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Abstracr. Over the course of three decades, studies were conducted on
flower, pod, and seed production in 18 species of midwestern milkweeds,
Eleven species were from northemn linois and Indiana, snd scven were
from Wisconsin, Missouri, and Kansas. Flowers in more than 4,400
umbels, umbels and pods on more than 8 300 stems. and seeds in more than
LU pods were counted. Asciepiay meadii had fowest of flowers fer stem
(mean 120y and A, incarsua had the most (mean 992.6). Asclepias
tanuginosg bore the fewest pods per stem (mean 0.005), and A, incarnara
had the maost {mean 16,1}, Asclepias ovalifolia produced the fewest seeds
per pod {mean 22.7), and A, syrieca produced the most (mean 244,35,
Asclepay lanuginasa and AL stenophila set the fewest seeds per stem (mean
2.0%, and A. syrisea set the most (mean 1.119.6%. A few species, A, syrigee,
A ircarnata, and A, verticilate, appeared to produce seed sufficient o sus-
win healthy populmions. but several species. A lanuginssa, A, meadii, A.
ovaiffolia, and A, quadrifolia, appeared not to do so and may be tacing
declining populations and possible extinciion. If the few remaining, widely
scatiered populations are setf-incompatible, it would be difficult for effec-
tive pollination to cecur. Further, today populations of native polhinators
are low in numbers and in some cases may even be extinet tocally.

INTRODUCTION

At a time when more-general, descriptive studies in ecology are
being de-cmphasized in favor of more-pecialized studies with a
narrower focus, it is still important to colleet baseline data, which
serves a necessary role in modern ecological research, In 1961,
with this in mind, a long-term study was undertaken to wdentify
some of these baseline data refating (o the reproductive capability
of milkweeds,

Of the 18 species of midwestern milkweeds reported on in this

Table 1. Habitats of Asclepias.

Species Habitar

sandy prairies and barrens
open wody and thickets

A amplexicaulis
A, exaltata

A furtella WeE-mesic (o mesic prairies

A fncarnata marshes and ditches

A lanuginosa eracing gravelly/sandy hill prairies

A. meadii virgin mesic prairies and hay meadows
A avalifolia sandy/silt loam savannas and prairies
A perenniy southern marshes and swamps

A. purpurascens mesic sili-foam savannas and thickets
AL quadrifolia dry silt-loam savannas and thickets

A, sterophila dry western prairies

AL sullivaniii motst silt-loam prairies

A syrigea waste places. weedy fields, roadsides
A. tuberosa dry sand/sit foam prairies and roadsides
AL variegara savannas and open woods

A verticiliata weedy, calcareous fields, roadsides

A viridiflora dry sandy/gravelly prairies

A viridis sandy/calcareous pastures and prairies

paper, 16 are plamis of prairies, marshes, savannas, and open wood-
lareds {Table 1} The remaining two, common milkweed (A, S¥ria-
ca L. and whorled milkweed (A verticiliara L)., are common
weeds of open fields and disturbed areas within prairies. Unformy-
tiziely, much of the literatsre on flower, pod. and seed production
for milkweeds is Hmited to studies of these two weedy species and
of swamp milkweed (4. incarnare L), a plant of marshes {LaFuze
and Cirealach 1947, Sparrow and Pearson 1948, Stevens 1945, Wil
son and Ratheke 1974, Wilson and Price 1977, 1980). Wyatt
(1950, 1981) studied the reproductive biology of butterfly weed {A.
teberosa L.}, and Shannon and Wyats (1986) studied that of poke
mitkweed (A. exalrara L.). In addition to A. exaftata and A,
fitherosa, Witbur (1976) reported reproductive data for two other
less common species, purple mitkweed (A, purpurascens L.} and
short green milkweed (A, viridiflora L.). The reproductive biology
of the four-leaved milkweed (A. guadrifolia Jacy.) was reported on
by Chapiin and Walker (1982} and Cabin et al. (1991). Betz (1989
studied the flower, pod, and seed production of Mead’s milkweed
(A. meadii Torr.). Some of these papers are based on limited sam-
ple sizes and localized populations.

