
units of the reduced size (14). We con- 
clude that factors correlated with the 
original size, such as territorial qualities 
and parental age, had no statistically 
significant influence on the difference 
between natural units of two or three 
members and units of six, seven, and 
eight members. 

In this study, both unit size and repro- 
ductive success were correlated with 
vegetation on the territory and with pa- 
rental age (15). Comparison of these and 
other variables revealed no significant 
differences between experimental and 
control groups of the same original size. 

In summary, the positive correlation 
between reproductive success and the 
number of helpers is not the result of 
other variables that are correlated with 
unit size and reproductive success. It is 
caused mainly by the helpers or by an 
interaction of the helpers with another 
variable. We reject the hypothesis that 
helpers do more harm than good. Be- 
cause helpers in this species are typically 
offspring of the breeder in their units 
(16), we have demonstrated, without the 
reservations expressed in (7 ) ,  that help- 
ers significantly improved the reproduc- 
tive success of their parents, thereby 
increasing their own indirect fitness (17). 
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Reputed Band Attractiveness and 
Sex Manipulation in Zebra Finches 

Burley's conclusions (1) that zebra 
finches (Poephila guttata) choose mates 
by their leg-band colors, that birds wear- 
ing certain colors produce more offspring 
than others, and that the sex ratio of the 
offspring depends upon the parental 
band colors are all unsupported by the 
evidence. We summarize selected objec- 
tions. 

(i) The study ( I )  depends upon the 
interpretation of unpublished (2) data. 
(ii) Baad colors used were not identical 
with those of the unpublished study. (iii) 
It is unclear whether the same birds were 
used as in the unpublished study; zebra 
finches are known (3) to have individual 
preferences in mating. (iv) In either case, 
no history of prior nesting and mating 
experiences are provided, although the 
past experience also affects mating pref- 
erences in this species (3). (v) The ap- 
proach criterion for sexual preference 
has already been established (4) as inval- 
id for this species. (vi) The birds were 
grossly overcrowded: 60 individuals 
were released into an 80-m3 aviary and at  
least some parents reared at  least four 
clutches (5) during the study, so that 
density probably increased continuous- 
ly. (vii) It is not reported whether renest- 
ing birds (5) retained the same mates. 
(viii) Data are not broken down by indi- 
vidual pairs, so individual differences in 
productivity of offspring are confounded 
with band color effects, and a direct test 
of mating preferences was thus ignored. 
(ix) At least I 1  offspring were omitted 
because they could not be sexed by 
plumage (5) and no standard laparoto- 
mies were performed. (x) Four clutches 
were omitted because they were tended 
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by a female-female pair (5), thus elim- 
inating about 24 additional offspring. (xi) 
The very occurrence of female-female 
pairs (5) suggests behavioral pathology, 
and the implied infidelity casts doubt on 
the assignment of parentage for all off- 
spring. (xii) The complex multivariate 
design with four independent variables 
(individual, sex, band color, and succes- 
sive renesting of parent) and two depen- 
dent variables (number of male and fe- 
male offspring) was invalidly analyzed 
with chi-square statistics. (xiii) A con- 
servative estimate suggests that the de- 
sign has more than 280 data cells, filled 
by only 125 data points. (xiv) Even using 
the X 2  analysis, conclusions do not fol- 
low from the data. The analysis is too 
complicated to present here in summary, 
but a Xerox copy of our detailed com- 
ments may be obtained by writing J.P.H. 

KLAUS IMMELMANN" 
JACK P. HAILMAN 

JEFFREY R. BAYLIS 
Department of Zoology, University of 
Wisconsin, Madison 53706 

References and Notes 

1. N. Burley, Science 211, 721 (1981). 
2. Reference 6 of (I) cites "N. Burley, G. Krantz- 

berg, P. Radman, in preparation. . . ." 
3. K. Immelmann, in Theoreticcrl Advances in Be- 

havior Genetics, J. R. Royce and L. P. Moss, 
Eds. (SGthoff and Noordhoff, Alphen aan den 
Rign, 1979), p. 121. 

4. D. B. Miller, Nature (London) 280, 389 (1979). 
5. Reference 7 of (I): "Data on 11 'white' birds are 

excluded because birds with this plumage muta- 
tion cannot be accurately sexed on the basis of 
external appearance. Data are also excluded for 
one homosexual female couple (orange-blue) 
that raised four clutches with no apparent male 
assistance." 

