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A B S T H ACT

mounds built in pastures by tha subterranean ant V«sjus flavun 

oftan have a vegetation which differs markedly fro» thalr surroundings. 

I Mt out to compare the relative abundances of plant apaeiaa on and off 

ant-hills in some graaalaoda in aoutharn Britain, and to define those 

characteristics of species which mainly determine their success or 

failure on the Hounds. 

11 Large ant-hills and the surrounding grassland ware sampled in detail

at five acid grassland sites in tha Cower peninsula* Glamorgan, and 

thirteen chalk grassland end chalk heath si tea in aoutharn Britain. 

bounds were often dominated by perennials which could grow up through 

heaped soil, like Polvtrichum oiliferum P. 1uniperinu» on the Gower 

and Thymua druce^L and UelianthemuBi chaaaeeistus on the chalk. Annuals 

such as Aira oraecox and ftrftnaria aerpvllifo^a were frequently confined
1

to ant-hills. However, many species, especially rosette or semi-rosette 

hanlcryptopnytes, were consistently uncomon on ant-hills, including 

campeatris. Cirsium acaule. i'oterium san^uisorba and

vulgar is. The pleurocarpous mosses Hieuroziua achreberi and 

sclerouodium ouruc were more abundant on north-facing than south-facing 

aspects of the mounds*

Two main factors influenced plant patterns. Firstly, the heaping 

of soil over the plants by the ants often caused considerable seedling 

4 mortality. Secondly, species differed in their ability to disperse 'seed' 

* onto the mounds. Jhen I compared the viable 'aeed* * beaks' present in 

equal weights and surface areas of ant-hill and pasture soils, by 

keeping the samples moist and counting the emergent seedlings, the 

'seeds' of those species uncommon on ant-hills were much less frequent 

in ant-hill than pasture soil. Moat seedlings on the mounds probably



result tram 'seed' dispersal onto the mound surf ACM.

Soil analyses show no large and consistent differences in nutrient 

concentrations between ant-hill and posture soils and thus it seems unlikely 

that nutrient levels greatly influence the striking distributions of many 

species.

The vegetation on and off two hundred and six wounds of a wide range
t

of size and activity was recorded in detail on a 1.2ha plot at Aston 

lowant N.N.H., Oxoa. Sapping showed that species rarely occurred 

en ant-hills when they were absent from the sward nearby. From 

scatter diagrams of the abundance of each species in relation to ant- 

bill volume and ant activity on a mound, it was possible to deduce 

sow succession of some species on ant-hills might occur, if ant-hill 

volume were proportional to ent-hill age. The following hypothesis 

is consistent with the evidence.

'Young' aounds are heaps of soil which smother existing vegetation. 

They are invaded in particular by Pestuca rubra. Lotus cornlculatus.

flacca. L eon tod on hisptctus and H»llanthemu» cbamaeci«tuy (if in the

sward nearby). Thymus drucel invades the mounds vegetatively as they 

expand in basal area, and gradually becomes a more important component of 

the vegetation. £arex flacca and jj^eraciua pilose^lla rosettes become 

restricted to the edges of ant-hills because the continual heaping of soil 

onto the tops of the mounds causes their burial and tjgatb there. However, 

fceontodon hispiduif and Plaotago l»nceolata t often present inside the margins 

of medium and large mounds, set abundant seed there and their »e«tilinge 

sometimes become established on the bare soil on top. 

By this time, the summits of ant-hills tend to be occupied by Helianthenrum

chamaecistus and Thvmus drucei . which can grow up through the heaped soil, 

5mall mounds are often deserted by the aat colony. Their vegetation



becomes closed and the relative abundances of species approach those of the 

surrounding sward more closely than on active ant-hills of the same 

volume. In the absence of burial. Care* flacca. Leontodon hisoidus. 

Hantaao lanceolata Hieracium pilosella becoae established over the whole 

sufoaee; H. pilosella rosettes are far Bore dense on abandoned rounds 

than active ones of the sa»e size* When Bounds are abandoned the chanters

and channel* disappear, organic natter accumulates, an A horizon is formed 

and the previously structureless soil becomes aggregated into peds.

The life cycles of the species with the most marked patterns la 

relation to ant-hills were studied Bore fully in field and laboratory 

experiments. The species characteristic of ant-hills usually have either 

vigorous vegetative growth when smothered, the ability to flower on the 

mounds in too year after gemination or both. For instance, established 

plants of HelianthettjjBi cbagaecistus and Thymua drucei. woody chamaephyt*a 

which often dominate ant-hills, can grow up through 3-4c» of suddenly-heaped 

soil. Yet they rarely establish themselves from seed on the mounds. In 

Arenaria serpvl^ifolia. Veronica arvensis and other winter annuals, the flowers 

are predominantly self-pollinated, seed-set is high, the seeds are light 

(6O - 27O ug> and inhibited from geminating under only 5mm of soil, a 

high proportion C 4u ) of those released onto the Bounds germinate each 

year, and the seedlings rapidly decline in number* For instance, a cohort 

of 2O78 seedlings of Arenaria serpfrHifolia followed from Migust 1671 to 

July 1972 had a half-life of U.14 years, the seedlings dying from rabbit- 

scrapin&p soil heaping, self-thinning, fungal Infection, rainwash and MO on. 

nevertheless, almost every surviving seedling flowered in the late spring of the 

first year. The minute seed weights °* these species are insufficient to 

allow them to become established in closed vegetation. Their seeds may be 

inhibited from germinating under swards by the higher ratio of far red to 

red light there; Arenaria serpyllifolia. Veronica arveagis and a-vosotis



ramosiasima seeds did not germinate under two layers of Tilia leaves in a 

laboratory experiment. Ceraatium holoeteoides resembles Thvmus and 

Heliantheamm in being a perennial chanaephyte able to grow up through newly- 

heaped soil to some extent, and resembles the winter annuals in flowering the 

year after germination and producing abundant small (ISO ug) seeds which 

hardly germinate under two layers of Tilia leaves.

The species with roughly equal abundances on and off ant-hills are 

frequently stoloniferous and able to grow up through heaped soil to some 

degree (e.g. Acrostls stolon!fera. Festuca rubra. Campanula rotundifolia. 

Galium vferum) or short-lived and able to flower on the mounds (e.g. auphraaia 

officinalia agg, Gentianella amarella. Linum catharlcum and Medicare lupulina).

All the species which are considerably more abundant in the sward than on 

the mounds are perennials, with very slow vegetative reproduction. Thus they 

depend on invasion by seed to become established on ant-hills. Only a small 

proportion of the rosettes in the sward flower each year, the flowers are 

QD ss-pollinated, the fruits are comparatively heavy (600 - 4OOO ug), the 

seedlings are susceptible to burial, their development on the mounds is slow 

and they do not flower within the first two years. Their seedlings are 

robust enough to establish themselves in swards. Nevertheless, within this 

framework, the factors affecting their abundances on the mounds differ from 

species to species. For instance, in Cirsium acaile the number of fruits 

produced is reduced to 10-14 per capitulum per year by the weather, predation 

and parasitism. Their dispersal is hindered by the high frequency of pappi 

lost before dispersal, the heavy achenes and the weather. The production of 

vigorous seedlings on the mounds may be affected by fungal parasitism, and 

their survival is probably poor because they are susceptible to burial. Seedling 

development is slow on ant-hills and no flowering plants were seen there. In 

Leontodon hispidus. however, dispersal of achenes onto the mounds is efficient, 

and 5-9 of achenes germinate on ant-hills, so that seedlings are frequent on



the mounds in autunn. .Seedlings develop slowly, remain avail, and are 

susceptible to burial, but nature rosettes inside the perineter of active 

ant -hi lls often flower profusely and reproduce vegatatively. Thus j^ootodoa 

Maintains largerpBpUj..,ationa on ant-hills than Poteriua aanquisorfra, and 

ElrsiMB acaule. On the other hand, Carey flacca maintains high densities of 

rosettes around the edges of 'active* ant-hills because of vigorous vegetative 

reproduction; reproduction fro» seed is negligible* Po^er^ua sanguisorba and 

tflL «ere also investigated.

Thus the ant-hill environment acts as a sieve, letting through those 

species which can flower early on or grow up through neaped soil, and 

excluding those which cannot flower on the mounds, with poor dispersal and 

 low seedling development. The flora of 'active* ant-hills is maintained at a 

lower stage of succession than the surrounding vegetation by the constant 

addition of soil to the surfacfr. The vegetation resembles that of fixed 

ealcareous dunes and of Breckland grass-heath before wyxonatosls, two cowaunities 

in which sand novesents also provide an element of environmental 'unpredictability' 

Those specie* which invest a high proportion of their total net assiallation 

in reproduction ere pre-adapted to colonise and teieintain tht^jelvea on ant-hills. 

Those species selected for efficiency in maintaining themselves in a closed 

community, with heavy fruits and an inability to flower early in life, 

cannot maintain thfi^alvas at a high density in a coostunity of an earlier 

successional stage.
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(i) In describing ant-hiile, I have raade many apparently 

unsubstantiated Btatea&nta of fact. Ml these are backed up 

by field note®, but to give details vould have interrupted the 

flow of the text and mde it impossibly long. ata not 

included in the thesis are available on application.

(11) iourees for th® noisonclature of plants are as follows t

Angioaperras & rteridophytee i Ol&ph&m et al. (1962), modified
by Dsn<Iy (1969).

Fosses ; Varburg (1965). 

Liverworts ; 3 aton (1965). 

Lichens j James (1965).

(Hi) Kost of the statistical procedures used in the thesis 

are described in i'okal & iohlf (1969).
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mHODUOflOK W WR fWKTAHOH AlfD

0? Luaiua flavua

1.1.

Ant-hills built by L&aiue flavua ?. (Hynsenoptera, 

Forodcidae) are frequent in British pastures ( Colling wood 1957). 

but the distinct differences in plant species composition and

abundance between the mounds and the grassland surrounding them 

have nevor been satisfactorily described or explained. I 

therefor® set out to quantify the relative abundances of apeoiea 

on and off ant-hills in some grasslands in southern Britain, and 

to identify the mln factors which influence the population siaee 

on the mounds of species with consistent patterns in relation to 

ant-hills .

In this chapter, I use data from the scattered literature 

«nd ay own work to describe tho aaounds, their vegetation, and 

the environmental differences between the ant-hills and the 

pasture which might affect plant growth and distribution. At 

the end, I briefly discuss the relationships between vegetation 

ant environment on mole-hills.

1.2. £ouiro»:>... AH?:.. AND y^a
iach tuound beginy as a heap of bare soil which smothers 

short vegetation or covers the stsra  bases of grasses in tall 

vegetation. £beee 'incipient* abounds ultimately .jive rise to 

the 'mature' act-hilla which frequently occur in old pastures 

in regularly-ciiBtr ibuted *jroupa (/i^. 1).



Fig.l. A group of 'mature' ant-hills on the S.W. side of my plot 
at Beacon Hill, Aston Rowant N.N.R., Oxon., May 1969.

Fig.2. Ant-hill on my plot with the following typical features:
abundant Helianthemum chamaecistus and Thymus drucei (some 
of which has the gall caused by Eriophyes thomasi); Rabbit 
droppings on the summit; patches of soil heaped up by the 
ants; rosette species (e.g. Plantago lanceolata, Leontodon 
hispidus) present at the base but less frequent on top; 
short vegetation. 13 August 1971.



Svery sound la (or wae) the breeding centre of a 

j,. flavua colony containing up to 24,500 workers (Tickles 

1940b, Odu» & Fontin 1961, Valoff & Blackith 1962} which baa 

R subterranean territory extending up to 1*5 m or so from 

toe centre of the ant-hill. £he workers forage underground 

(Pontin 1955, 1957 eto,), living mainly on the excretions of 

root-living apfalda and by eating aphide and coocida (i on tin 

1956, 1961s), iscuiy of which aay be obligate gyroecophilea 

(e.g. itixon 1951, lontin 196Qa). The ants only appear above 

ground during the nuptial flight and when soil is beirw; heaped 

onto the surface. tfoil-heaping usually occurs at night, 

after rain (.Vickies 1936, Toatin 1955), in summer. In southern 

3n*£land, I, flavug individuals ar® torpid fross about early 

lovestber to early f-arch t when little soil-heaping occurs. Zh® 

rate at vhich soil brought up fros» below is added to the mound 

curface variee from stound to mound and fro® place to place. 

Because newly-heaped soil is only colonised slovly, the plant 

cover on 'hills occupied by ^ f lavus colonies is usually dis­ 

continuous. Cther frequent features of 'active' ant-hills, 

(Fig. 2), are rabbit scrapes and dunging patches, vegetation 

which is shortar tnan t xat surrounding the mounds, and a 

greater percentage cover of Thjggua ̂ drucfi, t-ian in th© sward, 

at leaat in calcareous grassland.

arubb et al. (1969) list three 'notable floristic 

features* of ant-hill vegetation on 'cbalk heath' at J.ullington 

Heath l^.N.H., 3ua0ez:

(i) the relative abundance of annuals (e.g* juphrasia. 

Officinal.ig, a*jg. ) and short-lived perennials (e.g.

where the rate of smothering is not too ijreat.



(11) The relative rarity of long-lived rosette-type 

perennial dicotyledons (e.g. Fjlipendula vul^ariaj. and 

tuasoofc-type grasses.

(iii) the abundance of long-lived perennials of relatively 

low stature able to grow through the smothering soil, e.g. 

druofi,. -  puleaioidea. Egliantheiaum

Asperula cynanohi&a. galjum yerum. >.

of f icin&lis . A.grostia etolonifera. g'eetuoa rubra. Holcua laoatua. 

fheed impress ions are oonfirmed in subsequent chapters by say 

quantitative data.

Other accounts of tha vegetation on L. flavue mounds are 

in Ffeiffer (1933), Haarlov (1960), Waloff ft Blackith (1962), 

thorns (1962), Jennings (1965), -Lactbley (1967;, Aitcheson et al. 

(1967), Yoronov (1v68), and 'Jriffitha (1968.), but their sampling 

techniques are usually too imprecise ancl their sample eisses too 

small to yield worthwhile results. 1?he differences in species 

abundances between the ant-hills ani the surrounding vegetation 

which 1 regard as quantitatively proven are /;iven in Table 1 . 

fhese data confirm the impressions of Jrubb et al. (1969) which 

were listed earlier.

Voronov (1966), working in iuseia, ssarked ant-hills derived 

from tha invasion of mol^-hills in 1947 and followed plant 

succession on th®m. The freshly-dug sole-hills remained almost 

bare in the first year. ?hey were invnded by

polytsorpha and Brachytheciuia salebro^uci. then by Urtica urens. 

o tellarife holos teg and other herbs, and finally by Pestuca, 

and other iirassfts, The process t^ay take decadee.

Vegetation sometimes differs on the north and south aides 

of mounds . (;n the Hermitage I lain, Jaegersborg Park, I 'enrsark,



Table ij[ . csufcatitative evidence of differences in plant apecies 
abundance betveen ar>t~hilia^ artt Jhe currounditk

(1965). Aston ftowaat K»K*3» V Cxon, 35 transects laid,

•ach across the summit of an ant-hill but including the eur- 

rounding pasture, Species presence recorded in successive 

15 «* length® of transect (377 AH, 280 of).

lore frequent on i3.nt~hiXlc ? fhymus drucel. '

fore ,fregu«ttt S^n ^latxiret AphilleQ millef oliuga

ieo rji.io<?.o n h ay id UB •* *'' *
re pie

H; .eraclue;

DosdLnant apeciea reoordsd in auccessiv® 15 ca lengths of transect* 

doininant .

Ct9o7/. .muerley, /irundel, ..ussex ( i*Q 014102). 30 ant­

hill® an<l 50 pasture quadrats samples arsd presence recorded.

t n ..ft.s.Sixre : rflcc * *
f Q ter ium JRH ..• iuls orbs * »

Or if fi this (1968). Downs abovs -i3JLingdon, ;">u«8ex. frequency 

of specios on ar«5 off mounds uain .; point quorate.

frequejBt on sjat^hjljlsi litmus t ...drupel * *

(*, 0-05 > >' > 0»01f **, P ^ 0.01) 2 T 2 contingwaey tables
p were constructed and a ^ test or a two-tailed FisNtr*s exact

teat used, as appropriate.



the north sides of the ant-hills bore a dosed turf of Featucja 

oTioa. but the open, poorly-developed plant cover on the south 

e idea was character is ed by gladonia spp., Qeratodoia purpursue 

end a dwarf, non-flowering form of Achillea cillefoliuro (Haarlor 

I960), Festuca epeciee often grow core luxuriantly on north- 

facing than on south-facing aspects of L« flavus -sounds in 

British grasslands (nee chapter 3)* rhoaaa (1962) mentions 

that pleurocarpous mosses like 1sou.dQ3clerQpodiUjr purum aay be 

acre abundant on north than south Bides of ant-hills in chalk 

grassland .

Colonies of I. flevus ff-ay <3ie out for no apparent reason, 

but are often killed when their mounds are invaded by other ant 

Bpeciec, e,/-j, ?^Tffiicn.rubrj, or l; t ecQbrinodia at >ilwood Park, 

Ascot, U-erkB. Ualoff i Slackith 196?}. fievly-fornaed I., flavus 

oolonieB are likely to be exterminated by existing ones (lor tin 

1963). ">rubb et al. (1969) compared the frequencies of plant 

8i:aciea on mounds abandoned by the ants, and those still occupied, 

at i.ullington Heath ?:.£,a., Uuasex. I npplied two-tailed 

Fisher*s exact testa to their data. In 'tall chalk heath », 

A^ro8t.l,3 stqlon^/ertj,, _'>Tioa clnerga . find Asyxgrula._ oyngnchlo.a were 

significantly (? <C 0.05} ffitore frequent on rieserted thaxi active 

inounda, but rhymue druqej^ 'preferred 1 occupied ones* in short 

 secondary ^aasland', Hieraci.a3' ^ilosell^. ; ^dica^o lupiiljna and 

Pl&ntfe^o lanceolate were significantly (r < 0»05) store frequent 

on active thar; unoccupied mounds.
had

After siyxoiflatoPis in 1953-4/virtu.iJ.ly eradicated the rabbit 

population, rceny laaius ..fl^Tus colonies were killed by the 

encroaching ocrub {iotts 1970}, or tall jraesea like Brachypodiuis 

(^ontin 1963)* tne donee shading of the soil surface



also prevents th» foundation of new colonies (Pontln 1955» 1960b), 

However, the mounda are slow to disappear; CJrubb et al. (1969) 

state that old mound» can still be seen at ^adirwcley <ood, C'aaba., 

sixty-five years after woodland invasion.

Th» data mentioned in thi» section indicate that 8one 

species may have distinct patterns In relation to I., flavua ant- 

hill«. These patterns raight be affected by the size and age of 

a mound , aspect, and the level of ant activity. It may be 

possible to explain soise of these patterns in terms of come of 

the environmental factors diaousseti in the next section,

1*3. CO^JUI^Off 3g?*jS-ffl AHT-HIU Am JA3;J?Ua:i .?ISYL: tOHiiaHia 

1.3.t. General

1 explain here why, in subsequent chapters, certain 

environmental factors aro ignored whilst the influence of others 

on tho ve^tation is deacribed in detoil. I discuss in turn the 

effects of the ants on the soil, thsir direct influenc&s on 

vegetation, th« impact of other orgsciSFss on both soil and 

vegetation, and th? siicrocllBates of the mounds. 

1.3*?« The effaota of I., f^tvuai on the ao^l

The workers t^9 soil particles or aggregates to the 

surface in their mandibles, or corse times pull up aggregates with 

thair le.-^s. Haarlov (t960) investigated the slses of the soil 

particles heaped up by the ants by placing equal numbers of 

woricers in fivo connected chambers, e&ch containias soil sieved 

to a different particle 8i%e. ^h« ants did not channel in 

sections wit - particle-sr 3-0*73 mrr and preferred the smaller 

diifiensionE? without diBcricninntion. The Maximum a pan of the 

mandibles of L« flnvus workers is 0-65 ES&. iarticleo 1.2-0»73 MB



(up to 0-17 s) were only asoved one at a time, those C.75-0.385 oa* 

one or two at a time, and thoee 0»385-0»1 nra several at a time. 

Rfinrlov mi&seeted that the r«*rtlcl«» in an aggregate were held 

together by moisture rather than by salivary secret ions of the 

ants, because tbey were water-unstable.

the heaping of noil particles onto the surface can occur 

at a considerable rate. Valeff * Blacklth (1962) follovad the 

growth of eighteen ewninds at 3ilwood FarV, Ascot, Berks, for 

seven years ard estimated by an overall regression that they 

increneed in height by 2*28 OE per year and in maximttw diaaeter 

by 7*03 or a year. The yearly increments in volume of the aeven 

ant-hills which vere occupied tho longest are given in fable 2.

2 . Yearly ijicrggients , _|.n volume of seyen of the arxt-hilla
whpso -^' t3.?jtt^-. ._daa»ters wera measured fr

Voluiaes wer<? calculatod froa thtiir data 
in Appendix 3.

^ the foraaiLa given

Yearly increment a ( PET )

Ant-hjJ.1 
nuaber

1
2
3
4
6
9

to

continued

1
2
3
4
6
9

10

1953-54

3037
502

2345
772
3510
2715
948

1958-59

-1??7
-^88

63
721
0

Abandoned
22531

1954-55

4350
7656
985
765
3163
9193
1651

1959-60

7?6B
7449
1851

-1468
1949

5906

1955-56

2565
970
15S3
-66
6700
141
179

1 356-57

6907
7516

-1647
1253

-12P1
?59

127S

1 957-56

222
772
1263

0
3725
362

20241



Sow* Bounds grew ir.ueh faster than others, and all grew at a 

rate which fluctuated appreciably frosa year to year. I measured 

the volumes of nevly-heap*<l soil on the ease twenty ant—hills at 

Aston I?owant t?,X«R, t Oxon in tvo successive years (Appendix 2.5 ), 

aad found that whilst seme mounds did not increase in aiee, others 

had up to 1,600 cur of soil added to the surface per 'year* (by 

17 August). However, I obtained a correlation coefficient of 

r * O-7I (P < 0*001 front s"i*ro) between the volumes of soil 

heaped onto the sasw sound in both years.

Thus ant-hille of the same egs may differ markedly in sise, 

and vice vertm. Hev«rth«le«B the renn euro of the large mounds 

in a population probably exceeds that of the small sounds. 

Haarlov (1960) calculated th^-t if the ants heaped up 10 ;£s; of 

soil par working day and worked & 15C~#ay y*«3% a conical mound 

JO cm high and a metre In diameter would have taken 80-90 ye-^rs 

to build. Tet in Waioff & iJlackitli's (1962) study, aaound no, 10
• »

increased in volurae by 22, 5351 OK"^ betw«ew October 195G and

1959; at this rate, a nound of Haarlov'a siae could
ov&r * 
«» four to infinity yenrs old .

Plants growing on the ant-hille? or next to them are often 

covered by soil henpsrt onto the surface ll*i/% 3) and may die if

burial of th©

of rosettoe of O

aod Leontodon hiapid^s by 

newly-heaped Roil on a mound 

at Aston rtowant N.H.a., Oxen., 

2 Heptember 1 971 .



they cannot grow up through it. the probable importance of 

soil heaped up "by the anta in eliminating seedlings is only 

obvious when the saae raoond is e*fts!in©d closely over several 
aontha. Active nounds may have a vegetation cover of 5-?0' 
In Bussmer, but when newly-honp«d noil 13 reisoved, ve^etntion 

with a cover of SOV or raor® may be found underneath. ^y 

autumn, most bare "soil hue been re-invnded by the species which 
can grow up thtwnj^h heaped soil. At the small proportion of 
sites where ants build rsainly on the *onth sidoa of the mounda, 

there nay be aspect patterns in the plant species (Chapter 5). 
Burial r-ay also impose dormancy on seeds (Chapter 5).

..'he soil a^rre^ates heaped onto the surface of an active 

ant-hill may have the saraa mechanical composition as 
pasture noil (;iar<rlov 1960 t Yoronov 1^68, "rriffivhs 1968} out 
their structure is taarfcedly different. the peds in newly- 
heaped ant-hill soil are much smaller than those under pasture 
vegetation? tha a^r*_';ate3 are exposed to the elements (e.g. 

to comminution by raindrops ) and low in organic a&tter, forcing 
»n ia^at^re, structurelssa soil which crusts easily when dry 
e.nd often seems vater-repellant.

the ratio of epnce to solid in soil profiles is theater 

In 'active* ant-hills than in soil unaer the imrrouociing 

vegetation, because of the greater density th^ra of chambera 
and channels excavated by the ants, 3y displacing air from 

soil 3«fflples, Griffiths (1968) estimated that the pore-space was 

12 higher in nrt-hill then pasture aoils. i'N» bulk density 

of ant-hill !»oil froa my nlot at Beacon ! 'ill, Cxon, was 0«0

that of surrounding vegetation soil ( fable "5).



Table 3* ?OEipariaon of bulk densities e:T ant-hill arai 
surroundinac soils (J6 August 1370)

fet hod* Two ant-hills w*re chosen at random from those 
with each of eight 100 m ea&plin,£ plots arrayed randomly 
over my Beacon Hill plot at Aston Rowan t IT.K.it. 16 pairs 
ol' soil saoplee were collected, one of each pair from the 
top of an ant-hill, and the other from the pasture soil 
JJO em away from the aiouaii. A heavy a teal soil corer wee 
used; samples were taken froa about the top 5 em of soil* 
b'.it the precise depth, of the ixole made by the corer was 
Rieaaured after it had been withdrawn. The mean diameter 
of 1u cores waa used in the calculation of the volume of 
each core, ihe samples were? dried for 4?? hours at 105°C 
at the laboratory and wei.jhed .

oouro.es n o_f errQ|;» ccca»ionally th« ant-hill soils iid not 
cohere walH tT«®p roots, e.g. those of Helianthenwn* often 
caused trouble. In the surrounding »o il s amiilos , deep roots 
aad stones often caused difficulty*

t is 4»11K. I ^0*001 by th@ *8>«thool of paired comparisons'.
Ds]

Keaeureoents of the water content of ©oil samples taken 

from the northern and s out} em nid»f> of the same five mounds 

and the pasture nearby are .jiven in Table 4. I'he analyctio of 

variance shove that over all dat*?s the water content is 

significantly lower in nsound soils than surroundjUx.? soils, 

&nd on southerly than northerly aspects of ant-hills. Crusted 

soils have even lower aoistur® levels (Table 5). The iifference 

in water content between mound and pasture aoils would b« even 

greater if expressed on a unit voluase, rathor than a unit dry 

weight, basis. However, I have not yet compared the curves of 

*#ater potential against soil water content for ant-hill and

Voronov (1^cS) showed ^hi-a Table 6} thot tha water content of 
&nt-hill soil st severs! sites vns 0«5-0.33 (st least; that 
of pasture roil. ic^lea (1 r'36/ states that the superstructure 
of the noun£ io irisr than the surrounding soil, Griffiths 
(1968) claimed that ant-hill soils were 'generally drier 1 
>rubb et fil. (1969) state that 'drought is nsore intense'; 
these authors «rive no evidence.



Table 4. Comparison of water eonlgnto of ant-hill and surroundiah aoila.

Method One ant  hill was chosen at random from those within sac:, of five lOOta 
sampling plots arranged randomly over toy Beacon Ki". 1 itot at Aston xowant !«.N,H», 
v xon. Selection van re@trici.ed to large mounds. The seee five mounds were 
earn ; -led on each occasion.

One staple vas collected from the south side (o) of each ant-hill, another 
from the north side (B) and « third /rue the jKiature soil (P) 30cra away from 
the mound ia a random direction, ihe top 5cm of ;;oil only was co lected.
r.anic debns and stones were picked out of the samples in the field* '-"-he 

eamples were taken to the laboratory in sealed containers, weighed in aitu9 
dried for ^8 hours at IQ^'V and rewoighed*

.esulte

51 
Nl 
PI
52 
H2
P2 
-3

water C'mter<tc (by dry weight)

25.1 32.2

26.2 
37.1 
50*9 
28.9 
31.2 
52.5 
24.9 
35.0 
V7.3 
37.7

15

53.5 
^7.8 
38.0 
39*0
52.7 
^2.3 
43.6 
55.8 
48,5 
51.3 
47.9

29.8
48.7
53.5
36.7
50.0
67.7 
27.0 
42*4
63.2
28.4
33.8
53.6
45.3 
47*2
46.8

62,8
72.9
74.5 
68*0
71.3
75.4
68.7
70.6
69.0
72*7 
74.4 
82.6
66.5
37.7
75.1

18.0
45.1
45.9
28.0
44.5
47.7
2G.4
35.4
40.8
30.8
29.9 
4S.1 
47.6 
59.6 
44.9

Analysis of variance on untrancforaed data.

Source
Aapect(A)
Jate(b)
Ant-iiilla(C)
A x B
A x C
8 x C
A X B Z C

d ^ *JI <s  x n»*^«
2 1487.28
4 3127.09
4 165.50
8 84.15
8 106.35

16 35.13
52

Fs13.98"** 
89.01***

4.09*

"lie following; aspect differences 
were significant (P^0.05) by
Gabriel's (1964) SUK» of «quares 
£-imulteneous test procedures 
K/S«*

0.01>PX).C01, »««P*0.001)

Table 5. : water contents (by dry weight) of crusted aoils_ collecte   frog 
3* ant-hills'on ray plot on_ 14 .jepterjber 1971  " '--ft.er a 10 day drpu

Afll AH2

16.3
27.4
32.4

AH3

16.0
24.1
50.1
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pasture aoilo. ?he greater susceptibility to drought of 
ant-hill soils aay pertly be due to the large exposure to 
solar radiation and wind of bare soil and soil covered by short 
vegetation, the large surface area of ant-hille in relation to 
their volurr* and the low organic eatter content of the soils 
of ' active* mounda.

Drought* on ant-ailla in ausroer and autumn may contribute 
towards aeedllas deaths (e.g. in Arenarigt gerpyllifolla. 
Chapter 5), and lower the 'aicrosita density 1 for seed gernfdna- 
tlon. jQffle circumstantial evlienoe suggests that low water 
availability may liait the growth of gentuot specie a on the 
mounds. In both 1969 «nd 1970 (j?i£. 4} ?eatuoa rubrn li<*d off 
on the tops of taounds at Aston <owant N. ?-.«., Oxon., after loa? 
suicraer drotighta, even in areas fenoad a^jainst sheep and rabbits,

I arched ?eatucgt rabra on ant-hills on the nort side of 3eacon 'fill, 4aion icwant r.s.s., Cxon. on 29 June 1970. There had been a complete drought from 12 ; ay 
to '5 June.
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and on ant-hills with no evidence of rabbit grassing, poratchlng 

or defalcation. I also noticed this phenomenon at Cefn iiryn, 

flower, llamor&an after a five-veeV drought (\ppendix 6). 

Blton (1959) noted that after two rainless months at *ytham 

Woods, Berks., 'the graaa ^roving on large I,, flavua mounds is 

blasted brown with 3rou ; ht*. gestuoft rubrt| on ant-hills tenda 

to be more luxuriant on northerly than aoutherly aspecto aad 

around the od^e than on top, Jt ia shallow-rooted ; the 

MUElffium root depth ranged frota 5*7-11*6 OK and the depth of the 

main feeding roots from 2-10 cm in 11 sartpleo front ant—hills at 

Aston iowant (10 October 1971). ?*»^tuoa rubra on the mounds 

is often much shorter than in th® sward, both in short uncased 

vegetation, like the secondary ^raesland at lullin^ton Heath, 

and in plots which have been fenced against sheep and rabbits 

for five yeerr r,t Aston Iowant *J.??. f*. 1'oired ant-hill and 

pasture samples of F.,_Tnriibr^. were taken f ross Aston Rowant on 

11 Deoerber 1969 and grown up for eigfrt months on J.I. coiepOBt 

in a cold frnrce. In thie tirae ant-hill ?e9tuoa increased in 

mean height from 4«62 to 37*16 cm; this increment In growth did 

not differ significantly (^ > C-05) from those recorded in the 

pasture ea/nplee cuid in p&eture samples cut to *ant-hill Jieight'. 

thus there is no genotypic difference in height betvfeen ant-hill 

and pasture Fcstuc/i rubra. Its growth on ant-hills is probably 

by water or nutrient availability, and the evidence below 

that nutrients are sauch less likely than water to be 

liedting there.

?he annlynep of ant-hill and surrounding soils given ia 

the literature are summarised in Table 6, together with my ova



Table 6. ^oil aaalyaee of L< jtlayjufc._tsouiuU; _ froa. the

site

7775*0. U5(

Mean la
ciJt-hill f.

in -jit- of 
re soil diff.. r«ac*'

Lambley(l9b7) Aoberley,
Zfieid w.~-od, 
Jeegersborg '

>5 a* 
8-10 en

Griff It he(19<>8) Mllin, don, . 
VftCMMMi(1962) Aston Rowa&t 8.N.H. 

Magley Vale H.^.H.
8.6(1)

5.0(2) 
5.25(2) 
7.^7-0.13(20) 
7.1(1)

8.6(1)

6.87(2)
6.6(2).

valley 
Caerviooki et el

(1971/ ^trselwckie ---ator
ae«<iov« t ' ol&ad KJI

Piclde6(19l»O«) Tfeornhill, lerke _ _ . . ,
Ki&£ cOwtsv ili l>ou&, Glasor;,&o. ^.31(20)  +.:

Aetoa Bowaai {f.i».K. 7-31 ^Su 7-i
rubb et al(X969) Lullin ton tlwth S.3.S. 6.0-7.9(10) 4.!

7.0-8. Mao) -----

7.9(1) 
7.7(1)

6.35(1)

et 17.81(2)

Ifield i ood
;30.^K^0.933(5)

 w'T -

sa, .c-able
iaton rfowABt 1310(1) 

Vela plateau 
V.--le velley

98o(l> 
790(1)

S6.3io^7{
14-25

Ca(totsl')

Ce-er*ia^i et elCl97il 
* »• ,

&©to2i ''-O* ^nt i
Kiat,ley vul* picteau 0.55(1)

trolley 2.OO(1)

1.3^(2)

26(1)
KlBi l«y Vale plateaa '>3(1/ 

Vale walley 25<1>

0.77(1) 
0.79(1)

H«( totals)

0.38(1)

43(1) 
73(1) 
35(1)

0,36

Kin ley VP!« vdll*y 0.3V(I/ O.TCU)

N..S.
S.S.

M.S.

N.S

I. Raures (n bratbetr are sizeo. N.S. , P>O-o5 ; #, 0-05>P->0-OI ; 

, 0-01>P>0-OOl ; ^*4, P^O-OOl.



AH 
0.18(2)

sv

e«ble K C

Vole 
Vale

Us <wac,( 19
Vale 

Klngley Vale vall«

Total K .tOi («c/lqOg ; •••oil) 
et al(1971)'

I^rab:LeyU967> Amber ley 
2 field ood

ea

et al(1971)
Astcc Rovaat

lateau

73(1)
8o(l)
33(1)

0.72(1) 
0*49(1)
1*10(1)

24(1)
15(1) 
10(1)

0.62(1) 
0.42(1) 
1.00(1)

3.51^.126(5)
3.35^0.076(5)

2.32(16) 
12.82(1)

6,52(1) 
20.0(1)

2.62(20) 
19*72(2^

8,53(2) 
19.7(1)

19.2(1) £-a.8(l)

**

*«od
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result* froa Aston Jowaat H,!*.^. and the north end of Ihoseili 

Down, 3ow«r, Glamorgan. ?y sethoda of sampling and analysis 

are described in appendix 1 . The p'f, total exchangeable 

bases, exchangeable potassium and calcium, and attractable 

phosphorus all tend bo be slightly higher in ant-hill than 

posture soils, but total nitrogen* is about the same and th» 

percentage of organic matter tends to be lower in the asoionds. 

However, since the bulk density of ant-hill soils is lower than 

pasture eoila many of these nutrient concentrations might be 

relatively lower in ant-hill soil if expressed on a unit volume, 

rather than e unit dry wel»ht, basia.

When the results of analyses of ant-hill soils ure jiven 

in the literature the saraplin^ deptlis, the a&es of the iso^jinda 

and their lavela of ant activity are usually not recorded, 

let all these factors nay influence the results. For instance, 

pH (Appendix 8) and organic carbon content (Raarlov 1960} vny 

change with depth. Voronov (1968) found th%t the organic carbon 

ccntent changed with th® a^e of the aound, and 'Jrubb et al. 

(1969) showed that in tall chalk heath at Lulllngtoa Heath, 

 active' ant-hilla had pHs of 6«0-7«9 (10 samples) whilst 

abandoned iscunde had pRa of 4»5-7»4 (10), fhe differences in 

toil properties of mounda of different a^es ^nd * building 

activities' are discussed further in Chapter 4.

I grew oats var Proctor in a cold fraise, on ant-hill nnd 

pasture soil taken fro® sty plot at Aatoa nowant ^.W.H.j growth 

vas eiffiilar on both soils, and no nutrient deficiency symptoms 

appeared, Griffiths (1968) grew rhymqg drucei. wheat and 

radiehes on both soil types but germination and seedling growth
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in each apeciea wa» similar on mound and pasture soil. X 
doubt if nutrient concentrations influence the striking 
distributions of aaany apeciee in relation to ant-hills since 
the analyeec show no lar^e and consistent differences in 
nutrient concentration between abound and pasture soil.

1.3.3» >h<L_direot of f agta of L^.f^ayua on ...the.. vegetation
Pontin (1968, pers. COZKHJ. ) thinks it unlikely that 

1. flavus workers a^lectirely eliminate plant species by biting 
their roots. i.lke other F^raiqid^f, L. flayua probably cannot 
break down cellulose. I©verthel®ss t the workers saust encounter 
plant roots whilst channelling, they can gnaw through ps?«r and 
polythene bags, and licklea (193S) found some chewing & rhizos«» 
of ^ter^djum ^quilinuff. Unfortunately ona cannot ascribe any 
root damage BQ&D. in *,, flayus Founds to I. >.__flayu8, and if tbe 
species attacked plant roots under laboratory condition? this 
would not suggest tiiat it fiid eo in the field.

fhere &ro no reports of i,» flavus carrying seeds or fruits. 
l>fi_ f lavug forages underground and isust encounter seede less often 
than «p©cies which forage over tho surface (e.g. I » nj^er ) . 
'Seeds are very rarely found in th« brood charr,ber« of L.
(Pontin 1-^P, j*r8. cojKn. ). :*©ed carrying is unlikely to be 
seen if it occurs, but since workers can move soil particles x\p 
to 0«17 g in weight (Haarlov I960), they could move the seeds or 
fruita of any .grassland apeciea. It is possible that some seeds 
are not distinguished from soil particles and are heaped onto 
the surface in the &&K& way. aeede placed on the surfaces of 
ant-hills or in aeats developed under pieces of wood are apparent­ 
ly ignored. I have asauised in subsequent chapters that the only
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seeds present la the i"oil of ths mounds result from seed- 
disperssl onto the initially seed-etfjrile soil, and that oats 
do act selectively eat seeds of particular species.

L«_flavuj8 releases formic acid, especially when disturbed 
or attacked* However, formic rusld is a normal constituent of 
soils as a breakdown product of humus ( Jtevenaon 1964). On 
acid soil active mounds are rarely more acid than the soils 
surrounding them, and in calcareous soils thr> acid would b« 
quickly neutralised. .c;hort chain organic acid a are rapidly 
broken down in soils by mlorcblal activity; I doubt if fonaate 
has any 0 elective toxicity effect en plant species.

t»3*4* Ihe effects of other animals on ant-hill soil and

Here, after briefly mentioning the aphids, I discuss 
to ant-hills caused by oammale and birds, arv? the effects cf 
rabbit dunging and rabbit and sheep grazing.

Aphids cay reach high densities in ^raBsland eoil.8 ( 
et al, 1948), but as they have thair own parasites (j'ontin 1959) 
and may c^ike up a aubfitantial proportion of the ants* diet, 
population explosions of aphids are probably rare. ?here is no 
evidence that aphids are more abundant on the roots of plants 
growing on ant-hills than on plants growing in the pasture, or 
that they can selectively eliminate plant species.

.Seedlings (Chapter 5) find {nature plants are often killed 
when the mounds are damaged by animals or birds. Xabblt scraping 
and burrowing is much sore frequent oo ant-hills than around thara, 
but rabbits rarely demolish mounds completely. There is sone- 
tifiBee poaching by badgers ('Jriffiths 1968), by cattle, or by 
sheep sleeping on the mounds at night. In winter a high
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proportion of tha diet of the green woodpecker (Fontin 196lb), 

and of grey partridge (rerdjx perdlx? chicks (:"ottn V;(70) may 

consist of I.,, flavus. and conical holes 5 ca deep and 1«5-3 am 

in diaraoter at the surface, taade by £**e*» voodpeckers, are 

frequent in I, flavus mourxda in autumn nnd winter. Pheasants 

ftttnge *&& sometimes destroy mounds by duet-bathing (Tontin 1963 

and perc. obs.).

Eafcbits preferentially use ant-hills ae latrines (e.g. 

i'hoaaa 1962, ,lton 1966), Their pellets, which occasionally 

kill stnall seedlings by shading theia (Chapter 5/ t often becoase 

incoriorated in nounds as they are covered by newly-heaped roil. 

2hie might increase the or^ranic natter content, vater-hol<iing 

capacity (.Salisbury 1952), and phosphorue (Pi^ott A; Taylor 1964) 

and nitrogen contents of ant-hill soil. Harper (1969) irapliea

-•'jr. ^. The effects of rabbits on an ant-hill at Beacon " Till, 
ftston *•:overt ?\-:,l. (2 : ;.eptember 1571). There are 
numerous rabbit droppings on the °oil surface, the 
vegetation on top is closely .Ttvaz^d, a hollow has 
been dug near the euaaait and rabbit scrspirts and 
trampling e»y have contributed to the death of 
vegetation on top of the eeound.

I!



that a 'specialised flora* develop® on rabbit latrines on ant­ 

hills because of the higher phosphorus and nitrogen levels there, 

but I have yet to find auch a flora on L, flavua mounds.

Habbit (Pisott 1955, 9rif?itha 1968} and sheep (Hawea 

1971, pers. com.) grazing is often csore intense on ant-hilla 

than in the surrounding vegetation. what are the effects of 

this concentration of graaing on the relative abundance of plant 

species on the mounds?

In short chalk grassland, th® specie® composition and 

height of the vcgetstion on ant-hills s«ejzs identical in on- 

grazed, sheep-grased and rabbit-grazed areas. The plant cover 

is Invariably short and often dominated by ?eetuo.a. rubra and 

druce^. The balance of species seams unaffected by

grazing, although grsain^ is concentrated on the grasses rather 

than on unpalatable herbe like ghvmua and ri

chsuraecia tug . ihia is because the growth of Featuoa on 

in uagraaed areas is vory slow anyway, probably being limited 

by low water or nutrient availability, 1'he rituation is like 

that in Breckland '^raea heath* before teyxossatosis (Farrow 19?5), 

where rabbi ta reduced the luxuriance of the vegetation but its 

growth rate was ssainly lisiitsd by soil water levels.

In tall chalk grasslands, rabbit grazing is often concen­ 

trated on the ant-hills (Griffiths 1968 and pero. obs.), and may 

allow low-^rrowi^ species liko rhj^ua cn^cei to persist on th© 

mounds and the ant colonies to survive. In the absence of 

grazing, mounds in tall jjrasslands nay ultimately bear a dense

tall growth of ooarsa ?rra«ae8 ("/erns_. erecta, Arr h e n%t herug
out 

glatlua, Fe Q tuqa rubra , ?.r a ohy podium .pLinrtJatum etc.), wv ich a hades,  '

JOB« evidence for this is given on p. 53.
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low-growing »peoies and may kill the ant colony. thus the 

specie* composition of the ant-hill flora can b» greatly 

affected by grazing in tall grasslands.

Ora&ing on the mounds and in the sward often greatly 

affecta viable seed production there, and hence the rate at 

which sons ape dee invade ant-hills from the surrounding 

vegetation (Chapter 5), or the rate at which a species spreads 

by seed once it has colonised a mound. on the other hand, 

rabbits, sheep and cattle may disperse viable seeds in their 

coats or &uts.

t-3»5» he saicrodiEG&te of the

Xvo general points require empliasie. Firstly, because 

micro elisiatic factors vary i>«tn«en the bottom and top, between 

bar© and ve^etsatiou-oovoreci soil and on different aspects, a 

mound is usually isor« heterogeneous in raicroenviroruaent than an 

equal surface area of the surrounding pasture, fluctuations of 

temperature, hu/aidity an4 evaporation on ant-hills are probably 

c;uch greater than in the sward, where the.v are ''lamped' by the 

tall, complete vegetation cover. .-econdly, although a any of 

the statements in this section are baaed on discontinuous measure­ 

ments of environisental fsctors at Aston lowant K*N.tl. in 1971, 

I have not quantified th« microclimates of the raounda tlioroughly. 

slants aro tha best inte^ratorn of environment, and the appropriat« 

time for investigating particular factors in detail vo-old be after 

field experiisenta (like those iescribad ia Chapter 5; bad

that they od^ht be ia5}x>rtant ia influencing plant
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Seasonal and diurnal teaperature fluctuations In ant-hill

•oil are greater on southern than northern aspects, and decrease 

with depth. Temperatures over 40°0 frequently occur beneath 

bare soil on the south side of the mound a on summer days when 

the air temperature exceeds 21 °0, Since the temperature of the 

bare aoil must often fall below air temperature at night in

•offlcser, shallow-rooted plants may f;ain some water by condensation 

in the surface soil froffi the atmosphere, «*s in dune soils 

(Salisbury 1952). However, the amplitude of temperature fluctua­ 

tions ia reduced under ve,tetation. For instance, on 16 Jepterober 

1-171, a wari? day on which the air temperature reached 24«5°C, the 

aoil temperature 1 cm deep oa the south side of an ant-hill 

reached 36-3°C, but 2-5 era away, under j^gtuea, rubra or Leontodon 

hiapiduo, the highest temperature recorded at the same depth was 

26-27°C. The march of temper&ture under vegetation on the south 

side of the mound reseesbled that under soil on the north aide. 

fiaarlov (1960) found that temperature fluctuations under soil on 

the north sidaa of wit-hills were similar to those in pasture 

soil at the r»ac« depth,

I'Oflt r»di&nt energy frorc the sun which reaches soil and 

it« plant cover ie used in evaporating vater. J hmve already 

shown that the mounds are usually drier than the surrounding aoil 

and that their south sides are often r'rier than their north slopes.

Haarlov (196G/ uaeti aaximuR and miniFiuuc thermometers to
t«ffipersiture fluctuations at ? oia depth in ant-hill and pasture 
Boil at Jaegers borg .ark, j;enisark from 1 June 1942 to 31 August 
1943. the amplitude of seasonal and diurnal ter.perature fluctua- 
tioas was greater on aouth aspects of mounds (where the tempera- 
ttire once reached 44°0) than on the north. Temperature fr»asure- 
rent;.: a^adc on ant-hills ai -h* .;.>owliii,;i -\lley, .ytham -oods, "erks. 
using a continuous 'Jrant recorder with thermistor probes, confirm 
his results (Dr. 3»H.J. Hood ell, p«rs.
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D»wt frost and snow lia longer on the northern than the southern 

8 idea. Plants on south-facing aspects of ant-hills are under 

moon greater evaporative a trees in summer than those on the 
north* For instance, I measured evaporation frost all aspects 
of a mound, vitftt Plohe-type evapori&etera, every twenty minutes 
from 0955-1655 hrs on 10 September 1971, a typical summer's day 
with both overcast find sunny periods on which the air temperatures 
reached 22°2. The integrated evaporation from the middle of the 
south aide of the ant-hill was 2»74 ti»98 that froa the north. 
Changes in evaporation rate closely reflected fluctuations in the 
temperature, which reached 40»5°C under 0»5 en of soil on the 
southerly slope but only 23°C on the northerly one.

V?ind speed over an ant-hill's surface depends on the height 

of vegetation in the wind's travel before it reaches the mound 

(raeasurer^nts at Aston iowant ? T .N.i., e.g. 16 August 1971). 

