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Many studies have shown that cytoplasmic pollen sterility and pollen
fertility restorer genes, used singly or jointly, may have effects on
characters other than pollen production in maize, Zea mays (L.). Most
of the characters studied have been of agronomic interest (Duvick 1965,
1966; Russell and Marquez -Sanchez 1966). Differences have been demonstrated in utilization of nitrogen and in amino acid content of maize because of these factors (Sanford et al. 1965; Sarvella et al. 1967). Villareal and Lantican (1965) presented evidence strongly supporting cytoplasmic inheritance of susceptibility to leaf spot of maize caused by
Helminthosporium maydis Mish. and Miy.
Resistance to leaf feeding by the first generation of the European
corn borer, Ostrinia nubilalis (Hubner), on maize is utilized in commercially grown hybrids and has been shown a quantitatively inherited
trait (Brindley and Dicke 1963; S
et al. 1964; Scott and Dicke 1965;
Scott and Guthrie 1967). Genes for corn borer leaf feeding resistance in
corn have been reported on chromosomes 1, 2, 3, 4, 6, 8, and probably
5(Ibrahim 1954; Penny 1955; Scott et a_l. 1966).
Complementary dominant genes Rf l and Rf Z are required for restoration of pollen fertility in Texas type, pollen sterile (Tcros) cytoplasm
(Duvick 1966). Rf l has been located near the centromere, probably on
the long arm, of chromosome 3 and Rf z provisionally has been placed on
the short arm of chromosome 9 (Duvick 1965). Existence of a multiple
allelic series at the Rf l locus has been proposed and linkages with this
locus that persist through 6 or 7 backcrosses have been reported (Duvick
1966).
METHODS AND MATERIALS
Entomological data were recorded at Ankeny, Iowa, during 1961-64
to obtain information on effects of cytoplasmic pollen sterility and pollen
fertility restorer genes on resistance of maize to the first -generation
European corn borer. Corn genotypes used were single crosses involying lZ inbred lines with known degrees of resistance or susceptibility to
the first brood corn borer. Tester lines were represented by pollen
sterile (Texas type, Tcros) and normal cytoplasm strains. Male lines
were represented by RfRf and rfrf strains, all with normal cytoplasm.
Sources of Rf genes were inbred Ky21 and Tx1Z7c. The Tcros lines had
been backcrossed by their normal counterparts 7 or more times. The
Rf strains had been backcrossed by their rf counterparts 6 times (7 doses
of the recurrent parent) before selfing to obtain the RfRf genotype.
Data obtained were visual leaf feeding ratings in all years, and counts
of borer lesions in the leaf midrib, leaf collar and leaf sheath in 1962
and 1963. Relative leaf feeding resistance was determined according to
a 9 -class scale (Dicke 1954; Guthrie et al. 1960), wherein hybrids rated
1 were considered most resistant and those rated 9, most susceptible.
To insure optimum infestation, egg masses were applied manually to
individual plants on 2 dates. Applications of egg masses were made
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during the natural period of oviposition near the mid-whorl stage of
plant development. An initial application of Z egg masses totaling about
40 eggs was followed by a similar application Z to 4 days later.
Leaf
feeding resistance ratings were obtained about 20 days after egg hatch.
Lesion counts were obtained 30 to 40 days after egg hatch.
Data from 10 plants per plot averaged to obtain plot means were used
in the statistical analyses. Various methods of statistical analyses were
applied to the data. In all analyses of variance, Model I (fixed treatment effects) was considered appropriate. Standard errors of treatment
means were determined according to procedures recommended by Cochran and Cox (1957). Treatment and interaction sums of squares were
partitioned in orthogonal comparisons within group comparisons or
among group comparisons. Partitions were according to type of cross,
experimental design, or objectives of individual experiments. In analyses of data combined over years, F ratios were determined according
to procedures recommended by Cochran and Cox (1957).
RESULTS
In 1961, a single experiment was planted in a randomized completeblock design in 7 replications. Inbred WF9, represented in normal and
Tcros cytoplasm from Tx203cros, was used as tester parent of the single
crosses.
Male parents were inbreds B6, Hy, M14, and CI. 187-Z, or
recovered pollen fertility restorer sublines in which these inbreds were
used as recurrent parents. RfRf sublines of B6, Hy, and M14 represented genotypes in which inbred KyZl was source of fertility restorer
genes. Other RfRf sublines of Hy and RfRf sublines of CI. 187-2 represented genotypes in which inbred Tx1Z7c was source of fertility restorer
genes. Varying numbers of RfRf sublines of the recurrent parents were
used, thus experimental material could not be tested in factorial arrangement s .
The orthogonal comparison, rfrf vs. RfRf sublines, +detected no significant difference in resistance ratings, the main effects of cytoplasms .
were not significant. The interaction, rfrf vs. RfRf sublines x recurrent parents, was significant at the 5% level. This interaction was ~attributed to a highly significant difference in mean resistance ratings of
rfrf and RfRf sublines of M14 and a lack of similar differ-ennes among
sublines of the remaining recurrent parents (Table 1).
The interaction, cytoplasms x recurrent parents (Rf sublines), was
significant at the 5% level. The most obvious causes of this interaction
were significantly increased susceptibility to leaf feeding of CI. 187-Z in
presence of Tcros cytoplasm, and shifts in direction of increased resistance or susceptibility among the remaining recurrent parents in presence of the 2 cytoplasms.
Significant differences were detected among mean resistance ratings
of the HyRf(Ky21) recovered restorer sublines (Table 2). Differences
detected were not large but may be important in selection practices because nonrandom variation among closely related genotypes were indicated.
In 1961, differences between mean resistance ratings and results of
statistical analyses indicated a high degree of experimental precision
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Table 1.

Mean resistance ratings and differences between mean
resistance ratings of recovered restorer sublines (Rf)
and nonrestorer lines (NR) tested in 1961.
Mean resistance ratiag8/

Recurrent

Differencesb/

Rf sublines

NR lines

Hy (Ky21)

6.19 a

6.14 a

+0.05

Hy (Tx127c)

6.26 a

6.31 ab

-0.05

B6 (Ky21)

6.43 a

6.54 b

-0.11

M14 (Ky21)

6.69 b

6.31 ab

+0.38**

CI.187-2 (Tx127c)

6.99 c

7.06 c

-0.07

Mean

6.51

6.47

parent

a/
Means followed by same letter not significantly different at SX level.
b/**Exceeds 1Z level.
Table 2.

Mean resistance ratings for recovered pollen fertility
restorer sublines of Hy tested in 1961.
Mean resistance
Pedigree

ratinQa/

i~F9 x (Ky21 x Hy7)-461-4

5.94 a

-464-3

5.98 ab

-461-3

6.14 abc

-467-1

6.29 abc

-464-2

6.29 abc

-464-1

6.34 be

-464-4

6.39 c

a/
— Mean9 followed by same letter not significantly different at 5~ level.
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would be required in tests of effects of restorer sources, cytoplasms
and interactions of these factors with one another or other factors. The
findings indicated split-split -plot or similar factorial arrangements
would be most useful field plot experimental designs.
In 1962, entries were tested in 3 experiments, each using asplitsplit-plot design with whole units in 7 replications. Tester parent of the
single crosses was inbred WF9 in Tcros and normal cytoplasm.
In the first experiment, the male parents were inbred Hy or recovered
restorer sublines of HyRf(Tx127c) and HyRf(Ky21). Restorer genes
sources were assigned to whole units, sublines within restorer sources
to subunits and cytoplasms to sub-subunits.
Mean resistance ratings or lesion counts because of the main effects
of restorer sources were not significantly different. Within both groups
of sublines the comparison, rfrf vs. RfRf sublines, was not significant.
Irrespective of restorer source, significant differences were detected in
mean ratings among sublines within restorer sources. Differences
among the HyRf(Tx127c) sublines were significant at the 5% level. Differences among the HyRf(Ky21) sublines were significant at the 1% level
(Table 3). Among the HyRf(Ky21) sublines, one subline was more resistant and one more susceptible than the recurrent parent. Highly significant differences in lesion counts were detected among HyRf(Tx127c)
sublines (Pesho 1969).
Comparisons within RfRf and rfrf sublines detected significant or
highly significant differences between mean ratings of cytoplasms (Table
4). With one exception, the comparisons of Table 4 showed increased
susceptibility to leaf feeding in presence of Tcros cytoplasm. When
mean ratings were compared within RfRf sublines, a highly significant
interaction of cytoplasms x restorer sources was detected. This significant interaction was attributed to relative size of differences between
cytoplasms. Irrespective of restorer source, there was increased susceptibility in the presence of Tcros cytoplasm (Table 5).
In this experiment, a general trend was observed toward increased
number of lesions in presence of Ky21 restorer source (Pesho 1969).
In the second 1962 experiment, male parents were inbreds B6, B37,
Hy, and M14, or RfRf sublines of which these inbreds were recurrent
parents. Only Ky21 was used as restorer genes source. Recurrent
inbred parents were assigned to whole units, sublines within recurrent
parents to subunits and cytoplasm types to sub-subunits.
Irrespective of recurrent parent, comparisons of Rf(Ky21) sublines
within recurrent parents detected no significant differences in mean
ratings. Comparisons of mean number of lesions among the B37Rf(Kylll
sublines detected a difference between the extreme values. significant at
the 5% level (Pesho 1969). The difference between mean resistance rating of the M14Rf(Ky21) sublines and the rfrf line was significant at the
5% level. Increased resistance of M14Rf(Ky21) sublines was obvious.
Comparisons of differences between cytoplasm mean resistance ratings within each entry are summarized in Table 6. Highly significant
differences in mean ratings were detected in 2 of the 5 HyRf(Ky211 sublines and in the Hy nonrestorer line. Comparisons of mean ratings of
cytoplasms in crosses involving B6 detected significant differences between mean values determined over combined rfrf and RfRf sublines and
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Table 3.

Mean resistance ratings obtained in 1962 for recovered and
nonrecovered sublines in which Hy was used as recurrent
parent and Tx127c or Ky21 as restorer genes source and
tested in normal and Texas-type pollen-sterile cytoplasm.
Mean resistance
rating

Pedigree

Multiple ranges8~
P=.05

P=.01

WF9 x (Tx127c x Hy7)-1,s-2-5

3.65

a

a

-~s-2-3

3.67

a

a

-1;s-2-1

3.74

ab

a

WF9 x Hy

3.95

ab

a

WF9 x (Tx127c x Hy7)-1s-2-4

4.05

b

a

-1s-2-2

4.07

b

a

Mean

3.85

WF9 x (Ky21 x Hy7)-Ys-2-3

3.39

a

a

WF9 x Hy

3.77

b

ab

WF9 x (Ky21 x Hy7)-1s-2-4

3.99

be

be

-1s-2-5

4.05

be

be

-1s-2-2

4.07

be

be

-1s-2-1

4.20

c

c

Mean

3.91

a~Means followed by same letter not significantly different at
indicated level.
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Table 4.

Mesn resistance ratings and differences between mean resistance
ratings obtained in 1962 for

Hy

recovered and nonrecovered

sublines using two sources of restorer genes and tested in
normal (N) and Texas-type pollen-sterile (T) cytoplasm.
Mean resistance rating
N cytoplasm

Pedigree

T cytoplasm

Differencea~

WF9 x (Tx127c x Hy7-is-2-1

3.30

4.19

-0.89**

-1s-2-2

3.94

4.20

-0.26

-1s-2-3

3.23

4.11

-0.88**

-1s-2-4

3.87

4.23

-0.36

-1s-2-5

3.31

3.99

-0.68**

WF9 x Hy

3.84

4.06

-0.22

Mean

3.58

4.13

-0.55**

Mean (recovered sublines)

3.53

4.14

-0.61*

WF9 x (Ky21 x Hy7)-1s-2-1

4.13

4.27

-0.14

-1s-2-2

4.09

4.06

+0.03

-1.s-2-3

3.03

3.76

-0.73**

-1 s-2-4

3.99

4.00

-0.01

-1 s-2-5

3.90

4.20

-0.30

WF9 x Hy

3.51

4.03

-0.52*

Mean

3.77

4.05

-0.28**

Mean (recovered sublines)

3.83

4.Ob

-0.23*

a~* Exceeds 5X level; ** exceeds 1X level.
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Table 5.

Mean resistance ratings and differences between mean resistance
ratings obtained in 1962 for normal (N) and Texas-type pollensterile (T) cytoplasm tested within recovered restorer sublines
of Hy using restorer sources Tx127c and Ky21.
Mean resistance rating

Restorer source

N cytoplasm

T cytoplasm

Tx127c

3.53

4.14

-0.61**

Ky21

3.83

4.06

-0.23

Differencea~

a/
**Exceeds lx level.
determined over RfRf sublines only. Similar comparisons detected a
significant difference between cytoplasm means determined over M14Rf(Ky21) sublines. No significant differences were detected in comparisons of mean values determined from B37 crosses (Table 6). Of 32
comparisons summarized in Table 6, 27 showed increased susceptibility
in presence of Tcros cytoplasm. Mean resistance rating of entries in
Tcros and normal cytoplasm, averaged over Rf sublines, were 6. 47 and
6.20, respectively; the difference between these means exceeded the 1%
level.
A highly significant interaction of cytoplasms x recurrent parents was
detected in comparisons of moan resistance ratings averaged over RfRf
sublines. Examination of Table 6 supports the conclusion that this interaction was caused by variations in size and levels of statistical significance of differences between cytoplasm means. Irrespective of recurrent parent, increased susceptibility in presence of Tcros cytoplasm was
evident (Table 6).
Extreme variation in size of differences between cytoplasm mean resistance ratings among the HyRf (Ky21) sublines contributed to a highly
significant interaction of cytoplasms x HyRf(Ky21) sublines (Table 6).
Among sublines of B6, the general trend was toward increased number
of lesions in presence of Tcros cytoplasm. Among sublines of the other
recurrent parents, the general trend was toward increased number of
lesions in presence of normal cytoplasm (Pesho 1969).
In the third 1962 experiment, recurrent parents Oh41 and Hy were
assigned as whole unit treatments, sublines within recurrent parents to
subunits and cytoplasms to sub-subunits. Inbred Tx127c was used as
source of restorer genes.
Significant differences were detected among mean resistance ratings
of HyRf(Tx127c) sublines. A ranked array of the mean resistance ratings
of these sublines is presented in Table 7 .
Comparisons of differences between cytoplasm mean resistance ratings within each entry are summarized in Table 8. None of the differences between cytoplasms was statistically significant in crosses
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17 3

Mean resistance ratings and differences between ®ean resistance
ratings obtained in 1962 for recovered and nonrecovered sublines
of four recurrent parents using Ky21 as restorer genes source and
tested in normal (N) and Texas-type pollen-sterile (T) cytoplasm.
Mean resistance rating_
N cytoplasm

Pedigree

T cytoplasm

Differencea~

WF9 x (Ky21 x B67)-4s-2-1

6.29

6.27

+0.02

-4s-2-3

5.99

6.33

-0.34

-4s-2-8

6.14

6.37

-0.23

-6s-2-1

5.71

6.13

-0.42

-6s-2-2

6.30

6.47

-0.17

WF9 x B6

6.10

6.31

-0.21

Mean

6.09

6.31

-0.22*

Mean (recovered sublines)

6.09

6.31

-0.22*

WF9 x (Ky21 x Hy7)-1s-2-1

4.73

5.13

-0.40

-1s-2-2

4.34

5.03

-0.69**

-1s-2-3

3.86

-1s-2-4

4.49

4.83

-0.34

-1s-2-5

5.21

5.10

+0.11

WF9 x Hy

4.31

5.31

-1.00**

Mean

4.49

5.14

-0.65**

Mean (recovered sublines)

4.53

5.11

-0.58**

5.46

-1.60**
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Table b.

(cunt,)
Mean resistance rating
N cytoplasm

T cytoplasms

WF9 x (Ky21 x M147)-7s-1-1

6.77

6.91

-0.14

-7s-1-2

6.54

b.83

-0.29

-7s-1-3

6.39

6.77

-0.38

-7s-1-4

6.57

6.83

-0.26

-7s-2-3

6.59

6.66

-0.07

WF9 x M14

7.10

6.91

+0.19

Mean

6.66

6.82

-0.16

Mean (recovered sublines)

6.57

6.80

-0.23*

WF9 x (Ky21 x B377)-1s -4-3a

7.59

7.53

+0.06

-1s-5-3a

7.63

7.89

-0.26

-4s-3-3b

7.56

7.59

-0.03

-4s-3-7a

7.56

7.63

-0.07

-4s-3-8a

7.79

1.74

+0.05

WF9 x B37

7.36

7.69

-0.33

Mean

7.58

7.68

-0.10

Mean (recovered sublines)

7.62

7.67

-0.05

Pedigree

$~*Exceeds 5'~ level; **exceeds lx level.

Differencea~

STUDY OF EUROPEAN CORN BORER
Table 7.

175

Mean resistance ratings obtained in 1962 among Hy recovered
restorer sublines using Tx127c as restorer genes source and
tested in normal and Texas-type pollen-sterile cytoplasm.
Mean resistance
Pedigree

ratin~~

WF9 x (Tx127c x Hy7)-1s-2-5
- 1s-2-3

WF9 x Hy

4.53 a
4.77 ab

-1s-2-1

4.99 ab

-1s-2-4

5.11 b

-1s-2-2

5.12 b
5.01

B~Means followed by same letter not significantly different at 5~ level.
involving Oh41. In crosses involving Hy, highly significant differences
between cytoplasms were detected in 3 of the 5 RfRf sublines and in the
rfrf line. With 1 exception among these data (Table 8), differences between cytoplasms showed increased susceptibility to leaf feeding in
presence of Tcros cytoplasm.
When averaged over RfRf sublines, mean number of lesions in normal
and Tcros cytoplasm was 3. 45 and 3.70, respectively. The difference
between these means exceeded the 5% level. No general trend was evident toward increased number of lesions in Tcros or normal cytoplasm
among Oh41 sublines. Without exception, there was an increased number of lesions among Hy sublines in the presence of Tcros cytoplasm
(Pesho 1969).
A highly significant interaction of cytoplasms x recurrent parents
was detected in the analysis of the mean resistance ratings involving the
RfRf sublines. Data and results of t tests, summarized in Table 8, show
this interaction was caused by a lack of significant differences between
cytoplasm means within Oh41Rf(Tx127c) sublines and presence of highly
significant differences within HyRf(Tx1Z7c) sublines.
In 1961 and 1962, only the tester parent WF9 was used. The 1963 and
1964 experiments were expanded to 4 testers to increase possibilities of
detecting variations of cytoplasmic and restorer gene effects that may
occur among genotypes. The tester parents were inbreds CI. 31A, Oh43,
Oh51A, and WF9. Male parent lines were inbreds B14, Hy, M14, and
38-11 or RfRf sublines using these inbreds as recurrent parent. Single
cross types, or synonymously, tester by line combinations were assigned
to whole units. When considered as tester by line combinations, 16
major genotypes were represented. Subunit treatments were restorer
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Table 8.

Mean resistance ratings and differences between mean resistance
ratings obtained in 1962 for recovered and nonrecovered sublines
of recurrent parents Oh41 and Hy using Tx127c as restorer genes
source and tested in normal (N) and Texas-type pollen-sterile (T)
cytoplasm.
Mean resistance rating
N cytoplasm

Pedigree

T cytoplasm

Differencea~

WF9 x (Tx127c x Oh417)-1s-1-1

3.94

3.73

-ro.21

-1s-2-1

3.81

3.84

-0.03

-1s-2-2

4.16

4.26

-0.10

-1s-2-3

3.56

3.59

-0.03

-1s-2-4

3.74

3.83

-0.09

WF9 x Oh41

3.54

3.74

-0.20

Mean

3.79

3.83

-0.04

Mean (recovered sublines)

3.84

3.85

-0.01

WF9 x (Tx127c x Hy7)-1s-2-1

4.60

5.39

-0.79**

-1s-2-2

4.90

5.34

-0.44

-Ls-2-3

4.46

5.09

-0.63**

-1s-2-4

5.01

5.20

-0.19

4.01

5.04

-1.03**

WF9 x Hy

4.66

5.36

-0.70**

Mean

4.61

5.24

-0.63**

Mean (recovered sublines)

4.60

5.21

-0.61**

-1s-2 -5

a~**Exceeds 17. level
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gene sources Tx127c, Ky21, and no restorer gene source. Cytoplasms
were assigned as sub-subunit treatments.
The 1963 and 1964 resistance ratings were analyzed separately and
as data combined over years. In 1964, one replication had to be discarded because of soil pollution. In the combined analysis one replication of the 1963 experiment was selected randomly and eliminated.
Years were considered fixed factors because it was judged not practical
to consider 2 years a random sample of environments.
In procedures followed in the analysis of variance of data combined
over years (Cochran and Cox 1957), preliminary tests were made and
subsequent procedures were in a manner dependent upon outcome of
preliminary tests. This procedure is approximate and may be susceptible to some bias, but it seems the only procedure available. Heterogeneity of sub- subunit error variances was encountered, thus probability
levels of F tests, t tests, etc. , involving main effects and interactions
of cytoplasms amongthe combined data must be considered approximate.
Differences among sources, Rf(Ky21), Rf(Tx127c) and rfrf, were
highly significant in 1963, nonsignificant in 1964 and significant at the
5°jo level in the combined analysis. The difference between Rf(Ky21) and
Rf(Tx127c) was not significant in the combined analysis, but between
RfRf and rfrf there was a significant difference due to the increased resistance of the RfRf genotypes as compared with rfrf genotypes. The
interaction, years x sources, was not significant, indicating sources
acted the same over years.
In the 1963, 1964, and combined analyses of the resistance ratings,
the interaction testers x sources was not significant. In the analysis of
the combined data, this sum of squares was partitioned to obtain tests
of the interactions, testers x Tx127c vs. Ky21 and testers x RfRf vs.
rfrf lines; the latter interaction was significant at the 5% level. The
data indicated this interaction was caused by a larger difference between
RfRf and rfrf lines in the presence of tester Oh43 than in presence of
the other tester parents (Table 9). Differences between RfRf and rfrf
lines supported increased resistance of RfRf lines. The interaction,
years x testers x RfRf vs, rfrf lines, was not significant, indicating the
first order interaction, testers x RfRf vs, rfrf lines, was constant over
years.
In analyses of mean resistance ratings from the 1963 and 1964 experiments, the interaction lines x sources was significant at the 5%
level. In the analysis of the combined data this interaction mean square
was not significant; however, the interaction, lines x Tx127c vs. Ky21,
was significant at the 5% level. The rating data showed increased susceptibility of RfRf lines of Hy and B14 by using Ky21 as restorer genes
source and increased susceptibility of RfRf lines of 38-11 and M14 by
using Tx127c as restorer genes source as compared with rfrf lines
(Table 10). The interaction, years x lines x sources, was significant
beyond the 5% level. In the partition of this second order interaction the
partition, years x lines x RfRf vs, rfrf lines, was significant at the 1°jo
level. This interaction was attributed to a relatively larger difference
between RfRf and rfrf lines of recurrent parents Hy and M14, compared
in 1963 and 1964, than between lines of the other recurrent parents compared similarly. When compared within Hy in 1963, increased suscep-
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Table 9.

Mean resistance ratings and differences between mean resistance
ratings of recovered restorer lines (Bf) and nonrestorer lines
(NR) obtained from combined 1963-64 experiments, as averaged
over lines and cytoplasms and compared within tester parents.
Mean resistance rating

Tester parent

Rf lines

Differencea~

NR lines

0

CI.31A

3.80

3.80

Oh43

4.76

4.96

-0.20*

Oh51A

5.69

5.79

-0.10

WF9

6.81

6.80

0.01

a

~*Exceeds 5'~ level.

Table 10.

Mean resistance ratings and differences between mean resistance
ratings of restorer gene sources, Tx127c and Ky21, obtained
from combined 1963-64 experiments, as averaged over tester
parents and cytoplasms and compared within lines.
Mean resistance rating

Line

Tx127c

Ky21

Differencea~

Hy

4.80

4.95

-0.05

B14

5.16

5.20

-0.04

38-11

5.30

5.17

0.13**

M14

5.81

5.75

0.06

a/
**Exceeds ly level.
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tibility of rfrf lines was obvious, whereas in 1964, increased susceptibility of RfRf lines was obvious. Compared within M14 in 1963, increased susceptibility of rfrf lines was apparent; in 1964, increased
susceptibility of RfRf lines was apparent. However, comparisons of
RfRf, vs, rfrf lines within recurrent parents combined over years
showed consistently increased resistance of the RfRf lines.
The difference between cytoplasms was highly significant in 1963,
nonsignificant in 1964 and significant in the combined analysis. In 1963,
mean rating of entries in normal and Tcros cytoplasm was 5.48 and 5.56,
respectively; the difference between these means was 1. 4% of the overall experimental mean. Among the combined data, mean rating of
entries in normal and Tcros cytoplasm was 5.26 and 5. 32, respectively;
the difference between these means was 1. 1% of the overall mean.
The interaction, cytoplasms x sources, was not significant in any of
these analyses. Within the genotypes with Ky21 the source of Rf, however, the difference between cytoplasms was significant at the 5% level
in 1963 and the 1% level in the combined analysis (Table 11). Consistent
with other results, increased susceptibility in presence of Tcros cytoplasm was evident.

