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CHAPTER 1

Introduction

Lindemann {1942} proposed a trophic=dynamic model of an

ccogysten, and since that time increasing attention has been pald

to the messurement of energy flux, both through ecosystems and

-

species populations. Energy flux (defined zs the

sum of production and respiration) is recognised as a reasonably

]

. o

reliable criterion for a functionsl comparison of different
ecosystens, and ag a means of evalusiing the role of individual
species in promociing energy flow within ecosystems.

Mogt of the available literature on energy flux studies
concerns herbivores. Very little has been done on carniveres.
The present investigetion was made at the species population

level, the specles studied being the predstory. carabid beetle

Nebria brevicollis {F). It has a simple life history and is

the subject of an energy flux study. In
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ther
terme of numbere it wes the 'key' beetle in the study area.

Carabld beetles ore common in woodland litter and grassland.

en are carnivorous, therefore, a study on lebria

brevicollis would give some indication on the importaence of

Carzbids in the ecosystem, perticularly in terme of theilr

contribution to totzl energy flux.

Turing the course of the mitudy attemplts were made 1o




estinate independently all parameters of the energy flux
equation ¢ = P + R + (F + U) for each of the life stages of

N. brevicollis. The energy Llux equation has been presented

in a number of ways but the present formula C = P + R + (F + U)
follows Ricker (1968} where

C = energy of consumption

P energy of production (growth + reproduction + exuviza)
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U = energy of urine
The aum of P + R is frecuently termed azssimilation and
- s
dencted by symbol A, hence

A P+ R

i

¢ - (F +U)

i

or A
In meny instances, particularly with invertebrates it is

"

difficult in practice 1o separate egesta (F) and excretory

products {U), consequently these sre freguently measured together,

hence {F + U). Theoretically U is a product of assimilation

and should be included in A, lee.
H

congidered to be a small fraction of

A and the error involved in including U with F is thought to
be negligibvle.
evaluations of field situations 1t is

ireble to make as many measurements as is possible

under Tield conditions. However, certain energetic parameters
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energy flux

the population are presented in Chapter 9

ectively. Finally, Chapter 11 deals with the




IAPTER 2

The Study Ares end its Micro-climate
The present study was made in a section of the Universi

of Durhom Zoological Field Station {Grid ref. NZ 273404).

Tt is sitveted some 2 km south of the University Science

Laboratorices at an aliitude of 76.50 m. The whole area is
small {1~2 hectares), slopes gently from east to west, and
primerily grassland overlying a light coloured sandy loam.

Prior to its acquisition by the University in 1962, th

progranme has been such that the whole ares was

divided intc compartments by means of berbed wire fencings

certain of thesge compariments have been deliberately grazed

o
o

guite

&

Field Station area was regularly grazed by catitle; but since

1965 only selective grazing has been allowed. From 1965 the

?

others hsve been free from grazing. The study area {see fig. 1)

was located in an ungrazed compartment measuring 300 x 100 m

area compartment the common grasges
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were Agrostis stolonifera (L), Agrostis tenuis (5ibth), and

Holcus lanatus (L )3 other recorded, but less common, grasse

&

were Festuca rubra (L), Poa pratensgis (L}, Alopecurus

N ! X " ! L. . 1 .
yratensis (L}? Dactylis 6Jomcram¥ (1) ‘and Arrhenatherum

+ P Y
elatiug (L).

Nebria brevicollisg (F) was the dominent carabid bestle

[
el
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lure wes to prepare two

sucrose discolved in 260 ml
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digtilled water + 10 ml formaldshyde

(35%). The solution is filtered

of micro-orgenisms and the

in-a rofrigerator, can be

3 monthe.
Mo prepsre the integrztors for field use on any one

o e £ Ty S [ | - [ ~ N g
and cobteln the reguired =te purposes o

Rl

of well mixed equal amounts of buifer and

sucrose solutions) were used to f£ill nine screw topped bottles

25 ml capacity. One integrator wee placed

PR

were placed in constant tenmperatures of 57, 107, and 15 °C.

15

nown period of time the three integrators

After an
at temperatures above 0°C were placed in a deep freeze to pre-
vent further inversion. Concurrently with the above procedure
the remaining five identically prepared integrators were

/

placed at the soil/air interfaces at the temperature statione.



oo taken to place the integrators

that they were sheltered from direct

. After a two weel period in the summer and & four we

one in the winter the irtegrators were returned to the lab

tory in order to determine their degree of rotation, and he

their inversion rale.

e

ned according to the eguation

o
T = 5854
Kx - log X'T

Kx is a ccongtant ¥ T equals

Tloo M
L) 0( - ﬁ
o

E'T is the inversion constant at temperat

manner.

B1AY
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ora-

nce

1 temperature (T) for each periocd of exposure

the solution, t eguals the time in days that the integrators

were exposed to field temperatures, o<, ig the degree of rota~-

tion 2t t, , and P is the degree of rotation et complete inversion,

the degree of rotation at time t.

