
Theor Appl Genet (1986) 72:388-394 

�9 Springer-Verlag 1986 

Effects of assortative mating for pupa weight on genetic parameters 
of unselected Tribolium castaneum 

W. N. M. Mwenya, D. Gianola and M. Grossman 

Department of Animal Sciences, 1207 W. Gregory Drive, University of Illinois, Urbana, IL 61801, USA 

Received December 3, 1985; Accepted February 26, 1986 
Communicated by D. Van Vleck 

Summary. Effects of random (R) or positive assortative 
(A) mating for pupal weight (PW) on genetic param- 
eters of pupation time (PT), pupal and larval weights 
(LW) were studied in unselected populations of Tribo- 

lium castaneum. Two groups, each with 50 males mated 
to 100 females in each of 5 replicates, were either R- 
mated or A-mated for 3 generations. Genetic param- 
eters were estimated from covariances between sibs 
(R group) or by an iterative method (A group). Esti- 
mates of heritability in R and A groups were 0.30 + 0.12 
and 0.39 + 0.02 (PW); 0.26 + 0.13 and 0.49 + 0.04 
(LW); and 0.39 + 0.10 and 0.25 + 0.03 (PT). Estimates 
of genetic correlations in the R group were - 0.21 + 0.23 
(PW and LW); 0.45+0.10 (PW and PT); and 
- 0.77 + 0.14 (LW and PT). Those in the A group were 
0.27 + 0.10 (PW and LW); 0.15 + 0.14 (PW and PT); 
the genetic correlation between LW and PT was not 
estimable in this group. Within-family variances (grams 
squared) of PW by generation (1, 2, and 3) were, 
respectively: 0.048 (R) and 0.047 (A); 0.054(R) and 
0.041 (A); and 0.050 (R) and 0.046 (A). In agreement 
with theory, estimates of heritability of PW and LW 
were larger in the A group. Estimates of genetic corre- 
lations in the A group were inconsistent with expecta- 
tions from theory. Assortative mating tended to de- 
crease within-family variance of PW. 
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Introduction 

Effects of systems of mating on means, variances and 
covariances are of importance in animal breeding 

theory and applications because these parameters play 
a major role in selection. Positive assortative mating, 
the mating of individuals who are more similar pheno- 
typically than if they were chosen at random from the 
population, is one such mating system. 

Rao and Narain (1967), in a one-locus model with 
complete dominance, found that the mean of a popula- 
tion decreased following one generation of assortative 
mating; the decrease was proportional to a decline in 
heterozygosity. With two loci and complete dominance, 
the mean decreased more after assortative mating 
when there was linkage than with free recombination. 
With no dominance, assortative mating had no effect 
on mean value. Crow and Felsenstein (1968) showed 
that assortative mating for a trait affected by a large 
number of loci would have little effect on the mean of 
a population, irrespective of dominance. 

Crow and Felsenstein (1968); Vetta (1976) and 
Bulmer (1980) argued that dominance (D) and envi- 
ronmental (E) components of variance do not change 
appreciably, if at all, with assortative mating. In the 
absence of epistasis, the variance of a quantitative trait 
(Pt+l) under assortative mating can be written (Crow 
and Felsenstein 1968) as 

Pt+l = At+l + D + E (1) 

where A,+I is the additive genetic variance after t_ 
generations of assortative mating. Further (Crow and 
Felsenstein 1968) 

At+. = [(1 + ~ h 2) At + A0]/2 (2) 

where Q is the phenotypic correlation between mates, hl 
is heritability at generation t ,  and A0 is the additive 
genetic variance under random mating. The change in 
variance from assortative mating thus stems from an 
increase in additive genetic variance which, in turn, 
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depends on Q and on h 2. At equi l ibr ium (Felsenstein 
1981) 

A 
P = - - +  D + E (3) 

l - r  

where P and A are equi l ibr ium variances, and r is the 
equi l ibr ium genetic correlation between mates (Qh2). 
It follows that with assortative mating, the phenotypic 
variance and heritability increase monotonically until 
reaching equilibria. This is important  because response 
to selection is proportional to ]fP and h 2. 

