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Variation in some populations of Calamagrostis stricta (Timm)
Koeler in the British Isles and the putative past hybridization
with C. canescens (Wigg.) Roth

F. E. CRACKLES

143 Holmgarth Drive. Bellfield Avenue, Hull, HUS 9DX

ABSTRACT

The vanability ot Calamagrostis stricta (Timm) Koeler (Podceac) at some sites in the British Isles has been
mvestigated using hybrid index analyvsis and polvgonal graphs. Most of the variation in C. stricta in the British
[sles can be explained as the result of past hybridization with Calamagrosis canescens (Wigg.) Roth and
subsequent backcerossing to C. stricia. Putative backerosses oceur in most English and Scottish C. stricta localities
and signs of introgression are present in some Irish C. stricta plants. although C. canescens does not now occur in
Ireland. The ecology and putative history of C. stricta in the British Isles. the conditions for hybridization with C.
canescens and the likely roles of changing environment. hvbridization and introgression in evolutionary change
are discussed. A Kev to British Calamagrostis taxa based on the Leven. S E. Yorks.. v.c. 61.studies is presented.

Kiyworps: Poaceac. variability, introgression. adaptation. (C. X gracilescens).
3 £ F !

INTRODUCTION

Soon after the discovery in 1951 of the S.E. Yorks.. v.c. 61. site for Calamagrostis stricta (Poaceae)
my interest in its taxonomy was aroused by the realisation that C. smicta 1s a varable grass. Plants
from well separated localities in the British Isles were said to show slight morphological differences
{Hubbard 1968&).

On a visit to Cranberry Rough. Great Hockham. W. Norfolk (v.c. 28) in July 1970 I found plants
with long white hairs on the upper leaf surtace and long ligules. features which on the basis of the
Leven (v.c. 61) studies (Crackles 1994) are believed to be characteristic of C. canescens and not C.
stricta. Alsa. shoots [ collected from two English localities were found to have lorets with a short
awn leaving the lemma about half-way from its base. These characters are found in both Leven C.
canescens X C. stricta (H-. 2n = 28 and H . 2n = 56) (C. % gracilescens) populations and not in
Leven C. stricta (Crackles 1994).

The relevant British literature was found to include not only the range of variation in C. sericra but
also almost the full range of vanation of C. stricia X C. canescens H> (2n = 28). The account of C.
stricta in Hubbard (1968) was found to include almost the full range of variation found in the Leven
C. canescens X C. strictu. H> (2n = 28) population. as well as in Leven C. stricta for some
morphological characters. but not tor all. Notably the panicle length is given as 7-20 em long (Leven
C. siricta panicle length (6-)9-13(=15) cm. Leven H- panicle length 13-7-19-2 cin. Leven H, (2n =
56) panicle length 13-5-20-8 cm): the basal branch of panicle as up to 6 cm (that of Leven C. stricta
less than 4 cm. that of Leven I, (3:3-)4-6-7-4 cm and that of Leven H, 3:8-6-6 cm) and the awn
leaving the back of the lemma for one-third to half-way above the base (the awn of Leven C. stricta
arises from one-third of the way up the lemma or below). This suggested that plants of hvbrid origin
had been named C. stricra. Further. Tutin (1987) gives the awn as arising from about the middle of
the lemma as a diagnostic charuacter of C. srriciv while in the Leven studies this character proved to
be consistent in the hvbrids, both the Ha. 2n = 28 and the H;. 2n = 56 (Crackles 1994) and not in C,
strictd.

The taxonomy, biology. phyvtogeography and putative Quaternary history in the British Isles of
Calawmuagrostis stricta are discussed in this paper. The opportunity is taken to assemble my thoughts
on Calamagrostis stricta. its vanability in the British Isles as revealed by the measurements of the
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FIGuRe 1. Polygonal graphs depicting eight characters of Calumagrostis stricta individuals from the
site of Hockham Mere, Norfolk (v.c. 28) and clsewhere. Specimens A—P were from one small area
of bog on Cranberry Rough. Each radius has six divisions. For the method of scoring see Crackles,
1995.

