
140 Short Communications and Commentaries [Auk, Vol. 114 

LITERATURE CITED 

CHARNOV, E. L., AND J. R. KREBS. 1974. On clutch 
size and fitness. Ibis 116:217-219. 

GIBOONS, D.W. 1987. Hatching asynchrony reduces 
parental investment in the Jackdaw. Journal of 
Animal Ecology 56:403-414. 

LACK, D. 1947. The significance of clutch size. Ibis 
89:302-352. 

LACK, D. 1954. The natural regulation of animal 
numbers. Oxford University Press, Oxford. 

MAGRATH, R.D. 1990. Hatching asynchrony in al- 
tricial birds. Biological Reviews of the Cambridge 
Philosophical Society 65:587-622. 

MOCK, D. W., AND L. S. FORGES. 1994. Life-history 
consequences of arian brood reduction. Auk 111: 
115-123. 

MOCK, D. W., AND B. J. PLOGER. 1987. Parental ma- 
nipulations of optimal hatch asynchrony in Cat- 
tle Egrets: An experimental study. Animal Be- 
haviour 35:150-160. 

REZNIK, D. 1985. Costs of reproduction: An evalu- 
ation of the empirical evidence. Oikos 44:257- 
267. 

STOLESON, $. H., AND $. R. BEISSINGER. 1995. Hatch- 

ing asynchrony and the onset of incubation in 
birds, revisited: When is the critical period? Cur- 
rent Ornithology 12:191-270. 

WILLIAMS, G. C. 1966. Natural selection, the costs of 

reproduction, and a refinement of Lack's prin- 
ciple. American Naturalist 100:687-690. 

Received 12 December 1994, accepted 6 July 1995. 

The Auk 114(1):140-141, 1997 

Abiotic Factors and Preroosting Behavior of Greylag Geese: A Comment 

STg?H•q G. REE•S • 

D•partement de biologie, Universit• de Moncton, Moncton, New Brunswick EIA 3E9, Canada 

In a paper on the preroosting behavior of Greylag 
Geese (Anser anser), Schmitt (1994) concluded that 
"abiotic factors determine departure time but do not 
disturb flock cohesion" (p. 763) and that "none of the 
variation in departure time is due to variation in social 
interactions leading to flock synchronization" (p. 762). 
Here, I argue that Schmitt (1994) has not convincingly 
shown that abiotic factors have no influence on flock 

cohesion during departure to the roost, that he has 
not clearly shown which abiotic factors influence de- 
parture time, and that he has not really shown a lack 
of correlation between departure time and flock syn- 
chronization. 

Schmitt's conclusion that abiotic factors do not in- 

fluence flock cohesion is at odds with his results (p.760) 
that "synchronization was lower on rainy than on 
cloudy and sunny evenings (both P < 0.001), but 
cloudy and sunny evenings did not differ." Schmitt 
went on to say that rainy evenings were colder and 
darker than cloudy and sunny evenings. Therefore, 
it is likely that temperature and/or light intensity, if 
not rain itself, affected synchronization. Unfortu- 
nately, no figures or tables with flock synchronization 
as the dependent variable were presented. Schmitt 
reported that a multiple regression analysis (on data 
from only one season) failed to correlate any abiotic 
factor with synchronization, but rainfall apparently 
was not included as an independent variable. More- 
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over, the power of the statistical test was not given. 
Forbes (1990) made a convincing argument that con- 
clusions based on negative results (lack of statistically 
significant effects) should be accompanied by power 
analyses. 