Intermittently during the past thirty years, baseline data were
collected on the reproductive productivity of the nine species men-
tivned above and on an additionzl nine midwestern species of
Asclepias. These less commen species were sand milkweed (A,
amplexicanlis Sm.}, tall green milkweed (A hirtella (Pennell)
Woodson), woolly mitkweed (A. lanuginosae Nuit.), oval-leaved
milkweed {A. ovalifolia Dene.), thin-leaved milkweed (A, perennis
Walt), narrow-leaved milkoweed (A, stenophylia A. Gray), prairie
or Sullivant’s milkweed (A. suflivantii Engelm.), white milkweed
(A variegata L), and spider mitkweed {A. viridis Walt.},

The scope of this study was guite broad and extended over
many years. Large quantities of data were obtained, which lend
themselves to statistical analysis, Such ap analysis iy projected and
will be reported in a future publcation.

The comparative data compiled in this study do shed some light
on the ecological positions that the 18 Asclepias species held in
presetilement plant communities of the Midwest. However, it is
unfortunate that reproductive studics on mitkweeds were not under-
taken earlier, when native plant communitics were still intact and
available for mere definitive studies. Today, having disappeared
over much of their original ranges, many of these Asclepias species
are difficult to locate. Thus, it is now much harder to obtain the
adequate samples necessary to do a comprehensive study.

METHODS

Intensive collection of data on the reproductive biology of 18
species of milkweeds (Asclepias) was carried out over 11 growing
seasons (F961-1971). Less extensive studies were continued during
1972-1990.

Most of the data recorded were for 11 species growing in north-
castern {llinois and northwestern Indiana, These species were A.
amplexicandis, A. exaitata, A. hivtella, A. incarnata, A, lanuginosa,
A. purpurascens, A, sullivantii, A. syriaca, A, tuberosa, A verticil-
lata, and A. viridiflora. The data for A. meadii, A, quadrifolia, A.
sternophila, and A, viridis were collected in western Missouri and in
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northeastern Kansas; data for A, ovadifadia were obtained from pop-
ulstions i southern and central Wisconsin, For 4. pereasis and A,
virrie gata, populations from southern Dlinets and southeastors Mis-
sourt were ysed for the data collection. In addition, 2 few isolated
plants of A meadid from nonbeastern, Central, and southern Hinols
and a smgle plant of A, gvalifolis from northeasten Hinols were
alse used. While most of the data were obtained fronr wild popula-
tons, for 16 of the species. deta were 2
specuanens grown from seed. The two spevies not grown were A4,

stenophilc ad A viridis,

Although much of the data collected from vear 0 vesr were
from krowr individual plamits and populations, new plamts and pop-
slations were contmually sought in order 10 diversify the popula-
tion samples.
the fess cormmon species, were found by searching natural commm-
aities where they could be expected o occur. Assistance in local-
ing such areas was provided by knowledgeable local field ecolo-
gists and botanists, Other site miormation was obtained from
herbarium specimens found al the Field Meseum of Natural Histo-
v, Chicage, and the Morton Arboretum, Lisle, Hiinois. Foruitous
discoveries of individual plants or populations were made from
Hme 16 HIme.

Some mitkweeds typieally produced a single flowering stem
{genet from the rootstock. while others produced wultiple flower-
ing stems {rametsy,  Asclepiay meadii is an example of a species
which wsually produced only one flowering stem. On the other
hand, rootstocks of A, tuberosa vsually produced multiple flower-
ing stems, In fact, @ specimen of A, rubercsa which had been
grown from seed. produced a bushy plant of 32 flowering stems
(Betz. unpublished data). Asclepios syriaca and A verticillata
commeonly produced large rhizomatous clones of fowering stems
that exiended over large areas and contained hundreds of stems.
Because of this variability in stem production found among the 18
species, the unit of observation used for collecting data was the
mdividual stem.

Table 2. Flowers per umbel in Asclepias.