Abbreviations: P.L. panicle length: P.Br. length of basal branch of panicle; G.L. glume length;
L.L.lemma length: A.L. awn length; A.l. awn insertion, measured from base of the floret as a %
of floret height; Li.L. ligule length; C.H. callus hair length (callus hairs = hairs surrounding the
0 base of the lemma),
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Norfolk specimens and those from other localities as given in the “Results™ and also the research
carried out at the Leven Canal, S.E. Yorks. (v.c. 61) (Crackles 1994 & 1995).

A key to the Calamagrostis species, their hybrids and putative backcrosses is given at the end of
the paper.

METHOD OF STUDY

During 1971, 1 was in regular correspondence with Dr C. E. Hubbard and in August of that year he
collected a number of individual shoots of C. stricta from Cranberry Rough, W. Norfolk, (v.c. 28)
from two populations. each about 20 m across in the same small area of bog. I spent a week in the
Herbarium at Kew in August. 1971. when the specimens collected by Hubbard were examined.
Measurements of five florets, removed at random. were recorded to provide average values as in the
Leven studies (Crackles 1994). Each Norfolk variant was subject to hybrid index analysis based on
the measurements of the Leven Calamagrostis populations (Crackles 1994) using the previous
method of scoring (Crackles 1995).

Other C. stricta specimens in K and in the author’s possession were examined and their parts
measured as in the case of the Norfolk specimens already mentioned.

A polygonal graph using the same scheme as in the Leven studies (Crackles 1995) was constructed
for each Norfolk variant collected by Hubbard and in herb. F.E.C. and in K (Fig. 1). This series of
polvgonal graphs are arranged to demonstrate most clearly the degree and nature of the difference
between these taxa. They can also be compared with the polvgonal graphs for Leven C. swricta and
other Leven Calamagrostis populations (Fig. 2)

A polygonal graph is also presented for a specimen from Lough Neagh. Treland (v.c. H39) (Fig.
1), for each specimen examined from Oakmere. Cheshire (v.c. 58) (Fig. 3) and Ashkirk Loch,
Selkirkshire (v.c. 79). and for a specimen from Alemoor Loch. Roxburghshire (v.c. 80) (Fig. 4).

RESULTS

The 16 variants of Calamagrostis stricta collected by Dr C. E. Hubburd from a small arca of
Cranberry Rough, W. Norfolk. were found to resemble C. stricta generally. but to possess two or
more characters of the Leven hybrid. C. canescens X C. stricta (H, population, 2n = 28) in various
combinations. This is also true of most specimens from Cranberry Rough in K and in herb. F.E.C.
In a few specimens a single putative hvbrid character only was found: no specimen from this site
exactly matched an individual of the Leven C. srricia population. By comparing the polygonal
graphs for these specimens (Fig. 1) with that for Leven C. stricta (Fig. 2), most of these variants are
seen to resemble Leven C. stricta with regard to hgule length. panicle length, glume length. lemma
length. awn length and point of insertion of awn on lemma. Almost all the Norfolk variants
resemble Leven C. stricta with regard to panicle and glume width. The length of the basal branch of
the panicle is longer than in Leven C. srricta, but usually not markedly so. A character which
frequently occurs in Norfolk C. stricta is white hairs on the upper leaf surface. This is a C. canescens
character which commonly occurs in the Leven hybrids (Crackles 1994). The range of hybrid scores
for the Norfolk variants examined is 2-9 (C. stricta = 0. C. canescens = 20. Leven H, population 8
14. Leven H; population 9-15).

I shall use the term partial hybrid to describe specimens which have characters of both Leven C.
stricra and Leven hyvbrids.

Among partial hvbrids from Cranberry Rough collected by me was the shade form of C. srricta
(Fig. 1). Specimens I collected from Thompson Common. Stow Bedon, a site 3 km from Cranberry
Rough, have awns of intermediate length which leave the lemma from about its mid point as in the
Leven hvbrids. A polvgonal graph is given for onc of these specimens (Fig. 1).

