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ABSTRACT

Based on experimental population profiles of strains of théMidgaselia scalarigPhoridag, the

minimal number of sample profiles was determined that should be repeated by bootstrap simulation
process in order to obtain a confident estimation of the mean population profile and present estimations
of the standard error as a precise measure of the simulations made. The original data are from ex-
perimental populations founded with SR and R4 strains, with three replicates, which were kept for
33 weeks by serial transfer technique in a constant temperature room (25 + 1.0°C). The variable used
was population size and the model adopted for each profile was a stationary stochastic process. By
these simulations, the three experimental population profiles were enlarged so as to determine minimum
sample size. After sample size was determined, bootstrap simulations were made in order to calcu-
late confidence intervals and to compare the mean population profiles of these two strains. The re-
sults show that with a minimum sample size of 50, stabilization of means begins.
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RESUMO

Estimacéo dos perfis populacionais de duas linhagens do diptero foridélegaselia
scalarispor simulacao bootstrap

A partir de perfis populacionais experimentais de linhagens do diptero fofielgaselia scalaris,

foi determinado o nimero minimo de perfis amostrais que devem ser repetidos, via processo de
simulacéo “bootstrap”, para se ter uma estimativa confiavel do perfil médio populacional e apresentar
estimativas do erro-padrdo como medida da precisdo das simulagdes realizadas. Os dados originais
sdo provenientes de populagdes experimentais fundadas com as linhagens SR e R4, com trés réplica
cada, e que foram mantidas por 33 semanas pela técnica da transferéncia seriada em camara d
temperatura constante (25 + 1,0°C). A variavel usada foi tamanho populacional e 0 modelo adotado
para cada perfil foi o de um processo estocastico estacionario. Por meio das simulagdes, os perfis
de trés populacdes experimentais foram amplificados, determinando-se, dessa forma, o tamanho minimo
de amostra. Fixado o tamanho de amostra, simulacdes “bootstrap” foram realizadas para construcao
de intervalos de confianca e comparacdo dos perfis médios populacionais das duas linhagens. Os
resultados mostram que com o tamanho de amostra igual a 50 inicia-se o processo de estabilizacac
dos valores médios.

Palavras-chavebootstrapMegaselia populagdes, simulacdo, tamanho populacional.
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INTRODUCTION X *). For example, we may obtakf = (x, X,
X5 Xy Xu %5, X)) if n = 7. With minimum sample

In order to be effective, an experimentalsize determined bootstrap confidence intervals
population model should allow for the countingwere calculated to compare the behaviour of
of the population through precise census, the repopulation size of twoMegaselia scalaris
establishment of the population after each censugeographical strains.
with no major damage to the individuals, and even
enable for the control of environmental factors in MATERIAL AND METHODS
various ways. Parameters such as productivity,
mortality, and age structure are components which Six experimental populations of two geo-
are directly related with the determination of popu-graphical strains oMegaselia scalarid.oew
lation size, and they are highly influenced by the(Diptera: Phoridag, SR, from Seropédica, State
interactions between genetic and environmentadf Rio de Janeiro, and R4, from Séo José do Rio
variables to which the populations are submittedPreto, State of Sdo Paulo, were founded and kept
The size of a population at a determined momenfior 33 weeks by the serial transfer technique in
is the group of living individuals at that particular a constant temperature room (25 + 1.0°C). This
time, and can be measured either with experimentaéchnique was proposed by Buzzati-Traverso
populations by a precise census, or with natura|1955), modified by Dobzhansky & Pavlovsky
populations using statistical methods of capture(1961) and, according to the description of Tadei
marking, and recapture of individuals. & Mourao (1981), is the following: The founding