Species Range Mean (8.0 ah
AL amplexicanlis 150 24.6 (9.5) 171
A exaltata -44 13663 216
A hirtella 14-1841 47.0 (18,5} 168
A incarnara 1 1-51 282 (8.2 154
A lanuginosa }-63 225 ¢4h 87
A meadii 1-26 12.0 (3.3 432
AL ovadifolia i-25 93433 237
A. pereninis 1-3% M1 GBh s
AL purpuiscens 1-75 304 (135 292
A, guadrifotia 1-33 156 ¢6.3) 232
A, stenophila 329 17.0{6.8; 86
A suifivanti 1-40 292 (5T 213
AL syriaca 31-186 RI6 2T T R
A tcherosa 137 119 4.9} 665
A. variesata 932 3.2 000 45
A verriciliota 325 7 (1.7 453
A viridiflora IR-108 S5 (1R 33
A viridis £-23 72433 246
Towl 4475

381 = standard deviation.
i = sample size.

taken from dozens of

The new individuals and populations, especially for

To ensure that planis were visited at the proper me for obser-
vation of Nowering and subseguent ripening of pody, 4 chart was
constrected for the 1 species siadied, Data for this chart were
obtained primarily from ficid studies. but these were supplemenicd
by data obtained from herbariur specimens at the Fleld Musewn of
Natyral History, Chicago. and the Morton Arboretum, Lisie, Hi-
TS

Cotlection of data for most species was dose by counting with-
out damaging the plant part under ebservation. For cerrain species.
derermination of the number of Howers per stern wis comparatively
casy wind thus could be carried out v the field, However, some of
the more common, weedier species. such as AL svriaca, had so
many tlowers per umbel that fleld courting wes not feasible,
Instead. umbels were removed and trken separately in marked plas-
tic bags info the aboratory for counting. ¥ flowers had already
fallen from an umbel. it was still possible 10 get an accurate count
by chserving scars left on the peduncle.

A similar difficulty held for A hirrefla, A siennphiia, and A
verricifata, in that they produced large numbers of lateral umbels,
These species frequentdy had lost most or 2l of the Nowers on the
iwower umbels of a stern and at the same tme embryonic fowers
were developing in the uppermost umbels. Such stems were cut at
the base and carried into the Jaboratory for thorough study and
counting. Frequently. a magnilying glass was required to count the
tiny embryonic flowers in the uppermaost umbels,

For other species. counting flowers per stom was sometimes dif-
feult and tme consuming. In A, incaraaa, a stem typically pro-
duced s0 many flowers and umbels that 2 direct count of the flow-
ers per stem was almost impossible.  Because of this, a second
method was developed: The mean number of Hlowers per umbel
was multiplied by the mean number of umbels per stem 1o produce
a mean number of flowers per stem. Comparing the resuls
obtained by this methed with those obtained by counting, showed
that both methods were essentially eguivalent {Table 4}, For exam-
ple, i A, prpurascens, the calculated mean number of flowers per
stem was 730, Using the direct count method, the number was

Table 3. Umbels per stem in Asclepias.

Species Range Mean (8.0 e
AL ampiexivauiis { RIS 171
A, exaltara 1.7 2.6 {143 11t
A hirtelle 127 8.7 (4.6} 450
A incarnata i-195 352 (355 266
A lanuginosa i £O ) w7
A meadl! i 1= 643
A, enalifolia {-4 1.7 {1.8) 146
A, perennis 1-6 31 (1.5 73
AL purparascens -7 2440 f6H
AL guadrifolic 1-4 HIEeA Y] 103
A stenophila 4-15 0.3 2.5} i3
A sullivansii I-5 200 s 268
A syriaca f-4 42 01.5; 3ty
A tuberosa 1-25 T4 149 458
A variegata HE 2340 19
A verriciltara 1-36 EANYES 1014
A, vividiflora 1.8 22461 143
AL viridis P8 317016} 1)
Total 3714

380, = siandard devianon.
n = sample size,
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66.7. For AL suilivanii, the comparative figures were 2003 snd 410,
Hlata, these figures were 1063 and 105 %,
alaiing mean numbers

ard Tor A ver

This second method was also used in
of secds per stern, This was done by multinlying the mean number
of seeds per pod by the mean number of pods per stem.

