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Introduotion

Eoology bas bean defined by Odun (1962) us the "stuly of the
structure and funotion of econystems”, He indicated that much
attonticn has been dovoted to the structural or desoriptive
approach, whoreas fow studies of tho function of coosystems have
been attempted, Odum (1962) further statos that by structure he
meant: &) the oomi)oan_iou_ of the biologlcal comnunity, inoluding
apooies, mmbe;'a. b;méu. 1ife history and distribution in space
of populstions, b) the quantity and distribution of sbiotis
materials such as autrients ond water, and ¢) the range or gradient
of oonditicns of existence, such s temperature and light. Funotion
was dofined as: a) the rate of blologloal energy flow through thol
ecosyaton 1.e, mtos of production plus rates of mnpimtim, , b)
tho rate of blogecohemicsl ayoling e.g. mtr.lont flow, and c) |
blologloal or ecologioal regulation,

The struotural 'or deaoriptivo approach therefore, aorvei .only :
to desoribe the existence of crganisms, andmteﬂala in tho 000~
system, Odum (1952) and llnofad.van (196:.) have indisated that,
although bimaa :ln diﬂ‘erenﬁ ecoasystems may be widely different,
| the omrgyﬂowproduoedmbom similay, strict comparisons
ofnumbouulonom thmfm ofliniteduao vhon ono wishes to
fully undomtand tbo work!na of ooomtm. 'L'ho Mtioml appmch

_'_-,SE;BO \:79 -
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whereby rates of encrgy flow por unit area of haditot por unit
tino are measured for various organinms, will enablo strioct come
parisons to bo mads both within end between ecoosystems,

. The ensrgy flow models oonstruoted by Odum (1962, 1963) and
Maofodyen (1964) indicate that in an opon water morine ecoaystem
the important food chain sppesxs to bo the gasing one, whoreas in
& forest eoosysten the datritus food ohain appears to be the more
. 4mportant of the two. Early bloenergetie astudiea deelt with

. aquatio ecosystems, and although Boxmebusch published his now

. olassio atudy in 1930, it was not until the pudlicetion of Golley's
(1960) stuldy, that sericus attention was paid to the terrostrial

| oecosystem, . The reason for this was due in part to the supposedly

. simple struoture of the aquatic ecozystem, as opposed to the come
 plaxity of the terrestrial ome., Currently, inorcasing attention ia
being paid to tho role of terrestrial animsls in promoting energy
£low t!n'ongh ecooystems. lost of the terroatrial animals already .
atudied belong to the relatively simple grasing food ghain,  The
dstritus chain has & more heterogenscus dcllection of ovganisms than
the grasing one, the ocuronest groups being ths large dcocomposers
(Lumbrioidae, Iscpods, Diplopeda); the amall deoomposers (Collembola,
Orcbated, Enshytraeidse): and the mioroorganisns such as Protozoa.
Fungi end Baoterta, Maofadyen (1961, 196,) has suggested tnat,

N
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nicroorganisns can acoount for aa much ap 90 pereent of the enorgzy

 flow through en ecosystem, If this assunption 4s ccrrect, the

. .qmaﬂmmoautothom_otm.mgommwm
mam_umroéamm.‘ i |

Beforo the present stuly degan, no single species of a type

dosignated by Macfadyen (1963) and others as "large deccmposers®,
. hat been stulied in all its 1ife stages to deternine its role in
. the breckdomn of 14tter, snd its contribution o the total energy

flow of a woodland eccoysten, As part.of a woodland ecosystea study
in mrhm the two isopods w end Porvellio soaber,
~ Lote, (large dscomposers um aomm rooaobazn) wm ohomto
obtain such informaticn, ' A A .

_ . The equations comzonly used for the nonaurenent of energy flow
ore those dafined by Slobodkin (1962), and Wiogert (1964). Those
owatim enploy different symboh %o desoridbe the same pnmma,
and may be applied o whole ecoaysteus, spsoles population, or -
stagle talividucls, Slcbodicia's (1962) teminohw cxpmaea i

i%s mpzm fora u:- e ’ e

CEnergyof 7 Emergyof ' Enorgy of
- sasimilutiom ... . .5 ..  vespiratlon . . ... growth and
' ' o . . reproduotion
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Wiegort's (1964) formula enocmpasses the oomponents of GAbb's free
energy equation, end may be oxpressed asie - - ‘

. Food energy - - Energy dise > Energy used.
assimiloted = aipated as hoat for growth and

of respiration - roproduction

AR roprosents tho Mg inoome, TA8 the enerzy lost as hoat fron
the systen. (wmavailadle or bound energy), end AP the energy staying
in the system (evailsbis or free enorgy). hrgy flow is veprescnted
by R+Y or TAB +AF, Quantification of thess expressicns in oon-
Juncticn with biomess data, pmitl tho energy budgm of eooayatm,
spooies populatians, or single 1ndividnals, in texns of energy flow
mmtmaofhabitatmmtﬁm tobooaleu:l.atedo

Attompts to solve the equa% for whole ecosystoms have been
mado by Odum and Odun (1955); Odus (1957); - end Teal (1957)e
oever, it is 4ifficult for eme person to perform all the tasks noceo~
saxy for a vholo occosystem aprroech. . lost workers have restricted
their studies to thnwaluatim of the whole equation for simple
food chains, species populations, or tho study of cne parametor of
the whols equation.. Tho individual porameter most often studied ia
R,(TAS) for terrestrisl invertebrates, os it ropresents the greatost
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-proporuon of total emorgy flow, These restristed approachos are .
wvaludble, for a8 information is cbtained, albeit gradually, a |
| synthenis of tho total energy flow of the ecosystem will Ve mado,.
Attempts to eglvo tho whole equation forr simple focd ochains or
spocies populations have been made byse Richman (1958); Odum and
Smalley (1959); Slcbodiin (1959)s Golley (1960); Smulley (1960)s
Fnglemann (1961); Kuenzler (1961 a.b.): Teal (1962): Odum,
Connell and Davemport (1962); MoNab (1963); Golley and Gontry -
(1964); Mann (1964, 1965)s Wiegert (1964, 1965): Paine (1965);
Potrides and Swank (1965); and Saite (1965), Measurements for
- R(TAS) have boon made hys= Nielsan (1961); Philiipesen (1962,
1963); Berthet (1963); 0'Counor (1963); and Ito (1964). .

The present study attempts to solve the whole equation for the
two 1sopod speoies Onizous ogollus end Porcelldo goeber, For a
couplote energy flow atuly the rates of assimilation, respiration,
body and raeproductive growth, and the calories they represent muat
be doteminad. l!eaamntn of nuabers end biomsss, and doath rates
wmmuthaabmaatatobooxpmswdintemofmwm
unit area of hebitat per anoua, It was not posaibh to obtain the
population data far the two speoiou_miq tho time n_va:lublo,_ therofore
tho rutes obtained for p.aammﬁon. respiration, and growth, are

procented o8 'best estimutest, thus fasilituting the caloulation
| =
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from biomasa data, when availadle, of the rato enorgy flow por unmit
ares of habltat per annum,

Energy of assimilation may be caloulated ascording to the

equationte
Energy of - Energy of - Enorgy of
assinilatlom : - - . ingestiomn . sgoation
1§ AH) .

Energy of respiration R or TAS, ' end energy of growth and
‘reprodustion ¥ ari¥, may bs measurod divectly, Tho independent
moagurenent of all Mpmmtem of the energy flov equation
ensbled two estimates of énergy flow to bo presentsd 1.6, I{AH) ar
R{TAS) + Y(AF), Thus a doudle check 1s available, enabling the
eocurady of tho results obtained ¢o Lo assosxrtained, The _nomplota
énergy budget of each species may be presentsd im the following

LaNneIr =
o IWESTION |
ECESTION ASSTMILATION
RESPIRATION
GROWTH OF

2ADY . REPRODUCTION  0ULR
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A8 body growth, reproductive gz'owth, and growth by moulting
ware to be separatély measured Slobodkin's (1962) terminology nay

bo oxpanded toi=

I . R e M . Y2 + Y5
B L bdody roprod. nouls

Sinoe the study bagan Saitﬁ (1965) has presented data for the
enorgy flow of the uodehawm temporate
eoconystem, The Liomass data prescntod by Saito plus the ‘*best
estimatea' obtainod in the presant atudy are used to compare the

roles of Lisidtum Japoniown, Oniscus asellus, and Poroellio seabor
in proacting energy flow through different woolland ecosystous,
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SECTION 1

Invoatigntim to dotormine the emw ‘asaimilated (: orA n)
- by Onisous agollus L, and W&am

Dotallod agoounts of esaimilation rutes of terrestrial invertoe
brates are few. JAusou (1955) studied the isopod Baposbop; Cere
(1956a) tho’ uommw and (1956 b, o and 4.
and 1957) the cammwmm.m Odunm and Smney (1959)
aid Saalley (1960) this grasshopper Groheldumm £idioiniums
 Phillipsan (1960 a. b.) the harvest spider Mitopus morig; Odum,
Comnoll and Davenpcrt (1962) the herbiverous Orthopters Yolenopus
 fomurerubrus, M,biliterstus, anf Qagentima nizrigomnis; Hartenstes
1n (196,) the isopod 0.asellug; WValdbauer (1964 a.b,) the tobasco
hornvorm Protonarce soxtas Wisgert (1964) tho spittle dug Philgpenue
spunarius; ond (1965) the gresshopres populetions in o0ld £ield end
a1falfa £ield ecosystems; Hubbell, Sikorw end Purds (1965) tho
Taopod Agmedillidium wuleave: end Wieser (1965) the isoped P, sgaber.

The determination of assimilation rates (I orAH) by the -
aifrorent 1if0 stages in the fleld, asoonding to the equation
Aspimilation » Food ingested « Fasoos produced, is a diffioult tesk,
Experiments undor as near noturel oonditions os possidle were made

cE et
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by enolosing animals, 80 thsat tho £00d not eateon and the faecces
produced by them durding the oourse of an experiment could be cscore
tained, Howover, possidle experimental errors wero centered around
the faot thot the rates of assimilation might vary with the type of
food eaten, To reduoe any errors essocinted with vorying assimile
ation rates, it was felt that informaticon was needod comcorning tho
Jreferrod foods of oaoch of the iscpod species, before any mECSUI®
of aseimilation oould be made, The methods used and the results
obtained, form the comtent of Chapter 1, oo B

Tho most preferved foods as shown in Chapter 1 were then usod
in oxporiments to invostigate tho rato of assimilation, To caloulate
ﬂnomtofwommeahmwg&mm&muwu
necossary to measure the rate of food ingostion and faoces produce
tion, Initially the intention was %0 carry out these experizents
mmmm»mmm, 80 that a seasonal comparison
oould beo muds, Owing to a shortage of time and a laok of animals
in the winter months, culy the Fate of facces production was detexre
minod, The methods used and the results obtained in this wintor
study are prosented in Chapter 2, |

The rates of ingestion, ogestion and assimilation of the known
preferred foods were obtained in the summep experiment, The mothods
used and the results obtained form the bagis of Chapter 3.
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| Wiesor (1965) 1s tho only author to have prosented asoimile

ation data for a 'mgi aeqompoow (P,o0nbex) 4n all its lifo

" stages. Tho prosent study rootifies this situstion for O.canllus,
The oxperiments with P sgrbor were being made before Wicser's (1965)
acoount appeared, thus the results cbtainoed proved useful for come
porative purposss, The results given in Chapters 2 and J wore used
to caloulate a 'best estimate' of emergy assimilated (X orAl), for
both tho 1sopod speoies, thus faoilitating the osloulation, from
biomoss data, 0f the eanual energy essimilated per unit area of -
haditat by oay population of O,esellus or Poooaber. The methods

_used and the rosults cbtained form the oantent of Chapter 4e ™
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. Food preferende of Onisous apellue end Poresllic seabor. -

Introduotden. .. - .. . o gl v 3

| uw mmem are  to ‘bo found 1n the ntmtm omoming
the cmivorous habits of isopodas Theobald (1904); Pieroe (1907)s
Gollinge (1915); Howard (mo» Hee:loy (1341); Hatohett (1947)s
Boerstacher et al (195); Bakker (1956); Brereton (1956); Gore
(1956 a); dom Boer (1961): Dungor (1962); Paris (1563); Boyer
(19&): Harteantoin (19&.): Hubbon sunm end Paris (1965):
 Paris and smm (4965)1 Wieser (1965); and smo (1965). no-mr.
only Paru atudy:l.na Wﬁ has attemptod fooa.
prei'eremo mperimnts. Paris? work is inportant because he oon- ‘
duoted prenmi.nnry expoﬁmnta to enmi.mte fooaa not oaton in the
field, ?or those t‘oode moat readﬂy oaton, he was able to liat a
table of pmfomco by conducting labmtow exporiments whore tho
nunbers ot' Mviduala reed:l.ng on oaoh tood wore compmﬂ. The food
 vhioh was most frequently visited (dsad Piorip sp. 1eaves) was
unumd to bo tho one nmt oumon:ly utcn tn natm.
In thn mmt atud.v. food mt‘mo aneatiutim were of
_thna kindn- '
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'4) * Preliminary. studies with 0,asellus to eliminate
the foods not eaten, .
- z) The deteraination of the ordsr of £00d preforence
h 02‘ Q.280l1lug in the hbmtory S
3) The determination of the order of preferonse of
| Wmmmnmmm oonditions,

10. Prelininary studies with W- R A
A modifdcaticn of the methods employed by Paris (1963) was
. used, Ferty different food itoms and two hundred individusls of
- a1l pize rangea of O,asellus were colleoted in the vioinity of Durhem
City. The foods consisted of recently killed animals, and fresh
snd decaying plant metorials, which colleotively ropresented most
of the potenticl foods available to the isopod. 4 disc of each
plant food, 4. ous in diapoter was out with a ootk borer, ond intro=
~@uged into & 60 x 60 x 5 om metal trwy, the bottonm of which was
covored with damp filter pepor. The yecently killed potential
animal foods were placod individually in the tray, Iwo hundred
S.080llug were then introduced into the truy, the top of whioch was
finally sealed with & shoet of glass. After 24 h. the isopods were
removed and the percentage of ouch foold item eaten vas estimuted by

aye,.
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... Tho eight foods most recdily esten were assuzed to be the
'ﬁimfa'rnd ones, Table 1, sumuarises the results obtained, '

- LTy,
L% CoLL W

!abh 1s Foods most read:uy eaten by O,asellus vhen allowod - ¢
, to fesd for 2 h on 40 of tha nost ocmonlw ooouﬂ.nc
fools in the haditat, - o

¢ -

L ?00‘ itm . S .- ‘!;"i--‘-x'.v"'l Se % cmm Lai
 Deall Thistle (.‘L"Emm sp) hﬁ”l ¥ _ _f o gQ i
°Deo Syoazare (AO_% .p) leaves 'x et o 90

 Dood Nettde (Uption mp) leaves . @5

¥ pes Oak (Guspous p) leaves - - S e gt L

ao L o
5
2
1

* Doo Chestnut (Costonoa ap) leaves -lims o o.s
. Deo Beoch (E.M sp) d0aVOB - i ot g

. Fallem log bark =
m*ﬂsmm.u
,;'0 Mab@owhg

.
: o s Ly
'J D T T T S ALY e L
,' LR AP S L 0% % R DL AV SN

M indication of the wofemoo is cim by tho varicus percentagos
consumod, mztunmmemmummmtmm
._ mont readily octen. It 4s ponsibh that only a small propore
umocmmmmmammummpomuem-mmm
amrom.wmmmmmtawmmmm
dMuMﬂoﬂu&mmomo{mmﬂm
wore madd,




2. 7608 preferans of D,igellus fn the labaratory.

Mothodss . -

. Tndividual O,0sellug of all sise renges were oollsoted in the
field and brought inte tho J.abmtory. The foods shich were shown
by the earlier m:poriment to bo most readily eaten ware oollooted '
c.nd out into J om discs, roo&ins ohambm wOro pmmd, tho dasie
hyoutofvhiohis mmn;. 12, mmun;m”omuua
ofaowstmininsdilhﬁ:?.fvm. mtbo‘bottoncrwhuhglau
ribramtormporm plaood andhptaupbymmamdzxi'
tubo ﬂuod with water. Glnu ﬂbre ﬂ.ltor paper was oonsidered
moanaaxv in thnt uopodn eatd nomnl mter poper, and this asotivity

. oould havo influcnsed food prororanoa datmmtim. The sheltor
| whiohaumwﬂadthaz:‘l" tubowumadafrmthondofapm

box of 6 em di.mtor, and entmneoa were out to faoilitate mwmnt
" of the experimental enimals into aid out of tho sholter, Shelters

" were ocnsidered nocessary es Bekker (1556) moted that without them

"mmandmmmmmmrwdmw, which ia
ocutrary to muuyuthofhwumntmc. logbu‘k.
and in erevices, Each ehazber vas ualo&witha‘:"ahum
Ihichensbmmhbemmdnt )9%






) P Food discs .
271 inch inverted
tube ¢ water

Glass fibre filter

paper - om -

= Shelte:r entiance

]
13n7:3cm dish
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The eight ohosen foods were divided into two groups of four

* (s00 Table 2)e Discs of eash of the four foods in the group were

ploced equidistant axound the perimeter of the feoding chamber,

Four ropnontea wero used for eaoch group of fooda and those were
orientated in the manner shown in Fig. 1b, This ensured that
1ight cmingﬁmacortaindimcﬁonwuuafoctmfoods equally,
thm'byreauoing potmtu:l.mra uthcanmauhappmdtoom-
gx'egate an fool unaffected by the light, Twenty-five snimals were
nmmamtoomhﬁahmm&hfaeafor%b. During
this time hou]y counts wore made of the mbm teoddng on eaoch
food, . Counting at night wes faoilitated by the use of a torch
masked with a yollow filter, At the end of the 22» h. feoding

per.tod thn animln vare movea and the resulta mnlyaod as followa e

a) The immbam of 'iaOpoda observed feeding on eagh food at each

hourly obaex'vation waroe aummod nnd divided by the number of
o repnoatos, thus glving the mean mumber per chasber seen’
roedingmoacbfooddurinsﬂw%b roeunsperiod.
b) The peromtngo of food oatcn in a b was eatimtod by m.

Table 2 shows a gumnayy of the results obtained, - ¢ . .

L P . DA T
P S LI N v e 0 vy
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. Dos Sycomoze Q!_c_é 8p) leaves

" - Dos Oak (Quereus sp) leavos Tt 25

- 'Doo Beoch (Pagus ®p) leaves ¢ v iU @

-16.

