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Fig. 1. Scatter diagram of the B. mollis agg. sensu Tutin, and B. lepidus,
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Fig. 2. Scatter diagram of recent Warwickshire collections of the B. mollis
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Fig. 3. Scatter diagram of B. mollis agg. population from Ufton, Warwickshire.

5 7 & 9 10

lemma-length (mm)

O........ haity spikelet
(5 R slightly hairy spikelet
® . ... glabrous spikelet

(5‘ -.-...qrain=lemma

O\\ ~~~~~ broad,hyaline lemma margin
(P ? ...... reflexed awns

}D)v--l---sharply anqgled lemma shoulder

NIVLI¥E NI DDV SITTON SNNO0Id

LEE



(3
wn

(&)
(=]

B. thominii

w— — N NN
Uy, (=] w o e

Percentage of species records

35

B.lepidus

M-ro’ M-he Mwa M-ty C-t C-q G-m G-p Gt RUT RUW RUQ AUD WSp WOsWOm'
Woarwickshire habitats

Fig. 4. Histogram of distribution of B. hordeaceus subsp. hordeaceus, B. thominii sensu Tutin and B. lepidus
in all Warwickshire habitats in which they have been recorded. The percentages are of the total number of
records of each taxon in the Flora of Warwickshire Survey. Key to abbreviations:
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landscaped site in the University of Birmingham grounds, which bore a rich brome flora
of three taxa, B. lepidus, B. hordeaceus subsp. hordeaceus and B. thominii’, with all spikelet
indumentum variants, was found to have originated from a sown mixture including an
impure source of Festuca longifolia Thuill. Investigation of other samples of cleaned
F. longifolia revealed B. lepidus as a contaminant.

Beddows (1953) shows that large-scale importations of rye-grass and other grass seed
into Britain date from about 1831, so that B. lepidus and ‘B. thominii’ may have entered
Britain in quantity from about this time. The earliest British collection of B. lepidus is dated
1836. Early agricultural literature on grass husbandry (e.g. Sturrock 1865; Everitt 1897)
indicates that imported grass seed was very impure and needed considerable cleaning.
Britain is now a major producer of grass seed, and advice on this very specialized trade is
given to farmers by the National Institute of Agricultural Botany, Cambridge. A series of
Herbage Seed Growers’ Leaflets has been produced and additionally a series of Seed Notes.
Seed Notes No. 72 shows that Bromus is a recognized weed in rye-grass and fescue crops,
and the Herbage Seed Growers’ Leaflet No. 2 advises farmers to remove from the field and
field margins any rogue grasses whose seed may be difficult to remove from the crop.

It seems clear that B. lepidus and ‘B. thominii’ owe much of their British distribution
to the practice of sowing grass seeds in pastures and on roadsides. British Certified Seed,
or its foreign equivalent, of very high purity is commonly used, and in this brome contam-
ination is at a minimum, though still present. However, much cheap seed is used by road-
side contractors and local councils, and this is often impure.

Methods of seed cleaning by screening for seed size will explain the strong tendency for
small-seeded bromes to occur on cultivated ground among sown grasses of similar seed
size. B. hordeaceus subsp. hordeaceus can more easily be removed, and this species seems
more commonly established on old roadsides and hayfields than either B. lepidus or ‘B.
thominii’. Some seed contamination by B. hordeaceus subsp. hordeaceus is rendered possibie
by the occasional maturation of smaller seeds in the upper part of the spikelet.

The above discussion relates only to the inland members of this aggregate of species,
but it is a common observation that ‘B. thominii’ occurs, often abundantly, on coastal dunes
where there is no likelihood of artificial sowing. B. lepidus is uncommon here, moreover.
B. hordeaceus subsp. hordeaceus occurs on coastal cliffs and on some dunes. It is sometimes
depauperate and occasionally has procumbent culms, but these characters have not been
found to persist in cultivation (Wilson 1956). ‘B. thominii’ from sand dunes has a rather
distinct morphology not manifested in the scatter diagrams owing to lack of material.
These plants, which are here regarded as B. hordeaceus subsp. thominii, are usually very
small and often prostrate or procumbent, with small, dense paucispiculate panicles. The
awns often become divaricate. Experiments revealed that these features were maintained
in cultivation, recalling the similar experience of Nilsson (1937) and Wilson (1956). The
dune material used came from the Ynys-Las dune system in Cardiganshire and from
Burry Port, Carmarthenshire.

