near Lunz in the Lower Austrian Alps, in the im-
mediate vicinity of the peak [see Note].

ENote] For the report of this find I am indebted to my friend N. Siscbka,
cand.rer.nat.

The geographical and perhaps also 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 C I 1-3). It is interesting in this connection 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 temperature averages in hann's Handbuch der Klimato-
lo9io (Manual of Climatology), Vol III, Klimatographie (Climatography),
Stuttgart, 1911). From the south European area (not below 420 north latitude)
the points Perpignan, Montpellier, Avignon, Marseille, Cannes, and NAce:iere
chosen; from the central European, Frankfurt, Kaiserslautern, Nuremberg,
Karlsruhe, and Stuttgart; from the north European (not above 600 north lati-
tude, Mandal, Skudenes, Sand~sund, Karlshamn, GOteborg, Jbnkbping, Visby,
Stockholm, and Karlstad.

Table 15.
A•verage for the

Average for the Average for the
Summer S nnths Winter Months

and Fall Months Average
(May-August) (ADril-October) (November-March)

South Europe 20.60 C 18.50 C 8.15 C 14.20 C
Central Europe 16.30 C 14.20 0 2.00 C 9.10 0
North •Roie 13.70 C 11.30 0,1°-C 6.6° 0

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, vhich constitute the months of
chief activity of the larvae, is at a temperature at which the animals remain
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normally active, and that the. averages for the winter months do not drop be-
low zero. This aspect is im •ortant when we compare with these data the ob-
servations concerning the annual activity rhythm (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 mechanisms against desiccation keep the creatures in an environ-
ment to which their morphologico-anatomic and physiological qualities are
adapted, namely 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 mre by-
product of my work.

The conjectures in the literature that our native lampyridae as a rule
have a one-year developmental cycle (Acloque C11, Newport [951, Vogel L129])
were opposed by others (Hdllrigl [62], Main E79], Rogerson E"On the Glowworm,"
Philosophical Magazine, Vol 58, 1821, page 53], Verhoeff (126]) that postu-
lated a two-year cycle. For non-Aropean lampyridae, Hess (58] assumes for

Photinus consanpuineus, Photinus scintillans, PvroDvya fenestralia, and 'most
other native (- American) fireflies" a two-year cycle, while iutson and
Austin have demonstrated a one-year period of development for the Indian
firefly Lamwrophorus tenebrosus.

Except for the last-mentioned finding, no one seems to have succeeded

up to now in raising lampyridae 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 ainds 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 sioe may be observed. For a one-year cycle I have
found neither supporting data nor argwmept for successful raising within that
time.

These contradictions, because of the too small nuamber of experimnts
and observations up to now, are based on only a few individual insects.

The differing and uncertain statements concerning the developmental
cycle, the obvious difficulties in growing the larvae, and my desire to obtain
as many adult individuals from my breeding operations caused as to begin on
a large scale. I began with 4289 Lamjyr egs, which hatched into larvae
with very mall losses (page 38). In the case of PhauMsia alSdidua I tried
gowing from the eg lose intensively, because I asased I could get
enoug imagines, as both sexual forms of this species luminesce quite visibly.
- On the basis of this extensive insect material I can maks quite sure state-
ments about the life history and habits of my Insects.

S. .. ' " r n t



1. Ez--Layini, and LayinLs of Ft,.rs

Females 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 imago that a copu-
lation takes place, the longer it may be before the egg-laying. This fact is
also deducible from a variety of observations in the open. The egg-layin-
may occur 6 to 8 days after copulation if the female copulates immediately
after emerging from the pupal state. This extreme case, to be sure, may not
occur in nature, since the female as a rule remains inactive for a certain
length of time after shedding the skin (see below). This is probably causally
connected with the maturation of the eggs. In dissecting freshly hatched
females - and for comparison older females - I was able to satisfy myself
that the eggs are in very different stages of development depending on the
time of ths imaginal molting. It is true that there are normal-3ized eggs
immediately after the shedding of the skin, but a large part (especially in
the distal end of the ovarial pouch) ar* considerably smaller. This condi-
tion changes progressively, though not always in the same time relation with
the imaginal shedding of skin, until all thoe s_reach a certain siza and
are ready for laying, after about five daya on the average. In most cases
the oggs 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 veil covered ground in preferred ovr open, uncovered gound. In
the open the female does not travel veri far between copulation and egg-laying,
but " the agge in the immediate vicinity of her habitual place to shine
every evenir4 or in the place where she hides int he daytime. As a rile the
places chosen are well protected places in the grass-root mat very close to
the gound, in cracks of stones, under atones, in coarsely friable earth, on
the underside of the leaves of small ground plants (e.g. mosses), - in other
words always as close as possible to the -one of contact of earth and plants,
but not actually underground.

After mating the female as a ule no longer appears in the evening in
typical gloving position, nor does shi an• lorger glov. An exception to this
is found in Lmyris females which iAer laboratory conditions) are brouht
together with a male imsediately eC'tr shedding the akin. These females lay
only a few eggs, either imediately or after a day or two, and then spin
exhibit complete sezmul appetnc behavior (which see). Then after repeated
copulation all the *s are lald. This behavior points to the abovementioned
increasing maturation of the *gs after the shedding of the akin; in addition
it soma that the spenastoboa cannot be viably stored for several days. 'he
female goes about very slowly, almost searching, often with the OvipositOr
slightly outthruat, them with boring, searching motions pushes the fu lly ex-
tended laying apparatus Into, a crack in t) XnaW or,. with dowm atd oxrvi.-,
abdomen, under a masn leaf or root fiber (Ftiare 23). TMe eSP are thus laid
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GRAPHIC NOT REPRODUCIBLE

' .. - ..

I, .. " • .. •, •.. :I,

? .Ca.re 23. L -m , ris female laying
eggs. (above) . '

Figure 24 (right). Batch of*Lamyrnis 3 *

eggs lai at one time (about 7 x). .

singly, though in fairly large nyber in favorable places, otherwise scattered,
tut in tnhe normal case never harn#ng to,-ether in clumps (?iJura 24). To each
egg that is laid is added a drop of viscous, sticky, colorless liquid ranat
fixes the egg to the surface it rests on. This adhesive drop my immediately
precede the emeraing egg or be secreted siultaneously with the egg. In both
cases it imzediately cse rounds the egg an my have 1/3 to 1/2 the volume of

the egg. With a certain skill and caution and with knowledge of the approxi-

mate chronological sequence of the emergence of the eggs, egg-laying can also

be experimentally induced in the female that is ready to lay, by stroking the

abdomen of tha insect from front to back with a gentle pressure. %,ring the

2 to 3 day duration of the egg-laying the plump mature female visibly decreases

in volume, and at last is paper thin when she has laid all the eggs. After

the egg-laying the females die after a varying length of time. All females

were dissected post mortem to determine the exact number of eggs, for not all

egas were laid in all cases before the death of the insect (not even in te

open). 'Aile it is often small, obviously imaature (citron colored) egos that

are found post-mortally in the ovaries, that is not an invtriable rule, for

often eggs of normal sise and obviously mature (light orange) are found. In

62.40 of 46 accurately checked cases all tho eegs were laid, and most of the

other females contained only one to three eggs. The cases in which only 10

to 30 fertile eggs were laid cust have been anomalous because death occurred

prematuarely. :ozal1y a laying consists of 60 to 90 *ga (average of over a

hundred layings in the open and under cultivation); only occasionally are

laying. of a little over a kmadred eggs encountered. Reports In the liters-

ture of hundreda of eggs (Kuhat £701, Kaiser [,'4te Luminescence of Laaaula
Sd L.," Anzeicer der Akademie dor WisensSchafte. ";Ie (Informer of

the Academy of Sciences, Vienna), Vol 17, pages 133-134, 16541) canot be

correct. The absolute n=mber may fluctuate considerably: 41 at the minimum,

198 at the maxism (all 1=mre, often tny eggs counted in). It =y be
conjectured that this difference is correlated with the difference in 8ise 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. 3ach 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 mm,
untransparent and light orange in color. (The rather large e-s fill t•',u
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 the
atmospheric humidity). The surface of the egg is not entirely smooth, but
appears under 150 to 200-fold mr.gnification to be marked irregularly wi;h
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 egg skin is thus no ab3olute
protection against drying. But since in the natural biotope the eggs, in
view of the high atmospheric humidity there (see paces 19 ff.), 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 controvosrsial question in the literature is the question of
whether the eggs are luminescent or not. The answer to this question Is often
represented as decisive in the matter of whether the process of luainesoieno
is to be regarded as purely a luminescence of the species itself or whether
it may be considered as conditioned by symbiontic luminescent bacteria. (For
further discussion of the symbiosis problem see Chapter 3 I 3.)

De Belleame (61, ongardt (103, Dubois (351, Fabre (40], Gerreteen t45],
Ress t58], U511rigl1(62], Hutson and Austin (631, Knauer 168], Kuhnt (703,
main [793, Verhoeff U1261, Vocel E128,1311, and Vielowiejaki E1403 have ob-
served a luminescence. Crspa (32], Haupt 1571, Neissner (903, Newport [951,
and weitlaner [13•? do not believe that the eggs themselves are luminescent
or note expressly that they have never observed it. ven among those who af-
firm the luminescence there are opinions that do not assame any inherent
luminescence of the ew, but rather that the es are smeared with a luminos-
cent substance.

In the many egp (fertilized and unfertilized, about 6000 all told) that
I was able to observe in the course of my investigations I establiao t.Ue
luminescent Capacity not only In eggs laid in the natural way but also in eggs
found in the body cavity of mated and unmated females whose luminous organs had
remin" entirely .unasad , as vell as in externally sterilized eggs of
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mated and unmated females. (External sterilization by a five-minute bath in
1'ý solution of chloramine in alcohol, as recomended by Fink, Zeitschrift
fUr die iMor-hologie und 6kolo•,ie der Tiere (Journal of Animal Morpholo~y and
Ecology), Vol 41, 1952, page 78, or in a five-minuze bath of 2% qulnosol solu-
tion as recommended by Nordgren and Fumkquist, Nordisk Hyvienisk Tidskrift
(Scandinavian Journal of Hygiene), Vol 21, 1941, pages 269-294.) The lumines-
cence of the eggs is therefore an inherent luminescence (Figure 25). Contrary

to various opinions that the egi-s glow
only at certain periods of their develop-

, ,.ment, I was able to establish lumines-
cence throughout the entire period of

' " ""egg and embryo development. At first -

"whether inside or outside the female
.I body - there is a weak phosphorescent

"" '' glow distributed over the whole egg,
while in about the last quarter of the

,. embryonic development the glow is con-
. .centrated more in a definite place and

E is similar to the light of the larva.
SFigure 25. Externally sterilized Probably at that time the "luminous organ"

eggs taken from an unmated female is identical to that of the hatched larva.
(Lam•iris), photographed in their The glow of the eggs can be intensified_
own light. (About 8 x.) by mechanical stimulation.

It must also be mentioned that unmated females show a quite different
behavior in egg-laying. The sexual appetency behavior appears greatly height-
ened (cf. Chapter D I 1 b), while the eggs as a rule are retained until short-
ly before the natural death. (This is also observed in the natural habitat.)
The unfertilized eggs, which do not differ externally from fertilized ones,
are then expelled premortally, either by repeated efforts and in .clulps, or
else in one single convulsive squeeze, after which death usually occurs im-

- ediately (Figure 26). Almost always a more or less large part of the eggs
are left in the ovaries; only rarely are no

..- eggs laid at all. Apart from the clumpy Con-
figuratioL infertile batches of eg&s may be7 7:recognized by the fact that the egg skins do
not harden; the eggs do not adhere firmly to

" "S; the surface on which they are resting, like the
f. •F.fertilized ones, and occasionally they shrink a

! • I " "'• ,.•' little, take on a dark orange coloration, and
putrefy or grow mouldy, depending on conditions

I ___ __ _ in the vessel, in a varying length of taie
(usually within one to three weeks). It is to

-E be assuaed that the liquid secreted in ordinary
Fare 26. Egg-laying un- e*=-laying is not given off with unfertilized

. mated female (DLU ), eggs, and that that liquid has not only adhesive
c shortly before death. but also protective functions, against 220haniCal
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and infectious damage. "Fertilized" eggs (- eggs with solidified egg cases)
in which no development into the larva takes place will keep up to a year ac-
cording to my observations (perhaps even longer) without putrefying or becom-
ing moldy.

The processes described for Lampyris are very similar in Phausis.
Time, place, duration, and manner of eg&-laying are as in Leanyris. One dif-
ference is that there is not as high a degree of willingness to lay eggs in
captivity; unmated females often die with their entire stock of eggs. In egg-
laying a spasmodic, powerful contraction of the abdomen both lengthwise and
in the dorsiventral direction is noticeable, 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 L_._am
m3O eggs. A laying consists on the average of 60-90 eggs; the absolute num-
ber is 57-147 eggs (in 34 dissected females). As to luminescence of the eggs,
what has been said of Lampvris holds here too.

2. Embryonic and Post-Embryonic Develoment

I did not study the embryonic development myself, and shall describe
here only the visible processes. The opaque eggs, at first light orange in
color, do not increase in sise in the course of developemnt, 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 changs in

the coloration of the egg and in the inner structure makes itself evident.
Toward the end of the egg development, inside the egg, iihich is becoming only
a little more transparent, a separation of the egg mass sets in; a light
orange peripheral strip (probably the developing embryo) surrounds a lighter
central portion (probably nutrient material). At about this time the diffuse
luminescence of the whole egg changes into a concentrated point-like glow at
a spot not precisely determinable. The time taken by the development mast be,
as in all Insects, dependent on external factors, especially on tezperatwre
ad humidity. Thus in the case described on pa 36 part of the eM 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 18-200 C and about 80-100 relative humid-
ity the larvae hatch more or less constantly aftr 35.3 days (average a 46
layings). It ist be borne in mind that not all eM are laid on one day &i-
ialtaneously and neither do they hatch at the same time; the period of hatch-
Ing may extend over 8 days. In most reports the time Is reckoned from begin-
nina of laying until the hatching of at 1.t 75% of the esp. Under wmitable
eoaditions, adjusted to those of the natural eaviroommt, mortality Is very
low; from 4289 eggs 3967 larvae hatched, the mortality thus bein 7.5% aon te
average. In many laying, the hatching rate whs 100%. The perontage was re-
duced to 92.5% only by a few batcos that for aocm rea•s developed badly.
With the abov, -naioned exception all the layinge had hatched by the ed of
September. e..ortls asmmption of a two-year d0. _opMtal period
only In the case of larvae that hatch out too late in thseason, 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 mm, 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. 7ne integument of
the young, freshly-hatched LamDVris larvae, up to 4 mm in lcnGth, daskens
within seven hours, and they are then quite like the older larvae, even in
external appearance. Immediately after leaving the egg 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. Afterwards, even in
the first few days, it is very active and takes nourishment.

In the young larvae during growth and after sheddings of the akin un-
til 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' ' r•-
tract the head completely; measurements of length give extremely variable re-

sults depending on state of nutrition, and are also inaccurate because of the
possibility of a telesooping contraction of the abdomen. I did not succeed
at the time in finding any narcosis not dangerous to life that would for exam-
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 studies of that
matter lay too far outside my aotual field of investigation.

If we compare the chronological sequence of moltings of the larvae from
several layings (A-0) it is cospicuonus that they take place in each case ap-
proximately simltaneously. (Cf. time of appearance.) oxample:

,evink A B , D
Fir~st
pint FebrarY lebro Februa Fe Febrwa webr ,

"e.g. 14, e.g. 10, eot . 10, e.g. 21, e.g3. 1 15, l1
18,23,26, 11, 17 13915,179 28. and, 2,3,B 22 n
27 24 2t March

Nmra larme noted an on ay In *a&h cea

swit, (20.19) (20.26) (20oNoy* (2.6) (7) (26) 06• PW.
1.2 June) 4 .,fto)

In mwa 0WHO Severa 18no salted an one day

(4) (4^18,) (7) (4) t.14 Juno (12) (97/)
mZ~ycmxdast• ore tba I lam. Waoe1 a m oe doy

swim hwaSniter t~i mo Sept. (5) --- 20 64L 17 $Wept
AW (26) so.



These data are for broods that were kept at 18-20P C even during the
winter half of the year. In scattered cases the larvae molted as early as
the beginning of December, bafore their winter pause in activity (Chapter C
III 1 a). 'Under outdoor conditions the larvae do not molt in the same year
that they leave the eggs. ID tho outdoors the first molting begins somewhat
later tha•i shown on the above table. It is found, however, that in an ob-
servaticn periol of more than a year the molting periods within one laying
vary little, and that even in several layiAgs (under approximately similar
conitt.one) they remain fairly synchronous. Comparative and supplementary
material from outdoors permits the conclusion that the abovementioned molting
periods all shift somewhat toward the end of the year, so that the first molt-
W takes place soon after the winter rest (March-April); the second and third

by preference coincide with the months of most active food-seekiug on the part
of the larvae (July, August, September or October). In year-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
las; year of their larval period (i.e. before ppuatlon) I was able to fiA ,t
moltin only in exceptional cases, so that a_-totil•ofomly four to amaxium
of six moltings a to be reckoned -4tu i,,e la'val pe.iod.1 Thia relat•vely
=all =nbea of moltings over a 3-34 monb larva. period with a growth- in
lemgth by a factor of 5 to 9 and app-oxzaaterv a •s.$-.ol3 growth in breadth
am be very well compensated for hy the lan&a %hzaquh geat streotaing of e
in*In& betw•en L" aeamts on the oe bud ad • tergites,
plman, and steomites an the othor.

The molting Is prea(de I by a three to aix-day-rost period, d&utrg W4ch
the lamva usually moves enay in response to mechanica.l or liht stiall. It
Ires m its-bat ,or side S a place Wote d from the ljit,vtl ab1cgoma
MUrvd ventrally into a teirele, Until leavin the emvia. That the larve
burow into the gro'w• for -nlting I w.a n-am-r able to observe, althoUW thqj & ad aao to jo so (sandy s•il, mo.d ýalmp -. gau -larvae do make then-

$elves a hole under leaves Wi the IAL, of
S. • .... • Azla• to oval outline, as 4eanriw In *n

".nwton withe 09 Pal molti 'w'e 27).
'Z rane cases lave me obeer-i;4 that molted

="l. Shells that hWA pmhov asy esp m
• .". •.:..0,.`:• a?-ty, A d"y or ,o teon Nei" as U

int tbpotirsofto~avia (T!he.mpty

SAt ab~t t esub time, it is Poessble to see
LL....-. m '•• ' the oetoz of the la-va in its neow/atoe-

• • ,tm. fmeat tmh the intesrm eatal meebmue.
(ope6) of a Zanediatedy beforee te bmt14 of t0e eu(•m ) a~ •' la . ateemet the euvia par of t last t•
oft d b Is me 1W mm e esa ets o the a tm as lSle"

atf Usmt the. asa MW 4 hap "l~ n odm~
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GRAPhIC NOT REPRODUCIBM
The exuvial integument is tightly
stretched over the rest of the body,

.- •-~- .:"f\ •but seems to have little contact
,•/ .; with it, since the divisions between

' the sepents in the old and the new

0. ". inte ument are not in line. The
• -anterior end is subjected to the

'~f....t, reatest pressure short~ly before
the molting, for at this stage quite
a slight pressure from outiide on
the prothorax often suffices to

Pi•4•j 28. Larval molting. cause the skin to burst o>:it The
([mpra) 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 thrustin, forward movements of the
larva to free-itself, by contraction and stretching length-
wise and by movements of its anterior end, the trmasvcrse
slit is first widened laterally on both (ides to the posterior
corners of the prothorax. it the time that parts of 'the fore-
logs become visible the integument tears further -- probably
because of bracing actions of the logs - in the caudal dire"-
tion along the pleuron-tergito line to the metathoracic seg-
ment, and occasionally as far as the first abdominal segmerit
(Figure 28). Under this big cover, act by leg zovements, but
by alternate contraction and stretohirg ol, the abdomen, the
la-rva "iwuhes itself out of the exuvia or puahes the exuvia to
the rear, presumably with the help of certain large anally
oriented Wetas nixuated on both aides at the posterior corners"
of the s-cor4 t4 eighth abdominal sternites and vith the fur'
ther -Ilp oi the pybopodium, which is already capable of lmo-
tioning. After molzinz is completed the unpi8Mented laram
(f undioturb4o) lleS tmost motionless on its side for several
hours, except for oocaeloral violent movements of the head,
i. which t*ia head asu the parts of the neek iaportant in cap-
twoe of prey (accoring to Voel parts of the prothorax rAd
%he cephalic Opsuple) are stretched forward to their max=ium
capacity;Lin th si way the pygopodiuM is extended to its
wUmUM capacity sa. ret-acted. "%Ioe The larva ft equn"tl
rtaks rests of V.a"Ti duration audi twix he Molting process,
the duration of molt4.n =6%t be eU tinted. iiorpsaly
It can be *ozpleted in Lwo to four hour. :t takes place at
night or on dark, ovarcast days• in the latter case usually
in the aorn• or eveaing hours. In the normally aolted
larva the leps are practicaLly Incapable of movement, stiffly
stetched toward th rear, for about five or six hours. After
tt,h& normal aovemoet is possible, but the larva if undis-
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turoed remains inactive for about twelve hours. Zot infre-
quently a molting miscarries, and this may happen at quite
varied stages of the moiting process. Thus e.g. the outer,
old integument may be already loosened from the new one, the
head retracted, and the last abdominal seements of± the exuvia
already empty, and still the larva 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 casas
the unsuccessful attempt at molting ends with the death of t•.e
larva. In only two cases was I able to observe that a larva
had freed its head and legs from the exuvia (in one case with
my help) and that the relatively long abdomen still remained
in the old integument. The two larvae survived; the free ex-
uvial parts broke off in the course of time, and the abdominal
exuvial part burst - especially in the intersegm-ental men-
brines (movements, expansion) - and was cast off at the next
molting. - Deformities occur in the larvae from poorly molted
appendages, especially mouth parts and legs. Cases in which
the mandibles, feelers or antennae are badly deformed end in
the death (starvation?) of the larvae.

The freshly molted larva is almost colorless with the
exception of the heavily chitinized mouth parts and the ocelli.
The tergites, sternites, and pleura in particular, however,
very rapidly take on first a light gray and then gradually the
final dirty dark gray coloration after about 24 hours. A fresh-
ly molted larva can 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 tergite3, sternites, and'pleura).

Molting into the pupa occurs in
the same way as larval molting (Figure 29).

.0oIt is preceded by a rest period of 8 to
20 days during which the larva assumes the

.& same position as in the case of a larval
V 'molting. The time of molting is dependent

r. • f .on the local climate. Near Mainz the lar-
• , • .•" , vae pupate usually in Ma•y; in the harsher

climate of the Palatine forest pupation
SE'" usually does not take place until June or
S •.even in July, in extreme cases not until

September, as I deduce from the late ap-
pearance of the Ldeduris females. With

• .- ". ,." hieer temperature (room temperature) sa.d
"arlficially curtailed winter I was able

?is. 29. Molting into to get pupae as early as March.
the pupa (LMP.Z11 Puupation also occurs in places pro-
male pupa). tected from light. The pupa is capable
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GRAPmC NOT REPRODUCIBLE

of quite considerable movements,
-. , - in fac even of "locozoajon."

"* "hrou.h the very thin,. trans-., :...._, ... .. %.• Parent pupal exuvia an..inc~reasing
I. .darkening of the at sIrst waxy

.,1ite -2,o may be seen, but this.: ~ ~ ~ ~ ~ ~ 4 ,6 ... .to• .•. o s n t e c
S oes not reac its • clir.ax until

..-. shortly before tne zoting into
,., -,the imazo. The duration of the

J•• " al eriod (not counting thet ._-__-_._•"- -p Ing- t period) differs
between the sexes. The malies re-

Figure 30. Pupation chamber of quire at 200 C from one to three
Phsusis (opened); male pupa and days longer; this may be condi-
larval eravia. tioned by the complicated morpho-

logical development of the males
(wings, eyes). The females of

i ris take 10-11 days before the ima.,inal molting, the ____
.zrass 7t~ake 10 ~ the avr1 n cu intesm a simales on the average 13 days. -- in Phausis the pupal stagei lasts 7 days on the average and occurs in the same way as in

Lampyris, but with the difference that the larva makes itself
a hemispherical pupation chambber of about 10 mm diameter, open
at the top, under a leaf, bit of wood, or the like (Figure 30).
Also the increasing pintientation -can only be seen in the eyes .
(the pigmentation of the male imagines sets in only after the
imaginal molting; the females remas.: .npigmented throughout
life ).,

In the pupal stage the well-known sexual dimorphism

shows up for the first time (Figures 31a,b).

