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ABSTRACT Periodic mass rearing and harvesting of specific life stages are analyzed 
based on the theories of both the age-specific life table and the age-stage, two-sex life table. 
Formulae for the calculations of the optimal discard age and harvest rate are derived. For 
practical applications, the use of thermal summation to manipulate the developmental time 
of specific life stage is suggested. The model is demonstrated using life table data of 
Ostrinia furnacalis (Cuenee). 
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ECONOMICALLY RATIONAL MASS rearing and har
vesting are important to applied ecology, espe
cially when resources are limited. In published 
papers, mass-rearing models with or without age
structure have been constructed. Haile & Weid
haas (1984) described a mode l with rough stage 
structure. Carey & Vargas (1985) constructed a 
mass-rearing model based on an age-speci fic li fe 
table (Birch 1948). To take both sexes and the 
variable developmental rate among individuals 
into account, Ch i & Getz (1988) built the stage
specific mass-rearing and harvesting model 
based on an age-stage, two-sex life table . All of 
the above mentioned models assume continuous 
recruitment and harvesting at each time interval. 
Because a large time interval w ill result in hav
ing individuals of different stages in the same 
age class, a reasonably small time unit (e.g., day) 
should be used in life table studies and in con
struction of mass-rearing mode ls to ensure the 
harvesting of specific li fe stages. Such a contin
uous rearing program is tedious, wasteful, and 
impractical for most purposes. However, most 
mass-rearing programs require periodic recruit
ment and harvest, e.g., the harvest and release of 
predators or parasitoids at specific time intervals. 
Therefore, before the construction of a periodic 
mass-rearing program, a li fe table study has to be 
carried out using small time units as age class; 
then a mass-rearing and harvesting model can be 
constructed for larger time intervals (week or 
month). Without theories of periodic mass rear
ing and harvesting, empirical methods will still 
play important roles in most rearing programs, 
however; research that is focused on rearing 
methods and diets generates only limited suc
cess. T herefore, detailed studies on the theory of 

periodic mass rearing and harvesting are neces
sary for the construction of a more applicable 
mass-rearing program. In this paper, periodic 
mass rearing and harvesting is analyzed based on 
the theories of both the age-specific life table and 
the age-stage, two-sex life table. Equations are 
derived for various rearing and harves ting strat
egies. Data on the Asian corn borer, Ostrinia 
furnacalis (Guenee), are used as examples. 

Model 

Harvesting the Egg Stage. Age-specific Mass 
Rearing and Harvesting. For species without 
stage differentiation, an age-specific life table 
can be used to construct the mass-rearing model. 
If Ye newly laid eggs are input into the mass
rearing system at the beginning, the egg produc
tion rate at time t (Yt) will be 

(1) 

where lt is the age-specific survival rate (the 
probability that a new-born individual w ill sur
vive to age t) and mt is the age-specific fecu ndity 
at age t (average number of offspring reproduced 
by indi vidual of age t). Supposing all eggs laid at 
age t can be harvested for a certain purpose, the 
numbe r of harvested eggs, Y h• w ill be 

(2) 

However, if the colony has to be self-sustained at 
the time of harvest, the same number of eggs, Ye, 
must be saved as recruits for the next generation. 
Then, the number of harvest eggs (Y h) at t ime t 
will be 
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Because Y h must be a positive number, it is nec
essary that Ztm, > 1. Equations 2 and 3 describe 
the simplest cases of periodic harvesting of egg 
stage, where only eggs laid by females of a spe
cific age t are harvested. In some cases, eggs 
within a certain age range are harvested and Y h 
can be calculated as 

l 

Yh =Ye L lxmx. (4) 
x= t' 

In other words, equation 4 gives the number of 
harvested eggs (Yh) laid during the time interval 
t' tot. However, if Ye eggs laid on a specific day 
u (t' s u s t) must be saved as recruits for the 
next generation, then the total number of har
vested eggs Yh is 

Yh " Y, · { i/•m, - l.,m0 + (l0 m0 - I)} (5) 

Mathematically, equation 5 can be rewritten as 

If eggs laid during time interval t' to t are har
vested, then the total number of harvested eggs 
is given by 

l 

Yh =Ye L s,j fxj· (11) 
x= t' 

Similarly, for a self-sustained colony where only 
those eggs la id on day u (t' s u s t) can be saved 
as recruits, the number of harvested eggs is given 
by 

'>" y •. { .±.. '" f" - '•J f.,; I (.• .. ; foJ - I)} 
(12) 

Mathematically, Equation 12 can be rearranged 
as 

(13) 

Y h " Y, f.*, l,m, - I} 
Because suj fuj > 1 (equation 12) is necessary for 
a positive harvest, equation 12 should not be 

(6) replaced by equation 13. 

