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Introduction 

Ecology has been defined by Odum (1962) as the "study of the 

structure and function of ecosystems". He indicated that much 

attention has been devoted to the structural or descriptive 

appreaeh, whereas few studies of the ftmotion of ecosystems have 

been attempted. Odum (1962) further states that by structure he 

meant: a) the composition of the biological conmunity, including 

species, numbers, biomass, l i f e history and distribution i n space 

of populations, b) the quantity and distribution of abiotic 

materials such as nutrients and water, and c) the range or gradient 

of conditions of existence, such as temperature and light. Function 

was defined as: a) the rate of biological energy flow threugh the 

ecosystem i.e. rates of preduetion plus rates of respiration, b) 

the rate of biogeochemical cycling e.g. nutrient flow, and c) 

biological or ecological regulation. 

The structural or descriptive appreach therefore, serves only 

to describe the existence of organisms, and materials in the eco

system. Odum (1962) and Macfadyen (1964) have indicated that, 

although biomass i n different ecosystems may be widely different, 

the energy flow produced may be very similar. Strict comparisons 

of numbers alone are therefore of limited use when one wishes to 

fu l l y understand the working of ecosystems. The functional appreach, 
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whereby rates of energy flow per unit area of habitat per unit 

time are measured for various organisms, w i l l enable s t r i c t com

parisons to be made both within and between ecosystems. 

The energy flow models constructed by Odum (1962, 1963) and 

Macfadyen ( 1964) indicate that i n an open water marine ecosystem 

the important food chain appears to be the grazing one, whereas i n 

a forest ecosystem the detritus food chain appears to be the more 

is^ortant of the two. Early bioenergetio studies dealt with 

aquatic ecosystems, and although Bomebusch published his now 

classic study i n 1930, i t was not until the publication of Golley*s 

(1960 ) study, that sertous attention was paid to the terrestrial 

ecosystem. The reason for this was due i n part to the supposedly 

single structure of the aquatio ecosystem, as opposed to the com

plexity of the te r r e s t r i a l one. Currently, increasing attention i s 

being paid to the role of te r r e s t r i a l animals i n promoting energy 

flow through ecosystems. Most of the tenrestrial animals already 

studied belong to the relatively simple grazing food chain. The 

detritus chain has a more heterogeneous collection of organisms than 

the grazing one, the ccmimonest groups being the large decomposers 

(Lumbricidae, Isopoda, Diplopoda); the small decomposers (Collembola, 

Orobatei, Enohytraeidae); and the microorganisms such as Protozoa, 

Fungi and Bacteria. Macfadyen ( 1 9 6 I , I 9 6 4 ) has suggested that 
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micreorganisms can account for as much as 90 percent of the energy 

flow through an ecosystem. I f this assumption i s correct, the 

question arises as to the rele of the large and small decomposers 

i n a detritus food chain. 

Before the present study began, no single species of a tTpe 

designated by Macfadymi (1963) and others as "large decomposers", 

had been studied i n a l l i t s l i f e stages to determine i t s rele i n 

the breakdown of l i t t e r , and i t s contribution to the total energy 

flow of a woodland ecosystem. As part of a woodland ecosystem study 

in Durham, the two isopods Oniscus asellus.L. and Poreellio scaber. 

Latr. (large decomposers i n the detritus food chain) were chosen to 

obtain such information. 

The equations commonly used for the measurement of energy flow 

are those defined by Slobodkin (1962), and Wiegert (1964). These 

equations employ different symbols to describe the same parameters, 

and may be applied to whole ecosystems, species population, or 

single individuals. Slobodkin's (1962) tenninology expressed i n 

i t s simplest form i s : -

I = R + Y 
Energy of Energy of Energy of 
assimilation respiretion growth and 

reproduction 
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Wiegexrt*s (1964) fomula encompasses the components of Gibb*s free 

energy equation, and may be expressed as:-

A H = TAS + 

Pood energy Energy dis- Energy used 
assimilated sipated as heat for growth and 

of respiration reproduction 

A H represents the energy income, TAS the energy lost as heat from 

the system (unavailable or bound energy), and A P the energy staying 

in the system (available or free energy). Energy flow i s represented 

by R+T or T^S 4-AP. Quantification of these expressions in con

junction with bioraass data, pezmts the energy budgets of ecosystems, 

species populations, or single individuals, i n texns of energy flow 

per unit area of habitat per unit time, to be calculated. 

Attempts to solve the equation for whole ecosystems have been 

made by Odum and Odum (l955); Odum (1957); and Teal (1957)* How

ever, i t i s di f f i c u l t for one person to perfoxm a l l the tasks neces-

sazy for a whole ecosystem approach. Itost workers have restricted 

their studies to the evaluation of the whole equation for simple 

food chains, species populations, or the study of one parameter of 

the whole equation. The individual parameter most often studied i s 

Ry(TAS) for terre s t r i a l invertebrates, as i t represents the greatest 
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proportion of total energy flow. These restricted appreaehes are 

valuable, for as information i s obtained, albeit gradually, a 

synthesis of the total energy flow of the ecosystem w i l l be made. 

Attempts to solve the whole equation for simple food chains or 

species populations have been made by:- Richman (1958); Odum and 

Smalley (1959); Slobodkin (1959); Golley (1960); Smalley (1960); 

Englemann (1961); Kuenzler (196I a.b.) ; Teal (1962); Odum, 

Connell and Davenport (1962); IfoNab (1963); Golley and Gentry 

(1964); Mann (1964, 1965); Wiegert (1964, 1965); Paine (1965); 

Petrides and Swank (1965); and Saito (1965). Measurements for 

R(T S) have been made by:- Nielsen (196I); Phillipson (1962, 

1963); Berthet (1963); O'Connor j[l963); and Ito (1964). 

The present study attempts to solve the whole equation for the 

two isopod species Onisous asellua and Poroellio aeaber. ?or a 

complete energy flow study the rates of assimilation, respiration, 

body and repreductive growth, and the calories they represent must 

be determined. Iteasurements of numbers and biomass, and death rates 

w i l l enable the above data to be expressed l a terms of energy per 

unit area of habitat per axmxmi. I t was not possible to obtain the 

population data for the two species in the time available, therefore 

the rates obtained for assimilation, respiration, and grewth, are 

presented as *best estimates*, thus facilitating the calculation 
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from biomass data, when available, of the rate energy flow per unit 

area of habitat per annum. 

Energy of assimilation may be calculated according to the 

equation:-

Energy of = Energy of - Energy of 
assimilation ingestion egestion 
I(AH) 

Energy of respiration R or TAS, and energy of growth and 

reproduction T or P, may be measured directly. The independent 

measurement of a l l three parameters of the energy flow equation 

enabled two estimates of energy flow to "be presented i.e. 3/AH) or 

\^T AS) ^^ Yy{ AP), Thus a double check i s available, enabling the 

accuracy of the results obtained to be ascez^ained. The complete 

energy budget of each species may be presented i n the following 

manner:— 

INGESTION 
n ' i 

EGESTION ASSIMILATION 
Tf RESPIRATION 

GRO¥CH OF 
i 1 • i 

BOOY REPRODUCTION MOULT 
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As body growth, reproductive growth, and growth by moulting 

were to be separately measured Slobodkin*s (1962) terainology may 

be expanded to:-

I = R + Y1 + T2 + Y3 
body reprod. moult 

Since the study began Saito (1965) has presented data for the 

energy flow of the isopod Ligidium japonicum in a waxm temperate 

ecosystem. The biomass data presented by Salto plus the 'best 

estimates* obtained i n the present study are used to compare the 

roles of Lieidium .ianonicum. Onisous asellus. and Porcellio scaber 

i n promoting energy flow through different woodland ecosystems. 
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SECTION 1 

Investigations to determine the energy assimilated ( l or A H) 
by Onisous asellus L. and Poreellio scaber Latr. 

General Intreduction. 

Detailed accounts of assimilation rates of terrestrial inverte

brates are few, Auzou ( l 955) studied the isopod P. scaber: Gere 

( l 956a) the isopod Pretracheonisoua politus: and ( l 956 b, c and d. 

and 1957) the caterpillar qyphantria cunea; Odum and Smalley (1959) 

and Smalley ( l 960) the grasshopper Oreheliumum fidioinium; 

Phillipson ( l 960 a. b.) the harvest spider Mitopus morio; Odum, 

Connell and Davenport (l962) the herbivorous Orthoptera Melanopus 

femujvrubrum. M.biliteratus. and Oeeanthus nigricornis: Hartenste -

i n (1964) the isopod 0 .asellus: Waldbauer (1964 a.b.) the tobacco 

homwom Pretoparee sexta: Wiegert (1964) the spittle bug Philaenus 

sptimarius; and (1965) the grasshopper populations in old f i e l d and 

alf a l f a f i e l d ecosystems; Hubbell, Sikore and Paris (1965) the 

Isopod Armadillidium vulgare: and Wieaer (1965) the isopod P. soaber. 

The determination of assimilation rates ( l or^K) by the 

different l i f e stages in the field, according to the equation 

Assimilation s Food ingested - Faeces produced, i s a difficult task. 

Experiments under as near natural conditions as possible were made 
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by enclosing animals, so that the food not eaten and the faeces 

produced by them during the course of an experiment could be ascer^ 

tained. However, possible experimental errors were centered around 

the fact that the rates of assimilation might vary with the i ^ e of 

food eaten. To reduce any errors associated with vazying assimil

ation rates, i t was f e l t that information was needed concerning the 

preferred foods of each of the isopod species, before any measure 

of assimilation could be made. The methods used and the results 

obtained, form the content of Chapter 1, 

The most preferred foods as shown in Chapter 1 were then used 

i n experiments to investigate the rate of assimilation. To calculate 

this rate for each l i f e stage of O.asellus. and P.seaber. i t was 

necessary to measure the rate of food ingestion and faeces produc

tion. I n i t i a l l y the intention was to oarzy out these experiments 

during the winter and summer months, so that a seasonal comparison 

could be made. Owing to a shortage of time and a lack of animals 

i n the winter months, only the rate of faeces production was deter

mined. The methods used and the results obtained in this winter 

study are presented in Chapter 2, 

The rates of ingestion, egestion and assimilation of the known 

preferred foods were obtained i n the summer experiment. The methods 

used and the results obtained form the basis of Chapter 3« 
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Wieser (1965) i s the only author to have presented assimil
ation data for a *large deccasposer* (P.scaber) in a l l i t s l i f e 
stages. The present study rectifies this situation for 0 .asellus. 
The experiments with P. soaber were being made before Wieser* s (1965) 
account appeared, thus the results obtained preved useful for com
parative purposes. The results given i n Chapters 2 and 3 vere used 
to calculate a 'best estimate* of energy assimilated ( l or^H), for 
both the isopod species, thus facilitating the calculation, from 
biomass data, of the annual energy assimilated per unit area of 
habitat by any population of 0. asellus or P. scaber. The methods 
used and the results obtained form the content of Chapter 4* 
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Chapter 1. 

Pood pareferenoe of Onisous asellua and Poroelllo soaber. 

Introduction. 

Many statements are to be found i n the literatiire concerning 
the onmivorous habits of isopods: Theobald (1902|.); Pierce (1907); 

Collinge (1915); Howard i^%0)i Heeley ( m i ) ; Hatchett { ^ % ^ ) ; 
Beerstecher et a l (195^); Baldcer (1956); Brereton (1956); Gere 

( 1 9 5 6 a ) ; den Boer (1961); Danger (I9 6 2 ) ; Paris (I9 6 3 ) ; Beyer 
( I96lf ) ; Hartenstein ( I96if); Hubbell, Sikora and Paris (1965); 

Paris and Sikora (1965); Wieser (1965); and Saito (1965). However, 
only Paris, studying Annadillidiuin vulgare has attempted food 
preference experiments. Paris* work i s important because he con
ducted preliminary experiments to eliminate foods not eaten i n the 
f i e l d . For those foods most readily eaten, he was able to l i s t a 
table of preference by conducting laboratory experiments where the 
numbers of individuals feeding on each food were compared. The food 
which was most frequently visited (dead Picris sp. leaves) was 
assumed to be the one most commonly eaten i n nature. 

I n the present study, food preference investigations were of 
three kinds:-
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1) Preliminary studies with O.asellus to eliminate 
the foods not eaten. 

2) The determination of the order of food preference 
of O.asellus i n the laboratory. 

3) The determination of the order of preference of 
O.asellua and P.soaher under near natural conditions. 

1 • Preliminazy studies with O.asellus. 

Methods: 

A modification of the methods employed hy Paris ( l $63) was 
used. Forty different food items and two hundred individuals of 
a l l size ranges of O.asellus were collected i n the v i c i n i t y of Durham 
City, The foods consisted of recently k i l l e d animals, and fresh 
and decaying plant materials, which collectively represented most 
of the potential foods available to the isopod. A disc of each 
plant food, £f.oma i n diameter was cut with a ccjjc borer, and intro
duced into a 60 X 60 X 3 cm metal tray, the bottom of which was 
covered with damp f i l t e r paper. The recently k i l l e d potential 
animal foods were placed individually i n the tray. Two hundred 
O.asellus were then introduced into the tray, the top of which was 
f i n a l l y sealed with a sheet of glass. After 2k h. the isopods were 
removed and the percentage of each food item eaten was estimated by 
eye. 
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fie suits': 

The eight foods most readily eaten were assumed to be the 

preferred ones. Table 1. summarises the results obtained. 

Table 1: Foods most readily eaten by O.asellus when allowed 
to feed for 2Z|. h on 40 of the most commonly occuring 
foods i n the habitat. 

Food item % consumed 
Dead Thistle (Onopordum sp) leaves 90 
•Dec Sycamore (Acer sp) leaves 90 
Dead Nettle (Urtica sp) leaves 85 
Deo Oak (Quercus sp) leaves 80 
Dec Chestnut (Castanea sp) leaves 80 
Deo Beech (Fagus sp) leaves 5 
Fallen log bark 2 
Bark + Pleuroooccus 1 

• Deo s Decaying 

Jaa. indication of the preference i s given by the various percentages 
consumed, and i t i s clear that dead and decaying plant material 
was most readily eaten. I t i s possible that only a small px>opor-
tion of the two hundred animals were responsible for the removal 
of the foods, therefore further experiments to determine the numbers 
of animals actually feeding during the course of the experiment 
were made. 
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2, Food preference of O.asellus i n the laboratory. 
Methods: 

Individual O.asellus of a l l size ranges were collected i n the 
f i e l d and brought into the laboratory. The foods which were shown 
by the earlier e^eriment to be most readily eaten were collected 
and cut into 3 om discs. Feeding chambers were prepared, the basic 
layout of which i s shown i n Fig. l a . Each feeding chamber consisted 
of a crystallising dish 13 x 7*5 cm, on the bottom of which glass 
fibre f i l t e r paper was placed, and kept damp by an inverted 2 x 1 " 
tube f i l l e d with water. Class fibre f i l t e r paper was considered 
neeessaxy i n that isopods eat normal f i l t e r paper, and this activity 
could have influenced food preference detenninations. The shelter 
which surrounded the 2 x 1 " tube was made from the l i d of a p i l l 
box of 6 cm diameter, and entrances were cut to fa c i l i t a t e movement 
of the experimental animals into and out of the shelter. Shelters 
were considered necessary as Ba^er (193^) noted that without them 
P. scaber tended to remain feeding on the food a l l day, which i s 
contrary to their daytime habit of hiding under stones, log bark, 
and i n crevices. Each chamber was sealed with a 6 x 6" glass l i d 
which enabled BH to be maintained at > 93^. 



Fig.1, 

(a) The Layout of a typical feeding chamber 

(b) Arrangement of feeding chambers i n the food preference 
experiments so that l i g h t coming from a certain direction 

, would affect a l l foods equally. 
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The eight chosen foods were divided into two groups of four 
(see Table 2). Discs of each of the four foods i n the giroup were 
placed equidistant around the perimeter of the feeding chamber. 
Four replicates were used for each group of foods, and these were 
orientated i n the manner shown i n Fig^. 1b. This ensured that 
l i g h t coming from a certain direction would affect a l l foods equally, 
thereby reducing potential errors i f the animals happ^ed to con
gregate on food unaffected by the l i g h t . Twenty-five animals were 
introduced into each dish and allowed to feed for 2k h. During 
this time hourly counts were made of the numbers feeding on each 
food. Counting at night was fa c i l i t a t e d by the use of a torch 
masked with a yellow f i l t e r . At the end of the 24 h. feeding 
period the animals were removed and the results analysed as follows :-

a) The numbers of isopods observed feeding on each food at each 
hourly observation were summed and divided, by the number of 
replicates, thus giving the mean number per chamber seen 
feeding on each food during the 24 h. feeding period. 

b) The percentage of food eaten i n 24 h was estimated by eye. 

Table 2 shows a summaiy of the z^sults obtained. 
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Table 2: O.asellus; The mean number per chamber observed 
feeding on a given food during a 2i|. h period, and 
the percentage of each food eaten per 2k h. 

Experiment 1 Mean no Experiment 1 
feeding eaten 

Dec Sycamore (Acer sp) leaves 33 63 
Dead Nettle (Urtica sp) /leaves 2k 75 
Dead Thistle (Onopordum sp) leaves 23 80 
Bark * Pleurococcus 8 1 

. Experiment 2 

Dec Oak CQuercus sp) leaves 23 50 
Deo S. Chestnut (Castanea sp) leaves 20 40 
Fallen log bark 12 3 
Dee Beech (Fagus sp) leaves 8 2 

A further 2k h es^erisnent was made on five of the foods to 
obtain an order of preference for the most readily eaten foods. 
The foods used were decaying Sycamore leaves, dead Nettle leaves, 
dead Thistle leaves, decaying Sweet Chestnut leaves, and decaying 
Oak leaves. The methods and experimental set up were similar to 
the previous experiment, but five foods instead of four were 
placed i n each feeding chamber. The res\ilts are shoim i n Table 3* 
I t i s clear that dead and decaying plant material i s most preferred, 
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Table 3: O.asellus: Final order of food preference as shown 
by the laboratory experiments, showing the mean number 
per chamber feeding per 24 h on the five foods most 
readily eaten. 

Food item Mean no. 
feeding eaten 

Dead Thistle (Onopordum sp) leaves 33 83 
Dead Nettle (Urtica sp) leaves 32 73 
Dee. Sycamore (Acer sp) leaves 32 75 
Deo. Oak (Queireus sp) leaves 20 40 
Dec.S. Chestnut (Castanea sp) leaves 18 23 

dead Nettle, dead Thistle, and decaying Sycamore leaves being the 
most pz>eferred of a l l the foods offered. Maximum feeding occurred 
during the hows of darkness, l i t t l e or no feeding being observed 
during the day when the animals sought refuge under the shelters. 

The above method was thought to have certain limitations, for 
example hourly counts over a 24 h period were tedious, and the 
experiment had to be made under laboratory conditions which may not 
have reflected the f i e l d situation. The combined effect of removing 
the feeding chamber l i d s , and the prolonged use of the torch l i g h t 
when counting during the night, tended to disturb the animals, and 
i n some cases the animals moved from the food on which they were 
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feeding before coimting took place. Therefore a more sophisticated 
technique involving an automatic camera, idiich removed the burden 
of TOgular observation, and enabled the experiments to be conducted 
under near natural conditions was employed. 

