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phological convergence on G. fuliginosa by the Darwin 
and Wolf populations. We believe that Schluter et 
al.'s arguments against it are implausible. 
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The Use of Flow Cytometry for Rapid Identification of Sex in Birds 

TERRENCE g. TIERSCH, • RONALD L. MUMME, 1'2 ROBERT W. CHANDLER? AND 
DEaN N•'•ad UP, A 4 

Unambiguous identification of the sex of live birds 
is critical in numerous areas of avian research, in- 

cluding studies of alternative reproductive tactics, sex- 
ratio manipulation, and conservation biology (e.g. van 
Rhijn 1973, Snyder and Snyder 1989, Stamps 1990). 
However, identification of sex can be problematic for 
researchers dealing with young birds or sexually 
monomorphic species. Techniques currently avail- 
able for identification of sex, primarily based on cy- 
togenetics or biochemical genetics, are time-consum- 
ing, expensive, or require considerable amounts of 
tissue. The use of sex-specific DNA probes can over- 
come some of these shortcomings (Quinn et al. 1990), 
but this technique is time-consuming also, and probes 
may not be equally effective with DNA of species 
from divergent taxonomic groups. Other techniques 
such as laparotomy do not always work with nestlings 
or sexually immature birds, are potentially stressful, 
and may be inadvisable when dealing with threat- 
ened or endangered species. 
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Flow cytometry has been used to measure nuclear 
DNA content in a wide variety of organisms (e.g. 
Tiersch et al. 1989). In addition, flow cytometry has 
been used to identify differences in the DNA content 
of male and female humans (Deaven 1982, Elias et al. 
1988) and other mammals (Kent et al. 1988). Recently, 
Nakamura et al. (1990) have developed a rapid and 
inexpensive procedure for sexing live birds through 
the use of flow cytometry. This procedure allows sex 
to be assigned on the basis of small but consistently 
measurable differences in the nuclear DNA content 
of males and females. Nuclear DNA content is a sex- 

ually dimorphic trait in birds because (1) in those 
species with heteromorphic sex chromosomes, the W 
chromosome is consistently smaller than the Z chro- 
mosome, and (2) males are homogametic (ZZ) and 
females are heterogametic (ZW). Our purpose in this 
commentary is to introduce flow cytometry to re- 
search ornithologists who might find the technique 
useful for the identification of sex in live birds. 

The flow cytometer measures fluorescence, size, and 
granularity of cells. Most uses to date have been in 
areas of medicine (see review by Lovett et al. 1984). 
Flow cytometry has been applied to the study of cell 
surface receptors, cell pH, DNA synthesis, character- 
istics of the cell membrane, DNA base ratios, various 
cell and nuclear proteins and ions, phagocytosis and 
oxidative burst, cell RNA content, chromatin struc- 

ture, and cytoskeletal organization. Other applica- 
tions include karyotyping, testing for the effects of 
environmental mutagens (e.g. Deaven 1982, Bickham 
et al. 1988) and the detection of abnormalities in ploi- 
dy level (e.g. Alien 1983). The flow cytometer, also 
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called a fluorescence activated cell sorter, can be used 
to sort cells whether dead or alive from a mixture at 

a high rate of speed, even when the cell type of in- 
terest is present in very low proportion. 

The most common application of flow cytometry 
has been in DNA analysis. Various stains can be used 
to render nucleic acids fluorescent and allow the de- 

tection of DNA aneuploidy and altered cell cycles in 
cell populations. The characterization of breast cancer 
cells by this method, for example, has become a stan- 
dard of medical practice. The DNA content of target 
cells is usually quantified relative to a standard DNA 
content in cells from a reference species (Vindelov et 
al. 1983, Lee et al. 1984). In brief, blood cells are lysed 
in buffered detergent, and the nuclei are stained with 
propidium iodide (Krishan 1975), a fluorochrome that 
intercalates within the helices of DNA in direct pro- 
portion to the mass of DNA present. A laser beam is 
used to excite the molecules of propidium iodide and 
the fluorescence emitted by each nucleus is collected 
and digitized for computer analysis. Differences in 
the DNA content of cells can be calculated from dif- 

ferences in their level of fluorescence. 