However, equation 5 implies that the recruits are 
obtained from those eggs laid on day u, and the 
harvesting of Ye eggs is possible if and only if 
tmu > 1. Thus, equation 5 should not be re
placed by equation 6. 

Stage-specific Mass Rearing and Harvesting. 
For species with stage differentiation, an age
stage, two-sex life table is justified for construct
ing a rational mass-rearing model (Ch i & Getz 
1988). Assuming the harvest stagej is the female 
stage, the number of eggs Y, laid in a single day 
t can be calculated as 

(7) 

where s,j is the e lement of the survival rate ma
trix S, representing the probability that an egg 
survives to age t while in the female stage, while 
fti is the e lement of the fecundity matrix F, rep
resenting the fecundity of a female individual of 
age t. If all eggs laid at time t can be harvested, 
the number of harvested eggs (Y h) will be 

(8) 

However, in a self-sustained mass-rearing sys
tem, the same number of Ye eggs laid on day t 
have to be used as the recruits to the colony, the 
number of harvested eggs Yh can be calculated as 

Yh= Yestj ftj-Yc. (9) 

It can be rewritten as 

(10) 

Harvesting Other Life Stages 

Age-specific Mass Rearing and Harvesting. If 
Ye newly laid eggs are input into the mass
rearing system at the beginning, and after t days 
all individuals (aged t) developed from these 
eggs will be harvested, the harvested number Yh 
can be calculated as 

(14) 

If the colony has to be self-sustained, some indi
viduals have to be saved to produce eggs for the 
next generation. Thus, the harvested number Yh 
must be less than Y cl,. It can be calculated from 

(15) 

where his the harvest rate (0 < h < 1). Moreover, 
if Yd eggs from those eggs reproduced on day u 
(u ~ t) are used as recruits for the next genera
tion, Yd can be calculated from 

(16) 

If h is small , Yh mi ght be unable to meet the 
required harvest amount, while the remaining 
individuals produce excessive eggs for the next 
generation, that is Yd>> Ye. On the contrary, if 
h is too large, the remaining individuals will be 
unable to supply enough eggs for the next gen
eration, or Yd << Ye. Obviously, for any u, that 
gives l"m" > 1, there will be one and only one 
heq (the equilibrious harvest rate) which gives 
Yd= Ye and thus 

lu mu(l - heq) = l. ( 17) 
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Equation 17 can be used to calculate the hcq at 
age t, which allows the mass-rearing syste m to be 
self-sustained with exact Ye recruitment at age u. 
Thus, heq depends on u, while Yh depends on 
both u and t. 

Stage-specific Mass Rearing and Harvesting. 
Based on the age-stage, two-sex life table, if Ye 
eggs are input into the mass-rearing system at the 
beginning and after t days all individuals newly 
d eveloped to stage j will be harvested , the har
vested number Yh is then given by 

Y1i =Yest- Ii - I dt- lj- 1> (18) 

where d t- Jj - l is the element of the d evelopmen
ta l rate matrix D , representing the probability 
that an individual of age t-1 and stage j-1 will 
develop to stage j and age t after one day. How
ever, on day t - 1 some individuals might already 
be in stage j; therefore, it is necessary to remove 
those individuals from the colony in order to 
apply equation 18 properly. Such a rearing pro
cedure would be very complicated. If the age 
difference among individuals of the same stage is 
not important, a simple r procedure is to harves t 
all indi viduals of stage j on day t; the n, the har
vest number Yh will be 

Y1i=Yestj . (19) 

If the age diffe rence among individuals of the 
same stage cannot be complete ly ignored and 
only individuals which d eveloped to stagej dur
ing the pe riod t - a to t are harvested, the har
vest number Yh is 

+ St-lj-l dt-lj-1 } (20 ) 

where gyj are the e lements of a growth matrix G, 
representing the probability that an individual of 
age y and stagej will survive to age y + 1 while 
remaining in stage j. In a t~o-sex population 
model, the male stage (k) is given in the last 
column of the population matrix (Chi & Liu 
1985, Chi 1988). If the male adults are harvested , 
the following three equations must be used in
stead of equations 18, 19 and 20. 