Effects of assortative mating for trait X on co- 
variance between X and Y were deduced by Reeve 
(1953, 1961); Latter (1965) and Gianola (1982). The 
correlation between relatives for Y increases following 
assortative mating. The correlation between X (Y) in a 
relative and Y (X) in another relative also changes with 
assortative mating (Gianola 1982), the direction of the 
change depending on the sign of the equi l ibr ium 
genetic correlation between X and Y. Assortative mat- 
ing could be used to manipulate  genetic variance- 
covariance matrices, correlated responses to selection 
and the efficiency of selection (Gianola 1982; Fernando 
and Gianola 1984). 

The objective of this study was to investigate the 
effects of positive assortative mating for pupa weight 
in unselected Tribolium castaneum on genetic param- 
eters of larval and pupal weights and pupat ion time. 

Experimental procedures 

An outbred population of Tribofium castaneum, Purdue "f" 
Foundation, was used in the study. A sample of approxi- 
mately 1,600 individuals was obtained from the Population 
Genetics Institute. Purdue University, and introduced to the 
University of Illinois, where it was maintained in an incubator 
at about 32 ~ and 70% relative humidity. A medium con- 
mining 95% all purpose wheat flour and 5% dried brewers 
yeast was used. 

Upon introduction, the unsexed stock was divided at 
random into 5 sets, each with approximately 320 individuals. 
Following a 7-day mating period, eggs were collected at day 8 
and a random sample of 120 larvae was taken from each set at 
day 13. Individual larvae were weighed and placed in vials, 
and pupation weight and time were recorded as each individ- 
ual pupated. Then, 20 adult males and 40 adult females were 
randomly chosen within each set of 120 individuals, yielding a 
total of 100 males and 200 females. The above procedure was 
replicated five times by conducting additional egg collections 
in the foundation stock. 

In each of the five replicates, males and females were 
randomly divided into random (R) and assortative mating (A) 
groups, each with 50 males and I00 females. Individuals in R 
were mated at random (2 females per male) and those in A 
were mated assortatively (2 females per male) based on pupa 
weight. The "best" male was mated to the "best" two females, 
and so on. R and A groups were closed and propagated for 
three generations, always mating 50 males to 100 females in 
each group and following the appropriate mating system 

without intentional selection of parents. Full-sib and half-sib 
matings were avoided. 

Larval and pupal weights in micrograms, and pupation 
time were recorded. Larval weight (LW), was taken 13 days 
after egg collection. Pupal weight (PW), was taken within 
24 hours of pupation; pupation time (PT) was the number of 
days between egg collection and pupation. 

Methods of analysis 

Random mating group 

Correlations between sibs were obtained following a decom- 
position of variance and covariance (Method 3 of Henderson 
1953) using the model 

Yijkl = fl + ti + Sij + d i jk  + Wijkl  (4) 

where 

Yijk/: record on progeny l from dam k mated to sire j in 
generation-replicate i; 

p: fixed effect common to all individuals; 
ti: fixed effect of generation-replicate subclass i 

(i = 1 . . . . .  15); 
Sij : random effect of sire j in generation-replicate i; 
dijk: random effect of dam k dam mated to sire j in the 

generation-replicate i, and 
Wijk/: a random residual peculiar to individual i j k. 

The following assumptions were made: E(Yiik/)=/~+ti, 
E (sij) = E (dijk) = E (Wijkl) = 0, Var (sij) = ~s, Var (dijk) = o~ 
and Var(wijk/)=t~w. Further, to simplify computations, sire, 
dam and residual effects were assumed to be mutually 
uncorrelated so that 

V a r  (Yijk/)  = 0 .2 + 6 2 + 0 -2 . (5)  

Because sires and dams in generation t were progeny of sires 
and dams used in generation t - 1 ,  the assumption that sire 
and dam effects are uncorrelated within and across genera- 
tions is expected to lead to bias in the estimates of variance 
components. Taking account of the potential bias requires the 
specification of large additive relationship matrices of sires 
and dams. Because the bias is probably very small (e.g., Van 
Vleck and Hudson 1982), it was felt in this case that the 
additional computational effort required to remove it was not 
warranted. Variance and covariance components were then 
estimated by equating the mean squares and products arising 
in the usual analysis of variance of (4) to their expectations, 
ignoring relationships. Heritability and genetic correlations 
were estimated using sire, dam or sire plus dam components 
of variance and covariance. Standard errors of the estimates of 
heritability and of genetic correlation were approximated 
using formulae described by Funkhouser and Grossman 
(1982) and Grossman (1970, 1974), respectively. Estimates of 
phenotypic correlations were also obtained; their standard 
errors were assessed from the variance among estimates in 
different replicates. 