When the height of the surrounding award is well below that of 

the summit of the 'hill, much of the mound's surface, and ita 

plant cover, say be expoaed even to alight breeaoa, with a 

consequent increase in evaporation. Yet when the vegetation 

around the &ound is almost as tell aa its summit, wind movement 

aero 38 its surface ciui only b« detected with anemometers in very 

windy conditions. thus tho ardcroelievate of an ant-hill is 

ameliorated when it is surrounding by tall gsrasses.

Moat plant Bp»oie« grow equally well and are equally 

abundant on mil aspect® of ant-hills. However, Festucn

often grows mor* luxuriantly on north-fucii>^ than south-facing 
aspects, aa mentioned In section 1.3.<?« This ray reinforce the 

nicroclirsatjc differences between north and south slopes which
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already exiated, and sight some tines impose patterns on other 

plant apecies (Chapter 3). Pleurocarpous raoasea, Ilka 

aohrebari at iihoaalli T;own (Chapter 2) and

Hieudogcleropodiuin puyujg at Aston Rowan t (Chapter 3) Q»y ba 

significantly (P^0*05) more abundant on northern than southern 

aspects of ant-hills. D« a location and/or hi#h soil tesaparaturea 

sight contribute to seedling deaths on the south sides of the 

mounds but I only have evidence of this for seedlings of 

Arerjaria aeryyllifo^jl^ (Chapter 5).

CTH 1.^ AMTKAI

There sra nuciaroua report® in tKe literature that the 

vegetation on sound e built by other species of ants, rodents 

(<5»S» r\os8 et al. 1969), tenaites (reviewed by I«e artd ooi 1971) 

or molee ?nay socie times differ from th&t eurroun-iin^; thec» 

Mowever, even in the occasional eases in which the relationship 

between vegetation and environment on an aniiaal artefact has 

bean investigated sore fully (e,g» joodland 1965 and pers, oomra, ) , 

the results shei little light on the relationship between 

vegetation and environment on I; f _fla.vus art-hilla. Other rounds 

differ from L« ..._flavus. 'iii3.1s ia siiape and eize and have been 

built in different vegetation and environaantjs oy animals with 

different population sizes, food preference"- , foraging habita, 

©f foots on th® soil, abilities to heap it »op and so on, ?<®ver- 

thelea» f the relationships i/etveoa vegetr.tion and environment on 

mole-hills are worth discussing heret beoaupe mole-hille often 

bear a different flora to ant-hills, even in the same pasture.
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The differences between ant-hills and mole— hills in chalk 

grassland at Aston iowant N.N,;;. are summarised in Table 7. 

the aole-hills are invaded by species like Poterium 

garex flaoca. virsiua acaule , laqntjodgn hispidus and

^ which are abundant in the surrounding vegetation but
strikingly leee BO on ant-hllle. The enain reasons why these 
species flourish on mole -hills but not on ant-hills are probably 

the presence of their root stock bases, rhizome fragments and 
seeds in mole-hill soils , and the absence there of recurrent soil 

heaping onto the surface. ¥y observations on the colonisation 
of mole-hills in chalk grasslands (Appendix 2) complement those 
of Urbain & Karty (1920), Davies (1966), Voronov (1966) and 

Watt (1971). These authors describe plant successions on aole- 
hilln which last 2-4 year®. By this tirn*, the asole-hill la 
swamped by invading species, and eroded or trajspled to the level 
of the surrounding soil. Ant-hills are not susceptible to Euch 
trampling da»age when 'mature* because th«y are held together 
by the dense root scat often present in the upper layers of the 

soil, which is sometimes reinforced by a network of deep woody 
storas of the dwarf shrubs HelJj&nthefflUjB ^oh amae c is tus and /or 

Thyaus d nicei •

!>» flavusr colonies znay begin in mole-hills (-lould 1747, 
Haarlov I960, Voronov 1968)? Pontin f a (1960b) results show that 

newly-fertilised j^. flavus queenc preferentially 'burrow into bare 

soil. ihls may be why ant-hills and mole-hills are sometimes 

confused. ^or example, Tans ley &, Adaa<son'@ (1925) 'mole-heapa 1 

were probably ant-hills t and ; ellanby (1971, p,144} illustrates 

ant-liills at larsonage Down, ilts, an3 cftlls them sole-hills.



Table 7, differences between aat-hillg and at
:ovant

Life-span

Orowth

Ero*ioa

Basal area 

-oil

Soil heaping

Smothering of 
plants by 
neaped soil

Indefinite? Ueually far fex- 2-4 years. 
oeed* 2-4 years.

until abandoned.

Slow, once plant cover

and
other propa- 
gules in 
heaped soil

Increase*? in height and basal 
area until wvtch taller and 
larger than mole-hills.

Structureless, a toneless, 
organic flatter content 
usually lowar than sur­ 
rounding soil.

..>oice heaped up «ach year, 
until abandoned.

Ocouro each year.

Hardly any.

Viable 
»raiB' onto 

surface

Lovor density.
decreases tovoric sumrdt.
(Ilore 43election of

height
Usually shorter than JV

pecieeCharacteristic Differa frois >7. 
asterisked less 
on :',?! tha'n in ./

Sudden and rapid, then 
alov decrease in volurae.

Kuch faster erosion, 
rain and trampling, 
back to level of sur­ 
rounding ocil.

decrease in height 
as erodod. Basal area 
constant .

J true tured t s t ony , 
organic i??atter content 
equal to that of sur­ 
rounding soil.

Larger volume heaped 
up suddenly, tfo 
further helping,

Occurs when aaole-hill 
built, but not subse­ 
quently.

Viable seed 'bauak' in 
soil probably equiva­ 
lent to that in i..ur- 
rounding 0oil. 'loot 
f ra^psents , rhiaosaes 
and 0tolonr? f a^le to 
regenerate, occur in 
heaped soil.

Higher density.

3i*rdlar to ?

isdlar to 5V.

ohamss c ,i a t ua , annuals , 
': c r o G ~r ̂  ̂ "^er^tiu ;r 
holo3tsQidj^3 etc* more sbua- 
dant than in JV.

rubra. l
lotua_c orn i cula tug~*all

3V = aurrounainei
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1.5.

I review previous work on the ecology of

the ant Laaiua f l&vus and the mounds which it builds in British 

^grasslands. £he short, incomplete vegetation cover on 'active 1 

ant-hills often has a different species composition to the 

surrounding award. Plant speoias patterns «say be affected by 

the size or a,;© of » mound, aspect, or the level of ant activity, 

the &8in factors which influence the occurrence or abundance of 

particular species on th« ant hills are probably the heaping of 

eoil over the surfaces of plants by the ants, the? greater 

susceptibility to drought of ant-hill than pe.ature soils, and 

in tall vegetation, rabbit-graaing.



GRAFTS* 2

W.5 YKagfATIOK 0? ANT-HJIU IN AOID1C Agrostia tenuia/j'estuoa

OVina ORA33LA5DS ON TH3 00* 3R PSHIK3BLA, 30UTH WAL1S

2.1.

I set out first to quantify the differences between the 

vegetation on the mounds and in the pasture at several sites in 

acidic (this chapter) and calcareous (Jhepter 3) grasslands. 

I began b. samvliai' acidic .grasslands because patterns of species 

in relation to ant-hille might be more obvious in species-poor 

than apeciea-rieh vegetation. Detailed experiments could not b« 

oarrie'; out at the >3ower sites because of their distance from 

Oxford and their exposur® to huaans and grazing? animals. let 

the descriptive results provided a useful check on my conclusions 

from chalk grasslands (Chapter 3 onwards) and often helped rae to 

suggest general properties of ant-hills (Chapter 6).

In the lower peninsula several Old Red JandRtone (';on~ 

gloisarate} hills (Jcor^e 1940} dominate the surrounding plain. 

Koet of these hills have been cocaaon land for centuries, ^raaed 

raainly by horses and sheep, and those areas which have not been 

invaded by Iteridium aqullimjun are ^rnaay asd often bear dense 

populations of i.« flavua jaounds. ?he heavily <graaed swards ar« 

typically 2-5 oo high and have a species composition typical 

of A^rqatia tenuisygest .qa ovina gTRSSlanus in the western uplande 

of Britain (Tansley 1S39)» with these two species forming a dense 

natrix in which \>aliuia aaxa, t ile , .iutagx acetosella. ^nthoxanthum 

odoratum and Luaula cagspestriE are frequent and l-ardua

and .jie^I^n^ia de c-    "'be_n_a eoraetiffias occur. i!his vegetation
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covers shallow (10-20 cm deep) heavily podsolised acidic 

(pH 3«5-4»8 in top 5 cm) nutrient-poor sandy soils in which 

quartz and jasper pebbles increase with depth. The sites I 

aarcpled were all within 4 km of the sea and very exposed to 

sea gales and sea siat. The irean total annual rainfall is 

about 1 1 05 mm.

I shall describe the patterns of species in relation to 

large ant-hills at five sites. I sampled four of them 

(Harding*s Down, Jefn Bryn, Llanauadoc 'xnm and the south end 

of lihosaili Down) by subjectively estimating the percentage 

covers of all species on ant-hills and in quadrats placed in the 

award (section 2.2.). fhe vegetation on and off the mounds at 

the north end of hossili Down was sampled intensively by a 

complex point quadrat technique (section 2.3). 3it» details 

and results are given in Appendices 4-^.

2.2. 3CMPA HISPID C? ASt-HIIL AND

OF .1 Haul II 

.2.1.

The sampled sitea were hosogetieous areas with the highest 

ant-hill densities. Jainpling sites «ere not selected because 

they had distinctive ant-hill vegetation. rethode used in the 

recording of site details and ant-hill characteristics are .given 

in Appendix 3.

At each place I paced out two co-ordinates at right anglas 

to one another to form n rectangle which enclosed over sixty 

Rounds. I found random points by pacing? at each point, I 

selected the nearest mound for raampliAs. ;ince l^ flavug mounds 

are usually regularly-distributed (appendix 3) I waa selecting
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* BOX* or lees randon sample* Only ant-hills at least 15 cm 

high and 30 cat in mean basal diameter were eaapled, so that in 

a SBall safiple, succession*! effects on smaller mounds would not 

obscure differences in species abundance on end off large mounds.

the ed&e of the mound was defined witfr a piece of string 

«* the place where the slope of the Bound sade an angle with the 

slope of the soil around it. The aargin could usually be 

determined precisely but sonstimes had to be defined arbitrarily   

?he percentage cover of every species ( An&iosperos , Bryophytes, 

Liohena) rooted in the mound was estimated on a percentage scale. 

All species with a cover of less than 1«5;' were recorded as having 

a cover of 1£. The height and diameter of the mound, the 

vegetation height, the percentage cover of bare soil and the 

voluae of newly-heaped soil were estimated (Appendix 3)« 

Animal ^rasin^;, droppings or das^e was recorded.

After each ant-hill had been sampled, a 0«5 x 0«5 a 

quadrat was placed in the surrounding vegetation with the centre 

of one of its side:? 0»3 ffi from the edge of th« aound in a random 

direction* the percenta-pe covers of all species, vegetation 

height etc* were assessed as for the ant-hill. The surrounding 

vegetation quadrat was associated with each taound because the 

resulting paired comparisons design (randomised blocks with two 

treatments per block) provided a sore efficient significance test 

than the completely randomised design appropriate if all the 

surrounding vegetation quadrats had been arranged randomly over 

the sampled aite. 3y using a paired comparisons design, the 

effect of local variation® in the percentage cover of a opsoi®® 

was subtracted from the error variance. ^i^ht ant-hill/pasture
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quadrat pain were sampled at each sit* (ten at Cefn Bryn). 

In the significance teats (Appendix 3) the block 0 from which 

a species was absent were ignored*

2.2*2. Results

Cite details and full results are given in Appendices 4-7. 

The results from all four sites are combined and summarised 

in I? ig, 6. for all the species which occurred in ten or more 

blocks altogether* The histograms suggest that A,ira praecox, 

eoariugi and rlytrichuxa juniper imug have a narked

preference for ant-hills, and that A^rostia tenuis.

odoratum. ^ugula cacrpestrio, .Ihytidiadelphus gquarroaua.

decugbena and possibly ?egtuoa ovinfe and Hypnum 

are rrach more abundant in the award than on the

mounds. These ixnpressions are confir»«d by the results of 

significance tests on the raw data (table 6), but discussion of 

these distributions is deferred until section 2.4.

.5. qoKPftsi-ipy py raasgfiTioH OR AND c^p HCT-HILLG A-?
NcarH .::yp OF

2.3.1. Introduction

At the n<3rthern end of ;hossili S'jown, along the path 

iiillend to the Beacon, a concave §rnsey area sloping 7° to the 

north and locally known as '303610*3 meadow 1 supports a dsnse 

population of L^ fJLavua mounds (Pig* 7). ^«tnils of the site 

and its enviromoent are given in Appendix 8. In vegetation, 

soil, geology, climate, history and graain^ regiB» 'Bessie's 

aaeaSow' was very similar to th& other Jover sites, but the ant­ 

hills there were sampled in detail, using a point quadrat 

technique .



of e^clco on an< ofg

ia tfee

diff*r*ae* botvoea the estimated pefceatat^ covers of the 

oa the £touod and ia its associated «>itrrouiidlag v« : .etatioa 

«aa c«lculet«d for **9h * block* iu which the e?>«ei»i, a?d 

r*ci3rd«d* fh«&« diff ̂ renews w»f« t , routed tog*tii*r t« pro4uc« 

a frequency dietribution for e«cfa 6p«cl«e» *be cift&e«8« froa loft to 

aro &0 follow* t

1, 10O-37? ESOP* eovor in t|»« surrowa^lag v« «t«tioa tbaa oa

0*ii oqiaal cuvor on and ff tit* 

7, ISS a»r« eov*r on ;ant-hille tfcm in the eurrouialine ve, o eti

a.

10,

seal© wna cstlo-ulat 4 by divisifti, log^l-00 by 5, aad intended

to »* l«e»ao««al {ViliiABQ 19>C^)* 3e«3a®« of & calculation «r«»y tfee 

eo&l« ia only a.>::ra*ia®r.ei7 log-»ao uml, but tae vi^oai effse ie 

^isiXar* 'Hioeo ancles ui-h th® *<;-aR-ra of .-rsvity* of tti«ir iiisto rone 

woll to th* l»ft al the central vertical lias &r» <%iaZy coaiia^a 

to Ut* *«turo, whtlat tho«« more f re quest to the riuht of the liac

y IM»V* e &ro»t or i ;erco&f &e« aover oo aat«^ille thns is ,lie award,



FR
E

Q
U

E
N

C
Y

 
O

F
 

B
LO

C
K

S
 

IN
 

A
B

U
N

D
A

N
C

E
 

C
LA

S
S

o
o

U
l

-»
U

l
o —
I—

10 o

to a. m n tr ffi V
I

N C O V
I

I C 3 T3

(A •D •o

J

(Q 3 c_
 

5'

n V
I i 5 a

(Q • o-

o o_
 

e'
 

3 V
I O



Xa'oXe 8. .vpeoiee significantl (i * 0*05) aaore abundant either
on ant-hills or 
leaet one of the

the aurround 
our acid grass

vegetaion in at 
sites sample!

The first figure represents the number of sites at which the 
species was significantly score abundant in one area than the 
other, sand the figure in brackets is the number of Bites at 
vhioh the species occurred.

Ant-hilly 

lolytriohuB luniperinum 4(4)
Ayna praeoox 20 . 
PioranuTE sooporiuis 2(4)

piliferuro 1(4)

tenuis 5(4)
5(4)

odoratujg 2(
aujB 
(47

3(4)

Frequent apecieg vith apparently rterid;.um aauilinujg 1(1) 
qo preferencea include:
Jaliuia saxatJ

qu 
il

'lypoohoeris
: .uis piloaella 1(1) 

* t(2)

aoetoeella otentilla ereota 1(3)
.^ropodium Purum 1(3)

fl;:«. 1. View ov«r the ®ite sampled at the north end of 
Shoaalli Down (May 1968).



2.3.2. Method* 
2.3.2.1. A homogeneous sampling area 25 x 40 B was

earked oat. Hie 497 nature mounds in it were numbered and 

twenty random » hills, each at least 15 cm hi^h and 30 cm in

mean basal diameter, were selected for sampling* Quite inde-
2 pendent ly, 16 random 1 & quadrats were positioned in the

surrounding vegetation.

I had designed a portable 'three-dimensional topo graph* 

for point quadrat sampling (Fig. 6). An aluminium frame just 

over a metre square is supported by an adjustable alu&inius leg 

at each corner and can be levelled with a spirit level. Within 

the frame, supported by two sides of it, rune a vertical board 

P5 cm high bearing waterproofed graph paper. In front of the 

graph paper, at the bass of the board, is a conventional point 

quadrat frame carrying a hundred sharpened steel pins, of 

identical length, at 1 OB intervals. ?h» board can be located

E. 8. Th» • three-diisensional topo^raph*.
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precisely along the fratse by holes bored la the frame 1 on 

apart, 'i'hos for any given position of the fra»e, 10,000 

possible points can be sampled, and the relative mloro- 

topographic heights of esoh point can be measured by reading 

off the height of the top of eaoh pin against the graph paper 

on the board.

ilaoh ant-hill w&s sampled in the following mam^r. the 

topograph was eat up over the mound with one axis dua Worth/ 

South, and levelled. By inspection, lowering the pina at 

intervals, etc., the positions of the summit and margins of the 

ant-hill were recorded in ter»» of two coordinates, the distance 

along the frame and the distance across the board. ?he 

topograph was rtssov«d but the positions of its legs were Earksd. 

In tha laboratory a vertical projection of the ant-hill was 

drawn on graph paper &nd its area divided into octants radiatirsg 

frorc the summit. Within each octant was a nuraber of possible 

sampling points, each defined by an intersection of lines on 

the graph paper. fifteen random snzBplin^ points were defined 

in each octant >dlth tables of random numbers. The oo ordinates 

of each point were transferred to standardised recording sheets, 

the topogrraph w&e r<s-0rsct#d in the field in an identical 

position, and the on«-hundr#d EM twenty selected points aaapled. 

At each sampling point the species touched by the sharpened tip 

of the pin as it was lowered through tie vegetation ware recorded, 

and the ^tght of th© pin against the .^reph paper was noted.

>Jiace the topograph was norieorttal but the axperimental 

site sloped, the vertical  Biorotopographic height of each 

sampled point had to be corrected to its perpendicular height 

«bove a sloping plan« (or two intersecting planes} if the

iden came froa Joorraan f- . oodell (1966).
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heights of different points on the same ant-hill vere to be 
meaningfully compared. 2hla sloping basal plane was defined 
by dropping eight points just off the mound at each of the 3¥, 
SB, Jtw and trs corners and noting their vertical microtopographic 
heights* Saoh group of eight Eeasureraents was averaged, and 
Qince the mean positions of the four resulting points in the 
co-ordinate f raise were Irnovn, the exact position(s) a,id slope(s) 
of the baaal plane (a) could be defined, and the v@rtj.cal sdcro- 
topographic heights converted to heights perpendicularly above 

this plane by simple geometry.
Sach pasture quadrat was sampled by 120 points arranged 

in a 12 x 10 systematic ^jrid, but topographic heights were not 

determined «
The advantages aad d isadvant<\g©s of point quadrat sampling 

compared Kith subjective eatitaation are discussed iri section 4*2.1*

2.3.2.2. Kap Production,. In the selection of the random sampling 
points on ant-hills, maps had b«en drawn of the positions of each 
sampled point on vertical projections of the twenty sampled 
mounds. tfach of the 2,400 ssicpled points can be defined on 
these maps by (i) its distance from the aunasit, as a percentage 
of the distance fro® the suiBasit to the margin fehrou^i the point, 
and (ii) the radial angle of the point from the sucasit. this 
ia necessary since the mounda differ greatly in size and shape. 
If all theae points were plotted on the enre circular diagram 
with the 3usj&it at th<9 centre, the density of points over the 
circle would be homogeneous since th« sampling points were 

selected at randoaa. If only the points which hit a particular 

species aro plotted, in the aasce w&y» on a similar diagram,
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they should be distributed randomly If the specie 8 is. 

apeciea naps which arc Illustrated are not polaroGraphe like 

those, e.g. of Jerring (1959). On my dot-diagrams, two points 

at the yaffle distance from the summit may have been sampled from 

parts of ant-hills with completely different slopes.

2.3.3* Results
The full results appear in Appendix 9 and are '. 

in Table 9« Aa at sos» of the other -lover sites, i

sooperiuia. Polytriohw juniperinuro and P. pilifcrum are mch

.$. Kegin perQenta.,8^1 covers, (cal.culftt^ on
eft J ihe jaoat abundant . ftpeci^ts" on __&&&._ of fL ~'. __._
at thofih end jif. L ':hosn3ll~'tpvn , l-:ar csih-.p

», 0«0!> > y ^ 0.01 1 *», 1' -d O01 j K.3., not si^ificant, by a 
t^et for independence between the point quadrat frequency of

the 8pecl@s &r£ the area sampled

tenuis 50-4 4. 4.05 G9-9 3. >09*»
;huEs odoratum 3-3 £ 0*72 13*0 £ 2-44**

Festuoa oTina 37-2 ± 3*45 36-0 ^ 3-37R.3.
GaliuaB saxatile 11-0 T 1-73 10*1 4_ 1-87F.3*
Lu«ula caKpeatri® 0-3 "£ 0-12 7*1 J 1-84**
Potentillu «r®cta 0 1*2 -»-0.51**
rlu-uex acetosella 2-5 i 0«90» 1-3 7 0»34
JJicranuffi acoparium 4*2 7 2*05** 0.6 7 0.32
Hypnura oupr^ssiforEe 1-4 -f 0*36 * 0*5 i G-18
Pleuroaium schreberi 12-9 7 3-17** 10-3 •<• 3-33
rolytrichum juniperinum 20.4 * 4-05** 0»3 •» 0-22
P. piliferum 14»9 2 2*55** 0-1 7 0.13
Pohlia nutana 0-4 > C-17'* 0 ""
RhytidiadelphuB equarrosus 4«9 * 1»98** 2»7 £ 0*43

sore abuaieat on the mounds than in the surrounding vegetation 

but Anthg>xant.hum. odorntvx^, luaula, caRpeatrig and j

greet a have a Marked 'preference for 1 the surrounding award.

iioith (1964) notes that ^ol^triohua! Juniperinua and I, pilif^rua 
are both cosaaon on ant-hills in



Fig. 9. Total pattern of the pleurocarpous mosc Pleuroziuis 
achreberi on 20 mounds at the north end of Rhossili 
Down, March-April 1968.

The diagram was constructed by the method outlined 
in section 2.3.2.2. When species frequency on north 
and south aspects was compared in a 2x2 contingency 
table, there was a highly significant lack of independence 
between aspect and the abundance of Ileurozium.= 117 * 2 > p<6 ° ———————

Of species not recorded in the survey, Aira prr.ocox (frequent), 

Thymus drucei and Sedum an/glicum seemed to be confined to ant­ 

hills but Nardus stricta was abundant between them.

Five species had significantly (P <£. 0'05) non-random 

patterns on ant-hills when the points hitting then were mapped 

(7igs. 9 £••- 10). Pleuro ?. i un s chr e be r i is far more frequent on 

northern than southern aspects, Anthoxanthuir. odoratum and Rumex 

acetosella are more abundant around the margin than in the centre,



Fig.10.

Anthoxanthum odoratua 
When frequency in the central 
half of the area was tested again­ 
st that in the outer half by a X/vi 
test,x2j3 6.16 (0.05>P?-0.01)i LJ 
thus more frequent around margin*

Rumex acetosella ~ 
For central/outer half , Xrj« 
10.97 (P^. 0.001); thus more 
frequent around margin*

equ-

Polytrichum juniperinuja 
For central/outer halx', ^^fn] 
^7«36(P«0.001); thus more TV 
ent on top

Frequency in octanto from 
W-KE was tested against that in 
the other five (2x2 table). 
X2. = 9*25 (P-C0.01); thus more 
frequent on south than north*

Polytrichum piliferum, 
For central/outer half, X* 
= 5.6l(0.05>P^0.01); thus 
more frequent on top.

For NW-E/other 5 octants, 
X^j = 21.15 (P<0.001); thus 
more frequent on south than 
north.



rolytriehuat junjperlnuf has a tsuoh higher cover at the summit 

than near the edge (and a slight tendency towards the south 

side) and ff f_.. pillfgrua 1« comsoaer on northerly than southerly 

aspects with a slight 'preference for 1 the tops.

Some of these patterns are confirmed by the distribution* 

of species with perpendicular height ^Jable 10). Aaron tlq 

tenuis. /allum attxatile and lleurozlim sohrebori are taore 

abundant near the baaea than on the tops of the mounds but

juniper invua IB fcOBt frequent at the susajaite, and

is coEjfponast Juat below the top.

Ihe twenty saounda in the saapl® vere ranked in order of 

increasing 'ant activity* on the basis of the density of ants 

in soil saaiplse taken fron the mounds, and the voluae of soil 

heaped onto the surface. Anthoxanthuffi odoratuffi. wit* a Kend all's 

coefficient of rank correlation of t « 2«?04 (0»05 > ; > 0-01), 

bee*3te less abundant as the 'ant activity* incroaaed, but no 

other speolee yielded a aignif leant correlation.

2.A.

Sosac ep©ci«s 'prefer* or 'avoid 1 ant-hills at user® than 

one of the five sites, ^ira^praecog, ^icranua scoparixjygi.

juniperir.u3 and ? iJLif erum are in the former

category «md Agroistis tenula. ^R^hgxanthuos odpratuK. •.•'

gvina,« j.>u.3ule, . cag:.?«8 trjg. arid potent ill, a, erect^ in the latter. 

Vhftt causes theee marked dif£er&ac«s in species patterns?

The four species which are zuore abundant on ant-hills 

than in the pasture are all characteristic colonisers of bare 

acii soil on ovar-grased pastures, inland sandy regions, screes



10
. 

D
iB

tr
ib

xi
tio

n 
of

 s
pe

ci
ea

 w
ith

 p
er

pe
nd

ic
ul

ar
 h

e
ih

t 
on

 a
n
t-

h
il

l8
 a

t 
th

e 
no

rt
h 

en
d 

of

ff
et

ho
cl

. 
Th

e 
pe

rp
en

di
cu

la
r 

he
ig

ht
 o

f 
ea

ch
 s

am
pl

ed
 

po
in

t 
ab

ov
e 

th
e 

ba
sa

l 
pl

an
e(

s)
 w

as
 
ca

lc
ul

at
ed

, 
an

d 
ex

pr
es

s a
d 

na
i 

a 
pe

rc
en

ta
ge

 o
f 

th
e 

he
ig

ht
 o

f 
th

e 
hi

gh
es

t 
sa

sp
le

d 
po

in
t 

on
 t

he
 a

n
t-

h
il

l.
 

Th
e 

da
ta

 f
or

 a
ll

 t
w

en
ty

 n
ou

nd
n 

ve
re

 c
oi

zb
in

sd
, 

an
r*

 
ar

e 
eu

ss
ei

ar
is

ed
 b

el
ow

, 
w

ith
 t

he
 p

er
ce

nt
ag

es
 g

ro
up

ed
 

in
 c

la
ss

es
 o

f 
10

?"
; 

i.
e
.,

 
cl

',s
s 

1 
co

nt
ai

ns
 a

ll
 

po
in

ts
 w

it
hi

n 
<

 1
0-

 1?
t 

of
 t

he
 t

o
ta

l 
an

t-
h

il
l 

he
ig

ht
, 

cl
as

s 
2 

po
in

ts
 w

it
hi

n 
10

.1
-2

0$
 a

nd
 a

o 
on

.

fr
eq

ue
nc

y 
of

 e
ac

h 
sp

ec
ia

a 
am

on
gB

t 
th

e 
po

in
ts

 
in

 e
ac

h 
he

ig
ht

 c
la

ag
.

CL
Ac

isi

K
ba

ae
)

2 3 4 5 6 7 8 9 10
(t

op
)

A
^r

os
ti

s 
te

au
is

5
7

0
-

51
-0

53
-6

50
 • 3

59
.4

**
43

-1
*

4?
»1

45
-4

39
*2

**
46

-2

4r
.th

o>
: a

nt
 hu

a 
'o

qo
ra

tu
a"

"

JO 4*
2

2-
6

2-
5

1.
6

G
-4

**
j£

1 *
8

2.
4

0 
• 4

 *f
*

4-
9

re
nt

uc
a

ov
in

a
41

.2
44

»0
37

.8
43

* 
1

34
-9

36
*2

31
-1

*
32

.0
40

.1
J7

»c
3

•l
al

ju
si

 
ge

uc
at

ile
9-

4
12

.5
16

-4
**

14
-7 9*
2

17
* 

1 *
8

.8
10

*3 7.
 ?

*
7-

0*

ao
et

os
el

la
3-

3
4«

8
1-

5
2-

0
4-

0
2*

4
2*

7
1.

0)
1

2.
5

0.
7*

P
le

ur
pz

iu
a

gc
lir

eb
er

j>
 "

18
»4

15
*5

16
.0

13
*2

14
-5 5.
5*

**
11

-4
13

-7
11

«4 7-
0»

*

Fo
ly

tr
ic

hu
ua

 
ju

ni
pe

ri
nu

g
17

-3
14

-3
*

16
.3

19
*3

17
-7

22
*4

ie«
8

19
-6

2G
-7

**
23

-1

To
lY

tri
ch

um
pi

li
fe

ru
n

9.
1 

**
*

10
«1

*
15

.3
13

-7
14

-1
J9

-9
23

-8
*«

«
20

-3
13

«1
15

-4

0
01

 >
P

 >
0

«
0

0
1

; 
**

*

?h
f 

t-
te

st
 s

ug
ge

ot
ed

 b
y 

B
ai

le
y 

(1
95

9)
 

fo
r 

co
m

pa
ri

ng
 ?

m
 

ob
se

rv
ed

 
us

ed
 

th
ro

ug
ho

ut
, 

ex
ce

pt
 i

n 
th

os
e 

ca
se

s 
m

ar
ke

d 
w

ith
 a

 ?
 ,

 
in

 *
fa

ic
h 

th
e 

tr
an

r-
fo

r 
;a

ti
on

t 
gi

ve
n 

on
 p

.6
07

 o
f 

G
ok

al
 A

 
H

oh
lf

 
(1

96
9)

, 
i«

as
 u

se
d.



and burnt heethland. "They are eore frequent on the summit* 

at Bounds than elsewhere and this pattern sees* to reflect the 

distribution of bare soil heaped up by the ants. The winter 

annual Alra praecoaj! flowers profusely on ant-hilla, and its 

oaryopees way be efficiently wind-dispersed, since they only 

wei#h 142 Hg. lirgt would probably survive any periods of 

intense burial as a seed' ( f<ay to August) , although of course 

burial might impose seed dormancy. The yolytrlchuK specie* 

can regenerate from spores via protoneasata or fros! vegetative 

fragments. Once established, they may persist for some time; 

apparently separate I', junirgrlnusi shoots which I exeavnted 

were often attacked underground to the decaying, much-branched 

roatiiias of the same plant, which extended! up to 15 csa into the 

mound. JTeeumably th« raoes has .^rotra up through heaped 0oil 

over many years. T^each (1931) showed by experiraent and 

observation that r^ ^ilniferua r®acted to b\orial by increasing 

its branching, ^rowin,^ up throu^i th»? noil and producing 

abundant rhizolde. Dicranusa acoparium might also have this 

ability.
juniii>erjii|ug| occurs asost frequently on the

tops of ant-hills at ;iho3Sili Down, w'oilst f t piliferum is most 

abundant just bolov it, on th® south sides of the aususitn. I 

cannot explain this difference in their distribution, but it 

might be worth comparing their water relations.

Jhe five species which hava higher percentage covers in 

tha pasture than on ant-hills are all perennials characteristic

Idxon (1924) wrota that P. gllifgruB is a plant of 'dry heaths* 
but ^A JuniperinujEa of I hea^hs77~" ..uowinen (1969) p. 199 found 
t)tot ]_, Tdlifertjia VaJS indifferent to aspect on Finnish railway 
embRnkKento out i . J^unigerinuffi was Kore frequent on northerly 
th&n southerly aspects.
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of abort, olosed, acid grassland. rhelr lover density on the 

Bounds than off them eight be due to a lower birth rate on the 

mounds than in the Bvarda (e.g. due to inefficient dispersal, 

poorer gemination or seedling survival, or slower vegetative 

reproduction), a higher death rate (e.,/. because of lower 

tolerance to some adoroclimatie factor, or susceptibility to 

death by burial), or both. 1 have no information about death- 

rates, although the negative correlation between th« frequency 

of Anthoxaathum odoratum and 'ant activity 1 might bet dua to 

smothering of the species by newly-heaped soil. However, the 

birth-rates of species on ant-hills iaay be largely limited by 

the rate at which seeds and fruits can arrive there, since of 

the five species only Luzulps. and Aiyoatja have efficient 

vegetative reproduction, whioh is a alow means of dispersal 

even under conditions of low competitive stress . All these 

species fruit abundantly in th© awards, but the tops of ant­ 

hills are often above the levol of tha fruiting inflorescences, 

and the fruits my be heavy (e.g. ^iizula caapestris, 660

567 iig 9 £ & t iic o vii 684

the fruit 'rain' onto the tops of isounds is probably of low 

intensity. i'he 'baoka' of viable seed in ant-hill and pasture 

eoila were coEpared in an experiment described in detail in 

Appendix 23 and suBsmariced ia liable 11. The seeds of Agrostja 

4'es tuoa oving. ^nthoxaat hus odo r^ituR . _4uzu JLa^ . ca3ip_e_s t ri B , 

er&c_t •and eiiL d cuab@n_s ara all more abundant

in pasture soils than those taken from th© tops of ant-hills. 

These reoults indicate that the ability of certnin species in 

the sward to disperse their propagules onto the sound p. should be 

borne in mind when their patterns are explained.
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fable 11. Total estiaftted viable seed contents of roughly 
equal weights of ant-hill and surrounding soil 
taken frog the northern end of ahoasili Uovn'in 
&ece»ber 1968.

Paired soil samples of the same surface area vere taken from each 
of 25 random mounds and the pasture nearby, and kept in a cold 
frsuae at Oxford for nearly nineteen months. They were kept moist, 
and at intervals they were churned up and the seedlings which had 
emerged were identified and rercoved. All the species *?ith 
significantly (P < 0*05) unequal numbers of seedlings emerging 
fror, ant-hill said pasture soils are listed below, together with 
Qaliua snxatilf. I,ugula caspestria and tureex &oetosella. Szperi- 
itental detRils'7 sources of error and reeults are given in 
appendix 23.

AH l-V '.'10^

Agrostis tenuis
Aira praecox
AnthozGnthum odoratue
?#8tuca ovina
Qalium s sura tile
T,U3ula cacpestri®
i'otentilla erecta
Hunex acetosella
31eglin^ia iecuisbeas

93
613

6
29
145
0
5

28
0

513 **
83 **
45
176 **
219 S.3.

7 K.3.
48 *

244 !T.3.
18 *

t i*wo-tailed Wilooxon si^ned-ranks testa for atched pairs 
vere used.
X.3., P > 0.05} *, 0«05 > P > 0»01; ** f P -fi 0*01

fhe greater abundance of Pleurosiuri oclireberi, on tho northern 
than the southern sidea of ant-hills oould be due to death by 
desiccation on the south sides of raounds, or to the inability of 
the moss to photosynthssiss on the southern nspects 

for long enough to exceed cospensation point. Chese possibilitiea 
•re discussed further in Chapter 5 with rsfe recce to the similar 
pattern of ygei udQ.8t oJ..erppodi^uror....pura^ on mounds st Aston Howant

(1969) found that j> leurosiujs.. nchreberi was confined 
to north-facing railway embankroentc in Finland.



2.5. 3PKKAHY

la Chapter 2 I compare the vegetation on and off I. flavue 

ant-hills at five sites In th« -lover peninsula, outh '.sales. 

A,lra praeoox. T>ioranuii eoopaiftu^. Polytrichua junjparinug and 

| ̂ piliferuffi ar« sjore frequent on tha aoutds than in th* sward, 

but ^ygroatia tenuia, ,\^thO3t%athuQ .qd^;.-:_.tup, /eetuoa oyinfe,

can-,pqstri3 and rotentllla eye eta have tho reverse pattern. 

saicatilc showed no • praf er«noe * . rh« difttri but ions of 

some species on the mounds were mapped at the north end of 

Ehossili Sown, ^nthoxanthusi and ^.ucte* acetogella vere ooaasoner 
around the .aar^nfi than on the tops, folytriohus 3unir>eyinui8 

more fre<tuent on the suisaiits than elsewhere, ^

was far aiora abundant on north than south slopes and £orlytriofaum 

was densest on the south aide ;Just below the top. I
discuss some of the factors which could influence thef?e patterns 

and show that the density of viable soed of spsciee le©s abundant 

on ant-hills is lower in mound them pasture soil.
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- - CHAPtSR 3 

THS TCOBXAZXCir OF AHf-HILLu IK UOFS OALCARSCUU aRASSLAJIDS AND

CHALZ H5AT8S IB 3CUTh;El» -SHGLAND 

3.1.

I compared ant-hill and pasture vegetation at thirteen 

sites. .six of these vere in Wiltshire, four at Aaton ''owant 

8.K.H., Cxon. and three at I.ullinjgtem rTeath, :lu9a«.T. 

results enabled o» to select p-p«cieo vith conaistant 

in relation to mnt-hllla for further invest igation.

I us»d th« saae sacipllng technique as for the first four 

CJower aitee (section 2.2.1). In this, eight 'blocks' were

sampled at each site, each con@i&tl8£ of one random ant-hill
p«md one 0«25 a quadrat placed 30 cm away from the mound in the

surrounding vegetation. xfte percentage cov»r of every species 

in each enispla was astiaated subjectively on a reroentage scala, 

and several 'environmental variables' *er® recorded (appendix 

3 >.

3.3. a.^suLJtj
of the sites, ani full resultc, are

Appendices 10-22. , -It® 13 is the tihort vegetation to the 

north «f the oantroi in the centre of ay Beacon 'Till plot at 

Aeton ^.ovant 5»S.';1, (see aap, Appendix 29). »o®e details of 

this site appear in Chapter 4, and the results a.r* those for 

ant-hill» 14C; , 16G, 170, 176. 184, 190, 192 A 198 aad surrounding 

ve,i,et^tion quadrat* 74, 84, 85, S9, 92, 95 » 96 & 99 im the surrey 

rearolts in Jippendix 28.



resulte froa all thirteen sites were combined and 

are susaarised in t'l^s. 11-15, the diagrams su^cgaat that

a Pp.* Jeraat^uo holocteoideB . He\ijijitheauin ohajaaepistufl.

drucei. iT^a^tuia flaveecanp. Vero.njLga. .^^srvenjs^a and

Bryum 8p;g.i 'prefer 1 ant-hilla and that ^.

acaule . CynoBurue cri»tatu». nactyjlj.!) .^.loroerata. Filii?endula

r a

I eoa t c don his p id yte , FligLnt^o lance^jLst^. t , tnedjuft*

.^anunoixluuB 8p^»« yvjioaigft pratcngie and 
'avoid 1

fcoet of these inspreesions are confiru»d by th© results of 

the edijaific fence tests (table 12). *hil8t only five species 

had a significantly {i ^0*05) greater percentage cover on the 

asounds than off the» at at least one site, thirty- whre© showed 

at least one distinct preference for the surrounding vegetation* 

Several eoundant sp&ciec are equally ooz&ascn on ant-hills and in 

the sward, e.^. Ai^roa.t|t^jjmsrtqlgni.f era t .-'estuQa •?!?#» • r.oel®ria; 

.j ol ium VQ rues and J.-Q t us coriii c_ula t .

1 noticed several drassatlc aspect distributions whilat 

sampling in calcareous grasslands. -^or i.R0t;inc8, at Aston 

Rovant S.S'^ii. sites 1 & 2, P»e utdoa cl er .og.pd ium ... .gurujs a eemed 

frequent on north than «outh aspects of the rounds. Its total 

pattern on 260 aat-hills in my Beacon :I111 plot is eur-rsariaed 

in fig, 16, in vhlch Its greater luxuriance on northerly slopes 

is obvious. In contrast, ?hyisu8 druceJL and

tua were EOT© abundant on south-facing than north-facing

aame pattern {met been found in four (1969-72) University 
first yepr practicals at cite I et :,ston :"ovant (see FTs 
Appendix 29). It ie discuesed in Chapter 5.



of s?»cieg:_ on 0.0

at t.hirt-ca

ia

product itta ^ad a*»Riiin^ of th« hietugraac ie 

ia the eftptioa to Fig.o, p.26* All c «cie-n; which occurred in ten 

or sor« blocks are included* Ail th« epeei«& of ^ianunculua« 

of Bryura* io tiic eea le» had eiailar pa t»i*tta o;* th« 

tad have bewa grouped
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12. >peeies «ii%iflf jointly (P^0«05) more abundant either 
on ant»hil3,a or in^tha gurroundixtg Veaeta tion in at 
least one of ibe 11 legdoareoug "j^raaaX^and. gites 8&iaple4

the first figure represents the number of sites at which 
the species van significantly more abundant in on® area than 
the other, and the figure in brackets is the number of sites 
at vhioh the speeles occurred.

Aat-hills
Thaua drucei n(t3) 

aroae
f opid

Thyaua drucei n(t3) 
Uellanthemum oharoaecistus 3(9) 

raFtiufr 'holosf opidac 1C6)
risetuic

aerpy Hi folia 1(9)

frequent s^ocioa yith IEOf,

A^roatia atolonifer^ (13) 
FeetucR app. (13)

cristata (12)
So tun" cor nloulatue (12) 

veruia (12 j
3enecio jg; cobaea (11 )

?r" r ot ̂ tt i f o 1 ia (10)'
Helic tot r ichon gub'gscgna (9)
^inum ^^thartl j-qrs (0) 
Ijedica'^o lvip_ulia?j. (9) 
,; G'~>. a JOB a coluy.bar ia (9)

a O)
(6)

_
l la

7)
7)

(7)

3urroundin& vegetation
Foterium sa-n^guisorbn, 10(12) 
(JOT* fl acqs. 1 0(13) 
leontodpn Ixia pi us 8(12) 
Ciraium &oaule"

r: .anceol§ta 5(12) 
ohon prafense 5(13)

vul^aris 4(6)
' Jj>( 5)

ereeta 3(77
Hucoisa ratgoeig 3(7) 
Hieraoiute pilose!Tla 3(10)

.ilOEsera-ia 3(11) 
2(5)

2(5)
acr

, 'repeng "'7 )
I^Ious Jan.: v ug"?( 12)

2(12)
J err a. t .ula t inc. t o.rl^ 1(1) 
.;arex^ hug^lJLg! 1'( 1 )

T sylen,denB 1(1)
.T. cco_:iriur: 1(3)

aTTT?;
ypocaoer id ra'icata 1 (4 j"*

1(6)

^ ( 7 )
aucus c?rot« '

Br 1 sa
"1 1(9) 

. 1(12)
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Fig, 16 a Frequency of Pseudosclero ' o diu'.; purua over the surface of 280 
mounds in my Beacon Hill plot (19^9) o

Every fifth mound wars examined. If P» pur um v/as present, an outline 
of the margin o:' die ani-hill was drawn to scale on a cycle'. tyled sheet, 
ae if the surface of the mound i/ore a plane. Ai-eas cove eu by
* .p'ur'arn were narked in.

In vhe laboratory, I placed a circular sheet of tracing p 
with lines 10° np.-irt radiatiat .rora the centre, over each field map, 
with its con;; re over the suiacito '.-'lienever the njose o^cui'-rcd within 
ci parti<:ul •••" 10° co-tor, ito 'I'euence within sub-areas of 0-10f,d» IO-20/', 
20«>:.^i etc. of tho <.,iG ; -:rcc from i;he aua; ! ;Lt ^o the eJ^e was noted. 
The prese cec for each i.i.und were transferred to the sane diagram, 
on polar co-ordinate ^ra h paper, which finally (above) showed cho 
number of titles that l'«pu-'ua uac reoont in each of che 3oO sub-areas,,

Since the e sub-aroac increase in area from the centre outvards, 
comparisons betv^een frequences are ciily valid within each aimulus,
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sides of ant-hills at several sites. The total pattern of 

Thytaua drucei on twenty mounds at Yarnbury Castle, .iltu 

ia given in r'ig. 17, and ri£. 16 illustrates the greater 

abundance of HeIi«.ntheRtiim chacsaeoietug on southern than northern 

aspect a of ant-hills at Aston towant r-.N.a, Liite 2. rhere, 

Heliant hets^ * s distribution reflects that of Lare soil but is 

negatively correlated with the cover of ?e%tuca rubra.

liiapjdua , ^seudl onpj.rerojxxl iugi j/ur-ffi and possibly

3.4.
rbygaa» druof^. &R& IL.^.jltfflth t̂tj^_. ch!B^eojts_^f are strikingly 

sore abimdast on emt-hills than in the surrounding vesetation 

la the calcareous grasalarKla 1 otasplad. Both species are 

woody xerorsorphio chamaephytes which on ant—hills have deep 

root systeDS penetretinf,; the underlying chall^ , end a oossplex 

systom of root ad woody ahoots refflifyin^; throughout the Bounds. 

All the e hoot a of rhyma or :igliantheiBUffi emerging from the 

aurface of an ant-hill frecutsntly belong to the saiae plant. 

hoota of both Bjiecies can withstand intense burial by soil 

heaped up by the anta; when Thffaaif or •lel^j^thegiua is commoner 

on Bouth-faoing than nortiti-faointo sides of sounds (Figs, 17 ft 18) 

it is usually at & site where soil-heaping by the ants is 

concentrated on southern aspects.

and

J^rinetutn flavoscQns were all oi^nif icantly (TJ ^0«05) more 

freqxient on ant-hills than off them at a single aite, 

li^c* A3f0n.aria are often confined to %nt-hilla in certain areas 

(I able 13). ?.'f*trt from Are?-.aria the rsost characteristic ant-
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Fic»17e Frequency of Thynus drucei over the surfacec of 20 mounds 
at Yarnbury Castle, i/ilts. UU 035%3)» on 13 July 1969*

20 Q'jando in a population on a south-facing eartlnvork were 
selected at random. The surface of each ant-hill uac a::.}?pcd to 
scale on a cyclo-vtyled sheet ao if it uere plane. Areac of Thymi^ 
v/ere drawn in,

In ,,he laLovalory, aones of Ihynius presence on each field map 
i.ere defined by Uieir radial angles from the centre and their 
percentage distances from the sutaf.it to the ec.ge« r. hey uere transferred 
to the sa&e diagram, which finally chouod (above) the pattern of 
frequency of Thyuua over the mound auri^.ceo ^he nean shape of the 
mounds -.;as asyiii/ie



Fig.18. Mean aspect distributions of soil heaping and three species on 

ten random mounds at Beacon Hill,site2, in 1971.