The necessity of knowing the regulation flies are introduced into a % litre bottle, in which
mechanisms of population size demanded suitablihey deposit eggs for one week. On the seventh
laboratory working techniques and resulted in theday, and at intervals of seven days, surviving flies
developement of two basic techniques, L'Héritierare collected, kept in ether, counted and transferred
& Teissier (1933) population cages and Buzzatiwith the surviving adults to a new bottle. On the
Traverso (1955) serial transfer technique in bottles35" day, which corresponds to the fifth census, the
which are still used in insect population studiespopulation has five bottles, and at each of the
with some modifications. A basic problem found following censuses, a new bottle is added and the
in studying populations is the determination ofoldest thrown out. Thus, the adult part of the
minimum sample size for the use of adequatgopulation is always in the same bottle and with
statistical procedures. The purpose of this paperesh medium. The other four bottles contain eggs,
is to determine the minimum number of simulatedarvae, pupae and newly emerged flies which
sample profiles from experimental population constitute the immature part of the population. For
profiles that should be repeated in order to obtainhe application of bootstrap simulation process,
a confident estimate of the mean population profileMINITAB statistical software (1996) was used,
and to present estimations of the standard erraand the model adopted for each population profile
as a measure of precision for the simulations madevas a stationary stochastic process. In Fig. 1 an
Using the process of bootstrap intensive cominitial period of adaptation to experimental
putational simulation, the profiles of three expe-conditions can be observed therefore, to analyse
rimental populations of the flylegaselia scalaris the effect of the simulation, only the final 21 weeks
were enlarged, and in this way the minimum samplevere considered. The criterion for discarding the
size was determined for the estimation of the meamitial weeks of population maintenance was the
population profile and also the confidence intervalssetting of a linear regression, related to time, wich
Bootstrap is a simulation technique developed fokwas adopted as the beginning of the process when
some kinds of statistical inference. the regression coefficient reached zero. To deter-

It was suggested by Efron (1979, 1981, 1985mine minimum sample size, profiles were simulated
to simplify traditionally difficult statistical theory from R4 strain original data, and this confidence
calculations. A bootstrap sampte = (x *, x,*,  value, following Efron & Tibshirani (1986, 1993),
..., X¥), is obtained by times random sampling, measured by the sample standard error obtained
with replacement of the original datgX, x.,*, ...,  through bootstrap simulation compared with the
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standard deviation oX, S/\/E With minimum  longevity is 5 or 6 days at 25°C. Other
sample size determined, simulations were madexperiments, with a higher number of weekly
for each week, building 95% confidence intervals transferences, are being done with the purpose
and the two strains were compared usingf studying age structure in these populations.
confidence regions calculated with these intervals. Considering the R4 strain data in Table 2,
we can see the results of linear regression adjusting
for the beginning of the stationary process. For
effect of simulations, although stability had already
The population size profiles of the three occurred from the 25week, only data from the
experimental population replicates of SR and R4inal 21 weeks were considered. For bootstrap
strains ofMegaselia scalarisfor the 33 weeks of simulation to be applied, the hypothesis of
maintenance, are graphically shown in Fig. 1independence between observations should be
Population size was obtained by counting thesatisfied. To do this, intervals of three consecutive
number of flies in the bottle which contained theweeks were taken as a unit, wich was then
adult part of the population on the days of theconsidered as 21 independent intervals with the
weekly census. Male, female, and total (male +hree original profiles from the ¥3bservation
female) means and standard errors for populatioweek. In Table 3 the means of the simulated
size and productivity variables of the populationprofiles are given using varying numbers of
replicates of the two strains, correspond to the finaprofiles, in an attempt to determine the minimum
21 maintenance weeks. In this period we can obprofile number at which the means begin to be
serve an equilibrium in population size, as showrfixed.
in Table 1. Although male birth rate is 1.4 times We observe the beginning of average
higher than female birth rate among SR populationstabilization with a sample size of 50. Table 4
and 1.2 times higher among R4 populations, maleshows the estimated values for standard error of
are absent in the adult part, and total populatiothe mean via bootstrap simulation, when sample
size is defined by the total number of females. Thisize is 50, and these values are compared to the
is due to the fact thdflegaselia scalarisnale estimate by the estimator, known from results of
the classic inferencé/«/Tl

RESULTS AND DISCUSSION

TABLE 1

Means and standard errors for population size and male, female and total (male + female) productivity for
the three SR and R4 experimental replicates, for 21 weeks.

