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Effect of Temperature on Respiration Metabolism of Two Starved
Species of Millipedes (Diplopoda)

Wplyw temperatury na metabolizm oddechowy u dwu glodzonych gatunkéw
krocionogéw (Diplopoda)

Bausauue TeMnepaTypb! Ha AblXaTebHbIA MeTabonu3m y AByX BMAOB TrONO0JaOLIMX
mHoroHoxek (Diplopoda)

Ambient temperature is undoubtedly a factor clearly defining oxygen
consumption level in invertebrates. The connection between the tem-
perature of the habitat in which these animals live and their body tem-
perature, and consequently intensity of respiratory metabolism, is on
the one hand due to the evolutionary adaptation of this species (2), and
on the other constitutes a response to the currently prevailing tempera-
ture conditions (5, 8, 10, 12, 14, 15, 16, 19, 41, 43).

Respirometric measurements of oxygen consumption revealed the
ranges of ambient temperature in which it increases rapidly, and also
those in which respiratory metabolism exhibits a certain degree of in-
dependence of increased temperature (2, 10, 13, 19, 24, 26, 33, 42).

More detailed studies showed that the range of temperature character-
ized by balanced oxygen requirements in these animals depends not only
on the thermic history of the species and the current ambient tempera-
ture, but also on the degree of the animals satiation with food (4, 11, 20,
27, 28, 36).

On account of the lack of studies on this problem in relation to mil-
lipedes, an attempt has been made in the present study to define the
effect of starvation on the oxygen consumption curve at different ambient
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temperatures, in two species of Diplopoda: Orthomorpha gracilis C. L. K.
and Cylindroiulus frisius (Verhoe f f).

MATERIAL AND METHODS

The experimental material consisted of males and females of the above two
species of Diplopoda. The animals were supplied to the laboratory from the hot-
houses of the Town Gardens Department, Lublin, and kept at a constant tempera-
ture of 22°C, in terraria containing soil, decayved leaves and wood (group I) or peat
(group II). The millipedes were starved by keeping on well-washed sand (group III).
The body weight of Orthomorpha gracilis varied from 29.4 mg to 86.8 mg, and of
Cylindroiulus frisius from 7.1 mg to 19.0 mg. Before starting measurements of
oxygen consumption the animals were adapted to the current experimental tem-
perature for 24 hours. Oxygen consumption was determined in Drastich volumetric
respirometers, as modified by Klekowski (23). Animals and apparatus were
adapted to the experimental conditions for 20 minutes. At the end of this time
the manometer taps were closed and measurements of oxygen consumption started,
lasting for 3 hours. The experiments were carried out at 8 temperature levels for
Orthomorpha gracilis and at 9 for Cylindroiulus frisius, from 10°C to 34°C, mainly
at intervals of 3°C. The millipedes were weighed before beginning measurements
of respiratory metabolism.

Results obtained for oxygen requirements were converted to a temperature
of 0°C and pressure of 760 mm Hg (23).

RESULTS AND DISCUSSION

Results of oxygen consumption measurements for Orthomorpha gra-
cilis are set out in Table 1, and for Cylindroiulus frisius in Table 2; and
in diagram form for both species in Figure 1. Values for the thermic
coefficient are given in Figure 2.

The data obtained show that oxygen requirements for millipedes kept
on decayed parts of plants distinctly increase with increase in tempera-
ture, although differences between species in this respect are fairly con-
siderable. The respiratory metabolism of Cylindroiulus frisius exhibits
decidedly greater dependence on ambient temperature than that of Or-
thomorpha gracilis.

This may be the expression of the poorer adaptation of the former
species to average high ambient temperatures prevailing in hothouses.
The relatively balanced and faintly expressed increase in respiratory
metabolism in Orthomorpha gracilis from 10° to 22°C as compared with
the preceding species may be attributed to the reaction to the non-typic-
al ambient temperature. This explanation would appear to be the right
one, as Orthomorpha gracilis lives in a natural habitat only in tropical
countries, and in hothouses in the temperature zone lives in places where
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the temperature is suitably high and maintained between 21° and 26°C.
This millipede does not persist in cooler hothouses. Cylindroiulus frisius,
on the other hand, commonly occurs in hothouses, garden frames, gardens
and parks (38), and in addition occurs in the natural habitat of Western
Poland (22, 29).