Of the Norfolk specimens examined. the one which has the most characters with measurements
falling within the range of those found in the Leven C. canescens X C. stricta. H> population. is that
collected by C. C. Townsend in K. The polygonal graph for this specimen (Fig. 1) shows similarities
to that of the Leven H, population. although the specimen has some characters of Leven C. stricta
including panicle width. ligule length. and length and width of glumes.
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Fiouke 2. Variation in eight characters of Leven (v.c. 61) Calamagrostis stricta, C. canescens and C. canescens X
C. swricta, 2n = 28 (H5) and 2n = 536 (H,) populations. Each radius has six divisions. For method of scoring sce
Crackles (1995). Each polvgonal graph was drawn using the mean of measurements for cach character of the
population sample of 23 shoots: standard deviations are shown along cach axis. Abbreviations are given under
Fig. 1.

Some Norfolk variants of C. swicta have very short glumes, lemmas and callus hairs with
measurements less than those found in Leven C. stricta or C. canescens X C. stricta populations
(Figs 1 & 2). Two of these characters. 1.e. short glumes and short lemmas, are found in the same four
specimens. i.e. specimens N & O collected by Hubbard on Cranberry Rough (Fig. 1), a shade form
collected there by the author (Fig. 1) and a specimen collected on Thompson Common (Fig. 1) and
in no others.

Characters of the Norfolk specimens with measurements not within the range of measurements
tor Leven C. stricta are usually within the range of measurements for the Leven Hs population. Only
rarely do measurements exceed those found in that population. i.e. the ligule length of specimens K
& L (Figs 1 & 2). the panicle length of specimen F and the basal branch of panicle of specimen F
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Ficure 3. Polvgonal graphs depicting eight characters of Calamagrosts stricta individuals from Oakmere.
Cheshire (v.c. 58) collected at different times. Abbreviations are given under Fig. 1.

(Fig. 1). These measurcments are in the range for the character concerned for the Leven H,
population except tor the length of the basal branch of panicle for specimen F which is in the C.
canescens range tor that character (Fig. 2).

Partial hybrids have been discovered among specimens from Ouakmere. Cheshire (Fig. 3) and
several Scottish sites including Alemoor Loch. Roxburghshire and Ashkirk Loch. Selkirkshire (Fig.
4}: various combinations of putative hybrid characters are found in these specimens. The greatest
variability has been found in the Crunberry Rough. Norfolk populations.

Some putative hvbrid characters were found to occur more frequently than others in C. strictu
British specimens examined. Characters occurring in the Leven H, range are (83 specimens
examined): panicle length (317 ¢ of specimens). length of basal branch of panicle (42%¢ ), awn arising
from near the middle of the femma (357%) and hairs on upper leaf surface (535¢¢). These same
putative hvbrid characters occurred in a higher percentage of specimens trom the Norfolk sites (33
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Figure 4. Polygonal graphs depieung cight characters of a Calamagrostis stricia individual from Alemoor Loch.
Roxburghshire (v.c. 8U) and of C. swicte individuals from Ashkirk Loch. Selkirkshire (v.c. 79). Specimens
collected by H. Milne-Redhead. 1971, herb F.E.C.. Abbreviations are given under Fig. 1.

specimens examined): panicle length in the Leven H- range. 67 length of basal branch of panicle.
749 ; awn arising from near the middle of the lemma. 37% and hairs on upper leaf surface, 73%.

Intermediate awn length and awn arising from near the middle of the lemma often. but not
invariably. occurred together. Both characters were found in specimens from Cranberry Rough and
Thompson Common, Norfolk: Oakmere. Cheshire: Ashkirk Loch. Selkirkshire; Alemoor Loch,
Roxburghshire and Loch Watten. Caithness (v.c. 109).

In some C. srricta specimens. a single putative hybrid character was found. The most frequent
single putative hybrid characters found were hairs on the upper leaf surface and long basal branch of
the panicle.

