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DARWINIAN FITNESS IN Drosoplila. IV. ARE FITNESS
COMPONENTS NEUTRAL OR ADAPTIVE?

Cldudia Mircia Aparecida Cararetol, José Anténio Cordeiro” and
Celso Abbade Mourdio! "

ABSTRACT

Data for individual females of Drosephila prosaitans concerming 16 fitness components werc
analysed to verify the neutral and the adaptive hypolhesis of fincss components to Darwinian fitness.
Significant corrclations between fitness components and Darwinian filncss and the principal components

analysis resulis showed a differential imporlance of the cotnponciis studied.

INTRODUCTION

The adaptation of organisms is the outcome of the evolutionary process. The
environment continnously exerts a selective pressure on organisms, shaping the popula-
tion's adaptability. Different types survive and reproduce at different rates due to
morphological, physiological and ethological traits adjusted to their environment.

The theory of natural selection desctibes the process of adaptive evolution in
terms of variation among individuals in their capacity to contribute with progeny to future
generations. Fitness is an individual trait on which natural selection acts,

It is reasonable to assume that all the biclogical processes are important in the
determination of the reproductive success. However, the relative importance of each to
net fitness is not clear, not even whether one or a few components have major importance

{Mueller and Ayala, 1981).
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We know of only two papers which deal with the relative importance of fitness
components to Darwinian fitness. The first was Wills® attempt (1981) to classify fitness
components of domestic fowl, cattle and swine in a descending order of importance for
total fitness; however, as the author himself stated, based on his personal feelings. The
second was Carareto and Mouréo’s (1991b) estimation of Darwinian fitness, establishing
a hierarchical order of importance for 23 fitness components for three strains of Droso-
phila prosaltans.

For Reeve et al. (1990), any aspect of the phenotypes that is determined by
interaction of many components must, at best, be pootly correlated with any one
component and even important components of fitness are effectively neutral in equilib-
rivm populations. Their proposition was based on a “purely intellectual exercise”:
considering 10 columns with 20 random digits each and another column with the sums
of the digits of each row, the correlation between the latter column with any single column
is weak, The correlation tends to zero as the numbet of columns increases,

In analogy with the above deductions, Reeve et al. (op. cit.} claimed that any
aspect of the phenotype that is not correlated with fitness is by definition neutral, and so,
under an extended view of neutrality, even important components of fitness are effec-
tively neutral in equilibrium populations. The exceptions to this “general rules” are
discussed by Wallace (in press) calling attention that under some circumstances, a
cotrelation between total fitness and one of its components may be detected in a highly
selected populations, but under most circumstances this correlation all but vanishes.

According to Wallace (in press), "neutrality requires that there be numerous
components of fitness, that they possess intermediate optimal values, and that they be
negatively correlated with one another”, but “population of organisms in which individu-
als are identified by name, for which measurements of numerous components of fitness
are available for each individual, and whose standings relative to other individuals {ie.,
measutes of total fitness) have been established by pair-wise competitions are unknown,
In this paper, these ate approximately satisfied: measures of 16 fithess components of 86
individual flies of D. prosaitans, used by Carareto and Mouréio (1991a,b), were analysed
concemning the hypothesis of adaptivity and neutrality of fitness components to total
fitness,

MATERIALS AND METHODS

Eighty-six females of three strains of D. prosaltans were studied, Due to
innumerous generations in laboratory cultures, under nearly constant selective pressures,
their populations can be assumed to be in equilibrium. The fitness components analysed
ate: duration of the pre-copula (DPC), absolute duration of the copula (ADC), relative
duration of the copula (RDC), longevity (L), absolute duration of the oviposition period
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(AOP), relative duration of the oviposition petiod (ROF), total number of eggs (TNE),
daily number of eggs (DNE), number of viable eggs (NVE), number of pupa (NP),
number of imagines (NX), egg-pupa viability (EPV), pupa-imago viability (PIV), egg-
imago viability (EIV), duration of the pupation period (DPP) and duration of the imaginal
emergence period (DIEP), A description of the strains and fitness components is found
in Carareto and Mowrdo (1991a,b).

