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ABSTRACT 

The dynamics of an isopod {PorcelU,o scabex:) population 

in w te grassland are described. Three different generations 

oan be di tinguished on the basis of size distributions. A 

difference in age structure and sex ratio is seen in two areas of 

the study region. Overall there are more females than males . 

A cohort of 1000 individuals can produce 6000 yoUDg 1n a year, but 

only 1cm of these survive to become sexually mature. leopods 

provide a significant reservoir of calcium in the environment. 
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1. IN'l'RODUC'l'IO 

Terrestrial iaopocla occupy a unique plac in the Crustaoea, 

being the only representativ o-t the clas which have successfully 

invaded the land. .L~•u1.=ive literature on 

many aspects ot their biology has developed. With t exceptions 

however, arly researoh has concentrated on peysiological or anatomical 

features (Herold, 19131 Vandel, 1925; Gunn, 1937; and Edney, 1951). 

The pioneer life history studies of Colling (1915) and Verhoeff 

( 1917) have not, until recently, been folk>wed by graphic work on 

natural populations. Hatchett (1947) and Brereton (1956, 1957) 

completed investigations of the age structure and reproductive activity 

of Cy;oliatigus cgpyffl)lS, and PorpeJJ.io eoaber, respectively. Several 

studies in Californian grassland on AmdillidiJlm wlgarq (Paris, 196:,, 

1965 ; Paris and Pi telka, 1962), and one by Sutton ( 1968) in which the 

population ~amice of two Oniacoid species (Triohonisous pw,illus 

pusillus and Philoso1a xpµsoprws) are compared, complete the major 

reviews known to the author. 

new Zealand, including the subantarotic islands, has 48 

species of Oniaooidean isopods (Burl ry, 1950). A limited literature 

i available on these species but ia almost completely restricted to 

d scriptive and olasaitioatory revi o (Chilton, 1901s Jackson, 19411 

Hurley, 1950, 1961) . Pop\llation studi ar non tent, an4 previous 

oologios.1 ork on the tour iatl"'oduo d p ci 

Pon,t1i1om,dgs ~~f&*u d ~r.Aa .w~a) 

b contin d to pe d North erica. Th r ore, inv t1g-

ati.on ot th outh m to u of Talu. 

was firet rded tn Z al.and in 1847 

L.&..a;&~~ (!boms , 19~). It !snow co 

lliZ18S &n4- ot}mr P..&.QQIIJIIJ 0 

n over the oount17 

hi tationf mt not 1n 

1 



the untouched nat1v bwlh. Th orient tion r ponses to direct light, 

contact and humidity, contribute to the gregarious patt ms of 

distribution exhibited by slaters. They occur in large numbers under 

boards, in grass clumps, and in crevices on tre • 

The relative ease with which slaters can be oultured in the 

laboratory makes them ideal an.il!lalo for scientific study. 

The present thesis is the result of field e.nd laboratory 

studies conducted on a natural population of P, sgaber in Palmerston 

Iforth. The aim uas to build up a d.Ynamic deocription of the 

population from data on age structure, sex ratio, breeding and mortality, 

obtained from one year ' s sampling in the study area, As well as this, 

the role of the population as a calcium reservoir in the conummi ty was 

invea tiga ted. 



2. TBE SWDY AREA 

Field atudi&a were conducted in a long nD.1"1'0w strip ( 150 x 

6 m) of wast 8l"88Sland (Plate I) adjoining an oxperimental orchard at 

Masaey University, Palmerston North. on one side the boundary was 

provided by a drain one aetre deep, and on tho other by the outer of 

two rows of Lombard,y Poplars (Poimlua niei:a::i tali£a). Bordering the 

drain was n small bank which had been built up by infrequent cleaning 

of the drain. A sub-area marked by pegs into 48 units, ea.eh 1 x 6 m, 

waa contained in the main study area. It fas from those units the.t 

the "random" samples (s e below) were obtained. 

Variation in floral composition occurred seasonally, al though 

the dominant grasses (F tuca spp, toliwn perenne, Ae:;rostia tenuis, and 

Dactylis glomerata) were present at all times . Other Gramminous 

species were Alppecµ,rus pratenpis, BroPJUS Il¥)llis, and Rolc;us lanatwll . 

Herbaceous forms such as G4lium a.perine, PJ.imitago spp, and members ot 

the Geraniaoeao could also be found. 

Apart from Po.reelllg the stud;y area had rooident populations 

of pill slators (Armadillidae). Nematodes , diplopoda , acarinids • and 

pulmonate gastropods were common, and in almost every "random" sample 

hemiptera.ns (Super Order Fulgoroidea) w re countered. Rabbits and 

hedgehogs were se infrequently. 

a typ of yellow-grey earth, with pH ~ 

from ; .o i n th EErz:1.11110, to 7.0 under the poplars, In both ons 

ther was a oo ide bl amount of humus and dee y:tng v tation, 

espeoi u,. poplar 1 



Plat I.. General view of' otu(\y area. tak in Uarch, 

1'171, ring the poplar boundar:r, th nature 

t w teland, end th which k 

b 1 X 6 \Ulit. 



,. METHODS 

:,. 1 S9Pling 

Previous investigators ot the distribltion and. eynamies of 

gregarious 1sopods have used a variety of samplin.g techniques. Colo 

(1946) studied the pattern ot distribution of Tra.ohelipup rathkei by 

counting the number under cryptozoa boards placed on the ground. A 

stratified random smnpling method was used by Sutton (1968). In this, 

samples were taken at random from an area divided into basic units 

( 1. 5 m squares). The stuey of Paris and Pi telka ( 1962) took small 

samples from areas that had been subjectively chosen for relative 

abundance of AJ:mad1llidium vulgare. 

4 

The present study employed two sampling teohniques desiBuated 

"random11 and "nonrandom", In the first , a series of 13 x 13 Cll1 boards 

was placed in the stu~ area. at least eight weeks be.fore s ampling 

commenced (Plate II) . Tt10 boards were assigned to each of the forty-

eight 1 x 6 m uni ta. A swple comprised a subsamplo taken from each 

of six units. One of the two boards in a unit was raised and the 

area containing the highest density of iaopods (determined at a glance) 

was eaopled with a soil corer. The disturbed unit was replaced else-

where in the same unit. 

Subsequent samplings followed the same ordel' ot use as in the 

first forty-eight uni • This ensured. an eight week 1 pse b fore more 

iaopcds vere 

An outside th torty- ht units we.a used tor th 

"nonrandom" typ ot aampliJl«. In th1, gregations of Pgr..2 llio v re 

sought in clumps f Ai/!t/,~=-' and other 1e&t1~11::,;s in th habitat, A 

ample w 1t was ppar t that i opods w abundl.mt. 

A,gain, sh sub pl constituted on 



Platen. 

Uml t the ~IAIAl'»,Y' 

cr,,i11ft1g\• ·anaitcm 



The so11 corex- us d. in 

1 o. 7 cm). On each occ · ion it was tore d into the Bl"Oun4 to a depth 

of about 5 cm, so that any slaters 1n subsurface crevices would be 

included. In practie , very f sla.ters were found. below the surface 

litter layer. Each sample was remov d to a labell 4 plastic bag for 

analysis. 

At th laboratory each sample was caretull.v broken up on a 

metal tray. In samples containing large numbers of Po;:gelllo the 

obvious animals were removed di.root to a collecting bottl • The 

r ainder ot the sample was th placed on the grid of a 'lul.leren 

Funnel, and the collecting bottle positioned wider the funnel exit. 

Six Tullgren funnels were built from rectangular kerosene 

tins. Each had two grids (one small, and one largo sized mesh) over 

a four sided exit tunnel. 

Extraction eff iciency was fairly high, but in som.e samples, 

especially wet ones, considerable numbers of isopods became trapped in 

the soil. To overcome this each sample was given a quick sorting by 

hand af'ter extraction was completed. This ensured an al.most 1 OO'fa 

recovery. Tl10 ~ use of the f ollowing schedule was sutf'ioient to 

extract most isopods - 8 hours light, 12 hours dark, 12 hours light, 

12 hours dark. Collecting bottl er ptied frequently durine th 

extraction; the animals r kill cl in hot water then stored in 7 

alcohol d 5% lye ri.n in bell 4 pl tio eapp d tt1 • 

tan cl p o aure w follo 4 in the ana .... Y .. ,_ of 

ple. 1'he head width of each la.t r m re und. fr' binocul 

ter ~iu.t1c tion) Vit ter 

( 1 mio • u. = 0 027 ) • The 41 ta:nce oe1:wet:m. 

taoet of th c<> und ey w to · pr · t h width. 

5 



B 4 width was used the primaJ.7 ize mea.sur 

it reme,ns constant atter the an1rnal bean ki.lle« and preserved.. 

Expansion or contraction of the boey segments d.uring death or storage 

make the measurement o:f' other parameters, QUoh ao boq length, much 

leas valid than the unvarying head width. 

External sexual di.morph! m is e. f a.tur of most isopoda. 

6 

The mal of P. 499be;r may be distinguished from :f'mne.les by the shape of 

the pleopods (Plate III), and by the absence of oostegi tea during the 

breeding season. Examination of the pleopods is necessar,y in 

individuals lacking oostegites, since they may be nongravid females. 

Slaters with head widths less than 35 m. u. coald not be sexed: all 

others were sexed, and the breeding condition of females recorded. 

During the atudy, 100 P, @AAbftl individuals fl'om close to 

the study area. were used to determine the rela.ti.onships between head 

width and body length, and between head width and body t idth. Body 

uidth was meaa-ured at the widest part of the second thoracic aeement. 

Body length included the distance froc. the oost ante!'ior part of the 

hoad to tho tip of the telson. These data were described by llnoar 

regression lines. This was done so that growth increments from other 

studies on the same species could be related to the increments of head 

width obtained in th present work. 

ratery populations w 

individually hous gravid t • ·laten taken fro the t1 lei in 

eh, 1971. P tr1 dish of two Q.»IIRI • 4 and 9 om di ter -

we us 4. oh ot th e had. a layer of tapwater ( 1. ~ 

oonta1njng tungJ. !de, ,ag.;w,,,n) cov~UJ8'" tb •tto to maiato.tn a 

high relativ humidity. od, in tom t ~tere4 popl.U 

, 1n uc• oh " , and dro ot di till v ter 



Plat III. El:temal Bozual dimorphism in male (ri3ht) and 

female (le:tt) S,J,,..i:UiiUJ1:&.1• Th pleopcut, (ventral 

surf ace suuotures behind tb$ t pair of 1 ) 

of th ot th 

blunt. 



7 

added as noedod to pr vent d.esicc tion of th agar. o, an 

agar lay r had to be poured every 2½- months. A small amolmt of faecal 

matter from the old dishes was put in on top of the new aee.r at oach 

repourill8 to help maintain the eopper balance in the animals (Wieser, 

1965, 1966). 

As each fem.ale gave birth, a record of the number of young, 

and the aize (head width) of at least ten of them was kept. Fomales 

from nine (8 smAll, 1 large) of the twenty-seven dishes wore removed to 

see if their absence had any effect on mortali 't'J or on growth in the 

broo 

Every week the young from ea.eh brood were countod and ten 

were measure A stroQ!ll of co2 was used to narcotise the brood and 

thus facili tato measuring. This liaht anaesthesia lasted only a fe,t 

minutes, but lone enough for ten individuals taken at random to be 

measured. At no time were the youn.e seen to be killed, or pemanently 

affec ted, by the exposure to co2• 

Older slatara, which would not easily respond to the gas 

treatr.l.ent, were kept immobile by a different technique. Individuals 

rere placed on an aorylic me3h on the microscope staee and held atationa.I".{ 

by finger pressure on a square of clear cellophane which covered the 

animal. The mesh permitted the elater to be manoau.vred to the desired 

position under the lens, vhilo the cellophane on.a bled th obsorv r to 

se , and hence to me r , 1:h animal ' a head width. 

