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Life history and body size of the introduced miliipede 
Ommatoiuius moreleti (Lucas, 1860) (Diplopoda: Julidae) at 

different altitudes on Tenerife (Canary Islands) 

BY 

Synopsis: The Me histories, body sizes and gonopod morphologies of the iniroduccd 
millipede Ommaioiulus mnreleri in four populalions at diwerent altitudei o n  Tenerifc (Canary 
Islands) were compared with those of other populations in Portugal (native distribution). 
Madeira aiid Australia. The gonopod morphologies suggest tha t  ihe Tcnerife populatinns 
originated from southern Portugal. The life history of O. rtrorele/i at high altitudes on 
Tenerife dimers from that reported elsewhere, notahly in the rarity of interialarp males in 
summer. Body si7e is inversely related to populaiion density in al1 countricF. 
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INTRODUCTION 

The millipede Ummafoiulus moreleleti (LUCAS, 1860) (DIPLOPoriA:  J U L I D A E )  is a 
native of Portugal which has been introduced to several Atlantic islands (e.g. 
Madeira, Azores, Bermuda, Canary Islands, St Helena), South Africa and Australia 
(BAKER, 1984). ln Australia, O. moreleti is a significan1 nuisance pest eniering 
houses in large numbers in autumn and spring (RAKER, 1978~7, 1979). Prcviou.; 
studies in Australia, Portugal, Azores and Madeira (e.g. BAKER, 1978.. h, c. 1979, 
1980, 1984, 1985a,b,c, 1988; CAREY & BuLi., 1986; BAILEY, 1989) have hecn airned 
at obtaining a sound understanding of the life history. behaviour and ecolop o1 
O. inorelrti in order to develop appropriate rnethods of control for tliis pest. 

The life cycle of O. nioreleti consists of an egg, pupoid and up t« siateen 
stadia (BAKER, 1978 6, 1984). Development is anamorphic. Matunty is variable 
with respect to stadium, but most millipedes in Australia and southern Portugal 
are mature by stadia X or X1 when they are two years old. Thc hrecding scason is 

, 
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autumn to early winter. O. moreleti is periodomorphic. That is, two forms of adult 
rnale occur, copulatory and intercalary. lntercalary males possess rudimentary 
gonopods and are incapable of rnating. Copulatory males moult to intercalary 
males and vice versa. In Australia and southern Portugal, most adult males are 
copulatory during autumn and winter and intercalary in spring and summer. The 
fecundity of females i s  directiy related to their size. 

The life histories of severai species of miiipede vaty between habitats (HALKKA, 
1958; COITON & MILLER, 1974; CRAWFORD et al., 1987). Geographic vanations in 
life histories have been attributed to climatic influences (FAIRHURST, 1974; MEYER, 
1989). BAKER (1984) and READ (1985) gave limited evidence that íhc life history of 
O. moreleti varies with altitude, and hence habitat and climate, on the island of 
Madeira. They found different stadial age distributions for populations at  different 
altitudes on the island in spring and summer. This paper describes in more detail 
changes in the life history and size of O. nioreleti that occur with variation in 
altitude on the island oí' Tenerife, Canary Islands. Comparkons are then made 
with the life history and size of O.  moreleti in other parts of the world and possible 
reawns for observed differences are discussed. 

The gonopods of copulatory male millipedes are of primary imporíance in 
taxonomy (DEMANGE, 198 1). Sub-specific variations in gonopod morphology hnve 
been used to trace the origins of introduced populations of O. nioreleti (e.g. in 
Australia. South Africa and Madeira) back to southern Portugal as opposed to 
northern Portugal (BAKER, 1984). The morphology of the gonopods of O. moreleti 
from the Canary lslands is reported here and the origin of this island population 
is determined. 

LlFE HISTORY AND BODY SlZE OF 0 I f M A ~ O I l i l . U S  MOREI.Fl1 

1. - MATERIALS AND METHODS 

A )  C a n a r y  lslandq 

Each month froni April 19x6 to April 1987 millipedes were collccted by hand from hencaih loosc 
stoiiee. lciga. tins. hoxcs :ind olhcr surface debris on random walks ni three siles on Tenerife: Bajamar 
(2üm altitude). Jardina (6OOiii) and Las I.agunetas ( 1  400111). Thc habiiat a l  Bajamar was an opcn 
grassland in which M u h a  sp.. Erodium sp.. Patelli/iilio procunihens. I'lonfago lugvpir.r, Gulartites lonien- 
tosa. Culendulo sp., Sinupis alha. Cenclirus ciliuris and .trena sp. were common. a l  Jardina an open 
chruhlnnd wit h Aroniirni sp.. Preriilium aqiiilinurn. Silwre cu1gari.s. A.rpnlthium bituminarum. 0.ruli.r p.1- 

< . q v i i e .  l f~purrhiwiu Iiirtu :tiid Origiinuni nirmr. and a l  Las Laguriet;is :I pine forcst (Pinus ~u>iiiriiwci.v) 
with a sparse undergrnv th i , f  /:'rica arhurm. C~wimim,\ cr~liinurirs. Briíu miniir, ARrosti.v sp., Fes1ui.u sp. 
and Bronrirs sp. Al  cach site. the firct several hundred millipedes (siaditim VI and older only) seen werc 
collected by hand and p r e x n e d  in 70% ethanol. Snialler millipedes could no1 be ciillecied elficiently 
hy h:ind. 0 mori+ti w i ~  u~iicisteiitlv mor? difliciilt to  find a l  Las Lagtinetas than a l  the other two 
sitrs and therclnrc prot>: ih l j  Iccc :ihtiiid:irit tlicir Ilic 51 i d i t i t i i .  SL": ;ii,<l in:itti!it! (rciiiales nith :irid 
nithnut i i i:ifuTc cp[!\ iii t iw i r  . ~ i i t i i i w .  i t t ic i r i  pii'.""r! ('1 ~ ~ t l l . l r ~ l ~ ~ l l ~  111.11¡~.! t - 1  i . d l 1 1  l ~ l l l l ~ i l l l l ~ t l  \ \ r t v  
ii.i.i,r<lc,l St;i,li;t fic~rp C \ ? I ~  r i ! , .< ic~I  b i  111.. ~~<i11.ir li.:lal in,.1'1,>,1 t l !  \I,( Y .  l ' l : Y / , l  