0

, . . •

Figure 31a. Soxual dimorpahism of Larnwris pupae (female left, male right).
Figure 31b. Sexual dimorphism of Phausis pupae (male left, female right).

-1,6 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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i GRAPHIC NOT REPRODUCIBLE

7 N

32a 32b

Figure 32a. iEoltin&r into the imago
,.(Lamvyis male).

Ar .'A e. Figure 32b. Miolting into the imago
~'?~M'~ ~..(Lampyris female).

SFigure 32c. Pupal exavia ofa hui

Lm m m~~inW.female.

32o

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 apecies and in the Phui
female it bursts along a preformed dorsal median 'Line from
the anterior edge of the prothorax to the first and often to
the second abdominal segment. This crack usually does not
tear laterally to both sides at the caudal end to form the
T-shaped molting opening characteristic of many beetles (Fig-
ur'es 32a~b,c). M~olting to the imago miscarries more often
than that to the pupa. The thin skin occasionally tears in
a transverse tear between thorax and abdomen; the insect,
left to itself, is then only able to shed the posterior part
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, inca pable of
flight exhibit (as has also been observed outdoors) a sug-
gestion of appetency behavior, find females, and are normally
capable of copulation.'

The appearance and disappearance of the imagines is
also climate-conditioned. The imagines of both species ap-
pear approximately siL-u.taneously in one biotope, but the
whole period of appearance is over sooner in Phausis than in
Laiyi (Phausig toward the end of July, Laiyi until Sep-
tember). The main time for both species is June and the first
half of July. According to my observations and those of other
authors (HU11rigl £62]0 Knauer (68), Verhoeff [126)) the main
period of appearance of the two species coincides chu'onolo~ic-
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ally. According to Bonardt [9,10) and I.iacaire [76] Phausis
appears later than larnnyris (according to Bongardt by three
weeks!). In a four-year period of observation I found that
almost all imagines (especially in the case of Phausis) ap-
pear suddenly in a biotope 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 main periods of
appearance and flight if I .ished to have enough specimens

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 environmental con-
ditions, for it is a striking fact that what has been said
is particularly true of the smaller biotopes (of up to about
150 square 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. For Lanpyris, since the males do not
glow, I must rely solely on experience in growing the insects.
For each male there were three females (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 males to 15
females). But since in this case both sexes glow, it is pos-
sible to get some idea out of doors. There the ratio 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
•ofteen remain unmated in spite of complete appetency behavior.

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

Males of both species: Normal beetles with wings and
elytra, large eyes (of complex structure; see Chapter D 1 3),
long, hairy antennae; in the ZLnpmris 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 imaginal luminous plates ventrally in
the sixth and seventh abdominal segments besides the pigment-
concealed larval organs [see Note]; smaller body size, espe-
cially in the case of Lampyris.

[Note] T7he larval luminous organs of LempyTis consist of one bulb-
ous process on each side in the eighth abdominal segment. In PhAusis these
larval l•,•inous organs are found laterally ýn variable arrangement within
the species from the second to the sixth abdominal segment as luminous bulbs,
odd or even in number. Within the individual, however, the arran.;=nt re-
mains constant through successive moltings. The nmber of luminous points
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varies from three to twelve, but most often six are found, i.e. throe pair
of luminous bulbs. The larval luminous organs remain capable of function
throughout all post-embryonic stages of development (but hidden in males 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 (Fig•are 38a-e). GRAPEWJ OT .I TODUCIBLE

a b

d

Figare t3 a-3. Luminous organs of the luminescing stages of Lamuyris and
Phauesi (photographed in their own light). a)LmDYris larva; b) Pmgjs,
larva; a) Lamis female; d) Phausis female; e) Phausis male.

Females of the two species: Small eyes, wingless (in
Phausis rudimentary elytrah incable of function), shorter,
less hairy antennae. In both species besides the sunction-
ing larval organs imaginal luminous plates ventrally in the
sixth and seventh abdominal segments. Iiampyris females are
as a rule larger than the males, of clumsy, not well articu-
lated build. The larva-like females are almost sedentary and
very sluggish, while the males are typical very mobile beetle
imagines.

The lifetime of the imagines is relatively short and
serves solely for reproduction. (Cf. the question of intake
of nourishment by the imagines, Chapter B II 1.) Immediately
after the imaginal molting copulation can take place, and
after a more or less complete egg-laying the females die.
The males live about as long. From outdoor observations and
under artificial growing conditions this period is found to
be for Lam-ris males and females about 10-18 days (M. _. ca
averaged 127, 22 females 14.5 days at a constant 206 Ci,
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for '0o hu.is femnales 7-10 days, for uis males only about
5-7 days. Under outdoor conditions the lifetime of the males
of both species is often about 1/4 Shorte.- than these fiaures.
The lifetime can be extended by preven•tin copulation and by
low temperature (e.C. 100 C), in ranoyris females up to ten
days, in Laripyris males only about three days. In Phausis
the lifetize can hardly be lengthened significantly. The con-
ditions mentioned on page 34 in connection with e-g-laying
Play an essential r3le in detairmining the life span. Thus e.g.
(in the L±,zrYris female) the lifetime may be reduced by immedi-
ate copulation after the imaginal molting (only under artifi-
cial conditions), early eg•-'ayi a, and early death (to only
5 to 7 days). Similarly the life of a male that copulates often
is shortened.

Approaching death is intimated by similar aging phenomena
in both sexes. About 1 to 2 days before death the insects show
locomotor movements only in response to mechanical stimuli;
movement then is awkward, sometimes more or less uncoordinated;
the insects often fall over and remain lying on their sides or
backs without making the turning movements that otherwise occur
immediately. In the males 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 females, which have ejected a clump of eggs pre-
mortally, presumably are usually fixed in that position with
the sticky eggs. -- As a rule the luminous organs glow pre-
mortally and for several hours postmortally. Males and females
of Phausis not uncommonly bury themselves before death, but I
have never observed that in Lam=vris.

We shall discuss here only the luminescence Wihich occurs
under natural circumstances in the life of the larvae and pupae,
and not that induced by unnatural influences (for which see the
physiological literature mentioned in the introduction, which
is predminently, though in many points contradictory, a physio-
logy of the luminous organs). The diurnal distribution of the
periods of luminescence will not be taken up until Chapter C

It should be stated at the outstart that the luminescence
of all post-embryonic developmental stages is limited to th,
definitely circumscribed luminous organs and not, as Czepa L32),
Macaire [76), iXeissner [92), Verhoeff [126), and Weitlaner
[137J state, distributed all over the body (on this point of.
Figures 33 a-e and 79-81).

Lamp is larvae do not glow continuously. Bongardt as-
sumes on the basis of superficial experiments that inescence
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once begun continues, whether 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. IN'ormally
(i.e. outside of the larval or pre-pupal rest periods) the
larvae glow at completely uncontrollable variable intervals,
without visible external cause (of. Figure 38). Bven the most
powerful mechanical stimuli are incapable of inducing a glow.
The duration of luminescence varies from one second up to
minutes. Frequently the pattern of the luminescence of Lmn-
Pvris larvae is that their light lasts for about 4 seconds,
reaching a maximum intensity by about the end of the first
quarter, holding that maximum for about another quarter of the
total duration, and then gradually decreasing in intensity
until 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 lazva 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, so that the ventrally located luminous organs become
invisible but the luminescence, as Bongardt believes, still
continuesZ.

* On the luminescence of Phausis larvae there are only a
few observations (Hfllrigl, Verhoeff), but they are all to
the effect that Phausis is disinclined to glow without extern-
al 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.g. of blank cartridges).
If they are stimulated repeatedly within a few minutes, as a
rule the luminescence fails to occur. As Figure 38b shows,
however, they too glow voluntarily. The duration of lumines-
cence is commonly longer, but just as variaole as in .ampyris
larvae, but it increases in intensity up to a maximum often
held for minutes at a time and then decreases to total ex-
tinction of the ligzt.

The larvae of both species behave like the PhuAsis
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 ever stimulus, no matter at what interval
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 pupae is
to be attributed (Meissner and others), since merely breathing
or movinZ around a 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 dayzliht or under
artificial lighting. The many contradictory findings of other
authors are very probably to be attributed largely to this
circumstance.

3. Raisin. Fireflies and 1ts ?'esults

In the literature there are no reports of successful
raising of Lnamoyris or Pha-usis larvae from egg to imago. I
attempted, raising them in Zlass dishes (5 cm high and 10 cm
in diameter, which were covered with glass plates and the bot-
tom of which was lined to a depth of 1.5 cm w - layer of
gypsum which when filled with diszilled w.rater providcd for a
long-lasting uniformly h--•'Zh atmospheric humidity in th vessel.

Large-scale raising was started writhin a year (from
over 4000 eggs). Plant and aniimal pests (Chapter E 1 2), feed-
ing difficulties, molting crises, the attempt to accelerate
development zithout a vrinter rest period at a high room tem-
perature (200 C) all year round, and other unfavorably chosen
ecological conditions are largely responsible for the high
mortality. (Only 60% of the insects lived from September to
December, 7V until February, 2% until April.) The animals
grown in ;his way were on the average larger than those of
the same age under outdoor conditions. Of the animals grown
in this attempt of course none were used for experimental pur-
poses.

After this failure I investigated the various ecologic-
al factors (Chapter C 1) and arr•aged the growing vessels in
accordance with the findings obtained and with previous know-
ledge. The gypsum bottom was replaced with sand, which could
be more easily kept clean and more easily changed, so that
hiding places for pests were considerably reduced; the larvae
were given a little forest ground litter for cover (leaf lit-
ter for Lam.yvrjoi, mainly raw humus for Ph ); the growing
vessels were also protected from direct sunlight and alwakvs
kept moist; a winter rest period of at least one month at
0-o50 C was observed (of. Chapter 0 I1 1 a). The greatest
difficulty in raising them from the egg is feeding the ,reedy
young larvae with correspondingly small snails, up to about
3 or at most 5 mm in length (or in shell diameter, in the
case of shelled snails), which incidenta'.ly renders necessary
the raising of anails, not easy in itself. In the sliM6 of a
sral1 that was too big for them but had been attacked anyuwa
or on pieces of snail put into their vessels, dozens of larvae
had often gotten stuck overnight and presumably suffocated.
Losses at molting and from the attack of pests were unavoidab2.c.
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Because of the long period of development the renewed
effort to grow the insects from the e 6 has not yet been com-
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 developmenta1 cycle and particularly
on its duration I obtained on the basis of about 600 Larmvris
and about 400 Phausis larvae and imagines that I have obtained
from outdoors in the course of the years. These were fo ".
most part from year-old to mature larvae, most of i:hich I
brought through to imagines. I have thus had one-year larvae
under conditions of cultivation for far over a year, and be-
cause of the difficulty of obtaining Lampyris males i am con-
centrating my interest entirely on these raising attempts.
At least with them there were no feeding difficultiLo thotgh
there have been serious losses because of pests and d.uring
molting crises. Although so far I have 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 wiped out a small, well-
defined l biotope of about 30 me 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
on average laying (75 eggs), the loss would be 84a (an equal
number of developing males reckoned in; cf. page 45). During
the period of appearance of the sexual forms in the second
year no females were observed (in the case of Lam~r64s, males
cannot be checked). Ieanwhile I had pres-umably caght all
the larvae, for in the third year I found none. There were a
total of 56 year-old to u.ture larvae. This number, too, shows
the great losses during development in the natural habitat.
For Ejsis the losses may be estimated as lower.

This thorough investigation of this habitat permits
conclusions as to the length of the larval period 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! - Pigure 34a, 1-Ill) shows
clearly three well-differentiated size classes: 34& I is of
the same size 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 same year, and 34a II is a 32-month-old mature larva,
wnVoh pupated in 4Way. A further indication of three-time
winterir.n of the larvae is given by the fact that in Septe•zber
and October I found lampyris larvae that In point of size were
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Figure 34a. Three lnnrris larval staiete (!-ll) fouand at the sa.e time out-
doors before the pupation season (April). I - one-yea.r-old; II - two-year-
old; III - three-year-old larva (on millimeter-ruled paper).

Fig-ure 34b. TNo Phnusis larvae found at the s•sne tize in ';ovemter (after the
time of appearance of the sexual fors). Left: one-year-old larva, right:
two-year-old larva, which pupates Qhe next vmor (on -illiketer-zuled paper).

full-Srown, but had not developed rinro i.•ns in the summer
Just past and lived throuih su.o;er w",':.. •.. this case the
larvae (also accordiin to zy l•bora--' i,=.o) could only
have been of the ata7e represeniV in-..ure 3,a (II), which
did rot become sexual forms until. following, spring.

LverythlnZ v:oud see= to tel. in favor ol a ;.ree-year
cycle in Tamnvris (,',i;h tre larvae livin: through three win-
ters and thus _roachi an aze o- 2 2/3 years). The situaation
is similar wit" ?'-• ; t6ou•h in this case I have only
conducted t-' 'ain- ':-om the e, for a few months, the
laboratory observations on older larval stages in connection
with outdoor obiervati-,1rs show a three-year cycle here, too
(Figure 34b).

The table on the next page summarizes the findings
from growodng exporimen;s and outdoor observations for L& ...
i 5yris.
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Table 13 [sic; Cr.% ;_a~ce0

E.a :bryonic diwelop~cat C-35 days

o It Zoltin. 7-3 = c * n 1 st winlter* rest prordc)
To 2d zotizs4 =onths

(To 3rd moltixnz) 2-3 MW.o th3
T~o 4th =oltin,. 6-7 zot~ (.+ 2r.4 win'taor rest pario4)'
To 5t~h rmolzir. - "- a
Tno 6th molting 2-3 moths
To pupal molting 7-9 zths 3 (t 3rd viznter rest period)

Total larval period about 33-34 zznths

PuNpal Puapal period 9 day,;
Stao _(male rid fe~le)

c~adult 'reriod I

Peiod ueio (=zed 10 16 day-

Perodof*Z-Iayim, as a rale, 2-3 day-~
Tim after eZ3-layir; as a r~ale, 1-3 days

"*% duration
of life cycle about. 33-34 oaths

III, Biology of the Lemv

Vith reapr, to the -q~ttz of larvae of the u~ri se
opiio"of different authra arv uiiver~cnt; zieordWn to Bonb~rd; LID

the larvae (no i:Aeiron14 off &;csos) az-e activo throA*aot the y~ar, NO,

oosiz4in to Vogel (129,1311 UW~ go Into "hibomtIong &M~ accordin~g to[ liens(411 and senort 1951 there La a wi~ur rest period dependent solelY
on tpw;atUro.. Uhe larie Of v.0 foraiý; (opcaificully ~Amriaan) sampyri-
dae hzi4~ve an Inactivo virntr rlaso, ofton in a barrov tkey =Ake for
%hessolvas 'i grmand (Hows(581 and others). - As to 'tI irwaa r*~ytb

ofatvIt m~en are no ocafliatinG ooaur.ati'n in trhe a.ttratur.; the
lUrm k&wV4 auly been found at ni&43 by t!eioi Clow.

%ccodiLng to I*"a te brilliance of týA luaineec~co is &14*
directly proportional to tke activirl; acoordlnj to ?Kowport wturl,:io, ac-
tion, =A beat are l1a-meai(factors. Thoro;4: iA"vxali=_ are
laokia it' all cass"*

in&-.a tou oeber jt4,4, Pariou i n the life of tho-Wnscts my be
=a ofyb Potiodi4 .. tf~i in to W4;'I" o; "r'a= rac-

tows W;U Also by endo&enoaQ rhy~js O*f-t, 200% Ve t rit4A nAt~ar, *r =V 4._.
an tath eazoono"a azA d ozerous fact*:%'* iu~ ~ad naa

cadI lifat~aezy"~ ftelra of the Za 1c

suA41ed along this Ilnej, but also t~o reMationabia een paloda of
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... G2. .~ of ab-Ct o

v_ Lho -:n oft~at -.- e7-tr

... ~... c.of - . .. :t- r-z4zt period.
_Z .. -Lwti: hole, con-

1, u Ct,:ý di~n `aber. 7-Z --ayo iv%

~ ;z.or- c-1a=,G u-) on isside.
restperid Jnits norm-2

c~r~& ~ it ev. c-~~~ vc-n~~t activity, and.
r~cj:~z to:-~cZ~xc r toa2.Uz dur in - th~is latent

rica both zpe_4cic Of 6ave -ttc low at- the slieht-

- yOr -vaczila~ stizL:i.ý! l- tf temperature of a
-4.to !.Ca risc G -aout 5 C, -~o, ýr.fcuently L.,m yris

larae ~y e '~d~2.;:ifg a -uIy activ;e outdoors, but no

in thkzoap tow V;rc twe v .en- even during the
winter- a-or.:hs at. r'ooz Itez"rtr azath uUaL rwinc .ol
ditions, t fe Thllo;jir.z e: eraas :a v:. ecies

the es-e 0or ,:ood0, aamost o.p.tC&c out, by "Zeomer;
the, S4- 7-arvae :Z;3 ~oc caez ha~:o-les and all Lecame

~otifl.O3C,~o 'r:~ la'vae~.scz~s u~ih, man, fte

~ ...~t -* ~OCCC;Sion2.a.IY too', nourish-
acrt. L~ 4::.~.~:a thy ze~tthe.:i-:tr~(De ceaber,

--or ket through

t~~-.c" ;;~ ~ oor r :lat ays 14n -the re&frigerator
at ~ ~ ~ _ -0 o o ol u ved the .:in.nter better, but wene

brou;-I -00=o tcerjea-vure were n~orza." y activre afte6r a f ew
=4,aiuteL -.a oo.: a =oderat-e aaolant Of nouaris:.zent, but went
b_.,ci in-o .0ibernatior, ia the refrigerator. -his ch-ange Of

actvit' culdbe e -atd often in. bUt not- at all
inTa~. Zrr tewntriatie 4rod in re rigerator

ocso lYobserved eozntc f Twater th.og

the anus, prezabljy to raise ter.i3a.Ct od(i.3~

T.he activity of the larxvae i&s trnus sabject- to azn wanrnuv.

cycle in whica an active phase (saekinS and aking rorsz.t
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GRAPHIC NOT REPRODUCIBLE

}'i~re 95.El1in-4--i-ton of watcr-, p-,c,:,'"ily To r=u o r,:Zitr.-.cQ %o col-

(L0-,nmr'i larva).

ol ol-o'-::O by a .:in-,tr rc.s reo:7od. •his diapauz:o
is toal an' ooliatory in -uz:'. ýyr.. see:s to belor.n
to he :ia-ed reaction typo, in ;:ich -he iner •hyt-- can be
modified by clatic fac'zors, jor %-4e the rczt- i is a:-
parntly endo6enous.y fixed, its duration is e':-: .ouzly•cy vari-
able (partial, facultative diapause), but is not si:..-4e numb-
ness from the cold. (Cf. the behavior in the temperature era-
dient.)

b) DPr-and-iiht Periodicity of •.ctivitv and 1<__nescence

The diurnal dy.aicz of in" ctn S is by no ..ean.. ""eays
set in motion by the rhythmic variation of' liht, ter,;craatu•re,
and atmopnheric u,.,idit(¢ "but is also controlled by endogenous
components (4eber LL4. et us consider the relation of
endogenous and e-.cxoenous influences to activity and luminous
capacity.

Outdoors the larvae of the z;,o species are as a rule
found only at night, when they glow:. Only on dark, overcast
days nave - found ,anmvris larvae (not 2hausis.!) in the morn-
ing or evening hours. Norzally they seem to be inactive in
the dayt-.__, for even in densely populated habitats searcki for
them is z~uitbccs. The activity of the larvae also appears to
be exten.ively adapted to the seasonally changing length of
day and night; i.e. the larvae always appear at th- coming of
darkness and disappear at the beginning of day, and ýhis means
a lengthening of activity in the spring and fall by about six
hours.

ZeCause of the difficulty of observing the diurnal
variation in activity accurately outdoors, experiments with
an actograph were set up.

This consisted of a smoked-paper dram driven by a .welve-hour clock
and in contact with a stylus fastcned to the end of a balance beam. To the
balance beam was attached a light plastic tube in %.hich filter-paper inserts
ensured a uniformly high humidity (95-lOO%). The dimensions of the tube ware
for Lampyris 45 cm in length, 2 cm in diameter, for Phausis 30 cm in length
and 1 cm in diameter. The dia=n'•er of the tube was not much greatcr than IL..
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I- __nU"-u-----L:'J-ut''L . day znd n-ich (II)

ac onlstant daknss

, __----, _I--------, - constant light (IV)

. I '-~ .- '----------

sx-our cycle (V)

4m- ,$a. Ac~o- ol: - "" larvae.

24-hour tiz..

i . . . . . . . .. natural rday-and-
sutdwu'u--Lt-uq.. i'•. nict •.:5"y, (I)

-- LjLJL LJLr ..
reversal of day

S, and niGhat (11)

Sconst rn*t
__ ----_-_-_-- dar~mess (III)

constant light (IV)

I, six-hour cycle (V)

Fiz. 36b. Acto&r..z C. .
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The series of experiments gave the following results:
.. hormal day-and-night rhythm (day-from 8:00 to 18:00

at 500 lx illumination for Lam.pris and 300 lx for Phausis ).
[See note.1 .

[ Note The illuminazion of the eyperimental space on briifat days ran

about -500 !c. At vhat briehtness Ph:%uiz reactcd sjptotactically, but -was in-

diffefnt to a diffuse daylight of 300 qx.

Limitation of activitj to the night hours; inactive in
the daytime (Figure 36e.,b [Ii and 8-13). Figure 36a (I) -c-d
showrs actograms of larvae sat-ed with food.

2. Day-night reversal (day 18:00 tc 8:00, illumination
as above). _Lamyris maintains the active rhythm for ecveral
days, but is also active at "ni2ght" (Figure 36a [i3., a-b);
the normal cycle is gradually broken do-n. and adapts itself to
the experiment ally provided day-night conditions (Figure 36a
[III, c-d). -- Phausis immediately reacts as in 1. above, giv-
ing •up the natural cycle (Figure 36b [IiJ).

3. Constant darkness. ?U= r is active day and night,
with a maximum in the night hours (Fig'iure 36a L[I1-3; Phausis
maintains the natural activity cycle (Figure 3Gb L-IIJ,
but with preceding 24-hour constant light the activity begins
immediately after darkening (Figare 36b LIII), c).

4. Constant light (lighting for Lampyris 500 lx, for
Phausis 300 lx). Lamovris: normal day-and-night rhythm is
gradually given up, after which inactive or only mininally
active (Figare 36a LIV], a-d). With subsequent normal day-
night conditions the normal rhythm does not set in again until
after several days. -- Phausis: the activity is immediately
greatly reduced or ceases entirely (Figure 36b [IV]).

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 light in the normal
night hours, so that the short periods completely cut up the

normal diurnal cycle (Figure 36a,b EV)). Lampyris shifts the

period of activity into the nightly dark hours, extending it

Occasionally for 2 to 2.5 hours into the subsequent period of
light (Figure 36a LVI). -- Phausis is only active during the

periods of darkness, and occasionally only during the one that
falls during the natural night (Figure 36b LV3). 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 the light factor. In Lamovris the
endogenous component obviously predominates at first, and the
endogenous rhythm only gradually adapts itself to the exogen-
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* ~ --..- '-... raactz-

b)

- -- \\\ \ ~;the larvae

'I ~C.-4 -c) !i:yaograph drum

a) cfIý\ ) f ilm strips

Fi~ure Y1. : :o a to rcco:. t..e durnal~yh of luiinczccnce in Lam-
=i and P.'ii larvae. 7-lanc,.tions in zrzc tcxt.

