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Response to R. M. Zink 

J. D. RISING i 

Zink's study (1986) of geographic variation in the 
schistacea Fox Sparrows (Passerella iliaca) of California 
and Nevada provides us with an excellent opportu- 
nity to compare patterns of genetic and morpholog- 
ical variation in a bird species. In my review (Rising 
1988a) I found much to praise, but expressed concerns 
about the morphological analyses and Zink's appar- 
ent diffidence about the results. My review stimulated 
him (1989) to discuss some of these matters in greater 
depth, and I take this opportunity to respond to his 
discussion by expanding on my concerns. 

Enzymes that are identified by electrophoretic anal- 
yses are involved in cell metabolism. These have spe- 
cific functions, and mutational changes may affect 
their biochemical effectiveness. Indeed, it seems 

probable a priori that most "new enzymes," if at all 
changed, would have reduced activity and be elimi- 
nated by natural selection. In a few cases, two or 
perhaps several different allozymes have optimal cat- 
alytic efficiencies in different environments, and could 
be retained in a polymorphic state in populations by 
natural selection (Koehn et al. 1983); but, for the most 
part, it is likely that allozymes segregating in popu- 
lations are selectively equal (i.e. "neutral"). In fact 
the observed distributions of allele frequencies in nat- 
ural populations of birds generally are not signifi- 
cantly different from those that would be expected if 
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the allozymes were neutral, their presence and fre- 
quency in populations being determined by mutation 
and stochastic events. Though to my knowledge no 
one has direct evidence relating the relative fitness 
of individual birds to different biochemical pheno- 
types, there is good indirect evidence to support a 
variant of the neutral hypothesis of genetic variation, 
the "Infinite allele-Constant mutation rate" model (the 
IC model; Barrowclough et al. 1985). Barrowclough 
et al. (1985) argue that the neutral model should be 
accepted as a "null hypothesis" to explain allozymic 
variation in birds. While I fully concur with the sen- 
timent of such a suggestion, I have reservations about 
using the term "null hypothesis" in this way. A null 
hypothesis is a statistical hypothesis. The IC model 
predicts a certain distribution of alleles by frequency. 
The statistical null hypothesis, then, is that the ob- 
served distribution of alleles is not different from this 

predicted frequency. This may seem a semantic quib- 
ble, but I am concerned that people will confuse a 
statistical null hypothesis with that which is biolog- 
ically reasonable or parsimonious. Neutral hypothe- 
ses are not always biologically reasonable, although 
the mutation-drift hypothesis of allozymic variation 
is an exception. 

To give another example, on the basis of analogy 
with other sparrows and the theory of sexual selec- 
tion, one would predict that male Fox Sparrows are 
larger than females, not the same size. To test this 
biological hypothesis, one would test a statistical null 
hypothesis, namely that there is no difference in size 
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between the sexes. Unfortunately, the hypothesis of 
sexual size dimorphism in schistacea Fox Sparrows has 
not been tested. Zink (1986: 13) merely refers to Lins- 
dale (1928) as having shown that dimorphism occurs 
in these birds, but this is not entirely accurate. Lins- 
dale, for the most part, sorted his specimens (some of 
which were collected in winter) by named subspecies 
rather than by collecting site (a practice rightfully 
decried by Zink); and he presented tables of mea- 
surements (means, ranges, and in some cases standard 
deviations), but did no statistical analyses. Although 
Linsdale's data indicate that males are generally larg- 
er than females, this has not been tested. A two-way 
analysis of variance (sex and locality) would have 
shown whether or not there was sexual dimorphism, 
geographic variation, and geographic variation in di- 
morphism for each character. 