(iii) Serological

Using antisera raised to two accessions of B. hordeaceus subsp. hordeaceus (Nos. 13
and 21 in appendix), the albumin and globulin fractions of the seed proteins of taxa within
the B. mollis aggregate (sensu Tutin) and B. lepidus were studied and compared. Both
double diffusion and immunoelectrophoretic analysis of the antigen components in the
saline extracts gave compatible results. The precipitin spectra obtained are illustrated in
Pl. 156 and c.

The homologous reaction of B. hordeaceus subsp. hordeaceus with its own antiserum
cannot be distinguished from that of B. lepidus nor from inland accessions of ‘B. thominii’.
Other Bromus species tested, most of which do not form part of the present investigation,
gave reactions varying from similar to very different from the homologous reaction, with
the exception of B. interruptus which resembled B. hordeaceus subsp. hordeaceus completely
in its serological behaviour. B. hordeaceus subsp. ferronii and subsp. thominii from dunes
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both showed slight though persistent differences from the homologous reaction. In both
these taxa, one antigen line is lacking and the main antigen moves more slowly in electro-
phoresis than that of the homologous reaction, and that of B. lepidus and inland ‘B. thominii’,

These immunological differences were detected by the antibody-forming mechanisms
of four adult rabbits.

(iv) Karyological and Genetic

B. hordeaceus (all subspecies), B. lepidus and ‘B. thominii’ were found to have a somatic
chromosome number of 2n=28 and are tetraploid. Using the technique described by
Beddows & Davies (1938) it was possible to establish a number of hybrids of B. hordeaceus
subsp. hordeaceus and B. lepidus. These hybrids resembled ‘B. thominii’ sensu Tutin in all
their morphological features, and were almost completely fertile. A typical hybrid panicle
is shown in Pl. 154. The F, generation, raised from the seeds of the hybrids, proved to be
highly variable and to include types which would be referable to B. hordeaceus subsp.
hordeaceus, B. lepidus and ‘B. thominii’. Plate 14c illustrates some of the variations in floret
size which were produced. Hairy and glabrous spikelets occurred throughout the range of
variation.

A fully fertile hybrid of B. hordeaceus subsp. hordeaceus and subsp. ferronii was also
obtained, which was morphologically intermediate between the parents,

DISCUSSION AND CONCLUSIONS

Morphological studies suggested that plants referable to B. thominii sensu Tutin might
be the result of hybridization between B. hordeaceus subsp. hordeaceus and B. lepidus.
Field observations showed the common occurrence of mixed populations of all three
taxa in fields and on roadsides. B. hordeaceus subsp. ferronii and ‘B. thominii’ from coastal
dunes seemed rather more distinct, but inland ‘B. thominii’ and B. lepidus were shown to
be associated with sown grassland. Examination of grass seed samples revealed that both
occurred as contaminants in the sown seed of various species of pasture grass. Their seed-
size so closely matches that of a number of rye-grasses and fescues that they cannot readily
be separated by normal mechanical methods. A similar situation has been reported in the
weed Camelina by Tedin (1925). Contamination of the seed must occur in the production
field, though examination of the uncleaned seed purity records at the National Institute of
Agricultural Botany failed to demonstrate the expected high contamination. This may
readily be explained. Firstly, the sample sizes used by the N.I.A.B. testers may be too small
to reveal the comparatively small number of brome seeds required to initiate substantial
contaminating populations. Secondly, it seems likely that the records of contamination by
* Bromus mollis® (B. hordeaceus subsp. hordeaceus), of which there are a good many, actually
refer also to the smaller seeded bromes. Thirdly, the incidence of contamination may be a
regional or climatic variable depending on methods of cultivation and cleaning and on the
amount of effort expended in certifying the seed. In the present work it was obvious that
seed of Danish origin and seed from southern Britain were frequently significantly contam-
inated with small-seeded bromes. Gooch (1963) shows from an analysis of purity records
of imported Danish meadow fescue grass that 69 -8 per cent. of samples were contaminated
with ‘Bromus mollis’ (B. hordeaceus subsp. hordeaceus), while 407 per cent. of creeping red
fescue samples were contaminated. A contaminated sample was one which contained at
least one contaminant seed in the portion analysed (though the size of this sample is not
defined). Contamination of rye-grass by B. hordeaceus subsp. hordeaceus was found in only
7-8 per cent. of Danish samples. In samples of English origin, Gooch found B. hordeaceus
subsp. hordeaceus contamination in 17-1 per cent. of samples of Lolium perenne, and 20-4
per cent. of samples of Festuca pratensis. B. hordeaceus contamination was almost twice as
frequent in samples from western counties of England as in those from eastern areas.
Astonishingly high incidence of contamination—76-4 per cent. and 965 per cent. respect-
tively—was recorded in Irish samples of Italian and perennial rye-grass.
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PLATE l4a—Authentic material of B. thominii Hardouin (collected and named by Hardouin), in herb.
Muséum National d'Histoire Naturelle, Paris (P).
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PLATE 14b—Florets of B. hordeaceus subsp. hordeaceus (lefty, B. thominii sensu Tutin (centre); and B.
lepidus (right).
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PLATE 4c—Range of variation in florets of the F,, generation of the cross B. hordeaceus subsp. hordeaceus
< B. lepidus.
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PLATE 15a-—Panicle of artificial F; hybrid of B. hordeaceus subsp. hordeaceus and B. lepidus.