One or two putative hyvbrid characters were found in specimens from Lough Neagh., Ireland i.e.
ligule length in the Leven H, range and/or white hairs on the upper leaf surface.
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Specimens with all the characters of Leven C. swricta (Crackles 1994) have been found in the
following localities: Malham. Mid-W. Yorks. (v.c. 64): Alemoor Loch, Roxburghshire: Bogton
Loch. Ayrs. (v.c. 75): St John’s Loch and Loch Scarmclett, Caithness (v.c. 109).

DISCUSSION

VARIATION IN C. STRICTA SENSU STRICTO AND C. CANESCENS SENSU STRICTO

The assumption is made that the range of variation in Leven C. stricra and C. canescens gives a
reliable indication of variation usually found in populations of these species. In the case of the very
variable British C. srricta. this assumption is based on an examination of Scandinavian literature
(Crackles 1994) and of Swedish specimens possessed by the author. Leven C. canescens closely
matches the description of this species in British literature (Hubbard 1968 Tutin 1987: Rose 1989:
Stace 1991).

VARIATION IN C. STRICTA SENSU LATO

Most of the variation in C. siricta is most satisfactorily explained by postulating that there has been
past hybridization between C. canescens and C. stricta and subsequent backcrossing of the Fy and
later generations to C. stricta. a different combination of hvbrid characters occurring in different
backcrosses.

Beds of C. canescens and of C. swricia. the latter showing only slight signs of hybridityv. occur side-
by-side on Cranberry Rough. Norfolk. the site of Hockham Mere. but no intermediates possessing
all the characters of the Leven hybrids were found. The specimen in K collected by Townsend
approaches the Leven hvbrid. population H- (2n = 28). It has a number of characters of the hybrid.
but some characters of Leven C. stricra as specified in the results section and would seem to be best
regarded as part of the Norfolk series of backerosses.

The fact that the shade form of C. stricta (var. viridis) from Cranberry Rough is one of the
putative backcrosses is of great interest. Apart from this rare form. C. stricta only occurs in
unshaded situations whereas C. canescens is notably shade tolerant so that it appears that C. stricta
var. viridis may have inhenited its shade tolerance from C. canescens. 1 have also examined two
specimens of the shade form from Loch Watten. Caithness (v.c. 109), 1907. €. Druce (K). Both
specimens are partial hybrids. one with an awn of intermediate length and awn position. the other
with just an intermediate awn position on the lemma.

Variants of C. stricta which are satisfactorily explained as products of hvbridization with C.
canescens and subsequent backcerossing have been found among specimens from most of the British
localities from which the species has been recorded. Variants with different hybrid characters have
been collected from a single locality. notably from Cranberry Rough. Norfolk. and from Oakmere.
Cheshire.

The short glumes. florets and callus hairs of some Nortolk C. stricta. outside the range of variation
for these characters in any of the Leven Calamagrostis populations. may be explicable as a result of
the long isolation of the populations concerned and the opportunity for mutations to have occurred.
Some diminution of parts is & possible result of hvhridization resulting in negative heterosis (Stace
1975).

Some specimens of C. stricia from Cranberry Rough, Norfolk, and other British localities show
only slight morphological signs of hvbriditv. The single character of the Leven hybrids most
commonly found in putative introgressants is long white hairs on the upper leaf surface. a C.
cunescens character (Crackies 1994: Nvaren 1946). Such slight signs of hyvbridity are satisfactorily
explained as the result of repeated backerossing trom C. canescens X C. stricta i.e. by introgression.
During introgression, there is gradual infiltration of genes from one species to another. Anderson
(1949) pointed out that this process may continue until the introgressant is morphologically
indistinguishable tfrom the pure species. There are specimens from a number of British stations
which answer to the description of C. stricra sensu stricto as understood by the Leven studies: these
may or may not be introgressed.