Heaped soil 

fy Frequency

N

A

Helianthemum chamaecistus

Frequency

Festuca rubra Leontodon hispidus

Frequency Total distribution
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Head, Qevar, Qlem« (JUM 1070) 
Head, Cefn :«yn, and Llaraoadoo Down, all in Gower, Glad*

June 1970) | Silwood Stark, Acoot tiexfca, (Waloff & HLaokith 1962),
- Lite U, my plot, jJeaoon mil, Ojcon (1968); Earl* a liill, Salop 

June 1972)} Bowling Alley, V;ytham Vvoods, Oxan. (May 1972).
Hill, K oratchbur, and Gotley .tills, end V-liite Livect'

all lilts (July 1969) I UOlir.; tm Heath, Sussex, Sites 1, 2 
near tumulus (see map, Appx.i£) (October 1971); Jeacon Iiill, Oxon on site 
1, aite 5, vy plot, and aites U and H on the nap in appendix 29* 

Worn* a Head, Gower, Cilam. (June 1970)* 
i.ite C (taap, Appx 29) Beaocn Hill, Oxon (September 1971) 

flffi1Jft?tyt't-Mt *H ff4iA"r ^ plot, Beaoon Hill, Goaan (August to October 1969) 
«c«B^atijf| JiPAtT^1iriTilifaffift «'e*t Hill, boratchbury and Gotley Hilla, Cac^ Down, Whit* 

Sheet Downs, and site near .utrixton iJeverlll, all Wilts. (July 1969); linqpit 
Bay, Dorset (April 1970); V«KB*B Head, (louver, Gl&m. (June 1970); Lulld 
ileatb, Guseex, aite 1 (October l^/l); ify Laciy'e ..cat, and ^ja, lir\ /He;,,

^oods, Berks (W 1972); say plot, ond !i. slope, ijeaaon ilill, Oxan 
(1969); Pfeifier (1955%

^M|tt site 1 (see Hap, Appx.29) iJeftcon Hill , Cbon (June 1970)
Winspit iJay, Doraet (, pril 1970)

Head, Go«er, Gla: , (June 1970); Bald HOI, Oxon (June 1971); 

ay plot, Beacon Hill , Oxen (June 19C6); I^esaenger (1971), in Rutland,
iiill, L&L<3p (AU&10t I960)

site 1, *acon liill, Qxon (June 1970)
'I ''*'r'1 * B liill, alop (June 1972)

Plot > sites 1 end 3, Ueaoon Hill, 0»n (1969-71); Groae
[^--nP^iBJi 

1957) in Milts; iJessenger (I9n) in Kutland
*4< ^1^ liill, Ojoan (L. J. L, Peroival, i1, C« i'.« Wells, pere CCBOUA) 

"nu« rUv.-ood B&rk, Aaoot, i^erks, (Vaiof: & . lackitli 1962) 
^ (oonf • ii« i» -tyles) Jeacon Hill, 0^>n C1969)

Bowling Alley, .ythara V;ood;;, IlerkG. (.,. E* J« Woodell pers, ot
Worm's Head, Gower, G3aui (June 1070) 
I :iarding*8 dovn, Gower, Glf4a. (June 1970) 
my plot, Deacon Ilill, Oxon (. eptai.ber 1971)

Bonding alley, ^"ytheia Woods, .Berks, (s. K. J. Woodell pers. COKE, 
-ite C (see map, i-ppz, 29) "3eacon Ilill, Oxen (1971-2) 

Lerl*s Hill, ^alop (June 1972)
V/omAs Head, Gower, Glaiu, (June 1970); V-inspit Bay, Dorset (Apr! 

1970); my plot, xs&oon ilill, Oxen (1969); ^undfiy's iiill, Tythcuc. oods, 3erk»

(August 1907)
v-*%at IHU, i.tockton Don'<n, tliite iiosms. sll i^ilts. (1909)

fifl- .JUTHin^iB -*%a , i.ocon n'<, i ^ . ^. 
plot, north aide, anfl site 1, Beacon Ilill, Oxon (3^69-?u); .«sBengar (1371) in

Cutuor Hurst, Berks. (*4iy 1972). 
railway, Chipping, ^iorton, Oxoa (Juiy 1968)

*extont of "annual races" untaiotm.
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hill annuals in calcareous grasslands are frypaptla ramogissiaa. 

Trifoliugi dubium and Veronica ;arvensis. Qerastiwn holoateoides. 

a (usually) perennial chaaaephyte, often only occurs on ant- 

hills, A survey of th* north side of Beacon Hill, Aston 

W.ff.H. oonfinaed these distributions (Table 14). It also

14. the frequency of several gsecies on 287 ant-hi 
**nd 287 associated 0» 25 JB^ pasture quadrats c
north aide of |@aoon Hill, vafcon .vOvarst :i.:;.iU f '

Six random points were selected in the vegetation either 
aide of the footpath which runs down the north side of Beacon 
hill. ..Very ant-hill within 20 m of each o^' t.heee points was 
earcpled. \ qur^drat was placed 0-3 m away from each ant-hill 
in a ranaoa direction, and carefully searched.

Ant-hills

Arenari a e erpyl 1 i f ol ia
CatapodiuK ri^idua;

Veronica arvensis

.iuphrasia officinalis a^g 
Liausa c«.thart1.cuiB 
Kedicago lupulina

;-rpphila vernjR. Iberis aaara.

it-e 3.5
14«9 
1J.6

49-8
34 • 3

/olyjionuia ruriva

0-4

i4*9 
44.6
3C-5

^uffi and rrifolii
dubiug all ocmrred on one an t

•showed that the sumual Juphragigt officinal is &£j* (g,

^,. ggeudoker.neri), the (usually) biennial L.jnuat .. cathart icu|a 

and the (short-lived) jf^rermial ^^dJl^g^o lu^uliua were equally 

aburtdant on and off the nouiLia. (junt^anella. aifcarel^ji (Table 12) 

is in the Base category. 411 four of theea species must 

reproduce by seed in short chalk grassland, but if they can do 

so, why cannot Arenaria* Kyogot^g. Veronica and C

factors K^y b© important. :'ir3tly f the seeds of all the
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ant-hill confined species geminate jaainly in autumn, when 

the vegetation surrounding the mounds is at its most luxuriant 

and the roeette hesdcryptophytes are in full leaf. On the 

other hand, the seeds of all the ant-hill indifferent species 

germinate mainly in spring. For example, Linup

embryos have a chilling requirement of at least six weeks at 

5° 3 (pere. oba,). This chilling requirement is usually 

satisfied by December in the field but germination is prevented 

until spring by low soil temperature® (S.C. Clark, I960, pers, 

const.). In spring, short chalk grassland sviards often have 

exposed soil, partly because the leaves of rosette heffiicrypto- 

phytes which died in autumn have not been replaced; seedling® 

can ©asily establish themselves in this non-competitive situation. 

Secondly, in contrast to the ant-hill confined group, the ant­ 

hill indiffersrt group may have independent sources of nutrient 

supply, which could help them to withstand coir;, -et it ion from 

nearby perennials. ffedioago lupulina has nitrogen-fixing 

bacteria in root nodules and a eeed which weighs 122C &-;, about 

seven times that of ^eraetluo (177 pg). luohrssia a pp. are 

hesaiparasitic and in their nutrition are likely to resemble 

Cdontitea (Teo, 19^9, pers, coiwr.. ) which, as >x>vier et al. (1967,68) 

showed, can take up inorganic ions, water, amides, air.ino acids 

etc. from ita host. Jent.ianel.lqt aquarelle, is Eyoorrhisal and 

there is a report (j&lisbury, 1970, pers. coca,) of Eycorrhizae 

in ^j. aui.^ . _p.at hor ticuffi ; rsycorrhiaa© might improve the mineral 

nutrition of these species.

Carex flsc.oa, ^irg.iugi a,c%ul.e, r'ilJLpgndula vul^arig. 

^elicto t r ichon p.ratense » Lcontodpn hispidus, tlantaw lanceolat^. 

P. media and Pot---rlvua aan^uieorba are ths species which most



consistently maintain lowr population densities on the mounds 

than in the pasture, Planta of CirPima. ?otariura and ?i.lipenduls,

are particularly uncossson on ant-hills, and one factor contribu­ 

ting to their absence there could b« the inability of plants 

flowering In the sward to disperse their heavy fruits onto the 

surface of the nounds. ?videace jiven in Chapter 5 suggests 

that many of the species above depend on their fruitt? to colonise 

ant-hillc. Ihe * banks' of viable seed in mount! and pasture soils 

vere compared in an experiment described in detail in Appendix 24 

and sunuearised in ?able 15. The seeds of Oarex fl%coa and

contents of rouhly equaj.!gP..tal v_sg$jtsatgd
of ant-hill'"

April 96."

oughly

in

Paired ooil sassplea of the same surface area were taken 
from each of 25 randos1 tnounde and the pasture nearby, and kept 
moist in a cold frame at Oxford for nearly nineteen months. 
?hey vere churned up at intervals, and the :.;?odlin^s which had 
emerged were identifldd and removed, i^ll the specise which had 
more than 2O er.er sing eeedlin^s are listevl b@lov. ?he experi­ 
mental details and results are in Appendix 24.

Arenaria serpyllifolia
Car ex f'lacca
C^epis cspillaria
Fragaria vesca
^elianthessuffi eham&eciatua
Holcus lanatue
i,inum catharticuns
Flanta^o lanceolata
Prunella vul«s?iriE
Kenunoiilue re pens
$ubus fruticosus
*'h./i-<u3 druoei
/eronica ch&Hiaedrys
tfiola hirta

AH

145
0
5

28
3£
26
84

9
24

1
6

28
177

1

,»v
1

70
23

127
125
275

52
14
57
46
14

S
171
92

sia.t um
*«»*
K.a.
N.3.
U.S.
»*
*
U.S.
N.o.
H.S.
V f>£*»o*
N.3.
H.o.
*«

T Two-tailed Wilcoxcn si^ned-ranke tests for matched pairs were"
used. M.S., >0-C1;



Viola hirtft, both hesivy seeded apeoieo never seen to fruit on 
ant-hills , were practically confined to pasture soil. Another 
factor which could lower the population sizea of these species 
on ant-hills is burial of their seedlings by ant-heaped soil; 
all seven dicotyledons listed above have a rosette habit. 
Burial of ^eontodQQ seedling on the south sides of the mounds 
in Fig, 18 could account for its greater frequency on northerly 
aspects .

Jrubb et al. (1969)* a work on the Lullin^ton Heath ant­ 
hills is discussed in Appendix 16 in the li^ht of aay own 
obeervmtions.

3-5.

I compare the vegetation on ar»d off l,»
•»t~hill8 at thirteen calcareous grassland and chalk heath sites

in southern ^n^lmnd. Phygi\i»r drucg.ii Hcl ia nth ecnum ch aaae ci a tus^53 "*
J gras t IUBJ _, holos t eo id e« /annual e , like Armi^ria aerpyllif Qllf f 
more abundant on the mounds than in the sward, but roany 

apecies are consistently uncorjaon on ant-hills, including j.areg

t HelictotrichOja
.p'.atense,

far laoro abundant on northern than southern aspects, and
and He^ljiastrhegiUffi fnay ocour ;r,ainl.y on the south Bides of
especially when soil heapiry by the snta is concentrated thero. 
I discuss floiae of tho factore which cd^ht influence the»e

Burial of seedlings of these species is shown to be important, 
in Chapter 5.
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CHAP23ft 4 

flfS DI3TRIBOTIOH Of JP3CISS OR AUT-HI1X3 OF A WZOT RAH03 OF 3ISB

ATO ACTIYX2T AX A3tCI ;iG&A!ri ff.fJ.R., OXC*.

4.1.

In chapters 2 and 3, J showed that the dramatic patterns 

of sorae species In relation to large mounds at a moraent in time 

may be repeated at more than one sit®* These consistent pat­ 

terns are likely to be due to an interaction between the basic 

biology of each species and the special properties of ant-hills. 

this interaction roust be dynamic, continuing whilst a mound 

exists; thus to fully explain the pattern of a species, one 

should follow its isBffligration, fluctuations in population siae 

and extinction on a mound from the time when th© first heaped 

@oil is seen. However, f@t* useful data would be gained by 

following the large scale natural changes in vegetation on the 

safse ant-hill over two or three years (e.g. by mapping the 

positions of mature rosettes, the distribution of Thymus

]!el ian theimjg ._QhaBmegig tug ) since these changes occur slowly 

and eom© ant-hills are at least tens, if not hundreds, of years 

old. Cince I wished to gain an insight into the relative 

abundances of sons specie© on mounds of different aises and ant 

activities before investigating their population biology in 

detail (Chapter 5), I surveyed th@ vegetation on and off 206 

sounds in a plot at Beacon ;lill, \ston aowant H.N'..;., and tried 

to deduc© dynamic changes in the composition of th@ ant-hill 

flora from a static ssutple.
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I designed th» survey to ansver three main questions:
(I) Is there a correlation between the presence or abundance 
of a species on ant-hills and its occurrence or abundance in 
the grassland nearby^
(II) Is there a 'succession 1 of species on mounds of Increasing 
si«e (which isay reflect Increasing age)'1 If not, do the 
abundances of sonae species vary with the volume or ant- 
activity of the mounds on which they occur? 
(ill) Hov are rosettes of Carex flacca, leontodon hispid us. 
EoteriuttjBanguiaorba etc, distributed on taounds of different 
sizes and soil-heaping activity?

Aston itowant K.J?.:U, Oxon. (0.3. Orid reference 3U727972) 
is situated on the western scarp of the Ghilterns. The mean 
annual air temperature at the top of the scarp at this point Is 
about 10°J, with a aean annual saxisuai of 14°-' and ••atBimum of 
5«5°C. Xh* total annual rainfall there IB about 827 a» p com­ 
pared with 6)5 fs5 on tMe ]>lain below. The reserve falls within 
the region of Britain with the highest saturation deficit in the 
sumner (Heaisley & woodsman 19^0); Ireen (1959) estimated that in 
an average year, *potential evaporation will begio to exceed 
rainfall towards the asid of April and will continue to do so 
until the end of .;epteisber. The total average water deficit 
(waking no allowance for soil moisture storage etc.) would be 
about 1 64 mm « *

Beacon Sill projects from the scarp in a north-westerly 
direction and has smooth contours with a flat top reaching 244 m, 
about 122 la above ths Ayl®sbury plain. The hill is mainly 
composed of Upper JJhalk (Cretaceous), but a Jlay-with-Flints



deposit of irregular shape and depth overlies the plateau in 

place*. I used a 0«4 ha plot on the top of Beacon Hill (see 

folding-out map, Appendix 29) for ant-hill research, including 

thic aurrey. All parts of 'my plot* were probably ploughed at 

least once between I860 and 1920, but the short, closely rabbit- 

nibbled chalk grassland sward which developed has been slowly 

invaded by scrub since 1954 because of the lower graaing intensity 

since ffiyxomatosis. Sheep grazed the plot occasionally between 

1966 and 1970; rabbit grazing is slight, mainly confined to the 

jsounde, and 8>.oat intense in the north-eastern half cuid the 

southern corner. Kuch of th© plot is covered by a short, 

epscies-rich sward growing on shallow mull rendzinas 10-30 ca 

deep derived froo the Upper Chalk, but there are large patches 

of taller, lees diverse vegetation with a higher cover of coarse 

grasses (e.g. ijactyJLis. alomerata. Br&chypodjura aylvaticua, 

KelictotrichoH apjp. » Arrhenatherum elatius) on soils (often 

>40 CIE deep) derived from fingers of Clay-with-Flints. The 

Clay-with— olinte was sainly formed froie .;ocene iieading Beds, 

but isay contain sooe loescic material (Beckett 1960); the soils 

derived frocs it are reddish-brown, have a lower pO than those 

without 71ay-with~Flints influence (about 5-0-6*0 against 6»7- 

7«3» in samplsB taken from the top 5 cm of mineral soil, pH 

measured in 0»01M CaCl-Jt a heavy texture, no chalk fragments 

and a predominance of flints. In April 1968 the plot contained 

1947 ant-hills of a wide range of sise and 'activity 1 . It 

contained raoot of the apecieo which, at the other ohalk grassland 

sites surveyed, had been most abundant and had had the ssost

The history of vegetation on sy plot is described more fully 
in Appendix 21.
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interesting patterns in relation to ant-hills. It could be 

visited frequently, the •eraall boy f factor was absent, and a 

weather station, read daily, was situated 50 m away, A 

40 x 40 a control area, containing 178 ant-hills, 68 of which 

wre large, was fenced in 1968 to prevent interference with 

experiments by grazing anireals. However, voles, birds and deer 

still slightly affected the ant-hill vegetation there.

4.2.
4.2.1, Vegetation

Since there were sometimes great differences in the 

composition of ant-hill vegetation, even between nearby mounds 

of the same size, shape and ' activity*, a large sample size was 

necessary to separate correlations of species patterns and

environment froc; the *r»ndoR noise*. I took a systematic
1 2sample of 206 ant— hills in th» northeastern half of tsy plot,

A r&ndo® e&a;ple would have had to be taken by the time-consuming 

process of numbering each mound and re-locating those selected 

for sampling, aince they were not evenly-distributed over the 

area, rarta of the plot where ant-hills were sparse ruight not 

have be0n represented in a random sample, but would be in a 

systematic one, and I was interested in treads in species 

abundance over the whole area, 1 placed strings 10 m apart 

from 3^-lft, across the sampled site and walked in zig-zag fashion 

between each adjacent pair of strings, sampling every fifth 

sound 1 found. A 0»25 n surrounding vegetation quadrat, placed

'ne data were collected from August to November 1969,

The sampled site included about 5 «a of the north-eastern edge 
of the control area.
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ttf* v«»f?»4-.&+4 < UMnrvl 4«trr Vnt *s/vl»»+- nimi

(i) General.

and
pin positioning.
Jreoiaion/unit titae 
Accuracy

Unconscious bias

Species

Understanding of 
vegetation structure
Tall vegetation

Win*

Tiae

Takes tide
Probably less (Appendix 26)
Overeatiuaition,possible, 
even \ ith sharpened pins, 
since axis of pin haa finite 
diameter (Goodall 1062)
SoEocti es possible in deciding 
whet a pin haa touched

Kot only cure but also fairly
abundant species taw be 
missed (7,'atoon I960) 
Less: tiee sgpent ibila/iag 
pins, noting reoults*
Diflicwlt to follow point of pin, even when pin inclined. 
Best of vegetation must be 
disturbed. Fin itself puches 
ve^evation aeidc as it is 
lowered a^u alters the "true" 
cover*
Record ing in^oasible in tall 
vegetation*
Loiter if 2O-GO 

used

Hot needed
Probably greater (Appendix 26) 

to assess*

Species which are straggly, 
or which have divided 
leaves, or which are in 
flower day be over- 
estdmted. This possibilits 
is the most serious dis­ 
advantage oi' Hie iaethod«
Bare species oi'ten tuissed 
(Appendix 26) but census

Uore: vegetation 
thoroughly.
Disturbance necessary, but 
cover easily assessed. 
Disturbance Slight chaise 
cover (e.g. ol roseate 
species vdth upright leaves 

2ig in tall

little

Shorter t

(ii) Ant-hills •AH a ant-hill uurxoundin:-. vegetation.

time

Bandcxoisation

longer tiian in «-<V* quadrats
as exact positions of AH* 
aum.it a;.d pcriraeter uaist be 
know before raritoj.da: tion 
(i) lianduci poJUitti detcn^incd ai 
if -t^ surface horiEontal, and 
vertioa pii'js uoed, as at 
Hhossili Down. Esen a) points 
no,,! r&ncUxu, c^ dentdly iiifc^ier 
on flat tops than on elopiiig 
sides or a r^ound b) species on 
eideo oi' ctou..da x&ight i/e unclcr- 
estiuated. and the coB^crioon 
with ^varcl invalidated, 
(ii) I-lna pltoed a t various 
angles jx^£tifijLiujLcJijU)£ to •**'* 

surface. JiandasLdj&ation over 5-
^ r-jfaiyeiti! ^3, £iUi"faO© i.;y OOClpUtCT
model. :Wt thi^., and the siting 
oo the is.iidara points on the 
auri'ace, \--Jula have bten

Hot needed.

d un
surface v.-aa not

as horiaonu,\l.

. cover regarded ac 
proportion ol' &i gari ace 
covered by perpendicular, 
not vertical projection 
onto it of aeritl parts
of tyecies.

RTO.
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table 16 (continued)

POIHT

Adjustment of i'aken care of in AH size varied greatly,
estimates to randomisation My concept of "'" cover
account for &Ha had to be changed froa
of different siae one AH to the next.

30 OK anay from the mound in & random direction, was associated 

with every alternate mound I sampled. I recorded the positions 

on the plot of all the sampled ant-hills and pasture quadrate 

(see distribution siaps, Appendix 27).

I estimated the percentage covers of all species on ant­ 

hills subjectively, instead of using the point-quadratting 

technique which I had used to describe the vegetation on and off 

the Bounds at the north end of ihoasili :>own (Section 2,3)* l*h* 

two aethoda are compared in Table 16, where I alao raention some 

special difficulties encountered in using point-quadrats on ant- 

hills, yhen 1 subjectively s&eplod two quadrats *md an act-hill 

on ay plot five tiaes each, the precision was hig£ (4ppendix 26), 

®o that considerable credence can be attached to comparisons 

between ay subjective estimates of percentage cover, CJreig- 

Smith (1964) and Fershaw (1964) wrongly equate the errors in the 

subjective estimation of percentage cover in quadrats with those 

inherent in the d « dominant to r » rare :nethod of subjective 

frequency estimation ased by Tansle • and his colleagues. 

Frequency in rensley's sense is a nebulous concept, usually used

biological variable should be &ea,eured on at least a 30-point 
scale if possible (e,g, the rule of thumb of ?okal * Rohlf, 1969* 
p.15} to ainimiae th© errors if a variate is placed in the wrong 
class and to ftiniaise the variance between several estimates of 
the sasa© parnoeter, thus allowing sore efficient significance 
testa, tercent^e cover estiEiates car, be converted into the

Offiin or Sraun-31anquet scales if needs be, but these scaLee are 
arbitrarily asymmetrical and have too few clasaes to be useful 
for statistical analysis.
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to describe large areas, but the percentage cover of a species 

in a entail gridded quadrat has an absolute value* A high 
degree of accuracy and precision can be nchieved by an 

experienced worker estimating the percentage covers of all 

species in a sraall ^ridded quadrat.

When each act-hill had been sampled, I put the 'spiders- 
web' (Pig. 19) over the mound with its centre on the summit. 
I drew the outline of the ant-hill's surface to scale on a 

cycles tyled plan of the ' spider '3-v/eb'» and sapped every rosette 
of Olraiug acaule. F ot er iuj$ a anguig orba . TIleraciuB.

ieontodoa hispidus.. r jjLftnta^Q, jLanc@olata» Jare* flacoa and

yea pa. I noted the number of partially buried rosettes

of yach of these species on each ant-hill. I recorded each 
mound's sjean height and diaseter, vegetation height, the 

of newly-heapad soil, the , cover of bare soil and evidence of 
anisial activity as described in Appendix 3, where the fonaula 
for calculating ant-hi.11 voluse is given. ?he accuracy of ny 

eatiaatas of the volume cf newly-heaped soil is diacusaed in 

Appendix 25.

4.2.2, Jata analysis

I devised a pencil-and -paper method for analysing my 

results, in which each species was dealt with independently, and 

absences froa ant-hills apparently due to the absence of the 

species from the award naarby were allowed for. Hach sampled 
sound was represented by & point on a two-dimensional scatter 
diagram in which the axes are (i) '/int-hill burial activity*, 

the percenta^ of th© totp.l volume of the ant-hill coraposed of 

nawly-heaped soil, and (ii) the cubed root of th0 volume of the
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•eund in on* (Fig. 20). I made both axes non-linear to spread 

the points over the diagram. The scale of the vertical axis 

is the square root of the angularly-transformed • ant-hill 

burial activity*. The two axes are functions of one another 

and 'ant-hill burial activity* and • ant-hill volume 1 are 

negatively correlated to some extent. Large mounds cannot 

have a high proportion of their volume composed of newly-heaped 

soil, because an ant colony can only heap up a small voluBe of 

soil a year (rjutimuEs found at Aston Ilowant in 1970 and 1971* 

1600 cm5 ). 1

A aaeasure of the abundance of species X on each ant-hill 

was placed over each dot on ita scatter diagram. £he measure 

used was:

X m 1

where C was the estimated percentage cover of species X on the 

ant-hill and z « total nujsber of species recorded on the mound, 

i'his ratio estimates the 'importance 1 of a species as a component 

of the vegetation on a mound, end compensates for the fact that 

total percentage covers often differ greatly between mounds 

raerely because of different degmen of recent burial by soil 

heaped up by the ants.
On the scatter diagram of species X thsre remained dots 

to vhich no measure of abundance had been added, which represented 

ant-hills on which species X did not occur. 3uch mounds might

importance of this in ant-hill ecology is discussed in 
Chapter 5.
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have had species T growing nearby; on the other hand, if the 

speoiea were absent from the vicinity, the probability of its 

propagules reaching the mound would be vanishingly small. I 

wished to distinguish these two cases, ao that the relationship 

between the abundance of species >' and the axes would not be 

obscured by those absences from ant-hills which were due to its 

absence frons the nearby pasture. Thus, on a map of the distri­ 

bution of species T over the plot in the pasture quadrats, I 

defined zones of spscies presence and absence by drawing lines 

round all the ^roupa of points at which the species had been 

found. Then, using « map of the distribution of species X over 

ant-hills in the plot, I concentrated on each ant-hill on which 

the species did not occur. If it fell within a son® of epeciea 

in the eward, a zero was added to its? dot oa the scatter

If it fell within a sons of species absence, its dot 

was deleted. Correlation© between the presence or abundance of 

species X and ant-Mil 'activity 1 or 'volume* were revealed when 

trends ncross the resulting graph were examined.

Shie method is similar to Vhlttaker's (e.g. 1967, 197C) 

'gradient analysis*. Its raain shortcoming is that I have 

decided subjectively that *?nt-hill burial activity* and 'ant­ 

hill volwjme 1 , or factors highly correlated with th®e:, account 

for isore of th«s variation in species abundance on ant-hills in 

ray plot than other *®r.virorusental' variables.

The positions of abandoned sounds on the diagram are only 
correct if the volumes of Rnt-hillo r?o not decrease nfter the 
:U . flayua. colony has died. Baxter and Hole (1 56?) found one
ForWics,. "oinarQ^, rgontana icound which declined in height from 
5o~CR to 8 osi when aSandoned.
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4«2»S* *>»•» Affinity Indices*

For each specie® in try sample, I calculated an * Affinity 

Index* (AX) for ant-hills, froa tha raw data, as follows:

206 AH 
AIX » 103 ^ Cx_____

206AH
206 AH

where C is the estimated percentage cover of species X on an 

ant-hill (AH), K is the estimated percentage cover of the sac*
^L

species in a surrounding vegetation (3V) quadrat), tnd y ia the 

total nwcber of species recorded in the survey. The index 

ranged fro® 1000 for specie© confined to ant-hille ( Arenaria 

cerpyllif olja . Cerast ium holoa teoides , ^rifoliuB dubiuff) to 0

for epecies absent from the mounds (jwenidium molluaouts, 

Frullat^a taaarisol, ^ophocolea bidentttta). ?eatuca*a AI was 

483. 1 calculated a •Kean affinity index* (AT8 ), indicating 

the relative proportions of *ant-hill and pasture species* in 

an ant-hill or pasture sacsple (..), as the weighted average of 

the 'Affinity Indices * for all tha species jxreaent in the sample ; 

thus ;

11(1

vhare z Is the total number of

4.3.

in the sample.

Full re«ulta are given in Appendix 26.

The vegetation on the mounda ia shorter than that in the



surrounding pasture (7ig. 21 ) • 3igna of ^rasing were Been on 

16C sjounds out of 206, but only in 4 of the 103 surrounding 

vegetation quadrates. 1 rtabbit grazing might have contributed 

tovarda the lower plant cover on ant-hills, as discuened in 

section 1.3.4. Babbit droppings occurred on 153 of the mounds. 

Grazing and defalcation were not confined to particular areas of 

the plot, nor were they more frequent on ant-hills of certain 
sizes or activities.

There i« a rough correlation between the number of species 

on a mound and the number of ape alee in the paature nearby 

(Fig. 22). The areas of the plot with fewest species, both on 

and off ant-hills, ten-i to be those with the tallest surrounding 
vegetation.

When I rsapped the presence of each species separately for 
Muaspled pasture quadrats and campled int-hills there waa a marked

similarity in the pattern of most apeci^s on and off the mounds 

in ®y plot.^ /or instance, ]Iei,li iant^eauj]Bt_c,hj3jgaeci3tii^ (Fig. 23) 

aod >Iig rugjuta. riloaell$ (e'i£« 24} were botf absent from the tall 

vegetation in the easterly corner, but did not occur in the ant­ 

hills there. Three species were a elected at random from the

Observations on marked ?estuc$ plants which had been recently
showed that in late aumsier and autusn aigna of 

persiated for about 2 months.
2When the data for the thirteen calcareous grassland and chalk
heath sites (deacrib©! in Chapter 3) were combined, thsre wan a 
highly significant positive correlation between the number of 
specio® on a large ant-hill and the number of opecsie? In its 
associated surrounding vegetation quadrat (r = 0*525, n « 104, 
?^ 0*01 fro® f> ** 0).

the 27 Rpeciea which each occurred on nx>r@ than 10 of the 
206 ant-hills earopled were sapped.

sperula cynanchica, "'' lupulina had exactly smilar
distributiona.



Fig.21

Vegetation Height 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PtOT

Key: 0, O - 2cm;

1. 2 - 4;
2. 5 - 8;
3. 9 - H;
4. 12 - 14;

5. 15-17;
6. 18-20;
7. 21-23;
8. 24-26;
9. 27-29.

SURROUNDING 
VEGETATION

10m

The lines separate samples with 
vegetation shorter than 12cm from the rest.
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Fig.22 

Total number of species per sample (AH or SV)

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

10-18 19-27 128-36 37-45

SURROUNDING 
VEGETATION

10m

ANT-HILLS

10m

Total numbers of species on ant-hills were corrected for ant-hill aiea by an analysis of co-variance.

0-15 16-20 21-24 >24



Fig.23

Helianthemum chamaecistus 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

Key: 1.1%; 5, 17-24;
2,2-4; 6,25-33;
3,5-9; 7,34-43;
4,10-16; 8,44-54;

9, >54,

2 3 2

2. 2 
2 * 5

3 2

-2

SURROUNDING 
VEGETATION

10m

3 88 
3 2 3 2 2-< 2

4/4

6 5
2 5 2,3 2,3 2 5 3

4 4 32 4 56

3 1,2
!o*32' 1 1

3 3 2O t- <}.

3 5
K J 3

1 * 1 1 7
4 • 4

53

57

64

3-2 3 5

4 3
4 4 22

ANT-HILLS

10m



Fig. 24

Hieracium pilosella 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

Key
2, 2-6;

3. 7 - 13;
4. 14 - 23,

SURROUNDING 
VEGETATION

10m

ANT-HILLS

10m
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regaining twenty-five and their patterna over u»y plot are alao 

illustrated! arachyppdiuia sylvaticua (?ig. 25), Brigq r«dia 

(Fig. 26) and i'runella vulaaria (Fig. 27). There i» general 

agreement between ant-hill and pasture raapa. Nevertheless, 

there was no correlation for any species between Its abundance • 

($ of total plant cover) on and off the raounda.

The epeciee with significantly different percentage covero 

on and off 3G large ant-hills in th® saaple are listed in 

Table 17.

Table 17. o'peciea with significantly (P< 0*05) different
abflolute ,^rcent a£8 'poyerB' _ oij" and 'off lar^e,, anlb.-

pn: .-^e^ nor teae tern.side of «y B'eaoon

Attention was confinod to the 103 abounds associated
vith a surrounding vegetation quadrat. 3& of theoe
isarked by an asterisk in the table in Appendix ?f? t exceeded 
the arbitrary criterion of being >15 ens high and > 30 ere 
in diaraeter, *hich WG.S used in 'hc.ptera 2 end 5. Significance 
testa vere applied, in the manner described in Appendix 3, to 
all species with at least 4 presences in either ant-hill or 
eurrouoiins vegetation.

Ant-hills Surrounding vegetation

Carex .Ojaryojhyllea *¥ C.arc.x. flacog **;c.'£,
**W yjrajua acaulg **S.T.

**« Dactylia xrlocerata *w
drucei T •

**__ «r 
*, 0»05>1 >0»01; iJelictotriohon pratense **«

» X :,

Ij'QlCUS.
not tested; Hypochoe.risT radicatg, **W

^ontodoa hiapjdjjg. *** 
K, ?;o?7e.»ar test (:okal

Rohlf, 1969, pp.614-5); yicln hirta '
V, riviniang.

W, .vileoxon two-tniled test 
for isatohad pairs <.



Fig.25

Brochypodium sylvoticum 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

Key 1, 1#;
2, 2 - 6;

3, 7 - 15.

2 3

1 '

.3

.1-2

2 3

> . • 1 • •
• ,

*• ••1

2 ' 2

SURROUNDING 
VEGETATION

10m

ANT-HILLS

10m



Fig. 26 

Briza media 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

2,2-4; 
3,5-9;

4,10 - 17; 
5,18 - 26.

42

SURROUNDING 
VEGETATION

10m

.1

ANT-HILLS

10m



Fig.27

Prunella vulggris 

SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

Key:
2,2-4; 
3,5-10;

4,H - 17; 
5,18 - 26; 
6,27 -36.
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3cfttt«r diagraaw of •ant-hill burial activity* against 
the cubed root of ant-hill volume in eo , oonatructed as 

described in section 4.2.2., war* plotted for the twoaty- 

seven species aost frequent on ant-hills. Kost stpeciea 

occurred sporadically on snail nsounds. ?he graphs of raany of 
these specieo exhibited no vertical or horisontal patterns. 

I only illustrate here the species with unequivocal trends in 

frequency or abundance over the scatter diagram. I have assumed 

throughout that the abundance of a species on the scatter diagram 

is not confounded id.th the positions of certain ant-hills on «ay 

plot, because on th- maps in ?i#. 28 there is no obvious cor­ 

relation between the volume or * burial activity* of ant-hills and 

their position.

,3ruoei acd Jjel iant.he.auffi .cha.atfA.eeia tug. (Pi^. 29)
both present on aost small zaoun<3s, but whilst KeliiantheTiug; shows 

no »ark«d trend over the scatter diagram, the proportion of 

with a high thvERffi oorarxjnent increases vlth ant-hill volutae. 

Arenarja. . . Berpylli f o Li^ . Veronica aryencie and

holosteoidas, all confined to ant-hills, occur only on active 

count? 3 (Fi»g. 50a).

verum (?i-g* 30b) and Ajprostjs atolonifera (Pig.31b)

«r» more abundant on the aoat active ant-hills of a given voluase. 

Affgo_stis is alsost absent froa 8K;ill, active mounds, in. contrast 

to .^Qtua_ oornicula tus (*'ig. 31 a/ which is one of the few speoies 

(with Fegtuoa rubra. i:@liantheisuu5 choaaecis tus , .l^onto^ou hiapidua 

* Q are x_,f 1 P- oca ) to conaistently invade thes.

1 .:>rubb et el. (»969) mention that Aigros tia . atolonifera. l 
Vfiriya (and nolcua i,^"^^) <!ir« particularly chftracteriatic o 
aciiv© roounds"at Lullin/^on Heath.



FJg.28

Ant-hill volume 

Scale: units of 3^Ant-hill volume in cm*
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Although C.arex flft.coa tmkes up a hi^i proportion of the 

total plant cover on small, active mounds, both ito importance 

and its denaity decline with increasing mound volume (?i#. 32). 

Oa aeall active ant-hilla, and abandoned sounds, Carex rosettes 

are distributed randomly over the ant-hill surface (Figs. 33a * 

33c), but on active mounds of *ihout the same volume as the 

abandoned ones, Carex rosettes are significantly (K0»01) 

confined to the edge of the rceund (Fig. 333). on large active 

counde the restriction of Carex to the periphery ia even more 

marked (Fig. 33b). Cares roeettee often die once partly buried 

(Chapter 5); of the 1400 Jarex rosettes found on the 206 mounds, 

274 (19»5; } vere at loaat partly covered by heaped soil. Pig. 

36a show® that the proportion of C/'arex rosettes which are buried 

on an ant-hill declines with decreasing 'burial activity* and 

increasing ant— hill voluae.

When rot erivua^ aanffuis orba rosettes (?ig. 34b) occurred on 

*active* Siound8, soae cf them were usually partly buried.

il±& raciuffl pilQaeUa, like Jarex. appeared to invad® ant­ 

hills vegetatively sore often than by seed. Its scatter diagrams 

(Fig. 35) ahow that both its proportion of the total plant cover, 

and its density, are greater on abandoned mounds than on active 

ones. £his i&precsion is confirmed by the density of it« 

rosettes in PLj. 36c. like those of Car ex flacca,. il

rocettees are randomly Distributed on small, active mounds 

« 36si) but confined to the edges of large, active cr-ounda

On active (Fi^. 364) and abandoned (Pig. 360) 

ant-hills its rosettes hr-ve an iaterrrjedi&te pattern. 

leoatodon aisaidus (?ig, 37} is just as iaportant on staall 

rounds as large ones, and the density of its rosettea doe® not

as..
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Fig.35. Care* flacca.

Fig.33a« Small,active ant-hills. 
When the frequency in the central 
half of the area was tested 
against that in the outer half, 
X* = 0.79,N.S.

Fig»33b« Large, active ant-hills. 
For central/outer half, X/.-ST 
77.92* **j thus much more LJ 
frequent around margin.

Fig.33c» Abandoned mounds,

.
For central/outer half, 
0.33 N.S.

(N.C., P>0.05; „ »,

Fig.33d« Medium,'active* mounds.

For central/outer half, 
ss 7»3l**J thus more frequent
around margin.

»»., P^.0.001)

,r2.

1. Each dia0ram shows all the rosettes mapped on the 2k ant-hills 
in a group. The groups are defined in Fig.20,p.^9-50. The maps were 
produced by the method described in section 2.3»2.2(p,29); however, 
these maps represent the surfaces of mounds, not vertical projections 
of sampled points on to a plane*



A
N

TH
IL

L 
B

U
R

IA
L 

A
C

TI
V

IT
Y

(X
)

PE
R

C
EN

TA
G

E 
O

F 
TO

TA
L 

VO
LU

M
E 

C
O

M
PO

SE
D

 
O

F 
N

EW
LY

 
H

EA
PE

D
 

SO
IL

A
N

TH
IL

L 
BU

RI
A

L 
A

C
TI

VI
TY

 C
O

PE
R

C
EN

TA
G

E 
O

F 
TO

TA
L 

VO
LU

M
E 

C
O

M
PO

SE
D

 
O

F 
N

EW
LY

 
H

EA
PE

D
 

SO
IL

CJ ~ 2 p g 1 5

i
^
M

| s- - 8- . S- .

§-

•

O
 

?
 

U
I
-
.
M

W
O

 
0
8

O
o

-

O O
^"

*

^,
O

to • 
M

^

**
**

 
^

*D
 

0
-

f

o
O

* 
""

j 
^
5
 

O
1* 

23
 

**
™

^ 
*"

0
^
^
 

S
 

0)
 *

* 
£^

 
3
* 
'r
j 

O
 

• *
 

0
 

R
o

4
h

iH
-
<

D
r
t
-
 

g
- 

H
-
O

O
M

-
O

^
f
f
l 

.,
p

 
T

 
CO

 
CD

 
EJ

 
O

 
T

 
~

|_
l 

p
j 

CD
 

P
J 

CD
 

H
-

O
 

B
>

p
jc

i-
»
(
D

r
t-

B
 

2

ca
 

ca
 

CD
 O

Q 
ca

 
3
 

O
 

o*
 

(D
P

 
=

B
 

C
 

(
D

O
 

E
 

S
 

rt
- 

<
 

O
 

§
 

^

\o
 -F

- 
D 

H- 
<

vo
 -P

" 
w

o
p
 

C
 

ft-
1

1
 

H
- 

O
 

CJ
" 

<

X
 "

^
 

rt
- 

O
 

5
~

. 
' 

<^
 w

 
i
 

.

0
 

_
 

u
 

u
 

O
 

u<
 

-•
 

h>
 

w
 

O
 

5
 

O
1 

t
l
i
l
i
 

4
t
«

«

b
^

O
*

g
°
 

°
°
 

e
 

°
^
*

S
°
 

°
°
 

<=
 

-
«
 

o
 

°
O

 
__

 
^

o
 

o
o
 

o
 

°
 

o
 
o
°m

 o
 

en
 

*°
 **

* 
vn

0
 

0
 

c
, 

*
^
°
 

h
j 
^
j

°
o
 

^
v
o

±
^
°
°
^

°
^
 

«
^ 

—
 

°
 
in

 
"-

1
0
°
 

0
 

—
 " 

<
"

O
O

 
Q

 
^
 

<D
 

K
>

O
 

•»
• 

N
)O

 
f.
 

. 
.

f*
^
 ^

^
 

—
 i 

"
 

U
tf
 

^
5
 

^
^
 

T
^
 

^
^

°
 

c»
 

<o
°
 o

 '
o
0

 
o

 M
 w

 
to

^
^
 

f^
^
^
 

™
^* 

f^
 

^D
^
^
 

^
^
 

*
f 

^
 T

N
* 

^
O

 
i^V

k 
^
 J

 
^
^
 

^
^
 
t^

j 
^
^
 
IT

J

^™
^ 

^^
 

o
j 

^J
i

0
 

C>
 0

0
°

o
 

j°
°
 

**
 
°
°
 

^
^
°1

J 
%

 
a 

^-N
r-

jO
 

,-,
 

o
 

v
^
ro

t-
iT

W
w

M
y
o

o
O

 
O

 
M

 
M

 
1 

H
" 

O
 

H
'H

'f
D

p
J

c~
fc 

r~
> 

J 
| 

f\
J 

P
 

O
 

4
 

W
l 

O
 

^J
 
"

"^
 

ca
 °

 
£\

n 
**"

 
b

Vo
^

M
p
-°

rt
^

CI'
2

M
*—

 ̂ 
^
^
 ^

^
 y

^,
 

**
• 

>•
• 

«•
• 

(D
 

(0
 

(D
 

j—
1 

4
 

3
 

^"
^ 

f*
^ 

O
* 

P
^ 

c^
 

*S
 

P
 

c^
 
*^

w
o 

^o
 

S 
o-

? 
3<

S 
P

.w
, 

a 
c 

co 
o*

 
CD 

o
"*

 
rt

- 
rt

- 
C

 
CD

 
O

 
»

. 
4

 
«1

 
O

 
P

p
. 

CD
 

»-
b 

VO
 C

D
-J

 O
N

U
l 
f
 

(D
 

t»

^"
^ 

VO
 0

0 
^J

 O
NV

J1
 T

 
"*

^ 
O

0
 

M
N

$5
 0

3
-i
j 

0>
\J

1 
rt

- 
O

 
O

O
O

O
O

O
 

rt
-

• 
W

w



A
N

TH
IL

L 
B

U
R

IA
L 

A
C

TI
V

IT
Y

)/!
)

PE
RC

EN
TA

G
E 

O
F 

TO
TA

L 
VO

LU
M

E 
C

O
M

PO
SE

D
 

O
F 

N
EW

LY
 

H
EA

PE
D

 
SO

IL

A
N

TH
IL

L 
BU

RI
A

L 
A

C
TI

VI
TY

 ('
/)

PE
RC

EN
TA

G
E 

O
F 

TO
TA

L 
VO

LU
M

E 
C

O
M

PO
SE

D
 

O
F 

N
EW

LY
 

H
EA

PE
D

 
SO

IL

1. 
-^ o
- «•

o
'

<•>
_ 

o
u — : P r- <: E 

S-
^"

*

^w
 

.O
 

t)t
 

_
 

o
 

ui
 

O
 

O
 

O
D 

l
i
n

o
f
l
 

d
a

l
i

^

o
"° 

,0 
"°

*
•
*
 

*
*
>

 
K

J
 

W

en
 

Q
^

£
 

°
 

*
 

*
3
^
O

 
|S

> 
(0

 
tO

CO
 o

 
O

 
"T

J 
CO

 
*"•

• 
(O

 
°
 

**
* 

°
CO

 
*°

 
o

 
UD

 
CO

 
**

> 
CO

 
^

^
^
 

—
 

*

^,
 

IT
 °

* 
—

ro
OT

 
T

 
-
^
 

to
 

-
<-

 
-
 

0
-
 

^
 

r^
ro

fa
 

"w
*

0
 

£
 

«-
r*

 
***

 
o

 
°

^ 
,. 
- ̂

L 
N.^

T
•^

 O
 

to
 —

 .
"**

 
^
 

\j
j

.r-
, 

•»*
 

cb
<—

 » 
o

 
v»

 r
o 

i— i
 -a

 o
*1"

* 
ffi

—
 » 

°
ls

>
 

"*
 

O
M

->
 O

 
O

 
CD

^p
» 

""
* 

__
 

<J
N~

-4
 1

— '
 1

 
CJ

* C
D 

P
 

"
 

r-
j 

O
 

J
J
e

C
D

U
rt

-O
 

.*
>

 
*"

^ 
t—

 i 
CJ

N 
O

N 
W

 
Q

 
ct

* 
H

* 
^"

"~
~

***
 

^
 

"%
"o

 
^
^
"
l
^
^
 

2
—

 
v.

 
M

 d
 

H
 

.,
 

ro
»—

 
o

 H
- 

±
^
 

—
 

^
.^

 M
 

F
 

Cw
 

vo
 0

0 
~^

 O
N 

V
ji 

-F~
 o

 
O 

r"
O

 
-»

j o
\4

?"
 w

j 
ro

 H
 r

\ c
o 

^
 

4>
 r

o 
vo

 c
r\-

F~
 -

F-
N^

 M
 

g

to
 

It 
0 

9 
1 

1 
1 

5
 

00
 -^

j 
ON

 -F
~ 

v^
j 

ro
 

S
-*

* 
-f

r-
^r

O
V

O
O

N
-F

" 
""

-* 
<7

NO
|-I

K>
i7

^f
 

3̂ J

0
 

y

O
 

en
 

^
 

k>
 

m
 

O
 

O
i 

i
i
i
a
i
A

l
^
-

^
 

N
9

10
 

r-
 

""*

CO
 

O
 

O
to

 
^

K
O

 
0
 

W
 

M
 

W
 

^
N

J
 

0
 

—
 ̂
 

<

fC
5

^ 
to

 
to

 
°
 

^
 

—
>o

 
,-

 
fo

eo
 

**
 

_
• 

"^
K>

 
"*

* 
•-

 
"*

CO
 

^
 

o
 

—

ro
 
M

^
^
 

~"
 ^

^
 

o

^
 

X
.
S

^
 

^
"^

"V
j^

lr*
^

"*
 

-T
* 

to
0

 
^
 
(
b

-
 0

_.
 

ro
~^

 
«-»

 
L_

j-^
jro

M
 

H
-i-

1
*^

 
| 

LJ
 C

r\o
« 

CT
1 

I—
1

_t
 

•"»
 Q

 
. 

ro
 O

i <
•• 

u 
• 

co

—
 

—
•*

 
"* 

S'
0

 
—

 
»

cb
 

o 0

^>
 

*^
 

rt
; a

** 
S- '

8
• 

i

CO D O
 
^
^
 ^

C
(-()

 °
 

H.
O

 
CD

 
rt-

 
O

 
*1

»
•<

 
g

 
CD

 
CD

 
O

rt
- 

to
P

 
rJ

(_
i 

p
 

H
-

'o
^'

tJ
 

O
 

CB
 

0)
O

 
1

 
CD

 
O

 
0
 

M
 

<
 

CD
 

H
 

CD
 

P
 

P
 

1
 

c* P

^
 a>

CD



Fig.36* Hieracium pilosella

Fig«36a. Small, active ant-hills.

When the frequency in the 
central half of the area was 
tested against that in the outer 
half, X f;n= 0.18, N.S.

Fig.3£b« Large, active ant-hills,

2 For central/outer half, 
X p_j = 60.96**"; thus much more 
frequent around margin.

Fig.36c. Abandoned mounds.
For central/outer half, 

Xr,j= 4.22*; thus more frequent 
around margin.

, P>0.05 *.

Fig«36d« Medium 'active* mounds.
_ For central/outer half, 

Xj,j= 4.9*; thus more frequent 
around margin.

.001)
1. Each diagram shows all the rosettes mapped on the 2k ant-hills 
in a group. The groups are defined in Fig.20,p.49-50, The maps were 
produced by the method described in section 2.3.2.2(p.29); however, 
these maps re resent the surfaces of the mounds, not vertical projections 
of sampled points onto a plane.
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57

differ much froa left to ri^ht aoroo» the scatter diagram. 

Ihe mapa of Leontodon roeettes over the ant-hill surface 

(?i#s, 30a * 38b) show that on large active mounds at leaat, 

a higher proportion of rosettee oootar in th« central half of 

the ant-liill area than in Ciarex flacoa or Hieraoium piloealla,.

The patterns of rianta^o lancaolata are similar to those 

of Laontocion, both on the scatter diagraraa (?ig« 39) an<.1 the 

dot £R«p» (?iga. 38c & 58d). 1

The average *!'1«an affinity indices' for surrounding 

vegetation eanplea and for four groups of ant-hills of 

different voluraes and activities (liable 18 } t suggest that ant­ 

hill vegetation differs aore from that of the eward as the 

sounds become larger. ^uch of the increase in average *ftean 

affinity ijadex* with ant-hill size is due to the increasing 

proportion of ..^hjfajua druoei in the vegetation.