A

The value For kx given by Berthet (1960) was found

unreliable in so far as it was not possible to replicate

under cons

used +to recslculate Kx according to the eguation

puffer pH used by Berthet. The integrators kept

temperature conditions in the laboratory were



Kx - 5854 +f1 log Te=Pe
T + = ,33 ;

temperature room

T = temperature of conslant

+ = time in days that integrator was subjected to the

temperature

o3]
Q

re 8% in the earlier equation.

ol 8 Be , and o< are the se

G
Field temperatures vere recorded from 14th Qctober 1967
to 15th Merch 1969 and the data are given in Table 1 and Figure
2, for comparstive purposes the air temperatures and rainfall

recorded at the Durham Universi bw s ﬂ.}OTPy‘ (9lm shove sea

o
¥
A

level arnd some 2 Em distence Trom the study area) 2 included.

The maximum mean soil surface temperature occurred in

i e - - ~Q . .. ;
July/sugust 1968 ~ 17.60°C — and the mean minimum in February g4

Merch 1969 -~ 0.2 C. Although the mean maximum surface tem-

e e . v =0 ) o ) .
neratures could on occagion be 3 - °c higher than the air
mesn meximum, the minimum mean temperatures were very similar -

o o

0.1 °C - differen coil surface was cooler than the sir

|‘J
=
o
€

vember 1967 to mid Jenuary 1968, and in January 1969

to March 1969 Generally the air temperatures followed the

c0il surfece temperatures very closely during the winter and

autumn months, diverging by about 1 C except in February, 1968

. - o - .
and Jepuary 1969 when they diverge @ — 3°C. From mid April

1968 to the beginning of September 1968 surface temperatures
were than the air temperatures, diverging about
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rature of the air (6«9{ C) was

monthly mean temr

the mean surface temperature (9.57 C).
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The snnual ra of temperatures wvere 17.27 C and 14

the goil surface and air respectively.

T+ is of interest to note that the field temperatures

recorded never fell below O C, however, in view of the rela—

tively lengthy winter integration periods {approx. 4 veeks) it

6]

should not be forgotten that temperatures probably fell below

zero on & number of occasions during eny one winter month. The

effect of dally tempereture chenges on the Tebriz brevicollis

population remains unknown, but ecologicelly it is felt that
7 - - £ » 1
uge of mesn temperatures {calculated by means of an integrator

involving 2 biochemiceal reaction) for extrapolating laboratory

dats to field conditicne is at the present time a well

tried and scceptable methodology (Qasrawi, 19663 and Bolton,

ety

4

Y 4 - N )
1969). Mean temperztures have been so used in the present work.
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Fig. 1 Zoological Field Station in summer.






Fig. 2 Comparison of mean monthly air temperature
and mean monthly soil surface temperature

(1967-69).
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diapeuse. During the the zdulte feed vora

li
A
<

nd bulld vy large

s, The actuel reason for the

clear and o number of theories have been advanced to explain

this phenomenon. Gilbert {1958} ested thet diapause

the =dult to develop its gonads, while Tipton (1960}

suggested thst it was to avoid the risk of dessication.
Greenslade (1965) concluded from his study thet the reason

for diapause was to synchronisge breeding activity. Penney

{ oK . o oas .
(1966) who made the most detailed study of diapause in

Ne brevicollis ite main function wasg to enable
the adults to survive the pericd when food supplies {il.e.

3 lowest densities.

orey )

cccurred in
Following diapause in the soil the adults re—emerge and
feeding is resumed; during this pericd gonads develop rapidly
and breeding occurs from mid-September to mid-November. By
December very few adults survive although a few do over winter.

gtage is the

However, as stated earlier the main overwinteri
larva. The larvee are active throughout the winter and early
spring and pasce through three larval stages (Williame, 1959)
eoch of which can be readily identified according to its head-
siath (Williems,1959). PFrom mid-April onwards pupation ocours

and the next generation of adults appears at the end of May.



{¢) Wet and dry weight relationship of H. brevicollis.

in-terms of wei

o

zesed in terms of

conversion facltor was necessary.

pointed oult Yeveseovsoeliminates

27

the poszible varistion in weter content of the individual®.
In the present study 2ll weightis were detsrmined on

(a) Electromicrobalance - model E.M.B. - 1

(b) Mettler balance

determin made on the portab

e

¥ - 10. The wet weight measurement

of adult . brevicollls were made on the Mettler balance. The

Blectromicrobalance was used for all dry welght measurements.