Acdwer determined were the number of pads per s1om
of seeds per pod, and thus the mimber of seeds per sionn. 1 possi-
wed in counting seeds because

¢ npmber

e, recently e pods were
wis more diffioull o separate seeds from the commy in the dry

sigie.
RESULTS

Flowers per Umbel

Counts were mude of the number of flowers within individual
umbels for all 18 species of milkweed (Tabie 25 This involved a
wtal of 4,475 umbels. Ranges of flower numbers per umbel and
mean number of flowers per umbel were determined Tor all species.
The number of fowers per umbel ranged from 1 1o 186, Asclepias
virtedis had the lowest mean number of flowers per umbel (7.2)
while the highest mean number of flowers per umbel was exhihited
by A svricea 183.8). For most milkweed species. the number of
lowers per umbel gave normal distribution curves. However, there
was a tendency for the curve to skew slightly toward the higher
number of flowers,

Umbels per Stem

Unibels were counted for 3,714 stems of the 18 species to deter-
mine the number of umbels produced per stern ¢Table 3, Asclepiay
incarnaia had the widest range in number of umbels per stem 11
195} and also produced the highest mean number of umbels per
stern (35.2). in contrast, three species (A, amplexicanfis. A, lanugi-

Table 4. Flowers per stem in Aselepias.

Species Renge Mean (S D« g Mean™®
A amplexicaulis 1-50 24.6 (9.5) 171 24.6
A exaliata 2110 38.6 (26,8 s i54
A liireela 197631 3694 (i56.7 HE IR 9
AL mcarnata e e Ya2 6
A larnuginosa P63 22990 87 2249
A meadii 1-26 12,0038 643 2.0
A ovalifolia 230 158 (7.7 104 155
AL perennis 12-112 428 (28.5) 33 43,7
A parpuraicens 3-195 66.7 {4l.4) 85 Fig
A gutadrifoiia 5-67 2649 (135 H33 6.5
A stenophila = e e 158.1
A suliivanii EER L 419 (19.2) 9G H3 3
A syriced 2838 4747 ¢173.0 33 KR
A tberosa 7-276 893 (69.5} al 881
A variegaia 9143 0.3 3390 19 0.5
A verticillate 23-379 ISR (889 53 1065
AL viridiflora 20-243 775 33,53 23 il
Al viriddis 3-535 2642 67 26.6
Total 1672

“ 8.0 srandard deaviation,

= Sample sure.

* Calculated mean tnumbers of flowers per smbel X numbers of unibels
per slemt,

By

aose and A meadidy produced only ore ambel per stem.  For most
milkweed species. the aumber of wmbels per stem zave normal dis-
tribution curves. Similar 1w the curves obtained for the flowers prer
umbel. there wus o slight tendency for the curves of sumber of
umbels per stem (o skew toward the higher number of wnbels,
This was very pronounced for A imearrata, which produced the
st strongly skewed curve of all the species studied,  While 774
of the stems in this species produced between | and 30 umbels,
23% of the stems produced 5110 193 umbels.

Flowers per Siem

The mean number of Towers por stem was determined for 1472
stemns for 16 of the 18 species of milkweeds.  This determination
was muade by direct counting and by calculating mean numiber of
flowerss per umbel multiphied by the mean number of umbels per
sient tTable 43 Results obtained using the two methods were gen-
eralty the same. For example, 4. guadrifolio had a mean number of
flowers per stem of 26.9 by direct counting and a mean of 26.5 by
caleuiation. Asefepias meadii vielded the smallest mean number of
flowers per stem (12.0). Aselenias incariang, however, produced
the highest mean number of flowers per stem {997.6), as deter-
mined by the indirect methods of calculution oy,