What do we learn about the population structure 
of schistacea Fox Sparrows from the genetic data? Zink 
(1986) found few genetic differences among popu- 
lations of these sparrows. As he writes (1986: 78), the 
"... homogeneity of allelic frequencies could be a 
result of Fox Sparrows occupying a less fragmented 
range in the near past, with insufficient time for se- 
lection to sort out alternative alleles or genetic drift 
to operate." Alternatively, Zink notes (1986: 78), "A 
high rate of gene flow is a potential cause of geo- 
graphic homogeneity of allelic frequencies, as sug- 
gested from analysis of the spatial distribution of rare 
alleles." Zink's (1986) results are in fact those one 
would expect if there were high gene flow among 
populations. They do not, however, show that such 
gene flow is occurring: the existence of genetic dis- 
similarity among populations points to a "highly sub- 
structured population," but the absence of this does 
not demonstrate gene flow. A very small amount of 
gene flow can also prevent divergence in gene fre- 
quencies among populations if the only factor oper- 
ating is drift (Lewontin 1974). McKechnie et al. (1975) 
found a high degree of genetic similarity among pop- 
ulations of Euphydryas editha and E. chalcedona, even 
though there is apparently very little gene flow among 
populations. Additionally, as Zink recognized (above 
quote), the similarities could be historical. If selection 
were unimportant (as is probably the case), then only 
drift or gene flow would operate, in all probability, 
to change gene frequencies in local populations. If 
the frequencies are the same in all populations, gene 
flow could not lead to changes in local populations, 
and there is no reason to suppose that effective pop- 
ulation sizes of local populations have ever been small 
enough for drift to be a significant factor. Indeed, the 
existence in Zink's sparrows of more rare alleles than 
expected specifically indicates that local populations 
have not been recently bottlenecked. Thus, in the ab- 
sence of selection, we would expect differences among 
populations of Fox Sparrows to develop only very 
slowly even if there were little or no gene flow among 
populations. In any event, even if there were consid- 

erable gene flow among populations, natural selec- 
tion could operate to maintain striking morph-clines, 
i.e. genetic substructuring at those loci affected by 
selection (Endler 1977). I do not believe that I un- 
deremphasize the value of genetic data sets, and in- 
deed I specifically praised Zink for his presentation 
of genetic data. I do, however, urge people not to 
draw conclusions from inconclusive results. 

Genetic data may give us valuable information about 
population structure, but there is no reason to sup- 
pose a priori that genes controlling cell metabolism 
reflect variation in "phenotypic" characteristics such 
as bill size, body size, or coloration, or vice versa. 
Such features are influenced by the environment as 
well as many different genes, each of which may well 
have numerous pleiotropic effects (Atchley 1983). For 
this reason, and others (Rising 1988a), I suppose a 
priori that features such as bill size and coloration 
would be influenced by natural selection (Zink agrees 
on coloration). My "null hypothesis," however, is not 
that adaptation alone produces geographic variation. 
My null (statistical) hypothesis is that there are no 
geographic differences. Zink's analyses reject this hy- 
pothesis for the schistacea Fox Sparrows. My alternate 
hypothesis (having rejected the null hypothesis) is 
that the geographic differences reflect different ad- 
aptations, and perhaps "environmental induction" as 
well. I have never argued that adaptation and adap- 
tation alone is responsible for patterns of geographic 
variation of such features (cf. Zink 1989), but I suggest 
that it is highly probable that adaptation plays a role 
in the phenotypic expression of such features. Those 
of us who speculate about the adaptive nature of 
structures such as body or bill size should not be 
ridiculed as purveyors of Panglossian just-so stories, 
or dismissed as being blinded by "... an adaptationist 
world view" (Zink 1989). Reasonable scientists are 
neither "neutralists" nor "adaptationists": they rec- 
ognize that both selection and stochastic factors play 
a role in evolution. 