* Permanent address: Department of Ethology, 
University of Bielefeld, Bielefeld, West Germa- 
ny. 

6 April 1981; 23 June 1981 

SCIENCE, VOL. 215, 22 JANUARY 1982 



The sex ratio of zebra finch offspring is 
reported by Burley (1) to be determined, 
at least in part, by the socially defined 
attractiveness of the parents. Such a 
result would be of major importance in 
two areas of current evolutionary the- 
ory. It would provide support for the 
Trivers and Willard (2) hypothesis con- 
cerning parental control over the sex 
ratio, and it would suggest another possi- 
ble mechanism (3) for the evolution of 
the remarkable sexual dimorphisms in 
marking and form shown in many birds 
artd some other animals. It is regrettable, 
therefore, that the material presented 
does not show a reliable relation be- 
tween sex ratio of offspring and the at- 
tractiveness of the parents. 

The attractiveness of the birds was 
manipulated by attachment of colored 
leg bands. The colored leg bands were 
classified as attractive, unattractive, o r  
neutral (4), on the basis of a preference 
test in which individuals of each sex 
were allowed to perch next to  variously 
color-banded birds, and color preference 
was measured by the time spent next to  
birds wearing a particular color. The 
preference test established the indepen- 
dent variable for the main experiment on 
sex ratio manipulation, so the validity of 
the attractiveness classification derived 
from that test is crucial. But the prefer- 
ence data are not given and the only data 
relevant to preference that are given- 
the number of offspring from the respec- 
tive parental color combinations (Table 
1)-seemingly deny the validity of the 
attractiveness manipulation. Number of 
offspring presumably provides a crude 
index of sexual attractiveness; but the 
neutral females produced more than half 
the offspring, and the unattractive males 
outproduced the neutral males. 

Since analysis of the sex ratios of the 
offspring must be conditional on the at- 
tractiveness classification of the parents, 
and the validity of that classification is in 
doubt, the usefulness of further analysis 
is doubtful. However, some comments 
on the form of the analysis may be 
offered. 

The procedure followed in (I) of se- 
lecting the most deviant cells of the 
3 x 3 x 2 table to  create a 2 x 2 table in 
which sex ratio is "significantly" related 
to parental attractiveness ignores the 
fact that many such 2 x 2 tables could 
be constructed in which the effect is not 
observed, let alone significant. 

It is clear from the report ( I )  that 
offspring arrived in clutches of several 
birds (three or four?) and the experiment 
was continued long enough for each 
mated pair to produce several clutches. 
For  instance, consider (Table 1) the nine 
off'spring in the cell g-banded male, B1- 

Table 1. Number of offspring of each pair 
combination to reach maturity. Rand colors 
were as follows: R ,  red; 0, orange; g, light 
green; B1, black; b, light blue. 
-- - -- -. - - 

Male parent 

Female R 0 
parent 

g 
attrac- neu- unattrac- 

tive tral tive 

B1 attractive 11 8 9 
0 neutral 35 8 26 
b unattractive 11 15 2 

banded female which are crucial to the 
analysis in (1). We must consider how 
many independent events those nine off- 
spring represent, whether it is nine or  
whether they arrived in clutches of two 
or three, possibly all to the same mated 
pair. The unusual sex ratio observed in 
that cell may be due to as  few as one or  
two events. 

A better analysis of all of these factors 
would be based on counts of matings and 
the sex ratios that arise from those mat- 
i n g ~  (using each pair of birds only once) 
in a truly free-choice situation (5). First, 
however, for this research, a valid at- 
tractiveness measure would be required. 
The question remains important, and 
Burley (1) has taken a suggestive and 
ingenious first step in addressing that 
question, a step without which further 
steps might not have been considered. 