,..L
ok
s
1
6
o
4
o
o]
n
o
o
ju]
9
=

RBefore determining their wet wel
L

the body surface was removed with filter

procedure was adopted for all weighings. Individuals after

=i
ot
o]

collectine from the field were kept unfed for 24 hours fo
& I

4

can alter welghts and affect

ermining the wet welght they were
in & vacuum oven at 60°C for 48 - 72 hours. The

meterial wes subseguently stored in a deseilcator containing

jol
},.J
(6
=
ot
=
<
3

ecalcium chloride and self indicating silica gel, and

ot AS houre before welching. Some materiasl was left in

(I A] + AL L g b b o badey
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the des

resolong were calculated and the equations

Ingtar I ¥ o= 2463 + 1,33 1 =40
I

Instar IT and IIT vy = 2.81x + 3.63 T

Semples of both sexes were teken during the pre-diapause,

—~reproductive periods. The

in {1} was followed. The

results are presented graphically in figure 5. The
.

calculated by the least square method ana

‘on co-efficient of+0.92. The eguation

v = L1a84x + 14.66

Sy
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o
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ecological energetic study it is desirable thot as

et parameters as is possible are measured under

many en

field

conditions; unfortunately this camnot always be achieved

and one must resort to laboratory studie

w0

o«  Under such circum—

ig escential that the lavoratory studies are made

under conditions which are near naturszl. In the case of Webria




brevicolilis it

. .
o ©Aano it
gut anal
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fe

were adjudged high at all

any or all of these Tour
.

food Tor both larval ond

nad

Dipters larvee, from the
A series of experime

with moist

all experiments,

itens proffered were

;e {where equal

ariman

lorvae end adult B. brevi

ochtain sufficient date

or. Larval food snd feedl

ere made.

food type Penney (1966) made detailed

B “ - 7] ey 1
liet was almost exclusively

o
o
(o
[53)
i
3
o)
jorse)
@
t_}
foemed
=
o
o
-
3
o
L
vy
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and Acari & Turther 22%3; Collembola

rred fecod. In the present study area

la, Acari, Aranelde, and lerval Diptere,

those

i}

times but particularly during

actively feeding. T

el

roups might be an important source of

4ie]

adult N. brevicollis, therefore food

e with Collembola, Acari, Araneida and
study area.

nte was carried out in petri dishes,

paper, and hcyu at field temperatures. In

collis and adults all

eaten. However, in nore refined

numbers of prey

collis) & distinct

wae noted. TFe

gxperin

mey's {1966) conclusions regarding the

and extended tc

e

ente 1t wae observed that whereas the
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the above

nents on feeding.

-

pverledicity

cboervetion,

viion both in the laboratory and

clute consur

o7y

field. Nowak (19¢7), for example, that Plerostichus

erxcegs foode.

b Nebria guts
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Tie \JLVﬂco lis ther

[abiam “3 or 1“Ou,




{(Iudbboc 21 Yeotoma viridis (Bourlet, which we:

riments with larvee & known we

N - o~ o sl
a period of

Figure 0

wes not

2dult pre~dispause male

dzily food congumption of both

S e e,

of & fecding




9]
[

0

{1"
]

g

G

-

ki

>
<
4
o

1o
ole!

)

1
I'e)
G

o
i
@}

1T

4
15

e
krl

o




gl

4

1

199}

VL L

g

o

A
T Lt £

e

L

-

j

<

[




Fig. 3 Life history pattern of JH. brevicollis
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Pig. 4. A wet and dry weight relationshiyp of
H. brevicollis larvae
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Fig. 5 A wet and dry weight relationship
of ¥, brevicollis adults
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Fig. 6 The mean dry weight of prey (Collembola)
eaten per larva (third instar larvae at 1500)
per day over a period of 8 days. Bach point

is the average value for 10 individuals,
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Fig. Ta Daily consumption at 15°C (Collembola as prey)
of a pre~diapause male over a period of 15 days.
Bach point is the average value for

5 individuals.

Fig. Tb Daily consumption at 15°¢ (Collembola as prey)
of a pre-diapause female over a period of 15
days. Haeh point is the average value for
5 individuvalg.
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Pig.

Fig.

88

8b

Daily consumption of a post-diapause male
at 1500 over a period of 11 days : Collembola
as prey. Bach point is the average value for

5 individuals.

Daily eonsumption of a post-diapause female
at 1500 over a period of 11 days : Collembola
as prey. Baeh point is the average value for

5 individuals.
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sdies renulire the conversion of all

X

conperable units of encrgy, the

= iDe) §

In the present

&L S
was

to the wet combustlion
method of Ivlev (1924
{v) Methods

A micro-bomb calorimeter of the type described by Phillipson

ationel procedure was similar to that

desecribed by ipson {1964). The bemb was calibrated by
acid pellets which were of known calorific value.

deily and was found

to be
heout the experimental pericd. The asgh free

from the burnings ez work carried out

on the sgame bomb that considerable

in ash content estimates occurred w




In all cases content values

oredetor (. brevicollis) and the prey

gut contents before killing

£

ies were sllowed to evacuste their

o bhe combusted

nd drying. ALl materisl

O . .- .
racuun oven of 507C. for 48 hours. The dried material wae ground

pellets and stored in & dessicator until required for analysis.

Before each

of the pellets varied

y Tm

le pellet wes welghed on an Electremlcrobalance,

model

Initially it was congidered necessary to group male and femzle

o

We brevicollis fsecesg together, hut this later pwroved unnecessary.