Table 11.

Mean resistance ratings and differences between mean resistance
ratings of normal (N) and sterile (T) cytoplasms obtained from
combined 1963-64 experiments, as averaged over tester parents
and lines and compared within restorer genes source groups.

8estorer source
group

Mean resistance rating
H cytoplasm

T cytoplasm

Differenceg~
-0.11**

Ky21

5.21

5.32

Tx127c

5.27

5.27

NR lines

5.32

5.36

-0.04

Mean

5.26

5.32

-0.06*

a~Probability levels are approximate.
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The interaction, testers x cytoplasms, was not significant in the
combined analysis. The mean square for years x testers x cytoplasms
was significant at the 5% level because of shifts in direction of increased
susceptibility or resistance of cytoplasms compared within testers during the 2 years. The shift was most pronounced in Oh51A, but occurred
also in CI. 31A and WF9. In addition, there were noticeable changes in
magnitude of the difference between cytoplasms compared within testers
during the 2 years. The preceding differences were most pronounced
in comparisons of cytoplasms within the nonrestorer lines.
The interaction, lines x cytoplasms, was not significant in 1963,
1964, or 1963-64 combined, but the interaction, years x lines x cytoplasms, was significant at the 5% level. Differences between cytoplasms
in 1963 and 1964 were not constant in direction of increased susceptibility when compared within recurrent parents Hy, 38-11, and M14.
In. .analyses of the 1963, 1964 and combined data, the mean square
for genotypes (single crosses) was highly significant. Further analyse
for second order interactions, testers x lines x sources, testers x
lines x Tx127c vs. Ky21, testers x lines x RfRf vs. rfrf lines, and
testers x lines x cytoplasms, revealed no significant effects. Since
these interactions essentially are tests of single crosses x sources and
single crosses x cytoplasms the results indicate that differences among
Ky21(Rf), Tx127c(Rf), and rfrf, and differences between Tcros and normal cytoplasm were relatively consistent among the single crosses or
major genotypes. On the basis of these results, we concluded that
effects of interactions of individual lines or testers with restorer sources
or cytoplasms would be diluted or nullified when these parents are combined in single crosses.
In the 1963 experiment there were 3 possible comparisons of cytoplasms within source groups; in each comparison, increased susceptibility to leaf feeding was indicated in the presence of Tcros cytoplasm.
There were 4 possible comparisons of cytoplasms within testers; in 3 of
4 comparisons increased susceptibility in Tcros cytoplasm was indicated.
There were 4 possible comparisons of cytoplasms within lines; in 3 of 4
comparisons increased susceptibility in Tcros cytoplasm was indicated.
There were 16 possible comparisons of cytoplasms within tester by line
crosses (genotypes); in 11 comparisons increased susceptibility in Tcros
cytoplasm was indicated. There were 48 possible comparisons of cytoplasms within tester by line by source combinations; in 35 comparisons
increased susceptibility in Tcros cytoplasm was indicated.
Mean resistance ratings for 1963 and 1964 were 5.56 and 5.02, respectively. The difference between years was 10. 2°jo of the mean of the
combined data and exceeded the 5% level. Examination of data obtained
in 1962, 1963, and 1964 showed a lower level of larval establishment
and plant damage in 1964.
Differences detected as significant in 1962 and 1963 were not detected
as significant in 1964. Ability to detect differences because of main
effects and interactions of restorer sources and cytoplasms was partially
a function o~ level of insect infestation. Experience has shown environment can have major effects on insect establishment and damage. For
this reason, apparent differences between years in resistance ratings or
lesion counts wholly cannot be ascribed to effects of environment on the
restorer and cytoplasm mechanisms per se.
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Generally among these experiments, statistically significant differ
ences detected in resistance ratings were not detected in lesion counts,
Based on analyses of data collected from the third 1962 experiment, it
was judged that general failure to detect significant differences in lesion
counts was a result of: (a) a nonlinear association between resistance
ratings and lesion counts among corn genotypes (Guthrie e_t a_l. 1960),
and (b) failure to attain a degree of experimental precision adequate to
detect statiscally significant differences in lesion counts because of
main effects and interactions of restorer sources and cytoplasms (Pesho
1969).
DISCUSSION
No major shifts from borer resistance to complete susceptibility because of the effects of restorer gene sources or Tcros cytoplasm, such
as those reported by Villareal and Lantican (1965), were observed in
these studies, Ability to detect significant differences in mean ratings
because of presence or absence of restorer genes partially was a function of experimental precision. Cytoplasms consistently were assigned
as sub-subunit treatments,
Consequently, smaller differences between
cytoplasms, than so declared among whole unit and subunit treatments,
were declared statistically significant. Consistency of event of increased susceptibility to leaf feeding in presence of Tcros cytoplasm
among 1962, 1963, and combined 1963-64 data suggests events not declared statistically significant may have been other than random deviation s .
Generally, progeny of single crosses involving RfRf sublines showed
increased resistance to leaf feeding as compared with single crosses
involving rfrf lines. Increased resistance of RfRf sublines was not consistent over recurrent parents or years.
Little evidence was obtained
supporting selection of one restorer source over another. Variation in
resistance ratings among RfRf sublines of particular lines suggests
variation in length of chromosome segment, from the nonrecurrent
parent, still linked with the restorer locus may have been an important
factor, Failure of the restorer sources to perform the same over tester
parents, lines, and environments favors rejection of the hypothesis that
pleiotropic effects of the restorer genes occurred. Increased resistance
of RfRf sublines and general lack of differences between Rf(Tx12~i c) and
Rf(Ky21) sublines suggests genes for borer resistance from the two
sources were present. Occurrence of significant differences among
sublines of recurrent parents, particularly Hy, indicates the'backcross
program failed to recover fully genes of the recurrent parent that affect
resistance in all instances. Variation among RfRf sublines within lines
indicates selection for borer resistance during the backcross program
to recover, and perhaps improve, the recurrent parent type would be
beneficial,
In 4 of the 6 experiments reported, significant differences in resistance ratings were detected between Tcros and normal cytoplasms.
Failure to detect significant differences in 1961 and 1964 is believed to
be the result of poor choice of experimental design in 1961 and a reduced
level of larval establishment in 1964, In remaining years, the data
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consistently confirmed increased susceptibility to leaf feeding in presence of Tcros cytoplasm. Significant interactions of testers x cytoplasms, lines x cytoplasms and restorer sources x cytoplasms were
detected, but were not constant over years. Significant interactions of
recurrent parents (lines) x cytoplasms and restorer sources x cytoplasms reflected magnitude of differences between cytoplasms, rather
than shifts in direction of increased susceptibility.
Inbred WF9 has double recessive allels at the loci of the Z dominant
genes responsible for full restoration of pollen fertility in Tcros cytoplasm. Genetic analyses have shown the other tester parents are
heterozygous at one locus and homozygous 3ominant at the second locus
when crossed with Rf lines. Because no effects peculiar to WF9 were
observed, it was concluded heretozygosity at the restorer loci had no
effect on differences between cytoplasms.
Less variation in main effects of cytoplasms was evident than was
evident in main effects of restorer genes sources. In genotypes in which
an increased resistance advantage was gained because of additive effects
of genes presumably linked with the restorer loci, the advantage could
be expected to be diluted or nullified by increased susceptibility conferred by Tcros cytoplasm.
Within limits of the genotypes, restorer sources, and environments
sampled, it was concluded that the use of Tcros cytoplasm and genes for
restoration of pollen fertility would have no major detrimental effects on
host plant resistance to larvae of the first generation of the corn borer.
In instances where a hybrid was grown that was a blend of pollen sterile
and pollen fertile seed, increased susceptibility to leaf feeding could be
expected among male sterile plants. The producer of inbred lines or
single crosses to be used as female parents of hybrids could expect increased susceptibility when Tcros cytoplasm was incorporated. Conversely, increased resistance could be expected of'inbreds or single
crosses, to be used as male parents, in which restorer genes from
Txl27c or Ky21 were incorporated. Degree of increased susceptibility
or resistance would vary according to environments favoring or not
favoring borer establishment and survival.
Sanford et a_l. (1965) reported differences in total nitrogen uptake
between male sterile and male fertile inbreds and hybrids. Several
authors, as summarized by Sarvella et al. (1967), have reported quantitative and qualitative differences in amino acid content of male sterile
and male fertile plants of several species, Beck (1956) reported a high
degree of protein dependency in early instar larvae of the corn borer.
Cannon and Ortega (1966) reported increased number of lesions and leaf
feeding by first generation larvae in response to increasing levels of
nitrogen and phosphorus; but that degree of increase was not consistent
over single crosses, limits of nitrogen and phosphorus levels, or years.
On the basis of work reported by these authors and our results, we suggest that increased susceptibility to leaf feeding by young borer larvae
in presence of Tcros cytoplasm reflects presence of additional but minor,
amounts of nitrogenous or other essential dietary compounds.
The same cytoplasms, sources and genotypes used by Russell and
Marquez -Sanchez (1966) were used in the 1963-64 experiments. Differences reported by these authors were small and generally were judged
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to be of little practical importance. The differences reported herein
also were small and judged of similar practical importance. However,
this work and the work of Fleming et al. (1960), Russell and MarquezSanchez (1966), Scott and Guthrie (1967), and others, support the conclusion of Russell and Marquez -Sanchez (1966) that final evaluation
should be in the form with male-sterile cytoplasm and pollen-restorer
genes.
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First-instar
larvae of the 2nd -brood European corn borer, Ostrinia
nubilalis (Hubner), become established on pollen accumulated at the axils
of the leaves and behind the sheath and on ear shoots, husks, and silks
(Dicke 1950, Everett e_t al, 1958, Pesho e_t al. 1965), However, the importance of pollen in larval establishment and survival on resistant and
susceptible inbred lines of corn has not been determined though Dicke
(1950) found that many more larvae survived when inbred lines of dent
corn were artificially infested during the pollen-shedding stage than when
the corn was infested during the whorl stage.
The present study was
made to learn the effect of pollen on the survival of 2nd-brood larvae on
6 inbred lines of dent corn.
Field tests were made in 1965, 1966, and
1968, Laboratory tests were made in 1967 and 1968.
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Field Tests
Methods and Materials. Six inbred lines of dent corn were planted in
2 blocks. The blocks were isolated by planting 15 rows of a double cross
hybrid around each block (the hybrid was detasseled before the pollen
was shed). B52 is resistant, B49 is intermediate, R101 is intermediate
to resistant, and WF9, W22, and Oh43 are susceptible to a 2nd-brood
infestation (Pesho e_t a_l. 1965). A split -plot design was used with blocks
(pollen availability) on the whole plot area and inbred lines on the splitplot area. The 6 inbred lines were each planted in 5 3-plant hills row
with 2 rows plot in 1965 and 1966 and with a single row~plot in 1968. The
distance between rows and between hills within a row was 40 in. Fourfold replication was used during the 3-year period. Planting dates were
late (June 3 in 1965 and 1966 and May 29 in 1968) to avoid a 1st -brood
infestation. In 1965 and 1966, 18 plants in each plot in both blocks were
artificially infested the same days with 8 egg masses (about 160 eggs
plant) by making 4 applications of 2 masses each 1 day apart. In 1968,
9 plants in each plot were infested the same way. Moths originating from
larvae reared on a meridic diet in the laboratory for 3-8 generations
were used to produce the eggs. The egg masses, which had been incubated to near the hatching point, were pinned through the leaf midrib
under the ear leaf and under the 2 leaves above and 1 leaf below the leaf
of the ear as described by Pesho et al. (1965). Inbred lines in block 1
were infested during the active pollen-shedding stage; the inbreds in
block 2 were detasseled before anthesis and were infested on the same
day as inbreds in block 1 .
Since Pesho e_t a_l. (1965) showed that damage to the stalk and ear
shank was a reliable measure of relative resistance, the number of
cavities plant 4 internodes above and 4 internodes below the primary ear
plus the ear shank was used to compare the level of larval establishment
in the 2 blocks. Dissections were made 60 days after the eggs hatched,
the stalks and shanks of the infested plants were split longitudinally, and
the number of cavities along the exposed surfaces was recorded.
Results. The analysis of variance (based on mean number of cavities
plant) showed significant differences between the blocks, the inbreds, and
the interaction of blocks X inbreds for each of the 3 years. The interaction of blocks X inbreds (the effect of pollen on the survival of larvae
as expressed by cavities plant) is of particular interest so these data are
shown in Table 1. The main effect of blocks and the main effect of the
inbred lines are of little interest so they are not recorded.
A low level of larval survival resulted from the artificial infestation in
1965, a much higher number of larvae survived in 1966; in 1968, the
number of surviving larvae was still higher. However, few eggs were
deposited by the natural population in 1965 and 1966, but many more eggs
were deposited in 1968. Therefore, since no attempt was made to determine the extent of the natural 2nd -brood infestation, the 1968 levels may
include the effect of preference of the native 2nd-brood moths for the
different inbred lines as oviposition sites.
Table 1 shows that larval survival (measured by cavities plant) on the
susceptible inbreds (WF9, W22, and Oh43) was considerably higher in
block 1 (infested during anthesis) than in block 2 (detasseled before anthesis). In 1968 when conditions appeared to be favorable to a high level
of larval survival, large numbers of larvae were present on susceptible
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Effect of pollen in establishment of 2nd-brood larvae on

Ankeny, Iowa.
Cavities/plant
Resistant or intermediate inbreds

Blocka/

B52

B49

R101

Susceptible inbreds
WF9

W22

Oh43

1965
1

0.3

1.9

1.7

6,0

7.2

5.5

2

0.2

2.0

0.5

2.8

3.1

1.6

1966
1

0.8

2.6

4.4

10.9

13.1

11.9

2

0.5

2.2

3.2

7.9

9.6

5.9

1968
1

1.8

4.1

5.8

15.8

17.3

9.9

1.0

4.4

5.1

11.3

11.5

6.5

SE of difference between:

1965

1966

1968

0.47

0.72

0.82

Any ?_ means between inbreds for the same
block
Any 2 means bet~oeen blocks for the same
inbred

,
0.45

LSD 0.05

0.70

1.08,

Any 2 means between inbreds for the same block

0.96

1.48

1.67

Any 2 means between blocks for the same inbred

0.96

1.54

2.83

a~Block l:
Block 2:

Pollen available, plants infested during anthesis.

Pollen not available, plants detasseled before anthesis and
infested on the same day as inbreds in block 1.
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inbreds without pollen (block 2), and very high numbers were present on
susceptible inbreds with pollen (block 1); for example, in block 2, W22
contained an average of 11.5 cavities plant; in block 1, W22 contained an
average of 17.3 cavities plant. Therefore, larvae can become established
and survive on susceptible inbred lines without pollen, but survival is
higher when pollen is present. The numbers of larvae established on the
3 resistant or intermediate inbreds (B52, B49, and R101) were low in
both blocks all 3 years.
Laboratory Tests
Methods and Materials. The effect of pollen on larval survival and
development was determined by substituting pollen for 1 or more of the
ingredients in a meridic diet. A standard diet containing leaf powder
(Guthrie et al. 1965) was used as 1 check; a diet with wheat germ substituted for leaf powder (Lewis and Lynch 1969) was used as a 2nd check.
Pollen was collected from asingle-cross hybrid, WF9 X M14; this single
cross is susceptible to a 2nd-brood infestation. Foreign material was
removed from the pollen by screening.
Preparation of the diet was similar to the method used by Guthrie et
al. (1965). The larvae were reared individually on plugs of diet placed
in 3-dram vials. The vials were placed in trays containing 12 rows with
17 vials row. Each row was a treatment. A randomized block design
was used with treatments randomized within each tray, and each tray
was 1 replication. In 1967, 7 -fold replication was used; in 1968, 8 -fold
replication was used. The incubation room was maintained at a temperature of 80 ° F and 70% RH.
The criteria used for evaluating the effect of pollen on larval survival
and development were: (1) percentage survival to pupation, (2) percentage survival to adults, (3) days to pupation, and (4) weights of female
and male pupae. The long-term effect of pollen on survival and development of larvae was not determined.
Aresin transformation was used in computing the analysis of variance
for percentage survival to pupation and percentage survival to adults.
Difference between means of the transformed data (5% level of probability)
was used to interpret the actual percentage in Table 3.
Results. The diets for the 13 treatments are presented in Table 2
and the results are shown in~Table 3.
The European corn borer has been reared for 31 generations on diet 1
and for 62 generations on diet 2. More than 90% survival is• usually obtained. Treatment 13 contained all ingredients except wheat germ or
leaf powder; this treatment shows that wheat germ or corn leaf powder
are essential for satisfactory larval survival and development (treatment
13 vs, treatments 1 and 2).
Pollen was substituted for wheat germ or corn leaf powder in the
standard diet (treatments 5, 6, 7, and 8). Larvae were reared on this
diet to 3 (treatment 5), 6 (treatment 6), and 9 days (treatment 7) of age,
and then the larvae were transferred to the standard wheat germ diet and
reared to adults. Three-day-old larvae had reached the 2nd instar, 6day-old larvae the 3rd instar, and 9 -day-old larvae the 4th instar. These
data show that larvae can survive and develop satisfactorily to at least
the 4th instar on a diet with pollen substituted for wheat germ or leaf
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Ingredients for diets used to evaluate the effect of pollen

on the survival and development of larvae of the European corn borer.
Ankeny, Iowa.
Treatmenti~
Ingredient
Distilled H2O

1

600 ml

2

3

4

5,6,7,8

9,10,11,12

600

600

600

600

600

600

14

14

13

Agar

14 g

14

14

14

14

Dextrose

20 g

20

20

20

20

20

Casein

22 g

22

22

22

22

22

Cholesterol

1.6 g

1.6

1.6

1.6

1.6

1.6

Salt no. 2

7.2 g

7.2

7.2

7.2

7.2

7.2

Vitamin supplement

4.6 g

4.6

4.6

4.6

4.6

4.6

Ascorbic acid

6 g

6

6

6

6

6

Mold inhibitor~~

8 ml

8

8

8

8

t~heat germ

8

8

27

27 g
?7

27

Leaf powderd~

g

Pollen

g

27
27
27
(1967)(1967) (1967)

Pollen

g

81
54
81
(1968)(1968) (1968)

92

a~See Table 3 for explanation of treatments.
b~Unit of measure for each ingredient as given in treatment 1 is the same
for all treatments.
~~Dissolve 90 g sorbic acid in 4UU ml y5% ethyl alcohol.
d~Hea~ dried whorl leaves of [~;F9 Y M14 ground to a fine pocader.
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Table :;.--Effect of pollena~ in a meridic diet on the survival and
development of European corn borer larvae.
Survival
Treatrientb~

to pupation

Anneny, Iowa.

o Survival

No, days to

to adult

pupation

Pupal ~aei~ht

(m~;)

1967
1

96.1 def

87.E cd

I6.^ c

101.9 c

78.0 b

3

95.3 de

91.7 de

15.3 ab

117.4 of

82.9 cd

4

97.0 of

97.5 ~

15.0 a

114.7 f

83.1 cd

5

8~.2 be

79.0 c

17.2 d

105.5 cd

78.6 b

6

93.1 cd

9^..~ de

16.7 cd

109.6 de

80.0 be

7

99.2 f

99.^ f

16.9 cd

108.7 de

80.4 be

4

98.3 of

9~+.1 of

1601 be

105.4 cd

77.1 b

10

97..5 of

9=+.9 of

17.4 d

109.5 de

79.7 be

11

92.6 bcd

81.1 c

22.8 e

110.9 of

84.9 d

12

''.2.5 a

15.4 a

25.5 f

63.1 a

59.9 a

L3

84.9 b

58.0 b

2h.S g

73.5 b

63.3 a

~ 101.3 b

74. ^_ b

1958
90.4 b

79.4 ab

1.6.!+ c

9!+.1 be

90.4 cde

16.1 be

lOb.3 cd

78.5 def

94.9 be

94.1 def

15.4 a

1''0.7 e

84.6 h

4

9:3.4 be

59.0 bcd

15.8 ab

117.6 e

82.0 gh

5

93.4 be

-37.7 be

16.0 be

107.7 cd

77.3 cde

6

93.4 be

91.9 cde L-

15.8 ab

110.4 d

80.6 f;

7

97.8 c

94.1 of

16.2 be

1^v;?.6 be

74.6 be

8

9!~.l be

86.5 be

16.3 c

106.9 cd

77.? bcd

9

97.1 c

94.1 def

15.8 ab

106.9 cd

75.3 be

1
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(cont.)
Survival

Trcatmenth~

to pupation

% Survival

No. days to

to adult

pupation

Pupal ;aeis~ht (m~;)
~,

~;

10

97.1 ;:

95.6 f

16.3 e

109.7 d

79.G defg

11

93.4 be

88.3 cde

1J.5 d

109.8 d

80.3 efg

1?

80.9 a

7^.8 a

?0.7 e

94.9 a

69.9 a

a/Means within each column followed by the same letter do not differ
significantly at the 5% level of probability.
b~1 = standard diet with wheat germ (larvae reared to adults).
= standard diet with corn leaf powder (larvae reared to adults).
3 = pollen added to wheat germ diet (larvae reared to adults).
~+ = pollen added to corn leaf powder diet (larvae reared to adults).
5 = pollen substituted for ;cheat germ or corn leaf powder (larvae reared
to 3 days of age then transferred to wheat germ diet and reared to
adults).
6 = diet same as treatment 5 (larvae reared to 6 days of age then
transferred to wheat germ diet and reared to adults).
7 = diet same as treatment 5 (larvae reared to 9 days of age then transferred to wheat germ diet and reared to adults).
8 = diet same as treatment 5 (larvae reared to adults).
9 = pollen, agar, and mold inhibitor (larvae reared to 3 days of awe then
transferred to wheat germ diet and reared to adults).
10 = Diet same as treatment 9 (larvae reared to 6 days of age then transferred to wheat germ die L- and reared to adults).
11 = diet same as treatment 9 (larvae reared to 9 days of age then transferred to wheat germ diet and reared to adults).
17_ = diet same as treatment 9 (larvae reared to adults).
13 = all ingredients except wheat germ, corn leaf po~•;der, and pollen
(larvae reared to adults).
See Table ~ for further explanation of treatments.
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powder (treatments 5, 6, and 7 vs, treatments 1 and 2). Survival and
development of larvae reared to the adult stage (Treatment 8) on a diet
with pollen substituted for wheat germ or leaf powder was as good as
survival and development of larvae reared on the standard diets (treatment 8 vs, treatments 1 and 2). The importance of pollen in treatment
8 can be evaluated by comparing survival and development on this diet
with that of treatment 13 (all ingredients except wheat germ, leaf powder
or pollen) .
Treatments 9, 10, 11, and 12 contained only pollen, agar, and a mold
inhibitor. Larvae reared on this diet to 3 (treatment 9) and 6 days (treatment 10) of age and then transferred to the standard wheat germ diet and
reared to adults, survived and developed as well as larvae reared to
adults on'. the standard wheat germ and corn leaf powder diets (treatments
9 and 10 vs. treatments 1 and 2). Larvae reared on this diet to 9 days of
age (treatment 11) and then transferred to the standard wheat germ diet
and reared to adults did not develop as. rapidly as larvae reared on the
standard wheat germ or corn leaf powder diets (treatment 11 vs, treatments 1 and 2); however, survival to pupation, survival to adults, and
pupal weights were satisfactory. Larvae reared throughout their life on
pollen, agar, and a mold inhibitor (treatment 12) developed at a much
slower rate, mortality to pupation and adults was greater, and pupal
weights were lighter than larvae reared on the standard wheat germ and
leaf powder diets (treatment 12 vs, treatments 1 and 2).
When pollen was added to the standard wheat germ diet (treatment 3)
and to the standard leaf powder diet (treatment 4) the rate of larval development increased, as measured by number of days to pupation and the
weight of the pupae increased (treatments 3 and 4 vs, treatments 1 and 2).
The data from the 13 treatments show that pollen was beneficial to larval
survival and development.
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The true katydids are large, green insects whose heavily-veined tegmina look like leaves. Although pictures of these insects are found in
many elementary zoology and entomology textbooks, few biologists have
seen them. They reside in the tops of the tallest trees. Night after night,
they will be heard calling from approximately the same site which is usually between Z5 and 100 feet from the ground. Most people in the eastern
United States have heard their raucous calls, but few have discovered
the source of the sound.
The onomatopoetic interpretation of the calling sound of Pterophylla
camellifolia is ka-ty-did which is the common name of all the members
of the family Tettigoniidae. Each syllable of the interpretation corresponds to a pulse (sound produced by a single wingstroke), thus, katydid represents a 3-pulse chirp. The number of pulses per chirp is distinctive and characteristic of each of several populations of P, camellifolia. Thus, the onomatopoetic interpretation (e, g. , ka-ty, ka-ty-did-n't,
ka-ty-did-she-did, etc.) will depend upon which population you hear. The
interpretation of a recently discovered, previously undescribed, population in Iowa might be ka-ty-did-she-did-she-did-n't-she-did-she-did-n'tshe-did (i, e. , a 15-pulse chirp)! Any attempt at onomatopoeia would be
limited by this species' relatively short period of maturity which, in
Iowa, may extend from late July (or early August) to late September (or
early October).
P, camellifolia is a deciduous (oak-hickory) forest species. Although
extremely abundant in the forested regions of the eastern and southeastern
United States, in Iowa, these katydids are limited to the oak-hickory associations of the uplands along the rivers. This limitation in distribution,
along with man's disruption of the continuity of the trees along the rivers,
may be important in the future differentiation of populations of this species
Hebard (1941) points out that the members of the Pseudophyllinae in the
United States form a variable, plastic group. He believes that two of the
current genera, Paracyrtophyllus and Lea, might be reduced to subgenera
of Pterophylla and that two subspecies of Pterophylla furcata "may eventually prove to represent two extreme developments reached in Pterophylla camellifolia along one of its lines of racial differentiation." He
also states that "incipient racial differentiation is definitely indicated in
the northern, southern and southwestern portions of the range. "
On the basis of differences in their calling sounds, Alexander and
Shaw (unpublished) differentiated three populations of P, camellifolia
which correspond to the three areas of racial differentiation reported by
Hebard (Fig. 1). Although these populations make contact, mixed groups
of individuals from the two populations do not occur. Instead, between
pairs of these populations, there is a zone of intergradation in calling
sound and in the dimensions of the subgenital plate (Fig. 1) (Alexander
1967b, 1968). As one moves across this zone, there is a gradual change
in pulse rate and pulse number (i, e. , chirp length) (Fig. Z). The inter grade zone, which, presumably, is the result of hybridization, varies in
width from a few yards to more than a hundred miles.
Mixed populations have not been encountered and are unlikely because
members of this species cannot fly. When disturbed, they spread their
tegmina and "parachute" to the ground or onto a lower branch which may
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Northern \\\\\
Southwestern I I I I I I I
Southeastern i///.~
Western
Intergrcde Zone :......