Table 25 aso 1 The moan number per chamber obsorved )
on a given food during a 2, h poriod, and
thommtaaoofoaohfoodmmm%h. S

-----
N R IS

mpeumnu 4,0 Meon no ?v-%
o feeding = eaton

 Dead Nottle (Urtiga sop) leaves
Daad Thistle (__m up) laam
Bark ¢ W

a8 RY
e EAR

&':pu-imnt'z

. Dea So Chestnut @map) Iaaveo 0.
Follen log bark 42

owd 8

AW%S we vas made on ‘five of the foods €0

) obtain an om of proi‘omoo ror the most roadily eaten toods.

The foods uzed wem docayins syoamm uavu. dnad Nettle hnvoa. |
d00d Thistle J.eavea, daoayins ‘Swoot Cheptout leavn. and dooay!.na

Oakleaws. MMMMWManulewwu

the previous expoﬂmnt, but ﬁvo fooda instead of four were
phcod in oa.qh teod.ins ohmbor. The roanltu are shown in !Babh 3¢

Ituoharthatdnadanadnmusphntmtomlumtmmma,

At E
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’ _Table 33 O,asellus: - Final order of food prafmnoo 4a shom -

o by the loboratory experiments, showing the mean W
] . AR PENSTIECS per chanbar f@‘d‘ﬂs m 2 h on the five £oods most © -
ma.uy ea

C o e, . L g e " ::‘-
’ R | Led . LN .. ,._'Ir B

: roouten oo 7 lesn mo.
* Dead Thistls (Qn_m op) loaves -, .-, 35
Dead Nettle (Urtiga op) leavea = =+ 32
' Doo. Syoomore (Ager sp) loaves PR -
~ Do Oak (Quercug sp) leaves 20 ¢
'+ Deo,8, Chwstaut (_gm ap) ham o 48,

&saagga

deod Nottle, 2oad Thistle, ‘and dsoaying Syoamore 1oaves being the
most preferred of all the foods offered, ' lMaximum feeding ooourred
during the hours of Qarkness, 1ittle o no feeding being obsexvod
during the day whon the aninels sought refuge under the sholters,

The sbove mothod was thought to have cortain limitations, for
example hourly oounts over a 24 h period were tedious, snd the
experimont had to be made under leboratory conditions which mey not

 have refleotod the f101a situsticn, The ooubined effeot of reuoving
the fooding ohasbor 14ds, und the Frolanged uoe 6f th toroh ight
whon counting dwring the night, tended to dlstwrb the enimals, and
1n gone oases tho snimals'moved from the food on shich they were




» {8 e

_‘ fooding before oounting took pluce, Thereford a more sophisticated

| techniqua involving am autcmatic camera, whioh removed the burden

" of regulax obsorvation, 9& enabled the Wu to be couducted
under near natural oonditions was cmployed,.

3. in automatio csmbra device for food preference and astivity
studies, wnder near patural oonditicns, - :- i City,

Automatic camora devices were used by Pomoﬁ (4960 ):j and
Gowardin and Ashe (1965) to record animal aotivity, The value of
an autoamatde device is that once the apparatus is get up and the
exporiment bogun, contimuous observation by the experimenter is
elininated, and a permanent photographic record io givon which may
be analysed at a later date, The prosont apparatus was doaigned
for the speocific purpose of detormining, with the minimum of
interforence s« '

s) the nwber of animals foeding on the £oods most Gomnenly;: : \_/
ooourring in the habitat of both O.npellus and Pyosgabem, i-:
"~ + thereby determining an ordor of food preference, : . °
b) ' tho feeding aotivity patterns of the two apecies whereby :
- © the percentage of animals active at & given time during:’ i
a diel ooculd be determined,




-i9e.

Mg. 2 shows tho assembled apparatus and Pigs. Ja and 3b show
the MﬂMoompmtsN. It can bo seon fyom Fig., 3b that a ‘
Prakts 35 mm. fully automatis camera was mounted £irmly on a
" peinforeed horddboard n'am. - The camers shutter release mechonism
vas ocancated by means of e strong vire t0 & lever operated by a
solenoid, also £irmly mounted to the frame, ' A ¢lock mechanigm
(P1g. 3a) operated from the mains via s transformer and rectifier,
set to activato the solencid onceevery 30 minutes emsured that the
camera operated at regular intervals throughout a given period of
time, normally 2 h, This asseadlage was plecod on an adjustable _
. frome of angle irom whioch had previously beon ereoted in the
- Zoology dopartment insestary, where a mains suprly was evailebls,
ond the temporeture and light conditicns approximated to those in
the fiold, ZFeoding ohambers were placed at ground lovel bencath
the oumera as shomn in Flg, 2, |

The transformer « rectifier cutput to the time lapse 0lock
m and solenoid was 6 wolts D.C., whereas the coupled flash
mechanisa operated ou & full mains supply of 240 volts A.C. Ia
oporation the etoel dise attached to the timo J.apai soghanion
revolvad, moving the pointex towards the opan strip oontact X
(Fig, 3a)s The pointor olosed the eontoet and acupletion of the

/






time lapse

mechanism
to mains = transformer
N\ titier
angle iron
electronic flash = — fgrumo
equipment
T camera and
QL ) tiring mechanism
.




HBO,Q. ) -

(a) Inddvidual components of the autcmntio gamera device,
as viewed from above. -

(b) Automutio camera devioe, ventral view of the rigid.
. haprdboard frame. . :
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-: giroult notivated the solenoid whish pulled the lover towards it,

. . which in’'turn operated the shutter releasé mechanism and the coupled

t : :. ' slootronic flash, The film was automatically wound on after each
exposure,’ With the time lapse olook mochauism still in operution

. the pointer moved pust the oontaot X vhich sprung buok to its
positicn of rest, thus treaking the oircuit, end insotivating the
solenoid, The lever was pullsd from the solancdd by the shubter
relocse mochanism, - This proceduzro was upo;tod' every JO minutes,

T T T T

Proliminary experiments chowed that the best jhotograph
© Gofinition was obtained using Xodak Plus X £ilm at a canera to :
© feeding chazber distance of 3%6%; It was cbservod that the snimals -
' . were not disturbed when the flask oporated, therefore mo filtors =
' were noeded, The animals were made more sasily aiafincuiahublo by
. painting a emoll spot of white collulose dops on the dorsal surface.
4t & camora to feolding chamber distense of 3'6" it was possidle to
- rocognise all the animals feeding in twelve 15 x 7.5 om feeding =
- chambers, or ous 60 x 60 x 5 om metal trey, The feeding chambers
' wore almost idonticsd o thoso used in the earlier Pood proference
studlea (Pig, 1), howaver condensation on the glass 1ids afiected -
. the ploture quality, therefore the 1ids were disoarded. In the
ebsence of gzlass lids the water lovel in the 2 x 4" tubes‘fell - -
Yapidly, and 18 was Pound thot € x 1" inverted tudes, the bottens

. - «
R S A T T S P YA S e
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 of wvhich were drilled out, »oquired topping up only onve every .. : '
12 hﬂ '§ . . "" t, I__'."'-._'. B '> PSS | ‘ B TR .'.-;' "’.‘é}-.-';'."f'.'-"*:.j’; _'.',, '
-Preliminary experimonts for food preferenss, . - .. - - v oal

Inviewofthemnethodboingemplm&tohtomimfooﬂ
p:armnoo :I.t wes doo.tdad to remt tho atuay of toods wlu.oh wm
' eatonmdthonowhiohwmnot.

/. Owing to the large numbers of feods to be simultancoualy
testod, eight metal troys 60 x 60 x 5 cm were. used as feecding

ohasbers, . The bobtons were covered with glass £ibro f4lter paper -
each being marked with a grid of 49 squares. Nine 6 x 17 inverted
tubes. each surroundsd by a shelter and filled with water, were
placed one per square im each tray to maintain EH > 95% 4 band
of stiotite was appliod 1 on delow the 1im of each tray, to prevent
escape of the experimental enimals, " Forty food items were collested
as proviously desorided, & om dis0s of the plant material wexe out
ond eagh 4136 placod at Pandom, one per aqueso on the grid. The
froshly killed food animals were placed together on the remaining
square, One hundred isopods marked in ¢the usual mamner were introe
dused into each tray, there being four ¥eplicate trays for cach of
the two isopod spaoies, Eight soparate 2 h. runs wore carried out.
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o2

n the 1sopods took several hours to setile after being introdused
. 4nto the trays, they were allowed to beoome socustomed to the trays
overnight, At 0730 h.. CMI the following morning the overnight -

foods were replaced, and the comera set $o take the £irst photogreph

. &t 0800 h, GNT,. M;thomdetaph thoamﬁmtmmdo&md

thcuopm mwod.

Resultss . . -

Analsa:laﬂ ot' the £iln and the food mam showed that 0,asellus

. and Pysocbex attempted respoctively 2 and 26 of the forky fools

offered, The results are sumarised in Table 4. Due to the shorte
age of Pysosber in the field, no further experiments were conducted
to dsternine food preforonce of this species, Fowover, the mean
mubor feeling on each of the foods, at each cbservation during the
2 h. feeding period was dotermined, and the perventage of each food
caten was dotermined ‘by eye. The eight foods most readily eaten are
stiown in Table 5, where it oahbo soen that dend and desaylng Litter
45 most prefamd. The food prai'omo of Q,ns0llug was investigated
fmere dabatd, L1 e

, o
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Table In‘:' A 1list of the fonds most ocm:only ocourring in the
C habitat which wers attompted by the two isopod species

t _ S ... Q.asellus and Py soasber, (* indlcates food attempted)

. O.as0)lus = P,ascabor

Dead Beech (Fasus sp) leaves
"Dec, Deech  ® . " leaves

Dead Oak (gg_m sp) leaves
Deo, Oak ®“ % loaves

Dead H, Chestnut (Aegoulua ap)

leaves i -
- Deos H, Chestmut - * s e, e, e

leaves
Dead Chestuut (_m ap) Yeaves " e
Doo, S. Chestout ® ®  leaves
Fresh Sycamore (Acer sp) lecves -
Dead Sysamore ® #  leaves

Des, Syoamore 8 @ Jeaves

PFagus bark + Plouroceccua

Aesr bark + Plourococous

Cuercus ba.rk._q» Pleurococcus

Castanes bark + Pleurceoocus |
sesoulug bark + Pleyroocoous

- Fresh Bryophyta
Assorted Fungl o
Pregh Nottle (Urtics ap) loavea oo
Dead Nettle o ®*  leaves ¢
Dead Bracken (Pteridium sp) lesves -
Dag. S, Chestnut (Castanes ap) huske @
Presh Thistle @B&M sp) leaves
‘Dead Thistle " "  loaves °

L

® & 8 o 8 0 &5 o @

® & 6 0 &6 06 & . 8 0 0 0 ° 8 O & BB
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A A T ORTE

Toblo & (oontinued) .. .

e T

: . Frosh gress leaves end stems
H. Deo " @ » L] S .

Freoh Bresble (Rubua ruticosu b

. loaves ' _ LT g
8011 Lo R | s ""-.'- o _-:-".'v . o .}:I..".-'-'. -‘.‘ ‘?.T "\;,'t:.__“;'; .'--3 ; . ::‘».:?4 '
L J

| Rotten ms.aa of ta.uon 1og RN

rsbh 5: Pasonber: Order of £ood preference as determined by
an automatio oamera and showing the mean nurber oi‘
" e aninels recorded feeding om each proferred food -
I «hn-ingaah.h. cxporimnt. Mthaporcentapot
i, ool aaten.

.. Fooditew . . L Yommo, %

“ Desd Thistle (Cnovordum sp) leaves st 166
"' Deo, Sycamore (icer sp) leaves - 426 = . 80
Doad Nettle (Urtica sp) lesves 915 5
_ Deo, Oak (Quercus sp) leaves © 66 50
" Deds S, Chestuut (Caztanes sp) leaves 62
Pallen log bark ' 43
Dood S, Chostout (Costapon sp) loaves :ni~ . At iih, © 40w 415
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Pinal food preference experiments on O;esellus, * ' « i .
lhtho&z I E .15_..! L ‘;:._. . ’

The 24 foods ati-.o;:ptoa by 'o, gae; lug w_e;u divided into eight ,
groups of three foods per group, Four replicates were made for
each group. Iuthhwawtwoi’kh. oxpaﬂmmtswiththoaidoftho
automatio camera aooomodn.tod ul tho groups. 3 om disos were out
" in the usual manner, Disos of eash of the three foods in e group
vere placed equidistant around the pe'mufr of the feeding chazber,
I‘mntybﬂva mked individunla were’ introduced into each fecding

| ohambor, aad allowed to feed end aetu.e overnight. Froshly out
" aises were offered ab 0730 h. GMP the following morning and the
ounera set o take the first photogrerh st 0800 GET, AY the end
Gf eudh 2 b expectasatal ericd the tntividuale vere resoved and
. mwa. - v gt e et oo

Rogultp }

Teble 6 shows s sumary of the results cbtained, listing the
meon pusber of animals per ehember feoding on ensh food for the
24 b, exporimental period, In groups 1, 2 and 3 the dead Nettlo,”
d0ad Thistle and docaying Ouk leaves were completoly oaten by
0,00 h., therefore the numbors astually recorded feeding on those



e
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foods way be oconsidered a minimum estimute over tho 24 h, period,
Pigs, b = If show histogrems of the meen numbers per chauber feoding
on each food, and tho percontsge of enimals aotive ( 1.0, out of

tha shelters) ab half hourly intervals during the 24 h. exporimental
poriod,

| The most preferred foods (marked 'P* in ‘i‘a‘blo 6) from those
eight groups were used in further experiments, end were divided into
two groups of four foods each, TFour repliocates were modo for cash
group, The apparatus and experimental proccdure was as desorided
previously, with the exoeption thut the animals were allowoed to
feod for a eontinuous poriod of 48 h., 80 that cotivity oould be
dotermined for two oonseoutﬁvo 2, h, poriods,

Tho obaerved oxrder of food .proferenco for O.asellus is showmn
in Table 7. It is cloer thet Gead Nettle (Uptios sp) und doad
Thistle (Cnopordim sp) wero more preforred. Of the foods found
autheyearmdintuehabmt. dscaying Oak (Quercus sp) and
decaying Sycamove (Ager a'p) leaves were most preferrod. The results
thus obtained vere in genoral agreement with those cbtainod in the
provious laboratory experiments, but give a more ascurate estimate

of proforence baesause potential errors wore uinimised,
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Tadble 63 O,QZZ;%uga 1n!mm punboxrs pu- chamber fooding por 24 h.
Q0! tons

Group _Food iten .. Youn no,

| " fooding -

[ Deod Urticq losves | 6 P
1 { Doo, C:stenoa husks - : . 25

. | Fogus bark + Pleurcoooous - - 15
. (Desd gnorordun deaves - . .. 89 P
2 { dger berk + Plourcocoous | 1
| Doad pgooulug leeves - S
" Deo, Quercug leaves 68

~ 3T ) jogoulup bark + EW
; .i::' s Doad Zosug leaves '

Deo, Agox leaves A o
"5 | ueroun vork + Fheurosooous

~ Rotton inside of fallen log 2

[ Doos Cagtanes leawos 105 P
5 Assoxrded Tungl 13
-l se2 | . e
[ Doad Acop leaves 103 P
6 { Castonog bark + Pleurccoocus 12
Dao. Fogus leaves 7
. ( Deud Czatenes leaves . 16 P
7~ { Dec. grass loaves and stens - 18
' Doo. Acgoulus loevos A [

: _ [ Deod Querous loaves = . 85 P
8 Frosh Bryophyta ' -3
' Fallem log bark ' _ 16
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— Histograms showing the mean numbers per dish feeding

on the foods preferred in previous experiments (Table 6j -
Figs.4~l), and tho poroentage of animals aotive at half
hourly intervals during & 48h experimental period, 2
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Tadle 73 Ordsr of food proference of 0,asellus as dotermined

TR by an automatio ccmera and showing the mean numbor
por chumber fecding on osch proferred food during a
eccntinuous 48 h, oxperiméental period,

Food iton Yean no,

' fooding
Dead Nettle (Urtice sp) leaves 1096
Decd Thistle (Onopordum sp) leaves 712
Dec. Oak (Quersus sp) leaves ' . 503
Deo, Sycamore (_l*_c_e_z; 8p) leaves | 260
Dad. S, Chestnut (Costanea ap) leaves _ 234
Doad Syoamove (Acex sp) leaves . 213
Dead S. Chestuut (Czatenea sp) leaves 135
Daad Oak (Quercus sp) leaves 913

Figs. 12 ~ 14 show histozroms of the numbers feeding on the
exporimental foods and the porsentage of animals aotive at oaoh_
observation during the continuous 48 h. period, It is olear that
aotivity followod a rogular pottern, and can bo relatod to the
hours of darimoss. With tho onset of darimess the animals began
to appeor from the sholter; thoir reocung aativity reached o
maximu epproximately 13 he after dusk, This maximun was malne
tainod until 2 « 3 h, before dawn vhen the animols began to yeturn
to the shelter,
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As stated in tho genoral mtroductioﬁ. Imorledgo of the

mt'emd foods t‘aointutea the o.aaiun of hu-ther oxpenmwtu to
ammm the rate of assimna.tim (x orm!). | o
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CHAPTER 2,

The rates of egeation during the winter season for
the two isopods Onisous nsellus and Porcollie souber,

To determine I (assimilation), data is required to satiofy
the equationie b S

Food assimilated = Pood ingosted » Faooceas ogested

The presont chapter presents data for faeces produstion unler uir
natural oonditions during the winter seascn for both speciecs,

Keothods.

10 x 1 om, dishes were lined with Qamp glass £idre filtex paper.

| Into each dish was placed a sholter mads from the 1id of & 3 om.™,
diameter pill box, entrances being made in the usual manner, 3 ou.
discs of dead Thistle, decaying Oak, and decaying Sycamore loaves
wers out, and one diso of each of the preferred foods was placed in
each diash, Dead Nettle, the moat readily eaﬁn food in the preference
experiments was not available at the time of the experiment (December
1964). Individuals of both species were colleoted in the field and
separated into the following sise 0lasassie

A

O- 3 mm, Unsexed

R TSN 3= 6 mm, *

6= 8 mu, .

8«11 zm, Males and Peaales

ftelfpom, * © @
JUm, * °



a3 .