Some of the differences between active and abandoned 

ffiounds in ap«el^fi abxAadance ai^ht be partly the result of 

(or inda<?d th® cause of) chon.jsa in a oil properties after the 

mounds have boon deserted. Unfortunately the few, large, 

»bandoa«'I ant-hillo on my plot mainly occur at the south­ 

western end and were not represented in th© survey. 'Ahen 

the soil profiles of T.WO of these lar^e, abandoned mounds 

were compared with thoae of two large, active rounds nearby 

(at site H on the jsap in Appendix 29),

^lowerinfj rosettes of both Planta^o and I/eontpcion were 
sojcatirnoa e«en on ennpled ant-hills, but Hieraciuag and 
Oarex did not flower on the mounds.



Fig.381

Fig«38a. Leontodon hispidus 
Small, 'active* mounds

Fig,38b. Leontodon hispidus 
Large, 'active* ;iounds«

Fig,380. Plantago lanceolata 
Small, •active 1 mounds Fig,38d. Plantago lanceolata. 

Large, 'active* mounds.

1. Each diagram shows all the ror,ettes mapped on the 2k ant-hills 
in a group. The groups are defined in Fig.20,p.49-50. The maps 
were produced by the method described in section 2.3.2.2.(p.29) ; 
however, these maps represent the surfaces of the mounds, not 
vertical projections of sampled points onto a plane.
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the active eaounda had ant channels and chambers, no Ao horizon 

end a structureless soil, but the abandoned 'hills had no ant 

chambers or channels, some accumulation of hujaue to form Ao 

horizons, and soil particles associated into assail pede. fhe 

eoila of abandoned mounds have a hljjher organic matter and total 

nitrogen content than active ant-hills of the same size (?ig«40)» 

Leaching froa tha surfaces of abandoned aounds may lower their 

pll (-thoasili .;own ant-hill profile, Appendix B, and Gmbb et al. 

1969)« ihis leaching ia presumably counteracted on active

Bounds by the continual heaping of soil collected from below
2 into the surface.

4.4. Dir.q
1 :;ained four important insights into ant-hill ecology 

froas the survey, apart from the data.

Firstly, a very high proportion of the species growing on 

en ant-hill occur in the vegetation issued lately surrounding the 

mound. Thie is suggested by (1) the hi^h correlation between 

the total number of species on and off ant-hills, both on Ey 

plot, and over all th« calcareous grassland ssitas; and (ii) the 

correepondenee between the presence of a species in the sward 

«jjd its presence on sounds nenrby, for all the specias investi­ 

gated in my plot. Sven ^el i%nthgiguEir Cjhaaegteglgt.ua , with a great

Methods of soil analysis? are explained in \ppendix 1.

2I was unable to show that eoil heaped up by the ants had a 
higher pH than that of the established ^nt-Mll surface, under 
vegetation. Cn 16 lay 197C paired soil ar^ples were taken from 
the first 12 ant-hills seen with newly-heaped soil on them, in 
asy plot. ?he top 1 OIL of established soil had a rcean pi! of 
7«3c, but the heaped soil had a saean pK of 7»40 (neaeured in 
0-OU: CaOl,,). ^he difference was non-significant at the 5; 
levol by a t-test using ths nsetbod of paired comparisons 
(t- » 0.405). . •
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affinity for ant-hills, doea not occur on mounds In nj plot 
vhen it is absent from the adjacent award (?ig. 23). 
Helianthenaap chajroaeciatug and ?hyn»u8 drucei. which oon both grow 
up through heaped soil (Chapter 5), probably colonise ant-hills 
vegetatively when they are smothered as Bounds Increase in basal 
area. let there is also a marked similarity in ant-hill and 
pasture patterns for species like Brjlghygodjuir> sylvatieum 
(Pig, 25) and Brisa raedia (Fig. 26) vhich invade ant-hilla 
entirely by seed, fhue the possible species composition of 
an ant-hill*e vegetation is mainly limited to the species which 
occur nearby. shieh of these species can invade the mound and 
Eaintain populations there depends pertly on the 'diopersability 1 
of their fruit:? or seeds rmd the efficiency of their vegetative 
reproduction, and partly on thair reaction to the special 
environe-eatal features of ant-hills, like droughtinc and burial.

Jscondly, burial is probably an important factor in 
regulating the popr&ation aiaeo of socse apecies on active Bounds. 
i'able 19 shovs that at a ssoasent in tise, 19»5'/ of Carer flaeoa 
rosettes and &»Bf~ of flanta^o lanoeolata ronettc-a were at least 
partly buried. A high proportion of :;arex rosettes is buried 
because of their high density on sssall, active mounds. I have 
no estitrates of the proportion of Jarex or Pla^ta^o rosettes 
which dies each year on e scouad because of burial, nor do 1 Vnow 
how many buried rosettee die, or how rcany dyin/^ buried rosettes 

are dyin ; through causes other than burial. Tet 1 gained the 
lEpreesion thst the eliffiinEtion of ositure rosette© through 
burial wae important enough to csuse (1) the restriction of 
Care* flacca. rosettes to the ed^e of siediuE-size^ active mounds 

. 35d) B« compared with their random distribution over



Table 1 fj. Frequency of burial of mature plants of some
Lootyledonous apeoiee encountered on ant-hil3.a 

In the survov

Species
Jots! no. 31±Mjhtly rfalf ^Buried
rosettes buried leaf area and
recorded burled

Oarex.flacea 
dirsiuBi acaule 
repja oapillaris 

yea pa
dieraciuffi p;
Leontodon hj

ilosella
Is p id us

lanoeolata

Viola

1400
46

5B4
400
753
1014
1160

34
4

160
2

13
9
50
27
40

1

62
3

4
17
7
37
3
0

32

0
13
1
6

26
2
3

I fhis category includes all rosettaa vhloh were dead or dying 
and partly covered by soil, howaver much of their leaf ar«es 
were buried. •Dying* rosettes were those which had more than 
a quarter of the area of every leaf browned at the tip.

abandoned ant-hills (Fig. 33o) and (ii) the greater densities of 

rosettes of fiieracium piloeella and Carex

flacca on abandoned mounds than active ones of the ear® siae. 1

Table 19 undereiaphasizea the importance of burial in eliminating 

plants on ant-hills, for two reasons, firstly, seedlings are 

probably ^ore susceptible to burial than suture planta (ae 

shown in Chapter 5) t but few seedlings were seen in the survey, 

buried seedlings might easily have been completely covered by 

heaped soil, and dead seedlings Eight decay and disappear eiore 

rapidly than dead asature plants. Secondly, the volume of soil 

(iable 2) heaped onto the surface of a mound my fluctuate 

markedly from year to year, and since only a saaall proportion 

of the ant-hills which I sampled were probably in a peak building 

year, &y static pictsire would underestiinate the importance of 

burial over several years in eliminating the rosettes of species. 

The absence of a species froffi e sound now sight be due to the

'However, abandoned mounds probably have a much greater mean 
than active ones of the aame volume.



heaping of a considerable amount of soil onto Its surface 

five or ten years ago.

fhe third insight into ant-hill ecology which I gained 

from the survey was that the species with the* ?nost interesting 

distributions on the scatter diagrams and over the dot maps fell 

into several natural groups governed by their responses to ant­ 

hills; 4renaria sar pyll if ol la . Te rcnic a arvengi 0 and ^

hgloateoideo ; Thyrsus drucei and ilgXignthemua chaffiaeciatua t

uca.ule and ; oteriusi sanf^uisorba ; I.eontodon hiapidus and

Plant af.;Q l&nooolatai Carex flacca ond Hjer acium pi lo aella « 

The ecology of all these species, axcept #,._ piloael^a. is 

described in detail in Chapter 5.

Fourtloly, the mirvey suggests to me a *®ucc«ssional* 3eq,uenc« 

for species on. ant-hills in ay i>lot, if I can regard the »nt-hill 

Toluaie (horiaontal) axis aa on age axis. This assumption is 

juotifi&d, Jince I have only considered general trends in species 

abundance across the scatter diagrams; but it is often dangerous 

to deduce a dynamic situation free a static one. fhe following 

hypothesis la consistent with the evidence. '?o»e ant-hills at 

various stages in thia * succession ' are illustrated in 71;.;. 41.

Your,..; ~r . t; -hills are heaps of soil which s mother existing 

T»g«tation. They are invaded eapecisdly by ?eatuca rubra. Lotus

corniculatus . HelianthegutB .chamaeois tu_s (if in the sward nearby),
*j 

Carex flucoa (all vegotatively) and leontpdon hisrddus (mainly by
-> 3

•eed). Other species present near a mound rcay colonise it too.

?or instance, if Thymua had a higher percentage cover over the 
plot before nyxomatosie than at present, its .cheater abundance 
on larger sound® now Kl;;ht not be due to its vegetative expansion 
a© the ant-hills be case bigger, bat to the present low density 
of i'hytnus in the sward and tho consequent less frequent invasion 
of the

Excavation evidence.

*£ -pec lea v»hich fir^t invade a coursS nay pereiat for sortie tirr«; 
thay :zay have a competitive advant^e over later invaders.



Fig,4l« Some ant-hills at various stages of my hypothetical 'success- 
ional* scheme.

1, *Incipiftnt* ant-hill smother­ 
ing the stem bases of grasses, 
with Prunella vulgaris, Lotus 
corniculatust Veronica officinalis, 
and Leontodon hispidus (partly^ 
buried) present*

*f» Large active mound, from above, 
with abundant Thymus drucei and 
Helianthemum chamaecis us. and a 
little Veronica officinalis. 
Leontodon hispidus is present in a 
circular band inside and outside 
the margin*

2. Abandoned mound, from the 
side, with Lecntodon hispidus. 
Lotus corniculatus and Planta^o 
lanceolata.

3. 'Medium active* ant-hill from 
above, with Helianthemum charnae- 
cistus growing up through heaped 
soil, partially buried rosettes 
of Planta^o lanceolata, and dead 
and dying rosettes of Carex flacca 
on top.
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Thycu-e druaei invader the ant-hill ae it expands in basal area, 

and orer the years, as the mound jrown, becoiaes a more important 
component of the vegetation. ?h« continual heaping of aoil 
onto the top of the mound results? in thg burial and death of 

flacoR and Hieracium .-.iloaella there, arsl their
restriction to the edge of the ant-hill. However,

hiepidua and ± ,laa_t ago lancQolata . uaually present around the 
rsnr(;*ins of medium and large active mounds, set abundant seed 

there, and their seed. lings sometimes becorae established on the 

bare soil on top. By thin tirae, the ^unmits of ant-hilla tend 
to be occupied by fhymug drucei and Helianthemuc

which can ~rov up through the heaped soil; rosette species ara 

cost frequent in a circular band eround the basal slopes of ths 
mounds.

The distribution of ant-hills on the scatter diagram shows 
that ::any small Bounds are rapidly abandoned. ?urtherroor«, all 
twelve 'incipient rounds* marked on my plot during the survey 

were apparently deserted, and covered by dense vegetation, by 

tctober 1971. On abandoned mounds, the vegetation becomes 
clotted, an«i the relative abundances of species approach those of 
the surrounding sward more closely than on active ant-hills of 

the same voluee. In the absence of burial rosettes of Carex 
•flacca. Hieraciuts pilosella.. Leontodon higpidus and 3?

lancaolata b^coiae optablished over the whole surface; the density
" rosettes
of Hieracium /e^ceede that on active mounds of the Bane size.

:hyaug nnd ^lJ.anthejBium t established whilst the sound was growing, 
may hold their own by putting nxjre of their net asaireilation into 

axillary than npical growth. L® the organic natter sccuoulat^s

was a general impression gained frost the survey.



in the soil, forming an A horlaon, the total nitrogen concen­ 

tration of the soil, and probably its water holding capacity 

and total exchangeable bases, also increases. *he mineral soil 

becomes structured into sr<all pe-is and the soil begins to reservible 

that surround ing the mound,

,/rubb et al. (1969) proposed a tentative schmne for 

eucceesion on ant-hills at Tullington Heath, but when I examined 

over three hundred mounts at I.ullln/:ton vith their hypothesis in 

Kind, I could find nc evidence fdr it. In their scheme, 

Grubb et al. did not allov for the abrupt change frcr:, ac open 

epeciee-rich sward to s. closed ?>B t uca-d ominat ed turf on de«p 

lOQScic soils eince myxotnaLtoaia, and they underestimated the 

ef i'eot which the species composition of the surrounding flora 

has on that of the ant-hill.

I'he nurvcys described in Chapters 2-4 enabled «ae to pin­ 

point those speclse with patterne? in relation to ant-hills which 

vero wrth investigating further. The life-cycles of these 

species were then invest ija ted in more detail at Aaton -.owant 

K.W.il. (Chapter 5) in order to define the suain factors influencing 

their population aiaes on the mounds.

The vegetation on 206 unt-hills of a wide raa^e of size 

aad ant-heaping activity on my plot at Beacon Kill, Aston L 

H.K.R., Oxon. was described in detail. A surrounding vegetation 

quadrat was associated with ®very alternate mound.

rhere w*v8 a rough correlation between th© total number of 

species on an ant-hill and the nuir.ber of sp«ci0s in nearby 

surrounding vegetation quadrats. Ipccies rarely occurred on



ant-hills whan they lid not grow in ths sward nearby. Featuca 

rubr«*. Lotus oorniQulatasi, ', ie. 1^anthemuK o&aBi.ueciatua. J^rex flaooa 

aad Leontodpn hispiduff are the most abundant apeclee on small* 

active ®ouncU, Rosettes of H4S?.«j>^"g- ..Piloaella and 

Garex flacca are often r^or« abundant on abandoned niouads 

active 'hills of the same aize. gtxymta drupei becomes an 

^ ooKpcasnt of t'-.e vegetation with larger aound voluiae. 

^^.rostjla a.t(9,,lo.filf_$£§ and 'l^luig^VQ.ru^ are most aburKisktit on very 

active mounds,

The probable importance of burial in killing rosettes of 

dicotyledonous herb© is stressed, 19»5; of all Jstrex flaccg 

roeettee oa the abounds were st least partly buriad; 

of v^rex probably cans®** its restriction to the ecjes of s 

active Biourids, whilst on &ediust abandoned monads its rosettes 

exe distributed randomly, Roaettes of Oarex, ''ieraciua g 

Leo nt odea hispid \3.s and ^1 an t a^o _ la ng? ola ta oa lar^e, active ant- 

hill.s occur jsainly around the saFoins. ^hen roounds are deserted 

by the ants, the chambers and channels disappear, organic satter 

accusmlates t an A horisson is formed, the previously structure- 

leee soil uecousec astjr«ijateci into peds and its tots>l nitrogen 

content increases,
A hypothetic is advanced to explain the probable course of 

••accession' on both active and abandoned mounds on my plot.
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CHAPTER 5

AFfaortiw urn PATTERNS OF OSRTAIK SPSCIHS IK A

W ART-TOLLS AI AflXOH RCWAHT TJ.K.ii.

In this chapter, I describe observations and experiments 

aside on eleven species, mainly at A*?ton levant K.F.I., in t969/ 

72* I wished to defina the factors affecting the patterns of 

these s t>eciea 5 a8 a pnalusie to quantifying tm=ir life-cycles on 

ant-hills in detail. I studied [ffgnaria rrser ̂ ^rllif o.liu ,

ojg riuia a an^uia orb^. and ^ontocio n hisgidus niore fully

than tha other aevon apscios, J any of ay data are eleisisntary, 

beceuee vory little hi»s been published on the basic biology of 

250 st eoGsaoBi British ^ras^land plants, I discuss in turn:

4pt n&rijfc , sgr^yl lif olAji* '(fronjca arvojisitg and other winter 

annuals, Jeragtiur.; holcstpoides. rhymus druoe^. .'

ha.gff ecJg tvis , . T:'ir,?iu.r. DC.- ..ale, :oteriu!r •inri^ii^orba^ ^eontodroa, 

g. riant a;';o 1 i-mcaol ata . Cqrgx flaoc^ and r

5.2.

2he ex^ri^ente which only involved one species are deecrioed 

•under the ap«cies concerned, but several methods were applied to 

jsore than one species and are listed below.

1 . Standard germination conditiona. leeda were counted out onto 

two thicknesses of ^hataian's no, 5 filter paper in 9 cm petri- 

dishes kept on a laboratory bsnch. The papers were kept moist

^;, 6 Cctober «?>nd 6 raoerrber 1969 air teeperature on the 
bench fluctuated mainly fro® 18-22°:;, with a oiniraum of 16°C and
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with distilled water; the dishes had lids but were not sealed.

2 » 8*i*ri«eat ^. frllot experiment to investigate the effects of
an Inoyeased^riRHo of far red to red liahtl
s^ch as 'might occur Under a''l?ward ,t on aeetf 
germination

For each species,the design was 4 treatments x 2 replicates x 

50 seeds. On 20 October 1969 50 seeds ware placed on 2 thick­ 

nesses of batman's no. 3 filter paper in each of B 3 CEI petri- 

diahee. Two dishes were kept on a laboratory bench in tne 

light, and the other six were placed on a concrete roof under 

conditions of natural daylight* rwo of these dishes remained 

in the light, tvo were surrounded by a double layer of aluiainiuffl 

foil, and tha other two were completely surrounded by two layers 

of large i'ilia europaea leaves, held on by elastic bands. The 

absorption spectrum of tvo iilio. leaves is illustrated by 

Black (1969), who used them for the eacie purpose, *"he filter 

pap«r was moistened with distilled water every >«-4 daya if needed; 

the water was added to thv dark aod '£134fli treatments under a weak 

green light in a darkroom.

3* ^geriiaent ̂ ^ jrowth cabinet .experiBRent to investi^ate the
gfgc'ts_ of. n jui'lol ._ under_ 'lif?erent ,de \ tHat of '

^

For each species, the design was 6 tre&t&cntc x different nuraber 

of replicates x 45 seeds (arrfir^-ed in 3 separate groups of 15). 

45 seeds were placed on a sheet of ihat&an*® no.3 filter paper 

in each of 24 9 Cffi petri-riishea. Jight of these dishes *#ere 

untreated, eo that the seeds in them were exposed to light. 

•.-"our disiaea were each surro-nd&I i>y a doubla Layer of alurainius 

foil. la four dishes the seeds were covered to a depth of 2 tsra

size of the experiment was limited by the nuraber of large
aves I coula



with dry, sterilised, unsieved J.I. Compost. Another group 

of four dishes had their seels buried to 5 ma, and the final 

group of four diehec had seeds buried to 10 HUE. In the sixth 

treatment one 9 oa petri-dieh was filled to a depth of 5 mm 

with dry sterilized J.I. Compost which had b«en sieved through 

ft 2 ma sieve, and 45 seeds were placed on the soil, 411 the 

petri-dishes had lids but were not sealed. 1

4 g of distilled water was added to all the dishea which 

did not contain soil, and the final weight of each dish was 

noted so that the correct weight of water cculd subsequently toe 

replaced, In the treatments involving burial, 4 g of distilled 

water was added to the filter paper and seeds, the soil was 

placed over them, water equivalent to 35 of the weight of the 

soil was adde€, so! the final weight of each dish was racorded. 

In the sixth treatment, water equivalent to 35 of the weight 

of the dry soil was added to the- 3iah. I found that the dishes 

needed 'topping tv* with water every 4-5 days. The four dishes 

in the 'dark treatment* were only exaedaed and watered under 

weak green light in a. darkroom.

All the dlahe- were randOBiiee<5 in a growth cabinet main­ 

tained at 20°:2 with a 16-hour day. J?he cabinet biad "natural 

fluorescent* tubes proviiin/* an illummoJcion or oJoouX

2I50U at petrl-aieh level (with 

gau»e}. ?h© experlfRent began on 8 f-epternbe-r 1970.

>eeds were not placed near the edges of the filter
gaseous u if fusion (0.3. of CO- ana C ? ) might be greater down the
sides of a dish than through soil.

experiment was ,>erforfsed under * cone tart 1 conditions so that 
eocsparutive experiments coulu b« done later ualer ^i:;ilar con­ 
ditions .
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*• £»*gur««eiit of mean Inflorescence heights. It was not 
worthwhile to nuab«r the inflorescences of a apeciea and select 

a random sample. A stick was thrown several tiaea ia the 
sampled area, aad I jE«»otxr*d th® hei&hto fro® the ground of tha 
eentres of the 10 or 20 inflorescences which wer« nt«r**t the 
tip of the stick each tine.

5. vOlleotiQD, of plant** for the dq termination of tsoan eee4' ~~

production in Ar«maria serpylXifolia ar«l

was dateradae^ by oollectin*: all the plant© of a species

on the eatae ant-hill, ih« ant-Mlla theasee-lvss ^®re not selected 

foy a random procedure; th®y were taerely mounds with high 

densities of the species. laflorescencas of C&rey

collected froa -^y plot by selecting the nearest inflorescences 

to a stick throm about in the sampled area.

6, sacergaent . f fae aowi.Bj _,orr_ jja.^da ,._Q.^_._.i,ni;-hille ^aM _in the

For each apecias, the desisa was 5 blocks x 2 treatments x 3 

sowing ciensitias. '^hs porsj^x template (?i^« 42) was placed 

over 33 lar^@ mounds in the control plot in turn, and its 

corners were sairked with wooden pegs'?. The ant-hills which 

received the seeds of a particular epeciee were chosen arbitrar~ 

lly. At sowias^the tor.plato was i laced In position on the 

ant-hill rand ?5, 0, and 100 seeds respectively wra gown into

'seeds falling naturally oato the ant-hill surface ia earl7 
euriser rsl/rht b^j buried by soil 'heaped up by the ants. Burial 
Bright iaspbst Ef»«d dorsmnoy. In roy experisemt, seed sowing 
occurrod in late su~r:x>r and ervrl.y aatur.n, so that a lower 
proportion of aeede than usual sight have been buried at germina 
tion time.
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UxperlsMimts 2 & C. The use of a perrsgex toss plate 
atal wooaea pe^s in Barking out 100 ow-' 
plots on ant-hills.

three 100 QJH quadrats,

A * surrounding vegetation area* 30 CM frora each mound in 

a ran&oia direction vae seleoted and the vegetation cut to 7*5 cm, 

fMo area w&s cut froa> tisee to tioi« with ehear«? to rsaintnin the 

v*sj«tstioa at 7«5 CM. i^h® corners of ">he template vere again 

raark®d with wooden peg» and eee^s of the same »p©ci«« were sown 

into the sward at the sasse three densities as for the mound,

L'nfortunately many seeds sown in eptessber 1969 <31<J not 

gen* ii»te because there was a complete drought from 21 ';epteznber 

to t Sovenber. ihe total number of seedlings present in each 

quadrat wan recorded at intervals.

7, Th» ^of, seed a on ant-hill a in R 
in

1'he design waft 5 sowing densities x 5 replicatea. 24 large 

aounda, sosa inside the control area and ottere on the north-

wheat drilled in the fi«15 next to my plot on 25 -ieptesbar did 
not ^er^inate for ;> weeks.
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•astern aide of it, were prepared by marking the corners of the 
perspex template with wooden pegs. 5 replicates of each of the 
seed densities O t 3, 10, 30 and 100 seeds/ 100 cm2 quadrat were 
sown for each speoiea, but the different seed densities of a
•pecies were not necessarily sown onto the same mounda. The 

total number of seedlings present in each quadrat was recorded 

at intervals. "eedlin&a of particular H .pecies were mapped, 

and in Poteriuia sar^uiaprba the nuasber of leaflets per leaf of 

each surviving seedling was recorded,

5.3.

5.3.1. A3^nai'iQ^_ser.gyllifQ3riia
;-. . sery/^lifoli^ is a winter annual vhich is frequently 

confined to aat~hills in calcareoue grasoltmda (oactions 3»3« 

A %4)« -bat factors aftoct th<- sizes of Aroaaria. populations 

on th© Eoundo, arid why ar* they r«strictod to ant-hill a*

At ••ieacoi: .iill, flowering ^laata occur from aid-ray to 

October, but the flottQriag peak ia froa; raia-?-'ay to late June. 

I'hest riowwrijQts plants i/roduc®, on average, about 104 eeeds per 

year. rhis estimate is l»as»d on two independent determinations,

f any of the ^rgnaria individuols on Beacon Hill cannot be dog-
asaticaily &aei^no3~To either .^ _ sst'^jl.' irolia or _ nr . _ r 1 e.i?..tQoladQ_s. 
I'hus my f A ^ serpy.llifQl.ia * n*®y include aoae'* ^^?6y / notes that interediates occur in 

and Clapham et al. (196B) R^ake ,*. leptocladpB a sub-
oi' i*

23ali»bury (1'J42, p. 131) found th-st J1 plants produced 208k 41 »6 
o«pmiles/r>lant, giving a fyssan seed output of 3583, over thirty 
tiroes my ectiiaatos. On 21 August 1971 1 collected 7 'Interesting 1 
Areaarift plants frora an ant-hill? these were not a rep,- .tentative 
cui.;,le or tii*i plants tUore. ...^ ^iuaty aaa a issan of Uj capsules, 
si/silar to :alisbury*3 entissate. One plant had 702 capsules, 
another 431 and another 1.J. 1 feel that -aliabury (1j42) probably 
over-estimated the normal se-^d production of sany species.
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aeauaing that each eapaule contains 16*75 seeds 1 (man of 40 

capsules taken from Astern Hovant on 7 August 1970). All 48 

plants on an ant-hill at site C on Beacon Trill (see aiap, 

Appmsdix 29} had a mean of 5*98 capsules per plant (100*15 

seeds per plant) on 7 August 1970, All 6^ plants on another 

mound at the aatse site had a mean of 6»44 capsules p*r plant 

(106) seeds per plant) on 21 August 1971.

?b* blacl , papillose se@d&, weighing about 66 ng (two

independent ©stiaatea eaob on 1000 see-Je, /rave a^eans of 60»9
2>

euii 70• 3 M£), hav« aa aft«r-ripening period, whioh .^atcliffe

(1961) found, to last 6 weeks In the leak Tiotriet. They arc 

dispersed frotu the flask-shapecl capsules when the wind rooks 

the plant, by rain-w&ah (iiidley, 1950), by herbivores, or when 

the dead plant keels O'/er in lat© auisiser. 'fhe after~ripening 

period raay be primarily an adaptation to 'avoid* gersinatlon 

duria^ the driest and hottest nonths of the year (e.//. ,<.fttcliffe 

1961). It 8s«y alao prevent tho preaiature germination, in the 

upright capaulee, of thoa® ripe Jtrenari^ seeds which are not 

dieperaed iRsaedlatoly, Because of the after-ripenim.; period, 

4t^ eerpyllifolia siir^ivea the ffcriod of intense noil-heaping by 

ents end rabbits In Juno, July and Adjust ae a seed.

fiovertheless, burial of se«<3s during this pario^ might 

reduce the proportion which serrcinate or the degree of seedling 

emergence. In Experiment 2, burial of ArengTigi seeds untler 

5 rass or 10 KES of uneleved J.I. .'orapost <§rently reduced the 

proportion which produced emergent seedlings (?ig. 43). lerhape

Jalisbury (194?) found 17»2.+0«3 seeds per cnpaule ia eighty 
4j,.___6»rpyl;Lifolla capsules.

2Seed* of thi« and other species were stored in envelopes in t'*.e 
laboratory until needed.
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the eeede geralnated at depth, but the seedlings died before 

they reached the soil surface. Alternatively, seed dormancy 

sight have been imposed (e.g. by hi<gh OC2 concentrations in the 
•oil ataoephere, Harper 1957) or induced (e.g. by producing a 
light-requirement for germination in the seed, season & Wareing 

1%7) by burial. whatever the cause, it seers possible that 

deeply-buried *..,. g erpyllifolia, seeds on ant-hills might not 
produce healthy aeedlin^s. A.fter all, the eeed reserves are 
Klnute. Since most dsn»« A^ t .s.j>rpjrllif; olia populations occur 
on bare soil en active ant-hills, up to 20> of the aeeds reaching 
the ant-hill surface in a year ad&ht be buried to >1 cm depth 
(aubjeot've estinate, based on icy experience).

Since flower ing- tlsse is cta^jered, gar^ination-tizre is
the 

al»o staggered \ cerntination occurs during /fir^t rainy veathor
after after-ripening i« complete. leak germination on i-eacon 
Hill is usually in AuACuat, but sometimes in early September if 

August is dry. 1 have oaly on© r®liable estimate of tho 
proptjrtioja of seeds reaching th® aot-nill surface which germinates 
in B year. Ca 3 October t9&9, 625 £ t ^eTpyllifoljl^ seeds, with 
99»0^> viability under "standard germination conditions' were 

j?o«n onto esounds in ifty control plot in .;yperi&!®nt vj. Foat of 

the .^er&lnation occurred during a week of warm wet weather 

before 19 ^ov#jmber 1969, by which time 255 aeedlings had emerged. 
Assuming no seedling: mortality, 4t. of the seeds produced seed­ 

ling^ .
1 investigated th-.* extent and causes of seedling r.ortality 

aeedlings in great detail in 1971, bsosuse by that

time several pieces of evidence au^geeted that seedling mortality



was considerable . For 

(1) 715 eeeds (collected la August 1968 and vith 98«7^ viability 

under 'standard conditions') w«r® Bonn on sounds in my plot on 

22 August 1970 in ^xperiraen* D. By 31 ^ ay 1971, eleven plants 

had fruited, producing 33 capsule* (553 seeds at 16»75/cap0ule) 

between the». Thus only on* out of every 64 viable surface- 

•ovn seeds proauoed & fruiting plant in the next year, 1 and 

aince 300 seedlings had been seen in the previous year, oany 

seedling deaths must have occurred.

(ii) On 25 August 1970, I noticed over 200 A_. agrpyllifolig 

seedlings on an ant-hill ia my plot, end over 100 on another. 

A» a result of rabbit ocrtttchiig , which had buried many of the 

plants, only 20 seedlings rerrained on each sound on 2 'eptember 

1970.

(iii) I ssapped all 405 aeedlin^e present on tvro mounda in my 

plot on 20 September 1970. Culy 150 rernained by 10 {^ctober. 

1 attributed 125 of the 255 deaths to rabbit scratching &nd the 

consequent burial, 113 to desiccation o seedlings on the south 

sides of tlw mounds in a long spell of hot dry weather, ? to 

shading by Hf^sss leavso, which produced etiolation and death, 

lind one to grasing (by aolluscs?}.

(iv) Ca 13 Aucguat 1971 on© of these ant-hills already had over a 

hundred seedlings in the cotyledon stage. Over fifty of them 

had been washed away by heavy rain by the end of the day.

in coaparina thia result with that of the later experiment
(Tables 20 /fc 21, Fig. 43} one ?sa3t bear in mind that rabbits
did not h.0vG access to -his ex t: jri^c^at, whereaa rabbit scratching

the ssajor o«iuae of seedling mortality in the later experiment.
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Thus on 18 August 1971 1 Barked out 20 16 era2 quadrate, 

each containing an accessible .Toup of A, aerpyllifolia seedlings, 

on seven different mounds, fhe total nuraber of seedlings in each 

quadrat at the start of the observations ranged from 580 to 13. 

I examined the quadrats at intervale from 8 :;epte»ber 1971 to 

27 July 1972, »nd recorded the total lumbers of seedlings with 

0, 2, 4, 6 etc. true leaver, the number of 'newly-germinated* 

seedllnga (which were left in situ;, and any causeo of seedling 

mortality. This procedure enabled me to separate 'newly 

germinated* se«dlingR fros: i.ay original 'cohort 1 to SOEQ extent. 

I undoubtedly resade errors in counting douse seedling populations, 

but tho resulto (Csble 20, combined and plotted in ?i£. 44)i are 

substantially correct.

Table 20. Arenaria aerpyllifolia. r)scline in number a with tir>*e
in a cohort of seedlings followed in twenty 1
quadratV; on ".r>t— Kill

Ko. 1971 -
IB A US. 8 ;®pt.

1
2
3
4
5
6
7
8
9
10
11
12
1 3
14
15
16
17
18
19
20

225
151
380
102
80
87
93
30
43

318
101
14
15
99
93
55
32
95
31
29

203
126
309
79
64
4

26
1

45
259
40
4
5

37
60
53
11
11
17
11

30 rsept.

o2
85
243
66
32
2

28
227
23
3

40
5

10
2
4

6 Ctr-2
f? at '.eton low.int "W . in 1971/2

ecor<1iri.2 date

1 Hov.

73
78
52
40
e

23
132
21

1

8
5

10
1

7 Jaa.

y-
66
12
19
4

13
80
IS
1

1972
15 Apr.

14
8
10
5
3

•at

55
7
1

1 Jun,

5
1
1
2
2

11
7
1

27
July

3
1

1
1

5
1

2078 1567 658 452 253 106 X> 12

* quadrats 1-12 w«r<s at site £, and quadrats 13-20 at site U, on
the aap oT ,_Gton .-.owant ..,.\«u. in ..ppeniix 29.
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l'ig.M+. Decline in number of a 'cohort* of 20?8 seedlings of Arenaria 
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y is the surviving number of plants and t is the time in years, accounted 
for a significant (P< 0.001) proportion of the total variaUlC|!l in plant 
number, giving a half-life of O.l^f years.



75

The 'cohort* originally consisted of J076 seedlings, 

there vas a rapid decline in r. codling numbers, the main cause 

of saortality (Uable 21) being rabbit scraping, and the resulting

21. Mctora which caused seedling mortality in u** 'cohort'
of 9»eal;.na3 of ». . gerpylXifolia which was followed$L "•••. 

1:197*froro 18Avi*uatn971 to 27
(1) Rabbit acraping and the associated heaping of soil over 

eeodlinja by rabbit:-? was the rsaln cause of seedling 
Rsortality. They obliterated the seedlings in 9/20 quadrats. 
In others, it killed the as&ller seedling but 'selected 
out 1 the larger ones.

(11) Reaplng-up of coil over plants by ant a ( ;t , 2, 3, 5). This 
killed seedlings in Irto sucuatr and autuien and eliminated 
old, poorly-developed needlin/^s (2-6 true leav^a), which 
over-wintered, in spring.

(iii) ::: me tiering of seeilla^s by rabbit dropping (it, 2, 4, 5)»
,yn, ug jg^lvgiti.^ leaves (M f 1Cj or ;jor bun aria leaves 
tOJ caused eeeSiin etiolation and <?

(iv) Jibing by the green woodpecker U'lcua virldis),

(v) iraaina* by ^nailo ^nd slu/;e ( ;1 , 2, 5, 3, 11 t 12). This, 
like burial, sestr«d to tst isolate branching,

(vi) ^un^al Infections (":2, ?;. -'ruadmt 3 had 5PC ^ced lings on 
Hi AU£^ist and 300 were still present on 30 "'ept ember, ^ut 
on 1 roverr.ber, only CO re-.e.ined. A dense ^twork of fungal 
hyphae cor»j»ct«K» those plant* still utondia,^. Kost aeed- 
linr01. ha<5 ycllov«^ ^^v^r-, and their hjrpocotyls were 
•shrivelled «*t soil level.

(vil) Competition vith other species, e.,^. _Acrocladlum
c'AGpidatuB (W4), !!ryufli caegpiticiui? ( 3, -, 'I^J r.n.1

<^htj|BBeci3tue ( : "4T» IThading caused etiolation
TeeWlin :T t^ v;ith their roots in 7_U .,caes pitio^iug

)» were often ft till at the 2-6 leaf stn^e in ' pril 1972.

(viii) Self-thinning (Q3). A dense seedling carpet, with up to
thr-^e layers of cotyledons, produced atiolate-1 seedlings 
which remained in the cotyledon nnfi 2-le&ved stages for 
much longer than elnevhere; this probably rad? the seed­ 
lings susceptible to other haaards, like fungal infection.

Desiccation during hot weather in early ^eptewber 1971 
(Q15, 20). In quadratr; ou the south ^idcs of ant-hilla 
the seedlin^B app©?ired scorched and shrivelled up. xhe
root system of re.all ^r^naria s^odlin;;s i^ rarely more 
than 2 o« deep, and soil"tecsperotures on the south sides 
of nnt-hills cen exceed 4C°.., tst thia ti.T;0 of year.
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heaping of soil over the plants. Geedlinse which developed 

moat rapidly in summer tuad -mtumn were those meet likely to 

fruit and produce abundant capsules in 1972. ^ost aeedlln^a 

have only 2-4 true leaves at the beginning of winter and die 

without setting seed, but thoae seadlings aioflt likely to fruit 

over-winter with 16-"0 more leaves. ** negative exponential 

regression of seedling numbers on tirae explained a highly 

significant (r^0»001) proportion of ths total vari^ton in 

seedling nucber, and #ave n seedling 'half-life' of 0*14 years. 

30 plants fruited in 1972, and since the 1? plants r^ainin^ on 

?7 July had tvroducad 56 capsules between the?, the 3 '") fruiting 

plants hod probably produced about 140 capsules, or about 

2345 eeads (at 17*75 per capsule). Only oa© in 69 of the 

seedlings present on 1B August had produced a fruit in,,; plant.

Fj../. 4% A crude quRfctifieatlon of Arenaria _ ^qrgylli 
life cycle.

SEEDS I

>YEAR n + i I
10 SEEDS in Year n

RABBITS 
PRESENT

fR.UlTlNCJ I 
PLANT5 H

•j f*m*rnnmrjcat~a3

5 ^ 1 0 th aerminaTs 
Year

.,...,..,.
I 

n, I

1 produced froi:. ::---.",, rhich germinated in.
oueh sore susceptible to environmental hazards, for instance, of

^seliiaa present on 3 iiiouade in my.--. ...
plot on 19~fiovefflber 19^9. 07 (mostly still in the 2- or 4-leaved 
sta/e} reaained in .^ril 1j7^, .-..^ none fruitevl, .-evrsan (1963) 
noticed tfa* eaa0 jshenoownon In .ira araecg?c.
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. 45 ahow a rudiaentary quantification of ArenariVa

life-cycle, using many of tic ~?asureraents which I have made, 

huch of the abeolute and faost of the relative taortality in the 

life-cycle occurs at the seedlirvg sta^e. The tiny BC*H« produce 

•Mail seedlings highly susceptible to environmental haaarda.

»hy are fruiting ^renaria. plants strikingly absent frora 

the vegetation surrounding ant-hills:' In Experiment •;, 625 

se&de, with 39 ,:>• ruination under 'standard conditions', were 

sown into sward® on 3 October 1 >f/9. unly 6 seedlings w re seen 

and all died rapidly. .linoe J was not certain how icany seeds 

h^id ^r?rinat<}d, I eoved ten grouff; o* 20 seeds each into short 

{1-? cm) open turf on ey plot on 4 :September 1971, and examined 

the site® every ?-5 day®. Although the germination of the 

sajaple under 'staad&rd laboratory conditions 1 was 67-5^, only 

two seellingB appeared in th© fie»l-1, ons on 26 uepte^ber and tho 

other on ?5 ^tober. abundant .Aranaria gerniination occurred on 

mounds nearly ^.urinci this tit?sa. If tho seeds haa germinated in 

the swards, I would have seen the cotyledons. "ither th© seeds 

had been destroyed by predation or parasitise, or thay had not 

germinated .

the possibility that SorKancy of .gren^ria aeed0 saight be 

imposed under a 8ward by the increase in th® proportion of far- 

red to rod liiht (ri^ott 1967, ?aylorson ft Borthwick 1968) was 

investigated in /;xperiaent A. The results in i'abls 22 show 

that doraanoy was im;posed on iAre_n&ria. sseeis under a leaf canopy 

in eroerdental conditions. .ince ,^ . aerpyllifolla seeilinga

V-;b.e oxperi-iient needy to be repeated and followed up by using 
filters. Doea the response of Arenaria seeds to the quality 
of li^ht chcn^e uitr. :he a/;>c of tha seed 1 ; . ow are seeilimje 
affected under ewardo by the *qu,Qlity f of
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Table 22. Sawirlatent A. October/November 1969* '>erc.lnation
reiipon»e of Are-iaria aerpyjjifolia aeeda (collected.
2€i Au^st T^£iST vhcn aurrour.dQdIby £wo layers "oT
|ili^ le&vea

Design: 4 treatments * 2 'dishes x 50 seeds.

nurr.ber of ercdnated Beads per *<3iiah
7 after 27 dave)

Laboratory
light

50 
50

Ti-ht laboratory roof 2 layers
^ - :«rk niia leevee

47 30 0 
48 35 1

Amaycls of variance on untraaaformed fiata

Source a. if. £.3. JL.
Aasona treatments 3 1056-8 307-2**» 

V.lthin treatments 4 3*4 

7
The following differences between treatments are significant 
(}' 0-0'-' by ^alsrlfl'a (1 r '^) sun of squRr»n sinultTuieous test 
procedure:
Illia le«v*s / Lab. light.*** r'ark / Lac.
fUia l«avoa / .'oof li
fllie leaves / Dark.**
(**, 0»01 >/ >0'O01 j **», F^0*001;.

have lit tits chanco of survival in a sward, it sdw;ht; be a 

selective advantage to the species if the seeds could reaain 

ior»..ai6 until conditions changed. dowever, the irnportance of 

tais procas^ uJOii**r i'iela coziditioas is questionable since a

must csco;.-^ buriad.

ft Jeffrey (1965) showed that althou^t Arenarife grows 
rapidly in full daylight it b&a poor shade aurvivalj 
seeds ^«r© liabilities in shaded environments 1 .
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5«3»2, Veronica arvQn«l.s raid other vjLirter ajrmualo

Veronica arvenais i? confined to ant-hills at several 

sitea (Table 13), but on Beacon Hill it occurs mainly on ant­ 

hills on the northern slopes. It resembles Arenaria rcypyllifo.ll.> 

in Its biology and life-cycle, but 1 have not studied it in such 
l$r«at detail.

V.». arve.usis has a flowering peak in early i-ay. The seeds, 

which wei&h 146 y.& (mean of 497 seeds collected from Beacon ilHl) 

are rapidly dispersed from th« ripe capoules, but they have an 

after-ripening period, which iiatcllffe (1961) found to last for 

12 weske in the reak District. Thus germination occurs in 

rainy jieriods from the beginning of «\uguat onwards,

those seeds ^hich >iave been buried by heaped soil in tho

intervening months may not germinate. In l-iscperirfmit 'i,
2. 

tioa wan inhibited iinder 3 nini or 10 EG® of uasieved J.I. compost

, 46), !oreov*>r f sorse collection^ of '/^_. ^.rve.n.g.i.g seeds 

contain a high proportion of seeds with R li,^ht rsquireraent for 

geneination. I-'or instance, when seede collected from Heaoon 

Kill on 26 Jvme 19^8 were i|errrinated in grouprs of 50 under 

'standard condition^' (19 Janurry 1969) t 2P7/297 (96-5-) 

gerr-lnated in the light in 17 dnys but only 74/200 (57 ) 

gm*r inated vher. the petri-cieheg wer« surrounded by two layers 

of aluirdniujs foil. K.J.: . rerolval (196?, pars, cocwa. ) found 

that germination of V]»j_.arya..ng.i3 seed collected from "Jreckland 

was inhibited by darkness, burial, and OCX, concentrations of 

2-4, In air, The responses of the seeds of winter annuals to 

burial, and the importance of burial in their life-cycles on ant­ 

hills, liierit farther Investigation.

1 .alisbury (1942)

S««*dlin~; emergence was lower; but wuen ths &oil was excavnted, 
no evidence of germination followed by eee^lin^ death was saen.



Time (days)

Effect of buri; 1 on the yernin: tion of Veronica arvensit
(collected 10 July 19^9) in ijcperiment B (8 Jeptentber 1970),

seeds

n of sieved J0 I 0 compost,,
D On filter paper, in the
A Cn filter paper, under 2mm of J 0 I 0 cora ost,

On filter paper, in the dark«
On filter paper, under f J 0 I. compost

O On filter paper, under 10mm of J 0 I 0 compost,
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Sone of the y. arvenaia needs eotm in 2xperiaents C & D 

ultimately produced a mature plant and so I cannot quantify 

Veronica * s life cycle on the mounds. JOBMJ Geedlin^a died 

through e a If -thinning, some through mollusc gracing, and many 

newly-^er-ninated oeedlin^a -//ore smothered by soil heaped up by 

tfa* wats in August and September.

500 seeds were sow* Into swards In :r.y plot on 12 >3pteisber 

1969 in r-'xperiment J. Clevan seedlings were seen, vhich all 

became tall and etiolatad. Pvo p«roi3t«rd until the following 

April. Jerffiination of V « rsrvenflis s@eds, like those of >-,

f ol i a , was inhibited in "xperlmant 4 when the petri-

dishoc K0r<9 covered with two lajere of lilis leaves (Table 23).

23 ;x;,:erlte0nt -i. -,-ctobQr/Novo^ber 199. .:.>erR.i nation
r. oaponae • .' of VQrQnj.c;a ' '' 
TO" ^

T)«»l«jn: 4 treatment© T 2 *dishe® x 50 «eeds.

Final number of _?orr inatati r geda rsr *dish _(n^ ter g? days)

Laboratory
Il'iht

48
50

Light

46

, nalj-"3if5 01' variance

laboratory roof
~ rvrk

40 
49

on uatrnns form ect uata

.: layers 
Tilia leaves

0 
1

Aaorv, treatment3 3 1080*2 36-01*** 

within treftteteAte 4 11*25

7
*he following differences &«?tv«en i»reata»nt0 are si,gnificant 
(i-^0«05) by "abriel's (1964) sum of squares 3imult?nac-us t«st 
procedure:

/ i^ark*** ^HJLfl leaves / Lab. 
/ '.oof

(»**, r^ 0*001).



Kyosotia ranaosjaajUjm, ia vary similar to Arenaria 

ger.jjy3LljLfp3l.jLa and /eron^oa arvenaJL^ in it a biology and it a 

response to ant-hilla, Other members of thie 'natural' 

of winter annuals are Qjtriaai.o». hiramta. Catatpodivua .ri^i

gfcraa t3.ua ..soioideQaadrug! . ^roL ffhijla verna. ryosofcjs

trl4ft<?tyliti&g and some other* nentioned by Hatcliffe

5.3.3. Cerastium hologtBoides

the peroruiial herbacootia ohataaephyt® C!T.f.._hQlQ.3tapuidg.q 

very frequently coafinoa to ant-hills at the sites whioh I

studied (Table 13;. ^^holOjBtgQidiajB io a wide~raiigiEg <a,>0cies, 

with. 2n » 13if— 13?» and may, like .vrophile. verr^t consist of large 

nxxmbere of *pur« liaea*. ..ocu& of these races might be ^nnnal 

(Batahinson 1 C>55» "laphsua «t al. 1962), and ia itr biology and 

response to suit-hill© , ^, holostQoldgs graatly reseatblec the 

winter annuals; bat w;.«*a four plants fro® Uaacon ;Iill wer® 

grown tip in n cold fra^e at the laboratory, and five plants on 

ant-Uiils on the north aide of ueacon >-ill were exjurdned at 

intervals, all ii¥«d for ov*>r t*to yeara. i!h© prostrate creeping 

roots took proiuo@s several flowering aod won— flowering ahoots, 

eoae of which veooin ^reen all winter.

ieproauction of ^mjhQlo8 teoidea on ant— bills is alsaoat

entirely by sasd. It flowers froia ,, jay to i-eptectber on the
p at ^«aaan »iill, proauoia^ perhaps 3*J»3 j. 3«3 B@®d»- p«r capaula

* -ggigia resembles V VLnaTvennAa and f^., s er^yll if ol i a in the 
ita cee^lint; mortality ,'~iFa pooi1 germination and seed-

survival in swards, and th@ isspoaition of dormancy in ita
by t«Q laycre of rilAft leavta. Ite seeJs have a ^oan weight 

of 276 n? (sample of 367. ~]^ hooked bristles on the fruiting 
calyces &ay aid disapereal by aniieala ami birus.

i'he flowera of C tj h^loateoidtja , like thoae of the other winter 
annuals wtich I have mentloneoi, are rre<io«Bi riant ly pelf-pollinated
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(3allabury 1942). 1 "?h« red-brown tubercled needs (weighing 

177 ug, Salisbury 194?) ar« released from the wide-open capsules, 

usually held at an an^le of Iea3 than 45° to the horizontal, when 

the plant is Jolted by wind or animalo. bruiting beads are often 

bitten off by rabbits, $.£. on 18 August 1971, 8 plants on an 

ant-hill on the north side of Beacon iiill had 23 inflorescences, 

9 of which had been reosoveJ .