3.4 D iocation 

Pr l~minary ........ ,,._....~,.,.i ot field dat sugg 

a ditterenti rtalit;r r. t with ag between t 

t there v 

d e slat 

A er1 or erlm ts inv tigated th pos ibility of ditterent 

ot water los from rid t-... ·-, compar d with othei- &.r.....;r.:.~,:r.; 

• 



The apparatus {Fig. 1) was based on that described by Edney 

{1951). A flow of air (1 .2 1./min.) at constant temperature (21°c) 

and constant hwnidi ty (25 - ~ R. H. ) was passed over the experimental 

animals for two hours. Ee.oh animal was weighed three times - before 

the experiment, after one hour, and after two hoUl"G desiccation. 

Stoppered glass vials prevented water loss during w<:>ighing. Animals 

used in the experiment had beon kept i thout food for twenty four hours 

in an atmosphere of 95'-it R. H. 

Individual chambers were made from glass and plastic tubing. 

Each plastic tube had a small piece of aoeylic gauze ( 1 mm mesh) glued 

into it (Fig. 2) to prevent movement of the animals between compart­

ments . The glass tubing was moved up to the mesh, thus providing a 

continuous system through which air could :t.'low without interruption. 

A humidity check was ta.ken several til:tes by directing the outflow from 

the system over a. wet and dry bulb thermometer. 

8 

~urtace area of eaoh slater was determined from the expression, 

SA = kwf, whore SA = surface area (cm2
), k is a constant, and W = wet 

weight (mg.) of the animal. The constant, k , had a value of 12.4 for 

nongravid individuals (3dney, 1951 ). However, 1 t was used for both 

gravid and nongravid slatera in the experiments because it was 

considered that the error introduced would not mask any differences in 

the rate of desiccation. 

,. 5 MtMJ1mient Pt ca1g&um 

iJS 

Analysis ot the calcium content ot intact ind.1 viduala of o.11 

undertaken as corollary to the main atuc\v, o that the 

mineral reservoir ot the population could be as A techniqu 

wd.ng an At e A orption Sp ctrophotol!li t r (AAS) w The 

AAS measur e1 ent'a concentr tion by its e paoity to l>sorb light 

of a ehar tenettc wav length (4226 nm tor calcium) when that l ent 



Fig. 1. Diagram of apparatus used in desiccation 

experiments. The flow rate through the 

system was 1.2 1./min. 
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Fig. 2. Chamber which contained one P, scaber i ndividual 

during the desiccation experiments. 
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i in 1 ts atomic state, ormally, baorption 1 in direct proportion 

to the sample concentration. 

The prco cmre outlined below was used f'or each analysis . 

Slaters were ta.ken from th study area, sexed and measured, and those 

about to moult (as shown by white patches on the ventral thoracic 

segments) were discarded. All animals were ldlled in hot water, 

we.shed twice in distilled water, then placed 1n individually numbered 

5 ml pyru test tubes , and dried for 18 hours at 100°c. After being 

veighed on a Mettler balance (accurate to 0.1 cg. ) the latera were 

ashed at 520°c tor 10 hours . 

To each tube, 2 ol of o. ~ Sr(No3)2 in 2 Kolar HCl was added; 

this was warmed gently to ensure solution of the calcium. A 100 µ1 

aliquot was taken from each tube and added to a further 1. 9 ml of the 

acid solution. 

Standard eolutio~ of known calcium concentration ( 100, 50, 

20, 10, and 5 ppm) were prepared. These were u.aod to calibrate the 

AAS a.nd to obtain a standard curve, from which the concentration of 

calcium in each sample could be determined. A simpl uation was 

employed to derive the dry w ight ot calcium in each a?:Iple. Dry 

weight (mg.) = X ppm/50, where X is the concentration ot calcium in 

th sampl • 

An estimate of th turnov r rate of calcium 1n tb popul tion 

w det rmined trom at tu~. In this, th clard food c 

fro batch of ov rwint red J)Oplar 1H ... ,,.,. ... , known to 

sl t rs. t, th le v we dl"i to co 

quantiti 

ot im1lar 1.Be. 

bottom ot tb. di h. 

Wi r (1965, 1966) 

co wne 1 their ~ en 
[IBR"ARY 

M ,«;SCY UN!'/~RSITY 

i · t tilt r ~er on th 

duotin r u1 

9 



u· there is not a aubstrat ot aocum.ulat d taec or organic matt r 1n 

the dish. The present experiment therefore utilised p tr:l. dishes 

which had held slaters and which contained SOI!l8 f'aeoal material. 

After tour days t h remaining leaf material was wash d (to 

10 

remove faecal deposits), dried and reweighed. The di.ff er ee in weight 

was taken to repres t the a.mount consumed by the two an:lmala. 

Analysis of the oaloiwn oontent of the standard food f ollowed 

essentially the ame prooedu.re deacribed above. After beinB dried, 

the loaves were ground into powder and weighed. Fixed amounts of this 

were then ashed in pyrex tubes, and analyaed for oaloiw:i. 



4. AGE STRUCTURE 

4. 1 ln tmsot1gn 

Age distribution is an important population characteristic 

which may reflect the current reproduotive status of' the population. 

11 

An age structure whiah is heavily biased toward the younger an~mslo 

suggests that th population is aotivol y expandi.DgJ and a distribution 

containing a hiah proportion of old individuals indicates a declining 

population. The particular age distribution is also closely related 

to the changes which may be occurring in the other components of the 

ecosystem. 

4. 2 Si;e strqetu.re 

Population age structure has been illustrated by the 

frequency histograms of Fig. 3. The histogrW?IS represent data 

obtained in multiple samples from the otudy area, from April to 

December of 1971 . Each hiotogram oontai.no the data from all samples 

at suceeaaive 4-weekly intervals . Jamplea were not collected in 

some weeks so that any one histogram may not have four contributing 

sets of data (for example, Number 4) . Although each head width was 

measured to the nearest micrometer unit, the data hav been grouped 

into 4 m. u. clos interval • 

Slatem l s than one year old have boen ign ted 

88Xl· ration O; tho betve n one and two years old, gener tion 1; 

and o on tor the ol r er tio • 

iz di tributio vn by numbers 1n Fig, , . 

'!he detail ot is utt1c1 t show its 

pol dal n tur • oh either 

or 1n ao 

ap be 

, th early and 1 t 

Ooto'b and March) . 

co let genvat1on, 

ot $ bre ding season 

PtS.1~, .. . the 



Fig. 3. Size class distribution of P. acaber taken in 

successive samples from April , 1971 , to December, 

1971. "Random" and "nonrandom" data are pooled 

at 4-weekly intervals, 
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distr:ibutions t d to become unimodal, until the n t bi- ding e on. 

wh recruitment oaus s a clear 'bimodal pattern ot di tribution. 

Since the f'irat sample was taken some seven months after the start 

ot the 1970 breeding eason, it contains no very young individuals. 

Individuals trom at least three generations are shown in the tirst 

histogram; th limits of generation O lie between 40 - 44 m. u., 

generation 1, ding at 68 - 72 m. u., may have two components 

corresponding to earl y and late broods I and the socond and subsequent 

generations range from 72 to 100 m.u. This separation of ag classes 

oan b follo ed through each sample to the end ot the seaaon. 

Generation O has been arbitrarily designated generation 1 at the 

start of the new breeding season, in the eighth histogram. 

The first young of the new breeding season appear in late 

October/early November. This is about sixty days after t he first 

gravid females were recorded in a sample. When the young appear, the 

maximum head width of generation O slatora is between 52 and 60 m. u . 

( f rom histograms 7 and 8) . 

Generation 1 alaters reached a maximum sb of 72 - 76 m.u. 

after one year ' s growth. The combined sample for Ootober/ Iovember 

shows that, if the ag claaaifioation is valid, the oldest alata.rs 
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of tb population may live for up to 4 years . In fact, on individual 

not shown on the histo·Nr,,i.rn,. had a head width of 117 u. which siJgffes 

an ag ot 5 • 6 y • o other slat n with h tl widths over 

100 "u. ver . coll · ted in the pl • V 10 sl t rs wbioh 

had ( t 1'll11n d trom th dark gut colo 

cl ed fr t and N inolu d 1n the 

vhioh had ol cli d to hav 

pre ture pturing ot th ,. d 

or by phyei • not count 4, Th 

li 10 inclivi . h d width o'I 21 .u. 

0th re, 

ed by 

of the mother, 

lle the 



Ttro tn, ot aampl collected tlu,:,u«hout th stuey 

( e Methods, Peg 4). The month-by- month frequency data fl"Om 

"random" and "J20nrandom" amplea are shown in • 4 and 5 respect-

iv ly. Age classes aro separated by a line through the data. 

With som captions, the elaso distinction ohown in Fig., 

is maintained in both types ot sample. There is, howover, a major 

difference 1n the pattern of distribution of the data from each type; 

"random" samples tend tc have a higher proportion of large au1mals 

than 11nonrandom" sampl s . No parametric teats a:ra available to show 

a statistioal ditt enoe between the samples, boeuuae of the techniques 

used in collocting. The "random" samples are ba.aice.lly of a. 

stratified. random type, whereas the "nonrendom" sooples use a subjective 

"searching" method. 

The simple nonparametria toot which follow was used to 

compare the data from each sample type. The mod.al class of each 

4-veekly set of "nonrandom" data was compared t'i th the corresponding 

"random" set. In eight of the ten months, the "random" samples had 

a higher modal clsao, and. in one it was equal . Tho tenth month of 

t he "random" sampl had an equal or higher mod.al class ( the mode 

spanned two 5 m. u. int rv ls) . 

Another comparison illustrat th difterenoe b tv the 

typ of sample. i'he 

4202) and all "nonra.n 

h1atogrsma 1n g.. 6. 

, vh 

11 

led data from all "r dom" am.pl (n-= 

" ple (n = 9'25) how. on te 

Th oribed as n ly 

eel to ar th 

...... ...,~ or 1.ndividuale hiah 

ar 1 s h . wid.th ot S5 o.u ) ar 25. ~ 

and 75. tt 17• o, th 14 a light hi _. 

pro rtion r • ry WlB indiv1&.uua {tint ) in th "random" 

data. 
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Fig. 4. I nthly size class distribution of P, soaber 

taken in successive "random" samples. 
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Monthly size class distrihltion of P1 ac&ber 

taken in successive "nonrandom" aamplea. 
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Fig. 6. Size class distribution of P. scaber collected 

i n (i) "Random", and (ii) "Nonrandoml! samples , 

from April,1971 to December, 1971, at head 

width intervals of 5 m. u . 
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It types ot 

sampling tochnique used in the st-udy each collect a dit'terent sector 

of the population 1n their samples . PofJSibl NSSons for this will 

be discussed below. 

A considerable dif'fer8nee exists in the mean nUI'.lber of 

isopods tak per soil core, for "random" and "nonra.ndom" samples 

(six cores = one sample). For the first type, the average was 39 

individuals per 90 0:1.l core, and for the "nonrandom" type 1 t was '57 

individuals. The last "random" sample had 1461 alatorsi the highest 

total. for a six core sample in either set of data. If this except­

ional. value is omitted from the aalculation, the raean number of 

isoPods per core for "random" samples is reduced to V. 

In all the "nonrandom" data there is only one monthly set 

which contains less than 800 individuals fo~ two samples ( the first, 

third, fourth, and final aets contain data from o.11ly one sample) . 

On the other hand, only one "random" set has more than 800 individuals; 

and that is a one-sample set . 

There is some evidence that a correlation ansts between 

veather conditions and abundance of isopo in the "random'' samples. 