A druz drivýýn by LI t,.0lVOe.-3ur C'O*cZcc :. covered with seAyznsi-
tive fiZl:;with time =a:ý:!; (Ilfork:d 111. 27/1,00 ').A few mila~~above
the hori:zon-;ally placcd- di='.z hn a3 containin-z -,h-e ox-eriinsatal animals
wero sus-=cded. T'he bo-tto= o: the v-cezzc, waz turned toward the drum=,
coa.-ýiuted of fincly pc.:-oratcd, twra--z'nrcnr- p-~r; thc cylin-drical walls were
lined with moistencd 'Layers of -i.c ;ihprovided, for high., uniforM
humidity. The covar of the vcezsclz =.:o CU-0 of a concave 3ilvorled mirror

w~o e fcalpoit cincdcd with thec zurfXace of the film and which reflected
all the lig:ht from the larvae upon thae fil.m. The experiments we-re carried.
out at 200 C and of necessity in constant dax~mcos. in each vessel was one
lax-ia, w..hich after 24 hours w-as ta::en out and not uzcd. ain the vessels
there was no Dlaco for theo !arvac to cra-.&.:zi a:ay a.-d" hide. The series of ex-
pc.-iments were repeated with at least fifteen individual larvae.
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Figure 38. Rhythm of luminescence of Lri• and Pha'isis larvae. ':T.e dif-
ferent-sized markings indicate glow of varying duration (or varying inten-
sity). Scale: 24-hour tize.

2. Alimcntation

Conc .in-. the alimcntation of the larvae thcre are conflicting ob-
servations and azE;*-r:ions. The majority of the autLors report shelled snails
as the chi.:f food in captivity (for foreiCn l&:pyridae larvae, too) (Fabre,
Haddon, Eb Sillrigl, Hutson, Xnaucr, '.:ain, :Xaille, Yeissner, 'Newport,
Vogel). ...ccordinE zo iess, Lnauer, iKain, Lzd Zeissnor th4ey also eat shell-
less snails; n..ewport denies this. They ara also said to take vegetable food
(Haupt, r.-_uc-r, Olivier, Weitlaner). The j--erican lampyrid Pyr-oDyra fenestra-
lis, accor.din to EIess, eats not only snails but also worms and small insect
larvae with ;ihite cuticula (Lentinotarsa decenlincata Say, Para_=.rotis species,
Peridrons mirraritosa Eaworth, Anosa tristis Do Gcer).

Attacks on snails have boen doscribod for Lnmivrin by Fabro, Eaddon,
Hess, Zutson, 2aille, Newport, ar•id Vogel [129]. Since those observations
were made under the most varied conditions in -captivity, they are incomplete
and partially contradictory (probably t they were not repeated or not
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~a 1 wit. :.'...... "....... .. of fh ti...": •"

,t ..... ,. • ceding onLj, oin ohnel-
______ . : -(: Ž-•.:.• , .. .- .. , c .... .. i.. ...

0 ""ý "' -1"'. 0 , 1 . .... _n5""' '"i y.O~V" _...__..._"__... ._ vity
"zhe-., took: al: ozt .y •',".- .: --...... -l-
offe~~red •o •hc-., aZ long Y n c

•" i • •,- o r ?- i :.• .?o r ' -':. u o to t he " ... ...""or full-
- :.,. .- !-ess ... .. .. co,-' be up •o - o0 - twiceas n . .. .'"77_ý.- _

.o,:• as~ X..:"•:-C or --,)- .... :.:'vae) 3sidcs the above-mentio ..... 0S • h y at, 0 " ...... Heli-
S c ::... 7-e r. :0 , Ari-

_______ 0.3 r~c c'r,'-s - _L:n"' ano d ror. sneoi~es
- --"" r__ _ _ ". " " " c,•" C :'cis etus~~~~ . . .• --2cuhhas

But ,ý_..y !anck srna_, s .,.-. h .ara, or d--a- C'es t.oy took
only h.. oy scoror Srned tho= r tircIy (o. . Linax :.:a'ximus,
L.c4•'r...c~:. ...... :-ion zoecic C::.'.us callari-u pieces of
o01 e f i and the-li ,r From 1he enumeration
it will bIe zen that the larvae even eat ::oronhilous snails

hant occ_ La he b o otopes r. lo not at all (Helicella,
Zebrin) r;-,. very avi•l_• eat wratcr snails (anaea s-a.-rna__z

___du __._. Ploorbis cornaeuz). in captivity they also
tae ear-"t..or_" .... , frog zea'a~ ar��..a. " z-•la- r•eat (lean beef),
mashed, dead larvae •a ed females of their own species;
livin, o:_ dead undamaged specimens of their own species are
not attck'- or devoured. Systematic feeding experiments pre-
sumably could reveal a still more extensive list of f' _'s" �ti i i'• to be azzumcd -hat they attack animas of
ground habitat and soft slimy consistency and that even in
the outdoors they feed on animal cadavers that offer access
throu3h wounds to soft body parts. Older, slightly putrescent
cadavers (including those of snais) they leave untouched.
Living caterpillars and maggots of various ground species were
not accepted. In tests of choice the -arvae always preferredsnails as fo-. This fact and e onmorholo callJ.%..i.- andth obolO.c,-ad ophlgia
adaptations permit the concluzn "..t snails constitute :he

- 59 -



prIz.c.e~l foofS.

n- a z'ail * of o.cj "

strtchd to t!1a1x ; in. thi... cz. hy ~~:ad to oalImao st
double in length and width a."d -"o.. 5 e L- Ozy :oi-;g."-e-••
A larva that has o.a!- "tz fi --ay seve:.-al days
"motionless in 4-z; (ii--•c o f
Bothr neciao can Voo -" l0 ir) ý: f - '., .. .--,h, "- L

ra' or five .onthc ov-.- half
the subjects %..rre still alive.)

Then ater h eauieae. ntz of uhe larva-i arc . erac.-. ody-
cred by the t of n-ii o f ood is nrev. ted,
(,,:*or only -eout four ,cekQ a. 95 iveWi h )

the~~~t 10`ect -e:re til alve.

the larvae eagerly drink wa'ter, ;cni*terv can also absorb when
•t i" ..O I- - co--ry s (e.g. fro= moist sandy soil or0
filter =paor).

W,.ater taken in in too great ab xdance via the snail diet
is eliminated du*ring or soon after the intal: of food as a
thinly liquid urine, cleoar as * tcr, -:hich leaves crystals be-
hind after drying out (uric acid?). This quick excrction of
water-is to be observed especially dv:ring and after big meals,
and of course makes iz possible for the larvae to take in more
food. In addition the elimination of .ate r may "the

o 2reatly im=aired obi_-y of the• ;,-'•• ------- •udlarvae• Z t. it- in:•resting

- .:. urine is also secreted in
cleaning Lth2e.touth pa:-tzj after

* a eal to soften the occa--ional-

*ly already dried snail slime
"" (see below). The rest of the

• * ,-food does not finish passing
o " ... through the intestine until a

d•. -y or two later, and the indi-
="estible remnant •z excreted in
the form of more or less liquid
feces. This is of a greenish

Fi-are 39. ,arking left by feces color and smells like a smashed
(evidence against. extraintestinal snail. A mature larva that has
digostion). eaten its fill excretes about

0.05 to 0.2 cm3 of feces after
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'V '_V. ~ O~ Z r e

kr ci,.* -C ,.-r -or ý

rvci~ o~y .~;-. ~ roctt'.-.11I r~of. a'~cziviJy of -.he ivaby

*.- - o --'<-r. -fl-l

~rf a o" `*- ~ ~ cCte f.Qr' .3z

-ir- Y a-I-; ovc~r. conrwtazt fec' r z-ontact,
thel~~ %:. _rca _ -- I~lly c '~ J.non c of

uottýzilý th,:ý -orec ~rd is r-ached (i.e. ir. the case of
ohe2.o ~ .d2 on~ ~ce abcu-.;t he *forcaosaC cuarter,

7'.ie -1 ospatu o h hl) do they begin
the- att'ac:':. Uzally openirý; ih.,ý zaraciblas repeatedly, they
_eel so cau-tiously and sotyover th 'fore edof the, snail
t-1hat it usjually does not even *ou~ll i-n it;,s ^feelerz. Then with
-.axi4=- ei:-Cension of the hcad theyr :-,ale a -oowuerful, rapOid
bit-e , ;.o~l in th viin L %-_? ele after Which the

larvae inPaediat-ely back xi.ray =d ::etract, the head (defense
postkure) . Shell-less sznails .-- 2"telers and head =s far
as zossible and szri!_e cut violently ,rith the tail, with coil-
ing notlions of" the whole body. ~Idsnails retire a-s fast
as Dossible int6o t-he shell. Durirz -these de-fensive mov,;z=ents
both eecrete cý more or !eas g;roaI amount of slime, but do not
fall from~ ther uport.

-in -_--Cllwsi is Iar-L-,y the f~urther behavior of
"Zhe kmor-ý* .1-v- tohat ie o:cý, Irt behamves in a way
th~athTo di-:OsIYnpically deend-.i--, o:-, %*het'.hor the larva has at-
tacked a sheI-Iczz or a sholled na.In the case of
shelled snail1z it vary z corn -ivez up the above-described de-
fenzivo atti'-4tude, ;oe.- arouxid t"he retracted s.-Mi2. once or more,
always fecn, and AfinalMly clirmbc up on t.1he shell, takes a
pozitior f . ac -*nr, the o-.oznin of th.c shOll, arld holds fA.-st% with
the PYCo-0oCiuM. In this pozition it keeps the openin- of Ithe
shell under- observation by feelin.; (F_7i~ure 40). -Ofter. the
snail closes the opening with a tohL-:: :;.ucuus membrane and may
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44

-S.-

bi~~1 lav .:ý,z in l. nee

whntc -.. a. on - -Q r is

42 to the f ore end..

rezain t"hus, inaccessible to the larva, =or hours. 1-c does
not force. _its way into a sholl cloý,d wvith a mucous rmemb.-rane
or epipllraLma. During .,this time the learva leaves i~s prey,
if at -a' ', only for a mo.-en', to zaeanother circuit around
the snail or to clean itsel~f (see below). ;. hungry lar---va re-
turns a-arin and -aia~n to -the snail shel d continues to
ehoack itc opening. s aeeson larvae 'oers-ist in this con-
cantra-ted 'Auhrk.inG- position for more than t;welve hours. -- As
a rule, however, the snail tries affter a-, short time to run
aw.,ay with its dari,;erous rider. But., thanks to its constant,
observation, the larva perceives every movement of t4-he snail,and as soon as the latter comes out of it 1sel, thrusts its
head or -- depending on the size of ",he snail -- its whole
body far forward in order to bite into the snail's feelers or
close behind them (Figure 41). The onail retracts-0 repeatedly,.
secreting slime; the larva checks on the shell openingz fro
the shell or from the around, and depending on t~he size of
tVhe larva relative to t~he Snail this may be often repeated,
until the snail is paralyzed, often after many hours. Final-
ly the anail. is no longer canable o." closirng its3 shellý coen-
ing with slime, or it ca~ no lonCgc:: hold fast to its support,
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~~1.In - ;gi2 the snf_ 2..

'iC "*; . ~. o~ ..-. 2 a fu~rther

02 z ;n z t.nc4 aar a-.;ay in
_ he V

oc.. ~ , - ...- concen-

mo-zion, zb7ow. v~ ca:.. hor, zon-ý2.! zc'..ýt o. ýore
oa~of -he body), and c=a;:!.z undar t~ho, oosaclo reappear

o~n2y "-ftor a cornzidcra~b'Lc -z4_ac '. X thesa e~xcurpions always
lcad bac:c to nh ray. ;:aca- tirnc it iS felt around -from. all
Zidcz2 and d~ra-:-_d f:'t=Wher. 1.'ch t'or=anrt (.nQS `.n a '-dni-

p~c, t f~ izacoo o~r.This b eh- -;or of
the ~ lrve ~ oten wantinZ; in well -protected habi-

tat-1s an-! a".-o ofý-vn, in t6he case o-- larvae t~hat aebe ih
out f~ood lror Zcovcr"l monthz.

Zoat-tac!:z ofL ?iiIlarvae on shollod or shell-less
znail s z~ss d- ernzzoa-ced. Zota 1:inds of snail S are at-

~z&~ar~yzd i abuttho way tat _7 vr-is attacks
Shel L.-c.. -"i Bs u- the se.opening of shelled srnails

~erc-i-tently and carefully %watched. On'Ly rarely
uually avcc the ryzdsnail r-;ght where it is and im-

modiat'-oly begins witrih its rmcal. Occasionally, how-ever, I was
able to oboerve it., too, dragging its prey away.

Oleaýin- up (Figure 43) is a conspicuous activity. In
the case of Ln.ýn~ris it is zc c ompli shed almost solely with
tho pyL~opodiu~m, whfich is also useful in locomotion and in
Molting, and w..hich consistoc of z-,;any zeparate whitish tubes
which can be thrust out fr-oz the. anus by blood.-o.-ssure and
d:ýwn back in by musculature. Th(. La-z-wris larvae are so
=obile thlat they can clean all par*;7 ofr tI-heir body. The pygo-
podium "grasps" the ~doi~particoles of slim-e and dirt,, pv:l:z
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pypodu .-4ta an. a,, C-fc.o

mov .- cn--',of n-.

occasionall bru5j- oi -- :_4.-- I S.5I.=h.

In -h '-~ z "-v lca-fn- -.:.---th.... - z"::__I

rarey oborvu, bea-.ce -f;06.. of - --. rv

-
- 4- r h

at- ac z*., -cv _ ooe-. l -eo n r

*:.r to ro.%5...achj (o... -. os in -KIui th salcen a

talk baha-r-o: an its1 psycho--

vegrytica: sopnentil hier h-- -----.-ul bee no exermet

tioneaic,-a o:riu .irv of %,.-AC ze-,_ ofratoscnofAbe
sand (1), the fidn of" t:.'ce oe n of the snai (L .. thrve

"occasion- ally r'~i -nez~e and snole snailsr t.

"rdn")n (:!) tazi lza cwc _ -,'or- a,-Mh th snilan

att'cr -he excrsions t:.a -,lace "nit coinecon with th~atae
J..& to rcc c 4 rie) n:.a the us.l lan
(Ith, tnd t-es efecsoiin eveti i tenoma ous

lo tihe predaory et. havir pad4--,r M.vosybe n xeiet

tionThe, folo-winz~ expes cC ts c-..*are done reithion-s c(1,o b

explai:~ 1, coverg nns Pure ';_:ay o t Cini~adTl.wn h
snal (), hie findire, 1.te±'r ndo h sal6I h

11'o .1 6.1e queriosthtin tac:e- nlac -z co0cin ihta

(I),an te ffct o ite~en~os n henoma.6ou4



* - -. "'d'' -- "

or o O - - *4 -z

a--, a '. .- a .'S. 
'Z

A.6

.4.

..- a in c-

a,.e 
r L c t vc! -

2. -Toloil11 tth snaillc 3'PsII:

a) In obza vatl.or of' thea ';ciOr it is

~o~ie'02c --hat thc larvaa -n c. a -,:ai!- Of7 sr~am.6s.a

,.Ow the tra~il. ex:aCtlyt ,031 1.6-- 3~ 3.taJe of all.

.id~(~~.dflra. h h~ ~z ~ ~elarvae lo2.ou snail

.cns ;udfoaj.I- - -



tac t c ~.ti , 7':, j

tr i 0.;&Z. .... 0.r:z' CO:..>-
2hort zhnc 2ha ''2 -~

-or Vot~h zcc or, fh .~ ~~z... .~&tis inzcro.-.inr thc.- C .~3. *wror= -~r nd exzieca'tC'r_.- -*.~ - )
aLLx.y no at.'ention to D:'~.' :z zti.ck:y orJlimy concis~tc'ncy k(Y"i~ure &I ., oz~c~

eontrol experi:mon. (2iPJu2-e "r-..o . .."ou, L...6
moict~enad filter pap.er.

3. ,j:,putationc of -.h ofi trna
(performed only on _ ) .ca~ to V
.lO-ical studics ~L23J tvi 0uwi'nz 0i' W-c n. ~ ~ o n
an-*-eanae and foeiiars.- j-utation of co.co or Zý-bot or--M" t t'he
base should thoref'orc rezsal in or cn n2loszz of .;
senses. The amputation was =:r'r._Lt.zcrC9 nrcosiz. Four
days after the amvatation tWhe hy :vae ,,~ere put into theY-tube described u-nder 2b). T.-,, yiJeersut h~ni
Fi.cure 45.

"~~ - V?.rtica.1 scalc for ~t
nrs:r~ber 0± runs in

-.e tiWo enar-'zz of t.-c Y-Tube.
Al' ~ Legexzd for :i,;ur3 47:

~ ~'- ~' : after 4 hours
I' I II: after 30 hours

Ij Jo !M.*, after 40 hours
4p -A V: after 50 hours

: 'i*~IV Right: tuabe without slime
1.1 ~trail

4 IcJ flo o r w*a t4 4. igu S )!

9'i,-re 45. Fo.l"OA:ng of the trail Of si,.± 81je: Lzxpvrs3svoIwt
witernae ; ~~~I! wit mxcillary' t~ ~ tct L-'t: vle o
t~he lea of *~~apparatus conta-i-:'i.-j zho. t~l
?ixare 47. Du.,a:~ion of effectivcncoz of -.r ;ril off snail zlime.
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NN

/ ,- ;.e our bi : b~ riszles

Z. N

to~~ rt~n Co -c'u~n :~ pears

3o thato it -:.l.t ba h ~~ctave no -ft;-cl-ion

the*,j-co t.

raxiill o-- !.-h,- 2aia c3'zi ý olbvlouz -that. no special
zCOnSOry CC;Im1Z LrO loca2.ized thti ozsibLe to "o4c'-u
-r -~ -o1 ,~ Vi.. ý,2~alz~i:..~~ est; of the predatory
beh~avio~r off -.hne lar'v~ac hapt~ ~swcro~l those with
no foolar's, hu;cvor, had to ba. broughz intco direct contact wit

tesnai2. e.a;ch tiz.-L
Dua;o.o ef-'tvcaz of ~ ofr -ni l-e

as di-: 'rai-oez 2b). According
_______ - nal o

1 1./2 days, l arvao zoze*wh*at lornc~r yetC. ?2or zPhausis

-67-



4.- -' not -~

larvao cz.- sa .ot cn-1.y :i' xy..& c.is
tc.n~ac2.oý. .2iat zh.; -r, -- ý.z Z. r- Lon food at

:;a' 0-- ,ýj' c a

donot c:c~~~eazi lt=,00Uz OY11ý'e.-1rI ;: o, h ollow-
in- excperi-eato aare carried ou~t:

2. 3.idhIL '- Yavc Ly ` C; c&Vr of
lazpblack aad ch~ellaa) '41cra . on z ~r,.il 0 ;ý_:.Q

Tho recujlt correczponac! -.o ti:.-z o rd-ion ~tc
in Chapzer C III 2b. "'he _Z;(.atOr.Y .io (nn; 1-vh

snil fI-~n Jh U or J e-nd of tlac -- l attack, cllm'oing'
0o. the Shell, if .any, .~ei2~oforo 0c'd undr oo3servation,
drag-in.Z thnl znailJ a',!iay, ar..d -00n 4 oo) tookc th same cour-se
as in "oighted" larvac.

2. UJ. ~ua tio of 0 *ocls a~of hoad o-- znail:

a) Both gair o-f fea~erz of -.1e snail. zells or
shelled) w-ere cut. o."f~n succeasion, bu the fLore end -was
still found in the atta-c.1 (?i!re 4).

GRAPHIC N01 REPRODUCIBLE

0/. feelar hav bem=ptt

Figure~~f 49 ini, h oeedo"%m hl-cs- z.- 1 1mvrI., am
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4-S
I -%

%V *%% -

i. '"-of

o= f

C. :1 -o gc t ctcz~ 0~c: a ..,.qz...3wee h

fo-_-j er~. -. = uss'. -e Of"-Ohr
ch t-. ~: ade -; ot r~ ere bit

* ofhe to the
re, r o:.-."z ~

D~ a 6 n (- ')~ t o W.% . .; c " e d behind. L.f " i *ut- at t ~ head
part in th,ý can-war of' z;e snail co:zbtia,-tion tk1,JL4;ur~e 50).

aioofc eidc .:-ttiv hc; ~z eno. and-
zzsare ~ ~ ~ ~ ~ -, '"ho -j-!~ Žott. zr~ g h of the ol.der

buhwa.- used I' or 1this and tht uýe because it,
43 ligrhter -Zhan p-a-ticine ama -he ýzi not give way at

The .o i rtW withe Ure I~ - oý a be carried by the
~i~rc sail .J.Io it is o~e~and -azzcless, and snail

slir ime s ticks betuter onit. c Cac t "or a~ in 3a)
b) o..Laojcirbcmf~ Pi o:xi e c:.. ith ±ore-ena, slime on.

a znail rear end.: react*..o.n a-- in 01ac.. on' normal .-hell-
less snail1 -- bitesz in The" a""'.2 -ore end (:Figure 51).

c) An elderberry ;ihrear aeni zzared. w.!:h r~a4r-nand
clmeo arel-,a~ ore end. sot no b it-as. - ,he larvae fLelt
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or

-" - it o , . ,. .

d) •'-oefre z o-f elderbe.rry 9pith,, a-,. th61e fo-re end
of the sna-il waere disregarded.

5.• Comple-te dum..xies:
a) I.- accorda-.,ce w;~hwa- -a learned f~roý !IT 3-4, an.

eldrbery ithd~zzyc~ae-ly imi-at-n- a shell-'less snail
was smeared at- one e (b!'•_u.t end) "''.••,fore-end slmat the
pointed end wizh rear-end sle Th,. la'rvae bit i-n-to the
blunt end '2gu-4 -ae -2-) -uan even ralg a is dum.y a:y

Sb) Since the above experi me.t ( 2-4c ol ep
formed only witUh shell-less snails (see the note under 2b),
the same dummy ..ias tested with, correz o..di•'• " distribution of
slime from shelled snails, and w:it'h the same result.

Since Phausis larvae reac-i to s=all interferences with-
i lonZ-last~ing akinesis, only experiment.s 5a anud 5b of series

11 were.done w th Ear. This check, however,, confirmed for
Pfausis tesame capoacity for disti."nguishing fore end and rear
end of t-he snail by the consistency of ',he slime (Figure 52b).

III. Climb-int- on the Shell and Ridinz

1. Over -che mantle of.6 a s-hell-less snail an empty
snail shell is motunted. ,Lfter t-he firs-'k bite the larvalis

V * -a lib

on the snail shel only in ".-hose cases when the snail (or at
least 6s fore .-ni) entirely disappears under the shell in
the ensuini lengthwise contraction.

2. Conically p-ointed paper shells or v lat-fittor bits
orm paper are climbed upon lies e ihe shells of shell-ber2b)
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C -. -- ",

'-,- v.-

55 d -" " *:... "- - -• ...- ",•".. .

W4. .. -rc , "2"J.L.,cZ . there

S.situation

inf •n au'z * Ln aoen~ziv .:ovJ~cz i•&e by• .. ±irst
...... • • att2 t I c: arw d the larvae respond

to this in"i-e" . "- . bite. if the body
of thesna iz covered .... O "ita or, tae side
toward the "Larva, "7e 1-=va "-ll i... 'climb up on the
cover.

4. cover zerei hevily "-:h-1 sli:e (shell, paper,
and the like) is rarely clLbed uo

A~§~~2Q).'-?aca .?or Yix.ntr

l aa) -"it .hout cover (sandy so:_!)

"I.._b oft-r4.ri. a '0o' for hours with their dead
or paralyz-iL .• )ray, leave :h m .- ey to search abouz for lon.-
periods, .- d a-- 7n all cover several meters' distance before
they fin'lly begin to :eee.

b) Dense turf.
-The. larva either does not dra-: its preay at all or only

drags it a short distance into the thickest growth. it very
soon begins zo feed.

2a) The larvae of in) imzediatoly accept leaves, moss,Ibi*s of paper, and the li e as a h place and begin to feed.

b) If a Dossiblo -"ding PLace is out in zhe i.ay of a
larva that has for -he moaon' left i 's Vraný orted prey and is
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't ~ .. y . . . . -. . .". .. - -'^ *-, * .,d h •' 'G _:ee -.-to C-

thi mo a:.i3 . - .,. ... ... .-;-. . .

a) :" 1i r.'r i -. "....... ..... " :~-7; 4 cn.
5ino sa lali-z--i 4_. ,_c. • ,. .... z•.k .""v....t e, -Z ..

'-_CC.e'-`U 2.y.

lar searchir.L roveLynt (.o._•o..tz. aza vertical nov... O±
the f~ore ~car; of -t.•z bo-wl) _"t e-;-": ,'~--.. uz u'9 c•n- " o',- the
dragging trail or zear~chec... .. ~ "~ a " ";c ic

V. r~trvet ins ~i _e o:'•:. in D:.aae c hrclc.

t. if the snail is then aucay u after it has been
overcome, the previously so cautions larva behaves as describedunder IV 3b).