Zink (1989) advocates testing "non-adaptationist 
explanations" such as environmental induction and 
phenotypic drift prior to testing inferences from cor- 
relations about the adaptive maintenance of traits. 
How does one test these, and how powerful are the 
tests (Toft and Shea 1983)? Has any ornithologist ever 
tested for these influences? Should we dismiss "ad- 

aptationist" studies such as Boag and Grant (1981) 
because they did not rule out the possibilities of en- 
vironmental induction and phenotypic drift? James' 
landmark research on Red-winged Blackbirds (Age- 
laius phoeniceus), in my opinion, led to the most im- 
portant paper on geographic variation published in 
the last 20 years (James 1983). Her results indicate 
that the role of the environment in determining adult 
phenotype may be more important than many of us 
would have predicted. She has not shown, however, 
that environmental induction is the only factor in 
geographic variation. James' results are not straight- 
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forward. In most cases, the control birds show the 

same trends as the transplanted ones (albeit not near- 
ly so strongly), and in all cases the transplanted birds 
are intermediate between normal offspring from their 
natural and adoptive populations. Does this not sug- 
gest a role for both adaptation and environmental 
induction? It clearly would be desirable to have more 
information of the sort that James has given us, both 
about Red-winged Blackbirds and other species of 
birds. Yet in the years that have passed since the 
publication of James' work, no one has followed with 
a similar study, doubtless because it is extremely dif- 
ficult to carry out that sort of research on birds. Berven 
and Gill (1983) found that genetically controlled life- 
history traits, such as size at metamorphosis and the 
length of the larval period, may vary geographically 
in Rana sylvatica. In this frog, evidence suggests that 
development patterns are locally adaptive and reflect 
the different selection pressures at each environment. 
If this also holds for Red-winged Blackbirds, James' 
results are perhaps not so surprising. They certainly 
do not lead us to the conclusion that the size or shape 
that a developing bird reaches is not influenced by 
natural selection. Selection for a developmental rate 
that results in a particular morphology in a specific 
environment is still selection. 

It is not practical to do studies such as James' with 
most species of birds. Disregarding the thorny issue 
of whether it is desirable to move large numbers of 
birds from one place to another, such research re- 
quires that nests are easy to find, and that there is 
substantial geographic variation in morphology. If we 
wish to study developmental genetics, environmental 
induction, or phenotypic drift, perhaps we should not 
study birds. It is possible that all of us who have 
studied morphological geographic variation of birds 
have wasted our time (Atchley 1983), but it is not 
productive to offer platitudes about doing what can- 
not be done (Zink 1989). Because I feel it is reasonable 
to think that bill size and shape is influenced by nat- 
ural selection, I do not think that it is a waste of time 

to study bill morphology. Of course, I make assump- 
tions: I assume that evolution occurs, and I assume 

that selection influences bill size and shape. These 
assumptions cannot be proven by studies of geo- 
graphic variation, but correlations between bill size 
and environmental variables can lead to hypotheses 
about adaptation that can be tested. Correlation does 
not reveal cause, but it can be suggestive (which is 
why so many people have stopped smoking). I confess 
that, after studying Zink's work (1986, 1989), I am 
mystified as to why schistacea Fox Sparrows show so 
much geographic variation in bill size, and I (1988a) 
applauded Zink (1986) for not offering facile "ad hoc 
hypotheses." Perhaps the assumptions of evolution 
and adaptation will be shown to be unfounded, but 
I think that it is premature to accept Zink's proposi- 
tion (1986: 107) "... that local environmental con- 
ditions acting during the nesting period shape in- 

herent phenotypic plasticity, effecting spatial 
patterns." Although possible, absolutely none of this 
speculation is supported by Zink's work--and I think 
that such a hypothesis is improbable. If size variation 
reflected only the local environmental conditions, why 
do males and females from the same locality on av- 
erage differ in size (if indeed they do)? Why, other 
than selection, would the sexes respond differently 
to the local environmental influences? Environmen- 

tal induction perhaps does effect geographic varia- 
tion. But adaptation, too, almost certainly, is reflected 
in such variation. Perhaps the ultimate challenge is 
to experimentally identify the variance components 
associated with each of these alternative hypotheses, 
but birds may not prove suitable subjects for such 
research. 