For A, syricca. there was a notable difference in the mean num-
ber of flowers per stem obtained by the method of direct counting
{47471 in contrast 1o that obtained by the method of calcufation
£339.5). This is probably due. in part, to the population sampie
ased for the direct count being too small (33): also, partially due to
the fact that the direct count involved only a lew clones with limit-
ed diversity. The mean number of flowers per umbel determined
for the small sample of 33 stems by count (84.7) was approximately
the same as that determined for the larger more diverse population
by calculstion (83.6). However, there was a difference found in the
mean numbers of wmbels per stem. using the two methods. The
counted population had @ mean number of 5.6 umbels per stem in
contrast to the mean number of 4.3 umbels per stem caiculated for
the other population. The counted sample had on average 1.3 more
umbels per stem, and thus each stem had a theoretical capacity of
110.F more flowers per stem. The actual number obtained by
counting was 113.2. Thus, the diserepancy shown beiween the
mean number of flowers per stem. when comparirg the results
obtained from direet counting {474.7) with the results oblained
from calculating (359.5). can be explained by the larger mean num-
Ber of umbels per stem in the relatively small population sampie
used for direct counting.  Lesser differences in the mean number of
flowers per stem ohserved in two other species (A firtella and A.
viridiffora) also seem to be due to the small samples used in the
direct count (Tahle 4).

Pods and Pods per Stem

Marked variation in pod preduction alse occurred for the 18
species studied, The number of pods produced on 4,794 stems
observed ranged from O (1) 10 75 (Table 53 The high of 75 was
found for A. incarnarg. The mean aember of pods per stem varied
from a low of 0005 in A, lanuginosa to o hi ghofi6)in A {rcarnatr.

Milkweed flowers possess two separate ovaries, each with the
potentiad to produce 4 mature pod. These twin pods share the same
pedicel. In one study of A svigca, $.4% of the pods were double
or twins (Sparrow and Pearson 19485, and in another study on the
same spectes. the percentages ranged from 9.3 w 24.5% (Moore
1947). In the present study, 3.7% of the pods produced by A. svria-
¢ were twin or double pods. The figure for A amplexicaulis was
UB3% for AL sudtvaneii, 2. 3% and for A, verticilfata, 1.9%.

Milkweed pods (follicles) varied greatly in size. shape. and the
manmer of attachment of pedicels t the peduncle (Table 5. In gen-
eral, the larger, voarser mitkweeds, such as, A, amplevicanlis, A, -
paraseens, Ao sullivaniiic AL syriaea, and AL viridis had the largest
pods, and the smaller less robust species. such as A. guadrifolia and
A fenuginosa, had the smallest ones, Asclepias meadii had long,
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Table 5. Pods per stem in Asclepias.

Table 6. Size of peds in Asclepias

Species Range Mean ne
Al amplexicaulis -3 i3 138
A exaltata (-6 8.7 73
A hirrella (-15 29 387
A. incarnai 0-75 16.1 154
A lanuginosa -1 0.005 437
A meadii 6-2 0.06 643
A. ovalifolia 0-3 .13 7l
A. perennis 0-2 1.4 ]
A. purpurascens (-5 12 416
A, quadrifolia -2 (1.06 103
A. stenophila 0-1 0.18 11
AL sudlivantil 0-5 1.5 329
A svriaca -42 4.6 645
A, tuberosa -9 1.8 671
A. variegata 0-1 0.24 7
A verticillata 0-20 2.6 93}
A, virtdiflora (-8 29 55
A, viridis 0-5 1.9 30
Total 4794

n = sample size.

narrow peds, while A. perennis had short, globular ones. Three
species (A, incarnata, A. quadrifolia, and A verticillatr) had erect
pods on erect pedicels. Asclepias perennis had pendulous pods
thanging down) on recurved or shightly deflexed pedicels. All of the
other 14 species of Asclepias had erect pods on deflexed pedicels.