A matrix with 16 columns and 86 rows contains the values of 16 fitness
components for 86 females, computed as percentages of the weighted average of the
means for the three strains, as desctibed in detail in Carareto and Mouréo (1991b). The
percentages, presented as decimals in the Appendices, were analysed in two ways: (1)
the correlation method proposed by Reeve ef al. (1990), both for the multiplicative
adaptation index (W”) described in Carateto and Mourdo (1991b) and the additive-neu-
trality method (SUM) descrived in Reeve et al. (op. cit.); and (2} the principal components
analysis (PCA) desctibed in Anderson (1984), for both the multiplicative and additive
estimations of Darwinian fitness, using a matrix of correlation coefficients.

RESULTS AND DISCUSSION

Table I shows the cotrelation coefficients of each fitness component with that
of the product W or the SUM of each row. It also shows the factor loadings of the PCA,
performed both for the W and SUM columbs. '

Of the 16 cotrelations, eight and 12 were significant, respectively with W” and
SUM. According to the Reeve eral. (1990) neutrality hypothesis, the 12 significant values
of r obtained with the SUM were unexpected. However, the four strongest in both cases
were those with NI, NP, NVE and TNE. Taking the values of r as ameasure of the relative
impottance of fitness components to total fitness (product or sum), three fotms of analysis
point out these components as most important: the two presented here, in perfect
concordance with that of Carareto and Mouriio (1991b) which aiso indicated NI, NP,
NVE and TNE to be among the most important components.

The PCA detects those components with major contributions to sample vari-
ability, through the searching of linear combinations of 17 fitness components, the 16
described in Materials and Methods, plus the SUM or W”, which have the highest
vatriances.

The PCA run on the correlation matrix of 16 components and the SUM showed
that from among 17 factors for variability four principal components explained 73.4%
of the total inertia, and that the first alone retained 30.9%. This principal component can
be viewed as a “factor of composition of almost all fitness components” (see the signs of
the factor loadings in Table I. It gives the highest factor loadings to SUM, NI, NF,NVE
and TNE. ‘
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Tuble I - Correlation coefflicients and principal components (PCA) values of 16 fitness components for 86
females of D. prosaltans with the W* (product) and the SUM.,

w» SUM PCA

Fitness

components r t(84) r 184 we SUM
nec 0.002 0.02 0.055 0.50 0.095 0.071
ADC -0,022 020 (141 1,30 0.105 0.098
RDC 0.017 0.16 0.080 0.74 0.034 0.019
L 0.071 0.65 0.296 2.84%% -0.099 -0.104
AOP 0.088 0.81 0.325 3.15%* -0.313 -0.117
ROP 0.109 1.00 0.282 2.69%* -0.110 -0.110
TNE 0.334 3.25%* 0.745 10.24%* -0.319 -0.305
DNE, 0.043 0.39 0.306 2.94%% -0.120 -0.117
NVE 0.356 3.49%% 0.805 12, 44%% -0.353 -0.336
NP 0.505 5.36%* 0.887 17.60%* -0.409 -0.381
NI 0.505 5.30%*% 0.891 17,99%% -0.413 -0.385
ErV 0.246 2.33% 0.500 5.29%% -0.250 -0.231
v 0.041 0.38 0.197 1.84 -0.116 -0,108
EIV 0241 2.28% 0.505 5.36%% -0.256 -0.237
nre 0.234 2.20% 0632 T.47%% -0.288 -0.276
DIEr 0.238 2.24% 0.652 T.R8** -0.301 -0.288

t for significance of r; *: P < 0,05; **: P < 0,01,

In the PCA carried out with the correlation matrix of the 16 components alone,
and plus W, the factor loadings were almost identical for the first four principal
components, which explaited 76.7% of the total inertia in the first case and 73.4% in the
latter.

The factor loadings to the SUM and W” wete respectively -0.393 and -0.223,
which leads to the conclusjon that from the point of view of these factors, SUM and W?
are so valued as the four components NI, NP, NVE and TNE,

Positive or negative r and PCA values represent the effect of fitness components
to total fitness. Therefore, disconsidering the signs, the values of Table I wete used to
plot the scattet diagrams in Figure 1, which showed a remarkable agreement among the
methods employed.