3. An automatic camera device for food preference and activity 
studies, under near natural conditions. 

Automatic camera devices were used by Pearson (196O b) and 
Cowardin and Ashe (1965) to record animal activity. The value of 
an automatic device i s that once the apparatus i s set up and the 
experiment begun, continuous observation by the experimenter i s 
eliminated, and a permanent photographic record i s given which may 
be analysed at a later date. The present apparatus was designed 
for the specific purpose of determining, with the minimum of 
interference 
a) the number of animals feeding on the foods most commonly 

occurring i n the habitat of both O.asellus and P.scaber. 
thereby determining an order of food preference. 

and 
b) the feeding act i v i t y patterns of the two species whereby 

the percentage of animals active at a given time during 
a die l co\ild be determined. 
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Fig. 2 shows the assembled apparatus and Figs. 3a and 3b show 
the individual components. I t can be seen from Fig. 3b that a 
Praktl 33 urn. f u l l y automatic camera was mounted fi x n l y on a 
i«lnforced hardboard frame. The camera shutter release mechanism 
was connected by means of a strong vdre to a lever operated by a 
solenoid, also firmly mounted to the frame. A clock mechanism 
(Fig. 3a) operated from the mains via a transformer and r e c t i f i e r , 
set to activate the solenoid once every 30 minutes ensured that the 
camera operated at regular intervals throughout a given period of 
time, normally 24 h. This assemblage was placed on an adjustable 
frame of angle iron which had previously been erected i n the 
Zoology department insectaiy, where a mains supply was available, 
and the temperature and l i g h t conditions approximated to those i n 
the f i e l d . Feeding chambers were placed at ground level beneath 
the camera as shown i n Fig. 2. 

The transformer - r e c t i f i e r output to the time lapse clock 
,mechanism and solenoid was 6 volts D.C., whereas the coupled flash 
mechanism operated on a f u l l mains supply of 240 volts A.C. In 
operation the steel disc attached to the time lapse mechanism 
revolved, moving the pointer towards the open strip contact X 
(Fig. 3a). The pointer closed the contact and coinpletion of the 



Fig.2. 

The automatic camera device, complete assembly. 
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Fig.3. 

(a) Individual components of the automatic camera device, 
. as viewed from above. 

(b) Autwnatic camera device, ventral view of the r i g i d 
.' hardboard frame. 
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c i r c u i t activated the solenoid which pulled the lever towards i t , 
which i n turn operated the shutter release mechanism and the coupled 
electronic flash. The f i l m was automatically wound on after each 
exposure. With the time lapse clock mechanism s t i l l i n operation 
the pointer moved past the contact X which sprung back to i t s 
position of rest, thus breaking the ci r c u i t , and inactivating the 
solenoid. The lever was pulled from the solenoid by the shutter 
release mechanism. This procedure was repeated every 30 minutes. 

Preliminary e3q>eriments showed that the best photograph 

definition was obtained using Kodak Plus X f i l m at a camera to 

feeding chamber distance of 3*6". I t was observed that the animals 

were not disturbed when the flash operated, therefore no f i l t e r s 

were needed. The animals were made more easily distinguishable by 

painting a small spot of white cellulose dope on the dorsal surface. 

At a camera to feeding chamber distance of 3*6" i t was possible to 

recognise a l l the animals feeding i n twelve 15 x 7.5 cm feeding 

chambers, or one 60 x 60 x 5 cm metal tray. The feeding chambers 

were almost identical to those used i n the earlier food preference 

studies (Fig. l ) , however condensation on the glass lids affected 

the picture qualiigr, therefore the lids were discarded. In the 

absence of glass l i d s the water level i n the 2 x 1 " tubes f e l l 

rapidly, and i t was found that 6 x 1 " inverted tubes, the bottoms 
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of nbich were drilled out, required topping up only once every 
12 h. 

Preliminary experiments for food preference. 

In view of the new method being employed to determine food 

preference i t was decided to repeat the study of foods which were 

eaten and those which were not. 

Methods: 

Owing to the large numbers of foods to he simultaneously 

tested, eight metal trays 60 x 60 z 3 cm were used as feeding 

chambers. The bottoms were covered with glass fibre f i l t e r paper 

each being marked with a grid of 49 squares. Nine 6 x 1 " inverted 

tubes, each surrounded by a shelter and f i l l e d with water, were 

placed one per square i n each tray to maintain 5H > S5%» A band 

of stiotite was applied 1 cm below the rim of each tray, to prevent 

escape of the experimental animals. Forty food items were collected 

as previously described, 4 cliscs of the plant material were cut 

and each disc placed at random, one per square on the grid. The 

freshly k i l l e d food animals were placed together on the remaining 

squaire. One hundred isopods marked in the usual manner were intro

duced into each tray, there being four replicate trays for each of 

the two isopod species. Eight separate 24 h. runs were carried out. 



- 22 -

As the isopods took several hours to settle after being introduced 
into the trays, they were allowed to become aoeiistomed to the trays 
overnight. At 0730 h. dM the following morning the overnight 
foods were replaced, and the camera set to take the f i r s t photograph 
at 0800 h. &MT. At the end of 2il|. h. the experiment was ended and 
the isopods r^noved. 

Sesults: 

Analysis of the film and the food remains showed that O.asellus 

and P.soaber attempted respectively 2k and 26 of the forty foods 

offered. The results are summarised i n Table 4 . Due to the short

age of P.seaber i n the fie l d , no further ea^eriments were conducted 

to determine food preference of this species. However, the mean 

number feeding on each of the foods, at each observation during the 

2k h. feeding period was determined, and the percentage of each food 

eaten was determined by eye. The eight foods most readily eaten are 

shown i n Table 5* where i t can be seen that dead and decaying l i t t e r 

i s most preferred. The food preference of O.aaellus was investigated 

i n more detail. 
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Table 4 : A l i s t of the foods most commonly occurring in the 
habitat which were attempted by the two isopod species 
O.asellus and P.scaber. (* indicates food attempted) 

O.asellus P.scaber 

Dead Beech (Pagus sp) leaves 
Dec. Beech " " leaves 
Dead Oak (Quercus sp) leaves 
Dec, Oak « .. n leaves 
Dead H. Chestnut (Aesculus sp) 
leaves 

Dec. H. Chestnut " " 
leaves 
Dead Chestnut (Castanea sp) leaves 
Dec. S. Chestnut " " leaves 
Presh Sycamore (Acer sp) leaves 
Dead Sycamore •» « leaves 
Deo, Sycamore " " leaves 
Pagus bark + Pleurocecous 
Acer bark + Pleurocoeous 
Quercus bark + Pleurococcus 
Castanea bark + Pleuroooccus 
Aesculus bark * Pleurococous 
Fresh Bryophyta 
Assorted Pungi 
Fresh Nettle (Urtica sp) leaves 
Dead Nettle " " leaves 
Dead Bracken (Pteridium sp) leaves 
Dee, S. Chestnut (Castanea sp) husks 
Presh Thistle (Onopordum sp) leaves 
Dead Thistle " " leaves 

« 
« 
* « 

« 
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Table 4 (continued) 

0.asellus P. soaber 

fresh grass leaves and stems 
Dec, n II M n « * 
Fresh Bramble (Rubus frutioosus) 
leaves * 

Soil • * 
Fallen log bark 
Rotten inside of fallen log 

* * 
« * 

Table 3: P. scaber; Order of food preference as determined by 
an automatic camera and showing the mean number of 
animals recorded feeding on each preferred food 
during a 24 h. experiment, and the percentage of 
food eaten. 

Food item Mean no. % 
feeding eaten 

Dead Thistle (Onopordnm sp) leaves 166 90 
Deo. Sycamoire (Acer sp) leaves 126 80 
Dead Nettle (Urtica sp) leaves 113 75 
Dec. Oak (Quercus sp) leaves 66 30 
Dec. S. Chestnut (Castanea sp) leaves 62 30 
Fallen log bark 43 3 
Dead S. Chestnut (Castanea sp) leaves 41 10 
Dead Sycamore (Acer sp) leaves 38 10 
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Final food preference experiments on 0 .asellus. 
Ifethods: 

The 24 foods attempted by 0. asellus were divided into eight 

groups of three foods per group. Four replicates were made for 

each group. In this way two 24 h. experiments with the aid of the 

automatic camera accommodated a l l the groups. 3 cm discs were cut 

i n the usual manner. Discs of each of the three foods i n a group 

were placed equidistant around the perimeter of the feeding chamber. 

Twenty-five marked individuals were introduced into each feeding 

chamber, and allowed to feed and settle overnight. Freshly cut 

discs were offered at 0730 h. GMT the following morning and the 

camera set to take the f i r s t photograph at 0800 QM. At the end 

of each 24 h. experimental pexdod the individuals were removed and 

the film developed. 

Results: 

Table 6 shows a summaxy of the results obtained, li s t i n g the 

mean number of animals per chamber feeding on each food for the 

24 h. experimental period. In groups 1, 2 and 3 the dead Nettle, 

dead Thistle and decaying Oak leaves were completely eaten by 

0400 h., therefore the numbers actually recorded feeding on these 
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foods may be considered a minimum estimate over the 24 h. period. 
Pigs, k "1% show histograms of the mean numbers per chamber feeding 
on each food, and the percentage of animals active ( i.e. out of 
the shelters) at half hourly intervals during the 24 h. experimental 
period. 

The most preferred foods (marked *P' i n Table 6) from these 

eight groups were used in further experiments, and were divided into 

two growpa of four foods each. Pour replicates were made for each 

group. The apparatus and experimental proceduire was as described 

previously, with the exception that the animals were allowed to 

feed for a continuous period of 48 h., so that activity could be 

detexmined for two consecutive 24 h. periods. 

The observed order of food prefez>ence for O.asellus i s shown 

i n Table 7* I t i s clear that dead Nettle (Urtica sp) and dead 

Thistle (Onopordum sp) were more preferred. Of the foods found 

a l l the year round i n the habitat, decaying Oak (Querous sp) and 

decaying Sycamore (Acer sp) leaves were most preferred. The results 

thus obtained were in general agreement with those obtained i n the 

previous laboratory experiments, but give a more accurate estimate 

of preference because potential errors were minimised. 



Figs,4 - tf". 

0.asellus; 
Histograms showing the mean number of animals per chamber 
feeding on each food, and the percentage of animals active 
at half hourly intervals during a 22th. experimental period. 
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Table 6: 0. a s e l l u s : Mean numbers per chamber feeding per 24 h, 
on 24 food items. 

Croup Pood item Mean no. Croup 
feeding 

fDead Urtica leaves 66 P 

1 Dec. Castanea husks 25 
Pagus bark + Pleurococcus 15 

fDead Onopordum leaves 89 P 

2 Acer bark + Pleurococcus 11 
Dead Aesculus leaves 7 

'Dee. Quercus leaves 69 P 

3 Aesculus bark -f Pleurococcus 10 
Dead Pagus leaves 5 

'Dec. Acer leaves 80 P 

4 Quercus bark + Pleurococcus 16 

• .Rotten inside of f a l l e n log 2 

Dec. Castanea leaves 105 P 

5 Assorted Pungi 13 
.Soil 1 

Dead Acer leaves 103 P 

6 Castanea bark + Pleurococcus 12 
Deo. Pagus leaves 7 

[Dead Castanea leaves 116 P 

7 Dec. grass leaves and stems 18 

Dee. Aesculus leaves 10 

Dead Quercus leaves 85 P 

8 Presh Bryophyta 33 
Pallen log bark 16 



- 28 -

Table 7: Order of food preference of O.asellus as determined 
by an automatic camera and showing the mean number 
per chamber feeding on each preferred food during a 
. continuous 48 h. experimental period. 

Food item Mean no. 
feeding 

Dead Nettle (Urtica sp) leaves 1096 

Dead Thistle (OnoDordum sv) leaves 712 

Dec. Oak (Quercus sp) leaves 503 

Dec. Sycamore (Acer sp) leaves 260 

Dec. S. Chestnut (Castanea sp) leaves 234 

Dead Sycamore (Acer sp) leaves 213 
Dead S. Chestnut (Castanea sp) leaves 135 

Dead Oak. (Quercus sp) leaves 113 

Figs. 12 - 15* show histograms of the numbers feeding on the 
experimental foods and the percentage of animals active at each 
observation during the continuous 48 h. period. I t i s clear that 
a c t i v i t y followed a regular pattern, and can be related to the 
hours of darkness. With the onset of darkness the animals began 
to appear from the shelter; their feeding activity reached a 
maximum approximately 1̂  h. after dusk. - This maximum was main
tained u n t i l 2 - 3 h. before dawn when the animals began to return 
to the shelter. 



Figs. -1^; 

O.asellua: 
Histograms showing the mean numbers per dish feeding 
on the foods preferred i n previous experiments (Table 6; 
Jlgs.lj.-fl), and the percentage of animals active at half 
hovirly intervals during a 4 ^ experimental period. 



i 
Q. 

o o 
in u> 

0 
CO o 

«D O 
S •• e 1 C «• o 

o 
Z <« « 

in - c 
« 

r» 
— ai • 

Se
pt

 •• « 

z o d
a

rk
r 

• 
«5 > 

c 1 o 
0) a. lA u 

a 
E E 3 « 

* O » *- X a 
a E 
K ft c 

a 

ce
 

c 

w a 

p
re

te
 

le
av

es
 

« 
0* 
& n

th
es

e 
T.

 
• • 

F
oo

i «« 
3 C *• 

n 
01 

a o 
in <* > o e « 

£ s E ~ • ID > £ 
O U V s 

u S i 
• 

at 
01 >« 

in 5 r 
at — JC «l •* 

0> 
n uT < 

o in z c 
'>« 

•o u o a a 0 u 01 01 0) 0> 
O Q o o 

I I I I I I I I I I I I 
o o 
-T 

S .E 
3 a* 



c o u 

llllllllllll 

iiiiiiiiiiiiiii 

I I 



o lb 

in 

o 
If) 
IN 

in 1̂  c 

E 

a. 
i i 

2 6 

o 
I! s 

o IT r. 

it 
a. 

01 
u 
c 
«, 

a. 

TJ 
O 
o 

00 

in 
I 

• I 
« 
> 

in u 
? a -£ >, 

o n -o -o 
u u a a 
0< 0« 0* 01 
a Q o CI 

1 M i l l " o o 
- I -N 



o 

r lo 

o 

c o u 

CM 

a 
«.' 

o 6 

o 
CO 

- u> 

o 
ih 
(O 

o 

o 

o iiiiiiiiii 

o 



- 29 -

As stated i n the general introduction, knowledge of the 
preferred foods f a c i l i t a t e d the design of further experiments to 
determine the rate of assimilation ( l or/Jl). 
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CHAPTER 2. 

The rates of egestion during the winter season for 
the two isopods Oniscus asellus and Porcellio scaber. 

To determine I (assimilation), data i s required to satisfy 

the equation:-
Food assimilated = Food ingested - Faeces egested 

The present chapter presents data for faeces production under near 

natural conditions during the winter season for both species. 

Methods. 

10 X 1 cm. dishes were lined with damp glass fibre f i l t e r paper. 
Into each dish was placed a shelter made from the l i d of a 3 cm. 
diameter p i l l box, entrances being made i n the usual manner. 3 cm. 
discs of dead Thistle, decaying Oak, and decaying Sycamore leaves 
were cut, and one disc of each of the preferred foods was placed i n 
each dish. Dead Nettle, the most readily eaten food i n the preference 
experiments was not available at the time of the experiment (December 
1964). Individuals of both species were collected i n the f i e l d and 
separated into the following size classes :-

0- 3 mm. Unsexed 
3- 6 mm. " 
6- 8 ps. " 
8-11 mm. Males and Females 

11-14 mm. " " 
14 mm. " " " 
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firoups of twenty individuals of the 0-3 mm. group and five of the 
3-6 mm. group were introduced into the appropriate experimental dish. 
This numher of indiviuals per dish heing chosen so that enough 
faeces were produced to f a c i l i t a t e accurate weighing. Individuals 
from a l l the remaining groups were isolated, one individual per dish. 
Twenl^ replicates for each size and sex were considered sufficient to 
give an accurate measurement of faeces production. In the case of 
P.scaber only 20 individuals for each of the size groups 8-11, 11-#, 
and > 14 mm. were obtained and separate experiments for each of the 
sexes were not made. The dishes were sealed by l i d s , and each dish 
numbered according to the size group of the animal or animals present, 
before placing them i n the f i e l d . These dishes t r a i n e d outside for 
24 h., and faecal pellets were removed evezy 6 h. to prevent them 
being refected. At the end of the 24 h. period the live weight of 
each animal or group of animals i n the case of the 0-3 and 3-6 mm. 
size groups, was determined. Faecal pellets were vacuum dried at 
60°C and weighed on a Cahn electrobalance model M.10. 

Results. 

Tables 8 and 9 show the results obtained for O.asellus and 
P.scaber respectively. 
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Table 8: Mean diy wts. and numbers of faecal pellets produced 
24 h. by a l l l i f e stages of O.asellus. (December 1964) 
Ranges i n brackets. 

Size range Mean li v e 
wt. mg. 

Mean no. of 
pellets/ 

indiv./ 24 h. 

Ifean dxy wt. 0 
pellets /24 h. 

mg. 

0— 3 iimi. 1.7 
(0.^5.5) 

7.4 
(3-15) 

0.076 
(0.001-0.160) 

3— 6 mm. 8.2 
(6.3-11.6) 

7.8 
(4-14) 

0.167 
(0.04-0.45) 

3— 6 mm. 10.2 
(7.5-14.4) 

7.8 
(3-15) 

0.262 
(0.09-0,82) 

6— 8 mm. 14.5 
(10.2-18.3) 

10.2 . 
(5-23) 

0.333 
(0.14-0.86) 

6— 8 mm. 16.4 
(11.0-25.4) 

19.3 
(7-30) 

0.890 
(0.40-1.94) 

8-11 mm. ? 35.8 
(26.3-42.6) 

14.1 
(3-38) 

1.060 
(0.16-2.96) 

8-11 mm. d 32.0 
(25.0-4!t..3) 

15.2 
(3-36) 

1.180 
(0.32-2.78) 

11-14 mm. 9 63.0 
(45.4-75.6) 

11.1 
(3-21) 

1.530 
(0.26-2.66) 

11-14 mm. S 64.5 
(46.3-78.8 

13.1 
(3.32) 

1.500 
(0.2Jk-3.16) 

^14 mm. 9 112.0 
(83.6-141,4) 

12.0 
(iK-25) 

1.870 
(0.68-3.02) 

1̂4 mm. S 99.0 
(76.4-136.6) 

13.0 
(5-25) 

1.690 
(0.5it^3.77) 
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Table 9: Mean diy wts. of faeces produced/24 h. for a l l l i f e 
stages of P.scaber. (Deeanber I964) Hanges i n brackets. 

Size range Mean l i v e 
wt. mg. 

Mean dry wt. of 
faeces producecU' 

24 h. mg. 

0— 3 imn* 5.3 
(3.6-6.6) 

0.151 
(0.058-0.336 

3— 6 mm. 13.4 
(9.9-15.6) 

0.349 
(0.166-0.663) 

6— 8 mm. 
(12.2-17.4) 

O.4O8 
(0.220-0.924) 

6- 8 mm. 27.7 
(22.4-33.6) 

0.586 
(0.326-1.102) 

8-11 mm. 48.0 
(41.6-56.6) 

0.804 
(0.444-1.334) 

11-14 mm. 71.0 
(60.0-79.6) 

0.982 
(0.536-1.604) 

> 14 mm. 91.5 
(81.3-106.6) 

1.113 
(0.533-1.846) 

Although there was gi^eat variation i n faeces production between 

individuals of the same group, the mean rate of faeces production 

showed an increetse with increasing weight. 

A further experiment was conducted i n the laboratory at the same 

time as the above experiments. Males and females of the >14 mm. 

size group of O.asellus were collected and isolated i n p e t r i dishes 
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provided with the same preferred foods as above. They were allowed 
to defecate i n the laboratory for 24 h., where the mean temperature 
was 20 ^ 5°C. Table 10 compares the results obtained i n this 
experiment with those obtained for the same size group i n the previous 
f i e l d experiment. 

Table 10; A comparison of the number and dry weights of faecal 
pellets producec/24 h. by adult O.asellus >14 nmi. 
i n length under laboratory and near natural conditions. 