Groups of twonty i_ndiviauala of tha O=3 mm, group and five of the
3=6 mm, group wore mt;foduoed into the Apmprig_te exporimental dish,
This nuzber of indiviuals per dish being chosen so that enough

fseces were produced to facilitate agourate reighing, Individuals
fron all the remaining groups were isclated, one individucl por dish.
Twenty replicates for cach sizo and sex were oonnidered suffiolent to
give an eocurate measurement of faeou. produstion. In the ocuse of
P,acebgg on].y 20 Mviduah for eaoh of the size groups 8-11, 114,
and > 14 mm, wexe obtaimd and separate experiments for cach of the
86265 were not made, The dishes were sealed by 1ida, and each dish
Memd agoording to th_o‘ size group of the animal or animsls prosent,
before pluoing them in the field, Those dishes remained outside for-
2, h,, and faecal pollsts were yemoved aevery 6 b, to prevent them
being rofeoted, At the end of the 24 h. period the live weight of -
ecch animal or group ofan:lmahintheéaaoafmo-Jandj-Gm.
size groups, was dotermined, Faecal pollets -:m vaouuns dried at
60°C end wedgliod on o Gabn eleotrobalance modsd M,10,

238\81“0

Tables 8 M 9 show the results obtdnea t‘or_.gm and
E.noaber mmtml:r- fy T

Mok
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Tadble 83

Size range

aaneiEe b

iR e .

polleota/ ~ pelleta/2, h,
MV-/ ?J. ho nZe
R 0.076
. {3=15)  (0.001<0,160)
" 7.8 0,167
Cetl)  (0.00-0.45)
! . 00262
(3-15)  (0,09-0,82)
"10.2 0,333
- (5-23) (o.u.-o.ss)
19,53 0,890
(7-30) . (0et0-1, )
4.4 1,060
(3-38) .(0.16-2.96)
15.2 1,180
(3<36) (0. 32«2,78)
11,1 1530
(3-21) (0.26~2,66)
13.1 - 1,500
(3.32) . . (0s2%4=3.16)
12,0 1,870
(425) (o.sa-s.oa)
o "0
(5-,25),,_., .- (0a54=3,77)

¥ean live

Ja

wb. mge
R (009‘505) . 1 .
3= 6 ma, 10,2
S g (705"’#0'0')
6= 8 mn, W5
(10.2-18.3)
6= 8 nR, 6 RS
.(11.0-25.&») S
811 35.8 -
B-ttm, 4 32,0
) (2500‘40’00’)
11=14 mo, , Q 63.0
' (45.4~75,6)
1144 oa, 3 64.5 o
> 1l ma, 112,0
* 9 (8 s.s-m.u)
el o, 3 |
S (76.:.» 6.6)

Ylean no, of Mean dry wt, of

Noan &xy wta. and numbora of faccal pellots produced
2y h. by oll life otages of O,asellua,
Ranges in brackets,

(Doocmber 1964)
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B Y

rablo '9¢ Mean dry wts. of faocoa produced/2h h, for all lifo
., % . -8tages of &m (Daoen‘ber 19@.) Ranges in breoketa.

., L . ‘:.: . . . UL N
2 i‘..i ""l‘-::'"-. o . -".--._.-,:.’ i BN

L .__":gm_ rengs - Vasn liva . Yean dry wh. of. s

- S vt g “fasces produeod/
GRS & SR SN 24 h, ng,

Cesme 53 oas
_ A (;,5.5.5) © (0.058=0,336 -

b, Vel S0, 369 g
- o Lo ;.j.;‘ PR T A . (9.9"1506) . (00‘66"0.665) ,'-q
| e8m, b 0,08

e m. (12.2-17.l.) e '(o.aao-o.ga.)

B .

o ,,6. 8 m.‘ ' .'. i 27 7 e . 586 :-t.- -'-:fiffa.l .
: S (22.‘#‘55.5) R (00326‘10102)

SRR R “‘06‘5605)

i oa
o (Oubddemta33) .
L Methmm, B A
IS (60.0-79.6) (0,555.1.@)” |

>1i.u£. N5 .13
: ‘ : (81 05-10605) L (00533"10%6)

Although there wes 'mnt variation in fseces produstion b'otwua"' :
individusls of the oo gIVUp, thommteoftneupro&wﬁcn

showea an inorease with inorcasing weight, _
Ammrmm-ummmummwatmm

tino as tho above exporiments, Nales and females of tho >t mn,

ss0 group of Oazellus wero oolleoted ond isolated in potrd dishos

e

R S




. provided with the same proferred foods as adbove,. Thoy were allowed
to defecate in the laborutory for 2, h., where the mean tomporature
was 20 & 5°o.' Table 10 oompnrea't-ho results obtained 4n this
experinent with those obteinsd for the seme size group in the previous
field experiment.

Tn.blq"‘lm A oompar:!.cou of the numbor nnd ary woights of fueoal
.7+ ‘pellets produoed/2, h, by adult Q.pz0llug > 14 mm,
m :I.ongth under labomtory and near natural gonditions,

e s i g
Labmtow ? ..éBQ:g;gO.G) : (18';) ::..:l.:" & _-(0.33523.&)-
omes e @it 059 7 (odiho
ey € e Eh 0%

Feld . 8 r 99,0 - - 43,0 it 4,69
S (716,2-136.6)  (5-25) (o.sw.‘n)

; enar

!

" It 18 olear that the laboratory Mént, gave muoh higher rates
of fasces production than the £1614 axperiment, which euphasises the
faot that experiments with ugpqgg ?gt"'i‘ma at laboratory temperatures
& not reflect the 'mia‘.’ situstion, It 1s evident that exporiments
with these animla should be oondusted under as near natural oondium
uposaiblo 4 the data is %0 be related to fioldpopuhtiom '
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s % .. CHAPTER Se. . - ..

""" The rates of mseutiod, egaétim;' and assimilation
v . durdng tho summexr season, for the two isopods O,asellus
7 and 2. ggg,'kgg.

i.” Prouminazw oxporimnt for tho avaﬂnbmty or a wlwr food,

To obtain aoomta a.nfomtm t'or tho uni.mﬂ.a.tion ot food by
employment of the equat.tem- _
Food umuated a fool ingosted = raoooa produoad.
all of tho fasoes produoed fron a known woight of food ingested must
be acourately deternined, The initisl task was to diseover a food
which gave fasoal pellets of a diffevent oolour from those normally

produced in the ﬂeld, as this rood oonld then be fod to the anml o,

being studied, and naed [V narker. By first offering the markay
food, then the preforred food followed by the markeyr agsin, all of
the rnecea produoed frcn the amount of prnfomd food eaten, oould
be aaany reoognised and oolleoted. Shredded carrot was found to
give brie,ht oranzo taeoea nnd a8 roed.ny oaten. This rooa vas '
tharefore unod es o mlm' 1n tha usamuation morimnts. -
2, :ngemon, cgostion. ana aammm or :ooaa wder noar
Inuvmnala d‘ an mo gronpa were oonootad in tho mu

«
-

e
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during June 1965, Plaoed in feeding chambers, snd sllowed to feed
on shredded ecarrot until orange feeccal pe_lleta wore produced, when
4% was assumed that all £ield fascal pellets had been voided, N
15 x 7.5 om, fooding chambers wore prepared in the memner desoribed
in Chapter 1. The possibility of I vaxﬁring with the type of food
conouned was mentioned in Chapter 1, and to obviute possidle errors
from this socurce two of the most preferred, and two of the leest ..
proforred foods wore offered as food: those were dscaying Sycamore
doaves, decaying Ouk leaves, dead Sweet Cheotnut loaves, and doad
. 0ak lsaves, The prooeduro adopted for the detormination of assime
ilation for each animal was os followste =~ S
The individuals of the O=3 and 3«6 mm, groups were introduced.
20 and 5 respootively, into a feeding ohamber for the reasons menticmed
in Chapter 2, Individuals of tho remaining groups were isolated, cne
andmal por chamber. The live weight of ecch animal or group of -
animals (0-3; 3-6 mm,) was dotormined immediately before each
experiment, For a given food, two 3 om, discas, similar in veinm
strusture, atate of docomposition, and texture were prepared, One
vas voowun dried at 60°C and the other was offered as food to the
animal, The dry weight of the vaouum dried d1z0 wes assumed to be
equal to the dry weight of the food offered, _w fooding chamber
thus prepared vas placed in tho f1eld and the snimals allowed to feed
for 2 h, Black fae0al pollets vere oolleoted overy 6 he to enswre
that none were refeated ox fmnpled into the filter paper. After

T o -~

=y

—
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2, h, feoding the food was removed fron o:oh chamber and shrodded
carrot introduced, The experiment wus torminated when the first
carrot fascal pollet had been prodused. The £ood remains end all the
blaok faeces from each chambor were vaowm dried soparetely as 60°C
and veighod, ' 354 such experiments were oarried cut., Assimiletion
aﬂ‘ioienoy was caloulated as & pmentm of the food tnzeato& aooodn
mg to the formulase '

a4,
v

' bs, dry welght aaaimﬂated " " 1 o o Peroent
' . Assimilated
Aba. Qry voisht 1nantod

The 4xy weight of food ingested by each animal was caloulated by the
aifforence in dry weight botwesn the oontrol dlss and food remains
st the end of the experiment, The dry weight.of f£ood assimilated was
caloulated by tho differense in dry walght of the food eaten and the
fasces produced, The feeces produotion data obtained in this summor
experiment served as & comparison betwean the rate of faevces produce
tion Goternined in the winter exporineat, (Ghapter 2) . ,.-

Raﬂu-lta. . ] e ../.. .

s) Assimilsticn, | _ |
Table 11 shows the mean peroentage assimilation for all foods .
and life stagos, H.c_.. 1(. shows hiatograms of the data presonted l.n' |
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oolums 2 = 5 of Table 11, The ranges show that imuch variation in
assinilotion oocurred between individuals in all tha sise groups,

Beoause of this variation the mean percventage &'ﬁtiml':l tion of all o

the experimontsl animals in each aize group was oaloulated (soe o
ocolumn 6, rauo 41)e The data thus obtainod were tosted for aie-
nificance with the *¢' teat for sunll sanples, and 'l'a'b:Lo 12 ghows

' the rosults obtained, The only sise group which had an assimilution

ef{iolenoy (= £ us:lnnation) signifioantly different from the othors
was the 8 « 14 mm, group (p -)0.05). The overall mean assimilatien

 offiolency given by the 35 experiments perfarned, 27.25%, wos

assumad to be tha best possidle eaotimate of ‘assimilation for 0,2801lua,
')'. - . e Ty L x ) . S Paes o aen

’

b) Rutes of Ingostion, ' - I PRk
Data on tho rute of food ingested were available fircm two inde=
rendant oxperimentete S
1. 7Tho present summer experiment, where the ‘amount of fool
ingested per 24, h. was determined as the dry welght of tho food at
mmmgdmmmmmmmwmtorrmm
2, The winter facoes production experinents (Chapter 2) whore
the amount of food oaten (dry wt,) wes caloulated indireotly from
the faeces production data (Tabls 8), and the pmmtm uainﬂauau
£igure of 2723, eocording to tho oquatdomse @ o
- I'ood oatan - E‘ood aasimihtod + Paecos m'oﬂuoed. .

ChRe
-
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. If food eaten 1s taken as 100 then the faeces produced muat
be 72,77% of the food eaten, Knowing the dry weight of fueces pro-
duwoed, simple caloulation determined the dl'y weight of food aspimile
ated, Tho sum of these two figures (amount aseinilated + emount of
faeces produced) was assumed to be equal to the dry weight of food -

eaten,

Teble 13 shows the results obtained from experiment 1. Oolwmn 7
gives the mean dry weight of food euten per 2, h, m.uta,m&;
used in the exporiment, This mean was used to desoride the mean
rate of ingesticn for eash size group, es there was suoh & large

variation between the rate determined in each individual expemlmont,

Note that animals tend to ingest mare of the dsosylng mutoriel; this
was to be expooted aa the deceying litter was known to bo oaten in
proference to the dsad litter (Chapter 1), The highest ingostion
rate in this sumer experiment of 2,761 mg/2ih, was shown by tho

8 « 11 mm, female group, . o

~ Table 14 shows the results cbtained fyom the Decssbder 196l
fooces produotion duta. Column 5 shows the rate of :Inaeati.lou for all
1ife atagos, and it is olear that the rate of ingeation inoreases
vith inorcasing weight of animal, In this experiment the maximun
rate of ingestion was for the > 1% m, fomale size group, whereas
the summer experiment showed thut it was the 8 = 11 um, fomale sise
group vhich gave tho greatest ingestion m:t_a.‘_;; -_"'-' |

o — L _
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Table 12; Significance of the mean % assimilation of all nfo
stages of O.asellus,

Size grouwp

O= 3 mm, -

5= 6 mn,
6~ 8 mm,
8«11 mm,
8=11 mm,
1114 xm,
1114 ma,
2 1 mn,

Overall mean assimilation for the 354 experiments

Oy +O o\ 4O Oy +O

Moan %

h‘ho
25.19 £ 20,11
3131 = 2o Th
2,09 3 23,08
4049 3 30,22
39.51 & 28,45

21,41 2 23,97

20,44 £ 2,39

25,80 £ 27,14

2N T 2,7

. WOM-M

© of
freedonm

29
38
39
38

38

39

39

>9

s

0634

1,030

0,850
| 2,705
a2
S5 e
1457

0329

0,586

" None .

-V None

None

50,05

20.05
None
“None

None

1
o
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Table 14: MNean rates of fueces produotion, food assimilated,
and £ood ingested (mg, ary wt./zh h.) for all life
" atagea of Q.asollus as osloulated fron the winter

fasoes production experiment,

Sise group  lMean live Mean dry  Mesn dry  Hesn dry
| ‘weight age _:t::;” : wt.' assim, mwg:;“d
O 3m, 1.7 0.076 0,028 . 0.0
 3e6m.. . 8.2 0,167 0,062 .. 0,229
"5-6m, 102 | 0,262 0,098 . 0,360
6o Bmme a5 0333 o 02 ST
- Bummy o 16uk s 0890 wi5uc 00340 1 14230
' Q.. 358 ..ol 1,060, .- 0400 1460
G 32,077 40480 T3 04K0 T 4,620
¢ 630 1,530 0,570 2,100
Mtbmm, . 8 . &S 1,500 - 0,561 . 2,061 -
@ M20 - 1,870 070 2,500
8 9.0  1.6% 0,630 2,320

The data from both the summer and the winter experiments were
pooled go that a regression of ingation rate upon live weight ocould
be caloulated, Fig., 17 shows the result of a double logaritumic plot

of ingestion rate upom live veight. The straight line was caloulated

by the least aquares method: & correlation cocfficient of 0,98 was
obtained, and & formuile for X on ¥ of Log X = «1,155 + 0,807 Log ¥
was caloulated, '
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Q,u801luss ¢
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Regression of ingestion rate upon 1i.vei;: welght, The u.nh
is a least squares estimate of the regression, P
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Q. ;,a.gellug :

Regression of egestion rate upon live weight, . The line
is a least squares estimato of the regressicm,

¥ From winter faeces produstion experiment

® From summer assimilation experiment,
O~dmm size growp (s‘unmu‘) nol includad ; live W O-b‘i_mg .
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O.asellus

|Og X =
-1:308 +0:807 log y

0

N e
-l

- 100

10

+]

Dry weight Faeces /2'4h._ mg

~ 200




o) Rate of Bgestiocn,

Colum 2 4n Table 14, and column 7 in Tuble 15 ehow the moan
rates of ogostion obtained by the two direot meanm_m;gnta‘ of egeation
rate, made for all 1ife stagos of 0,a86)lus during the winter and
sumner seasong, The mean rates thus obtainsd were pooled so that a
regresaion of mﬁ of .e.g_osuon iqun iivo woigi:_at oould be _Qalonhtoa.
bir ©i 8 1‘8' uhou"a. the teau;t of a dnubJ.a -ldgmwo plot'ot"x (ingestion

7ate) upon Y (live weight). The streight 1ine wes caloulatod by the

loast pduai-qn. mothod; a correlation eoeffiaient of 0,99 vas cbtainad,
and the formula Log X m 1,308 + 0,807 Log ¥, was oaleulated, - -

| 2) p ;eabér.

1. Introduotion and prelimihary experiments,
In the previcus experizont with 0,as0llus it was discovered that
the initial &y weights of the cmi_:rol and exporimental food discs

were not always equal, . Vhen the oontrol was the heavier of the two,
[} t
. low or even negative results were obtained for tho asaimilation

effioiency, and when it was the lighter of the two, abrnormally high
results oould be givan, However, the lorge mumbers of exporiments
performed tonded to cancel out these anomalies, therefore tho mean
ovorall cstimate of assimilation effiolenay given earlier muy Do ocne
sidered to be reasonably sscurate,
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Clearly, & more direot method of determining the :lnitlial ary
weight of the experimental food would be preferadble to the use of a
oontrol, Wieser (1965) used re-wetted dessiscator dried Poplar
litter for assimilation experiments with P,scober, Using Py Sccdor,
an exporiment waa designed to compare the palatablility of preferred
foods w!ﬁ.oh had been dessicator dried and subsequently re-wetted,

Jothods.

Four foods; decaying Sycamore, deoaying Oak, dead Oak, and dead
Sweet Cheatnut, wexre collected in the field, cut into 3 om dises and
stored for 7 days over a deasicant, The dinos were then placed in |
feeding chambers alongside foods whioh had Just been collacted in
the field so that any ro=colonisatiom by bacteria could take place,
Four to seven days was assumed to be long enough for thorough re=
wetting ond re-colonisation, Four discs of each re-wetted food
wers then placed in separate feeding chambers alongside four 5 om
disos of the same foods, which had been recently collected in the
field, Twenty five individuals representing all life stages were
introduced into oach feoding chazber, After 24h foading the animals
were removed, and the food remains photogrgphed,

& iy

14

f

Results,

Fig.1q shovs the results cbtained. It 4s olear that for all tho
four foods offered, there was no difference in palatibility between
the natural and the re-wetted dossiocator dried material,

oy T

1
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Fig.19 o }x

The smounts of re-wetted ddssicator dried food, and
food taken directly from the field, whioh were eaten by P.soaber -
dtndnga%h.éxperﬂnentalperiod. TR R
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Note that _abnoluto dry weights are nooéasary for the
acourate dotermination of retes of assimilation, ingestion, and |
egeation, because the variation in water oontent of live food
material offered may introduce errors into the experiments, ,
- Absolute &ry weights may only be dstermined by drying the matorial
in an oven at temperatures above 100°G, or preferably in a vacuum
oven at 60°C decause volatiles are 1ikely to be evaporated at
temperatures above 100°C, A further experiment was thercfore
designed to determine the percentage water loss from éaaaioator
dried food material after it had been vacuun dried at 60°C, Table
16 shoxs the results obtained from 10 samples, each of vhich ocnsisted
of ono dise easch of dead Thistle, deocaying Sycamore, and fallen
log bark, The mean water loss oalcﬁlatgd according to the fomulo.z'-‘

Table 16
Peroentage water loss when dessicator dried foods were
vacuunm dried,
Dossicator - Veouunm dried fwater
- drded wtomge . wtmge ¢ ..., ;. loss -,
631 ., . 603 - b | .
73.6 R (8 2 O
61,0 . e, S8l i - hed
o662 638 Y
71.9)' T Taed © T heb
61-".2 . R 58,8 - 4,0
5141 49.6 " 3.0
Slyed 523 3¢7
46,2 : 448 2«0

X = 3.9 % 0,547
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Dessioator dried wt = Vaouum dried wt x 100 was found to be 3.9%0.54%
Vacuum 4ried wte

2« Ingoestion, egestion, and assimilation of food under near
natural conditions using re=wetted dessiocator dried food materiale

Introduotion

The exporiments with O.asellus showed that there ms great
variation in sssimilation between individuals of the same sise
group feeding on the separate foods, necessitating the employment
of the mean porcontage assimilation efficiengy for eash groupe
Therefore it was doolded to feed P.sgabar on a mixture of preferred
foods (dead Thistle, leaves, decaying Sycamore leaves, and fellen
log‘?bark)o td dotermine the mean assimilation efficienay of all life

stagos.

