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RESUME

Productivity of a pine caterpillar population was investigated in the present study.
The changes in larval density of the pine caterpillar population were estimated by the
fecal-pellets counting method and by the direct counting method at a pine stand in a
nursery. The food consumption, assimilation, respiration and growth were also mea-
sured in the laboratory. The total food consumption, assimilation, respiration and
growth of the population were calculated utilizing the individual values and population
density.

An individual larva consumed about 14.0g of pine needles over one growing season.
From which 11.2g was defecated as feces, and the rest 2.8g was assimilated. 2.3g,
or eighty per cent of the assimilated matter was used for respiration and 0.5g was
used for growth of larval body weight.

Larval density was estimated at about 63 individuals per square meter in September
1967, which decreased to about 6 individuals per square meter in July 1968 (at the
time of pupation).

The total food consumption of the larval population over one growing season was
estimated at 183g/m?/year. From this 133g, 106 g fell as feces and 27g were assimilated
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by the population. 2lg, or eighty per cent of the assimilated matter was used as
respiration and 6g was used for population growth.

Positive correlation was observed between population growth and biomass of larval
population. Food consumption of a population also positively correlated with the
biomass.
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INTRODUCTION

Product1v1ty of animal populations has been 1nvest1gated in various kmds of habitats
(CLARKE 1946 ENGELMANN 1966) REICHLE 1967 RickER 1946 SMALLEY 1960) However, few
production studies have been made concerning the population of forest defoliators, since
almost all attention has been pa1d to the life hlstorles of the insect pests and their
population dynamics (Kromp 1966 Morris 1955) Although undoubtedly population
dynamics is the main concern in forest entomology, population dynamics alone may be
insufficient for the complete understanding of the dynamics of the forest ecosystem.
Since the amounts of food consumed by a population of defoliators change with their
ages even in a generation, thus this knowledge is necessary in the production study of
the forest ecosystem as well as in the population bio-economics itself.

From this view point, several authors have attempted to investigate the amounts of
food consumed by an individual larva, for example, the food consumption of the pine
looper (Buparus piniarius) was measured by SCHWERDTFEGER (1938), and that of the pine
‘caterpillar by FUrRuNO (196:?). Few studies, however, on food consumption of a popula-
tion have been appeared.

In a previous paper, the authors estimated the amounts of pine rigedles consumed by
natural populations of pine caterpillars (Kikuzawa and Furuno 1968), but they did not
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clarify the changes of food consumption in relation to changes of population density
and individual weight. In the present study, the changes in larval density of the pine
caterpillar population were estimated. The food consumption of individual larva was
also measured in the laboratory. The total food consumption of a population is esti-

mated by the above two components.

MATERIAL AND METHOD

The pine caterpillar, chosen for this investigation, generally has one life cycle a
year near Kyoto. The adult moths emerge in late July and in early August lay masses
of eggs on pine needles which take about two weeks for incubation. First instar
larvae begin to consume needles in late August. They grow until early November
when they hibernate. In April of the following year, the fourth instar larvae begin
to consume needles again. In early July, fully grown larvae (7th instar) pupate in
cocoons. It takes about two weeks for emergence.

Thirteen hundred larvae collected from pine trees in Kyoto city were released on 7
September 1967 in a pine stand at a nursery comprises of 37 pine trees (Pinus thunbergii).

Six representative trees were chosen and the larval numbers on each tree were
counted at about one-month intervals except in winter. Ten fecal-pellet collectors, each
25cm X 25cm in surface area, were set on the stand floor, and the fecal pellets fallen
into the collectors were counted, oven dried and weighed. The leaf litter and the
leaves cut uneaten by the lavae fallen into the collectors were also collected, oven
dried and weighed.

Individual larvae were reared in the laboratory to estimate the amounts of food
consumption, the number and the weight of fecal pellets, and the amount of respiration
and growth. The difference in the length of the pine needles fed at the beginning
and that which remained uneaten at the end of experiment was converted into dry
weight which is an estimate of the amount of food consumed by larva during that
period. Sixteen individuals were reared.

One larva and small petri dish containing 5c¢cc of KOH soluiton were kept in an air
tight glass container, 9cm in diameter and 5cm in depth, for 24 hours to measure
respiration. The carbon dioxide absorbed by the KOH solution after 24 hours was
estimated by titration with 0.2 N HCl. Respiration measurements were conducted
under room temperature condition which varies from 28°C to 30°C. The respiratory
rates measured were recalculated to provide values at 80°C assuming that Q,, value
is 2.0.