Seeds and Seeds per Pod

A total of 127,220 seeds were counted in 1,672 pods for the 18
species of Asclepias studied (Table 7). The numbers of seeds per
pod ranged from a low of 11 in A, meadii to a high of 30% in A, syr-
iava. The mean number of seeds per pod varied from a low of 22.7
in A ovalifolia to a high of 244.3 in A svriaca.  The larger, coarser
species of milkweeds produced the highest mean number of secds
per pod. These were A, amplexicanlis (HT8), A, purpurascens
{8073 AL seellivaniii {(182.2), and A. syrivca (244.35 On the other
hand, the smalier, fess robust species usually had the smallest pods
with the lowest mean number of seeds in them. Thess were A,
fanuginosa (3907 and A, quadrifolia (27.6). A few species pro-
duced pods with inflated endocarps; these pods were moderately
farge. but contained relatively few seeds. Two such species were A,
hirtella {512y and A, ovalifolia (22,73,

While the seeds of all Asclepias species are similar, there were
some morphetogical differences among them. For example. the
seeds of A, sullivandl were larger and lighter brown than seeds of
A. syriaca. Asclepias Kirtella produced seeds which had larger
margins and had a darker brown color than most of the other milk-
weed species. The seeds of A, laauginosa were smaller and darker
than mary of the other species. Aselepias perennis sceds do not
bear a tuft of silky hairs (coma) at the hilum like ali of the other
species,

A variable number of seeds for the species studied appeared 1o
tack embryos and/or sufficient amounts of food reserves for normal
germination (0.2 10 4.8%).  Species that had higher percentages of
these apparently undeveloped seeds were A. meadii (14.0%), A.
lanuginosa {60.1%), and A, ovalifolia {78.0%). Two species, A

Species Length com) Lengih (cmi Diamerer icm)  ne
{Range frgan} et
A amplexicaulis B3I-1535 2.6 iy 86
A exafrata TE-128 163 1.2 128
A. hirella 70-11.8 9.3 1.3 167
A incarnata 59- 8.3 74 0.8 54
A lanuginosa e 7.6 [.2 |
A, meadii 69138 IEEK 11 40
A. ovalifolia 48- 66 6.4 8.1 11
A. perenkis 39- 68 5.6 10 16
A, purpurascens 80-15.0 118 1.4 59
A, quadrifolia 88-104 9.6 (15 12
A, sterophila 9.2t 9.6 0.7 2
A sullivantii 82-136 {4 23 150
A syriaea 0.5-13.6 1.0 29 112
A. titherosa 84155 P18 1.3 151
A variegata 1.5- 157 12.7 1.0 3
A, verticillara 4.7-10.2 7.2 0.5 160
A viridiflora 6.5 - 14.5 9.0 i.5 03
Ao viridis e —n s e
Total 1.25%

“n = sample size.

ovalifolia and A. quadrifolia, produced one pod each that was nor-
mal in size but contained only visibily undeveloped seeds. Two
other species, A. Januginosa and A. meadii, produced one pod each
that wus of normal size but completely empty and without any
seeds,

Seeds per Stem

The mean seeds per stem Tor the 18 species were obtained by
mubtiplying the mean number of seeds per pod by the mean number
of pods per stem. A, lanuginesa produced the lowest mean number
of seeds per stem (0123, while A. syriaca had the highest (},123.8).
The mean seeds per stem for the other 16 species of Asclepias were
as follows: A, amplexicanlis (153.1), A, exalicia (39.6), A kirella
(148.5%. A dncarnara (872.23, A, meadii {3.6), A. avalifolia (343, A
perennis (5811 AL purpurascens (216.8Y, A quadrifolia (1,73, A.
stenophila (8.0, A sullivansii 1273.3), A mherosa (1328}, A, var-
iegata 123.9), AL verticillara (VI8.8Y, A, viiddifiora (170.8), and A,
wiridis (209,63

DISCUSSHON

For most mitkweeds. all the flowers in & given umbel open with-
in a day or two of each other (Retz, unpublished data). These are
thus capable of being pollinated for & pertod of shout five or six
days (Morse 1987, Betz, unpublished data). In order for poliination
o be cffective, the poliinating insect. usually a hymenopieran
{Betz, unpublished data), must insert the pollinia inte the stigmatic
chamber of the flower with the convex side of the pollini entering
first. Within a few days following pollination, the pedicels of the
flowers that have heen successfully potlinated will begin to thicken
and, in most species, deflex downward, followed by the develop-
ment of a small pod.