Mathods

Individuals of all 1ife stages were colleoted during March
1966 and fed on shredded ocarrot wntil orange fascal pellets were
producede Disosd of the foods dead Thistls, deosying Sycamore, and.
fallen log bark, were dessiocator dried, wmighod. and re-watted in the
manner desoribed previously. 10x1 om feeding chambers were

prepared, and into each was introduced one disoc of each foods Knowing

the percentage water 1oss when the dessicator dried foods were

t.om,

.
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vaouuyd dried, 1t was possidle to determine the initial sbsolute
dry weight of the food offerede The live weight of each animal
was determined before the experimoent begane _ Individuals of the
0=3, and 3=6 mm groups were introduced 20 and 5 per feeding ohamber
for the reasons given earlier; individuals of the remaining groups
were isolated ane pexr chambere All the foeding chambers were
then placed in the field and the snimals allowed to feed for 24h;
black faescal pellots were collected every Ghe Aftor 24h foeding
the food remains were aollected, and shredded carrot was introduced}
the animals were removed, and the experiment onded when the first
ohnse faeosl pellet: was produwcedes Dry weights of the faeces
produced and the food remsins were deteruinode The dry weight
of food ingested was caloulated by the d&ifference in dxy weight
between tha food offered at the beginning of the experiment, and
the food remains sfter 24h feedings The dry welght of food
assimilated was caloulated by the difference in dry weight of food
ingested and the feeces produceds Assimilation efficliency was
caloulated as a percentage of the dry weight of food assimilated |
divided by the ciry weight of food ingested. i
Results
() Assimilation

Teble 17 and column 5 of Table 15 ghow the results for all life
stages of P.sgsbere Pig.2C shows histogrems of the data presented

e o T T o e SO, B AT STt
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in column 3 of Table 17. The ranges indicate that great

variation in assimilation effiolenqay ocowr within size groups,

thus emphasising the need for many repliocate oxperimts-. 80 that

& reasonsbly acourate mean value for this efficienay may be obtainede

Table 17 |

Significance of the mean ¥ assimilation oaloulated
for all life atages of Pescobere

Sise gréup Mean live Mean @ 8D  %¢ "o P
wtege  Assime . froedon _ :
0=3 mm 2.8 31,81 2 14,91 U a.840 2 MS
(1245 = 581)
3=6 mm 10.8 3113 2 124 19 Q856 » NS
11...3 - 66.7 .
6-8 mm 1948 Me37 2 18.59 19 6420 SNG
(1141 ~ 69.0)
8-Llmm § 43.2  39.58%18.60 0 9 Léeh 204
(609 - 710’&) Y
8«1l ma 07 385 . 39.58%15.78 . 09 . 4862 aMNA
(2060 = 70.0)
- sm @ €007  24ek7 S 13,03 9  j303 NS
' (BaO =393) - .
11=1, mad®  61le 21406 £ 14016 9 by rEA
(48 = 50,0) - “
>Ummg %8 699 s 9 2492 >0
. o (be=48e8) ., -
PUmo® 7669 . 16e0h S 1465 © 9. .. BJa7 . 0¥

(b8 = 200

" e,




Appliocation of tho *t° test for small samples gave significant
differences in aasimilation effiolenqy betwaen size groupa, values
of p = 2 04001 being obtained in many casos (see Table 17)e
Assimilation effioiency ranged from 16.04% for the > Lum size group
£0 39459% for the 8 = 11 mm group, females gencrally showing a
greater assimilation effioiengy than malese It is interesting

to note that the 8 =« 11 mm female sigze group of both O.asellus

end P.sgaber have the hiei:eat assimlilotion effiolenoy of all the
life stogese The overall moan assimilation effioienqy caloulated
from a total of 115 separate experiments for Pssoeber was 29_.26/';“

(b) Rates of Ingestion

- Caloulation of the rate of ingestion for all size groups of
Pesosber was effeoted by the employment of the two methods used
previously for Qe.aselluse Colum 4 of Teble 13 shows the resuu.;a -
obtained by direct measurcment in the’ pregent summer study with-
Besoobore It 1s olear that the 8'= 11 mm fomale groups, as with
Osos0llus showed the hirhest rate of ingestion ( 24330 mg ary w;/
2h)e  Columh i of Table 19 shows the results obteinod by calowlation
from the winter faecos prodwotion data (Table 9). whore 70e7%5
. of tho food ingosted is produced as faeoes, and 29,26% 1s aaa:hnﬂatud.
A comparison of Table 18 and 19 shows that the rates of ingestion
for each aize group were aimilar, with the exception of the high value

— e




-52-

obtained for the 8 = 11 mm fomales in the summer experimente The

data woere poolod- 80 that a rogression of ingestion rato upon .

live weight ocould be caloulatede

Fige2! ghows the result of a

double logarithmio plot of ingestion rate (X) upon live welght

(). .

The atralight line was ocaloulated by the leaat squares mothod;

a oorrolation goefficient of 0692 was obtained, and the formuls

Log X = 04887 ¢ 045776

’ . Table 18

Fasces productioh, food ingestod, end food assimilated

(mg ary wt/24h) by all life stages of Pesgabexr
during the summer seasone '

Size group Mean
Lewte

Q‘- 3 m 2.8
3«6mm - 1048
6 -8 m 15.8
§ =Lm @ 432
8=11md" | 3845
QU m® 6047
11 = L, md™ 8l
> U um @ 98
U mo" 7649

Rangas in brackets |

Faeoces
prode

0,018
(0.01~0403)

0373
(010=0475)

04705
(040-15)

1405
(0e30=2435)

06665
(0015 "1.60)

1.045
(0.70-1.70)

1.120
(0050'2 050)

1.275
(0690=2,20)

0.960

| (0e55=1475)

Log Y was caloulated.

@ood

ingoated

04028
(0401=0405)

04548
(0¢15+1.10)

1.130

(Ol 5=2430).

24300 .

(1e05=340)

1,260
(0.20-5q10)

1.485
(0485=3435)

14,20
‘.(0060'2050)

1,560
(1400=2430)

1.160
(0460~1.50)

Food

assimilated

0.010
(0 «001=0 .OO})

06175

0e05-0,55) ' '

Oes25
(0405=1400)

‘ 04925

(0e10=1440)

0.595
(005=1455)

0420 .
(0e10=2465)

06300
(0.05=0490)

04205
(0005"1 005)

0200
(0+05-0475)

S —
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P,sgsbers

Regression of ingestion rate upon live weight,
least aquares estimate of the regression,

X h'cm' wintor fq_écea production eiperiments
- @ From summer #ssinilation experiments
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(a) the known dry weights of faeces produced/24h
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Teble 19
Food ingested, and food assimilated as caloulated from

obtained in the winter fasces production
experimonts, and
(b) the amssimilation officioncy of 29267

Size group

O=3mm .
3-6m‘
6«8 m
6=8m
8«11 m
11 = 1) am
2 1 mm

Mean live Faocaes -
wte Mo

5e3
13ek
Lye9

- 2767
. w.o .
| 7100.’

915

(o) Rates of egestion

Dats from two direct measurements shown in Table 18 and 19
wore availaeble.
from the summer season assimilation experiments, and column 3
of Table 19 sltaowa similar results which were ¢btsined from the
winter fasces production experimentse

prode
06151
06349
04408

04586
Coda
. 0.982

1.113

Food
ingested

0.213 -
Q493
0e577
0.828
14137 .

14386
1573

Food
nsnimo

0.062
[V ISTAN
04169
Qo242
0e333

04406
w60

Column 3 of Table 18 shows the results obtained

The data from th: two

i

experiments were pooled, 80 that a Tegresaion of faeces produstion
upon live weight could be caloulateds Fige22 shows the result of

g o e ~3
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a double logarithmie plot of fasces produstion (X) upon live
weight (Y)e The straight line was celoulated by the least
squares methodj a correlation coofficiont of 0.97'm obtained,
and the formula Log X = -1-997 * O.GIJL,\OSwL oaloulated.

With the results outlined in Chapter 2 and the present chanter,
it was possible to proceced to the scaloulation of the 'best '
estimates' of all the param.ters of the equations=

Asginilation = Ihaaation - Egestion |

The methods employed and the results obtained fomm the basis
of the following chapters | | -
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Chaptor 4

Tho caloulation of the 'best ostimate' of I (assimilation) or

energy cntering the individuale

Becausa of theo lack of knowledgs of the life atago
composition of natural populations of Oniscus asellus and Porcellio
Scsber it 1s not possidble to caloulate the energy assimilated by the
populations per unit area of habitat per annume Under these
oircumatances the omploymont of the 'beat estimate' proposed by
Phillipson (1962, 1963) is permmissablee ‘'Best estimates' for food
assimilated per gram live weight per 24h wore caloulated from the
data on ingestion, egestion and assimilation bnsmtod in the

provious chapterse

Yothodsn

Calorifioc valuos of the foods used and faeces produced were

| obtained by combusting polloted samples in a mioro-bomb calorimeter

(s0e Cheptor 6)e Two mothods were omplayed to caloulate tho 'best
estimates® of ' food assimilated, f#od ingosted and food iegosted per |
gram live weight per unit time by both spooiese The data for
mothod I were obtainoed from the winter faeses priduction exp:riments
(Teble 14 O.ns0llus; Teble 19 Pesonber)e For method 2 the data
presented in Tables 15 and 15 O.asellus, and *i'able 18_Pesosbor,
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which were obtained from the summer assimilation oxporiments, wore
useode . .

Tablos 20-2) show the mothods employed to caloulate the
'bost ostimates' of I (assimilation) by these two mothodse
(1) The totals of tho mean weights of each sigze group were detormined
and expressed in milligramse
(2) The total weights of food ingested and egested were converted
10 oalories by moans of the measured valusg for £ood and fasocos
(see Chapter 6)e The number of calories assimilated were caloulated
88 Ingestion (oal) minues Bgestion (ocal)e
(3) The results were theu oxpressed as tho ‘best estimate' of celordes
assimilated pexr 24h by 1 gram live weight of 1sop6d. Tables
2% and 25 show the summorized results of assimilaticn, ingestion
and egestion for both speciese . The 'best estimates’ by both
methods and their means are presented as ma/g.l:l.ve weight of isppod/
24h, and cal/g.live waight of uopoa/m.
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Table 20

Caloulation of tho 'best estirate of I (assimilation) for
Q.n.sallus using tho data obtained in the winter fecces
production experimentae.

Size group Mean live  Yoan Meen " Mecon
wte Dge ingestion egestion assinilation
(mge 4ry woipght per 24he)

0~3 mn lo7 sl 04076 0.028
3=6 ma 842 - 00229 04167 04062
3~6 zm 10.2 04360 ' 06262 04098
6~8 m Use5 057  0e333 012
6~8 mm 164 14230 04890 0e340
8=11 mn @ 3548 14460 “14060 0400
811 mm & 3240 14620 180 . O0u40
11V, mm 6340 200 - 1530 - 0.570
11, mn O 6405 | 2,061 14500 04561

>y o Q 112:0) 24570 1.870 - 04700

YU mF 9940 24320 14690 04630
(1) TOTAL L5743 WaSll 104558 34953 mee -

Totel mg is multiplied
by mean cal val ofi= (food = 1..186) (acces = 4..212) Konl/g.

to give

(2) TOTAL CALORIES B 60.7%3 uuwb (164273)Cale

(3) <¢ 1 g live weight of Q.asellus assimllates 16.273x1000 Cal/2he
4573 *

I ® 35585 0al/g live wh/24he

it
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Table 21
Caloulation of tho 'best cstimate' of I (assimilation) for

Q.asellus using tho data obtained in the aummex
assimilution experiments.

Size group Kean live Hean ¥ean Xoan
' wtellZe ingeostion egestion ' assimilation
| ‘ (mge ary welght per 24h)
0=3 mm " 069 001 0053 . 04026
3=6 mm 732 0256 0el7L 04085
€=8 mh 16.71 | 14082 0.620 04262
B-Llmm @ - 427 © 247600 1316 Lells5
8-11 mm (o 39l 24047 123 0492
-1, o ¢ ‘ 84472 24296 14855 Ol
11U sad 76495 2687 24067 04620
' > Uy mm @ | 14,2450 24,8, 1776 0.708
' >V, ma 0’ 1172 | 1.506 1.333 04573
:(1) TOTAL  528u9 154598 '_ 104514 5408, mge

Total mg is multipllied by
mean calevale ofs= (£00d = L4¢186) (fmos = 4.212) Koal/ge

to glvae
(2) TOTAL CALORIES 654293 - bhe285  (214008) ocale
{3) o-:. 1 g¢ live weight of Qensellus asaimilatel_af- 31550(329 x_1000 0al/2he

I = 39.750 001/50'11;'0 Wto/zo.ho .

=
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Tedle 22

Caloulstion of the 'bost estimate® of I (aasimilation)
for Peagahar using the deta obtained from the

winter fucees production experimantse

Size group Hoan live

wte 2B
O=3 mn 5'03
3=6 m 13l
68m ) TRK
68 ma ‘ 277
o 8«11 mm . 4840
Ul mm 700
PR TR 9145
(1) TOTAL 2718

Total mg i3 multiplied

Yean Yean ¥oan
D, T e
0213 0151 04062

0e493 0e349 0ulids

0577 04408 0169

0,828 04586 o242

1.37 0480, 04383

14348 04962 04406

14573 1.113 044,60

60209 1,816 nge

bel35

by mean cele val oft= (food = 4.¢186) (faeces = 3-909) Koal/ge

to give
(2) TOTAL cm.oxu:as

(3) &1 g0 1% wiedt of Pagorber sssixilaten 8271’.‘ 1990 su1/zn.

25991

I 32447 08)/ge 1dve i%./z.n;

17.172

(8 0819) 0&10

T —
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etk 2 T el

I e T s

T




Table 23

Caloulation of the "bost estimnte' of I (assimilation)
for Pesonber using the data obtained from the
summor essimilgtion experiments

Sise Eroup ::‘::s].#e matiou | f;aaztion gggmilauon_
(mg dry welght per 24h)

O=3 mn 2.8 0,028 0,018 04010

56m 108 0.8 06373 04175

68 o 198 1330 00705 0425

8~11 mm Q 4362 24330 1405 00925

811 ma & 3845 1.260 0s665 04595

1-U m@ 6047 185 1.5 00

11U m0  6ld 120 14120 04300
YU mmQ 948 15600 1275 04285
U md 7649 . 1460 04966 04200

(1) ToTAL 40849 10.921 7566 30355 nge

Total ng is multiplied by
mean cale vale Of3= (food = 4.186) (faeces = ).909) Koal/s

to give
(2) TOTAL CALORIXES L5eT5 294575 (164140) oale

(3) ¢ 1 g« 1ive woight of Penosber assinilatu:- 16 1_1,: ; 1000 W?Joh
Is 39472 onl/c. live wt/z!.h.
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'l‘ablel 2

Sumpary of the 'bast estimates' of assimilation,
ingestion and egestion for lg. 11va wte .

of Q.asellus |
(a) by woight (mg ary wt/24h) end
(v) by calories (oal/24h.)

Expte Food Moen Food Mean Food  Moen

Assinilated Ingested o Egosted
(a) Beflh - 9413 3le73 - . 30462 25609 - A9
¥inter < o o ' :
Sumer = 9462 29.51 ~ 19489
) -- » -
VWinter 35.585 3706& 132.830 128,188 9702&5 900520
Sunmer 59.75!. . "123.5!;6 ‘ 85795

Table 25 -

" Summary of the 'best estimate' of assimilaticn, ingestion
and egeation for 1 ge live wte of Pesgober

5 g g ::i?:-:e( cﬂ/ﬂﬁ{.

Expte Food Hoan Foqa. - noo.i .. Food Mean
. - Assimilated Ingeated rgested

(2) -

W .'mtez' © 6468 756 - 22.8, . 2509 . 16416 17653
Summer 8443 © 27e33 . 18490-

()

Summez: 394,72 ° 111,800 | 720328

Vinter 32447  35.960 954625 10373 634178 674753
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Knowing the 'best estimates' of assimilation,
ingestion and egestion, the equations given by Phillipson (1960)
noy now be satisfied in terws of dry welght or caloriese
le It of food assimllated = Wte of food ingosted = iite of faeces

ogostod
(mge dry wt/gelive whe/24h) (mge dry wt/gelive (mge dry wt/gelive
wte/2:h) wte/2he
(a)eQengellus . 9413 | = 3062 = . 21e49
(b)ePososber 7456 . 25409 - 17.53
2. Ex:::g lzieiood e ® Enoi:g‘::'drood - aze:ga::'dfucea
(cal/gelive wt/2h.) (cal/ge14ve wt/24h) | '_ (0nle/gelive wt/2he)
",(a).O.asellgg : '37.668 - | 128.1688 - . . -904520
(b)ssosber 35960 = . 10573 . = 61753

Thus for tho equation I sRe Y 1= -
I= 374668 0al/or 9+13 mg por gelive wt/2uh Q.osellug
I = 354960 oal or 756 mg per ge live wt/2ihe Pssoaber
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SECTION 2

The evaluation of the 'best estimate' of respiratory enorgy loss

(R or T A 8) by Opisous apellus and Porcsllio_soabgre
Chapter S

Respiratory metabolism of the isopods Oeasellus and P.soebey

Introduotion

| Respiratory metabolism for OCe.asellus has been published by
Phillipson end Watson (1965)¢ The lack of literature concerning
respiratory motabolisn studies for animals of the type designated
by Heofadyen (1363) and others, as 'large decomposers' in all their
life stages was reported in that papers A stw of Po.sgaber .
supplements the O:aaellnn‘ atudy, and is reported heres A 'best
estimate' of respiratory energy 10ss por unit weight per unit
time 13 presented for both Osasellus and I.sgsber, which should
feoilitate the caloulation, from hi@as date, the annual respiratory
energy loss per unit wight, per wiit ares, A_by axw population

of these two gpecica. . . j

le Osasollug - _ .
_Abstract of Phillipson and Watson (1965)s The complete paper
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appoars aﬁ an appendix, but a summary of the results is given
bolowe -

(1) Approximately 700 individuala of O.asellus of all sigzos were
subJeoted to oxygen consumption tests baetween larch 1963 and '.
March 196k ' -
(2) In the relationship live weight to length a change ooours

at epproximately 20 mg and 7.5 mm, which slso ooincides with a
change in the respiratoxry rate to live weight relationships The
high oxygen uptake at live weights less than 20 mg is clearly
assooliated wlith growthe o

(3) At woights greeter than 20 mg the respiratory rate per wnit

welght 1s fuirly ccmstant, except during May, Juné .and. July when
seasonal aborranoe, assoclated yith reproductivo_ aotivitios |
ocourrede | o |

(4) A linear ralaﬂoxmhip oxists betieen the 1live mi@:t of an
individual and the numbor of embryos and/or young per brood.

