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Abstract. Flowering of Populus de Ito ides Bartr. occurred from earl y March to earl y 
April; differences between trees within s tands accounted for 98 percent of the significant 
variation in dates. High correlation (r = .91 to .96) between 1963 and 1964 dates of 
individual trees indicated that trees within s tands fl ower in a predictable sequence. Seed 
di spersal lasted from mid-Ma y until late Augus t, and most of the variation was accounted 
for by differences among trees. Moderate correlations (r = .49 to .84) were observed 
between 1963 and 1964 dispersal dates of individual trees. 

IN THE LOWER Mississippi Valley, eastern 
cotton wood (Populus deltoides Bartr. ) flow­
ers mostly in March, and seed is dispersed 
from late spri ng until late summer. Tree­
to-t ree variation is considerable, however, 
and the study described here was designed 
to delineate patterns of variation prelimi­
nary to a genetic in vestigation of them. 

Methods 

In 1962, ten 30-foot-wide transects were 
es tablished in natural 20- to 30-year-old 
stands on the Mississippi River between 
Clarksdale and Vicksburg, Mississippi. 
Transec ts 1 through 4 were near Vicks­
burg on sites characterized by heavy clay 
soils and subj ect to annual spring flood­
ing. Transects 5 through 8 were on similar 
sites approximately 150 miles north of 
Vicksburg. Transects 9 and 10 were on 
sandy-loam river-front sites 130 miles 
north of Vicksburg. 

The first 60 trees on each transect were 
selected for observation. In 1963, flower­
ing dates were recorded for all trees which 
flowered. Transects were visited twice 
weekly for this purpose, and initial 
appearance of flowers was observed with 

binoculars. Trees were further observed 
at weekly intervals throughout the seed 
dispersal period; dates of initial, beginning 
maximum, and final dispersal were re­
corded for each female tree. Rel ease of 
seed by one or more catkins was con­
sidered initial dispersal. The maximum 
period was considered started when at 
least 30 percent of a tree's catkins were 
dispersing. These observations were re­
peated in 1964 on five of the ten transects· 
(2,3,4,9, and 10). 

Results 

Flowering began in early March and 
continued until early April in both 196J 
and 1964 (Fig. 1). Male trees began 
slightly earlier than female. Individual 
males dispersed pollen from 3 to 7 days, 
depending upon the weather. In trees of 
both sexes, foliation followed fl owering 
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FIGURE 1. P"ogression Of flowering. 

by 4 to 10 days . 
Variation in fl owering dates of 50 trees 

on each of tran sec ts 2, 3, 9, and 10 in 
1963 and 1964 was analyzed using t he 
model outlined in Table 1; the unit of 
analysis was the number of days from 
March 1 un til in i tial fl owering. DifFer­
ences between mean fl owering dates at the 
two locations and between transects 
within loca tion s were not significant. 
Differences between trees within tran­
sects and between years were significan t 

at the .01 and .05 levels of probabi li ty, 
respectively. Variance components were 
1.3 for years and 49.5 for trees within 
transects. Hence, 98 percen t of the ob­
served variation was among individual 
trees. Figure 2 illustrates variation in 
fl owering and subsequent foli ation in a 
typ ical stand. 

Correlations between the 1963 and 1964 
fl owering dates of individual trees with in 
tran sects 2, 3, 4, 9, and 10 were sign i­
fican t and high: r = .91 to .96. Trees 

TABLE 1. Analysis oj variance--jlowering dates m a lower Mississippi Valley cotton­
wood population . 

Source of variation 

Location (L) 
Transect/Loca tion (T) 
Trees/Transect/Location (R ) 
Years (Y) 
Years X Location 
Years X Transect/ Locations 
Years X T rees/Transec ts/Locations 
Total 

Mean 
df square Estimated mean square 

80 U 2 E + yu'R (T) ( L) + y ru' T(L) + yrt"J:.a' / I - 1 

2 9 U'E + y u'R (T)(L) + yru'T(L) 

196 106** U'E + yu'R (T)( L) 

1 27 1* U' E + y/y - 1[nY' Y7'(L) 1 + rt/"J:.{J'/ (y - 1) 
1 8 U'E + y/y - 1 [ru'yT(L) I + 1'f" '£a{J' /(y - 1)(1- 1) 

2 12 U 2E + y /y - llru'YT(L) 1 
196 7 U'E 

399 

** Significant at the .01 level of probability; *significant at the .05 level of probability, 
U'IS = y/y - l [u'YR ( T)( L) 1 
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FIG U R E 2. Variation injlowering and/oliation withi n a stand 0/ cotton wood in the lower Nfississ ippi V alley. 

thus flowered in th e same general se­
quence in both years. 