Transfer of a poliinium into a stigmatic chamber of a flower
does not necessarily mean that a pod will form. If the potlinium is
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Table 7. Seeds per pod in Asclepias.

Species Range Mearn (8.0} a°
AL amplexicaulis 6186 7R 204 K6
A. exalian: 24-121 B4.1 {18.9) 128
A, hireella 370 5120005 197
A incarnata 16-113 54.2 {3141 189
A fanuginosa 38-40 390 (Lth 2
A meadii b1-112 59.6 {22.9) 45
A. ovalifolia 153-37 227 K9y 6
A. perennis 26-51 41.5 (6.3 22
A, prrparascens 91-243 I80.7 (31,5} 59
A, guadrifolia 19-33 27.6 (4.4 14
A stenophila 4049 445 (5.0 2
AL sulliveanii 116-253 182.2 (24.8) 148
A, svrigea 164-309 2443 {312 182
A tuberosa 47.92 73.8 {147y 151
A. variegatd 48-110 108.0 {1400 4
A, verticillata 17-66 45.7 (9.5) 297
A. viridiflora 20129 854 (193 130
A viridis %5-154 H10.3 (24.8} 10
Total 1672

2 8., = standard deviation,
"= sample size.

mserted in reverse into the stigmatic chamber, the pollen may ger-
minate, but the pollen tube may never reach the ovary o fertilize
the ovules (Galil and Zeroni 19693, In other instances, pods may he
initiated, but will abost because the flower has been pollinated with
a polinium from the same or genetically closely related plant
{Sparrow and Pearson 1948, Kephart 1981} A pod may also abort
due to competition among the developing pods for limited nutrients
from the parent plant. Eleven plants of A, meadii, grown from seed
it pots and flowering in their third year of growth, were placed in a
virgin prairie (Markham Prairie, Markham, Bineis) to be pollinated
by resident bumble bees. Within one week 21 pedicels began to
enlarge and twist downward, indicating that poliinia had been
inserted into stigmatic chambery and that pods were beginning to
form. Eventually most of these initiated pods fell off, leaving only
three pods to mature, Pod abortion has been reported by others
(Sparrow and Pearson 1948, Wilson and Price 1974).

Abortion of developing pods was alse observed for a potted
plant of A, meadii grown from seed which had been hand-pellinat-
ed with pollinia taken from an isolated non-seed setting plant of A,
meadii from southern Hiinois. This plant iitiated two pods which
eventually became unequal in size. For a time both pods grew at
the same rate, and it appeared that both would mature. However,
one began to outgrow the other. Gradually, the smaller one stopped
growing, began to decrease in size, regressed. and finally degener-
ated into a tiny vestigal appendage adjacent 1o the mature pod. It
appeared that the larger pod was using nutrients derived from the
srrraller one.

In their floral development, mitkweeds have evolved two differ-
eni strategies.  The first strategy, exhibited by A. amplexicaniis, A
lanuginasa, and A. meadii, involves the production of a terminal
umbel with all flowers opening within a day or two of one another.
The species showing this strategy appear to rely on one or two
dependable pollinators (Betz 1989). The second strategy, exhibited
by the species, A hirtella, A. incarnata, A. stenophila, and A, syria-
ra, involves the successive produciion of a number of umbels hav-

g flowers in bloom over a longer period of time. Individual
plants of A. Airrella have been observed to have ripened pods, open
and shedding seeds at the base of the plant, while at the upper end
of the stemn. umbels with flowers were being visited by various pol-
tinators. The mitkweoed species exhibiting this strategy have a larg-
er number of different insects o potlinate their flowers as compared
to the fisst group (Betz, unpublished data), Because of possible
unfavorable pellinating conditions during a short blooming peri-
od—inclement weather, etc.—-species with a termmnal umbel would
be less likely to produce a pod than would the second group of
species with a succession of blooming umbels.