It seems desirable to regard the putative backcrosses from C. canescens X C. stricta to C. stricta as
variants of C. stricra. particularly when the number of hybrid characters is small. If this policy is
adopted, the question arises as to where the line should be drawn between C. stricra variants and the
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hybrid. For example should the Townsend specimen. which shows a number of hvbrid characters.
be regarded as a C. stricta variant or as C. canescens X C. siricta? The specimen would seem to be
best regarded as part of the Norfolk series of backcrosses. In any study relating to the evolution of C.
stricta. C. canescens and their hybrid derivatives. it 1s desirable to distinguish between:

L. C. stricta where introgression cannot be demonstrated:

2. backcerosses in which hybnd characters found in the Leven H, or Hs populations occur. but some
characters found in Leven C. stricta persist:

3. C. canescens X C. smricte (2n = 56). Leven H, population: and

4. C. canescens X C. srricta (2n = 28). Leven Hx population (Crackles 1994).

Localities from which C. stricra is recorded. but where C. stricta sensu stricto specimens. as
understood by the Leven studies. have not been found. need to be searched for pure C. stricta.
There mayv have been a tendency to select specimens of hybrid origin because of their larger
panicles.

DISTRIBUTION OF (. STRICTA AND €. CANESCENS: THE HISTORY OF €. STRICTA IN VARIOUS LOCALITIES
The discontinuous distribution of C. stricta in the British Isles becomes meaningful if regarded as a
relict distribution of a species once widespread. Influenced by the writing of Pigott & Walters (1954)
and Rose (19537). 1 put forward the theory that this sub-arctic grass has been in the British Isles since
the Late Glacial (Crackles 1968). As the ice retreated. great floods of melt water formed extensive
lakes and marshes on lower ground. such as occur today between the mountains of Scandinavia. so
that suitable habitats for C. srricra would abound. At Leven. C. wriciu occurs at the edge of the canal
and I believe C. stricra sensu stricto to be primarily a species of lake edges in fenland areas. As the
climate became warmer and extensive afforestation and acid peat formation followed. the species
would be obliterated trom most localities and in time extensive drainage would cause a further
reduction in its distribution. It would persist in those tew places where environmental conditions
remained favourable to the species. T suggested that the low-lving arca of the Leven Carrs with its
meres was one of these (Crackles 1968).

C.strictais miore or less crrcumpolar in Arctic and sub-arenic regions (Polunin 19539)0inis found in
Greenland and Spitsbergen {Nyveren 1946) and is common 1n northern Norwayv and Sweden.
Finland. Estonia. Latvia. Lithuania and Poland. Tt also occurs in northern Russia and Sibera
(Hlultén 1930). It vecurs i scattered localities in sonthern Norway and Sweden. Denmuark and
islands in the Baluc: 1t s rare with a disjunct distribution in central Europe. including the British
Isles (Tutin 1962) (Fro. 5). It is classified by Matthews (1933) oy Northern Montane 1.e. a species
with its main centre of distribution i northern Europe. but reappearing further south in Europe.
ustally onlyv in montune areas. ¢ sericra 1s an exceptional member of the group in remaining 4
fowiand species ar the southern edge of its range.

The present distiitbution ot C.ostricra in the British Isles may be related to winter temperatures.
Most localities are in the north or cast of Great Brittun where the lowest mean February
temperatures are recorded (Perring & Walters 19620, Troccurs in Ireland. bat oniv in the northi iind
it may be limited by the 2-2°C Febrowry sotherm,

Rose (1957) points o evidenee that hichly calearcous water seeping steadify through the ground is
inimical o the gowtiy of coarse mesotrophic vegetaiion so that succession to wooedland 15
indefinttely suppressed. At Leven. extensive annual flooding of the carrland. which still occurred in
winter until ¢. 40 vears ool could have prevented the formation of woodland. atany one time, over
at least part of the arca. {tis also worthy of note that most of the Enelish sites for C stricta are
spring-tfed and Rose (19573 remuarked that “such spring-fed habitats may have remained perma-
nently open sinee Late Glacial times™. There is a spring m the Leven Canal. the ripples from which
reach the hank where u Phragmites australis (Cav.) Trin. ex Steudel bed ends and a bed of C. stricta
begins. Cranberry Rough. in the parishes of Great Hockham and Stow Bedon. Nortolk. is on the
site of Hockham Mere and there are still springs in the area. but no permanent standing water. At
Malham Tarn. Yorks. GR SE S8.67. C serecra occurs at the junction of the two inflow streams as
they enter the tarn, an arca subject to Hooding when the spring-fed streams are in spate. At
Oakmere. Cheshire. GR SK 37.65. C. stricur oceurs at the edge of the lake which is spring-fed (Lind
1949) ~in places subject to pertodic inundation™ (Lind 19531).
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Ficure 3. Distribution ot Caflamagrosts sivicta in the Britsh Isles, ona 10-km square basis. ® post-1930 record
2 pre-1950 record.