Experiment Sex 

Laboratory ^ 

Field 9 

Laboratoiy (f 

Field S 

Mean li v e No. of Dry wt. faeces 
wt. mg. pellets/24 h. prod./24 h. mg. 

118.9 18.5 3.600 
(85.5-150.6) (6-47) (0.96-6.44) 

112.0 12.0 1.870 
(83.6-141.4) (4-25) (0.68-3.02) 

87.2 25.4 3.84 
(73.0-126.6) (9-46) (1.04-7.36) 

99.0 13.0 1.69 
(76.2-136.6) (5-25) (0.54-3.77) 

I t i s clear that the laboratory e:qperiment gave much higher rates 
of faeces production than the f i e l d experiment, which emphasises the 
fact that experiments with isopods performed at laboratory temperatures 
do not reflect the f i e l d situation. I t i s evident that experiments 
with these animals should be conducted under as near natural conditions 
as possible, i f the data i s to be related to f i e l d populations. 
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CHAPTER 3. 

The rates of ingestion, egestion, and assimilatiai 
during the summer season, for the two isopods O.asellus 
and P. scaber. 

1 . Preliminary esqperlment for the availability of a marker food. 

To obtain accurate information for the assimilation of food by 

employment of the equation:^ 
Food assimilated = food ingested - faeces produced, 

a l l of the faeces produced fZ*om.a knovm weight of food ingested must 
be accurately determined. The i n i t i a l task was to discover a food 
which gave faecal pellets of a diffemnt coloTir from those normally 
produced i n the f i e l d , as this food could then be fed to the animal 
being studied, and used as a marker. ^ f i r s t offering the marker 
food, then the preferred food, followed by the marker again, a l l of 
the faeces produced from the amount of preferred food eaten, could 
be easily recognised and collected. Shredded carrot was found to 
give bright orange faeces and was readily eaten. This food was 
therefore used as a marker i n the assimilation experiments. 

2. Ingestion, egestion, and assimilation of foods under near 

natural conditions. 

l ) O.asellus 
Methods. 

Individuals of a l l size groups were collected i n the f i e l d 
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during June 1965, placed i n feeding chambers, and allowed to feed 
on shredded carrot u n t i l orange faecal pellets weire produced, when 
i t was assumed that a l l f i e l d faecal pellets had been voided, 
15 X 7.5 cm. feeding chambers were prepared i n the manner described 
i n Chapter 1. The possibility of I varying with the type of food 
consumed was mentioned i n Chapter 1, and to obviate possible errors 
from this source two of the most preferred, and two of the least 
preferred foods were offered as food; these were decaying Sycamore 
leaves, decaying Oak leaves, dead Sweet Chestnut leaves, and dead 
Oak leaves. The procediu?e adopted for the determination of assim
i l a t i o n for each anima], was as follows :-

The individuals 6f the 0-3 and 3-6 mm. groups were introduced 
20 and 5 respectively, into a feeding ch^ber for the reasons mentioned 
i n Chapter 2. Individuals of the remaining groups were isolated, one 
animal per chamber. The live weight of each animal or group of 
animals (0-3; 3-6 mm.) was determined immediately before each 
e:q)eriment. For a given food, two 3 cm. discs, similar i n vein 
structure, state of decomposition, and texture were prepared. One 
was vacuum dried at 60°C and the other was offered as food to the 
animal. The dxy w e i ^ t of the vacuum dried disc was assumed to be 
equal te the dry weight of the food offered. Each feeding chamber 
thus prepared was placed i n the f i e l d and the animals allowed to feed 
for 24 h. Black faecal pellets were collected every 6 h. to ensure 
that none were refected or trampled into the f i l t e r paper. After 
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24 h. feeding the food was removed from each chamber and shredded 
carrot introduced. The experiment was terminated when the f i r s t 
carrot faecal pellet had been produced. The food remains and a l l the 
black faeces from each chamber were vacuum dried separately at 60̂ C 
and weighed. 354 such experiments were carried out. Assimilation 
efficiency was calculated as a percentage of the food ingested accord
ing to the formula:-

Abs. dry weight assimilated .„ Percent 
_ ^ X luu = j^gginiiiated 
Abs. dry weight ingested 

The dry weight of food ingested by each animal was calculated by the 
difference i n dry weight between the control disc and food remains 
at the end of the experiment. The dry weight of food assimilated was 
calculated by the difference i n dry weight of the food eaten and the 
faeces produced. The faeces production data obtained i n this summer 
experiment served as a comparison between the rate of faeces produc
tion determined i n the winter experiment (Chapter 2) 

Results. 

a) Assimilation. 
Table 11 shows the mean percentage assimilation for a l l foods 

» 

and l i f e stages. Fig. 1$ shows histograms of the data presented i n 



Fig.1^. 

O.asellus; 
ilistogrsjns shoeing the mean % assimilation of a l l l i f e stages 

Decaying Sycamore leaves 
Decaying Oak leaves 

I Dead Sweet Chestnut leaves 
ij] Dead Oak leaves 



aasellus 

V. Ass imi la t ion 
20 H 

0 - I 

Unsexed 

0-3 3-6 6-8 mm 

40 H 

V. Assimilat ion 

20 H 

0 - I 
8-11 11-14 mm 

« 0 H 

V. Assimilation 
20 H 

8-11 11-1A > 14 mm 
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coliunns 2 - 3 of Table 11. The ranges show that much variation i n 
assimilation occurred between individuals i n a l l the size groups. 
Because of t h i s v a r i a t i o n the mean percentage assimilation of a l l 
the experimental animals i n each s i z e group was calculated (see 
column 6, Table 11). The data thus obtained were tested for s i g 
n i f i c a n c e with the * t ' t e s t f o r small sanples, and Table 12 shows 
the r e s u l t s obtained. The only s i z e group which had an assimilation 
e f f i c i e n c y (= % assimilation) s i g n i f i c a n t l y different from the others 
was the 8 - 1 1 mm. group (p = > 0 « 0 3 ) . The overall mean assimilation 
e f f i c i e n c y given by the 354 experiments performed, 27.23^, was 
assumed to be the best possible estimate of assimilation for O.asellus. 

b) Hates of Ingestion. , 

Data on the rate of food ingested were available fran two inde

pendent experiments:-

1. The present summer experiment, where the amount of food 

ingested per 24 h. was determined as the dry weight of the food a t 

the beginning of the escperiment minus the dry weight of food remain

ing a f t e r 24 h. feeding, 

2, The winter faeces production experiments (Chapter 2) where 

the amount of food eaten (dry wt«) was calculated i n d i r e c t l y troa. 

the faeces production data (Table 8 ) , and the percentage assimilation 

figure of 27.23, according to the equation:-
Food eaten s Food assimilated * Faeces produced. 
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I f food eaten i s taken as 100^ then the faeces produced must 
he 12,11% of the food eaten. IQiowing the dzy weight of faeces pro
duced, simple calculation determined the dzy weight of food a s s i m i l 
ated. The sum of these two figures (amount assimilated -i- amount of 
faeces produced) was assumed to he equal to the diy weight of food 
eaten. 

Table 13 shows the r e s u l t s obtained from experiment 1. Column 7 

gives the mean dry weight of food eaten per 2h h. for a l l the foods 

used i n the experiment. This mean was used to describe the mean 

rate of ingestion for each s i z e group, as there was such a large 

vazdation between the rate determined i n each individual experiment. 

Note that animals tend to ingest more of the deca^pjig material; t h i s 

was to be expected as the decaying l i t t e r was known to be eaten i n 

preference to the dead l i t t e r (Chapter 1 ) . The h i ^ e s t ingestion 

rate i n t h i s summer experiment of 2.761 mg/2i|h. was shown by the 

8 - 1 1 mm. female group. 

Table 14 shows the r e s u l t s obtained from the December 1964 

faeces production data. Column 5 shows the rate of ingestion for a l l 

l i f e stages, and i t i s c l e a r that the rate of ingestion increases 

with increasing weight of animal. I n t h i s experiment the maximum 

rate of ingestion was f o r the > 14 mm. female size group, whereas 

the s\mmier experiment showed that i t was the 8 - 1 1 mm. female s i z e 

group which gave the greatest ingestion rate. 
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Table 1 1: Mean fo assimilation f or a l l l i f e stageis of O.asellus 
when fed on 4 different food items. 

Size group 
i-

" 0 - 3 mm., 

3— 6 mm, 

6 - 8 nun, 

8 - 1 1 mm. ^ 

8 - 1 1 mm, ( f 

1 1 - 1 4 mm, ^ 

1 1 - 1 4 Dim, (f 

>1 4 mm, p 

> 1 4 mm. (T 

Decaying 
Sycamore 

3 7 . 6 4 
( 1 6 , 6 to 8 2 , 4 ) 

4 6 . 9 5 
( - 4 0 . 4 to 8 2 , 3 ) 

1 1 , 2 0 
( r . 2 3 . 8 to 7 1 . 5 ) 

5 0 . 9 1 
( - 1 5 . 6 to 9 3 . 4 ) 

4 6 , 0 0 
( 1 6 , 7 to 80 . 6 ) 

1 3 . 8 4 
( - 2 0 , 3 to 3 5 , 1 ) 

fi 
9^.74 

( - 2 9 . 4 to 3 4 . 3 ) 

2 2 . 1 6 
( 0 . 6 to 7 7 . 0 ) 

2 0 , 0 0 
( - 2 7 . 5 to 7 7 , 0 ) 

Decaying 
Oak 

3 0 . 5 4 
( 0 . 1 to 7 3 . 9 ) 

2 1 , 1 4 
( 0 . 3 to 5 6 . 0 ) 

2 0 , 6 5 
( - 1 0 , 3 to 5 2 , 0 ) 

3 9 . 7 6 
(1,2, . to 8 4 . 7 ) 

3 4 . 0 3 
( 2 , 1 to 8 5 . 8 ) 

1 5 . 1 9 
( - 1 . 6 to 6 6 . 6 ) 

2 2 , 7 2 
( - 1 5 . 5 to 8 9 . 7 ) 

2 4 . 7 5 
( 4 . 4 to 5 4 . 7 ) 

2 5 . 1 7 
( 1 . 2 to 7 3 . 0 ) 

Dead Sweet 
Chestnut 

Dead OaJk 

1 4 . 7 1 ^ ^ - ^ ^ 
( - 1 0 4 . 7 to 8 3 . 0 ) ( - 2 , 3 to 6 7 . 5 ) 

2 0 , 5 0 3 7 . 2 5 ^ 
( - 1 9 . 7 to 5 3 . 8 ) ( . 1 9 . 9 to 6 2 . 0 ) 

3 1 . 7 2 3 2 . 7 9 
( 6 . 0 to 5 1 . 0 ) I (-0.1 to 6 5 . 7 ) 

3 0 . 9 0 3 9 . 4 4 
( - 1 1 , 5 to 8 3 , 2 ) ( - 2 . 0 to 8 3 . 7 ) 

30 , 61 4 8 . 2 4 
( - 1 0 . 0 to 8 7 . 3 ) ( - 1 5 . 1 to 8 9 , 4 ) 

28 ,31 ^ 3 0 , 3 6 ^ 
( - 1 3 . 3 to 6 2 , 1 ) ( 0 . 9 to 9 7 . 2 ) 

2 1 . 9 0 2 7 , 3 6 
( 0 , 2 to 3 8 , 7 ) ( - 1 3 , 6 to 7 9 . 0 ) 

2 6 , 4 0 3 6 , 5 7 
( - 4 7 . 7 to 8 3 . 6 ) ( - 2 5 . 0 to 7 5 . 0 ) 

2 4 . 4 0 3 0 . 8 4 
( 0 . 4 to 5 5 . 1 ) ( _ i 5.o to 5 9 . 5 ) 

Mean for each 
siz e group 

2 5 . 1 9 

3 1 . 3 1 

2 4 . 0 9 

4 0 . 4 9 

3 9 . 5 1 

21.41 

2 0 . 4 4 

25.80 

2 4 . 9 1 
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Table 12: Significance of the mean % assimilation of a l l l i f e 
stages of O.asellus. 

Size group Mean % 
Assim. 

° of 
freedom 

t P = 

0— 3 25.19 - 20.11 39 0.634 None 

3— 6 mm. 31.31 - 24.74 38 1.030 None 

6— 8 mm. 24.09 * 23.08 39 0.850 None 

8-11 mm. ? 40.49 - 30.22 38 2.705 >0.05 

8-11 mm. 39.51 - 28.45 38 2.642 >0.05 

11-14 mm. 9 21.41 ' 23.97 36 1.739 None 

11-14 mm. S 20.kk i 24.39 39 1.457 None 

>14 mm* 9 25.80 i 27.11 39 0.329 None 

>14 mm. S 24.91 * 24.74 39 0.586 None 

Overall mean assimilation f or the 354 e^eriments 

performed = 27.2^^ 
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Table 1 3 : Mean summer ingestion rate (mg. dry wt . / 2 2 f i i . ) of a l l 
l i f e stages of O.asellus when fed on 4 different food 
items. Ranges i n 'braokets. 

Siae group Mean l i v e 
weight 

Decaj^ing 
Sycamore 

Decaying 
Oak 

Dead Sweet 
Chestnut 

Dead Oak Mean rate 
a l l foods 

0 - 3 nm. 0 . 6 9 
( 0 . 6 5 - 0 . 7 3 ) 

0.128 
( 0 . 0 4 - 0.21) 

0 . 0 7 6 
( 0 . 0 3 - 0 . 1 5 ) 

* 0 . 0 3 4 
(0.01-0,08) 

0 . 0 7 7 
( 0 , 0 6 - 0 , 0 8 ) 

0 . 0 7 9 

3 - 6 mm. 7 . 3 
( 5 . 7 - 8 . 7 ) 

0 . 3 3 7 
( 0.12 - 0 . 6 0 

0 . 1 7 9 
( 0 . 0 4 - 0 : 3 3 ) 

0 . 2 9 8 
( 0 . 0 6 - 0 . 5 5 ) 

0 . 2 6 2 

( 0 , 1 6 - 0 . 4 4 
0 . 2 5 6 

6 - 8 mm. 1 6 . 7 
( 1 0 . 6 - 1 9 . 8 ) 

1 . 0 5 5 
( 0 . 2 0 - 3 . 7 5 ) 

1 . 3 4 7 
( 0 . 3 0 - 2 . 2 3 ) 

1 . 1 4 9 
( 0 . 3 0 - 2 , 4 3 ) 

0 . 8 7 7 
( 0 . 2 2 - 2 . 2 2 ) 

1.082 

8-11 mm. ? 4 2 . 7 
( 0 . 4 0 - 8 . 1 6 ) 

3 . 4 1 3 
( 0 . 9 9 - 6 . 3 2 ) 

1 . 6 9 6 
( 0 , 2 1 - 3 . 0 7 ) 

1 . 6 6 1 
( 0 . 5 1 - 2 . 8 6 ) 

2 . 7 6 1 

8-111 mm. 3 9 . 4 2 . 5 7 8 
( 1 . 2 0 - 4 . 9 6 ) 

1 . 5 5 4 
( 0 . 4 9 - 3 . 4 8 ) 

1 

1 , 3 2 1 
( 0 , 4 1 - 2 . 9 2 ) 

2 , 8 1 4 
( 0 . 2 i . 0 - 4 . 3 l ) 

2 . 0 4 7 

11-14 mm. 9 8 4 . 7 4 . 4 7 9 
( 1 . 9 4 - 7 , 4 8 ) 

* 
1 . 9 7 2 

( 0 . 2 8 - 3 . 5 2 ) 
1 . 0 1 7 

( 0 . 2 0 - 2 . 7 5 ) 
1 . 3 3 3 

( 0 . 3 8 - 4 . 1 4 ) 
2 . 2 9 6 

11-14 ram. 7 7 . 0 2.4t(-9 
( 0 . 2 0 - 6 . 3 5 ) 

3 . 6 2 4 
( 0 . 8 6 - 6 . 7 8 ) 

i 

2.486 
( 0 . 4 4 - 5 . 2 0 ) 

2 . 1 9 3 
( 0.i^ 4 - 5 . 6 2 ) 

2 . 6 8 7 

>14 mm. 9 1 4 2 . 5 3 . 9 8 6 
( 0 . 8 6 - 6 . 6 4 ) 

3 . 3 5 3 i 
( 0 . 9 0 - 6 . 9 2 ) 1 

1 . 1 9 6 
( 0 . 3 0 - 1 . 9 3 ) 

1 . 4 0 0 
( 0 . 3 2 - 2 , 3 0 ) 

2 . 4 8 4 

>14 mm. 117.4 5.010 
( 0 . 7 3 - 6 . 6 4 ) 

1 , 4 1 2 i 
( 0 . 2 4 - 2 . 6 6 ) 

. 0 . 8 9 6 
( 0 . 1 4 - 1 . 7 1 ) 

2 . 3 0 6 
( 0 . 3 ^ - 5 . 6 6 ) 

1 . 9 0 6 
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Table 14: Mean rates of faeces production, food assiMlated, 
and food ingested (mg. dry wt./24 h.) for a l l l i f e 
stages of O.asellus as calculated from the winter 
faeces production experiment. 

Size group Mean l i v e 
weight mg. 

Mean dry 
wt. 

faeces 

Mean dry 
wt, assim. 

Mean dry 
wt. 

ingested 

0- 3 mm. 1.7 0,076 0,028 0,104 

3— 6 mm. 8,2 0.167 0,062 0,229 

3— 6 mm. 10 .2 0,262 0,098 •0.360 

6— 8 mm. 14 .5 0.335 0.124 0.457 

6— 8 mm. 16.4 0.890 0.340 1.230 

8-11 mm. 9 35.8 1,060 0.400 1,460 

8-11 mm. (f 32.0 1.180 0.440 1.620 

11-14 mm. 9 63,0 1.530 0.570 2.100 

11-14 mm. (f 64 ,5 1,500 0.561 2.061 

>14 mm. ? 112.0 1.870 0,700 2.570 

>14 mm. 99,0 1.690 0,630 2,320 

The data from both the summer and the winter experiments were 

pooled so that a regression of ingestion rate upon l i v e weight could 

be calculated. F i g , 17 shows the r e s u l t of a double logarithmic plot 

of ingestion rate upon l i v e weight. The straight l i n e was calculated 

by the l e a s t squares method; a correlation coefficient of 0.98 was 

obtained, and a formula f o r X on Y of Log X = -1,155 + 0,807 Log Y 

was calculated. 
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c) Bate of Egestion. 

Column 2 i n Table 14, and column 7 i n Table 15 show the mean 

rates of egestion obtained by the two direct measurements of egestion 

rate, made f o r a l l l i f e stages of 0 ,asellus during the winter and 

summer seasons. The mean rates thus obtained were pooled so that a 

regression of rate of- egestion upon l i v e weight could be calculated. 

F i g , 16 shows the r e s u l t of a double logarithmic plot of X (ingestion 

rate) upon Y ( l i v e weight). The straight l i n e was calculated by the 

l e a s t squares method; a correlation coefficient of 0.99 vas obtained, 

and the formula Log X = -1,308 + 0,807 Log Y, was calculated, 

2) P, soaber, 

1, Introduction and prelimihary experiments. 

I n the previous experiment with O.asellus i t was discovered that 

the i n i t i a l diy weights of the control and experimental food discs 

were not always equal. Vlhen the control was th$ heavier of the two, 

low or even negative r e s u l t s were obtained f or the assimilation 

e f f i c i e n c y , and when i t was the l i g h t e r of the two, abnormally high 

r e s u l t s could be given. However, the large numbers of experiments 

perfomed tended to cancel out these anomalies, therefore the mean 

ov e r a l l estimate of assimilation e f f i c i e n c y given e a r l i e r may be con

sidered to be reasonably accurate. 
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Table 1 5 : Mean summer egestion rate (mg. dry w t . / 2 4 h . ) f o r a l l 
l i f e stages of O.asellus when fed on 4 different food 
items. Ranges i n 'brackets. 