Y1i = Yest- lk- 2d1- lk- 1> (2 1) 

where s1_ 1 k- 2 is the probability that an egg sur
vives to age t-1 and is in the pupal stage and 
d1_ 1k - I is the probability that a pupa of age t-1 
will develop to the male s tage (Chi 1988). Equa
tion 21 gives the number of harvested individu
als which d eveloped to the male stage on day t. 
Equation 22 gives the total number of males har
vested on day t, while Equation 23 gives the 
number of males within age range t-a to t. 

In a self-sustained rearing program, some in
dividuals have to be saved as recruits. Assuming 
only .the individuals newly developed to stage j 
will be harvested (equation 18) and h is the har
vest rate, the harvest number Y h on day t is then 

Y1i = h·Yest- lj-ldt- lj-I· (24) 

Because the mahix D is influenced by harvest
ing, a new matrix of deve lopme ntal rates D ' 
should be calculated , where d;j = dij except for 
d;_ 1._1 = dt- tj-t (1 - h). Consequently, a new sur
viva1 matrix S' can the n be calculated from D ' 
and G as described b y Chi & Liu (1985). The 
number of eggs laid on clay u (u 2: t) will be 

Yd = Ye s~/h) fuj· (25) 

In Equation 25,fuj is the fecundity of a female at 
age u, s~pi) is the probability that an egg will 
survive to age u and be in the female s tage w hen 
the harvest rate is h. An equilibrious harves t 
strategy is to have yd = y e> i.e., 

(26) 

The equilibrious harvest rate heq can be ob
tained by solving equation 26 numerically. 

The Discard Age. For a more economic rearing 
program, it is sometimes necessary to discard 
older individuals to save space and food. Carey 
& Vargas (1985) used the optimal harves t rate per 
adult female to d etermine the discard age. Based 
on the two-sex life tabl e, Chi & Getz (1988) used 
the maximal reproduction rate per adult to de ter
mine the discard age. In a periodic mass-rearing 
model, the discard age may be quite variable 
with diffe rent crite ria. In this section, the basic 
concept is d escribed according to different har
vest strategies. 

Discard Age for Harvesting the Egg Stage. If 
Cy is used to represent the cost of keeping an 
individual of age y for one day, the production 
rate/cost ratio for Equation 4 will be 

d d 

Ye L l,m, 2: 1,m, 
x=t' x= t' 

r(d) = (27) 
d d 

Ye L l ycy 2:1ycy 
y= l y= I 

where the denominator~ lYc)' is the total cost of 
keeping an individual from bilt h to age d. The 
maximal r(d) gives the last age d which should be 
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kept in the mass-rearing colony for an optimal 
production rate/cost ratio. A similar equation can 
be formulated for equation 5. 

If cxy is used to re present the cost of keeping 
an individual of age x and stage y for one day, the 
production rate/cost ratio for the stage-specific 
harvesting (Equation 11) is 

d d 

Ye L S:<j fxj 2: Sxj fxj 
x=t' x=t' 

r(d) = 
d j d j 

(28) 

Ye 2: 2: SxyCxy 2: L SxyCxy 

x = I y= I x= I y=I 

where the denominator LL s.Yc•Y is the total cost 
of keeping an individual from birth to age d. 

Discard Age for H arvesting Other Life Stages. 
For the age-specific mass-rearing model, equa
tion 17 isused to determine the equilibrious har
vest rate (hcq) at age t which in turns allows the 
production of sustainable recruitments Ye at age 
u (u ~ t and l0 m 0 > 1). Because he is a function 
of u, it is denoted as hcq(u) in the following dis
cussion. For a self-sustained mass rearing, the 
production rate/cost ratio is 

ltheq(u) 
r(t,u) = ------------ (29) 

t u 

L l ycy + L lycy[l - h eq(u)] 
y= I y=t + I 

The notation r(t,u) points out that the production 
rate/cost ratio is a funct ion oft and u. The maxi
mal r(t,u) gives the economically optimal discard 
age uopt of the age-specific harvesting. In the 
stage-specific mass-rearing model, the produc
tion rate/cost ratio for equation 18 can be calcu
la ted as 