In three 4-veekly samples, one of the two contributing amples was 

collected hen th ~Wld waa v t . The number or i opoas in these 

v t weather coll otiou vas alWBlD less than the number in aamplee 

taken on 417 

J rlod, iah 

¥ l 

C 

• o, ov th co i tently t Sept · beJt/Octobor 

numb rot • 

10 indiVidLl " 
121 i po 11 

t 

"random" ample oil ooi-e 

pondt.ng p od, the 

.ervou ot 

• No <loc11ne 



1n numbers whiah could b attribut 4 to "overtiah1Dg" Vas notic d 

throughout th y Therefore, th data obtain d are considered to 

F£,awmsz di§tr1Jmtipn 

A number ot studi on terrestrial isopods have given data 

on the size structure of the populations in nature. Similar distrib­

utions w re obtained :tor Cycllstiqus QABVemP (Hatch tt, 1947), 

P, qoaber (B:rer um, 1956: Amanieu, 1965a), and A,, J,Ulgge (Paris and 

Pitelka, 1962). All showed a bimodo.l frequency distribution of size 

classes at the early part of the br eding season. Thia reflected 

the presence of m bers of t he new generation, plus individuals of 

older age groups. As the year passed, there was a tendency for the 

distribution to become uni.modal., as the actively growing :young 

generation attained the same size as the slow g.rowing old isopods. 

The results of this study show t he s ame general tr nds as 

above, except that th bimodal breeding eason period is represented 

by only th December histogram. The tirs,t month sampl d (April) 

shows the 10ung generation at a size uivalent to small members of 

generation 1. In Fig. :,, the histograms tend to be pol31Jl0dal i n 

detail, with consi tent breaks in th distributions indicating the 

tenee of different erationa . 

At 1 t t • parate tio can 1n the ta 

ot lg. ,. A ot the hiato-

• 'i'hia 1n z liv tor 

th1" , or in • 0 '1'h 

which had ah v14th · t 117 a.u older. 

The , ty ot tb 1u col • an 

te4 to b oi- tour at 1 t 
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tour tudi (V rhoett, 1920; Herold, 1924; H lay, 1941; and 

Brereton, 1956). Brereton (1956) showed that the bulk of the 

population in the fi ld consisted ot individual less than three years 

old. In Pqr,sellio ls.eyia, only the males attain the maximum age of 

four or five years (GGiser, 19,4) . The maximum lell€th of life of' 

smaller forms, ouch as Trichonisc:us puai~J.us, is usually three years 

or leas (Healey, 1941) . 

The present stuey provid s no data on longevity but the 

life spans ot laboratoey oultures elsewhere have been lower than would 

be expected from field data. Isopoda from four species, inoluding 
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P. goaber, w re raised in th laboratory in Michigan by Hatchett (1947). 

These lived for only about two years . 

It is clear from the rosulta above that the two methods of' 

sampling did not sample the same section of the population. The 

"random" samples appeared biased towards the old r generations, whereas 

the "nonrandom" sampl es took a much higher proportion of juveniles. 

In many respects theso two samples respectively approximate models of 

daolining and expanding populations. It is extrem ly unlikely that 

two such populations oould exist 1mm diatel.y adjacent to one another 

in an appar rntly uniform habitat. Thus, th differ c appears to 

hav r sul ted tro the typ of ampling used. 

In a eking explanations tor th1 ditf r ce, the di ·Unction 

between th must be borne in m1nd. " onrandom" ampl s 

wer collecte att r gregat1ona ot P. scaJ2H had been tound by 

aotiv 17 searohing the gr a habitat. "Rando " a pl • on th• other 

hand, v re taken fro under wooden bo rt:ls laid out in a 1tratift d 

ran do end pattern. 



'l'be ttnonrandom" ampl consi ted maiul1 of young animals 

with a relativ l.y small proportion of more than on year of 

Normally, thi would indioate 1th r a high mortality re.t aft er the 

first year, or an "exploding" birth rate in th previous breeding 

season. Yet w find a high proportion ot these older individuals 

in the "random" amples. An al tern ti ve to the "high mortality" or 

" ploding birth rate" hypothesis is needed. 

Instead of a high morta.11 ty rate after the first year, ther 

may be a behavioural ohange. This, acting through different habit t 

preferences, may result in a different pattern of di tribution of the 

older individuals. It is Ill.so possible that a difference in di t 

preference or requirements may tend to restrict the young animals to 

grass regions. Small individuals of Al'pladillJ.Mum nallasei (Muller, 

1943) have a higher metabolic rate per unit body tfeight than larger 

individuals. It is likely therefore, that t he young activ ly growing 

P, ocaber would need a higher weight-specific intake of food than old 

slower growing elaters . This may result in YOUl'J8 animals remaining 

in areas where food is avai.lable and avoiding those regions, uch as 

under the boards, where it i likely to be scarce. Den Boer ( 1961) 

showed that P, soaber will eat al.most any organic material presented 

to 1 t. D d plants, live es, algae. fungi, sl t r bodi s, and 

consum • 'l'h po i bill ty ot ditt id.al tood pr renc with age 

V .Bo r, bllt th• p t wo11c indicate that 

it inay pl.s.y 1"01• in th d1 · pe ion of J!Pa...J~?.1.:£•• 

Th moult period i . on in which th iaopod 1 eztr · J.y 
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vulner b1 to crocli tic C , pr dation, or to th cannibal! tio 

tend ci ' co peoi.tio:a . A later in u1t Uir site 

protect d not in wea r, t from it t llow 

lat ra. indil'iduala ot • tioa 0, w?uoh moult about 15 time 
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in their first year of l1f (Heeley, 1941 ) • hav greater need to~ 

suitable moult sites than their older counterparts which moult less 

frequently. The Feamo1 clumps, and grass area in general, probably 

offer a greater number of suitable sites for moultin8 than do the 

board.a. This may contribute to a differential pattern ot distribution 

of the two groups in the habitat. 

All the samples were taken in daylight (at 1500 hours) so 

that the site of capture may be considered as a place in which to hide. 

The literature {Cole, 1946; Den Boer, 1961) has shown that the 

slater•a choice of site is usually related to the degree of protection 

against desiccation which it provides. In general, moist siteG are 

preferred to dry ones. In this study, hotrever, the area under the 

boards has sometimes been considerably drier than the surrounding 

vegetation, and yet has contained isopods . The converse has also 

occurred. There is no simple explanation for the patterns of size 

distribution shown between th two sample types. Food preferences, 

moulting, and physiological requirements may all influence the choice 

of a daylight refuge. More research is necessary to evaluate the 

contributions of each of these, and porhapa other factors . 

Abung@ et P. so1ber 

I opc,ds wer common in th ar tor th dur tion of the 

stud;y. Th re w no great tluctuat1one in numbers in the "nourandom" 

sampl , al though an inui,,_ enrohing Ume noted tor th last 

tw samples. On the oth r hand, a oonsid.er l>le deer in numb rs 

w display d. by th tak: · tro under the bo . in vinter. 

It ia likely that thi retleoted a decre in popular!~ ot th 

boards a el.t it • rather than a d re . in bundano ot the 

i opoda. This notion is borne O\lt by th• l~ collections whiah 

were taken in 

th re were 

• t r the veath . · had improved.. 

greg tione under so Poplar k» 

In addition, 

0'1 id• th tudy 



ar when the boards had t individuals under th • 

In the course of the etu~. the poplar trees were topped, 

and the logs stacked along the row of trees on the outer perimeter ot 

the study area. After some time, it was noted that these logs had 

very larg numbers of P. s,ca.ber individuals und rneath t hem. Since 

this may have had an tteot on the sampling, these logs were removed. 

In the 11 random11 sample taken immediately after this, nearly 400 

isopods wero collected, whereas in the five samples previous to this, 

never more than 100 individuals per sample had been oollected. 
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However, because the log removal coincided with a pell of very warm 

dry weather, and because the preceding five weeF..s had been wet, the 

effect on tho sample may not have been directly related to log removal . 

4.4 Conclusions 

If the results from both "random" and "nonrandom" samples 

are considered together, then the age structure suggests that the 

population is in a state of relative stability. By itself, each 

sample type departs from this; either toward the state or declination, 

as in 11 random" samples, or as an expanding population as hown by the 

11nonrandom" data. 'l'he causes of this difference tw en samples are 

unc rtain, but may b associated with the requir ents tor feeding, 

moulting, or gen ral physiological v llb ing. 



5. SEX RATIO 

5.1 Intxpdugtion 

Sox ratios can ass1 tin the deacript1on of populationo. 

Patterns of mortality in each s with age, for example, t1ay become 

apparent after analysis of standard. samples taken at different times 

throughout th year. Th recruitment of sexually maturing young 

animals may also be refleoted in such samples. 

In thi study, the significance of differences between the 

ratio of mal s to total individuals has been assessed by using a 

Norm.al Approximation Test (Bailey, 1959). Two levels of significance 

(p = 0.05, p = 0.01 ) have been used in describing tho differences. 

5.2 Results 

The proportion and the nW?lber of oaah sex, measured at 4-

weekly intervals is seen in Table I. Both "random" and "nonrandom" 

data have bean pooled according to their date of collootion. In the 

three months, April, June and late Septooiber, the ratio of males to 

total individuals is significantly greater than 0. 5, (p = 0.05). The 

late D cember sample has a ratio ot over 2 : 1 in favour ot the 

temalesJ and overall there a.re ignifioantl.y 1:1or t'emale than males 

(n = 12690). However, be1'o the final sample, the ov rall s ratio 

lightly t ;ti>Ul"9d th mal. • 

After the ooiamerno en ot the bre 

ino e in the proportiOn ot t'IBIUl,..1...., coll cted. 

part ot th y , mal pre m1n te, whereas. 

the tio ot wa...r..u to tot lndiviw.u«;....,. 

ari.ation ex t betw 

of lingJ verall, the "random,. tecbniqu 

proportion ot t..._ ..... ,._, h11 th "nonrando " 

n, th! re 1 an 

In the nonbre d11l8 

er Sept ber 

the ho typ 

hi 

did not ditter 
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TABLE I 

Sex di tribution of P, aoabeJ: 1'rom 4-weekly amples 1n 1971. 
"Random" and ttnonro.ndom" samples are combined. 

Collection Number of 

Dates Individuals 

o'd':~~ 

April 1, 8, 15. 420 ' 351 * 

April 29. 599 : 536 I-iley 6, 13, 20. 

June :,, 10, 17. 303 : 235** 

Juno 24. 416 I 442 July 1. 

July 22, 29. 729 691 August 5, 12. 

August 19, 26. 944 : 968 .3ept. 2, 9. 

Sept. 16, 23, 30. 801 i 700* Oct. 9. 

Oct. 14, 21, 28. 
rrov. 4. 716 743 

ITov. 11, 18 , 25. !192 692 Deo. 2. I 

Dec. 2, 16. 596 : 1226** 

Total 6016 : 6584•• 

* PN rtton ot es 41ft 

1 1 ot aignitioanoe. 

Totals 

0fi x 100 

120 
? on-Breeding Season 

112 o? ~ ~ 

3401 : 3223* 
124 

92 n = 6624 

106 if';~ X 100 = 106 

98 

114 
Broeding Season 

l,l ii 
96 2705 3361 ** 

86 
n = 6606 

49 
l;, :I: 100 ICI 80 

93 

tro 0. 5 t th 0.05 

** rtion of -. ... - 41ft , fro o, 5 th 0.01 

lev 1 ot ignitieance. 



from an equal sex ratio . 

When the results are divided into two age classes on the 

basis of head width ( less than one year olds older than a year), for 

each sampling type, :f'urther differences are seen. In the Younger 

21 

group of the "nonrandom" data (Table II) the ratio of males to total 

individuals is 0,474, (n = 5078, p = 0. 01) . This trend is reversed 

for the oldor slaters with t he exception of the 3eptember collection. 

Collections in the first three months (Table II) have significant male 

predominano • If the pooled data from these older slaters are divided 

into two further classes corresponding to generation 1, and t o older 

individuals, the number of males/tota l individuals = o. 524, (n a:: 2961) 

for the first generation. This difference from o. 5 i s significant at 

p == 0. 05. The remaining older animals (n = 555) have a sex ratio which 

does not differ from O. 5. When all "nonrandom" dat a is pooled, the 

sex ratios do not dif fer from unity. 