Observations on the ;ersiination of seed sown on mounds in 

ay plot at various times of year, on seedliaja in the field and 

on geradnation under fruitin.. plants at the laboratory all

indicate that moat 1, holQateoidejai aeeds germinate in autumn
2 •*

{•specially epte'aber) and soraa germinate in B ring. Cn 22

August 1970 I r;owed 715 seeds (collected in eptesiber 19o8 nnd 

with 94X ger;rdnation in 'standard laboratory conditions') on 

ant-hills in my plot in Jixperircent ,. 209 see-llin-js were seen, 

but they rar-ldly dieisjppeared. fortnlity wn« rrainly due to th« 

heapin,.!; of ?oil ovor the seedlings by »nt«i, and partly due to 

shading azxi etiolation by dense Helianthemup. but rabbits and 

aheep did not affect seedling deaths because the seeda had been 

cown on rounds in ir.y control plot. The soedlingo -i&ve rise to 

4 fruiting plants of OerastjuK in 1971, tearing at least 10 

capsules between therj, a total seed production of 583 if 

Salisbury's ectiraste is applied. Thus the rate of seedling 

mortality of 0._holoateoidee on ant-hille seems to be of the

(1~~A2) found & •>•••." of 168.U24 capaulea per plant 
per year on plants growitx; in short, seai— open herbage, _ivin*i 
a n-ean seed output of G^Gj^lCC'.}. :;*<ie is probably an order of 
magnitude higher than the seed product IOK of -^ holosbeoides on 
'seacon Mill ant-hills.

^1 have r^t iuve.it igfitcrl t:.3 ^osaibility th.-.t aee-.Is of C. 
from Beacon Hill ant-hille csirht have an after-ripening requirement.

Wareintj (1966) glve« J T hologteoides as an exacple of a species
.-.it;- seeds i*l-.icii have r.o » arl/o"! ^-.rliiiation perio-.icit,;/ in the 
laboratory*



•a&e order of magnitude as that of the winter annuals, Its 

ability to set abundant fruit in the summer after germination 

contributes to its survival on ant-hills. It can alec grow 

ap through heaped soil by the elongation of its root stock and 

the production of new reset tea at the tip; chamaephytee seen 

to have an advantage ovar hes&icryptophytes on ant-hills in this 

respect. Thymus druc«i. Heliaatheaaxaa ohaaaaeciBtua. Veronica 

officinalia and y. chaaaedrya can also continually put their 

buda above the surface of soil heaped over thea.

la iSxperiment C, C« holoateoides had a higher germination 

rate and longer seedling survival under swards than the winter 

annuals Of 650 seeds sown in swards on 20 oepteasber 1970, 50

A4 .Cctober/.yovegber 19^9*
yee.p;qg(e ' of Jerast iuia . .holoj tegidM seads ( 

' L " by two .I

Design: 4 treo.tiaants x 2 'dishes x 50 seeds

Final nuti'ber of ..gerai.pated aeede per dish (after 27, days )

Laboratory 
light

44
46

Light

47 
47

laboratory roof'ark

46
47

2 layers 
.«?iliff. loavea

*?t
The leaf cov :r on this 'dish was accidentally broken, i'he

inaide vere £ horizontal, leaning towards the gap.

Analysis .of ynrinnce on untran^f orated data.

jource d.f , ':..;. F
«HWW^MMMBHMM^ «••*««* -m-r-'-UI- ^

treatB5«nte 3 535*0 9-6

within trestnisnts 4 55-75
7

The following dlffersncei between treatmento is significant 
{PRO'05/ by Gabriel's (1964} sum of squares simultaneous test 
procedure:

j?illa leaves / ,ioof li^ht* (*, i-^-0-05).



w«re seen to have germinated, and 6 of the 36 which had appeared 

in autumn 1970 survived until at least 19 *<ay 1971. All these 

surviving a««dlin&8 had 2-4 leaves and were etiolated, and two 

of them had developed purple colourations on the leavae, so that 

their long-terra survival In awards was improbable. In Experiment 

A, ge.paatiuR seeds did not have a ligh^ requirement for germina­ 

tion, but thair gemination was inhibited under two layers of 

Tilia leaves (Xab.le 24). I'hia mechanism might impose eorae 

dormancy under dense swards, where In any case the seedlings are 

unlikely to survive for lon&, but the absence of 0, holoateoidee 

froa short open turf on Beacon »!ill ia a mystery (see section 3.4 

for a possible explanation.

5«3*4» t hjsmc

fj,, druoej. is coneistently isuoh more abundant on ant-hills 

than on the sward (Chapter 3)» Its initial invasion of rmt- 

hills, and its vigour there, depend on its rapid vegetative 

spread, and its ability to grow up through heaped soil. Other 

factors which might favour its growth on mounds are (i) its 

resistance to rabbit grazing ( Xansley a Ad arts on 1925); .razed 

eteiES were never seen, (ii) its xero/aorphio character,

and (iii) the low densities of the shoots and roots of oth*r 

specie© on ant— hills.

ThyTsua shoots colonise young mounds when existing plants 

are covered by h@&pe<i soil as th© mounds expand, further soil 

hsriping would cause repeated branching, allowing Thyrsus to raake 

up an Increasing proportion of the total percentage cover on 

ant-hills with increasing volutse (Chapter 4), and producing a

i?he biology of r.hymua. druceA is purtmarised by FJUjott (1955).
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complex »root« system ramifying within the sound.* Established 

?.» dyu°*ft plants on ant-hilla often have woody, much-branched 

«root» Byatema penetrating the underlying chalk, whioh nay be 

40-60 oa below the top of the Bounds. On two out of 3 ant­ 

hills excavated, most of the shoots on the surface cane froas a 

single rootetock, even when ^hymue had 6CK cover on a large 

wound 7hy«u» shoots form dense prostrate cushions on parta of 

mounds or mounds vhere severe soil heaping is absent, with 

adventitious roots every 6-12 cm, and pairs of axillary branches 

growing froa each node. When buried, both axillary and apical 

shoots grow vertically through heaped aoil. In experimental 

burials of thy BUS sshoots on ant-hills on my plot in August 1971

Yhyaua grew up through 3 era, but not G cm, of suddenly helped
2soil. However, 1 noted several tisses during the surveys described

in Chapters 3 & 4 that ghyaam had ^rown up through 2-6 ca of soil 

heaped up previously that susaser.

flowers profusely sad sets abundant seed on ant-hills,

although in 1971 no seeds were produced by the 5-10; of 

inflorescences in ray plot which were infected by the ac&rine 

gall-mite : ?r io phyeg t ho.giajai . The nutlets weigh 145 \ig (mean of 

9 seeds) sod are dispersed by a flicking mechanises. f-ost seed­ 

lings appear in August-October, but they are subject to such hi&h 

oortility that I have only noted establishjaenta of Thymus from 

seed on a mound in two cosse. For example, on 25 October 1971 

I marked a population of 58 Jhyjaus, seedlings, 53 of which had

i'his hypothesis could be tested by examining; the variation in 
the number of annual growth rin^e in rhymus with depth.

Under natural oonditionc, heaping of soil by ants would be asore 
gradual.

'?igott (1955) noted that rhyaug druoei could withstand 5 cai of 
burial in a year.



just germinated and were on the cotyledon stage. None remained 

on 31 October. On 26 September 1371 1 narked 15 seedlings, 
with 4-10 true leaves, on two ant-hills. They had all disappeared 

four days later. Thus eutablishoent of Ihyaaug frosi seed on 
active ant-hills is much less important than the vigorous growth 

of its fthooto in producing the dominance of ffhycjiuft on the sounds.

5.3.5. HeliantheiBUEi chaffiaeoistua

He^iant hetcuiB« like _?hygi.ua druoei. la frequently such more 

abundant on ant-hills than in th® surrounding vegetation (Chapter 

3). Like g&snpuff • *•* i* a xeroraorphic woody perennial chamae- 

phyte which often has a much—branched woody stem system ratifying 

through the mound a and a root system reaching the underlying 

chalk* It probably invades ant-hills v®getntively, on the 
three rounds dominated by ueliftntheaiugi which I have excavated, 

all the shoots came from the same plant, and so none of the 
abundantly-produced seeds had produced an established individual.

Unlike |&giaug dru.ogi, which invades bare soil by prostrate 

branches which run across th<«i surface, :|elianthereuaa Invades 

beneath the surface, its horizontal stems throwing up vertical 

l«afy shoots when covered with bare soil. Any on® of these 

shoot® could itself subsequently becos© a horizontal ©tea with 

axillary branches. In autumn, new axillary shoots begin to 

develop below the soil surface on parts of existing shoots. If 

the apax dies in winter, growth of the axillary shoots continues 

in spring.
Severs! estimates indicate th%t H. chajsaecistus shoots can 

also grow up throu^gh 3—4 cm of suddenly-heaped a oil. A hen a

£he biology of i2._v chaBBa«cistus is suongarised by Proctor {1 956).
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bucketful of sterile J.I. compost was dumped in ay plot in 1970, 

a HelianthemuiH ohoot grew up through 6-7 c« of soil. Cn an 

excavated ant-hill in ay plot (10 October 1971) one axillary 

shoot started frosn 7»6 ess below the surface, HelianthemuBs 

shoots grew up through 6 cm of soil deposited on two ant-hills 

in ay plot in August 1371, but the wheats were already 1«5-2»5 c» 

above the aurface of the mound and heavy rain reduced the depth 

of the soothering soil. On the other hand, jj« ehaaaeciatua 

shoots In a mound excavated on 17 August 1970 ware covered by 

4-5 cm of heaped soil and were losing their ohlorotio leaves.

The effects of the burial of H.alianth9gua a hoots on their 

subsequent growth were examined in a greenhouse experiment 

described in table 25, In the control shoots, growth was apical

Table 2^« rhe effects oT burial on the growth jaf the 9 hoot e of 
a iif.an ̂ Lh.eaun oha&ae ci a t us l&nt in the reonhouae

frethod. A single plant was token from Beacon Hill in December 
"^969 and grown up in H heated greenhouse. By October 1970, 
shoots ran in all directions frosi the central a took, overhanging 
the sides of the pot, on 31 October 15 numbered jewellers 1 ta.^s 
were tied onto the longest shoot e and detailed notes were made 
on the Esorpholc^y of each shoot. ..'he ends of 5 randorly-seleeted 
shoots -ere buried to 5 esi in individual 5> CK pota, 5 were buried 
to 2 OBJ and the remainder were left unburied es controls. On 
3 January 1971 detailed notes arid measurements were isadle again.

in shoot length

Controls Under 2 cm soil Under 5 cm 

3»7 cm 2*24 cm -2«0 am.

except when the apex of the ssain s^oot was daca^ed, when it 

be case axillarj. Under 2 cts of J.I. coapost, three of th«? five 

shoots ,^rew apically to produce steas with their leaves projecting 

above the aurface. i'h© apax of the fourth ehoot died but an 

axillary branch ^rew rapidly And emerged from the heaped soil.
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The apex of the fifth shoot also died but branches appeared

•aid grew at the node immediately above the soil surface. Ml 

the shoots buried 5 ana deep also responded in this way.

Seed dispersal is inefficient and establishment from seed 

is sporadic, Phe seed a, which weigh 1177 pg (mean of 200 seeds 

collected 11 eptomber 1968) aro often released only when the 

pedicel breaks m<; the fruiting capsule falls onto the soil 

surface and disintegrates .500 Reliant hemg seeds sown in Ixperi- 

ffiont C onto ant-hills in my control plot on 2 September 1969 only 

gave rise to 3 seedlings altogether before 10 ^epteaber 1971, 

2he seeds require scarification before gerrcination, under

•standard conditions', probably b* cause of an iropermeable testa 

or cuticle, but then exhibit 10Q> germination, often extruding 

mucilage* In th® field the scarification requirement say be 

slowly satisfied by microbial action or th© Eovement of mineral 

soil particles during freesing and thawing. Although its 

eeedliatis appear robust, most f4e:liaathe%uaB shoots on an ant-hill 

come from plants which have grown up with the mound.

g.« __&caulf is a perennial masophytic rosette heisicryptophyte 

with a horisontal, branched, sympodiad. rhiaocse which allows it to 

produce large clones vegetatively in ©bort chalk grassland swards. 

Severtheleas , it is strikingly absent fros ant-hills {-Chapter 3). 

In the survey of ®y plot described in Chapter 4, ^.«,.ae

occurred in 90 of th© 103 surrounding vegetation quadrats, often 

with a cover of 5-10^, but 1 saw only 46 roaettea on 206 mounds.

biology of jirsiuia acaule^is euirsjariaed by Pigott (1968).
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All the rosettes on ant-hilla which were not on the absolute 

margin were oo»pl«tely isolated and aurt have come fross fruit 

dispersal and ^errainatlon, '/e-gotative reproduction in

fioaule is much too alow to be important in ant-hill invasion. 

2hu» the factors moot likely to influence the population siae 

°* Cirsiua on the wounds ere the density of viable nohenes 

produced in the sward, the efficiency with which they are dia- 

pereed, the ^ersEination rate of the fruits which reach tho tope 

of oat-hilla and tha rate of decline in numbers of the seedlings.

I investigated Clrgiute'a viable fruit production and Hs- 

pereal in Beacon Hill in 1971. I estimated the production of

viable fruits in two ClrsiujE populations at 139*6 and 205*5
2 viable aehenes/m respectively (Table 26). On Beacon Hill

_j|Cfeul_g begins to flower in late July and most of the

viable fruite are released from th® beginning of September on­ 

wards. Jigott (1968, 1970) showed that the number of viable 

fruits set by •:_. a caul e inflorescences is influenced by the 

weather from the time when the first flowers open to the tin* 

when the last fruits are dispersed. This ie because the avail­ 

ability of pollinators ar.d the weath«r deterrlne the proportion 

of florets pollinated, and the percentage of fertilized ovulea 

which produce fully-grown esbryos increases with temperature.

August 1971 waa warmer than average and 14*85 »nd 11«9 viable
2acheaes were produced per oapitulus.

l have nevssr seen viresiu^i flowerinj on an ant-hill.

•'rore 11,30tt f s (1970, p.37) map of the nsean numbers of viable 
achenes produced per capitulura at 15 nitee in •'eptember 1963 
one might exj-eot 8-10 viable fruits *.QT capitulum at Aston 
lowant.



£6. j ata f roaa two populations of Jjraiuxa acau^e 
A« ton itovfmt ar .y. > . ( 1 97 1 )

rCFULATIOI 1 2

Latter on sap of reserve (Appendix Z°( ) £ It 

Bate sampled 31 August 1971

Saapled area (a) 150 x 25 50 x 25
p 0*25 a quadrata sampled 20 15

<)
l-ean nursber of Clraiiim rosettee/m
"P of rosettes producing inf lores ccneeo
Kean number of iafloraacdnoes/roBette

Kean number of infloreacences/ts
Kumber of inflorescences 1 examined
f:ean number of florets/inflorescence
Total nuaber of fruits recoviired/infl.
Kean nwsb«r viable^ fi*uite. recovered/infl.
Kaan ausber uivlerdev@loped^ fruits/infl.
1^'tan number ospty^ fruits/infl.
Mean number dofor?asd5 achenes/infl. *
JSean nussber viable acbenes produced/®
Fean number seedlin^e/m2'
Kuniber aat-hilla examined
Keen number Jirsiujn rosettes Been/sound

31-?
28-2
1-07

Q«4
20
71
57*75
14.35
9« 3

29-7
>9

139-6
0-6

15
0

25O
66*3
1-03

17-3
20
75-4
68«9
11-9
14*3
25-6
17-2

205.5
1-08

15
0*4

Only ripe fruiting heads, about to release their fruitB, vere

'Viable* fruits wei^h over 3 sy? and ar» full and three-oornared ,

''jnderdeveloped fruits have incomplete embryo development; they 
appear turbid, but c«n be broken with difficulty when prodded 
with a needle.

fruits have developed to full size out havs not been 
fertiline-.x; they are ercpty when prodded with a aeedle and 
usually wsigh about 1 mg.

fruita include cylindrical, brown, fungus-infected 
fruits and small flat eapty onea. i^ey weigh ̂ 0*6 a^j.
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However, aany apparently 'viable' fruits are not released 

from the inflorescences. ?or instance, fungal Infection 

(••pacially by lotrrt j.s cinerea Fr) increases in frequency froa 

the end of August onwards, and is not only an important cause of 

achene invisibility, but sometimes destroys viable seeds or binds 

them to the receptacle ao that they cannot be dispersed. On 

3 September 1971 36 (84 ) out of 43 random fruiting inflorescences 

°* 0« aoaulq from site ¥• bora signs of fungal attack. The 

inflorescences act as cups which catch nain and dew, and the 

reoeptfeoles are infected first. Infection spreads to the fruits 

and the peduncle, and the £>«dunel^s frequently disintegrate, 

leaving the capitula (which nay still contain *viable' fruits) 

to decay in the award, Further viable achenes aro killed by the 

orange larvae of ijaoyneujpa spp. (Ciptera, Jecidomyiidae), which 

were found in oevercl fruiting capitula in 1969 and in 8 out of 

14 collected fro® ®ite K (population 2) in September 1971. In 

one head, they were present in fruits of viable weight. A high 

proportion of the viable achones which have not been infocted by 

3-Qtrytis or invaded by Dasyoeura. larvae is not lisperee't because 

the pappi readily break off, leaving their viable fruit a behind 

in the receptacle. This was noted frequently on Eeacon 4ill 

in 1969-71.

the achenea, vhich weigh 4190 {ig (Esan of 40 'viable* 

fruits), are released fro® the capitula (2-5 cm above the noil 

surface) on warm days when thalr hygroscopic pappi expand and 

the aohenes are drawn out of the infloreaceaces. Cn atill days, 

the achenes and their pappi remain clumped around the capitula, 

and if early September is wet, no dispersal say occur at all.

1 Jigott (1968) found 4490
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Cn windy days, however, the viable fruits say be blown further. 

On 1 September 1971, a warm dry day with a hl^h wind, large 

nuiabera of CJrpiua pappi were released fros* population 2 (alte 

ft), and I examined all 400 pappi which, over 124 minutes, became 

caught in a 6«6 length of wire netting 8 a upalope and upwind 

fro* the neareet C. aoaulc? plants; 16 of them had viable 

jsohenes att&ched. <owever, I have only seen two viable

acaule fruita vhich h«ve reached the tope of mounds naturally.

* Viable* £« acaule mchenes can germinate and produce 

aeedlin^ on tint-hills. 80 fruita of viable weight were cown in 

two p«tri->dishQS un-Jer 'etandard germination conditions' on 

13 feptomber 1971. 34 germinated, but auany seedlings became 

infected by fungi iBaaedlatoly on emergence of the radicle, and 

only 21 regained by 13 October. On 16 ,jeptets.ber 1971 20

C,r acaule achenea fro® the sasao collection were aown into each
2 of three 100 om quadrats on the tops of ant-hills in my plot.

Ko gerasination occurred until the aprirxg of 1S7^ t when 13 fruita 

(??""> geminated. However, there was considerable soil-heaping 

by the ants In these quadrats, and by 27 July 1972, only two 

seedlings regained, one of which had itr leaves half buried. 

¥hen the heaped eoil was excavated, four dead Ciraiuiti seedlings 

were found underneath.

g, aoflule: does not normally flower until at least a year 

old (Tigott 1968) but the SBsall, atunted plftnts found on ant­ 

hills would probably not produc® viable fruita until they were 

ranch older, and then probably not at a rate to mintain 

on the Bound.

1 Pigott (1970) notes that Jirsiuis seedlings often die through 
off.
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2hus there are several reasons for the »triv ins absence 

°* CirsiuR aoaule from ant-hills. The number of viable 

fruits produced la lowered by the weather, predation and 

parasitism. fheir dispersal 13 hindered by the low level of 

the eapitula, the high frequency of pappi lost before dispersal, 

the weather and the heavy aohenes. The production of rigorous 

•••dlin&s on the mounds »ay be affected by fungal parasitism, 

and their survival is probably poor because they are susceptible 

to burial. 3«edlin£ development ie 01 o* on ant-hills and n© 

flowering plants wer® se*n th«re.

5.3.7.

Potgrium san^uiaorba ia a perennial sesophytic rosette 

hemicryptoj-hyte with a deep woody root system and a vertical 

rootetook bearing one or &ore rosettes of pinnate leaves. 

Although it i3 a frequent colonist of bare soil (rUdley 193*3), 

EOl.e-hills (Appendix 2}, erosion terraces, and noil bared in 

fence-laying or track safe ing, >'. aan;i?ui3orba is usually vory 

uncofJEon on ant-hills (Chapter 3 & i'sble 27) considering th« 

high derzsity of its rosettes in 'typical* calcareous grassland 

swards. ala.ce new roaettes are only produce J elowly froa 

existiP^- roo ! stocks, at c, dist»nce of less than ? era, the 

invasion of L. flRvua mounds by Joterixua probably depends 

entirely on eatablisbsient fron> 'seed'. Thus I shall diccusse 

factors like the density of viable fruits produced in the award, 

their dispersal and germination, th« survival rate of Foterivus 

seedlings on ant-hills and the ability of :-pteriuK on the mounds 

to set viable fruit.
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table 27- *08
at A»t9n Rowant N T K,ii. (1971J

POHJLAXJON 1

Letter on nap of reserve (Appendix 29) a

Sampled area (a) 210
Vegetation height (cm) 15-20

Gracing £ jfone
Other notes 3raphypodium~ 

rich, J Qteriuni
plant® very 
large and old.

Date sampled 27 Aug.
2 Random 0*25 si quadrats sampled 10

Ant-hilla sampled 10

fce&a nu&ber *o.teriuja ros»ettes/fi> 63*2
jrercent;t£« o? rosettes flowering 28«5 
ieaa nu'.. oer flowsrin^ rosett«s/ss2 1fc 
Mean number seedlings */asiii 0 
}"«aa number seedlings* /ant— hill 0»1

* A *»eedling* w»3 a plant with cotyledons nnd/ 
trifoliate leaf.

..;ach 1A san^uisorbg 'inflorescence' baara

2

B

500

10-12

Habbita

'Dense, 
moasy 
turf.

27 Aug.

10

12

110»4 
15*4

6*4 
0-4

3

M

400
4-10

Sheep

Nore open
Fainly 
Poteriuffi/ 
Siraivuc 
roaettee ,
1(&3) 3ept

7 (4 10)

9

414«3 
8«0 

28.6(22) 
97»1 

3*2

or at least one

1-10 3lobooe

'flower heads*, each of which ha© several sale, fereale and 

heraftaphrodite flowers. Pollen transfer is mainly by wind. I 

aade 1C collections of 20 intact fruiting heads on 4 July 1970 at 

sites; J, F, I * Y> on Beacon Hill <s«e fsap f Appendix 29), and 

estimated that on average 3«37 fertile fruits were produced per 

'flower head*. 1 Assuming that the a®an nusuer of 'fruiting heads 1

1 Jeveral fruiting heads 30ii»t,ijBe0 enffi® frois the saise inflorescence. 
1715 fruit3 were collected, i.e. c->7'; ; sr fruiting heau. 733 
(42*7 ) of these were lar/?© enough to contain viable embryos, i.e. 
3.665' per fruiting head. C7-7-96-5 of theas 'viable* fruits 
germinated under 'standard conditions' in a month, rhese•Stan­ 
dard conditions' included five Ifj-hour nights in a dark refriger­ 
ator at 2-5 C, since alternsting tensperaturee enhanced yerrirmtion 
AoeuiriA-; that 92 of the Iruittf » v ;icb. liad a>.geared 'viable* were 
viable, a mean 3-37 fez*tile fruits per fruiting head were pro'iuoed 
on sites J, f' 9 I. •" i. ia 1D70 if sy st^pla was representntive.
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p«r Inflorescence i* 1-5, and applying my 1970 estimate of 

viable fruit production to three dense population* of foteriug 

surveyed in 197t (£able 27), the mean viable fruit production* 

in populations !, 2 & 3 in 1 371 were 91, 74»8 and 127-9 viable 

fruita/aa respectively. I saw little ei&n of any predation 

or parasitism which sd^ht rtduce the nusber of viable fruits 

released. 1

the fruits are dispersed in July when the 'fruiting heads* 

disintegrate. F*»ch consists of am ellipsoid or quadrangular 

coarsely reticulats persistent calyx tube enclosing 1 or 2 

achenes, and weighs 3*37 j*g (cean of 400 fruite). 2 ' 5 '* In-
B

efficient dispersal5 of these heavy fruits onto the sounds may 

contribute to the relative absence of itfer.u: from ant-hills.

Although th© frulta are relesiBed frost mean 'fruiting head* 

heights of ?1-37»4 ca, tost of them probably fall almost 

vertically. <.hen viable fruits have ueen sown onto ant-hill 

eoil in August or ^epteaber (1969-71) they rapidly disappear; 

rsany are buried, either by ant activity or rein be^tirv; the soil, 

long befor-s they g«riniaat®. The effect of burial under ant-hill 

soil on seedling emergence was investtfated in the laboratory 

experiment described in i'able 28. .;liftht burial enhanced

On 8 July 1971, 1£ rabuit dro£>i in^a, exaained from ant-hills with­ 
in population 2 (Table 27}» contained 10 Foterjuffi 'fruit cases', 
C of which oont&ined apr-areatly viable ache : U1

This eatiimte includes fruits containing both one and tvo viable
schenes.

Salisbury (1942) gives 9000 ug-

'fruits' weigh ^1000 jj^j and are inviable. 

(1930) notes dispersal by i.inn@ts.

27» 44-0.62 cos (124 'heads', control on aiy plot, 15 ' -ueust 1969). 
25*1? cm (82 «henda f , populfition 2, 4 -.epteicbtr 1971). 
20*96 ess (70 'heads', population "3, 1 :«pt«aiber 1971).



$»ble 28. ffatergence of JPojeriuB aanguls 
fruita buried at different de

nce of JPoeriuB aangulsorba eeedlla~g frog
pthe in ant-hill soil

Kethodts: I added 1-2 cat peat to the b«u»e of 16 15 OK dlacieter 
plastic pots, aud filled them with J.I. corapoat to within 6 cm 
from the tcp. After watering, I sprinkled nbout 1 era of un- 
eioved aRt-hill soil, which had b««n sterilised at 105° ? for 
4S hours, onto the surface. 1 placed 15 large Poteriua fruits 
(collected 26 August 1971), which had 92»5 viability in 
standard germination teats run concurrently, in each pot. I 
broadcasted sterilized ant-hill soil onto the surface to &ivs 
the required depths of 0, 0«?, 0-5 end 1 e!?.. "ach treatment 
\»as applied to 4 pote; the experiment was laid out in four 
randomised blocks in a cold f raise on 12 September 1971 and read 
finally on 26 October 1 971 .

Deal ̂3: 4 treatments z 4 pots x 15 fruits.

Aesu,tB ; £ug}be_r of fruita wloich had produoed eigerent' ^
after 45 'lays. Total
garWi'iJhesaa

Burial depth (ca) 0

6(6)
2(3) 
7(8)

L number o

0.2

9(9)?S3>
8(8j

f seedlings ^ii

0.5

8(9) 
7(8) 
9(12;
0(8)

ren ijg

1-0

4(5) 
10)
3(4)
3(4)

1'otals 1S(?1) 25(25; 52(37) 11(14)

ofvarianc. t

Aaoaj jroup© 

•ithln groups

3

12

20-4 

3 '08

Th@ following difference ia significant (i ^0-05) by Jabriel's 
(1964) eus of sqvoaros sinmltrneous test procedure:

1 en burial/0* 5 cm burial* (* >0-oi
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germination; although the results were not statistically 

significant, they may be biologically important. Ae a fruit 

becoffies embedded more and more in the soil, the proportion of 

its surface area from which watar is likely to evaporate decreases, 

and the proportion in contact with the watar-aupplying substrate 

increases, so that there will be more chance of the critical 

water levels for germination being reached in a fruit If it is 

buried (hypothesis of Harper ,i Bentoa, 1966). However, seedling 

eiser&ence was reduced when l_Q.te.riu$ fruits wers buried under 

t cm of «mt~hill soil.

In the burial experiment, 86 out of 240 fruits gown 

(36»8 ) produced emergent seedling®, although 11 of these (15^) 

eaeh gave rise to two seedling®. «h«ja 'viable 1 fruits from the 

same collection (August 1?70) wera sown onto ant-hill® in »y 

plot in jroups of 25 on 26 September 1971, 12 out of 3CX) (40»5^) 

had produced s««4 lings by 27 July 1972. Only 14" (100 out of 

715) of fruite (fro® the sasse collection) sown onto sounds in 

ay plot on 8 iieptaciber 1970, in xperJjssnt ";, had given rise to 

seedlings by K*y 1971. Thus viable roterium fruits can g«rffi 

successfully on ant-hills, out only 14-4CK of those sown (92y 

under 'standard conditions*} produce es»ergent

seedlings .
the decline in number of the 100 ioterivua plants resulting 

fro® ixperiraent D was followed in detail in 1970-72 and is
9

illustrated in ?ig. 47. 70 seedlings appeared in autumn 1970,

VuA£&l infection ^ai^ht cause soase death of viable fruits in the 
fisld, since in tha laboratory (25 October 1970} I noted that 
*of tiie 103 or ao petri-disaes on zy b^nch which cont.-.iri seeds 
or fruits...only trose which contain rotQ.rjura. raa^?uiaorbaL fruits 
have a high incidence of algal arvi fungal infection',

?3oth And«rson (1927) and J-alisoury 1952} section that :. aen^ 
fruits gerrclnate mainly in September,
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1970

IMay. INov. 1May. 
1971 1972 

Recording date
. Decline in numbers in 2 cohorts of I'pi. eriura sanj^ulsgrlba 

•seedlings' ~n ant-hills in my Beacon liill plot (Experiment D) a
Cohort 1 .(_*..).. ''"• necative exponential regression with b = - 1.558 

(where*the time was in years) accounted for a significant (P< 0»01) 
proportion of the total varifcfawn in ceedlino number, t,ivin{j a half-life 
of 0.439 years.

Cohort 2 (O_)_. A negative exponential regression with b = - 2 0 048 
(where the time \/a:j in years) accoun ed for a significant (P< 0.01} 
proportion of the variaittQ in seedlin.^ nuober, givin0 a half-life of 

yearse



4 of which remained on 21 July 1972. Another 30 seedlings
fruauot Wti 

came up in spring 1371, 5 of which survive^ rhe main oause
of mortality, where the cauee could be assigned, was burial of 

the seedlings by soil heaped by the ants, vhioh va« responsible 

for 50 deaths, rpteriqa seedlings are well adapted to %dthst?ynd 
light buriia, because leaves which die ar© replaced by larger 

ones, and petiole etiolation can keep the tertainal leaflet* 
above the soil surface; for ins trance, on© tiny seedling exca- 

vftted had leaf petioloB 1-2 CJB lon/j beeneath soil level. How- 
ever, nsost of the aeedlin^e i followed were very small and 
stunted for their a^e, those a year old being still in the 3- 

or 5-leaflet-per~l9nf sta^e (which is reached after 25 days by 

plants on J.I. compost in a cold frame) with leaves
only 1-3 c& long. When this else, th«»y can be killed by only
I cm of ^soil heaping. Fig. 47 shows that seedling mortality 
Efty be relatively greater from Jay to . aptember than in the 

of the year, ajsd I attribute this mainly to the catastrophic 
effects of burial in spring and summer, i3urial particularly 
affects the scalier, aore stunted seedlings, leaving ths oiost 
vigorous plants in the 'cohort* to become established. Burial 
might &lao increase th« chsuacoi of'fun,-;?il infection', which caused
II deaths in seedlings unaffected by burial. Kecrotic opots 

firat appeared on the upper surfaces* of the leaflets, which 

latar turned ^rey-;|re«n. A bright purple colouration occurred 
beneath the leaflets, and sotaetiiaee flecked patterns and half- 

leaflet infections were seen on the upper surface®, The leaves 
gradually died, soesetinses having purple blotches or red, globular, 
furuml fruiting bodies. the third obvious cause of seedling

vjn dyin*.; naturally from burial had brick-red and bright 
yellow patches on their leaves.
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mortality, which killed 4 seedlings, was competition with 
denet* Heliantheauia chguaaeoiotus. I deduced that this WM 
occurring when seedling which were very shaded developed 
slowly in comparison with unshaded seedlings nearby, and 
ultimately died. ?he regaining deaths were from obscure or 
uncertain causes.

If Potariuro rosettes could flower on ant-hills and aet 
viable fruit there, the species would be more likely to survive 
on the saounda, despite its r»eagre output of five fruits per 
inflorescence. I have only seen one I. san^uisorbft rosette 
flowering on an active ant—hill, and then its peduncle was only 
5 cai high, Iptorixxm plante growing on bare chalk (e.g. at 
site A in the map in A pendix ?9) usually also produce ahort 
peduncles searing only a ain-^l® •flower head'. ihen I provided 
some of these planta with a nutrient-rich substrate free of 
ffioisture stress by growing thera on J.I. compost in an unheated 
frame, they ,:rew luxuriantly and produced tall inflorescences 
with >uuB0rcu.8 'flower heads 1 . Thus water or nutrient stress 
might lifiiit tha flowering on ant-hills of 4^ a.?>n^i3orbR rosettes 
which have r«»che«2 the required are or developssent-al stage to 
flofec-v, vosettee estnblishsd on the aound® are usually far 
smaller than tho«e in the surrounding pasture with the same 
nuisber of leaves and the sat»e no/riber of leaflets per leaf. 
fc*ny of them nust reacb the required a^t? to flower; Andersen 
(1927) stated that young rotgriur. plants do not flower in tha 
first eusuaer, but of th® 100 seedlings which npp-eared in 
SxperiBsent :i, 19 survived until their second susMser. However, 
I t!oubt if sany f. aanc^uiporba plants on ent-hills reach the 
reauired uhyaiolo^ical state {«.§• enowjh assiaiilate accumulated)



to flower before they die. An estimate of the developoental 

8ta#e reached by a j'otcrriugi rosette IB the seen or th« maximum 

number of leaflets per leaf, since I oteria8| first produces 

four trifoliate leaves, then two or four 5-foliate leaves, and 

then pairs of 7-, 9-, 11* ... foliate leaves in strict 

progression. Table 2J shows that the rate of development of 

£3 gana^ieorbq ro«ettee oa ant-hills in the field was «uoh slower 

than under conditions of aaple water arid nutrient supply in an

i@lat.ive of >f I.

i'ruits sown 22 ,ept0j£ber 1970 on my 3eaooa Hill plot.

laboratory...roo_f« Fruits aovn 13 Jeptesaber 1971 in J.T. eompoet
in 13 ess plastic pots.

f?a®bsr of aee<U.ings._af & ...jjtiven sisefrpm the scuae bohort* remaining
on the iA jJa.t£

Ant-hil'La Laboratory Tioof
lo. of 
leaflets
i^ar leaf ^4

cot® , 30
3 2Q
5
7
9

11
13
15
!7

DjT^s fr'os aowin&
321 350

33 7
14 8
14

1

415 578 677

3
7 6
4 3

3 2
t

i>a;/G fro??: sowing

1 2 38 1^?

16

12

2
6

fraaa at the laboratory. Tabl® 30 ahows that th® 

'developmental a^;«* of jfoterlua rosettes Is much lo^er 

on ant-hills than in the surrounding vegetation. ^his difference 

probably results in a much soallur proportion of 

rosettes on the raourtiB than off theai.



Table 30- Pe.ap ntambjBra_ofJ.e&flg_tB par leaf on loteriuin 
jglante t onaat«hiri!3 and In the surrounding———————————

Ca 1 October 1971 I determined the wean noaber of 
eaflets per leaf on all 41 Poteriaig plants found on aigfat 

rmndoa ant-hllla at site tf (see sap of Aston aowant ft 
Appendix 29). ^iadlar counts were sjade on 41

roa«tte® in the nearoy sward.

various

M@rm number of
leaflets per le*J

3
3-4 *9
5—6 • 9
7-e»9
9«,10«9

1 1-»1?«9
15—1 4 »9
15-16-9
17-te.Q
19-20.9
2t

.aeah numbers of leaflets

F Ant-hills

1
f

ft
It
4
3
2

oer leaf

:jurroundin£
vegetation

3
5
2
4
ta
2
5
3
2

A significant (!'«*• 0*01) proportion of tfee total variance

In plant number in Fig. 47 was explained by a negative 

exponential r« spree si on of pl&nt nuaber on time (in both cases), 

giving needling half-lives of 0»44 and 0«34 years respectively, 

as coEpared, with 0-14 years in

rate is lower in 4.oteriuffi than ;-rer..ari§ for eever&L

reaeona. ^Ait<3 snffl isor ba seedling with th^ir second true leaf 

appeari-KfeS usually have radicles* 4—6 cs» deep, atvl they are isuoh 

less susceptible to death by rain-waeh or desicostion than

. l®sv«® and leaflets ar® bitten

off by esolluBCB without destroying the plant, but .

seedlings are easily killed by snail or slug grasiag* -.hading 

often kills Arenaria, plants, but ^oteriua seedlings start life
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with 40 times more photosynthetic capital awl their leaves 

can ^row upwards fast aod overtop the Thyim^ and :T«li«ntheigua 
with which they arc growing. A nortaal r. sanguisorba seedling 
with one true leaf has a hypocotyl of 2 IKE and a leaf peti le 
3-10 sam lon^, but when shaded the hypoeotyl aay reach 15 nan 
arid the leaf petiole 1S mnu ?hus Ppterjuft. unlike Are -i aria. 
can often establish itself in owarda from 'seed 1 . In 

Experiment C equal numbers of l^oterijtua fruits were sown onto 
aont-hUls and into the award on 21 Cc'cober 1909. 14 seedlings 
appeared on tha laounds and 17 in the swards, fjid on 2 September 
1970 five roisett^s regained on the ant-hillss er.d four had 
established themselves in the surrounding vegetation, ona having 
reached tha 7 -leaf let per leaf stag©. Yet leocite their robust­ 
ness, Jjo t er Ima c an ggjiiajor ba sea-Hings develop slowly on the 
mounds and are susceptible to burial by ant-heaped soil. I1 he 
other Esain factor which accounts for wuiir relative absence 
froai ant-hill® is the poor 'dispersability 1 of the fruits,

5.3. C. le.o&todon hispidua

^.,L. Thigpidu^. is a perennial rosette hssicryptopbyte, with 
a pretsorse root stock, vhich is often far more abundant in the 
surrounding vegetation than on the ajat- itille nearby (Chapter 3). 
Nevertheless, in dense populations it produces asany more viable 
fruits par unit area than jLfit fcriua aanguiaprba or vir si urn aoaule . 
and fruit dispersal is far uora efficient than in those 3pecJ.es, 
co that seodlingo are frequent on the sounds in autumn and 
mature i-eotodog plant a are rrore frequent than those of Igterium

of till rsises and activities, t'-nc«
established on iint-hilla, e®pntodQn rossettes cay spread
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vegetatively, but aince rosettes Joined to the saw* rootatocfc 

have a mean distance apart of 0»98 cm (13 observations), 

vegetative reproduction ia unlikely to be important in the 

initial invasion of mounds. I sxcav&ted all the roeettee on 

an ant-hill vhere leontodon seemed to be invading the top 

(i^iS, 46) and found that although mueorous separate groups of 

roaette« occurred (Taole 31), invasion had been dua to fruit 

dieperaal,

I'able 31 . I.eontodon hiscidug. j'.re quenoie s of ^rou.pa of 1«3 1'on a

So. of rosettes/t^roup 1

Mo. of groups found 0

2 1970.

Ant-hill in my plot with 

j>o. at odpo

'invading' the r?id« and 

soire rosettes flowering.



102

I esti.ays.ted the viable fruit production in a dense 

population of leoatodon hispidua rosettes in ny control plot 

in both 1Q69 and 1970. On 10 August 1970 there were 170»8 

I. hiasiJua rosettes per square isetre there (srean of 13 random 

0.25 s2 quadrats). 3.2^ of these were flowering (5'54/ffi2 ), 

and since ten cocsplote fruiting heads had produced a nseun of 

72 «4 'viable 1 fruits per inflorescence, * the mean viable achene

production was 399»9/fi2 . Cn 14 Au^uat 1969 31-6 inflorescences/
2 9is occurred in the a as© population (a«an of 70 0-25 ra quadrats).

giving A a«an viable fruit output of about 2283/m2 , if the 1970 

estimate of 72 »4 viable achenas per head is used. Abundant 

fertile iruit i© set by Leontodon in the sward in aiost years. 

; .tiverthele»9, ita output 01' viable achenes, ^ol benc« th« rate 

at which it can invad« ant-hills, n»iy be severely reduced by 

-, in ©prin^/ anil suc-ser. For instance, in 196S •

eet much more viable fruit inside the control plot, which had 

be«ri fenced against rabbits and sheep a year before, thp.n 

outside (Pig. 49 )• ithin 15 a of the control plot, 1.62
? ^

rs appeared (asean of 80 ranclo^i 0»25 a quadrate }
•5

bj 12 3«ptez5bsr 19G3, aiuch later than the 31 '6 inflorsscenoss/a'1"

which were found inside the control. r^an peduncle height was

12«4^Q-:;4 us (40 samples,i outBlae the control but ?9-?T>0«57 ca 

(124 samples; insiae it. c

V. ae&n 86*3 fruits per influrasoe&ee «ere produced. 13«9 p®r 
head wore ateril«, recoxniaed iaitisolly by their white colour,
flAttaaod appeiirbiiue anu flexibility, a.iA^ Iatt;r by th&ir 
inability to foeriainate. i'he re&ainin& 72• 4 sch@n«8 per haad 
had ovyr 98;. germination in 59 days uruer 'standard conditions'.

effects of ^razia*; are confounded vit , poesible pr-j-existing 
differsncea in the density or vigour of Lfi.ontod.oij rosettes. 
,t . hia^JuLua roaettas appeared juat as denae outside «he control 
as insideTt; the data for surrounding vegetation quadrats 
71-96 in -..wpentlix 28 show that .i.^oiitooiQU bad a hi^h p 
cover outside the control on the ??% side.
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4. 5 July 1969. ^ontgdon inflorescences produced 
much more abundantly "inside than GJtsiiU my control 
plot in she year after it had been fene»d/ 10 
sheep had &T--.ze3 tha vegetation outsxrte tha plot 
from 18 \pril to 19 ; ay, and 6 sheep iron 19 -ay- 
10 June.

rh© viable fruits weigh joso ^g (man of lOO amspl.es)
„_ indudeaL

with a pappus or o/O u*£/ ^"- are dispersed by wind from a

height of 1?-30 cm. iapersal is much more efficient 

Leontodon hie pidus than in Oirsiu-m -?.cnule becuusg the lighter

are released fros a greater haljht, and the pappus is 

ri^i-J, not hygroscopic. (?i-ih densiti^.-?: of LeQnto.lon fruits 

are often found on the rsounds in autuan; for itratance, on 25 

S«ptember 1970 I mapped all the L^, hiapidug achsnes on. four

ramlo»ly-8«lected ant-hills in my control rvlo* 2"^d foursd 456
*> 

fruit8/m of ant-hill surfaces. The data in I'able 52 show that

th<s fruits frequently reached the sumnits of the moulds.

Cnc« the sioh^nea of !•• hisyidus have fallen onto ant-hill 

soil they raay be buriad toy soil heaped up by tho p^nts, odthough

say be lews than thrsa weeks between peak fruit dispersal
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??. Distribution of I.eontodon hierldvie fruit-*. --dthin 
$ concentric 'ria^d on gaps of jf ~Va.ndoii ant-hilX?

such rmp *ae a perpendicular projection of the ant-bill 
surface onto a plane piece of paper, with the positions of 
lepqtodon fruits marked in, •? concentric spproTinate circles, 
centred on tee ^uimit, were drawn, with radii 0.2, 0«4, 0«6, 
OP ani 1 »0 timo« the nsdiuc of the wound. The* nnr^-rw of 
jueontodon fruits within each ennulus were sumssed over uhe 3

Resulte. Column 3 ^:iv«3 the area of each anntalue s« a propor- 
t ion o? th© total snt-hill area, if the Hnt-hi.ll is ro^arded aa 
a plsne circle, ^cluwyi 4 gives th* aur-ber of fruits expected 
in each annulus on this basia, if th*? distribution oi i'ruits 

independent of position.

Annulua Total no. of ,res of smnulus ijtpsctijd no.
fruit? fouftd as proportion of of fruits on

total, area this

Ge-ntir@~C.2r
0»2— G«4r
0.4-0. or
0.6-0.8r
0.6-1 .Or

40
67
84
91
36

0.04
0-12
0.20
0.26
0-56

14. a
44.4
74-0

103*6
133-?

« 72*63*** rhu® the miiaasiti? of these ant-hille apparently 
*• •* received significantly nsore fruits th*n expect^ if fruits 
were randomly-distributed, en-- 5 the bases les?. i-iowev^r, on a 
h<»Kii9pheric5il threa-dimenraional ant-hill, ©sch aoccoasive 
annulus, from the suenit to th^ b«30 t is likely to present a 
affi^ller proportion of it? totrvl are ft to a vertically falling 
fruit.

tirre? nnd peak gcrtrinatict) tiree. Those fruits which ft, 11 into 
cracks in thfr soil, being Vept upright by their pappl, ^erEinated 
mors frequently than those Junt lyia^ on the sxirface. fet 
deeper burial nsi/jht impose dornnncy; in ' xperira«nt D 1. eon tod on 
fruits had dormancy impoae^ ^7 burial under 5 or 10 rar of J.I. 
eotspoat In growth cabinets, ju.t like th& seeds of Arenr-tria 

r. and Ver-onicr, irvenaja. hsn 600 de-papusaed
Ls. hisridua e.chenes (1969) ver-j sown 3»5 err deep in ant-hill 

soil, pasture noil and steriliaea s-;nd treataent*, 50 to a pot,
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in January 1970, only one of the COO possible seedlings 

•sserged in spring (0*2) and another ton plants came up in 

autumn (1»7X-),

LeoPtogqa aohenes gerrainate on ths mounda mainly in

autumn. Cn 25 September 1970 37 'seedlings* (in ths cotyledon
o 

to 3-l©af 8tn^e)/a vera recorded on tha four rnndoa .-sounds

surveyed. This tallies with an estimate of 46«5/ra2 obtained 

on 15 NoTreaber 1970 when stedlin^a were coixnted in 80 100 em2 

quadrats on 20 randos ant-hilla. Three independent crude 

estimates au&gssted that 5-9 of acheneo landing on the mounds 

produced seadlin^a in 1970. Firstly, of 625 fruits aowi onto 

ta® sound* in "xperiaarit CJ on 23 January 1970, 30 (4-0, }
o

garminated. :,»®cot;dly, '57-46 • 5 aaedlinifR/rc were found on ant­

hills in my plot in 1370 (s$© abova) but I estimated thnt 456
?fruits/is'" had fallen there. Thus about 9";' of achanes had

ris« to seocllings in autumn 1970. thirdly, when the

4 ffiounda mapped on 25 -©pta^bsr 1970 were survey ad. again 

on 14-16 ^eptesber 1971, 3 of the 374 Leontodon fruits aiapp«d 

in 1970 produced survivinj seedlings. .ineo 13 (41 »9,'-) of the 

31 ooedlin^ pr«sont in 1970 still reraainad in 1^71, an 

esti-atod 9 x ^ 1 /4* (21-5) of th. achenas present on the sounds 

in 1970 actually ge'/rainatad, i.o. 5*^.

rhe ratas of decline in eoedling nuiabers found in two 

experiments on ant-hills are wuswarised in ifig. 50. .?or 

instance, of 32 seeSliaga marked in 1970, only 3 remained in 

Fovecfoer 1971. lix of tho 29 seedling deaths occurred through

In view of thti alow rate of development of aisall J-. 
plants on ant-hills, mentioned later, SOE» of these plants 
ffii^ht have con-1 froze nchenes which ^erxinated in 1969; but 
1970 seedlings were usually quite distinct.
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burial. Cf 75 seedlings mapped on Bounds in my control plot 

on 2-4 October 1971, ten later lied of burial in the summer of 

1972. i;:ven large Ltontocton reset tec were found dying under 

heaped soil when active mounds were dissected. In August 

1S71 I covered 5 k. hisipjdus 'seedlings* (in the two-lsaf sta^e) 

with 1 CM of ant-M.il soil, which burie-3 at least half their 

leaf area. Cn 4 October the plants were still in the sanae 

state, axcept that the leaves of 3 of there wero reWening. '11 

had disappeared by 11 January 1072. Cn 4 October 1 arcmvated 

nusaeroun slightly-buried ;^. hispjdua sesdlin^a; Leontodon 

leaves respond to burial by etiolation (eoae plants had petioles 

2 cm Ions;) a»d I gained the ispresaion thst burial had probably 

stunted their rate of '-'eveloprsent.