A remarkable agreement was also shown when the factor loadings of the first
four principal components, obtained with the three forms of PCA, were plotted in scatter
diagrams, each against the others (Figures 2 and 3).
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Figure 1 - Scatter diageams of r and PCA values of W and SUDM.
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Figure 2 - Seaiter diagrams of factor loadings of the [lirst and sceond principal components for 16 filness
components in three PCA (with the 16 fitness components alone - PCA FC, with the product = PCA W* and
the sum = PCA SUM).
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Figure 3 - Scatter disgrams of factor loadings of the third and fourth principal components for 16 fitness

components in three PCA (with the 16 fitness components alonc = PCA FC, with the product = FCA W” and

the sum = PCA SUM).



346 Cararelo et ql,

Carareto and Mourdo (1991b) argued that the most important components for
total fitness should be those most varlable among the strains, which in different expres-
sion combinations could represent different ada ptive strategies, Eleven components were
so considered in the three strains of D. prosaltans studied, among which NI, NP, NVE
and TNE were included. Of the 11 variable components, DPC, DNE, DPP and DIEP
were also used in this paper. The last three were correlated with the SUM and the last
two with the product W,

The present results show the adequacy of correlation analysis, as well as that of
PCA, for detecting the most impottant fitness components for total fitness (product or
sum). Although several fitness components behaved as neutral, others clearly showed an
adaptive nature.
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RESUMOQO

Dados rclativos a 16 componenis do valor adaplativo de [émeas de D, prosaitans foram analisados
para verilicar as hipdteses da neutralidade ¢ da adaptatividade de companentes do valor adaptativo para o valor
adaptativo total. Cotrelages signilicativas do algtns componentes com o valor adaplativo total e os resultados

da anglise de componenles principals mostraram uma importincia diferericial dos componentes estudados.
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APPENDIX

APPENBIX §. BR flies decima) values of the 14 fitness components.

DPC ADC RDC L AOP ROP THE DNE NVE NP NI EPV PIV EIV DPP DIEP
1,067 0.990 9,940 0.389 0,202 0.875 1.4B6 4.4%4 1.309 2.438 2,107 i.428 0.874 1,415 0.598 0.418
B.632 0,659 0.960 0,520 0,549 0,972 0.853 1,454 0,898 {,334 1,311 1,528 9,999 1.008 £,087 1,024
5,475 1,524 1.B65 0.694 9,742 1,147 0,756 0.99V 0.636 0,283 9.000 @,44¢ 9.000 0,000 8,924 6.000
.634 1,166 0,937 4.750 8,459 0.956 1,069 1.591 {197 £,49% 1,440 1.200 1.000 1.266 9.978 1.011
1,007 1,414 0.75P 0.804 0.74% 1,937 1.490 2.860 1.553 0.734 0,022 0.4B2 1,135 9,540 9.87¢ 0.89¢
095 0.900 §.138 0.043 0.962 1,248 1,678 .59 (738 2.415 2.390 1,428 §.000 1,415 {737 L.796
716 0,990 0759 9.843 6.624 §.074 1.B45 1.409 1.4B4 1,449 1.348 1.389 §.101 £.434 1,033 L.047
56 1,100 0,603 0,061 0.907 1,151 0.837 0.818 0,670 0,989 6,951 {.478 1,000 §,471 ©.598 0.6i8