Calamagrostis caneseens is classificd by Martthews (1935) as belonging 1o the European
Continental Blement 1e. species churacteristic of centrad Europe. thinning out westwards. [t is
belteved to have spread into the British Isios s the climate became warmer. but while the British
tsles were still attached o the continent. [t oceurs in centrad and northern Europe. southwards to
northern Spain. northern Raly and Bulgarna and also o western Sibera (uiin 1962, Hulten (1930)
in his distribution map shows that itis fairly commen in patts of southern Sweden. lovally frequent in
Denmark and in parts of central Russia and southern Finland as well as in Latvia and Lithuania and
that there arc scattered localines un westorn Norwav. parts of Sweden. in Estonia and onislands in
the Baltic Sea.

. canescens veeups in marshes, fens and wet open woodiand. here and there in the lowlands of
England ro the Border (Hubbard 190810 mainly in the cast (Perring & Walters {9623
Scotivnd and absent from Ireland (Rose 19897 (Fig. 6),

11 s rare 11
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Figurre 6. Distribution of Calamagrostis canescens in the British Isles. on a 10-km square basis. ® post-1950
record. © pre-1950 record.

CONDITIONS FOR HYBRIDIZATION BETWEEN C. STRICTA AND C.CANESCENS

I have previously given an account ot the arca in which Leven Canal. GR TA056.449 - 108,449 1y
situated and its history. Map evidence suggests that the canal. cut in 1802, passed through two meres
or their sites. including the edge of one where Uirst tound C. srricta. Talso listed the scarce and local
Brinush species recorded for the canal and its barks. the occurrence of which strongly supports the
view that the canal and its banks derived their flora {from the former meres and adjacent marshes
(Crackles 1994), The meres in Leven Carrs were stifl present at least towards the end of the
cighteenth century and were finajly drained <oon atter the publication of the drainage plan of 1831
{Page 1831).

I believe that C. sirécra which grows at the edge of the canal formerly grew at the margin of one or
more meres in Leven Carrs, while C. canescens would grow in large beds in adjacent marshes. as it
does today at Puifin Bog by the River Huli. less than 2 kmisouth of the canal and by Hornsea Mere.
GR TA/IR. 46, The construction of the canal and its banks brought the two species close together so
enabling hvbridization to occur. €. canrescens grows in quantity on the canal bank. particularly on ity
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top and outer slope. Anderson (1949) stated that ~hybridization of the habitat™ is necessary before
the establishment of hyvbrid populations becomes possible. The sloping bank adjacent to the water
provides a suitable intermediate habitat for the H; population. while the H» population grows at the
canal edge where competition is at a minimum.

C. canescens and C. stricta are both tetraploids with 2n = 28. No sterility or internal crossing
barriers appear to exist between Calamagrostis tetraploids (Nvgren 1946). C. canescens and C.
stricta are maintained as separate entities and hybridization prev ented by differences in distribution,
different ccological requirements and differences in flowering times. Historical factors may have
operated to alter the distribution of the species: there may have been barriers to spread or extinction
of one or both species from localities where thev formerly occurred.

The flowering times of C. swricta and C. canescens growing by Leven Canal. S.E. Yorks.. were
studied. C. stricta 1s usually in full lower by mid-June. while €. canescens is not normally in tfull
flower until the first week i Julv. There may be ashight overlap of flowering times. a few spikes of C.
strica being still open when the first spikes of C. canescens are also open. When the early part of the
summer is cold. flowering of C. sricra may be delaved by as much as ten davs. In some years,

tightening of the spikes of C. stricra is delaved so that only some spikes are in the closed condition by
the first week in Julv. In both these situations, there mayv be a significant overlap of liowering of the
two species (Crdd\lns 1994).