DAVID THISSEN 
EDWIN MARTIN 

Department of Psychology, 
University of Kansas, Lawrence 66045 
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A forthcoming paper (I) addresses 
points (i), (ii), (iii), and (v) raised by 
Immelmann et al. (2). It  also includes 
analyses of preferences for both se- 
quences reported in Science (3). Regard- 
ing other points raised by them (2): 
(point iv) Parental birds had no prior 
reproductive experience (4); (point vi) 
offspring were systematically removed at  
3- to 4-week intervals to  prevent over- 
crowding (5); (points vii and viii) on the 
basis of his own research, Immelmann 
(6) considers zebra finches to  form long- 
term pair bonds; also, if birds changed 
mates during the study, interpretations 

would be strengthened; (ix) the 11 white 
offspring were about evenly distributed 
among pair combinations; they could not 
account for observed trends. (point x) 
The one homosexual pair raised 7, not 
24, offspring. This pair bonded very ear- 
ly in the study, a t  minimum population 
density; (xi) a single case of homosexual- 
ity does not) indicate the presence of 
"behavioral pathology" (3, especially 
since other birds engaged in "normal" 
behavior (8),  and the colony produced 
many offspring. Moreover, the possibili- 
ty that behavioral pathology could ex- 
plain the results appears remote indeed. 

At the reported stage of research, it 
was not feasible to monitor individual 
reproductive success (RS) (9), thereby 
limiting interpretation and constraining 
statistical analysis. For  this reason, Im- 
melmann et al.'s suggestions for statisti- 
cal design [(xii) and (xiii)] are unrealistic. 
In addition, there is the crucial question 
of sample size required for the multivari- 
ate design they suggest; their design is 
not specified, but their estimate of 280 
cells is quite conservative. Given within- 
cell variability, the sample required might 
well exceed 2000 offspring. Thissen and 
Martin's (10) observation that the data 
could have been grouped in other ways 
for analysis ignores the following: (i) The 
results of preference experiments ( I )  did 
allow for a priori expectations of differ- 
ences in reproductive patterns of "at- 
tractive" individuals (black-banded fe- 
males and red-banded males) versus 
"unattractive" ones (blue-banded fe- 
males and green-banded males). The ra- 
tionale for constructing other possible 
2 x 2 tables was not evident a priori (or 
a posteriori). (ii) The direction of trend 
was uniform throughout the study (3). 
(iii) The pattern displayed by one color 
type (such as  red-banded males) was 
necessarily complicated by the pheno- 
types of mates, which could well have 
acted to dilute within-sex trends in off- 
spring production. (iv) A clutch-by- 
clutch, rank-order correlation between 
sex ratio and discrepancy in attractive- 
ness between mates was significant (3), 
and the direction of the trend was con- 
cordant with other results: that is, the 
greater the discrepancy in attractive- 
ness, the greater the bias in sex ratio in 
the direction of the more "attractive" 
mate. 

Because individual RS is not known, 
the number of pairs of each combination 
cannot be determined. Minimum esti- 
mates, obtained from pairs breeding 
simultaneously, indicated a minimum of 
two to four pairs for each combination 
except blue-green (one pair). In all, 55 
clutches were produced (11). 

To  define attractiveness in terms of RS 



creates a tautology. Clearly, an indepen- 
dent measure is critical so that the ques- 
tion "what is the effect of attractiveness 
on RS?" can be asked, and hypotheses 
about function can be tested. Thissen 
and Martin's suggested "free-choice" 
design, wherein birds could interact free- 
ly, has not proved feasible because the 
intense intrasexual competition generat- 
ed swamps the choice process. While not 
all aspects of this methodological prob- 
lem have been worked out, we have data 
(1, 12) that attractiveness can be mea- 
sured prior to pair formation without 
physical contact between participants. 

The finding that "attractive" females 
are less successful reproductively than 
"intermediate" females is intriguing. 
One possible reason for this result has 
been discussed (3). Attractiveness is 
only one of several components affecting 
RS in polygynous and promiscuous spe- 
cies (13); its role in monogamous species 
is hardly understood. Understanding its 
importance requires information on the 
effect of attractiveness on several as- 
pects of reproduction, including timing, 
frequency of breeding, eagerness to 
breed, the "willingness" of individuals 
to invest in their offspring (14), and the 
behavioral complementarity of various 
pair combinations. 

NANCY BURLEY 
Department of Ecology, 
Ethology and Evolution, 
University of Illinois, Urbana 61801 

It appears to us that the hypothesis 
advanced by Langer et al. (I) is very 
weak and unsubstantiated when brought 
under close scrutiny. 