Frequent measurements of body weights provided values for the growth of the
larvae.

Calorific values of larval body, fecal pellet and pine needles were measured utilizing

the bomb calorie meter.
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RESULTS

1. Metabolism Of Individual Larva

1. Food Consumption

In the present study where the larvae were fed needles of Pinus thunbergii, the
amounts of pine needles consumed by an individual larva during one growing season
averaged 14.0g in oven-dry weight, while Furuno (1963) obtained about 11.1g when
fed with needles of P. demsiflora. Although average obtained in the present study was
somewhat larger than that of Furuno, this difference can not be considered significant,
since there were considerable variations Cmg
among individuals.
The amounts of food consumption from 10¢ el

the beginning of the experiment (time t4)

to time t, or the cummulative amounts of
food consumption (C), were plotted semi-
logarithmically against time t as shown in 10°
Figure 1, where the ordinate is logarithm

of C, and the abscissa is time t. Roughly /

speaking, the cummulative food consump-

tion (C) is expected to increase exponen-

tially with time t, except during the 10
periods of hibernation and before casting
off and before pupation.

2. Feces

Relationship between food consumption W
Sept.  Oct.Nov. 'Apr May Junm.  Jul.

Fig. 1. The cummulative amounts of food
consurniption (C) by and individual larva.

and defecation can be expressed by the
following formula :
AC=AA+AF  covviiriiniiiieiiinnns 1)

where, AC, amount of food consumption during a time unit

A4A, amount of assimilation during a time unit

AF, amount of feces during a time unit

The relationship between the amount of food consumed and the amount of feces

defecated during a certain unit of time (20 days) is shown in Figure 2 on a double
logarithmic scale. The dechne of the regression line in the figure is unity as has
already shown by Furuno (1963) food consumption and defecation is proportional or
the assimilation ratio is constant. The regression equation is

AC=1.254F = e 2
From equation 1 and 2, the following can be obtained.
AA=0.24C = e (3)

In the present experiment, the mean number of fecal pellets was 22.6 per day per
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Fig. 2. Relationship between food consumption (4C) and
defecation (4F) during a certain unit of time (20

days).
AR( CO,mg/day- 307C) @/
i
10 }b o] f
— 5
0
/o
o
.
10 10° 10°

Fig. 3. Relationship between respiratory rate per individual
larva per day at 30°C (4R) and larval body weight

(W).

individual which was some-
what larger than 13—19 per
individual per day obtained by
Furuno (196%’)). The reason for
this difference could not be
clarified.

3. Respiration

The respiratory rates per
day per individual larva are
plotted against body weight
as shown in Figure 3 on a
double logarithmic scale. The
regression line in the figure
could be expressed as

4R =0.26 Wo7
where 4R is the respiratory
rates expressed as CO, mg per
day per individual and W is
the body weight.

The assimilated matter is
used as respiration and the
residue is used for growth.
This relation is expressed as

AA—JR=4W
where 4W is the increase in
body weight during the time
unit concerned. From equation
1 and 4

AR=4AC—4F —4W
If 4C, 4F and 4W were mea-
sured, 4R could be estimated
utilizing equation 6.

As the respiratory rates ob-
tained utilizing the respiration
chamber are considered to be

Wmg the rest metabolic rate (RMR)

(Sarto 1968) which is lower
than that in the field, equation
6 was used for the calculation

of population value.



" 4. Growth

The growth curve of a represen-
tative individual is shown in Fig.
. 4. Body weight increased from the
pbeginning of the experiment until
early November when the larvae
. began to hibernate. From the fol-
lowing April it increased again
rapidly with time. The growth
curve of the pine caterpillar in its
active periods can be considered to
be approximately exponential. The
amount of growth over one growing
season is about 500mg or 2791cal.

Food consumption, defecation, as-
similation, respiration and growth
of an individual larva over one
growing season are shown in Table
1. A pine caterpillar consumes
about 14.0g or 703600cal of pine
needles from which 11.2g (54700
cal) is defecated as feces and 2.8g
(15660 cal) is assimilated. Eighty
per cent of the assimilated matter
is used for respiration. Only four
per cent of the consumed matter

is used for growth of larval body

weight.

1. Estimation Of
Population Density

Population densities were esti-
mated by both direct counting and
the fecal-pellets method. The ad-
vantages of the latter method when
applied to natural populations of
pine caterpillars was discussed in
a previous paper.