433 1,100 1.094 0,861 €.907 1.451 1,976 1,364 1,325 1.150 1,268 0.897 1.047 0.931 @.89¢ @.8%9
907 1,100 0.848 8,937 1.016 1,016 1,596 1,409 1.385 1.656 [,845 1.277 1,041 1.285 §.087 1.i24
J3E0 1,061 0.991 0.749 0.843 1.497 1,409 4,201 1,380 1,285 i.143 0.942 1,104 1,588 1,573
(09 1,143 0,995 ©.989 1,086 2.132 1.954 2,005 2,907 2.370 {.287 0.965 1,473 0.870 &.897
238 1,049 1.008 6,987 0.956 1.458 1,454 £.540 2,438 R.546 1.464 1,856 1.738 1.793 1.654
100 1.i66 1.865 1,319 §.345 £.990 0,682 0.983 i.242 1,388 1.296 1,435 £.452 0,870 0.899
166 1.004 1,174 1.438 1.363 2.104 1,318 2,180 3.358 3.341 1.578 .04 1.563 1,430 1.685
564 1.406 1,306 0.852 0.713 1.374 1.454 1,962 1.986 {.979 1,379 1.047 1,478 0924 2,955
0.908 6026 1.417 £.784 1,378 1.403 0.787 1.454 1.9/8 §.773 1,395 8,708 {.266 1.576 1.487
0 1,298 0.647 1,455 £.246 1,008 2.140 1,454 P.203 2.645 2,801 1,229 1,076 1,304 1,369 (.404
947 0,714 §.454 9.989 D744 1,540 1,000 {,594 2.070 2.R62 §.387 1.122 i.432 {.739 1.798
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APFENDIX 2. CR flies decimal values of the 14 fitness components.

DPC ADC RDC L AOP ROP THE DNE NVE NP NI EPV PIV EIv DPP DIEP
9,004 1,066 1,451 8,231 0,450 0.549 0.130 1,136 0.142 0.230 0,237 1.461 1,435 i.862 ¢.443 9.148
8.604 1,319 8,558 0.398 9.247 0.681 1.774 6.500 1,808 1,507 {.465 0.880 ¢.942 8.61¢ $.489 0.506
5,495 1,090 1,706 0.477 0.467 1.086 £.348 2.434 1,415 1,858 1,002 0,764 €.965 9.726 @,924 9,955
500 1,650 0,892 €.476 8,659 1,070 1,087 (.500 {,i26 0.575 6.540 6,032 9,953 0.404 1,087 1.011
5,579 1,504 0,491 9.476 9.742 1,199 2,360 2.909 E.463 2,231 2.416 .930 1,161 1,806 .924 9.945
8.560 1,414 0,513 0,750 0.742 1,084 {.348 [.636 1,396 1.196 {.105 ¢.800 0,742 6,817 0,024 8.955
41,845 t.166 1,187 0,008 0.797 0.972 0.633 0.727 0.454 0.268 9.411 2.83¢ 1.135 4.931 8,489 9,504
£.236 1,500 1.004 0.9(7 0.797 0.956 0,894 1,600 0,924 0.077 0,283 0,332 0.945 £.316 1,833 L.047
8.544 1.166 9,558 9.947 0.404 8.743 1,430 2,134 1,314 0,736 9.694 0.581 0,953 6,540 €.599 8.418
2092 1,166 1.272 4.954 .74 0.843 0.BID 1.000 0,254 0,045 B.45! 0.133 1,135 0,149 €.004 9.056
1,516 8,582 4,451 0.991 0.487 0.762 {.548 2,091 1.484 1.843 1,062 1.177 4,933 §.248 1,141 1,180