The range and mean number of flowers and umbels per stem
produced by most milkweeds today are undoubtedly the same as in
presetilement times. However, i is possible and highly probable
that the numbers of pods per stem produced by some milkweed
species today are less than those which would have been produced
in presetilernent Hmes. It is difficalt to conceive that A meadii and
A, guadrifolia, both with a mean pod per stem ratio of 0.06, and A.
lanuginosa, with & ratio of 0.005, could have sustained adeguate
populations over fong periods of 1ime in the presentlement prairies
and savannas with such low pod production (Table 55 There is
also the possibility that in presettlement times, as today, the number
of pods produced per stem varied in an iregular manner about a
mean. When large populatiens are considered over relatively
extercted periods, mean number of pods per stem may have been
related to the mean number of umbels per stem that a species pro-
duced. For four species. this relationship may have further
involved the production of 2 mean number of about one pod per
umbel for their populations generally. This is suggested by the fol-
towing data: A. amplexicaulis produced a mean of 1.3 pods per
ambel, A. syriaca had 1.1, A, viridiflora (0.9), and A. sullivantii
(6.7). This relationship did not appear to held for the other 14
species of mitkweeds under present day conditions. However, in
the past with higher populations of both milkweeds and pollinators
this relationship may have existad.

Further, it shorld be noted that in presettlement times there were
large expanses of prairies, savannas, open and ¢losed forests,
marshes, and intervening ecotones. These plant communities in
turn supported high populations of insect species, including the pol-
linators of the various milkweeds, This helped to assure an ample
supply of seeds (and seedlings) to maintain adequate population
levels necessary for survival.

The ecological communities of today are much altered. They
are fragmented and degraded, and there is heavy competition from
nep-native plants. Populations for all insects, including the pollina-
tors of milkweeds, are probably low in number, in part, due to the
lack of suitable habitats and food sources and 1o the widespread use
of insectides. While there is Hitle experimental evidence to docu-
ment this decrease in insect populations, there is some historical
evidence. During the 1930s, when lower speeds were prevalent,
the radiators, windshields. and bumpers of automobilies had to be
¢leaned of hundreds of insects killed after driving only a few miles
through the countryside {Betz, personal observation), Again during
the 19305, hundreds of thousands of monarch butterflies (Danaus
plexippus L) passed through the mer city of Chicago each fall on
their migrations southward (Betz, personal observation). These
abservations of insect abundance are things of the past. Insect pop-
ulations may have been even greater during presettlement times.

The weedy species A. svrigea is apparently maintaining ade-
guate popalation levels today, just as it did in presettlement times,
I part, this is the result of the availability of large areas of dis-
urbed ground as well as the production of relatively large numbers
of flowers, pods, and seeds. Moreover, the formation of large
clones, sometimes containing hundreds of flowering stems, has also
helped. The success of this species in maintaining adequate popula-
fions may also be due, in part, to the fact that their flowers are polhi-
nated by a higher proportien of exotic species, including the
Eurasian honey bee (Apis mellifer L.) (Betz, uapublished data).
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On the other hand, many of the other milkweed species are
undergoing population declires because of the degradation and
fragmemation of their habitats and the Consequent foss of fher
insect pollingiors. 1t would appear that marny prikweeds, especlly
the smaller ones with narrower ccological wlerances and tew Tlow-
ers and seeds per stem, may have difficelty in surviving under pre-
sent ecologivnl conditions. A few spacies. such as A, meadin, A
lansginosa. and AL ovalifolia, are now inchuded on threawenaed of

endangered species lists.

Finally, many of the milkeeed populmions ahserved for this
study aver the past 30 vears have disappeared, and few new popula-
tions have appeared o take their place (Betz, personal observation].
Thus. this study would be difficuit o replicate wday,
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