Table 1. The effect of different temperatures and starvation on oxygen consumption
of Orthomorpha gracilis C.L.K.
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Table 2. The effect of different temperatures and starvation on oxygen consumption
of Cylindroiulus frisius (Verhoeff)

12" 132U aee 133 0NIE N AR 3 IS E-FIN oSO NS 3I0IAEESNININSEICE SRS YO IESENENAIEL AUII ST INGEINIZIFPIICUIIZEIIAT -8 e A Hj
Fasa'i () Jamperature’ . ! ruo—lieqaibagtio 10 fun oo L ogesnu b 200l nDipidoteny 1
-.II.SI-Ili:!l---lll'l.ll"l 'K“I'lIl.lB!l1.—.l-IIHII’HI..IIIIIi.III=III-r::ﬂl-..lr’-l.l.:=-ﬁﬂﬂIII=.l!‘:l:ﬂ..-!:
Mouldy 1 No of snimals 1 14 ) 36 v 36 v 35 1 6 It P4 v 32 1 34
Darthofs I, "W =Fo mE= iSRS (i 1 == T oI o Vil s FAHOEREC Y st e BT an T 13 iREs = T 7
; dean body 1 ' ' ) 1 1 ) '
Plants weight /in mg/ e 5743 i 62,5 A 60,7 " 59.9 d 58,7 i 59,4 ¥ 57.6 i 61.2
l-m;370;/;/;r- T 70 46,40 710 1 107.1 0 140,3 b 146.8 1 179.8 1 228,6 4 221.7
' v $5.7 ) 211,2 ) 217.2 2241, $22.9 ) +24,T @ 2£35.5 1 38,3
- S S FONC MR SO I AT e ey PR DGy S o Oy S ()
t+ Ko of animals ] 18 . 22 ' 24 ] 24 1 22 ] 23 ] 18 ] 22
- et Ny - Wi - v - - - <R R e e
Past ' meight /in ma/ ' 42,3 ' 43.9 ' 442 ' 3.7 ' 41,9 ' 413 ' 43w ' 42,7
129 S T S Cri T IETTN S ST R T DT e D e e v el
(- | Vo 47.8 1 b4.1 1 0.8 v 75.4 1 81.0 1 91.9 1 116.3 ¢ 147.9
g T/05/g/hr v £9.2 9 $10.3 , 9.9 , 8.4 , 6.9 , #10.1 , #11.0 , 2£19.3
= e e e e e oo —1----1—---' ----- .-----I----r-—--1----1----
8tarved | No of animala 20 23 ) 18 et 1 24 24 23 23
s ML RN A -;--l----.l----‘...---,...--..-----'.-5;.2.-.--5.1..8.-
14 da ' 1 5661 0 5349 1 53,7 1 53,0 1 53.2 2 525 2 1 .
3 5 l.':ifhi.{.if‘:‘./.-l.--.-n.---.a----s.---a..--.4----..;.-.-.:----,.4
L3 1 (] ] 1 ' (] ]
m>/0,/8/hr 43,7 48,8 64,3 69.9 76.2 7949 110.4 140,7
gL ! 4609 ) +723 0 3801 1 48.8 1 39.4 V. 310.1 ! 315.4 ' $13.3
. ] 1 [l 1 Nt N gt ) ]

* Means 1SD.




186 Kazimiera Gromysz-Kaltkowska, Wanda Stojatowska

It may be concluded from the data given in Tables 1 and 2 and Figures
1 and 2 that peat is less suitable food for both species of millipede
than decayed leaves and pieces of wood, this applying particularly to
Orthomorpha gracilis. Oxygen consumption by individuals kept in peat
or without food is very similar in this millipede, curves illustrating oxy-
gen requirements taking almost parallel courses over the whole study
range of temperatures.

Millipedes kept in peat taken from places in which these animals
occur are characterized not only by a lower level of respiratory meta-
bolism, but also, within the range from 10° to 28°C, by a lesser degree
of dependence of oxygen consumption on the experimental temperature.
The group of individuals kept for 14 days without food are characterized
by even smaller increases in oxygen consumption in this range of tem-
peratures, particularly in Cylindroiulus jrisius.