Population size Productivity
. Males Females Total Males Females Total
Population — — — — — —

X:% X:% X:% X:% X:% X:%
SRy 0.2+£00 941+108 943+ 109 1326+ 165 1022+ 130 2348+ 241
SR, 0.0+ 0.0 1114+£85 1114+£85 1604+ 131 1113+838 2717+ 180
SR; 0.0+ 0.0 848+ 7.9 848+ 79 1316+ 104 901+7.1 2218+ 147
)_( 0.1+00 967 +5.2 968+ 5.2 1415+ 76 1012+56 2428+ 110
R4, 0.0+ 0.0 703+£6.7 703+6.7 1367+ 134 1112+ 110 2479+ 234
R4, 0.0+00 658+ 7.2 658+ 7.2 1261+ 110 1079+ 106 2340+ 199
R4; 0.0+00 663+ 6.2 663+ 6.2 1044+ 85 974+87 2019+ 159
)_( 0.0+00 675+ 39 675+ 39 1214+ 64 1055+5.8 2279+ 115
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Fig. 1 — Population size profiles of the three SR strain experimental populations (A) and R4 strain (B). The arrow indi-
cates the beginning of the stationary process.

TABLE 2

Linear regression coefficient values and respective significance of t-student test for the hypothesis that the
coefficient is zero, for different numbers of weeks.

n 33 32 31 30 29 28 27 26 25*
coef. 122 220 218 206 187 166 151 126 085*
P 002 Q00 Q00 Q00 Q00 Q00 Q00 002 013*

Table 2 shows that the stationary processveeks. It can be observed in Table 4 that the
starts from the9maintenance week, and we canestimations of standard error obtained via bootstrap
consider as data to be analysed those from thare rather good, even with few repetitions of the
following 25 weeks. To facilitate computational simulation process when sample size is fixed.
programming, we considered data from the final For both the SR and R4 strains, working with
21 weeks, as indicated by the arrow in Fig. 1. Tabl¢he three experimental replicates, confidence
3 shows that with a sample size of 50, means stamtervals for each week were calculated by
to stabilize, thus determining the minimum numbetbootstrap simulation process. Initially, a sample
of profiles which should be simulated via bootstrapsize of 50 was taken for the three original expe-
from data obtained with experimental laboratoryrimental values, and after, the mean was calculated.
populations. The standard error is a precisél sample size of 50 is known to be an adequate
measure of the estimates provided by the estimat@ize to obtain good estimates of standard error and
of interest when bootstrap simulations are madeconvergence to normality for mean distribution.
In this case, the estimator is the mean, the standaiithis process was repeatedimes,n varying from
error of which is statistically known t@/«/ﬁ wich 50 to 1300, enabling the study of mean distribution
corresponds to the mean profile during the 2land the calculation of confidence intervals.

Rev. Brasil. Biol., 6(B): 415-424



ESTIMATION OF POPULATION PROFILES BY BOOTSTRAP SIMULATION 419

TABLE 3
Means for different numbers of simulations, for the final 21 weeks.