2. If this 2.ar-a (of. V 1) i• presented w:i;h a fresh,...

IJ ;,.A---

living snail, it reoeats the entire attack, but without being
able to overcome it even after hours of pursuit and dozens of
bites (see next chapter, 2 c J).

3. iT living snails are brought to a l.arva hat :._s just

overcome its prey, it does not leave its prey and does not at-
tack the ne•: snails, even if they cravl ove.- "zhe hoad or under
the mandibIcs of the larva. Likewise the larva does not attack
living snails during.-__. , its e::cursion, but goes back instead to
the paralyzed prey.

4. if a hur.gry larva is put beside an already injured
snail or ;a freshly cut -iece of a snail, it begins -- without
the acto:-- preceding the capture off prey (pursuit, attack,
etc.) -- to drag the prey away or to devour it immediately (de-
pending on .e conditions of ,V a,b).

5. If hungry larvae meet a lazva t'ha-t is dragging aay
its prey, they i~mediately attack it in order to carry the prey
a7j:- thc..e'elves. They pull in all .... " or teaJriy
or the strongest larva "takes over" ae directicn and a'l the
rest, han-ging on by their teeth, are draged U-on- against

- 72 -



2. u- ýW. .ý -o'e end
I- Z I**... 4

o .-. o -.o-. - - - of.5' .. - 2,,.

e, Z~a 1 .*s Cadrc

"-.,C. of V. .

3 ~ ~ ~ ~ ~ ~ ~ t voe'L t~ li- 55~~.

mod of V- .- ijz -_L'Crag-

-a c,- -- te ._-... a se- of. .

-ia sanzcc v'riý inter

_?e od. L cc fozoý ;ta r
the ~iv&he can3-r=aofiOre Lit'for u.ac --at~:c ally .d2rv

touces~z of . te-clcizv rte ir -e bree-, es o be-voor
arva eflz LA &::e2.le thor caver, ae ooe'teat brokenwen n

,ha znai I oveorcome zy pnure :.c'~c. orCe kmiz..y ca-abd. e o
~he ttace~z r~e rc'rJccz; o-: ,:a- ~a s of lz that

Ssnail secrete- as. iw :t, ~ zi:c th nr~i ~c ho th
~r~ te tro~tth oo+r o, t se ahe1 to the sof't "body

of' the Cnan.i., w..hich they cat alive [&2u see N~ote] and

-"oto Icco-.din,* to my own osra.r.
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zn1i L h...*, .

0o .t -L 0 o.;. ý~2. - *

to 4z

theion- otc.~'s~1 a T,: 1- -C z DOE-

30e a~nd -foceir~z. 1ocz-.ti~cn of twhzý z_ýt
= arked ha-irinezz an'd bitnezof~ -, .~olc..c'

w~nsof ir3on the z-l-alo and t~he usc cthe
pyoopodiuza as a oleanin- apparal;,.- ark o-her ouch -. c;ioL:Cna.

tm.) n cozm~rizon to their 01os0

o~cz ) ~uhar.V,, are rLank:caly spe-
~a~I ia~i~d C~j.e54). They

--o' oints of. oimi-1rity to
.0 . '*' . -02ý of tedyti.zci3.aa, as

E- =ay 0.3 sece,. fr'-om :-'addon's and.
Vo,ýeI s e:rtDositions f4or LEI=-o~wi an _ Hj M"22ris1's for

- 2hein-estinal tract-
___ ___ ___ -. (V"Ozel LJ.291) ir, not. greatly

adc~toed anarlh from. the pharynx
Figure 54. Hea~d and r=outh parts of ~an thke m~uscular proventri-cu-
a Tn-wis larva. Appendagos of lus. Onl~y t'hoze two segments
the head from ou.tside to inside: are suitjed to Serve a.- pres-
antennae, mandibles (0-1d canals), sure or suction pumps.
maxillary feeler t, external lobe
of the first maxilla, labial feeler.
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* ~ ~~~~ o rtztnl ice
c~

-. - - . *%% a leV

~o~i> ~:::x. ~ ~Oia~~ ... ~, . ccr3 aifzd of as P.

~~~~~~~0 ýý 'O:-c -i.szc o.. o~tcLso'~od. On
~ *~o '~ ~~ :iz z L59'j reports

~ .~c, ~ o~; ` ;..t Piec-z o 0-food.
ar .:-2 H:z =yi~ h~~z.~ C~.dor. .5> : --- New-

pOrt ~ 'o al±so concer.acd vc ihfood ir-,;ae in.
zMae:o no "t-".)~s Oux h zc'.J.i,~ of' the

food; ~C~dndooz , "o-.,~r cz zon. t"ýe basis- o-' -w*e hair
sr-vc -*eve, eff-ct - in foo-- ilntzka which ,,.ou-ld make

it osiJeto t-a2l: only licjuid A"4uriehmS"=:1t.

'cbre , Hess, c=o-,r.d Vo-al stat"e that t~he bites
to'~ -- 'ttoc a -po4 c.a,: -~ cf-fe t-, buat Vogel . on the

of A. 3r- ho .Ic2 atci~ (zac: of venom or saliva
~l~ds), is * j;, fr twto su jcý-ot orc.on :t t'he extra-

tio, o zccrcr~odirntestina~l juice,icvia:3 a "uwneu toxi & c .- a ~C an~1ia especially
ozi the iocozotive or--;a~nz ol' -.h^e sni.3ut there are no more
p:ecize sta'Uomernts as to -.hceff of -.he 100ison on th.e snail.T.. *1 -'* "."d. to be ~aareifr~an;. then die (Nlewort,
Vo.-al) or to racover afer tha -earanyas.s (Pabre). Haddon de-

0-e a-ny paral.y-;,,j elecot on the znail I om the bite of the

y) 2rocess of aTc~in2 ori:n in Z=,anyris and Phausis
~tatn~r~ conerni.~ -e itace- of nourishment by

'-h are lac'".n{g; for -v:z te-y -.ro cuite scanty and
:&ncompletke (VoCgel L129 j) bo"causo whndizturbed the larvae
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can Lc4-rac+ the head. into the. 'zothora 10il kceain.
zr'anciibles ~I.Ito th--.e 11fesh of the rey, and.. so ap~e,e t o
continue eat'Ž-n. ;oit'h the zhelled snaýils that most alzt~hczs
have -fed to th~eir insectz the eat'ing proceass caznot, be -z~an
in any-case. I obezeved the food. intake. 66bst-ly on. shcl2-12-ess
snails or pieces of snail. 33-L1- in o-rder to' be able t-o %see
tChe aatina proceas in sh. lied snails, I sedisails
catwe shell'S (-'cairea -. cy'rosci-ez :

tess wihcoul1d easilly be brokean -in sutch a 6- iay
Pieces ramained in place anCd could beo removed for observat'ion
(under 15 to 20-fold binocular =a sni-Icat ion) .

The porocess of food intake is the 'same, for bot~h s-ýcc~ies
o-f larvae a-nd. for shelled an"- shell-less snails. eh s.& 'Z1Z
secreted. by the snail du2'ins thýe attack-6 is. notr avoided -(N~ew-
port), but. is taken 'firstP., befCore tkhela~rva gets ,to the ,flesh
of the snail. Che-ig. inoves the. mandibles -n the brilstle-
covered,. brush-like ladinia'e The mechanical ý,Zhopping of the
prey is accomplished&* (clearly visibly) by'.the 'Madibles, vi~hich
pound awa rhythic.;all"' fo 'hours- ad ever- days(bt60o
100 times a minute-`at l5z'40o ýC).- In hisacio the. -inidibles
,scissor oast each ý,other,ý: eachi crosbin'guhd-rsýdover. the:- "Other
alterna'tely. In this ,way, -the f:lesh. is quite vi "ýsibly .Lcut: ýup,
a!%d when more or less well" :chewed' a .nd Pulverized, is immediate-
ly pushed into the oral 1 wvitV. 2blism mov .ing is actompolished
chiefly by the laciniae, w ;hose. bristles in the,-food-in~take
poosition are pointe'd, fo1.ar'd .and twad th'e "medin in res
p;osition to'war& ý.the median. The -ainiae move laterad, :theirL
lat eral, side ten. -moves up~waradteytushvlhecee
food from right' and,,-eft' siMUltaneousJy toward teorlcaiy
moving mediad. intE Th hvel-positi-on dercribed.Ti action1
of Pashing. thd, fo()d intj is 'doubtless effdhbtivrely frterd y
tWhe arr~angemenit of the' br'istle on th iAd~ (e bv)
for thes bristlecovredsur 'aceofri ore" esittanci
better suited to- the transport ofsim itsjL fof ".o"than a.
smooth chittinous 'siu'face-. w-Bbsides ,the lacinia tner man-
dibular teeth ý(whic ar 'setoly in-Lmyis:asoass
not. only in .the ýchoipping' :but ýalso'i "bin. gusingte~±tc n

Thy omlme.-th shovel a'ction, ox t~'~ia qTh eosi-
tion of 'the baseso te 'Cauibr, c t evadng,,mo ioný
and the haiits: wth whicthyreovedte h;fr ofhe
lower inner edge of t%`he- mandibles, and- th uto ehan ism
of the pharymc: should assist in coniveyinig tefo notei
testinal toract.P

The assumption of intake of nourishment, through the
mandibular canals, such as Pabre and Newport report as the ey.-
elusive mode an iaddon, Hess, ,and Vogel as occuirring sid.a bO
side with 'the normal intake through the mouth, is opposed by



the Mere oirvip.4ht-pat fsa~ s a h avl,
-head az-e cra--ed -irA-o thne oral vity-, ,ehatwole sn-ail r< -

#;rce ,,Loabarv-;-eatnd M=a YIS-r s as ona r; asi tae
*:Iat tLa-y op-ir-s w adb sr are situWated

inaPlaacs J'rz~ or inaeof nou-riahmant (i of~
t Movement o-O _i anils : n-er sid-e would.h-:r

suAt-ab.eJ.

I a thle a~ction of th%0 i~ste avwt t
mandiblet .~~d(),, secr-etes' every few seconds a_ Tateryha

line liqtne. d; i sbems t-o co-e not fcrom t.he mantdi bu2.Lat canals
but from. th~e oral cav~.1

Duigteoe tT t 1-ay intakea of: f"ood t'he snail. is
*co.'rpJe tely de.%ou--ed~ So th4con toe shell (in the case of

shlldsnis nds isof Li:--x) is let Occasionally
1;a-s Of t-he altract are- a 1so - eft, which. by their
greenish c antents s-~ges S:-ýthat v;-wetabie foda has just been

tk (v.dence asains 4 rbivority I of the lir Vaej.
carefully cleaning itself at toe en f h1 nalmJl

larva., whi-ch is often'too- full to move, spenr.ds, several, days in

k)Exoperiments, Bearing -on ti.eQu#,tion -of Bitraintes-,
-4nlDigestionado the Poiso fetl h ry'

I.On the~uest-ion 'of lit aintestinal gies-tion

The Mi-nediate intake-e of .t-h chopped'- fo-o- made possible
the follown checkcs on both species of larvae.4

-1. The heads of larvae that had just -eaten their fill11
* were out of' aad the bits-of food found -iJn the oral cavity

-exam~ined histologicoally., Resul-t: -The cells of the snail fle sh
showed no signs of digestion and were almost, all -still in theý
tissue arrangement'.

2. A-fter- hungr arvae had beenu~itrutdyfe4n
for 50hus(so that the entire-intestinal toract _w, s-le)
th cztent of-various sections of--the int~estine was examined

* histologically.- -I tied off zvarious- parts- of the central and
-lower intestine so that their contont cudb.studie searate-w
ly. The results were as :follows:'*.

a)Thrnx eohaus nd proventriculus are usually
* free of- f ood particles. The. f ood i1s presumably ,conveyed very

rapidly by the -observable, peristaltic motions of h sohal
and by-the sucking motions of .the phary~nx, and provexitriculus
into-the greatly expansibl.e ihtestine.

b), Upper. and middle intoatine (Figure 55afb):; ?iesue
.gm~ents and isolatdces
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.rc:.;:.ir, hidden, Tht f.c±er onr or more bitoo anQf: after
.,,,,.. .:Jc:~nie2 stimuli a:, zn"'L foot ic no lonýor,&iz tr ac'.-ce ad _"n to%-- Lcna o The zhell, and '"T--t "he larva at about

"a.me "•z. stops the attac: -ives groundsc for conjocture
. he cnczll has been injured in a way that endangers its

In chell-less cnails all that is observed externally
;a progroozively decreasingr capability of motion of the

anial., whicii has previously been defending itself violently,
LO:; •O the point of complete motionlessness. During the at-t:•:: apar; from body movements only the cardiac motions are
clearly observable. In the case of transparent shells they
car, be seen directly, and in other cases carefully making an
opening in the shell does not disturb the car-diac action.

1. Cardiac motions of the snail during the attack.
The slightly increased cardiac frequency observable in a
Com:n-a hortensis with an artificial opening in its shell re-
ains constant after a few minutes. The experiments do notbegin until after that. The normal cardiac frequency ofCenaea when crawling fluctuates between 60 and 75 beats a

minute, that of the snail resting, with its shell closed with
a membrane of slime, is between 30 and 60 a minute at room
temperature. iJ.

... .. b

V I-

II

N LII

Fig-ure 58. Example of the variation of the cardiac frequency of a snail
(Coernea hortensin) during the attack of a larva. Explanation in the text.
a) Cardiac frequency per minute, b) first bite, c) second bite, d) other bites,
o) earliest beginning of feeding.

An example of the cardiac frequency curve is shown iri
Figure 58. The chronological course (abscissa) naturally can-
not be set down in units, since the sequence of bites is in-
constant both chronologically and quantitatively. Since the
physiological conditions (stock of poison) and the ratio of
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nc w.;r a

vidiual ca-rc..., of. -_ Uior. r .C".

1,12 rL,-- .1
Orders S~r . ~

s1t-alt'ica-Ily v~f o tinrj =~onzo-ý of -- , vnr-* ci.e. tn t`"o re-
verse phono~ucnon o=," ... n t-c z... C..co 0 vo':'L;
to a ston c..nc -.1,o aurcle :ri'i~t-

alternation fLrombzac~ to C-Z-ont L=I I).L->: 'uen
cies, below about 20/zin,L, ý d2-Iatuatior-. :L'- follow;xab a, con-,
vulsive, viLolen~t contraction., then~ *erissystole, =aizy last

avaryrincent of time. ~Tcntorý,ovament of bot~h atsof
tho heart ceaSoe en-ireivy fo- cartain tiine thear c i2 ra-
mainc a vibratory motion within tWho noricardium, whotampli-
tud'e.

For diaznosis and to t-a:ea accounit of zossible d.=ages,
in. the searies o:6 expceriments dcsc::;bc-d Ibelow the symPtons of
t6he cardiac motCiors were always notod.

The Dhenomena describeC. occur c.;-. in a Cc~aea horten-
sis of 6 =m shell diameter a-ffter t'ho f.rz,;- '--e of a full-Lsromn
lh-ungry larva. If immediLately isolated thIe snail dies within
one day (no heartbeat; it ca= loo easi~ly pulled out of the shell
wit&hout rasise$. ce). S.- LJ a nails -ih shell diar-e-er of 15-20 mm
usually are no-. viable aft-k-er 4 to 6 bitoc of a T~~r full-
croiwn larva. In thes.e c:-ses thI. hvar-tbeat Der.,isLts even after
complete paral'ysis of th'e rotor mnusculaturLe of the body
(no reaction to pinpricks). Pu2.l-,roiin -Cg-*aoe are often over-
come only a-fter da-,yz and after dozens of bites (of. 3).

2. Exnari~men-.al Xec. anical .t~tac.-s- on the Snail's Body

)U-pon. pinchine with a stronz;, zharp-pointed pair of
pincers in various reeions of "he body (especially in the fore
end), shelled snails, -oithdra..: ,into the zhc l and Chell-less

als d~oeen themzaelves as. *..hen bitten b, ave ihsco
ti:Lon o f s1ime a 2fter sevaral dozan cotdviolent '3

the naisnsow no defect'O Ain =obilit-y and no offacts d
to life; the cardaiac -6"requocncy, w,:hich normally z~oes uý-

so0



... kl:•$ .. ~- .. . ., . .. . .. .

. • .... ., " . .... - -... - .-- . . . . . ,, - ,,-, 0 ..

Act co.yl..al, y. n-h-. a L".. .. .• . .- , ... - . ... ... 0 ._ --. .

2 -" " - - .. of li foot, partfally
tQ-outh the visce'ra: 6•l:-:in co'•ie• withdraw•al into the

.. •., -'4- -.

C2lOr izontai):: it/-:a, -- w..-zu l into the shell;
comas back out af"-r a few

4. Pu•nct•ur; "W " "inan the Acclarc "..'.ar tho cerebral g-a-n

~~~i ...... coy 1V ane for WWe'ON-•.Wit
nor al = c fre"uency, ani nozrmalz mobility; .for..

nz~bran. of slime a the onaranca to th e_,_ -- (a6 a snai. inr-jured by the attack of a larva nevro: doos)• .....

c) Aoe endz cut off close ,.i.•.-' the manJlae (Iinmax
urercti ) often continue to move for hours without sign of
cisturbance and with good coordination. The rear end, with-
out ganglia, is incapable of any locomovion.

Other severe inouries (see lelow.:) a:e survived for
hour and da.y. without •-• za. t: ... .otor Z-chanics..

jhm ... ui an& =vzoivn injuxret..h.ch are in-
,oparab.y "n than the nac.aAica_ effect of bites with the

mandiblos arc .:ithout influence on the locomotion and cardiac
activity of Ah, snails, and in fact usually do not affect their
vital ph"no_.._ (except as in 2c) at all.

S. tock of ?oizon
a) If the snail ust pe.ralyzed (or killed) is replaced

w.ith a live one, the .v (.,:.,..sj i•s no longer capable,
even aftcz many bites (over A)-u, of overcoming its prey. Car-
diac frequency and capacity for movement remain normal; dis-
turbances are only as described under 2.

b) The stock of poison is e hausted after 4 to 5 bites.
Sven small shelled snails which are mortally injured with one
bite, or shell-less snails, i:hich react extremely sensitively
to bites of larvae, endure an attack lasing hours without
injury; they are still livinZ weeks afterward. -- That full-
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to'ýOIe f~ac1 Pei2~~ ~::2 ~n%0 the fact tat chc pizor. can-'-m-cd dP nouh in
the thick kin o0 old i .' r- ry b t..

c) ~~~h oi.ftc 3c~ 12~ ~ Of thýý la-again ha ±its ca'fece; the stO&: '- :•oi:;on appo-cro to h3ave xn
regenerated (test wi.h -- "

4. Place of iProduc.on of the Poison

Crushed matter a.d ex*tr.ct f'o= various - ..-
lamnvris larvac were injected into thG - orij; o " -"
(lor each individual test 10 shol!-loes azd 10 0 ~lle ;......
of various species and siz-0 were used.) E::tracts lWaere Cb'".%
by crushing the corrospondin- -artas of the lar--a in a mortar
with double-distilled water. Control injectionz with cure dou-
ble-distilled water in the fore end of the snails were'without
influence on the vital phenomena of the snails; they behaved
like uninjected control snails. Experiments a to d were re-
peated three times.

a) Extracted crushed material of whole larvae: Shell-
less snails were dead after 2 to 6 days, shelled snails after
9 to 17 days.. (Here and in the following cases the first num-
ber indicates the time of death of the first snail, the second
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.

c) Head extract: Shell-less snails dead 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 after 4 to 9 days.

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

f) I repeated experiments b) and c) using an earthworm.
Wh.en intestinal secretion was used the oarthwor.. was dead
after 2 days, when head extract was used it was killed immedi-
ately!

These experiments show firstly that all the extracts
F obtained from the larvae have a poisonous and in the final

result a fatal effect on snails, secondly that tho poisons
from different parts of the body work equally well, and thirdly
that shell-less snails, as in natural capture of prey, are much
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-. - - ~. .~ 2c~r.sheled- sna2..!s. -

of ~ ous e:tract-.2

~~-~~~--~-- oxrc~ 1z -. she.odwoe la.rva
e hemoldy.--l' '-d anin.careas in~g2.y o.eru

::~'-~ 'e~ das ~ al. ~ C z'~'ntsit ustbe, borne
in.~ h:~ccocnr~ n ~ the o extracts wvere bound to

s o zde-pendi -E o-n their origin; th e tiny h'ead
n-atu,,ra l1 y-e7iedd t2e least esut-;-a-o-

2*--he Gccuxrrence of sub-stances poizonous to snails in so
~~z~~~n-04 dieetat fthvav a o o be expected. The

cusinno-.: --' %-hat poison i4.s a i ;-etd into t'he 3niltrog
'the- z-and ibullar canalls of the larva, how it i s connectedwt
.he =andibouli.r canal1S, --nd ;.:hire it is stored. WJe must still

Q u._ %P.- -Lora of" a small stiock- of poison,, Ifor this stock
is de =o .Ls z--ab" a2y-haust~ed after only a few bites tcith novi-
ble . L.~uin fliu Th^e int-estinal secretion is, 'the

,ast thing to assign. the :"esponsibility. to, si-nce it, isseret-
ad. f4or h,-ours at a time dur-ing the iint'-ake of food. (Which s;ee-)
,--d. because it ^as t-he leas-- eff"ýect on the snails.,
`5. Discussion

Litutle is k~nowzn concein&n t#"he biologicall signfiPa.ncee
o.-f t~he rhayth'kms and tk-he tCize sen-se in tL-he life of the' lar--v-ae;
occasionally Ithis "has been related zo t-he searcxo fJood- -

(von 3udJ:---.brock L243t 1esh[39,) The a'cmtacso
the activi ty of l arvae of la=yr-o allow of SUCfraý ntr
pretation, for brotbh the a.nnuial aund diurnal 4rIthm of&,`a -itiiy
(FrU=m.ing6 [42"J Jaeczkel L'66 1I, Szymanski [12421) and as h
n~re-ferred envi-ronment of miostt snails coi-ncide iwit-h tec~
spondin- environmental demands and h~abits of'life of the-lre
-or t;he 'Larvae cannot overcome a snhealed snail sealjed .up: duri

its hibernat-ion wit:h a thin inembreane ofslm.Adfnt
rhytkhm of feeding, hovever, is rualed out by the fact' that the.
larvae can do with~out food for months. That o~otical y-oiie .nt e
an.imals have a monoph,-asal diurnal act'ivity Variation., and xtac'a
t ile , o ziat ic animal s a poly-phasal one (Szymanski ) `Uo'es .'not

ho- or my tact Ile, osmatic larvae, 'or they have ,a-'definjite'
mononhasal act-ivit-y cycle. This can be e:xp.lained by, t~he, T'ciit
tat it is ot- týhe diurnall microclimatic variations of the..

s-tratumn of air near t4he Ground t961hatw determine t46ha Varxiatkican in
acýctlivity , but, a~art -from endogenous factors, Solely the, diur-
rally varying conditIj-ions of lisuat and dariness.
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T-he ea.-_onomia nyh of ltzz .noscence of the larvaa 11-2
z~exlcable. They glow-. noJi'_"her to0 defend theMselves :rro

enlemiez nor to attracto their prcy.