Seed dispersal took: place between 
mid-May and late August in both 1963 
and 1964. John son (1965 ) reports a simi­
lar period. The progress ion in 1963 is 

ill ustrated in Figure 3; dispersal in 1964 
followed the sam e pattern. Estimation 
of maximum dispersal date was some­
what subj ective, but the vertical di stance 
between curves 2 and 3 in Figure 3 is 
believed to be a reasonabl e est im ate of 

1'/1 BLE 2. Estimated va/'iance components jor seed dispersal events in a lower Mississippi 
Valley cottonwood population. 

Tnitial P eak Las t Total 
di spersal di spersal di spersal di spersal 

Source of variat ion date d ate d ate tim e 

Location 16.0 50.3 161.2 74.6 
Transects/Loca tions 9.7* 28 . 2** 158.2** 82 .9 ** 

Trees/Transec ts/Loca tions 29.5** 98.5** 389 . 5** 28 1. 0* * 
Yea rs Negative 2.3 7.0 7.3 
Years X Locations 13.5 * 46.0* 16 .0 N egative 
Years X Transects/Locati ons Negative Negati ve Negative Negat ive 

** Source of va riati on signifi cant at the .0 1 level of probabilit y; *sollrce of varia ti on s;gni fi can t at t he 
.05 level of probability. 
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FI GU R E .'l, Progression oj seed dispersal, 

the percentage of trees dispersing seed 
on a given da te . Thus, m aximum was 
between mid-June and late July. Trees 
,continuing to disperse in late August 
usuall y did so on a small scale. Con­
sequently, there was markedly less "cot­
ton in the air" during late summer, al­
t hough 10 to 20 percen t of the trees were 
s till dispersing seed. 

Variation in dates of dispersal events 
.among trees on transec ts 2, 3, 9, and 10 
was analyzed with the model outlined in 
TabJe 1. D ata from the first 20 fem ale 
trees on each transect were used, and the 
unit of analysis was the number of days 
from May 1 to the event. Total dispersal 
time, the number of days between initial 

and last dispersal dates of individual 
trees, ranged from 14 to 91 days . Most of 
the significant variation was accounted 
for by differences among trees within 
transec ts (Table 2). Transec ts within 
locations contributed a smaller, but sign i­
fican t, portion of the variance. Effects of 
location and year were not significant, but 
an in teraction of year and loca tion con­
tributed significantly to variation in 
dates of ini tial and peak dispersal. This 
interaction is accounted for by relatively 
early dispersal in 1964 at the location con­
taining transec ts 9 and 10. 

The dates of some dispersal events on 
individual trees in 1963 and 1964 were 
significantly correlated (Table 3). Al­
though weaker th an correlations between 
1963 and 1964 fl owering dates, the rela­
tionships indicate that dispersal wi thin 
a group of trees follows the same pattern 
from year to year. The sequence was 
especially strict with respect to ending 
dates (r' = .77 to .84). No relationshi p 
was observed between tree size and dis­
persal dates. 

Discussion and Conclusions 

The wide variation in phenology ob­
served within single stands in this study 
has been previously reported for Populus 
in other regions by Cottam (1954), 
Barnes (1959), and McMillan (1957). 

1'A BLE 3. Coefficients oj correlation between 1963 and 1964 seed disp ersal events in a lower 
Mississippi Valley cottonwood popuiation . 

Transect 

Even t 2 3 4 9 10 Mean 

Ini ti al di spersal da te 0.36 0.49* 0 ,55** 0 . 27 0 .62** 0.46 
Beginning d ate of maximum 

di spersal period .78 ** .36 ,74** .62** . 76** ,65 
Las t di spersal date , 77** .80** .78** . 78** .84** .79 
T ota l dispersal time , 74** . 71** .63 ** .70** ,79 ** , 71 

** Significant at the .01 level of probability; *significant at the .05 level of probabi li ty. 
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The pred ictable fl owering and seeding 
sequences indi cate t hat either mi crodi­
mates within stands are highly variable 
and pred ic table from year to year, or 
that phenology is under strong genetic 
con troJ. The form er hypothes is is con­
sidered u nlikel y on the bottom-land 
sites studied, especiall y si nce no dinal 
pattern of variat ion was obser ved on 
ind ivid ual tr ansec ts. F ur t hermore, con­
siderab le ev idence poin ts to strong gene­
ti c control of within-population phenolo­
gical variation in Populus a nd other 
species (Joachim 195 7, McMillan a nd 
P agel 1958, Morr is el al. 1957). Th e 
combination of relatively wide intra­
s tan d varia tion and predictable tree­
to-tree sequences t hu s sugges ts s trong 
genetic con tro l of fl ower ing dates and 
moderate con trol over seed di spersal 
events. 

Th e observed pattern s of seed dispe rsal 
have considerable ecological signifi cance 
in the lower Mi ss iss ippi Valley . Cotton­
wood requi res moi st, bare min eral so il 
for germinat ion and es tabli shment. The 
long d ispers al period in sures the presence 

of viable seed on such sItes whenever 
they occur along recedi ng water courses 
during early and mid-summ er. 
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