Siae group ; Mean l i v e 
vreight 

Decaying 
Sycamore 

Decaying \ 
Oak I 

Dead sweet 
Chestnut 

Dead Oak Mean rate 
a l l foods 

0 - 3 mm. 0 . 6 9 0 . 0 7 7 
( 0 . 0 2 - 0 , 1 2 ) 

0 . 0 4 9 ^ 
( 0 . 0 2 - 0 . 0 7 ) 

0 . 0 2 1 
(O0OI-O0Q4) 

0 , 0 6 4 
( 0 , 0 1 - 0 , 1 6 ) 

0 , 0 5 5 

3 - 6 mm. 7 . 3 0 , 1 8 0 
( 0 , 0 4 - 0 , 4 7 ) 

0 . 1 4 1 
( 0 . 0 4 - 0 . 2 7 ) 

O0I99 
(O0O6-O.45) 

0 , 1 6 6 
( 0 . 0 8 - 0 . 5 2 ) 

0 , 1 7 1 

6 - 8 mm. 1 6 . 7 0 , 8 7 7 
( 0 , 3 2 - 3 . 4 1 ) 

1 . 0 2 4 ' 
( 0 . 1 8 - 1 . 7 9 ) 

• 0 , 7 7 6 
(O035-I .76) 

O06O2 
( 0 , 1 5 - 1 , 9 5 ) 

0 . 8 2 0 

8 - 1 1 mm. 9 4 2 . 7 1 . 5 9 4 
( 0 . 4 5 - 3 . 0 7 ) 

1 . 8 8 4 
( 0 . 4 8 - 4 . 0 0 ) 

0 . 9 4 4 
( 0,18 - 1 . 7 1 ) 

0,808 
( 0 . 4 3 - 1 . 4 0 ) 

1 , 5 1 6 

8-11 mm. (f 3 9 . 4 . 1 . 3 9 2 
(SO. 3 1 - 3 . 2 0 ) 

•r 

0 . 8 9 1 1 
( 0 . 4 2 - 1 . 7 9)1 

0 , 9 4 8 
(O0O9-20I7) 

1 . 2 7 8 
( 0 . 5 4 - 2 . 9 7 ) 

1,125 

1 1 - 1 4 mm. 9 8 4 . 7 3 . 8 3 5 
( 1 . 7 0 - 5 . 9 5 ) 

1 . 6 3 1 

( 0 . 2 4 - 2 . 7 4)1 
i 

0 , 7 2 6 
( 0 o l 8 - l o 3 0 ) 

0 , 8 9 5 
( 0 , 2 5 - 2 , 2 7 ) 

1.855 

1 1 - 1 4 mm. 6^ 77 . 0 1 . 8 9 9 
( 0 . 2 0 - 5.82) 

3 . 0 0 0 i 
( 0 . 1 9 - 6 . 1 0 ) 

I0854 
(0 ,57-5618) 

1 , 5 1 6 
( 0 , 5 0 - 2 . 5 1 ) 

2 , 0 6 7 

> 1 4 mm. 9 1 4 2 . 5 5 . 0 3 0 
( 0 . 6 3 - 5 . 4 2 ) 

i 
2 . 4 9 5 1 

( 0 . 8 6 - 4 . 9 5)1 
j 

0 , 8 0 9 
( 0 , 0 8 - 1 . 5 0 ) 

0 , 7 9 7 
( 0 . 2 6 - 1 , 7 7 ) 

1 , 7 7 6 

> 1 4 mm. cf 1 1 7 . 4 2 . 2 1 9 
( 0 . 5 0 - 4 . 5 4 ) 

1 . 0 0 3 
(0 .17-2 .50) 

0 , 6 2 6 
( 0 , 1 4 - 1 . 2 6 ) 

1 . 4 8 5 
( 0 , 5 5 - 5 . 4 6 ) 

1 , 5 5 5 
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Clearly, a more d i r e c t method of determining the i n i t i a l dzy 
weight of the experimental food would be preferable to the use of a 
control, Wieser (1965) used re-wetted dessicator dried Poplar 
U t t e r f o r assimilation experiments with P.scaber. Using P. Soaber. 
an experiment was designed to coo^are the p a l a t a b i l i t y of preferred 
foods which had been dessicator dried and subsequently re-wetted. 

Methods. 

Four foods; dsoeQilng Sycamore, decking Oak, dead Oak, and dead 

Sweet Chestiiut, were oolleoted i n the f i e l d , out into 3 cm discs and 

stored f o r 7 days over a dessicant. The discs were then placed i n 

feeding chambers alongside foods which had j u s t been collected i n 

the f i e l d so that any re-colonisation by bacteria could take place. 

Four to seven days was assumed to be long enough f o r thorough r e -

wetting and re-colonisation. Four discs of each re-wetted food 

were then placed i n separate feeding chambers alongside four 3 em 

discs of the same foods, which had been recently collected i n the 

f i e l d . Twenty f i v e individuals representing a l l l i f e stages were 

introdueed into each feeding chamber. ^ e r 2kh feeding the animals 

were removed, and the food remains photogra>hed. 

Results. 

Fig.17 shows the r e s u l t s obtained. I t i s clear that f o r a l l the 

foor foods offered, there was no difference i n p a l a t i b i l i l ^ between 

the natural and the r e s e t t e d dessioator dried material. 
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Note that absolute dxy weights are necessary for the 
accurate determination of rates of assimilation, ingestion, and 
egestion, because the variation i n water content of live food 
material offered may introduce errors into the experiments. 
Absolute dry weights may only he determined by drying the material 
i n an oven at temperatures above lOÔ C, or preferably i n a vacuum 
oven at 60̂ C because vdktiles are l i k e l y to be evaporated at 
temperatures above lOÔ C. A further expezdment was therefoz« 
designed to determine the percentage water loss trm dessicator 
dried food material after i t had been vacuum dried at 60°C. Table 
16 shows the results obtained from 10 sanqples, each of which consisted 
of one disc each of dead Thistle, decaying Sycamore, and fallen 
log bark. The mean water loss calculated according to the foxmula:-

Table I6 
Percentage water loss when dessicator dried foods 1 

vacuum dried. 
Dessicator 
dried wt.mg. 

Vacuum dried 
wt.mg. 

^ a t e r 
loss 

63.1 60,3 4.4 

73.6 70.3 4.5 

95.5 91.6 4.1 
61.0 58.4 4.3 
66.2 63.8 3.7 

71.9 74.4 4.5 
61.2 58.8 4.0 

51.1 49.6 3.0 

54.3 52.3 3.7 
46.2 4t.8 3.0 

X = 3.9 i 0.54^ 
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Dessioator dried wb - Vacuim dried wt x 100 was found to be 3.9-0.5Jt^ 
Vacuum dried mt. 

2« Ingestion, egestion, and assimilation of food under near 
natural conditions using re-wetted dessicator dried food material* 

Introduction 

The experiments with O.asellus showed that there ms great 
variation i n assimilation between individuals of the SEime size 
group feeding on the separate foods> necessitating the employment 
of the mean percentage assimilation efficiency for each group. 
Therefore i t was decided to feed P.scaber on a mixture of preferred 
foods (dead Thistle, leaves, decaying Sycamore leaves, and fallen 
log bark), tib determine the mean assimilation efficiency of a l l l i f e 
stages* 

Methods 

Individtials of a l l l i f e stages were collected during March 
1966 and fed on shredded carrot u n t i l orange faecal pellets were 
produced* Discs of the foods dead Thistle, decaying Sycamore, and 
fallen log bark, were dessicator dried, weighed, and re-wetted i n the 
manner described previously* lOxL cm feeding chambers were 
prepared, and into each was introduced one disc of each food. Knowing 
the percentage water loss vAien the dessicator dried foods were 
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vacuuig dried, i t was possible to determine the i n i t i a l absolute 
dry weight of the food offered. The live weight of each animal 
was determined before the experiment began. Individuals of the 
0-3, and 3-6 mm groups were introduced 20 and 5 per feeding chamber 
for the reasons given earlier; individuals of the remaining groups 
were isolated one per chamber. A l l the feeding chambers were 
then placed i n the f i e l d and the animals allowed to feed for 24h; 

black faecal pellets were collected every 6h. After 24h feeding 
the food remains were collected, and shredded carrot was introduced; 
the animals were removed, and the experiment ended \riien the f i r s t 
orange faecal pellets was produced. Dry weights of the faeces 
produced and the food remains were determined. The dry weight 
of food ingested was calculated by the difference in diy weight 
between the food offered at the beginning of the experiment, and 
the food remains after 24h feeding. The dry wei^t of food 
assimilated was calculated by the difference i n dry weight of food 
ingested and the faeces produced. Assimilation efficiency was 
calculated as a percentage of the dry weight of food assimilated 
divided by the dry weight of food ingested. 
Results 

(a) Assimilation 

Table 17 and column 5 of Table 18 show the results for a l l l i f e 
stages of P.scaber. 9ig.ZC> shows histograms of the data presented 



Pig.StO* 

P.soaber; 
Histograms shov'ing the mean % assimilation of a l l l i f e stages 
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i n colipn 3 of Table 17» The ranges indicate that great 
variation i n assimilation efficiency occur within size groups, 
thus emphasising the need for many replicate experiments, so that 
a reasonably accurate mean value for this efficiency may be obtained* 

Table 17 
Significance of the mean % assimilation calculated 

for a l l l i f e stages of P*scaber* 

Size group Mean li v e Mean % SD °of ' t ' ' p= 
wt.mg* Assim* freedom 

0-3 mm' 2*8 31.81 i 14-91 14 0 * ^ 
(12*5 - 58.1) 

3-6 mm 10*8 31.13 - 12*43 19 Q*656 
(14*3 - 66*7) • 

6-8 mm 19.8 3^*37 - 15.59 19 AttWt 
(11.1 - 69.0) . 

8-11 mm ? 43.2 39*58 - 18.61 9 iMk ^OiSE 
(6.9 - 71.4) 

8-11 mm(? 38.5 39.58 - 15.78 9 iMSL 
(20*0 - 70.0) 

11-14 mm? 60.7 24.47 - 13.03 9 | . | 0 ^ HCm 
(8.0 - 49.3) 

11-14 mmcf 61.4 21.06 - 14.16 9 UXME 
(4.8 - 50.0) 

>14 mm9 94.8 l6*99 - 14.73 9 2*$$2. >.0(S. 
(4*4 - 48.8) 

>14 nmicr 76.9 16.04-14.65 9 2*707 >.0S1 
(4.8 - 50.0) 
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Application of the ' t * test for small samples gave significant 
differences i n assimilation efficiency between size groups, values 
of p = > 0.001 being obtained i n mar?y cases (see Table 17). 
Assimilation efficiency ranged from l6.0!|^ for the >a4mm size group 
to 39*59?̂  for the 8 - 11 mm group, females generally showing a 
greater assimilation efficiency than males. I t i s interesting 
to note that the 8 - 11 mm female size group of both O.asellus 
and P.scaber have the h i ^ e s t assimilation efficiency of a l l the 
l i f e stages. The overall mean assimilation efficiency calculated 
from a total of 115 separate experiments for P.scaber was 29.26^. 

(b) Rates of Ingestion 

Calculation of the rate of ingestion for a l l size groups of 
P.scaber was effected by the employment of the two methods used 
previously for O.asellus. Column 4 of Table 18 shows the results 
obtained by direct measurement i n the present summer study witir 
fi.scaber. I t i s clear that the 8 - 11 mm female groups, as with 
O.asellus showed the highest rate of ingestion ( 2.330 mg dry wt/ 
2liJa.) . Column- 4 of Table 19 shows the results obtained by calculation 
from the winter faeces production data (Table 9)» vtiere 70»HS^ 

of the food ingested is produced as faeces, and 29.26^ is assimilated. 
A comparison of Table 18 and 19 shows that the rates of ingestion 
for each size group were similar, with the exception of the h i ^ value 
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obtained for the 8 - 11 mm females i n the summer experiment. The 
data were pooled so that a regression of ingestion rate upon 
liv e weight could be calculated. Fig.Zi shows the result of a 
double logarithmic plot of ingestion rate (x) upon live weight 
(Y) • The straight line was calculated by the least squares method; 
a correlation coefficient of 0*92 was obtained, and the formula 
Log X =-0.887 + 0.577* Log Y was calculated* 

Table 18 
Faeces productioh, food ingested, and food assimilated 
(mg diy wt/24h) by a l l l i f e stages of P*scaber 

during the summer season* 
Ranges i n brackets 

Size group Mean 
L*wt. 

Faeces 
prod. 

(Food 
ingested 

Food 
assimilated 

0 - 3 mm 2.8 0.018 
. (0.01-0.03) 

0.028 
(0.01-0.05) 

0.010 
(0.001-0.003) 

3 - 6 mm , 10,8 0.373 
(0.10-0.75) 

0.548 
(0.15-1.10) 

0.175 
^©05-0,55) 

6 - 8 mm 19.8 0.705 
(0.40-1.45) 

1.130 
(0.45-2.30) 

0.425 
(0.05-1.00) 

8 - 11 mm ? 43.2 1.405 
(0.30-2.35) 

2*300 
(l.05*-3.40) 

0.925 
(0.10-1 JfO) 

8 - 11 mm cf* 38.5 0.665 
(0.15 -1.60) 

1.260 
(0.20-3.10) 

0.595 
(0.05-1.55) 

11 • - 14 mm 9 60*7 1.045 
(0.70-1.70) 

1.485 
(0.85-3.35) 

0Jli40 
(0.10-1.65) 

11 • - 14 Tsm^ 61.4 1.120 
(0.50-2.30) 

1.420 
(0.60-2.50) 

0.300 
(0.05-<).90) 

>14 mm $ 94.8 ' 1.275 
(0.90-2.20) 

I.56O 
(1.00-2.30) 

0.285; 
(0.05-1.05) 

>14 mmCf 76.9 0.960 
(0.55-1.75) 

1.160 
(0.60-1*90) 

0.200 
(0.05-0.75) 



P i g . i l . 

p.scaber; 
Bisgression of ingestion rate upon live weight. The line i s a 
least squares estimate of the regression. 

^ Vrm winter faeces production e^erLments 

# Prom summer assimilation experiments 
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Table 19 
Pood ingested, and food assimilated as calculated from 
(a) the known dry weights of faeces produced/2Mi 

obtained i n the winter faeces production 
experiments, and 

(b) the assimilation efficiency of 29.2 

Size gvo\xp Mean live 
wt. mg. 

Faeces 
prod. 

Pood 
ingested 

Pood 
assim. 

0 — 3 mm 5.3 0.151 0.213 0.062 

3 — '6 mm 13.4 0.349 0.493 0.14!j. 
6—8 Tnm 14.9 OJ+08 0.577 0.169 

6 — 8 ™Ti 27.7 0.586 0.828 0.242 

8 — 11 mm 48.0 O.8O4 1.137 0.333 

11 - 14 mm 71.0 0.982 1.386 0Jf06 

>14 mm 91.5 1.113 1.573 0.460 

(o) Rates of egestion 

Data from two direct measurements shown i n Table 18 and 19 
were available. Column 3 of Table 18 shows the results obtained 
from the simmer season assimilation experiments, and coluzmi 3 

of Table 19 shows similar results which were obtained from the 
winter faeces production experiments. The data from the two 
experiments were pooled, so that a regression of faeces production 
upon li v e weight could be calculated. Pig.22 shows the result of 
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P.stfaber; 
Regression of egestion rate upon live weight. The line 
i s a least squares eistimate of the regression. 
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a double logarithmic plot of faeces production (x) upon live 
weight (Y) . The straight line was calculated by the least 
squares method; a correlation coefficient of 0.97 was obtained, 
and the formiila Log X -• -1.097 * 0.613^was oalcvilated. 

With the resvilts outlined i n Chapter 2 and the present chapter, 
i t was possible to proceed to the calculation of the 'best 
estimates' of a l l the parameters of the equation:-

Assimilation s Ingestion - Egestion 

The methods employed and the results obtained form the basis 
of the following chapter. 
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Chapter 4 

The calciilation of the 'best estimate' of I (assimilation) or 
energy entering the individual. 

Because of the lack of knowledge of the l i f e stage 
composition of natural populations of Oniscus asellus and Porcellio 
soaber i t is not possible to calcxalate the energy assimilated by the 
populations per unit area of habitat per annum. Under these 
circumstances the employment of the 'best estimate' proposed by 
Phillipson (1962, 1963) is permissable. 'Best estimates' for food 
assimilated per gram live weight per 24h were calcvilated from the 
data on ingestion, egestion and assimilation presented i n the 
previous chapters. 

Methods 

Calorific values of the foods used and faeces produced were 
obtained by combusting pelleted samples i n a micro-bomb calorimeter 
(see Chapter 6 ) . Two methods were employed to calculate the 'best 
estimates' of food assimilated, food ingested and food |6gested per 
gram live weight per unit time by both species. The data for 
method I were obtained from the winter faeces priduction experiments 
(Table 14 O.asellus; Table 19 P.scaber) • For method 2 the data, 
presented i n Tables 13 and 15 0*asellus, and Table 18 P.scaber« 
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vAiich were obtained from the svumner assimilation experiments, were 
used. 

Tables 20-23 show the methods employed to calculate the 
'best estimates' of I (assimilation) by these two methods. 
(1) The totals of the mean weights of each size group were determined 
and expressed i n milligrams. 
(2) The to t a l weights of food ingested and egested were converted 
to calories by means of the measured values for food and faeces 

(see Chapter 6 ) . The nmber of calories assimilated were calculated 
as Ingestion (cal) minii^s Egestion (cal). 
(3) The results were then expressed as the 'best estimate' of calories 
assimilated per 24h by 1 gram live weight of isopod. Tables 

24 end 25 show the summarized results of Gissimilation, ingestion 
and egestion for both species. The 'best estimates' by both 
methods and their means are presented as mg/g.live weight of isppod/ 
24h and oeH/gmllve weight of isopod/24h. 
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Table 20 

Calculation of the 'best estimate* of I (assimilation) for 
0>»asellU3 using the data obtained i n the winter faeces 

production erpezriments* 

Size group Mean l i v e Mean Mean Mean 
wt* mg« ingestion egestion. assim: 

(mg. dxy weight per 24h«) 

0-3 mm U7 0. Qt|. 0.076 0.028 

3-6 mm 8.2 0.229 0.167 0.062 

3—6 mm 10.2 0.360 0.262 0.098 

6—8 WW 34.5 0.457 0.333 0.122|. 

6—8 mn 16.4 1.230 0.890 0.340 

8-11 mm 1̂  35.8 1.460 1.060 0.400 

8-11 mm cT 32 .0 1.620 1.180 0.41<.0 

11-12^ mm 9 . 63.0 2.100 1.530 0.570 

11-34 mmtf' 62 .̂5 2.061 1.500 0.561 

>14 mm? 11*20 2.570 1.870 0.700 

>14 mmd* 99.0 2.320 1.690 0.630 

(1) TOTAL 4 5 7 ^ lJf .511 10.558 3.953 

Total mg i s mxiltiplied 

by mean c a l v a l of:- (food = 4 . I 8 6 ) (faeoes = 4*212) Kcal / s * 

to give 

(2) TOTAL CALORIES 60*743 4ij..470 ( l6*273)Cal. 
(3) .*. 1 g l i v e weight of O.asellus assimilates l6 .2^jLOOO Qg2./2hh, 

I - 35.585 oal/g l i v e wt /2Mi. 
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Calculation of the 'best estimate' of I (assimilation) for 
O.asellvis using the data obtained i n the summer 

assimilation experiments. 