Figure 1. Geographic distribution of populations of Pterophylla camellifolia in the United States. A map of the intergrade zone (representing
intergradation in calling sounds and dimensions of the male's subgenital plate) was published previously by Alexander (1967 b). The
intergrade zone probably extends farther west but its limits have yet
to be determined. The southeastern population corresponds to
Hebard's (1941) southern population (see text).
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belong to an adjacent tree. Therefore, geographic distribution, and the
meeting of a female of one population with the male of another, depends
upon an individual jumping or falling from his arboreal perch. If an individual lands on the ground, he apparently walks until encountering a
tree trunk after which he begins to ascend. This negative geotaxis is
easily demonstrated by simply presenting a vertically oriented finger to
a katydid that is walking on a horizontal surface.
In the summer of 1968, a "western" population, also distinctive in
calling sound (Fig. 3) and morphology of the subgenital plate (Fig. 4), was
discovered along the Skunk River between Ames and Story City. Prior
to this discovery, katydids of the northern population were encountered
in Ledges State Park, Boone County. The sparsity of both populations
was evident from further attempts to discern their distribution.
Tracing the Skunk River south through Story, Polk and Jasper Counties
failed to reveal a single calling katydid, even in the forested Chicaqua
Wildlife Preserve. During August, 1968, the authors drove to Rice Lake
State Park in Worth County where, at dusk, a drive was initiated which
carried us through Cerro Gordo, Floyd, Franklin, Butler, Hardin,
Hamilton and Story Counties while zig-zagging the Shell Rock, West Fork
of the Cedar (Winnebago), Iowa and Skunk Rivers. No katydids were
evident until two northern P, camellifolia were recorded at Eldora (Hardin Co.). Approximately eight miles from this spot, a small group of
western katydids was encountered in a group of oaks between New Providence and Union (also in Hardin Co.), a few miles west of the Iowa River.
Sounds of these populations differ only in the number of pulses per
chirp (Fig. 3). The pulse rate and the frequency spectrum of both sounds
are very similar. Pulse rate is directly dependent upon environmental
temperature; however, both calling sounds (Fig. 3) were recorded at 25°C.
The calling sound of P, camellifolia is a noise extending to 100 kilocycles
and possibly higher. However, the dominant frequencies typically occur
between 2 and 6 kilocycles (Fig. 3).
As indicated, the arboreal habitat of this species makes collection of
specimens difficult. Comparison of the dimensions of the subgenital
plate of one northern katydid collected in Ledges State Park (Boone Co.)
and three western katydids from Soaper Mill (Story Co.) indicated differences in the overall length, width of the narrowest region, and the
length of the distal slit (Fig. 4). An examination of nine male specimens
in the Iowa State Insect Collection revealed that they also could be classified as northern or western _P, camellifolia on the basis of the same
measurements of the subgenital plate (Table 1).
The distribution of _P, camellifolia in Iowa (Fig. 5) was based on the
specimens examined, song records, and locality records reported by
Froeschner (1954) for which specimens were not available for examination. There is not yet enough data to indicate whether or not hybridization is taking place. However, sound records from Iowa City (Johnson
Co.) reveal chirp lengths of 4 to 6 pulses which are intermediate to the
mode of northern (Z to 3 pulses) and western (8 to 15 pulses) populations
(Fig. 3). The existence of the two populations within eight miles proximity in Hardin Co. , 3 miles in Story Co. , and 5 miles in Van Buren Co. ,
suggests that there has been opportunity for hybridization. The search
for intermediate populations continues.
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Figure 3, Calling sounds of katydids from the northern and western
populations of P, camellifolia, The upper audio spectrograph illustrates two, 2 -pulse chirps of a northern katydid, while the lower
audiospectrograph illustrates one, 9 - pulse chirp of a western katydid.
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Figure 4. Dorsal view of the subgenital plates of males from the western
and northern populations of _P, camellifolia.
The upper, wide region
of the subgenital plate is proximal and represents the point of attachment to the abdomen. Because of difficulty in determining the limits
of the lateral, proximal extensions of the subgenital plate, the total
length was measured along the midline from the bottom of the V-like
depression at the proximal end to the tip of the slit at the distal end.

Figure 5. Distribution of P, camellifolia in Iowa. O =northern population
based on measurements of subgenital plate; ~ =western population
based on measurements of subgenital plate; O =northern population
based on calling sound; • =western population based on calling sound;
© =possible intermediates between western and northern males based
on calling sound; X =records reported by Froeschner (1954) but
specimens not seen by author.

200

SHAW ar~d CARLSON

It is generally agreed that the calling sounds of Orthoptera are species isolating mechanisms serving to bring conspecific males and females together. This is supported by the species specificity of the calling sounds
of every sympatric, synchronic species and by experimental evidence
that individuals are selectively attracted to the sounds of their conspecific
mates (Alexander 1967). Of the more than 200 species of singing katydids, crickets, and cicadas in the United States, only four species show
geographic variation in calling sound (Alexander, personal communication). Of these four species, only P, camellifolia shows zones of inter gradation in calling sounds where two distinctive populations come into
contact.
It is likely that P, camellifolia was divided into at least four populations during Pleistocene glaciation and that, at least in the southern and
eastern parts of the United States, three populations are coming together
again and are interbreeding. In other words, the differences in their
calls which apparently developed during geographic isolation are not sufficient for the calling sounds to serve as species isolating mechanisms.
However, the dynamics of interaction between the northern and newly
discovered western populations are not yet determined, and there is still
the possibility that the western population is a new species.
In Iowa, the restriction of oak and hickory groves to uplands along
rivers and streams may prove a more effective means of separation of
northern and western populations than in the still relatively large forested
areas of the southern and southeastern United States. In addition, man's
clearing of woodlands along rivers and streams (e, g. , by the Corps of
Engineers) will undoubtedly contribute to the isolation of pockets of northern and western katydids. In other words, even if some gene exchange
has taken place in the past, a thorough investigation of the distribution of
P, camellifolia in Iowa may indicate pockets of incipient species.
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Residential construction is an important industry in Iowa and provides
an important outlet for building materials suppliers, During 1966, Iowa
builders started more than 10, 000 new housing units. The wholesale
value of lumber, plywood, and insulation board used in residential construction in Iowa during 1966 was estimated at more than X20 million,
High costs of land, labor, and capital and new technological developments are promc;ting changes in the residential building industry, Knowledge of these changes is important to building materials suppliers in deciding what kinds of customer they can best serve now and in the future,
These changes also affect the characteristics of construction firms and
their attitudes regarding where to buy wood building materials,
To succeed, firms supplying materials to Iowa residential building
firms need to provide an optimum combination of product quality, competitive prices, convenience and customer services, To arrive at the
best combination of factors, the supplier must carefully assess both his
own business and the characteristics of his clientele,
Objectives
The objectives of this study were to: (1) describe the present characteristics of residential building firms in Iowa, (2) determine the factors
currently most important to builders when deciding where to buy lumber,
plywood, and insulation board, 3 (3) examine changes in purchasing practices of builders that occurred between 1962 and 1966, and (4) determine
the sources from which residential contractors intend to purchase building materials in the future,
Sampling Procedure and Data Analysis
A total of 280 Iowa builders who started a residential structure in 1966
furnished information for this study, A list of 1, 357 Iowa building firms
was developed by using the classified sections of telephone directories
and membership lists of builders associations, A questionnaire «gas initially mailed to all builders on the list. A second mailing was directed
to builders who did not respond to the first mailing. In addition, a sampla of builders who did not respond to either mailing v~ere personally
interviewed.
Single-family homes of different designs built by individual builders
were converted to physical volumes of lumber, ply;good, and insulation
board based on the average floor area reported, Conversion factors
used were in terms of product quantity per square foot of floor area;
factors relevant to the central United States were used (Table 11.
Physical volumes of wood building materials used by each firm during
1962 and 1966 for different types of residential construction ~t-ere then
translated into wholesale dollar value. Material prices listed for Kansas
City were used; prices were not readily available for Io~t•a cities,
The wholesale dollar value of lumber, plywood, and insulation board
purchased from different types of suppliers (retailers, ~t•holesalers,
component manufacturers, and mills) was also calculated for each responding builder,
3 Excluding materials used for exterior
siding,
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Lumber, plywood, and insulation board (exclusive of siding)
used per square foot of floor area by different house designs.

House design

Average amount used per square foot of floor area a
Lumber
Plywood
Insulation bo~.rd
(bd, ft.)
(sq. ft.) c
(sq, ft.) b

1 story

8. 1

2. 1

0. 8

1 z story, 2 story
and split foyer

7,8

2. 1

0. 4

Split level

9.6

2. 6

0. 8

a

b

From: R. B. Phelps. 1966. Wood products used in single-family
houses inspected by the Federal Housing Administration 1959 and
1962. U. S. Dept. Agr. Stat. Bul. 366.
3~8-inch basis,

c 1~2-inch basis.
Results and Discussion
Based on the survey, Iowa residential builders started an estimated
8, 350 single-family dwellings, 1, 310 apartment units, and 408 duplexes
in 1966. The single-family dwellings had a total sales value of $176
million, excluding the price of lots. The wholesale value of lumber,
plywood, and insulation board (excluding siding) used in these new houses
totaled $15. 3 million. An additional $1, 8 million worth of these materials
was used in new duplexes and apartments; $3 million worth was used in
home improvements, remodeling, additions, and repairs.
Homes built in Iowa during 1966 averaged 1, 390 square feet of floor
area, with an average selling price (exclusive of land) of $21, 100. Almost half the single-family dwellings contained between 1, 100 and 1, 399
square feet of floor area; approximately one-fourth of Iowa homes had a
floor area between 1, 400 and 1, 699 square feet (Table 2). More than
half of the single-family homes started in Iowa during 1966 were in the
$15, 100 to $20, 000 price range; the next most popular price range was
$20, 100 to $25, 000 (Table 3).
On the average, Iowa residential building firms individually started
15 single-family homes and 3 multifamily units in 1966. More than half
the Iowa builders started 10 or fewer dwelling units in 1966; another onefourth built between 11 and 25 units (Table 4), The 18% of Iowa building
firms starting 26 or more units in 1966 accounted for 60% of the homes
built. The 2% of the builders starting more than 75 units were responsiFirms starting 26 to 75 homes in
ble for 20% of the new housing starts.
1966 also constructed a major proportion of the multifamily units.
Iowa residential builders spent an average of $36, 200 for lumber,
plywood, and insulation board during 1966; 76% of the materials went
into the construction of new, single-family homes. The percentage of
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Table 2.

Percentage of Iowa homes started in 1966 by square feet of
floor area.
Square-feet of floor area

Table 3.

Percentage of homes

800 to 1099

12

1100 to 1399

48

1400 to 1699

23

1700 to 1999

9

2000 or more

8

Percentage of Iowa homes started in 1966 by selling price.
Selling price
$15, 000 or less

Table 4.

205

Percentage of homes
8

$15, 100 to X20, 000

55

X20, 100 to $25, 000

21

$25, 100 to X30, 000

8

$30, 100 or more

8

Percentage of Iowa builders starting different numbers of units
in 1966.
Number of units started
1 to 10

Percentage of builders
54

11 to 25

28

26 to 75

16

76 or more

2

206

PREST EMON and ONKEN

lumber, plywood, and insulation board used in different types of residential construction varied by size of builder (Table 5). The percentage of
materials used in the construction of single-family homes increased with
increasing firm size. Iowa residential building firms starting 1 to 10
new units and those starting more than 75 units in 1966 generally built
larger and more expensive single-family homes than did other builders
(Table 6).

Table 5.

Percentage of lumber, plywood, and insulation board used in
various types of residential construction in Iowa during 1966
by firms of different sizes.
°70 of lumber, plyv~ood, and insulation board used in:

Firm size (No.
of units started)

1 -family
homes

Duplexes &
apartments

Home remodeling,
additions &repairs

1 to 10

69

1

30

11 to 25

76

8

16

26 to 75

75

18

7

76 or more

83

5

12

76

9

15

Average (all firms)

Table 6.

Average floor area and selling price of new single-family
homes started by builders of different sizes iri Iowa during 1966.

Firm size (No.
of units started)

Average floor area
(square feet)

Average selling price

1 to 10

1457

aD21, 930

11 to 25

1323

X20, 409

26 to 75

1284

$19, 400

76 or more

1394

X22, 325

Sources of Building Materials
Iowa residential builders purchased more than half their lumber, plywood, and insulation board from retailers in 1966 and another 39% from
wholesalers and component manufacturers (Table 7). Firms constructing fewer than 75 homes in 1966 purchased the major portion of their
materials from retail suppliers. The relatively high proportion of materials purchased from mills by small volume builders may be because
many retail lumber dealers are also builders. Builders starting more
than 75 units purchased more than 90°0 of their materials from whole salers, component manufacturers, and mills.
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Firms building single-family homes with a sale price between $15, 100
and $20, 000 purchased the largest total amount of lumber, plywood, and
insulation board from retailers, approximately $4. 2 million. Builders
selling homes in the $25, 100 to X30, 000 price range bought a larger proportion of their materials (almost three -fourths) from retailers than did
firms building homes in any other price class. Wholesale distributors
sold more materials to builders constructing homes selling for more than
$30, 000 than to builders constructing less expensive homes. Builders of
homes selling for more than $30, 000 bought more than $1 million worth,
or 44%, of their total needs from wholesale suppliers; the other 56% of
their needs were purchased from retail sources. Builders starting
homes priced between X15, 100 and $25, 000 purchased almost ~2. 5 million
worth of lumber, plywood, and insulation board from precut or prefabricated component manufacturers; this represented about 22% of their needs.
Builders selling homes for $15, 000 or less bought one-third of their lumber, plywood, and insulation board directly from sawmills and from plywood and insulation board plants.
Factors Influencing Where Builders Buy
The two factors most frequently checked as important by all builders
as influencing where they buy, regardless of number or type of homes
built, were: (1) "best combination of price and product quality to meet
specific building needs," and (2) "prompt and dependable delivery service" (Table 8). The next three most important factors for all builders
surveyed were: (3) "merchandise of highest quality," (4) "prefer to
patronize hometown merchants and lumber dealers," and (5) "large stock
or inventory available."
Statistical analysis showed that the importance of many factors varied
significantly with number of units started by individual builders. "Special
products such as components or premanufactured units" was the third
most frequently checked factor by firms starting more than 25 housing
units; it was ranked only seventh and eleventh in importance for the smaller firms. "Prefer to patronize hometown merchants and lumber dealers"
and "convenient location of dealer near my office or building site" were
factors considered more important by firms starting 1 to 10 units in 1966
"Special estimating and
than by firms starting a larger number of units.
ordering services" and "special technical or consulting services" were
relatively more important for builders starting 26 to 75 units than for
other size classes of builders.
The importance of the different factors was also examined for firms
building homes to sell in different price classes. Only three of the individual factors were independent of average selling price: (1) "best combination of price and product quality to meet specific building needs,"
(2) "prompt and dependable delivery service," and (3) "personal friendship with building material dealer or his employees." "Merchandise of
the highest quality" and "name brands of building materials offered by
my dealer" were factors significantly more important to .firms building
homes selling for X30, 100 or more compared with firms building lower
priced homes. Significantly more builders who started homes selling for
X15, 000 or less in 1966 rated the factors "large stock or inventory of
materials," "merchandise at lowest possible price," and "display of
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merchandise so you can select your own materials" as more important
than did other builders. "Convenient location of dealer near my office or
building site" and "prefer to patronize hometown merchants and lumber
dealers" were factors most often rated as important by firms building
homes in the highest and lowest price classes.
Changes between 1962 and 1966
On the average, individual Iowa builders started 3. 18 more housing
units in 1966 than in 1962. The residential structures were larger and
more expensive in 1966 compared with 1962. Single-family homes
showed an average i.~~.crease of 161 square feet in floor area from 1962
to 1966 and average selling price increased by ~3, 767. There was a
significant increase in the number of 1 z story, 2 -story, and split -foyer
homes started in 1966 compared with 1962.
On the average, firms starting between 1 and 10 homes in 1962 started
significantly fewer units in 1966; firms starting between 11 and 25 housing units started significantly more units in 1966 than in 1962. For firms
starting between 26 and 75 units per year, there was no significant change
in average number of housing units started in 1966 compared with 1962.
Construction firms starting more than 75 units per year significantly
increased the average number of units built per year between 1962 and
1966.
Iowa building firms tended to receive a smaller proportion of their
total dollar volume of business from residential construction in 1966
compared with 1962. These firms significantly increased their consumption of lumber, plywood, and insulation board during the 4 years. A significantly greater proportion of materials was used in construction of
multifamily units in 1966 compared with 1962; this increase amounted to
4. 4~/0 . The relative amount of lumber, plywood, and insulation board
purchased from retailers decreased significantly over the 4-year period.
Future Purchasing Intentions of Iowa Builders
Seventy-two percent of all builders surveyed indicated that they
planned to make no change from their present purchasing practices
(Table 9). Approximately 8°io of the builders indicated that they would
purchase more from wholesalers, and another 9% planned to buy more
from manufacturers of prefabricated or precut components.
Firms building a small number of units per year appear least likely to
change their purchasing practices. Some adjustment in favor of wholesale suppliers was indicated by firms starting between 1 and 10 units per
year and builders starting more than 75 units. One -fifth of the builders
starting between 26 and 75 units indicated an intent to purchase more
materials from manufacturers of prefabricated or precut components.
One-fourth of the construction firms starting more than 75 units said
they intended to purchase a larger proportion of their materials directly
from sawmills, plywood plants, and insulation board plants.
Builders constructing homes in the lowest price class (less than
X15, 100) indicated the greatest intent to change their source of material
supply; only 47% of builders in this group indicated no intent to change
compared with the average for all builders of 72°jo. Thirty-five percent
of the firms building homes selling for X15, 000 or less indicated intentions to buy more material from manufacturers of prefabricated or precut components.
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BUYING PRACTICES OF IOWA BUILDING FIRM5

Z13

Conclusions
Iowa residential building firms typically build a small number of
residential units per year. But the average number and size of new
homes built by Iowa builders is tending to increase. This trend will
likely continue, with a greater proportion of new units being erected by
larger firms.
All Iowa builders want their suppliers to provide good product quality
at competitive prices and prompt, dependable delivery service. But
other supply requirements differ somewhat, depending on the size and
number of homes constructed by the individual firms. Building materials
suppliers should carefully assess the needs of different types of builders
and focus on the specific builder clientele that their firm can most effectively serve. For example, retail suppliers selling at discount prices
are currently in an excellent position to cater to the special needs of
builders constructing a relatively small number of large, expensive
homes. Wholesalers, component manufacturers, and manufacturing
plants seem best adapted to supply the desired products and services for
construction firms erecting a large number of less -expensive homes.
In general, retail lumber dealers appear to have maintained a favorable marketing position with Iowa residential builders in recent years.
If the trend indicated between 1962 and 1966 continues, this position may
weaken in favor of other suppliers, particularly wholesalers and component manufacturers. Future purchasing intentions reported indicate
that the most appropriate builder clientele for retailers in the future may
be firms constructing large, expensive homes within a limited geographical area; if so, an inventory of highest -quality materials with well recognized brand names should be stocked by such firms. Other suppliers
might best focus efforts on furnishing the needs of builders constructing
large numbers of less expensive homes and be prepared to supply products such as precut lumber and premanufacturered components at the
lowest possible prices.
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INTRODUCTION
Leersia (Gramineae, Tribe Oryzeae) is a genus closely allied to cultivated rice. The genus contains approximately seventeen species and
has world wide distribution. Prodoehl (1922) was the last one to circumscribe the genus and summarize the characteristics of all the species.
Since that time new techniques in cytology and anatomy and a greater
availability of herbarium specimens have encouraged a re-examination
of this group. Launert (1965) has recently revised the nine African species, giving particular emphasis to the separation of Leersia and Oryza.
My study was undertaken to investigate the remaining eight species
occurring in Asia, Europe, North and South America, and Australia. _L.
hexandra is the only species which has a pan -tropic distribution, and
therefore is included in this study and that of Launert.
MATERIALS AND METHODS
Cytological studies
Root tips and microsporocytes were obtained from material grown in
the greenhouse and in the field. Mitotic chromosome preparations were
made on fresh root tips from culms or rhizomes which had been rooted
in expanded mica. These were then pretreated with acitidione for 4hours
to inhibit mitosis at metaphase. The root tips were then fixed in a mixture of three parts absolute ethyl alcohol to one part glacial acetic acid
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for 1Z hours, hydrolyzed for 8 minutes in 1N HC1, and stained with Feulgen reagent. The tips were then "squashed" and made permanent or
discarded after counts were made.
For meiotic chromosome preparations young inflorescences were
fixed in 3:1 alcohol-acetic acid for 1Z hours. The anthers were removed and placed in a drop of propiocarmine stain. The tips were cut
and the microsporocytes squeezed out.
Pollen grains were obtained from living and herbarium material. The
grains were stained in lactophenol-cotton blue, which is also a semipermanent mounting medium. Staining was done only as an indication of
fertility.
Herbarium study
Herbarium specimens from the following institutions were examined:
B
BAB
BM
C
F
GH
ISC
K
LIL
MO
NCU
NY
P
R
S
TI
TNS
US

Botanisches Museum, Berlin-Dahlem
Instituto de Botanica del M, A, G. N, , Buenos Aires
British Museum (Natural History), London
Botanical Museum and Herbarium, Copenhagen
Field Museum of Natural History, Chicago
Gray Herbarium of Harvard University, Cambridge
Iowa State University, Ames
Royal Botanic Gardens, Kew
Instituto Miguel Lillo, Tucuman
Missouri Botanical Garden, St, Louis
University of North Carolina, Chapel Hill
New York Botanical Garden, New York
Museum National d'Histoire Naturelle, Paris
Divisao de Botanica do Museu Nacional, Rio de Janeiro
Botanical Department, Naturhistoriska Riksmuseum, Stockholm
Botanical Institute, Faculty of Science, Tokyo
The National Science Museum, Botanical Section, Tokyo
United States National Herbarium, Washington, D, C.