Regressions of offspring on sire, dam (intra-sire) or mid- 
parent values were calculated for each pair of generations 
(1-0, 2 - I ,  3-2) and pooled across pairs; this was done 
separately for each replicate. Heritability was estimated as 
twice the offspring-parent regression, or directly from the 
regressions of offspring on mid-parent. Unweighted means of 
heritability estimates were calculated, and the standard errors 
of these means were computed using the variance between 
estimates in the five replicates. 
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Assortative mating group 

With assortative mating, assumptions made regarding (4) do 
not hold because within a mating pair, sire and dam effects 
become correlated through their phenotypic values. Assorta- 
tive mating for trait X leads to 

Cov( sx, dY) = + CovXV O h2 (6) 

where s x and d Y are transmitting abilities of sires and dams 
for traits X and Y, respectively, COVA xY is the additive genetic 
covariance between X and Y, and h 2 is the heritability of trait 
X (Gianola 1982). Assortative mating complicates the ex- 
pected values of correlations between relatives, as shown in 
Table 1. 

At generation 3, the A population was expected to be 
"close" to equilibrium (Crow and Kimura 1970; Bulmer 
1980). Offspring-parent correlations within the A group were 
calculated separately for each replicate using data from gener- 
ations 2 and 3. Also, within each replicate, individuals in a 
half-sib or full-sib family were paired as described by Mwenya 
(1983), and correlations between sibs were calculated using 
product-moment techniques. 

Let Yi be the 20 x 1 vector of calculated correlations be- 
tween relatives (Table 1) in the replicate i (i = 1 . . . . .  5). Put 

Y'q rf(*)l r,, 1 
y2/ 

(7) 
Y'[ I f(*)/  /~4/ 
y d  L f ( 0 ) J  L~d 

where E(Yi) = f(~) is a vector of non-linear functions of the 
parameter vector whose components are defined in Table 1 : 

~O' = [hx, hy, h z, 0Xy , 0XZ , 0 y z  , d x, dy, d z , rdx r, rdx z , rdrz, 

mx, my, m z, rmxy, rmxz, rmyz, rxy, rxz ] (8) 

where X, Y and Z stand for pupal weight, larval weight and 
pupation time, respectively. Note that ~ contains as many 
parameters as correlations in replicate i; thus, ~, was reduced 
eventually. Additional assumptions were e i ~(0,I: i) ,  and 
Cov(~ i, ~])= 0. The matrix -r i is not diagonal as it contains 
theoretical covariances between the 20 correlations calculated 
from the same data in replicate i. Because these covariances 
are difficult to obtain analytically, I: i was approximated as V i, 
a diagonal matrix containing estimates of the diagonal ele- 
ments of l;i; calculation of the elements of V~ is described 
later. 

The estimate of ~, was obtained by minimizing 

S = [y - q '  V-l [y _ f] (9) 

with respect to ~, where y '=  [yl . . . . .  Y;], f '=  [f' (O) . . . . .  f' Ok)], 
and 

V - '  = + V~-J 

is a direct-sum operation over the matrices indicated (Searle 
1982). Now 

8S ~f' aS 
- 2K'  V - l  [ y -  q (10) 

where K' is a matrix containing first derivatives of f' with 
respect to ~. Expansion of f(~) with a first order Taylor series 
about the starting vector ~0 gives 

f(@) = f ( r  + K~ (~O - ~,0) (1 1) 

where K o is K evaluated at ~0. Using (11) in (10), setting to 0 
and rearranging yields a sequence of iterations 

~' l = 0 l -  l + [K;_ t V/--it Kt- I]- i K / -  I VrJ 1 [ Y -  f ( O  t- 1)] 