^a* i_-80ntO'i_qn seedlings growing: on bar1® ant-hill soil 

develop slowly anyway, and remain sraallj this smy increase the 

probability t> nt they ?aight b« killed oy burial. In the survey 

of 4 mounds in aay coRtrol plot on 25 "eptaaber 1970 and 14-16 

September t^71 I recorded the eiae of all the 'seedlings'. 

In 1971 none of the 13 seediin&'S surviving from 1370 had a leaf 

esore than 2*5 cm lon^, and three of those with two true- leaves 

in 1/70 had only two true leaves a year later (Table 33). Kone

Table j?3 . ^;tec- of vievglq^Eient of euryivi.^^ I.ocnto.lon 
froa je^'te

1212
cotyledons ^ true leaves

1 true leaf 2, 4 or 6 trua leaves
2 true leaves 2, 3 or 4 true leave*
3 true loaves 3 or 5 true leaves,

of the rosettes approached 'flowering oise 1 in 1971 t and the slow 

rate of development of even the surviving seedlings makes it
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likely that aany will fall prey to environmental hazards 

before they can flower. Their susceptibility to burial 
be on* of the factors causing the concentration of foontodon 
rosettes near th« margins of the sound n (section 4.3). Never­ 
theless, sosie large Leontodoj* plants floxer vigorously on the 

tops of ant-hills, and roaettes inside the perimeter of active 
ar.t-hills often flower profusely and reproduce ve^etatively, 

The relationship between the distance of achenos from the 

summit and the proportion which ger&dnate, the rate of develop- 
n3$nt of the seedlings and the rate at which they die would be 
worth further investigation. Xeontoflon hispid us maintain® 

larger populations yn ant-hills than ^o.itgjduffi^38j.i^u4..8or_.bai arri 

Cir siuia _ ficaujle n&inly because ita fruit dispersal is much more 
efficient, and partly because its ro««tt@s frequently flower 

on the mounds.

5.3*9. Flarxta.f;o, ..l.aacQqlata

FA iRaceQlata is a perennial roeette hesticryptopiayte which 
often has a lower cover on ant-hills than in the surrounding 

vegetation (Chapter 3). It reaenjbleo ^Q^_ojion^h^iaj;idua in 
its biology and its reaction to the nounds, but I have not 

studied it in such ^reat detail. The density of

ros®tten on ant-hills ra®ains th a&aae with iiicreasin^ ant-hill 

voluae, and this is partly due to vo^etativa reproduction? 

groups of rosetter? joined to ,- t oo^son rootstock ar« frequent 

on the isoundB. lovever, ths centre of e&ch roaetto in a group 
is usually within 2 cm of its neighbour, anl ainca ;-,

cannot spread far or fast va^etatively, raost diGjiersal ;,ato 

isounde and effective reproduction there is probably by seed.

The biolo*rjr of jjlant&£^ lgj,noeolata is described by
Harper (V.,-64).
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5 complete T. lanceolata inflorescences collected fro» 

»y control plot on 20 January 1970 had a viable eeed production 

of 49-1 per inflorescence. 1 Timorous rosettes often produce 

several inflorescences. Under unerased conditions, the seed 

output of Ilantago can be considerable; in the first year after 

fencing ay control (1'3S9). 31»17 inflorescences/^2 (mean of 20 

random 0-25 a quadrats) were produced in the 40 a2 area of the 

control plot which had the densest population of £» lanoeolata

rosettes. Phis is equivalent to a viable nutlet production of
91306/ffi . However, under graced conditions the density of 

inflorescences, the height of the peduncles2 and the number of 

viable seeds produced per spike can be drastically reduced.

ir> very palatable to nheep ani decreases under heavy

gracing (oagar * Harper 19&4), and seedlings appear in cattle 

faeces Ciidley 1930). Thus the grazing intensity in tho swr*rd 

wiy indirectly affect the population oizes of !__. lenogolata on 

ant-hills by reducing its seed production in the surrounding 

vegetation.

The nutlets weigh 1550 pg (Salisbury 1942} and are dis­ 

persed mainly by wind-5 from en inflorescence height which often 

exceeds 15 ess in th© sward. Dispersal seess mor© efficient 

than in jr'Oteriua san^uisprb^ but leas efficient tlian in

There v;ere 58»4 nutlets per spike. *>03t of th&ai were immediately 
placed under * standard germination conditions* and after 3G3 daya, 
239 {•'••-* -15 ; -f the 2c4 se^Ja sown had. ^er-uirvatafJ, ^ivin^' a 
viable seed production equivalent to 49 »1 per inflorescence.

In 1969 the vegetation outside ay control plot was .grazed by
sheep froc: 1R April to 10 June. I lanta/io l?.nceolata flovered 
& month later outside than inside the control plot and whilot 
ita ffien.n inflorascence hei-jh'- wae 28-9^, 0»5!i cm insiv.o th^3 
control (125 samples), it was 9«5j.0«30 en (120 samples) outside 
it.

rhe adhociveness of the mucilaginous seed coat way aid 
by animals (.">agar * Har'pcr 1364).
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tcontodon his piaug . The seeds reaching the Btoundn frors the 
surrounding vegetation are augmented by those produced by 

which have flowered on the ant-hills. ^
frequently flowers on the sounds, although the peduncles are 
usually lees than 10 cm tall and the number of f lovers per 
inflorescence i» usually lover than in the award. Vhen I 
took 4 tiny I, lanceolat* rosettes, each with one short 
peduncle bearing a str«all inflorescence, from ant-hills in «y 
plot in 1069 and jrev the® up on J.I. ccsapoat in individual 
pots in an unseated frame at the laboratory, they all g 
large, and had produced 7, 12, 15 MK! 23 in.flor«scenoes 
respectively by 3 .u,jxot 1970. The low vigour of n 
of rlanta&<? rosettes on mounds is thus probably due to Borne 
fe*ture(») of the ant-hill r.icro-envlronment (e.xj. micro- 
ollnate, -^nter or nutrient stress, ?rasin;r or competition); 
hut its ability to flower on ant-hills probably allows it to
•aintain higher population sizes there than otherwise.

l lantago eeed0 reaching the ant-hill surface say be 
buried, but the nutlets can produce seedlings after sersinating 
5.5 est down. In January 1970 I buried i.Iqnt&a seedt in an
•xpariisent on an uahwted roof. Xte design was 3 tt»*ta*nta 
(ant-hill ooil, pasture soil and sterilised sand) at 4 pots x 
50 nutlets (1969) buried at 3-5 ess depth. In spring 1970 
556 (89-TX-) o^ *h« seeds germinated and the majority put 
cotyledons above the surface. ?hie behaviour differed greatly 
fro® that of Lgontodcm fruits in the »a»e experiment (seoticn

5.3.B}.
The ability of ^a&nta^o nutlete to germinate from depth
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»lght be one reason1 why a greater proportion of ita seeds 
^-ercinate on urt-hille than the fruito of ieontpdon. On 
21 October 1969 I sowed 615 r, lanceolata nutlets, with 74* 
viability in ?7 daye under •standard conditions', onto recunflw 
in cay plot in Kxperiaent 'j. "OEMS gercilnntion occurred in each 
autumn a.id spring frors autumn 1369 to -autumn 1971, when the 
exp»rls*mt vas discontinued, KR& by that titce 150 aeeds (35-' 
of those viable) had -errrinated at least. Several nutlets 
produced red radicles, with no root hnirs, which did not 
penetrate th® soil. burial causer? deaths of 27 seedlings, 
naturally-**own ; lantrt^o seedlings which were burled and dying 

often seen. I did not study the decline in nunber of
l?'.noeolata seedlings in detail, but the data J have 

are aujraaarl^ed in ^i^. 51. "?our independent estlBmtes, each 
baaed on two or three points, shov almost identical death rates 
for PJJ, lanceolate Qeedlin'^e on ant—hills, ?or exais.pl©, 65 
Planta^o Qacdlia-ja occurred on four mounds in <ry plot in 
^eptecber 1970, but only 15 (20'} of these remained a year later. 
I'hoae in th@ cotyledon stago in 1970 had J true leaves a year 
later, t oee with one leaf in 1970 has 2-4 leaves in 1971 *;nd 
thoeo with 2 true leave*? in 1970 had 3-5 by 1071. Ul the 
surviving plants regained s^all; thus / . lrneePlata seedlings 
cd^iit be susceptible to burial on the mounts partly because of 
their alow rate of developraent, life-© ttose of l-;oteriur: r anj

1 G-er:.-infifcia^ ..- T l->noeclata cutlets secrete ? sticVy m 
Harper & 3enton (1066) suggestod that the ffiucila£;e imbibes 
vater and spreads around the seed, ^re-iitly extending the path­ 
ways for vater flew.

2 -prin^-jerDinatin^ seedlings were recorded in field notes about 
3 tii»es tsore frequently than autumn-gerr.inatin^
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leontodon

Thus although ^lantajio l^noeolata reproduces vegetatively 

en ant-hills and frequently flowers there, its rosettes may 

have a lover density on ant-hills than in the surrounding 

vegot'ition partly because of the dispersal barrier and partly 

because of the interaction tetwe«n the atunted growth of ita 

aeedlinga and their susceptibility to burifd,

*

5.3.10.

O.t. flacga is a i«r?nnial aeml-roaette he«ieryptophyt<» 

which hae a much greater cover around large ant-hills than on 

thorn (3h.%pter 5). i'he patterns of its rosettes on mounda of 

various eisea and activity ar® described in cection 4,3. 

is a frequent mewter of clossl c':xlk ^

swards, but has vigorous far-cre«piui rhlzomes by wliich it

invades bared soil on the chalk, r.ole-hills, r.nt-hills, wid 

oroeion hollows on steep slope®. It differs frots the other 

species vhioh ars I«SB abundant on ant-hills than in the svard 

in b:?.vinc: vi^oroiis vegetative !1isi:-ersr,l and ne^ligiole

reproduction by fruit. 5

tet the seedlings of all three of these s-eclen can become
established in ewfjrrJa. -onie data for ^gtoriug are ;iven in 
section 5.3.7; see also irime (1563). Cf~ 500 fruits of 
I. hjgijjtdug. sown in short swards in Jxperiausnt J on 2C January 
f97(!j» 42 T <i©rEd.uated, and nine months later 11 s®edlin*^s in the 
2-leaf stage were «till prssett. In ;xperiai©nc -J, 615 ?lantaffi> 
aeeds were sown into swards on 21 October 1969 "*nd 53 seedlin£;s 
were .fours'!; ten of these r^ .ched the 2-1 eaf ets^e s»uu one or 
tvo probably became ©atabliahed. ..ag&r (iy60) found that 
consid0r.':ble rscruit&ant froE sead occurred in a ^lanta.|9 
lanceolata population in a cattle-grazed sseadoir near "Oxford.

-Kcy of fJarex flacc^ is described by Taylor ( 

V*>SQQ ia similar; aee Chapter 'j> arsd ffajans (1948).
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". fig oca can produce considerable dewsJticn of 

fruit in some yoare. on 19 August 1970 there were 7?. 6 

rouettas/m in my control plot (rae&n in 13 0«.?5 ra?

qwadratn). 6-31/m2 (11«4f) were- flowering, 1 equivalent to 

16-6 feiaale spikes/ra2 . Applying ray 1969 estisat»o of 36. 9 

viable nutlete per feral e spike to this figure, C... flacqa, 

produced about 513 viable fruits/Hi in my plot in 1970. :?ach 

fruit contrdno a fitaxirsura of one nutlet. Inflorescence produc­ 

tion can be severely depressed by grazing (field notes) but I 

have no quantitative evidence.

However, dispersal onto the mounds aeea» rery inefficient. 

•jthe n*ttn height of fruiting female apikes of ;gare?; was estimated 

at 21»7±0«48 cis (123 e^rsplee, 15 August 1?69) in rr.y control 

plot snd 15'35*.1-0 (20 srtrr,- lee, 12 '.-^ptetnber 1969) outrside it, 

Ye^ nany fruits arc not rsle^jss'.l for .iom« tiase and the peduncles 

and st«a b«coase ueor© and more arched vith a^;0, bringing the 

nutlets nearer th.- ground. tho viable fruits have a rriean 

weight of 7o5 M& (100 nutlets) ^nd drop vertically into the

Foraover, once viable fruit e reach the ant-hill surface 

they rarely germinate and produce established seedlia^s. .hen 

nutlets collected in "><?pt«iaber 1969 were sown under 'stand?»rd

(1956) states that although ahoote aay live for several 
yttft.ro tbey flower only in the first.

18 fe«tale spikes col octed from my plot in 1969 had a mean 
77-7 nutlets per spike. -.;& 1C J&nuory 1970 thfi nutlets froa 
•ach spike were placed in separate petri-dishes and kept under 
f eta.ndl\rd conditionc* for a year, :, mean of 3£«9 fruits per 
spike tjer^inated. rsvylor (1956) found 95; of espty nutlets 
in some copulations,

l have never seen a gar®* flocca rosette flowering oa an active
ant-hill.
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conditions 1 in the laboratory on 18 January 1970 the proportion 

of fruits which germinated rose to a peak between 18 Ray and 

18 June 1970, and then declined. ifiylor (1956) alao taentioned 

that ;, flaccta nutlets have an after-ripening period and ahow 

a clear .germination peak in the laboratory about nine nonths 

after ripening. Jhua moat germination in the field may well 

occur in the spring after the fruits have been produced. Mien 

nutlets collected on 3 oepteiaber 1S69 (with 47»6/ viability 

under 'standard conditions') were sown on 23 January 1970 in 

"xperiment J, none (out of 615 sown) had ^crainated on the 

mounda by 2 ^epteraber 1970 and only 3 (out of 615) had gerrainated 

in tha swards by that -ists. Ctily 4 C« flacca Qeedlingo were 

eeeu on ant-hilla during the whole study. s raylor (1956) 

states, •seedlings are of very rare occurrence unisr natural 

conditions'.

Most effective reproduction in ;;arQx r fla.cca is by rapid 

rhiaomntoua spread. i?or exaiBple, when I dumped a bucketful 

of sterile J.I. compost onto the sward 4^at outside ir.y control 

plot, it was rapidly invaded by ^.,r _flajcc£. " year later, in 

Sapteasber 1971, s» Carex rhiEO^c 23 c»;. long wss present, with 

two side-shoots, 5 and 6 err lon-s respectively, all J5-5 cm below 

the soil surface. 11 rosettes occurred, i.e. about 3 CBP apart. 

C. f lace a rhizoraes which are invading ant—Kills or mole-hilla 

often produce rosette® 5-7 GJS apart.

Bttrl&l seemed to be the main cause of mortality in Carex 

flacoa 1 (QG& also sections 4.3. * 4.4). i^or instance, on

I Mave not yet invent!gated the population biology of 
g, flacca rosettes on ant-hills I do not know what the average 
lifs-3pan of a .7. riacca rccette sd^ht be. Burial might merely 
hasten the ond of an already short existence.
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17 *.u£u0t 1970 I found over 20 Carga resettea which were 

buried, chlorotic **nd dyin.2 beneath 4-5 ca of ne*ly-heaped soil 

on the s&oie mound. When I sprinkled 2 c» of soil .ver the 

centres of 5 Carre rosettes on ant-hills in tny plot in ,;uguat 

1 {/71, three died by 3 October bat the other two retained 

healthy. ^everthel^as, numerous field observations surest 

that burial Bi>;ht be an important factor influencing the popula­ 

tion tiz&?> : ..nd the patterns of ,,'arux roeettes on active aoundn. 

OoEtpetitlon in the dense ve^et^tion ju.-t inside the periphery 

of the sound roi^ht also be important in regulating the rate of 

reproduction of Oarex rosettes.

5«%11» S^&era&op.c'l er ejod JUB purua

j'.» purua is a perennial plemrocarpoun aoss with & weft 

growth for:, utid a capacity for indefinite f/rovth. like

schret'eri at the north end of -ihossili 'own (section

2.3*.3)f tr 3gudoaclero{.oAiu.u. :.ura.K on Beacon ;-ill is often much 

more frequent on north-facing than south-facing iUipecss of a nt— 

hills (section 5.3 /. * v> * greater abundance of pleurocarpoua 

ffiosses like /rneudQaclgropodiujB and ! le-rtroaj.ux-. on northerly 

than southerly slopes ha© been noted before (@.&. -.'at son I960, 

1969 and references therein) but has riever been astis-

factorily explained. 

ihe hyr>othesis that ,_,, puruE ~,ay occur on north—facing aspects
frequently than on nou^'.-f-xcir ?iSpeotB be en use s-il- 

heapin^ by the ante and }BeauQ;;clorc_pOv.iuia burial ia concen­ 
trated on the fouth sides fmle Jo\«n tac^use burial is only 
concentrated on the southern sides of sounde at on© or two 
sit<?3 t buried : peudoacleropQiiu^ is hnrdly ever fou«d on the 
south sides of ant -hills, , ._ .^urus is often concentrp.ted on the 
norther* Gidea of abrundone^~"^x>uS"a, nr»r it o.'in _irow up through 
a little helped soil nnyvay.
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Fmgdefrau (1955) showed (aee results in Table M) that 

aoat water oond action In .V. purum is external, i.e. the $OM 

is 'ectohydrio* . -atcr uptake from the ground or the air 

occurs via capillary spaces vhich lie between the overlapping 

leaves, or between theae and the stem. Conduction ir. so 

inefficient that it will only prevent desiccation at high 

relative huaidities. At low relative humilities water is 

rapidly lost from .„, purum (Irmscher 1912); since .rater can . 

ba absorbed through the leaf t»ur faces, 0 continuous cuticle is 

probably absent and wuter is easily lost from the leaves. The

£. curura stains often sesss desiccated for long periods in suaiaer,
•>

even on the northerly aides of -nt-bills. ~

gable 34« -;i£t<8f_f., oo^uotion .in I^sejAd^cl^rp-oo^iium puruts jcg 
:fcr 24 houra at T"

tthiaoidg'

conducted 5»5? 0»1"5 
2?. dry

A slight reduction ir, th® water content of pleurocarpous 

a below 100 ' (saturation often cr,ueen & drastic lessening of 

the photofsynthetic rsate (e.g. Hokosa*?a ©t si. 1964). In winter, 

photosynthesis in A^. r>ura!s is probably lindted mainly by low 

t«mpers,tur»3 . Lon^ton > ;Jreeno (1969) showed thnt rleurozium 

schreberi ; jrew mostly frost -••'*il to November, in an environment

.^acheri (1^&6; showed th.it water conduction through tb& central
nd of II eur>siurn n <&i rsberi, wrB ne : :li;~iblo«

C«8icc«tion of ' • . puruK on the ^outh side of -.nt-hill
result in hi fh enough™ Ye af temperatures to kill thw
because the loas of heat frorr H leaf duo to the latent heat of
evaporation of water would not occur once the s&oas was d98icc_ite>i,
However, the epical cell in well protected by a jroup of leaves
arid it» death through hi^h teistjer^tures 8«eE® unlikely.
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which was not »ater-8tressed to the same extent as ant-hills 

in grassland. In aunaaer, «r eudoaolero podium 1 ^ water content 

is probably the main factor Uniting its photoaynthetic rate. 

Fast of its growth on the asoundo may occur in spring and autumn. 

Olnce ^i^urum would bo fully hydrated for such longer periods 

in spring and summer on north-facing than south-feeing slopes, 

its total net assimilation rots ri-ht well be considerably 

higher OR northern than o out hern aepeoto. In fact, it might 

be unable to exceed compensation point over the whole year on

slopes.

An alternative hypothetic is that a certain degree of 

deaicc&tion e^cee^ing a critical period could itself cause 

death, if the colls plaeaolysed and broke down. Pbia would 

be «bore likely to occur in siosa reaching the south aide, than 

in i7..^. pijru.a grcvin,- on northerly aspects; in fact, the present 

pattern asi^ht be the result of a particularly dry year 5 or 10 

yoars ago. iiowever, during droughts j. _.__ yuruxg nay bs rehydrated 

by dev at nlijht.

I first tried to test three hypotheses: (i) that the 

percental water saturation of !.-_ r purugi was the oar&e on north- 

and aouth-facinr/ nspoota of ant-hills, (ii) th"t tho increase in 

dry woight per unit tirse was the aanse on both aspects, and 

(iiij that the grovth. increraents sere the canae on northern and 

southern slopes. All th®o» esperijnents failed because sy 

techniques involved the transplantation of moss clumps, which 

rapidly died, even when their bases had been firmly buriad in 

ant-hill a oil. .^ince 1 had to leave ;, . purun in nitu for

v3eudoscleroj>C'.Uun__pur \& hap a hij' or frequency or NW than KB 
Slopes of ^nWiillu on Beacon Hill (?± r . 16;. it ai0 l;.. be 
hydrated for longer periods or NW t! i.s; NE lopos, because 
• . pjiruffl EiOistened *t ni^ht wo"ld lose ica water by evaporation
sore quickly on «:";*. E tlitii the W slopes.
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adequate experimentation, 1 net up the ox.-eriaent described 

in table 44.

Unfortunately- many of the ta^&ed shoots either broke off 

or were interfered with by -jraain^ animals, so that I did not 

determine tho increiaenta in raeudosolero cod iurn .growth over a 

long period. I'owevur, the collection of shoot tips provided 

soffis rue-alts (TaVle 35). Cn 6 Jeptonber 1371 all the r. purua 

shoo to "bjerc .iioist, owoil**n and brijkit yollow-*^r^en , and ov®r 

93 of tafc oaeal l«af cells ware living in both treatments. 

.;evoral days followed on which tho air temperature exceeded 

2C°C. Cn 11 .,optec.ber 1^71 tho terminal 2 cm of tho shoots 

on the north sides of the mounds were light yellow-*jreen but 

thy rent of th .nsoae resaained a brilliant bri^?ht yellow-green 

colour. On th* eouth-facing sid««, however, r ... nuruia was bone 

dry and rjost of th« tao»« had become li^ht ijrey-grean. Over 

50. of the shoot© had turn®ti white at the tips up to 1 cm 

(often to £ c&j from the apex. *h<?n I a,jftin ^aspled the a hoot B, 

and counted the proportion of the basal calls in th« leaf which 

replssraolyaad, the analysis of variance (2aole35 oonfinsed 

that the .^roenta^e of clwad colls in the leaves of i'.aqud_QaQlero~ 

was significnntly (i--^ 0-001) ^«at«r in th,- EROSB

on the south sides than in that on the north. Although this 

dia not prove thut the apical cell was likely to die, tho rapid 

reaction of i^B^p^cleraEodius fco southern aspects su 

that desiccation (or hifih leaf ta^perntorea ) might be th®

ultimate cause of death.. uowev«r f tha (Bxperinjent baa be«u 

d six tiraea since then, and the majority of j';.

.-his ui^ht t^i-cly have ueen the react on of <;, puruc accliaiatiaad 
to ^rowin^ on northerly aepeots to its sudden tranter to the 
south aides.
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Method On 5 September 1971 ten mounds small enough to dig underneath, 
and with P. gunm on their north sides, were ue.lee tod on he south

eacii and thenof sy plot. 
ae lee ted at 
the *oe«

I dug 
randoflt, 

aouth.

turned of the
360 , *und tae other 5 through ldO°, leaving

d«aiga w«is 2 trvatmontii x 5 r» : ieatoa x 3 sho-t tips x 100* cella 
«xcMaiiiad in «*c!i. ,ti two occaaiona (J> & 11 J»-t«raber 1971), 5 shoot tips, 
eaoh about loa lon<9 wer« CGJ loct«4 from the ^gurtaa on each of tho ten 
ant-hills. I &«i9Gt&A shoot ipe which w*»r@ repr«ocutative of th« moss on 
.hat particular sound. ^h« ehoots were placed la watsr for aa h ur» auad 
the terminal 2o?i of each was traasf«rr»d to a aepsrate slid*. ih« leaves 
w«r« dii.eected frors each shoot tip aad ia.- anted ii- & drop of water*

'i&e aicroseu^* w»«» racked aero«s the bnaal 3 or 6 rows of cello of the 
first leaf found, ud the auasberc of •plaaisol.veed* cells «ad «xa .ined calla 
were reccrtied. »he& the first leaf wae aaelJ, or da&aged a second and 
oocuaioaail; a third had to be looked at until at least a hundred cells 
had bee« surveyed.
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ehoota have aurvived on southern aspects of the mounds. For 

instance, on both 22 April and 27 July 1972, raeudOBcleropodjuBt 

seemed just as healthy oa southerly aspects as in tha oontrola, 

On two of the mounds, mom which had been present at the bas« 

of tbe south side (transferred to the north aide when the ant­ 

hills were rotated) was growing particularly well at the bottoa 

of the north. it would be worth repeating the experiment in 

which the increments in £,.. puruis .growth on northerly and southerly 

aspects are compared, on ZBOurno in an unerased area.

The factor® which affect th® population siaes of the first 

ten species discussed in this chapter are suRxarised in Fig, 52» 

Survival of species on the mounds is especially influenced by 

the Miapersabllity* of their fruits and seeds, th® resistance 

to burial of th«ir seedling® and isature plants, and their 

ability to flower precociously on ant-hills. U. though the 

work described in this chapter provides a bassis for further 

investigation of th® reactions of these ©p@cles to the mounds, 

sevsral important problem® need to be solved before their lifa- 

historiee can be quantified in detail. For example:

(i) fluctuations ia viable ..y

viable fruit production of ssany species ia greatly affected 

by clismte differences between year® and th® intensity of grazing, 

^o that measure® eats must be made over several yeara to be 

reliable .

(ii) i'iageroal^ I could not quantify the life-cyclee of 

Cirsiuas & caule , ^ot

lanceolata* a»d y.arex fl&QC^ without knowing the density
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of their fruits reaching the sounds. 2he proportion of 

viable fruit which falls onto ant-hills can be estimate:! by 

collecting soil fro» the mounds end the Burrounding pasture 

Just after dispersal, keeping the samples racist s&C. counting 

the seedlings which emerge. !*or instance, 70 Cares fl&cca. 

seedlings emerged from 25 pasture sonplee but none oatse up in 

e^ual weight* of ant-hill soil (Table IS). 1 A large aaraple 

size would be needed to obtain reliable estimates,

Alternatively, seeds reaching the ant-hill or surrounding 

soil could be caught in trays of sterile soil, or on vaselined 

slides. &hea I placed v&eeliaed slide® on rounds in ssy control 

plot they were rapidly disturbed or removed by deer or birds.

By estimating the jprobability that the fruits of a species

will fall a ^iven distance away from the parent plant, basing
2the isodel on empirical evidence, one could predict the

proportion of fruits reaching the sounds, fruits sjarked. before 

dispersal could be collected in r*nd recovered frora aoil aaa-ples 

or trays of st<&ril« soil placed afc various distances i'rozs the

ioflorescence.

One is jiSSumlng that the gftraiination rates of fruits reaching 
both types of soil surface .before tha aaiapl«8 were taken w®re 
identical, aiid tk-:it over fch« jsmrs th® fruits have declined in 
numbers at the sest^ rate in both soila.

2 The data of ^esselscanri (1934, 193B) on pine, V- ohlarraarm (1950)
on ash, nnd i'ocle fr C air no (1°4P) on ^eng oio. . j ̂ oo b.ae..a. all 
suggest a negative exponential isodel ?o^nEhs™a is lr Tbut io n of 
fruits with distance frost th« jmrent plant. However "aliabury's 
(1942) experimental results on the tiispers&l of seeds of I&jo 
ar^gsgn^,' ,V5 ..iubiuci nr.d \_ ; . hyb-ridura yield ed truncated normal 
^istriSutioriB , aa ^id a;y data for tha discribution of the raale 
flovera frost the trunk in :;_r»jtn;jg.jisq ia the Oxford 
r-o ̂ aiiic ..farderj (1 ;:ay 197217 "oer £i nj™ s eedl ins* o

followed a leptokurtic norssal distribution with 
dTatanoe from the parent {^aliBbury 1961).
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Fig. 53. As a mound increases in size, seeds dispersed onto 
it are less likely to reach the summit.

(iii) Changes in the incoming seed densities, and the 
proportion of the surface ai-e a covered by heaped 
"oil, with increasing ant-hill size,

As a mound increases in height and basal area, the proportion 

of fruits produced in the sward which readiest he summit probably 

declines (Pig. 53). The greater density of fruits arriving at 

the bases than the tops of large mounds may contribute to the 

greater concentration of rosettes there. Thus not only nl^ht 

the density of fruits in soil samples decline from the riargin 

towards the centre, but the rate of decline cay increase vith 

the size of the ant-hill.

The volume of soil heaped onto a mound by the ants r.ay 

fluctuate considerably from year to year (Table 2) but it rarely 

exceeds 160'; eta'' (appendix 25} and it rarely increases v;ii;h 

mound si^.e. Imagine randomly-distributed seedlings occurring 

at the same density over the surfaces of a small and a large 

ant-hill. A greater proportion of seedlings sight be buried 

in a year on the small nound than the large one.

(iv) Ji<mif icance of burial in imposing dormancy in the 
field.

To assess the rfile of burial in imposing dormancy on the seeds
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of a species, one needs to know the m»an frequency distribution 

(over the while ant-hill surface) of the seeda with depth at 

the tine of germination, Thia could be found by collecting 

soils froa successively deeper levels of the mound and deter­ 

mining the number of eeeds in each aaraple; alternatively, by 

recording soil levels, one could find the frequency distribution 

of the height of soil heaped onto the ant-hill surface since 

the seeds landed tlr-re. By comparing the frequency distribu­ 

tion of seede with depth with the results of experiments in 

which seeds had been sown onto {Bounds, covered with various 

depths of ant-hill soil, and emergent seedlings counted, one 

could estimate th® proportion of seeds landing on ant-hills which 

had doriaancy imposed on the® by burial.

(v) rhe rat® of seed decay in soil. Jhe rates at which 

viable seeds decline in number in ant-hill 3oils could be 

investigated by sowing marked aeeds and recovering then at 

intervals. 1'hia technique coulfi be asei2 over periods of ywars 

if the sarker reiseJLned detectable. Sh® rat® at vhich predation,

parasitise and loss of viability deplete the nuabers of viable
p aeeds in soil could also be estimated by burying known numbers

of seeds in wide—ssesh bags, recovering them at intervals, 

assessing the numbers of viable seeds regaining.

July 1970 I marked 500 aeeds each of Arenaria serpyllifolia
" 1 972 )and Cernsttum holes teoidaa with f luoree c«nt" paint ( K&y lor 

^nd. sowed tR«3E: In groups of 100 on ant-hills in iry control plot, 
covering each group with 2 c& of scil. ^TO seellin^s appeared 
before r.id-;ept actor, when I recovered the soils, but 1 only 
found 2 seeds of &re.naria and A of Oejrastium when th^ soils 
were exarined under fin'"tj!Ctra-violet larsp.

Roberts (1970) estimated that 22 of viable weed seeds in 
vegetable cropa were lo@t each year.

' Jeveral roplicstes of each of a wide range of denaitiss would 
havo to be placed underground, ihis ie becnuse density- 
dependent effeota might occur; for irjetance, a higher propor­ 
tion of seeds might be attacked by fungi at hi^h densitias'than 
at low densities.
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(**•) rhe cause of seedling mortality. aeedliasa often 

disappear for no apparent reason* but the proportion of deaths 
to which causes can be asaigned probably increases with the 

frequency with whieh seedlings are eraaiaed. Thua time-lapse 

photography might be worth while, especially on ant-hille, where 

dense eeedling populations often occur on bare soil. Yet 

seedling s not dying from one cause ®»y die froas another. For 

inatance, if sose group® of \renaria gerpyllifolia seedlings 
had not been killed by rabbit-e craping (section 5.3.1) they 

Eight have bean eaten, self -thinned, or buried,

(vii) i'he /atuated* grovth of eoce seedlings on ant-hilla. 

The 'long-lived non— flowering habit apparently induced in raany 

of the herbs on ant-hills* (3rubb 19&7» pers. coasi. ) is still 

a mystery. The rate of development (and decline in number) of 
seedlings of a species needs to be compared in the sward and on 

the mounds. The factors limiting the grovth of the seedlings 

of perennials on ant-hill® might be studied in water or nutrient 

addition experiments.
(viii) .Phe decline in nugibgrs of gature plants. The turn­ 

over in numbers of mature plants ssuat be investigated aa well as 

the decline in seedling numbers, If the life-cycles of species 

on ant-hills are quantified more fully. J have concentrated 

on aeedlings because the scanty data available (Tamm 1956) 

indicate that mortality IB relatively t^eat©r in the seedling 

stage than in established plants, at least in jrmssland perennials,

5.5. ;
I describe some of the factors influencing the patterns 

of eleven species in 'relation to ant-hills at Beacon
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A»ton Rowant K.5.H., Oxon. in 1969-72. The epeciee which 
are lees abundant on ant-hilla than in the eurrounding 
vegetation flower infrequently on th© mounds and tend to 
have heavy, inefficiently-dispersed fruits mid seedlings 
which develop slowly and are susceptible to burial. I 
consider some of the problems in quantifying the life-cycles 
of these speoiae on ant-hille.
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ORAH-ft 6

3P3CULATIOB3

In tJ'iia chapter J discusm some general features of ant­ 
hill ecology and relate them to 'ecological theory 1 ,

The vegetation in two habitats which have wind-blown 

aand deposited on the surface greatly resembles that of ant­ 

hills. farrow (1925) described heavily rabbi t-grased -'eatuoa 

tenua graseland at Oavenhas Heath in Breckland.

His speciee list includes Air a praecojc, Argnajria

ye r na . £llagq Btinij&a^ iNyoaotia arvencie. ^ discolor.

paa>os_i8_siffla > ^rait hogus per pus ill ue . ja^ina prooujabeng, 

druce^* Tri folium dubiiui. Veronica arvenaia. V..

« PojIytrichaB'. piljf eruca and I.: i crjJpxjia g co pariugi . all species 

confined to ant-hills in certain areas. >«lissbury (1352) liats 

the characteristic species of late yellow dunes and includes

, praeoox, ^roj?hlla veraa. Fil»^o asinirp. Kyoaotia

and jrirolJua dubium. Sot only dosa the species

composition of fixed calcareous dunes resemble that of chalk 

grassland around ant-hills, but the soil changes which occur 

with dune succession are the sme as those which occur on ant- 

hilla when aoil-hesping ceases (section 4.4): decreased mobility, 

incrsaaed organic isatter (and water-retaining capacity), and the 

leaching out of baaee from the surface. The &aaition of Band 

or soil to the surface of grasslands, ciunea, or ant-hills 

provides an element of 'environffiental unpredictability' vhich 

prevente tb© formation of & closed vegetation cover (with its 

associated soil changes}, affects the species composition and
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continually rasintsins the are* at a 'lower eta^e of succession*, 
Succession, at least in anissal comMinitlea, ie frequently 

accoapanied by an increase in *sj>eolea diversity* (fcargalef 
1968, Odua 1963). opecles diversity hits two components, 
•speeias-riehnees* and 'equitability'. 1 -ince ant-hills begin 
aa heaps of bare soil, they are *n«w* environment*), snd one 
might expect that their 'species-richness' oight increase with 
increasing size (a-j;®?) -ind decreasing activity. Phis w«is the 
c?»8e for the ffioun,is on th® north-snst side of my Beacon Hill 
plot (Fig. 54 j. I compared the 'equitabllity* or evenness of
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i have not discussed species Sivereity in tense; of any of the 
indices available (a.g. iielou 1969) because these confound 
species-richness and equitability, and have no ouvious bio­ 
logical meaning.
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epeciee abundances on large ant-hills with trat of the . 

vegetation by constructing dominance-diversity curves (v.hittalrer 

196% 1970) for eight sites selected at random from the seven­ 

teen surveyed in less detail (Chapters 2 ft 3). '/or two of these 

areas the dominance-diversity curves were similar for ant-hills 

and the sward. The curves for the mound o vero acre concave 

than those for the grassland at three sites, but for the 

recalolog three places, including 'eat Hill (Fig. 55), the ant­ 

hill curves wsra such sore cort<mve. ?he?e data indicate that 

there tend to be few-»r epecies of intermediate abundance and

aany ©ore rare species on large ant-hills than in the surrounding
2vegetation. ?his confirms ray iJKprosaion th^t the plant

j OR ant-hill« is emde up of a * fortuitous Juxtaposition* 

of apeoios which can arrive there and withstand the environmental 

conditions { 'Jloasonian* , <.*.£• c-Jl»a»on 1959), whilst in the 

surrounciintj avard the balance of species ie raore the result of 

the selection of species in relation to one another for 

competitive efficiency ( • Jlectentsian 1 , e.-;. Element?? (1928); 

see also 'Joodall 1966).

jpecies selected for high competitive efficiency rnay 

devote & low proi>ortion of their net assimilation to reproduction 

and a hi-g proportion to perennation, vigorous root growth ,nd 

leaves which oveetop those of neighbours (!?arper 1967). rhia 

has become known as K-eelection (l-.acArthur * &ilson 1967), and 

It is> tempting to speculate that the Bpecies v'licih are most

i'heae two altes were "arding's ijown and t!ie south end of 
Hhosnili Down. Boch bad very f®w species.

f\y cosBparieoiia are valid because th@ total cumber of species 
was elsilar in ant-hill and pasture curves and the species 
coiaposition of both curves in a set was almost identical*

between the curves for cosasunitiea with different 
seeaa little, (a»g» lloyd et al. 1971).
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•trikingly absent froa ant-hilla are those which are most 

F -selected. If natural selection were mainly directed 

towarda oaintaicing « epeoies in its existing environment, 

long-ranae propagule dispersal would be unimportant compared 

with the ability of the opecias to astsbliBh its«lf in a cloeed 

award froa eeed. :iiraiu» acaulg. rotarlua

and Plant a _l.nce_o-lata can all become

established frota seed in chalk ,^rassla»d swards (Chapter 5), 

and are nwong the calcareous grnsalaml species with the heaviest 

fruite. In establishment, much of the seeds* energy and the 

initial net assimilation of the swedllng au»t go into vigorous 

root and ahoot growth; consequently, the seedlings of X-aelected 

»p«cles may not reproduce early in life. ^irsium acaule. 

|;o.teriua. g»nguis»o.rbg, t ^eipntodon hiep^dua and r

seedlings on ant-hille did not flower in their first and second

fhu0 the inability of these species to bacons* 

on ant-hills seeme partly the result of their selectioa 

to occupy closed eosmunities. their heavy fruits and inability 

to flower early prevent then froa maintaining thecaelvee at a 

a high density in a cocasmaity of an earlier sue cess ional stage. 

It Is interacting thet .£&t grluia ;- _e 3tngui_Borb.a , I eontodpn hlepld^a 

and JireiuiE acaule (se» also ligott 1966) are aaong t}y» apecies 

which are frequent in calcareous grasslands but uncommon on 

calcareous? 'fixed dunes 1 (Hope-oimpson 1955).

Of the species which 'prefer 1 art-hills, -^e winter 

annu&le (like Arenaria serpyllifolia) cannot become established

This c*mnot be @ntjr©ly true, because under favourable conditions 
v'arex flaoo^ ssust put n conaidernble proportion of its total net 
R8>'iffi.ilatlon into ve,s«tative reproduction.
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in short swards (Chapter 5), and neliantheauja jghai^eQJatug. and 

Thyreua druca ji occur in short calcareous grassland but are rapidly 
eliminated when it ia fenced a^aiast grazing animals .
annuals occur in temporarily open habitats; there, selection

probably favours th® production of large, numbers of aearts light
2enough to reach new patches of bared soil, the investment of

a hitjh proportion of the total oat assimilation in reproduction, 
and a ahort lifa cycle. J«acArthur &. Wilson (1967) showed 

j&athez&fttically that the probability sf 'quick aucceas 1 for a
Tt -

prop«M5ule colonising an island is rr.axicised when ./^ is large, 

where r is the 'intrinsic rate of natural increase* of the 

epecies and A ia the birth rate of the plants in ths population* 

r/\ become larger as a life-cycle shortens. ' ielianth0iffiU|g 

and Thy^raug ar© abundant on th© mound a because of their vigorous 

growth through heay«3 soil. ';era8tiuqi ,hol_oateoideg combines 

the. ability to withstand burial, the capacity to f lover en ant­ 

hills in itu firat year and the production of numerous light 

seeds,

The «p»Oie« with roughly equal abundnncas on and off ant­ 

hills are frequently atoloniferous and able to grow up through 

heaped aoil to oome extant (e.g. ;>/^?^t.ig._gtQlQnifer_a,, i-

ro t und if o li% , g'estuca rubra, .l^iuraJZSSiS* ( Lgt.ug._iQprniculat.uaL ) } 
or a i ort-live4 (e,g* .guphrasia of f icinalis a*^.,

aiga.rell.a., ^J-nuia^ crithartieuia , re<3ic&^p lupulina, ^enec io j aco baea ) .

Jn winter ;xa;-..ual3 every surviving ,/larit flowers, arsl since tha 
flowers are usually self -pollinated (Claphao et al, 1962; the 
proportion of ovulec uluiasatoly fertilieed wnd released as viable 
seeds s&y be high* In the rosette species uncommon on ant-hills 
only eone roaettee flower each yenr, and seed set depends on

seeds are liabilities in awards. AS Jaliffbury (1042; states, 
'the larger ths supply of food Eurtc*rial provided by the parent 
^1-^nt in t,ri; seed . •• th» isore adv-nnced tho phase of euccession 
that tho species can normally occupy.*

r.t-hills can be thou.iht of r»s ialanda in a sea of potentially- 
colonising species.
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¥he ant-hill environment acts as a sieve, letting through 

short-lived species and those which can grow up through heaped 

soil, and excluding theme with poor fruit dispersal, seedlings 

susceptible to burial, arid an inability to flower on the rounds. 

If a tiae-lapae fila could be taken of a chalk grassland sward, 

mnd speeded up, the species cost likely to colonise ant-hills 

might be those jumping around like jumping-jacks, and the 

species least likely to invade might be the aost statuesque.

Ant-hills thus reveal that the species in the surrounding 

vegetation are distinct 'characters*. The terra 'niche 1 has 

often been used to express the fact that species in the sarae 

coenunity differ in certain ways. It was first defined by 

Grinnell(1917) to aean the place where a species lived, and 

then by :iton (1927) to represent the rdle of a species in a 

community, 'its profession, not its address*. T|iff©rent 

species could occupy t^e sans® niche in different corsasunitiea. 

Ilutchin&en (1957) visualised the niche of a species as a hyper-

voluae in a multidimensional space of which the co-ordinates
1 "> 

were various? attributes of the species or th® environment. * *

the niche concept has rsainly developed in animal ecology. 

Th® niches of plant species growing in th® ear.e habitat are not 

ao easily separated, becraise almost all higher plants occupy 

th© saffe 'trophic level*, their food intake cannot be defined 

precisely, they are static, ro th&t behavioural patterns cannot 

be investigated, end they grow closely interir.i^pd under constant 

competitive pressure. Nevertheless, it should be possible to

''Harper (1968) mentions that the seedlings and &dult plants of 
the same apeciss mi^ht occupy different 'niches*.

2 1» view of the four different definitions of 'niche' which I 
have a&entioned, the definition should always be stated when 
the term is used.
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define the 'niche* of a plant apeciae en a large scale by its 

place in a rcultidiM«nuional hypervolun<e in which the axes are 

features of the a5aoro~®nviroruEe»t. i/hen, on % aaaller scale, 

ep«ci<as coffitsonly growing together could i^e separated by 

quantitative features of their 'population biology », like 

their ssean turnover tkaes, the proportion of their net assimi­ 

lation entering reproduction an! &o on. \. detailed quantitative 

corapftrlRon of the life cycles of species on nuai off ant-hill9 

would be a logical follow-up to ay vork, and would allow the 

* niches' of j^rasaland specise to be defined.

By 'niches' i ^©sn plant niches i® 3 have r©«-defined the 
terra in the- previous two



151

aw?.
Appendix references a& listed sepafotetu (ja|ter Appendix

J. U*6~7)« ubeervations 
on »nt-MllB «t ^hoesili ^ownf Oxford 
wniversity botany .ohool field oourae 
project report, unpublished.

Andersen, 7.L. (1927). <tudies» of the vegetation of the English
cimik. V, j?he haCfer economy of the ohalk 
flcrs. J. :eol. j!^ t 72-129.

B«»il®y, F'.l.J. (1959). JtatigticRl Methods In Biology. English
iress. London.

Baxter, P.P. & Hol«, :; .i>. (1967). Ant (g'orgdca
P*»(5ot«T»bRtion in a Jrairie so il . 
Jroc. ooil. ci. ioo. AB. ^, 425-28.

Black, f . (1«>69). light-controlled germination of seeds.
Syrup, ^oc. exp. Biol. 2,2 , 193-217*

Beckett, P.H.r. (1960). A«ton Rovant :'oil» II. Unpublished
report in Kernel ey k 'Oodman (I960).

Boorcaan, 1 .A. * soodell, ; ..^.J. (1966). the topograph, an
instrument for ffieaeuring tcioro topography. 
Ecology, £7, «6y-70.

'Jlsphasa, A. it, (1969) (i%d.). ^Ifra of ^rby8hirt>. ^erby K
& Art Gallery.

Claphaa, A.R., rutin, ?.J. * v.arburg, R.F. (1962). yiora pf the
jBritiah Iklee. 2nd. win. J 
University ; resa .

Clepham, A.-.U, rutin, t'.G>. * Marburg, ;.?. (1966).'
• lora 9f tha ^ritigh Islea . 'na. ,du. 
cEibrid?je Univeraity" J reas.

Olese»nte, ?.E. (1928}. t Isnt _ sueceagion and indie atorg .
^afner ( r e print e<3 1963}. £ ® v York .

Colliagvood , C.A. (1957). fhe «woies of aata of the ganus
jasiug in Britain. J. oc. ?r. -;nt. ^» 
204-14.

Csserwinski, r. t Jakubcayk, a. f Petal, J. (1371;. influence of
;»nt hi3-la on the r.eadow oils.

Dandy, J. ::. (1969). ITomenol^tural ohan,?e« in tho 'List of
British Vascular ilants 1 . ^atsonia, 7_t 
t 53-78.

Paries, J. (1966), Pole hills and pasture reversion. J. Br.
. oc. 21 . 14f-49.



132

Eixon, H.fl, (1924). ?hg gt.udest'a handbook of British aoasea.
3ra.~'Mn. ^umfieid A Day, -iaatboora*.

SI ton, c.3, (1927)* AniB«l Soology. . -tdgviok &. Jaokaon, Louden.

Utoit, c»3. (1959). Mot« in vythaa woods ^oologioal ourvay,
24 JuXy 1952 C.'. 15 p. 37) unpublished.

El ton, .;.„••;. (1966). 7bo lattern of Anima^ Comgiunittea. r> ;.ethuen,
London. "

Furrow, H.-y. (1925). Plant life on '.aat Analimn heaths, bciag
ot.'jg •v.-L.i'jnal and expo riaient>=il8tudlea 
of the v»>wtation of 3reokland. 

^e University 1 r«saa.

dabriel, K»E» (1964}» A procs^ur© for testing the homogeneity of
all eets of tsamna in analyeiB of variance, 
Bioa»trlcs f £^» 459-77.

Oeorge, T.S. (1940). The structure of ;lrw«r, 3. Jl» geol, )oo«
lond.

Ole^son, H.A. (1939). rh« iadividuallstic concept of ths plant
association. &», Mddl. v at. 21, 92-110.

Goodall , P. W. Olf^). See p. 13^.
CJoo-'lall, . .v. . (1'jCu;. 2he nature of tha tsiixed c-osjcunity.

J'TOO. ©OOl. IOC. AUSt, 1, 84-90.

Woodland, H.J.A. (1963). On tersltaria in a savanna aeosysteie.
Can. J. jool. 4?' 641-50.

(Jould, '••'. (1747). An account of British ants. Cited in
Ponlathorpe, H. it.J.K. (1927).

a gh€>ir T.ife '.tistpry 
'IoA^ tondoc.

aovi«r, :i.r-:,, Kelson, M.U. a late, J.J. (1$67).
nutrition in A.ngJLoaperB& . I. Ire transfer 
of organic compounds froa host to
0<! c P tit c- s _yg r na (3ell.) Turn. (.:erophu- 
l&riAO«a«). K«¥ Jhytol. 6,6, 285-97.