Calorific determinstion of larval fasces (with Collembola as prey}
was made with Inster III faecces only. Instar I and II produced

of faeceg thet collection for geparate deter-

e
i

mination would hove invelved an excesnive amount of

were

E_..I .
o
»
o)
:.J .
5

The mean value of twenty consecutive burnings of benzo

0.5608mV/100 cal SDT0.0071

factor was usged for calculetion of A

are shown in Table 3.  Varistions bhetween




sach of the va;

females just prior to diapsuse had the highest calorific

N

r/0ctober) had

¥ \3
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o

03

{_J
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3

!

the lowest ~ 3.3082

values for Hebria

k cal/g renge.

PRES
b b o el
DRSS

for femaleg i1s er than males in all four

ic value was lowesd:

ergence, but

ite meximum just prior to

se, thereafter

No deterninetions were nmade in adults either in

7
Ao

7ith lerval development. Instar IIT

pupae, emerging adults, snd male adulis

o
a
it

higher velue than the field Taeces.

Calorific value of faeces wag lower than

A -
{; The

larvae, no doubt due to

£

I ey o5 o
aeces (Tipulid lervae as prey)

2+t the percentage difference between

wae caleulated by ass

ag prey woeuld be the game
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A veriety

condition,

the proposed experimental

24 hours. ALl experimente, exceptin

The

the total welght

T

could bhe

to a periced of 24 hours or more
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v determined by sube
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the dry weight of the foil from the dry weight of
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Lne are:

P

y = 5.5787x + 04756

O« bifurcats > 4.0 ng ¥

1.6896

-

y o= 2.5719%

bt

In experiments with M. brevicollis larvae, the larvae in

addition to being gcclimatized to the experimental temperature

L

of 15 € were deprived of food 24 hours prior to the beginning

e

o}

each experiment. Rach experiment lasted a further 24 hours.

¢ results of these experiments are pummarized in Table 4

and it can be seern that percentage assimilation, whether

-
o
ja)
i
=
CJ..

calculated from dry weight or energy content is signi

higher with soft bodied prey (0. bifurcata) then with relatively

I"«J
}J

rder bodied prey {Collembola)

Tn the czee of adult N. brevicollis, the experimental
_L

procedure in the food type experiments was the seme as that

described Tor larvae. The results are given in Table 5S5a and Db,

and it can be seen that during the pre-diapsuse period {June ),
there is no gignificant in the asggimilation efficlency

fed the same type of prey iltem. However,

O. bifurcata wes

(d} affect of Teeding rate

The experimental procedure in larval feeding rate investi-

cations wes identical to that adopted for the 'prey type’
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However, riments with adulis when a
low feeding rate induced by keeping food in short supply

2 siight different procedure was adopted. The experime

level of feeding for 2 ~ 2 days

prior to the they were then starved for 36 hours.

were fed at & low leve

Troed

viod of 24 hours starvetion was

was terminated. Food consumption

wes determined for the initial two days experiment,

whereas faeces vroduction was measured over the 1l threc

Q_
s

t‘.

. . \ 4+ L0
All experiments were made at 1bh- 17°C.
Figures 11 and 172 show larval instar IIT percentage

the dry weight of food consumed.

assimilation plotted against

he TwWo prey

spproximate those

in Table 4. UNoreover,
t+le influence on larval

the casge of tipullid orey

- o . B . ~ 0 R
was & slightly positive relationship (r = +0.2358) and in

- ) Y
chtly negative one {r = ~0.0809}.

sage of

made with adults 1r h the pre-diapause

considered desireble in view of

erential constmption reported earlier under

"Feeding perlodiciiyts

=)



with Collembola ax general

from those preported

o

e The correlotion coeffici

t—-diapauge period resul

sith Collembela as the

males show an asgimilation

to that recorded for males in the pre~diapause

period, but the mean percentage assimilation of females during

recorded in June.

Oetober 1g approximately

Lon shown

:rent vaeluess of

in the two seasons it is once again evide:

similation

The correletion {r) for males ig = 0.0032 and for females - 0,0119

Al

A further experime 11t ﬁebria with

experinents.

I+t must be corncluded for hoth lerval
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Pig. 9 Wet weight/dry weight relationship of Collembola
used in the assimilation and consumpition

experiments with }. brevicollis.
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Fig. 10 Wet weight/dry weight relstionship of

Tipulid larvae (Q. bifurcata) used in

the assimilation experiments with

N, brevicollis.
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M. 11 Relationship between feeding rate and
assimilation efficiency in third instar

larvae with Collembols as prey.

Pig. 12 Relationship between feeding rate and
assimilation efficiency in third instar

larvae with Tipulid larvae as prey.
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Pig. l4a Relationship between feeding rate and
asgimilation efficiency in post-diapause

males (September) with Collembola as prey.