-. The whole rnat-ure 0-f ph red~atory belhavior, the o>-
locical adaD+t--'ti-ors to the szaail deadtef.- h:
snail s can survi'Ve mu~ch -- ozzer 4Jisteli

Lie V~- '-h Lrac of bo-th- Zc~ ~ .ic,
prey purely a 11. callP b u -ý p o-.Lsz -e,: ý x:J'r
.Last., for fleei~ng snails (errpecially Species Of :::-
simpl~y run aw..ay from tChe lazrvae,. which -follo,: e. .
slime slow..ly and gropingl1y. Thttelarzvs conacent';e V~

att-ack on the fore end o-- the snail and not'on the rea, =1 e
it reach-es first in pursuing the snail, is no doubt an. indica-
tL*ion that th-,e poison must ws-orke on the nervous system of the
snail, wuhich is concentrated at t~he fore end. A furt~her indi-
cation of poisonous effect on the central nervous system is'-
the long continuing action of the snail's heart, whose relative
indeoendence ferom Lhe central nervous organs is.-well -known
(Skramli_--4k [11,11), illems l~jafter paralybis of the
,whole bodily -Muscul'ature. -The great;C secretion, of slime induced
by tuh~e biteas may contribulte tZo impairing the locomotion (Bjronn
[L12)), since the snail is afterwards unable to .fdrm, -the;!l slime
track on which it maust crawl; for t~he, locomnotor imudu2.attion6s
may still be continued w-it~hout t0he snail'.1s bein-g' f ele to move
about. (This can be readily observed ' shlllss fo'Xrms.
The bites of týhe larvae do not act as a "des en'sitizing, anes-
thetic" -,&ro-,. the effecet of which the snail recovers (Rabr~e
[40)); they are lethal, Vogel's assumkption [127,1-2'9,131) 'that
the toxic effect comes from expectoratted intestinal secretion,
as in the case of' extraintestlinally digestingg bee tles, cannot
be correct , for the stock of poison is. exha-usted after-,a-' few
bites wuithout visible efflux of fluid, although tohe,* larva'e
are supposed to have the intestinal secretion-~vial-o
more than two days afterweards 'for the- "extraint estina dgS-
tCion": But according to VogelIs: and according toL My owný studies
the mandibular canals appear toe be cnneced onl withteoa
cavity (and of course by way of it-withý the intest~ina 1ý' "at)-
In my injection experiments it is conspicuous that, the rc
of the tiny head has lethal effects that: are dsrprioae
ly more powerful in comparison to the higher..concentrati6hs of
the abundant intestinal extract. That 'juetifiste sup
tion, that there is in the head of the larvae a, small-j, qUICkly
exhausted poison-pDroducing or poison-concentrating. ap1p ara.t uSL
such as Vogel himself might have found to. the r61um-ber of four
in heanterior bases of the pharynx. He interp-ret's the~se., of
course, as Organs Of taste. tut these struct~ures, described
by him as pouch-shaped complexes of cells vritsý mark.6dly vacuo-
lized content 01)t in view of their glandular nature, hardly
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?i~ 9. Vg. z -~-~o a~"(f -o= Voggel112] p age 395).
,.r:oSS SeCtion thouh;ha antorior -taz- of0 ze ph~aryn~x . n. n a fthe

p~rnolorganxs of tcs-e. Fixazilve: absolute, alcohol. St-ýiný eosin-
hCM. 'LaLgond: Dilzat., dilatstors of thet ph~ry-mrc; Hz.K., nu cei of .spiral'
cortical cells; Hyp., 'hypoder~is; ' left. PhPary.ge1l organv; nilnon
lemma; N1.K., micleujs of neu-rile~a; Yha.Bo., base of p~arynt; Pha.-D.,i .roof
of pharyrnx; Po.P`., consillae 'olaco-dae of the j'haryngeal organs;, r.?ha.A.,
ri~ivt thazyngeal organ; Vac. , Vacuoles. Z-aiss ocul-ar 2. E.Irn1~/12. Zeiss
apparazus.

suggest sensory cells (Vogel '*120J ae 9,Fgue5)
[Sdic ; of . " 1'28J" *with the same pago reference u~nder Pigure
59 above.J

Tharoufgh -t-he bases of the mandibles, situated.:forward,
touard the antrance to the -.halryny.x, an easier .oo 4nuiication of
the mandibular canals 't-it~h the pharyn~x is, acheved. *Bedauseýý
of this 31mnort'ant spoecialization the mouth, opening, of the ar-i
v~ae of !ampyridae is relativyely very small. :This 1calsfogood pulverization of the fLood, 'ehich. (according -to- -Vogel,j,1C too
c an b e -accomplished splendidly by the mandiibles. e e b h
pecul jar locatlion of the hair-covered parts of-theý Mouthogn
and by t1he suct-ional functoion of the aharynix -anid pe6r-hips', also'
t ,.he wroverntricu~lus . the normal. transport. of undiges ted -f6-od
has no obs-tacles in its way. According toEaddon'~s ,53 - e nd
Vogel's -portrayals t-he bristl-e arrangemen~ts on the mou th pat
serve as a zweve apparaltus w~hichn prevents. thi entry- of ýS'oli
food particlas into t'-he ora'l cavity. It is evi-dence asgazinst.

th filter effect t1hat pieces of food are taken and.-that"'whole
znail radulae t"hat are a-r-ger t~han. the wnexpanded 'moujth: opdni'n7g
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evaton:. P~is sienifticanz-t--nn ca~ 7oe nL
tanst 'dige-ztiOn 0-2y i,: I 00=0, ct...on Ti .1' C_ C.rielled snails. -yvru f~e h~ hya cnevbY

CuitCe well su!ited. to that scneine; V-e enti ra snaill is
to be "'licuef ied" Sinultaneously ir the si -l into a 'bo:-lln
(-.Fabre) or- to a "1tough, viscous broth" (Vogel)". But tUhle lar-
vace off the lam-pyridae also eatu shell!-less snailt. and zother
(shell.-lessi animals just, as readily' Direct observation shows
that the already chopped. food. d~isappears imeitl an eea
t ively quickly intL*o t-he oral cavitCy,. so that it -is. subj ected
to tthe digestive juice much too short a ti.me- to be

11dgeedt

before beinc take-n int'Lo t-he inatest-inal tract. The- histological
examinations of the cbhyme -from tche oral cavity and from the in-
testirlaJl tract, confirm th14is arnd ref'ute Vogel's histoloogical
findinas. T~he mode ofL- function of t14he mouth Darts arA of the
pharynx and. also the consistency of tV'he: f-ood offer none ofthe
necessary prerequisites as aszuma-d. fohr ex~traintestinal diges-
tion gene al2.v (,Joran .67], on Lnericen. L721). , Zroreov~er

the lrvaeof te lapyridae lack various adaptations oiK cha-
acteristics typical of extraintCes-t.inally -digesting insects.-'
such as divert i1cula especially of the lowferr part'of. te mzidle
intest~ine for absorption of the liquefied chyme andL i sol2:ationL
from the intestinal lumen and so from theý digestive 'secreti
and a minimalo defecation as a result of' the almost total,, re-
sorptjion o-&, the Dreorally Ilique-fied c-hyme (Blunck,17)). -A, -aeji
tropni c membrane., lackingo in such cases (Weber [1343) sprs
in tthe larvae of the lamkpyridse. Vhe larvae do, however, elim~l-
nate .a secretion at irregualar intervals, during the-Tintake obf
food. This -is not eliminated through t11he-mandibular.canails
with the mazadibles closed, as during,,the atutack, q thing
that is quite visible in biti~ng. intoC_.lebry~t d Ies1,'-
and. occasionall1y also wihmechanical iand -chemical" , t I 'ui, I
but th1'rough the mouth opening with the mandibles open~d.:,ý Buxt

it1l be clear from -w:hat 'has been. said that this is no ýext
intest-inal dizestion~in the measure described by Fabre and -

Vogel; in this secretion .(presuma 2bl y' from tne intestine') ,I see
ratLher a "saiaion" of Ithe fo0od, the transport of which are.
its sucking into It.he phaarynx are T'hereby facilitated.
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oralis-. T~he ealasi a definite posturz fc'. glo,.-in~g
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VIoTýing' postuxre, 'ruaxp~ounid in itcle qf-atboiut 50,.,M cm in
radius,. only,:to glow'r"ig _in trad{ihiie typ'i cAl -posture.
.his Wooleur ina~th& ý ourse :o.Z the
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'Zotions,' 4 e1rmd 4Nit Ih'lg n~Te~-tee ~ohr
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I• the.o .•_ co.Zz tO C. L_."-- e op.n or .o n Q
in the flight tase, ho d'o;Ys .

fro a he offa-t le o-t .a- t
Croat accu2?.,Cy. 20~b:1? L'r7~,. .voitonc * --an~dirn., Glo;!Ži'- _ezn .. ' u•£n o : ; :. . _ ... : "....-

oide the cy!Lder, the recton. a circle cOf .t ,.Ion 20 c-.:. 0i-
side it (Cf. eye investigations, Chapter D i, 3. ) I an
inaccurate flight the male rus -toward the femal "ith very
hasty movements (not otherwise customary); if the sight is
obstructed by ground 1!cntz, he immediately climbs to an c::-
posed point and flies toward the female from it. The last
case may be repeated, or combined with the first, depending
on the circums-m.ces, or it may, presumably because of sight
difficulties, Still not lead to union with the female flown
towz.rd, even after a running about of výrying length anid execu-
ted with hurried movements; then the male suddenly flies away.
-- in the diving" flight the elytra and wings must be folded
quick as a flash into the rest position, for even in landinigs..
from low altitude (about 20-30 cm) they are in the normal posi-
tion on the back when the insect strikes 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 male glows
strongly and continuously, but with somewhat fluctuating in-
tensity. (Lam-Pyris males glow, but hardly visibly; cf. pages
45-46.) The statements that crop up everywhere 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 perspective (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 flight hinders a continuous
line of sight 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 flight. -- It is only
when leaving his hiding-place and climbing to a take-off point,
and again after a landing, that the male shows an irregularly
fluctuating glow, which usually does not attain the intensity
usual in flight.

The flight is a quite typical and pronounced lifting
flight. The abdomen, which is relatively mobile for a beetle
(in Lam-jvris males longer than the elytra!) hangs down almost
vertically in flight, the tip of the abdomen usually curved
forward a little in the ventral direction. The position of
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the center of gravity conditioned by this posture (center of
gravity behind and below the point of attachment of the wings)
retards progressive motion, but promotes the "dipping" flight
also observed in American fireflies (McDermott [831), which
apparently can be even be regulated by movements of the abdo-
men. With 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 climb up a glass wall, and accepts
any object introduced immediately as a her glowing place. The
glowing posture in typical, and though it is executed differ-
ently in the two species, it is such that the ventral luminous
organs are turned upward. The most usual glowing posture of
J&= Ie females Is like the normal walking posture with the
difference that the abdomen is twisted like a screw in the
lengthwise axis by 90 to 1800, so that the luminous organs
beneath the sternites of the posterior abdominal segments are
tuwred upward and the oorTesponding targites downward. At the

GRAP C NOT REPMM ODUC .. " 1.
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a "" •- "".If

Pie 61. Mloving posture of the flwsis rfemle.

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 (Pigure 60b). -- Phausis females in
all cases merely curve the tip of the abdomen upward from the
normal walking posture; occasionally the entire body is dia-
gonally inclined upward toward the back from the support (Fig-
ire 61). This makes not only the ventral imaginal luminous
plates but also the dorsally visible larval luminous bulbs ef-
feotive. The females of both species, if undisturbed, remain

,motibnless In their glowing places, glowing continuously with
maximu intensity, until the end of the daily period of activ-
ity. This very continuity of luminescence in the females of
the two species is a quite fundamental difference in the sex-
ual behavior as compared to the American and South-European
(jujcoa) species. If a females are disturbed by mild
aeohaneial or luminous estmuli, the lovin posture is given
up and the luminescence decreases depending on the intensity
of the stimalue down to a weak glimmer, but after a short time
- even in the case of repeated disturbances - the complete
glowing posture In resumed. After powerful stimuli or when
disturbed toward the end of the period of activity and lumines-
cence the female crawls away and hides and does not reappear
on the same niht.- The PbLsmis female is far more sensitive.
A mere breath or a v=ilbration can upset her so that she crawls
away and hides and does not appear amain on the same night. --
te normal end of the period of activity and luminescence is
esinaled by feawma of both speoies by givIng up the glowing
posture, aduaull" reducing the luinowu intensity (the larval
orpgs as a rule retaining their bright glow longer in the
case of ihe i orIans in am . and seeking
the hidaiij . res e• then eheose thei ding place

&&@duo ae JIM smfuges aal-
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In conclusion an interesting intensification of the
female appetency behavior should also be mentioned. Unfertil-
ized ris females toward the end of their lives, while
largely retaining the normal glowing posture, make 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 both
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 a different place. Both
these phenomena are doubtless expressions of the heightened
sexual appetency behavior.

Bongardt[9,l0], von Bronsart [13), HIllrigl (62), and
Knauer [68] report that they have found females (at least of

d) 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 against
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 1 I 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 tim, even in the case Of dead females.
On this point of. the next chapter.)

o) Covulation

The following applies to both species if not otherwise
specified.

In immediate proximity to the female the behavior of
the male changes. The movements become 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 postur. The male, vibrating fast, Immediately
mounts the female regardless of which direction he approaches
her from, and thrusts out his copulative organ. Proper
orientation to the longitudinal axis of the female is accom-
plished immediately by the male's holdin fas on both sides
to " the sharp s of the tergites. The position rear end
to rear end is eXed after mor* or less hastyseasional-
ly (oepeoialy in the oas of t u~ a) repeated moving about
on the female with l8t lnen ick turns, the male, ewith vio-
lent ovemeats of the anteenae, apparently remining it fairly
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Fnure 62. At she tino of the male after the flgtt, the female givea up
the glovin poestre orientation of the ade to the femle (inQmla pair).

Figare 63. After poper orientation the male, huata for the female geital
ope0ftp, mousf ba.mr a nd with copolative orgam protruded.

long contact with the head or with the tip of the abdomen of
the female (Figure 62). Upon correct orientation to the fe-
male the pinoer-like parameres open and close, with uimultane-
ous exploratory movements of the entire copulative organs (of.
ire100). n response to this tactile stimulus the female

raises the tip of the abdomen slightly. (This may also be
induced expeo entally with a soft brush.) The amwwLi uale,
after mang contact with the fore end of the 11-415 t6e-
larger emalne, moves relatively slowly back along the femala's
back, continuing to *hunt" with the copulative organs in the
interseamentl membranes of the tergites, pleura, and sternitei
(F 5j). These experiments usuall last as long in amis
a the opulation itself, while usuallu achieves
coupling within a few seconds. ioit on (i- 64&6,b) (in
]buML&.. about 15 a snu*L-L• n T- 20-90J the female's light

ntnenO tyquiokly drop* as a irUeto •a 4mer or the lumineos-
cenoe disappears entireoy. In caeos where t luminescence
continues with undiminished Latenslty for a while after coup-.

Slngis ahieved, other males (accordin to field Observations)
gatst depend the pUlatiOncndiltions, and in a wildly
atated s•t l a around the fe•m•o they try with
lowered prothe'to push away the already opultin male.

an this cowdin" the ar get Into all ssi positions.
ooing Coitiote female, except for X91t movements of the

abdom ordinarL remains ompleteo' atI; the male moves
the antennae at lover. frequency than during the orientation
and owling attempt. often, appear totall lnto a-eesulateoa ha diubed

in tar" mildyphoticin opulttve attempts e dm9 o

i,
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V1gm 64. Copdatiom potion inu k i (a) eM Fumeae (b).

and tactile stimuli. Phausi males Immediately separate from
the female, flee or play dead. The fact that light stimuli
(not above 200-400 lx) do not dietwrb copulation in Ia.z-rie
is in harmony with the fact that 1, in contrast to

uhausj8 copulates in diffuse daylight. No changes are ob-
servshle in the copulation behavior under these conditions.

2 males are ready to copulate 1 to 2 hours before and
fter the normal period of activity. After copulation the fe-

male crawls away and hides, but the male does not always do
so, for at least In laboratory experiments copulation can in
both species be repeated several times (with the same or other
females). Thus I observed two lmI e males that after a
10-15 minute pause each time performed 4 and 3 copulations
respectively of normal duration (20, 25t 36, 60 and 48, 40,
50 minutes). This repetition of copulation within one activi-
ty phase or within the brief Imaginal period, often observed
(in the laboratory), Is not characteristic for short-lived
insects. Occasionally after separation the m¶tazzo male ro-
mains on the back of the female In the copulation position but
without further attempts at copulation Is carried around
bthfewle. I was no'. able to observe such behavior In

d) h9•E~rsons

Am mon ales of both species attempts at copulation not
Infrequently occur (oberved both in the field and the
laboratory) (iure 65). he maes show the sm behavior as
towasr fmalest mounting the back of a male, hasty, unoon-
trolled movements, vibration, searching for the genital open-
ian with protraMA eeopulative orgens, orientation on the male.

Uan atatept betmee sa s were observed of over an
how's uatltom. hile most of the attempt at eopulation do
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Fiae 65. Attmpt of tmo Ims &ae to copamat&.

not lead to union, in one case I observed an actual copulation
of two Lampyris males, where the penis with the parameres had
penetrated between the sexual appendages of the other male and
was anchored fast there. The intensity of sexual excitement
seems to be in no way diminished in homosexual copulation at-
tempts. The "attacked" male usually runs about constantly but
without being able to shake off the perverted one. - That this
perversion has little connection with luminescence is clearly
shown by I males, which do not luminesce and in whom
noverthol'siiih sexual relations occur oftener than in the
luminescing Ihaa• maleel, often proving a hindrance in decoy
experiments. Among tha males of American lampyridae copulation
attempts have been observed by cDermott L86) in Photinu8 mar-

IrMlai an m1mn.buhandb Buck [(21 in1 .i~A
i I i thePM are forms With not very marked sexual. dinorh.

M l-Inie and functioning luminous organs in both sexes), in
which homosexual activity is easier to explain than in our
native species with .extreme sexual dimorphism.

I found an Inexplicable peculiarity in D females.
In one night I found 17 females of that species at an uncom-
mon altitude for EWraLMi females - 30-50 cm above the ground
- glowing In pr•re own posture. ft-der the usual obadi-
tion of captivity 12 of these females died overnight, and the
rest duri the day. Subsequent examination showed that these
noiceable y flattened females had not a single egg Ieft in their
ovaries. This is the only case In which I have found complete
sexual appetency behavior of the females after egg-laying.

2. h aotc to di Ar rtif1, Ligh

in 0 97, Olvier• oderaurhors (Avesbuft7 lo t ed acoeo~5 Oh o•i~r

report positive phototaxis of
maes to .lne no information is availabls " to
thea Atensitye l and since I nm r sucoseded._ .

Ju lta t, e (aoa,1~mt•nesei) z•m -n•iLes'I neededwi'thi

at" A *%al a iO- thatthgee-4 Unit-at td iw OO flgt Olna
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er in use at the present time. When I was working in the open
with an almost burned-out pocket flashlight LamDyris males did
occasionally fly up to me, but so )rarely that female luminous
decoys at any rate were more effective. Nothing was known of
positive phototaxis in Phausis males, and I could not attract
them, either, in the open by using pocket flashlights of vary-
ing strength. Bugnion probably observed best when he stated
that lampyris 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 f84,
87J, Mast [82), and Buck L19,21] concerning the signal system
of American lampyridae were carried out with matches, candles,
Docket flashlights and the like, without imitation of the fe-
male's luminous field. In nearly all cases, of course, the
males showed definite positive phototactic reactions when the
flashing was done according to certain flash patterns.

[Not.] Cand.rer.nat. V. Rather informs me that in catching inaects at
nicht with a carbide Imp he has caught ke3•i males, which to be are did
not fly directly to the source of '.ght, but flew around the limp at a certain
dis.tanoe.

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

a) Ihototalle
Positive phototaxis is clearly proved for male -Ia ses

at a definite intensity by the possibility of attracting the
males of both species by the female light or by artificial
light (of. Chapter D II 1). a females that wer" in the

tri dishes in various decoy experiments also ran toward th*
t deco•vs when they happened to get near them. In D

females no similar behavior was observed.
With too great intensity of the decoy lights (in com-

parison to the fiefe light) the activity of the males declined
or stopped completely. In the experiments concerning the ex-
citative effect of deoyo of vaMying brightness an intensity-
dependent behavior wa also found. If the overhead lighting
of the room (about 500 lx) was switched on during the active
period, ýhe 8es (Nmles Na femaes of both species) crawled
away and id. m s immediately stopped glowing, dropped
to the floor, a with eyes covered with the pr,,thoralp wet
in search of a hiding places the females reacted somewhat more
slowly (espeoialL !the I females), but also ceased to

glow gave up their!oiin4 posturel and crawled away to hide.
After a few miUtes* Of "abw their c"Pompe sexulm apt n
cy behavior was restored. Weak light did not disturb the in-
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sects in their activity. They thus appeared to react posi-
tively or negatively pototactically depending on the inten-
sity 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 i 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-
sity the behaviior 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 insects reacted as shown in tha Table, even in the case
cf change from 2000 to 20 lx; 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
imagines when exposed (at 500 lx) 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 lx).

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 lx. 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 dark wall ifter 10 minutes (e). The positions (e) in
Fig. 66a B were helt by Iampyris after 10 minutes, by Phausis
(Fig. 66b B) after 15 minutes. Comparison of the path dia-
grams of Fig. 66a B with those of 6 b B shows %hat Lampyris
males react more quickly and exactly than Phausis males. The
males assumed at the dark wall the well-known posture assumed
under too powerful light (prothorax as shade, head retracted).
They seldom left the dark wall (especially 1 is), and if
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Figure 66W. Soo-totauis in LaMiirs noctiluca. A and B, males; C, femals.
Meaning of smbols as in Figure 20s; further explanations In the text.

A
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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 behavior of the female in
Figure 66a 0 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 of the
two species after 30 minutes allow of no positive statements
either.

c) ExDerimental Work on the Day-Niaht Rhythm of Imagines

The question of what determines the day-night rhythm
is generally interesting in the case of luminescent animals,
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 luminescence 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 p9rigdicity can be modified by environmental
conditions (Allgited according to Harvey, 55), Buck [20),
Perkins [101]t ,•au 110'9) Newport 95)).

That the temperature variation normally occurring in

summer plays no part in the appearance Of thi--imgines has been
shown in Table 14. The same table also shows that with natural3rariationa3 of the intensity of daylight (with cloudiness,
storms, earlier onset of darkness with the advancing season)
the actirity 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 or
inhibitions of activity such as Cuepa L31) and others report.
In this connection I should like to mention again the sunary
(Table 15) which shows that the imagines remain active at low
light intensities. Checks at the habitats show that even
modern neon street lighting hardly reaches an intensity of
more than 15-20 lx, 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 lampyridas (the other authors' re-
sults were obtained chiefly with the American lempyrid Pinue,
p'yrra), at a constant room temperature of 210 C (max.+

relative atmospheric humidity (III-V predominantly
with Limpyrfs females since the males were urgently needed
for decoy experimentsZ. The insects were kept for at least
24 hours before the beginning of the experiment at normal un-
disturbed day-night rhythm 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
the open.) The number of experimental animals was never less
than ten.

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 of 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 lx of
diffuse lamplight (w 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 luminescence, 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 darkening (at 23:45). At about the same
time the control insects ceased their activity (the males
earlier than the females).

b) Experimental conditions as in a). The insects (A)
were subjected continuously from 17:00 to 24:00 to 500 lx.
They all remained inactive and did not glow. From 24:00 on
darkness 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 undiminished intensity and shortly after 3:00
gradu-lly stopped glowing and crawled away to hide, - after
about 2 1/2 to 3 hours! The control subjects (B) were active
toward 21MO0 and gadually 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 somewhat disturbed by constant darkness, still
the recurring 24-hour rhythm is essentially maintained, but
appears somewhat prolonged in its active phase through earlier
beginning.

Constant Light (500 lx) (III). Even with constant il-
lumination for several days the insects (here only Lam-Ouis
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 (La..Eis and Phausl fe-
males) within 10-15 minutes showed complee s-xual appetenoy
behavior for about 3 hours. This observation prompted me to
create periodic reversed day-night conditions by illumination
at night (from 18:00 to 8:00 with 500 lx) and darkening in
the daytime (from 8:00 to 18:00). Even 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 experiment 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 "night + day."

Bix-Hour Cycle (V). This shortened cycle was arranged
under the lighting conditions used in the day-night reversal
(only with females). A nocturnal constant illumina-
tion (from IS 00 to 10:00) was followed by the first six-hour
dark phase, then the lighted phase of the smie length, and so
on. Result: completely normal appetenOy bevii.or, 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
illumination (e.g. during the illumination period from 16:00
to 22:00).

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 normal insects in constant darkness (IT).

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

a) Constant light: Behavior as in a).

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

3. Sexual DimorDhila
(morphological comparison of the eyes of males and
females of the two species)
In spite of the constantly recurring references In the literature to

dimorphim In the development of the eyes of sales and females of the lampyri-
dae (Figure 67), there hae been no morphological or other comparative studies
of it (not even for the American lappyrida). Oly Leineman [71] gives the
number of facets comparatively for the sexes of the two species (Lamas:
males 2600, females 700; hMias: sales 2500, females 300). s=ner LJ
studied only the DaI" eye, and specifically the morpholo, sad the physical
char•cteristics of the dloptric 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.

atclAe.fme 01 Z ts Fil ofVso

S. - The cross sections (Figures
68 and 69J-iiNovo were epared essentially in ascondan e
with the practices described in detail by delPortilo L1033.
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[Not* ] 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
microphotograph that were to have been taken later are lacking.