Zink (1989) has raised two methodological points 
that need clarification. Certainly a critical sample size 
of 10 is not a magic number. I have bootstrapped some 
measurements of Savannah Sparrows (Passerculus 
sandwichensis), and find that my estimates of averages 
are "good" with samples of 10 individuals; but esti- 
mates of variance do not become consistent until n = 

35 or so. Of course, it is not practical, and in some 
cases would not be possible to obtain samples that 
large, but such results can be substantiated by ex- 
amining the F value asymptote at a critical level of 
say 0.05 with increasing denominator degrees of free- 
dom. Strictly speaking, however, this indicates that 
we should not be doing statistical analyses that in- 
volve estimates of variance (such as ANOVA and 

product-moment correlations) with samples of fewer 
than 35 individuals, but I suspect that this is unnec- 
essarily conservative. At least with 10 individuals, we 
apparently can have some confidence in our estimates 
of means, but samples of 1, 2, 3, 4, etc. are not satis- 
factory. 

I admit to being among the many sinners who have 
not bootstrapped principal components loadings, but 
Zink (1989) appears to have missed my (1988a) point. 
In his analyses (Zink 1986: table 15) his PC II and PC 
III explain virtually the same amount of variance, i.e. 
in three-dimensional space his data form a football- 
shaped cluster. Thus the two shape axes that are or- 
thogonal to PC I (PC II and PC III) may be arbitrary, 
and should be jackknifed or bootstrapped to ascertain 
whether they represent repeatable axes if they are to 
be treated as accurately reflecting character covaria- 
tion. In my study (Rising 1988b: table 3), PC II ex- 
plains about twice as much variance as PC III; thus, 
the distribution of points in three-dimensional space 
is more like a tongue depressor. Thus, component II 
would almost certainly have the same loadings even 
if bootstrapped. It is important to "resample" only 
when the dimensions have approximately the same 
eigenvalues (which can be visually assessed from a 
Scree plot [Cattell 1966] or by direct inspection). 

Zink's monograph on geographic variation in schis- 
tacea Fox Sparrows is an important contribution that 
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contains much that is valuable and original, and very 
little that should be criticized. In a short review it is 

perhaps inevitable that disproportionate emphasis is 
given to criticism, and if my review of Zink's paper 
gave the impression that his work was seriously 
flawed, I am guilty of failing to have achieved a rea- 
sonable balance. Zink's work is innovative and 

thought-provoking, and I urge everyone interested 
in geographic variation to study it. 
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Response to P. R. Ehrlich, D. S. Dobkin, and D. Wheye 

ELOISE F. POTTER • 

Ehrlich, Dobkin, and Wheye (1986) provided a use- 
ful service by bringing to the attention of ornithol- 
ogists Beattie's (1985) evidence that metapleural glands 
of ants produce secretions that include antibiotic plant 
auxins and that ants spread these secretions over their 
entire bodies. The suggestion that secondary acqui- 
sition of those antibiotic secretions would be an "im- 

portant reason" for anting by birds is appropriate and 
worthy of further investigation. However, I submit 
that Ehrlich et al. (1986) have no scientific basis for 
their opinion that certain hypotheses pertaining to 
the adaptive significance of anting are "more reason- 
ably" acceptable than others. Unfortunately the au- 
thors failed to read and consider Potter and Hauser 

(1974), the most recent paper on anting that has ap- 
peared in The Auk. 

• North Carolina State Museum of Natural Sciences, 
P.O. Box 27647, Raleigh, North Carolina 27611 USA. 

Potter and Hauser (1974) determined that anting 
was most frequently reported from those portions of 
the United States where thunderstorms occur 30 to 

50 times per year. These are places where the weather 
is alternately dry and wet during the summer and 
early fall. Such conditions promote the simultaneous 
loss, and thus the simultaneous replacement, of feath- 
ers that would have dropped gradually in dry weather 
or in a climate with rain daily throughout the molting 
period. 

Potter and Hauser (1974) documented the correla- 
tion of anting and sunbathing in wild birds with the 
rapid loss and replacement of feathers in particular 
feather tracts. The birds studied ant while replacing 
feathers in the wing, the tail, and the lower under- 
parts. All of these parts of the body are readily ac- 
cessible to the bill. Birds sunbathe while replacing 
feathers on the head, the back, the neck, and the 

upper breast. These parts of the body are not readily 
accessible to the bill. 