Pig., 14b. Relationship between feeding rate and
assimilation efficiency in posi-diapause

females (September) with Collembola as prey.
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Fig. 15 Relationship between feeding rate and
percentage assimilation in post-diapause

adults (October) with Collembola as prey.
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Fig. 16 Relatiouship between size and assimilation

efficiency in N. breviceollis, calculated in

terms of dry weight and calories : vertical
. + | ;
lines are = 2 standard errors. Regression

drawn by eye. Tipulid larvae as prey at 1500.
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to cetermine consumption in the

and adult . brevicollis the

Teeding i luence gut

5 day period of starvation

) . L e " "
remained in the gut). However,

nece of food

Third insgter larvee were acclimatized

4 Al

. ) s , o
for 24 to 26 hours st the temperature {5, 107, 157,

vae were offered Collembola as food for one hour,

the remaining food was removed from the feeding

The time interve " feeding period and

P
i

noe of the last fascal *pellet' was termed ‘gut clearance

a8

Figure 18 shows gut clearance time in hours plotted against
larval weight in experimente made at 15°C °¢. The mean gut cleararnce
time did not alter with weight and was 14.8 hours within a range of
11 4o 20 hours. Figure 19 shows the effect of tempersaivre on larval

did influence

w

A
A

e

gut clezrance time. was to be expected, lbemperstu

gut turnover, the time of turnover being reduced by
1 o . "/On
one third for every 107¢ increase.

were made at 157 ¢ after a period

of scclimation and starvation. Bach individual wae fed freshly

s Fter 30 minutes all uneaten



o
f
A

ol lowis this plowfly lervae which led to the production of

vellow coloured faeces wag proffered. Collembola end lowfly

fed alternatively and the yellow fasces were used

to the marker technique of FPhillipscon (1960}3 it

was thus possible to determine adult gut clee
Collembola as the primary food source. The obtained results

in Pigure 20 where it can be seen that the mean gut

i

{4

clesrance time was 28 4.3 hours within the range of 22-38

hours.

o~
Q
-4
?.‘,_2
o
O
}._!
C
i
CL
-
j
i
@
i

out cleararce bime and percentage assimllation {sSee Ch:

]

can be used in conj with messurenents of faeces production

abescolute Field consumption. A series

to determine egestion

o)

b

investigations were made therefor

o]

Long.

.
b

F o+ U) under field ocond’

Adult . brevicollis are known to be mainly nocturnal in

ing activities and so an attempt was made to observe

their fe
adults during a period which began af'ter the enimals were congidered

te have Accordingly dry pitfall trape were set

roximetely 0300 hours and were emptied at dewn. Individual

adults were placed in small dishes lined with pre-~weighed aluminium

¢

left under Tield conditions for such periocds that permitied

omplete gut evacuatlon.

b

=

The welight ©






results obiained,

femzles showed no

in the

difference. I%

P

tion rate

101es.

by the few

faeces and stomach

-4

are a Tew possible

iust before

Starvation

ypaEuse

iting eggs

feeding well below the feed—

lavoratory value can

The mean
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Fig. 17a The mean dry weight of prey eaten per
e
larva (third instar at 5 C) per day over
a period of 10 days. ¥ach point is the

average value for 15 individuals.
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Fig. 17b The mean dry weight of prey eaten per
o
adult (premdiapause stage at 15 C)per
day over a period of 7 days. BEach point

is the aversge value for 10 individuals.



15C

MALE

———— FEMALE

Ava[N31valsow]'LM Aua

NV3IN

DAY




Fig. 18 Larval gut clearance time experiment

with Colleubola as prey at 1506.
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Fige 19 The effect of temperature on larval gut
clearance time with Collembole as prey :
vertical lines ave i 2 standard errors.

kegression drawn by eye.
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Fg. 20 Adult gut clearance time experiment

with Collembola as prey at 15°C.
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Fig. 21la TFaeces production of pre~diapause

adults under natural conditions.

Pig. 21b Faeces production of post-diapause

adults under natural conditions.
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Fig. 22 Growth data of larvae under semi-
natural econditions. Vertical lines
+
are - 2 gtandard errors : curve drawn

by eye.
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Growth dats of larvae =t constant
temperature (15 = 1°¢). vVertical
lines are p 2 standard errors :

curve drawn by eye.
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PMg. 24 Adult field growth data : vertical

. +
lines are - 2 standard errors.
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Fig. 25. Larval body weight and exuvium weight

¥with regards to instar anumber of

§. breviecollis.
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Fig. 26a Larval respiratory rate per unit weight

plotted against live weight (Oct. 1967).