Iii April. Ccptciiihcr ,II~,I I)TLCI~!J~~:I I'?P! :ind J u r i c  14x8. O. i , ro! ia l<. fr  \ c ? ; ~ i  : i I v >  collcctcd heiieath 
Ptoncs ;it 1 ucntc J<v:ci (1Y 111 111). aiiotlwr pine Iorrit 1 I ' i r r r i \  c < i r i r r r i < v i < i c )  n i i h  :tn ulidcrgri>i\ih dorniii:iic:d 
h) Graniinr:ic ;ind ; i l s<>  I V I  i i l , i  I t r r411  .irid í / i ~ ~ t ~ , i ~ t r / i ~ , ~  T I  , p i r t r r <  O i i i < i r < . l c r i  \w; p:irlictil;trlv wiircc :it 

ihic ciic. 

al 

300 c 3 
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1986 1987 1988 

I I G  l. - Monthly rainfalls (a) and mcan munthly iemperaium (b) recorded 011 .lenerile ne:ii R,ijamar tstut1on ' i.<,\ 
Pajalillos". Valk Guerra) (+), Jardina ( x  ), Las Lagunelas (siaiioii "[.a Maian7a") ( '  ) 2nd Fuente J<.cii  ( ~ f . r t i i > ~  

"iraña". 2 3116 m) (O). 

Weather data recorded by the Tenenfe Meteorological Ofice near the four siles on Tenerife duiing 
the period of sampling for O. moreleii are @ven in figure l. No temperature data were available for 
Jardina and temperature and rainfall ncords  for Las Lagunelas were incompletc. There was no obvious, 
consistent change in rainfall with incrrased altitude. Tmperatures were much ccioler at Fuentc JOCO 
and Las Lagunetas than a l  Bajamar, except for a hrief p r i o d  in mid-stinimer. 
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The total numbers oí segments (including collum and excluding telson) and widths oí the body al 
the lwentieth segment were recorded íor 20 female O. morekfi in stadium IX collected al each oí  
Bajamar, Jardina and Las Lagunetas in June 1986 and also at each of these sites plus Fuente Joco in 
April 1987. 

The widihs at the iwcntietli vgment and the numbers o í  mature eggs in the ovitube were recorded 
íor 70 gravid íemales in stadia XI and XII that were collected al edCh ol Bajamar and Jardina during 
November and December 1986 (35 in each month at each site). At Las Lagunetas, widths and numbers 
oí eggs were similarly recorded íor 40 íemales (20 in November. 20 in December). Fewer gravid females 
werc collected at this site (c.C Bajamar and Jardina) thus limiting the measurements that could be 
made. Al  Fuente Joco. body widihs and numbers o í  eggs were also recorded íor 40 íemales collected 
in December 1987. Females which contained <50 mature eggs were no1 included in the analysis. Such 
íemales had either already laid and a lew mature eggs were leít in their ovitubes or they contained 
m;iny developing eggs and werc clearly íar írom íully gravid. 

The morphologies of ihe gonopods o í  20 copulatory males írom each oí the íour Teneriíe sites 
xe re  compared with those alreadv reported íor O. morekfi írom southern and northrrn Portugal (.wr 
Fig. 4 in  RAKFR.  1984). 

~- 1 Fuente Joco 

Female 
(1 910111) 

R) Portugal, hladeira and Australia 

The widths of the hody a l  the twentieth scgment were recorded íor female stadia 1X O. nuirdefi 
collccied by hand from henc;iih leal litter al 15 sites in Portugal. Madeira and Auslraiia between 1975 
and 1987 (ser Tab. V for sitei). The millipedes were collected in spring. Some sites were samplcd more 
than once (in difíereni ycars). The numbers of íemales measured at each site varied between 13 and 33. 
Habitais included Pinic.~. Querrus. €uca/~pru.s and Louru.r woodlands, a Quercu.si U k x  shrubland and a 
TrlffJ/iUnl/i.<J/iUni grasslmd. fuller descriptions of many oí the sites are given in BAKER (1978 h. 1984). 
Densities varied greatly between sites and with time al individual sites. For the purpose o í  this paper, 
populationi are classed as ( 1  ) rare ir more than 15 minuies was necessiiry íor one person lo  collect I O0 
individuals of stadium V I  or dder  hy hand from hcneaih leal litler, logc and l o o ~ e  surí;icc stoiirs 
diiring spring and (2) abundani ií les5 than 15  minuiei was required. 

Thc widths of the hody :II  ihe twentieth segment werc I I S O  recordcd íor 312 ícmdc stadiuin X O. 
i w r r L r i  collecied hy BAKI R f 1984) a l  15 siles at diíiercnt altitudes (20-1 600m) on Madeira diiring 
spring 1982. Sites included Luurus and Euralypfus woodland. herbaceous roadside wasielands and rocky 
slopcs inierspersed with heathen. grasses and íerns. Whilst O. niorelrfi was ahundant a l  several siles 
and rare at a íew, measurcq of densily were not kept íor al1 sites. The numbers oí ícmales measured a l  
each siie varicd between I I ;niid 25. For consistency within this paper it would have been preíerdble 10 
have measured stadium IX rather than siadium X íemales at the diíiereni altitudes on Madeira. 
However, stadium IX íemales were too rare in the Madeiran collections a l  the Iowest and higheit 
Aiiiudcs to allow adequaie ciimparisons hetween sites. 

Noeggs.. . . . . 
With eggs.. . . . 

Juv . . . . . . . . . , 
Cop < .  . . . . . . . . 
Int . . . . . . . . . . 
740 males.. . . . . , 

Las Lagunetas 
(I400m) 

Female 
No eggs.. . . . . , 

With eggs.. , . . . 

Juv . . . . . . . . . . 
Cop .. . . . . . . . , 
Int  . 
% males.. . . . . . 

Male 

Male 

. . . . . . . . . 
lardina (600 m) 
Female 

No eggs.. . . . . . 
Wiih eggs.. . . . . 

Juv . . . . . . . . . . 
Con .. . . . . . . . . 

Male 

11. - RESU1,TS 

Int . . . . . . . . . . 