Size group Mean l i v e Mean Mean Mean 
wt.mg. ingestion egestion assimilation 

(mg. dry weight per 2^h) 

0—3 mm 0.69 0.079 0.053 0.026 

3^6 mm 7.32 0,256 0.171 O.O85 

6**8 mm 16.71 1.082 0.820 0.262 

8-11 mm 9 42.74 2.761 1.316 l.i . 45 

8-11 mm <f 39^ 2.Q!f7 1.123 0.924 

11-14 inmp 84.72 2.296 1.855 O.44L 

11-14 mmcf 76.95 2.687 2.067 0.620 

>14 mm? 142.50 2.484 1.776 O.7O8 

>14 mm<f 117.42 1.906 1.333 0.573 

( l ) TOTAL 528.49 15.598 10.514 5.084 mg. 

Total mg i s multiplied by 

mean c a l . v a l . of:- (food = 4 . I 8 6 ) (faeces = 4*212) Koal/g. 

to give 

(2) TOTAL CALOHIES 65.293 2fr4.285 (21.008) c a l . 

(3) •*. 1 g. l i v e weight of O.asellus assimilates;- 21.008 x 1000 528.49 
cal / 2 4 h . 

I = 39.751 c a l / g . l i v e wt . / 24h . 
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Table 22 

Calculation of the 'best estimate' of 1 (assimilation) 
for P.soaber using the data obtained from the 

winter faeces production experiments. 

Size group Mean l i v e 
wt. mg. 

Mean 
ingestion 

(mg. 

Mean Mean 
egestion assimilation 

dry w e i ^ t per 2i|Ji) 

0—3 mm 5.3 0.213 0.151 0.062 

3—6 mm 13.4 0.493 0.349 0.144 

6—8 win 0.577 0.408 0.169 

6-8 mm 27.7 0.828 0.586 0.242 

8-11 mm 48.0 1.137 0.804 0.383 

11-14 null 71.0 1.388 0.982 0.406 

> 14 mm 91.5 1.573 1.113 0.460 

(1) TOTAL 271.8 6.209 4.393 1.816 mg. 

Total mg i s multiplied 

by mean o a l . v a l of:- (food = 4 . I 8 6 ) (faeces = 3.909) Kcal/g. 

to give 
(2 ) TOTAL CALOHIES 25.991 17.172 ( 8 . 8 l 9)cal. 

(3) .*• 1 g. l i v e weight of P.scaber assimilates 8.819 x 1000 ggi/gUi 

I = 32.2.47 oal/g. l i v e wt . / 2 y i . 
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Table 23 

Calculation of the 'best estimate' of I (assimilation) 
f o r P.soaber using the data obtained from the 

summer assimilation experiments 

Size group Mean l i v e Mean Mean Mean 
wt .mg. ingestion egestion assimilation! 

(mg diy weight per 2Wi) 

0—3 mm 2.8 0.028 0*018 0*010 

3-6 mm 10.8 0.5Ĵ 8 0*373 0*175 

6-8 mm 19.8 1.130 0.705 0.425 

8-11 mm 9 43.2 2.330 1.405 0.925 

8-11 mm cT 38.5 1.260 0.665 0.595 

11-14 mm ? 60*7 1.485 1.0Jf5 OJiJk.0 

11-14 nim<̂  61*4 1.420 1.120 0.300 

>Vi. mm9 94.8 1.560i 1*275 0.285 

>14 mmcT 76.9 1.160 0*966 0.200 

(1) TOTAL 408.9 10.921 7*566 3*355 mg. 

Total mg i s multiplied by 
mean oal. v a l . of:- (food = 4*186) (faeces = 3.909) Kcal/g 
to give 

(2) TOTAL GALOBIES 45.715 29*575 (16.340) c a l * 

(3) 1 g. l i v e weight of P.scaber assimilates:-•16*340 x 1000 , /^ . , 
408.9 

I = 39.472 c a l / g . l i v e wt/24h. 
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Table 24 

Summaiy of the 'best estimates' of assimilation, 
ingestion and egestion for I g . l i v e wt. 
of O.asellus 

(a) by weight (mg diy wt/24h) and 
(b) by cal o r i e s (oal /24h.) 

Expt. 

(a) 

Winter 

Summer 

Food Mean Food Mean Food Mean 
Assimilated Ingested Egested 

8.64. 9.13 3I#73 30.62 23.09 21.49 

9.62 29.51 19.89 

Winter 

Summer 

35.585 37.668 132.830 128.188 97.245 

39.751 123.546 85.795 

90.520 

Table 25 

Summaiy of the 'best estimate' of assimilation, ingestion, 
and egestion f o r 1 g. l i v e wt. of P.soaber 

(a) by w e i ^ t (mg.dry wt/24h) and 
(b) 

— \—o \ 

by c a l o r i e s (caJ /24h). 

Expt. 

(a) 

Winter 

Summer 

(b) 

Winter 

Summer 

Food Mean Food 
Assimilated Ingested 

6.68 

8.43 

32.447 

39.472 

7.56 22.84 

27.33 

35.960 95.625 

111.800 

Mean Food 
Egested 

25.09 16.16 

18.90 

103.713 63.178 

72.328 

Mean 

17.53 

67.753 
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Knowing the 'best estimates' of assimilation, 

ingestion and egestion, the equations given by Phillipson (l960b) 

meiy now be s a t i s f i e d i n terms of diy weight or c a l o r i e s . 

1* Wt of food assimilated = ¥fc* of food ingested - Wt* of faeces 
egested 

(mg. diy wt/g.live wt./2i|Ja) (mg. diy wt/g.live (mg. dry wt/g.live 
wt ./2yi) wt . /2Ui.) 

(a) .O.asellus 9.13 

(b) .P.scaber 7*56 

30*62 

25*09 

21*49 

17*53 

2* Energy of food 
assimilated 

(oal/g*live wt /2yi.) 

( a ) «0.a3ellu3 37.668 

(b) .^.soaber 35.960 

Energy of food 
ingested 

Energy of faeces 
egested 

(ca3/g.live wt/2Mi) ( c a l . / g . l i v e wt/2Mi.) 

128.188 

103.713 

90.520 

67.753 

Thus for the equation I = R *• Y i -

I = 37*668 cal/or 9.13 mg per g.live wt/2yi O.asellus 

I = 35*960 oal or 7*56 mg per g. l i v e wt/2Ui. P.scaber 
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SECTION 2 

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

( R or T A s) by Onisous asellus and P o r c e l l i o soaber. 

Chapter 5 

Respiratory metabolism of the isopods O.asellus and P.scaber 

Introduction 

Respiratory metabolism for O.asellus has 'been published by 

P h i l l i p s o n and Watson (1965). The lack of l i t e r a t u r e concerning 

respiratory metabolism studies for animals of the type designated 

by Macfadyen (1963) and others, as 'large decomposers' i n a l l t h e i r 

l i f e stages was reported i n that paper. A study of P.scaber 

supplements the O.asellus study, and i s reported here. A 'best 

estimate' of respiratory energy loss per unit weight per unit 

time i s presented for both O.asellus and P.scaber, iMch should 

f a c i l i t a t e the calculation, from biomass data, the annual respiratory 

energy lo s s per unit weight, per unit area, by any population 

of these two species. 

1. O.asellus 

Abstract of P h i l l i p s o n and Watson (1965): The complete paper 
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appears as an appendix, but a summazy of the r e s u l t s i s given 
below. 

(1) Approximately 700 individuals of O.asellus of a l l sizes were 

subjected to oxygen consimiption t e s t s between March I963 and 

March I964 . 

(2) I n the relationship l i v e weight to length a change occvtrs 

at approximate3y 20 mg and 7*5 mm, which also coincides with a 

change i n the respiratory rate to l i v e weight relationship. The 

high oxygen uptake at l i v e weights l e s s than 20 mg i s clear3y 

associated with growth. 

(3) At weights greater than 20 mg the respiratory rate per unit 

weight i s f a i r l y constant, except during May, June and Ju3y when 

seasonal aberrance, associated with reproductive a c t i v i t i e s 

occurred. 

(4) A l i n e a r relationship e x i s t s between the l i v e w e i ^ t of an 

individual and the number of embryos and/or young per brood. 

Weight increase above 100 mg i s mainly accounted for by an increase 

in' the number of young per brood. 

(5) Seasonal differences i n respiratory rates per imit weight occur 

between March and August, and are more than twice as high as those 

obtained for the winter months. 
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(6) Two methods of calculating a 'best estimate* of osygen 
consumption per uiiit w e i ^ t per unit time are given. These 
two estimates are close: 4.992 and 5.328 mm ^0^ms/2Iih» Using 
an 03orcalorifio equivalent of 5 K.calAitre the 'best estimates' 
were converted to c a l o r i e s , the two estimates being:- 25.000 and 
26.7000 cal/gPa™ l i v e weight/24h. 

2. P.soaber 

Approximately 800 individuals of a l l sizes were collected 

i n the f i e l d and subjected to oxygen consumption t e s t s between 

Jtmel964 and June I965. The respirometer used was the continuously 

fecording one described by Ph i l l i p s o n (1962). Measurements of 

o^gen consumption were made at I6 - 0.1°C and the humidity of the 

metabolism chamber was kept above 90^ BH by means of a st r i p of dantp 

f i l t e r paper 3 x 1 cm. The record for each individxial was 

continuous over a period of at l e a s t 48h, but the rates of o^grgen 

consumption were calcxiLated from the results obtained for the 24h 

period between 6 and 30h afte r the experiment began. Individuals 

were placed i n the respirometer within one hour of collection, and 

were not fed i n the laboratory or i n the apparatus. Date of 

capture, sex, l i v e weight, t o t a l body length, t o t a l body width, 

breeding condition, and respiratory rate were recorded for each 

i n d i v i d u a l . 
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Results 

Length/weight and lengtVwicLth relationships. 

Graphs showing the relationship of length to l i v e weight, 

and body width, were constructed for each month of the year, but 

they were so a l i k e that on]y those for June and December are 

given (Figs.21,24. and 25)* I t i s clear that a change i n the 

relationship of l i v e weight to length occurs at approximate3y 16 

mg l i v e weight (equivalent to a length of 7*0 mm)* This change 

coincides with that obseinred i n the respiratory rate to l i v e 

weight relationship shown i n Pigs*26-2'J. 

Oxygen consumption 

Pigs. 26-29 show the respiratory rate per unit weight plotted 

against l i v e w e i ^ t for each month of the year. A l l the graphs 

show a si m i l a r curve with an inflexion within the l i v e weight 

range of 10-20 mg. Over 20 mg l i v e weight the respiratory 

rate per \init weight i s f a i r l y constant for each month. The 

malted increase i n rate per unit w e i ^ t shown by O.asellus i n the 

months of May to JvOy was not as apparent i n the P.scaber experiments. 

Breeding season and respiratory rate 

A l l female P.scaber used for oxygen consumption experiments were 

dissected. The condition of the ovaries was noted and, when present, 

the number of embryos and/or young contained i n the brood pouch 



Pig.23 

p.gff^ber: 

The relationships of body length to body width during the 
months of December 1964 to June 1965. Unsexed individuals ¥ , 
adults • . 
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Pig.24. 

P.aeaber: 

The relationships of length to l i v e weight, June I964 and I965, 
Ibsezed individuals ^ , males 0 , females Q 
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Fig.2jf 

P.scaber; 

The relationship of length to l i v e weight, December 1964. 
lihsexed individuals Jf , males • , f.emalas O 
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counted* Table 26 shows the ovary condition of a l l animals 
dissected for each month of the year* 

Table 26 
G-onad condition of adult female P.soaber used for 

respiratory rate measurements from June to December 19^t and 
January to Jvine 1965* 

Number of adults with 
1965 Small eggs developing 

eggs 
early 
embryos 

late embryos/ 
yomg 

January 31 6 0 0 

February 8 2k 0 0 

March 2 18 0 0 

A p r i l 0 24 0 0 

May 0 28 13 0 

1965 June 0 2 46 1 

196î  July 11 0 0 17 

August 22 0 0 2 

September 16 16 0 0 

October 34 4 0 0 

November 40 0 0 0 

December 20 0 0 0 

I t i s clear that ovaries develop at f i r s t gradually, and later 
rapidly to a maximum i n May when early embryos begin to appear i n the 
brood pouch. After the f i r s t brood is liberated i n August, the 
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P.acaber: 
Respiratory rate per unit weight plotted against live 
weight from June ̂ ^6l^. to June 1965. 

Jf Unsexed individuals 
• Males 
O Pemales without brood pouoh 

Females + early embryos 
O Females + late embryos 



Fig. Zh 

January to March 
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Fig. 27 

April to June 
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Fig.2ff 

July to Septaober 
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October to December 
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ovaries begin.to develop rapidly i n order to produce a second 
brood. In this case a second brood failed to develop. 

Season and respiratory rate 

The ratio of juveniles to adults, or breeding to non-breeding 
individuals, i n the experiments indicated i n Figs. 26-'2^ ms^ 

not reflect the f i e l d situation. However, i f i t i s assumed 
that the greatest proportion of the biomass throighout the year i s 
compdsed of individuals exceeding 16 mg live weight, than a 
comparison of mean monthly respiratory rates w i l l indicate . 
minimum seasonal differences i n respiratory energy loss. Fig«3o 

shows that seasonal differences do occur i n both sexes. The mean 
respiratory rates for the summer months (April to September) 0.211 

and 0.199 mm ^d^/mg/li for males and females respectively are 
considerably higher than the O.I5I and O.I58 mm ̂ Og/mg/h (males 
and females) obtained for the vdnter months (October to March). 
Consideration of the results i n Table 26 and Fig.36 indicates a 
definite trend for respiratory rates being dependant on ovary 
development. A steady increase of oxygen consumption from January 
to May reflects ovary development. I n June, a sudden drop i n 
respiratory rate occurred i n females after the mature eggs had 
been deposited-in the brood pouch. The rate rose again i n July 
yrtien a l l the brood pouches contained embryos vAich were about to be 



Pig.30 

P.aoaber; 
Mean monthly respiratory rate per unit weight of individuals 
which exceed 16 ng.live weight; Males 0 , females A i 
also the mean respiratozy rate per unit weight of females which 
contain undeveloped eggs [ [ J , developing eggs , 
early embryos , and late embxyos/young H ^ grouped 
by month of occurrence. 
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released. This increase i n respiratory rate continued to 
September vdien the ovaries were again developing rapidly, only 
to drop suddenly i n October to December ̂ dien ovaries contained 
imderdeveloped eggs. 

Anniml respiratory metabolism 

Because of the v a r i a b i l i i y of respiratory rate with size, 
breeding condition, and season, and the lack of knowledge of the 
l i f e stage composition of a natural population of P.scaber, i t was 
not possible to calcTd.ate directly the respitatory energy loss 
per unit area of habitat per annum. Under these circumstances the 
employment of the 'best estimate' technique proposed by Phillipson 
(1961, 1962) was again permissable. Table 27 shows the methods 
employed i n calculating a 'best estimate' of oxygen consvmrption. 
In both methods i t was assumed that irtiere i t was not practical to 
assess the gonad condition acciurately, the weight of the animal 
would reflect gonad c o r ^ i t i o n . This assumption was made for 
juveniles (<16 mg live weight), and they were grouped i n the fovir 
categories shown i n Table 27* Individuals greater than 16 mg 
live weight were sexed. 

I t was also assumed that the time of occvirrence of males would 
reflect gonad condition, consequently the males were grouped according 
to month of occurreence i n the two methods of calculating a 'best 
estimate*. The gonad condition of females could be assessed, and i n 
method 1 the females were grouped into those with small eggs, those 
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with developing eggs, those with early embzyos, and those with 
late embzyos/young. I n method 2 the females, like the males, 

t 

were grouped according to month of occurrence. 

Calculation of a 'best estimate* of oxygen consumption by 
method 1 gave a result of 4*249 nmi ̂ 0^ms/2kh, and by method 2, 

4»122 mm ^0^mg/24h. To convert the oxygen consumption figures 
to calories an oxycalorific equivalent of ^ K . c a l / l i t r e was used. 
The'best estimate* thus obtained of respiratory energy loss (R or 
T A S) f o r P.soaber was, by method 1 21.245 cal/g'live wt/2lth» 

and by method 2 20.610 oal/g.live wt/24h. 
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SECTION 3 

The measurement of growth (Y^ * 2̂ * 3̂̂  °^ isopods 
Onisous asellus and Porcellio scaber. 

G-eneral Introduction 

Y|ĵ  + + Ŷ  remain to be measiared to satisfy the equation 
I = R +• Yj^ + Yg + Ŷ  for O.asellus and P.scaber« L i t t l e attention 
has been given to the measurement of the parameters + + Ŷ  
for a l l l i f e stages of te r r e s t r i a l invertebrates. Calculations 
of growth from population data were made by Odum and Smalley (l959) 
for the grasshopper Orchelimum flidicinium; Engelmann (l96l) 
various s o i l Arthropods, mainly Oribatei; Odum et al (1962) the 
grasshopper Melanopus femur - rubrum, M» biliteratus» and the tree 
cricket Oecanthus nigricomis; Solley and Gentiy (l96̂ )̂ the southern 
harvester ant Pogononprimex badius; Wiegert (l96̂ )̂ the spittle bug 
Philaenus spvimarius; and (1965) various Orthoptera; and Saito (1965) 

the isppod Ligidium japonicum. Studies on the growth by length 
of isopods have been made by Heeley (l94l); Hatchett (1947); 

Matsakis (l955); Baldcer (1956) Brereton (1956); Paris and Pite:ika 
(1963) andWieser (1965). 

Only Saito (1965) has attempted to calculate growth or production 

of a l l l i f e stages of a species designated by Macfadyen (1963) 
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and others as a 'large decomposer*. The present stuc|y gives 
such data for the two isopods 0>asellus and P«soaber« G-rowth 
may be measured i n tno waysS-

(1) Detailed population studies enable population growth, 
production of young and growth by moult to be measured directly 
and accurately providing an efficient sampling programme i s 
carried out. 
(2) IVhen biomass data and the l i f e stage composition of a 
population is unknown, the growth per unit time of individvials 
representing a l l l i f e stages may be measured. Such information 
permits the construction of a growth curve over the vihole l i f e span, 
and the weight increase per tinit time for each l i f e stage can thus 
be estimated. This l a t t e r method was used to calculate growth of 
O.asellus and P.soaber. The lack of knowledge of the l i f e stage 
composition of natural populations of the two species of isopods 
being studied metde i t impossible to calculate directly the energy 

usefl for body growth, growth of reproductive tissue and growth by 
moult per vinit area of habitat per annum, therefore the employment 
of the 'best estimate* technique proposed by Phillipson (1962, 

1963) was necesaary. To calculate the best estimate of growth the 
following data were considered necessary for a l l the l i f e stages of 
the two isopod species:-
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1* The rates of growth (mg live weight) of individual isopods 
per unit time 

2» The dry weights of non reproductive and reproductive tissue 

comprising the above li v e weight increases per unit time 

3* The energy i n calories equivalent to the abovementioned dzy 
weights. 

A 'best estimate' of growth (Y^ + Yg +- Y^) could therefore 
be calculated, thus f a c i l i t a t i n g the oalc\ilation, from biomass data, 
of the annual energy of growth per tinit area of habitat by azsy 

population of O.asellus or P.scaber. Chapteris 6,7 and 8 show 
how this information was obtained. 
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Chapter 6 
Calorific values of isopod material. 

Introduction 

Information concerning the calorific values of animal material 
i s sparse. Calorific values have been given by Gere (l956) for 
the caterpillar Ijyphantria cunea; Odum and Smalley (1959) for 
the grasshopper Orchelimimi fidicinium; Golley (l96l) for unspecified 
insects; Slobodkin and Richman (l96l) for unspecified mites and 
beetles; Golley and Gentry ^1964) for the ant Pogonomyrmex badius; 
Wiegert (196^) for the spittle bug Fhilaenus spumarius and 
(1965) for various Orthoptera; and Saito (1965) for the dsopod 
L i g i d i x M .iaponicum* 

The methods used i n determining the calorific values of 
biological mateidals have been described by Phillipson (l96̂ )̂ who 
also reported the availability of a micro bomb calorimeter iiriiich 
was capable of combusting samples of 3-100 mg dzy weight. This 
last mentioned apparatus was used i n the present studies. 