The occurrence of several different C. swricta variants. believed 1o be backcrosses from C.
canescens X C.stricta 1o C.osiricta. on Cranberry Rough. Nortfolk. on the site of Hockham Mere,
GR TL92.93. many close togetherin a smull area. points to the existence of F, hvbrids on this site in

comparatively recent times. Godwin & Tallantire (1951) stated that Hockbam Mere was a lake of
750 acres [303-3 hal in Tudor times. that it wus not known when it was drained. but that there were
indications [hd( it was overgrown by 1737, It is probable that during the period of drainage suitable
intermediate habitats for F, and F» hvbrids occurred. Eventuallv, natural selection has apparently
favoured the survival of a range of backerosses and it seems that a number of different microhabitats
still exist on the Hockham Mere site where the different backerosses can still thrive. Stace (1975)
points out that the significance of “hybridized habitats™ becomes much more important in the F- and
later generations. w here the range of variation and therefore ecological requirements are so much
greater.

C.oswricia spread from the Hockham Mere site to the nearby Thompson Common. GR TL/93 .96,
between 1935 ‘.nd 1970 (E. L. Swann.n litt. 18 Februan 1970). Tt oceurs bv the side of a pond and
shows [ittle varation.

The occurrence of ditfferent partial hvorids i other parts of the British Isles suggests that Fy and
F> hybrids once occurred in these locaities ulso. Past hybridization and backerossing to . strictu
and stabilization of the taxa may have occurred avery long time ago. particolarly in arcas where C.
caneseens 1s now absent.

In recent times. the two species were known to oecur on the same site onlv 1 three British
localities: Leven. S £ Yorks (vieo ol): Thorne. S W Yarks. (v.e. 63) and Cranberry Rough. W,
Norfolk (vioe. 28],

Cocanescens 1s rure i Seotland. There are post-1930) records for Dumfriesshire {v.c. 72) {Plant
records. Warvonic 17: 197)0 Kirkeudbrightshive (\ ¢ 73) (Stace 1991y Pecbm.\‘xhu"s (v.c. 78)
{Biologicul Records Centre) and Roxburghshire {v.c. 80} (Plant records. Warsonia 13: 143). The

scattered occurrence of partial hybrids in Scmt‘;(mu suggests that . canescens was once more
widespread there. Tois of interest in this connection that Nvgren (1946 states that the overlap of
distnbution of €. canescens and Coosirfeia in Scandinas i was ofice much greater than it s today
sugeesting that the hyvbnd O canescens = Coosiricra s new far more widely spread there than C.
CANCSCENS.

It is of interest that some of the Irish specimens of C. stricta show signs of introgression. these
signs of hvbridity being slight in the specimens [ have examined. C. canescens has not been recorded
for Ireland. [t mayv be that €. canescens did once occur in {reland or that the hybridization and
subsequent buckerossing which gave rise to the C. stricie variants occurred before Ireland was cut off
from the rest of the British Isles.

The evidence suggests that infiltration of genes from C. canescens may have plaved an important
part in the survival of C. srricra in the British Isles. near the edge of its climatic range. as well as
making possible adaptation to changed environmental conditions. e.¢. drier conditions and shade.
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The perennial nature of Calwmagrosiis taxa is impertant. enabling beds of hybrids to provide gene
pools derived trom both species for considerable periods of time.

WHY DOES BACKCROSSING TAKE PLACE MAINTY TO € STRICTAAND NOT €. CANESCENS AND WHY DO SUCH
BACKCROSSES SURVIVE?
The question arises as to why backerossing appears to be almost alwavs to C. stricia and not to C.
canescens. The flowering time of the Fy hybrid (2n = 28) is usually intermediate between that of the
two parents, although Fhave seen itin fower at Leven at the same time as C. canescens. However. in
vears in whicl flowering or closing of the spikes of Co stricra is significantly delaved the chance of
backerossing to Coospricra rathier than to CL canescens is greatly increased.