,4) C'anary Islarids 

At :iII site<, riinturr egg5 were fotiiid in Iemalcc in stndiuni X arid older stadia 
('l'nb. 1). Sotrie Ieninles iri stadiuin IX at Bajarn:ir and Fuente Joco also contained 
ninture eggs. Most males were adult (copulatory or iiitercalary) by stadium X (Tab. 
1). Overall, slightly fewcr males than feniales wcrc collecied. Males wcrc partictil:irly 
scarce in thc yourigect ; i n d  oldest stadia. 

3 38 652 281 56 4 
2 29 127 36 5 
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TAB. 1. - StadiaI age dstribations, maturities and sex ratios of the total Ommnroiulur morelerr 
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eollected on Tenerife. 

%males . . . . . . .  45.3 40.8 46.2 48.4 47.1 27.3 22.7 14.5 
Iajamar (20 m) 

No eggs.. . . . . . 190 82 301 676 850 435 ISO 8 
27 370 395 49 6 Wiih eggs.. . . . . 

dale 
Juv 

COP Int . 
% males 

_-__ -~ 
Stadia 

VI VI1 VI11 IX x x1 XII Xl l l  XIV xv 

112 55 252 771 408 32 2 
I 119 906 331 47 6 

34 239 37 5 
17 1 40 I 45 7 55 9 52 5 42 O 3 0  2 44 O 

24 100 136 
2 39 

3 I I  45 22 
47 127 

7 
31.4 47.4 47. 

33 244 299 629 608 
31 

16 204 232 488 138 
10 114 273 

1 34 
32.7 45.5 44.7 48.9 41. 

04 

R6 

62 42 43 
34 10 13 

56 20 12 
3 1 1  

38.1 27.8 18.8 

261 95 22 
59 53 26 

13 

5 
198 57 16 

40.3 27.8 29.6 

22 8 437 
12 3 113 

81 
9 I 272 
I 12 

22.7 8.3 39.9 

4 I 1196 
7 3 179 

1091 
1 2 671 

40 
8.3 43 

89 255 845 1074 919 242 39 
103 311 81 14 

30 216 754 367 54 3 

:emale I 

1 1 3669 
509 

1610 
1034 

199 
40. 

1 2 693 
847 

1632 
1410 

115 
48 ' 

Females with mature eggs (stadium IX and older) were most conimon iri 
autumn-winter (Fig. 2). They were found later ínto winter at Bajamar than a i  
Jardina and Las Lagunetas. Data for Fuente Joco were too scarce to iillow 
comparisons with other sites. At Bajamar and Jardina. most adult males uere 
copulatory in autiimn and winter and intercalary in spring and summer (Tab. 11). 
Copulatory males predominated in autumn and winter a t  Las Lagunetas and in 
al1 seasons at  Fuente Joco. lntercalary males were never predominan1 ;it Las 
Lagunetas. 
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_. ~~ .~ _ _ _ ~  
Month 

...... ....... 

April (1986). . . . . . . . . .  
May.  
June. . . .  , . . . . . . . . . .  
July.. . . . . . .  , 
August.. . . . . . . . . . . . .  
Scptembcr. , . . . . . . . . .  
October. . . . . . . . .  , . . .  
November. , . . . . . . . . .  
Dccembcr.. . . . . . . . . . .  
January (19x7). . . . . . .  
Februar! . . . . . . . .  , . .  , 
Marcli. . . . . . . . . . . . . .  

. . . . . . . . . . . .  April 
Septembcr . . . . . . . .  
Deccmhcr . . . .  
J i i I lC  ( 1 9 R R ) .  . . .  

. . . . . . . . . . . . . .  

. . . . . . .  

80 

- _ _ _ ~  _--- 
Bajamar Jardina Las Lagunetas Fuente JOCO 

C l C l C l C l  
~ ... ..... . 

I 24 O 26 3 o ~~ 

O 26 4 4 -  
O 53 O 25 2 2 -  o 5 10 10 ~ 

3 34 1 13 9 7 -  
23 24 '108 1 13 6 ~~ 

144 5 106 O 113 2 . 

212 O 262 O 87 O . 

328 O 213 O 53 O 
327 1 196 O 240 O 
268 O 109 O 118 O 

- 

3 88 

1 8 
- 
- 
- 

- 
- 
- 

92 28 37 43 8 2 -  
8 50 2 60 I I  7 30 I 

28 2 
184 3 

7 0  6 

a~ 60 8 c 
C 2 LO 
a 

O 

1986 1987 1988 

TAR. 11. - Nombers of Copulatory (C) and lntercalarg (1) male Onzniotoitc/us rnorrleri collected 
on Tenerife. 

In suiniiier (Juiie to Aiigiict) tao cohorts ol' O. riior.aíe/i were recognizablc at 
Bajamar (Appendix Tab. 1). a young cohort rnostly in stadium VI  and dder  cohort 
rnosily in stadia IX-XI.  Iri laie autiinin (Noveriiher) and  late winter (Fehriiary), 

479 

these two cohorts were still evident as peaks in the numbers of millipedes in stadia 
VI1 and VI11 and X and XI respectively. Similarly, two cohorts were recognizable 
a t  Jardina (Appendix Tab. 11), the stadial growth of the younger cohort being 
slightly advanced on that a t  Bajamar. The appcarances/disappearances of the peaks 
in numbers of the younger cohorts in Appendix Tabs. 1 & 11 probably correspond 
to periods of surface activity (and hence likelihood of collection) and underground 
moulting. 

Separating cohorts was more diffcult a t  Las Lagunetas. If males and females 
were grouped together, separation of cohorts was impossible. but if females were 
considered alone, two cohorts were recognizable during spring 1986 (May); one 
cohort mostly in stadium VII, the other mostly in stadium X (Appendix Tab. 111). 
In autumn 1986 (November), most females were in stadium XI and carrying mature 
eggs but in spring 1987 (April) most were in stadium TX and had immature eggs. 
It seems probable that these latter females belong to the same cohort as that in 
stadium VI1 in spring 1986. In autumn 1986, they may have been moulting 
underground and therefore not collected. Most of the males in spring 1987 (April) 
were juveniles (89.7%) and in stadiuin IX. Most m:iles i i i  tlic prrvioiis ;iiitiiiiiii 
(November) were copulatory (86.1%) and in stadia X and XI. Again, it seems 
probable that the majority of males present in spring 1987 were in a younger 
cohort than most of those collected in autumn 1986 and originate from individuals 
that were mainly in stadium VI1 in spnng 1986. 