Methods 

For each species samples were obtained of male and female bodies 
of a l l l i f e stages at different seasons, reproductive tissue i n a l l 



- 76 -

developmental stages, moulted exoskeletons, preferred foods and 
the faeces produced from these foods. Samples were vacuum dried 
at 60°C, finely ground with an agate pestle and mortar, pelleted, 
and stored over a dessicant. Calorific values were obtained 
by combusting pellets of approximately 10 mg diy weight i n a 
sligh t l y modified model of the Phillipson (1964) micro bomb 
calorimeter, which had previously been calibrated with benzoic 
acid. Operation of the bomb was described by Phillipson (1964). 
At least three determinations were made on each sample. 

Results 
Calibration of the bomb ; 

The values of ten consecutive combustions of benzoic acid 
were determined. A mean value of 0.7573 t 0»005 mV/lOO cal (S.E. 
0.002, c.v. 0*064) obtained. The calibration was periodically 
checked and was foiind not to vazy. The mean calibration fLgure 
was used for calculation of the calorific value of a l l materials 
subsequently burned (see Appendix for sample data sheet). 
Calorific values of exuviae: 

Attempts to determine the calorific value of moulted exoskeletons 
were discontinued after repeated failure of combustion for these 
samples indicated that t h ^ contained a high percentage of mineral, 
thus having no significant calorific value. •. v . < - . ? 
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Calorific values of isopod bodies, reproductive tissue, foods and faeces: 

Tables 28.29 and 30 a.b. show the results obtained for 
140 separate determinations. 
Body tissues 
(a) O.asellus 20 combustions for juveniles and male bodies, and 40 

for juvenile and female bodies gave mean csilorific values for a l l 
l i f e stages of 3.622 and 3.5^7 K.cal/g»diy respectively. 

(See Table 28) 

(b) P.scaber 13 and 20 determinations gave mean values for a l l 
l i f e stages of 3.488 (males) and B.473 (females) K.cal/g.diy wt. 
respectively. (See Table 28). 

Reproductive tissue 

Because of the proportionately small size of underdeveloped 
ovaries i t was assimied that they did not make a significant 
contribution to the mean calorific value of whole animals, therefore 
separate measurements were not made for this material. Determinations 
were made for ripe or developing ovaries, and early and late embryos. 
The following mean values (k.cal/g.dry wt.) were obtained:-
Ripe or developing ovaries s O.asellus 5*328; P.scaber 5*431 

Early embryos : O.asellus 6.507; P.scaber 6.528 

Late embryos : O.asellus 5»587; P.scaber 5.633 

CSee Table 28) 
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Calorific values of preferred foods t 

Table 29 shows the results obtained. The mean calorific 
value of a l l foods previously used i n the determination of I 
(assimilation) was 4»186 K.cal/g. diy wt. 

Calorific values of faeces « 

(a) O.asellus: Clearly there was a possibility that the calorific 
value of faeces produced would vary with the type of food eaten 
and the l i f e stage of the animal eating i t . Therefore an attempt 
was made to see i f the calorific value of faeces varied with the 
type of food and the l i f e stage of the animal. The 6-8 mm and 
11 - 14 mm size groups of O.asellus were fed separately with discs 
of each of the four foods. Dead Sweet Chestnut leaves. Dead Oak 
leaves. Decaying Oak leaves and Decaying Sycamore leaves. The 
faeces produced by each l i f e stage from each food were pelleted 
and combusted. Table 30 shows that sigoiflcant differences did 
occur, but not knowing the l i f e stage oonrposition and the amoxmts of 
each food actually consumed by each l i f e stage of a f i e l d population, 
the mean value for a l l faeces of 4.212 K.cal/g.diy wt was determined, 
and assumed to represent the calorific value of faeces being 
produced by a l l individuals i n the f i e l d . 

(b) P.soaber: Individuals of a l l l i f e stages were allowed to defecate 
i n feeding chambers which were placed i n the f i e l d . No food was 
offered, therefore the faeces collected were produced from foods 
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Table 28 
mean calorific values obtained for body and reproduetive tissue 

fo r a l l l i f e stages of O.asellus and P.scaber. 
O.asellus 

Material n 
Cal Val 
=(k.oa]/g clry wt.) S.E. ^ ash C.V. 

Devel.ovaries 3 5.338 i 0.090 0.052 2.92 1.69 

Early embryos 3 6.507 * 0.025 0.015 3.37 0.39 

Late embryos 3 5.587 - 0.025 0.014 15.07 0.45 

0-3 Sim bodies 4 0.092 0.046 27.53 2.33 

3-6 mm bodies 3 2.920 i 0.229 0.132 29.88 7.83 

6-8 mm bodies 3 2.906 i 0.017 0.010 31.87 0.60 

8-1lBaD (Tbodies 3 4.187 - 0.070 0.040 30.68 1.66 

8-11ma 9 bods. + W. 5 4.15̂ ^ - 0.119 • 0.053 29.23 2.86 

8-11mm 9 bods. - R 3 3.720 - 0.071 0.041 27.91 1.90 

8-1 Inm 9 bods. - BP 3 3.950 * 0.088 0.051 33.64 2.24 

11-12tmm (f bods. 38 4.153 * 0.148 0.085 .30.42 3.56 

11-1Amm 9 bods. -t-M "3 3.913 i 0.054 0.031 29.60 1.39 

11-1limm 9 boda. - R 3 3.380 - 0.022 0.013 30.97 0.64 

11-14mm 9 bods. - BP 3 3.170 - 0.030 0.017 31.66 0.95 

>14am ^bodies 4 2.925 - 0.047 0.024 3k..% 1.61 

> liiom 9 bods. -i-M 4 3.4t5 - 0.087 0.043 M5 2.52 

> 1i(imn 9 l3ods. - R 3 3.557 - 0.040 0.023 28.22 1.13 

> liimm 9 bods. -BP 3 3.723 - 0.080 0.046 32.57 2.14 

contd 



Table 28 (contd...) 

P.scaber 
Cal val 

Material n s (k.ca3/g dry wt) S.E, ^ ash C.V, 

Devel,ovaries 5.431 - 0.113 0.056 2.47 2.08 

Early embryos 3 6.528 i 0,029 0.016 1.05 0.44 

Late embzyos 3 5.633 - 0.028 0.015 13.66 0.46 

0-3mm bodies NO DATA AVAILABLE 

3.6mm bodies 3 3.367 - 0.135 0.078 25.37 4.01 

6-8tam bodies 4 3.908 i 0.049 0.025 24.39 1.26 

8-1 Imm d^bods. 3 3.523 ' 0,040 0,023 26,26 1.14 

8-11inBi J bods.+ NR NO DATA AVAILABLE 

8-1 Imm ̂  bods.- R 3.347 ^ 0.074 0.043 31.81 2.22 

8-11am ̂  bods -BP i . : - .3.151 * 0.024 0.014 27,01 0.75 

ll-litsm ^bodies 3 3.523 * 0.025 0.014 26.61 0.71 

11-14inm ̂  bods, * MR NO- DATA AVAILABLE 

11-1liiBia p bods - R 3 3.860 i 0.051 0.029 27.25 1.32 

11.14mmi ̂  bods - BP 3 3,162 t 0.087 0.050 30.80 2.75 

> 1i|jma ̂  bods NO DATA AVAILABLE 

> liifflin ̂  bods, -i: M NO DATA AVAILABLE 

>1iiinm ̂  bods, - R 3 3.533 i 0.057 0.033 29.34 1.62 

>1lian ̂  bods. - BP NO DATA AVAILABLE 

NR = Undeveloped ovaries; 

R s Developing ovaries 

BP = Brood pouch 
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eaten i n the f i e l d . A mean calorific value of 3*909 K.cal/g.dry 
wt. was obtained. 

A l l the mean values thus obtained for body tissue, reproductive 
tissue, foods, and faeces were later used to convert the 'best 
estimates* obtained for I (Chapter 4) and + (Chapter 8) 

into calories per gram live weight per unit time. 

Table 29 
The mean calorific values of foods 

Food material n 
Cal value 
K.cal/g.dry wt. S.E. fo ash C.V. 

Dead S.Chestnut 
leaves 

3 4.313^*017 0.010 3.90 0.34 

Dead Oak leaves 3 4.030^0.057 0.033 3.46 1.40 

Dec.Oak leaves 3 4.623^.040 0.023 3.53 0.87 

Dec.Sycamore leaves 4 4.220^0.049 0.025 9.64 1.17 

Dead Thistle leaves 3 3.733^0.072 0.042 7.74 1.94 

Mean a l l foods 16 4.l86ik).290 0.073 5*91 • 6.94 
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Table 30 

(a) The Mean calorific values obtained from faeces produced when 
different l i f e stages of O.asellus were fed on four separate 
food items. 

(b) The mean calorific value of faeces produced by individvials of 
P.scaber which had been feeding i n the f i e l d . 

Faeces n = Cal value S .E. % ash C.V. 
materials K.cal/g.dry wt. 
(a)Dead S* r678nmi 3 4.147^.021 0.012 3.20 0.50 
Chestnut 
faeces ill»14nmi 3 3.783^*013 0.007 3*32 0.33 

Dead Oak f6-8mm 3 4.257+0*043 0.025 4*43 1.00 

faeces 1 ll-14inm 3 4*097^*060 0.035 6.29 1.47 

Decaying (6—8mm 3 4*323^*010 0.006 17.83 0.22 
Oak 
faeces 111-1/i mm 3 4*36cA).099 0.057 9.89 2.28 

Decaying r6-8mm 3 4*327^.005 0.003 12.10 0.12 
Sycamore 
faeces lll-14mm 5 4*40>K).017 0.010 12.99 0.39 

Mean a l l faeces 24 4*212^*197 0.040 8.89 4.68 

(b))P.scaber faeces 3 3.909^0.045 0.026 13.91 1.15 
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Chapter 7 

Wet weight/dry weight relationships of body and reproductive tissue 

Introduction 

Because of the variation of live weight due to varying 
water content, Engelmann (1966) emphasised the need for weight 
determinations i n energetics studies to be i n terms of diy weight. 
Live weight/dry weight relationships of whole animals have been given 
by Hubbell, Sikora and Paris (1965) for the isopod Armadillidium 
vulgare;and Saito (1965) for the isopod Ligidiumi.; japonicum. The 
present study presents data for wet weight/diy weight relationships 
of a l l l i f e stages and breeding conditions of the species O.asellus 
and P.scaber,thus f a c i l i t a t i n g the conversion to diy weights of the 
live weight data from growth experiments (Chapter 8) . 

Methods 

Experiments were performed to obtain wet weight/diy weight 
data for individuals of a l l l i f e stages during both the non breeding 
and breeding seasons, 
(a) Males and non breeding females. 

Individuals of both species representing a l l l i f e stages were 
collected i n the f i e l d . Males were collected at a l l seasons, but 
females were only collected when they contained imdeveloped ovaries* 
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Each individiial was weighed l i v e , vacuum dried at 60°C, and the 
dry weight determined, 
(b) Breeding females 

Breeding females ( >l6 mg live weight or 7 mm length) of 
both species were collected i n the f i e l d during the f i r s t week 
of March 1966. The animals thus collected were transferred to 
unglazed plant pots which had been prepared i n the following manner. 
Pots were sunk into the ground i n the f i e l d , the tops being allowed 
to project 15 cms above s o i l level. A mixture of soil and gravel 
was introduced tiLntil i t f i l l e d the pot to s o i l level. A l i t t e r 
layer was placed on top of the s o i l to simulate natural conditions. 
A weatherproof board kept i n place by heavy stones sealed each 
pot. Every three days samples of isopods were dissected to determine 
the presence of rapidly developing ovaries, early or late embryos, the 
description of which has already been given by Phillipson and 
Watson (1965). Several authors have reported the mean duration 
of embryo development i n the brood pouch of isopods:- Pierce (1907); 

Verhoeff (l9W)i Howard (1940); Heeley (l9a); Hatchett (1947); 

and Bakker (1956). Knowing the time of formation of a brood pouch 
for a certain individual, i t was.therefore possible to estimate lAen 
early or late embryos were l i k e l y to be present. Early and late 
embryos were assumed to be present 7 days and 28 days respectively 
after the formation of a brood pouch. Ihen a brood pouch formed, 
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the date was noted, and the animal isolated to be later inspected 
for either early or late embiyo determination. 

At least 30 individuals of each species representing a l l 
l i f e stages were collected for each reproductive stage (developing 
or ripe ovaries, early embiyos, and late embryos), each individual 
being analysed i n the following manner:- The head and hepatopancreas 
were withdrawn oephalically, and the gut and abdominal segments withdrawn 
oattdally. The legs were cut off with fine scissors. The body 
remaining was placed Ventral surface uppermost i n a petri dish 
containing semi molten wax. !!hen the wax hardened, the ventral 
surface was removed by means of fine dissecting needles under a 
binocular microscope. The reproductive material was carefully 
removed and the nmber of eggs or embryos counted. Adherent 
wax was removed from the body remains, and the latte r plus the parts 
previously removed were placed i n a 2 x i"" tube. The reproductive 
material was placed on a small cover s l i p . Both body remains and 
reproductive material were vacuum dried at 60°C and separately 
weighed. 
Results 

(a) Live weight/diy weight relationships of male and non breeding 

female bodies. 



- 85', -

The percentage water content of each individual was calculated -
according to the formila Live wt »!• Dry wt x 100. Mean water 

Live YTt. 
contents of 68.99 - 3.46 and 67.85 - 2.45 were determined for O.asellus 
and P.scaber respectively. Figs. 31 a.b. show that live weight 
i s linearly related to dry weight. The regression was calculated 
by the least squares method, and the following formulae were 
calculated:-

X = 2.916Y * 5*469j(r = 0.99)0.asellus 
X = 2.88CY * 2.220j(r = 0.99iiP.scaber 

where Y i s the dry weight, and X the live weight. 

(b) Live weight/diy weight relationships of body tissue to 
reproductive tissue. 

Figs .32 to 3.7 i l l u s t r a t e the linear relationships obtained 
from the analysis of the data collected from the breeding females. 
Each regression was calculated by the least squares method. 



Fig.31 

(a) O.asellus; 
Regression of live weight upon dry weight. The line i s a 
least squares estimate of the regression. 

Regression of l i v e weight upon dry weight. The line i s a least 
squares estimate of the regression 
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Pig.3aL 

(a) RegTOSsion of t o t a l l i v e weight of female upon dry weight 
of female hody + ripe ovaries (developing eggs). 

(h) Regression of dry weight of female "body - ripe ovaries (developing 
eggs) upon t o t a l l i v e weight of female 
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Fi6.33 

(a) Regression of dry weight of rip e ovaries (developing eggs) 
upon t o t a l l i v e weight of female 

( t ) Regression of the nuiriber of ripe or developing eggs i n the 
ovary upon t o t a l l i v e weight of female 
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KLs.3«. 

(a) Regression of t o t a l l i v e weight of female upon dry weight 
of female "body + early embryos 

(b) Regression of dry weight of female hody - early emhryos upon 
t o t a l l i v e weight of female 
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Pig.35. 

(a) Regression of dry weight of early embryos upon t o t a l 
l i v e weigjit of female 

(1)) Regression of numher of early embryos upon t o t a l ISve weight of 
female 
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PigoJfc 

(a) Regression of t o t a l l i v e weight of female upon dry weight 
of female body + l a t e embryos 

(b) Regression of dry weight of female body - l a t e embryos 
upon t o t a l l i v e weight of female 
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ng,3fr 

(a) Regression of dry 7;eight of l a t e embryos upon t o t a l l i v e 
weight of female 

(b) Regression of number of l a t e embryos upon t o t a l l i v e weight of 
female 
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Chapter 8 

Measurements of the rates of growth (Y^ + Yg Y^) of the 

two isopod species dnisous asellus and Poroellio soaber. 

Introduction 

I n i t i a l l y data on growth rates i n both 0«asellus and Pescaber 

were hoped f o r but, owing to an accident i n which the P.scaber 

individuals under observation died, i t proved necessary to make use 

of the data given by ¥ieser (1965) f o r th i s speciese 

la G-rowth of body tissue (̂ •̂ ) 

(a) 0aasellus 

Methods 

T h i i T t y individuals were collected i n August 1965 immediately 

a f t e r l i b e r a t i o n from the brood pouchy Each was weighed, measured 

f o r length and width, and placed i n a 2 x 1*' corked tube containing 

a s t r i p of damp f i l t e r paper 4 x 2 cm, iriaich maintained a RH ^ 

A small quantity of l i t t e r and l o g bark was also placed i n each 

tube to provide both food and crevices, i n which the animal would 

sheltera Each tube was numbered with a diamond pencil and l e f t i n 

a safe place i n the f i e l d . Larger individuals were collected i n 

September I 9 6 5 . Beyer ( 1957 /58 ) and Phillipson and Watson (1965) 

gave evidence to show that one year old 0 a asellus are approximately 

8.0 mm i n length or 20 - 25 mg l i v e weight, therefore individuals 

of t h i s length and l i v e weight were collected and ass\amed to represent 
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one year oldse The two other most commonly occurring size groups 
i n the f i e l d at the time of collection were (a) 1 0 . 5 to I I . 5 mm 
(approximately 60 mg l i v e weight) and (b) 13*0 to 1^ .̂0 mm (approximately 
90 mg l i v e weight). These two groups were assumed to represent (a) 
two year olds and (b) three year oldse Twenty f i v e animals of each 
sex were taken f o r each age class, and t h e i r l i v e weights determinede 
An i d e n t i f i c a t i o n mark* was made on the dorsal surface of each 
in d i v i d u a l by applying a dot of cellulose dope of known colour and 
position onto the dorsal surfacee Males and females from each age 
class were placed f i f t e e n to a feeding chamber which had been 
prepared i n the usual manner (Chapter l ) , but supplied with a l i b e r a l 
quantily of l i t t e r , l o g bark, and f l a t stones, thereby simulating 
f i e l d conditions. Each feeding chamber was sealed, numbered, and 
placed i n the f i e l d along with the tubes containing the 0 year age 
class (young) individuals. "SIhen the young were large enough 
to be marked without causing them damage, they were introduced i n t o the 
feeding chambers. Monthly observations over a period of nine months 
to May 1966 gave details of l i v e weight, length, and width increase. 
Moulting frequency was d i f f i c u l t to determine as isopods frequently 
eat t h e i r exuviae. Measurement of the 0 year clasis was effected by 
placing them nnder a binocular microscope containing a micrometer 
^ e piece. The 1 to 3 year classes were measured with s l i d i n g 
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calipers which were graduated i n 0.1 mm unitsa The length was 
taken t o be the distance from the anterior extremity of the 
oephalon t o the t i p of the telson. An error up to Hh laO mm 
could be expected due to the contraction or expansion of the 
thoracic segoientsa 
Results 

As the experiments were discontinued at the end of Msy, 

certain assumptions had to be made i n order to estimate annual 

growth. 