Table 1. Expected value of correlations between relatives for 
traits X, Y and Z under assortative mating for X (after 
Gianola 1982) 

Correlation Expected valuea 

A. Offspring-parent 

1. (x, x) 
2. (X, Y) 
3. (Y, X) 
4. (Y, Y) 
5. (x, z) 
6. (Z, X) 
7. (Z, Z) 
8. (Z, Y) 

B. Full-sibs 

9. (X, X) 
10. (X,Y) 

11. (Y,Y) 
12. (X, Z) 

13. (Z, Z) 
14. (Z, Y) 

C. Half-sibs 

15. (X, X) 
16. (X,Y) 
17. (Y,Y) 
18. (X,Z) 
19. (Z, Z) 
20. (Z, Y) 

h2x (1 + 0)/2 

(0xv h X hy + h 2 q rxv)/2 
0xv hx hv (1 + 0)/2 
h 2 (1 + 02xy O h2)/2 

(0xz hx hz + h2 0 rxz)/2 
0xz h x hz(l  + 0)/2 
hz 2 (1 + Ox2z O h2)/2 

Ozy h z hy(1 + Oxv Oxz O h2)/2 

h2(l  + O h2)/2 + d2x/4 + m 2 

Oxy h x h v (1 + O h2)/2 + rdxr dx dr /4  

+ rrnx~ m x my 
h}(1 + 02v Q h2)/2 + d}/4 + m } 

Oxz h x h z (1 + O h2)/2 + rd~z dx dz/4 

+ rmx z mx mz 
h 2 (1 + 0�89 0 h2)/2 + d~/4 + mE 

Ozy h z h v (1 + 0xv 0xz Q h�89 + rdz Y d z dv/4 
+ rmz, mz my 

hE [1 + h2x 0(2 + 0)1/4 

0xy h x hv [1 + h 2 Q(2 + 0)]/4 
h~ [1 + 0~v h 2 0(2 + 0)]/4 
Oxz h x h z [1 + h 2 (2 + 0)]/4 
h27 [1 + 02z h2x 0(2 + 0)]/4 

0zv h z hy [1 + 0xv 0xz h} O (2 + 0)]/4 

a h2x, h 2, h27 are equilibrium heritabilities; Oxv, 0xz, 0Zy are 
equilibrium genetic correlations; rxv and rxz are equilibrium 
phenotypic correlations; d~, d 2, d2z are relative contributions 
of dominance to variance; rdxr, r d z, rd are correlations be- 
tween dominance deviations; m~x, m~v, m 2 are maternal 
contributions to variance; rmx Y, rmxz, rmz r are correlations be- 
tween maternal deviations; 0 is phenotypic correlation be- 
tween mates 

where ~,t is a solution at the literate 1, and Kt_ l '  and Vt--! 1 are 
K' and V -l evaluated at iterate l - 1 .  The computations were 
carried out with the NLIN procedure of SAS (SAS Institute 
1982), using the technique of segmented models. 

The matrix V~ -1 was calculated and recalculated at each 
iterate ( /= 0, 1...) following Eaves (1975), as 

V~ - t  = Diag [1 n~) - 2 (12) 
_ f2j 0kt)]2 ' 

where fi: (~ kt) is an estimate of fi;(~), the expected value of 
correlation j in replicate i (i = 1,..'., 5; j = 1 . . . . .  20), and nij is 
the number of pairs used in calculating the correlation. To 
ascertain whether convergence to a global minimum had 
occurred, different sets of trial values were used for iteration. 



During iteration, elements of qt were kept within the param- 
eter space: 

0 ~ (hx, hy, hz, d x, dy, d z, m x, my, mz) _~ 1 

and 

- 1 ~ (0xy, 0xz, 0yz, rdx Y, rdxz, rdrz, 
rmxy, rmxz, rmrz, rxy, rxz ) ~ 1. 