¢ d

PLATE 15b—Immunoelectropherograms of seed protein extracts of: (a) B. hordeaceus subsp. hordeaceus:
(hy B. thominii sensu Tutin: (¢) B. lepidus: (d) B. hordeaceus subsp. thominii (Hard.) Hylander.

PLATE 15¢—Double diffusion spectra of seed protein extracts of: TOP (left to right) B. thominii sensu
Tutin: B. hordeaceus subsp. hordeaceus; B. hordeaceus subsp. thominii (Hard.) Hylander; B. thominii sensu
Tutin; B. interruptus: B. hordeaceus subsp. thominii. BOTTOM (left to right) B. thominii sensu Tutin:
B. lepidus: B. hordeaceus subsp. thominii; B. thominii sensu Tutin; B. hordeaceus subsp. ferronii; B. hor-
deaceus subsp. thominii. Note missing inner lines from B. hordeaceus subspp. thominii and ferronii.
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Thus there seems to be abundant evidence of the origin of the small-seeded annual
brome populations from contaminated seed in sown grassland.

Serological evidence showed that B. hordeaceus subsp. hordeaceus and B. lepidus
were indistinguishable 1n terms of their seed albumins and globulins, implying therefore a
very close patristic relationship. Inland B. thominii’ was also indistinguishable, thus sup-
porting the idea that it may result from hybridization, and possibly introgression, between
B. hordeaceus subsp. hordeaccus and B. lepidus. B. hordeaceus subsp. ferronii and subsp.
thominii sensu stricto were slightly different, which agrees with their morphological and
ecological distinctness from the typically inland forms.

Genetic evidence showed that B. hordeaceus subsp. hordeaceus and B. lepidus were
interfertile tetraploids, thus genetically closely related, and that they could hybridize to
produce highly fertile progeny indistinguishable in morphology from inland material of “B.
thominii’.