Two cohorts could not be identified at  Fuente Joco, even if males and femalei 
were separated (Appendix Tab. IV). 

Millipedes from Las Lagunetas and Fuente Joco were larger (wider) than those 
from Jardina and Bajamar and had slightly more segments (Tab. 111). 

LIFE HISTORY A N D  BODY SlZE VF OMM<TOICLL'S MORELETI 

TAB. '11. - Numbers of segments 
(x f S.E., n = 20). 

and 

Site and date 
June 1986 

Bajamar. . . . . . . . . . . . . . . . . .  
Jardina . . . . . . . . . . . . . . . . . . .  
Las Lagunetas.. . . . . . . . . . . . .  
F . . . . . . . . . . . . . . . . . . . . . . .  
Probability . . . . . . . . . . . . . . . .  

Bajamar. . . . . . . . . . . . . . . . . .  
Jardina . . . . . . . . . . . . . . . . . . .  
Las Lagunetas.. . . . . . . . . . . . .  
Fuente Joco.. . . . . . . . . . . . . . .  
F . . . . . . . . . . . . . . . . . . . . . . .  1 Probability. ... - . . . . . . . . . . . . . . .  

April 1987 

- - _- 

nidtfrs (nun) of stadium IX female 

Segmen ts 

44.5 f 0.4 
43.6 f 0.4 
46.5 f 0.2 

19.8 
< 0.0s 

45.2 f 0.3 
44.5 f 0.3 
46. I f 0.3 
45.7f0.4 

4.8 
< 0.05 

.. 

......... .. 

W i d i h ~  

2 2 9 f 0  04 
2 15*003 
273*003 

78 3 
< o  OS 

237 f -004  
211*01 
2 95 f O  06 
2 9 7 f 0  O8 

48 5 
<o.os 

. .  

-~ 

At al1 sites. the numbers ofmature eggs found in females increased with female 
width (Fig. 3). There were no significant differences between d e s  in the slopcs ol- 
the regtussion lines (e. g. t = I .79, p >  0.05 for Bajamar c.J Jardina; t = 1.49, p > 0.05 
for Bajamar.,r.f. Las Lagunetas; f =  1.74, pi0.05 for Bajamar c.J Fuente Joco). 
BAKER (1984) measured the widths of 71 females (stadia IX-Xlll) nnd the niimbers 
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2.5 3 3.5 L L.5 5 
50 

300 r b 

50 

Width Imm) 

Fl(i 1 ,  - Numheri o í  maiurc eggs a)i a íiinciion of hody uidih in ícmiile O ntrwleri írom Bajamar (a). Jardina (h). Las 
Laguneiar (c) and Fuente J i ~ o  Id) t-quationí o í i h e  regrecsion lincs arc: y=  l R 3 . 5 . ~ -  356.7. r.,=0.492. pc0.05 
(Bajamar):,= 104R r-211 ~.,,,:0.5?7.p~005(Jardina): r =  IOR hr-27?0.r , ,=0.49l .~<nDS(Lar I.agune- 
atas); != 1039 r -  1646. r,<,:íl í84. p<0.05 (Fucnie Joco). For cnmpiiricon. ihc rcpressioii line 
I - ? h l . l r - h 1 4 . 5 .  r . ,  = » R J 7 . p ~ f l n 5  h r  Pawiiigal ( - - - l i +  includeil in (A). 

TAII. IV. - Widths (mm) of stadia XI ind  X I I  frmnlr Otn?>ioroiti/rrr mw&fi  and numhers nf 
mature eggs in their ovituhes (.TfS.E) 

~ _._____-. ~ .- 

Siie Widths 

. . . . . . . . .  3.32 f0.04 
. . . . . . . . . .  3.22 f 0.04 

. . . . .  3.91 f 0 . 0 6  
. . . . . . .  3.65 f 0.07 

38.33 
. . . . .  < 0.05 

. . .  
Eggs 

251.Sf 14 5 
124.1 f 8.1 
192.6f 13.0 
213.1 f 12.3 

23.04 
<o 05 

of mature eggs these fem:iles contained at 5 sites in  porttigal diiring autuiiin 1982. 
l'he widths oí' tlie femíilec varicd between 2.8 ai i t l  ?.O iniii. 'l'lie sitcs werc :it (*:isc:i¡s, 
Grandola, Santa Susana, Alixirrnquc : i d  Mciidiga. al1 wiíhiii 150  krn of Lisbon 
;iii iI :iII - c  400111 i i i  :iltituilc [,vw Tah. V aiid I ~ A K I  rt (1984) f o r  liirtlier 1iahit;it 
tlcwiptioii.; aiitl ;I iii:ip 01' qitc loc:iíioiis]. 1 he icgrcwion liiic l o r  niitiihcis o l  cggs 
on widths. calculated fi-om t h K m ' s  ( 1984) I'ortugucse data. i s  iiicluded in íigure 
3. There was no signifícant difference between the slopes of the regression lines for 
I'ortupl and Hai;iin;ir ( I  - I .77. p >0.1)5).  llowevcr. thcre were tliffercnccs hetwrcn 

48 1 

the slopes for Portugal and the other Tenerife sites ( t=  5.53, p<0.05 for Portugal 
c.5 Jardina; t=4.13, p<0.05 for Portugal c.f: Las Lagunetas; 1=5.15, p<0.05 for 
Portugal c .5  Fuente Joco). 