Iteration ended when ]1 ~ 01- 0t-J 11/20 < 10-8. The variance- 
covariance matrix of the estimates was estimated as 

9ar (q~) = [K' V -I K]~,L ~ (13) 

where ~ is the value of ~, which minimizes (9). 
The procedure was repeated using z-transforms of ele- 

ments of y to obtain a better approximation to normality and 
to render V less dependent on @. With Yij being correlation j 
in replicate i, we calculated 

zij = --~- In [ l+yi j  ] [ ~ j .  (14) 

Following Fisher (1921) 

1 
E (zij) = -~- In 111 + f~J (~k) 1 

- fij (0) l =/ziJ (15) 
and 

Var (zij) = 1/nij. (16) 

The parameter vector ~, was estimated as before by minimiz- 
ing 

Q = (z - It)' N (z - It) (17) 

with respect to @, where z is a vector of zij's, [t is a vector of 
/zij's and N -- diag (nij}. 
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mated population was negative ( -0 .21  +_ 0.23) when 
estimated from the sire component of  covariance, but 
positive (0.10 +_ 0.19) using the dam component. While 
this might reflect the large sampling variance of  the 
estimates, perhaps additive, dominance and maternal 
effects contribute to the covariance between these two 
traits in opposite directions. The genetic correlation 
between PW and PT was positive in the present 
research and those from sire and dam components were 
in agreement. However, Studies using the same stock 
(Bell 1969; Bell and Burris 1973) yielded negative 
genetic correlations between these two traits. Never- 
theless, Englert and Bell (1970) have reported positive 
genetic correlations between PW and PT in some re- 
lated populations. Further, Howe (1961) demonstrated 
the dependence of  the sign and magnitude of  the 
genetic correlation between PW and PT on the fre- 
quencies of  "quick" and "slow" developing individuals 
in the population. When one type was more frequent 
than the other, the correlation was high and negative; 
the opposite was true when their frequencies were 
about equal (Howe 1961). In the present study, fre- 
quencies of  the above two types were perhaps equal. 

There was little or no difference between regres- 
sions of  sons on sires and of  daughters on sires. The 
same was true with regressions of  sons on dams (intra- 
sires) and of daughters on dams (intra-sires). Hence, 

R e s u l t s  and  d i s c u s s i o n  

Estimates of genetic parameters in the 
randomly mated group 

Heritabilities and genetic and phenotypic correlations 
estimated in the randomly mated group (R) using 
model (4) are in Tables 2 and 3. Heritabilities (Table 2) 
were within the range of  those reported in studies 
involving the same foundation strain (Yamada and Bell 
1969; Scheinberg etal. 1967; Bell and Moore 1972). 
Heritabilities based on sire component of  variance 
were smaller for all traits than those obtained from the 
dam component. This difference, more pronounced for 
larval weight than for other traits, could be due to 
dominance or maternal effects. These effects have been 
reported to affect larval weight (King and Dawson 
1972) and pupal weight (Bondari et al. 1978). Yamada 
and Bell (1969) argued that larger estimates from the 
dam component of  variance might be due to domi- 
nance rather than to maternal effects. 

Genetic and phenotypic correlations (Table 3) were 
generally in agreement with previous studies conducted 
in the same foundation stock (Bell 1969; Bell and More 
1972; Englert and Bell 1969, 1970). In our study, the 
genetic correlation between PW and LW in the R- 

Table 2. Heritabilities -+ SE obtained from sib covariances in 
the randomly mated group 

Estimateb Traita 

PW LW PT 

tqs 2 . 0.30 + 0.12 0.26 + 0.14 0.39 _+ 0.10 
rid 2 0.48--+0.17 0.93-+0.18 0.44-+0.15 
lasZ+d 0.39 -+ 0.15 0.59 -+ 0.16 0.39 -+ 0.09 

a PW: pupal weight; LW: larval weight; PT: pupation time 
b la~, la~ and hs2+d are heritability estimates obtained from 
sire, dam and sire plus dam components of variance 

Table3. Genetic (rg) and phenotpyic (rp) correlations __ SE 
obtained using sib covariances in the randomly mated group 