St- lj - 1 dt- lj - 1 
r(t) = . (30) 

t- 1 j - 1 

L L SxyCxy 
x= l y= l 

Because the equilibrious harvest rate heq is a 
function of u and Yh is a function of t and u 
(equations 24, 25, and 26), the same notati on 
hcq(u) and r(t,u) are used in the self~sustained 
stage-specific harvesting. The production rate/ 
cost ratio is given by 

St-lj - ldt- lj - 1 h(u) 
r(t,u) = . (31) 

u j 

L L S~yCxy 
x= I y= I 

Similarly, the maximal r(t,u) gives the econom
ically optimal discard age u0 P 1 of the stage
specific harvesting. 

Use of Thermal Summation. Within a temper
ature range, the developme nt rate of insects is a 

linear function of the temperature; in other 
words, a constant thermal summation is required 
to complete the development of a specific stage. 
Thi s concept is usually described by the simple 
equation 

D·(T- To) = K (32) 

where K is the thermal summation, T0 is the base 
temperature (the lower developmental thresh
old), T is the ambie nt temperature, and D is the 
time required to complete the development at 
temperature T. Equation 33 is rearranged from 
equati on 32 and can be used to calcula te the 
required ambient temperature necessary for an 
insect to comple te developme nt by a specific 
time D 

T = T0 + KID. (33) 

Using this method, eggs laid on different days 
can be kept at different temperatures in order to 
have them complete development simulta
neously. Thus, when harvesting the egg stage, 
equations 6 and 13 can be used instead of equa
tions 5 and 12; furthermore, the restriction of 
lumu > 1 and Sui f .. i > 1 can be ignored. This 
gives a greater flexibility in plan ni ng the rearing 
facility. When harvesting any life stage (other 
than egg) in an age-specific model , the equilib
rious solution can be calculated from 

t' 

L l, m,(l - h eq) = l. (34) 
x=a 

Equation 34 is similar to that repo1ted by Carey 
& Vargas (1985). However, equation 34 is true for 
a periodic mass-rearing and harvesting program 
based on an age-specific life table and incorpo
ra ted with control of ambie nt temperature. The 
applicable range (a to t') is usually smaller than 
that of a continuous mass-rearing program (Carey 
& Vargas 1985). For the stage-specific harvest
ing, the equilibrious harvest rate can be calcu
lated from 

t' 

Ls~j(heq) f:<.i = l. (35) 
x=a 

A Case of the Asian Corn Borer. The Asian corn 
borer, Ostrinia furnacalis (Guenee) (Lepidop
tera: Pyralidae), is a common corn pest in Asia. 
Studies on rearing techniques and artificial d ie ts 
have been published by Chou et a l. (1980), Hirai 
& Legacion (1985), Hung et al. (1988), and Horng 
& Chu (1989). In this study, the artificial die t 
developed by Salama (1970) and slightly modi
fied by Hung et al. (1988) was used. The Asian 
corn borer was collected from an experime ntal 
field at Taiwan Agricultural Research Institute, 
Taichung, Taiwan. The life history data were an
alyzed according to Chi's method (1988). The ma-
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Table 1. Age-stage-specific g rowth rate for 0. Table 2. Age-stage-specific development rate for O. 
furnacalis furnacalis 

Age Egg Larva Pupa Female Male Age Egg Larva P-.F P-.M 

l 0.82 l 0.00 
2 1.00 2 0.00 
3 0.88 3 0.12 
4 0.19 1.00 4 0.81 0.00 
5 0.14 1.00 5 0.86 0.00 
6 0.00 1.00 6 1.00 0.00 
7 1.00 7 0.00 
8 0.91 8 0.00 
9 0.95 9 0.00 