¢ ostricra and Coocanescens have very different ecological requirements. . siricta sensu stricto
characteristically occurs by open water whereas C. canescens oceurs often some distance from the
water’s edge in areas subject to winter flooding but dry in summer. Hybridization has probably only
oceurred when there have been changes which have brought populations ot the two species close
together. The reason for the tendencey for €L sericra backerosses to survive and O canescens to
disappear from mixed popuiations 1s ikely to be complex and to involve both cnvironment:l and
climatic factors and their interaction. Also the explanation may be different in different parts of the
British Isles. As changes occurred which favoured the survival of Costrica backerosses, suitable
habitats for O canescens may have been lost. The tact that Co canescens was once more widely
distributed at the northern edge ot its range in Scotland and in Scandinavia suggests that ¢ minimum
winter temperature. higher than that required for C. sericte may have been vital for the survival of
(. canescens. Further studies of populations of C. strictu. including backerosses. and of C. canescens
and their requirements. particularly in Scotland and the study of the history of localities where €
stricta backerosses occur may help to answer these questions.

The following Key is provided to encourage other ficid workers to engage in the study of this
particularly interesting group of plants.

KEY TO Tl SPECIES OF ¢ AT AMAGROSHS AND THEIR HYBRIDS

i. Hairs at base of lemma Jonger than femima o O 2
b Hairs at base of lemma shorter than or = equal to the lemma 4
2. Leaves hairless: hatrs at base of femma >1-5 X ws long as lemma .o C. eplgejos
2. Leaves hairy on upper surtace: hairs at base of jemma <15 @ as long as femma o0 3
3. Liguies 2-6 mm: anthers purple. dehiscent. pollen well formed ... C. canescens 7
30 Dagules 7-100-13) mm: anthers vellow . indehiscent. pollen absent ... C. purpurea ii*
4. Hairs markedly < lemma: awn arising from one-quarter o one-third above the base of the

lemma: no hairs on upper leat surface L PR 5
4. Hairs wsually = equalling the lemmi awn arising from one-third to half-way ubove the base of

the temmaz veually white hairs onupper leaf swrtace 6
5. Spikelets 34 mme lower glume acute: one or more lower leat sheaths usually hairy; culm usually

rough near panicle ..o C. seric mi®

S0oSpikelets +-53-6-0 mm: lower glume acuminate: feat sheaths glabrous: culms smooth . O seoticn
o, Glumies 3542 mm jong und 0-8-0-9 mm wide: catlus huars mainly shehtly <2 floret, anthers

vellow when exserted: pollen 01 tichtened panicle after flowering slightly wider than that of C.

SIFICHA o C. canescens X C.stricia, 2n = 28 (Leven Hs)
6. Gjumes 4:9-3-9 mm long and 1-0-1-2 mm wide: calius hairs mainly equal to floret: or slightly >
floret: anthers purple: polien well formed: tightened pantele after owering twice as wide as that
OF CStrictd, o C.ocanescens < Costricia, 2n = 536 (Leven Hy)

1" Backcrosses from C. canescens < (. siricta to C. canescens may have culm rough near panicle;
panicle not lax as in C. canescens sensu stricto. not nodding after lowering: awn arising >4-3
mm below tip of femma: glumes variable in length in one panicle.

" C. purpureain the British [sles iy described as having hairs on upper leat surfice (Stace 1991,
Stewart 1988). However, note that Nyvaren (1946) considered lack of hairs on upper leaf surface
to be a signmificant character of this species which he used to distinguish it from C. canescens.
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iii* Backcrosses from C. canescens x C. stricia to C. stricta generally resemble C. stricta but have
one or more hybrid characters, e.g. white hairs on the upper leaf surface as in C. canescens;
ligule > 3-0 mm: panicle >15 ¢m: basal branch of panicle >4 em: glumes >4 mm: callus hairs +
equalling the lemma: awn arising from one-third to half-way above the base of the lemma.
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