It is therefore suggested that inland ‘B. thominii’ in Britain results from the hybridiza-
tion of B. hordeaceus subsp. hordeaceus with B. lepidus. 1t seems highly likely that such
hybridization has been followed by back-crossing of the hybrids to the parents to some
extent, a process which would contribute a further range of intermediates to the initial
hybrid populations. This introgression hypothesis is supported by the distribution of hairy-
spikelet variants in B. lepidus, and of glabrous-spikelet variants in B. hordeaceus subsp.
hordeaceus. In each case the spikelet- and lemma-size of these variants is at the extreme end
of the variation range which approaches the other taxon. Only rarely are glabrous-spikelet
variants of B hordeaceus subsp. hordeaceus found with lemma-length in the upper end of
the species range. Small-lemma, hairy-spikelet variants of B. lepidus have not been seen
during this investigation. The hybridization may not have taken place originally in Britain,
but wherever in Eurasia B. lepidus is native and is sympatric with B. hordeaceus. Certainly
neither B. lepidus nor ‘B. thominii’ give the appearance of being native in Britain, since they
are not well-established in any natural community. Their populations are ephemeral and
they are quickly ousted from the sown grassland in which they are most commonly found
by the intended components of the seed mixtures applied. B. hordeaceus subsp. hordeaceus
on the other hand, while also a ruderal plant, seems much more persistent wherever it
grows, and tends to spread rather than to disappear. In old hayfields it often seems to be a
permanent feature of the flora. Although both B. hordeaceus subsp. hordeaceus and B.
lepidus are predominantly self-fertilizing in Britain, Beddows (1936) concluded that the
wide variation exhibited by the former could be explained only on the basis of some
degree of outbreeding. Observations during the present work indicated that both species
sometimes shed pollen, and it is possible that eisewhere both species may normally be
outcrossing. The variation generated by hybridization would produce a range of types which
would eventually become stabilized by a resumption of selfing (Stebbins 1950). This would
explain the wide variation range which exists between B. hordeaceus subsp. hordeaceus and
B. lepidus. The success of the hybrid derivatives, at least in Britain and probably elsewhere
where agricultural practices are similar, appears to be a result of the ease with which they
contaminate grass seed crops, and so persist with the intended harvest. This type of adapta-
tion in response to ‘artificial natural selection’ has been frequent in Bromus, as witnessed
by the cereal field contaminants B. secalinus and B. arduennensis Dumort., as well as by
other species yet to be considered. These are all examples of the effectiveness of the facul-
tative inbreeding system in changing environments, and of the unconscious selection by
Man of weed as well as crop plants.

With the coastal populations of B. fhordeaceus subsp. thominii, the explanation of
origin by hybridization and possible introgression from B. lepidus is not satisfactory.
They are well-established in natural communities, and have been, in many cases, observed
for over 150 years, and are clearly not established by artificial sowing. The persistence of
their morphological peculiarities in cultivation and their serological distinctness from the
rest of the B. hordeaceus subsp. hordeaceus-B. lepidus-‘B. thominii’ complex indicates that
they have a different evolutionary history. Genetic evidence of their distinctness has been

Watsenia 6 (6), 1968,
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reported by Holmberg (1924) who described a naturally occurring plant as a hybrid of B.
hordeaceus subsp. thominii and B. hordeaceus subsp. hordeaceus. The plant was only 50
per cent. fertile. Nilsson (1931; 1937) produced artificial hybrids of the same parentage
and found that fertility increased very markedly after comparatively few generations.
Presumed hybrids of these taxa appear regularly in the literature and they have been named
B. X jansenii A. Camus (Camus 1957) in another report indicating partial sterility. Wilson
(1956), in an attempted artificial hybridization, failed to get any seed in a small trial. Spatial
isolation, and possibly disruptive and stabilizing selection, are the presumed causes of the
ecological and genetical peculiarities of these dune plants. Because of these distinctions it
seems best to regard them as ecotypes of B. hordeaceus. On dunes, the course of genecotypic
adaptation, if this is in fact the explanation, has been in the direction of small size of plants,
with prostrate or procumbent culms, a tendency to broad short lemmas and small seeds,
and rather dense small panicles. The prostrate or procumbent habit is a familiar develop-
ment in seaside plants, while the broad lemmas may perhaps be a photosynthetic compen-
sating mechanism since the leaves are short-lived. It is the smail lemma and seed size which
is of particular systematic interest. Perhaps the genetically fixed ‘depauperation’ was initially
disadvantageous in terms of the number of seeds maturing, but was followed by selection of
variants with a larger number of smaller seeds. As well as making most use of possibly
limiting nutrient supplies, biotypes with smaller more numerous seeds might have the
developmental advantage of faster maturation in conditions of imminent drought. The
isolation of these gene-pools on dunes would naturally offer the opportunity for divergence
in seed protein complement such as has been demonstrated.

Some ecotypic adaptation may have occurred in the bromes inhabitating areas used for
grass seed production, but owing to the rarity of variants of B. hordeaceus subsp. hordeaceus
with sufficiently small seeds, and the inconstancy of the selection pressure on any particular
gene complement, it has probably been insignificant. Where the crop and weed seed sizes
are more closely similar at the outset, genecotypic adaptation is probably the major means
of evolutionary change towards the size and shape of the crop seed. Such adaptation is
presumably the cause underlying the contamination of rye fields by B. secalinus and of
Triticum spelta L. by B. arduennensis. In the present instance, where the seed sizes of B.
hordeaceus subsp. hordeaceus and the crop grasses are rather different, only hybrids com-
bining the characters of a very small-seeded brome could have exploited this niche. A
further factor promoting genecotypic adaptation in cereal field contaminants is the regular
harvesting of seed with resowing of some fraction of it. The cereal field ecotypes were
common enough to persist through these generations of crops and so progressively become
better and better adapted. The incidence of subsp. hordeaceus variants with seeds small
enough to escape removal in the normal seed cleaning techniques is very low, if they exist
at all, and so the chance of their reappearing in another generation of the crop plant grown
for seed multiplication is minimal. Probably they would be dispersed in the part of the
crop sold commercially, and so not be subject to further selection.