10 1.00 10 0.00 
11 1.00 11 0.00 
12 1.00 12 0.00 
13 1.00 13 0.00 
14 1.00 14 0.00 
15 1.00 15 0.00 
16 0.97 16 0.00 
17 0.99 17 0.00 
18 0.97 18 0.03 
19 0.91 1.00 19 0.09 0.00 0.00 
20 0.90 1.00 20 0.10 0.00 0.00 
21 0.76 1.00 21 0.22 0.00 0.00 
22 0.83 1.00 22 0.17 0.00 0.00 
23 0.74 1.00 23 0.26 0.00 0.00 
24 0.80 1.00 24 0.20 0.00 0.00 
25 0.75 0.98 25 0.25 0.00 0.02 
26 0.73 0.94 1.00 26 0.27 0.04 0.02 
27 0.82 0.92 1.00 1.00 27 0.18 0.00 0.08 
28 0.67 0.86 1.00 1.00 28 0.33 0.06 0.08 
29 0.83 0.83 1.00 1.00 29 0.17 0.02 0.15 
30 1.00 0.67 1.00 1.00 30 0.00 0.15 0.18 
31 0.40 0.69 1.00 0.96 31 0.60 0.19 0.12 
32 1.00 0.86 1.00 0.92 32 0.00 0.10 0.05 
33 1.00 0.78 1.00 0.96 33 0.00 0.17 0.06 
34 0.00 0.71 0.95 0.92 34 1.00 0.21 0.07 
35 0.83 1.00 0.96 35 0.08 0.08 
36 0.80 0.96 0.96 36 0.10 0.10 
37 0.75 0.96 0.88 37 0.00 0.25 
38 0.83 0.92 0.83 38 0.17 0.00 
39 0.60 0.96 0.95 39 0.40 0.00 
40 1.00 0.92 0.89 40 0.00 0.00 
41 1.00 0.82 1.00 41 0.00 0.00 
42 0.67 0.83 0.94 42 0.33 0.00 
43 0.00 0.88 0.67 43 0.50 0.50 
44 0.80 0.73 44 
45 0.83 0.38 45 
46 0.80 0.67 46 
47 0.63 1.00 47 
48 1.00 1.00 48 
49 0.40 0.50 49 
50 0.00 1.00 50 
51 1.00 51 
52 1.00 52 
53 1.00 53 
54 1.00 54 
55 1.00 55 
56 1.00 56 
57 1.00 57 
58 1.00 58 
59 1.00 59 
60 1.00 60 
61 1.00 61 
62 0.00 62 

frices of growth rates (G), development rates (D ), cundity are also constructed (Fig. 2) and were 
fecundity (F ) and survival rates (S) are given in used as an example of age-specific mass-rearing 
Tables 1-4, respectively. Significant variati on in and harves ting model. However, as Chi & Getz 
development rates and d ifferential survivorship (1988) pointed out the age-specific mass rearing 
can be observed in the stage frequency curve model should only be applied to female popula-
(Fig. 1). The age-specific survival rates and fe- tions without significant variations among indi-
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Table 3. Age-stage-s1>ecific fecundity for O. f1tr1taca lis Table 4. Age-stage-specific survival rate for o. 
furnacalis 

Age Egg Larva Pupa Female 

l 0 
Age Egg Larva Pupa Female Male 

2 0 1.00 
3 0 2 0.82 
4 0 0 3 0.82 
5 0 0 4 0.72 0.10 
6 0 0 5 0.14 0.68 
7 0 6 0.02 0.80 
8 0 7 0.82 
9 0 8 0.82 
10 0 9 0.75 
11 0 LO 0.71 
12 0 11 0.71 
13 0 12 0.71 
14 0 13 0.71 
15 0 14 0.71 
16 0 15 0.71 
17 0 16 0.71 
18 0 17 0.69 
19 0 0 18 0.68 
20 0 0 19 0.66 0.02 
21 0 0 20 0.60 0.08 
22 0 0 21 0.54 0. 14 
23 0 0 22 0.4 l 0.26 
24 0 0 23 0.34 0.33 
25 0 0 24 0.25 0.42 
26 0 0 25 0.20 0.47 
27 0 0 0 26 0.15 0.51 O.ot 
28 0 0 0 27 0. 11 0.52 0.02 0.02 
29 0 0 0 28 0.09 0.50 0.02 0.06 
30 0 0 17.83 29 0.06 0.46 0.05 0.10 
31 0 0 10.83 30 0.05 0.39 0.06 0.17 
32 0 0 10.47 31 0.05 0.26 0.12 0.24 
33 0 0 17.89 32 0.02 0.21 0.17 0.26 
34 0 0 7.50 33 0.02 0.18 0.19 0.25 
35 0 13.17 34 0.02 0.14 0.22 0.25 
36 0 13.88 35 0.12 0.24 0.24 
37 0 15.12 36 0.10 0.25 0.24 
38 0 9.71 37 0.08 0.25 0.24 
39 0 2.83 38 0.06 0.24 0.23 
40 0 3.08 39 0.05 0.23 0.19 
41 0 I l.14 40 0.03 0.24 0.18 
42 0 4.83 41 0.03 0.22 0.16 
43 0 2.81 42 0.03 0.18 0.16 
44 1.87 43 0.02 0.16 0.15 
45 0 44 0.15 0.11 
46 0 45 0.12 0.08 
47 0 46 0.10 0.03 
48 0 47 0.08 0.02 
49 0 48 0.05 0.02 
50 0 49 0.05 0.02 
51 50 0.02 0.01 
52 51 0.01 
53 52 0.01 
54 53 0.01 
55 54 0.01 
56 55 0.01 
57 56 O.Ql 
58 57 0.01 
59 58 O.Ql 
60 59 O.Ql 
61 60 0.01 
62 6 1 0.01 