(a) 0 year age class: There i s evidence from the l i t e r a t u r e Heeley 

( 1 9 4 1 ) ; Matsakis. ( l 9 5 5 ) ; Beyer ( 1 9 5 7 / 5 8 ) ; Brereton (1956); Paris, 

and P i t e l k a ( 1962 ); Phillipson and Watson ( l 9 6 5 ) i and Wieser (1965) 

that isopods grow rapidly from b i r t h to a length of approximately 

7 to 8 mm (20 - 2 5 mg) at one year olda The mean percentage 

increase i n weight from b i r t h to May was 4 0 ^ per month (Oa55 mg 

to 9*12 mg); i t was calculated that a mean percentage increase from 

June to August of per month would enable to weight of 20 » 25 

mg to be reacheda 

(b) 1 and 2 year age classes: I t waw assumed that these age classes would 

continue to grow from J\me to September at least as rapidly as the 

mean rate of growth per month from October to Maya The mean 

percentage weight increase per month during t h i s period October to 

May was 10^ ( l year age class) and (2 year age class), therefore 
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these two figures were used to estimate growth for the two age 
classes from ^une to September* 

(o) Female bodily growth; I t was impossible to estimate separately 
the .body ( i . e . non reproductive) growth of females from Apr i l 
by the method described under (b), because of factors associated 
with the development of reproductive tissue from the month of A p r i l . 
However, evidence was available to make the assumption that the 
growth of female body tissue approximated to that of male bodily 
growth, i n that non breeding female body growth up to March followed 
closely that shown by males. Further, males and females at the 
end of the breeding season of the same length and width have similar 
l i v e weights. Section 1 showed that females tend to ingest and 
assimilate more than males during the breeding season, which suggests 
that the energy and materials required for the production of 
reproductive tissue may come from such a source without affecting 
the rate of bodily growth. Therefore the data obtained for male 
growth was used to calculate the rate of growth of body tissue (Y^)» 
(d) The energy of growth by moialt: Wieser (1965) calculated that i n 
three years an isopod moults approximately twenty four times, 
producing approximately 74̂ 0 dry weight of exuviae.. However, 
evidence from the literature VerhcePf (1919); Hatchett (1947) J Patane 
(1949̂ )5 Bakker (1956); and the author's own observations, indicate that 
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most exuviae are eaten. This evidence, and the repeated failxire 
of combustion of exuviae i n the mioroboinb calorimeter (Chapter 6) 
suggest that available energy originalHy i n the exuviae, is 
reabsorbed* Energy loss by moult was therefore assumed to be 
negligible* 

Making the assumptions mentioned i t nas possible to calculate 
the rate of growth per month for a l l age classes. Table 31 shows a 
summaxy of the results obtained* 

I t can be seen that 0*asellus grows from a live w e i ^ t at 
b i r t h of 0.55 mg (l.Toam) to 19*9mg (7*3inm) during i t s f i r s t year. 
A l i v e weight of 6k»l mg (ll.Omm) is reached at two years old, 
and a live weight of 93*9 mg (l3*lmm) at three years old* No 
data was obtained for the three year age class owing to the earily 
death of a l l the animals, a feature assumed to hold for natural 
conditions* The mean rate of growth per month expressed as the 
percentage live weight increase per month, and the l i v d weight 
increase per month (mg) was calculated; Figs*38 and 39 show the 
results obtained* I t i s clear that growth is not constant throu^out 
the year, but i s affected by season* Fig*6iO shows a single 
logarithmic plot of the mean live weights obtained for each age class 
for each monthly observation* The growth curve thus obtained for 
the ^ o l e l i f e span i s sigmoidal for each age class, i l l u s t r a t i n g 



Pig*3« 

O.aaellua; 

5$ l i v e weight increase per month of a l l age classes 
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O.asellus; Mean liv e weight increase (mg) per month of a l l age 
classes. 
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I I — " - r - ^ 
fO rsi ^ 

a 
CO 

w E a -

1 1 ! 



Fig.iSfi 

Growth oTure of O.asellus 
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Table 31 
The mean rates of bodily (non reproductive) growth of 

three age classes of O.asellus 

Period Age I n i t i a l I n i t i a l Final Final Growth/ Growth/ 
of growth class L.wt (mg) length L.wt. length mth (mg) mth (mm) 

(mm) (mg) (mm) 

12 mths J • 19.9- 7*3 l * 6 l 0*47 
0 0.55 1.7 

9 mths 9*12 4.0 0*95 0*4!̂  

12 mths. : 64.7 11.0 .3.63 0*25 
1 2*2 8.0 

8 mths A4.2 IO.3 2.81 0.28 
(May) . 
12 mths ;: /. 93.9 13.1 3.10 0.19 

2 56.9 10.8 
8 mths 80.2 12.2 2.90 O.I8 
(May) 
the seasonal effect upon growth. A 'best f i t ' I ^ e r b o l i c curve 
was drawn by eye. 
(b) P.scaber 

The most comprehensive information i n the literature concerning 
growth of P.scaber was considered to be that presented by Wieser (1965) * 
Wieser's data was drawn from previous data given i n the literature, ndiioh 
was given i n t^rms of growth by length per month* Wieser converted these 
growth rates into terms of mg* live weight according to a previously 
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determined live weight/length r a t i o . The data were presented as 
a single logarithmic plot of live vreight against time of release 
from the brood pouch, the calculations being made according to 
Bertalanfi^'s (l95l) exponential equation. 

Fig.£i shows Wieser's graph i n a somenhat modified form. The 
X coordinate was divided into months as well as days, and the age 
classejs (0,1 and 2) inserted. August was assumed to be time t ^ , 
that i s , the month of liberation from the brood pouch. I t was 
possible to read off the mean live weights at b i r t h , one, two, and 
three years old. P.scaber was estimated to grow from 0.2 mg 
(1.5 min approx) to 23.0 mg (7.4 nmi approx) i n i t s f i r s t year, and reach 
61.0 mg (10.5 mm approx) and 90.0 mg (13.O mm approx) i n i t s second 
and t h i r d years respectively. I t would seem that P.scaber grows 
at the following rates:-

0 year class 1.90 mg/Live wt/mth : O.5O mm/mth 
1 year class 3.17mg/1<ive wt/mth : 0.25 rm/mtTa. 
2 year class 2.4I mg/tilve wt/mth : 0.21 mVmth 

A comparison of Pigs.^ and 42 shows that the O.asellus growth curve 
approximates to Wieser's estimated growth curve for P.scaber. I t 
is evident that both species have a rapid rate of growth i n the • 
f i r s t year of l i f e , which becomes less with age. Presiamably, after 
three years body growth is slight. 



Fig*4S 

Growth curve of P.scaber. according to 

Wieser (1965) 
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2. G-rowth of re^iproductive tissue (Yg) of O.asellus and P.scaber. 

Respirometry studies (Chapter 5) and the literature indicate 
that the maximum breeding season months are April to July. In an 
average year i t can be assumed that ovaries develop rapidly during Ap r i l 
and May the eggs being deposited i n the brood pouch during June, 
early embryos develop to become late embiyos i n July and are liberated 
as young during late July and early August. Knowing this, and 
assuming that male and female body growth i s similar, the mean live 
weights of mature females ( i . e . 1 and 2 year class) as shown by the 
growth curves during these months, were assumed to be equivalent to the 
li v e weights of female body (non reproductive) tissue. Knowing the 
percentage water content of body tissue, (Chapter 7) 68.99 - 3*46^ 
O.asellxis and 67.85 - 2»U5% P.scaber, i t was possible to determine 
the mean diy weights of female body tissue represented by the mean 
liv e weights of males. These dry weights may therefore be expressed 
as the t o t a l dry weight of female minus the reproductive tissue. The 
formulae calculated by the least squares method i n the live weight/ 
dry weight experiments (Chapter .7) for live weight of breeding females 
(Y) on Diy weight females minus reproductive tissue (x) were:-
O.asellus 

Y = 2.995 X + 4.533 (r = 0.99) Ripe ovaries 
Y = 3*857 X + 1.060 (r .= 0.99) Early embryos 
Y = 3.759 X *10.952 ( r = 0.99) Late embryos 
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P.soaber; 
Y = 3«440 X * 0.672 ( r = 0.99) Eipe ovaries 
Y = 3.960 X *• 3.136 ( r = 0.99) Early embiyos 
Y = 5.502 X - 1.523 ( r = 0.99) Late embiyos 

The l i v e weight of breeding females was thus calculated'* 
From this-live weight i t was possible to estimate the dry 
weight of reproductive tissue present using the formulae 
presented i n Pigs.3Ja (Ripe ovaries), 35a (Early embiyos), 
ancL 3?a (Late enbryos), irfiich are:-
0*asellus: 

X = 0*020 Y - 0*184 ( r = 0*91) Ripe ovaries 

X = 0*065 Y - I.4O8 ( r = 0*96) Earljr embryos 

X = 0.074 Y - 0.672 ( r = 0.97) Late embiyos 

P.soaber: 
X = 0.015 Y + 0.296 ( r = 0.81) Ripe ovaries 
X = 0.064 Y - 0.197 (r = 0*95) Early embiyos 
X = 0*084 Y + 0.143 ( r = 0.99) Late embiyos 

Table 32 shows the results obtained for both species. 

3. Energy of growth 

Growth is seen to vaiy according to season, and the size 
and breeding condition of isopods. The lack of knowledge of 
the l i f e stage composition of populations of O.asellus and 
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Table 35 
O.asellus, The calculation of the 'test estimate* of growth of 

reproductive tissue (Yg) over a_life span. ALL weigjrts 
are means (mg). 

Age class 

0 -1yr. No reproduction 

1 -2yr 53.47 mg liv e wt of $ produces 4.7 ng 3ry wt of late embryos 

2 -3yr 91.84 mg liv e wt of ̂  produces 7.9/(^3ry wt of late embryos 

(a) 
1 -2yr: 53.47 = 4.456 mg l.wt; / t j l = 0.592 mg diy wt. 

12 12 
4.456 mg liv e wt produces 0.392 mg dry wt late embxyos/mth. 

1 gram l i v e wt " 87.971 mg " " " " 
= 2.903 mg « " " " /2kh. 

= 16.219 eal/2Ui 

(b) 
2 - 3yr: 7*653 mg liv e wt of $ produces 0.658 mg d.wt late embryos/mth. 

1 gram li v e w^of " 85.979 mg " " " " 

2.838 mg " - « » /2lth. 

15.856 cal/2Ui 

Thus 3g 5 gives 32.075 caV2Wi 

1g ̂  gives 10.692. oaV24h. 

Assuming a 1:1 sex r^tio, I g li v e wt of animal gives:-

10.692 = 5.347 caV24h. 
2 

.'. 'Best estimate* = 5.347 oaVg live wt of 0.aselltt8/2Ui. 
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Table 36 
P.scaber. The calculation of the 'best estimate* of growth 

of reproductive tissue (Yg) over a l i f e span. A l l 
weights are means (mg). 

Age class 

0 - 1 yr No reproduction 

1 - 2 yr 75.12 mg liv e wt of 9 produces 8.9 mg "dry wt of late ©nibryos 

2 - 3 y r 112.2 mg li v e wt of ̂  produces 11.8 mg dry wt.of late onbryos 

(a) 
1 - 2 yr: 75.12 = 6,26 mg live wt; 8.9 = 0.742 mg. dry wt. 

12 12 

.*• 6.26 mg li v e wt produces 0.742 mg dry wt. late embiyos/mth. 

1 gram live wt. " 118.530 mg diy " " " " 

= 3.912 mg " » « " /2i,h. 

= 22.036 cal/2Ui. 
(D) 
2 - 3 yr: 9.350 mg liv e wt. produces 0.983 mg dry wt.late embryos/mth. 

1 gram l i v e wt. " 105.134 mg « " " " " 
3.470 mg " " " " /2Wi. 

21.067 caa/2Wi. 

Thus 3g l i v e weight % gives 41.103 oal/2hh 

Ig " " ? " 14.368 oal/2kh 

Assuming a 1:1 sex ratio, 1g live wt. of animal gives: 

= 7.184 caV24h 

.*. «Best estimate' r-, ,• Y, = 7.184 caV&.live wt P.3caber/24h. 
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p.scaber makes i t impossible to calculate directly the amount of the 

energy assimilated which i s used for growth (Y^ + Yg + Y^) per unit 

area of habitat per unit time. Therefore the 'best estimate' technique 

i s again pemissable. Tables 33 and 34 show the method employed in 

calculating a 'best estimate* of body growth (Y^. over the l i f e span 

e^ ^*scjabeK^ and Q.astlUrs:. Assuming a 1:1 sex ratio the 'best estimate' 

was calculated as Male + Female body growth giving a result of 2.178 cal 

2 

/g. l i v e wt of 0,asallus/24h and 2,079 oal/s, live wt of P.3caber/24h. 

Tables 35 and 36 show the methods employed i n calculating the 'best 

estimate* of growth of reproductive tissue 'Yg) over the l i f e span of 

each of the two species, using the data given i n Table 32. Assuming 

a 1:1 sex ratio the 'best estimate* of reproductive growth (Yg) was 

5.431 cal/g.live wt of O.asellus/aiili, andLl-i^caL/^JlvP uolr.of fiscalnf/suk. 

The *best estimate' of Y^ + Yg (energy of growth) was therefore 

8.149 oal/g.live wt of 0.asellu8/2Ui. and 9.263 cal/g.live wt of 

P.scaber/2Ui. 
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SECTION 4 

The evaluation of the energy flow equation I = R + Ŷ^ + Yg + Y^ for 

O.asellus and P.soaber. 

Introduction 

The 'best estimates' given for each of the parameters I = R 

+ Y^ -f Yg in the previous sections made possible the calculation of 

the energy budgets of O.asellus and P.scaber. and should facilitate 

the calculation, from biomass data, of the annual amount of l i t t e r 

breakdown and energy flow per imit area of habitat per unit time 

by any population of O.asellus ar P.scaber. The data for individual 

age classes given by Saito ( l 965) for Ligidium .iaponicum were used 

to compare the 'best estimate* technique as applied to (ftasellus and 

P.soaber. 

Energy budgets of O.asellus and P.scaber. 

The 'best estimates' (ca]/g.live wt/24h) given i n the previous 

sections were multiplied by 36$* thus enabling the data to be presented 

i n terms of k.cal/g.live wVamxum, In addition the 'best estimates* 

of ingestion, egestion and assimilation were eilpressed as g.dry ?rt/g. 

l i v e wt/annum, thus enabling the calculation of l i t t e r breakdown in 

terms of dry weight. Tables 37 and 38 show the energy budgets of 

O.asellus and P.,,scaber respectively. 

The *best estimates' of l i t t e r breakdown, 

(a) O.aaellus 

Table 37 shows that 1g liv e weight of O.asellus ingests 11.18 g. 

t-mm 
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diy weight (46.789 k.cal/ of l i t t e r per annum, of which 3.33 g.dry 
weight (13.749 k.cal) are assimilated, and 7.85 g. dry weight (33.040 
k.cal) are made available as faeces for other heterotrophs i n the 
ecosystem. 
Cb) P.soaber 

Table 38 shows that Ig live weight of P.scaber ingests 

9.04 g. dry weight (37.855 k.cal) of l i t t e r per annum, of which 2.72 

g. dry weight (13.125 k.cal) are assimilated and 6.32 g. dry weight 

(24.730 k.cal) are made available as faeces to heterotrophs. 

The 'best estimates' of energy flow 

Tables 37 and 38 provide data which enable the evaluation of 

the equation:-

I = R + Ŷ  + Yg + Yj (not measured) 

Thus for 1g live wt. of O.asellus:-

13.749 s 9.253 + 0.992 + 1.952 k.cal/annum 

and for Ig live vrt. of P.soaber:-

13.125 = 7.639 * 0.759 + 2.622 k,cal/annum 
For the parameters actually measiured (R + Y^ + Yg) the energy flow 

equati&n shows an error of 11.1^ O.asellus and l6.0^ P.seaber. 

Thus the 'best estimates' measured for the contribution of these 

isopods to total energy flow i n a woodland ecosystem are:-

O.asellusi 13.749 or 12.228 k.caVg. live wt/annum 

P.scaber: 14.125 or 11,020 k.cal/g. live wt/annum. 
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Table 37 
The energy budget ('best estimates') of Ig. live weight 

of O.asellus. k.cal/annum, non bracketed; 
g.dry wt/annum, bracketed. 

I 
EGESTION 

a) 35.494 (8.43) 

b) 30.585 (7.26) 

INGESTION 

a) 48.483 (11.58) 

b) 45.094 (10.77) 

L 

46.789 (11.18) 

33.040 (7.85) 

ASSIMILATION 

a) 12.989 (3.15) 

b) 14.509 (3.51) 
13.749 (3.33) 

r • 
RESPIRATION 

' 1. 9.125* 9.253 

^ r-
2. 9.746 

BODY QrWm 

0.992 

REPRODUCTIVE GROWCH 

1.952 

LOSS BY MOULT 

a) = Data from winter faeces production experiments 

b) = Data fraai summer assimilation experiments 

1 & 2 = Data from the two methods given 
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Table 38 

The energy budget ('best estimates') of 1g. live weight 
of P.soaber. k.caVannum, non bracketed; 

g. diy wt/annum, bracketed. 

E&ESTION 

a) 23.060 (5.90) 

b) 26.400 (6.75) 

INGESTION 

a) 34.903 (8.34) 

b) 40.807 (9.75) 

: L 
37.855 (9.0!f 

24.730 (6.32) 

BODY GROWTH 

0.759 

ASSDIILmON 

a) 11.843 (2.4,4) 

b) 14.407 (3.00) 
13.125 (2.72) 

1 
HESPmnoH 

1. 7.784 

2. 7.523 
7.639 

BEPRODUCnVE GROWTH 

2.622 

1 
LOSS BY MOULT 

a) = Data from winter faeces production eacperiments 

b) = Data from summer assimilation experiments 

1 & 2s Data from the two methods given 
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Consideration of the results obtained for l i t t e r breakdown 
and exiergy flow indicates that of the food ingested 6.3^ (.Q.asellus) 
8.9^ (P.acaber) i s used for body and reproductive growth, 27.2^ 
(o.asellus) 29.3^ (P. scaber) i s assimilated, and 72.8JS (o.asellus) 
70.7!^ (p. scaber) i s returned to the ecosystem as faeces. Of the 
food assimilated, 67.3>̂  (O.asellus) 58.2^ (P.scaber) i s respired, and 
21,(o.asellus) 25.8,^ (P.scaber) i s used for growth and reproduction. 

A comparison of two methods of studying energy flow. 

(a) Application of energy flow data obtained for individual size 

classes to populations where the size class composition i s known. 

(b) Employment of the 'best estimate* technique to pop;ilations 

where only biomass data i s available. 

Method (a) was pursued by Saito (1965), who studied the energy 

flow of the isopod Ligidium .jauonicum in a warm temperate woodland 

ecosystem. Saito was able to distinguish age classes, and the 

number of eggs produced by the population^ A survival curve for 

the natural population, derived from the number of eggs produced, 

was drawn on the basis of population densil^ and monthly age structure; 

this survival curve coincided with the Type I I curve of Deevey (1947). 

Thus the mortality from one breeding season to the next was assumed 

to be constant. The mean growth rate of an individual per unit 

time was calculated as the difference between consecutive mean weights 
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for the year group i n each sample. The decrease i n numbers per 
unit .time was calculated from the survival curve. Thus Saito 
was able to measure population growth and estimate changes in 
population size. Measurement of respiration rate at f i e l d 
temperatures, and the determination of oalorifio values of L. .laponioum 

material made possible the calculation of energy flow through the 
2 

population i n teims of k.caVm /annum. 

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

Using the data presented i n Saito's paper, the 'best estimates* 

of L.japonioum were calculated, and eoizrpared with those obtained for 

O.asellus and P.scaber. 

^2 I = R ^1 * 
o.asellus 13.749 = 9.253 +• 0.992 

P.scaber 13.125 = 7.639 + 0.759 + 

L..1aT)onioum (11.1/|4) s 9.400 + 0.744 + 

Saito did not measure I therefore this 'best estimate' was 

calculated as the sum of R 4- Y.| + Yg. I f the 'best estimate' technique 

i s accurate, i t should be possible to calculate the energy flow of 

L.japonioum i n k. caVm^/axmum by multiplying R + Y^ + ^2 Saito's 

mean biomass figure of 1.4,i»4 g. l i v e weighVm /annum, and arrive at 
2 

the figure of 19.9 k.caVm /annum calculated by Saito for L.japonioum. 
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Multiplication of the 'best estimates* given above for L. 
japonicum by 1.4'f4 gives :-

I = a + Y^ + Yg 

(16,092) = 13-574 • 1.118 + 1.40 k.caVmVannum 

I t i v apparent 'that the *best estimate* technique underestimates 

in this case by 17*5^. 
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Discussion 

Engelmann (l966) has given a comprehensive l i s t of the 

parameters that should be studied for a complete synthesis of energy 

flow both through and within communities. The two major areas 

of investigation are population censusing and bioenergetic studies. 