9,000 4,950 6,223 1.044 0,577 0.600 0.72% 1,136 0,242 0.184 0,154 0,781 0.851 &.452 9,217 @.205
§.457 1,100 1,004 1.045 1.31% §.361 0.908 0,434 9.587 0.345 ¢.340 .464 1,006 €521 0.247 9.825
5,068 1,042 6,960 1.089 £.494 0.500 1,486 2.787 1,425 0.667 0.407 0,482 0.670 $.316 0.598 @.44¢
2,717 1.042 .47 1,102 €,549 9,554 9.179 0.273 0.100 0.844 0.686 .46 0,548 8,241 0.326 €.036
360 .44 0.915 1,102 6,767 0747 1,032 {.227 0.067 0,138 0.129 0.166 0,942 6.149 0,598 0.618
9.477 1.166 6,517 1.208 1,836 .102 1.994 L.454 2,046 B.944 2,98t 1.448 1.033 1.49¢ £.141 i,18¢
5,801 1.938 1,562 1,250 9,769 6.681 £.289 0,364 0.29% 0.299 0.257 1.030 0.674 $.893 0,870 0.8%7
704 1,042 1.205 1.306 1.763 1.426 1,167 0.634 1.211 {.196 1.182 1.613 1,001 1.084 0.924 0.945
1.433 1.239 1,827 1,365 1.750 .40 ©.0846 0.454 0.770 0.4B3 0.437 0,648 0.917 ©.577 0.380 0281
8.716 1,648 6,736 £.398 1,234 8,977 1.478 §.BE7 1,738 0.9B7 0.951 8.581 9.974 9,559 .i4i 4.180
(701 §.798 0,915 1,435 {.868 1.426 9.715 0,364 0.427 0.414 0,437 0,481 §.067 8.7256 0,330 6.373
1,701 1,924 1.004 1.454 1,096 1.426 1.871 0,989 1.1B3 0.047 0.477 0.066 1.135 6.074 0.107 4,112
.295 §.166 1,004 1,454 {.530 1,151 9.405 0.384 0.527 0.067 0,051 0,100 9.740 2,093 0.489 0.506
1,082 1.190 0,937 1,472 1,897 1.448 1,616 0,500 0.570 0.506 0.540 0.844 i.e78 0.931 6,578 9.337
1,560 8,990 1,183 §,478 4,154 9,859 1,107 0.954 €.271 .23 0.257 0.963 1,033 ¢,987 9,163 .18
9,755 1.808 0,402 1.472 0.409 @.5e2 2.203 3.000 1.964 1,058 1,054 8.548 {,011 9.559 0.784 8.73¢
0,680 1.238 0,447 1,491 0748 9,551 1,409 1,954 £.667 1,840 1,670 1,130 0.91% 1,042 {440 §.189
9.579 0,948 §.498 1509 1,813 1.313 1,430 9,787 1.4B2 1,249 4.3 0.847 8,942 6.782 1,032 2.89%
2,475 0,990 1,428 1.400 1,976 1,929 {.469 0.436 1,262 0.920 0.925 0.731 i.0a2 ©.745 0,543 0.562
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APPENDIX 3. TR flies decimal valugs of the 16 titness components.

DPC ADC RDC L AOP ROP THE DNE NVE NP NI EPY PIV EIV DPP DIER

1 1.540 1.042 4,438 0,472 0.308% 0.891 0.BP0 6.500 €.220 0.43@ 0,154 0.43f 1.135 0,708 0,247 @,R25
2 1,008 0,990 0,982 0,490 0.412 0.924 0,544 1,227 0,504 0.097 £.974 1.578 6.968 {.546 0.815 0.843

39,484 0,430 0,804 €.509 0.27% 0.483 6,433 2.091 9.456 ©.490 ©.745 £.000 .40 1,173 0.4B7 0.59¢
4 1701 0,792 1,342 0.544 9,582 1,037 0.866 1,500 €.898 1,357 1,388 1.540 1,042 1.40F 1.073 {.047

30007 0,792 1,071 0.546 0.549 1,402 6.591 1.000 0.613 0.734 0.797 1,289 {.101 §.341 1.087 {.1P4
6 0.538 0,840 0.962 0,563 9.412 0,778 6.344 0,773 0,285 €.053 0,257 0.914 {.€33 0,931 0,598 9.418

74735 B.798 0,893 9.602 9.54% 1,005 0.371 0,634 0.38Y .34 0,340 1.044 0.931 0.946 1,033 {.047
8 0,716 0,990 0.75% 0.4602 9,604 1,102 0.756 {.134 0.727 0.421 0,417 0.860 (.041 0,875 1,194 1.836