/0ý Figure 67 (left). Eyes of both sexes and
"both species, overall viev from beneath.
a) L=~-s21 b) Phui male; c) Laem-
mk~4 female; d) Phausis female.

"..... x--x plane of section of Figures 68-69.

* ~ Figure 68 (belay ,righit). Dorooventral soc-
tion through the male eyes in the plane
of gmretest ventral extension of the eyes

(marked x-xi n Figure 67a~b). a) &am-
Zd made; b) Phul male.

CRAPI1ICOT JDU
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fml e. *-ye o w•, . . GRAPHIC NO REPRODUCIBL

.. , 4 • - .,.-. - i .: , - "

*.- :< ".,'• - . : ,'. 1.di•;. .

, ---m l hrot sction"

Fd)e 69,P,-m . Sections t GRAJPHIC NOT REPRODUCIBLE
fmale eyes of the teo stpvecl.
a) Lanrrl& 2 , dorsoveatral sectin. " " -n *,- \
c) P a , horsovPntsal section. o f.' ,. - -,.,b) P19auezjg. , dorisonta*.,~l section. .j , -v•.-- 1.. - -,
d),S ,8$, horisaotslsNctlon, : -';"-"- 4 .•:

sections in t-he greatesto v.entral-- *

Flea:' 7A.Pae of secti on of /,~ oev~rl , . -. t•..,..,i .

the borisontal sections 1A the great.- -
e rostral.cAl extension the ,.. .

eyes (app•oximately correspoodMa to
the optical section In Fig. 67cd).

mid external morphological structure they have characteristic
peculiarities.

The Mile Byes.--
Doreoveatral ou (in the plane of greatest ventral ex-

tension of the eye, marked z-- in Figae 67ac):
External and internal asymmetrical structure, relative-

K great extension toward thq ventral median, orientation of
e facets downvard (about 2/3)9 non-unAiform curvature of the

surface of the eye (dorsal third sho greater curvature)
(Figure 68aUb), jereasing lengthvise development of the visual
elements toward the vvntral direotion (e.g. cornea and crystal-
l1ae cone ventral in laamrLa 110-115 ja, In Ph9us 1-0100 ,
dorsal In "WjM~l 557 in f 45-50 P0) -
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the optical section in Figure 67ab).

Eyes directed forward, almost radial, hemispherical
external structure, though the internal structure does not
entirely correspond to the external: in Lam is 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 ltterally (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 69ad); in
Phausis the internal structure corresponds to the external,
radially symmetrical structure in the horizontal section (Fig.
69d and 73b , but not in the dorsoventral direction (Figures
69c 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 wort obtained by microscopic
projection of the sectional preparations at about 1000-fold manification.A focal ray was drmwn from every fourth amatidium.

,be focal rays, regardless of asymmetrical structure,
converg4 in the longitudinal and transverse directions in a
single point in males and females r . both species; i.e. they
nowhere form focal areas. The Cocal point of all the optical
axes is ahifted upward and except in the Pausle female some-
what to the rear, and so does not coincide with the center of
curvature. Since the coraeae of the facets are equal in size,
the angles zus. become Creater toward vhe top and back (Figure
71) and the raiLi shorter (Figure 70). This has time result
that the focal r'ays cannot be perpendicular to the surface of
the eye in all cases. Surprisingly, they are perpendicular
to the surface of the eye only in the front and ventral por-
tions.

N=ber of Facets. -

Tm corna. am tallse cama a*e fast gro tWshtr (psAeao-
coneyes), so that with fresh em that have been *uWQY1 out out all the
v0y to th tdgw the "dotrio appearatu of the entire aye can be completely
Isolated twOs tb eMN 00118 ell by br#shin 09t. ~IWO t0" prepared were#
peri•p ly 01,t, labedied in te usual way, mad pressed between all" ad
cor glss. k parsuti e m vu si"r"Jted on the facets of us
eyes of 'A "Z "d spaeces M OW .
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Figure 72. Point of intersection of the optical axes on the basis of dorso-
ventral (left) and horisontal sections (right): a) lamwris males, b) Phau-
sis males. Every fifth focal ray is drawn in.

Figure 73. Point of intersection of the optical axes on the basis of dorso-
ventral and horizortal sections: a) Lammyie females, b) khausis females..

Every fifth focal ray is drawn in.

The averages were 3412 facets for Lampvris males, 2750
for Phausis males, 605 for •_ r 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 thq average of up to l0% occur,
among L females up to 15%, and among Phausis females
up to 30%o. The ratio of number of facets of the Lampyris male
to the Phausis male is 1.24 : 1, between the Lamvyris female
and the Phausis female 1.61 : 1. The surface of the eye of
the Lampyris male averages 5. 6 4'times as great as that of his
female, and in the Phausis male 7.34 times as great (the size
of the facets is the same in both sexes -- about 25 )1 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-
imum extent of the facets does not always run exactly in those directions.
Thus 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-
mine-i from longitudinal or transverse sections. Figures 74 and 75 bhow 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.

03.

IN*

Figure 74. Field of vision of L 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 usually 3600

in the vertical (dorsoventral) direction, and up to 2500 in

the horizontal direction (from front to rear), with a gap in

the field of vision at the back of the head (where it is joined

to the thorax). The binocular field of vision in Phausis is
up to 600 ventrally and up to 200 forward; in Lampyris it is
70-750 -ventrally and up to 300 forward.
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Figure 75. Field of vision of Phausis males (a) and females (t). For expla-
nations see Figure 74.

b) Relationshiips 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 f 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 of 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 dovnward and forward. Two
other 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 72). By these
two methods a different curvature of the surface of the eye
is achieved, and thus indirectly an enlargement of the field
of vision. These two methodz alsomake it possible to orient
the eye especially ventrad, but also 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 (La~hria gibbosa 250,
Bembix rostrata 350, Nepa cinerea 54°0 Calo~teryx splendens
88°, according to von Buddenbrock L24J). The high number of
facets also favors localization.

These two striking specializations of a nocturnal in-
sect (3600 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 see 5

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 basal 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 both
species. The sensitivity to light must be quite considerably
increased 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 Lampyris 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 power of the male
eye is in fact very pronounced, for it distinguishes fields of
light forned in different ways in flying to the female (see
decoy experiments). It is interesting in this con:. .•on that
in the Phausis male eye the angular values in the posterior
and upper half of the eye are much larger than in the Lamnpris
male eye, and must accordingly greatly reduce the acuteness
of vision. We might attribute to this cause the incapacity
of the Phausis male to distinguish different luminous fields
and his consequent confusion of his females with those of
Lampyris, if we do not intend to make fundamentally different
(and phylogenetically more primitive) neural conditions respon-
sible for that.

The non-uniform curvature of the cornea due to its devi-
atiqn-from the spherical form and the oblique position of the
crystalline cones might impair the visual perceotion of shave,
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 Lamvris males I evaluate
as superior visual perception of form on the part of The L-
yvris 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 various 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-
li it was necessary to attempt to present the doubtful compon-
ents of the stimulus to the male in as near isolated fozým as
possible. ThA 'lowing investigE.tions 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 qualitative 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

a) Experiments with Natural Female Light

To make it possible to answer the question of 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 all three cases the males flew straight and accurate-
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 of
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 female light, while Lampyris males
paid no attention to the Phausis female light. I also 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. Later quantitative experiments (light
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 Lamoyris pair a Lamoyris female was placed, which
soon glowed brightly. The male gave up the copulation posture,
but still remained coupled with the female .nd dragged her with
him to the glowing female, and mounted the latter, though
still coupled with the non-glowing female.

These examples appear to exclude the possibility that
there is a female odor in Phausis peculiar to the species.
They also show for Lamovris a sexual effect of the female
light, and in fact of light 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 Lamnvris
males) and occur simultaneously in the insects' biotope dur-
ing the swarming time of the males of both species, these
investigations were carried out for all stages.

Spectral Ranxe

Many authors have made statements as to the spectrum and color of
firefly light. According to Murray (Experimental Researches on the L=trt
and Luminous Matter of the Gloworm. etc., Glasgow, 177 pages) the ligt of
LaMMu larvae is geenish; according to Lehman ("Lazyzla Prime Contest,"
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Nova Acta Leop.Carol., Vol 30, 1862, pages 113-114) LamDyris light possesses
red, yellow, and green components; according to de Bellesme L6) violet is
lacking, red is abundantly and green maximally represented; Conroy [30) gives
the only exact statements concerning our native fireflies, but unfortunately
with regard to an English "glowworm" not further identified; from his descrip-
tions it may have been a Lampvris noctiluca larva (cf. Table 16). Dubois
[cited according to Harvey, 55] later reports that not only the spectr" within
the species but also in different developmental stages within the individuwC.
are different, and attributes this to differences in light intensity. lic says
that the LamDyris light is blue. Meissner [91]reports green light for the
larva of Lampyris, while Knauer [68] reports bluish light for lampyridae (with-
out mentioning the name of the species. I have not been able to find state-
ments concerning Phausis in the literature anywhere.

In the table [see next page] I give a chronological summary (partly
according to Duck [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' light was recorded with a spectroscope
(Zeiss pupil spectroscope), attached by a connecting piece to the camera ob-
jective (Plakro Kilar 1:3.5/40 mm; camera: Exakta Varex IIa), on the highly
sensitive panchromatic Ilford Film (RPS 27/100 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 immediately before molt-
ing, when theyglowed continuously at uniform brightness with continuous slight
mechanical stimulation. The same method could be used with the pupas. 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-
troscope). The only way remaining was to get them in front of the spec-
troscope slit completely without disturbing 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 PJMa-

Asi male light the miles were decapitated or the isolated abdomen with the

luminous organs slightly mashed and then fixed in front of the slit.

Photographing a wave-length scale over the spectrum being photographed
made it unnecessary to close the slit as far as possible in order to dotermine

the spectral range and identify the dark lines with the corresponding wave
lengths. The slit remained opened to the maximum extent for all photographs,
as did the shutter of the camera objective. For the rest, all photojr

technical precautions were constantly maintained; the exposed films wQ:o "I!

developed in the ame tank under the same conditions (Ilford I D - 11 Fine

Grain Developer, 14 minutes at 200 C).
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Table 16.

Species Wave-length ltI•od Author
Range 1:, 111/4

IPholinusp (Ape . . 487-6.56. V YVOI.iG 1870
English ;:1ow-worm

(i,"rve Von I sm/,yrji?) 418-651; V Co.•mo 1882
P!yroahaoruS ,o0Cllusuk..

Thorax . . .... . ;-.* V L.ANLI.:Y & VERY 1890
AhdoienuL .... ". :* .-P. 3--i; V

P'hliusa ,yraulis . . , -1 1'*:- & COl.l:.NTZ 1910

PAGo/Inu pyralis . . . . ca.535-i62 V . IC .4'N"OT 1910
I'eotiN mS tomAinqantaiqincada m 550-4; 1 V NI.14,It.OTT 1910
'Aoluris Ijnusay!vaunie C. 6.40- 4u15 V N1 C I). It *4OTT 15 10

Ji1eagodes laticoilis . . . 511 -- 614:' V M.C 1)i: It 'nrT 1912
1'holimus conuragauiew I C25--.u -'.. 1911, 1912
i'APoluris 10MRuYNusi 510--1111 P toalaa:.rz 1911. 1912
Glow-worm () . . 529--'i p 1,,uii.•s & \t:, .%14.

WA.AN 1931
Clow-worol (7) .... 469-58h P 11hooKS 1940

cnatherinaed .35-64o4 iP) 521I--;;:5 (V) m.ax 5,,5 hlBi' 1941
same .ax . .50 lit:ci 1941
i'olu IlMllsd . . I. . 616-4642,5 (P) 515- M.'( \ niax 577.6 lit:cit 1941
i1kolinWS IMLlnas 9. . . . 620-645 (P) 512,5-t655 % ) wax 677,6 l1i;cE 1941
I'gt~ilsawynerom4m d 615--646 (P) 520i--655 (\) max W IhvcK 1941
)'kt.awa USr ubiliS . 620-60 (P) 522.5-665 (V) max 680 Bl;cK 1941
Pholi oU Mauvilimb4.dwd - 627,5-6i20 (V) - BIhcK 1941
I'Aomi.S cer'fluac , . - 53iK-620 (V) - itRUci 1941
'PAiit:j e"tHeteed' . - 55--655 (V) - BlCch 1941
Itoli US grutileb. . . . - 507.5-.G55 (V) - lh1:CE 1941
DIiAONS Whincul . . . . - 505-645 (V) - 1;tCK 1941
DMIpA0S Wouoni . . . . - b15--620 (V) - iiUCK 1%.1
9iiA•O0Wa emiJUecU . . . - 612.5--66 (V) - BUct 1941

Ptolurisimalr iceuied - a. M 127,6 (11) - - Bucai 1041
P.iuusjomanicensi 9 - 522,?--656 (V) -- BucK 1941
J'yvplseAo gkoeph.Dkalmua

Thorax .......... .. 5--.... i P) 497,5--{s (V) ,%x 685 1Iucax 1941
Abdomen ........ .64--64P) 6 P) 5-6m5 (V) max bob HUCK 1941

PeaNpgsd lp .- :..0--.90 (V) - BIcK 1941

V - visual method; P - photographic method of determining
the spectral rang.; ? - no indication of se,-cies.

Spectroanalysis by the difficult photographic method
was preferred because of its objectivity to subjective ob-

servation (the Purkinjoe effect, etc.). At the same time it

permitted a comparative determination of the energy distri-

ution of the spectral light on the basis of the darkening
of the film.

Results: The spectra of both species and in all stages
of development lie in the same region of the visible spectrum
as a continuous band from about 500 to 660 mil. Details may
be seen in the curves of the spectra in Figures 76-78. The
results were confirmed on the basis of photographs of several
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Figure 76 a. Spectral energy curve of the light emitted by the Lrmwvris lar-

va. Exposure: 5 minutes. Ordinate: blackening of the emulsion s.do of the

film (S); abscissa: wave length in up.

Figure 76 b. Spectral energy curve of the light emitted by the a larva.
Exposure time: 5 minutes. Notation as in Figure 76a.

Pr5~~imrTTmTrrnT,

• I I I I I Ii l ll e Ilj" • i ' i i " l l iii l

77b

Figure 77 a. Spectral energy curve of liznt emitzea by thc Lampvris female.
Exposure:. 5 minutes. Notation as in Figure 76.

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

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

Spectral Einergy DigtrIution ofthe Liriht Emitted

The basis for determination of the energy distribtion in the spectral

band of the light Mitted by the insects wa the blackening of films obtained

by the above method, The distribation of density of the blsckeninp in the

spectral band correspond to the light energy of the various wave lengths on

the asMption of uniforam color sensitivity of the film material, which is
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guaranteed in the case of the panchromatic Ilford film. The density of black-
aning of the spectral band was measured photographically. [See Note.]

[Notel The meawarements of density of blnckening were made with a
Zeiss rapid photometer with Steinheil recorder az thoto-ultiplier I ? 25.
I cordially thank Dr. Eichhoff, of the Inorganic institute of tae Universityof Mainz for making the apparatus available, for making me acqiuainted wi.h

the technique, and for his readiness to help in manipulating the inst.x..s.

Figure 78. spectral energy distribution of the
light emitted by the Phausis male. lxposure
time: 5 minutes. Notation as in Figure 76a.

I.I

Figures 76-78 show the direct measurement values of
blackenings of the emulsion layer of the film. Since the
width of the spectra lies in a range in which the ezulsion
is almost uniformly sensitive, the measured values largely
correspond to the aosolute daza, i.e. the maximum of density
of blackening is matched by an energy max.imum of the insects,
and the nearly symmetrical pattern of the curve is matched
by a uniform (sharp) decrease in short-wave and long-wave com-
ponents of the spectrum outside of this maximum value. The
maxima for both species and all stages of development lie be-
tween 550 and 580 mpj, and thus in the yellow rarSe.

Det2ermnatlon of Irneaiy

In order to compare tL. light intensity of the developmental stave
of the two species, the luminous organo were zacropnotograpt±cally recorded
in their own light. To sake possible short exposure times, Ilford -.PS film
was used for these phosographs too. P"requisites for comparable darkenlngs
of the film and for later photoelectric registration were uniform distance
from Uhe objective lens, stimlar arrangemots of apparatus, and si•ilar con-
ditions of photographic demlopUw for all the photographs. The cae•r used
wa -as before- *xana" vith the "Nakrciler' obJective.

Figures 79-81 show that the maximum intensit:" exh.ibits
not only very slightly diverging values for all develo;o.tZ
stages, but also that the intensity of individual parts of
the luminous orgLns is equal. Nor can they confix= the
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Figure 79. Deon.ity curves of a Lamnxris larva (A) anri a Ln--:.eric ri-ale (3).

I larval luminous organ of the imaginal luminous apparazus, II imaginal

luminous plates. Distance from camera 12 cm, exposure 5 seconds. i a dark-

eninn of the negative. Abscissa: region of the li.nous organs from thora-

cic to caudal.

Figure 80. Density curves of a larval luminous orgart of fau~sis. A from

the dorsal, B from the ventral side; other explanations aS for Fioare 79.

A

i m - 1 :"

Figare 61. tensity curves of the 1uxinous or,-*s of the Phtui fazale (A

f rns th dorsa!. B from the ventral side) and of" the Ptw',au male ý*C).

I larval luminous organ of t.ho imagnal l uminous appa•ratus (in the tui
sale not extertally visible). 1 1 I uir plates; othmiso as 1A

S79.

assertjons,,of Cze.•a [29), 4~cai:Ze [76), ..;eisaner '8)], Vet-

hoeff L126j, and ieitlener L129, that the entir•e body of the
firefly glows (a support for the symbiosis theory!), for the

photometer 8 canned the whole area surroundin the luminous
organs and the body of the insect- results there: 0% density

(in ti oreeoton of. 9.ures 3a-*).
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o) Decoy ExBeriments with Artjificial ia4ht

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
as a check on the laboratory experiments, because they lasted
too 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-
sible only 2 to 3 hours a night, during the natural period of
activity. Under laboratory conditions I was able by certain
measures (of. Chapter D I 2c) 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 200 C + 20, in a flight cage (1 x 1 x 1 m)
the bottom of which consisted of a ground made to resemble
that of the natural habitat of the insects (of. C I) or in a
petri dish (diameter 30 cm, height 10 cm) the bottom of which
was lined with sand. Both containers always had about 95-100%ý
relative humidity close to the ground.

The decoys consisted of cylindrical sleeves to one
end of which the decoy mask to be investigated was fastened.
(The abscissae of Pigures 82-92 show the respective masks in
actual size.) The height and width of the sleeves were such
that they fitted closely over a pocket flashlight bulb (2.5 v,
0.5 amp), mounted on a'foot that could be pressed down into
the soft ground (for field and flying-cage experiments).
This bulb lighted the decoy mask from beneath. Light filters,
colored paper strips, frosted glass and the like could be
put in front of the mask-. To get a uniformly lighted mask
surface, a frosted glass was always attached in front of the
decoy, mask. The lights 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
of bulbs and the same source of power for all series of decoy
experiments provided from the outstart for a-more or less
uniform luminous energy. The number of decoys used simultane-
ously during an experiment was determined by the object of the
particular experiment (abscissae of the figures)'. But•in
order that it would always be- possible to check on the course
of the experiment at a glance, not more than seven decoys
were ever used. They were set up irregularly in the flight
cage 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 wits 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 g.Low outside the petri dish.
Glowing females-were constantly used, however, to regulate the
light decoys and compare their intensity.

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 glass
wall; here the males ran toward the decoys, as they did in
the field when only short distances were involved. As a rule
they ran in a 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 cm
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 about in the immediate vicinity of the decoy with search-
ing, rapid movements, and made butting movements with the head
and prothoraz against the $lass 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 L blue, for Phausis green). These checiks,
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SN Figure 82. Reactions to light decoys.
Ordinate: number of approaches.
Abscissa: decoy masks, half actual

size.

JV - L (Lampvris noctiluca):
IV . n (number of specimens) - 15;

N (number of reactions) u166;

P (Phausis s~lendidula):
'i I~0.L~ nAfl 30,N295.

I Due green ye- red whole I1IIA1nDYr8; I~Phaueitt.
low spectrum U

lasting only a few seconds, did not distu.rb the males at all,
even when they were running toward a decoy. The results of
a series were regarded as confirmed only when counts of runs-
after oertain intervals of time (e.g. after every 30 minutes)
during" the test -period yielded no significant relative dif-
ferences for the individual decoy patterns (toral number of
approaches on the ordinate of the graphs is the total count
of often repeated experiments over a three-year period).

w Color as the Disti~nj shing Feature
1. Reaotions to the basic colors, ýlue, green, yellow,

red, and to the whole spectrum of visible light (flashlight
bulb light). The basic colors were produced by light passing
through transparent colored paper rsee Note) (Figure 82).'

[Note) I am indebted for the measurements of the spectral curves of
the colored papers to the Physics Institute of the Technical University of'
Brunswick through the kind offices of Prof.Dr. Sohaller, They were done with
a spectrophotometer Type Sb 500, "Unicam," no. 11768. The source of light
was a tungsten lamp. Width of slits 0.11 mm, I m intensity transmitted through
the paper, Io a original intensity. Maximum scatter of the meamsued values 1.5.
tor gm"aphio representation, see the next pagee.

2. Use of monochromatic filt colors o osee Note) lying
within the spectral range of the femalie-light (Figure 83).

[NoIte] I thank the firm Jenaer Glaswerke Sahott und Genossen here
for the loan of the interference color filter used (manufacturing specifica-
%ions: IL no. 629 4l6, 617.51, 631 048, 617 876, 135 417t 619 157, 608 806,
624 815 60M301, 620 472).
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40\ ~ \4 /1 -.-. green

M. ..... red

350 SW0 ISM0 ' 6W0 650 ;W W0 820f

(see note on page 126. 3

I,v

AA

4,ue-3 Lih eoswt. oncrmtcfle.clr.Ti rmn

Fiar 8. i~ dCoyprs wton ochamatics ofl colors. lihtwith expriet

Optimal exiaoycolors shown in Pigiares 82 and 83 (Figure
84).
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Figure 84. Light decoys: Comparison of the optima excitatory colors.
Left: L .n a 15, N 363; ri-g%%: Phtus;• =z 30, N a 275.Tmolsealer approaches. a) yfellow, b) wh*e spet , -0) female controle,

d) blue.
Um~ris pay little attention or none a 11 to kh

basic oolors blue, green, and red, while they respond maximal-
ly to yellow. The more exaot analysis with monochromatic
color filters shows the same thtng• and also shows that the
energy maximum of the spectrum of light emitted by the female
(around 570 mx) coincides with the maximum number of approaches
to artificial decoys that emit light of the same wave-lengths.

The same holds for nales - maximum number of
approaches when the wave-l --t aare used in which the light
eitted by the female is ria aut. On the other hand they dif-fer very strikingl~y and unexpectedly from the la--rj males
on the folowin poits They react very wellt _Ywave-
lenethe of visible li ht, and even have a second maximum in
the blue light range that actually surpasses that in yellow
lirht. It is a re able fact, however, that blue liht is

issine from the emission spectrum of all developmental etages,
short-wave visible light bei• In fact represented there only
at very low energ.

The comparison of the optimally exoitatory colored lights
(Pigure 84) with genuine females demonstrate* for both species
that the corresponding monochromatic lights induce the approach
flight of the =les not Only Optimall, but -supernormally.



4 7Figure 85. Light decoys: distinguishing
iF characteristic brightness. Notation as

U!- i , in Figur'e 82.
• L: n• a 1, N-= 130.

P: n - 30, N - 104.
1JV [II a) darker than female
S- b) female controls

0) brighter than female

9* . wee au

p) Brightness as the Distinguishing Feature
The decoys (Figure 85) were about the same amount

brighter or darker 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 subJeotive comparison. The decoys were lighted with normal
light (that is in the following experiments the light of a
flashlight bulb with all wave-lengths of visible light).

amjpis 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 turn aside then or turn around, as rarely hap-
pens otherwise in their approaches, or after a normal 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 (of. Chapter D I, 2a).

ZUU&U males always definitely prefer the greater in-
tensity.

y) Si•e as the Distinglsehirng Feature

In this series of experiments (Figure 86) I used over-
sized, normal, and undersised decoys (the normal decoy having
the surface dimensions and arrangement of the luminous organs
of an aver -soied female). For both species the surfaces
of the oversised decoys are about four times as large as the
normal decoys, and the undersised decoy in the case of L_•-
i :1,s rjouced by 1/3, for P by 1/2. The P,_sis. un or-

decoy also hs only two pa re of points of (as is
not infrequent in nature) instead of the three of the normaldecoy. -- sdhting with normal 1•ht.
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Figure 86. Light decoys: distinguishing feature size. Notation as in Figure
82. L: n 22, i a 155; P: n a 30, N = 134. a) normal decoys, b) oversized
decoys, a) undersized decoys.