The taxonomic treatment includes synonyms for each species; the
procedure of Isely (1962) is used to indicate the basis for including each.
The procedure is as follows:
(1) Type specimen or photograph of same examined.
(Z) Original description examined.
(3) Name utilization follows that of another author who has examined
an original specimen or type.
(4) Name utilization follows that currently accepted; typification not
verified.
The appropriate numbers) follows each citation.
A list of all specimens examined for most species follows the discussion of that species. Only representative specimens are cited for L.
hexandra, L. virginica, and L. oryzoides. In most instances only one
specimen per county or district, or a few specimens for a small country
were used to make the distribution maps.
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Field collections and observations
Only species growing in the continental U. S. were studied in the field.
L. monandra was the only species found in the United States not seen
living. Observations and collections were made during part of the
flowering season (September of 1965 and October of 1966). Rhizomes
were transplanted to the greenhouse.
Rhizomes of _L, hexandra were
obtained also from the Philippines and Gosta Rica and grown in the
greenhouse.
Greenhouse conditions were improved for these plants by
placing them in a small, clear plastic shelter.
This kept the humidity at
a high level and the plants were more vigorous than when not covered.
Anatomy and micro -characters
Sectioning of leaves and spikelets was accomplished using material
from herbarium sheets.
This material was treated in the following manner: small fragments and single spikelets were soaked for 12 hours
in a solution of 1 part concentrated ammonium hydroxide to 19 parts
water, washed thoroughly, dehydrated in an alcohol series,
soaked in
xylene, and embedded in wax. Sectioning was done on a microtome and
the sections stained in safranin and fast green.
Preparations were
mounted in piccolyte.
Epidermal peels were made by gently boiling small, fresh leaf segments in a solution of 1 part concentrated nitric acid to 5 parts water
until the mesophyll was destroyed. The acid was then decanted and the

epidermal sections washed and neutralized with 0. 1p7o KOH. The segments of epidermis were then stained in chlorazol black E and mounted
in diaphane (Pohl 1967).
All photographs from these preparations were taken with a Leitz
Ortholux photo -microscope.
THE GENUS LEERSIA

Leersia S~~~artz, Nova Genera and Species Plantarum seu Prodromus 21.
(1788). Based on Phalaris oryzoides L. Species Plantarum 55. (17531
Homalocenchrus Mieg. Acta Helvet. -1:307. (1760)
Ehrhartia Wigg. Primitiae Florae Holsaticae 63. (1780)
Asprella Schreb. Gen. Plantarum I:45. (1789) .
Blepharochloa Endl. Gen, Plantarum, Suppl. 1:1352. (1841)
Pseudoryza Griff, Ic. P1. Asiat, table 144. (18-17-1851)
Description
Plants perennial, rhizomatous or tufted; calms 20- 150 cnz long, occasionally longer when in floating mats, erect or decumbent, terete or
compressed, often rooting at nodes; nodes usually retrorsely pubescent,
sometimes nearly glabrous; sheaths glabrous to scabrous-hispidulose;
ligule 1-12 mm long, more or less truncate, auriculate; blades linear,
glabrous to short pilose above andjor beneath, often coarsel}• scabrous,
sometimes flaccid, narro«- (4 n-~m) to broad (25 mm), often involute in
drying; panicle enclosed or exserted usually terminal sometimes also
axillary, usually pyramidal; branches 1-4 per node, spreading -flexuous
to ascending, filiform, occasionally some~i~hat thickened, 1 3 to nearl~~
entirely covered ~t•ith spikelets; spikelets one-fle~t~ered, laterally com-
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pressed, linear to suborbicular, 1. 5-8. 5 mm long, flower usually perfect, sometimes with only stamens or pistils well developed; glumes inconspicuous, reduced to a small cupule; lemma awned or awnless,
ciliate-hispid to glabrous, 5 nerved; palea awnless, occasionally short
awntipped, ciliate-hispid to glabrous, 3 nerved, subequal with lemma,
margins clasping the inrolled margins of lemma (Fig. 1, A —C); stamens
1, 2, 3, or 6; pistil 2-5 mm long, style branches 2, separate; stigmas
plumose, exserting simultaneously with anthers at anthesis (Fig. 2);
grain flat to only slightly compressed. Micro-characters: ripplewalled
epidermal cells, usually papillose; stomates rhomboid; micro-hairs bicellular; silica bodies dumbbell-shaped (Fig. 3); chlorenchyma compact,
cells with papillose projections; vascular bundle sheaths with welldeveloped parenchyma cells and often additional thick walled cells; bulliform cells well-developed above, and also below in species with six
stamens (see Figs. 6-11, 15 and 17), starch grains compound; basic
chromosome number x = 12.
History of the genus
When Swartz (1788) published the name Leersia for two species from
the West Indies, L. monandra and L. hexandra, and transferred Phalaris
oryzoides to Leersia, he may not have been aware of the existing name
Homalocenchrus. If so, he ignored the name and coined the name Leersia
in honor of a German apothecary and local botanist, Johann Leers (Hitchcock 1951). Schreber (1789) felt that Asprella was the most appropiate
name and disregarded Homalocenchrus and Leersia published previously.
Blepharochloa and Pseudoryza were similarly used sometime later to be
somewhat descriptive. Kuntze (1891) apparently rediscovered the name
Homalocenchrus and transferred several species to it. Eventually most
species of Leersia were transferred to Homalocenchrus because of priority. However, with the continued use of Leersia for several of the
common species, it is conserved according to the International Rules of
Plant Nomenclature (ed. J. Briguet, 1912). Species of Leersia have
often been placed together with Oryza, Zizania, Phalaris, and Pharus.
The generic name Leersia was first given to the moss genus Encalyptra in 1782 by Hedwig (Grout 1938). Many botanists continued to use the
name Leersia for the moss during the 1800's and as a result there are
numerous specific names in the literature which refer to mosses and are
therefore not covered in this treatment.
General considerations of Oryzeae and the placement of Leersia
The tribe Oryzeae has been variously characterized as consisting of
seven to sixteen genera. Hackel (1887) included sixteen genera, Bentham
and Hooker (1883) nine genera, Hubbard (1959) seven genera, and Tateoka
(1963) ten genera. Tateoka's treatment is being followed in this paper
and is similar to the treatment given by Prat (19 36), Pilger (19 54), and
Parodi (1958). The tribe is usually divided into two subtribes, Oryzinae
and Zizaniinae, on the basis of possession of bisexual or unisexual
flowers. Stebbins and Crampton (1961) and Hitchcock (1951) elevate the
two subtribes to tribes. Some authors (Avdulov 1931, Gardner 1952)
have combined the Oryzeae with Ehrharteae; thus giving a broader
characterization to the tribe. However, Tateoka (1963) has presented
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Cross sections of spikelets showing the arrangement and
number of stamens and the clasping nature of the lemma and
palea margins. A. _L, hexandra; B. L, oryzoides ; and
C. _L. virginica (arrows indicate the five vascular bundles of
the
and three vascular bundles of the palea).
lemma

Figure 1.
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4
Figure Z.
Figure 3.

Figure 4.

L, virginica spikelets showing the synchronous emergence of
the stigmas and anthers.
Epidermis of L, lenticularis showing: A, bicellular microhair; B. dumbbell- shaped silica bodies: C. barb; D, ripplewall cell; E, rhomboidal stomate.
Leersia spikelet with one well developed sterile lemma.
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excellent arguments for excluding the members of the Ehrharteae and
gives some anatomical and histological features which delimit each.
The Oryzeae is characterized primarily on the basis of having one flowered spikelets, which are compressed or terete, with two welldeveloped bracts, the lemma and palea. There may or may not be one
or two additional bracts below. When present these additional bracts
are attached above the basal articulation of the spikelet and are usually
called sterile lemmas (Arber 1934, Chevalier 1937, Hubbard 1959,
Parodi 19 58, Tateoka 19 63, Chang and Bardenas 19 65, Launert 19 65,
Butzin 1965). The bilobed cupule in which the spikelet has its articulation is considered by these authors to be reduced, true glumes. However, Weatherwax (1929) interprets the two well-developed bracts, when
present, immediately below the lemma and palea as glumes and the
cupule as bractlets.
A combination of the following characters distinguishes Leersia from
other members of the Oryzeae: spikelets bisexual, lemmas usually awnless (if awned, the awn less developed and smaller than in other genera),
sterile lemmas absent, and a basic diploid number of 48 chromosomes.
A comparison of some characters in the tribe Oryzeae are given in
Table 1. No attempt was made to include all reported chromosome
numbers except those for Leersia which are given, along with the author,
in Table 2, All genera in this tribe have small chromosomes. The
basic number is usually twelve, but 7.izania has a basic number of fifteen
or seventeen.
The spikelet of Leersia
In Leersia the two bracts enclosing the flower have been called
glumes by Bentham and Hooker (1883). Hackel (1887) treats the two
bracts as the lemma and palea as does Hitchcock (1920), Chase (1959),
Arber (1934), Weatherwax (1929), Hitchcock (1951), Parodi (1958),
Jacques -Felix (1962), and Launert (1965). One specimen of Leersia
which I examined had a spikelet with one well-developed sterile lemma
(Fig, 4). This evidence is sufficient to show that the floret of Leersia is
homologous with the floret of Oryza which has two well-developed sterile
lemmas. The sterile lemmas are absent in Leersia. Thus, in light of
previous research and from my own observations, I consider the enclosing bracts of the single flower of Leersia to represent the true lemma
and palea.
Weatherwax (1929) has correctly shown the nature of the vascularization of the lemma and palea. I have sectioned spikelets of several species and confirm his observations that the lemma is 5 -nerved and the
palea 3-nerved (Fig. 1, C). In two species, L, monandra and L, ligularis, the median nerve of the palea is also somewhat less conspicuous
than in other species. The palea is also less compressed in these two
species. In most species the marginal nerves of the palea are less conspicuous as vascular bundles and are somewhat more sclerified.
Most authors consider the small cupule in which the spikelet has its
articulation to be reduced, true glumes. Weatherwax (1929) views the
cupule as only bractlets and states that the true glumes are absent. It is
difficult, if not impossible, to determine the true nature of the cupule.
It is more prominently bilobed in Oryza, but occasionally in Leersia
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Chromosome numbers in Leersia

Species

2n

Reference or collection data

L. hexandra

48

de Wet and Anderson (1956); Chen and
Shu (1962); Larsen (1963); Hirayoshi
(1937); Pyrah no. 540, 7100, and 762.

L. lenticularis

48

Brown (1950); Pyrah nos. 485 and 880.

L. monandry

48

Brown (1950).

L. japonica

96

Hirayoshi (1960).

L. oryzoides
var. oryzoides

48

Ramanujam (1938); Brown (1948); Tateoka
(1954a, 1954b); Pyrah no. 600.

var. japonica

60

Hirayoshi (1947).

48

Brown (1948); Bowden (1960); Pyrah no.
763.

L. virginica

virginica it is somewhat more expanded than usual. Apparently the vascularization is not distinct in the cupule and it is only the small extended
portions and position of the cupule which lead many authors to conclude
that it represents rudimentary glumes. It is difficult to be sure that the
so-called sterile lemmas present in some genera are not glumes, since
they look like glumes and are similarly positioned. If some of these
structures, particularly those of Oryza, could be found with small developed florets, the argument for calling them sterile lemmas would be
more convincing and the cupule more justifiably called reduced, true
glumes.
General spikelet morphology and stamen number are quite variable in
Leersia (Fig. 5, A— L)
Leaf anatomy
Holm (1892, 1895) did an extensive and quite accurate treatment of the
five species of Leersia represented in the United States. He gave an
account of the structure and nature of the me sophyll, bulliform cells,
and vascular bundles with the surrounding sheaths. Since that time,
others (Metcalfe 1957, Jacques -Felix 1962, Tateoka 1963) have confirmed his observations. The lobed (or armed) mes.o.phyll chlorenchyma,
fan- shaped bulliform cells, and two bundle sheaths (the inner thickwalled and the outer thin -walled) are characteristics typical of .the
Oryzeae. In some species there are occasional superposed vascular
bundles in the midvein.
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General spikelet morphology and stamen number of ten species and varieties of Leersia; ca. X5. A, L. hexandra;
B. L. japonica; C. L. lenticularis; D. L. oryzoides var.
oryzoides; E. L, virginica; F. L. oryzoides var. japonica;
G. L. monandra; H. _L. ligularis var. ligularis; I. L. lugilaris
var grandiflora; J. _L. ligularis var. glabriflora; K. L, ligularis var. breviligularis; and L. L. stipitata,

The most significant taxonomic consideration encountered in leaf
anatomy is its correlation with the number of stamens.
Of the species
in this treatment, all species with six stamens have bulliform cells on
the adaxial and abaxial epidermises adjacent to the secondary vascular
bundles. This arrangement does not occur in any species with two or
three stamens.
However, all species have bulliform cells on both epidermises adjacent to the midvein (Figs.4-7,
15, 16).
Cytological studies
small somatic
Reported numbers in Leersia are 48, 60 and 96
chromosomes. Since living material from some species was impossible
to obtain, I was able to verify the chromosome number of only four out
of the eight species treated.
All species investigated had 48 chromosomes. A summary of chromosome numbers is given in Table 2. Voucher specimens are deposited in the Iowa State University Herbarium
(ISC).
Relationships and variation
Although sterile lemmas are normally absent from the Leersia spike let, formation of an occasional one suggests that ancestral forms had
them. Furthermore, there are species with well developed awns and all
species (whose chromosomes have been counted) are polyploid, i. e. four
times the basic number x= lZ. Thus, it appears that Leersia has been
derived from an Oryza-like ancestor.
In addition, the epidermal features,
chromosome morphology and size, embryo structure, and stamen number indicate a close relationship to the Bambusoid grasses.
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In Leersia there appears to be three natural groups: the hexandra
complex (L. hexandra, L, japonica, and L, stipitata) with 6 stamens,
bulliform cells on both epidermises, and rhizomes; the monandraligularis complex (L. monandra and _L. ligularis) which have two stamens,
are cespitose, and grow in dry habitats; and the oryzoides complex (L.
oryzoides, L, virginica, and L, lenticular is) which have 2 or 3 stamens,
possess bulliform cells on only one epidermis except near the midvein,
and produce rhizomes.
The hexandra complex seems to be a very natural group on a phenotypic basis. Although I have not seen representative specimens of most
of the African species, the descriptions of Launert (1965) indicate they
are morphologically similar to the hexandra group outside Africa. This
group is probably the most primitive since its species have 6 stamens
and some have awned spikelets.
Phenotypically L, japonica is very similar to L. hexandra. Since the
former species has prominent enlarged panicle branches and 96 somatic
chromosomes, it is possibly a polyploid derivative from L. hexandra.
(The enlargement of certain structures due to polyploidy is common in
many plants . )
The two t~rpes of awns found in the hexandra complex possibly represent two types of evolution. The awn of L. stipitata is anatomically
similar to that of some Oryza species and therefore, may represent only
a slight reduction from an original Oryza type. On the other hand,
Launert (1965) reports that the awn of _L. nematostachya from Africa is
a long, extended portion of the lemma and is not anatomically like the
Oryza awn. This suggests that the awn of L. nematostachya is possibly
a secondarily derived character from an awnless Leersia type.
The monandra-ligularis complex consists of tufted plants with small
spikelets, two stamens or occasionally one, and is confined to mesic or
dry habitats. Nearly all other species of Leersia are rhizomatous and
grow in wet woods or in water of ponds or streams.
L. triandra from
Africa, although possessing three stamens, is phenotypically similar to
members of this complex and in a classification scheme would be included in it. The reduction of stamen number is usually considered an
evolutionary advancement in grasses.
Therefore, some members of
this complex probably represent the most recently derived species of
Leersia.
The oryzoides complex is somewhat more heterogeneous but the occasional hybridizations among _L. virginica, L, oryzoides, and L, lenticularis, and their nearly temperate distribution stronglyy suggest a close
relationship.
Chromosome number indicates the polyploid nature of _L. japonica and
its possible derivation from L, hexandra. In many tropical areas large
robust forms of L. hexandra occur, The large stems, leaves and panicles
were suggestive of polyploidy. However, a critical study of the chromosomes from two of these large plants, one from Costa Rica and one from
the Philippines, reveals a diploid complement of chromosomes (2n= 48).
L. oryzoides var. japonica is reported to have 60 somatic chromosomes.
However, in light of its fertility and its possible introgression with var.
oryzoides (2n= 48) the count for var, japonica may be in error.
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Figures 6 and 7. Cross-section of the leaf of L. oryzoides.
A. Bulliform cells of the epidermis
B. Superposed vascular bundle in the midvein.
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Figures 8 and 9. Cross-section of the leaf of L. ligularis var. grandiflora. A. Bulliform cells.
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Figures 10 and 11. Cross-section of the leaf of L. hexandra.
A. Bulliform cells of the epidermis.
B. Superposed vascular bundle.
Note: S.clerified inner sheath and parenchyma sheath of
vascular bundles.

TAXONOMY AND DISTRIBUTION OF LEER5IA

ZZ9

There are few genera of grasses which express as much phenotypic
variation as Leersia. The possession of 1, Z, 3, or 6 stamens by various species of a single genus is not common. The texture and size of
the leaves and stems are other characters which show a wide range of
variation. Nearly every species has within its morphological limits
large, robust plants to more or less small, depauperate plants. This
can possibly be accounted for by the fact that most species grow in very
wet conditions and may be directly affected by the organic and inorganic
content of the water.
Key to the Species
1. Plants not rhizomatous; spikelets less than 4 mm long; stamens
Z or occasionally 1.
Z.

Spikelets Z mm long or less, glabrous;leaves narrow (3-6 mm),
~.
often aggregated toward the base of culms.
1. L. monandra

Za

Spikelets 2 mm long or more, glabrous or ciliate; leaves
usually broad (8-Z5 mm), equally distributed along the
culms
2. L. ligularis

la. Plants rhizomatous; spikelets more than 4 mm long; stamens
6, 3, or 2.
3.

Spikelets awned

3. L, stipitatz

3a. Spikelets awnless.
4. Stamens 6, panicle branches short (5-8

cm long), ascending.

5. Panicle branches thickened, at least 1 mm wide; plants
4 L. japonica
of Japan, Korea, and China
5a. Panicle branches filiform, less than 1 mm wide,
plants widely distributed
5. L, hexandr~
4a. Stamens less than 6, panicle branches usually Iong
(6-15 cm long), spreading or enclosed.
6.

Spikelets suborbicular, less than twice as long as
broad
6. L. lenticulari

6a. Spikelets elliptic to linear, at least twice as long
as broad.
7.

Panicle branches Z or more at some nodes; plants
usually coarsely scabrous
7 L. oryzoide

7a. Panicle branches 1 per node; plants glabrous to
moderately scabrous.
8.

Spikelets 6.0 mm long or less; stamens
mostly Z
8

L. virginic

8a. Spikelets more than 6. 0 mm long; stamens 3;
if spikelets less than 6 mm long, panicle
enclosed
7 L. oryzoide
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1. Leersia monandra Swartz (map, Fig. 12)
L. monandra Sw. Prodromus 21. 1788. Type in S. (1 (2)
Asprella monandra (Sw,) Roem, and Schultes. Systema Veg. 11:267.
1817. (1) (2)
L. aspera Nees ex. Trin. Mem. Acad. 5t. Petersb, VI. Sci. Nat.
3(1):168. 1840. (2) Pro. Syn.
Oryza monandra (Sw.) Doell. Mart. Flora Brasil. Enum. Plant.
2:10. 1871. (1) (2)
Homalocenchrus monandra (Sw.) O. Kuntze. Rev. Gen, Plantarum
777. 1891. (1) (2)
Description
Perennial, without rhizomes, tufted; culms erect, 40-120 cm tall,
unbranched, glabrous to moderately retrorse hispidulose near the nodes;
nodes nearly glabrous to densely retrorse hispidulose; sheaths covering
the lower nodes, glabrous to moderately retrorse hispid- scabrous;
blades to 30 cm long and 6. 0 mm wide, glabrous to minutely scabrous
along veins and margins, involute in drying, sometimes flat; collar occasionally densely short hispid; ligule 2 mm long; panicle terminal;
branches spreading to somewhat ascending, 5-15 cm long, 4-6 per
node, lower 2~3 naked; spikelets glabrous, 1. 5-2. 0 mm long, 1. 0-1. 3
mm wide, broadly eliptico-ovate, acute or slightly obtuse, glabrous;
stamens 2, anther 1 mm long; grain 1. 5 mm long. Chromosome number
2n = 48 .
Habitat and phenology
Rather dry, somewhat rocky limestone soil in open woods, grasslands
and bluffs. Flowering January to December.
Distribution
Primarily the West Indies, extending north to the Florida Keys and
coastal plain of Texas and Mexico,
Comments
This species, although quite uniform as circumscribed above, appears
to be very similar to the L. ligularis complex of Central and South
America. Habitat, general plant habit and shape of spikelet indicate a
close phenotypic similarity to the mainland complex. Doell (1871) was
under this impression when he first described Oryza monandra var.
grandiflora and var, parviflora from South America. Since _L. monandra
is rather geographically isolated, has shorter spikelets, and somewhat
different habit, there seems to be justification for separating it from the
L, ligularis complex.
Selected specimens examined
Cuba: Camaguey; Shafer 1089, 25 March 1909 (U5, F, NY); Habana;
Ekman 13617, 17 March 1922 (S); Oriente; Ekman 4825, 1 March 1915
(US, S), Ekman 3460, 14 Nov. 1914 (S, NY), Ekman 1401, 20 June 1914 (S,
NY), Britton et al, 12982, 26-29 March 1912 (NY), Wright 731, 1869 (MO,
NY, S, P), Morton and Alain 8872, 11 Jan. 1956 (US), Leon 3779, 4 Aug.
1913 (US), Leon 3942, 9 Aug. 1913 (NY), Hitchcock 23400, 13 Dec.. 1926
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Distribution of L, monandra.

(U5); Pinar del Rio; Britton et al. 6687, 31 Aug. - 3 Sept. 1910 (NY),
Ekman s , n. , 8~ June 1921 (US), Ekman 12883, no date (S), Hitchcock
23321, 27 Nov. 1926 (U5), Shafer 3468, 7 Aug. 1921 (US), Shafer 10549,
26 Nov. 1911 (F, NY), Shafer and Leon 13670, 6, 8 Aug. 1912 (NY) Am.
Gr. Nat. Herb. 1021 (US, S, F, B, BM, ISC, NY).
Dominican Republic: Monte Christi; Ekman 13057, 30 June 1929 (US,
5). Santiago; Abbot 1037, 23 Feb. 1921 (US). Trujillo; Allard 17311,
30 Nov. 1947 (US).
Florida: Citrus Co. ; R. Combs 981, 13 Sept. 1898 (NY). Dade Co. ;
Eaton 453, 5 Dec. 1903 (US), Eaton 433, 24 Nov. 1903 (F), Curtis 3359,
Feb. 1882 (US, F, MO, NY), Simpson 202, May 1891 (US), Blodgett s, n. ,
no date (US, NY).
Haiti: Gonave Isl. ; Leonard 3080, 6 March 1920 (US), Leonard 3082,
6 March 1920 (US, NY), Leonard 5126, 5 July 1920 (US). Nord; 'Leonard
7625, 30 Nov. 1925 (NY), Leonard 7663, 2 Dec. 1925 (U5), Leonard 84'85,
26 Dec. 1925 (U5). Nord-Quest; Ekman 3928, 27 April 1925 (US, S), Leonard and Leonard 12919, 6 Feb. 1929 (US, NY). San Michel to Marmelade;
Vash and Taylor 1455, 6 Aug. 1905 (NY). Torture Isl. ; Leonard and
Leonard 11691, 6 Jan. 1929 (US, MO).
Jamaica: Bog Walk; A. S. Hitchcock s. n. , 17 Dec. 1890 (MO). Clar>,ndon, Iverness: Harris 12166, 15 Oct. 1915 (F, BM, MO, NY), Harris
.2744, 7 Dec. 1917 (U5, MO, NY), k'erry River; Harris 11326, 31 Oct.
912 (F, BM, NY), Harris 11788, 9 Nov. 1914 (US, NY). Guara Ridge;
iarris 11331 23 Oct. 1912 (US, MO, NY, P). Kingston; Hitchcock 9466,
3 Oct. 1912 (US, BM). Manchester; Hitchcock 9822, 8 Nov. 1912 (US).
anta Cruz Mts. ; N. Britton 1267, 9 Sept. 1907 (NY). Spanish Town;
Iitchcock s. n. , 31 Oct. 1912 (US), N. Britton 3093, 30 Aug.-3 Sept. 1908
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(NY). Tordon Town; Harris 11459, 26 Nov. 1912 (US, F, BM, MO, NY).
No location; Swartz (S, Type specimen).
Mexico: Chichen Itza, Yucatan; Swallen 2471, 7-13 July 1932 (US,
MO). San Luis Potosi; 5ohns 1372, 20 Sept. 1954 (US). Tamaulipas;
Swallen 1690, 14- 20 May 19 31 (US), Swallen 1671, 14- 20 May 19 31 (US) .
Puerto Rico: Coamo Springs; Britton e_t al. 6057, 17 Feb. 1922 (NY).
Mayaquez; Chase 6524, 14 Nov. 1913 (US) Ponce; Chase 6490, 10 Nov.
1913 (US), Sintents 3228, 30 Dec. 1885 (US, S, NY).
Texas: Cameron Co. ;Nealley s, n. , 1889 (NY), Correl 14854, 4 Oct.
1952 (US), Swallen 1494, 10 April 1931 (US). Comal Co. ; Wright s, n. ,
1850 (MO). Nueces Co. ;Swallen 1864, 9 June 1931 (U5, 5, BM), Hitchcock 5373, 27 June 1910 (US), Nealley 32, 1891 (US, F, MO, NY). No
location; Tharp et al, s. n. , 12 March 1948 (US).
2. Leersia ligularis Trin.
Description
Perennial, without rhizomes, tufted; calms somewhat spreadingdecumbent to erect, to 2 m tall, unbranched, glabrous to retrorsely
strigose-scabrous; nodes glabrous to retrorsely short pubescent, the
lower ones covered by sheaths or exposed; the upper nearly always
exposed; sheaths nearly glabrous to retrosely strigose-scabrous; blades
elongate to 40 cm long, and 2. 5 cm wide, minutely scabrous along margin and midrib, glabrous to pilose-hispid above, the juncture hispid;
ligule 2-12 mm long, auriculate, truncate;. panicle terminal, to 45 cm
long, branching; branches one to four at lower nodes, spreading to somewhat ascending, filiform, lowermost with spikelets on terminal one-half;
spikelets broadly elliptic, 2-3 cm long, 1. 2—l. 6 mm wide, sometimes
turning reddish-brown in age, lemma and pales subequal, slightly acute
to obtuse, glabrous to short ciliate on keels and margins, short pubescent laterally; stamens 2, the anthers 1-1. 5 mm long; caryopses ovate,
1. 7 — 2. 7 mm long ; seed set abundant.
Habitat
Rich loam soil in open woods and rocky areas, low to high elevation.
Distribution
Tamaulipas, Mexico south to northern Argentina and Paraguay.
Comment s
In 1839 Trinius described a specimen from Mexico collected by
Schiede and named it L. ligularis, because of the prominent long ligule.
He apparently was not completely certain it was distinct from L. monandra, but provided a description in a footnote. Doell (1871) described, in
Martius' Flora Brasiliensis, two varieties of L. monandra (then put in
Oryza), var, grandiflora and var, parviflora. Furthermore, Balansa
and Poitrasson (1878), described two species, L, distichophylla and L_.
debilis which were essentially the same as var. grandiflora, of which
they were not aware or at least failed to mention. Prodoehl (1922) elevated var, grandiflora to species rank. She was not familiar with either
_L. distichophylla or L. debilis and as a result made an unnecessary
transfer.
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At first sight these specimens, collected in southern Brazil and
Paraguay, appear distinct enough from the Schiede specimen to be considered separate species, However, a close examination of many specimens, collected from northern Mexico to northern Argentina, reveals
the close morphological similarity within this group, L, ligularis has
been distinguished from _L. distichophylla, _L, grandiflora, and L, debilis
on the basis of the long ligule and the pubescent spikelet, Numerous
specimens from Mexico have short ligules with pubescent spikelets similar to those of _L. ligularis, The separation of L. ligularis from the
other members of this compJ.ex completely breaks down upon the examination of plants from Venezuela, These plants have glabrous spikelets
and are thus similar to those specimens designated L, distichophylla and
L. grandiflora but have the long ligules characteristic of L. ligularis,
Fifty-four specimens were examined and scored for seven characters
which seem to be critical for evaluating this group. They are spikelet
length, spikelet pubescence, sheath pubescence, culm habit, leaf width,
node exposure, and ligule length. These scores were tabulated and are
shown in bar graph form in Fig,•13 according to the correlation of the
number of characters. Bars representing the type specimens of L, distichophylla, _L, debilis, _L, ligularis var, ligularis and L, ligularis var.
glabriflora are marked. It is immediately apparent that separation of
this group into two or three species on the basis of two or more correlated characters is not possible with the characters used, Therefore, all
species designated in this complex previously as being distinct from L.
ligularis are herein placed as varieties of it.
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Key to the varieties of L. ligularis
1 . Ligules 6-12 mm long
2.