Estimatea Traitsb 

PW and LW PW and PT LW and PT 

tg~ - 0.21 -+ 0.23 0.45 + 0.10 - 0.77 _+ 0.10 
~g., 0.10 + 0.19 0.43 _+ 0.41 - 0.72 + 0.40 
t~s§ -0.15_+0.09 0.44-t-0.16 -0.71 -t-0.35 
tp -0 .17+0.21 0.49-t-0.22 -0.69+_0.25 

s, d and s + d indicate estimates obtained from sire, dam, 
and sire plus dams components of variance and covariance 
b PW: pupal weight; LW: larval weight; PT: pupation time 
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Table 4. Heritabilities ___ SE obtained from regression of off- 
spring on sire (hZos) and on dam (intra-sire) (h2d), and of 
offspring on mid-parent (h~m) in the randomly mated group 

Estimate Trait a 

PW LW PT 

fi2 s 0.31 _ 0.08 0.09 ___ 0.04 0.17 _+ 0.03 
fioZd 0.36 _+ 0.08 0.14 _ 0.08 0.09 _+ 0. I1 
~'12om 0 .34  _--_ 0.02 0.15 + 0.02 0.16 + 0.02 

a PW: pupal weight; LW: larval weight; PT: pupation time 

only regressions o f  offspring on parents will be re- 
ported here. Heritabilities based on these regressions in 
the R-mated group are in Table 4. There were small 
differences between heritabilities obtained from 
the three regressions. Heritabilities o f  PW were similar 
to the one obtained from covariance between half- 
sibs (0.30+0.12, Table2). However, heritabilities 
for LW and PT were smaller than their half-sib coun- 
terparts in Table 2. This suggests a negative covari- 
ance between additive direct and genetic maternal 
effects affecting these traits (Willham 1963). 

Estimates of genetic parameters in the 
assortatively mated group 

The average value of  the correlation between pupal 
weights of  mates was 0.98. In the A-mated group, the 
iterative procedure failed to converge when the param- 
eter vector ~ was as in (8). Dominance and maternal 
contributions and associated correlations were then 
deleted from the model but the procedure still did not 
converge. Further modifications of  the model were 
made: a) correlations with expected values being a 
function of  more than 5 parameters (e.g., offspring- 
parent correlation between Z - Y  values: see Table 1) 
were deleted from the analysis so the parameter vector 
became qt' = [hx, hu hz, 0xv, 0xz, rxv, rxz]; and b) the 
restriction was lifted that estimates of  parameters had 
to be within the parameter space during iteration. 
Using estimates of  genetic parameters from the R- 
mated group (with genetic correlations set to zero) as 
starting values, the procedure converged in 7 and 4 
iterations for raw and z-transformed correlations, re- 
spectively. The iterative procedure also converged to 
the same values when different starting sets were used. 
Results of  the iteration for a particular set of  starting 
values are in Tables 5 and 6 for the analyses with raw 
and z-transformed correlations, respectively. Estimates 
of  parameters were essentially the same in both cases. 
Only the estimate of phenotypic correlation between 
PW and PT was outside the parameter space. The 

Table 5. Assortatively mated group: values of the parameters 
during iteration (analysis with raw correlations) 

Parameter a Iteration 

0 3 5 7 

h x 0.5100 0.6264 0.6264 0.6264 
h v 0.6000 0.6889 0.6888 0.6888 
h z 0.5100 0.4951 0.4951 0.4951 
0xv 0 0.2718 0.2721 0.2721 
0xz 0 0.1457 0.1457 0.1457 
rxu -0.0100 -0.2353 -0.2355 -0.2355 
rxz 0.5400 1.0138 1.0138 1.0138 

a X: pupal weight; Y: larval weight; Z: pupation time 
See footnote to Table 1 for definition of the parameters 

Table 6. Assortatively mated group: values of the parameters 
during iteration (analysis with z-transformed correlations) 

Parameter a Iteration 

0 2 3 4 

h x 0.5100 0.6394 0.6381 0.6381 
h v 0.6000 0.7029 0.6956 0.6956 
h z 0.5100 0.4961 0.4957 0.4957 
0xv 0 0.2696 0.2620 0.2620 
0xz 0 0.1444 0.1432 0.1432 
rxv -0.0100 -0.2359 -0.2215 -0.2215 
rxz 0.5400 1.0686 1.0508 1.0508 

a X: pupal weight; Y: larval weight; Z: pupation time 
See footnote to Table 1 for definition of the parameters 

estimate of  genetic correlation between LW and PT 
could not be obtained in the A-mated group because 
this parameter had to be dropped from the model. 