10 20 30 50 150 200 300 400
01 8810 7180 7093 7362 7460 7588 7442 7437
02 6750 6985 5817 6168 6784 6763 6742 6657
03 8190 7405 6947 6616 7331 7247 7155 7023
04 6180 6Q75 6837 7120 7128 7069 7148 7118
05 6860 6280 5333 6210 6654 6797 6565 6643
06 7210 6590 5777 6800 6992 7005 6798 6695
07 8520 7105 6940 6340 7595 7258 7291 7213
08 5100 7805 5810 7432 6197 6174 6193 6307
09 5940 7715 6020 7328 67.36 6645 6660 6778
10 6060 6380 6470 7602 7438 7656 7297 7225
11 6650 6950 5210 6744 6340 6306 6246 6141
12 6370 7370 5417 7540 7221 6875 6746 6709
13 8450 7115 7680 7312 6743 6799 6782 6962
14 6220 5885 7000 6248 6682 6827 6670 6652
15 7040 4920 7703 6668 6442 6633 6612 6705
16 7620 6025 7027 6568 7180 7027 7075 6973
17 4470 6005 7097 6502 6461 6545 6411 6462
18 6780 5775 7550 6856 6612 6857 6894 6917
19 8710 7345 6220 6920 7364 7271 7107 7090
20 6960 7195 6247 5807 6497 6505 6522 6478
21 7210 6845 6407 6352 6897 6955 6874 6706

In Tables 5 and 6 we have the means anthat for the population size variable and under
standard deviations obtained by simulation, as wellhe conditions in which the experiments were
as the means for the three experimental replicatesarried out, SR strain stood in a higher level
of SR and R4 strains, respectively. compared to R4 strain.

In Tables 7 and 8 we have the inferior and The results of this experiment draw attention
superior extremes of the 95% confidence interval$o practical laboratory work. Planning experiments
calculated for SR and R4 strains, for a number oWith many replicates sometimes becomes opera-
simulations equal to 50, 500, 800 and 1300, basetionally impossible.
on Tables 5 and 6, respectively. Tables 7 and 8 The idea of increasing the number of
shows that the confidence intervals obtained wittreplicates via bootstrap simulation may be an
500 simulations are very close to those obtainedlternative, and it is natural that restrictions
with 800 and 1300, which indicates that with 500imposed by insect biology itself tend to be
simulations good results can be obtained. In amportant in adopting models, such as the one of
comparison between the SR and R4 profiles, tha stationary stochastic process. The main
idea of interval intersection is prevalent in therestriction, in this case, is the variability of
respective observation weeks. In order to illustratgopulation size, since the lower the variation of
these comparisons, in Fig. 2 are shown meathis variable, as the maintenance weeks pass, the
estimated profiles for both SR and R4 strains, antbwer the number of profiles to be simulated in
the respective confidence regions calculated vidhe determination of minimum sample size to
bootstrap. With the obtained results, we concludestimate the mean population profile.
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TABLE

4

Estimated standard error of the mean by bootstrap and the estimation OS/ \/_n for 21 weeks, and different
numbers of repetitions of mean profiles.