Spikelets glabrous, plants of Venezuela and Colombia.
2d, var, glabriflora

2a. Spikelets pubescent, plants of southern Mexico.

2a. var, ligularis

la. Ligules less than 6 mm long
3.

Spikelets glabrous, sometimes very slightly ciliate on
keels only, plants mostly of Swath America. 2c. var, grandiflora

3a. Spikelets pubescent, plants of Mexico and Central
America
2b, var, breviligularis
2a. L. ligularis Trin. var, ligularis (map, Fig. 14)
L. ligularis Trin. Mem. Acad. 5t. Petersb. 6.III:168-169. Type in
LE. 1839. (1) (2)
Homalocenchrus ligularis (Trin.) O. Kuntze. Revis. 777. 1891.
(1) (2)
Description
Culms erect, unbranched, mostly glabrous, sometimes moderately
hispid near the nodes; nodes retrosely puberulent; sheaths covering the
nodes, which are exposed only upon splitting of the sheaths; ligules
6--12 mm long; blades 1 cm or less wide, to 30 cm long; panicle branches
somewhat ascending; Spikelets 2. 4-3. 0 mm long, reddish-brown in age;
lemma and palea short ciliate on keels and margins, short pubescent
laterally.
Habitat and phenology
Rich loam soil in open woods and on hills.
September. Seed set abundant.

Flowering August and

Distribution
State of Veracruz, Mexico.
Comments
Unfortunately this variety has been little collected and the number of
available specimens for study is limited. However, the few specimens
examined show a remarkable uniformity and the presence of spikelet
pubescence and long ligules distinguishes this from the other varieties.
Selected specimens examined
Mexico: Puebla, Hauchinango; Asplund 639, 2 Aug. 1932 (S). Vera
Cruz; 5chiede s. n. , 1836 (LE -type specimen), Jalapa; Hitchcock 6619,
2-4 Sept. 1910 (US), Jalapa; J. Weaver 904, 8 March 1942 (GH), Orizaba;
Hitchcock 6378, 23-25 Aug. 1910 (US), Hitchcock 6382, 24 Aug. 1910
(US), Am. Gr. Nat. 315, 24 Aug. 1910 (US, F, GH).
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Distribution of L, ligularis var, ligularis (darkened circles)
and L. ligularis var. breviligularis (open circles).

2b. L, ligularis var, breviligularis (Prod.) Pyrah Stat, nov, (map,
Fig. 14)
L. ligularis Trin, f, breviligularis Prod, Bot. Arch, 1:218. 1922
— (Z)
—
Description
Culms erect to somewhat decumbent, sheaths nearly glabrous to moderately retrorsely scabrous-hispidulous; blades (, 8) 1—Z cm wide, finely
to moderately scabrous, especially along margins; panicle branches
spreading to somewhat ascending; ligule short, 1-4 mm long; spikelets
Z. 0--2. 2 (-. 6) mm long; lemma ciliate on keel and rnargins, body short
pubescent; pales ciliate on keel.
Habitat and phenology
Forested regions at high elevations and on limestone bluffs,
ing June to November, Seed set abundant,
Distribution
Northeastern Mexico, south to Guatemala.

Flower-

236

GRANT LLOYD PYRAH

Comment s
The geographic range of this variety is somewhat more extended than
that of the typical variety. The general habit of the plant and the pubescence of the spikelets are almost identical to var, ligularis. However,
this variety can be distinguished from var, ligularis by the short ligules
and shorter spikelets.
Selected specimens examined
British Honduras: E1 Cayo, Valentin; Lundell 7211, June-July 1936
(F, US), Bartlett 11450, 13 Feb. 1931 (U5).
Guatemala: Dept. Peten, Tikal; E. Contreras 282, 15 Oct. 1959 (US,
S), Lundell 16089, March-June 1959 (US, 5), Lundell 15812, 28 Feb. 1959
(US) .
ligularis var, grandiflora (Doell) Pyrah comb. nov. (map, Fig.
15
Oryza monandra var, grandiflora Doell. Mart. Flora Bras. II:Z.
1871. (2)
Leersia distichophylla Bal, and Poit Bull. Soc. Hist. Toul. 12:221.
1878. Type in P. (1) (2)
L. debilis Bal, and Poit. Bull. Soc. Hist. Toul. 12:220-221. 1878.
Type in P. (1) (2)
Homalocenchrus grandiflora (Doell) Hitchcock. Contr. U. 5. Nat.
Herb. XVII; pt. _3:273. 1913. (2)
Leersia grandiflora (Doell) Prod. Bot. Arch. 1:219. 1922. (2)

2c. L.

Description
Culms erect to decumbent; sheaths usually retrorsely strigosehispidulous, occasionally glabrous; nodes usually exposed, lower ones
sometimes covered; blades 0. 5-2. 5 wide; ligule 1-4 mm long; panicle
branches spreading; spikelets glabrous, occasionally slightly short
ciliate along keels, (2. 0) 2. 3-3. 0 mm long.
Habitat and phenology
Growing in rich woods and thickets at 200- 1200 m elevation.
ing January to November. Seed set abundant.

Flower-

Distribution
Guatemala south to Paraguay and northern Argentina.
Selected specimens examined
Argentina: Misiones, Posadas; Ekman s, n. , 9 Feb. 1908 (S). Misiones, Dept. Frontera; 5pegazzini s, n. , 2 March 1907 (BAB). Misiones,
San Ignacio; Parodi 13008, Oct. 1924 (US). Misiones, Santa Maria;
Schwarz 2543, 17 April 1946 (LIL, US). Misiones, Santo Pipo; Schwarz
4645, 17 May 1947 (U5, MO, LIL), Schwarz 4685, 3 July 1947 (LIL).
Brazil: Minas Geraes; Eidgren 909, 26 Jan. 1846 (US, S, P). Minas
Geraes, Caldas; Henschen (Reg. Herb. 1402), 4 Mar. 1886 (US), Mosen
(Reg. Herb. 4575), 10 Mar. 1876 (US, S). Minas Geraes, Vicosa; Chase
9446, 11 April 1925 (F, US, NY, MO, GH), Chase 10198, 15-17 Nov. 1929
(US). Minas Geraes, Serra Da Grammar Chase 9532, 19 - 25 April 1925
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Figure 15. Distribution of L. ligularis var, glabriflora (open circles)
and L. ligularis var, grandiflora (darkened circles).
(NY, F, US, MO). Matto Grosso, Dourados; Chase 11025, 18-21 Feb.
1930 (US), Swallen 9405, 9412, 10 June 1946 (US). No location; Sello s, n.,
no date (US). Parana, Rio Branco; Dusen 1385F, 27 Feb. 1912 (US, S, GH).
Parana, Curitiba; Swallen 8542, 13 Feb. 1946 (US). Parana, Guarapuava;
Swallen 8869, 20-23 March 1946 (US). Rio Grande do Sul, Irai; Martins
s. n. , Jan. 1946 (US). Santa Catarina; Smith and Klein 11834, 26 Feb.
1957 (US). Sao Paulo; Puiggari s. n., no date (P).
Colombia: Smith 2175, 1898-1899 (US, MO).
Costa Rica: Orillas Rio Virilla; Torduz 699, Nov. 1912 (US). San
Francisco de Guadalupe; Torduz 12727, Oct. 1898 (US). San Jose;
Standley 39006, 25 March 1924 (US), Hitchcock 8480, 22-24 Oct. 1911
(US) . San Juan; Jimenez 9 20, 10 Nov. 19 13 (US) .
Guatemala: Dept. Azcapa; Steyermark 28443, 10 Oct. 1939 (F, US).
Paraguay: Apai; Hassler 11074, 19121913 (US). Rio Pilcomayo;
Lindeman 1907, 9 July 1893 (U5, S, P). Villa-Rica; Balansa 265, 21 June
1874 (P-type specimen of L. distichophylla). Villa -Rica; Balansa 266,
10 Apr. 1876 (P-type specimen of L_. debilis). Dept. San Pedro, Aito
Paraguay; Woolston G-71, G-148, 3 May 1956 (5). Centurion; Fiebrig
4233, 12 Nov. 190809 (GH).
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2d. L. ligularis var, glabriflora Pyrah,

var. nov. (map, Fig. 15)

Description
Culmi erecti; vaginae tegentes nodos, interdum dindentes; glabrae
usque ad parum scabras-pubescentes; laminae 1 . 0— 1 . 5 cm latae; ligula
6-12 mm longa; paniculati rami patentes; spiculae (2. 0) 2. 3-2. 6 mm
longae, glabrae.
Holotype: Venezuela, Feb. Dist.; Chase 12418, Am. Gr. Nat. 315,
11 March 1940 (U5). Isotypes in K, F, NY, 5.
Habitat and phenology
Rich woods and savannas 300- 1400 m elevation.
to August. Seed set abundant.

Flowering January

Distribution
Colombia and Venezuela.
Comment s
It is this group of plants from Venezuela and adjacent Colombia that
unites the ligularis complex in Central and South America. The nature
of the inflorescence and spikelet is nearly the same as in var, grandiflora.
However, the leaves and ligules are very similar to those of var, ligularis. The plants of var, glabriflora set good seed and, although suggestive of possible hybrid origin between var. grandiflora and var, ligularis,
var, giasbiflora appears to consist of well established populations capable of reproducing themselves.
Selected specimens examined
Colombia: Funke and Sehlim 688, 1862 (NY).
Venezuela: Fed. Dist. ; Chase 12418, Am. Gr. Nat. 315, 11 March
1940 (K, F, US, NY, S), Pittier 7326, 26 Aug. 1917 (US, GH), Pittier 7280,
20 July 1917 (US), Pittier 9413, 8 May 1921 (US), Pittier 9587 a, 6 June
1921 (U5, GH), Pittier 11129, 24 Aug. 1924 (U5), Vogl 359, 8 July - (F).
Bolivar; Steyermark 88195, 8 Jan. 1961 (MO, NY, GH).
3. Leersia stipitata Bor (map, Fig. 21)
L. stipitata Bor. Dansk Botanisk Arkiv 23:147-148
1965. (1) (2)

Type in C.

Description
Perennial; culms about 25 cm long, decumbent, somewhat compressed,
rooting at the nodes; nodes slightly pubescent; sheaths minutely scabrous;
ligule 1. 5 mm long, auriculate; blades to 5 cm long, about 2 mm wide,
minutely scabrous; inflorescence terminal, racemose, about 3 cm long,
somewhat enclosed in sheath; spikelets (excluding awn) 4. 0-5. 0 mm long,
somewhat stipitate at base (about 1 mm long); lemma keel ciliate, body
short pubescent, awned; awn 6-7 mm long; palea keel ciliate, short awned (about 1 mm long) ; stamens 6, anthers about 1, 2 mm long,
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Habitat
"Alt. 50 m, by a water hole."
Distribution
Type from the Plain of Makam, Chataburi, Thailand.
Comment s
Unfortunately the available material of this species is limited to the
type specimen. The above description, derived from this specimen and
the description by Bor (1965), will probably have to be revised as additional material becomes available. The type is not a complete plant
inasmuch as the basal portion is missing. Therefore, determination of
the basic root system and the presence or absence of a rhizome is not
possible.
The nature of the inflorescence is rather puzzling. Bor (1965) describes it as a raceme. My experience with numerous plants of L_ , virginica growing in the field, many in disturbed areas, indicates that some
of the later flowering culms are much reduced and have fewer panicle
branches somewhat enclosed in the sheaths. Since the type specimen of
_L. stipitata was collected at a watering hole, which is probably a disturbed area, it may represent a similar depauperate form. If the inflorescence is indeed racemose it probably represents a reduced panicle in
which the terminal branch is the only remaining one.
The following evidence indicates that this taxon is properly placed in
Leersia and not in Oryza: 1) the absence of two sterile lemmas, 2) presence of a stipe or constructed lower portion of the spikelet, 3) a nonarticulate awn, and 4) leaves with bulliform cells in both lower and upper
epidermis on both sides of the midvein and secondary veins (Figs. 16, 17).
The arrangement of bulliform cells in the leaves is similar to that of
other Leersia species with six stamens.
The auriculate ligules are not a novelty or unique to L. stipitata as
supposed by Bor, but are common on most species of Leersia.
One important criterion used by Launert (19 65) for transferring two
African species of Oryza to Leersia was the vascularization of the awn,
In these two species he showed a "pseudoawn" condition in which the
lateral veins of the lemma extend through the awn. Only the midvein
extends through the awn of Oryza and it has only one vascular bundle.
Series of sections from the awn of _L. stipitata showed that the lateral
veins terminate near the apex of the lemma and only the midvein extends
into the awn (Figs. 18, 19). However, there are two vascular bundles
present, one which represents the main vascular bundle, in which can be
seen both xylem and phloem; the other is a less developed, superposed
vascular bundle directly above it. Therefore, this condition resembles
that found in Oryza which has a "true" awn. This evidence would appear
to lessen the importance of the vascularization of the awn as a criterion
used by Launert (1965) for separating species of Leersia from Oryza.
Selected specimens examined
Thailand: Chantaburi; Plain of Makam; Larsen 10101, 14 June 1963
(C) Type.
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Figure 16. Cross-section of the leaf blade of L. stipitata showing the
nature of the midvein and secondary veins. Note the bulliform
cells (A) on the upper and lower epidermis es near the midvein and
secondary vein.
Figure 17, Enlarged portion of the midvein of L_. stipitata showing the
compact nature of the chlorenchyma and the two prominent bundle
sheaths.
Figure 18. Cross-section of the awn of L. stipitata showing the absence
of the two lateral vascular bundles and the presence of the mid vein with its main and superposed vascular bundles (C).
Figure 19. Cross-section of the tip of the lemma of L. stipitata showing
the presence of the two lateral vascular bundles (D) and the midrib
with its main and superposed vascular bundles (C),
4, Leersia japonica (Honda) Honda (map, Fig. 20)
L. japonica (Honda) Honda. Journ. Tokyo Imp. Univ. Faculty Sci.
Sec. III, Bot. 3:7. 1930. (2)
Homalocenchrus japonicus Makino ex. Honda. Bot. Mag. Tokyo 39:37,
1925. (2)
Leersia sinensis Hao. Repert. Sp. Nov. Fedde 42:83. (1937). (2)
L. japonica Makino. Bot. Mag. Tokyo 6:48. 1892. nom, nud,
Description
Perennial, rhizomatous; culms radicant, at least 120 cm long, glabrous, rooting at the nodes; nodes exposed, moderately to densely retrorse
hispid; sheaths glabrous, slightly scabrous; blades to 12 cm long, 5-7 mm
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Distribution of L. japonica and L. stipitata.

wide, slightly scabrous, especially along the margins; ligule 1-2.5 mm
long, more or less truncate, auriculate; panicle narrow, pyramidal,
8-11 cm long; branches ascending, 4-14, thickened, about 4 mm wide,
usually one at a node, occasionally 2 or 3 at lower nodes, bearing spikelets nearly to base (within 1 cm); spikelets linear, acute to somewhat
acuminate, 5.0-6.0 mm long, moderately compressed; lemma and
palea glabrous laterally, keels ciliate (cilia to 0. 5 mm long); stamens 6,
anthers 3. 0 mm long; pistil 3. 0 mm long, stigma 1. 5 mm long, coarsely
feathery, reddish. Chromosome number 2n = 96.
Habitat and phenology
Growing in shallow water of ponds.
Seed set little or none.

Flowering June to September.

Distribution
Japan, central and south Korea, and eastern provinces of China.
Comments
This is a very uniform species, closely allied to _L. hexandra, and
sometimes can only be distinguished from the latter on the basis of the
wider panicle branches. These two species are similar in spikelet shape
and leaf anatomy. A few specimens from central China have slightly
thinner panicle branches, and in this respect appear to be almost intermediate between the two species.

242

GRANT LLOYD PYRAH

Makino first published the name L. japonica in 1892 but without a description. Most monographers and authors have persisted in using this
invalid name. Honda (1925) provided a Latin description for Makino's
_L. japonica under Homalocenchrus japonicus. After Leersia was conserved, Honda (1930) transferred the name to Leersia. With it he transferred the Latin description word for word as it appeared in 1925 under
Homalocenchrus. Thus the proper citation becomes L. japonica (Honda)
Honda.
Selected specimens examined
Japan: Honshu; Koriyama, Fukushima-ken; Tateoka s, n. , 27 Aug.
1950 (TNS). Honshu; Komaki-mura, Shinano; Maeda s. n. , Aug. 1950
(TNS). Honshu; Kotsuki Prov. , Toyoura; 11 Sept. 1938 (TNS). Honshu;
Omi Prov. , Hiraiwa, Hirata-mura; Hashimoto 8136, 11 Aug. 1941 (TNS,
TI). Honshu; Ugo Prov. , Tenno, Minaniakita; Sasaki s. n. , Aug. 1931
(TI). Honshu; Musashi Prov. , Koiwa; Makino s. n. , 12 Oct. 1927 (TI).
Honshu; Musashi Prov. , Koiwa; Makino s. n. , 12 Oct. 1927 (TI). Honshu;
Abiko in Shomoosa; Ohwi s, n. , 25 July 1928 (US). Honshu; Hokohoma;
Hisaughi s. n., June 1915 (U5). Honshu; Tokyo; without name, 27 Oct.
1893 (US). Honshu; Shimosa; Funobashi; without name, 29 July 1910 (US).
Honshu; Shimofusa, Matsudo-cho; Makino s. n., Oct. 1911 (S). Honshu;
Musashi Prov. , Koiwa, Wokyo; Makino s. n. , 1919 (S). Kyushu; Hitoyoshi,
Kumamoto-ken; Tateoka s. n. , 17 Sept. 1954 (TNS, ISC). Kyushu; Higo
prov., Omura; Maybara 14, 23 Aug. 1923 (TI). No location; M. Faurie
s. n. , no date (P).
China: Chekiang Prov. ; Hang Chow; Steward 2397, 20 June 1922 (US).
Chekiang Prov. ;Hang Chow; Merrill 11322, June 1922 (U5, ISC). Hopeh
Prov. ; Peking; Cowdry 1056, 3 Oct. 1920 (US). Hupeh Prov. ;Henry 4249,
1885-88 (US, BM). Kiangsu Prov. ;Nanking; Hitchcock 18508, 10 Aug.
1921 (US), Keng 1598, 15 July 1928 (US), Keng 1702, 17 Aug. 1928 (US),
Keng 1250, 5 Oct. 1927 (US), De Vol 1480, 28 June 1937 (BM). Yannan
Prov. ; Euchouan 6869, 1909-1911 (S). Yannan Prov. ; Maire 766, no
date (NY), Maire 6869, no date (NY). Yannan Prov. ; F. Ducloux 4205,
28 Feb. 1906 (P).
5. Leersia hexandra Sw. (map, Figs. 21a, 21b)
_L, hexandra Sw. Prodr. Veg. Ind. Occ. 21. 1788. Type in S. (1) (2)
Pharus ciliatus Retz. Obser. 5:23 (entry 56). 1789. (2)
Leersia australis R. Brown. Prodromus 210-211. 1810. Type in BM.
(1) (2)
_L. mexicana H. B. K. Nov. Gen, et Sp. 1:195. 1815. Type in P. (1)(2)
Asprella australis (R. Brown) Roemer and Schultes. Systema Veg.
II:267. 1817 (1) (2)
A, mexicana (H. B. K.) Roemer and Schultes. Systema Veg. II:267.
1817. (1) (2)
A. hexandra (Sw.) Roemer and Schultes. Systema Veg. II:267. 1817.
(1) (2)
Leersia contracta Nees ab Esenbeck. Agrost. Bras. 516-517. 1829. (2)
_L. luzonensis Presl. Reliquiae Haenkeanae 1:207. 1832. (2)
L, ciliata (Retz.) Roxb. F1. India, ed. Carey 2:207. 1832. (2)
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Figure 21a,

Distribution of L, hexandra in Asia and Australia,

Figure 21b.

Distribution of L. hexandra in North and South America.
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L. elongata Willd, ex Trin. Mem, Acad, St, Petersb, VI Sec. Nat,
3:172, 1840. pro syn,
L, gracilis Willd, ex Trin. Mem. Acad, St, Petersb, VI Sec. Nat.
3:172. 1840. pro syn,
L. glaberrima Trin, Mem. Acad, St, Petersb.
VI Sec. Nat, 3:172,
18 40. Type in LE, (1) (2)
Hygroryza ciliata (Retz,) Nees ex Steud, Nomencl. 2, ed, I:783,
1841. (2)
Pseudoryza ciliata (Retz.) Griff. Ic, Pl, Asiat, tab. 144, fig. 1, 1847.
(3)
Oryza mexicana (H, B. K,) Doell. In Martius Flora Brasiliensis 2:pt,
2:10. 1877. (1) (2)
O. hexandra (Sw.) Doell, In Martius Flora Brasiliensis 2:pt. 2:10- 11.
1877, .(1) (2)
O. hexandra (Sw.) Doell, var, grandiflora Doell, In Martius Flora
Brasiliensis 2: pt. 2:11. 1877. (2)
Leersia gouini Fourn, Mex, Plantas 2:2. 1886. (2)
Homalocenchrus hexandrus (S w,) O. Kuntze, Revisio Gen. P1, 777.
1891, (1) (2)
H, gouini (Fourn,) O. Kuntze, Revisio Gen. Pl, 777, 1891. (2)
Description
Perennial; rhizomes elongate; culms 25-- 150 cm long, decumbent,
rooting at the nodes, terminal portion erect, often floating, glabrous to
coarsely scabrous near the nodes; nodes exposed, densely retrorsepubescent to nearly glabrous, often somewhat sunken, especially upon
drying; sheaths coarsely scabrous-hispid to glabrous, margins often
conspicuously ciliate; ligule truncate, 1-6 mm long, auriculate; blades
5--25 cm long, 3-15 mm wide, scabrous to nearly glabrous above and
beneath; panicles terminal, 5-15 cm long, exserted, branches 3-13 cm
long, filiform, ascending to somewhat spreading in more robust forms,
usually 1 per node but sometimes 2; spikelets 3, 0-4, 4 (5. 0) mm long,
imbricate; generally turning purple; lemma acute to acuminate, ciliate
(to 0. 6 mm long) on keel and margins; short hispid to glabrous laterally;
palea subequal with lemma, ciliate on keel; stamens 6, anthers 2-3 mm
long; pistil about 2. 5 mm; caryopsis usually not developed. Chromosome
number 2n = 48.
Habitat and phenology
Wet areas, usually of fresh water along streams and ponds,
ing January to December. No seed set apparent.