Figure 87. Light decoys- distinguishing feature movement. Notation as in
FlMe82. L: n13,, N-93; P: n309 N -131. a) ovingdecoy,
b) statioa•y• deowy, o) female control.

Figare 88. Light decoys: distinguishing feature duration of light (Constant
vs. Intermittent light). Notation as in Figure 82. L: n a 22 N R 164;
P: k = 30, 3N 185. a) female nor= decoy, b) flashing decoy.

In the case of j the normal decoys get the maxi-
mum number of approaches, i nthe case of PmJi the oversized
ones. The varying size of the luminous organs of I fe-
males due to the considerable differences in body size (l•ss
in jhai) h•s no advantages in the extreme cases, which lie
withM hI range of the light decoys used here, but not too
preat disaevantages, either.

J) Movement as the Oharaoteristio Feature

The point of departure for the comparison of moving and
stationary decoys (Figure 87) was the observation that unmated
Zin r females (but not Phasi females) toward the end of
hi-r lifetimes make beokok o-- otions with the abdomen, which

boas the luminous organs. With the moving decoy pendulum
motions of about 5 mn/o s were produced, approximately oorre-
sponding To those of Us female, although the latter are not
s €io•3,y •ahymtoalI+ii 30 i



The "old" be~ckoning ;Crip female should actually
kave somevhst greater success it attracting males than the
S ,.;oing" non-beckoning one. Control experiments with Phausig,
on thk other hand, show a decrease in approaches in the case
of moving light decoys. If the decoy was moved about 10 cm/sea,
the number of approaches for tho.Ao decoys went down very sharp-
ly with both spnecies, an observation that I followed for about
an hour but d-.d not evaluate statistically. - Lighting ,;ih
normal light.

) Duration of Lirht as the Characteristic Feature
(Comparison of Constant Light and IRhythmically Flashing
Light)
The effect of rhythmical shining (= flashing, similar

to that of species of Luciola and the. American species) was to
be investigated. Along with the continuously glowing normal
decoy a female decoy was offered that glowed for 1/2 second
per second (Figure 88). Lighting with optimal light (here-
after always yellow light for Lampyris, 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
their course toward the decoys with the interruption of the
light.

The lower rate of approaches of both species to the
flashing decoy may be attributable to the lack of the constant-
ly effective stimulus or to the incapacity to orient themselves
to the temporarily "attraotionless" deooyt a has been observed
with the flashing American species (Mast 82)-.

0 Pattern (Arrangement and Shape of the Decoys) aa
the gharacteristic Feature

1. Regrouping and modification of the luminous fields
of the female luminous organs (Figures 89a-b), lighting with
optimal light. - These important series of experiments were
carried out in order to determine to what extent the patterns
of luminescence of the female luminous orgsns peculiar to the
species also constitute specific stimuli for the males of a
iven species. This question arose from the fact that the
ight emitted by the females of the two species is alike, so

that its pure spectrum cannot isolate the species, and from
the fact that the arrangement and formation of the individual
luminous fields are quite markedly different in the females of
the two species.

2. Decoys with round, rectangusro and broken lu=mifoua
fields of varying also (Aure 90a-.) were compared with the
corresponding feUle-norm deNoys. Ligting with optimal

light.-
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iIUnbroken sur~face patterns of light are oreferred by
both species to the 'l-oken surfaces. Tlhat in t"Ihe caSe o--: the
Lapyi male, with its marked preferen~ce for L4he typical
luminescent pattern of the female, the number of approaches
increases with the size of the area gives grounds for con~jec-
tur'e that a transition to general (i.e'. not absolutely Sexual-
lyconditioned) positive-phototuaxis is taking place he-I-e,

while the more intensive approaches to any large a".rfacca _r.-
the case of the Phausis male come nearer corresponding tio our
previous observations.

n~) Preference Tests
(F'igure 91 with Optimal Light, Figure 92a,b Normal Lieht)

fig

Wrr

J~r

a- >b

Figure 91. Light decoys: -Choice between luminescing developmental stages Of
the two species. For identification Of -the luminous8 organs (abscissa) -of.

Figre33a.G Ntatoaasin Figure 82., L. n ii 6 N -295; P: n u30,

N .322.

Figure 92a. Cocofmales of the two species between female light decoys and

genuin emae O the 'tospecies. Notation -as In Figure 8.L 7

decoys (a - 35, Na124). The columns markced X are a compilation of results
obtained at different times. They show that the results always remain almost
in the sme proportion. Such cotrols, though used in other eases, are not
shown in the other graphs.

1 34



The figures (91, 92a-b) confirm fwhat waa suggested in
* 1: The Lammyris males "recognize" quite well the proper ar-
* rangement of the luminous fields of their feizales. They can

hardly confuse the other luminescina developmentel stages of
the two species (for the identification of these cf. Figures
33a-e) with their females (Figure 91>. The fact that Phausis
male luminous-organ decoys are relatively much frequented
may be explained by the fact that they resemble ,he lui=Lous
organs of small Immr females (if we disregard the little,
dot-like pair of luminous organs carried over from the larval
stage).

Phausis males on the other hand car-not distinguish be-
tween their oi and iea.yris females; the decoy experimenrts
confirm in this resoect the observations often 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, miat rarely lead males astray in the
field as well, - at any rate I never was able to observe it.
The glowing. Phausis males are equally rarely approached, since
they fly themselves. (On this point cf. 1 c S3.

On the light decoy experiments the following may be
said in summary: The first reaction in the stimulus-reaction,
chain of sexual behavior, V. approach flight of the males,
leads reliably to the goal-, numely to the female of the same
species, only in the case of tl.e a male. Here the con-
ditions of the Aemale light, such as maximal luminous energy
in the yellow range, intensity, size, and arrangement are
optimal. Deviations fro-m this norm yield inferior results,
monochromatic yellow light when combined with the other charac-
teristics of the norm yields above-normal ones.

Any visiblo- •light will serve to trigger the approach
flight of the Phausis male (as long as it is not strong enough

to'bring about negative phototaxis), quite independent of the
arrangement of the luminous fields. The wave-lengths strong-
eat in the light emitted by their females have an optimal ef-
_ fect, although 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 distinguishtheir own from i_• females..This defective performance,

which is not in iant in view of the short lifetime of
the imagines, may be compensated for by overproduction of males.

.. Excitatory Effect of the Female Odor

Prom the above it is clear that flight toward the female
odor- if it occurs at all -- can only be conceded a minor
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r8le, although the Lamnwvris females at least give off a clear-
ly perceptible, somewhat cabbage-like odor.

The above-described attempts at copulation by the males
among themselves, which at least in Iamp.•is are initiated
without the influence of light, copulations with non-glowing
females that the males encounter accidentally, and the whole
foregoing chapter do not rule out any olfactory influence
either in the males' approach flight or in the rest o0 te...
sexual-behavior.

The following experiments were carried out with both
species under as nearly natural conditions as possible, wi.h
weak, diffuse, non-disturbing light in the laboratory.

1. Freely 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 mle 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 sexual behavior in the male,
:which usually ended with a normal copulation of normal dura-
tion.

3. Female parts (head, thorax, abdomen, and entrails
respectively) were arranged• in a circular pattern (5-7 cm-in
diameter) and males ready to mate set in the center of the
circle. In every case the males when they came apon the fe-_
male parts showed a behavior clearly deviaVn& fror, the normal
movement: Staying on the spot with vibrating move-•ent of the
antennae, cautious feeling over the female parts; finally the

- males ran alongside the parts and at fairly large abdominal
parts actuall unsheathed the penis -- all indicationsthat - -female o0or is quite well perceived •nd has a sex.ally
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 oPdor suddenly enaountered" it ..-- The

-males showed similar rae.tionc to -fresh-laid -eggs.
4. The following series of exper.!menta, soarried out onlywith Lam~yr~s, will be discussed in part in the next chapter.

I attempted to study the seleutive effect of the female odor
of particular regions of the bodv, and at ths same time the sex-
:Ual effect of particular bodily shapes of the female by the
use of mutilated fem(les.

a) Isolated female head + prothorax: attention for
minutes, with lively feeling and rapid movements as at the

beinng ofL Copuain the pwisais,1 nov protruded.



b) Isolated mesothorax and metathorax: as in a), but
less long and intensive.

c) Isolated abdomen: rapid and correct orientation,
complete normal copulation as with the normal female (duration
9-17 minutes) (Figure 93).

GRAPHIC NOT REPRODUCIBLE

fV

Figure 93. Copulation with isolated female abdomen (Lapris).

d) A female without the last three abdominal segments:
as in c), but with shorter duration. The penis is introduced
into the open end of the abdomen and withdraw.- several times
in rapid auccession; ,the female is then soon abandoned.

d) The fore end of the female (= head + thorax and legs)
-was replaced with the rear endý (= last-three abdominal segments):
result as in c). -- The description of the 'results of this
series refers to Lamyris.

Phausis males ready to copulate react to fragments of
their females-much more powerfully and intensively; even fe-
male entrails bring about 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 was achieved less frequently than with Lamtyr.rs

The female odor is thus not a remote stimulus for the
approach flight of the male, but doubtless contributes greatly
to intensifying the sexual reaction to the female. In parti-
cular it apparently makes possible orientation to the female,
although we cannot say wha bodily. parts ofe the female seo-
ths h wprpose (of. 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" (of. 4d).

3. Excitatory Effect of the Female Bodily Form
After the results of the preceding chapter the question

arises whether the mere form of the female plays a definite
r8le in the sexual behavior. In that line the following re-

su•ts were obtained:
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-1. Females fixed in alcohol for a year were offered
after repeated washing-in sterile distilled water to males
ready for copulation. These lifelike form "decoys" induced
no approaches or other reactions.

2. These decoys were smeared with material from mashed
femaleL. They then had the same effect as the "odor rin-s"
(see preceding chapter), and in addition were occasionally
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 plasticine fore end with female
rear end and plasticine rear end with female fore end had
the effect described in 2 or as in 4c (preceding chapter).

6. Females were surrounded with cylindrical plasticine
shells so that only the fore end and the rear end(: the last

twb •bdoalnal sGoewea). remained free. No matter from what
s14e the male approached this "'semidecoy," •orientation to the
female and copulation ran normally in every respect, althouagh
the maleoas he moved backward to hunt for the female copulative
opeirig.8complately lost feeler and tarsi contact with the bigf ... weale 94iJ. e 94)

UCBL

lPigia 94. Copulation (and attempt at orientation) with a female sanrouded
with a oWlindrioal plasticine shell (kDLam maloe and females).

Aocording to these findings the shape of the female
body appears to be largely secondary for the sexual behavior.
It may also be stated on the basis of these experiments and
various ones described in the previous chapter that it plays
no part in the orientation either.

4. Combination of Light and Form Decoys
An attempt was made to clarify the question whether
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the female bodily form in connection with a light decoy has an•

excitatory effect. The female form in question w.,as about 5 z2
away from the light decoy. The following experiments were car-
ried out with both species.

1. Female light decoy + non-glowing living female: The
light decoy was approached first; only through chance contact
with the female did a copulation come about.

2. Female light decoy + dead female: result as in 1.

3. Female light decoy + female preserved for a year in
alcohol and washed for days: approaches only to the light de-
coy.

4. Female light decoy + plasticine imitation of the fe-
male: result as in 3.

5. For Phausis males a glowing Lamwvris female decoy was
combined with a non-glowing Phausis female. Result as in 1.;
the Lamoyris female light decoy was approached first. When the
female was accidentally found, attempt at copulation. If the
female ran away, the male left her and went back to the i._Mn-
ris female light decoy. Return to the light decoy when the
female of the male's own species ran away was also occasional-
ly observed in experiment no. 1.

6. The combination of Phausis female light decoy and
non-glowing Lampyris female had no success with Lamvyris males.
5. Excitatory Effect of Movement Stimuli

During Ajcroach.and Copulation
As described in Chapter D I 1, the female hardly makes

specific excitatory movements in the course of copulation at-
tempts and during copulation. Since copulation with dead fe-
males is possible, it appears that no essential mechanical
movement stimuli come from the females. Some stimulus is
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
with tactile stimuli at any point when a male approaches the
female. - The mechanical stimulus of the searching movements
of the penis induces the female to raise the tip of the ab-
domen, and this facilitates copulation; in the case of dead
females the copulation attempt takes longer. In addition the
vibratory motions of the male's antennae, which are directed
predominantly 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 during the
active period. Experimentally, too, the locomotion of a female
may be stopped by touching the fore end lightly but with high
frequenoy vith a soft brush. In attempted oopulation of lua-
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sis males with Lamanyris f emales the female -tak~es to f 1 ght,
evidently because the smaller Phasis males cannot provide
this vtimulus. All the above tactile stimuli can be experi.-
mentally provided successfully'with females willing-to mate.1< ~ ~~Along with light and olfactoy stml3hs oe
ment stimuli appear to be not entirely wfithout significance.
In any case the moven'ent-stiniuli; reaction chaai'n b~c: 2
and female acceler-tep the undisturbed course of t*h.e :z
relations (cQmpared uit1h copulations with dead females)..1KAnnex: Attempts at a "Wae Pattern"

The relatively great passivity of the females in the
p choice of partners does not in itself mean that there is no

"male pattern" for the females. The Phausis males, equipped
with splendid luminou's..organ..-, comb in for special ConS~dera-
tion in this respect, especiall-y as it is precie-ely their fe-
males that possess inthe prothorax,ý which covers-the eyes,
two large transparent (-completely pigment".-free).windo~ws, such
as are otherwise known- on~y i-n: the males of the- two speciesj,ý
but not in La~i females. -On, this point I did the follow-
ing 'experiments,:

1.Inboh pecies: Ifa~nactzd or freshly killed
males are presented to females ready to mate (in the glowing
posture),q nothing at all shows up in the behavior of the fe-
males that would justify inferences as to a sexual "affect."

2. In Phausis: a) Glowing Phausis males immediately
befoe th eye a males ready to mate (i.e. exhibiting coom-

plete sexual appetenoy behavior).
b) Son-glowing males in the immediate vicinity of fe-

males ready to mate, but not touching them.
a) Material from mashed males in immediate vicinity of

females ready to mate, but not touching them.
d) Male light decoys (which see) in varying intensity

before the eyes of females ready to mate: With to-o strong
Intensity of th decoy light the feamales gio up the slowing

uost#e and hnsuabjected for long to the, effect of the
1±!ht they asee out hiding places (of. phototauis,. Ohapter

All these attempts to find out something about the of-
feat and significsane of the ftui male ligh were complete-
ly without results; neither an optical ncr an olfactory effect

an their femaleas coul d be demons tead.
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may be said by way of summary:

The sexual appetency behavior of the two seoo'.:es agrees
in the main. Any effect that isolates the soecisc - reduies
errors in the choice of partners must therefore be looked •for
primarily in the groupin and choice, typical of the species,
of definite key stimuli &the inherited excitative mechanism)
and in morphological and physiological differentiations.

1. The inherited excitative mechanism for the ap . -
flight is simply the light emitted by the female, which for
for Zam;ris males must not only have a definite quality, but
also be radiated out in a specific surface arrangement. Phau-
sis males react to very unspecific light and consequently con-
fuse their females with those of Lampyris. Certain light de-
coys operate as supernormal stimuli. Odoriferous substances
of the females play no part as remote stimuli for the approach
flight.

2. The inherited excitative mechanism for orientation
to the female, for protruding the penis, and for the actual
copulation appears to be based on restricted components of an
olfactory and tactile nature for both species. The olfactory
component is superior to the tactile. Since decoy experiments
with natural odoriferous substances are diffioult to carry out,
I can make no detailed 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
to be credited with any stimulative effect when tsolated from
other components.

3. A specific "male pattern" appears to be lacking in
the females of both species.

III. Discussion

The rhytbm of activity and luminescence of the i es
serves exclusively the purposes of reproduction and isar of
the sexual appetenay behavior, for outside the active-lumines
cent phase the m=les do not react to light decoy* of otherwise
above-normal effect (not even when - in order to exlude any
fatigue of the corresponding reaotion-specifio ener7g- males
are used that have not before copulated or been used for•aoo
experiments). Gradual ineffeotivek8ss of key sexual stami,
presented naturally or artificially, after a certain period of
good effectiveness coincides with the end of the aoctve phase.
ainoe the studies of the normal diurnal rhythm of activity and,
lun@eeoenee of the lmaginse Wee carried onb without any iA-

-141-



fluence of key sexual stimuli (cf. Chapter D I la), in the
ineffectiveness of the inherited excitative mechanisms for
the search for the glowing female or the luminous decoy wre
are not concerned with exhaustion of reaction-specific e..ray,
but with the end of the phase of activity and luminescer..c,
conditioned by inherent factors. While the approach flight
of the males, which can be often repeated, thus appears to
consume little reaction-specific energy, on the other hod
the final act, copulation, can less often be repeatedly ±A-

duced.

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 regarded 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
screening mechanisms necessary. Ity decoy experiments with
both species showed that only a few characteristic key stimuli
have an effect on the corresponding inherited excitative
mechanisms. The central nervous "screen" between light-sensi-
tive organ and motor center is finer and better differentiated
in males than in ; males, so that the latter
on h approach flights oten aonfuse their females with
those of pgyij; it might also be said that the "Lam-vris
female pattr e also contained in the stimulus 8creeninas
of the male. The sharpness characteristic of the look
and keye sm. for thus appears to be much attenuated,
and this may be "compensated for" by the overduection of
males of this species and by the morphological2. conditioned
iba osLSblity of copulation with IM females (of. Chapter

Phauasi. seems less hibl specialized than Zmyimri in
various respeots (et Laoloi o o a
females e.. with prominent rudimentary wings, which
them closer to the normal beetle type; pigmentlese prohorax
windows, such as belon to th* males of both species), and
probably is o3oserl toý or'Iginal. tfle Of lampyridas(wt
"sZes showing no geat SexuOMAl dimorphAsm).

Irom this phlogenetic standpoint the Imagnal IUlaIous
orn of the amales, which has become sexually funotion-
least appea- tandable, for, as Is woe known, the other

-seuh aale not sexuaopy or not so much
sstill have imeginal luminous, orn inbth sex"s Duck

1, to be sure, eosiders that• It, is theyt which flid each
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other by means of a mutual. flashing sin-al duet (see below),,
that are to be rega~rded as der.I ved forms in co=mparison to the
lampyridae with continuous or intermittent lumin~escence.

The sexual behavior of the zfe.-. la-apyridae thus far
accurately observed (chiefly Aze~rican speciee~, is different
from that of our native s eis. They all seem -Vo beio.o.
to the same If.ht-ezission type, nama v the flaz,-iinZ
(see naae 87,. Buck L-2.,Hles-s ýL53j, :*dt -, ar-. ..1
Mott 183-883 agree in reporting that t~he females resnoad ex-
clusively to spontaneous 'flashes o-f the males or (not in all
cases) to artificially (with pocket flashlightso ma~tches, and
the like - Buck, ',-ast,, Mcfermott) imitated flashes with
flashes of their own.. The males then orient themselves in--
mediately toward the flashing females (and according to X*ast
not to artificial light) if the answering flash of the female
follows the male flash at the interval of time characteristic
for the species. Through repeated signaling and continued
orientation of the males the meeting and copulation finally
come about. The females (according to ýaýst') constantly turn
the abdomen, equipped witlh the lu;-I.ncrus organs,, in the direc-
tion of the flashing males. These leznpyridae never respond
to continuous light (of artificial sources of light) (Mast
IMcormott). The southezmT European Taij species (Emery t37,
38) and my own observationes, unpublished) belong to the same
flashing type.

The sexual appetency behavior of these fesigand our
slowly intermittent glowing types,(in Buck's Seuse) is thus
basically different: In the former the males spontaneously
flash in a definite rhythm and their otherwise non-gloving fe-
males answer by flashes. In our. species the females, glow
withou~t the influence of the males throughout the -activity
cycle continuously and in a typnical motionless gloving posture*
The optical situation that ±ia;ces the final act, 0copulation,.
Is thus also different: Por the flashin Species the Uim
relationship between male and female fahadtedrto
and nature of the flashes is typical (±ie95.since: In

curspcie nither the mtales nor thei light occurs
visibly at all), affects the fenales, and the female liaho
the tvo species is not different,. the systeM Of eftia=3l =ut
lock dIifferezt. While both sexe of the flashing. oin Ae
extreordinazIly active, in our Species the femaiies hava

ThIs' difference, In the sexual behavior of the two ~o~
has not been considered reiul.Instead the observatiozAs
of American laspyrida. ba ve simpl been V~trsnsew4 In an In-

adisibe ayto Is "Y lapwds Ut the 42.most *X01uVewly
desripiv o~eewatOuofte Us,, ozl behVicaof- flashlrg

-143-



I ~ >~r idae (with the exception of
~ L h tinus wralis, which Back [?I)ii jvc~wieagvde studied more accurate~ly ex-peri-

-- mentally) will only have the value?-'n ~ " of p-rel.*%inary studies until theyI J are followed up by more exhaustive
d_,I~sw experimental analyses. Such.*'~.

~ yses seem all the =ore to --

- aired in view of the fact taa.t
Cgr 6 -1 A*A&V often several species inhabit corn--

9 FAW I WMAAW mon, biotopes and that - as showna
L- ~by Pi~rare 95 and Table 16 - man-y

Cf lww a" species do not differ essentiaz224'
in rhythm of flashing,, in duration,
of flashes, or in the spectral

range, of the lgt eitd a

(I a ~tk4 %Ma~sk "ityON ei h flashingspcea mlpo;im ewu4 equakap~w~ aten and a "male pattern." since

seas pssas~hatwy.meeting. We ai'e still far from a
(AtwXce~mtt [6'?) p~er 6, pe ise1:owledge ofthe specific

inheite exitaivemechanisms
POO f th~varousemission types of

41 Sii~waaryln 019a"ra~n

dIol, pasture, copew"" rfteoph~t~aoprgoto~~~hA agtaio, t.) .- nafter ruder tiU=LU the
Insect curls Its bG oeo osem frua'ydftws In
tus extremities, 9an fell o n its side or-baok. its beck:
or Side the lara alasflsInto akinesis in thepsta
"Iearibed * btcls a nda SM nhbiti03of corretino the
Posture r last for hours. (Ver~y Inconvueaient ,n ex~nnS1

mmU~j IS L.xla~nssi not soý tonucd.Z ~
A. %Lst Oalvays "V~M5S a sJA or back position enM

Ut&tSOU t to e ite. rsigrfe Mrhtgwe
actio areU absent rebt seis

"V*epeate slat14MSU the state of akiassis be*=*e*
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z horte' anqd sbhorta; th.e rea-ce.o- t4z'ef.

""- at. an inten-Sit*-y ezceaeA.Z a cc'taL
/ tlhsho2."d May :rcduoc th"' ?.~o o :-

-ft *,v aner ,z 1

~KAV 1I thoracic ae_-, av ~eii.
a sntagonistic ez-ect.

In the im-agines there is no akinesis.

- 2. Enenies

The chief parasites in my rotrins'
.. ~exPeriments (for Pha.usi- arid Lainzyvriz

- - -- - were mites [see ~T~~r .o e
Pic 96 fidetifed time S up0 to0 8%4 o-f th"e f4ref.lies w-are in-

71g. 96. Uidetif ite$ fested, the rest bel-nS foo- the most part
*tparasitein my e lara freshly motdor fresbay captured out-

pamiteIZI~ 1',~ doors. The larv3.e were often infested
VrW4OVI~e imnu with enormous nu~mbers,, especially at the

soft neok parts the mouth parts, and the
feelers; other, less preferred places were the logo, the anal
rgion, and the intersegmental membranes. The mites sucked

mostly at the soft integumental parts (such as intersogmental
membranes, bair follicles and the l'ike). Heavily infested
larvae died after a short tinme. -In the growIzg vessels the

silunattached mites were usually to be found on elevated

and logo of the beetle larvae, to look for secure places on the
hostlis body later (neck fold, 3ointsq, and IatersegmentZalm.m-
branes). The. mites possess a auction-cup-like process-at the

Sstoneor end. I attempted to combat this pilaguo Mainly b
*ping the Vrowing vessels clean and.40cas3o~aany Sterilsg

them, sad by icolating the larvae J ust melted- and still uanmw~
tested. Removing the tiny mites (1,60 )xIA leasth) fromt the
lavswstf-6MS~n n taxing; it cou~ld be done Only

under50 t 80caldion, and -of .*oiax' only o nan-'

44etw vue hime no% Yet .b4" idasfted.
Zr wOly the jam" of -both speciiA vpre affliotsd

with ea4o7e La" Note J hioh Uved prait"i:al .0th
hesa wad nook of' the is: -ie and. *4co parsyic ".apO=sfi

othe iafested parfts oz the boqy aW then of t!4 Abole mnsot 0
resulting I A death*

U ~ ~ .tso "M me v~eset 1n for. S4ftifoatcam V ftftsmA1.