62 0.01 

vidual development rate. As discussed in previ-
ous sections, periodic mass rearing can be not a lways mean a bette r rearing strategy. In this 
manipulated case by case. A thorough numerical paper, theage-specific life table of the Asian corn 
analysis would be unnecessary and impossible. borer is constructed using the two-sex life table; 
In Table 5, several analytical results of harvest- thus, the differences between age-specific and 
ing the egg stage are listed. Because other crite- stage-specific harvesting are minor. For harvest-
ria may be important, a greater harvest rate does ing other life stages, the rearing program is com-
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Table 5. Number of eggs harvested b y u sing different 
s trategies (Y. = 1000, t = 35) 

Strategy Equation 

Age-speci fie 

~ 0.6 
.E 
:l 

Age-specific, self-sustained 
0.6 Age-specific (age range, 30-35) 

Age-specific (age range, 30-35), 

3,162 
2,162 

12,360 
11,360 

2 
3 
4 
5 

C/) 0.4 0.4 self-sustained 
Stage-specific 3,161 

2,161 
12,359 
11,359 

8 
9 Stage-specific, self-sustained 

0.2 0.2 Stage-specific (age range, 30-35) 
Stage-specific (age range, 30-35), 

self-sustained ' 0-1--.L...!.._--_L---c___.-=-,,.____:;=::-.~~~,,_~-.-.-+-o 

11 
12 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 

Age (day) 

Fig. 1. Curves of age-stage specific survival rate of 
0. fumacalis at 26°C. 

plicated especiall y when a self-sustained colony 
is to be maintained. Five cases are listed in Ta
ble 6. The major purpose of this paper is to report 
the theore tical aspect of periodic mass rearing 
and harvesting. Principle data g iven in Tables 
1-4 can be used for fu1th er analys is. 

Mass-rearing and harvesting of insect species 
is important not only to applied but also theore t
ical ecology. A continuous mass- rearing program 
can be designed according to the model devel
oped by Chi & Getz (1988); however, it is eco
nomically justifiable only for very large-scale op
erations, such as state-wide or country-wide 
biological control. For most regional operations, 
a periodic mass-rearing program is more feasible . 
As described in this paper , periodic mass rearing 
is quite flexible and can be manipulated accord
ing to available facilities and required produc
tion rates. The use of thermal summation can 
increase the number of harvested individuals of 
specific stage. Based on the theore tical analysis 
of periodic mass rearing and harvesting, models 
can be constructed to satisfy specific require
ments. 

1.2 8 

Ix 
6 

., 0.8 
°§ ~ 

~ 0.6 
'ii 

4 c:: 
::l .E u 

"' ::l u. 
V) 0.4 

2 

0.2 

0 ' 0 
0 5 10 15 20 25 30 35 40 45 50 55 60 65 

Age (day) 

Fig. 2. Curves of age-speci fic survival rate (l.) and 
fecundity (m.) and the net reproductive rate (R0 ) of 0. 
fuma calis at 26°C. 

Table 6. Numbe r of fe males harvested b y u sing diffe r
ent s trategics (Y, = 1000, t = 35) 

No. Harvest 
Strategy females ra te Equation 

(Y,,) (Ji OT h0 q) 

Age-specific 600 14 
Age-specific, 

self-sustained 410 0.684 15 and 17 
Stage-specific 29 1 18 
Stage-specific (all 

available females) 240 19 
Stage-specific (females 20 

age range, 33 to 35) 78 (a = 3) 
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