When flow cytometry was applied to identification 
of sex in birds, alternative values of DNA content, 
attributable to differences in size of the Z and W sex 

chromosomes, were found in males and females in 

29 species representing seven orders (Nakamura et 
al. 1990). In species that possess heteromorphic 
sex chromosomes, sex was identified correctly in 119 
of 120 birds. The magnitude of the difference in DNA 
content between males and females appeared to be 
proportional to the magnitude of the difference in 
size between the Z and W chromosomes. This is con- 

sistent with the finding that in a ratite (Dromaius no- 
vaehollandiae), which has no or little heteromorphism 
of the sex chromosomes (Ansari et al. 1988), sex iden- 
tification was not possible. The W chromosome of the 
Bald Eagle (Haliaeetus leucocephalus) is not much small- 
er than the Z (Au et al. 1975), and difference between 
male and female DNA mass, although consistent, was 
small. It may be that the degree of sex-chromosomal 
heteromorphism and corresponding DNA content dif- 
ference found in the Bald Eagle represents a lower 
limit of sensitivity for the assay. 

Sex could be identified within an hour of sample 
collection in those bird species that possessed het- 
eromorphic sex chromosomes. Only 5-10 rain were 
required for analysis after the flow cytometer had 
been aligned optically and standardized. Accurate de- 
terminations were made in samples that had been 
refrigerated for up to 2 weeks or had been stored at 
-20øC. Microliter volumes of whole blood, obtained 
by clipping a toenail or by brachial puncture, pro- 
vided material for multiple analyses. The technique 
can be applied to any type of nucleated cells including 
those in feather pulp. 

Flow cytometry was most effective in species that 
possessed a large difference in the size of the Z and 

W chromosomes. However, because the approach is 
based on the differential quantity of nuclear DNA of 
males and females, other influences such as chro- 

mosomal polymorphism or occurrence of repeated 
DNA sequences could reduce accuracy. Accordingly, 
flow cytometry should not be considered in all cases 
as a substitute for cytogenetic or other techniques 
(including sex-specific DNA probes) used for the 
identification of sex. Furthermore, the technique is 
limited by the need for concurrent male and female 
control samples, and thus would not be useful for 
analysis of a single bird. Flow cytometry would be 
useful in identifying the sex of chicks in relation to 
their parents, or in studying large groups of birds 
that can be analyzed simultaneously. 

In spite of these potential shortcomings, flow cy- 
tometry offers ornithologists a quick and effective 
means to determine the sex of live birds from small 

samples of blood or other nucleated tissues. Like the 
sex-specific DNA probe developed recently for geese 
by Quinn et al. (1990), flow cytometry may prove to 
be a potentially useful and powerful tool to orni- 
thologists whose research involves accurate identi- 
fication of sex in live birds. 
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On Forming an Ornithological Council 

RICHARD C. BANKS • 

It has begun to bother me that the ornithological 
societies seem to be playing an extremely minor role 
in anything to do with conserving, preserving, or 
salvaging the environment. We realize--or we tell 
each other that we do--that birds are an important 
part of the world's ecosystems, that they can often 
serve as indicator species of environmental problems, 
that what affects bird populations can and will even- 
tually affect the human population. But as organiza- 
tions, we lack a mechanism to tell anyone other than 
ourselves about our concerns or how the knowledge 
our study produces can be used to help efforts to 
protect either the birds themselves or the environ- 
ment of which they and we are parts. We can, and 
some do, share our concerns and knowledge individ- 
ually, but we have no effective way to say that 5,000 
ornithologists think that "Plan A is a good idea" or 
"Plan B could lead to declines in bird populations" 
or even that "Plan C would have a very bad (or good) 
effect on the scientific study of birds that is needed 
to know whether Plans A and B are good." Our cur- 
rent mechanism for action is pretty much restricted 
to adopting resolutions saying, in effect, "We think 
you shouldn't have done that" or "We wish you would 
do something." Even the timing of this mechanism 
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leaves much to be desired if we really intend to have 
any effect. 

To be sure, the AOU has a Committee on Public 

Responsibility whose functions include attempting to 
find someone with the appropriate ornithological ex- 
pertise to use that expertise or to express an opinion 
based on it in an advisory capacity in a given situa- 
tion. But as with all our committees, that one depends 
on people who are deeply involved in their own ac- 
tivities. The ability of that committee to fulfill its 
functions depends on the ability of the chair and the 
members to find the time in an otherwise full day to 
remain apprised of situations where scientific orni- 
thological input might prove to be useful and to find 
the right person to provide it. I chaired that com- 
mittee for the first few years of its existence, and I 
can attest that it could be a full-time job. With due 
respect to the current chair and committee, it cannot 
as presently established have much effect in provid- 
ing a voice for the AOU, let alone for scientific or- 
nithology. 

I believe that the scientific study of birds is relevant 
to many present environmental concerns. Some of 
our studies indicate that degrading the environment 
affects bird populations, or that some changes in bird 
populations may be a result of actions that superfi- 
cially seem totally unrelated. Other actions may have 
a detrimental effect on our ability to study some or- 
nithological problems. There may be studies that we 
are not conducting that would provide information 