The numbers of mature eggs per female varied between sites on Tenerife. as 
did the widths of the females that were dissected (Tab. IV). Although females were 
smaller a t  Bajamar than at  Las Lagunetas (f=8.46. p<O.O5) and Fuente Joco 
(t=4.28,p<0.05), fecundities were higher at  Bajamar ( I =  3.02, p<O.O5 for Bajamar 
c.5 Las Lagunetas; t=2.01, p<O.OS for Bajamar c.5  Fuente Joco). There was no 
signiticant difference in the size of females from Bajamar and Jardina ( t  = 1.64, 
~ ~ 0 . 0 5 )  but the females at  Bajamar contained more mature eggs ( I =  7.65, p<0.05). 
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a b C 

0.25mm 

FKj. 4. - Postcroveniral view of ihe promeriies íp) and mesomeriie~ (m) oí  ihe gonopods of copulatnry mille O. morrlrri 

rrom Las Laguneaiar, Canary lslands (a). Cascais. southcm Poriiigal ih) and Brapi. northiin Poriupnl I C I  Tlie 
spike illusiraied on the mesomcriic of ihe male írom Cascais i s  nni ;ilma!s prccmi 

Figure 4a illustrates the gonopods of a copulatory male from Las Lagunetas. 
The gonopods of al1 copulatory males at  al1 four sites on Tenerife were similar in 
morphology. The gonopods of O. moreleti from Tenerife more clowly reicmhlcd 
those from southern rather than northern Portugal (Fig. 4). 

R) Portugal, Madeira and Australia 

Fein;iles from abundant popiilations of O. r t iorck~/ i  iii Poríugal. M;ideir:i :ind 
Australia were generally smaller than females from rare popuhions (Tab. V). 
Exccptions wcurred at  Rridgewater (7 and Heathfíeld in Australia iii 1083. l%milc 
widlhs chaiigcd in time at individual sites in Ausír:tlia, iiicrc:ising ;IS popul:iiit,ti 
density decreased at  Bridgewater A from 1975 to 1983 (/=3.90, p<0 .05)  antl 
decreasing as population density increased at  Longwood from 1983 to 1987 ( I =  9.41. 
p < O . O 5 ) .  Widihs also decreased nt Rridgrw;itrr (' :ind f Ir:itlilirld froni  i ~ l  10  



482 <; H RAKER A N D  M RAEZ 

TAB. V. - Diameters (mm) (SE.) of stadium IX female Ommaroiulus moreleti in rare and 
abundant popuiations in varying habitats in spnng. Data taken from Backer (1985 c) are 
indicated by (*). Years of coilection are given in parentheses. 
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Site 

Rare 
Portugal : 

Braga ( 1  982). . . . . . . . . . . . . . .  
Mendiga ( 1982). . . . . . . . . . . . .  
Cascais (1982). . . . . . . . . . . . . .  
Ciriindola (1983.  . . . . . . . . . .  

Vasco Gil. . . . . . . . . . . . . . . .  

Las Lagunetas (1987). 
Fuente Joco (1987). . . . . . . . . . .  

Bridgewater A (1983) (*). . . . . . .  

Madcira: 

Canary Islands: 

Australia: 

Bridgewater A (1987). . . . . . . . .  
Longwood ( 1983) (*). . . . . . . . .  

Abundant 
Portugal: 

Albamique (1982). . . . . . . . . . .  

Quinta Grande (1982). . . . . . . . .  
Ribciro Frio (1982). . . . . . . . . .  

Madcira: 

Qucimadas (1982). . . . . . . . . . .  

Biijamar (1987). . . . . . . . . . . . .  

Uridgcwaicr A (IY75). . . . . . . . .  
Bridgewater B (1975). . . . . . . . .  
Bridgewater C (1983) (*). . . . . .  
Bridgewater C (1987). . . . . . . .  
Heathfield (1983) (*). . . . . . . . . .  

Longwood (1987). . . . . . . . . . . .  

C:inary Islands: 

Jardina (1987). . . . . . . . . . . . . .  
A iist r:iIia: 

Hcathfield (1987). . . . . . . . . . . .  

Criifcrs (1987). . . . . . . . . . . . . .  
......... - 

N Diameter Dominant plant 
genera 

Pif1U.V 
17 2.97 f 0.05 
25 2.83 f 0.04 Quercus 
25 2.78 f 0.05 Pinus 
25 2.83 f 0.05 Q i t ( w . i t s  

22 2.63 f 0.05 
Pinus 

20 2.95f0.06 
20 2.97 + 0.08 Pinirs 

Eucalyptus 25 2.71 f0.05 
25 2.70*0.03 Eucalyptus 
25 3.05 f 0.04 Eircalypius 

Quercusl U1e.u 
25 2.36+0.04 

23 
33 2.47 f 0.05 1,auru.v 
32 2 34 f 0.04 Lnirrits 

20 2.37f0.04 
20 2.11 f O . l  Aroniuni 

2.45 f 0.05 Eirca/\plll.r 

Serval Gramineae 

13 
15 
25 
25 
25 
15 
25 
15 

2.47 +O.O4 
2.3 I f 0.06 
2.94 f 0.04 
2 .34f  0.04 
2.85f0.02 
2.30f0.04 
2.57 f 0.03 
2.38i0.04 

Ell~~<ll)~pllts 

Trijioliirm/ Loliunt 
Eucalyptus 
Eucalyptus 
Eucalyp tus 
Eucalyptus 

Pinus 
ElrcUlyp~1t.V 

1987 ( r  = I I .01. p<O.O5 aiitl I = I I .25. p < 0.05 rcspectively) althougli O. rfior.&ri 
wac  abundant at both sites in  both years. 

The widths of thc fcmales collected at different altitudes on Madeira varied 
between rites (Fig. 5 ) .  hiit t l i r r c k  n:i< no uit-rcl;iticin hetwecri widili : i d  altitiide 
(1. 7 0.07 1 .  p ., 0.05). 

111. i ) I S ( ' l ~ ~ S i O N  

1 Iic ii ioi-pliolopie\ (11 tlic golioporls 01. í )  i t t o j t , / ( , / l  o11 1 ci icii l i ,  S I I ~ ~ C S ~  i1i;it t l ic  
popii1;itions tlicrc origin;iic.d Iroiii soutlicrn rritlicr tli;in iiortherii I'ortiigal, LIS rl id 
popiil:it¡ons of this Tpecics iii M:idcii:i, Soiilli /\fr¡c;i :iiid Soiiih Ai i<t i : iki  ( ~ K I . I L  

10x4). 