Govi&r, a.R. t Brown, J.O.a. * Pate, J.3. (1966). Heaaiparaeitic
nutrition in Angiosperajs. II. \oot 
haustoria and leaf glands of Odontiteg 
verna (3ell.) jus. and their relevance to 
tEa abstraction of ftolutss from the host.

f2,Jhytol. 67, 965-7;

Green. ^•JI.W. (1953). lota on water balance added to Hemsley
(1960).

t i r . (1SS4). affintitative Plant -.colo.^7. ?nd. :-:dn.
Stttt'erwdr'tihs, London.



133

Griffiths, J.«. (1968). ntudios in chalkland ecology with
apeolal reference to the flora of ant-hills,
h.l. Biol, thesis, Institute of Siolo^y, 
London.

Oriise, J.p. (1963)* An ecological investigation mt a Junction
between two plant co rsrunitif r- in 
OooesbBdale on the Derbyshire limestone • 

. . . . J. icol. ZL, 391-402.

Orir.s f J.P. & Jeffrey, T. . (1965). Jeedlin^ establishment in
vertical gradients of sunlight,
J, ;ot,l. j£2 t 621-642.

Grinnell, J. (1917). The niche relationships of the California
thrasher. Auk, 34. 427-33.

Iroae, T . (1957). The flora of Wiltshire. Wiltshire Archaeo-
logiool and "atural History ->ociety, 
Devizeo.

arubb, P.J., Oreen, H.K. * ^rrifield, a.C.J. (1969). The
wcolo^r of chalk heath: its relevance 
to the oalcicole-calcifug© and soil 
acidification probl«K®. J. col. ^X, 
175-212.

Haarltfv, II. (1960). Jiicroarthrorx^s froa Danish aoils. Oikos
juppl. ^, 1-176.

iiarper, J.^. (1957). The ecological si^ificfmce of doriaancy ani
its importance in weed control. Proc.
4th int. '.ori;jr. j'l. ,irot. p-. 4 15-20.

Harper, J.L. (1967). A Darwinian approach to plant ecology.
J. AOOI. i|, 247-70.

Harper, J.L. (1968). rhe regulation of nuisbera and saws in plant
populations. .Agjpu3La wion _3iplOi.:y .. .ana

( - " ."Ty~T. ; I " J a won tin ; , pp . 1 39-
WI yracuse University

Harper, J.I., (1569). the role of prodation in ve^etatioaal
diversity. Diversity and -tatility in 
ecological :.y,tene f.d. ty G-.t . ..oodvell 
* H.H. 3mith), Jrookhnren -Jyrop. Biol. 22, 48-61. "**

Harper, J.I. ^ Benton, N. .A. (1566). t'ha behaviour of seeds in
®oil. II. The germination of seeds on 
the surface of a water supplying substrate. 
J. sool. £4» 151-166.

IteB&ley, J.3, 4; ftoodman, i..J. (1960). Monn^eHsent plan for Aston
ilowant v .r:.x"{., Oxfordshire. Nature 
Conservancy, xmth Region.



134

, -i. (1934 A 1S3B). deference 660 citetl in leiger, R. 
(1965). The oljge.te near the ground. 
'iarvsrd r ' n 1 . vo r 0 i ty I ro a a t 0 arr. bridge ,' 
Faasaehustttta.

Hokoaava, r., Odani, N. a Pagawa, II. (1964). Causality of the
distribution of corticolour, species in 
forests *ith special reference to the 
phyaico-ecolo^ical approach, ;>ryolOi^is 
62, 596-411.

Hope- laps on, J.F. (1955). Book review of 'Jxjvns and Dunes »
their ., iaxit Life and its jinvironment*

:.J.). J. ;ool. £J, 311-5.
Kutohineon, 3.S, (1957). Concluding reiaarka. Jold "prlag ;iarb,

truant. Siol. 2£, 415-27.
Hutcbinaon, J. (1955). Lritiah ;lld ."lo^arf. Vol.1, Penguin,""

Iraiseher, ;. (1912). Uber die .laaistena aer i>aubiooose
nUStrcoknuRg uncS KElte, Jb. visa. Bot. 

t 387-449.

, !>.»,. (1965). 4 new che«fe-liBt of British lichena.
, ^t 0^-153.

Jennin^a, 1. (1365). The Vegetation of :\nt-hllls on :halk
Jraaaland, Nature Jonservancjr, 
unpublishecl.

Kershaw, £.4. (1964). '^uantltatiye ami Dyr>aa:io . colony.
Arnold, 1 onion.

Kohleraiaan, L. (1950). Reference 72 oitsd in Heifer, ;. (1965).
The Cli.sate near the ground. Harvari

~ e7 e'aesachusetts,

, F.V. (1967). >p0cial Ittvastigation into --.nt-hills.
B..'c. '-.cnoursj thjnis, Vniversity of 
Leicester riotany Department,

, s. (1931). The l»port»noe of SGBJ* Baosaea as pioneera on
unstable soils. J. col. Jj^, 9^—102.

lee, F..5. «S. *eod, r. ;. (1371). r&re:iteg an<3 ..oils. ;eadacdc
, iondon.

Iloyd, F.S., '3riise, J.?. * ^orieon, I.H, (1971). .The grassland
vegetation of the ;haf field region. 1. 
General features. J. :ool. 22, 663-S6,

, E.3. £ !>reen®, 3.W. (196$fj. The ';-ro«th and ,.e
Cycle of rieuroxia® sehreberi (Brid.) 
Kitt. Anru bot. 12, S?-105.



135

MMirthur, 5.B. & Vilson, ;.0. (19C7). ?he Theory of Island
«*__-__. . ^ Prince ton University Ire«».

tffigdefrau, K. (1935). Untersuchungen iiber die Wa««erver«orgung
-jrowetophyten und porophyten ier 

S. Bot. 2$. 337-75.

, a. (1968). £er«p»ctiv«g in >:colo^ioal Theory.
of '"hica^o Iress.

r, 3. (t'371). /Lore- or^Ruilaad, I eicester
Lc iocs tar. ""

ffaylor, R.E-.L, (1972). aspects of th« population dynamics of th®
v.*ed AllQ^ecurus., . t.yg uroid<^ iiuds, in 
winter c«r*al crepe . JT^ippl . icol. 9, 
127-39.

Ktwnan, a.l. (1963). ''actors controlling the gerffiinatioa date
of winter aMMftls. J. :;col. 51. 625-36.

, CJ.H.J. (1951), The yjisocistion of ants with aphidi? and
ecocide. 3omsaon>jefilth Institute of 

London.

GduE, ';.?. A Fontia, «.J, (1961). "ooulatlon fianaity of the
underground ant, Lae ius f 1 a vus . as 3et«r- 
Edned by taggiiM? with ?5if. Tcolo^y, 42, 
186-6. ~~

, S.r. (1969). %• strategy of ecosycteei development.
o«, ^".Y. 164. 262-70.

i?aton, J.A. (1965). Census Catalogue of British Tl
British Bryologioal Jociety, I'rxiro,

Ferrirg, P.H. (1959J. topographical ^r^siienta of 'Jhalk
J.":,ool. £7/447-31 .

f H. (1933). Von evikaesaionBausloBender
rr>ariCh©r :ia®enrur.ei?.ea. I'oih. li
nov. R«gni veg. (j«ddes rep. 3eihaft«s;
7JL. 224-31.

iicklaa, v. (1936>. iopulations and territories of th« acts
for t?4..c^ f U ̂.ca « r^oa^.thpg^;Qps flavus and

' ' - II" "(forks . ) .. 
J. Anifi:. ool. %., 262-70.

Pickles, W. (1940a). the effects of acts on the acidity of Bolls.
:.!nt. lusn. Sag. J6, 49-52.

Pickles, ••<. (1940b). Fluctuations in the populations, weij^hta and
biomasses of snts at rhorahill, Yorkshire

1935-9. Trcxns. \. ent. 'oo. ,<ond. 
* 467-85.



136

Fielou, &.0« (1969). An Introduction to Fat heretical Kcology
, JM«v York.

Plgott, C.D. (1955). biological Flora of the British Isleai
I. J. :*col. ££, 365-87,

Figott, C.D. (1967). Ecological effects of red/far red light.
Research 2alk, Botany Johool, Oxford, 
2 /obruary.

Pigott, C*D. (1363). Biological *lora of the British Isles:
aoaulon (I.) woop. J. £ool»

597-612.

Pigott, C.D. (1970). The response of plants to cliaaate and
climatic change. ;ghe Floret of a O~
Britain (<&. by ?.T«rrin£) , pp. 32-44. 
•Jlaaaey, Hampton, i iddlessr.

, J.^. & 1'aylor, ,.. (1964J. l"b« distribution of soa» wood­
land h«rbs in relation to th« supply of 
nitrogen azui phosphorus in the soil. 
J. riool. ^2. (Juppl.), 175-t^5.

?ontin, /. .J, (1955). Colony foundation and oo»petition between
ants. i>,*hil» fcaesis, University of 
Oxford .

I'ontin, A.J. (1957). An investigation of the interaction between
_flayu9 (F*) ind ;;,« niger (I.).._ 

Proc. -.. rjit. 3oc. lond. (0), 2£t 49

Pontin, A.J. (195«°). A preliminary note on the eatias of aphids
by ants of the ^enuB ^ as jus { r:yo. ,

. ^nt. Kon. I a^. 2i» 9-11.

Pontin, i.J. (1959). "Jor.s records of predators and parasites
adapted to attack aphids attended by ants 
3ttt. Men. K«e. 22t 154-5.

Pontio v A.«J. (1960a). Cbssrv^tions on the keeping of aphid eggs
by ants of th@ ^anua Las jug (: ;y2i,, 

* -rnt. F on. 'a^?.

Pontln, A.J. (1960b). Field ©xperiaente on colony foundation by
i.aaiur nl-.ter (i.) and :: . flavus (;-4 .) 
"(Ttyffi.^" ^oraicidae ) . Ins?«?ct<*s aociaux, 7.,
2 7*7«_'i?ri i / •"•^/U .

A.J. (1961 a), i'he prey of jASiu.? niaf £ (L.) and i,. flavus
(?.) (Hya, 7 Formiciiae ) . "nt. rson. ^ag. 

* 133-7.
i'ontin, A.J, (1y61b). ^-opulfetion stabilization and competition

between the ants iaiB.!^ _f lavug ( ? . ) and 
i.. ul^ar (L.). «T 7 aiim. «col, ^0, 47-54.



137

Fontln, A.J, (1963). Further coneideratione of competition and
th» ecology of the ants Laeius flavua (P.) 
aBd I-* ni^er (L.). J. 4nim. uool. jg, 
565-74.

Pontin, A.J. (1968). Personal coeymiaication. 7 July 1968.

Pool*, A.I. ft Cairns, I). (1940). Ref. 167 cited in ~alisbury,
r.J. (1961). s«eda & Aliens. Collins, 
London*

Potts, O.a. (1970). Kacent Change* in the Panaland. rauaa with
Reference to th© eoline of tha 

Cartridge. Bird ntudy,

iroctor, ».C.J. (1956). Biological ?lora of th« British Isl«a:
«J. .-icol. 44., 675-92.

Ratcliffe, P. (1961). Adaptation to Ffabitat in a Jroup of
Annual ilanta. J. iool. 49. 1^7-203.

, H.S. (1930). ghe ^lapgraal of ^larita throw^hout the
-.or Id. Reeve, rtshford.

Roberts,, n.A. (1970). Viablo weed seeds in cultivated soils.
:-;ep. rtatn. Veg. ii«s. otn. for 1969. 
25-38.

Eoas t B.A., , Xeater, J.R. & Breckenridg*, ...J. (1968). ecology
of raisia-type &QUH&® in northwestera 
Kinn«sota. colo.gy 4,9. 172-77.

, 3.R. (I960). The biology of @om« syspatric species of
grassland, .j.i-hil. thesis, University 
of Oxford.

8agar t a*E. & Harp«r, J.I.. (1964). Biological ^lora of the
British Islea: I:l»at^o lano.eqlftta L. 
J. Rool.

, ^.J. (1942). The Hgproduotive ••''^racity of : lanta.
Bell, London.

aalistoury, 3.J, (1952;, uowng and Juno a. i'hgir i .rl.aat i ...lfe.....and
Sell ,' ~

Salisbury, f;.J, (1961). »«eds and. . Aliejjg,, :Jollins, London.

Salt, -5., Hollick, F.J.J., Raw, ?. * Brian, K.7. (1946). The
arthropod population of pasture soil* 
J. Aniis. Kcol. V7, 139-50.

, A.J.B. (1964). A BryoDhyte Flora of -Uamor^an. Zraas. Br.
bryol. Joe. 4.,

Hohlf, ?.J. (1969;. UiOffi»try.« /rsesBan, sun 
Francisco.



158

Qtevenaon, ?.j. (1964). Organic acids in 3oil, Soil
. by D.A. Kclaren, J.B. feterson, 

PP. 11 9-1 46. Dekker, Sew York.

Sooaiinen, J. (1969). The pliant cover of Finnish railway embank­
ments and the ecology of their species. 
Ann. 3ot. Fenn. 6, 183-235.

§ o.C. (1948). Observations on reproduction and survival of
some perennial herbe, Bot, r?otiaar, ^,
3G5-21 .

t C,C« (1956), Farther observations on the survival and
flowering of some perennial herbs, 
Oilros, 1, 275-92.

r , A.d. (1939). jghe. Hritish.I.Bles and their Vegetation.
^« OnivVrsity

tanaley, A. a. 4 Ad««8«on t a.j. (1925). ^tuii«s of the
of the "in^llsh Chalk III. fh» Chalk 
(Jrasslanda of the ri 
Border. J. ;col.

, P.J. (1956). 3iologioal nora. of the British Islesi
v'arex flacoa chreo. «j . dcol. 44. 
2'&1-4d.

Tayloracn, U.B. «• aorthwick, H.4. (1968). Light filtration by
foliar canopies: 31,-jnificance for 
li^ht-controlled waed seed ftansiaation.

fhoiKas, A.3. (1962), Ant-hills &jad termite rounds in pastures.
J. Br. Irfissld. oc. 17> 10V06.

Urbain, A.-J. A J'l&rty, ?. (19?0/. Influence flu travail souterrain
Jes t&upeia aur la flore des p4turago© du 

J.r.hobd. ^anc. Acad. 3ci.,
. 581-3.

, i".^. (1966)* T -r^®r die v{ihlti.tigkeit des ?"
\ i.^.lr;a guropaea ;.). ^edobiolo-^ia, 8,
97^TT2.

Kaloff, N. &• ^lackith, R. ,. (136?). ?*» growth and distribution
of the mounds or j agiua_fl?iTas (?abrieus) 

orsiicldae; in .. i ilwobi" Tarlr , 
u. J. ftnins. "ool. 21t 421-37.

nt *•?• (1963). CenauB ^at«ao--^ie of ivltlah ? Qg
British iiryological ccieuy,

, i..e'. (19^6). .cological assets of eeed dorraancy and
gercinatl on . 'ieprQlujrfcive ^iolo.gy and

of jaeculsLT +lants T~S. by J.J . 
ffl ) , np . ̂  05-1 ? 1 . Kerrapon t Oxford.



139

, 5.T. (I960). A quantitative Study of the Bryophytes of
Chalk Oraaaland, J. fccol. 4§, 597-414.

Vatt, A.3. (1971). Factors controlling the floriatio composition
of some plant cosusunitiss in Breckland. 
l£ht ' oisntifie Kan»gfta«at of Animal and 
ilaat doraiunities for Coaservetion (id. 

>'. Juff«y & A.,/. »att) t pp. 157-152.
Tcientlfic Publications, 

Oxford .

f 9« & aar«ii3^t r.y. (1967). Light requlrwtonta of buried
Slatur«, l^ond, ?U» 600-1.

R.H» (1965j. Lossinano* and <iiv®rsity in land plant
» 250-60,

Hfeittaker, R«H« (1967). Gradient analysis of vegetation.
Biol. ftev. 4?, 207-64.

Wfeittaker, a.*l. (1970). .<>_'z«uni.ti<>3 and'

i9 t C.b. (

.FI» (1370). rop*il*.tion dynamioe of tvo perennial 
grasses in Auotralian sessi-arid 
land. J. -;eol. 56, 869-87 5. J

Snoheri, -f. (1956). Physiolo;i®ch9 und 6kolo«;iRche n
r die innera waeserleitung bei

, 409-56.

6-oodalt, D. W, (l^52). Sorvie considerations in ite uie <(- point <juaclrats for tke
veaeiodion. Awst.T sci. fees. Ser. 6. 5_, 1-41.





.Appendix 1- Soil analysis 

c Collection & Treatm nt«

ii_ eud of Hhosftili *>wn On 18 Hay 1968 on* bulked .soil sample was 
collected fron each of 'he twenty ant-hillo nnd fiijcteen surrounding 
ve^efation quadrats who&e vegetation h«.d «w..rlier been sampled in 
aetail (see(!h.£ it >»ppendie«& 6" i 9)» ^'our .sep*ir*\te cylinders of soil 
were taken froffl the top 5«« of mineral soil in each sampled area, and 
bulked. Ic -he laboratory, I reeoved ve&e cation (including r ots) and 
litter, i'he eamrlee were air-dried for ten days. 'flao fraction of each 
sample which passed through a standard 2uJm tiieve wsira placed in a aealed 
polythene container st laboratory temperature (15-25 0) until analysis.

Aston aowant. On 21st Au uet 3969 twenty-five ant-hiile oa my Beacon 
Hill plot were selected for sampling. xhe first 19 were chooeri t 
random after nil the mounde on the plot had beea numbered. i"he final 
eix were chosen because they had been abandoned by L.flavus colonies^ 
and unoccupied moundu had not been represented in the original salable, 
Bulked uaapleff were collected firoa tiie top 5cm of mineral soil of each 
' nt-hill, find from O»2>ffl quadrat placed 30ciB away from each taound ia 
a randoc; direction. Ahey were air-dried for l*t dayra but otherwise 
treated like the Rhos; ili Oown samrjloe; analyses '.ere performed on the 
fraction which passed through a standard 2mia

^» MethodB of Analysis

Down(K end) pH was measured with a ; "ye glsse electrode bench 
pH nieter, on au[>lic«te samples of a U2»5 ratio by weight of dry soil to 
distilled water* -».h© electrode was. placed at the liquid/soil junction, 
ae sug^eati.-d by ?eech(19^5)«

^aton uo '..'ant. pH wac measured in exactly the sjsme ---ay, fats'-, on a 
1J2.5 ratio by w<sd,.ht^of dry a^il to 0.01 H CaCl?

B. £jcchan&eiible H
s il i Dovm ( N :• ad ) . Br o w;> * 3 ( 194 j ) crude method \«.a used, Z*5g of 

soil was placed in 2j> OIA^ of IN Amnoniura acetate (adjusted to pH7). 
The aup cncion WPS shaken interraittently for one hour, its :I- was read 
with a rye glaes electrode bench p^ sieter and th« cca;«»n ration of 

Hydrogen ioas.' was obtained fro;« he curve in J.-.ckaon

C. CaCO..C%J
':o"ant 5Gwl Frhler»<aeyer fl^akr, each eontaJn.xnE about

of 3K Kyurochloric acid, were weighed and reeled. Known weights (about 
3g) of soil were a iaed c.- re fully. ^-he flasks were gently agitated evefU 
half hour, until two hours after the soil hnd been put in, when the » 
flasks & contents were reweighed. Ihe loss of weight of the flask was 
£u>muaed to b.v due to los^ of 00^ frosi GaCO,,.

..). '.t c tal eKchaac eable ba sesya . e o ./l/^Oj^
ii!hosi.;ili '^Qwn. Brown* (19^3) eaethod wae used,2»5fi' of soil was 

plfsc* d in 25cra of IK AcC-tie acid .--<nd -he cue. .en^ioc •-.•«» ohakeu inter­ 
mittently for an hour. The pH values were road on a Pyc glass electrode 
bench pH «a@ter and the coneenf ration of total exchangeable metallic 
.,ations was obtained from the curve ia Jackson (1?58) p. 69.

£, Or ae nic aatterCO
Aaton ^owant. Alie fealkley-Blsck method (Jackson 1958) wae used on 

0 9 5g ~soi 1 aaa . , 1 es which had passed a 0.2i;'ja aiev«. After a -ding the 
concentrated ii_^0. , the solutions were heated to 200 C to produce more 
coeolete oxidation, and a conversion factor of 1.12, not 1.34, was used. 

F. _bx tractable yhosphcrus (RP.BL) ., 
Aston -.ov.aat. >g o; soil was extracted with lOOcnr of 0.5K J-'aHCO- 

adjusted to pli B.5(Jock^on 195S), and the extracted ho0phorus was ^ 
determiaed coloriaetriaally, using a aoljfbdat® aetiiod.



tl&yant A fintsly— ground aoil angjple waa passed through a 
t-ieve and cub'jacted to u raicro-K^«hi.d*hl digestion. '*ha 
wau determined by the Conway me thai
H« /totoaas %« weight of the original aaraple retained by the
id eve waa expressed, ae a percentage of th« total air-dry weight of
the samiule before sieving*



Vartattcai of mol»«hilla in o

In theoe note* t m regenerated free root fragments, v » invaded 
vogetatively and s « seedlings seen on molehills

(i) Beacon Hill, Aston Bowant N.«.K., laolehills famed ISarch 1970 
at N, (see map, Appendix 29 ).
2nd May 197Q.kBa projected above surrounding soil* Total plant 
oorer below 4; on every Mi. All species present on 15 MI recorded. 
Thooe with niftiest frequencies were:

^^4^]^ (v>6). Nine seedlings occurred altogether.
7th August 1970. Total plant cover below 25, on every tti| satae 
rosettes bad eiqpanded*
26th Ceptaaber 1971. &'* soil at level of surroundir^g soil. Total 
plant cover below 7Q;i on every .^i. Same Ws difficult to find. Itest 
frequent speoies

occasionally present*

(ii) Ueaoon Hill, Aston Bowant H.H.E.. North side at P (see map, Appendix 29) 
16th August 1971. Mis projected above surrounding soil. All speoies
present on 10 Hi recorded. Bx»e with highest f roquenciea
QfjIiMn vqrupi (f ,10), Pi^Mtaoo (f,9), ^BSSL (^»v8)» IfltMB nmm1lmi1ff'tfl
Yv.aYr Vetranlfn rfuun^o^rya (v.7\. pfiatnyH (&)• i-O8t plants had
invaded vegetatively. Very few seedlings see n*

(iii) Ctookton Down, Wilts (see Appendix]^), 2Srd August 1969. "Mis ooloniael 
by speoies absent frcxa ant-WJLls, e.g. ftflW, f VTrr

(iv) Gecp Dovn. Wilts (see Appendix J §. 14th July 1969. "Lolehllla 
abundant. Colonised mainly

She same group of qpeoies invades other bare patches, e.g. chalk rubble and 
erosion hollows, e.g. t

(v) Beacon Hill, Aston Howont M.N.B.. M >rth side at A (see taap, Appendix 29). 
IStti August 1971. Topsoil hftd been excavated for track 3 years 
previously, leaving oom, acted chalk rubble. About 15, plant cover,

(vi) Be&coan ,1111, Astoai Hovmnt ^•^•iv. at P (see &iap, Appendix 29)* 
1st L&roh 1966. I^roaion terraoea formed (sheep walking?) on steep 
slope. Fresh soil in hollows colonised by
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amlPTttitlon of the symbol? fci. and some of the qethods uaeA in collecting 
data far Anpendle^ 4-7&1Q-2? in rfilch 17 sites and thfi ™«™t*tion cm 

Off IhBir ant-hilla

key to the symbols is glued to the facing page, and when folded upwards it 
oan be consulted whilst appendices are read.

In this Appendix I give the evidence that L. flavua mounds are regularly* 
distributed (Section l), mention how environmental features of an1>-hllls were 

estimated (Seotlon 2), list identification difficulties (Section 5) and describe 
how significance tests were performed (Section 4) . The same method was used to 
temple the vegetation on and off the mounds at the Gower sites (Chapter 2, 
Appendices ^ - 7 ), the calcareous grassland sites (Chapter 3, Appendices 10-22 ), 
and on my Beacon Hill plot (Chapter 4, Appendix 2 8 ), The technique is described 
in section 2.2.1, p.24 of tie text.
1. EtH<3ttnn« -that T.. fi«Vlia mnimrl.c; ar*» YV»eni1m~1 -ir—rH a4-Tr4}\ii±WL T> >i j. / 1rflgumoyiMiitarrinnTea. Result (sample 

site MJiffittfl Rif "f to
Aitcheson et al (1967) Bhossili Down, Gower, (Ham. Hopkins (1954) A = 0.504** (50) 
Calculation on map of Fontin (1965) Bowling Alley, Hopkins (195*0 A = 0.45** (25;

Wythaffl Woods, Berks
WalOf f & B3AOki1il (1962) Ascot, Berks Clark & Evans (1964) P^ 0.0001 (60j 
Blackith et al (1963) Chagford, Devon, Clark & Evans (1964)P^ 0.01 (25)

£**P<:0.01) P*°-01
2. Recording of site details and ant-hill characteristics. Details of parent 
material and drift were obtained from the latest editions of the O.S. Geological 
Survey 1/65000 drift maps, sheets 246, 254, 261, 297, 298 and 519.

Hie height of each mound was estimated by placing a measuring tape beside the 
ant-hill, perpendicular to the slope of the pasture, on the north, south, east and 
west sides in turn, and gauging the height of the summit. The four estimates were 
averaged.

The diameter of the base of the mound was measured by holding the tape parallel 
to the slope of the pasture, above the ant-hill, and reading off the distance between 
the apparent intercepts of the ant-hill margin on the tape. Two estanates were made, 
one nortii to south, the other east to west, and uere averaged.

A mound* s height and diameter were used to calculate its surface area and volume. 
Pew ant-hills were hemispherical; most had the shape of segments cut off a sphere. 
Thus for mounds vhos© height (h) 4: radius (r) the following formulae, derived from 
Green (1966), p. 184- 9 were used to estimate surface area and volume:

S.A. » TT(r2 * h2) V » iTh(5r2 + h )

the height exceeded the radius, I calculated the surface area and volume 
of the mound as those of a hemisphere atop a cylinder.

I estimated vegetation height by measuring the distance of my hand from the 
ant-hill surfa ce, Tfaen I held it parallel to thesurface so that it was pricked 

by several leaves.
5b Bare soil was the percentage cover of soil vrtiich was not obscured by the 

perpendicular projection onto it of the aerial parts of plants.
Soil heaped up by the ants in the year of sampling could be distinguished from 

the rest of the ant-hill by its dry, crumbly, porous structure; it also covered 
tiie stem and leaf bases of plants growing on the mound, gits volume was estimated, 
using the depth of plant burial and a vision of a 100 cm beaker as my guide. The 
estimates v.ere corrected to "measured volumes" by the regression equations 
S » 11.42 + 1.57 $ (for 1969 and 1970) and IS. s 16.12 + 0.98E(for 1971) derived in 
Appendix 25, to give the "volumes of newly-heaped soil" in the appendices. The 
accuracy of these assesaaents of soil volume is also discussed in Appendix 25 .



lnd** ^ **• •xt«nt <*' »H heaping on different wound* ($ 
activity) was calculated by ejqpressine the corrected "volume of newly 

neapea eon on each aound aa a percentage of the total Bound volume.

(i) Festaia grim and Zustia* were sepamble but the exteu inf oration gained 
ty detenoining the* and fceir percentage oovei a was not worth the ext» tine needed 
to sazqOe each quadrat* Obese apeoles w«re often lusgjed, but JgfesJlKa spp. in tfat 
taW^» does not neoeseartt, wean that both apeoies were present in ay samples. PW 

exanpe, JuJBteE only was »een at several chalk grassland sites*
(^J») Z pannot distinguish i-*fpri<yyteB-> Myn^^ and £u_JbU3tfAfifiiL£fi& vegotativsly* 

Flowering, fc, nJanlflMB. w*s siuch cosnioner at the eat^Led sites than flowering
«nd I have recorded all i^anto^ rosettes vhose leaves have forked"hairs as Z>aJblfiBiUHftv in the tables*

(iii) Arm*v4» metmviiifft^ && A. iMpK^^m have been "luapcd* under ——„,-_,,_ fop ^ mgm rwoaa^ -^^
tiaea round diifioulty in sepamtin . in the vegetative state,

ftom A
Young plants Of (a) 

and
often caused trouble. 

J7 aknown bryophytes were oolleoted and detenained ndflroaoopieaUy* Many 
identifications were checked by A. --. rerry and Z oao^ared othera witii a reference 
oolleotion of apeoies naiaed by bin* She bryophytes oolleoted were often scrappy and 
never fruiting, so that it was often difficult to identify e.£. T*"*aO« and Jta» *P 
In the tables Z have enclosed percentage cover eatizaatea, or the names of genera or 
species, in parentheses whenever Z act at ell uncertain about the identification.

The results oT teats of significance of the mill hypothesis, that the true percentage cover of each species on and off the mounds vos the uuae, are given in 
the filial columns of each table* She GQnabola are explained in the key. At each 
site, Z ooiisidered only these species viiich had four or tiore ooourrencea in either 
or both oi the ant-hill and ainoundlnc vegetation sas^plos* Firstly, vtien the 
percentage cover values for a species, on and of i' the mounds, v;ere extrazdy 
different or extremely eiailar, Z noted either that there was a highly significant 
difference in its abundance on and off the BIO aids, or that the difference was not 
significant, as the case may be* Secondly, attention was confined to samples in whic 
the species had one cr -nrre cover value of 4/- or nxr*, and at least six Occurrences 
in either or both the ant»-hili or aarroundiii^ vegetation sauries* Sara- tailed > ilcoxc
Bigned-ranks tests for matoiied pairs were applied to these data. This quickly 

applied, norv-panaaetricte&t io i^cre conservative than a t-test or its equivalent
analysis ol vtriance, and so Z rioted the oases in widen the difference in 

abundance of a s «cies on and off the mounda v;as aloes t significant at the 3^ 
level by Wilcoxori'B test* Bian t* testa for paired cocparisons were applied loth to 
these cases, and to the remaining samples in vliich a ipcciee Isid one or more cover
•staaate of at least 4i '• i-'or all^au^les to «iich t- teats v.ere a, p Jded, the differenc 
in peroentage cover betweeti ant-idUs emu surru tndinc vegetatiaai quadrats t;ere 
nowally distributed about a cero Keen, altiiou.yh tiie diatritxtion was highly leptokurl 
Thus the data were not tranafonaed before t-tests were cairitd Mtj when the 
percentage cover values t.ere oil auali the assumptions underlying the t-test were 

usually satisfied and the test as sensitive, but when some of the cover values were 
large, the tests were conservative.

Thtiro regained tiioae cases ir. which the cover of the secies did not exceed
#" on any ent-hill or in any quadrat, liere Z applied on exact test for frequency 
data based on the Btnonoal distribution. I calculated the e^aact probability of 
obtaining the observed ratio oi' occurrences of the species on ana off the ant-hills 
if p « Q • 0*5*

Zn all theeienii icance tests described above, the bloolua from which a species 
nas absent were ignored*



Gla
Cf anfr*hill. (Ail and aurourkii m

0.8 > GBID HJgjfrfrMeB Jg 456926

1970

PQtaggJI Prom the M271 between LXangenr.ith and Burry Green a road ruoa 
northwards to Uanraadoc via the side of Llanndoo Dam* From the house nearest 
Uanoadoo on this road I took a path up the Down *ich led over ancient earthwork* 
arranged in oonoentrlc cirolee. 'ihe site was on the other aide oi the earthworka 
overlooking a farmhouse,

Site waa at 170 ai. sloping 10° to the aouth,
Extresiely expoaed to winds and rain* Within 2*5 loa. of aea. l^ean total
annual rainfall * 1103 mm.
Canaan land*

15 x 15 m* containing an estimated 100 uioundo, i.e. a density of

HXL;K&Y. Iv'eolitliic earthworks present. Site probably graeed by
am* doeep »nd cattle for acre than 40c years*

SOIL JOaAliS Itoent materiixl is Old Red Lwdotone (Devonian) - red marie? . 
Drainage good* An Ao horiaon (oatted humis) 2*0 cm* thick covered a 
load* Bkrent oaterial was reached at 20*25 en*

oovere :-.ost of 1be Doran, except on anci near the 
and hollows oi the earthworkej in the pioneer eta^e, it waa 

the site* Pptel^f*-? -.^ «^^f^'ta and Taimittt jypg^^tpHL^ are abundant in the

all ^nature** } taoe t oocd^tted by £caJ5UCftja*lB3*, 
Site graced by rabbits, aheep and horses*

are overleai'. 'ilie noe^ioda and a^sbola xxotd are deacribed in Appendix 3 
She lumbers in the table are 3*bjectively~eetinjeLted percentage covers of all 
•peoies in 8 blocka, each consisting ol' a ranrtorAly~aelected &*• end a 0*2&i

placed 0*5 &. away from it, in a random direction, in the -V.
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CoBmerison of ant-hill (Ail} and mnrowWMniy vntfAlAtlttn (fjV\

SIfflS YlLTjEED Hi June 1970

SIZE HJSZiftff From the track *lch skirts the northerly edge of the Down, I 
oliabed the psth up the xaoat westerly earthwork* At the top, across a ditoh, 
the site was about 75 m* dom the hill on the i» aide*

Site was at 157 nu, sloping 5° to the S».
Fairly exposed to winds and rain* Within 5 tea* of sea*
itaan total an»ml rainfall » 1105 mm.
Common Land*

50 x 20 a, containing an estimated 200 sounds, i.e. a density of 

JUaig Neolithic earthworks present nearby, .ite psrob&bly grazed try
sheep and cattle for mere than 400 years*

SPH. laffAllfi Barent Material ia Upper Old. Bed : andatone ( Devonian) | Quarte and 
red conglomerate. Site well-drained,wi tii a flush, d Jialnated by Juooua

leaving the lower aide* Scdl a grey-brotm loam, very Bimllwr to Llaa adoc Down

ii>st of «» Dam vsji covered by PteriAton. under whi:-h AH» were
absent* Cloijely-grazed patches oi' graasltnfl, vdth •'Us, oocuired along paths, in and 
around earthworks, end at the sampled site* Tb±& site T.I&B omnounded by
with some clOBely**craeed ffliflK (rfiMJLif) *»uah@8 up '-«

all "mature*1 , witi-i little 
abundant on the tops*
Site very closely -rased, especially lay sheep zaad horseiu Droj->plngB of 

sheep, rabbits, and birds present; peckf-oorkt^ ouoxirrtid in the sides oi tiie 
mounds*

are overleaf* 'i"he methods ana symbols uoed are described in Appendix 3
Hhe nunbers in tli* table are subjectivcly^estijoated percenta^je covers of all 
species in 8 blocka, each consisting of a randoaly-aelectcd Ail and a 0*25 m 
quadrat placed 0,3d. avasy frcaa it, in a randon direction, In the ^V.
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Cafti
of ant-hill (AH) and surrounding vegetation

O.S. C»l^pit|iy.L. .£.£.£ fri 468002 

snEYIfcMap ja»t June 1970.

SHE POSITIQK c«ftt 3ryn la the largest OAU hill in Gower, aite near the 
our park at the highest point of the Beymltiston^illibion road, about 100 a 
from road, 100 m. NB of oar park, alongside the path to frog l»oor«

Sit* is at 150 n., level* Extremely exposed to sea gales. 
Mean total annual rainfall « 110 ' mm. 
Coouon Land*

AB1A SaiaELa) 75 x 40 u. containing an estimated 400 noundo, i.e. a density

/xthur's ;:ton*, nearby, i@ a Keolithio burial tomb. .;ite 
proliably graaed for centuries by ooamotutra* sheep and horses •

SQIIi MECAIXS Parent aaterial is Upper Old Red ^andatem* (Devonian) - quarts and 
red oongloeterate* Drainage good) lower down the hill a bog with jrJfifl^Jtfi&EBliX 
yp^ia^f. Erionhoan^ etc. exiota. Several auger borings ahocred that an Ao horiaon 
8-5 on* deep (isatted plant regains) was underlain by a red-brown sandy soil* 
varying in depth frcm 15-90* om« t vhich «aa podaoliocd in places.

-V tall, tuaaocfcy, with cieny infloresoenoes remaining unerased;
high proportion of K^r*hM^ siA-fiiirKr<A and SQjSt possibly red ced the grasing 

intensity. The site l&d probably been burnt in Spring 1969 or Spring 1U70, once 
many deadt recently-burnt ir^«y CTAIII stems were present, regenerating from the 
base.

Uost Aiia "laature", but two taaall active raounda and two "incipient " ticunds 
•sen. !Ehe large mounds often bed angular shapes, vdth vertical sides and flat 
tope, instead oi tne usual rou-ded contours. Holes and scrapes on the svnnits were 
possibly due to gracing animals. The tops ai^d soutli sides of the A^le often bore 
parched, dead vegetation} there had been no rain in the area for five creeks.

Site grazed lightly by sheep and ponies. Several unidentified bird droppings 
found on mounds.

E^Uy.u> are overleaf* "Ihe methods and symbols used are described in Appendix 3 . 
She numbers in the ta le are uit)jeotively»csti£iated perceiutace covers of all 
species in 10 blocks, each consisting of a randomly-selected ^i a; id a 0.2&a 
quadrat placed O.J3m. evmy from it, in a random direct! jn, in the ^V,





Southyryi ftnfl of RhjOa.ai'll ]?g*n- Gower.

Conpariaoe of ant-hill

QjiljD fiJ-J^jRjiflog ^8416864
1970

sit« was the first larc« patch of grassland on the seaward 
side of th« path leading up Ehosaili Down fron Rhosaili to "the Beacon". Its 
oe&tre wj ,K about 70 m» from the path,

Sit* is at 150 m,, aloping 4° to the WSW,
Ertr«Bely exposed to aoutl>-we»terly winda and rain* Annual rainfall lloSjoa, 

Beoeirea sane ae* erpray «nd sauola a«m ad.Bt| within 1 km. of sea. (toe or th« 
vLndieat plaoea in southern Britain*

Canrnon Land* Adtainiatered by national Truct.

60 x 20 m, oontoinJuig esi estimated 450 mounds, i.e. a density cf

Keolithio nxmuaents ooour on Khoaaili Dcwn. Site probably graced by 
sheep and oattle for aon» than 400 years*

BOIL
Burent materiel ie Upper Old Bed C^ndotone (Devonian) « quarts and red 

eonglcocxate. Ttvo trcwel profiles were d g. An Ao (&«tted plant remalri&) 
horizon 0.&-2 oci. thick overlaid a red-brown aandy loaia, vdtti quarts pebbles 
increasing in frequency v.lth depth. Parent nioterial was encountered 20-24 on* 
down, tiean pil of two sauples tal.en fram top 5 au. of raineral soil \vas 4.5 
(measured c« 1:25 ratio of air-dried soil to distilled water by

presence of >iUfiJL££<i^ar Poo, •pya.'fcg!o^lsd1 af /MfihiLL^Gft IltliLlst J Ji^^JBl and
tht t the ooil udght be luore neutral than at the

Other Cower aitea I
Mounds all large; flowering 'il^ynua druoei occurred ttiere,
Crazed mainly by sheep; numerous sheep droppings found. Probably also 

graced uy horseo, rabbits and harea.

ik'S are overleaf* 'Ihe method 8 arid a^mbolB used are described in Appendix 3
The numbers in the table are subjectively estimated percentage covers of' all 
•peoies in 8 blocks, each consisting of a randomly-selected Au and a 0.2Sia 
quadrat placed G.5a away i'rou it, in a randau direction!, in the -V.



Ail & SIS- 
34507812345678

Una Ail lit. (as) 17 84 3* 13 IS 20 20 20 
UMD^ Dlam.(aa) 62 77 75 37 69 46 81 6* 
AUVolune

(103 aa3 ) 2961581029283*28 
Volvae '-..i.a«

(oorr.) (aa* ) 0 0 019 19 05927 
Activity ( ) .2 * *2 •! 

AcUviiy UJ D LDGGa

Ht.(au) 55428528*5445554 
$ o ver Ijare Ball 1 1 22
A^TOBtic UttiUis 16 20 22 15 10 IS 15 15 SO SO S6 45 50 50 55 20 **I 
Aim pruecox 1211 1 1 2 1 J 1 1 
Anthoxenthum 

odoraturi 111 1 12
Carex oeryo-

phy lea) 111 11121 1121 
Peatuou cnrltm 80 60 TO 80 80 70 70 6O 70 60 60 80 60 70 65 80 *£ 
Gflliuo ucoaitile 10 10 fl 20 8 18 7 5 9 2 6 4 IS 0 10 11 t *

looella 2 32 52*^

4 511 2 **T

1 1 11 0 32£
Poa prate^iois 2 165
Kunex acotosa 1311 111

off icina lial 1711111

Diorwuia
6 5 2 6 ft 8 1 •?

211 1 12 4 121 -— -

4 840 
Polytrichvai.

5 10 1 5 17 5 2 55

pilii'ertia 10 25 20 10 7 5

, ), 6(1, ), 6(1 ) florin aeizA^ .,1 (l ) 3(X ), 6(4, )^-'^ (^ 5
4 (l, ')

(l,
/^il (1 )» 5(2, ) If y1A.di^4^-: .-'i^r fV Sftf.yQA'1^ -^5 (l, ), 4(1 )«

'""^' (X
iai&i ^^(^ ), «~ve(2: )^-i a ), e(v>,



*>41tt f

416804
<JM nuaerous o caaiona

Along path from liillend to the Beaoon, a concave, grassy area 
Just b«low dense Pt«**/a«m and fW.TTifflr Site is at 140 m. aloping 7 to the 
north. Hiotograph in Jig. 7 , p. 26 •

Extremely exposed to south-weeterly winds and rain, although somewhat 
aheltered by the rocky crests on either aide. Annual rainfall 1105 am. (Oxford 
Atlaa). Receives some sea-spray and much sea wist, Qolding & Stodhart (1952) 
estimated long-teisa annual average wind speed at 10*7 m/**c«

Couuon land, adrainiutered by National Irust. 
AIOA. £iteuI£D 40 x 25 m, containing 497 mounds, i.e. & density Of 497C/ba.

Neolithic monuments occur on Rhossili Down* ^itc probably
graced by oonmonera' sheep and cattle for sure than 400 years. 
has spread on the Down in the last 50 years (anecdotal evidence).

fterent material is Upper Old Bed Sandstone (Devonian) - quarts 
a^rates. Site drainage good; in \et weather water runs away 

in a flush at the base of the site. Detailed descriptions of one ant-hill 
and one soil profile made 31th June 1970. The soil under the sward was 
15-20 am. deep, highly podsolised, with an Ao horizon of 4 am. of m°r humus, 
a mean pE of 4-«4, no earthwonns, qxt rtz stosies wlxich irtoreaeed in size and 
density down the profile, end 1M), granules in the 30 horizon.

<i a

The anVMll soil ohowed see ndory podsolieation; i.e. curved eluvial 
and illuvial horiaona were developing in tie mound. That leaohlng of bases 
from the surface v.as occurring was corifizmed by pli Kitataure-ienta of suooeasive 
horisons: A^^ 4.435, Ag 4.6, Ag 4.9 B^ (at level of Ao in surroundins soil).
5.1 (All pli raaBUrauents t«ade in duplicate on a 1:2.5 ratio by weight of dry 
soil to distilled water using a lye bench &L*ss electrode pK meter). Ao horizon 
absent. ; : t^neltsa. liatio at apace to solid, readied 10-20. , because of ant 
chambers and chatiii«ls, vhich wcsre prescsrit even in the B_ liorisori.

Ascribed in text, section 2*5. Inflorcscencea of
and J^QjlA. frequent in sward, ffor-rfr^ a^^n"^ and. fAft<--n '-p^f* 

probably toider-rccorded.
Ant-hills all "i^ature"; no "incipient" cvjundB were found. Aip*

frequent, .^Ip?"!"^ druoei and : rflft*l7\ .*M1iri!-i1iifiMB locally il^equcnt, on &ounus. lope 
Of ant-hills dondimted by fr:tfiY'fa'iiilTtlfa ' IwATti iTtfBIB s^ ?• HtiLtf'firlffl8ln

Site appeared over-Erased in voter, but in suaucr, graaiag did not keep 
pace i&dth vegetative £rw,~ti\. Erased mainly by sheep (droppings abundant), 
partly by cows, horses, rabbits and hares*



t-l''Cl '

on 2U randuu ant-hdlls and lii .3 ln. - ve.:fctatlo:

MM

l^grostie Umuis

' odoraties 
Jflpotticci ovins.

i- cati.pestris
Poteiitilla 

erecta 
Su&ex ncetoselli

officiriolis
1 __a0G0y3iOJt-L\3E*

!-*S^uBiroK»
fleurosiuci

schreberi 
Pohlia nutaiifi

,?. pilifcma
* IfceudoacleropocL 

punas

olllare
^ Kiytidi&delphus 

scjuarrosus

(liel tigers, ep.]

1 2 5 4 5 6 7 8 9 10 11 12 15 14 15 16 17 18 19 20
J® 60 79 78 35 45 25 72 59 77 28 55 5g 55 42 01 58 45 4i 74

21517 17 2 22222 2
44 45 22 57 46 18 65 26 50 18 27 50 26 59 27 52 7? 54 51 50 

5 :- 8 10 2 12 1 7 7 9 9 27 8 9 29 17 15 17 21 G

21 11

i 8 14 477 117

71 81

1 2 27 1 2 6 12 52

5 22 4 15 22214

10 19 4 17 7 5 2 5 11 54 29 5& 15 14 22 5 6 
122 21

25 5 22 62 16 15 1 22 17 72 14 19 15 8 25 22 2 52 19 
5 17 2 11 51 21 52 5 29 32 15 22 15 G 20 2Q 12

! *•».Lxia 
5

1

10 7 22 10 58 1 14 225 7

212 2

1 blMlOlMDXNG VEGETATION QUADRATS

I 2 3 4 5 6 7 8 9 10 U 12 15 14 15 16

* 1 68 65 92 79 62 78 85 68 61 68 57 C8 61 61 42

g 10 5 5 6 2 29 5 28 51 S4 11 12 8 18 14 
7 4 22 27 27 58 19 S9 17 57 40 42 52 47 56 61 
& 18 7 7 6 12 7 4 2 17 5 26 16 7 1 22

65 10 77459 7 27 6 221

2 2162 6 
1 1511S 22251

11 2

34 2

2 1211 1

78677 67 17420 6 14 S 1 411

5 8 
2

f 1 521
5 1

742 5425552214 9
i

XS
rf*

(1) f »
167.0 **

209.6 ** 
0.55 «S 
1.17 88

161.0 *•

27.6 »»
C.5 *

55.4 **

9.1 *»

7.4 •• 
6.4 *

418.0 ** 
500.4 »»

n.o **

a iJVaf2..) 
, -^6(5- )

T?or eacii speciea tz.e point-quaere.! da'va wca"e pooled i'or (a)
(b) potnt-qxiadi-at samples. Uain tiiosc- 6ata, the ixtciepetuienoe ai" the 
•aid s^ieoies frequency ^*as tested isi a 2 x 2 cxavtlrxgericy table.

tests v?ere -tew-tailed. *0.05>P>0.01, **iJ'<C 0.01.



10. Ser**p>frurY ffl*fl ff0*11^ Hills. V,3 

82 015457
ii 12th July and 25rd August 1969

ttw bridleway beginning at ttT 817450; Just past 
the second tuwlus along tike path (^ 916456) I turned left and descended 
the hill. 2he site ma ha If -way down the slope to the railway lin«.

Site IB at 14* m., olo ing 15° to the south-west. Exposed*
frmed by Ministry of Defence, and leased to tenant at Louth Farm, 

N

SAMPLED 20 x 40 n., containing an estimated 150 m >unda, i.a. a density 
of 1875/ha,

1U.-1CRY 0.:.. 1/2500 edition (surveyed 1886) ehoirs site as
too ateep to have beeii ploughed, 

iAILS rarent material Middle Chalk (Gretaoeoun) • Junction wi^i
Chalk ia upalope, nearby* Soil was a dark brown e; rtli with very occasional 
oiialk fragnents and no Ao horison. Chalk nibble was encountered at 17 om« depth.