I n t he "random" sample data (Table III ), males predominate 

in most age c roups, in contrast to t he results just given. The April, 

May and June samples have greater numbers of males (oie;ni:f'icant at 

p = o. 01), as do the August and October samples. However, the last 

two s amples (November and December) contain a very high proportion of 

female , but only in the old&r an:imals . There are many more males 

than temal in the younger group of aoh sampl , 

Th pooled data from the older slate 1n Table III have a 

highly significant proportion ot t es. Thi 1 due almost entirely 

to the intlu ce of the 1ar final ampl• which contGin d a high 

proportion oft Betore thi coll ted, th mal 

predominat d. 'l!h ex ratio ot yotmg lato.rs r ained in t ~ur of 

the ..iu.i."ljl • In gener tion 1 s tel'8, the ratio ot to total 

slateN 1 o. 386 (n = 2455, p z:J O. 01) 1n al ten of other ages 

the l'atio 1a not cU.tt r t hom 0,500. 



TAffltE II 

Sex d1 tl'ibution of "nonrandom" samples 

Collection 

Dat 

April 4. 

May 6, 20. 

June 10. 

June 24. 

July 22, Aug. 5. 

Aug. 19, Sept. 2. 

Sept. 16, 30. 

Oct. 14, 28. 

N'ov. 11, 25,. 

Dec. 9. 

Total 

Generation 0 

Individu.als 

'" s ii 

108 127 

336 386* 

50 : 63 

262 : 310* 

341 : 397* 

449 464 

354 : 378 

344 I 385 

11, . 102 • 

54 I 55 

2411 I 2667•* 

Older 

Indi viduala 

o; s ~ t 

76 t 53* 

165 100** 

68 40*¼ 

123 114 

167 • 156 . 

449 : 472 

'.569 274** 

144 : 140 

156 : 178 

,,, s 1,9 

*, ** - notation to'11 'l' ble I. 

Tote.ls 

°Ii :1: 100 

102 

103 

104 

91 

81 

96 

111 

96 

96 

98 



TABLE III 

Sex distribution of "random" samples 

Collection 

Dates 

April 1, 15. 

April 29, May 

June 3, 17. 

July 1. 

13. 

July 29, Aug . 12. 

Aug. 26, Sept. 9. 

Sept. 23, Oct. 7. 

Oct. 21, Nov. 4. 

Nov. 18, Dec. 2. 

Dec. 16. 

Total 

Generation 0 

IndividuEJ.ls 

to : i ~ 

103 79 

26 15 

25 18 

2 0 

33 26 

11 8 

9 7 

63 68 

97 : 60** 

118 82** 

497 363** 

Older 

Indi viduala 

06 : ~ i 

133 92** 

72 35** 

160 114** 

19 18 

188 112** 

35 24 

69 41 ** 

165 150 

226 352** 

291 . 950** . 

1358 1888** 

*, ** - notation as for Table I. 

Totals 

6/~ X 100 

138** 

196** 

140** 

117 

160** 

144 

160** 

105 

78** 

40** 

82** 



5.:, Discuasion 

A greater number of temal s than males has b en shown for 

the present stuey, but it must be noted that before the final sample 

was taken, the sex ratio favoured male:3. In addition the two types of 

sampling each hav different proportions of the sexes J equal numbers 

in "nonrandom" collections and t~le preponderance in "random" 

samples. As above, a sex ratio that favoured males existed before 

the final ample of the "random" type. 

In juvenile P. acaber from pooled 11 randot111 and '1nonrandom11 

sar:iples the sex ratio did no t differ from 1 : 1. llo ver, this 

figure is the result of two sets of data which did vary; one from 

"random" samples favouring males, and the other from "nonrandom" samples 

favouring females. It appears that each sampling type collects a 

different sector of the population (see also Page 16 ) . 

The literature contains quite divergent sex ratio values for 

many of the bisexual isopod species. Vandel ( 1925) found that the 

sex ratio of adults in all speci known to him (except Triohoniagys 

depaxi), favoured the temale. Since these ,rere small snmples, they 

have been oritiois d (Geiser, 19'4) as bei.%18 stati tically unrelia.bl • 

However, tU41U-"'~ outnumberod the m.a1 in collections of T.rggheoni cus 

rathkG ( Oe1ser, 19:54), Cmlistioua 9PPX:!ll!tJ (Hatchett, 1947), and 

P, §SAbtr ( oreton, 1956), Similarly, Honrd (1940) r corded 711-

r le in of .a&.JJ:l.116i~ an eu ( 1965b) found 

61~ t le in a nch popul tion ot .:..&.~~~ ea v r pre-

dominant ( ) in a pl ot 1527 ~~~~ coll oted t Dallas, 

u •• A., by G 1 er {19,4). 

Laboratory rear d broo were said to contain equal 

proportions t both • t birth (Vandel, 1925), although lo.t r, 



2:, 

Vandel (19:59) reported great vnriabillty in the a ratios of A:....l.l:i461i~ 

broods. Juvenil A. vulga£e and :f, lp.ey! had .ex ratio or 1 s 1 in 

the tuey of Geiser (19,4), and in th same stud,r, another coll ction 

of T. r9rthkei (n ""' 381) had a similar sex ratio, 

The hypothesi of a differential mortality rat betw en the 

exoe proposed. by Gei er ( 19'4) is also supported h re. In the 

alaters of generation 1 there are 53% fa:nales (eignitioant at p = 0.01), 

whereas in those of generation 2 or older, the mal are favoured, 

(at p = 0.05). Thus the mortality rate for l!llll 1 higher than for 

females in the second year of life (generation 1); 'but tho e mal 

which survive to the third year tend to be more viable than the 

tamales of a corresponding age. Brereton ( 1956) has reported a ae:r 

ratio for r . sg1ber whioh progressively favours the males as the 

slaters grow older. In E, la.evis only the males attain the maximum 

age of four or five years (Geiser, 1934), and in A. yulgare in 

California there are more males than females in old.er generations 

(Paris and Pitelka, 1962). 

Cause o~ mortality 

r e1aer (1934) suggested that temale mortality at the reproductive 

cdys would lead to greater mal urrival, and that the latere 1n 

moult would b more use ptible to d iooation, pr dation, and 

u.nf' :vour ble ohans 1n crohabit t. Batch tt (1947) found that 

many c t died during the moult Ii Uo brood releaa • 

In laboratory cultures ot Alo,.--=-.., Paris d Pitelka ( 1962) 

occasionally not d the ot the brood. 

, t t • trom ~ cul di d ot 

un ermined ea within two c1qa ot giving birth d.r young. 

ri. en vere eonductect on 

d1tt rentia1 te ot ter loea en ted b,AttvtlCl!ft 

individuals (e Metho , P 7). • r ult 

to de ermine it a 

v14 and othe 

• ezp rim te 
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did not show any signif'ioant dittereno in th ealeulated rat of 

water loss. How ir, if the true surface ar a et the gravid females 

had been used, instead of an approximation baaed on the value determined 

by Edney (1951) for non.gravid P. pcabex:, then their re.te ot water loss 

may have been considerably less than the other group. It appeared 

that the brood pouch was acting to prevent water lo s from the ventral 

thoraQic urface. It had been shown previously (Edney, 19511 

Den Boer, 1961) that male and nongravid female r, ggaber have equal 

rates of water loss. 

Although the desiccation results above are inconclusive, 

it seet1S reasonable that the po session of a brood pouch would, in 

itself, lead to decreased mobility, and loss in ability to utilise 

crevices and other hiding places. This, in the relatively hot, dry 

olima tio condi tiona of summer, may reduce the viability of the females 

,,hich are gravid. 

seasonal ;variation 

In their comprehensive etuey on A, yulgare, Paris and 

Pi telka ( 1962) took frequent samples over a year. They reported small 

differences in sex ratio, sometimes favouring males, ometimes favour-

ing feina.l s, in 42 samples. 'l'he numb r of males was significantly 

1 than the number of temal 1n only four ample, and. ignitioantly 

greater in tw ampl • 

Recent work 1n France (Amanieu, 196!>1>) on .e;.a...M,111,111,g~ showed 

that a 

studied., 

Towards th 

V" 
atabl 4 

u ratio variation exist d 1n the popuation 

In spring and. Sfflllll~,.,.. the percentage ()f was 1. 

4 of swnmer, the proportion incr a. until th males 

than t ov ir Wint"1" the tained 

ot th total,. 
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eu ( 1965b) found a large decre 1n percent ot 

mal about ix weeks before br eding femal. were recorded in hio 

samples. Sina nearly aoJ' ot the temal ver gravid aft r that time, 

he suggested that th reproductiv aotiv1 ty of th malo must hav 

b en very int ive over a short period of time. Thus h pre ants 

the hypotheeie that mal have a critical period during th moult 

before matine, or during mating itself, in whioh their mortality rat 

is high. 

Som seasonal variation i n a ratios can be aeon in Table I. 

Th perc tage of mal does not decrease until woll after the br eding 

eason has begun (first recorded 1n late August), and does not r each 

its lowest value until th final ample. Breeding occurred as a 

slow build-up of gravid f ales in the samples. This is probably a 

response to the relatively gradual changes in season experienced in the 

North Island of :H'w Zealand. The 3udden surge 1n reproductive activity 

1n Fr&nce (Ama.nieu, 1965b) may only reflect the mu.eh more drastic 

chall8 in climatic conditions of Europe. 

oqn ra1 diaguaaion 

It has been shown elaewh re (Page 16), and 1n the results 

above, that a ditfereuo exists betw the two ample types. 

"Rando " pl• contained a mLlch higher proportion of a&ll t 

1n41viduala than "nonrandom" e In the "r8lldom sample the 

overall ex ratio favoured t~ ... -, vher as tllel'e ia no ignifioant 

departur• t 1 r 1 • ratio in "nonran&>" coll tion. Juve.nil , 

nonbN cli.n8, X.,...&12!!.E 1ndividuala co r1 oni:v 2 ot the s pl 

taken in a "T'RnlVlm" maDDel' an or th c!ul.ta, V' .wa,,a.-,. 

The "rando-" coll tiona 

in t t. untt1 th lut tMl..,,~,"w, mal 

It is poa ible that the ahitt tot 

w1 th the Q.DQ"P in reproductiv tatwJ ot the 4u.lt t 

minant 

associ t 4 

lee vbioh 

• 



26 

ocourr d at that tim.e. The existing patterns. ot behaviour may be 

modified after the fem.al beoomea gravid. For example, habitats may 

be selected more for their potential as breeding sites, than as places 

in which to teed. A differential pattern of habitat selection between 

gravid and nongravid adults could help explain the results obtained in 

the stucy. 

In "random" samples there appears to be a correlation 

between the proportion ot adult gravid females, and the male to female 

sax ratio. Where there is a high proportion of gravid individuals, 

such as in the last tw-o samples, the sex ratio tends to :favour the 

female. This does not apply to the "nonrandom" samples in which the 

sex ratio of adults at no time favours females. There is a need for 

further investigation into the causes of this apparent phenomenon, 

since the ratios of the sexes in l', scab!£ populations seem to depend 

upon the ei te of collection, and the time of year when the sample is 

taken. Closer scrutiny of other terrestrial isopod species may reveal 

similar patterns. 

5.4 CopclU§il:PM 

The contention ot Vandel ( 1925) that populations of 

terrestrial opods contain mor temales than mal , has received 

further support from this tud;y. Bow er, the dittereno pr ent 

beter the two typ ot amplillg, and the ses ratio Yariation wi tb 

e on and i,,.~va,i.n age o te that appar tly 1m.ple ul ts 

may have COJlll)l• int•rpntatlon. 

It pp that the 1 41tterent1 1 rtali tl' ~ te 

betwe · the a , with the t--11;1"" 1 · Vi ble they grow 

older. Th 

graTidity, bu do not appear to 

w ter lo e t · th brood pouch. 

op during tb• period. of 

t: 1n th . to of high rat ot 

O ·· nations IIWl:ffl'lllt th t the 



odys att 1" brood rel aae may be an important eaua ot auoh 

mortality. 