Pig. 26b Larval respiratory rate per unit weight

plotted against live weight. (fov. 1967).
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Fig, 27a  Larval respiratory rate per unit weight

plotted against live weight (Dec. 1967)

Fig., 27%v Larval respiratory rate per unit weight

plotted against live weight (Jan. 1968)
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Fig. 28a Larval respiratory rate per unit weight

plotted against live weigzht (Feb., 1968)

Big. 28b Larval respiratory rate per unit weight

plotted against live weight. (Mar. 1968)
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Fig. 292 Larval respiratory rate per unit weight

plotted against live weight (April 1968)

#ig. 29b Larval respiratory rate per uait weight

plotted against live weight (May 1968)
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Fig. 30 Mean monthly respiration data (15°¢)

of N. brevicellis larvae.
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¥ig. 31 Pupal respiratory rate per unit weight

plotted against live weight (May 1968)
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Fig. 32a Adult respiratory rate per unit weight

plotted against live weight (June/July 1968)

o linla o Famule

Fig. 32b Adult respiratory rate per unit weight
plotted against live weight (Aug. 1968)

o Male o PFeamale
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Pig. 33a Adult respiratory rate per unit welght

plotted against live weight (Sept. 1968)

™ Madia o Female

Fig. 33b% Adult respiratory rate per unit weight
plotted against live weight (Oct. 1968)
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fig. 34 Adult respiratory rate per unit weight
plotted against live weight (Nov. 1963)
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lean monthly respiration data(l5 C) of

35

adult N.brevicollis., (June - November 1968)
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g. 36 Respiration rate in relation to size
and temperature : vertical lines are

+ ,
- 2 standard errors.
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Fig. 37 Oxygen consumption in relation to size and
temperature on a semi-logarithmic

plet : curves drawn by eye.
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Pig. 38a Respiration rate of pre-diapause adults
in relation to femperature : vertical

. +
lines are = 2 standard errors.

Fig, 38b Respiration of diapause adults in relation
to temperature : vertical lines are ha 2

standard errors.
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Fig. 39a  Respiration rate of reproductive males in
relation to temperature : vertical lines are

+
- 2 gtandard errors.

Fig. 39b Respiration rate of reproductive females in
relation to temperature : vertical lines are

.{.
- 2 standard errors.



D, ®injpredwa)
191 oL S

LL90-0— X9850-0= A

|—-o——\—-|

'—_——

°
o

8-0

9403 uoypidsay

Jy/BwyCo ww

D, 94njpiadwa)
Sl ol S

L) 1

€690-0+ X6S€0-0=
+%x6S€0:0=( H\

—e—i

AN
——d

¥-0

0
o
1y /Buy o ww

8-:0

01

a9jps uoypidsay



Fig. 40 Oxygen consumption (mm?og/ind./hr) against

body weight drawn on a double logarithmic scale.
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#ig. 41 Hean monthly field respiration of

N, brevicollis larvae : mean monthly

field temperatures are also shown,
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Fig. 42 Hean monthly field respiration of adult

H. brevicollis : mean monthly field

temperatures are also shown,



~18

FIELD TEMPERATURE °C

116
414
2
]

8
6
4a
42

® MALE
O FEMALE

e \/

.

10}

1
@ ® < ~

"WH/DN/ 0 NN

MONTH



e

N




NS

4
4

Cagl

-

™

s

Inere

p)
LANE

)

L O Wa

ne

!

LG

@

emove

[
-
I

L

3

oLEY

S

e

il

oL
G

&

L1885

o
o

was

le

]

g

<

dr

afl

1




-+
ENT

oo

%7

!

aboratory

L)
5

Jolly

T

e
2 {2

¥

OBCo

G

L

Xl

e
e

el
pes




5 ’ )
- fer W

o~ i, €2
m.s BL

converted to loss rate {the effect of death and

B, = The rumber of new enimals joining the pepulaticn



..1
i
[ P
1y
e
[} Sy
f
&4
=
W
Id ...
i
o
)
e
9]
PN
oad

e

[%

i

Ngle

o
<

WV

o
@ i

va
-1 it
s vnz
op

L

Ty

-

-+ nC
= s
Mo

o &




3o e
oA

nec




Gl

cantur

oy
<




L
&xu
by O od o
Lot

[an

{

Ly ) o & O o
—i

0]
o
O

[} (&) (@] 7

L @] < O O O O O

]
o
< < O @ ne & O <O e e
> oy ey
! 2y
o Kt
3 1y [§\ O o e - [ O O oy o o
i [N
<
&~
)
@ oy ] [ =1 O [ o <O & <3 RS IE =
oy g,
S o
o £
s N . - _ [ORT
Ly < i [ o [ oV O [ [ o [ Mo
] S
25
QO
N R . i . B . [
By O o G O < O o < - O O O < o
3 28!
# o
ad
- ~C o o w0 W y WS ol
W i "y (5B ] oy faad &
[
-~
...... e, o . - : 3
Y | <o (@] [ O <o < <o < e
[ i e’ O [an! £




[N
i O
B
O [
&
+U EaiiiaY
9 Lo od Cd N b
ol L] - %)
@]
[
PN
® a8 od & o
) St
P’
LM = —i O & e
1 S
P
& Ly o} e - ] ol
(28] g
U d
Ny ™,
& &
U. Lt
=i I 1 [ag} i O O O =5 W
i S et
vﬂw ®
o
Ll -+
(& &} e [ad} e < Y
Ty R—
Ll
Ly Od < i 7y [ @] O < =i
i s
iy
= = - Ca o} Cd [ ] < o (A
€7 L—
Ly N -t (o) [ [ &Y [w < [ < (28!
e e o} m
o
, . ) of
o U e - > I - I e T - e o 51
Ty ﬂlw
i
i
;
4,