- 
E 
E 

3.2 

k25 
2.9 

2.6 I 

2 5 1  f25 
2.3 5 

O LO0 800 1200 GOO 
Altitude (rn) 

FIG. 5 .  - Widths (mm)(;fS.E.) ofsladium X fcmale O. nrorrlutial w r ) i n g  aliiiudc\ (mi on Madcira In p e n  ;?di.tceni 

10 ;l. 

The autumn-winter breeding season of O. niordeti on Tenerife generally reseni- 
bled that recorded in South Australia and southern Portugal (RAKER. 1978h. 1984). 
Matiire eggs were found in females later in winter at Baje1 niar tli;in at  Jardin;i aiid 
Las Lagunetas. suggesting a delay in oviposition at  the former habitat. Rainfall 
during autumn and early winter (1986-1987) was much less at Bajamar compared 
with Jardina and may account for this delay. Insufíicient weather datíi are availahle 
for Las Lagunetas to enable adequate comparisons with Bajamar. 

At low altitudes on Tenerife (Bajamar and Jardina). most ;idiilt niiiles were 
copulatory in autunin and winter and intercalary in spring and sunimer. Siniilar 
seasonal patterns in the form of the adult male of O. rnorekti have been foiind i r1  
southern Portugal, South Australia and near Cape Town, South Africa (SCHI~RART, 
1966; BAKER, 1978b, 1979, 1984). At high altitudes on Tenerife. different patterns 
were observed. At Las Lagunetas, copulatory males predominaied in autumn íind 
winter. Similar numbers of intercalary and copulatory males were collected in 
spring and sumrner. At Fuente Joco, copulatory males predominatcd in al1 seasoIIs. 
H. READ (pers. comm.) found copulatory males (n=36) more often t h a n  intercal;iry 
males (n = 1 1 )  on Madeira and the nearby islands of Porto Santo rind DesertLi 
Grande in summer. Most of READ'S copulatory males (rt=30) were collected at 
altitudes of 600+m; most of her intercalary males ( I i =  10) were collected belo\\ 
500 ni. These results suggest that intercalary males of 0. iriort*k./i becoiiic ICSS 
predominant in suminer at high altitudes on these Atlantic islands. 

S ~ i i i  i (1985) has suggested that the intercalary malei of ~ ~ i . / ; f i ~ / r f J ; l r / l l , ~  t i r r i r / i t i  

m c  more rcsistant to environmental cxtrcmcs tliítn copiilatory Initlcs. Iri S C V C I ; I ~  

specics 01' millipedes, intercülary males predominatc in  unlavouríthle scasons ( V .  ,P. 

Mediterranean summcrs (HALKKA. 1958). I t  is therefore icmpting 10 suggest tl i; i i  
the high freqiiencics oí' intercalary males at low altitiicics on Tci~~rifc  iii S L I I I I I I I ~ I '  

are responscs to tlic prolonped, high tcinperaiiircs t l i i i t  occiir thcrc tlicii (C. /: Iiigli 
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altitudes). However, the climate in parts of South Australia ( e .g .  Bridgewatcr), 
where intercalary males also predominate in summer (BAKER,  1978h), is similar to 
h i t  recordcd at  the high altitudes on Tenerife ( e . ~ .  mean monthly temperatures 
of 16-19°C in summer and 8-9°C in winter). I t  thiis seems improbable that variation 
in temperature explains the altitudinal variation in  frequency of intercalary males 
on Tenerife. 

The development of maturity in both mate and female O. moreleti on Tenerife, 
generally by stadium X, is in agreement with findings elsewhere in the world 
(RAKER. 1978h, 1984). The bimodalities in stadial age distributions in autumn al 
lki.iiiin:ir aiid Jardina and tlie inferencc that a similar himodality also occurred in 
i i i i t i i i i i i i  al Lns 1,~ipiiiict;is (;iltlioiigli il W;IS i i o t  ohvioiis iii tlie surfiicc active 
niillipcdes t1i;it werc collcctcd thcre theii) iirc coiisistcnt with two age groups louiid 
at this time in other habitats in southern and central Portugal and Australia; one 
year old millipedes mostly in stadia VII-IX (mostly immature) and two year olds 
mostly in stadia X-XI (mostly mature). Because of the inahility to rccognize 
separate cohorts at Fuente Joco, the generation time of O. riioreketi remains 
iinknown there. 

Similar numbers of male and female O. riroideri were collected in stadia IX 
and X at al1 sites on Tenerife but males were rarer thnn females in older stadia, 
probably due to poorer siirvival of males compared with females as has been 
dcmonstrated elsewhere (B AKER.  1978 c). Males were also relatively rare in the 
youngest stadia collected o11 Teiierife. Siniilar scarcities of males i n  young stadia 
have been recorded before ( R A K E R ,  1976, l978h). Tlie reason for this scarcity is 
not known. Possibly, it  i s  related to sexual differences in surface activity. Thc sexes 
of O. rriordcri are not discerniblc (from extcrnnl niorpliology) iintil st, 'i d ium VI. 
Prior to that stadium al1 animals look like feniales. I t  is possihle thnt some niales 
(lo i i o t  coiiiplete their dif1erenti;ition iintil  after stadium VI  and that thc low 
niiiiibcrs of males in the yoiingest stadia collected o 1 1  Tencrifc reflect this. 

O .  riiowkli was Inrgcr in body width and iiumber of segments at the two 
highcst altitude sites on Tenerife than at the two lowest altitude sites. This difference 
seems hetter explained hy tlie low abundance of U .  niorekeri at high altitudes than 
by better conditions for growth. mediated for example by more suitable climate or 
difference in vegetation. N o  increase in size of females could be found with altitude 
on Madeira where more sites were sampled over a comparable altitudinal range. 
In a variety of hahitats in Portugal, Madeira and Australia. the sizes of  O. nrorck/i 
wcre generally grcatest at sites where millipedes were rarest. 