Bromus hordeaceus subsp. ferronii appears to have serological and ecological peculi-
arities and its morphological features were found to persist in cultivation. It is interfertile
with subsp. hordeaceus and most of its characteristics—dense hairiness, short, stout culms
and recurved awns—can be interpreted as ecotypic adaptations to the cliff-top environment.
Awn recurvature in bromes seems to be xeromorphic feature, and the hairiness may also be
so explained, or else be of some protection against grazing.

For an ecotype it may seem to have a rather restricted geographical distribution. There
is no reason, however, why an ecotype need be present in all the possible places where its
particular environment occurs. Baker (1953) has cited an excellent example of the restriction
of morphologically striking apomicts of Limonium binervosum (G.E.Sm.) C. E. Salmon to
particular localities in south-west England and West Wales. The habitat is similar but the
particular apomict in each one differs in morphology sufficiently to have been recognized
as distinct species by some taxonomists. B. hordeaceus subsp. ferronii may illustrate a
similar phenomenon in an autogamously reproducing group.

Watsonia 6 (6), 1968.
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The close morphological resemblance of material of B. fiordeaceus subspp. hordeaceus,
thominii and ferronii, supported by the nature of their serological and genetical resemblances
appears to expose them as subspecific variants within a single species. Accordingly this is
the course which has been followed in the taxonomic treatment given earlier. The material
formerly named ‘B. thominii’, which has been shown above to be a hybrid complex between
B. hordeaceus subsp. hordeaceus and B. lepidus, is so common and conspicuous that some
reference name seems desirable. The name B. X pseudothominii Philip Smith has therefore
been proposed for it. Though B. lepidus is shown to be interfertile with B. hordeaceus, and
to have an indistinguishable serological spectrum, its specific status is maintained since it
contributes to the hybridization as an independent and distinct source of genes, and has a
very characteristic morphology, which suggests that at least one of its diploid ancestors is
not shared by B. hordeaceus.
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APPENDIX

Accessions of Bromus mentioned in the account. Voucher material at Dept. of Botany, University of
Edinburgh. Flora of Warwickshire material at BIRM.

Species Acc. no. Origin
Bromus hordeaceus subsp. hordeaceus 13 England, Warwickshire; Edgbaston, Birmingham 15.
Vincent Drive roadside. P. Smith, 457, 1962,
' 21 England, Worcestershire; Queensway, Halesowen, Old

allotment. P. Smith 503, 1962.
26 England, Warwickshire; Quinton, Birmingham. Road-
side. P. Smith 494, 1962,

' 474 Flora of Warwickshire accession. Myton Farm, near
Warwick. On a roadside. 1963,
Bromus hordeaceus subsp. thominii 429 Wales, Cardiganshire; Ynys-Las, sand dunes on the Dyfi

estuary. P. Smith 671, 1963.
510 Wales, Carmarthenshire; Burry Port. Sand dunes near
the Old Harbour. P. Smith 813, 1965.

3

Bromus hordeaceus subsp. ferronii 462b  Wales, Anglesey; South Stack, on a wall top. Coll. J. B.
Phipps. 1963.
B. lepidus 31 England, Worcestershire; Halesowen by-pass. Roadside

embankment. P. Smith 502, 1962.
92 Flora of Warwickshire accession. S.E. of Willoughby.
Railway embankment. 1959,

B. X pseudothominii 116 Flora of Warwickshire accession. S.E. of Barford.
Farmyard. 1962.
121 Flora of Warwickshire accession. Green Lane, E. of

Cloudesley Bush. Farmyard. 1962.
The panicle illustrated (Plate 15a) is from a hybrid between B. hordeaceus subsp. hordeaceus 26
and B. lepidus 31.
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