Welight momasa above 100 mg is msinly aooounted for by an inorease
in the numbez- of young pexr brood.

(5) Seasocnal difforences in respiratory rates por unit woight coowr
betweon March and August. and are more than twioe as hi@z as thou
obtainad ror the wintor months.
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(6) Two methods of caloulating a 'bost estimate® of oxygon
oconsumption per unit woight per unit time are givone Those

two estimates are 0losel 44992 and 5.328 mnm 3Oa/zng/z;.k\. Using
an oxycalorific equivalent of 5 Keoal/litre the 'bost estimatos®
ware converted to oalories, the two estimates beingt= 25,000 and
2647000 cal/gram live weight/2he '

2e¢ Pesgadber

Approximately 800 individuals of all sizes were collocted

in the field and subjected to oxygen consumption tests between

Junel96é, and June 1965; The respiromster used was the continuously
fecording one desoribed by Phillipson (1962).. Moasurements of
oxygen oonsumption were mode at 16 = 0,1°C and the hualdity of the
motabolisn chamber was kept above 907 RH by moans of a strip of damp
filtor pa;per 3x1 ome ’i‘hla record for sach individual was
con}:}nuou over a period of at least 48h, but the rates of oxygen
consumption were oaslculated from the results obtained for the 24k

. period betwsen 6 and 3Ch after the experiment begane Individuals

were placed in the respirometer within ons hour of ocolleotion, a.ml

‘were not fed in the leboratory or in the apparatusy Date of

oapture, sex, live weight, total body length, total body width,
breeding condition, and respimtory' rote wexe’ roqordod for each |
individuals o o i
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Results

Longth/weight and length/width relationshipse

Graphs showing tho rolationship of length to live weight,
and body width, were oonstruoted for eech month of the year, but
thoy were 80 alike that only those for June and Deoomber are
given (Figs.23,2f.end 25)e It 48 clear that a change in the
relationship of live weight to length ococours at approximately 16
mg live weight (equivalent to a length of 7.0 mm)e This change

oolnoides with that observed in the respiratory rate to live

waight relationship shown in Figs«26=27.
Oxygen consumption

Figse 24~27 show the respiratory rate per unit weight plotted
against live weight for oach month of the years All the grophs
show a similer ourve with an infloxion within tho 1iv: waight
range of 10=20 mge Over 20 mg live weight the respiratory
rate per unit welight is feirly constant for each monthe The
marked inorease in rate per unit wolght shown by QO.isellus in the
months of m‘w to July was not as apparent in the P.sccboXr experimontse

Breedlng season and respiratory rate

ALl fenale Pescober used for oxygen consumption exporiments were
dissectede The candition of tho ovaries was noted and, whon present,
tho number of embryos and/ox young oontdhea in the brood pouch




Eapochor:

The relationships of body length to
months of December 1964 to June 196

adults e
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P, ssehars

\

The rolationshipa of length to 1ive weight, June 196!.. and 1965,
Unsexed individuala X , Malea @ femaloa Q.
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counteds Teblo 26 shows the ovary oondition of all animals
dissected for sach month of the year.

Teble 26

Gonad condition of adult fomale P.sogber used fox
respiratory rate measurements from Juns to December 1964, and
Jnnuary to June 1965.

Number of adults with

1965 ' Small eggs developing early  late embryos/
eggs embxyos young
January n 6 o . 0
Febmaz'yv ' 8 o 2 0 0
Yarh . 2 . . . 18. 0 0
Aprid o | 2 o 0 o
Koy 0 8 13 0
1965 June @ O 2 46 1
1965 July n ° Y 17
August 22 0 0 2
September ) 16 | 16 0 o]
October n 4 0 0
November L0 0 o 0
Decezber 20 0 0 0

It is olear that overies develop at first gradually, and later
ropidly to a maximum in May when early embryos Segin to appear in the
brood pouche  After the first brood is libersted in August, the




Figa, 26-29

P, soabers
Reaspiratory rate per unit weight plotted against live
weight from June 1 to June 1965,

Unsexad individuals

Males

¥

© .

O Females without brood pouch
)X Females + early embryos
()

Females + late embryos
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ovaries begin to develop rapidly in ordor to produce a second
broode In this case a second brood failed to dovelope

Season and respiratory rate

The ratio of Juveniles to adults, or breeding to non=breeding
individuals, in the exporimonts indicated in Figse 26=29 may

' not roflect the field situntione Howovor, Af it 4s assumed
that the greatest proportion of the blomass thraghout the year is

compBsed of individuals excaeding 16 mg live weight, thén a
comparison of mean monthly respiratory rates will indicate : . ::
mininum seasonal difforenoes in respiratory energy losse Fige30
shows that seasonal differences do oocur in both sexese The mean
respiratory rates for the summer months (April to September) 0O.211
and 06199 mm 302/mg/h for males and females respectively are
considorably highor than tho Oe151 and 0158 mm %0,/ng/h (males
and females) obtalned for the winter months (Ootobor to larch)e

R Considerntion of the rosults in Table 26 and Fig.30 indicates a
| definite trend for respiratory rates deing dependant on ovory
dovelopmant.' A stoady inoreass of oxygen consumption from January

to May refleots ovary devolopmente In June, a sudden drop in
vespiratory rate ocourred in females aftor the matura oggs had

boen deposited in the brood pouche The rate rose agein in July

when all tho bio0d pouches contained exnbryos which were about to be

“)
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F1g30

P;scabor:

¥eon monthly respiratory rate per unit weight of individuals
which exceed 16 mg.live weight; Males @ , fomales A
also the mean reaspiratory rate per unit weight of females .vhioh
contain undeveloped eggs LJ , devoloping eggs. L.J 3
early embryos . b4 , and late embryoa/yomg

by month of oooux;renoo. .
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roleasode This inorease in respiratory rate continued to
Septegper when the ovaries wore again devoloping mpidly. only
+~40 drop suddenly in October to December when ovaries contalned
w.wndeveloped eggse

Rt - I

Annual respiratory metabolism

Beoause of ths variebility .of respiraﬂ:_ory rate with size,
breeding condition, and season, and.the lack of knowledge of the
life stage oomposition of a natural population of Psscabor, it was
not posaible to oaloulate directly the respitatory energy loss _ !
per unit area of habitat per snnume Under these .oiroumstnnoas the b
employaent of tho 'bost estimate® technique proposed by Phillipson

(1961, 1962) was again fémissableo Table 27 shows the mothod_.a |
employed in oaloulating & ‘best estimate' of oxygen consumptione o
In both methods it was assumsd that where it was not practical io | o .
assess the gonad condition aco&ataly. the weight of the animal ,
 would roflect gonsd oonditions This assumption wis mado for ' il
Juveniles (<16 mg live weight), and they were grouped in the four
categories shown in Toble 27 Indiﬂduals greator than 16 mg | : |
live weight were sexed. '

It was also assumed that the time of occuri'ence of males would
reflect gonad oondition, consequently the males wore grouped according " ,

~ to month of ocourreence in the two mathods of caloulating a 'best i
ostimate'e The gonad condition of females could be assessed, and in

method 1 the females wero grouped into those with small eggs, those
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with dovoloping eggs, those with early embryos, and those with
late ozbryos/younge In method 2 the femalos, like the males,

wore grouped according to month of oocurraoncee

Caloulation of a *best estimate’ ot; oxygen consumption by
method 1 gave aresult of 4e249 mm “0/mg/24h, end by method 2,
44122 mm 302ng/2hh- To convert the oxygen consumption figures
%o oalories an oxycalorific equivalent of § Kecal/litro was used.
The'best estimate® thus obtalned of respiratory energy loss (R or

T A §) for Pegosber was, by mothod 1 21.2,5 oal/gelive wt/24h,
and by method 2 20,610 oal/s.livo wt/24he
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SECTION 3
The measurement of growth (Yl *Y, Y,) of the isopods
Onisous assllus and Porgellio -agabar.

Ceneral Introduction

Yl + Yz + Y, remain to be measured to sntisty_ the equation
I=R+ ¥+ Yz + Y5 for Qesasellus and P.sgosbere Little attention
has been given to the measurcment of the parameters .Yl + Y2 + Y}
for all life stages of terrestrial invertebratess Caloulations
of growth from population data were made by Odum and Smalley (1959)
for the grasshopper Orchelimum fidicinium; Bngelmann (1961)
various soil Arthropods, mainly Oribatelj Odum ot al (1962) the
grasshoppor lielanopus femur « rubrum, M. biliteratus, and the tree
‘orioket Oscanthus nigricornis; Golley and Gentry (1964) the scuthern
harvester ant Pogonomyrmex badius; Wiegert (196€4) the spittle bug
Philaenus spumnrius; and (1965) various Orthoptera; and Saito (1965)
the isppdd Ligidium Japonioume Studies on the growth by length
of isopods ho.ve; been made by Neeley (1941); Hatohott (1547); _
¥atsskis (1955)5 Bakker (1956) Breroton (1956); Paris and Pitelka
(1963) end Wieser (1965).

Caly Saito (1965) has attempted to caloulate growth or production
of all life stages of a species designated by Maofadyen (1963)
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and others as a 'large decomposer’s The present study gives

such data for tho two isopods Q.nsellus and Pesopbere Growth

nay be measured in two wayséi- A |

(1) Detailed population studies enable population growth,
production of young and growth by moult to be msasured dirsotly
and accurately providing an efficlent sampling programme is
oarried out.

| (2) Whon biomamss data and the 1ife stage composition of a
population 1s unknown, the growth per unit time of 1nd1vidu.ala
reprosenting all life atag;:a may be moagsurede Such womation |
permits the construction of a growth ourve ovex; the whole life span,
and the weight increase per unit-tima for each life stago can thus
be egtimatode This latier method was used to ocaloulate growth of
Oensollug and Pesosbore The lack of knowledge of the life stage
composition of natural populations of the twﬁ species of iaopods
being studied made it impossible to caloulate direotly the energy
used for body growth, growth of reproductive tissus and growth by
moult per unit area of hadbitat per annum, therefore the emplqymcné
of the 'bost eatimate' technique proposed by Fuillipson (1962,
1963) was nocessarye To oaloulate the best estimate of growth the
following data wore cansidered necessary for all the lifae stages of

the two isopod species:~

e et o ey Ty e e g
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1e The rates of growth (mg live weight)of individual 1s0pods
por unit time. _

2¢ The dry weights of non reprodustive and roprodustive tissue
comprising the above live weight inoroases per unit time.

Je Thoe onergy in calorics oquivalent to the abovementioned dry
woightso :

A 'beat estimato' of growth (YJ. +Y,+ YJ) could tharefore
be caloulated, thus facilitating the caloulation, fyom biomass data,
of the annual enorgy of growth per unit area of habitat by any

population of O.psellus or P.gosbere Chapters 5,7 and 8 show
how this information was cbtained.
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Chaptor 6 )
Calorific values of iaopod muteriale

Introduotion

Information concerning the calorific values of enimal material
is spargse.. Calorific values have been given by Gere (1956) for
the caterpinaé Hyphentria ouneas Odum and Smalley (1959) for
the grasshopper Orghelimum fidioinimh; Golley (1961) for unapeéifiod
inseots; Slobodkin and Richman (1961) for unspecified mites and
bectles; Golley and Gentry [196;) for the ant Pogo hcm ex_bodius;
Wiegert (19€4) for the spittle bug Philsenus spumorius end '
(1965) for various Ort}xoptez;ax and Saito (1965) for the dsopod

Ligidium .Jagonigum.

The mothods used in determining the oalorific values of
biological materials have been desoribed by Phillipson (1964) who
als_o reported the availebility of a mioro bomb calorimeter which
was cepable of combusting seamples of 5-100 mg dry weighte This

last mentionep. apparatus was used in the present studiese

Methods

For each species samples wo}e obtained of male and female bodies
of all 1ifo stages at diffqrent seasons, '_mprp_duotivg tissue in all :

P A
LR
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dovelopmental stages, moulted exoskoletons, preferred foods and
the faecos produced from these foodse 'Samples wore vacuum dried
at 60°, finely groumnd with an agate pestle snd mortar, pelleted,
and stored over a dessioante Calorific values were obtained

by combusting pellets of approximately 10 mg dry woight in a
slirhtly modified model of the Phillipson (1964) mioro homb.
calorimeter, which had pmﬁ.ouoly been dalibrated with benzoicls
a.wid. Operation of the bomb was dasoribod by Phillipson (196)).
At least three determinations were mads on oach semploe

 'Rosults

Calibration of the bomb :

The values of ton consecutive combustions of benzoic acid

vere dotorminede A mean valua of 047573 ¢ 04005 mV/100 cal (SeEe

04002, G.Ve 0.064) was obtaineds The calibration was periodiocally
chacked and was found not to verye The mean calibrationfigure
was used for ocaloulation of the ocalorific valus of all matorials

' subgequently burned (see Appemdix for sample data sheet)e

Calorifioc values of exuviase:
Attempts to determine the oalorifioc value of moulted exoskeletons

weye disoontinued after rapéated fallure of combustion for these

- samples,indicated that thay oontained s high percentage of mineral,

thus having no significant calorifie valuee  <'slwrdi e viiugy o)

ST L TR LT

I s e e et i




Calorific values of isopod bodias, reprodustive tissus, foods and faecess

Tables 28429 and. 30 asbe show the resulta obtained for
JJ.O separato determinations.
Body tissuas.
(a) Qsasellus 20 combustions for Juveniles and mals bodies, and 40
for juvenile and female bodles gave mean calorifio values for all .
1ife stagos of 3.622 and 34567 K.0al/gedry wt respestivelye
(See Tadble 28)
(b) Pesgsber 13 end 20 determinations gave mean valuses for all
1ife stages of 5,28 (males) and BL75 (fomales) Keoal/gedry whe.
respectivelye. - (See Tadble 28)s .-

Reproduative tisaue .

Beocause of the proportionately small size of underdeveloped
ovaries 1t was sssumed that they 4id not make a significant
contribution to tho mean aalorifie velus of whole animals, therefore
separate measurements were not made for this matorial,. Detemix_mtiona
wore made foz-'r.ipo or developing ovaries, and early and late embryose

The following haan vuluga (ke0al/gedzy wte) were obtained:-
Ripe or developing ovardes ! O.asellus 5.328; P.sosber 5e31 .

Early embryos .+ v % Qsnsellus 64507; Pesosber 64528 .
Lato embryos . 8 Qenpellus 55873 Pesooboxr 56633,

(80e Table 28) .
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Calorific velugs of proferred foods

Table 29 shows the results obtainede The mean ocalorific
value of all foods previously used in the determination of I
(assinilation) was 4186 Ke0al/ge dry wt.

Ceolorifio values of facces :

(a) Q.as0llust Cloarly thure was a possibility that the oalorifie
valuo of facces produced would vary with the type or. food eaten

and the life atage of the animal eating ite Therefore an attempt
was made to 8o if the oalorific value of faoces varied with the
type of food and the life stage of the anlmale The 6~8 mm and

11 = 1\ mm size gz;oups of O.2801lus were fed soparately with disos
of each of the four foods, Deed Sweet Chestnut leaves, Dead Ogk
leaves, Deoaying Onk leaves and ‘Dacs.vins Syocamore loavese The
feocss prb&uced by each life ateage from each f'00d wers pelleted

and oombu#tad. Table 30 shows that significant differences did |
coour, but not knowing the 1life stage oomposition and the amounts of
_ each food aotually oonsumed by each life stage of a field population,
the mean value for all facoes of 44212 Keoal/gedry wt was determined,
and assumed to represent the calorific value of faeces being
produced by all individuals in the flelde

(b) Besosber: Individuals of all life stages were sllowod to defecate
in feeding chambers whioh were placed in the fielde No food was

offored, therofore the faeces collected were produced from foods

|
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Table 28

Mean calorific values obtained for body and reprofuctive tissue
for all life stages of O,anellus and P,scsber,

‘Haterial

Devel,ovaries
BEarly embryos

Late embryos

. O=3 mm bodies

3«6 mm bodies

6~8 ma bodiea
8-11m J bodies
8~11rm Q bods, + MR
8=11mm Q bods, = R

. 8~11m Q bods, = BP

11~14mn §'boda,
11=14mm Q boda, +R
1-14um Q bods, = R
11=14mn Q bods, = BP
) 4am § boddes
o am 2 boc}a. +NR
>1hm‘g ‘bods, = R
>{4am Q bods, ~IP

.n a(k.oaJ/g dry wt.)

W W W wm W uw W F e W

W W F O wmow W

Og,asellus
Cal Val

5.338 £ 0,090
6.507 £ 0,025

5.587 = 0,025

.94 0,092
2,920 0,229
2,906 < 0,017
4,187 < 0,070
415 = 0,119
3.720 £ 0,07
3.950 = 0,088

4153 £ 0,148

3.913 % 0,05,

3,380 & 0,022

3,470 2 0,030

2.925 £ 0,047
345 2 0,087

3,557 2 0,040

3.723 & 0,080 -

S.E,

0,052

0,015
0.014

0,046
0.132
0,010
0,040
0.053
04041
0.051

. 0,085

0,034
0,013

0.017

0.02%
0,043
0,023
0.6

% ash
2,92
3.37
15,07
27,55
29,88
31.87

. 30,68

29,23
27,91
33.6h
30.42
29,60
30.97
31,66

34090

34485
28.22

32.57

C.V,
1,69
039
0,45
2.33
7.83
0.60
1,66
2,86
1.90
2.2
3056
1,39
0. 64
0495
1.61
2,52
113
2,1

COﬂtd- sese




Yaterial
Devel,ovaries
Early embryos
Late embryos
O=3um bodles
3=-6mn bodies
6-8mm bodies
g=11m & bods,
8-11mm Q dods.+ NR
8=11zm 9 bods.~ R
8=11mm Q_ bods =-EP
11-14m §"bodies
11=14mm g_bods. + KR
1i=14mm Q bods = R
11-1m @ bods - BP
> 14mm anods
> 1o @ bods, + ﬁa
> 14mm 2 bods, = R
’"‘"“3 bods, = BP

Table 28 (contdee.)

n.= <k.ﬁfl.v§“m wt) S.E,
& 5a3 fo13 0.056
3 6,528 £ 0,029 0,016
3 5.633 = 0,028 0.015
NO DATA AVAILABLE
3 3,367 = 0,135 0,078
L 3,908 I 0,049 0,025
3 3.523 & 0,040 0,023
NO DATA AVAILABLE
3.2.3.347 = 0,07 0s 3 -
§.123.151 3 0,02, 0,014
3 3,523 2 0,025 0,014
NO DATA AVAILABLE
3 3,860 = 0,059 0,029
3 3,462 & 0,087 0,050
NO DATA AVAILABLE
NO DATA AVAILABLE
3 3.535 % 0.057 0,033
NO DATA AVAILABLE

NR = Undeveloped ovaries
R = Developing ovaries
BP = Brood pouch

% ash
2,47
1.05
13,66

25.37
239

26,26

31,81
27.01
26,61

27.25
30.80

2943k

CeVe
2,08
Oolds
0.46

4Ot
1.26

11l

2,22

0075 '

0.7

2,75

1.62




- 80 -
eaten in the fielde A moan calorific valus of 3909 Keoal/gedry
wte was obtainede ' ‘

All the mean valuos thus obteined for body tissue, reproductive
tissue, foods..and feoces wore later used to.oonVart the 'best |
estimates! obtained for I (Chapter 4) and 1 +Y, (Chapter 8)
into oqlorios per gram live weight par unit time.