Estimates of  parameters in the R-mated and A- 
mated groups, with their approximate standard errors, 
are in Table 7. Heritabilities were larger in the A- 
mated group for PW and LW, but not for PT. The 
increase in heritability was higher for LW (88%) than 
for PW (30%), the trait on which mating was assorta- 
tive. The increase in heritability of  PW was in agree- 
ment with theory because assortative mating for a trait 
with h 2 ranging, say, from 0.26 to 0.30 would be 
expected to yield an equilibrium heritability between 
0.35 and 0.42 after assortative mating with ~=0 .98  
(Bulmer 1980). The standard errors of  heritabilities 
were lower in the A-group because the variance- 
covariance matrix of  estimates depends on the number  
of  pairs formed, as shown in equations (12) and (13). 
Because the information in each pair was treated as 
being statistically independent of  that contributed by 
another pair, the standard errors calculated with (13) 
would tend to understate the "true" sampling variance 
of  estimates. 
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Table 7. Summary of estimates of parameters ___ SE in ran- 
domly mated (R) and assortatively mated (A) groups 

Parameter a Group 

R b A r 

h�89 0.30 ___ 0.12 0.39 _ 0.02 (0.41 + 0.02) 
h~, 0.26 + 0.13 0.49 _ 0.04 (0.48 __- 0.05) 
h27 0.39 ___ 0.10 0.25 _ 0.03 (0.25 +_ 0.03) 
0xv -0.21 + 0.23 0.27 +__ 0.10 (0.26 _ 0.09) 
0xz 0.45 +_ 0.I0 0.15 ___ 0.14 (0.14 _ 0.12) 
0vz -0.77 + 0.14 not estimable 
rxv -0.17 + 0.21 -0.24 +__ 0.38(-0.22 + 0.33) 
rxz 0.49 + 0.22 1.01 ___ 0.32 (1.05 _ 0.34) 
ryz -0.69 + 0.25 not estimable 

a See Table 1 for definition of parameters. X: pupal weight; 
Y: larval weight; Z: pupation time 
b Entries are half-sib estimates (in parentheses) 
c Entries are estimates from raw and z-transformed correla- 
tions (in parentheses) 

The genetic correlat ion between PW and LW in the 
R-mated group was negative, but  those in the A-mated  
group were positive. Aside from possible differences 
due to sampling variabil i ty,  this is inconsistent with 
Gianola  (1982) who found that posit ive assortative 
mating for trait  X should decrease a negative genetic 
correlat ion between X and Y in random mating. The 
genetic correlat ion between PW and PT was also 
decreased by assortative mating,  which is also in con- 
flict with Gianola  (1982). However,  as pointed out 
before, a positive genetic correlat ion between PW and 
PT in random mating is also in conflict with other 
studies (Bell 1969; Bell and Burris 1973). 

Within full-sib family variances of  pupal  weight 
(grams squared) in R and A groups were 0.048 (R) and 
0.047 (A) in generat ion 1; 0.054 (R) and 0.041 (A) in 
generat ion 2; and 0.050 (R) and 0.046 (A) in generat ion 
3. Estimates in the A group tended to be smaller  than 
those in the R group. Breese (1956) showed that in the 
absence of  dominance,  assortative mat ing increased 
variance among family means but  did  not affect 
genetic variance within families. With  dominance  and 
a large number  of  loci affecting the trait, wi thin-family  
genetic variance was also unaffected by assortative 
mating. However,  Rao and Nara in  (1967) showed with 
a single locus model  that  with dominance  the genetic 
variance following assortative mat ing tends to concen- 
trate in the variance among family means. The reduc- 
tion in within-family variance observed in this study 
suggests that non-addi t ive  gene action in a few number  
of  segregating loci cannot be discounted. 

In conclusion, this s tudy supports  the theory that  
assortative mating of  parents without  selection can 

increase the her i tabi l i ty  of  a quant i ta t ive trait. Effects 
of  assortative mat ing on the genetic covariance struc- 
ture were not as expected from theory, al though the 
results observed may be due to sampl ing variation. To 
investigate this point, further exper imenta t ion on a 
larger scale would be needed. 
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