A similarly lesser dependence of respiratory metabolism on ambient
temperature to that in the study of millipedes kept on peat or starved,
was found in starving Balanus balanoides (4), in Patella vulgata (11),
Carcinus maenas (25) and Nadabius coloradensis (34).

Newell and Pye (27), when determining respiratory metabolism
in homogenates of Littorina and using concentrations of pyroracemic
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Fig. 1. The effect of different temperatures and starvation on the temperature
coefficient (Q,q) of millipedes; 1 — from mouldy part of plants, 2 — from peat,
3 — starved for 14 days
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Fig. 2. The effect of different temperatures and starvation on oxygen consumption
of millipedes; 1 — from part of plants, 2 — from peat, 3 — starved for 14 days

acid as a substrate, found that with low concentrations of this acid such
as 0.05—0.10 mM, "oxygen consumption — temperature” curves (MT)
of homogenates correspond to the curves for oxygen requirements in
starving individuals examined in wvivo. With higher concentrations of
pyroracemic acid of 0.30—2.00 mM, the "metabolism—temperature” curve
is similar to that for respiratory metabolism in non-fasting animals. Thus
the slow increase in respiratory metabolism in millipedes from peat, or
those deprived of food, is most likely connected, over a wider range of
temperatures than for individuals cultured on decayed parts of plants,
with the reduced concentration of energetic substances in the body cells,
and in consequence in the hemolymph, and possibly also in the fat body.
On the other hand, as can be concluded from studies by numerous
authors (3, 6, 21, 36, 37) the affinity of respiratory enzymes to the
substrate decreases in millipedes taken from peat or starved, over a wider
range of temperatures.

The greater respiratory metabolism of the somewhat inactive Cylin-
droiulus frisius in relation to the more active Orthomorpha gracilis at
all experimental temperatures is, in the authors’ opinion, conditioned
at least to some degree by its smaller body dimensions. Greater oxygen
requirements were found in other species of Diplopoda with smaller body
weight by Byzova (7) and Gromysz-Katkowska (17). A sim-
ilar phenomenon was also found in crabs (42) and other species of Arthro-
poda (30, 31) and in marine polychaetes (35).
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The far higher level of respiratory metabolism in Cylindroiulus frisius
than in Orthomorpha gracilis may in addition be due to its potentially
more constant food supply. Cylindroiulus frisius lives hidden in its food —
in lumps of peat, in the interior of tunnels in decaying wood and in com-
pact layers of forest litter. Orthomorpha gracilis, on the other hand, with
suitably great habitat humidity, lives on the surface of the ground and
even on vertical rough walls. Anderson (1) explains the lower re-
spiratory metabolism of predatory spiders in relation to other hetero-
thermic animals of the same body weight by the absence of constant
contact with food.

The high level of metabolism in Cylindroiulus frisius may also be
due to feeding on living substances — mycelium and bacteria which cause
fermentation of plant particles, since this particular dependence of oxy-
gen consumption in millipedes has been found in the case of Polydesmus
complanatus (17) and in Proteroiulus fjuscus (18). In both these species
oxygen consumption was found to decrease as the mycelium on litter
was used up by feeding millipedes. The data given by other authors
confirm this assumption, for instance Prokopiewa (30) found higher
respiratory metabolism in terrestrial insect larvae, and Reichle and
Crossley (32) more rapid 134Cs circulation in animals feeding on fresh
parts of plants in comparison with those feeding on the decayed parts.

The high oxygen consumption in individuals of Cylindroiulus frisius
living on decaying parts of plants may be conditioned by their easier
access to simple sugars formed as the result of cellulose fermentation.
The studies made by Tracz (40) on food preferences in the millipede
Proteroiulus fuscus lead to this conclusion. The above author found di-
stinctly larger numbers of animals in the part of the apparatus with
mono- and disaccharides than with polysaccharides.