Table 29
'_'_ The mean calorific values of foods
r; | o Cal valua -.
Food materisl : n  Keonl/gedry wte SeEe % ash  oeve
_.' Dead SeChestaut . 3 4e313%0.017 0010 3490  Oe34

leaves

44030504057 04033 346  1u40
4627504040 0.023 3453 0487
4022050.049 0,025 9464 1.7
34733%0.072 0u042  TeTh 19
3 ¥oan all foods 16 4186504290 0,073 591 690

’

3 Dead Oak leaves
' DeasOak loaves

DogeSycamore leaves

w o oW W

Q Doud Thistle leaves
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Table 30

(a) The Yoan oslorific values cbtained from facces produced when
difforent 1life steges of Qe.nsellus were fed on four separate

food itema.

(b) The mesn oalorifio velue of faeoes produced by individuals of
Pescaber which had besn feeding in the fleld.

¥ean all faeces

Faooes " n = Cal value o
. materials . " Keoal/gedry wte
(a)Daad Se 6.8mm 3 #01k7t°o°21'
Chostnut : + :
faecon 11 1 3 34783=0,0153
~ Dead Oak 6~8mn 5 Le25Tz0.043
. faeces l=Mom 3 4609720.060
Docaying {5-8m 3 4e323%0.010
Oak R -
~fazces  (ll<lmm 3 24360204099
Decaying 6~8imn 3 4e327%0.005
Sycamore : + :
faoces 11=-1mm 3 44 03=0,017 _
b/

14212£0,197

- (b))Pesceber faeoes 3 3.909%0.045

Selle

0.01.2
0,007
04025

04035

04006

04057

0.003
0,010

04040

0,026

% ash
3420
3e32
Lot
6429
17.83
9.89
12,10
12.99
8489

13,92

CeVe

050
0633
1.00

147

0.22

228

0.12

039

b o€8

1.15
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" Chapter 7

¥et weight/dry weight relationships of body and reproductive tissue

Introduction

Beoause of the variation of 1live weight dus to varying
water oontent, Engelmann (196€6) emphasised the need for weight
doterninations in energetiocs studies to be in terms of dry weight.
Live weight/dry woight xolationships of whole animals have been given
by Hubbell, Sikora and Paris (1965) for the isopod Armadillidium

, Yulgerejand Saito (1965) for the isopod Ligddiun'isponioume The

present atudy prssents data for wet waight/dry weiéht relationships
of all life stoges and brecding conditions of tho speoies O.azellus
and P.soober,thus facilitating the oonversion to dry weights _oz‘ the
live wolight data from growth exporimonta (Chapter 8). .

Methods

Experiments were performed to obtain wot woight/dry wo.tght' |

data for individuall of all 11!'0 atagu d.uring both the non br«dina

and brecding naazona. _
(a) Males and non breesding femsles. .

. Individusls of both species repém&ting all life stago; wore
ooliéoted. in the ﬁold. Males waro colleoted at all seasons, but

rcmlca were onl.y oonoctad whon they oontained \mdavolopod ovaries.

o ¢ e, Aot
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Fach individual was weighed live, veouun dried at 60°c. and the
dxy wolght determinode
(b) Breeding fomales

Breeding femalos (> 16 mg live weight or 7 mm length) of
both species were collected in the field during the first weock
of Merch 1966e The animals thus oollocted wore transferred to
unglaged plant pots whioh had been prepared in the following mannere
Pots were sunk into the ground in the fisld, the topz being allowed
to projJect 15 oms above 801l lovele A mixture of soil and gravel
was introduced intil it filled tho pot to 20il lavele A litter
layer wes placed on top of the 501l to simulate nctural oonditionse
A weatherproof board kept in place by heavy stones sealed each
pote Every three days samples of isopods were dissccted to determine
the presence of rapidly deveioping ovaries, early or late embryos, tho
desoription of which has alreedy been given by Phillipson and
 ¥atson (1965)e Seoveral authors have reported the moan duration
of ombryo development in the brood pouch of isopodas= Pierce (1907)3
Verhooff (1929)3 Howard (1940); Heeley (1941); Hatohott (1947)5.
and Bakker (1956)e Knowing the time of formation of a brood pouch
for a certain individual, it was therefore possiblo to estimate when
. early or late embryos were likely to be prosents Early and late
eubryos werc assumad to be presont 7 doys and 28 days rospectively
aftar the formation of a brood poushe Whex; 5. brood pouch formed,

T e M T T T
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the date was noted, and the animal 1solated to be later inspected -
for either early or late embryo determination.

At least 30 individuals of each speoies representing all
lifs stagoes wore colleoted for each reproductive stago (developing
or ripe ovaries, carly embryos, and late embryos), cach individual
being analysed in the following monnert= The head and hepatopancross
were withdrawn cephealiocally, and the gut and scbdominal sogments withdrawn
caMdallye The legs were cut off with fine soissorse The body |
mMs wag placed yentral surface uppermost in a potri aish
oontaining semi molten waxe Vhen the wax hardenecd, the ventral
surface was removed by means of fine dissecting needles under a
binooular microscopes The reproductive material was oanrefully
reuoved and the number of eggs or embryos ocountede Adherant
wax was removed from the body remains, and the latter plus thai parts
proviously romoved were placed in a 2 x %" tubee Tho reproductive
material wes placed on a small ocover slip. Both body remains and
" reproductive material wore veouum dried at 60°C and separately
woigheda "
Results

(a) Live weight/dry weight relationships of mals and non breeding
fomale bodiese |




The peroentage wator content of each individual was o_alm.ﬂ.ated

aocording to the formula Live wt = Dry wt x 100s Moon water
Live wte

~ contents of 6899 £ 3.4,6 end 67485 £ 2.5 wore dotormined for Osagellus
and Pesosbar respectivolys Figse 39 aebe show that live weight
is lineaxrly related to dry weighte The regression was calculated
by the least aquares mathod, and the following formuleo were
caloulated:=

X & 2.916Y * 54,69 = 0,99) Osnzellus

X = 248807 * 24220(r = 099) Pasogher
where Y is the dry weight, and X the live waight.

(b) Live welght/dry welght reletionships of body tissue to

reproductive tissuae

Figse3R to 3T illustrate the lincar relationships obtained
from the enalysis of the data ¢ollected from the breeding fartalone

~ Egoh regression was caloulated by the least aquares mathode




- A v el L - TCERDER A AW

-

(a) 0,s0lluss
Ropgroasion of live weight upon dry weight.
least aquares estimate of the regression.

i : -
. i = (R Y
' A R U

(b) P, socber: _
: Rogresaion of live welght upon dry weight,

squares eatimate of the rogresalion

.
1
i
i 63
-1
."'.

b

The line is a

'I."n_e line is a leaat




-
100

e ——

Live Weiaht

mg

mg

Wweight

Live

A

Xe 2916 Y + 5469
,’/}9
Xr2'880 Y+ 2-220

20

-~ ©
. ~
Q
u .-

- T T | I.—Ul.lx_yl | . T T T
< Qo o o o [~ ]
0 ~ . A2 -~ - ~ - -~

_L - <4
S vt
Jd A9

A

T R Y




b e oy W e A X et et e Sy NN o3t tRmme dnt emh ST T T

PRI R PR e

(a) Rogression of total live weight of female upon dry weight .
of female body + ripe ovaries (developing eggs).
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(b) Regression of dry waight of female body = ripe ovuries (devoloping
© eggs) upon total live weight of female

.

'

: i

i '

: ¥

]

3
i
i

i

i




®
16 C.asellus 140" F.»caber /
-t
L)
10 O 10 0~
i °
/
- - j
Live S
Weight o ©
mg o0
6 Od 6 0~ Py
Yel2:730X e 7'407 o Ve 2:280X-0:820
; |
20 20~
3% a0 ' 30 ' g0
Diy weight bodysripe ovaries mg
140 1407
o L
100~ 1004
i
- -
Live
Weight
" 60~ ¢ 0
XK20°330Y.1-186 XK= 0°308 Yo 00224
k/ -y -
20~ 10 A
. l/
i /
. /
Y Y y T T ¥ T X T Y
10 30 . 80 10 30 60

Ory weight body-rtipe ovaries mg

v-

i B PRI S R T S




e emaor Tt b s el A Y B AR b s e e o

10os -n3C b Wmmen <

e el e VA" EGRERE plan TR T T T T T

(a) Regrossion of dry weight of ripe ovaries (daveloping egss)

upon tota.l live weight of female
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(b) Rogrossion of the number of ripe or developing eggs
ovary upon total live weight of fenale
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Fig. 34

(a) Regression of total 1ive woight of female upon dry welght
of female 'body + anr],y embryos
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(b) Regression of dry welght of fomale body - early embryos upon
total live welight of female
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(a) Rogroasion of dry weight of early om‘bryos upon total
live weight of female :

(b) Regression of number of early ecbryos upon tota.l live weight of
i‘enw.le
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Tig. 36

(a) Rogression of total 1ive weight of femalo upon dry weight
of female boldy + late embryos :

(b) Regression of dry weight of female body = late embryoa
upon total live weight of female
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(a) Regression of dry weight of late embryos upon total live
wolght of female

(b) Regrossion of number of late embryocs upon total live wéight of
female ' ' !




- s s A vt b, e s A -

bbb, v T LA, -

v Stade s £ g s &

e RIALIE Mdee Gh el - e

|
;
;
i
i
i
?i
3
i
|
h
3
)
i
's
]
|

<
140+ O.asellug Pscaber
14 0~
p
1004
100+
Live
Welight -
my
60+
X=0:074 Y =0:672 6 0+ X30:084 Y0143
20+
20+
v v ] v v L4 L] v v
2 H o H 0 2 4 6 8 10
Cry weightiate embryos mg.
140+ 140
- -
100~ 100
Live
Weight of
mg.
60+ X=0:631Y=0:111 60+
- -
20 4 20
2- v LA \J v \J v \ 1} _'_.
0 40 60 80 20 40 60 80 100

No.of lale embryos in brqod pouch

. pe

e o e e e oy s et =




= o e o ARG b

-yt * T

B L

s

PEEPPE *7 PR PICRD PR E Y

SPUPUPTSICITORENONEIEY PN

- 836 =
_ Chapter 8
Keasurement: of the rates of erowth. _(Y]. +Y,+ YB) of the
two isopod species Onlsous asellus and Porgellio scsbare

Introduotion

Initially data on growth rates in both O.osollus and P.scsbor

were hopod for but, owing to an sccident in which the P.sonber
>

individuals undexr observation died, it prbved neceasary to make uno'_

of the data gliven by Wiaser .(1965) for this spcolos.
1. Growth of body tissue (yi)

(a) Osnsellus
Mathods

© Thirty individuals wore oclleoted in August 1965 immediatoly
after liboration from the brood poush, Sach was woighod, moasured

for lergth and width, and placed in a 2 x 1" _corkad tube containing

o strip of dump filter paper 4 x 2 om, which maintained & RH > 957,

A small quantity of litter and log baxk was aleo placed in each
tube to provids both food and orevices, in which the animal would
shelter. BHach tube was numbered with a diamond penoil and left in

a safe place in the flelde Larger individuals were oollected in'

September 196"5. ‘Beyer (1957/58) and Phillipson and Watson (1965)

gave evidonoea to show that one year 0ld QOensellus aro approximately
840 mm in length or 20 = 25 mg live woight, . thercfore individuals

of this longth and live weight were collected and zssumed to represent
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one yooaxr oldse The two othor most commonly ocowrring size groups

in the f4cld at the timo of ocolleotion wore (a) 10.5 t0 1l¢5 mm

(approxinately 60 mg live weight) and (b) 1340 to 140 mn (approximately

90 mg 1live. woight)e These two groups werc assumed to represent (u)
two yoar olda and (b) throe yoar oldse Twenty five animals of esach
gex wore takon for occoh age olass, and their live mights determinede
An idontification merk was made on ' P :eaoh
individual by applying e dot of cei;' " ;-5;:”'d0po of knov colour and
i:osition onto the dorsal surfaces Moles and females from each agoe
olass were placed fiftcen to a feeding chamber which had been
prepered in the usual manner (Chaptor 1), but supplied with & liberal
quantity of litter, log bark, and flat stones, thereby simuleting
field oonditionse Eaoch fecding chumber was scaled, numbered, and
placed in the fiold along w:;th ths tubos ocontaining the O year ago
class (young) individualse Thon ths young wore largs enough

to be marked without causing them damage, they were introduced into the
feeding chanberss Yonthly observations over a peried of nine months
to Mgy 1966 pave details of live weight, length, and width increases
Moulting frequency was diffioult to determine as isopods frequently
eat thelr exuvieo. Moasuremon;t of the O yesar olass wes offected by

placing thom under a binooular mioroseope containing a miorometer

oye piscse Tho 1 to J year oclasses were meé.suzfed with slliding
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calipors which wore graduatod in Ol mm unitse The length was
taken to ba tho distance from the antsrioxr extremity of the
cephalon to the tip of the tolsone An oxror up t0 + 1.0 mm -
ocould be expected due to the contraction or oxpansion of the |
thoraocic sogmuntse |

Results

As tho experimonts w;a.discontinnad at the end of ¥Yay, ,
certain assunptions haﬁ t0 bo made in order %0 estimate annual |
grovwthe | _ -

(a) O yoar age élnaa: There 1s evidencs from tha literntm liceley
(1941); Hatsskis (1955)3 Beyer (1957/58)3 Brereton (1956); Paris
and Pitelka (1962); I’hilliimon and Watson (1965)3 end #leser (19652 ‘
that isopods grow rapidly from birth to a lcna:tﬁ of approximately
7 to 8 mm (20-25. mg) at one year olde The moan perocntage |
ingroase in wsight from birth to Yay was 407 per month (055 mg

to 9412 mg); it was oaloulatod thst a moan porcontage inorease from
June to Augugt of 30% per month would ensble to \might of 20w ?5 |
mg to ba ma&héd. | |
{v) 1 and 2 year age olaasea‘:.lt was assumed that theso age classes would
continue o grow from June to September at least &s rapidly as the
mean rate of growth per month from October to"mny. Thoe mean o
peroentage weight inoreesse paer month during this period October to -

¥ay was 107% (1 year age olass) and 4% (2 year age olass), therefore
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these two figures were used to cstimate gi-owth for the two age
olasses from June to Septombere

(o) Female bodily growth: It was jmpoasible to sstimats separately
£he body (ie0e non reproductiv}e) growth of foemales from April

by the method desoribed undexr (b), bocause of faotors associated
with tho dovelopment of reproductive tissue from the month of Aprile
Homver..evidanoe was available to meke the ésswnption thnt.the |
growth of female body tissue approximated to that of male bodily
growth, in that non bresding female body growth up to larch followed
olosoly that shown by malese Furthor, males and femalaa at the

snd of the breeding season of the same length and width have similar
' live weightse Seotion 1 showed that females tend to ingost and
aszimilute more ‘than males de tho breeding season, whioh suggests
that tho encrgy and matorials required for tho production of
roproduotivé tissue moy come from such & source without affeoting
the rate of bodily growthe Thereforo the data obtsined for male
growth was used to osloulate the rate of growth of body tissus (Y;)e
() The energy of growth by moults Wieser (1965) esloulated that in
thres years on isopod moults approximately twonty four times,
produocing gppf_omteu Tpong dry weight of exuviaes Howaver,
evidenge from the literature Vefho‘:ff (1919);_Hatohott (2947)3 éatanh
' (191;.9): Bakker (1956); and the author's own ébnmrvation_a, indicate that

S N
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most exuviae are eatone This evidence, and the repcated failure :
of combustion of exuvias in the miorobomb calorimeter (Chapter 6)
suggost that availeble energy originally in the exuvies. is

i reabsorbede Enorgy loss by moult wns therofore ussumed to be

nogligidblee

Making the assumptions mentioned it was possidble to caloulate
the rate of growth por month for all age olassese Table 31 shows &
sumnaxy of the results obtained.

It ocan be seen that Oeasellus grows from a live weight at
birth of 0e55 mg (1e7mm) to 19+9mg (7¢3mm) Quring its first year.
A live weight of €,.7 mg (11.0mu) is roached at two years old,
end & 1ive woight of 93.9 mg (13.lum) at three years olds No
data was obtained for the three year age olass owing to the early
death of all the animals, a feature assumad to hold _for natural
conditionse The maan rata of growth por month expressed as the
peroentage live weight increase per month, and the livé weight
increase per month (mg) was caloulated; Figs.38 and 39 show the
results ob.tainedo It is clear that growth is not constant throughout
the year, but is affeoted by seasone Figs)0 shows a single
logarithmlo plot of the mean 1ive weights cbtained for esch age olass
for each monthly observation. The growth oi:'xrve thus cbtained for
the whole 1ife spen is sigmoidsl for each age class, illustrating




Fig- 58

Osc801lus:
% live weight inorease per month of all age olasass




Ly

deg 6ny |nr urpr fon 1y JDW Q94 UDL D93 AON 120 da3s

—
1\\\4\

ez v v v |
/<|<\ \ / -0 1

ifz1 © o o .. | o I
\ N |

x o€
;To = &~ .t . ‘Yyiw Jad
’ ASDIJOUl M,
* 5 Uraopw
. / | -0
*

—-0L

| ] ] ] ] | l | W_”wﬂr/_ | | ﬁ
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Growth ourve of QO,asellus
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Table 31

' 'The mean rates of bodily (non reproductive) growth of
three oge olasses of Osassllus

Period Ago Initial Initial Final Fina)l Growth/  Crowth/ _
of growth olass Lewt (mg) len Lewte longth mth (ng) mth (am)
T (e (mg)  (mm)

12mths UGl T 1969 Te3 - le€l - v Qa7

i 0 0455 T . - . S
9 mths - L ) 9612 400 - 0.95 _ Oty
12 mths - TR T T el 11e0 7 3463 - Qe25H
X 242 L B0 - . e
8 mthe ; . Upo'ﬁ’ 1003 2081 . 0028
12mths . 0 57 0 T 9349 el - 3610 - 09
8 aths _ ] 80.2 ] 122 290 0018
(tay) S I S

the ‘seasonal effect upon growthe A 'bost it .hyporbolic ourve
was drawma by ayee | |
(b)_Pesgaher .