A ncgative rclationship between population density and body size in U .  rnoieleti 
W;IS deinonstrated temporally as well as spatially in Australia. Large hody size was 
fouiid in a population of low deiisity at Loiigwood in 1983. This was the first year 
that O .  rnoreleri had been foiind a t  this site, invading i t  from iiearby arcas (B AKER.  
1 9 8 5 ~ ) .  By 1987. the density of O. rwiek.fr had increased and tlie size of thc 
millipedes had decreased. At Rridgewiiter A. wliich \vas first iiivaded bv O. rnorckvti 
in  1967 (BAKEK, 1985<,). tliere was a dense popiilaiioii of millipedes iii 1975 aiid 
their qizes were small. As popiilation iiumber5 decreased by 1983 (scv B A K F R  (19x5 c) 
lor : I  iiiot'c prccisc <Icriioiist i iitioii of cli;iriFc iii  poptilatioii riiiiiihcrs tIi:iii provitlctl 
I i c i r ) .  hotly siiec iiicrciicitl. 

llxccptionally largc O .  r t r o i d c t i  wcrc foiind at  13ridgewater <' :ind Hcatlilicltl 
iii 19x3, coniidering thc dciise populations present there at  the tiine. Both sites 
wcrc i r iv ;ded by O. i t i o w k r i  only ;I Icw y r s  hcloi-c 1083 (1077 f o r  Bi¡cI~c.w;itcr <' 

4x5 
and 1979 for Heathfield) (BAKER, 1985~).  Possibly, insufficient time had elapsed 
since invasion to allow for the effect of high density to be expressed in small body 
sizes by 1983 at these particular sites. Densities remained high at hoth sites 
until 1987, and the sizes were then reduced to those commonly found in dense 
populations. 

Competition for lirnited food might reduce the growth of O. riioieleti at high 
densities. BERNS & KEETON (1968) and CHOTKO (1977) have shown that millipedes 
which are fed less. grow less. The food requirements of O. riiore/c/i are not 
known. Dissections of gut contents reveal a variety of  decomposing litter fragments. 
Probahly, only a small portion of these fragments fp.g. fungi growing o n  decompos- 
ing phnt  material) are relevan1 to  [he millipedc's nutrition, '1 hrougli thcir Iceding. 
other millipedes are known to cause marked qualitative changes in the litter 
microbial cornmunity, such as a shift from fungal to bacteria1 dominance (Nictiot - 
SON el u/., 1966; MCBRAYER. 1973; INESON & ANDFKSON. 1985). .Thc possibilit) 0 1  
negative interactions between food availability and the size aiid abundance of 0. 
moreletí merits attention. MCKILLUP e /  o/. (1988) have suggestcd that tlie collapse 
in numbers of O. moreleti which occurs severa1 years after its invasion nnd rapid 
increase in abundance in new habitats in Australia ~ B A K E R ,  1 9 8 5 ~ )  is due to a 
rhabditid nematode, a parasite of  native Australian millipedes, which multiplei 
with O. moreleti, killing it when sufficiently abundant in the millipede's haemocoel. 
Reduced growth might also be caused by this nematode. 

Fecundity, as measured by the numbers of mature eggs in female ovitubes. 
increased with body width a l  al1 sites on Tenerife. Similar increases in fcciiiidity 
with increased body width have been reported for O. rtrordeti in Portugíil ;irid 
Australia (BAKER, 1978 h. 1984). However, the fecuiiditics of O. r i io l~&t;  \vere ii«t 
greatest at high altitude sites on Tenerife although feniiilcs were largcst thcrc. 
Grcatest fecundities were recorded at Bajamar (20 m iiltitudc) wlicrc fcnialcs M'CI'C 

small. The reason for the reduction in fecundity oí' O. riioreleii at high ;iltitudcr 011 

Tenerife is not known. Density dependen1 factors seem unlikely to he important. 
Density was high at Jardina (as for Bajamar) but low at Las Lagunetas and Fiierite 
Joco. Possibly, the quality of food available to females \vas significnntly hctter ;it 
Bajamar than at other sites. 
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The lifc hiytorics. body sizes and gonopod morphologics c i f  ihc iiitrr)tlircc<l ntillir~c(l(., 
Onininroirt/itv ninr&ri (1)iplopod:i. Julidac), wcrc ytudictl :it l i ~ u r  sitc\ 01 tliifcrciii : t i i t i i ~ ( i i :  
o i i  Tcncritc (Canary Isl:inds) and comparcd with íliosc ol othcr poptilations witliiri I ' o r t u p l  
(native disiribution). Australia and Miideira. The morphologicy of tlic piicipods S L I ~ ~ C S ~  

that the Tencrife populations originated frorn scwihcrn Portiip:il. :IS c i id  tlic otlicr iiitiotl~icctl 
pcipiil;iti(iiis. On Tencrik iind Mnticir:i. tlic lifc Iiist(7ry (71' 0 rr lor , , / , r i  ~ h i i g c i  \vitl i  ; ~ l t i ~ i ~ ~ l t ~  
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In particular. copulaiory malcs are coinnion and intercalary nialcs are rare at high altitudcs 
in summcr. whereas ihe rcverse occurs at lower altitudes and in southern Portugal and 
Australia. Body sizc is inversely rclated to population density in al1 countries. Fecundity is 
positivcly rclated to hody si7c within populations on Tcnerife but not hetween them. 

Ri s i iU i  

C? rlr hinlngique et taille. A différentes altitud-, d’un millipede introduit w r  Tencrife (i lei 
<’snmrics). Onrmatoiuliis morrlrti (1 .iicms, 1860) 

Ix cyclc hiologiquc, la taillc ct la morphologic dcs gonopodes d’un miIlipi.de introduit 
sur Tcncrifc (Iles Canaries). Onimaioirrlus morrlrii (Diplopoda. Julidac). onl Cté CtudiCs dans 
quairc sites de diKérentes altitiides ct compares avec ccux caractkrisant d’autres populations 
répanducs au Portugal (distribiition d’origine), cn Australic et sur Madere. La morphologic 
dcs gonopodcs suggére que les populations de Tenerifc sont originaires du sud du Portugal, 
commc le sont les autres populations introdiiitcs. Sur Tcnerife ct sur Madere. le cyclc 
biologique de O. niorrlrii changc suivant I’altitudc. En particulier, a haute altitude, les miles 
copulatcurs sont courants ei Ics miles intercalaires sont rares en été alors que c’est I’inversc 
a hasse altitude. commc aussi iiu sud du Portugal el en Australie. Dans toutes les régions, 
la taille est inversement proportionnelle i la densite de population. Sur Tenerife, la fécondité 
cst proportionnelle i la taille au sein d‘une meme populaiion. mais cctte relation n’cst pas 
conscrvtc entre popiilations dilrcrcntes. 
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APPENDIX 
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TAB 111 - Moatkly strdid r g  dbtrlbntiom of Ommatoiu/us more/< I I  collected at 
Las Lagmrtn. ( a )  M i k s  rnd Femrles combined ( h )  w x s  separated for 
three months. 