- OF -
95
Ny S June July Auge Sept.  Octs
17 12 20
23033 3015
M3 1 4 30
o 2 3 15

6 6 0 0 o 2 30
©c o o o o 0 0 15
1 14 1 o 0 0 1 0 30

6 o o0 1 2 o 0 1 15

»)
-]

O

O
o
O
O
o)
O
&

15

[§S)
L.

s 0

(,‘ 3 ' P L

S]
L)

L
it
ko
[N
I
b Y
“_J

-

gg tabuleted




2
b
g I
= [t
@] O [0
)
@
+ P
O Ly 38! i =i
G ™ pa—
ey
(o] 7y ol O Qud
(o] S
e
Ly 7y i | O [N}
1 -
P
i < < i o i [ d
4 ey S
o
m.u ey
- 1y od 7y [ ] (] ®] o
Py e
Py
[ [ g oy [®] [ O O Ha
[a8] e
i o
Ly &S] [ ! a8 < . < 9] <
i A
Pt
) 1y [ (& s =4 & O 3 (@ (4N
ey N
Ly
oy od
e e A S N > N o3 i
i S 8
_xlmw
Eeg
ot
4 [ [ < o] [ & [ . & QJ £ m




e

1760(43095) .

e]

(<3045)

[

~ ™y o : *J
,:f'j: /4}‘:’1‘(!3,015){

L3
fod




oy B} -
i o Ly [N I~ (o i s o
23 N ~ <j i & r~ O pts)
e & 5 & » L3 @
= o o <e] I i Ly
i o @] i [N [EQY CH O
O =i s
d < i
O [ee} b
& & ®
&) 9 [ab! H i i
(a8} =< i
)
(e od
Al@: L &
P O
O o i i H
® e

1 O < oy o =3 O™
& Y i 5

i s B £ o [y
oo o —l i ® @

G4 fa {52 H 7 oo [l T

i i [N o i A

—

(R4




<} (28! [ [@] =i 7y LN

o~ [ \O QNI [ O et ~
@ L] &

ml.i. -

L3 L] L ® Ld
0 - oy Wy b W v Oy
B R = o D o sF
et =1 ] i oo
W
[ < s
. t— D N >
< e ¢ o e~ <
[~ Ly H i ® . ® f
[ [’ O o o
1 [hd [e9]

2 2 9 L @ ®
i J o) o o =i < j -
&} < D O &) O O [
e D ® L ® 2 ® ® & ®
= =t L~ o W ! ~NO oG
T & N N L e SRS
i 1 [SY =i i i
[ < o : o D &} o
< - ™y &} o O w0 < ]
M,uw ® ® @ s ® ® & &
< O oo N0y H O o (28 [
i (a1 i ol =i o i 1
o [ [ (o8 oy &
W ] e o 7y e
<¥ o= Poos o m w©
o i ! o] i
L) -1 = £l ®
[T &
[l (58] Ly
Ny -
o
. Ly - iy & £
@ [ ! [an} i & &
o [al} R L2 )
& @ = ] (&
= e = i -+ +
4 =] = . )
Py L) 2 [ [ e




Fenale

s
ner me

1968 - - -

TJune 15th A 214.9 154,02 T 116.75 L6374
June 20th 198.1 £ 134.5 207.48 T 147.08 6488
111.0 £ 80.49  92.60 % 62.63 L2257

91.0 £ 102.17 78.00 = 85.27 L2704

93.33 ¥ 98.09 112.04 = 98.70 .2286

188,20 & 151.71 170.04 = 169.84 L5732

111.64 £ 91.63 152.00 T 132.73 4018

154 74,69 = 65.60 60.0 ¥ 49.75 2155

20th - - -

edult W. brevicollis




Fig. 43 Population estimates (per /m?) of

¥. brevicollis larvae.



10 L

g oewr silaqunN




o
o . . o2
sg. A4 Population estimates (per/m®) of

¥.brevicollis adults. Dotted line

show probable trend of population

density during the diapsuse period.
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HMonth msgwmﬁ\am cmwm growth/ Cals resp/m? Assimilation Egestion Consumption
n/month /month All as cals/m?/month
October 3.5 16.6142 18.0606 34.6748 6.2974 40.9722
Hovember 3.73 16,0576 8.1210 24,1786 4.,%911 28,5697
December 2.10 9.6187 1.8476 11.4663 2.0824 13.5487
42,2905 28.0292 T70.3197 12,7709 83.0906

Table 36

Energy flux through the instar I population.
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Month msswmw\ﬁm Cals mwoﬁ¢W\ Cals wmmw\sm Assimilation Egestion Consumption
m/month /month all as cals/m2/month
November 1.59 22,6195 7.6224 30,2419 6.,5263 36,7682
December 1.59 23,3737 3.8192 27.1927 5.868% 3%.0612
January 1.59 23.3737 3.9570 273307 5.8981 3302288
February 1.06 14.5772 4.2340 18.8112 4.0595 22.8707
91.7353 23,5166 115.2519 24.8717 140.1236
Table 37 Energy flux through the instar II population.