Ae,
14U5a
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Figure 97. Damage to Lamjvris larvae•i by endoparasitic fungus (Beauveria
S~bassianA Bals., Wuill.).

Figure 97a. One day after the ieath
of the larva the funý,us zyceliu,,-

previously not ,isitle externally,
has grown through the softer parts of -. *.•

the larva's body.

Figure 97b. Sporophores of the fun-
gaus outside the body:of the larva.- t".--

Figure 97c. Balls of fat of the lar-
va's bod4y, grown through with a fine,
dense mycelium at the time of the
larva's death.

Especially in the fall and winter fungi (Beauveria bas-
a (Bals.) VuWil. lsee xoteJ) were a devastating plague inIDm-is larvae with fatal effects. The first symptoms of at-

t~ec 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-
gion. In this stage the body of-the insect is noticeably hard
and stiff. After one day (Figure 97a)-the mycellum has grown
through all intersegmental membranes and overgrown the whole
body; this process is accompanied by guttation, which disap-
pears during the subsequent sporophore formation (Figure 97b).
At about 179 0 this sets in after 5 to 7 days and manifests
itself macroscopioally in a yellowish tint.,-- Afflicted lar-.
vae in a living condition cannot be detected even 2-3 days
before the first visible signs of fungus growth,- since they
show no deviation from normal behavior. Insects dissected im-
mediately after death show that the viscera, fat bodies, etc.
are completely grown through by a finer mycelium than the ex-
teratlly visible one and form a matted, compact, but at the
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same tims brittle mass, the extern-al or,,,?" complexes still be-
in& quite recognizable (Piguire 97c). I found none of these

£larvae afflicted with naasites in the natural11 haitpai.
f~~ote) ~ -I midbtdt he -2e-isral 3ioloeioal Establishment for

Agriculture and Porestry, (Trr-titute for iBiologi,-cal ?Qs'w Contro), ~-
YKranichsteinerstrasse 61, for identification Of' he fn.s

in the literature t-here are zxt',remely vearied i:trr _J a-
tions of t.he lumninescent fu:`nc tion of. -.the I..arvaae wit-h regard
to its biological significance. ',any authors --me out in favor
of a protective funiction, others against it . In its favor it
has been pointed out that tha females, which need. protection
most, glow most strongly, (Dieckhoff [33,thatpredators would
not like to snap at "sparks of fire" (Raupt5 L57)) that the
free-flying species ltuminnesce intermittently, and only the
wingless on.as, which- live mostly hidden in foliage a:n-d the like,

lumnese cntiuouly and permaaentlý (Olivi e:7 9'1 On the
ohrhand Knae Isiad oe 131J reject -the r:epulsing

function of the light,,say-ing that frogs, toads, z-;id-ers, and
bats-are not frightened away by it. - I 'could find no reports
-of experiments :on this question, ran" since-I needed my insects
for-other purposes until the completion of this article, I
could not carry 'out any, ezperimentss either., Studie's with
glowing la.rvae are also very-difficult, since they normally
glow very capriciously (except during the rest periods before
molting, which see); _pupae would be better suited to this pur-
pose. -- I think-the. lunminescenee could have a porotective
fu~nction only in Thausis larvae, and-not in Lenmwis larvae,
since they let their ligh~t go out pretty qui ckly in response
to mechanical stimuli.- In any case they should be mell-pro-
tected by akinesis,- by protective coloration, and-by their
hidden way of life.

3. Extirpation of the Luminous Orpmns; the Sytmboi Problem-

Statements in favor of a symbiosis with luminous bacteria in- lam-
pyridae Jof. also pages 36 ff .)- have been -made by Kubnt E 70], Pierantoni,0
and -Zirpolo;* this is opposed by Czepa 132), 1Harvey E52,53,551, Basama,&
M~e isner (-90,)21, Verhoeff(U612, Vogel t 1301, end Weitlaner (137]. while
Bukcbner awaits further's-tudies and appraises. the problem. cautiously L15-181.]
The opponents base their position either on unsuccessful attempts to grow
luminous bacteria or on intirect physiological experiments which ruile out
any luminesence symbiosis.

Cidaccording to Ere 51

Harvey £52] extirpated '.he 1~inous organs of firefly
larvae, en risd thre~ of these to, imagines, These iMagines
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were all equipped. with normal imagiral lum-i~nous Org.ans.YM
this experiment Harvey concluded thtluziinescarocc%
mental characterist-ic of thefphotogenic cells, wfhich isf
on 'the chemical production of luminous mater-ial2, since
imaginal organ is newly formed. Thcase of yboiCe-
removal of the larval -luminous organ no lu'ninescence
exýPected inx the adult insect,'~ since no Of~'~.' ic~.
larva, glowed, - un~less we -assumed a non-lum=inesc-ent staZ;e L
the life cycle off the bacteria.

I rpeaedtheexeriens with larger numbers of femaleALam-oyris-larvae (30 individuals). The larvae were operatedon on one side and on both sides. During the experimental
-period four' larvae underwent the molting into the i zago. In4 - cheek mae otpubjective-optically amd photokymog-ra~hci

- ly no luminescence, could be discerned in. larvae operae ax
on-both sides, but in those operated on on onee side luminescence
of the-intact luminous organ was observed.

The larval organs vere not regenerated after several
* mzoltings (up tfo).in all the larvae the normal imaginal,

luminous plates developed during the pupal stage (-as' was
-Afterwards pr'oved histologically)', and--they glowed. The lar-.

valluinusorgan of-_the specimens 'extirpated on ozne side of
course were retained in-the adult inxsect.

Harvey's findings, which were somewhat unsure because
-of the small number of subjects, are thus confirmed fo-r Lam-

~ by MY experiments. On the basis of teeeperiments
adth physiological experiments cocncerning the luminescenceof the lampyridae , eseially tho.,e of iMIloB n tel~

(both cited according to Harve' L:551))9 Ido not consider the
luminescence of the lampyridae symbiontic, either.

4.Peculi-arities of Locomotion-
-Because of the faot that the relatively small, weak

'lego- -have -to move an abdomen that in-the case Of jw i i
especially loig,, there are among the larvae peculiar modes of
locomotion, which appear also to be quite useful in the pur-sui o snil. he wel developed pygopodium is used by L~am-

ly-6arvae not, only ,as a cle -aning organ, but also iz, almýo~st
iU7_6ses for measuring-.worm-like locomotion; in the different-.
2ybuilt Phausis this'is less the case. With the pygopodium

the, larvae can creep backwards quite agilely. - The strong
bristles-on both sides of the rear corners of the second to
anal dieto (especially the last three pairs) and arranged
obliquely toward the rearý. During the looper-like movements
they can assist the pygopodium as organs of locomotion. (On
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the function of the bristles of. also page 41).

5._Reoair, Regeneration, Viability

If it is difficult to raise larvae, that is not due to
any lack of hardiness, or vbii*y, f4th-e-L"r LaZ,
astonishing. Decapitated I ... rrri -larvae run aroud f .
than two months (at about S8-•-wi- uch ... oz%..a]L .. Y...
ed walking, looping, and retrograde movements that they
indistinguishable from uninjured larvae. They perform normal
righting movements, but do not fall into akinesis. Decapitated
Lamoyris larvae without intestinal tract behave in the same
way, but 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, amputations of bodily
appendages, operations on the inside of the body with great

loss of blood so well that after a few hours they can again
-attack snails. Wounds heal very quickly. Bxtirpations are
apparently not made good in the course of moltings.

6. Perception of.Drafts. Thimotaxis

The larvae react very sensitively to the slightest our-
rents of air (especially Phausis). They immediately become
motionless and cling fast to their support with feet and pygo-
podium.

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. Larvae meeting or otherwise touching
each other show no such reactions.

During their daily inactive period the larvae show a
strong positive thigmotaxis. In the absence of obstacles the
larvae press against their support; they also like to force
themselves into orners of the vessels they are kept in (of.
the paths shown in Figures 20ab) and into all sorts of open-
ing. (even at night or when the opening is formed by translu-
cent material; negative phototaxis is thus ruled out in these
oases). 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
all kinds, for by )ositive thigmotaxis the animal is protected
in its preferred habitat against drying out, angainat light,
and other influences.

|b
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7. Righting Movements

If larvae under normal conditions (in climbing, in the
capture of prey, etc.) get into a prostrate position on a flat,rough surface (e.g. filter paper), they try in tvo Vays -•o :c•-
establish contact with the tarsi: a) Head and body a:-e ma1i-
mally extended, the legs make groping movements, and fo. o2
rear portions of the body are raised from tho su_-ortfn,- .z-.I face and twisted around their longitudirja axis to the •uwort-
ing surface. This turning movement only occasionally succeeds;
in that case the animal then falls into the normal position
and immediately holds fast. This sort of twisting often con-
tinues for several minutes.

b) If after long attempts a) does not lead to twznr
over, with lightning speed posture a) is changed to posture 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.

It is remarkable that a) is always executed first, for
this reaction under normal conditions usually leads to the
lego-or the pygopodium again finding contact. - That the ef-
forts to turn depend on a contact of the tarsi and pygopodium
with the support is apparent when tarsi and pygopodium acci-
dentally touich each other during the semicircular 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 t=-
i g movements are ruled out.

l. The Question of Nourishment

A•ob'dng to Csepa (32] ain Weitl•ner (1381 the imagiaes eat humps,
%M kax females also eating green plats; according to Mail.e E781 they
awe hrbivtm-op, acordin to Reoluz [Clolboth herbivoroas ad oa=ivormus
(emai"); 11 nae Newport 051. report the aceing of oriaheet 0o0Y
Ia %he cawe Of feaLjes (Newpot without mattion c the type of food, Adlqu

umatonlgsail) U ~1wg(621 vas meme abl.s to observ takng of mou%-
Iakmet b7' nVAIaa iugagfne According, to or observations the ImUNesO Ot
boft specie tak water.

The fallaqiwný observations. and, oauuiderations tell
against the tekLU of nourisbment by the imagines of the two

1 e The redued mouth partsI in while the do-
v.3opaeat typSiaal for the larvae is retaý uAndibular

n .. -. 150-
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j a)

Figuare 98. Decrease in wieight in the course of the if of the imagines
(Lrm~s:a) 'in males unzi). their death, b) in f~suaz-.2! %hQ joginning

of egg-laying. Vertical scale: ',ý of total waigýht. A?,ther axlaLations in
the text. Eorizontal scale: days of the Eima~i~ncl1 lit elw4zo.

carialso etc.* are lac1kin.z; in Lanjo!vris t~hey are reducoed to tin~y.
rudiments.

2. The activity cycle: The imazines are compl.etely in.-
active in the daytime, and at night th~ey show only sexual, ap-
potency behavior (of. Chapter D 1 1).

meu:3. The empty intestine (even in freshly captured spool-
MOW:The intestinal tract seems reduced as compared to that

of telarvae, but othervwise still fully developed.
4. The fact that the fat bodies are used up by the end

of the lifetime.
5.The fact that specimens % pt from the pupal state

until death between filter paper w:ithout nourishment of~ anly
kind lived just as long as imaginas kepv in. growing. vessels
arranged as trae to nature as oossible with abuntsnt provision

of uails (I Ages$ show-no reactions of any. kind to SAnAilZ)
6. The weight of the. living Insect declines progres-

8:i7elY down to a4 certain percentage (PiC e 98a~b), fter hioh,
Onatursi" death occurs. ,This death could of course be iater'

preedas"death from starvation.* heeprata 0hs re-
sts ane shown in these figures were carr.'ed out. i a 1ai;el
n atua hmbitat at 100% relative humidity and 210 Of It is to

be noted. that no open wstor was available to them, as they,
take water greedily (10-20$ Of their, body, woigt).



The fact that the curves for h ae fl of I E1y1
at first is tc be attributed -,o Itheir incompar~.bly C_4eate
activity. Curve I of Figure 98b represents the doecline in
weight of a female that laid all her eggs (unferti1izod) c
tween the sixth and seventh day and died on the eifhth day 0.6

her life. This curve shows t.h-at tae net treisht. of tha e"CCý
(without the egg ballast) also decLines 50~ by th3- tw: of'
death. The other curves of Pi~ure 98b were bro*1;; oý2 ý
beginning of egg-layiag.

2. Enemies: PhoresyV The females,. many of which I was able to observe in, the
field from the first day of their appearance until %he n~wV61rAml
end of their lives, appear to have fe-: or no -_nemies. I offered
glowing females to toads, which ate Athem. - a.. males on the
other hand are found by the dozens in spiderwuebs, uhere they
are sucked dry by spiders. I offered non-glowing ima,--ies of
both sexes to a bat (Seyýu ebechstini) that had '-een, writh-
out food (at 210 C) for several da~ys. 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 bite away. When
not given meal worms with them, the bat did not react at, all
to the fireflies offered. Perhaps their uplelaaant smell has

eroff £125] de orbe only the. abdoiao

=I*$s and toZAfmaloss so that com ri0on of tetwo
speaies an h Zewas-not poase 0. The necessi1ty of.
Gsh a *rAci etod itself toan through hefact that

notoly flo 2e p to U E feMales -ba% also,
.to cpulae vitý thm. WO Au" a copAlation be

~t~~in t.obnt? withs the, Wa 100 '.p.sn h okh
!gi r~ation~pspeas:24 andth algp tu

n the *Le spe s kite penis and the femaleS
Sh 66404 ofe Ihe Vrsig pat Js &&l toai
I&e esetial imerIfo nkma the I

Oiath se :etOf thi~~gUul also sesto: be: a bin..-
dz ýns ocpuain, o h atteawt ý.at copulation' the.

sm~t a. openn ft e W tUsl

1.3



ofK=i a n hul b C . a'

Figure 100 (right). Fe~ale se~r-1
appendages of Lsnvris (a) and

Legend for both fivres~:
A &anu
C cercus
Ch chitinous Plates"

* t 08 genital orifice
P Panis
Pa. paremsw
Pr IX proces of the ninth ter~ito
VUMg Ix esigth and ninth st.mite.

or tercite respectivel4

4 f14ing 1.ovornerr
Use rightta 'O~ to of the fe~a*2 1z"Gadues are SWa-

Ux1 to thoso ot the Ilawas . thouihthe UsSquence of retor't to
Use t*o poauibiliview s ia bt so itz'±otl. Osrved.

gIm~s± htinl aoven% b) Of the lar* and:
felhalesA Iat~4aVy Ve.4±4g it -probabl~y could ý%Ot '0 e X.
Od beaUse af &ahe* vig A si lytra. sad 'booauae ofýtw oe r,.
abadom. 2Me Obdoaf of =aes is lonaw %U= V-.
lilt=& m Ouat th Ai oals *Pouts riht1i" aovewwt b)



M~ovements a) and b) are made in rapid succession in the rijht
in6 reflex of the malesp aj) z.lwys precedinra.

Ecology, developmental, cycle, l~arval bio2.oýý', and se::-

ual biology of the native lc.rpyrida~e 'io ctiucn-. a
Rhassle~n d1iduJla were studied in t~he fZ .in -

ratory. The following findiLZa may be p~~
.Lam-nyri and Phausis as a ruale have commion biotopoi.

Thetypcalbioopeis damp, with well developed, herb -no.
brushwood strata. Their habitat is the ground stratum exclu-
sively.

Sharp reactions to specific ecological. factors Csoil,
humidity, brightness, temperature, etc. ) azi to harintsrc-
tion and interplay keep the larvae in an eaviro~m-oz.; whose
microclimate exhibits the least possible 1utos

2. The cycle of develonment of both arec-4,s is a three-
eroe. Completwe individual data are a~vail.abl~e ontly for

CýOw.4gfor which m'oving from eggs was successful in two
stages; information on Mmi is liied to the first and
last periods of life.

5. The larvae of both species have a seasoneZ cycle of
activity in which a wi~nter diapause (o apz partial -and

with an active perjZ- ring the rest of the year.
4.The diiarzA2 variation in ctivt (aiebyiht

Inactive by day) ts accompanied by a rbytkm of luaminesoence
(erratic6 luninescence attnight).

a)The rbythm of activity in -is strongly eado-'
fie.with- other condition cosant it it onl

geno3al byy bne" In illuminatio PAX

eapbsits f n diel to aychange of phniase W
ation Of li&t.

I) he, ytba flmnseo by neetfcos
ncm ome ramiill Z'Ai5 of-ind to tefDt1lS

aett phae. ~e la'raedo 4011 gl4 o~nios
W.,h chief food of the* larvae In tc pe onsists of

ale ofsiilr osisec (eIhwrA ) and as frs,

6. dlor behavior of bot&h speciea of Jlara
difesfrm toem of ohrsaLsecais on

th bsteean i u ~ Li tadate totej7tso i

1\" a SUUSU~ d'o



the snailIs. The individual me=73ers of t-0he typical 'uz
reactpio~n chain between sra-Z "-. la:rva need not, fol-10%; Qý,:I

oerrigidly, but may be repea-ted or s".ippc & dependingCI 0*.-
the situation.

a) Th~e I arvao find -.*he -nailz only *3-r tV2- torla' of
slimes, wVhichn t~hey follo." cbs&y, by zop:.

* ~senses. A salslime tfrz,.iJ c t-4n b~.u e olwc
to 2 days. .n th2is only the fl~ of tha ffr-rý -.-

function aspe~a~ oI.LL.tCo2y ze.nse organs.
b) ?or findinz, t~he ore' end of thbe snail, which is lza-

portaent for the poisoa injection, n.either opotical. nor tactile
stimuli of the snail are decisive (Vogel [1193 notwit,,hztand-
ing), but the differing (chemical?) composition of t1;e slime

*at the fore and rear. ends.
c) Disappearance- off the fore end of-, the sna*l intto tile

shell or under a. du=Y and also tlhe absence of sliml -zz
bring about mounting the snail shell and: u..id:nIal on it.

di) Vae poison in~ected into the prey during the attack
of the larva has an irrzevers:Oole pa-ralyzic effect or. all its
movements; t-he poaralysi-s presumably starts from the nerve
centers in the fore end of t'he Bnall. The place where the
poison is produced is undetermined; aextracts from the most
varied parts of -1he larva have a. lethua effe eCt on Sanails.a
The place of storage and concentration of the 1-00130 should
not be sought in the intestine (P'abre L4) Vo^el 12719
13 1)), but in the head of the larva. The stock of poison is
ekzhvasted after a few bites.

e) Positive tbipotaxis finally leads to car.rying the
prey away to a hiding plaoefh

r) 3ztra~intestinal dijestion (vabre [403L Vogel (127v
.1299, 131]) hardly, appears to occur allo=T With the no.rMal. in-.
take of nourisbment in the form of fine cho-oned to-od.: Vhe

morheogialstzuaturs. et the biting mout Saraiad of the
phapz rovdefora nma inakeofnouriabet and appea=

vei aaptd o the sazai1 diet.
7. The typicel daynght' rhytha ot aotivity sad bumineeaeo which det*%Lines the Sexus1al pt~ybhv~,t

flgh o temsaes, the waitin -an l4owla ptueOf ýtIhe
feSOe am the Matins yee observed and Vcsosly st*Udid Inmhe fil ind lthe. Ia *, This ývbol# complxO ea'

icr ascnieh~j~y sailar In ýthetm seis
8. Eprmaeto yielde4 the followin3z% es.Z~

a) Daiy cc o actt sand lMUOnSCOeA0 of the



imaaines: T~he act~vit-y of'bt2~ Z. >o~O;~,

the night hc;,',s be-ore edi~ r:idu' o1. -

ly fixed, but the be~in'n;-"- ;Z aA2~
tionz of liglht. 12--e oth,ýr enioev ~
at the same time In the Oo.ca(e?.~~
ity, v-Ind, rz~in, aand s o o n) hr.v -:, 0~

narower, sense*. The sole0 ;.Pciv st-~±o~t W
the males leading to coitia,3 is the -ý'emale lih (-ýzzt
lus). The female odor comies into pl.ay for the firs- 0te n

I f the orientation of the cale upon t~he fam3.le and only intensi-
fies the further male sezual behavior after the approa-ch flight
has succeeded.

Tacti~le stimuli ofO the male then induce cez-ta-' move-
2meats of the female. ~h-emove.-ents iLn t'uz~ &.ra 'ot
to the sluccess of the conula"Ition, but 3-oa- co-"'~'tlon ooc*ý-s
even with dead f'emeles in. the no,-..s. wl -n Postiure.

ýWhoa isolated from the other co-m--onen~ts the whole shape
of the females body and the shape of paitz of it are not to be
oriditd with myr excitatory effect.

Dead or narcotized males ardce no reactions in the
fe is, n the *light of the Thausist~ males is also inefeotive.

a) 2he properties of the 1J.&h of lampyridae: Spectral
vapoi (500-650 qz, energy~sr~wo of the spectral licht
and Its maximm (550-5W0 X-;), and 1W.±h in tOnsity are the sawe

A)Luinusdeoy-xeaiets: "Pemal r decoys (a decoys

the~~w Paea ~tb nte
Wih bluas f o h por, hc os t oc ua tball*

orl n ofleotr~a ofeu that evokesa a~lsz di
oe~e t.~hia~amales' rac well oal aY l

not MO an re pht 0 1 ~ ofr-
ness. w 1&j ij l reacta naimf to Anhýe Ofaelia n

Jesen aen~aewof approwac~s Un both se..a



Oversizei ones have r. -oz'c"
n~aro a.Jzraaes i, 'e of 7-.`-* cII.oZ *cu-; c'-a

3a in he ase of' es, s~ -n ao tha a ~Zv~c.oteeu

s~feaces aels ~t~cin hninzoe ns
own emae Wit-eno ~fcso thes 01,e uin~

iz~n ihcse optml foP~sq n ao tza-, of %--o -.. ,ey eqa
atio nume of 'esp -ond to tl~o the no=&! feae6eo..-k~
srace vicble lesst atta1ction~ -k azb.okn ones.c~n

10ization andr-ultplioat.-Lon of the el.emenF.F Rthe zA'.s ii
female, liuminoiis orgam it is yos.Aible to construct sBupernormalw
decoys, if their luminous surface is at the sar.tme t mo ease4
and gl1ows with blue lightat

Tellow-light decoys with a luminous pattern failthful to
that; of the Lxr.w-is female lumiaous organ have a supernor~a1
effect on Ivrsmales (about W,4 more ap.woaohes than to

e) Tron observations. in the fieldl aand exriments with
luminous decoys it' ap~pears that the =-vr a *na finds his
female by the araeetof the li~ix ua ied eculia to
tb* species and by th ultyof, h eaelst
Ma.4*& fly to 4~oi~ Surfaces of a certain size, Io -Oo,
-and I-nensitty fid.t. i feabaes only by trial. ana er11ror.
Overproduction of males appesrs to cocaensate for this defect.,

9.The eyes of the =a1es deviateo Sreatly from the Uisuzal
10rphbogial Structuare of superpoi=04ionyesan so meet tbe.
demads ed. ponthesoh With. respect to SiMe poItiCA o0A.h
head 36" vstoIbnoouilar field of, vULsIon geaz 44mno~a'-

.. i.. of' litt and resolver, to find thei xexual part-
Ir orpho21 n emzal differeces for

theto Species*.
Theey o ath femalest of both species lars.yore

Sa.to the UAIVu.l striactire of aperpouitioa eye*.
10. ~~zj =161B react ;0aiiVely 'to-0 ntni

tiesL. UPandMUS& to ,ireatew USztentles (at. I000



PhausiE males the change from positive to negative '•.otx•z-.
occurs at 60 lx.

1i. 2The sexual apetency behavior is distur•,be. '• :-o-

pyris females by light above 80 lx, in Thausis feras - y
light above 100 lx.

/; 12. Scototaxis (Perce•t••tion of form?) can, be co ...
. ed only for the males,, not the f'emales.

ii
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