The larval densities per square
meter thus obtained are shown in
Figure 5 as a survivourship curve.
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Fig. 4. Growth curve of a representative individual.

Table 1. Food Consumption, Defecation, Assimilation,
Respiration, and Growth of an Individual Larva
over One Growing Season.

Consumption C 14.0g

Defecation F 112 F/C 0.80
Assimilation A 2.8 A/C 0.20
Respiration R 23 R/C o0.16
Growth G 0.5 G/C 0.04
o/ m?
601
ODirect Count
@Fecal—Rellects Method
401

20

Sept. Oct. Nov. Dec.Jan. Feb.Mar.Apr. May.Jun. Jul. Aug.

Fig. 5. Suvivorship curve of the larval population.
O : estimated larval numbers per square meter
by the direct counting method
® : estimates by the fecal-pellets counting method
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Although individual numbers decreased rapidly from September to November, morta-

lities during the periods of hibernation and the succeeding larval stage were not so

high. This tendancy of the survivour curve is simillar to that obtained formerly by
2

KanamiTsu.

III. Production Of Population

In this study, the production of entire population, i. e., both the production of the
survivors and the production of dead individuals up to their time of death, has been
undertaken.

Now let the amount of food consumed by the population be 4C, defecation be 4F,
respiration be 4R and growth be 4G during a unit of time from t; to t;,. Similar to
the case of an individual, the next relation would be expected.

AC=AF +AR+4G e )
On the other hand, let biomass at time t, be B; and t, be B,, respectively, and the
mortality during this time unit be 4D. The following relation would be obtained
(Kira et al 196173)).

AC+B=AF + AR +4D+B; e (8)
From equation 7 and 8
AB:Bl_Bz':AG—“AD .............................. (9)

From equation 9, it is apparent that the increment of biomass is not true growth but
difference in the amount of growth and death. Now let population density at time t;
and t; be p; and (p;—4dp), and individual weight at t; and t, be W, and (W;+4W).
Hence B; and B, would be expressed as

Bi=Wipi e 10
Be= (W, +AW) (o1 —dp) e 1
and
AD:WIzIp%-%AVVd .............................. 19
1

where 4W; is the amount of growth of dead individuals from time t; to the time of

death.
Substituting equations 10, 11 and 12 into 9,

AC=AF+ AR+ (o— oD AW + ST AW g+ roeeeeevmrinnmiiieieneninn, 49
from equations 7 and 13
AG=(p;— AW +AWy oo in

Thus, the growth of population is the sum of the growth of the survivors from t; to
ty, (AGs=(p1—4dp)dW) and the growth of individuals which die during t, and t, (4Gg=
34Wg). Similar considerations must be applied for 4C, 4F and 4R; for example, food
consumption of survivors (C;) and that of dead individuals (Cy).

AC=AC,+4C; e, 15
AF=AF 4+ AF; i 19
AR=AR+ ARy e )

1. Food Consumption of a Population
Equation 15 would be easily understood by referring to Figure 6 where the abscissa



is the cummulative amount of food
consumed by an individual (C) and
the ordinate is the population den-
sity (p). The curve in Figure 6 is
expressed as
' p=1(C)
This relation is considered to be
6btained from the following two
relations by diminliﬁhing time t
(NEess and DOUGDALE).

p=g(t)

C=h(t)
where all the variables such as p,
C, etc., are treated as continuous
ones. The food consumption of the
population, C,is considered the area
under the curve (area, ACDE) and
expressed as,

C= z:Cdp
In Figure 6, area ABE and BCDE
correspond to C, and C, in equation
15, respectively.
" The food consumption of the pine
cate.rpillar population is shown in
Figure 7. The amount consumed
by the population over one growing
season was 133g/m? (668500cal/m?);
from the beginning of the experi-
ment to hibernation was 11 g (55300
cal) and after hibernation was 12g
(613200cal). The latter was conspi-
cuously larger than the former. C;
and C; were 83g/m? and 50 g/m?
respectively.