6. REPRODUCTIVE BIOU>GY 

6. 1 Introduction 

The reproductive status of a population is refl eted by its 

age struoture. In the following section, the factors which give a 

population its "reproductive status" are discussed. The potential 

production of young and the realised natality are considered, and 

related to the survival ot laboratory and field populations. 

6. 2 The b;t,:eeg,tng sea.son 

Result§ 

The data 1n this on&-year study are insufficient to fully 

desori be the timing and l ength of the breeding season. However, 

twice monthly oolleotions of l?, spa.ber have been made at Hassey 

University from early September, 1969 to January, 1971, by Dr R. A. 
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Fordham. These samples have been made available for use in the present 

study. Although these samples were not collected specifically to give 

information on the dynamics of the local population, they have been 

used in conjunction with the author's data to otimate the poriodioi ty 

of the breedin8 cycle. 

Major climatic taotors trom April, 1969 through to December, 

1971 ar show in Fig. 7, is the timing of uoc sive breeding 

cyol • Gravid f'emal were pr ent 1n the first emple of 1969 

(s pt ber 9}, and 1n the 1 tin late March, 1970. 

In the tolloving a -·- carrying young wer pr ent 

between lat A\18\,l8t and ar~ l~. In the 197f•72 on, the 

first gravi4 t · ea we" tound 1n ample taken on August 12, 1971, 

1'he end of thia a n can not be defined sin.a plJ.na finished in 

December. eh y ar theretore; the in spring (1 te 



Fig. 7. Breeding periodicity ot P, so§b!r 1n relation to 

rainfall, temperature, and daylength. Weather 

data were taken from the "Ministry of Transport", 

Meteorological ObserY"ations, for D. s . I .R. Grass­

l ands , Pal.merston North, beginning August, 1969. 

Daylength data were obtained from the "Tide Tables'' 

of the N. Z. Nautical Almanac, 1971. 
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Ausust) and extended tor bout 7 ntbs thl!'oueh dUmmer to March. 

There 18 no appa.r t oorr lation vi th preoipi tation, inc ol arly 

defined patterns of rainfall do not ex1 t. Honv r, temperature and 

daylength values hav b eimilar at the initiation ot each cycle -

between 10 - 11°c, and 11 hours CU\Vlight, reap ctively. Similarly, 

the ee on has terminated. after th hottest part of summer (at about 

17°c) wh the photoperiod has been about 12 - 1, hours. 

The incidenc ot gravid females in the aampl is hown in 

29 

Tables IV and V, vhioh reflect the incr aaing proportion ot gravid 

mature t les from the one t of' breeding in spring, However, striking 

ditferenceo o.ppear between th ample types. Ninety per cent of the 

mature females collected in "random" samples in Deo ber were gravid, 

where 52% of the comparable "nonrandom" females were gravid. 

Ov r the first five months of the 1971-72 breeding season, 

the mean size of gravid females decreased steadily in both "random" 

and "nonrandom" samples (Tables IV and v). The smallest gravid 

females were found in December. Sexual maturity was considered to be 

attain d wh the head width waa 55 m. u. ( oe Growth oction, Page 42) a 

this is the head width 12 months after release from the brood pouch. 

Only tour gravid f emal which wer smaller than th1a were found in 

the oollectio , and th v re in December. lts uggest 

that breeding not ooour until after th ........,__ ~e reached an 

of on 1 , that 1a, th middle ot the first b ecli.ng period after 

th ir birth. 

t t the teneatrS. uopods, tnclu ~.&lliMa.. have 

b en toun4 ha a etnlllO ding (c 1llnge. 1915, 

Bely, 1'41J tt, 1947J ereton, 19561 eu, 19651>). 



Date 

April 1, 15. 

April 29, May 13. 

June 3, 17. 

July 1. 

July 27, Aug. 12. 

Aug. 26, Sept. 9. 

Sept. 23, Oet. 7. 

Oct. 21, Nov. 4. 

Nov. 18, Dec. 2. 

Dec. 16. 

- - -- -

TABLE IV 

Reproductive status of female P. scaber collected in "random" samples. 

Immature individuals have a head width (H. W.) of less than or equal to 

54 m.u. Mature animals are larger than this. 

Total ii 
taken 

171 

50 

132 

18 

138 

32 

48 

218 

413 

1032 

Immature 
Total 

79 

15 

18 

0 

26 

8 

7 

68 

60 

82 

Total 

92 

35 

114 

18 

112 

24 

41 

150 

353 

950 

Mature 

Nongravid 
% 

Gravid 
% 

100 0 

100 0 

100 0 

100 0 

97 3 

83 17 

46 54 

45 55 

12 88 

10 90 

Mean 
H.W. 

-

81.3 

88.8 

79.5 

75.1 

69.9 

66.2 



- - - - ------------------------------- - -

TABLE V 

Reproductive status of female p. scaber collected in "nonrandom" samples. 

Date 

Apr.l.l 8. 

6, 20. 

June 10. 

June 24. 

J'Uly 22,. Aug. 5. 

Aug. 19, Sept. 2. 

Sept. 16, 3(). 

Oct. 14, 28. 

v. 11, 25. 

Dee. 9. 

Immature i ndividuals have a head width (H.W.) less than or equal to 
54 m. u . Mature animals are larger than this. 

I·!ature 
Total~~ 

taken 
Immature 

Total Total Nongravid 
% 

Gravid 
% 

180 127 53 100 0 

486 386 100 100 0 

113 73 40 100 0 

424 310 114 100 0 

553 379 156 100 0 

935 463 472 95 5 

652 378 274 71 29 

525 386 139 76 24 

280 97 183 59 41 

194 55 139 48 52 

Mean 
H.W. 

82.2 

79.7 

74.1 

67.7 

67.2 



As ehovn abOv -, thi also ppllee to a New Z al.and population of 

f• 1,eaber. 

vas 7 months. Other workers have reported for Ps ao1bf:!r a season 

lasting only 4 months, although the season in France (.Amanieu, 1965b) 

began a month earlier than that in England (Heeley, 1941). The 

duration ot the breeding period, and consequently the number ot broods 

which can be produced in one season, may vary with latitude (Vandel, 

1925). However, Palmerston North (41°s) which lies at latitude 

rather similar to th study region of Amanieu (44°N) has a breeding 

season which 1s nearly twice as long. 

Climatic and environmental conditions appear to have some 

influence in determining the length of the breeding season. The 

present study showed an apparent correlation between temperature and/or 

daylength, and bre ding. A suggeotion by Mi ller (1938) that the 

A, vulgare breeding season in California was coincident with the rainy 

season, was not supported by the research of Paris and Pi telka ( 1962). 

These latter authors found that the reproductive period covered the 

season of greatest daylength, w1 th onset and termination of breeding 

occurring at about 12 hours ~length. Further, th re wore no 

apparent correlations with eith r veg tational ohang or change in 

temperatur • 1no th relationahi)?S ha: not 

defin 4, it would b valuable to condact turth r in'\l'e tigations along 

thea Un , 

Th c tic t ot F1 • 7 how that th pe~iod trom 

Ausuat, 1969 pril, 1970 v unusually drf, 'lb tects ot thi 

droUght on the 41ng in 1969 and au · equ t 1 i unknown, 

although it · t app to have W1u c•4 th timSng of bre ding. 

Sutton (1968) found that a sever er droueht a.us d the o at1on 

of growth in ...._.am:~11m.~M11AW1. o that th t 1 wing spring the 



population con iated almo t entil"ely of small juvem.les. As a result 

ot this, maturation and breeding wer delay d and embryo production 

severely reduced. It is intere ting to note that under the same 

oondi tions Eh, musqorum suffered no reduction in growth. 

Age at first br ding 

,1 

The results of the present tuey indicate that in N Zealand 

P, scaber may breed after reaching an age ot on year, although the 

majority do not do so until several months later. Previous workers 

have presented conflictillg reports as to the age when P. sgaber first 

breed. Verboeff (1920) showed that females of that species were 

capable of producing two broods per year, in tho summer following 

their birth - at an age of 9 - 12 months, whil .Ame.nieu (1965b) found 

that females bred after attaining a length ot about 7 mm. Seven 

millimetres is equivalent to one year's growth based on the results 

of this study. Conversely, Healey ( 1941) recorded first broods only 

atter tlle animal had twice wintered. 

Another study (Amouriq, 1967) using laboratory cultures of 

P. agaber, found that temales could bred 105 days after being releaaed 

from the brood pouch, Th.is result suggests that the fl68 at first 

breeding is a function of the environmental pressur exerted from 

birth to maturity. Th e npressures" would be facto which could 

limit growth and sexual development; tor exsmpl , quality and quantity 

ot tood, t per ture, and possibly photop riod. An .aologioal atu~ 

on Porct).2!lq in a tropical region vher t rature and photoperiod 

are lat1v ly constant throughout the ;year might provide an interest• 

1ng contrast to the reaul ta abo-.e. 

It baa be41n pt'fflOUSl,y noted ('l' blea IV and V) that the 

h d 1'14th of graT14 E, IPIW t ea c!ec the middle ot 



the breeding a ason. The small individuals taken in December had 

head widths which corr ponded to those ot one-year-old slaters. 

Similarly, 1n A, yulgare there was a marked tendency- towards reduction 

in size of the gravid females towards the end of the breeding season 

(Paris and Pi telka, 1962). The first females to breed were t he older 

generations, with one year old femal reproducing by mid season, 

This suggests that the situation tor J:. §caber in New Zealand is the 

same as that tor A. yulgare in Calif'omia, 

PmRQrtion of grand females 

An interesting difference between the two types of samples 

is shown in Tables IV and V, The proportion of' gravid females is 
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much lower in the "nonrandom" samples than in the "random" collections, 

and in the final two samples, the difference was as high as 4~. The 

possible reasons for this have been discussed elsewhere (see page 25 ). 

6. 3 Fecundity; AAS fertility 

In this section, fecundity is taken to represent the total 

number of ova produced, whereas fertility ref era to the number of ova, 

embryos, larvae or Young, which are viable at each developmental stage. 

Mortality, in thia instance, is equivalent to the number ot infertile 

or nonviabl units of these stages. 

The data ot Fig. 8 were recorded from direct counting ot 

the brood pouch contents of 131 i, 19AW• The 1a a progressive 

increase in number of ova nth increaaing adult ue. Thi relation­

ahip can be 4eeoribed by the linear regreea1on equation, y 1 a 1.29:r 

- 68. 79, in whiah -r 1 ie th number ot ova in the pouoh and x i the 

head. width of the tamale (a. u. ) • Al thousb elightly curvilinear 

component 1a eu---te4 b;y the 41str1bution ot the data, it has high 



Fig. e. The relation of number ot (i) ova, (U) larvae, 

and (iii) young, to head width (m. u. ) ot the 

P, acaber female. Linear regression equations 

tor each set of data are a-

(i) y1 = 1. :,. - 68. 8 

(ii) y2 = 0. 9x - '7. 6 

(111) y
3 

= 0.4z - 1. 0 
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correlation (r 0.90) with the regr aion lin • 

Brood ize vari d ~m 9 ova in a 59 m. u, f al to the 

exceptional 114 (105 larvae, plus 9 morbid ova) in an individual with 

head width ot 117 m, u. (not shown in Fig. 8 ). In most laters the 

range was from 20 - 50 ova per brood. 

An estimation of brood mortality was made by counting the 

brood pouch cont«mts at different developmental stages. Vhen ova 

only were present, it was not possible to readily distinguish morbid 

ova, but in the embryonic and larval stages, they wer opaque, or 

yellow coloured, and lacked development. Dissection of forty-four 

variously sized E, soab!r provided the de.ta for the second equation, 

y2 = 0, 85x - Y/,6, in which y2 is the number of larvae per brood 

pouoh, and x is the head width (m. u. ) • The data are qu1 te variable 

as the low correlation (0. 51) suggests. 