1) The study by Lessard et al. (2) 
referred to in (I) does not present con- 
clusive evidence with respect to the tox- 
icity of nickel. As Maheux et al, point 
out (3), "this study [Lessard et al.] is by 
no means the final evidence that nickel 
(ore) dust is carcinogenic for human be- 
ings." Numerous criticisms can be made 
of this work, most of which were raised 
by the authors themselves. These in- 
clude the following points: (i) There is no 
distinction made between primary and 
secondary cancers. (ii) A comparison is 
made between the incidence of lung can- 
cer in New Caledonia and that in the rest 
of the world, which is based on data from 
the period 1970 to 1974 for New Caledo- 
nia and 1960 to 1964 for the rest of the 
world. It is known that the risk of mortal- 
ity from lung cancer has risen over the 
years in developed countries. Between 
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Cancer in Nickel-Processing Workers in New Caledonia 
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the period 1960 to 1964 and the period 
1970 to 1974, the increase in the inci- 
dence was sufficient to place the Europe- 
an population of New Caledonia on the 
same level as the European population of 
New Zealand (where there is no nickel 
mining industry). (iii) The control group 
that was used is not representative of the 
population of New Caledonia and must 
therefore be considered with extreme 
caution. This group was selected from 
among hospital laboratory outpatients. 
As Maheux et al, admitted (3), "Some 
consequences of this, like a significant 
different mean age between the case 
group (58 years) and the comparison 
group (46 years) is of critical importance, 
even though the statistical method em- 
ployed permitted to control for age." 
Furthermore, the proportion of smokers 
among the nickel workers in the control 
group (90 percent) is very different from 
what appears in our medical records (56 
percent). (iv) Specificity with respect to 
nickel as the causative factor is missing. 

2 )  The incidence of lung cancer in 
New Caledonia has remained practically 
unchanged over the past 10 years, al- 
though there was a considerable increase 
in medical monitoring and an increase in 
the level of nickel production from 1945 
to 1975, and despite the fact that the 
incidence of lung cancer has increased 
significantly throughout the world (4). 

3) The numbers of nasal sinus can- 
cers, the incidence of which has been 
reported to be as much as 600 times 
higher in nickel workers according to 
epidemiological surveys related to 
"nickel smelters," have been very small 
thus far in New Caledonia, although 
nickel has been mined and smelted on 
the island for a century. 

4) Only three cases of pleural meso- 
thelioma were recorded in New Caledo- 
nia between 1970 and 1980 (5, 6), and 
none of these among smelter workers. In 
our opinion, it is not possible to conclude 
one way or the other about the normality 
or abnormality of mesothelioma occur- 
rences in New Caledonia. If, in fact, the 
inhalation of asbestos fibers had been an 
important factor in New Caledonia, a 
large number of cases of asbestosis 
should have been observed. The results 
of a complete standard detection pro- 
gram carried out in June and July 1980 on 
all personnel at a mining center on the 
island showed no significant anomalies 
that could result from exposure to asbes- 
tos, notably no pleural plate, pleural 
thickening, or pulmonary fibrosis (5). 

5) Ores mined in New Caledonia re- 
sult from the transformation by surficial 
weathering of ultrabasic rocks which are 
more or less serpentinized. These ores 
correspond to soft material which sur- 
rounds hard cores of fresh rock. When 
serpentinized, the fresh rock contains 
two magnesium silicates, lizardite and 
chrysotile, which is fibrous. In the 
course of weathering, the chrysotile dis- 
appears. The newly formed magnesium 
silicates are predominantly a nickelifer- 
ous lizardite (plane sheets) (7). As a 
result, the fines, the part of the ore liable 
to produce inhalable dust, contain only 
small, in fact very small, amounts of 
chrysotile (a few hundred parts per mil- 
lion). Thus, the amount of fibers inhaled 
by nickel workers is much lower than the 
minimum amount established by French 
law and also lower than the amount 
currently urged as a standard (less than 
0.5 fiber per cubic centimeter). 

Our investigations do not lead us to 
support the thesis of Langer et al. or 
to suspect that the nickeliferous sub- 
stances (whether associated with chryso- 
tile or not) that are handled in New 
Caledonia are responsible for most of the 
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