2. Growth of Population

Similar to the case of food con-
sumption, population growth is ob-
tained letting density p be the
function of weight W by diminish-
ing time t from the survivor and

growth curve as,
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Fig. 6. Schematic figure represents the food
consumption of a population, Cs is food
consumption of survivors and Cg4 is
that of dead individuals.
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Fig. 7. Food consumption of the pine caterpillar
population.
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Fig. 8. Growth of the pine caterpillar population.
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p=k(W) ©9)
and, G, population growth, would be obtained as an integration of equation 22 as,
GZSVWV: edW @9
This relation is shown in Figure 8,
JR\_lD The ulation growth of pine cater-
' z A2721 =5 SLas populat growt p ter
Biomass 133 pillar over one growing season was
L";c(‘)‘(’)es about 6g (33500cal)/m?. Both the
growth of the survivor and that of
the dead individuals were 3 g/m?.
Litter Cu F 3. Contribution of the Pine
300 30 108 Caterpillar Population as a
Fig. 9. Flow diagram of dry matter in the pine stand. Component of the Forest Stand
All the figures are represented as dry matter The amount of defecation, assimi-

(gram) per square meter per year.

Cu: Pine needles cut uneaten by the larval lation and respiration were calculated

population by utilizing equations 2 and 7. All
C: Pml:tfxeedles consumed by the larval po- the amounts mentioned above were
pulation . . .
F : Feces defecated by the larval population shown in Figure 9 as a flow diagram
A : Assimilation of dry matter in the pine stand per
R: Respiration ear per square meter
G : Growth of the population y per sq )
D: Death, or the growth of the dead individuals From about 700 g of leaves on the
B : Biomass of the pupae canopy 300g fell as leaf litter and

163 g was used by the caterpillar
population, from which 380 g fell uneaten and 133g was consumed by the population.
From this 183 g, 106 g fell as feces and 27g was assimilated.

About eighty per cent or 21g of the assimilated matter was used as respiration ‘and
twenty per cent or 6 g were used for population growth.

The biomass at the time of pupation was 8g which amounted to only 2.3 per cent
of the consumed matter.

DISCUSSION

There are several problems in the methods used in the present study. In the labora-
tory experiments, there are considerable variations in the metabolic rates among
individuals, thus more precise measurements using larger numbers of individuals would
be required. The estimation methods of density are rather precise as mentioned before
and these methods could be applicable for field study in the future.

The effects of the consumption of population on the total forest ecosystem must be
considered here. Considering an individual tree there were several experiments of
artificial defoliation, among which Furuno (19612)) investigated the effects of defoliation
on tree growth. Considering insects, there was the concept of KZ or the individual
numbers which would cause considerable damage to the forest (TacuiBana and
NISHIGUCHI 1961863. However, this concept can not predict damage since individual num-
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pers change with time and also the amounts of food consumed by a population is not
only related to individual numbers but also to body weight. Consequently, it would be
petter to use biomass rather than individual number as a variable related to the food

consumption of a population.

C(t)
mg
o/
G(t)mg 105 5
Q’O
10" 7
ol °
& !
4
Ai/ 10
3
10
o/ 1%
/
/
o
10 10
2 3 B(t)mg
10 10 Fig. 11. Relationship beetween food con-

sumption and biomass of the larval

Fig. 10. Relationship between growth and population.

biomass

In Figures 10 and 11, the growth from the beginning of the experiment, time t,, to
time t, G(t), and food consumption from time t, to t, C(t), are plotted against biomass
at time t, B(t), on a double logarithmic scale. In these two figures, positive correla-
tions were observed between C(t), G(t) and B(t).

These relations were analyzed by using the NEeess and DouGpaLes formulae (1959) : p
and W are both assumed to be exponential functions of time t as

p=po€xXp(—At) e o

W=W,exp(dt) s @5)
Biomass, B, is expressed as

B=p,Woexp{(0—Dt} e 9
Diminishing time t from equation 24 and 25

p=pWHMIW-45 @

From equations 23 and 27
\ W,
_ _ 2/6 W -4/8
G g 0de g 0poWO W-4/s qW

W-/8 W,
= W e— T Po¥¥e
=0 Wi/ 1-0 1—-4/d e

Substituting 25 and 26 into 28, the following would be obtained

d
G= ﬁ(B_ Bo) e 09
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Thus, growth amounts are proportional to biomass, if § and 2 are constant, Equation
29 is shown in Figure 10 as a C—D curve (SuiNozaki and Kira; 196117)). The expected
curve fits to the observed values fairly well. Assuming that growth ratio, g, is con-
stant over one growing season, the following equation would be expected similar to
the case of growth.
1)
C=ge-n
As shown in Figure 11, equation 30 and the observed values are not too well matched.
This may be due to assuming growth ratio, g, to be constant. Further experiment and

(B—By) = e, 60

analysis would be required.
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