Flower-

Distribution
Abundant in wet areas of tropical and subtropical regions of the world,
Generally replaced in areas in and around Japan by L, japonica.
Variation
The variability of L. hexandra is not unlike other species of this genus
growing in very wet habitats. Scabrousness and general size of the
leaves and steins are the most conspicuous variables, There are four
more or less general groups: dwarf, scabrous plants; dwarf, smooth
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plants; robust, scabrous plants; and robust, smooth ones. However,
there is still a continuum of phenotypes between these general categories.
Since sexual reproduction is very limited, and since these plants
propagate profusely vegetatively, many large populations probably represent single.clnnes. Occasional cross pollination results in heterogeneous genotypes which in turn may result in phenotypically different clones.
Launert (1965) has commented that with the presence of such immense
variation it would be a vain attempt to subdivide this taxon. Furthermore, the wide range of distribution would also make subdividing difficult without world-wide field observation. Launert also comments on an
extreme form from Africa, with spikelets 5. 1-5. 9 mm long. Most
specimens examined have spikelets which fall into the range of 3. 1-4. 4
mm long, and have at least some lateral pubescence. However, many
specimens from the United States have spikelets 4. 4-5. 0 mm long and
are glabrous laterally, with a somewhat acuminate apex; these specimens are quite scabrous and depauperate.
Viability and flow•~ring
One of the most interesting problems encountered in Leersia is the
infertility in _L, hexandra. Out of several hundred specimens studied,
only one contained a few well developed seeds. During a field trip in the
southern United States in the fall of 1966, I attempted to find plants which
set seed. Occasionally plants were found which had several enlarged
ovaries on a single inflorescence. This stimulation was caused by a
fungal infection by Teletia corona, common on several species of Leersia.
Preliminary studies on fertility show that meiosis appears to be
regular. Although diakenesis was not observed, metaphase I and II,
anaphase I, and the formation of tetrads seem to be normal with no irregularities in chromosomal behavior. Pollen stains quite well in cotton
blue and appears to be full and regular. In most cases both pistils and
stamens develop and in plants observed in the field the lemma and palea
open at anthesis. Well developed, exserted stigmas and anthers are
produced.
Living plants from Texas, Florida, Costa Rica and the Philippines
were transplanted and grown in the greenhouse. An attempt was made to
cause flowering in these plants by using twelve-hour days. There was
no flowering after three months. The days were extended to twelve hours
and forty-five minutes without causing flowering. Had flowers been
produced it would have been easy to establish whether or not the infertility was due to self -incompatibility. Since these plants reproduce very
efficiently vegetatively, the lack of seed set mighl be explained in light
of self -incompatibility. Most plaits in clones covering extremely large
areas would fail to cross pollinate, thus partially explaining the lack of
seed set on most specimens.
Selected specimens examined
Argentina: Buenos Aires Prov. ; Schulz 5611, 15 Dec. 1944 (LIL),
Burkart 10005, 23 Dec. 19 39 (LIL), Black and Englehard 50-8967, 19
March 1950 (R), Buenos Aires; Parodi 13, March 1920 (US). Castelar;
Gomez 83, 10 Jan. 1966 (BAB). Coronel Vidal; Hicken s, n. , 2 Dec. 1907
(BAB). La Barranocosa; no name, 28 Feb. 1907 (BAB). Partido de Tumn;
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Clos 4122, 28 Dec. 1928 (BAB, U5). Santa Catalina; Spegazzino s, n. ,
1899 (BAB). Spegazzino s, n. , Jan, 1901 (BAB). Chaco Prov. ; Colonia
Benitz; Schulz 7504, March 1950 (LIL). Cordoba Prov. ; Stuckert 14819,
28 Dec, 1901 (LIL). Corrientes Prov ; Bonpland; Tbarrola s. n„ 18 Jan.
1945 (LIL). Col. Cabral; Schwarz 9169, 15 Dec. 1949 (LIL). Eeteros
del Thera; Ituzaingo; Meyer 6077 no date (LIL), Torrent; Spegazzino
s.n„ 2-10 Dec, 1936 (BAB). Dept. Mburuguya, Santa Teresa; Pederson
1424, 3 Jan. 1952 (S). Formosa Prov. ; Jorgensen 3296, Dec. 1918 (BAB).
Jujuy Prov. ; Concepcion; Herb. Catillon 564a, 13 Jan. 1918 (LIL); Alberti
s, n. , Jan. 1948 (BAB). Misiones, Campina de Americo; Spegazzini s, n.,
2 March 1907 (BAB). Santa Fe Prov. ; Comezana 9113, Jan. 1941 (LIL).
Tucuman Prov. ; Sarebor 35, 18 Mar. 1944 (LIL).
Assam: Tirap River Valley; Belcher L5C916, 26 Oct. 1945 (U5),
Tirap River Galley; Juan L2C167, 6 Sept. 1945 (US),
Australia: I~ew South Wales, Canbara; Lazarides 3701, 30 June 1953
(US). Queensland, Brisbane River; Mueller s. n. , July 1855 (US), Queensland, Spring Cr. Station; Lazarides 3808, 13 July 1954 (US). Queensland;
Stradbroke Island; Moreton Bay; Clemens s, n. , May 1944 (US). Queensland, Keppel Bay; R. Brown (K, type of _L. australis),
Bolivia: Chaco-Andinis; Fries 1273, 20 Feb. 1902 (5). Guanai; Rusby
195, May 1886 (US), Prov. Sara, Dept. Santa Cruz; Steinbach 7453,
12 Feb. 1926 (S, H, T, BM, GH). Prov. Del Sara, Dept. Santa Cruz;
Steinbach 2197, 10 May 1916 (U5, T),
Brazil: Amapa; Rio Urucaua; Pieres and Westra 48889, 18 Oct. 1960
(US). Amazonas-Gebiet; Ginzberger 576, 10 July 1927 (F), Bahia,
Itapicuru Valley; Pinto 0678, 1950-51 (US). Cambara; Rambo 36357, 28
Jan. 1948 (US). Cantareira; Hammar 8079, no date (US), Caxias, Villa
Oliva; Rambo 55066, Z4 Feb. 1954 (US). Ceara; Fortaleza; Drouet 2570;
8 Oct. 19 35 (F, H, S, US, GH) . De Rio; Glaziou 6440, 19 Nov. 187 2 (F, S) .
Itapecerica; Clayton 4643, 20 Feb, 1902 (S). Maranho, Rio Pindare,
Moncao; Foes 20316, June 1944 (US). Matto Grosso, Santa Rita; A. Chase
11797, 5-6 April 1930 (US). Matto Grosso, Santa Rita; A. Chase 11797,
5-6 April 1930 (U5), Minas Geraes; Vicosa; A. Chase 9446, 11 Apr, 1925
(F). Para; Amazon, Rio Tapajoz; Dahlgren s. n. , Sept. 1938 (F), Parana;
Ponta Grossa; Swallen 8378, 31 Jan, 1946 (US); Piraquara; Ghatschbach
7814, 18 Feb. 1961 (US). Pernambuco; Garanhuns; A. Chase 7801, 26-27
Nov. 1924 (F, U5), Ponta Pora, Porto Esperanca, Swallen 9546, 26-27
June 1946 (US). Rio de Junaro; L. Smith 6564, 17 April 1952 (US). Rio
Grande do Sul; Pelotas; Swallen 9128, 20 April 1946 (US). Rio Grande
do Norte, Estremoz to Natal; Swallen 4777, 1 June 1934 (US). Santa Anna,
5. Paulo; Usteri 991, March 1, 1908 (US). Santa Catarina, Lages;
Swallen 8103, 2 Jan. 1946 (US).
British Guyana: Coast region; Jenman 2203, 1886 (U5). Georgetown;
Hitchcock 16547, 25 Oct. 1919 (F, H, S, US, BM, GH), Mazaruni Station;
Sandwith 1034, 12 Aug. 1934 (NY). Northwest Dist. ; De la Cruz 3940,
May 10 - 2 3, 19 2 3 (H, US, GH) .
British Honduras: Stann Creek District; Gentle 7879, 14 Feb. 1953
(F, S), Schipp 912, 18 Nov. 1931 (NY, H, S, GH).
Burma: So Shan States; Malaise 383, 4 Sept. 1934 (S),
Canal Zone: Barro Colorado Island; Woodworth and Vestal 458, 7 Feb,
1932 (F, H, GH), Shattuck 334, 1 Nov, 1931 (F), Shattuck 432, 24 Nov. 1931
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(F), Shattuck 758, 12 Nov. 1931 (F). Gatun Lake; Papenae 43, 22 Dec.
1924 (F). Rio Chagres 30 m; Fairchild 2049, 26 Nov. 1939 (NY, H, GH).
Ceylon: Colombo; Galston 413, 15 Dec. 1876 (US). No location; Galston 368, 12 Dec. 1876 (U5), Thwaites 877, 1854 (P. BM), Macrae 181,
no date (BM), Herb. 5chuttleworth s. n. , no date (BM).
China: Hunan Prov. ; Handel-Mazzetti 2770, 30 Dec. 1917 (US). Hupeh
Prov. ;Henry 4249, 1885-88 (BM). Kwangsi Prov. ; Ching 6653, Sept.
1930 (NY). Swangtung Prov. ; Canton; Dahlstrom 416, 15 July 1950 (S);
Hainan Island; Wang 34947, 31 Oct. 1933 (NY). Kweichow Prov. ; Pana;
Y. Tsiang 4379, 24 Oct. 1930 (S). Taipeh; Keng 1060, April 1949 (US).
Western Szechuan, Kiating; Tai 1308, 5 June 1943 (US). Yunnan Prov. ;
Delavay 2250, 5 Sept. 1886 (P).
Colombia: Bolivar Dept. ; Curran 338, April-May 1916 (US). Cauca
Dept. ; Sneidern 2099, 27 July 1938 (F, S, US). Dept. De Valle; Cuatrecasas 19785, 12 Nov. 1945 (F, US). Los Llanos; Cuatrecasas 4458,
5 Nov. 19 38 (F) .
Costa Rica; Laguna Central; A. Semple s. n. , 6 Apr. 1961 (CR). Prov.
Cartago, Turrialba; R. W. Pohl 10355, 18 Aug. 1966 (ISC). Prov, de
Cuanacaste, between Tronadora and Arenal; R. W. Pohl 10144, 29 July
1966 (ISC).
Cuba: Isle de Pinos Prov. ; Santa Babara; Ekman 12041, 2 Nov. 1920
(S). La Habana; San Pedro; Leon 9042, 29 Dec. 1919 (NY). Las Villas
Prov. ; Bahia de Cochinos; Leon and Loustalot 9514, 14 Aug. 1920 (NY,
US) . Oriente Prov. ; Ekman 1007 5, 2 Nov. 1919 (F, NY, S) . Pinar del
Rio Prov. ; Am. Gr. Nat. Herb. 986, 26 Oct. 1923 (F, S, US).
Dominican Republic: Jarabacoa; Jimenez 1529, 18 Oct. 1947 (US).
Monte Cristi Prov. ;Abbott 979, 13-21 Feb. 1921 (NY). Trujillo; Allard
17024, 19 Nov. 1947 (US).
Ecuador: Prov. Guayas; Duran; Asplund 5786, 22 April 1939 (5, US).
El Salvador: Dept. Ahuachapan; Fassett 28510, 28 Dec. 1950 (H, GH).
Dept. San Vincente; Standley 21549, 5 Nov. (F).
Formosa: Keelung; Hitchcock 18188, 3 July 1921 (U5).
French Guiana: Cayeruie; Hock 84, 16 July 1955 (P).
Guatemala: Dept. Izabal; Steyermark 38474, 30 March 1940 (F).
Dept. Jalapa; Steyermark 32243, 30 Nov. 1939 (F). Dept. Santa Rosa;
Standley 60444, 20 Dec. 19 38 (F) .
Haiti: 1'Artibonite; Ekman 3371E, 2 March 1925 (US, S).
Honduras: Dept. Atlantida; Standley 53471, 14 Dec. 1927-15 March
1928 (F).
Hong Kong: Bodinier 961, 26 Dec. 1894 (P).
India: Tirap River Valley; Belcher L5C916, 26 Oct. 1945 (US).
Bengal; Howarah; Nusker 1234, 2 Oct. 1894 (BM). Kangra, Punjab;
Koelz 10328, 22 Nov. 1936 (US).
Indonesia: Sumatra; Batoe Bara; Toroes 1438, 24 Sept. 1928 (NY).
Jamaica: Castleton Dist. Harris 12450, 11 Nov. 1916 (F, NY, US).
Java: Preanger, Reg. Tjadas Malang; Winckel 1390B, 11 June 1923 (F).
Malaya: Singapore: Ridley s, n. , no date (US, NY).
Mexico: Durango; Palmer 195, April-Nov. 1896 (NY, F, H). Jalisco;
Guadalajara; Palmer 244, July -Oct. 1886 (NY, H, GH). Mexico; Tlalnepantla; Pringle 11226, 17 Sept. 1902 (NY, H, F, GH). Michoacan; King and
Soderstrom 5117, 9 - 18 Nov. 1961 (NY). Puebla; Loi Baltozar; Nicolas 54,
18 Sept. 1910 (F, P). Vera Cruz; Gouin s. n. , 1867 (P).
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Nepal: No location; Wallich (K-Type of _L. glaberrima).
New Guinea: Prov. Morobe; Clemens 8293a, 16 June 1938 (B).
Nicaragua: Dept. Jinotega; Standley 10582, 1 July 1947 (F). Dept.
Chontales; St~:ndley 8968, 29 May-1 June 1947 (F).
Paraguay: Central Prov. ; Balansa 264, April 1874 (P). Gran Chaco;
Santa Elisa; Hassler 2831, April 1903 (NY, H, S, T, P, GH).
Philippines; Luzon, Manila; Merill 749, Nov. 1914 (F). Mindanao;
Clemens 394, March 1906 (F).
Puerto Rico: Mayaguez; A. Chase 6297, 27 Oct. 1913 (US).
Sumatra: Singalang; Bunnemeijer 2934, 3 June 1918 (P).
Surinam: Eight swamp near krn. 3. 5-2. 7; Lanjouw and Lindemen
1175, 19 Nov. 1948 (NY).
Syria: Antilyas; Dinsmore 13945, 25 Oct. 1939 (S).
Taiwan: Tomito-cho, Taihoku-shi; Tanaka s. n. , 14 May 1932 (5, B).
Thailand: Angtawng; Kerr 2585, 28 Dec. 1929 (BM).
Trinidad: Arima; Hitchcock 10315, 25 Dec. 1912 (US). Caroni;
Soderstrom 1100, 24 June 1963 (US).
Alabama: Mobile Co. ; Kearney 41, 5 July 1895 (US).
Florida: Citrus Co. ; G. L. Pyrah 980, 5 Oct. 1966 (ISC). Dixie Co. ;
G. L. Pyrah 979, 5 Oct. 1966 (ISC). Escambia Co. ; G. L. Pyrah 903,
1 Oct. 1966 (I5C).
Georgia: Miller Co. ; R. Thorne 4183, 27 May 1947 (US).
Louisiana: St. Landry Par. ; C'x. L. Pyrah 903, 1 Oct. 1966 (ISC).
North Carolina: Brunswick Co. ; Radford 5822, 20 June 1951 (NCU).
South Carolina: Barnwell Co. ; Ahles 56989, 10 June 1962 (NCU).
Texas: Orange Co. ; G. L. Pyrah 886, 30 Sept. 1966 (ISC).
Tennessee: Grundy Co. ; H. Svenson 9121, 23 June 1938 (US).
Virginia: Sussex Co. ; Fernald and Long 6027, 19 July 1936 (US).
Uruguay: Tacuarembo; Castellanos 17765, 15 Feb. 1947 (T).
Venezuela: San Carlos de Cojibe; Velez 2768, 3 June 1946 (US).
Viet Nam: Hanoi; Hitchcock 19480, 5 Oct. 1921 (US). Me -Kong;
Thorel 21, 1866-1868 (US). Tourane, Annam; Clemens 4164, Ma.y-July
1927 (P).
6. _L. lenticularis Michx. (map, Fig. 22)
_L. lenticularis Michx. F1. Bor. Amer. 1:39. Type in P. 1803.(1)(2)
Asprella lenticularis (Michx.) Roem, et Schult. Supt. II:267. 1817.
(1) (2)
Zizania lenticularis (Michx.) Steud. Nomencl. 1 ed. :898. 1821 (1) (2)
Endodia lenticularis (Michx.) Raf. Neog. N. Gen. N. Amer. 4. 1825.
(1) (2)
Homalocenchrus lenticularis (Michx.) O. Kuntze. Rev. Gen. 777.
1891. (1) (2)
Description
Perennial; with moderately long, scaly rhizomes; culms simple or
branched, usually ascending, 50-170 cm long., glabrous to retrorsely
hispidulous near the nodes; nodes somewhat sunken on drying, retrorsely
hispidulous, rarely nearly glabrous; sheaths usually shorter than the
internodes, occasionally covering the nodes especially on the lateral
branches, glabrous to scabrous-hispid mostly between the veins, more
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Figure 22.

Distribution of _L. lenticularis. Glyphs on dots indicate
specimens with spikelets which have lateral pubescence
in addition to cilia on the keels.

or less densely retrosely hispid at juncture, rarely glabrous; ligule
broad, truncate, 0. 5-1.5 mm long; blades spreading to somewhat
ascending, 4-35 cm long; 0. 5--2.2 cm wide, usually somewhat scabrous along the margin, occasionally above and beneath, sometimes dense
short pilose beneath and above, rarely hispid; panicle terminal, 4-25
cm long, exserted, branches usually one per node, rarely 2, spreading,
lower branches naked on lower 1~3; spikelets densely imbricate, more
or less second, broadly elliptic to suborbicular, 4-5. 5 (6. 1) mm long,
3. 0-4.0 (4. 5) mm wide, sometimes turning purple-brown with age;
lemmas coarsely ciliate on keel, often on margin and body and lateral
nerves; palea subequal with lemma; cilia about 0. 5 mm long; stamens 2,
the anthers 1. 5-2.0 mm wide, flat; chromosome number 2n= 48. Common name: catchfly grass.
Habitat and phenology
This species grows in heavy, wet soil in river bottoms in the North
and stream banks and woods in the South. Flowering July to November.
Seed set moderate.
Distribution
_L, lenticularis is the only species endemic to the United States. It is
confined primarily to the coastal plain and major river drainages east
.of the 98th meridian.
Comments
L. lenticularis, although somewhat variable in spikelet pubescence
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and leaf size throughout its range, appears to be a rather uniform species. Occasionally the plants become very robust, having very large
leaves. These plants occur mostly in the Mississippi Valley. The plants
in the northern parts of the range tend to have less lateral and marginal
pubescence than those in the southern parts (see map, Fig. 22). Furthermore, plants from the Ohio valley and the central and northern Mississippi valley tend to have somewhat more orbicular spikelets, but this is
not always true. There is insufficient correlation among any of these
characters to justify creating infraspecific taxa.
There have been no published accounts of hybridization of this species
with other Leersia species. Two specimens, one from Arkansas (Harvey no. 8, 1884, NY) and one from Missouri (Steyermark 9968, Bates Co.;
1 Oct. 1938, F) are strikingly intermediate between _L. lenticularis and
_L, oryzoides. The foliage is very scabrous and there is a moderate
amount of lateral pubescence on the spikelets; this is perhaps more like
L. oryzoides. However, the size and shape of the spikelets are intermediate and do not fall within the measured range of either L. oryzoides
or L. lenticularis. Also, some spikelets have two or three stamens and
abortive pollen.
The common name of "catchfly grass" apparently arose from a comment made by Pursh which was later written on an herbarium sheet.
The notation reads: "Pursh says he saw this plant catching flys like
Dionea muscipula."
Selected specimens examined
Alabama: Limestone Co., Hall s. n. 3 Oct. 1944 (ISC). Tuscaloosa
Co. , Pyrah 485, 7 Sept. 1965 (ISC).
Arkansas: Drew Co. , D. Demaree 16415, 30 Aug. 1937 (US, MO);
Hempstead Co. , Bush 972, 19 Sept. 1900 (U5, MO); Jefferson Co. , D.
Demaree 16423, 9 Oct. 1937 (US, idlO); Pulaski Co. , D. Demaree 8473,
8 Oct. 1931 (US).
Florida: Jackson Co. , Godfrey 59065, 11 Oct. 1959 (MO); Godfrey
54270, 18 Oct. 1955 (NCU); Washington Co. , Ford and Arnold 3823, 31
July 1954 (US).
Georgia: Baker Co. , Thorne 7044, 4 Oct. 1947 (US); Bibb Co. , Harper 1970, 5 Sept. 1903 (US, MO); Lee Co. , Duncan 1780, 7 Oct. 1939 (ISC).
Illinois: Adams Co. , Beckwith 43, Sept. 1917 (F); Calhoun Co. , Turner 697, Sept. 1930 (F); Cass Co. , Rexroot s. n. , 16 Sept. 1954 (NCU);
Lawrence Co. , Bock and Chase 43, 3 Sept. 1928 (US); Fuller and Fisher
295, 11 Sept. 1940 (F); Woodford Co. , V. Chase 11439, 22 Aug. 1950 (US)
Indiana: Jackson Co. , Deam 38064, 19 Sept. 1922 (US); Knox Co. ,
Deam 24174, 5 Oct. 1917 (US); Posey Co. , Deam Am. Gr. Nat. Herb.
436, 21 Sept. 1918 (ISC, F, MO, K) .
Iowa: Hardin Co. , C. W. King 3165, 10 Aug. 1901 (ISC); Pohl 8382,
31 Aug. 1961 (ISC).
Kansas: Miami Co., Horr and McGregor E412, 19 Aug. 1941 (US, ISC,
F).
Kentucky: McCracken Co. , Fleetwood s, n. , 4 Oct. 1931 (US).
Louisiana: East Baton Rouge Pa. , Constantin 141, 17 Oct. 1959 (NCU)
Lafeytte Pa. , Reese 2507, 29 Sept. 1959 (NCU); Red River Pa. , Ball 136,
3 Aug. 1898 (US).
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Maryland: Worcester Co, , A. J. Smith s, n. , 24 Sept. 1938 (US); A.
Chase 12630, 13 Oct, 1940 (US),
Mississippi: Pearl River Co., Pyrah 933, 2 Oct. 1966 (ISC); Westfield Co. , Tracy 7755, 3 Oct. 1901 (U5, ISC, F, MO),
Missouri: Adair Co. , Steyermark 79685, 19 Sept. 1938 (F); Bates Ca.,
Steyermark 9970, 1 Oct. 1938 (F); Cape Girardeau Co., Steyermark
64142, 22 Sept. 1946 (F); Livingston Co,, Sparling 1256, 9 Aug, 1951
(ISC); Pemiscot Co. , Steyermark 67064, 23 Oct, 1948 (F); Vernon Co. ;
Steyermark 9823, 29 Sept. 1938 (F, MO).
North Carolina: Edgecombe Co. , Radford 40613, 23 Sept. 1958 (NCU);
Jones Co,, Radford 5929, 7 Oct. 1951 (I~TCU); Lenoir Co„ Radford 31622,
24 Oct, 1957 (Iv~CU); Northampton Co., Ahles 52474, 30 Oct. 1958 (NCU).
Oklahoma: McCurtain Co. , Hutchinson 166, 13 Oct, 1962 (NCU).
South Carolina: Aiken Co, , Batson and Kelley s, n. , 8 Oct. 1951 (N
Allendale Co„ Ahles 18454, 11 Sept. 1956 (N'
Berkeley Co, , Godfrey
and Tryon 646, 14 July 1939 (U5); Williamsburg Co. , Radford 31210,
19 Oct. 19 57 (NCU) .
Tennessee: Decatur Co. , Shanks et al. 14510, 14 Oct. 1949 (US);
Madison Co., Bain 203, Sept. 1892 (U5); Shelby Co,, Shanks et al. 13583,
17 Sept. 1949 (U5, N
Texas: Brazoria Co. , Pyrah 880, 30 Sept, 1966 (ISC); Harrison Co. ,
Palmer 8649, 24 Sept. 1915 (MO); Orange Co. , Silveus 426, 13 Nov.
1931 (US),
Virginia: Charles City Co. , Fernald and Long s, n. , 18 Sept. 1939
(U5); Sussex Co„ Fernald and Long 5930, 12 Oct. 1938 (US).
Wisconsin: Crawford Co. , T. Hale s, n. , 1861 (US); Grant Co. ,
Fassett 12624, 8 Sept. 1930 (US, MO); LaCrosse Co,, Hartley and Peterson 2499, 20 Aug, 1956 (US),
7. Leersia oryzoides (L.) Sw,
Description
Perennial; rhizomatous, the rhizomes elongate, rarely shortened;
culms branching, decumbent and sprawling, rooting at the nodes, terminal portions erect, to 1. 5 m long, glabrous to somewhat scabrous-hispid
near the nodes; nodes exposed, moderately to densely pubescent; leaf
sheathsseabrous and often hispidulose between the nerves; ligule 0. 51 mm long, truncate; blades to 30 cm long and 1. 5 cm wide, spreading
to somewhat ascending, nearly always coarsely scabrous above and beneath, often retrorsely hispid along margins and midribs, rarely strigosepubescent; panicles terminal and axillary, the terminal to 30 cm long,
exserted or included, branches usually 2 or more per node; branches of
exserted panicles spreading to slightly ascending, lower 1~3 naked;
spikelets elliptic to linear, 4. 5-7, 5 (8) mm long, imbricate, overlapping about 1 ~2 their length; lemma and palea glabrous to ciliate oh keels,
with hairs often to 0. 5 mm long, glabrous to short pubescent on body,
especially along the nerves; grain flat.
Habitat and phenology
Wet, heavy clay or sandy soil, usually growing in water at edges of
ponds and streams; occasionally submersed by brackish water of ocean
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estuaries.
Flowering July to October.
closed axillary and terminal panicles.