Honth Eﬁawmu\mw Calg Growth/ Cals ummw\mm Assimilation  Egestion  Consumption
n®/month /month A1l es owwm\wm\wowww

December  1.59 36,1874 9.3775 45.5649 11.5482 57.1151
Janwary 2,13 pm.WQQ& 13.3176 61.7950 15.6017 T77.4569

February  1.59 3%.8530 14.5406 48.3936 12.2652 60.6588

MW March 1.06 24.1251 17.1213 41,2462 10.4537 51.7001
' April 1.59 35,0200 39,4470 74.4670 18.8734 93.3404
May 1.06 24,1251 41.3664 65.4915 16.5986 82.0901

201.7880 135.1704 336,9584 85.4008 422.,3592

Table 38 [Energy flux through the instar III population.



Fonth Cals mw02¢W\ Cals Hmmw\ﬁm Assimilation Egestion Consumption
m?/month /month A1l as cals/m?/month
June 20,0287 26.8740 46,9027 18.2852 65.1879
July 0.0172 32.1660 32.1832 12.5467 44,7299
August - 12.5505 12.5505% 4.8928% 17.4435%
September - 35.9025 35.9025 13.9967 49.8992
20,0459 107.4930 127.5389 49.7214. 177.2603

Independent consumption estimates Ammwm\mm\momwwv

Amv From laboratory consumption experiments

Table 39

June = 145.3712 June = 95.9112
July = 107.7451 July = 71.0867

September = 63,9209
*

= put into the August caleulaticn for convenience

Bnergy flux through the male population.

(b) From field faeces and % assimilation
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Month Qmww growth/  Cals resp/m® Assimilation  Egestion Consumption
n?/month /month A1l mm.cmwm\sm\mbmww
June 21.2367 24.27775 45.5142 17.7438 63,2580
July 0.3872 %9.9840 40,3712 15,7388 56,1100
August - 14.8740 14.8740% 5.7986% 20.6726%
September 11,7188° 41.3595 53,0783 20,6927 73.7710
3%.3427 120.4950 153.8377 59.9739 213.8116
. . 2
Independent consumption estimates (cals/m"/month)
(a) From laboratory consumption experiments (b) From field faeces and % assimilation
June = 117.2915 June = 78,5611
September = 88,5104
* = put into August calculation for convenience
* = egg production
Table40 Energy flux through the female population.




Month Production Respiration Assimilation Faeces production Consumption

October 16.6142 18,0606 34.6748 6.2974 40.9722

November 38,6771 15,7434 54,4205 10.9174 65.3379

December  69.1798 15,0443 84.2241 19,4989 103.7230

Janvary T1.8511 17,2746 89.1257 21,5598 110.6855

February  48.4302 18,7746 67.2048 16.3247 83,5295

Mareh 31.9163 21,0053 52,9216 12,9732 65.8948

April 35.0200 39.4470 T4.4670 18.8734 93.3404

Hay 24.1251 41 .3664 65.4915 16.5986 82,0901

June 41.2654 5141515 92,4169 36.0290 128.4459

m, July 0.4044 72.1500 72.5544 28.2855 100.8399
. hugust - 27.4254 27.4245% 10.6915% 38.1160%
! September _11.7188 772620 88,9808 34,6894 12%,6702
389.2024 414.7042 803.9066 232.7388 1036.6454

* put into August caleulation for convenience.
Table 41 Energy flux through the wm¢mw population of H.brevicollis
A1l values in gram cals/m“/month
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411 as k cals/m

Production Respiration Assimilation PFaecal production Consumption

Instar I 0.0423 0.0280 0.0703 0.0128 0.0831
Instar II 0.0917 0.0235 0.1153 0.0249 0.1401
Instar IIT 0.2018 0.1352 0.3369 0.0854 0.4224
Hale 0.0200 0.1075 0.1275 0.0497 0.1773
female 0.0334 0.1205 0.1538 0.0599 0.2138
Potal 0.3892 0.4147 0.8038 0,2328 1.0367

Table 42 Inergy budget of N, brevicollis
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Pig. 45 Monthly biomass data (cal /m’) of

. brevicollis



120

100 |-

N.S_\wm_mo._<0 NI SSvwoit

MONTH



Fig. 46

Changes in monthly congumption, assimilation
and faecal production : mean monthly field
temperatures are also shown. C = consumption,

A4 = assimilation, ¥ = faecal production,
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Fig. 47 Monthly production and respiration

as a % of monthly consumption,
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Tig. 48 Logarithmic relationship between annual
population production and annual population
respiration (K cal /mz). Regression line
drawn according to equation given by McNeill

and Lawton (1970), for short lived poikilotherms.
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