The most comprehemive information in the literature conoemi.na
growth of Pysosbor was considored to be that presented by Wieser (1965).
¥icser's data was drawm from provioua data aven in tho litomtnro. which
wags given in tsras of srowth by lonath por mth. #lesor converted those

mwth rates 1nto tem or ng. uvo woight acoordins tc a previounl,y
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determined live weight/length ratioe. The data ware presonted us
a single 1ogarithmic plot of live woight against timo of release
from the brood poush, the ocalculations being made zocording to
Bertalanffy's (1951) exponentiel equation.

- Figelt} shows Wieser's graph in & somowhat modified forme = The

"X ooordinate was divided into months as well as days, snd the age

classes (0,1 end 2) insertede August wes assumsd to be time s
that 1s, the month of liberation from the brood poushe It was
possible to read off the mean live weights at birth, one, two, and
three years olde P.scsber was estimated to grow from 0.2 mg

(1.5 ma approx) to 2340 mg (7.4 mm approx) in ite first yoar, and reach
6140 mg (1045 mm approx) and 90.0 mg (13+0 mm approx) in its second

and third yeers respeotively. It would seem that P.scober grovws

at the following ratesi~-

0 year class .50 mg/Live wt/mth & 0¢50 mm/mth
-1 year oless 3el7mg/live wt/nti: $ 0¢25 mm/mth
2 yoar class 2441 mg/Live wt/mth 3 0,21 mm/mth

A ooumparison of Figs.iD and 47 shows that the Qensellus growth ourve

approximates to ¥ieser's estimeted groﬁth ourve for P.écaber. It

is evident that both spesgies have a rapld rate of growth in the

firat year of 1ife, which becomoa loss with agee Presumably, after

thres years body growth is slighte.




Growth ourve of B,sgaben, aocord:lné to
Wiesexr {1965) |
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2+ Growth of resproductive tissue (Yz) of Qucaollus and Pesgnbors

Respirometry studiea (Chapter 5) and the literature indiocate
that the maximum breeding season months are April to Julye In en

average yesar it can be assumed that ovaries develop rapidly during April

~and Hay the ezgs being deposited in the brood pouch during June,

carly eubryos dovelop to become late embryos in July and are liberated
as young during late July and early Auguste Knowing this, end
assuming that male and fomele body growth is similar, the msan live
woights of mature females (lese 1 and 2 year class) as shown by the
growth ourves during those months, were assumed to be equivalent to the
1ive weights of female bocky? (non reprodustive) tissuse Knowing the
percentage water content of body tissue, (Chaptor 7) 68.99 : 34,67
Osasellus and 67.85 & 2.45% Pescebor, it was possiblo to determine

the mean dry welghts of'femakle body tissue represented by the mean

'_ live weights of malese These dry weights moy therefore be expressed

as the total dry weight of female minus the repreductive tissues The
formulme calculated by the least squares method in the live weight/
dry weight exporiments (Chaptar 7) for live weight of bréeaing females
(¥) on Dry weight females minus reproductive tissue (X) weres=
Oeagellug |

Y= 24995 X + 44533 (r = 0.99) Ripe ovaries

| Y = 34857 X + 1,060 (r = 0499) Rarly embryos

| Y = 3759 X 420,952 (r = 0,99) Late ebryos
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Peacobers . o ,
Y = 3440 X »fE 04672 (r = 0+99) Ripe ovaries

Y = 34960 X + 34136 (r = 0499) Early embryos

i & 5502 X = 14523 (r = 0.99) Late cobryos
The live weight of breeding females wns thus ocaloulated.
From this live weight Lf was possiblo to estimate the dry
welght of reproductive tissue present using the formulas
presented in Figs.33a (Ripe ovaries), 3§a (Early embryos),
and 3Ja (Late ombryoa_). which arei=
Qsa801lus} |

X m 04020 Y = 0,184 (r = 0.91) Ripe ovaries

'x. m 0,065 Y = 14,08 (r = 0.96) Harly embryos

X m 007 Y = 0.675 (r = 0s97) Late embryos

P.noabém ' o
X m 04015 ¥ + 04296 (r = 0.81) Ripe ovaries -
"X = 0064 Y = 04197 (r = 0.95) Barly embryos
X @ 0s08, Y + 0143 (r » 0.99) Late embryos

Table 32 shows the results obtained for both species.
3¢ Energy of growth

Growth is seon to vary according to season, and tho sisze
and breeding condition of isopodss The lack of knowledge of
the life stage aomposition of populnidons of Oe.nsellus and

N
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Q,usellus,

Table 35
The caloulution of the 'hest estimate' of growth of

roproductive tissue ( 2) over a life span, All weights

Age olass
0 =1yr.

1 ".2)'1‘.
2 <3y
(a)

1 =2y2'¢

(v)
2 = Syps

Thus 3g§ gives 32,075 cal/2ih
1g 9 gives 10,692 oal/24h.
Assuming a 1:1 sex ratio, 1lg live wt of animal givesi=

;o, 692 = 5,3,7 cal/24h,

are means (mg).

No reproduction

53.47 mg live wt of P produces 4.7 mg dry wt of late embryos

91.84 mg live wt of P produces 7.9 dry wt of late embryos

211557 = 4456 mg Lewt; 1521 = 0,392 mg dry wt,

Loli56 mg live wt produces 0,392 mg dry wt late embryos/mth,

1 sm livo " 879 mg " " " " "
. o 2.903 m.ﬁ LA » " /z‘h.
s 16,219 onl/2Lh

7.653 mg 1ive wt of 9 produces 0.658 mg d.wt lute embryos/mth,

1 gram live wio£® * - 85,979 mg " " ¢ .

wm - 2,838mg* " " " Jeyn,

‘= 15:826 an _2_)._)._1_1_

& 'Best estimte' Y, = 5,347 cal/g live wt or O.asellua/

B
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Table 36

' P,scaber., The calculution of the 'best estimate® of growth
of reproductive tissue (Yz) over a life span, ALl
weights are meins (mg).

Age olass

O=1lyr | - No reproduotion

l-2yr . 75,12 ng live wt of Q produces 8,9 mg dry wt of late embryos
2=3yr 112,2 mg 1ive wt of £ produces 11,8 mg &ry wt.of late embryos
(a) |

d =2 yi'l . 25231 = 6.26 mng live wt: 8:2 = 0,742 ng. d&'y wt,

.'. 6 26 mg live wi produoea 0. 742 mg dry wt, lnte ombryoa/mth.
1 gram live wt. * 118.530mgdry " " v  *
= 3.912 mgn .. " *  /24h,

= 22,036 cay%.;

) _ —
2=3yr: 9.350 mg live wt. producea 0,983 mg dry wt.late embryoa/mth.'
o | 1grmnlivewt. " 105.131;1:!3 I _'.' S
j = 3470 mg * % n /2,

= 21,067 cal/24h,
Thus 3g live weight ¢ gives 41,103 oal/24h
1g " = § v 1,368 cal/2h

Aspuming a 1:1 sex ratlo, 1g live wt, of animal gives:

o268 o 7,18, cal/2uh

. ..o '3031; Ostimuto" 0 J Yz = 701& cal/G..liv;o wt p. Eg'ab.e__/r_m.
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P, scaber makes it impossible to caloulate directly the amou'nt.of the -
onorgy sssimilated which is used for growth (Y1 + Y, 4 Y3) per unit

area of habitat per unit time, Therofore the 'best estimate' technique
is aguin permissable. Tables 33 and 34 show the method employed in
oalcul:ting a 'beat estimate' of body growth (Y1) over the 1ife span

of Bscober end Q. asellus  Assuming a 1:1 sex ratio the 'best estimate’
was oeloulated as Male + Fe:é:alo body growth giving a result of 5.178 cal

/8. live wt of O,asellus/ﬂd; and 2,079 oal/g. live wt of E’.scn‘ber/ o
Tables 35 and 36 show the mothods employed in caloulating the 'best
estimate' of growth of 'raprodmﬁw tissue (Yz) over the life span of

" @ach of the two species, using the data given in Tadle 32, Assuming

a 1:1 sex ratio the 'best estimate® of reprpduotive growth (Yz) was
Sels31 oal/g.livo wt 'ot‘ o,g_sellug/m.h, and. 7164 cd./g. live wt of Rsmbe:/ Ush.

The *best estimate' of Y, + ¥, (energy of growth) was thexefors
8,149 cal/g.live wt of O,asellus/2kh, and 9,263 cal/g.live wt of
P,sosber/24h, o N o ' '

e e
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SECTION 4

The evaluationd® the energy flow oquation I = R + ¥, + Yz +Y fof '

1 3

O,asellus and P,asccber,
Introduotion

:he bost estimatos! given for each of .the parameters I = R
+ Y1 + Yz- in the previous sections meds poasidble the calculation of
tho enerﬁy budgaté of' .Q‘g. gsellus apa P, scabor, gmd should faotlitate
the ocaloulation, from biomass data, of the anmmual amount of litter
breakdown and energy f£flow per unit area of habitat per unit time
by any population of O.asellus or P.scuber, The date for individual
age classes given by Saito (1965) for Lipgidium japonicum were used
to compare the 'best estimate' technique as"ap_plied to Olasellus and

P, scuber,

Enorgy budgets of_O.asellus and E.acaber,

The 'best estimates' (cal/g.live ﬂ/?l..h) given in the previous
sections were multiplied by 365 thus onsbling the data to be presented
in terms of k.cal/g.livo wi/ammum. In addition the 'beost estimates! '-
of ingestioh, egestion and assimilation were expressed as g.dry wt/g.
live wi/annum, thus ensbling the oaloulation of 1litter breakdown in
terms of dry weight, Tables 37 and 38 show, the energy budgets of

O,as8ellus and P,scaber re!speotivelar. |

The 'best estimates' of litter breakdown,

(a)_0, a.aeliug

" Table 37 ahows' ¥hat 18 live weight of 0,asellus ingests 11,18 g,

- \'-{a/l-\‘”ﬁnive
/0% science "/
-7 FEB1979

SECTION
Libpar
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dry weight (464789 k.ocal) of litter per annum, of which 3.33 g.dry -
woight (13,749 k.oul) are assimilatod, and 7,85 g, dry weight (33,040
k.col) ave mads availeble as faeoces for other heterotrophs in the
aecosystem,

(b)_P,soaber

Table 38 shows that 1g live weight of P,scaber ingeats
9.04 g. dry weight (57.855 k,0al) of litter per annum, of whioch 2,72
g. dry weight (13,125 k,oel) are assimilatod and 6,32 g. dry weight
(24,730 k.cal) are made available as faeces to heterotrophs.
The 'best estinmates' of enorgy flow

Tables 37 end 38 provide data which omable the evaliation of
the oquationie 3

I - R + Y, + Y, + Yj (not monsured)

" Thus for 18 1ive wi, of 0O,asellus:iw

13,749 = 94253 + 0,992 ¢ 1,952 k, 0al/annun
end for 1g live wt, of P,scuber:e '

13425 = 7.639 + 0,759 +  2.622 k.cal/annum
For the paiameters actual;y moasured (R + Y, o+ Yal the ensrgy flow
equati¢n 'ahows an error of 11,15% OVl agellus and 16,07 P,5cebor,

Thus the 'best estimates' measured for the contribution of fhese
isopods to total enorgy flow in a woodlend ecosystem ara:=
g,asenugé 13749 or 12,228 k,0a)/g. live wt/annum

P, soabers lila.,(.125 or 11,020 k.cal/g. live wt/ennum,
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Table 37

The ensrgzy budget ('best eatimztea') of 1g. live veight
of O.asollus. k.cal/annum, non bracketed;
gedry wt/a.nnun, braokated.

INGESTION

[n) 48,483 (11.58)

46,789 (11.18)
b) 45,09 (10.77)]

EGESTION . S ey . Ass;ﬁn.,a_non
8) 35.49% (8.43) a) 12,989 (3.15)

35 o:.o (7.85) 13.7%9 (3.33)
b) 30,585 (7.26) | ®) 509 (3.50)f - ¢
|
RESSIRATION
2. 9.6 |
B80DY l(311()‘:1’1.'1[ REFRODUCTIVE GROWIH LOS3 B)II XOULT
T

a) = Data from winter faecea production expez“ménta
b) = Data from sumer sssimilatPen expériments -
1 & 2 = Data from the two methods gi{en‘ )
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Table 38
The energy budget ('bost estimates!) of 1g. live weight
of I';sgaber. k.cal/annum, non bracketed;
g. Gry wt/ennum, bracketed.
INGESTION
a) 34,903 (8.34)

57.855 (9404
D) 40,807 (9,75)

ithn I SR

zeEstIoN . . . Assmbumoxw
a) 23,060 (5.50) a) 11,843 (2.4%)
b) 26,400 (6.75)] ‘D) 14407 (3.00)

A nEsr_’:L]mmon _
1e 7.78%
7.639
2, 7.523 )

[
BODY GROWTH REPRODUCTIVE GROWTH LOSS B& MOULT . .
0,759 S 2,622 .. -

2,730 (6,32) 13.125 (2.72)

a) = Data from winter faeces produstion exporiments .
b) = Data from summer assinile tion experimenta

1& 2= Data from the two methods givon
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Conzlidoration of the resulis obtained for litter Bmakdown.
and energy flou indioates that of the food ingested 6.3/ {Q,:psllue)
8.9 (P 800ber) is used for body and reproductive growth, 27,2% °
(0.25011lus) .l29.3;'§\"<P, soabor) is assimilated, and 72.8%‘(&_@&}_\;3)
"":]‘0.."7‘]%\(?, gosber) 13 returnsd to the ecosysten as fasces. Of the
‘food asaimilated, 67.3% (Q,usellus) 58.,2% (Pys¢aber) is respired, and
21,45 (0,23e11us) 25.9% (P,‘ sguber) is ;sod for gréwth and reproduction,

A compirison of two methods of studying enexrgy flow,

(a) Application of energy flow data cbtained for individual size
olasses to populations vwhere the size olass composition is known,
(b) Employment of the 'best estimate' toohniqué 4o populations
vhero only biomass data is availadble,

Method (a) was pursued by Saito (1965), who studied ths energy
flow of the isopod Liridium jeponicum in a warm tempernté woodland
ecosystom, .Saito vwas able to distinguish age olasses, and the
numbor of eggs produced by -tho popuiation,' A survival ourve for |
the natural population, derived from the number of eggs produoe'd,
was drawn on the basis of population density and monthly age structure;
this survival ocurve coinecided with the Type 11 curve of Deevey (194,7),
Thus the mortality from ons breeding season to the next was assumed |
to be constant. The mean growth rate of an individual per unit
time was caleulated as the difference betweon oonsecutive mean weights
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for the year group :Ln each sample, The deorease in numbers per

unit time was caloulated from the survival curve., Thus Saito

was able to measure pOpuléxtion growth and estimate changes in
population size, Measurement of respiration rate at field |
temperatures, and the determination of' calorific values of L, Japonioum
material made poasible the caloulation of energy flow through the |
population in terms of k. 0al/n/ annum, '

Method (b) was, as already shown, pursued in the present study,

Using the data presenfed in Saito's paper, the 'best estimates!
of L,Japonicum were caloulated, and compared with those obtained for

O.,asellus and P, scaber,

I = R + T, L
O,asellus 13,749 = 9,253 + 0,992 + 1.952 kecal/g.live wt/ann,
P, soaber 13,125 = 7,639 +

0,759 +.-2,622 * " "

’ !
L.japonioum (11,144) = 9,400 + O 7% + 0,970 ° " "

Saito 444 not measure I therefore this 'best estimate® was

caloulated as the sum of R + Y, + Y., If the *best estimate" technique

1 2

is acourate, it should be possible to caloulate the enorgy flow of
L, japonicum in k.cal/s?/annum by multiplying R + Y, + Y, by Saito's
mean biomasa figure of 1,444 g. live weight/mz/nnnum. and arrive at

the figure of 19.5 k.oal/mz/annum caloulated by Saito for_L,japonioum,
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Mulf.iplioation of the 'best estimates' given above for L,

Japonioun by 1.444 glvess=

I - R + ‘I1 +Yz

- (16,092) - 13,57 4 1148  + 1.40 keoal/n/annum

It is apparent that the 'best estimate! technique underestimates
in this case by 17.5%.
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Discussion

Engelmenn (1966) has given a comprehensive Hst of the
parameters that should be studied for a complete synthesis of energy
flow both through and within communities. The two major arcas |
of invoestigation are population censusing and bioenergetio studies.
It 1s difficult f'or one worker to measure accurately all of the
required paremeters, as lack of time is frequently the major diffioculty
facing any single workere In the present study a decision had to
be made as to whether population censusing or bioenergetioc studies
should receive the greater emphééis. foi' it was evident from the
literature that a gompromise betwsen _these two major areas of
investigation led to various parameters being 'either neglectod or
assumede . Timewas limited in the present study and the decision
was taken to obtaln biocenergetic data in the most ascurate mammer

possible during the time aveilebles -

0f the terrestrial invertebrates already studied from a bioenergetic
standpoint most showed a relatively simple life historye In the
present study, animals with fnore complex life histories, the 1sppods
Oeasellus and P.séaber were chosene These animals reproduce more than
once in a lifetime, and show an overlap of generations, thereby
pﬁﬁﬁng an excellent Oppértuniv for the evaluation of methodologlioal.
procedures, proven for animels with annual 1ife ayoles, when applied to
animals with a more complex 1ife history.
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The quantification of the wquations:= Enexrgy of ingestion =
Energy of assimilation + Enorgy of egestion, and Energy of assimilation
= Respiz;atory onergy loss + Energy of bodily growth and reproduotion,
provided a conslderable body of infonnation suitable for use with

dstailed population analyses, or by employment of the 'best estima‘éea'

with simple biomuss datae

Macfadyen (196171963); Phillipson (1962,1963); end Phillipson
and Watson (1965), amongst others have emphasised that biologiecal
processes vary with age, phvaioiog.cal oon__flition, and season. Clearly,
if one is to approach a masonabiy acourate measurecment of the metabolle
parameters involved in a bioenergetisc study, then measurements should
be made as far as is possible for all life stages at all seasons, and
under as near natural oonditions as possiblee | The separate |
inea#urementa of the parameters (a) ingestion, egestion, and a:ssimila_tion
to determine I; (b) respiratory energy loss, R} and (o) bodily growth
and reproduction, Yl + Y?.’ in this study,seﬁed to emphasise these
points, as Variations.with life stage, season and physilological

condition of the enimals were shown in all the measurementse -

The food preference experiments proved useful in that they made

' possible the proffering of foods most likely to be eaten in the field,

to animals subjected to assimilation exporimentse The preliminary
experiments indicated that both speoies would attempt frash plant
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materiel, as doos A.vulgare Paris and Sikora (1965)e Paris and