Seed set most abundant in en-

Distribution
All states in the continental United States except Nevada; north to
southern British Columbia, Ontario, and Quebec; Europe, north to
Sweden, Norway, and Finland, Japan and Central Asia.
Key to Infraspecific Taxa
1.

Spikelets nearly glabrous to sparsely short -ciliate; panicles
exserted, their branches usually one per node, plants quite
glabrous; of Japan
var. japonica

la. Spikelets ciliate, panicles exserted and~or enclosed; two or
mcsre branches per node.
2.

Panicles enclosed; plants glabrous, flaccid; usually
growing in brackish water areas

f, glabra

2a. Panicles enclosed and~or exserted; plants scabrous;
common in the United States, Europe, and Japan, var, oryzoides
7a. Leersia oryzoides Sw. var, oryzoides (maps, Figs. 23, 24)
Phalaris oryzoides L. Species P1. 55. 1753. (1) (2)
L. oryzoides (L.) Sw. Nova Genera et Species Plantarum seu
Prodromus 21. 1788.
Homalocenchrus oryzoides (L.) Meg, ex Hall. Hist. Stirpium Indigenarum Helvetiae 201. 1768. (1) (2)
Ehrhartia clandestina Web. Wiggers F1, Holsat, 63. 1780. (1) (2)
Asprella oryzoides (L.) Schreb. Genera Plantarum 45. 1789. (1) (2)
Oryza clandestina (Web.) A. Br, Verh. Bot. Ver. Brandenb. 2:19 5.
1861. (1) (2)
Leersia asperrima Willd. herb, ex Trin. Mem. Acad. St. Petersb.
6.III:171. 1839. pro syn. (2)
Oryza clandestina (Web.) A. Br. f, inclusa Weisb. ex Baenitz.
Deutsche Bot. Monatschr, 15:19-21. 1897. (2)
O, clandestina (Web.) A. Br. f. patens Weisb, ex Baenitz, Deutsche
Bot. Monatschr. 15:19-21. 1897. (1) (2)
O. oryzoides f L.) Dalla Torre and Sarnth. Flora Tirol, Vorarlberg
and Liechtenstein. VI (1):142-143. 1906. (1) (2)
Leersia oryzoides (L.) Sw. f. inclusa (Baenitz) Dorfler, Herbarium
Normale 164. 1915. (2)
L. oryzoides (L.) Sw, f. clandestina Eames. Rhodora 18:239. 1916.
— (2)
—
30:84, 1928.
L. (2)
oryzoides (L.) Sw, f, inclusa (Baenitz) Fogg, Rhodora —
_
Hitchcock (1908) designated the type specimen of L. oryzoides as a
sheet bearing the notation 5, oryzoides, in the Linnaean Herbarium.
This sheet currently bears the number 78. 10 of the Savage (1945) catalogue. Linnaeus actually had two species represented under the name
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Figure 23. Distribution of L. oryzoides var. oryzoides in North America.
Glyphs on dots represent specimens which have mature,
enclosed terminal panicles.

Figure 24.

Distribution of L. oryzoides var. oryzoides in Europe and
Asia. Glyphs on dots represent specimens with enclosed,
mature terminal panicles.
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Phalaris oryzoides. The first specimen, numbered 5, is Leersia oryzoides and was designated by Hitchcock as the type. The other specimen was not numbered by Linnaeus but bears Savage's number 78. 11
and can be identified as L. hexandra.
Description
Stems and leaves nearly always scabrous; rhizomes always elongate;
panicles exserted and~or enclosed, branches two or more per node;
spikelets elliptic, 4. 5-~6. 5 mm long, ciliate on keels and usually pubescent on body; chromosome number 2n = 48.
Distribution
That given for the species in toto.
Variation
A form of _L. oryzoides in which the terminal panicle remains enclosed within the leaf sheath occurs in North America and Europe. This
form has long been recognized in Europe. Sowerby and Johnson (1861)
comment: "this grass rarely, if ever, produces its inflorescence in
England; it may, however, be found about the end of August enclosed
within the inflated sheath of the uppermost leaf and occasionally even
with a few flowers pushing forth, to fall off probably without maturing."
Jessen (1863) observed that many of the German plants have enclosed
inflorescences. Fernald (1921, page 229), Fogg (1928), Marie-Victorin
(1935, page 805), and Jessen (1863) have specifically commented that
this form is particularly prevalent in the more northern regions. After
examining several hundred specimens from the entire range of _L. oryzoides, I can confirm this generalization. However, there are numerous
specimens from the southern United States which have enclosed panicles
(see Fig.23).
In order to make a partial determination of the relationship of the
panicle exposure to day length, a clone of L. oryzoides from southern
Arizona was placed under a regime of 12 hours light and 12 hours dark
with temperatures of 75-80 ° F (light) and 65 ° F (dark) and left until
flowering. The inflorescence of all plants remained enclosed. This,
along with the fact that many plants which have enclosed panicles grow in
the southern states, strongly suggests that night length and not length of
the growing season is the causal factor in cleistogamous flowering.
A visit to several small farm ponds in central Iowa during the summer of 1966 suggested another possible cause ofthe enclosed condition.
In late summer the level of the water in the ponds is low. The surrounding vegetation was almost entirely L, oryzoides and nearly all of the
plants had enclosed panicles. Only occasionally were panicles exserted
and these only on plants farthest from the water. This suggested the
possibility that the enclosed condition was a response to moisture stress.
The same clone from Arizona was also used to make a preliminary
check on the possibility of moisture stress causing the enclosed condition.
Several rhizomes of healthy plants were placed in a large crock with only
a very small drainage hole and in regular flower pots with good drainage.
The plants in the' crock were kept saturated or flooded every day, two
pots were watered every day but allowed to drain, and the other two pots
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were allowed to become somewhat dry before watering. All plants were
kept under a 12-hour day, 12-hour night regime. Plants growing in all
three conditions flowered in late December and early January and all had
enclosed panicles. There was no noticeable difference in the development of the panicles in any of the conditions but the plants in the saturated
soil were the most vigorous and largest at flowering time.
Another form, nc~t very different from that discussed above, has been
described by Eaton (1903) as forma glabra. These plants, in addition to
having enclosed panicles, are entirely glabrous. Eaton (1903), Fassett
(1924), and Fernald (1921) describe this condition as resulting from the
continual submersing of the plants by rising tides in estuaries. An account of this form is given below.
Selected specimens examined (enclosed terminal panicles)
Belgium: Antwerpen Prov. ; Waterloo; Van Laesendouck s. n. , Sept.
1876 (F). Hainaut Prov. ; Lecoyer 31, Sept. 1869 (NY).
Denmark: Hellebaek; Wallengren s, n. , 12 Oct. 1881 (S).
England: Surrey; Groves s. n. , 15 Sept. 1883 (F, 5).
Finland: Kymi; Mussale; Ulvinen s. n. , 25 Aug. 1936 (S).
France: Maine-et-Loir; Bioret 276, 10 Oct. 1913 (NY).
Italy: Florence; Ex. Herb. Moggridge s, n. , Aug. 1871 (US).
Poland: Vistula (Wista) Valley; Tacik s, n. , 8 Sept. 1954 (MO).
Spain: Galicia region; M. gandoger s, n. , 1903 (MO).
Sweden: Blekinge Co, ; Holmgren s, n. , 15 Sept. 1920 (US). Skone;
N. Akarps; Weimarch s, n. , 22 July 1941 (S). Tollarp; O. J, Hasslow 116,
16 Aug. 1934 (NY).
Switzerland: Geneva state; J. Rome s.n. , Aug. 1877 (NY).
Yugoslavia: Bosnia; 5. Murbeck s, n. , 18 Sept. 1889 (5) .
Nova Scotia: Halifax Co. ; Dore and Gorham 45-1183, 10 Sept. 1945 (US).
Ontario: Ottawa; W. Dore et al. 3939, 30 Sept. 1947 (US), Hochelaga
Co. ; Victorin 28-498, 6 Oct. 1928 (K, S).
Quebec: Hochelaga Co. ; Victorin 28-498, 6 Oct. 1928 (K, S). Labelle
Co. ;Roy 1902, 22 July 1930 (MO). Lotbiniere Co. ; Victorin e_t a_l. 33713,
25 Aug. 19 30 (F, MO, 5, NY) .
Arizona: Ft. Lowell; Thomber 85, 24 Oct. 1903 (US, MO, NY),
California: San Bernardino Co. ; 5. B. Parish s, n, , Oct. 1885 (US).
Yolo Co. ; A. A. Beetle 4033, 28 Sept. 1945 (MO, F, NY).
Connecticut: New London Co. ; Jaussen s. n. , 18 Aug. 1927 (S).
Georgia: Early Co. ; R. Thorne 729 q 17 Oct. 1947 (U5, MO, F).
Indiana: Cass Co. ; Potzger 4894, 6 Oct. 1934 (S). Lake Co. ; A.
Chase 641, 13 Sept. 1897 (US).
Illinois: Cook Co. ; H. R. Bennett s, n. , 25 Sept. 1954 (F).
Iowa: Henry Co. ; J. H. Mills 863, Aug. 1897 (U5, MO, F, NY, ISC, BM).
Kansas: Greenwood Co. ; McGregor 16226, 1 Oct. 1960 (NCU).
Kentucky: Carter Co. ; G. L. Pyrah 1038, 12 Oct. 1955 (ISC).
Louisiana: St. Martin Par. ; A. B. Langlois s, n. , 26 Oct. 1891 (MO, NY).
Maine: Cumberland Co. ; P. L. Ricker 719, Sept. 1900 (US).
Massachusetts: Dukes Co. ;Fogg 3135, 1 Oct. 1927 (MO).
Minnesota: Lincoln Co. ; Moore and Owbny 22279, 22 Sept. 1954 (US),
Missouri: Livingston Co. ; Steyermark 79888, 23 Sept, 1955 (F),
North Dakota: Richland Co. ; Stevenson s, n. , 19 Sept. 1937 (S, NY).
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Leersia oryzoides:

11

1:

12

phenotypic variation in eastern Asia.

O

= scabrous stems and leaves

Q

= moderately scabrous stems and leaves

O

= glabrous stems and leaves

b

= panicle branches paired at nodes
= panicle branches one per node

O-'— = spikelets pubescent, keels ciliate

o
O

= spikelets nearly glabrous, keels moderately ciliate

= spikelets glabrous, keels with little or no cilia
= stems coarse and nearly erect
= stems moderately coarse
= stems thin and decumbent

4
0

= pedicel length less than 1.2 mm long
= pedicel length 1.2 mm long or more

O

= spikelet length 4.4-5.5 mm long

Q

= spikelet length 5.6-6,4 mm long
=spikelet length 6.5-7.1 mm long
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Ohio: Lorain Co, ; Ricksecker s, n, , Z Sept, 1894 (U5).
Oregon: Malheur Co, ; Griffith and Morris 875, Aug. 1901 (US),
Marion Co, ; E, Hall s, n. , 1871 (MO, F),
North Carolina: Rockingham Co. ; Radford 18489, 28 Sept. 1956 (NCU).
South Carolina: Barnwell Co, ; Ahles 55868, 28 Oct. 1961 (NCU),
South Dakota: Davison Co, ; Wilcox 28, 28 Sept, 1896 (US).
Tennessee: Cocke Co. ; T, H, Kearney 948, 1 Sept, (US). Roane Co, ;
Nease 57, 29 Sept, 1950 (U5),
Texas: New Braunfels; C, Wright s, n. , Nov, 1850 (MO).
Virginia: Fauquier Co. ; H, A, Allard 2299, 19 Sept, 1936 (F, NY).
Washington: King Co, ; Eyerdam s, n, , 11 Aug. 1933 (F),
Wisconsin: Barron Co, ; N. C. Fassett 9401, 5 Sept. 1929 (F),
Selected specimens examined (exserted terminal panicles)
Alabama: Mobile Co, ; G, L. Pyrah 947, 2 Oct, 1966 (ISC).
Arizona: Greenlee Co, ; A, Davidson 55a, Oct. 1899 (US).
Arkansas: Montgomery Co, ; D, Demaree 34334, 19 Sept. 1953 (U5).
California: Fresno Co, ; Noba and Mason 702, 2 Oct. 1948 (ISC),
Colorado: Boulder Co, ; F, Ramaley 15865, 21 Aug. 1936 (U5),
Connecticut: Litchfield Co. ; T, R, 5oderstrom 266, 14 Sept, 1958 (US).
Delaware: Sussex Co, ; Churchill s, n, , 13 Sept, 1908 (MO),
Florida: Holmes Co, ; G. L. Pyrah 959, 3 Oct. 1966 (ISC).
Georgia: Bartow Co, ; S, R, Jones 893, 17 Sept, 1961 (NCU).
Idaho: Idaho Co, ; Christ 11757, 15 Aug, 1940 (NY),
Indiana: Gibson Co, ; C. C. Deam 33000, 23 Sept. 1920 (U5),
Illinois: Shelby Co, ; G. L, Pyrah 497, 9 Sept. 1965 (ISC).
Iowa: Worth Co. ; Pohl 6700, 9 Aug. 1959 (ISC).
Kansas: Neosha Co, ; G. L. Pyrah 766, 26 Sept, 1966 (ISC),
Kentucky: Cumberland Co, ; G. L. Pyrah 492, 9 Sept, 1965 (ISC).
Louisiana: G. L. Pyrah 911, 2 Oct. 1966 (ISC).
Maine: Piscataquis Co, ; M. L. Fernald 403, 7 Aug. 1895 (US, MO, NY),
Maryland: Calvert Co, ; H. A, Allard 3721, 14 Sept. 1937 (F, NY),
Massachusetts: Hampshire Co, ; Livingston s, n. , 19 Aug. 1960 (NCU).
Michigan: Gilford; Mobberley 291, 8 Sept, 1952 (ISC).
Minnesota: Clearwater Co, ; Grant 3263, 6 Sept, 1929 (U5, NY).
Mississippi: Bolivar Co, ; Jacob 528, 24 Sept. 1952 (NCU).
Missouri: Bates Co, ; Steyermark 9968, 1 Oct, 1938 (F),
Montana: Rosebud Co, ; Bennett s,n„ 27 July 1955 (F,NY),
Nebraska: Arthur Co, ; Keiner 15431, 10 Sept, 1943 (F),
New Hempshire: Strafford Co, ; W. K, Babel 119, 16 Aug, 1942 (F).
New Jersey: Burlington Co, ; Hermann 3810, 10 Sept, 1932 (MO).
New York: Oswego Co, ; Clausen and Hinkley 4286, 1 Aug, 1939 (NY).
North Carolina: Alexander Co. ; Radford 18133, 15 Sept, 1956 (NCU).
North Dakota: Cass Co, ; D, A, Stevens s, n, , 23 Aug, 1949 (US),
Ohio: Auglaize Co, ; Wetzstein s, n, , 15 Sept, 1901 (MO, BM),
Oklahoma: Hughes Co, ; G. L. Pyrah 807, 27 Sept. 1966 (ISC).
Oregon: Benton Co, ; A, N. Steward 6586, 17 Sept, 1953 (NY).
Pennsylvania: Allegheny Co, ; Boardman s, n, , 5 Sept. 1942 (ISC).
Rhode Island: Kent Co, ; J. F, Collins s, n, , 14 Sept, 1930 (US).
South Carolina: Kershaw Co, ; Radford 299-19, 6 Oct. 1957 (NCU),
South Dakota: Brookings Co, ; White s, n, , 22 Aug, 1908 (MO).
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Tennessee: Henry Co. ; Isley 4482, 14 Sept. 1945 (ISC).
Texas: Mitchell Co. ; R. W. Pohl 4676, 31 Oct. 1944 (ISC).
Utah: Utah Co. ;Harrison 8902, 12 Sept. 1938 (I5C).
Vermont: Chitenden Co. ; Hitchcock s, n. , Aug. 1902 (US).
Virginia: Princess Ann Co. ; M. L. Fernald and B. Long 4779,
7 Sept. 19 35 (U5) .
Washington: Yakima Co. ; C. L. Hitchcock 24108, 2 Sept. 1965 (F, ISC).
Washington, D. C. : Hitchcock and Chase 255, 9 Sept. 1905 (US).
West Virginia: Pendleton Co. ; H.A. Allard 21725, 27 Aug. 1953 (US).
Wisconsin: Trempealeu Co. ; N.C. Fassett 4308, 24 Aug. 1927 (US, MO).
Wyoming: Goshen Co. ; Porter 6412; 18 Aug. 1953 (NY).
British Colombia: Vancouver; Eastham 35, 14 Sept. 1938 (US).
New Brunswick: Westmoreland Co. ; W. Dore and R. Ingalls 47-1075,
21 Aug. 1945 (US).
Nova Scotia: Halifax Co. ;Dore 1185, 10 Sept. 1945 (K).
Ontario: Bruce Co. ; P. Krotkov 8700, 25 Aug. 1934 (US, NY).
Quebec: Terrebonne Co. ; Churchill s. n. , 8 Aug. 1922 (MO).
Austria: Botzen, Lignumdscron; Hausmann 766, July -Aug. (BM).
Belgium: Namur Prov. ; Namur; Thielens et Devos s. n. , Sept. 1865
(BM).
China: Manchuria, Murdenensis; Komarov 140, 14 Aug. 1897 (BM).
Denmark: Hellebaek; Borgesen s. n. , 30 July 1889 (MO).
England: Surrey; Foggitt 1735, 10 Sept. 1921 (BM).
France: Paris; Hariot s, n. , Aug. 1912 (F).
Germany: Leipsig; Fiedler 24392, 11 Sept. 1953 (B).
Hungary: Pest Prov. ; Budapest; Flatt s. n. , 13 Aug. 1900 (BM, US).
India: Shaliniar; Stewart 10612, July 19 29 (MO) .
Italy: Modena Prov. ; Pirottey s, n. , Sept. 1882 (US).
Poland: Wroclaw Prov. , Breslau; Baenitz 8933, 12 Aug. 1897 (B, US).
Portugal: S. Faundo; Matos s, n. , 20 Sept. 1950 (BM).
Spain: Barcelona Prov. ; Barcelona; Gonzalo 5551, 2 Sept. 1925 (BM,
NY).
Sweden: Skane; Kristianstad; Thedenius s, n. , Aug. 1887 (S, US).
Switzerland: Lezern state; Stebler and 5chroter, Swiss grasses no. 7,
H. Luscher, 26 Aug. - 20 Sept. 1887 (US, S).
USSR: Latvian state; Lecava; 5tarca 1443, 2 Aug. 1926 (S). Lithuania
Prov. ; Welesnica; Twardowska 589, 16 Sept. 1896 (5).
China: Manchuria, Laokonan; Kitagawa s, n. , 30 Aug. 19 30 (? ).
India: Kashmir, Bandipuri; Koelz 9070, 29 July 1936 (US).
Japan: Honshu Prov. ; Ugo; S. Muramatusu s, n. , 9 Sept. 1930 (TI).
Kai; Furuse s. n. , 11 Sept. 1958 (S). Musashi; Tatioka s. n. , Sept. 1951
(US). Hiroshima; Makino s. n. , Oct. 1931 (S). Hokkaido, Onmenem,
Kitami City; Mizushima 2605, 8 Sept. 1945 (TNS). Gotoui and Sopparo;
Dorsett and Morse 1139, 22 Aug. 1929 (US). Kutchan; Kuwabara 2, 3, 4,
21 Aug. 1966 (ISC). Kyushu, Prov. Higo; Maebara s. n. , 13 Sept. 1925
(TNS, TI). Satsuma; Muramatsu s. n. , 7 Oct. 1934 (TNS). Satsuma;
Doi 8, 4 Oct. 1926 (TI).
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L_ , oryzoides var, oryzoides f, glabra Eaton
L. oryzoides var, oryzoides f, glabra Eaton. 1903, Rhodora 5:118.

Description
Perennial, culms to 40 cm tall, glabrous; leaves glabrous, flaccid;
panicles enclosed.
Habitat and distribution
This is the form growing in the influence of brackish water along
estuaries along the New England coast and the St. Lawrence River near
St. Vallier, Quebec.
Comments
_L. oryzoides f, glabra is of particular interest since it represents an
extreme form of this species. If differs from forma oryzoides in being
glabrous or nearly so, in having the panicles nearly always enclosed, in
its shorter, flaccid leaves, and in growing in the influence of brackish
water. The largest collections of which I am aware came from the banks
of estuaries near Newburyport, Mass, and Seabrook, New Hampshire,
and along the banks of the St. Lawrence River near St. Vallier, Quebec.
Collection data indicate that at these sites the plants of this form are
influenced by the tide and often completely submersed. Eaton (1903) has
published hi-s observations of a population at one of these sites.
Dr. A. A. Eaton found a population of Leersia oryzoides at Newburyport, Massachusetts growing within the influence of the tides. The
plants most influenced by the brackish water had those characteristics
described above for forma glabra. The plants farthest removed from
the influence of the tide had characteristics of the typical form with
exserted panicles.
Fernald (1921) commented briefly on plants of forma glabra which
occur in Trefry's Lake, Yarmouth Co. , Nova Scotia. He stated that the
sheaths were entirely glabrous because of submergence. I have not seen
specimens from this location.
Although Eaton and Fernald supported the idea that this form was
produced by submergence, particularly in brackish water, the phenotypic
uniformity of the specimens examined and the absence of intermediate
types in the collections studied suggest a genetic basis. The populations
from which these glabrous plants were taken should be studied in detail
and much more information obtained before their taxonomic status can
be properly evaluated. Until such time the continued designation of these
plants as forma glabra may be advantageous.
Occasionally specimens from the interior United States and Europe
have nearly glabrous leaves and stems but appear quite different from
the plants growing in brackish water. These plants differ primarily in
being more robust and somewhat coarser than forma glabra.
Selected specimens examined
England: Surrey; H. C. Watson 1262, Oct. 1897 (US).
Massachusetts: Newburyport; Eaton and Fernald s, n. , 2 Oct. .1902
(US, NY), Ames, Leavitt and Eaton s. n. , 24 Sept. 1902 (US).
Quebec: Bellechasse Co. ; W. G. Dore 47-751, 24 Aug. 1947 (US).
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Lotbiniere Co. ; W. G. Dore 47-970, 31 Aug. 1947 (US), Victorin e_t a_l.
33713, 25 Aug. 1930 (F, NY), Victorin and Germain 55024, 6 Sept. 1941
(US, F, NY). St. Vallier; Fernald 2499, 15 Sept. 1931 (US, F, NY), Swallen 9717, 24 Aug. 1947 (US).
7c. L. oryzoides var, japonica Hack. (map, fig. 26)
_L. oryzoides var. japonica Hack. Bot. Mag. Tokyo 11:443. 1897 (2)
Homalocenchrus oryzoides Mieg. var, japonicus Honda. Bot. Mag.
Tokyo 39:35. 1925. (2)
Leersia sayanuka Ohwi. Act. Phytotax, and Geobot. 7:36. 1938. (2)
L, sayanuka Ohwi var, latifolia (Honda) Ohwi. Acta Phytotax. and
Geobot. 7:37. 1938. (2)
L. oryzoides (L.) Sw, var, latifolia Honda. Monogr. Poac. Japon. 8
1930. (2)
_L. hackelii Keng. Sinensia 2:421. 1940. (2)
L, oryzoides (L.) Sw, var, japonica Hack, f. latifolia Ohwi. Flora
Japan 56. 19 65 . (2)
Description
Perennial; Rhizomes short; culms straggling, branching, thin, more
or less compressed, 40 to about 100 cm tall, glabrous; nodes exposed,
moderately to densely retrorse-strigose; sheaths glabrous to slightly
scabrous in the furrows; blades flaccid, to 15 cm long, glabrous to
slightly scabrous along the margin; panicle exserted, pyramidal, erect,
to 18 (23) cm long; branches 4-8, one per node, slightly ascending;
spikelets linear -oblong, 6-7. 5 (8) mm long, laterally compressed,
1. 3-1. 6 mm wide, imbricate, somewhat inrolled, keels very short
ciliate, sometimes almost inconspicuous; stamens 3, sometimes 2,
anthers 1 —mm long; seed flat, about 4 mm long. Chromosome number
2n= 60. Flowers July to October.
Distribution
Primarily Honshu Island, Japan. Chung (1965) also reports it as
growing in central and southern Korea and adjacent areas of China.
Habitat
Stream banks and wet woods, growing in heavy soil.
Comments
This variety is remarkably distinct from var, oryzoides in several
characters. Among the more conspicuous are the short, imbricate- scaly
rhizomes, straggling stems, flaccid leaves and linear -oblong, short
ciliate spikelets. Furthermore, I have not seen any specimens with
axillary, cleistogamous panicles which are characteristic of var, oryzoides.
The phenotypic intergradation between var, japonica and var, oryzoides is obvious (Fig.25). Ohwi (1938) felt that var. japonica was worthy
of specific rank and called it L, hackelii. However, Ohwi (1965) returned to the use of var, japonica.
Since many of the intermediate types show some degree of fertility,
i, e. , some seed set and nearly normal pollen formation, this may be an
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Distribution of L. oryzoides in Japan and China.