T $11. 1 .  - hlonthly stadial agc distrihutions of Omiiinrriiir/u.v i m r d c l i  collected at Bajamar. 

I 

.T I I I .  11 Rlonthly stndial agc distrihutions nf ~ ~ f i i f i i ~ / / f J ; i i / i r . \  mordcvi collected al jardiiia. 

Month VI VI1 VI11 

l a )  
1986 

April. . . . 17 28 12 
M a y . .  . . . 10 164 66 
June . .  . . . 2 28 49 
July. . . . . 2 38 81 
Augusi. . . 6 64 91 
September. 8 89 69 
October. . 5 39 

2 II November. 
December. 2 2 24 

January. . 8 31 
February. 2 5  
March. . . 2 12 
April. . . . 2 16 51 

1987 

í b )  
1986 

M a y . .  . . . 
females. 5 82 30 
males. . 5 82 36 

November 
femalcs. 1 4  
n1aIlY. 1 7  

1987 
April 

fcrnalcr 2 9 28 
maIcF. 7 23 

IX 
Stadia 
x XI x11 X l l l  XIV X V  

Stadia 
IX x 

113 177 
56 113 

106 145 
89 116 

220 206 
201 190 
65 235 
41 207 
57 374 

74 340 
46 264 

176 116 
753 115 

VI1 

9 
9 
I 

77 
2 

18 
16 
3 
7 

V l l l  

10 

6 
4 
26 
17 
6 

59 
4 

7 - 

28 
95 

177 
1 3 1  

XI 

55 
138 
85 
24 
57 
68 

167 
165 
162 

147 
125 
141 
Y 4  

XII 

8 
45 
23 
3 

13 
21 
37 
30 
13 

12 
17 
39 
24 

X l l l  XIV X V  Total 

27 
72 
65 
99 

123 
145 
59 
19 
30 

102 

12 6 
69 36 
55 12 
55 15 

100 30 
168 36 
115 61 
60 73 
52 42 

161 104 
64 76 
68 19 

105 26 

I I  
5 
5 
7 
6 

I W  
422 
216 
297 
420 
527 
320 
? I R  
16') 

472 
215 

14 

I vn6 
April .  . . . . . . . 
Mil!.. . . . . . . 
Jiiiic. . . . . . . . 135 
Jiily. . . . . . . . 96 
August. . . . . . 19 
Scptcinhcr. . . . 14 
Octobcr.. . . . . 3 
Nnvcmbcr. . . . 18 
Dccciiihcr. . . . 2 

363 
4 1  359 
I 510 

34 1 
2 444 
4 S I 5  
9 522 

597 
I 57 I 

I I  1 
3 3 6 1 1  
25 X 4 2 
II J 

50 15  I 

12 2 

32 5 4  1 1  5 I 1 19 
203 
269 I 987 4x7 

January. . . . . . 
February. . . . . 
Marcli. . . . . . . 
April . . . . - 7 

13 632 
3 566 

652 
I 725 

34 
38 

9 
1 II 

55 30 
14 6 

21 38 
39 7 5  

24 1 
181 

117 
1111 

sl:ldi¿l 

V l l l  1x x x1 
162 
I o7 

72 26 
33 

V I 
3 1 

309 
174 M o t i  i h \' I VI1 

7 

2 
23 

114 
I o5 
13 
24 

I 
I I  

14 

XII 

I I  
4 
5 

2 
57 
44 
41 
36 

28 
47 
52 
Y I  

X l l l  

2 
I 
I 
I 

I 
16 

I 
6 

4 
7 

14 
9 

XIV XV ToI:iI 
TAH IV - hloothl) qtadial age distributiom of Omnrtrroiir/uc mor<k I I  col- 

lee14 i t  Fuente Joco. (a) Malm and Femals iomhinrd (b) Srws 
separated. I <),Y(, 

Apri l .  . . , . . . . 
May. . . . . . . . 51 
June. . . . . . . . 32 
Jiil). , . , . . . 8 
Aiigiist. . . . . . 32 
Scptcmhcr. . . . 43 
October. . . . . . 
Novcmhcr. . . . I 
Dcccinhcr. . . . 

1087 
Jniiuary. . . . . . 
Fehriiiiry. . . . . 
M;rrcli. . . . . . . 5 
April . . . . . . . .  14 

1 

77 276 88 48 
7 172 137 41 
5 220 281 48 
5 150 183 19 

I I  127 216 37 
26 82 185 181 
28 I 143 228 
15 30 271 233 
40 o 156 260 

463 
413 
594 
389 
539 

I 680 
473 
616 
604 

446 
548 
58 1 

I 675 

Month VI1 VI11 IX 
Siadia 

x XI XII X I l l  X I V  xv Tiit 11  

(a l  
1987 

April. . . . 
September. 
December. 

June. 
198R 

K i 7  
April 

femalcs. 
malcs. 

Scptember 
femalcs. 
malcs. 

I >ixonhcr 
l ~ l l l ; l l ~ ~  
111:11<.\ 

IOER 
Jiine 

fcnialci. 
i l l d < ~ <  

2 14 33 
I 19 49 

2 66 

46 

28 26 
45 31 

159 69 

99 29 

22 17 V 1 
22 18 22 16 I ?  12 4 3 

10 14 1f1 J 

152 
205 
346 

21' 

30 23 210 150 
167 137 108 71 
49 250 46 125 
IJ 165 1111 252  

10 21 
2 4 12 

I R  16 
10 10 

37 22 
8 9  

17 14 6 i 
5 3 1  

16 19 8 3 
6 3 4 1  

II I? I I  1 
7 4 ' 

12 34 
1 7 15 

151 
C I  

? 20 
4h 

51 37 
IllX 7 ?  

b11 
1 0 ' 1  

27 
1 '> 69 ? I  

111 R 