Coun ta were made of the number of larvae, and the number of 

'' 

undeveloped ova and underdeveloped bryos . 'l'ho numbor of morbid ova 

in e oh brood varied considerably; in aeveral casoa there were none, 

and in one instance the whole brood was in an advaneed atato of 

decomposition. No aoourate as easmont of the proportion ot dul t 

in the poplll.ation vhioh abort th ir complete broods hos been made, 

but thr e of a group of t gravid L.,.AQWUa: kept in th laboratory 

in Deo ber, 1971, failed to produce an;r Uv young, 'l'he numbers ot 

young reoor tor aoh t 

b en plott• on tg. 8 

(n • 26) trom th 

op oirole. They 

th cultures, hav 

et or1be4 by the 

equation 1, o.:,5x • 1 .o, where ,., 1 th numb r of young per brood, 

and x ia th h d width of th fem • ( • u. ) • A very low oorrel tion 

(r • 0.22) caused by nearly total t lure of o large 1 ta 

to p.roduc 

sneral othera. 

ttapriog, and by the bet er th ucceea ot 



An alternativ method v also used to apresa fertility. 

The mean he 4 width ot the gravid temal (n = 44) was oaloulated and 

the number of' ova for a fem.al with mean h ad width was d rived. from 

the equation in Fie. e . This value, when wltiplled by 44 represented 

the expect d. number (E) ot ova. in the dissected. adults. Two 

assumptions are made - that the relationship shown 1n Fig. 8 is valid 

for all P, scabv in the stut%Y area, and that no mortality had occurred 

in the ova at the time of counting. The larval numbers, when summed, 

represont the observed value (o) . Thus , 

Survival(%) = 

For the animals above, 0 = 1434, and E = 1620, giving a 

survival to larval stage of 88. ;)6. An estitlate of survival fro:n ova 

to birth was obtained by treating the data from the {!l"Owth study (see 

Page 41 ) in the same way. In this, O is the number of young born 

(736) and E = 996, a 73. Cffi survival. The observed number of young 

born is a conservativ estimat , for although counts were made within 

12 hours ot birth, some animals lU8Y' have died and bean eaten between 

birth and counting, 

Thus, there 1 a mortality of about 1z l in development from 

ova to larval stage, and a further 14% before the young ar released 

from the brood. poueh, 1. e , a combined mortality, of 26% up to the f'J>ee 

li rtng stage. 

doe not show 

rus i a m an value tor the whole range ot data, and 

the :t1.nt thod do . t that 11b 

inc as 1n monali ty as the h d width inoreaa 

i pn,gr . 

(Fig. a) . 

ive 

At l .. ,.._...,,..... ot 4w lopm nt brood aize 1n Go . .a..· .£tiM,'51:t:. ean be 

quite van ble. V.,_..hoett (1920) cited a mean lu ot ea per 



brood, wher Ratohett (1947) obtained a considerably smaller mean 

value of 24 e per brood (range 6 - 42). Laborato1'1' broods ot 

between 12 and ,0 Youns and b tween 6 and 55 young (mean ot 24) were 

counted by Colli (1915) and Heeley (1941), respeotively. 

However, since a a1gnif1cant positive correlation between 

l ength of t he body- and the number of Young has been d natrat din 

several isopod species - c, cgnyexus (Hatchett, 1947), A. wlgare 

(Paris and Pitelka, 1962), and P, scA)>er (Brereton, 1956) - the mean 

values above require further qualification to be useful. For 

P. sgaber, Hatchett (1947) tound a moan of 19 youne per brood in 

females betwoen 9.5 - 10.5 mm. in length, 23 per brood in females 

11.0 - 12.0 mm. in l ength, and 40 per brood for tamale from 12.5 -

,s 

13.5 mm. He also showed a positive correlation betw en the transverse 

area of the body ( taken across the mid.line) , and the number of off­

spring in each brood. 

For comparison with the valuea of Hatchett (1947) the three 

length classes above trere converted to the appropriate head width 

values by means of the relationship shown in Fig. 11 of the growth 

study. 'l'h mimber of ye>ung for th length class were 19, 23, and 40, 

respectively (Hatchett, 1947). For the equivalent head width values 

in th p t atud;y, the corresponding numbers ot ova are 25, )8., 

and 51 , and after allowing a 25% mortality, th 'Valu ar reduced to 

19, 28, and ,s. 'l"h e results H.ll"Jl'WB oloaely with Hatchett• findings., 

ln the pre ant atuq h d width i ol•arly OOJ!'relatecl vi th 

th number or QV'. produced 1>y th ~ rl4 t •, but the relationship 

w1 th the l1Wllbe of lan'ae and ot yo i leaa ol • Sutton ( 1968) 

demonatr te that h a4 v1d.th wu po•iUYeq conelate with the 

numb.- of •'bryo contained in the bi'ood pOUCh tor th le RY11il\HI 



Eslrt,ut;r IA t1tt l>m04 m.uoh 

The rtality rate within the brood pouch was fir t stimated 

tor P, sqyer by Brereton ( 1956). H compared the regreaoion 

equations ot the number of ova, and of the number of hatched young, 

against female length. The mean number of ova (45.9) and of young 

(37.8) differed ignificantly, the diff'erenoe indicating that only 

82% of the egga deposited in the pouch survive to beoone live-born. 

Thi 18% mortal.1 ty before birth is oonsid.erably l as t.han 

the 26% estimated in the present study. However, tho latter estimate 

is based on counts or ;young up to 12 hours after birth. From birth 

until counting a significant number of young could have disappeared 

(been eaten) from the cultures, so that the 261;; mortality is probably 

too high. 

Both these values are higher than that recorded in the 

11 terature for other species of isopod. A mortality or only o.8% 

has been shown for Ph, museoram (Sutton, 1968) , and 7 - 8% in t vulcare 
(Paris and Pitel.ka, 1962). A recent stuttr on the aquatic iaopod 

AselJ.us toma:i,eneis ( Ellis, 1971 ), which has a similar brood size to 

ft seaber, recorded a 14% mortality rate. However, these three 

figure ar tor mortality from th egg st8BG to th larval stage and 

do not conai r the po tlarval period up to birth. In this latter 

period the riality slightly higher than tort first tages. 

It ia likely t the t:lmates ot rtality 1n the lit ratur are 

oon.eiderabl.7 l a than the moriali t7 rd 4 in th ti ld. 

o c1i t r•lationahip ppe 

an th •is• ot the brood produced 

1 roo ( :'II r 

hae an CI.Mlll;il.t n 11 bl• 

4ff lopn.mt. On the other hand. Aa.....IJl~l6:.Z 

size= 11,, H ley, 1941 J and 40 ... 44, Paris an4 

•• rtality 

(>t iaopod. 

, 1941), d 

io4 ot 

broo 

telka, 1962) yet 



has a relatively low mortality rate of 7 • 8J/, , Aa discussed above, 

these estimat ~ be too low, The mean brood sb of all P. goaJ:ter 

fem.ales oolleot d in the present study was 20 - 22 eggs per female, 

and the mortal! ty was up to 26%. 

However, Fig. 8 shows that the mortality rate actually 

increases with i ncreasing size of the brood. The doath rate is 

lower at small head widths than tor larger animal.a. This may partly 

be an artif'a.ct of the data; very few individuals with a head width 

of less than 75 m. u. were cultured for their broods. But the trend 

is evident in the equation describing data from the larval stage as 

well. This suggests that some sort of "density dependent" limiting 

mechanism operates to regulate the number of young produced. 

Mortality of brood pouch contents can arise :from several 

oauses. Some of the eggs released into the pouch may be infertile; 

others may not have been fertilised at the time of mating. Instances 

of apermatazoa being stored for over a year 1n t he female , and then 

beinc used to fertilise the next season's eggs, have been reported 

(Collinge, 1915). In these cases, the apermata.zoe. ma.y have a lower 

viability. Other problems may prevent suecessfu.l rearing of the 

young in the brood pouch. Some ot the larva will die at, or very 

soon attar. birth because their development has been slower than the 

bulk ot the brood. As the egga tollov the d.evelopm ntal sequence 

throusb to lanae the a will inoreaae conaiurably. A certain 

amount ot ezpanaion ot th• ooategJ. tu { th tlaps urrounding the brood 

and forming th brood pouch) can ON t more apace tor the 70ung 

they S'l'OY, mt this 1 not unUmi tt4 an4 will depen n the .i.1e ot 

the temale. It 1a po•a1ble that tbia act in , e wq {tor e:umple, 

b1 compression) to l1mi t the "1rri val or the ottapring contained in 

the pouch. The nutrict supply prortded by the cotyl domt inside 

the pouch 1• aaibly amther limiting NeOUl"Ce. 



D cription of th eynamios of a population r uires an 

estimate of the repl'Oductive effort expended annually by the t ales 

in that population. Thie estimate ean also assist in the oa.loulation 

of survival and replaoement within the population. 

In this study, the reproductive effort has b en related to 

an arbitrarily chosen population of 1000 individual • The age 

structure distribution of Ftga. 4 and 5 can be used to find the 

contribution hich each generation makes to the population of 1000 

animals. Individuals from generation O of the October/November 

sampl comprise 63.1% of the total alaters taken. Generation 1, and 

older animals, comprise a further 36.9%. Thus, in the population, 

631 slaters will be from generation O, and 369 will be from older 

generations . Of the older animal.a, 292 are from generation 1. 

The sex ratio de.ta for the Octo ber/Uovember sample shows 

that 48. ,-,;t of all slaters taken are female. In the population above, 

485 will be female . 

In Britain, Reeley (1941) has shown that over 80% of the 

adult f, scaber females breed once, and about 1 ~~ breed two times in 

a year. Brereton ( 1956) also found a bimodal breeding pattern in 

P, fqaber. A small peak in 7 was followed by a l p ak in July, 

when nearly 1® of th temal w re gravid. In the pr t study, 

Plin& did not continu · ov r co plet br 41.ng on, the 

trequ9l'le1' vi th which Zeal.an ia t known, 

Hovev r, 7 · · ot th temal coll cte4 in the flnal D c l" a pl 

Sino the re•ding a on laata until arch it :i. 11k ly 

that at t cl one , and. o • 4 trio • 1 l 

t,,a thi is 



OVGl" 1500 gravid f'emale ere measur 4 up to D ember, 1971. 

Thea had a mean h d width ot 68. 7 m. u. The number of ova oharaoter-

istic for this head ize is 20.5 (trom the equation, y = 1,,x .. 68. 8, 

in Fig,. 8). 

In the popt1lation abov , if ~ of the f001ales breed once 

1n a year, there will be 388 gravid slaters each carrying an averag 

ot 20. 5 ova. A total egg production of 7954 will therefore be 

achieved. ince mortality prior to birth is about 2 , approrlmat ly 

6000 young trill be produced from ever., population of 1000 individuals. 

Brereton (1956) has estimated the natality for a P. gcgber 

population in Dritain as being about a 6-fold increase per breeding 

season, if there was no mortality in the :,oung after birth. This 

agrees closely with the value obtained in the present study, but is 

less than the 8-fold increase of Paris and Pi telka ( 1962) for 

A, yulg\re. Heeley (1941) has shown that P1 scaber is a less fecund 

species than A. !)ilmrn. This is further supported by the data above. 

6.5 Mortality 

Aa a part of the stuey, the laborator., cultures rearod from 

the broods ot gravid individuals, were counted aoh week. Thi data 

has b en apresaed in a mortality graph (Fig. 9) which hows the 

peroen u.rnnl w1 th time. A large proportion of young died in 

the first fi v w atter birth• and the m num rr of young per 

brood tell tm 29 to 15 1n thi8 p riod. Att r 10 w the decline 

slowed, and in bseq t VA4!11tw until the ent concluded, th 

mortality t• ... """""""""""'•d low. By the end ot th ext1enment, n.ly 111' 

ot th original young weft aU••• 
In the tall ty' eo n 1 t 

ot 1 OOO 1nd1914uale uld J)l'Od.uo• 6000 ~ 

t the poi,ulation 

d:lng e on. 

fh populatioll bout 6'0 y, olcl lndi'd\M,l,CLLlll, so .• on thi 



Fig. 9. Mortality of laboratory reared P. scaber. 