§ 1.400 9.790 1,339 0,457 0,487 1,134 0,949 1.273 0,993 1,407 £.445 1.442 1,056 §.544 1.P50 1.297
10 6,044 0,990 0,982 0.474 0.714 1,151 0.534 0.482 0,484 €,890 0.77¢ {462 1,135 1.439 0,452 0.474
14 0.579 2.475 0,312 0,494 0748 1.147 0.605 6,787 0.598 0.736 ¢.617 1.247 0.851 1.041 0.435 0.44%
L8 2,717 0.495 (784 0.806 0.907 [.232 [.004 1,000 0.6855 0.963 1,028 {,153 1,678 {.240 0,924 0.955
13 1,815 0.707 1,451 0.043 9,934 1,214 0.248 0.B27 9,214 0.141 0,154 0.784 0.976 6,745 0,845 0.942
14 1.295 £.524 0.848 0.842 0.934 1,214 0.646 0,436 0.470 0.528 0.565 {.280 0.492 0.875 (.430 {.485
13 1,182 1,324 0.004 0.000 0.904 1,447 8.275 0.B73 0,248 0.B99 0,203 1,267 0.945 {.210 0.870 ¢.899
16 8,523 1,042 0,603 0,935 0.604 8,713 0,633 0,954 0,527 0.348 0,386 0.714 §.047 0.745 0,598 6,468
17 §,%42 0.762 1,451 @,935 1,099 1.800 0.612 0.468 €.798 1,150 1.859 §.478 1.412 £,439 §.588 1.57%
18 1,815 0.942 (295 0.935 {.074 1.248 0.488 €.991 ¢.126 €.138 0.154 £.163 4,125 4,240 0.405 .44%
19 4.600 0,707 1,384 0.935 0,907 1,053 0.433 6,436 6.4§3 @.345 0.260 0,384 1.057 9,594 0.46% 0.50¢
20 0.544 0.792 0.786 0.935 0.487 0.810 0.B46 1,136 0,898 0.444 0,720 0,731 1,135 0.5619 1.359 §.404
2l 8441 6,707 0,714 1,088 1,234 1,343 0.405 0,474 0,413 9,391 0,437 6.98¢ 1.135 1.100 {.256 1.B97
22 2,092 &.508 1,674 £.046 1,044 1,086 ©.977 0,864 ¢.912 4.529 D.514 0.400 ©.985 £.577 1.576 §,689
83 1.942 6.360 1,784 1.044 1.344 1,410 1.893 0.844 1.349 0.437 9,437 0,338 {.0PP 0,335 P.443 2.753
24 1,194 0,792 1,138,102 {.154 {.150 1,073 0,819 0,955 {,187 {,(BR 1.213 §.067 1,285 1,430 1,465
83 0.970 3,300 0.403 1.157 1,420 1,345 0.012 0,500 6.84¢ 0.504 0.545 0.615 1,435 0.489 i.50P 1.573
26 2.268 9.900 1,491 3,213 1,484 1,309 1,002 1,99 {,510 [.426 (.942 0.963 §.104 {,061 1.956 2,000
27 1,942 0.792 {.4B8 1,208 1.484 1.312 0.935 6.543 0.847 0.490 0,745 ¢.Bi4 1,101 0.094 1,909 {.964
88 0.566 R.62T 0,290 1.306 1,236 1.037 0.461 8.344 0,470 0,590 0,448 1,512 0.988 1.471 0.452 9,474
27 0,533 0,619 0,870 1,507 1.956 {.410 1.389 0,636 1,439 1,771 1,902 1.P42 1.090 1,359 B.443 2.752
30 2.092 0748 1,496 {676 .98 1,427 1.018 0,409 0,955 1.150 1.135 .246 1.000 {.229 {.413 .44
31 1.942 €.619 1,542 1,756 2,308 1,442 0.851 0.8 0.413 9.B97 0,820 1.542 0.931 1,278 0,489 0,504
J2 1,044 0,860 1.047 £.B04 2.39¢ 1,442 1,265 0,500 1,183 1,472 (.439 §.079 1.000 [.246 1,413 {.46]
33 0.697 0.B&Y 0,826 1,843 2.418 1,424 {.149 0.454 1,183 0.94¢ 0.900 0.847 0.942 9,798 2,554 2,440
34 2,092 0,742 1,496 (.00 2.500 {459 1,210 0.454 1.154 1,330 1,491 £.229 L.161 4,341 £.359 {,404
35 £.607 1.650 0.498 1.890 2,520 1.459 1.850 0,434 {.211 1.849 1.285 1.670 1.847 i.j00 1,848 1,429
36 0.850 {.042 0,826 1,954 2,962 {.442 0.943 0.318 0,818 1,527 1,13 1,470 1,020 1.434 1.359 {.404
37 4.B00 £.475 0.424 1.994 2.410 1.45¢ 0.344 0,434 0.228 ¢.27 0,231 0.930 1.10% 1,047 0.374 0.337
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