The authors’ own observations, and data in literature (9, 38, 39) lead
to the conclusion that Diplopoda may be encountered on plant organs
damaged by fungi, protozoa or viruses. The damaged surfaces of plants
are rich in simple sugars and attract millipedes for which they form
excellent food. This interpretation is borne out by large groups of these
animals in places in the terraria where table sugar had been placed. On
the other hand, the diseased parts of plants adequately supply the milli-
pedes requirements for humidity, which they may lack at dry periods
of the year, especially during dry summers. In the light of the foregoing
Niezgodzinski's observations (29) of large numbers of Cylindro-
iulus frisius on maize and sunflower crops, particularly in years of mass
occurrence, this fact would become fully understandable.
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STRESZCZENIE

Zuzycie tlenu u Orthomorpha gracilis C. L. K. i Cylindroiulus frisius (Ver-
hoeff) przebadano w réznej temperaturze: od 10 do 34°C i w ré6znym stopniu
nasycenia zwierzat pokarmem.

Ustalono, ze krocionogi przetrzymywane na torfie wykazuja nizszy metabolizm
oddechowy anizeli pobrane ze $ci6iki i zbutwiatych cze$ci drewna. Wieksze réznice
w zapotrzebowaniu na tlen miedzy tymi grupami krocionogéw u dwu gatunkow
zaznaczajg sie w wyzszej temperaturze, co zwieksza zakres cieptoty, w ktérej krzy-
wa zuzycia tlenu przebiega pod malym katem nachylenia. Jeszcze wiekszg nieza-
lezno$¢ przemiany oddechowej od temperatury wykazujg krocionogi glodzone.

Znacznie wyzszy metabolizm oddechowy Cylindroiulus frisius w poréwnaniu
z Orthomorpha gracilis wynikaé moze z mniejszych rozmiaréw ciata, cigglego kon-
taktu z pokarmem, z preferowania w wiekszym stopniu jako pokarmu drobnoustro-
jéw dokonujacych fermentacji czesci roslinnych i ewentualnie cukréw prostych po-
wstajacych przy rozkiadzie celulozy przez mikroorganizmy.

PE3IOME

ITorpebnenne kucaopona Orthomorpha gracilis C. L. K. u Cylindrotulus frisius
(Verhoeff) uccnenoranu npu pa3Hoii CTENEHY HACBLIIIEHMA MHOTOHOMKEK KOPMOM
M Npu pa3nudHON TeMnepatype — B npepenax ot 10 xo 34°C. KoHcTaTMpOBaaM, YTO
MHONOHOXKKY, KOTOPLIX RepxKaau lia Topde, XapakKTepu3oBaJuchb OoJjee HUIKUM JbI-
XaTenbHbIM MeTaboNM3MOM, YeM KMBOTHLIE, cobpaiiiibie ¢ JiecloN IOACTUIKM U Ipe-
ot npeBecuHbl. Bonee “eTKue pa3nuuuA B noTpebieHMM KUCNOPOAA MEXIY ITUMU
rpynnaMu MHOTOHOXeEK y oboux BuaoB nabaroganu npu 6Gosiee BBLICOKON TeMnepa-
Type, YTO NOBBILUIAET AMANa30H TEMIEPaTypbl, NMPU KOTOPOY# KpuBas notrpebienus
Kuenopona npoxoauTt noja HeGONLIIMM yrjOM HAKJOHA. BOJbLIYId HEe3aBUCUMOCTh
IbIxaTenbHOTO O6MeHa OT TeMIepaTyph! NPOABJSIOT TOJIOAAIOLIME MHOTOHOMKKM.

3HaYUTeNBHO BBICIIMI AbIXaTeJbHbIA MeTaboausm Cylindroiulus frisius mo cpas-
Heuuto ¢ Orthomorpha gracilis BeITeKaeT, KaK HaM KameTcd, M3 MeHBbLIUX pa3MepoB
TeJla, MOCTOAHHOTO KOHTAaKTa C KOPMOM, M3 npeobiaganuAa B KOpME MMKPOOPraiiM3MoB,
2 Takxke Giaronapsa norpebGieHuI0 MPOCTEMIIUX caxapos, obpa3ylomIMXCA B pe3yib-
TaTe pa3NoKeHUR KJeTYATKMU 3TMMMU MUKPOOPraHM3MaMMu.
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