Graph of sul"Vival {~) versus age (weeks). The 

value ot 100% is equivalent to 665 young, from 

a total of 22 broods . 
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survival at the end ot the tint year a 
6'°/6000 = 10. • 'lhi 

value is very similar to that observed in the laboratory reared 

broods. The close agreement ot th ae results suggests that the 111& 

estimate of natality was reasonably accurate. 

6.6 Concluaiorus 
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Th P, sgaqer population in this study had a breeding soason 

which lasted tor ueven months. Br eding b an at about the same t1m 

each year in the laat three years, 11uggeat1n« a correlation with 

temperature and/or d.aylength. 

It is not lmown wh ther f, scabet in }T Zealand has a 

bimodal pattern of breediDg. because the sampling for this stuey 

concluded when breeding was at a maximum value. exual maturity is 

attained after one year of lifeJ thus it is the older larger animals 

which breed in the first part of the breeding season . The proportion 

of young slaters increases as the season progresses. 

Feoundi ty inoreases in proportion to t he size of the 

individual. Small laters have few ova; large alatera have many. 

A relatively high production of eggs i offset by the high mortality 

which oocurs in the brood pouch. There is, however, a 6-t'old increase 

in natality t ach breeding eason. Laboratory and fi ld studies 

hav shown that only about 111' ot the yo"UDg vhioh are born, eunive 

to become one ar old. Since this timate ot natality i conserv­

ative, it DIAjfj~ISta that the P, 49aber population is unde ing 

alight decrease 1n numben, OI' is stationary. 



7. GROWTH OF P, SC.ABER 

A growth etudJ was beg'W11n March, 1971, 1n conjunction 

with the weekly sampling. Individuals of known age wore reared in 

isolated broo , and meuured at w ~ intON&.l:J. Th results 

obtained from the broods which survived for at least five w eks 

(n = 2,) are sbo,m in Fig. 10. Although broods wero r loased on 

different days ot the veek, they wer all measured eh 'l'huraday. 

This means that the pointa in Fig. 10 do not truely represant weekly 

growth increments, but rather, the mean increase up to and including 

the seven days prior to tteasurement. 

In order to demonstrate the extremes ot size attained by 

different broods, the cultures whioh inoreased at the taateet and 

slowest rates, are plotted, as well as the mean rate of growth. The 

"staircase" efteot ot moulting on increase in rate of growth is 

especially noticeable in the maximum curve, and 1n the oarly develop­

mental period of the mean eurvo. 

An arly period of rapid growth 1s followed by a. slower 

phase f'rom about 15 weeks of age. After about 25 weeks, this 

growth period c&11raspo· n to th ooldost part of the year (Jun , July, 

August), 'i'h oul.ttar wen kept t bOut 2°c m biont 

tempera~. 

i'he tln.el. in t on the 

only 17 1nd1'ri 

e tth1. B set 

th r --... ~ on the dft'llV't:h 1.ut4 y()\m6 

(4 bl"ooda) n the ta ahon by th Un• ~'" 15 tr 0~ 
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Fig. 10. Increase in head width among F. scaber 

individuals, showing growth ot animals ot 

maximum and minimum size, as rell as mean 

growth of all indi vidua.ls studied. 
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These were born in October, 1971, and measured weekly. 'l'he growth 

rates of both sets of young (early and late broods) are nearly 

identical. 
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When extrapolated, the mean growth curve intersects the one 

year's growth line (52 weeks) between 53 - 57 m.u. head width. In the 

field data, when the new seasons ;young first appeared, a break in the 

frequency distribution occurred between 52 - 60 m.u. The head width 

attained after one year has therefore been taken as 55 m.u. 

Growth rates ot older individuals were also monitored, 

although not as intensively as those of the yaung. The results of 

this investigation have been expressed in terms of the mean time taken, 

in days, to achieve a 1 m.u. head width inoreaaa. For the individuals 

up to 55 m.u. head width, the time taken was 17 days; for generation 1 

it was 34 days; generation 2 (up to 88 m.u.) individuals took 26 days; 

the older slaters took 42 days to increase 1 m. u. These results give 

some indication that the younger animals increase their head size at a 

more rapid rate than older generations . 

7.2 Effects of density 

Results 

An experim nt to investigate the effects of crowding and of 

siz ot container on mean rat of growth of a brood w tabliohed 

when the young were rele d trom the brood pouch. Sis gravid 

t lea had been placed in large Petri dish s (Are • 6:,. 5 2 ), and 

twenty-one females were iaolated in smaller dishea ( a a 12.5 om2). 
t.. 

The growth re l of th . fifteen brooc!a which umv d until asure-

ments c ased are shown in fable VI. 

'1!h young 1n large dish • have a h1 her ean h d width atter 

,9 veeka of growth than their emall dish oounterpartas 47.9 m.u. and 



Eff eots of density and container eize on growth of P, sgaber 

Initial !lumber Mean Heacl Petri dish ltumber number of surviving to Width at 
yt>UDg :,9 weeka :59 weeks 

ar a 

1 26 ., 45. 0 6:,. 5 om2 

2 5:, ' 51 . 0 II 

' 25 7 49.7 tt 

4 '37 1 46. 0 II 

5 44 1 48. 0 II 

Mean 37. 0 5 47. 9 

6 37 20 37. 6 12. 5 om2 

7 32 4 45. 5 " 
8 21 6 43. 2 " 
9 17 8 40. 5 " 

10 17 6 41.2 II 

11 22 2 49.5 " 
12 ,9 1 46. 0 " 1, 27 5 44. 2 tt 

14 24 2 42. 0 " 
15 24 ' ,9. f " 

M an 26.0 s.1 42,8 



4, 
42.8 u. or 4iah 111,th 

valu is variable. Lllrg dishes only vary by 6 • u. • whereatJ th 

maller e tain have range which is double Wa. Ot int t 

too ia th verr low head width valw attain by th mo t orowded 

brood. This small dish culture, which ha4 YI individuals initially, 

still had, after 27 we • a total ot :,0 young. at the end of 

,9 weeks, 20 yoW'lg remained alive. The growth rate of brood 15 is 

alao very low. Thi had relatively high number ot :yow,g ( 14) until 

n1n were inadvertently lost in the 30th • 

In general, the rat ot growth of slater broods in large 

dishes has been core rapid than the rat e of t hose young kept in small 

containers. 

'l'here is a tendency for th most dense broods within the 

small dish group, to have the slowest rates of' growth. This is 

difficult to quantify sine the number of live y-oung has varied over 

the last :,0 eeka. No correlation ot growth rate with initial size 

of brood appoaro to oxist tor these data. 

A general decline in growth rat has b 

the bl'ood au.l tures which had the 1 t "li V1ng epao ". D i ty, in 

t ot individuals per unit 

to have an 

( 1967) r 

"ti • an 

ton the 

" 

-v+ih of u1tlu' 4 18tll'l'lnl!B, 

t t~--
up in 

-~ w1 th a surf' 

al' ot 56 2 Re found that t go. 120. • , the 1J lat 

h n . thi "t .. 
56 . a• inluttioim-1: tor 

Cl"O ding. cl reaa in 

M."1 

Uv:tnss 
e rat• t bi 
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"fi " inoreaa c1 th 1r weight (oompared with th 1 olat a) was shown 

to be oft t by a stimulating etfect beginning at 90 days ot • 

From 90 to 120 days there was no si8Ilificant difference 1n mean weight 

of the isolates and th · "tiv "· Amou.r.1.q interpreted this as being 

evidence ot a subsooial phenomenon which facill tated a weight inerea.oe 

in the young. After 90 days there was no difference between the 

"fives" and "tens". 

Moequard ( 1968) has reinforced the theory of oubsocial 

facilitation of feeding, in groups of F. dilatus. Re defined two 

periods of growth - one in which weight increases were caused by water 

uptake about t he moult, and another where dry woight inoreaaed. In 

grouped anSrnals, the l atter period was more a.aceleratod and more 

efficient than in the isolated individuals. A possible interpretation 

of the results of cultures 3 and 4 from Table VI is that the 

facilitation of feeding by the :VOUD8 of cul t.uN 3 over the last 

30 weeks has oontribllted to their larger size. Although all anhlals 

of culture :5 have head widths greater than 47 m. u ., the difference 

above can not b tested statistically. The results from the smaller 

containers can not be regarded as b ing due to subsocial effects. 

1., Ett s:m ot ts,od wutx 

An interesting t tu.re of Amouriq ' a 19'7 ork is th t each 

of th incli:n. from bis eulturea ot fi slatar v ·1ghed ?:I mg. 

after 90 of llte. In th pN t · tut\', ter the tim , 

th young wU',&.g.{J~vu. only about 2 · • s equi lent to 30 • '4 .u. head 

width. A Z, ~UC;\ ah width t 10 u. ( 8• 1,.) 

The 10\Ulg in . n2'P-Affl1t ·rAl'll!::tA l.y ' • 
ter 150 I ol t cl ot • at 

ae of 1;0 • 
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Then are S8"eral po sible oaus for th1a ditteNnce. 

Firstly, th conditions of culturing may have differ d. In taot, 

AmoUnq fed bis cultures on the hoots and roots ot embryonic corn, 

whereas I fed zey- broods on overv1ntered poplar lea~ · • The temperature 

oondi tions vhioh Amouriq • a oul tuns experienced were not mentioned. 

The present stu~ used a variabl temperature regime, about 2°c above 

ambient. In addition, the relationship of weight to head width 

shown 1n Fig. 13 may not apply to Amouriq 'a animals, since it contains 

only one later with a head width more than 100 m. u. wide. 

7.4 Measuremopt of size 

Results 

In the survey of literature undertaken bofore this study 

commenced, it was found that most workers had used body length as 

their size measuremmt. So that t he result of this and other studies 

could be compared, several different size measur ents ver obtain d 

from each of 100 f r eshly killed P. a91ber individuals . The results 

are expressed in Figs . 11, 12, and 13. 

Fisu.re 11 shows that bo<\v length and head width are related 

in a linear fashion, and that size 1ncr ents measured in one 

dim ion can b converted into units ot t he oth r. The regr eion 

ot body lenst}l against had width is Yz = o.15x ... 1.33, in which y 

1 boq length ( • ), and x is h cl wid (m.u. ). There 1 a high 

~e 12, base C) h . d w14th and bodt width, ho1t'8 that 

th 'par alao ly. 

Yz • o.06x - o, 72, 1 highly corre te with the • 

D t from t.g. 1, has o • tro ouroes • Th• tresh 

l!t.l!ltiirmttan·t (n • 75) were the measw,e-



Fig. 11. The relation of body length to head width, 

in 100 P, scaber individuals. The linear 

regression equation describing the relationship 

isa y = 0.1 5x - 1.33 
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Fig. 12. The relation of bo~ width to head width, 

in 100 f, seaber individuals. The 11n ar 

regr ssion equation '3' = o. 06x - 0.72, 

deaori b s the relationship. 
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Fig. 13. The relation of (i) fre h weight, and (ii) dry 

weight, to head width in P, scabs. 
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• 11 and 12, Yh the dry w ight valu (n = 9,) were ments ot 

uaed 1n the urement ot calcium (s e later). th ets of data, 

related to head width, have been shown on semi-logarithmic paper. 

Al though the dry weight values are considerabl7 mor variable than 

their fresh weight counterparts, a ditterenc of about t the fresh 

weight valu 1a maintained f'or mo t of the she range b tveen the two 

lines fi tt d by eye. 

Diagusgion 

Sever al pa.ram ters may be used to mea.oure the sie:e in 

terrestrial isopods . Head width, and bo~ width would give the most 

accurate results because they are both "hard parts" of the animal. 

Length can be accurately assessed if a standard pre-measuring 

procedure is followed, although its use as an indicator of live­

animal growth is inherently leas accurate than; say, head width. 