- Sikora (1965) suggested A.vulgare may function to a significant

extent as a .erazing herblvere es well as a sgvavonger in gz'asslmd. '
The present- study showed that O.asellus and Pescsbher did not prefer
fresh»»plant material, thus it seems that. suoh foods constitute only an
insignif;loent part of t_he dlet of these'two speolese. lMacfadyen
,'(2'1.961) emphasised the x;eed for more food preference studies on s0il
invertebrates so that 'bottle-neoké' in the enexrgy flow ploture

might be recognisad. LThe.present study presents such data for the:

iaopoda_ O.asellus and P.sosber, and it is evident that preference
does nbt' ohgnge witﬁ season, as most of the preferred foods are
avaiiable all the yoar rounde The large va'rigtions in ingestion,
egestion and assimila.tidn, shown botﬁ within and boetween different
size groups, not only re-epphasise the néoessity to study individuals
of ail life stages, but also indic;.tes the necesslity for a large
number of rep'lioate expérimenta for each sigze pgroup, in ordez; that |
reasonably scourate estimations of these parameterg ma'y be obtained..
Earlier.work guggeated; that animals feeding on deocsying litter have
low assimilation efficiencies: Ven der Drift (1951); Gare (1956);

and Dunger (1958), among others. Most of these authors did not
determine the assimilation efficienay of all 1life atagea; in the main

adults were studlede Relatively few enimels were used, and no -
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‘marker food' or similar technique was employede Tho present study
shows that if fow animals are used in assimilation exporimenta, and

if these are mainly adult forms, it is possiblo that low assimilation

- efficlencies will result. For example Phillipson (1960b) and

the prosent study of Pesoober (Teble 17) show that assimilation

effioiency temds to deorease with sizee Recontly Wieaser (1965)

hes reportod the assimilation’ efficiengy of P.seaber over all life

stages, and quotes an avarage’assimilution effiocienay of 254 This
figure ia in olose agreoment with that of 27.2% Osnsellus, end 29+3%
Pe.sgober, given in Chapter 3« The present study suggests that the
tochnique whoreby re-wetted dessicator dricd.proforrad materials are
offaored as fooﬁ unde; near natural conditions, along with a

marker food, is highly suitable for the estimation of the assimilation

effiolency of herbivores. However, Hubbell, Sikora and Paris (1965)

working with Armedilliduim vulgare demonstrated the feasibility of.
using radiocactive treceeSto measure assimilation efficlency under - 
f1eld coniitions, but indicated that oxperimental analysis of the
parameters involved in dgterm;ning radionucllide turnover may be
esgential in such studies. |

The high assimilationiand ingestion rates encountered during the
sumer experiments for the 8 = 11 mm female aize group of both O.asellus
and Pssoebor is interesting in that it coincides with the change in
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respiratory rate at this size ( 7 to 8 mm)e Tho high rates obtained

for ingestion and assimilation in this size group, as with respiration,
oan be attributed to the attainment of sexual maturity.

The peak breeding periods of Qe.asellus and P.scaber determined _
in the respirometry experiments agree with those given by Heeloy (1941)
and Wieser (1963), but in neither speocies was a sesond brood prod.uoedb,
as suggested by liealey (1941)e Howaver, P.sceber overies were
doveloping rapldly in September, therefore this species was possibly. .'
attsmpting to produce a second brood, but was probably prevented
from doing so by the adverse olimatic conditions in October, as
Boyer (1957/58) has suggested that low temperature in partiouiar
suppresses brood pouch formatlione The VariationAof respiratory :
rate with size, physiological oondition, and seaéon. as shown by
O.88ellus and P.scaber, strengthens the arguments raised by Macfadyen
(1961), Phillipson (1962,1963) and others against short term determinations
of respiratory rate, and leaves no doubt as to the necessity for all
the year round respirometric studies, end at all times of the diel to
be made,if one is to approach an acourate estimate of the annual

respiratory energy loss of .a species populations

Earl.'n_.er ‘studies utilized length measurements rather than live
weight in the estimation of growthe Paris and Pitelka (1963) pointed
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out that thore is great variation between the results. of

differont authors for the sams speoios, ond concluded that

further information was nseded for the growth rates of land isopodse
The grovith ourves presentod in this study for Qe.usgllus and Do
Bcaber are oonsidered the best available at preoacnte In Pl.sochber
a 1§ngth of 1340 mm (approximately 900 mg) is reached at the

end of 3 yoars, and not 3.8 years as postulated by Brereton (1956)‘._:
The growth owrve of O.nsellus clearly demonstrates that growth‘ was
not constant during the year, but varied with size, season, and .
bresding conditicne A pattern of rapid growth in the first year
wag indicated, and growth becems less markedi with agee | The

affecf of scasoun on growth was well illustrated by the sigmoidal
ourve obtained for cach ags classe Parls and Pitelka (1963)
showed that A.vulpare, like Oessellus and Pe.sgaber had a rapid

rate of growth to meturity; Saito (1965) also demonstrated that

the rates of growth of the two ago classes of Lsjsponioum followed
the same pattern, the O year olass producing 1.85 K.oa.l/mz/yr

‘and the 1 year olass producing the oonsiderably lower amount of

0428 Keoal/u?/yre It seems probeble that the pattern of growth
11lugtrated by Osasellus and Pe.scaber will hold for all speéies

of isopod, and one would suggeat that isopod sgpeoies of similay
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size rangos eege Oevnellus, Porcellio svp, and Asvulpgnre will

havo similar growth ourvese

Tha growth rates osloulated for Oezsellus could be critiolsed,
as certain months (June to August) were estimateds However,
as the‘ estimated rate was based on the mean rato of each ago
class durdng the previous nine months, which included the w:_lntar
months when only nominal growth took place, this estimated rate

will, if anything, be an underestimate becauss conditions are

partioularly favoursble for growth during the summer monthse This
being the ccse, the errors of 11% Q.asgllus, end 167 Pencober,
shown for the complete energy flow equations would in faot be
reduced, which in turn would serve to add further woight to the
Justifioation of the methodology used, and the acowraqy of the

. experiments performeds

The comprehensive data on the live ‘migm/dxy wedght rolationships
presented in Chopter 7 should encble later workers on population
studles of these two specles to convert livo woights to dry welghts,
and vice versa, thus eliminating a oonsideradble amount of time and
labour in tho weighing and analysis of nen reproductive, and

reproductive materiale

The stringent roquirements governing the ecourate estimation
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of enerzy flow necessitate numerous experimants both by dgy

and by night, at all seasonse Thus automatie recording devices

such as tho automatic oamera, and the continvously recording
z_'eépiroﬁetore, vhereby many animals mey bo stulied during cach
expoeriment, elimlrate the nead for continued cbservation, and
considorsbly reduoe the number of experiments to be performede

Such automatic devices hold preat promise in biosnergetlioc studloes.

The autonatia gamera is particularly suitoble as it ellows exp-riments
to be gondudnd under near natural conditions, and ;ives a permanent

photographio record which may be processed at a lator datee

In view of the fnot that muoh oriticism has boen lovelled
at rospiromaotric studies at constant tcmperui;uma, it 4a of
intersst 10 noto that the respiration rosults obtained at 16 L 0a

% (the moan temperaturc of the hebitat) £it well into tho energy

flow eqﬁation, alongside those porameters which wore messured

separately under near natural conditionse Tieser (1965) has
showm that Pegonbor does not change its feeding regime until it
has becn subJected to leboratory conditions for a poriod of 3 dayae
One wonders whether metebolic measurements made on such enimals,

imnediately after ospture, at the annual woan environzental tesperature,

‘would reduce tha need Por micrcolimatia measurements and temperature

corrections in bicenergetic studies? Indeed, tha 'best estimates’

caloulated for the wespitatory enorgy loss of Q.usellus, Desonber,
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and L. japonicum are very similar, the figure for the latter species
having been caloulated from respirometric measurements at field

temperatures, and lead one to believe that measurements oconducted

~at the mean annual temperature of the habitat are Justifiablee.

As stated in the introduction, no single specles of a
'large decomposer' had been studied in sll its life stages to S
investigate energy flow, before the present study commenced.
Saito's (1965) comprehensive energy flow study of the isopod
L. Japonicum, where changes in the population size were estimated,
and the fate of the energy entering the population was measured,
served to compare the two different methodologioal approaches to
energy flow studies as shown in Seotion 4e éaloulation of the
‘best estimates' of R + Y, + Y, (respiratory energy loss + growth
+ reproduction) for L.japonioum from Saito's data, by the same |
mathods employed for O.asellus and P.scaber made possible a
comparison of the three species, and the efficacy of the 'best
estimate' techniques - |

Comparison of the 'best estimates' of each of these three
species showed that the figures for R and Yl were very similar._
but the figure for Y, for O.asellus was approximately twioce as great,
and that for P.scsber approximately three times as great as that for
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Lejnopondoume Consideration of ‘the rosults for nusber of late
embryos/young upon live welight in Cheptor 7 of Qonsnllua and Deseabor

and Szd.to'ﬁ data for young upon length of L, lanenicum, showed that

an ovarcll moan live weight of O.nnellus and Tenguber produce
approximately two to two and a half tinmos as many young than an
ovorall meen live weight of L.Juponiouns Consideration of tho above

facts, and knowing that L. Jjaponjcum, Peserber and fevulrare are
preaent in Saito's study aren, end QOe.nzellus, Pesosbopr and Ae.vulgars

ooouj:y the present study area, it secms probeble that Lejlaponicum

and Oe.csallus occupy similar nlches in a woodland ccosystome

Saito (1965) compering his rosults of! total enorgy flow
through a Lsjsponicum population (1965 k.'cal,/mz/yr) with total
enorgy flow through other invertebrate po;mlatidz;s as estimated by
othor workers (Odun & Smelley 19593 Smalley 19603 Kuenzlor 19613
and O0dum, Comnell, and Davenport 1962), showad thé.t the value for
Lo Jononimm was much smaller than the va.lués given for other invertebrataes
by these authorse ' It is possible that the low valuos for Lo
joponicun will be reflected by populaticns of Qensellus and
Posorber vhen the bicenergotic informaticn is spplied to populatiﬁn
datae The actual roie of thase izopods in the breakdown of
woodland litter, and‘ their oontribution to the total energy flow
through the ecozystem will decome apparent w!ien the rosults become
available fronm :;tudioi ourrént]y being oonducted as part of a
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wider wocdlaid ecosystem study in Durhame For instance, '
rmeasurcnents of litter {all, pOpu}.atio;d. annlyses, and biloenergntios
of other key large dacomposers ¢.ge Diplopoda and Lumbricidse, will
make possible tho saloulation of the percentegze of ennual littor
production broken down by the Isopoda and othsr 'lsrgoe decomposers'
ond a comperdson of their importance in promoting enorgy flow
through the woodlend googateme

Tho officaqy of the "best aostimate' techniquo was tested
by multiplication of the 'best ostimates' caloulated for lejszponicum
by Szito's mesn biomass figuree Tﬁe "best estima:te' technique
was found to be an underestimate of the order bf approxinstely
17% Clearly; it is preforedble to apply biﬁanergetio data to
detalled populetion enalyses, but as mentioned earlior the time
factor often prooludes the study in depth of both populstion and
biosnergstic parsmoterss Two methods havo been presented for the

calculation of cnergy flow through populutions of Censellua and

P.scsbere  Application of the individusl 1ife stage data to

detailed §opu1ation analysas will given an acourate estimstion of
erergy flowe Howover, employmoent or. the 'best estimt& technique
with simple biomess dsta, and the use of & "‘17,'“5 oorreotion féotor :
should: onsble tho enorgy flow through po;:i.glations within the

geographlcal range of the two spooies Qenpnllus and Pepgsbay to t_ae
rapldly compareds Homoin lies the veluo of the 'best ostimate’

tochnlquoe
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ls Bioenergutics stulies on the isopods Dscsellus end Pesonber .

wore modo to investigate all the paramstors of the equationate

(a) rood ingssted = Food essimilated + Food cgoctod

(b) Znergy assimilatod = Respiratory + Fnergy of + Energy +Enerey
enorgy loss body growth of roproduoction losas
' _ by moul
I = R + Yl + Y2 + Y3

2¢ Prolininory food preference experiments shoved that both spedioes

-attompted frosh plant materisl, but these foods wore not preferredes

Food proeference did not differ markedly with sﬁoanon‘as the proferred
foods, dead ond decaying leaves, wors pmpenf et all times of the
yours

3¢ The feoding activity was shown t¢ be limited to the poriod 1%
hours after sunset and 2% hours befors sunrisee The daytimo hours
ware spent under choltorse - _

4¢ A rogression of ingestion rato upon live \'Ivaight wan ocaloulated
socording to the fomml!a Log x = = 1,555 + 04507 Log Y and

log xa = 04887 + Qo577 Log Y for.O.msellga and C.scober respeotively.
S5e¢ Assinilation efficlency varied with slsze, but an overasll mean
figure of 27.2% and 29+3% was caloulated for the assimilation
offioieonay of Qensellus and Pesesbher respeotivelye |

6e The high rates of ingestion and assimilation ealoulatod for the -
8 « 11 mn fenale size group of both spocies may e related to the
attainment of sexual meturity.
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7 Of the food ingsoted, 7248% Uengollus and 70e7% FPenonbsr

was roeturned to tha ecdsystom as faecaBe A regression of rate of
facces production upon live weight, wes oalcoulzted ascording to -i;,ha =
formula Log X = = 12308 + 04807 Log Y and Log % = = 1,097 + 0.613

Log Y for 9_9;\_:&1_3_._\_1_9_ and Fepgnbor respootively, '

8s Oxygen consumption tests were made on Qa.:scllus between March .

1963 and March 19€43 and on Pescnbor betweon Juns 1964 and June 196€5e

9¢ In the relationship live waight to length a change oocours at

. approximately 20 mg or 7.5 mn Qeasellus and 16 mg or 7.0 mm P.socber,

which also coincidos with a change in tha respitatory rate to live
woight relationshipse Tho high O, upteko at live woights less
than 20 mg Qesg0llus and 16 mg Pegogbor is olearly asscolated with

. growthe

10, .A.t woights greater than 20 mg O.nsellus and 16 mg Pe.scnbepr

the rogpiratory rete per unit weight is fairly constant; nberr&nco.
during tha breeding scason was associated with reprodustive aotivitiese
11, Calorifio valuas of isopod matorinl were dotornined with the ald
of a mierobomb oslorimeter suitable for small bdiolgglcsl samplese

120 Live weight/dry weight relationships @m obtained for body (non
roproductive) and reproductive matericls \'oi‘ Osz5ellug and P.scsbere
13e¢ Growth of all life atngh of Qensollus was studied betwoen
hugust 1965 and Yay 1966s ° The growth oruve thus obpined was similar
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to that construsted by ¥ieaer (19G5) for P.soabers

e Crowth was shown to vary with seancn, as illustrated by the
signoidal ourve obtained for all agé olasses of Qengelluse |

150 Animals grow rapidly during their first yoer, buf the rete of
growth doorozsed with agoo. Both Qeasallus and Pesesber grow to a live
wolght of approximately 90 mg (13.0xm) in thros yearse TRelatively )
fajv_animalu wora thought to survive beyond three years olde

16e Mothods of caloulating the 'best estinates' of the ratoes of
ingostion, egastion, assinilation, respiratory enorgy loss, bodily -
growth and roproductive growth are givene Tho rate of onexrygy |

loss by moult wos not oaloulated es isopods cat tl;air exuvial, and

no calorific value was obtained due to rupeated feilure of combustion
of this matorisl in the microbamd calorinoters

170 Energy budgots are givan for both spooies, in terms of

'best cotimatas® expmsaod.as either gedry wt/golive wt of isopod/
annum, or Keoal/gelive wt of isopod/annume Thus it was caloulated
that 1 grana live wt of. Qe.ng0llus ingaétad 11618 gedry wt (464789 kooel)
per annum, of which 3033 g dry wt (1379 keonl) were assimilatad,

and 7485 gedry wt (330040 keoal) wore swturned to the scosystem as
fescas) 1 gren live wt of P.scsber ingested 904 ge dry wt (37.855
ke0al) por annum, of which 2472 gedry wt (134125 keoal) were |
assimilated, and 632 soézv wt (24730 k-ch) vore returried to the
ecosysten a3 fasoese Respiratory ensrgy loss was 94253 keoal and
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74639 keoal; bodlly growth 0,992 and 067593 and reproductive

growth 1952 and 26622 keoal/gelive wt/annum for Qeasecllus and
Pesosber raspectively. .

18e A -t'liscmpanoy of 11% end 1@ for Oensellus and Peseober
mapaot{wely was cnloulated from the 'best estimutes® of tho energy
flovI =R + Yl + Yz + Y3 equation.

19. Comparison of the 'best estimates' obtained in the prosent study
with those cclowlatad for L.japonicum from Seito's (1965) data
indicsted that Qensollus and L. Japonicum cceupy similaer riches in
woodlend ecosystemse Tha 'best estimate’ was shown to be an
underestimate by approximately 177 | |

200 It was concluded that the 'best estimate' technique was valuesble
in that it made posasible the rupild comprrison of onérw flow through
populations in different arcas of the goographicul: range of the |

spocles baing studieds
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" APPENDIX 2

SAMPLE RECORDING SHEET FOR THE CATLCULATION
OF CALORIFIC VALUES, |
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| Matarials Early eubryos,0saselluse . Calibraticns O.7573 =V/100sal

| oV z0aly o 2
@ g: :g pan ¢ pellet « moig. av 3 85922
. Wt of pelled - L Qa(}i%.

Dut 0,007573 u¥ m loal .
s 88 v 328’5 2 300,363221 oala
(¥
. /
Thus 16742 mg = 10k.865224 cals
o' 2000 BE &= _100,9€522121000 m  6.2620als
Col val m 64262 Becol/Rs

W of paneath = 97.033 | Mtofgelletm 16742

W of pan - - = 97,253 . W% of esh 5‘%0 .
Wt of ash ® _ Ue520 ~ 1 ASH PREE WP 3

«®e 18+ ash frez ut g 0 W41¢m am, ammzzow
_mmw ’g‘l

e Cal value (ash free) w 6490 Xocal/ge

) 0‘\\“\'\ Unlve
S/QY sciencE g
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