10 20 30 40 50 60 70 80 90 SAn
01 465 469 401 403 414 431 439 425 422 489
02 520 448 478 448 443 419 411 409 400 439
03 481 430 397 409 414 390 390 369 378 409
04 551 495 451 457 430 446 442 456 449 345
05 545 509 490 457 662 630 608 582 571 446
06 377 392 408 391 395 362 368 363 388 402
07 349 441 893 793 732 681 641 614 600 368
08 500 570 499 475 446 449 436 464 453 402
09 444 451 453 411 395 390 391 388 388 413
10 385 396 418 376 381 418 415 412 423 412
11 438 407 393 450 447 456 442 420 439 442
12 363 372 395 393 388 384 377 363 359 365
13 581 504 453 442 415 402 422 414 409 462
14 379 300 326 376 351 407 459 455 495 410
15 415 430 435 461 434 497 502 499 490 413
16 369 407 392 410 425 411 467 455 444 389
17 403 568 502 472 450 448 460 456 448 443
18 300 418 383 388 395 404 401 391 392 395
19 441 463 446 451 469 436 418 418 425 441
20 398 476 497 491 489 463 458 442 440 458
21 369 490 459 470 442 424 426 420 426 399
TABLE 5
Means and standard deviations for different numbers of simulations, and means of experimental replicates
in SR strain.
Simulation number
Week 50 100 500 800 1300 experi-
mean sd mean sd mean sd mea sd meah sd mental
1 62.82 885 6222 875 6295 808 6270 839 6280 827 6300
2 82.70 525 8238 515 8271 518 8264 524 8266 522 8200
3 77.10 475 7725 475 7714 463 7713 469 7714 467 7700
4 91.79 680 9193 719 9225 647 9203 663 9212 657 9166
5 11527 898 1476 889 11485 821 11494 843 11491 834 11600
6 11529 507 1449 501 11487 495 11483 502 11485 499 11600
7 13357 208 13366 208 13367 193 13368 197 13367 195 13433
8 89.04 442 8886 442 8901 457 8886 436 8892 433 8966
9 84.06 541 8444 549 8399 523 8402 533 8401 529 8333
10 90.39 189 9036 186 9030 174 9031 179 9031 177 9033
Rev. Brasil. Biol., 6(B): 415-424
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TABLE 5 (Continued
Simulation number
Week 50 100 500 800 1300 experi-
mean sd mean sd mean sd meal sd meah sg| mental
11 10452 660 10481 665 10433 598 10459 617 10449 610 10600
12 16346 550 16309 543 16324 518 16318 517 16321 517 15367
13 13068 721 13151 646 13110 645 13110 649 13110 647 13166
14 96.55 203 9645 216 9654 196 9652 204 9653 201 9666
15 80.45 323 8057 313 8039 297 8046 301 8044 300 8033
16 89.51 286 8947 274 8948 270 8950 275 8949 273 8933
17 9222 250 9229 234 9231 241 9233 246 9232 244 9200
18 27.10 128 2708 138 2713 127 2712 129 2713 128 2733
19 11753 309 11760 300 11765 291 11769 295 11768 293 11700
20 91.36 618 9226 596 9146 597 9167 605 9159 602 9200
21 95.16 760 9460 683 9512 680 9521 688 9518 685 9433
TABLE 6
Means and standard deviations for different numbers of simulations, and means of experimental replicates
in R4 strain.
Simulation number
Week 50 100 500 800 1300 experi-
mean sd mean sd mean sd mear| sd meah sd| mental
1 51.55 457 5152 464 5138 421 5136 434 5136 429 5200
2 3229 217 3253 201 3237 196 3241 200 3239 199 3233
3 45.95 204 4586 195 4588 187 4592 190 4591 189 4633
4 67.24 609 6716 635 6731 543 6732 583 6732 568 6666
5 90.80 409 9097 412 9092 386 9089 396 9090 392 9100
6 9317 155 9316 155 9313 147 9313 150 9313 149 9366
7 81.24 171 8121 167 8133 169 8132 172 8133 171 8133
8 60.47 357 6057 366 6066 336 6063 343 6064 340 6066
9 3284 129 3262 133 3285 124 3278 127 3281 126 3233
10 74.07 235 7382 245 7394 225 7388 231 7390 229 7433
11 98.70 206 9887 210 9883 195 9883 198 9883 197 9900
12 9471 287 9467 272 9461 283 9450 290 9454 287 9500
13 53.09 129 5311 124 5306 116 5308 118 5307 117 5300
14 3203 102 3200 091 3204 091 3201 Q90 3202 091 3200
15 58.07 399 5825 392 5806 380 5813 386 5810 384 5800
16 59.86 366 5947 387 5963 366 5965 377 5965 373 6033
17 87.51 425 8729 415 8720 393 87.23 403 8721 399 8766
18 7553 740 7506 806 7534 750 7516 770 7523 762 7500
19 11032 602 10994 623 11059 569 11053 583 11055 578 11000
20 45.00 184 4527 193 4501 178 4502 183 4502 181 4500
21 7181 416 7202 427 7184 376 7189 389 7187 384 7233
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TABLE 7

Inferior and superior extremes of the 95% confidence interval, calculated from Table 5 data, for 50, 500,

800, and 1300 simulations, for SR strain.