The fairly constant relationship between fresh weight and 

head width shows that this too oan b used aa an index of size or of 
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growth. The aeeuraey of this method decree.sea rapidly with decreasing 

size of the animal unless speeial oondi tions of weighing ar used. 

The same di ad.vantage appli to dried individuals, except that th 

11m1 tation operates at a much larger aize. \feighina of several 

an:SJ:1818 to ther can help overoom• W.S probl • 

It is interesting to note that Sutton (1968) reported that 

the dl7 v ht ot both t!, utiiiua w,11191 and .m......aammma was ½ 

ot the liYe weight. 'l'hia 1 the s e as the v n• toun4 tor P1 19M!E 

in th18 study. 

blgplJjg 191ktr• 1thc ~cl in the labora r'¥, tained 

a rate ot 8'l'Orih wh1oh gave head vic.lth ~ appl"O tely 55 • u., one 



year atter birth. Factors such as crowding, tood quality; and 

t peratul"e may- have aft cted th growth rate, ff n though the r sults 

agreed olo l.y with the values obtain ci in the field stu(W. 

H ad width, bo~ Width, and bo~ length are linearly 
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related meaaurements of size. Fresh weight appears to be exponentially 

related to head width in individuals older than one year of age. 



B. HEASURmEN'l' OF CALCllm 

R c t work on the t ding ecology of isopo and related 

species, bas don mu.eh to eluoidate the oomrmnity function of these 

animals . Humi£aoat1v ti.motions (Gere, 1962), isopod herbiwry 

(Paris and Sikor , 1965) , ocpper metabolism (Wi or, 1966), and 

nitrogen cretion (Wi er and Schweizer, 1970), are me aspects 

which he.v been investigated. Thi.a etuc%1 attempts to define th 

relationship b tv body aiz and weight, and calcium eontent ot 

P. sga,ber individuals. Th position of P. soaber in tho community 

as a calcium reservoir will also b discussed. 

The data present d in Fi g . 14 tere obtainod from analyses 

of the calcium content ot 95 nongravid adult P3 scal;?9;t:. It is highly 

corr lat d (r = 0. 90) with the caloUl.ated linear roar aion line, 

Y:x "* 4. 4x - 243. 7, here yx is the amo1.mt of caleium (ppm), and z 

is the elater head width (m.u . ) . The amounts of calcium pr t 1n 

18 f!r nd t1dult P. cg,ber are shom by circle:., 1n Fig. 14 . 

A linear .relationship also exists bfJtw the amount of 

calcium, and th 417 Vei.Bht of ~ ind.1Vidual (Fig. t5) The 

raaireasi line, Y2: • 6. ,X + 34. 0, where Yx 1s 

calc1Ut.U (p .) and JC the dry w~;i.J"'1,Jt (mg. ) of la • a 

t ·t o.r,. before, o ciu.m cont< t ot 

18 :ri 

be C C\11.ate 

c lot.um r ter ( . ) • 
50 



Fig. 14. The r lation between amount of oa.loium (ppn.) 

and head width, in 18 gravid and 95 nongravid 

E, ecaJlei: individllals. The linear regression 
' 

equation for the nongravid slat rs is: 

The gravid individuals are shown by circles on 

the graph. 
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Fig. 15.. The relation between amount of calcium (ppm. ) 

and dry weieht (mg. ) , in 18 gravid and 95 non­

The linear 

regression equation for nongravid elaters is: 

y = 6. 3x + 34, . 0 

The gravid animals are shown by circles on the 

graph. 
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A range ot Hi - 2 oaloiwn by dry weight 

of Fig. 15. 

o'btsined tor th data 

Th rat ot consumption of overwintered poplar leave vas 

recorded. in 8 s ts ot P, sgab r 1n the laboratory. :Each set, contain­

ing two f, @&&be,: pair d tor size, was kept in darkn tor six days, 

at a temperature of 1.,0c. The animals w re housed in 9 cm. diameter 

Petri dishes, with humidity maintained by the addition of vater on to 

the filter paper substrate. 

Table VI I records the total m&ea ot th two individuals of 

each set, the weight gain (mg.) during the experiment, and the dry 

weight of leaf material oonsumed 1n the six days . In two instances, 

weight was lost during the experiment. :Both tim , this oocurred 

in only- one an1mal of the pair. It may have:, en due to a metPbolio 

disorder, or possibly to partial desiccation. Th o two results have 

not been included 1n the calculation of the mean values per animal 

shown in Table VII. 

From the mean values, an individual weighing 32. 5 mg. would 

have a net 11 w ight gain of 1 mg. in six days , after consuming 

8. 6 mg. ot dry leaf' matter. Thie repr enta an ological growth 

efficiency of bout 6%. 

Ov rvinter 4 Poplar l -:ir, were anal.ye d. tor oaloium 

content. They contained 5. calcium by dry w t, In six days• 

the aver al ter abov • inge ted about 0.46 , c oium. In the 

same period ot Um•, it ed 1 , lift vei 

mg. dry v 1gb ). inoe nrage of ot the 417 v igbt: ot the 

elater bo~ l o c1 , an inci, ot o.,, , 417 11 ght reprVl:t11:1u1.B 

the similatlon ot o. en • o oiwn. oi cy ot 

calcium aae1m1.lation is 1 • 



T 

1'he relationship of weight gain to 1 ~ matter 

consumed 1n L-W.W. pairs, attar 6 da:e 
experimontal period. 

Maas of tvo Weight gain Leaf matter 
in41:riduals af't ~ 6 da.YS eonsum din 

(mg. ) (mg. ) 
r~~ 

78.4 , .4 15.7 

81. 6 4.0 22.'.5 

a:,. 9 -0. 4 21 . 1 

51 . 8 1. 7 15.4 

57.0 2. 0 14.7 

60.7 2.4 16.1 

52. 3 -o.6 15. 9 

47.7 0.5 15. 4 

0. 95* 8. 6* 

• per 1nd1vidDal 



e., 
Several tudi s (Laton, 1943; .A.uzou. 195,) have reported. 

th amount ot calcium, or m1n ra1 salts p ent in the iaopod 

integum t. The proportio,n of ce.loium 1n th dry weiSht of 100 

l!, acabK ( dry weight 11.0 mg.) vas 15% (Auzo~, 1953). 

In the pr nt tud;y, the proportion of calcium dep nds 

upon the sis ot the individual selected, For a. 15 mg. animal ag 4 

about 1 .. 5 y , the proportion was 26%. vh reas tor an older 20 mg. 

animal, only 16% of the bo<\r weight va.s calcdum. Richards (1951) 

tound that the lo'bst r integument bad a constant proportion of 

calcium from youth to old see, but that the percentages of the 

el enta sulphur and phosphorus, doubled over the ame period. 

As an isopod becom larger, the surface area to volume 

ratio will decrease, and the integument fraction of the body weight 

11111 b r duoed. Thus, even if the percentage ot calcium in the 

integument remained oonstant, the proportion of calcium in the body 

would b reduced as th an1rnal grew older. 

In a to ding study, Auzou (195'.3) kept 10 slat rs with an 

initial mean weight ot 46., mg, for ,0 days in the laboratory. They 

ver te on rotten wood which was 4.:,% aalcium by d.17 w 18ht. over 

ight an1mal, containing 2.12 mg. calcium, 

tained 0.785 • calcium fro :1 tood. Th ettic1 07 ot calcium 

55 - 6 • Tbia 1 Tery - oh blgher than the u 

'l'hua, a rapi 

t ia nta• the 

integument. • 

t tudy, but lation may 

q oalct ia lost t 

tion ot c ciwn tro 

to 

po 

tore 

h OU; 19S,}. 

c!la tely after 

ot th 

rtlr , o h1 

so 



experiments commenced. In the present study. the moult status ot 

the animals was unknown but the results indicate that moulting had 

not oocurrecl for some time, 

The l af consumption of a 35 m.u. P, soab5!£ individual was 

found to be 2 mg. dry weight per day, by Wieser ( 1965). This is 

very close to the value found in this study. A slator will consume 

its own dry weight in leaf material in one week. Hence, the 

decomposer role of isopods in the community is likely to be very 

important. 

Isopods also aat as reservoirs of calcium in the habi tat. 

In t he "random" samples about 40 individuals were collected in each 

2 0.1 m sample of soil. If' the mean head width of these animals is 

taken as 65 m. u., then eaoh animal will have a dry weight of about 

4 mg., and will contain 0.8 mg. of' calcium. This represents 0. 35 g. 

of calcium per 0.1 m2 under the boards. A study on a very dense 

population (7. 34 adults per m2 ) of millipedes i n New York (Shaw, 

1968) reported a oaloium reservoir in the animals, of 0. 66 - 0.82 g. 

2 per m over the whole area. The results tor P. acaber are not 

applicable tor the whole area, since the boards, acting aa shelter 

sites, probably acted to orea.te aggregations rather than represent 

th dispersion over the habitat. Even so, it i apparent that 

iaopods contribute iBnificantly to the biotic min r reservoir. 

8.4 Conglwl1qy 

The proportion ot oaloium in t .he bo~ of P1 1caber 
individuals b reduced the an~mal g1'01f8 larger. I opods make 

at least two llicniticaut oontn~tiona to cOIIIDWlity function - aa 

51 



1. '!'he ~cs ot a Now Zealand population of lQrcellio pgabe, 

resident in waste grassland. were investigated. Population 

oharacteri ties were determined from data gathered from two 

types of sampling. "Random" samples wol"i collected from wuler 

orypto~ boards laid out in 1 x 6 m, units, aud "nonrandom" 

sSJ:Iples wee taken in an adjacent area wherever the isopods 

were seen to be abundant, 

2. Size distributions, based on head vidth, were used to aosess 

age structure of each aample. One, two, and throe year old 

individuals could be distiDgui.shed. 1n the distribltions. 

,. Considerable variation in ago struaturo was found between the 

sample types. ttRandom" samples contained a large proportion 

52 

of slaters over a year old, whereas 11nonrandom'' saoples comprised 

predominantly juvenile individuals. no e&ncrete reasons for 

this distinotion oould be determined. 

4. Overall, females were the predominant sex, although sax 

s. 

ditte occurred betw the sample types. '!'he sex ratio 

~ vith age ot th slaten. Fi.rat gen tion slaters 

had mo 

mal • 

than mal , vhffeaa l.at r gen tions t :voured. 

onal variation in the J>i'Ol»~ £ the auea 

vu tctun4. M " the pre muant n in "randQ0" 

ooUeotio until the ia.t 

)J'e,...;,M,\Cliu.t. Dda ~ be adOOiate4 w1 the on.a.Me 

• 

!he bree4:blg •MIian la.Its to !llbn.t:M, 11 8pl'irJB 

tlu'Ough ~~lnllft. ~n,e tion ~ to aiat betweer.1 



6. Juverdl :J:, ggah@r become ae:xually mature, and can br d c.ne 

year att their buth. 

7. Brood size varied fl'om 9 ova 1n a small female, to 114 larvae 

ancl ova in an acooptionally large slater. A pTOgressive 

increase in the number of ova with increasing head width was 

demonatrated. 

e. A natality estimat of 6000 young from a population of 1000 

slaters as obtained when an f!l1/> level of breeding among females 

was used. 'l'he mortality rate among yt,ung P. acabtr was very 

high; an estimated 74% of the ova survived to birth. In 

laboratory stuey that used the young ot gravid females taken 

from the field, only' 11% survived to 40 weeks ot age. 

9. 'l'he rato ot gl'Owth of newborn slatero varied with age, with 

temperature, and with thmsi ty of' the young. 

10. The tollowit!€ ue relationshtpe increased in a linear fashion -

h a wid.th aud bo~ widths head width e.n4 boc\T 181'J8tha and 

boq lddtb. and boq lqth. 

11. .t ~ t of the 

ffelb ·.tpt. 

,111. '1>.onAt• the total &IIIJ1Lm- t ot CAlot toun."4 1n th 

t the ruon ( cmt _) ot 

Caloi ot 

of 
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