example of incomplete divergence. From the scatter diagram it can be
seen that some plants, nearly typical of either one variety or the other,
often have one or two characters of the other. Furthermore, plants
intermediate in phenotype are very prevalent which suggests that the
genetic barriers between var. japonica and var, oryzoides are weak and
that gene exchange is common.
The evaluation of this complex could be greatly strengthened it more
material were available. The prevalence of intermediate phenotypes of
this "sample" suggests that these two taxa could be combined. However,
on the basis of the existence of 2 extreme forms and the 2n = 60 chromosome number reported for var, japonica, I shall continue to recognize
var, japonica and var, oryzoides.
Selected specimens examined
China: Prov. Kwangtung, Kau Fong; W. Tsung 20821,E 2-30 Nov. 1932
(NY). Hangchow, Chekiang; Ching 3874, 14 Oct. 1927 (US), Ching 3795,
14 Oct, 19 27 (US) .
,
Japan: Honshu; Tsubame, Echigo; Eguchi s, n, , 12 Oct. 1951 (TI), ~
Shimotsuke; Furuse s, n. , 2 July 1958 (S), Musashi; Sato s. n. , 7 Aug.
1949 (TNS). Tokyo; Tateoka s, n, , 4 July 1950 (TNS), Yamashiro; Kurokawa s, n. , 10 Sept, 1954 (S). Sendae; Iishiba s, n. , 19 Sept. 1927 (S).
Tokyo; Tateoka s, n. , 5 July 1950 (TNS), Odawara; Tateoka s, n. , 27 Aug.
1955 (TNS), Kamiobuya bei Tokyo; no coil, s. n, , 10 Oct, 1911' (S).
Rikuchu; Iwabuchi s, n. , 23 Sept. 1928 (U5), Kyoto; Tateoka s, n, , 27
Sept. 1954 (TNS), Hiyogo; Kuwabara 1, 26 Oct, 1952 (I5C), Yamashiro;
Kurokawa s, n. , 4 Oct. 1954 (S). Tokyo; Tateoka s, n, , 5 July 1950 (TNS);
Sambooji near Tokyo; no coll, s, n. , 16 Oct. 1920 (US). Intermediate.
Kauazawa near Yokahoma; Hisauti s,n„ 29 Oct. 1922 (U5), Shimofusa;
Makino s, n. , Oct. 1911 (5) , Meusashi, Ogikubo; no coll, s, n. , 10 Oct.
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1910 (U5). Nagaoka, Echigo; Nakarmura s. n. , 15 Oct. 1903 (TNS).
Toyama; Kirino 409, 15 Oct. 1954 (S). Iwate, Morioka; Toba 75, 1 July
1926 (TI). Shimofusa; Makino s. n. , 19 11 (S). Shimotsuke; Furuse s, n.,
24 Sept. 1959 (S). Shimofusa; Furuse s. n. , 21 Oct. 1959 (S), Furuse s. n.,
21 Oct. 1959 (S). Musashi; no toll, s. n. , 20 Oct. 1893 (US). Kyushu
Prov. ; Higo; no toll. 100, 8 Nov. 19 36 (TNS) .
8. Leersia virginica Willd. (map, Fig. 27)
_L. virginica Willd. Sp. Pl. 1:325. Type in B. 1797. (1) (2)
L. imbricata Poir. Lam. Encycl. Suppl, iii:329. 1813. Type in P.
( 1 (2)
L. ovata Poir. Lam. Encycl. Suppl, iii:329. 1813. Type in P. (1) (2)
L. oryzoides var. virginica (Willd.) Poir. Lam. Encycl. Suppl.
iii:328. 1813. (1) (2)
Asprella virginica (Willd.) Roem, and Schultes. Systema Veget.
II:266. 1817. (1) (2)
A. imbricata (Poir.) Roem. and Schultes. Systema Veget. II:268.
1817. (1) (2)
A, ovata (Poir.) Roem, and Schultes. Systema Veget. II:267-268.
1817. (1) (2)
Leersia virginica var, brasiliensis Ekman. Arkiv for Bot. 13:37.
1913. (1) (2)
L, virginica var, ovata (Poir.) Fernald. Rhodora 38:385-386. 1936.
(1) (2)
Description
Perennial; culms 30-140 cm long, more or less compressed, branching, sometimes rooting at the nodes, decumbent, occasionally somewhat
erect and coarse, glabrous; rhizomes covered with imbricate scales,
short, rarely somewhat elongate; nodes pubescent; leaf sheaths glabrous
to scabrous-hispidulose; ligule 1-3 mm long; blades 5-20 cm long,
rarely longer, 6— 15 mm wide, glabrous to minutely scabrous above and
below, sometimes densely, short pilose beneath, occasionally long-hispid
along margins, generally flaccid; panicles terminal on main culms and
branches, 10--24 cm long, pyramidal, long-exserted on main culms,
somewhat enclosed or short-exserted on branches; panicle branches 4-8,
spreading, more or less flexuous on exserted panicles, one per node,
lower 1~3 naked; spikelets (2. 4) 3-3. 6 (4. 0) mm long, about 1.5 mm
wide, ovate, imbricate; lemma ciliate to nearly glabrous on margins and
keel, glabrous to short pubescent on body, keel somewhat inrolled; palea
ciliate to nearly glabrous on keel, slightly longer than lemma; stamens 2,
anthers 1-1.5 mm long; grain slightly compressed; chromosome number 2n= 48. Common name: whitegrass.
Habitat and phenology
Growing in moist places in woods and along stream courses. In many
areas in the North overlapping the range of _L. oryzoides and in the Southeast with L. hexandra. Usually grows on heavy clay or loam soil, but
also on wet sandy soil in many areas of the Southeast. Flowers July to
October. Seed set moderate.
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Distribution of L. virginica in North America.

Distribution
Distribution of this species is confined primarily to the eastern half
of the United States (approximately the area east of the 100th meridian),
but it has also been reported from the state of Parana, Brazil. The
specimens collected from South America by Dusen in 1909 and Johnson
in 1914 are morphologically similar to typical _L. virginica in the United
States. There is apparently a discontinuous distribution between subtropical and temperate North America and subtropical South America.
Good (1953) reports a similar phenomenon in Primula farinosa and three
species of Anemone. This also occurs in Muhlenbergia schreberi. The
rarity of _L, virginica specimens from South America suggest the possibility of introduction to this area.
Variation
L. virginica is a rather uniform species, The most conspicuous
variations are the degree to which the spikelet keels are ciliate and the
coarseness of the leaves and stems. The type specimen of _L, ovate has
long cilia on the spikelet keels whereas the keels of L, imbricate are
nearly glabrous. Therefore, L, imbricate, being nearly identical with
the type of _L. virginica, falls into synonomy with the latter species.
Fernald (19 36) also compared the type specimens of L. imbricate and
_L. ovate with _L, virginica, Since the type of L. ovate differs from the
type of _L. virginica only in having more ciliate spikelets, he felt this
was significant enough to give varietal recognition to L_, ovate. Upon
critical examination of 429 specimens I found the number of specimens
with nearly glabrous spikelets to be minimal and that most specimens
from the entire range conform more closely to the circumscription of
L, virginica var, ovate, Since the plants of the three taxa involved are
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very similar, an attempt was made to find at least one other character
which would correlate with the ciliation of the spikelet. Other characters which seemed to have taxonomic significance were sheath and blade
pilosity. The number of specimens with these characters are compared
in Table 3 with the number of specimens with ciliate and nonciliate
spikelets. There is no apparent correlation between any two of the three
characters measured. Even among the 71 specimens which were placed
in the nonciliate group, most had at least a few short, curved cilia or
coarse hairs. Therefore, the continued designation of var, ovata appears
to be unjustified.
Table 3.

Comparison of 429 specimens of L. virginica for three
Spilelets ciliate
Sheaths
Nonpilos e
Pilo s e

Blades pilose
Blades nonpilo s e

8
20

33
297

spikelets nonciliate
Sheaths
Pilo se
Nonpilo s e
3
10

7
51

Fernald and Long collected three specimens from Princess Anne Co.,
Virginia (6772, 7225, and 9513 US) which seem to be rather distinct.
Since they have ciliate spikelets and have somewhat the appearance of
_L. virginica, they were identified by the collectors as _L. virginica var.
ovata. However, close examination of these specimens indicates:
1) Specimens 6772 and 7225 have characters intermediate between
_L. virginica and _L. oryzoides and no well developed pollen as evidenced
by the lack of staining in cotton blue. Also there were very few developed
stamens and pistils. They are here considered to be hybrids between
these species.
2) Specimen 9513 is similar in appearance, but somewhat closer to
typical L. oryzoides. It has well developed pistils and three well developed stamens. This specimen probably represents an extreme form
of _L. oryzoides.
A specimen from Burnside, Louisiana (R. Combs 1424, NY) has a
combination of characters which can best be described as intermediate.
The prominent spreading panicle is typical of L_ . virginica and the large,
distichous, coarse leaves are typical of L, lenticularis. The spikelets
are somewhat intermediate in size but the cilia on the keels resemble
those of L. lenticularis. Furthermore, the plant is sterile, having no
pollen development nor seed set.
Flowering and seed set
A small clone of _L. virginica growing near the Iowa State University
campus was observed during the flowering season. Observations were
made about the flowering calm in relation to the time of flowering. Those
calms flowering first are tall and have well developed, green leaves,
while those calms flowering later are considerably shorter and with
somewhat greenish -yellow leaves. These are primarily the branches of
the main calm but often represent a main calm flowering later. Some
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authors consider the
terminal, exserted panicles to be mostly sterile.
However, I have observed abundant seed set on these panicles on plants
grown in the greenhouse as well as those in the field. Mature spikelets
fall from the plant almost immediately upon maturing and may be overlooked.
Selected specimens examined
Alabama: Colbert Co. ; Isely 4659, 24 Sept. 1945 (ISC). Tuscaloosa
Co. ; Pyrah 486, 7 Sept. 1965 (ISC).
Arkansas: Garland Co. ; Moore 470151, Oct. 1947 (US). Searcy Co. ;
Pyrah 447, 5 Sept. 1965 (ISC).
Connecticut: Litchfield Co. ; Soderstrom 270, 14 Sept. 1958 (US).
Delaware: Centerville; Commons s. n. , 9 Sept. 1875 (NY).
Florida: Jackson Co. ; Godfrey 59067, 11 Oct. 1959 (MO, NCU, NY).
Georgia: Dade Co. ; Pyrah 489, 8 Sept. 1965 (ISC). Lumpkin Co. ;
Cronquist 4663, 3 Sept. 1947 (US, MO, NY).
Illinois: Alexander Co. ; Bock and V. Chase 153, 7 Sept. 1928 (US).
Jackson Co. ; V. Chase 6644, 4 July 1938 (US). Lake Co. ; Steyermark
65029, 16 Sept. 1957 (F).
Indiana: Grant Co. ; Deam 19314, 3 Oct. 1915 (US). Grady and Webster 7098, 13 Sept. 1958 (NCU).
Iowa: Pocahontas Co. ; Monson 3521, 26 Aug. 1956 (ISC). Polk Co. ;
Monson 743, 15 Aug. 1955 (ISC).
Kansas: Republic Co. ; Morley 1093, 8 Sept. 1960 (NCU). Riley Co. ;
Hitchcock 38 35, 27 Sept. 19 08 (US, ISC) .
Kentucky: Fleming Co. ; Braun 3670, 17 Sept. 1940 (NY). Lyon Co. ;
Eggleston 5268, 27 Sept. , 9 Oct. 1909 (NY).
Louisiana: Livingston Par. ; Correll 9144, 27 June 1938 (NY).
Rapides Par. ; Leonard 1577, 7 July 1918 (US).
Maryland: Anne Arundel Co. ; V. Chase 8477, 14 Sept. 1946 (US).
Montgomery Co. ; A. Chase 2623, 5 Sept. 1904 (F, US).
Massachusetts: Hempden Co. ; Seymour 237, 7 Sept. 1914 (NY).
Middlesex Co. ; Knowlton 914, 30 July 1898 (U5).
Michigan: Washtenaw Co. ; Hermann 9217, 6 Sept. 1937 (F, MO).
Minnesota: Blue Earth Co. ; Moore and Hsi 23337, 6 Aug. 1951 (F).
Nicollet Co. ;Moore and Huff 19768, 28 Aug. 1947 (ISC).
Mississippi: Montgomery Co. ; Pyrah 479, 6 Sept. 1965 (ISC).
Webster Co. ;Ray 5297, 4 Aug. 1955 (NY).
Missouri: Andrew Co. ; Steyermark 70022, 19 Aug. 1950 (F). Pettis
Co. ; Pyrah 424, 5 Sept. 1965 (ISC).
Nebraska: Buffalo Co. ; Bergseng and Christensen 320, 12 Sept. 1955
(ISC). Franklin Co. ; Tolstead 41756, 3 Aug. 1941 (ISC).
New Hampshire: Strafford Co. ; Babel 110, 9 Aug. 1942 (F).
New Jersey: Bergen Co. ; Mackenzie 7892, 12 Aug. 1917 (MO).
Somerset Go. ; Moldenke 10117, 29 Aug. 1937 (NY).
New York: Columbia Co. ; Weber 1564, 29 July 1939 (ISC). Rockland
Co. ; Lehr 530, 14 Sept. 1958 (NY).
North Carolina: Beaufort Co. , Radford 42040, 11 Oct. 1958 (NCU).
Forsyth Co. , Ahles 49009, 8 Aug. 1958 (NCU, ISC).
North Dakota: Ransom Co. ; Stevens 2762, 10 Sept. 1964 (NCU).
Richland Co. ;Stevens 1043, 28 Aug. 1947 (NCU, US, NY).
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Ohio: Champaign Co. ; Leonard 462, 1 Aug. 1915 (US). Franklin Co.;
Kellerman 6770, 3 Sept. 1907 (US).
Oklahoma: Johnston Co. ; Waterfall 5676, 25 Sept. 1944 (NY). Payne
Co. ;Schultz 93, 4 Oct. 1938 (ISC).
Pennsylvania: Bedford Co. ; Berkheimer 1495a, 4 Sept. 1939 (US).
Franklin Co. ; Westerfeld 12773, 2 Oct. 1954 (NCU).
Rhode Island: Providence Co. ; Freenman 2558, 2 Oct. 1910 (MO).
South Carolina: Aiken Co. ; Ahles 55347, 27 Oct. 1961 (NCU).
Clarendon Co. ; Godfrey and Tryon 994, 31 July 1939 (US, NY).
South Dakota: Big Stone; Williams s. n. , 25 Aug. 1892 (US). Clay Co.;
A. Chase 4088, 11 Sept. 1911 (MO).
Tennessee: Cumberland Co. ; Pyrah 490, 9 Sept. 1965 (ISC) Fentress Co. ; Pyrah 491, 9 Sept. 1965 (ISC).
Texas: Colorado Co. ; Bush 1311, 5 Oct. 1900 (NY). Harris Co. ;
Palmer 1 19 47, 18 May 1917 (MO) .
Vermont: Chittenden Co. ; Knowlton s. n. , 3 Aug. 1921 (NCU). Windham Co. ; Herb. Eggleston s. n. , 3 July 1896 (F).
Virginia: Arlington Co. ;Allard 74, 20 Sept. 1933 (F, MO). Greeneville Co. ; Fernald and Long 9264, 18 Sept. 1938 (US).
Washington D. C. : Glen Echo; Am. Gr. Nat. Herb. 317, 27 July 1905
(US, F, MO, NY). Takoma Park; Williams 480, 19 Sept. 1900 (US).
West Virginia: Preston Co. ; Steele s. n. , 9 Sept. 1898 (US, NY).
Upshur Co. ; Rossbach 1244, 18 Sept. 1958 (NCU).
Wisconsin: Adams Co. ; Shinners and Catenhusen 2645, 22 Aug. 1940
(ISC). Trempealeu Co. ;Hartley 3285, 22 Sept. 1956 (ISC).
Quebec: Near Ottawa; Rolland s, n. , 17 Aug. 1915 (NY).
Ontario: Beechwood Ott. ; Roland 46, 17 Aug. 1915 (US). Ottawa;
Macoun 7454, 6 Sept. 1894 (NY). Near Montreal: Chambly, MarieVictorian, 4 Sept. 1925 (US).
Brazil: Parana; Dusen 7905, 16 March 1909 (NY). Jonsson 183a,
12 March 1914 (NY).
EXC LUDED SPECIES
Leersia aristata (Retz) Roxb. F1. Ind, ed. 2, 2:207. 1832.
Hygroryza aristata (Retz) Nees, ex Wight and Arn. in Edinb. New Phil.
J. 15:380. 1833.
Leersia digitata Poiret Enc, meth. Suppl. III, p. 329. 1813
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Antirrhinum majus manum, 455
Artemisia
albipubescens, 83
filifolia, 8 3
tridentata, 83
Avena
fatua, 517
s ativa, 45 3
Aythya americana, 437
Bison bison, 280
Blarina brevicauda, 284
Bosmina, 405
Bromus inermis, 437
Canis
latran s thamno s, 28 3, 29 3
lupus, 281
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Carpiodes cyprinus, 400
Castor canadensis, 284, 290
Catostomus commersoni, 399
Cervus canadensis, 280
Clethrionomys
gapperi loringi, 283, 291
Cryptotis parva, 281-285
Cyclops, 405
cyprinus carpio, 399
Daphnia pulex, 405, 406
Dar lingtonia
brachyloba, 500
glandulosa, 500
intermedia, 500
De smanthus
acuminatus, 503
bicornutus, 506
brachylobus, 500
brevipes, 497, 503
cooleyi, 498, 499
covillei, 498, 500,
depressus, 503
falcatus, 501
glandulosus, 505
illinoensis, 495, 500, 503
jamesii, 499
lacustris, 508
leptolobus, 497, 501, 502
obtusus, 497, 502
peduncularis, 502
reticulatus, 497, 502
rhombifolius, 502
velutinus, 498, 502, 503
var. acuminatus, 495, 497
virgatus, 498, 503, 505
Diaptomus, 405
Dichrostachys, 496
Didelphis
marsupialis virginiana, 284, 286
Eptesicus f, fuscus, 284, 287
Erethizon dorsatum, 281
Esox lucius, 398
Euarctos americana, 281
Europiella
agalliastes signatus, 86
angulatus, 86
bakeri, 86
chlamydatus bakeri, 86
clavicornis, 79
flavicornis, 79, 82

Europiella (cont. )
franseriae, 79, 85
fusicornis, 79, 82
humeralis, 85
pallida, 79, 83
sarcobati, 79, 83
signatus, 86
signicornis, 79, 84
similis, 79, 81
unipuncta, 84
Felis concolor, 281
Fulica americana, 437
Geomys bursarius, 284, 289
Glaucomys v. volans, 284, 289
Gulo luscus, 285, 294
Hesperocapsus
artemisicola, 83
hixsoni, 79, 88
major, 79, 87
nigricornis, 79,88
tinctus, 79, 89
Homalochenchrus, 218
gouini, 244
grandiflora, 236
hexandrus, 244
lenticularis, 248
ligularis, 234
monandra, 230
oryzoides, 252, 260
Ictalurus
natali s, 39 9
punctatus, 199
Ictiobus cyprinellus, 400
Lasionycteris noctivagans, 284, 287
La siurus
_b, borealis, 284, 287
c, cinereus, 284, 288
Leersia
asprella, 217, 230, 252
australis, 242, 246
blepharochloa, 217
ciliata, 242
debilis, 233, 236, 237
distichophylla, 233, 236, 237
ehrhartia, 217
elongata, 244
glaberrima, 244
gouini, 244
grandiflora, 233, 236
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Leersia (cont. )
gracilis, 244
hackelli, 260
hexandra, 215, 221, 225, 242
homalocenchrus, 217
imbricata, 262
japonica, 225, 229, 240, 252, 260
lenticularis, 225, 229, 238
ligularis, 215, 225, 229, 232,
233, 237, 234, 258
luzonsis, 242
monandra, 217 , 221, 225, 230
nematostachya, 225
oryzoides, 216, 225, 229, 250,
251, 252, 259, 260, 264
ovata, 262
pseudoryza, 217
sayanuka, 260
sinensis, 240
stipitata, 225, 229
triandra, 225
Lepomis
cyanellus, 400
gibbosus, 400
Lepus
townsendii campanius, 283, 288
Lutra c. canadensis, 284, 295
Lynx
canadensis, 281
r. rufus, 284, 295
Marmota m, monax, 284, 288
Medicago sativa, 437
Mephitis mephitis, 284, 295
Micropterus
dolomieui, 397
salmoides, 411
Microsorex hoyi, 285, 286
Microtus
o, oehrogaster, 283, 291
p, pennsylvanicus, 283, 292, 446
pinetorum nemoralis, 283, 292
Mimosa, 49 6
brachylobia, 500
contortaplicata, 500, 501
glandulosa, 500, 501
illinoensis, 500, 501
strigillosa, 508
virgata, 500, 501, 506
Morone chrysops, 398, 471
Moxostoma aur.eolum, 400
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Mus musculus, 292
Mustela
erminea bangsi, 283, 294
fr enata, 28 2, 29 4
nivalis campestris, 283, 294
vison, 282, 294
Myotis
keeni, 281
1. lucifugus, 284, 287
subulatus, 281
Neptunia, 49 5, 49 6
gracilis, 507
hemidesma, 507
lindheimeri, 508
lutea, 507
multipinnata, 507
oleracea, 507, 508
Palmeri, 509
plena, 510
pubescens, 507, 509
tenuis, 507
virgata, 508
Noturus gyrinus, 400
Nucrisirex goyi, 283
Nyticeius h, humeralis, 283, 288
Odocoileus
hemionus, 281
virginianus macroura, 284, 295
Ondatra zibethicus, 284, 292
Onychomys
leucogaster breviatauritus, 283, 291
Oryza
clandestina, 252
hexandra, 244
mexicana, 244
monandra, 230, 236
oryzoides, 252
Ostrinia nubilalis, 9, 165, 185, 297, 313
Oxyura jamaicensis, 442
Perca flavescens, 398
Perezia pyraustae, 12, 303, 316
Pe rognathus
flavescens perniger, 285, 290
Peromyscus
leucopus noveboracensis, 284, 290
maniculatus bairdii, 284, 291, 437
Phalaris oryzoides, 218
Pharus, 218
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Phasianus colchicus, 451
Pipistrellus s, subflavus, 283, 287
Poa pratensis, 437
Pomoxis
annularis, 397
nigromaculatus, 396
Procyon lotor hirtus, 284, 295
Pronotocrepis
clavicornis, 79
ribesi, 79, 80
ruber, 79, 80
Prosopis, 496
Pterophylla
camellifolia, 193, 196, 199, 200
furcata, 194
Puccinia graminis avenae, 456
Pylodictus olivaris, 399
Rattus norvegicus, 293
Reithrodontomys
megalotis dychei, 284, 290
5calopus aquaticus, 284, 287
5cirpus
fluviatilus, 438
heterochaetus, 438
Sciurus
carolinensis pennsylvanicus,
283, 289
niger rufiventer, 284, 289
5orex cinereus, 283, 446

Sorghastrum nutans, 514
Sparganium eurycarpum, 438
Spermophilus
franklinii, 284, 288
t. tridecemlineatus, 284, 288
Spilogale putorius interrupta, L84,
295
Sporobolus, 517
heterolepis, 514
Sus scrofa domesticus, 45
Sylvilagus floridanus mearnsii,
284, 288
Synaptomys cooperi gosaii, 283, 291
Tadarida molosea, 281, 285
Tamias striatus griseus, 283, 288
Tamiasciurus hudsonicus, 283, 289
Taxidea t. taxus, 28 4, 29 4
Trifolium pratense, 441
Typha angustifolia, 438
Urocyon cinereoargenteus ocythous,
28 3, 29 3
Vulpes fulva regalis, 284, 293
Zapus hudsonius intermedius, 283,
293
Zizania, 218, 221
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