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Fig. 12. Three-dimensional ordination of individuals of Bidens frondosa and B. vulgata
based on Principal Coordinates Analysis of 23 morphological characters.

states would not be expected in hybrid progeny. For example, the characteristic of
antrorse barbs on achene awns appears in scattered locales for many species of
Bidens (Sherff, 1937) including the Thunder Bay population of B. connata, and
usually this trait is associated with varietal status (Scoggan, 1979). Our observations
indicate that the direction of an achene barb is either antrorse or retrorse with no
intermediate condition, thus suggesting that this trait is inherited in simple Mendelian
fashion. If so, this hypothesis could explain why B. connata in the Thunder Bay
area differs from both putative parent species in this regard; a normally masked,
recessive allele(s) has been exposed by hybridization.

The ordination of all 4 Bidens species (Fig. 11) shows some differences between
individuals of B. connata from the two collection sites. One of the individuals in the
ordination tends toward B. cernua and might be the result of one or more back-
crosses (B. cernua X B. connata). However, the distinctness of all 4 taxa in the
Principal Coordinates Analyses indicates that introgression is not important as an
evolutionary process in determining the present genetic status of these plants.

Observations of progeny type derived from achenes collected from sites where B.
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Table 2. Chromosome numbers of Thunder Bay area Bidens taxa.

Taxon Thunder Bay Other reports Source

B. cernua n=12;2n=24 n=12;2n=24 Hall, 1967,
Darlington & Wylie, 1955;
Love & Love, 1964,
Weedon & Butler, 1976.

2n = 48 Taylor & MacBryde, 1977.
B. connata 2n = 48 n = 24; 2n = 48,
n=36;2n =72 Weedon, Butler, 1976.
2n = 24, 48, 60 Weedon, 1973.
B. frondosa  2n = 48 2n = 48 Love & Love, 1964.
2n = 24, 36, 48, 72 Weedon, 1973.
n = 24; 2n = 48 Weedon & Butler, 1976.
B. vulgata 2n = 48 2n = 12, 24 Weedon, 1973.

connata, B. cernua and B. frondosa were all growing in close proximity indicated
that no hybrid individuals had been produced. Furthermore, B. connata (2n = 48)
cannot be a simple F, hybrid of B. cernua (2n = 24) and B. frondosa (2n = 48), nor
an allopolyploid resulting from such a cross, since its chromosome number is in-
appropriate for either condition. However, B. connata from other areas has been
counted at 2n = 72 (Weedon and Butler, 1976) and could be of allopolyploid origin.

The chromosome number of 2n = 48 of Thunder Bay populations of B. connata
could result from either a cross between an unreduced gamete of B. cernua with a
normal gamete of B. frondosa or a cross between a 2n = 24 race of B. frondosa
with a typical (2n = 24) plant of B. cernua. The published chromosome numbers
for these two species (Table 2) indicate that either of these two alternatives is fea-
sible. However, a hybrid produced by either mechanism probably would show some
loss of sexual fertility (Stebbins, 1950).

Seed viability and pollen fertility of Thunder Bay populations of B. connata are
high, matching the levels of the other 3 taxa. These results do not conflict with the
hybrid origin hypothesis for B. connata, however, if this taxon is reproducing aga-
mospermously as our observations of PMC divisions suggest.

Weedon (Weedon and Butler, 1976) apparently was able to make meiotic chro-
mosome counts of B. frondosa and B. connata, a result that we could not duplicate
with Thunder Bay representatives of these 2 taxa. Although no other studies have
reported agamospermy in Bidens, this method of reproduction is well known in
many Compositae genera including certain widespread members of the Heliantheae
(Grant, 1971). In fact, the very large number of poorly demarcated species and
varieties of Bidens (Sherff, 1937) typify the characteristic pattern of an agamic com-
plex (Stebbins, 1950); i.e., reproduction of highly heterozygous hybrids, in conjunc-
tion with a few sexual species, by a combination of agamospermous and intermittent
sexual means. At any rate, regardless of how widespread this reproductive method
is, it is probable that agamospermy has played a central role in the success of 3 of
the 4 weedy taxa of Bidens found in the Thunder Bay area.

If a hybrid of B. cernua and B. frondosa could be produced by controlled cross
pollination, it could be compared directly to B. connata to prove or disprove the
hybrid origin hypothesis. However, we made preliminary attempts to cross B. cer-
nua and B. frondosa that were unsuccessful, perhaps partly due to problems en-
countered in emasculation attempts, although we also suspect that normal fertiliza-
tions in B. frondosa are very rare.

In conclusion, it is probable that in the Thunder Bay area B. connata is the
agamospermously reproducing hybrid of B. cernua and B. frondosa. However, al-
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ternate hypotheses to its origin cannot be eliminated for the present, nor is this
conclusion necessarily valid for other more southern regions where B. connata is
found. Nonetheless, certain other Bidens taxa that are poorly differentiated from
B. connata, including B. tripartita L., B. comosa (A. Gray) Wieg., B. radiata
Thuill., B. heterodoxa Fern., and B. eatonii Fern., may likely be elements of a
widespread agamic complex. Possibly each of these poorly differentiated taxa con-
sists of one or a few clones that have become fixed by agamospermy following
sporadic hybridization with sexually reproducing members of the complex such as
B. cernua. Developmental studies of embryo sac formation and observations of
PMC divisions in these taxa are required to test this hypothesis.
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