I t i s d i f f i c u l t f o r one worker to measure accurately a l l of the 

required parameters, as lack of time i s frequently the major d i f f i c u l t y 

facing any single worker. I n the present study a decision had to 

be made as to vidiether population oensusing or bioenergetic studies 

should receive the greater emphasis, f o r i t was evident from the 

l i t e r a t u r e that a compromise' between these two major areas of 

investigation led to various parameters being either neglected or 

assvmed. Timems limited i n the present study and the decision 

was taken to obtain bioenergetic data i n the most accurate manner 

possible during the time available. 

Of the t e r r e s t r i a l invertebrates already studied from a bioenergetic 

standpoint most showed a r e l a t i v e l y simple l i f e history. I n the 

present study, animals with more complex l i f e h i s t o r i e s , the isppods 

O.asellus and P.scaber were chosen. These animals reproduce more than 

once i n a lifetime, and show an overlap of generations, thereby 

providing an excellent opportunity f or the evaluation of methodological 

procedures, proven f o r animals with annual l i f e cycles, idien applied to 

animals with a more complex l i f e h istory. 
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The quantification of the equations:- Energy of ingestion = 
Energy of assimilation + Energy of egestion, and Energy of assimilation 
= Respiratory energy l o s s + Energy of bodily growth and reproduction, 
provided a considerable body of infomation suitable for use with 
detailed population analyses, or by employment of the 'best estimates' 
with simple biomass data. 

Macfadyen (l96l,yl963); Ph i l l i p s o n (1962,1963); and Phillipson 

and Watson (1965), amongst others have emphasised that biological 

processes vazy with age, p l ^ s i o l o g i c a l condition, and season. Clearly, 

i f one i s to approach a reasonably accurate measurement of the metabolic 

parameters involved i n a bioenergetic study, then measurements should 

be made as f a r as i s possible f o r a l l l i f e stages at a l l seasons, and 

\mder as near natural conditions as possible. The separate 

measurements of the parameters (a) ingestion, egestion, and assimilation 

to determine I ; (b) respiratory energy l o s s , R; and (c) bodily growth 

and reproduction, Y^ *• Y^, i n t h i s study served to emphasise these 

points, as variations with l i f e stage, season and pbysiologioal 

condition of the animals were shown i n a l l the measurements. 

The food preference experiments proved useful i n that they made 

possible the proffering of foods most l i k e l y to be eaten i n the f i e l d , 

to animals subjected to assimilation experiments. The preliminary 

experiments indicated that both species would attempt fresh plant 
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material, as does A.vulgare P a r i s and Sikora (1965). P a r i s and 

Sikora (1965) suggested A.vulgare may function to a s i g n i f i c a n t 

extent as a grazing herbivore as well as a snavenger i n grassland. 

The present study showed fhat O.asellus and P.soaber did not prefer 

fresh plant material, thus i t seems that such foods constitute only an 

i n s i g n i f i c a n t part of the diet of these two species. Macfadyen 

(1961) emphasised the need f o r more food preference studies on s o i l 

invertebrates so that 'bottle-necks' i n the energy flow pictvire 

might be recognised. The present study presents such data for the 

isopods O.asellus and P.scaber, and i t i s evident that preference 

does not change with season, as most of the preferred foods are 

available a l l the year roiind. The large variations i n ingestion, 

egestion and assimilation, shown both within and between different 

s i z e groups, not only re-epphasise the necessity to study individuals 

of a l l l i f e stages, but also indicates the necessity for a large 

number of replicate experiments for each s i z e group, i n order that 

reasonably acciarate estimations of these parameters may be obtained. 

E a r l i e r work suggested that animals feeding on decaying l i t t e r have 

low assimilation e f f i c i e n c i e s : Van der D r i f t (l95l); Gere (l956); 

and Diaiger (l958), among others. Most of these authors did not 

determine the assimilation efficiency of a l l l i f e stages, i n the main 

adults were studied. R e l a t i v e l y few animals were used, and no 



- 111 -

•marker food' or similar technique was employed. The present study 
shows that i f few animals are used i n assimilation experiments, and 
i f these are mainly advilt forms, i t i s possible that low assimilation 
e f f i c i e n c i e s w i l l r e s u l t . For example F h i l l i p s o n (l960b) and 
the present study of P.soaber (Table 17) show that assimilation 
e f f i c i e n c y tends to decrease with s i z e . Recently Vieser (1965) 
has reported the assimilation efficienpy of P.scaber over a l l l i f e 
stages, and quotes an average assimilation efficiency of 2^^. This 
figure i s i n close agreament with that of 21•^o O.asellms. and 29.3^ 
P.scaber» given i n Chapter 3. The present stiody suggests that the 
technique whereby re-wetted dessioator dried preferred materials are 
offered as food vinder near natural conditions, along with a 
marker food, i s highly suitable for the estimation of the assimilation 
e f f i c i e n c y of herbivores. However, Hubbell, Sikora and Paris (1965) 
working with Armadilliduim vulgare demonstrated the f e a s i b i l i t y of 
using radioactive traoefs to measure assimilation efficiency under 
f i e l d conditions, but indicated that experimental analysis of the 
parameters involved i n determining radionuclide turnover may be 
e s s e n t i a l I n such stvidies. 

The high assimilation and ingestion rates encountered during the 

summer experiments for the 8 - 11 mm female size group of both O.asellus 

and P.scaber i s i n t e r e s t i n g i n that i t coincides with the change i n 
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respiratory rate at t h i s s i z e ( 7 to 8 mm). The h i ^ rates obtained 
f o r ingestion and assimilation i n t h i s size group, as with respiration, 
can be attributed to the attainment of sexual maturity. 

The peak breeding periods of O.asellus and P.scaber determined 

i n the respirometry experiments agree with those given by HeUey (l94l) 
and Wieser (1963), but i n neither species was a second brood produced, 

as suggested by Heeley (l94l)» However, P.scaber ovaries were 

developing rapidly i n September, therefore t h i s species was possibly 

attempting to produce a second brood, but was probably prevented 

from doing so by the adverse climatic conditions i n October, as 

Beyer (1957/58) has suggested that low temperature i n particular 

suppresses brood pouch formation. The variation of respiratory 

rate with s i z e , p l ^ s i o l o g i c a l condition, and season, as shown by 

O.asellus and P.scaber, strengthens the arguments raised by Macfadyen 

(1961), P h i l l i p s o n (1962,1963) -and others against short term determinations 

of respiratory rate, and leaves no doribt as to the necessity for a l l 

the year round respirometric studies, and at a l l times of the d i e l to 

be made i f one i s to approach an accurate estimate of the annual 

respiratory energy l o s s of a species population. 

E a r l i e r studies u t i l i z e d length measurements rather than l i v e 

weight i n the estimation of growth. Paris and P i t e l k a (1963) pointed 
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out that there i s great variation between the results of 
different authors for the same species, and concluded that 
f\irther information was needed for the growth rates of land isopods. 
The growth curves presented i n this study for 0«asellus and P. 
soaber are considered the best available at present. In P.soaber 
a length of I3.O mm (approximately 90»0 mg) is reached at the 
end of 3 years, and not 3.8 years as postulated by Brereton (l956)« 
The growth curve of O.asellus clearly demonstrates that growth was 
not constant during the year, but varied with size, season, and 
breeding condition. A pattern of rapid growth i n the f i r s t year 
was indicated, and growth became less marked with age. The 
effect of season on growth was well illustrated by the sigmoidal 
curve obtained for each age class. Paris and Pitelka (1963) 
showed that A.vulgare, lik e O.asellus and P.scaber had a rapid 
rate of growth to maturity; Saito (1965) also demonstrated that 
the rates of growth of the two age classes of L.japonioiun followed 
the same pattern, the 0 year class producing I.85 K.cal/mVyr 
and the 1 year class producing the considerably lower amount of 
0»28 K.cal/m /yr. I t seems probable that the pattern of growth 
illust r a t e d by O.asellus and P.scaber w i l l hold f o r a l l species 
of isopod, and one wpuld suggest that isopod species of similar 
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size ranges e.g. O.asellust'-Poroellio spp» and A.vulKare w i l l 

have similar growth curves. 

The growth rates calculated for O.asellus could be criticised, . 

as certain months (June to August) were estimated. However, 

as the estimated rate was based on the mean rate of each age 

class d\aring the previous nine months, T*ich included the winter 

months when only nominal growth took place, this estimated rate 

w i l l , i f anything, be an underestimate because conditions are 

particvilarly favourable for growth during the summer months. This 

being the case, the errors of 11^ O.asellus, and l6% P.soaber, 

shown for the complete energy flow equations would i n fact be 

reduced, which i n turn would serve to add further weight to the 

justif i c a t i o n of the methodology used, and the accuracy of the 

experiments performed. 

The comprehensive data on the live weight/diy weight relationships 
presented i n Chapter 7 shouad enable later workers on population 
studies of these two species to convert l i v e weights to dry weights, 
and vice versa, thus eliminating a considerable amount of time and 
labour i n the weighing and analysis of non reproductive, and 
reproductive material. 

The stringent requirements governing the accurate estimation 



- 115 -

of energy flow necessitate numerous experiments both by day 
and by night, at a l l seasons. Thus automatic recording devices 
such as the automatic camera, and the continuously recording ' 
re spirometers, idiereby many animals may be studied during each 
experiment, eliminate the need for continued observation, and 
considerably reduce the number of experiments to be performed. 
Such automatic devices hold great promise i n bioenergetio studies. 
The automatic camera i s particularly suitable as i t allows experiments 
to be conducfed under near natural conditions, and gives a permanent 
photographic record urtiich mgy be processed at a later date. 

I n view of the fact that much criticism has been levelled 
at respirometric studies at constant temperatures, i t is of 
interest to note that the respiration results obtained at 16 - 0 .1 

(the mean temperature of the habitat) f i t well into the energy 
flow equation, alongside those parameters which were measured 
separately under near natural conditions. Wieser (1965) has 
shown that P.scaber does not change i t s feeding regime u n t i l i t 
has been subjected to laboratory conditions for a period of 3 days. 
One wonders whether metabolic measurements made on such animstls, 
immediately after capt\ire, at the annual mean environmental temperature, 
would reduce the need for microclimatic measurements and temperature 
corrections i n bioenergetio studies,'!̂  Indeed, the 'best estimates' 
calculated for the respitatory energy loss of O.asellus, P.soaber, 



- 116 -

and Ii.japonicum are very similar, the figure for the l a t t e r species 
having been calculated from respirometrio measurements at f i e l d 
temperatures, and lead one to believe that measurements conducted 
at the mean annual temperature of the habitat are justifiable. 

As stated i n the introduction, no single species of a 
'large decomposer' had been studied i n a l l i t s l i f e stages to 
investigate energy flow, before the present study commenced. 
Saito's (1965) comprehensive energy flow study of the isopod 
L.japonioum, where changes i n the population size were estimated, 
and the fate of the energy entering the population was measured, 
seirved to compare the two different methodological approaches to 
energy flow studies as shown i n Section 4 . Calculation of the 
'best estimates' of a + + (respiratory energy loss +• growth 
+ reproduction) for L. japonicum from Saito's data, by the same 
methods employed for O.asellus and P.scaber made possible a 
comparison of the three species, and the efficacy of the 'best 
estimate' techniqtte. 

Comparison of the 'best estimates* of each of these three 
species showed that the figures for R and Ŷ  were very similar, 
but the figure for Yg for O.asellus was approximately twice as great, 
and that for P.soaber approximately three times as great as that f»r 
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L.japonicum. Consideration of the res\ilts for number of late 
embiyos/young upon live weight i n Chapter 7 of O.asellus and P.scaber 
and Saito's data for young upon length of L.japonicum. showed that 
an overall mean li v e weight of O.asellus and P.scaber produce 
approximately two to two and a half times as maiy young than an 
overall mean li v e weight of L. japonicum. Consideration of the above 
facts, and knowing that L. japonicum, P.scaber and A.vulgare are 
present i n Saito*s study area, and O.asellus, P.scaber and A.vulgare 
occupy the present study area, i t seems probable that L.japonicum 
and O.asellus occupy similar niches i n a woodland ecosystem. 

Saito (1965) comparing his results of t o t a l energy flow 
through a L, japonicum population (19.5 k.cal/mVyr) with total 
energy flow through other invertebrate populations as estimated by 
other workers (Odum & Small^ 1959; Smalley 1960; Kuenzler 1 9 6 I ; 
and Odum, Connell, and Davenport 1962), showed that the value for 
L. japonicum was much smaller than the values given for other invertebrates 
by these authors. I t i s possible that the low values for L. 
japonicum w i l l be reflected by populations of O.asellus and 
P.soaber when the bioenergetic information i s applied to popvilation 
data. The actual role of these isopods i n the breakdown of 
woodland l i t t e r , and their contribution to the total energy flow 
through the ecosystem w i l l become apparent when the results become 
available from studies currently being conducted as part of a 



- 118 -

wider woodland ecosystem study i n Dvirham. For instance, 
measurements of l i t t e r f a l l , population, analyses, and bioenergetics 
of other key large decomposers e.g. Diplopoda and Lumbricidae, w i l l 
make possible the calculation of the percentage of annual l i t t e r 
production broken down by the Isopoda and other 'large decomposers' 
and a comparison of their importance i n promoting energy flow 
through the woodland eco^stem. 

The efficacy of the 'best estimate' technique was tested 
by multiplication of the 'best estimates' calculated for L.japonicm 
by Saito's mean biomass figure* The 'best estimate' technique 
was fovind to be an underestimate of the order of approximately 
I79S. Clearly, i t i s preferable to apply bioenergetic data to 
detailed population analyses, but as mentioned earlier the time 
factor often precliides the study i n depth of both population and 
bioenergetic parameters. Two methods have been presented for the 
calculation of energy flow through popiilations of O.asellus and 
P.scaber. Application of the individual l i f e stage data to 
detailed population analyses w i l l given an accurate estimation of 
energy flow. However, employment of the 'best estimate' technique 
with simple biomass data, and the use of a 17^ correction factor 
should enable the energy flow through populations within the 
geographical range of the two species O.asellus and P.scaber to be 
rapidly compared. Herein l i e s the value of the 'best estimate' 
technique. 
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Summary 

, 1 . Bioenergetios stiidies on the isopods O.asellus and P.soaber 
were made to investigate a l l the parameters of the equations 
(a) Pood ingested = Pood assimilated + Pood egested 
(b) Energy assimilated = Respiratory + Energy of + Energy +Energy 

energy loss body growth of reproduction loss 
by moult 

I * a *• ^1 * ^2 * ^3 

2. Preliminary food preference experiments showed that both spedies 
attempted fresh plant material, but these foods were not preferred. 
Food preference did not d i f f e r markedly with season as the preferred 
foods, dead and decaying leaves, were present at a l l times of the 
year. 

3. The feeding activity was shown to be limited to the period 1^ 
hours after sunset and 2s hovrs before sunrise. The daytime hours 
were spent under shelters. 
4 . A , regression of ingestion rate upon live weight was calculated 
according to the fonnula Log x = - 1.555 + 0.807 Jjog Y and 
Log X = - 0.007 + 0.577 Log Y for O.asellus and P.scaber respectively. 
5. Assimilation efficiency varied with size, but an overall mean 
figure of 2l»7^o and 29*^ was calculated for the assimilation 
efficiency of O.asellus and P.scaber respectively. 
6. The high rates of ingestion and assimilation calculated for the 
8 - 11 mm female size group of both species may be related to the 
attainment of sexual maturity. 
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7» Of the food ingested, 7 2 . ^ O.asellus and TO."̂  P.soaber 
was returned to the ecosystem as faeces. A regression of rate of 
faeces production upon li v e weight, was calculated according to the 
formula Log x = - 1.308 + 0.80? Log Y and Log x = - 1.097 *• 0.613 
Log Y f o r O.asellus and P.soaber respectively, 
8. Oxygen consumption tests were made on O.asellus between March 
1963 and March 19Qi-i and on P.scaber between June 1964 and June I965. 
9* I n the relationship liv e weight to length a change occurs at 
approximately 20 mg or 7«5 inm O.asellus and I 6 mg or 7«0 mm P.scaber, 
which also coincides with a change i n the respitatoiy rate to l i v e 
weight relationships. The high 0^ uptake at live weights less 
than 20 mg O.asellus and 16 mg P.scaber i s clearly associated with 
growth. 

10. At weights greater than 20 mg O.asellus and 16 mg P.soaber 
the respiratory rate per unit weight i s f a i r l y constant; aberrance 
during the breeding season was associated with reproductive activities. 
11» Calorific values of isopod material were determined with the aid 
of a microbomb calorimeter suitable for small biolpgical samples. 
12. Live weight/diy weight relationships were obtained for body (non 
reproductive) and reproductive materials of O.asellus and P.scaber. 
13• Growth of a l l l i f e stages of O.asellus was studied between 
August 1965 and May 1966. The growth cumre thus obtained was similar 
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to that constructed by Wieser (1965) for P.soaber. 
14. G-rowth was shown to vary with season, as illustrated by the 
sigmoidal curve obtained for a l l age classes of O.asellus. 

15. Animals grew rapidly during their f i r s t year, but the rate of 
growth decreased with age. Both O.asellus and P.soaber grew to a live 
weight of approximately 90 mg (l3.0mm) i n three years. Relatively 
few animals were thought to sinrwive beyond three years old. 
16. Methods of calculating the 'best estimates' of the rates of 
ingestion, egestion, assimilation, respiratory energy loss, bodily 
growth and reproductive growth are given. The rate of energy 
loss by moult was not calculated as isopods eat their e x u v i ^ and 
no ca l o r i f i c value was obtained due to repeated failure of combustion 
of this material i n the microbonib calorimeter. 

17« Energy budgets are given for both species, i n terms of 
'best estimates' expressed as either g.dry wt/g.live wt of isopod/ 
annm, or K.cal/g.live wt of isopod/annum. Thus i t was calculated 
that 1 gram live wt of O.asellus ingested 11.18 g.diy wt (46.789 k.cal) 
per annum, of which 3«33 g dry wt (13.749 k.cal) were assimilated, 
and 7»85 g.diy wt (33.040 k.cal) were returned to the ecosystem as 
faeces; 1 gram live wt of P.scaber ingested 9"04 g. dry wt (37«855 

k.cal) per annum, of ndiich 2.72 g.dry wt ( l3«125 k.cal) were 
assimilated, and 6.32 g.diy wt (24*730 k.cal) were returned to the 
ecosystem as faeces. Respiratory energy loss was 9.253 k.cal and 
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7.639 k.cal; bodily growth 0.992 and 0.759; and reproductive 
growth 1.952 and 2.622 k.cal/g.live wt/ann\M for O.asellus and 
P.soaber respectively. 

18. A discrepancy of 11^ and l6^ for O.asellus and P.scaber 

respectively was calculated from the 'best estimates' of the energy 

flow I = R + Yj_ + Yg + Ŷ  equation. 

19. Comparison of the 'best estimates' obtained i n the present study 

with those calculated for L.japonicum from Saito's (1965) data 

indioated that O.asellus and L. japonicum occupy similar rdches i n 

woodland ecosystems. The 'best estimate' was shown to be an 

imderestimate by approximately 17^» 

20. I t was concluded that the 'best estimate' technique was valuable 

i n that i t made possible the rapid comparison of energy flow through 

populations i n different areas of the geographical range of the 

species being studied. 
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