Schmitt stated that abiotic factors influence depar- 
ture time, a conclusion that has been reached in many 
other studies (see references in his paper). However, 
it is not clear exactly which factors were involved in 
the case of Greylag Geese. The multiple regression 
analysis in Schmitt's table 1 shows that "illumination 
decrease" is the main factor. But a footnote to table 1 
reveals that "illumination decrease" was calculated 

as the "difference between values at sunset and take 

off of flock." Obviously, a parameter closely related 
to the dependent variable (departure time) was used 
in the calculation of "illumination decrease," and 

therefore, departure time and "illumination de- 
crease," from the start, were not independent from 
each other. Thus, it is not surprising that illumination 
decrease explained as much as 92% of the variation 
in departure time. It is obvious that the later the de- 
parture time, the lower the light intensity at that time, 
and the more positive (less negative) the illumination 
decrease, as defined. Later in the discussion, Schmitt 
seemed to redefine illumination decrease as how 

quickly light intensity changed, but there is no men- 
tion of how and at what time of day this rate was 
calculated. The argument of inherent relatedness be- 
tween independent and dependent variables also 
could be used for other "independent" variables used 
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in the regression, such as illumination at takeoff, tem- 
perature at takeoff, and temperature decrease. More- 
over, the assumption of noncollinearity among in- 
dependent variables (Zar 1984) probably was not 
checked before the multiple regression was conduct- 
ed (if it had been, I doubt that three variables related 
to illumination would have been included all at once). 
The analysis should have been done only with day 
length, light intensity at sunset, temperature at sunset 
(if unrelated to light intensity), and synchronization 
of flock as independent variables. 

Schmitt reported that geese left for the roost earlier 
on rainy than on cloudy than on sunny days, and that 
temperature and light intensity were lower on rainy 
than on cloudy than on sunny days. Based on this, 
he stated that "departure time changed with temper- 
ature and illumination level; the colder and darker 

the evening, the earlier the geese took off" (p. 761). 
Schmitt correctly pointed out that because the two 
factors seem to be correlated, only one of them could 
be involved. In the discussion, he appeared to dis- 
count the importance of temperature based on a rath- 
er good argument about the lack of thermoregulatory 
stress in summer and the results of his multiple re- 
gression. However, for reasons explained above, the 
multiple regression analysis should be redone, and 
the results are unknown at the moment. 

Based on a purported lack of correlation between 
departure time and flock synchronization, Schmitt 
claimed that "neither early nor late take off results in 
low synchronization." Although I have no qualms 
with this statement based on a visual inspection of 
his figure 1 (I would have said "results from" rather 
than "results in" to be consistent with the position 
of the axes and the hypothesis presented in the in- 
troduction), a linear correlation is not appropriate to 
support such a claim. If both early and late departure 
times led to lower synchronization, then the data 
points in figure 1 would be positioned in the shape 
of a curve (concave side to the left), and this would 
call for curvilinear regression, not Pearson's product- 
moment coefficients. Linear correlation would have 

been appropriate to test the idea that greater syn- 
chronization could occur during late departure (if one 

views nightfall as the time past which the flock cannot 
fly, then the closer to nightfall the flock decides to 
leave, the less potential there is for departure to be 
stretched in time). However, Schmitt did not explore 
this rationale. 

Perhaps this rationale should have been given; in- 
deed, the 1986 data in Schmitt's figure 3 seem to in- 
dicate that later departures were correlated with 
greater flock synchronization. Following Schmitt's 
definition of flock synchronization and departure time, 
I measured on his figure 3 the length of the bars (flock 
cohesion) and the distance from the midpoint of the 
bars to the dotted line showing sunset (departure 
time), and then recalculated the correlation coeffi- 
cients between these two variables for 1986 and 1987. 

For 1986, my results were completely different from 
those reported by Schmitt. I obtained an r of -0.539 
(n = 57, P < 0.001). Surprisingly, there is no coherence 
between the 1986 data shown on his figure 3 and those 
shown on his figure 1. Coherence appears to be better 
for the 1987 data, and for them I obtained an r of 
-0.076, (n = 41, P > 0.5). Interestingly, if only one 
data point (that of 15 August 1987) is eliminated, the 
coefficient jumps to -0.314 (n = 40, P < 0.05). It seems 
that later departures are correlated with greater flock 
synchrony, although it remains to be ascertained 
which variable is causal and which is dependent. If 
it can be shown that departure time is causal, then 
Schmitt's hypothesis (p. 759) that social factors related 
to synchrony do not influence departure time is still 
valid, albeit still untested in Greylag Geese. 
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