Simulation number
50 500 800 1300

inf. sup. inf. sup. inf. sup. inf. sup.
01 4546 8018 4710 7879 4625 7915 4658 7901
02 7241 9299 7255 9286 7335 9292 7343 9289
03 6778 8643 6807 8622 6793 8633 6798 8629
04 7846 10512 7956 10495 7904 10503 7924 10500
05 9767 13287 9876 13094 9842 13146 9855 13126
06 10535 12523 10514 12460 10499 12467 10505 12464
07 12949 13764 12989 13744 12981 13755 12984 13751
08 8037 9770 8064 9738 8030 9742 8043 9740
09 73.46 9466 7375 9423 7357 9447 7364 9438
10 8669 9409 8689 9371 8679 9382 8683 9378
11 9159 11745 9260 11606 9249 11668 9253 11644
12 15267 17424 15309 17339 15306 17330 15307 17333
13 11654 1482 11844 14374 11837 14382 11840 14379
14 9257 10054 9268 10039 9253 10051 9259 10046
15 7413 8678 7457 8622 7455 8637 7456 8631
16 8391 9512 8419 9478 8411 9488 8414 9484
17 8731 9712 8757 9704 8751 9715 8753 9711
18 2459 2962 2465 2962 2460 2964 2462 2963
19 11148 12358 11194 12336 11191 12346 11193 12342
20 7925 10347 7975 10316 7982 10353 7980 10338
21 8025 11006 8178 10846 8173 10870 8175 10860

TABELA 8

Inferior and superior extremes of the 95% confidence interval, calculated from Table 6 data, for 50, 500,
800, and 1300 simulations, for R4 strain.

Simulation number
50 500 800 1300

inf. sup. inf. sup. inf. sup. inf. sup.
01 4620 6051 4313 5963 4284 5987 4295 5977
02 2803 3654 2851 3622 2848 3633 2849 3629
03 4194 4995 4221 4956 4219 4966 4220 4962
04 5530 7919 5666 7795 5589 7875 5619 7844
05 8278 9881 8334 9850 8312 9866 9321 9859
06 9012 9622 9024 9603 9018 9607 9020 9606
07 7788 8459 7803 8464 7794 8470 7798 8467
08 5347 6746 5408 6724 5390 6736 5397 6731
09 3033 3535 3041 3528 3029 3527 3034 3527
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TABELA 8 ( Continued

weeks

Simulation number
50 500 800 1300

inf. sup. inf. sup. inf. sup. inf. sup.
10 6945 7868 6952 7836 6935 7840 6942 7838
11 9465 10275 9500 10265 9495 10271 9497 10269
12 8908 10034 8905 10017 8882 10018 8891 10017
13 5056 5565 5079 5534 5076 5539 5Q77 55837
14 3002 3403 3025 3382 3024 3379 3024 3380
15 5024 6590 5060 6550 5056 6571 5058 6563
16 5268 6704 5245 6881 5227 6704 5234 6695
17 6917 9585 7950 9489 7932 9513 7939 9504
18 6102 9004 6064 9005 6006 9025 6028 9017
19 853 12211 9942 12175 9909 12196 9922 12187
20 4141 4862 4151 4850 4143 4861 4146 4857
21 6366 7996 6446 7922 6426 7952 6434 7940

n° of flies
300 —
————— SR
20— T R4
100 —
0 — T T T T ] T T T ]

Fig. 2 — Region of 95% confidence, based on the distribution of 500 simulations, for SR and R4 strains, respectively.

Another important aspect is related to the
statistical tests for the comparison of populations

by their mean profiles. Hypothesis tests should bg, ;1) travERSO, A. A., 1955, Evolutionary changes

developed in order to test the hypothesis of profile
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