Only "mature" Ati present* ^ypffi (oainly on soutlj-facinc cideo) and 
were abundant oti the mauntla, iTiMBIPirila an^ Cgra-at^^ were I'requent.

Grazed by mature cowo, Uut grazing pressure sligr.',t, and di-op^ings uoaroe* 
No signs of rabbits*
^jEtjIflUtu are overleaf} continued belov/* The methods and e^Tabols used are dei>cribed 
In Appendix 3 • i!he nuabers in the table are subjecti^/el^eati^iated peroentage 
oovers of all sjjecies in 3 zaiidomised blocks, eocli consiotiic of a randotaly^seleoted 

AU and a 0.25 m quadrat placed 0«3 iu away i'roa it, ii: a random direction, in the

Alifl (2,), 7(1,), 
^ . 2(2,), 4(1 )

i AU6 (^ ••) , 7 (l ) • i
' .1.

'n (Y ^ -
AiiSt'l ). SVl(l; ), 2(1,0
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ant-hill and

15th July end 26th Auguet 1969.

Z left the road f ran Siy2ye to Dinton at ^>075S1 and laovwd 
along the tarmok beaide GroWty Wood, At about i»U014550 I turned 

north and walked do» the valley, along a field margin, towards "Church end King". 
I reached a aorubby field with a f enoe aeroaa ita southern edge, The site 
«aa about 150 m. north of this f enoe, in the narrowest part of the field, above 
the f oot$ath,

Site naa at 157 m., sloping 20° to 20° north of eaat, Sheltered to the north 
and eouth by tall buahea of Vlburnif,, end Cr«t«>«,lrnnT ,sith T^^yy.

AREA SAuHfcD 25 x 20 a., containing about 60 mounds, i.e. a density of about 
1200/na.

VBaaemOM agMcY O.U 1/2000 edition (surveyed 1886) aha«a site aa grassland, 
Probably never ploughed.
SOU* ISaAILS Parent material is Upper Chnlk (soft, with flints) (Cretaoeoua)* 
No Ao horicon. filch bvovn earth to 17 cau., when chalk rubble encountered,

topical ohalk
abundant, and infloresocncea oi' 

prominent,
^ and

lioet Aii large, aeveial tuassive. L-everal incipient LiAinds aeeii in ahorter 
vegetation. Aii flora dominated by closely-grazed i'Tfla*jMfffV *Hih with wucii .*Ii^ynryt

on or near the site covered vdth dead and decaying

_ _ heavily graced by bullocks. 6 rabbits were seen and rabbit droppings, 
burrows am scrapes were frequent on the moulds.
i8£UL!fe> are overleaf, continued below. The methods and s^mbolo used are described 
in Appendix 3.2he numbers in the table are subjectively-estiaated percentage covers 
of all species in 8 randocdsed blocks, each consistinc of a randocOy-eelected Ati 
and a 0,25 ar quadrat placed 0.5m. away from it, in a randaa direction, in the ^V.
LjaSrA species (continued)
Plantago inajcr Ai4(& ) I^ltim perenne S\

if A anrenAa AJ7(l. ) SSHSXSASi JSS&B3K. -,- , %•••MMMPpUMMMMb , \~ » .H . . . . ^ir« /». \ a /<* - '\)» 5(1, ),s&tlva

8(1)



1
!*•« AH lit, («a) 50
MjanAIlDi^.^) e.
AH Volume

(103 m3 ) Mw^%i WMA r*i 'i * * fwitune ««»«A»V>»
(«*T.) («3 ) go

Activity (,;) +
Animal Activity
Vegetation lit. (on) 1
Hoover Bare Soil 8
Aeperula oynenahioa. 2 
arise, media
Cetupezma

i'lilmullf. .1 Ij. \
Garex caryophyllea 2
Curex f la oa
Cirsiuu aoaule
Settdua oarota
ffrtohr***^ no-ocrose 1
Feetuoa scpp* 60
Saliva Doilugp 7
Bellanthmua

Ahati&eoie'tus 25
Helictotriobon

pamtenee 5
fl pfteTMT J U*? f* 1 - *f ** • 1 f* 1

jyj^TpOCJPd^' 3Li^ OOKuCMSft
Koeleria cristate 2
Leontodon hispidus 2
LeueanthenuB

vulgare i
Linua oatharticuta 1 
Lotus cornioulatuo
Ptopinella

aaxifraga 1
Hantago

lanceolate. 2
Plaotago uiedio. 1
Ralygala vulgaris
Poterlum

aeneuiaorba
Prunella vulijttrie
Sieneolo Jaooteea 2
Sexvatulfi tiuotoria
Suooisa pratensie
Ttyuua drucei 40

purua &

2 5
27 55
44 64

51 71

19 27
* *

1 2
4 15

1

1 1
1

1
75 65

4

15 17

1

2
2

1 
12

1

5
1

1

1
28 14

3 15

AiDIi'iU J'ii. opeclea (oiBatla«e^
i^flB^tf^ ̂ Fn f\ &£* 5'*^Y/ j*1 f "L 1 '* \J n fl[

uJJfTTT ) T*O T Irltf^^Sil^'i Ji tli •J^**'r"H[JlR?'li
CfiTliflifL'J ix h.olOf}t*f'|jl3-ci«n
^-*r"l<iBrir ^ffncii'fii °* 11*4 ^-._

QSS^JSS^lil
PimHLa r ̂  JLcjns.c3.;jA.dGi j j*ij

Aa»a.)
1 /~43(2».
Aiifr(l; )
18(1, )

6(1)
1 (2 ) '

4
57

105

177

59
*

1
15

2

1
70

20

1
1

5
2

1

1

1

SS

2

on pq
. &(;
5» 6 1

7(2;

Ail
5

25
62

47

51
•1

2
12

2
1

1
65

19

2

1
14

2

1

2

56

revi
^ )
(4> )

}

6
57
87

155

27

1
10

I

1
75
4

5

1

1
1

1
1

1
1

20

,->UO '!

f
ii,a
4
i 
(

7
52
68

75

55

1
15

4

65
10

15

1

1

1

1

22

IS
nar*e'
jfiE^S
teihvl
fflifllfi

^rlj

ielif

8 1
52
45

36

19

1 5
7

1

5 1
2 5

12as
a

65 80
4 5

5 4

5 5
2

10
2 5
5 5

1 1

\!fr §

1 1

2 7
4
2

6
5

2
2

10
32 5

4 15

)
^-VviifiMii
Lentfi"!
rtheoiui

rfcafc*-i«

2

6

1

1
2

12
10

1
75
2

4

5
1
9
4
6

1

1

10
10

0
2

4
4
5

10

rjujv
LL B4

_i£ii

j£EI -

5 4

OS
4 7

5
1 1
5 4

1 9
5 2
9 16
5 5
1 2
5

70 35
2

4 5

4 5

10 4
4 4
6 6

2 1

4 2

1 1

11 12
10 10
1 1

4 n
1 2

2 8
U

3 5

5 20

?
yicinti*'i

iJV
5 6

4 7

1 1 
6 6
1 1
2 6
5 17
8 6
1

1
70 55

2

5 5

4 4
5

10 2
5 5

10 8

5

4 2

1 1

6 4
5 17
2

12 12
1
1 5
4 5

11 16
2 5

7

iS»2(l 1

7 8

5 8

1 1
5 8

1 1
2 5
6 15

10 11
1

2 1
60 00
2

5 1

1 1
1

10 7
2 4
7 6

1 2
1 

4

1 1

4 9
8 4
1 1

5 5
1 2
2
5 &

12 4
£ o

£il&

*»'

<ST
«"•?;
**iJT
••I*
rsijii
4&£

itoi
il'iiiS

*ff

i£$
tiiall
**V,

i<Si'
3 «»

i»^L
iSJ
^k%^X^

^tffiSJ'

••w
•13

••MT
•2

••W
•^'
**«

ftSMj

1 ^

, -i f-* \• 1 U- )
i~Vl<2,

ibeuceB

^Vg/v )'

)• 2(1), 
(1 )

7(5^)

. A^ ^ *



Comarison Of ant-Mil and auraroundinn veget

O.S. GRID SO 118558

SIPS YlsmD OH uth July, and 26th August, 1969

aiE Rj^iaiQM I left the road which descends Coup Down half -way between the 
bends at SO 116559 and ^U 118559, and climbed the north-facing slope oi' the 
Down* The sit* ma about SO m. above the road.

Slt» is at 92 m, sloping 20-25° towards 10° west of north. Exposed, but 
with some scattered bushes of «[UEUBfiEU&* ^ra'tft*ffiUfl and £Q£a\ ^P ^° ^Ba»

Osned by Larl of Chichester, 
AB£A. SAUm) 25 x 25 m., containing about 80 mounds, i.e. a density tyf 1280/ha

o.S. 1/2500 edition (1877-S) shows site as arable land. 
Barent material is Upper ohalk (soft, with flints) (Cretaceous). 

No Ao horizon. Kich brown earth to 17 cm, vhenobalk rubble encountered.

mainly
present.

JR very abundant both on the AHs and in the £-V. erased by cattle,
r, tor several years. Rabbit droppings abundant on mounds. Hole-hills

are overleaf, continued below. She methods and symbols used are described 
in Appendix -5 . The numbers in the table are subjectively-estimated percentage 
oovers of all species in 8 randomised blocks, each oonuiatirig oi' a randomly-selected 
AH and a 0*25 m quadrat placed 0.5 m. away from it, in a random direction, in the

AHDI'ilOIiAL

bertoloni

AU2 (X ) . "V2 (4; ) , 4(1,:). '
a oomoaa /&5 (45> 1 . ^7 (15>'>) 

flav^acctia ^12(5, J. 4(5. ). ^>V

uum »
»- VG (4/t)

, 4(4$

POB.
._ *w_ ̂  M J~^\

eropodl.ua
Boaa ap.

5(2.)
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-z. Stonktftti lyam. TCiltahAra.

nn of an1>»ti3-l3. (Ali^ anfl BltrrourMJlnt* vacate tAon

Q.S. catlD jgjfrflapy itfj 960970

lath July and ij5rd Auguet 1908

z took the metalled road from Bark Bottom to Stockton Earthaoxko, 
leaving it, to the riyht, whore the 500 ft. contour oroeoes it on the map. I 
eroMed tall vegetation (abundant ci*iiA.\«u arvangfa) for about 4 a, sad found 
•nt-hills on a noient earthworks ejaongat Jun^peri?! scrub*

Site is at 152 uu, sloping 2° to tie north-eaEt, : heltei-ed by Junipirua scrub 
to one aide, and a hill to the eouth west.

Owned by M. Stratton, Codford L3t. iAry, Wilts. &.UU1.

75 x 26 m., oontaininc about 250 naounda, i.e. a density of 1335/ha,

^ag O.u. ]/2500 edition (surveyed 1806) shotm site as graooland. 
Sone of the sor b probably grew up after norsonjatoaia deoioated the rabbit 
population in 1964.

SOIL
Bkrent matc^rial is Upper Chalk (soft, with flints) (Oretaceouo) . Bioh brown 

earth about 18 OKI* deep*

i>V 12JL8 CSQ* high» with int'loreecenoeo of
SYBBftfltfllitfl ooctiOn, end tufts of i2A£S^JiUidU& pr cmiiient. Hear 

bttahes the vegetaticxi waii leaa siieciea-ricii, dcxxLfcted vy -'
and

Sorae m jundo v, es-e exceptionally large; rare Incipient Ma occurred in the 
ahorter vegetation.

Kbrcally •unerased, except by roLbite. ^iose recent dunging patches jcc-urred 
On SOJOB la^indoT^Fiov/ever, in sprang 196S tfa© site \.as i^raaea ly cattle and sheep* 
Pour tl ea ao i^any orchids had appeared as unual (local farmhand, pers. coda.). 

t> present*
ffij are overleaf, oontinucd below* The laetlioda and eynibolt, used are described 

in Appendix 3 • '&& nutobers in the table are subjectively-^sti; ated percentage covers 
of all species in & randomiaed blocks* each conoisting of an M (the nearest to a 
randan point) end a 0.25 m quadrat placed 0.5 :u. asmy from it, in a random 
direction, in the -'••

(continued)

vtarla

hirta.
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vwntA.tifin

Approached along ursae tailed road fro.. J£ 625544} I walked off th* 
road to the right at SS 605551, and found th* sit* on the weatern aide of a 
talley, 150 u. from the road.

Sit* is at 198 n, alopea 10-lfi° to 50° eouth of caet.

ABEa SMELE04Q g 25 EU, containing about 800 «£«, i.e. a dwnaity of 2000/ha.
1/2500 edition (surveyed 1885-6) shows aite aa graaaland.

Bfcrent material is Middle Chalk (Cretaceous). Soil 25 on, deepj 15 cm. of 
arown Earth, with few ohalk f ragmen ta, was underlain by 6 om. of chalk rubble.

HffiSEtffi

Alia in tide valley only seen on slopes facing Slwlffi. No "incipient" aound 
seen* AH« had lor aoil heaping activity, but frequently dominated Ijy 33WTf^fl druoei.

Site graced by young bullocks] bare pata ea, due to their trampling, frequent 
in award* One hare seen.

are overleaf, continued below. The methods and a;yinbola uoed are described 
in Appendix 3 . The figures in the table are subjectively eatlcated percentage 
oovera of all apeoiec in ei^t randODdaed blocks, each consisting of one Aft (th* 
aeareat to e. random point) and a 0.25 quadrat placed 0.5 ra, away from it, In a 
tendon direction, in the ^V,

iiflft. (continued) 

xara >s«vtolanid.
: -
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5.
ant-hill (Ail) and surrounding vegetation 

887591
t nth July and 22nd August 1969

z took the track toadlxe from Brixton Doverill (ST 805589) to
VoodooojDbe Fana (£2 846592). !Ehe alt* was below the tau ck, on the left, Just 
put the first gate (at US 858592).

°Site is at 152 m«, aloping 10-15 to the south.

AKBi SflftaiJ) 55 x 40 n., containing about 500 mounda, i.e. a density of 
2145/he .

O.S. V^S^O edition (airwyed 1866) shora site as

Parent naiterial is Middle Owlk (Cretaoatu*). Soil ie a Brown Earth, 20 on* 
deep, containing few chelk or flint

IKBLJEM?

Same incipient Alls found, pm^atlua. T^piyy^iAj i^i^fQ. 'i^ttBi^yi and 
aeemed ilrequent on mature aounda.

Gxvjaed by cows. Sana Alia had been destroyed, probably by cattle lying. 

are overle&f, oontinucd beloer. She methods end symbols used are
deacribed in Appendix 3. She figures in the table are Eubjeotively estimated 
percentage oovera of all species in eight randoodsed blooka, eocii oiieiating of 
one ant-hill (the nearest to a random point) and a 0.25 n quadrat placxsd 0.5 m. 
away from it, in a rarxkua direction, in the eiirroundinc vegetation.

(continued)
>'}- 8(5/ ). ^V6(lOirO ^Lmm px^..tqnpe '^V'6(ir')
) ^^«^ '- ^W (X ) Bamingti^f,^ ^ilbocua LYflfa !•)

.finiiiTf^1in ^^fi^ifi ^- i>vo(i/')
d'l) JUt AUg (4, ^. 6(Xl» 7(2/ ) 
itlBft /ui5(2. ). 6(5,), 7(1:'')/ui5(2. ). 6(5,), 7(1:'') wiflV 

^5(5 ^. 7(6,0,

verna
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-JTTT.m .* LOLLIMGrTuN Hi-JlTIT.

I visited Lullington Heath K.IJ.E. (O.S. Grid. Reference IQ 544017) and Fore 
Down nearby in October 1971 to examine the ant-hills investigated by Grubb et al 
(1969) (abbreviated as GGu). The vegetation wanes, and the sites tshich I sanplaA 
are shown on Ihe sap below* Data from tr*se three sites are given in Appendices 
17, 18 , and 19,. Here I discuss eome of GGM's methods, data, and conclusions, 
especially their section "plant life Of the ant-hills" (GG& p. 200*4)*

(i) CGM do not explain how tiieir sampling units, the "tops of ant-hills", 
delimited . dOtt Table 7, p,2Ql shows that they fbund 9 species in Zone II on 

6 active ant-hills (I fouid 20 species there on 7 active mounds), and in Zone V they 
found 16 species on 10 active mounds (I found 29 ope csies on 8 occupied mounts at 
SIZE 5). The discrepancy between their data and nine, may pertly be due to GGUi 
trailer sampling area* For instance, ArfrJiifla- p^i jjupyhiiji and ^-forl^ occur 
mainly on the aides tf the mounds; I recorded them, but GGildid not.

(ii) GUM state (p«202) that Bf *W *°d AfiTtftrUlft fiBli characterise
active ant-hills in Zones V and VI but do not understand their rarity on mounds in 
Zone II* However, .one must distinguish (a) areas, near bomb-sites and furrows in 
Zones H, V and VI (e.g. SKZl, i>HE 5 Quadrate 6-8 in the following appendicee) 
where Th^g^ is abundant both on the ant-hills and in the short turf nearby, from 
(b) tall chalk heath in Zones II and V, where fflYyffiiy is uncommon both on ant-hills 
and in the sward (see i£13si 2 data, and £Ix£ 5, quadrat 1-5). In this area, 
was probably common on &nd olf the mounds before myxonatosie struck ihe rabbit 
population in 1954* Why does gqqjay^ rub^a dominate the inounda there now?

grows much less vigorously on shallower than deeper soils (e»g, m tiae 
bomb sites and soils of' intermediate depth nearby)* rjZhis maybe because of its 
sensitivity to drought* Its poor growth enables a diverse vegetation to exist over 
•hallow soils (see Appendices 37 and 19 )• Hounds there i^ust be constantly invaded 
fcy ^Sremua from the sward. On the deeper, moister, loessic soils, hov,ever, a 
luxuriant growth of featuca may have been possible after ruyxooatocds to form "tall 
Chalk heath*1 . This probably ameliorated the microclimate on the ant-hills, and 
allowed Festucq. there to grow tall, ousting 'J$SOW&» WTTW wa>ld not be available 
In ta.ll chalk heath to reinvads mxmds or to coloniBe new ones*

(p. 202) also seen puzzled that
and____________ are coma oner on active rounds in "secondary 

grassland" (bonib hollows etc) than in tall chalk heath, 'ihese q>eoics are abundant 
in botib hollows.. Yet once [^Jr c..rarffamt PlfP'Wr0 and f'^xftfcuian hau been oliadeu out by

LULLINGTON HEATH

NUMBERS SHOW POSITIONS OF SAMPLED ANT-HILL SITES. 
ROMAN NUMERALS SHOW ZONES OF GRUBB et ol (l969)
OKB-OLD KILN BOTTOM T-TUMULUS
PLsAREA PLOUGHED 1953 WP-POND

STATION / • . "



In "chalk heath", en& killed by aoil-heajiing on active Dovsada th«r«, 
the constant invasion ef propagules required to maintain their Bankers on 
aound* would no Xongw ooour*

(ill) OGtt atate ( p.202) that ant-hillA a th« "seoondbxy graoaland" 
(Zona VI and bonab altos) tend to be amaUcr than those in tall "chalk heath" 
in £onea II and V, end mention that nijunds on afaallcxyer soil may be eloner- 
growing* s^jp nay be ao; but the HJ"!'^ in the "secondary grasoland" all have 
a reoent origin9 sinoe Txme VI wao ploughed up to 1919 end the book-hollowe in 
Zones XZf V end VI were f corned in the Second World War.



546017 

ZLst to 25rd October 1971

See nap in Appendix 16.. Half-way along ride from 1W54801B to
*W 544014, on south side. Furrowed area of tell chalk heath, notched into
•erub, which sunounds it on three aides*

Bit* is at 1M m. and ± level*
Owned by L&atbourue water Beard, let to Forestry Cosuission, sublet to 

Mature Canaervanoy*

A&iA fftMfffifejP 55 x 10 m*, placed across ridges arid furrows at right angles, 
containing about 180 £i«, i.e. a density of 5429/ha*

The site was uncultivated in 1785, 1845 anu 1878 (i.aps) and was probably 
chalk heath closely grazed by rabbits and sheep. It was ploughed by the Forestry 
COBEiieaior: in 1955 but trees were never put in* Furrows up to 0.5 m. wide run 
between "ridges" about IK* wide* Babbit erasing present, but negligible.

Parent oaterial is Upper Chalk (Upper Cretaoeoua). Barrin (1956) suggested 
that there had been oonsidei rble loess deposition in the area in the Pleistocene.

In the furrows a dark broiva silty loam with peds <5 EBI» overlies chalk 
rubble, which becomes very dense at 5-7 cm. depth but occurs to 15-17 cm. 
Flints are frequent on the suxlooe, and chalk stones up to 5 oa. long are 
distributed throughout the profile. An Ao hcrieon ic absent* .

On the ridges a structureless clay loam 15-16 ecu deep overlies inpenetrable 
chalk rubble. Flints are aliuost absent i'roD iiic surloce, and very occasional 
stones, up to 2 or... loa^, occur in tiic profile. A patchy Ao horizon op to 1.5 cm* 
(10 detex&lnationa) is present.

furrw-s have a dxort (1-2 cm,) vegeta'oio.: with depauperate 
(about 70 cover) , 1'fifVfrlfiiPr 7?flntTt\fiftr PBtifj>'1iHil

J - arpula. ( c

were also frequent tliere.

ridge vegetatLon is dominated by tall (25-50 eta. hi^i) 
with abundant jjptftrlun and MHp<»nrti.^jii- Ocoas.aru;! busites at U 
(0*6-0.9 EX, hl^i) f jjr4«ft ^inareft and Qfi^luna occur there.

Mature A^s seeued even-aged. 5 "incipient" mounds were found at tie base 
of tall vegetation on the ridges. All 42 ^aature" oounds exaudijed had >9Q 
of their volume on 1he ridges. Ji*fflfff> "ft 't'-jlar"tl1jinTrif

wei-e frequent on *^s and rodt-e or less confined to 
HO signs oi' gracing were seen, but I sa?/ eoae rabbit droppir.ge on 

ride ne&rby.
are overleaf* Joethods and syai* Jls used are described in Appendix j, .
in the table are aubjectiveJy-eetiiuated ptrcentascgcovers oi all species 

in 8 blocks, each consisting oi' one random Ail avid a G*iJ5 zi quadx-at placed 0*5 m* 
a%vey from it, in a random direction, in the V.



r

fr
«
L

01

t*

•> 9
cx> f~

*
. .8

*> I" «:
"*

CO

.3 E* r~*

3» 
<

3 
Cs

H
*

CO C«
!

S
H H

H
H

to
 i-

> 
»•

(_
>»

-> *^

•3
 

W
M

*>

M

•» 
»-

» 
W

>

^
M

e« e tf
 t

O

H
H

H
 

!-
»
!-

•

M
«
^ S
ta

•• 
H

 O
> 

H
 C

t

O
S

H
K

>

«M
-»

M
tO a

C
fiH

»
S

»
l-
»

K>
 

Cn
 

^
 £

S

8S
»* 

8 
-^

»-
• 

fe
 -

4

ff
i 

(M
-*

8
 O

i

t»
 

<B
 W

O
t 

C
! 

03

V
 

W
 C

D

M eo tf>.

H

H
 M

H
M

M
M 6

3
H

W

to
i-
«
^

M
M

ea

M
 

H
 

H *>
 

M
 

C^

M
 

C
1
H

O
4

CO
 

CO
 

tO

69
 

&5

^
 

M
 

H

H
 

K>
 

H

S g w C
l

Oi

o>
 

04 «0 O
3



(i) 4 seedling;* were found in SV quadrate* S UUBHLJbGfitQfift s««dling& ocoxarred 
in £Y2 on an i,«ipient AU« On* unidentified seedling grev on a patch of 
bare eoil in ^V6« In oontract,over 75 eeedlli^s, over 50 of vhioh were

,. were preaoit on the 8 Mi^m

(ii) AU2 was the only mound which appeared abandoned, and the 
a aeasurable Ao horizon*

nly one vhioh had



8P3B TOSI-jilJ alat to 23rd October 1971

- £«• «*P in Appen-lix i b .. I walked due east fr-m the tuaulua 
at *Q 557018 and found the site two-ttdrds of the way towards the bridleway wiidah 
runs from 8Q 558015 to SC* 54009.

Site is at 125 rn,, eloping S° to the £* 
Otned by Laatbourne v.ater Board*

AbM SAMPLED 50 x 45 m,, containing about 70 AH, i.e. a density oi' 519/ha.

Celtic field ays tons occurred across the site (aerial photographs)* The 
area r<ae uncultivated in 1878 (6" 0.^. map), end both before onl af er tills time 
it vas jrobably covered vdth oixdk heath md Ulg3f r Ei&intainea by sheep and rabbit 
grazing (C-rubb et el I960)* After soyxaoatosie a tall, dense mat of '^Tfoim 
end 3&ree bushes of Cniii»»r Fyt««L r tp.^ and JMaiA Became eatabliahed in the 
•chalk heath" at Lullington (llwaaa I960, 1965).

SOIL
material is Upper Chalk (Cretaceous)* An Ao horizon of irregular 

depth, reacijdng 2 caa. under dense p^^tHf^t overlies a dork brown ailty lotau, with 
peds ^6 mo« diaiaeter. Ocu&aioual chalk stones <10 cm* l^ig occur Ihrou^hout the 
profile to 16 am,, where chalk atoneu and flints become dense* I^errin (1956) 
suggested that thia soil type on tiie Lullii^tar. reserve GTOL.S through loesa depos­ 
ition on an erosion pavei.jent of flints in periglacial titjQs* The distribution 
oi' rubble through the upper soil profile may be due to Celtic cultivation,

Grubb et al (1069) p. 101, iable 5 found that the pH of the top 1 am. of 
mineral aoil in this area was in the range 5*0-5,9, The active *-~&, iuwevcsr, had 
a pii in The range 6.0-7,9.

Prcminectit bushes of ^*UiiU22y£LJLf*Ji«JfiiQ& (2),
tick jut fraa a 
present, nni dense patches of

stick jut fraa a dense turf oi' .rubj?p. about
occui

-^s "lijatui-e11 , active, ond partly hidden by i 
Occasional si^as of (rabbit) gracing were seen, and rabbit droppings occurred

on about hall" ot the mounds*
IJjLUL!fcfo are overleaf, Lethods and symb Is used are tlescribed in Appendix J, . 
Naabers in tlje table are subjectively-etiti^ted percentage, covers oi all species 
in 6 blocks, each consisting of one landau Ail ond & 0.25 r^"' quadrat placed 0,aa, 
sway from it, in a random direction, in the -V.
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22n&*24th October 1971

s«e nap in Appendix 16* iiite rune from the top to the bottom 
of the grassy spur situated about 20 ex. above, end to the south of, the track 
which runs through "Old Kiln Hot too". It ^Ivnfrnl areas 5, 4 and 8 sampled 
Iqr fc-ubb et al (i960) p. 182-4,

Sita is At 122 m* (v.erid) - 1.5 a. (fi end), sloping 5° to tbs NB. 
Owned by Lastbouroe Water Board*

400 x 50 a,. (l.S ha), containing an estimated 500 AH, i,«* a density 

Siadlar to that of Sits 2 ( Appendix j;.), except that
is oHB-iontT at Site 5, and fa at less than If of the site area conflicts 

Of areas hollowed o it by mortar boobs in the Second Y«ox>ld War*

Burent material ie Uppcar Chalk (iicayuscauft) • Loess deposition occurred in 
tistes« In the tipper (E) half or site, a dark brown stonelese ailty 

loan 10-17 on. deep oovers a rubble of chalk and flints. 3ie Ao horizon is 
irregular but reaches 1.5 am*

ID the lower (W) half of the fdt«, the undieturted aoils are usually stonelete, 
about 8 cm* deep, mth no Ao horieon, overlydu^ olialk rubble* £he boti> sites 

•alnly occur here; their ooils difl'er from tljoee araund iii hc/vin^ flints on the 
surface and chalk lumps and flints up to & oa. loai^ distributed throughout ths 
Shallow (&-8 on. deep) profile *

Grubb et al (1969) p. 191 mow (Table 5) that the pi! or the top lou. of mineral 
soil under "chalk heath" vegetation in this area is 4,5-6*4, Active ant-hills* 
however* had a pil in the range ti.0-7.9, Oie soil in uotob hollows had a pt I of 
7.S-7.8.

VBSEl'^'ICB
Dense turf 15-50 cm, high, dominated by Featuca rubra, in tvhloh several largt

patches of' m lex (to 6 w acix>~a, 2L.. hi,:;h) and many busies of £u}n& &x« 
procdnent throu^aout the area. 2he ujjper 100 m, of the site had nuoerous large 

Of* fe^una aiid Qr^tjaetaiB a«3 5 kidlvidtaals Of Yj^burnum

The bomb sites bear vegetation 1-2 cm, tall in trtiieh many species (e,g, 
"wit- Laves 5-4 csji, long, .. 

are siixJ.1 and stunted, 7 boob-sites v.ere examined}
^ ' "^ ii;l«>fl Hi,t-ittaf;j;ljri ^^-iQiiiCillfl » IjOlMft

•»•«>»
ruanoroiia. n rd

and lifM^^vnta, nti^p^>"-a.y^Y.- *^-o° oocurred*
iioat Eiounds "aature" and "active"! two "incipient" Ail found, ate Aii 

typically dosninsted by ffijfiVV**! r4?yp- except necjr bodb alteo, TO .ere they oi'tan 
aaaller toad to beecr a more diverse flora,

the taiole Lite %vae crossed 5 Hoes, only two 
but no rabbit dro. pings vvere aeenj tlius r&ubit influenoe it; almost absent,
EEUJIai- are ovcarltiai'* lietiiodii arid ^oabjls uaed are descriixid it. Appendix 3 * 
KuBJbers inthe table are aubjectively-e^tiacited percentage covers oi* &n species 
in 8 blocks, each ooneistins of one random Ail end a 0,25 m quadrat placed 0*5 m* 

from it, in a random direction, in the -V.
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Appendix 20 .

0»a.

•*• -r^ -^

Acton Bovant H.N.R.« site 1. Comparison of ant-hill and 
surrouadin^ vegetation.

ENCE 3U 72797**

SITE VISITLD Many ti»«a§ sampled 16th June 1970.
SITE POSlfTTM Marked on map of Aston Ro ant N.N.R. in Appendix 29. On the 
north-facing slop* of Beacon Hill, to the veat of the track which rune from 
my plot to the Icknield Way, a band of firas»land extends round the hill, with 
Juniperua scrub above and below it. The site wee 5 m. from the path, eloping 
about 8W to the north, at an altitude of 1 Ua.
AREA SAMPLED 1*O x 25«

VEGETATION HISTORY The site has probably never been ploughed | it was shown 
n s grassland by Jefferys (1767), Davis (1797), and the 1/2500 O.S. map of 
Oxfordshire, sheet V?<8) (l88l). 'Ae area had cleeely rabbit-nibbled turf in 
195? ( reserve wcords ) .
SOIL DETAILS Parent material is Upper Chalk (Cretaceous), with no drift. 
There is an Ao horizon 1-2 en. deep. The mineral aoil consist* of a Browa 
Earth 12-1:; cm. deep. Saall chalk stones increase in aiae and frequency 
down the profile.
PRESENT VEGETAVIOH Springy, rabbi t-,,ra»«d turf rich in Festuca rubra. 
fhynus drucei and bryophytes. Several species frequent in heavily rabbit- 
grazed areas ore present, e.g. Setiecio jfccobaea, Ciraiua palustre, C. arvena*. 
Rnbus fruticQBUs, Bryoaia dioica.

, 58TJ & Z .
Most ant-hills mature and heavily rased. Annuals e.g. Arenarja 

serpyllifolia, V^eronica arvensis, are frequent on raounde.
RESULTS are overleaf; the methods and symbols used are described in 
Appendix 3. The figures in the table are subjectively-estimated percentage 
covers of all species in eight 'blocks 1 , each consisting of a random ant-hill, 
and a 0*2ffe quadrat placed 0.3& away from it, in a random direction, in
the surrounding vegetation. '*

ifefr
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21 .Aston Rowant B.N.R,, Site 2. Comparison of ant-hill 
and surrounding vegetation,

O.S. GSID asFKREKCii SU 727971
Many tiniest sampled 13 & 14 October 1971.

SITE FCsniOH. Harked on the map of Aaton ftowant N.N.R. in Appendix 29 • 
In ny Beacon Hill plot, near the fence alon, the S.W, side.

Site is at 244 IB altitude and slopes 3° to the t>SW» Sheltered by 
a spinney oa the southern margin, which hae dense Fagus, Taxua. Crataegus« 
Rosa ete. up to 6-8 n tall*
AREA SAMPLED. 15 x 25 »f containing 70 rounds, i.e. a density of l866/h«u 
VEOET ATI OK i: I ST-0 51 Shown as rassland by Jefferys(1767) and Davis(1797) t 
and then as open scrub on the 1/25OO O.G. map of Oxfordshire(l88l). 
However the area was; aloost certainly ploughed between loSo and 1920 
(local farmer, in reserve records). It wao probably kept open by sheep and 
rabbits until 1954» when the whole area was free of scrub ('J-horaas(1960) v 
Raves, K* (pers. corm. )). Uo invading shrubs were present in 19!^9 
(Kyerscou^h and Kr-rley(19ij9))» but now several Sosa plants and seedlint,s of 

Cratae^us and Betula occur.
SOIL nKTAItg Parent material is Upper Chalk ( Cretace0 us ) ; site is just I 
free of drift. There is no A horizon} chalk rubble is ©nc ntered at 
12ca under a Brown Earth, The p)J of the top 5cm of the profile is 7.1-7.4 
(3 deterrrdnationu in 0.01M CaCl ,).
P_R£_'>£MT VEGETATIOH The sward ie about 10cm tall with f'ra.,aria« 1 elianthomua 
Leontodon and the luxuriant rowth of bryophytes proaincnt.

Most of the ant«hilla are lar^e and *ac ive*. A consistent pattern 
of Rpecieo exir-ts on the mounds; I eliantheauiB and Thymuo occupy ; he tops and
south sides, where most soil-heaping occui1 ©! «*n«i Festuca 0pp. and raosees 
(pgeudosclero ..: 'Odi.uo.. pu unu ^hytl^iadclphus ^^uarro&UG ?< ?%!«« spp. ) 
dominate the northern sides, i^stablishssent of Loon to -ion, Ira,, aria 
end Plnntago is also concen* rated on the n rth— facin slopes, -ome 
of these patterns are illustrated in Fig. 18. of the text.

A snail rabbit colony exie'e in the area, and the site is 
grazed occasionally with a low .: encity of ;~heep. 
HEl-ULTjj are overleaf; the methods and nynbola uced are described 
Ju Appendix 3 * The figures ia the table are subjectively* 
estimated percentage covers of all speciae i^, ei^ht 'blocks', each 
confristinj; "of a random ant-hill, -,nd a 0.25m quadrat pli ced O.jja away 
from it, in a random direction, in the surrcundih0 vegetation.

EXTRA .e -ecies ( con . inuud ) 
cabiosa coluabaria 1 o b e ri un sa afcu i n c r ba «V6 (1,:) ,8 (1Q3&)
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Appendix 22 . Agtoa Howont K.N.R.. Site 5.

Coapariaon of ant-hill and surround ing yegeta_t_ion

O.S. CHIP REFESBiOf aiT 728967
JTTK \iirT5~5 Mfcay times | sampled on 30 & 31 October 1971
j*I7E t*.. -klYlpjU Marked on the map of Aston Rowant N.N.8. in Appendix 29.
Sit* i<; In the «ooiab on the south ;ide of Beacon Hill, in the grassland
plot above the arable field, and encompasses 'ost of the flatter .round
in the base of the valley*

Site i« at 18>-198« altitude, slopin 8° towards the 6oi:th-west*

Sow obliterated by the J-AO motorway* 
AREA SAMPLED 1JO x UOm, contaird.ni, about i'5O ant-hills, i.e. a deaaity of

YEGETATI OK HISTORY Grassland covered the area in Jefferye(l?67) and 
Davia (1797 ) v but the site was shown ae arable in the O.S. V2500 map 
of Oxfordshire, aheet £7_(8)(l88l). Probably ploughed until the 1920s, 
but since then has reverted to grassland. 
SOIL DETAILS I'r.rent material ia Middle Chalk (Cretaceous).

Two profiles were dug. xhe de th of the A horizon is given in 
the reettlte overleaf. A structured dark red—brown loaa o-curred to 15-17c«| 
with minute chalk fragments appearing in the lower 3-4cra, Below this , 
>:>ea of chalk rubble, with fc onee increaainK in si&e iownwarJs, covered 
ohalk rock..
PRETEST VE^^TA,'. ION Tnll grassy patches were separated by a network 
of .sheep tracks. In the northern half of the site the vegetation was 
more species— rich than on the southern half, where coarse ^raseea like I 
Arrhena th erum « Pactylis« Helietotrichoa app. and Zerna erecta were more ' 
abundant,

'fhe anthille vere all *mature*» Arena ria as irequeat, 
Cerastiust holosteuideB occasional, on ant— aills thrcughcut the area. 
In the southern half of ,he plot, t e ot^uada rarely bore '.t-iymus a*»d Hedicago 
etc. Many of the. e mounds had been invaded by tall grasses, and on A 
horizon was starting to forra in the absence of recen: soil heaping by the 
ante* •

Sheep had ,r&ze& the site in winter and early spring. Hounds on the 
north side of 'he riot had closely— erased vegetation and abundant rabbit 
.lrop,sings. Yet the density of sheep-tracks aad the evidence of rabbit 
activity both decreased as I walked south. a "'.
RE''tT..TS are overleaf ; the methods and symbols used are described in 
Ap endix 3 * r&& fir.ures in the table are subjectively-estimated
percentage covers of all species in ei( ht 'Mocke 1 , each coasisting of a 
random ant-hill, and a C.25&2 quadrat placed 0.3n away fr>m it, in a 
rcndosi direction, in the surrounding vegetation.

EXTB-.^. species (con tinued) •
Sonchus sp. AH2(1/:'), Lugula cr«r. pec t r i c 
Tri folj.ua pratense AH?(1?;.) Kni ua ( lon^i -o s truia )

Phleun bertolonii
d ec.ua bpaa. . 

Aehillea ai lie folium AH? (130, Viola hjrta SV7(l!T

Barbula (eonvoluta) AE7(2^).SV7(l^)>Filipendu.iJi vul ; 
Bryuai (erythrocarpua a^E.) AH^(1 -), Galium — ——— 7C1 ).-V7(i; ). Potentilla r» 

hol-Steoidee AliyClx'). Senecio jacobaea



AH nt. 
Ltean Ail Dieuu 
AH Volume 

(103 cm3 )

AH
12545C781 

17 16 25 27 15 16 27 16 
68 85 55 no 46 47 75 58

52 50 51 157 15 16 68 10

S? 

50 8

(10cm3 ) 56 
Aotirily (s) 1
Aniaal Activity £D

Depth Ao horizon Qg
(mm)
Liean Veg. :ft, (cm) 7
Total ifo. amdlinga >24
% oowr liare -xrfJL 6
Agroetis stolonlfera 1
Arenarla oer :ylliSfli»l
Arrhemtherum elatiue
ta^J -__ ....-fcjl^ ~ ^lariat ffleotxa x 
(rHnpntYiil A

rotundifolift
Carex flnoca
Ciraiu& aoaule
Crepio capillaris
Daotylis gloiaerata
Daucus carota 
laatuca app» 60 
Galiwu veruu 1
lialiototrichon

pK*atcf&£H£ 1
II, pubeoceis
iliarauiuta pilosella 
llolcaa lauatue
Laontodan ldBpi<3«8 1
Liaua cattiarticuBi 1 
Lotus ooruioulatua
Mediofigo lupulina 
tic^pliiellii. oajdfraijo. 1
Plantaco lanoeolata
Boa pmteuais 1 
BBtorlucj £«atguisarba
PJrtJriella vul-jaria
Banunouluft reptuuj
Soabiosa coluuberia
T^ymua drucel 50
2risetity flavesoens 5
Veronica olm&edrys
Zesna er@cta
Acroclao±ti*i ous., -IcSatuci
Braci^tiiisaiuai 

velutiaiKi 1
Peeudosolero; odiua

punaa 4
liXUl/i rm«oier. (actn'tAjaiM
AgyonlAn 4*>»iA« yui2(l >
ftoi^min. ffir"} ^ j ylrififl ̂  ^
Bryum (caeopiticiuci)

B. ca illare Aia(2;0
Fie. idou;. Laxii'Jlius
Myor.o i iu raino: io.'-jjaa

52
I 

SD SD
a a
7

19
5
1
1
1
1

8

1
1 

70
1

2
1

1
5
1 
1
1

32
2
1

1
3(1 QB2

11
91
20

2 >15
7
1
1

1

5

60
5

1
2

1
1
1

12

a
2

1
1

20

7

6
Bt€

4
4

20
1

1
1
1

65
2

5
4
1 
2
1
1 
1
1 
1

1

1

1
4

1

1
ivLoi

61 51 11 
42 1

£D RJ- iQ 12) 
G G DOS

71
65 2 9 20
71 52

45 2 SB 5

1 1
1 1

1 1 O AJL <S »

10 1 2 6
1 1

512

411 56
1

25 50 75 45 55 
1 121

21114
11 55

11121
52212
1 11 
4 125
2 2 

1 1
1 3

1

5 5
45 1 25

1 1
2 18

1 1
1

2

aS 2 7 10 5
B.j -JIM CJ

3
7

6

1

1

1
5

ni
i

55 
1

5
5
2
1

12 
1
2
1

1
1
1
1
1
3
5
1

1

9

81 81 121
23
1

2

1
5
1
1

55 
1

1
1

10 
1
1o«J

4

2
1
4
2
1
1

45

' ^
o

1

20
1

45 
1

2
14

1
2
1
1

1
1

1
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6

i ^n^ !&mintiiiUii ckk?rY>'foari ^S(l*a;
A:*<
3(2,'

)
1/0)

,7(*
HMWihytHecilXri 1

^j}« Car«x caric t>r.
(Jen t cures t-cr»

"tttflLirtiT \9

.yliea J
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i
5

15
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5
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1
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1
2
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5
1
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5
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6
6
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1
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1
2
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1
1
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1
2
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1
2
1
5
1
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1
2

1

1
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T
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«72
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Ifkib
i«ki«2

4 iiBSC
% »*«jn|t iwia;
8 <*

1
1 liS^

65 i<»
1 USB

0 ii-T
2 :«3X
6 i^J!

««f
i I^JSB
2 -'^i!
1 ELM
i :^a*&•
2
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1 -.^J
1 i^T
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. ^i«
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o.;.oca -V?(l ')
FiPsidens adianthoides SV2 (1/0

AK7(
rtH2(

lfc>
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Genti nella a
Heli n he-iuta

mnrella ..V2(l, 0.7(lfl6)
chaa! c*ec ictur : ,,\l^7(150

']iubi ;" T,.re rim- Ali2(l.») LQuci.n.nec.iiua vu^.are ,VH. . )



to oaqaare the viable acsd "banks" in aoil taken

UJL
ted 26 random ant-hille within the 40 * 86 ra, tree la which vegetation

had "been sou-plod. On 4th to 0th December 196| I took 4 aoH cores from the top half 
«f ea*h ant-hill, enfl flour cores from a 0»2Sm quadrat placed 0,5 a, away froa each 
Bound in a random direction, 2he cores v«r« each S cm. deep &M about 2.2 am. in 
fe4iu», end collected with a etcol cover,

, X carefully recored vegetation end roots from the oores, but retained the Ao 
(litter) hori&on oeoauae seeds ni^t have been oabedded in it. After air-drying the
cores until 1st January 19G'J to kill fauna end root fragiaentB, I weii-hedthaw, larg« 
atonea beio^ removed where potisible, itve total weight of soil ool^oted frjm eadh 
ent-hill -was c ^Kuured with the total v/eit^t of soil collected from ita a&aooiated 
pasture quadrat, ..hen one exceeded the other by more tiiaia 5, -, »>il waa rvucrved 
frcmi the baseu uf the cares or ti* ht^vjer saual« until it waa v/itiiln 5 at the 
flf tine li^ivar ample oi' the j&lr, 1'hei'j the oozes in the sftue sample x-ere broken 
vp and nixed together. Ceriplec viere stored in pol^rtliene oontblners at Iftboratory 
temperature (15-25°C) untl3, iircb. lut-Srd 1968.

Z tr& naf ered eada ca-.^le o a plastic difih 15 CBL, in diac»ter and 4,5 cm, 
high. I euidcd ovcn-oterilioed oilvor sand as needed to taake tht. depth oi1 "soil"
la each diiali up to 3 oa, Tiie sa~-pk;o v/ere w&teixxi Y.'ith distilled nvater and placed 
in an unhaated ;;,la -a frsoae on the i^taiiy r-cliool roof, ihe two samples in each pair 
were kept together, out pair-e v.cre raridO£ii&&d, I kept the soils moist v^lth distilled 
water throughout the experiment, vrhi.h ended ou 25th October 1970, On 11 occasions, 
roughly at Iritorv&la of 1-^ months in oUEx^er (it-aa freruentl^/ n winter), I retajved 
all the seedling* l cauld identify* and tfutrou^hly oiunmed up the soil in each pot, 
On occaiiiarifi. 2, 4, 6, 6 and 10 I ro-ranuacdaed t*«» blocks and watered the soils with 
nutrient solution (campGeitio:, ex F.orasoui 1D67), ^Ive Ula£iea billed with J*I,

•were ratido&iut-d ti^ongat the blocks, Ldi:lit vmvd seedliu^ appeared in tiieae 
and. these species henre bee:: e:coluded from the results overleaf,

(i) TflfBl1iiir4flBli3LSftii fiTTPBIlf • £&£&> ^"^ iilfifltMBft Bl&ht aooetiiaes have been oonfuoed 
at firat, but eve:i by 13ay 1969 Mra BcedlL.^a cr;ultl c-GBil^- be recognised by tiieir 
tufted habit, flattened ah*;atlis end Inriie JJ^oLoa*

(ii) No credence ceai be put Oil the ^b#j^ki JWfo?"* °i' eeedlin-u identified, in 
thio experiaicnt. Viable s»eods *,vere probably lOi-t, i'ca- iiistance, Ir/s

a) gen/dnatiori in nnoist cK^plefi brou;Jit to the laL, followed by death 
on air-dryirjg|

b) in4\aary or disintegi-ntioia, vvlien I used a pestle or spatula to bret-k 
up tiie aii— dry soil ooreaj

o) gexs-daattog uttciisr the cruet -which 8oraetii.«B foxiaed on tee soil surface 
and being unable to penetrate itf 
geruLiutinc too deep to r?ut cotyledons above ground j 
h&viug just geruiuatedf v&ian the aoil isas churned up} 
decay}
natural death or preci&tiori by anduial£» Altiwugh I aprayed tJrie experiaant 
with ISalathiocri several tiues, centipedes, woodlice and even 
were round in 1iie pots;
having doxiaMi^r induced by the twateuentB I appliedj 
being still present, viable but not ^ert^inated when the 
ended,



However, since berth aau.ples oi eaoh pair were treated alike, the nuaber of 
which genuiiiated in AU and -V sables can be used to estimate the true ratitf 

flf viable seeds in the two soil Vpea, with two provisos!

(jj) that dorriajncy had not been induced in some seeds of a apedes in either 
AH or SV soils by particular environmental onditlow* Then a greater proportlai 
ef seeds taken from one aoil t^pe ^JL^it shov continuous induced donaanoy thiaa seeds 
of the seine species taken frca the other

(k) Because at their lack of crook structure, All noils orueted Bore oaally 
and were oore dii ficult to i»et ttian soils taken from the &• 53*6 ratio of aeedlingl 
appearing Is only a g x>d indioation oi the ratio of viable seeds present in tt» 
•oils if the "cdcroBix* density11 for genuination of seeds of a particular species 
is the scree in the pots containing both soil types.
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Mil. T>l^t-. IicHiffiJBe*'jt to {M ood 
taken, fima ' ^

Z selected 25 random Ail f rcia the 1947 numbered Bjounfls in toy pl-Jt by urf. ng 
random nuuber tables. Jtoundt, Kith diameters <30 da. were not aaupled. On 
22nd to 23rd April 1969 Z took a turf 20 x 30 en. and 5 oau deep froet the strait 
Of each AH, and a similar turf from the £>Y, 0*S ra« away from each spund in a
random direction.

Zn the laboratoiy, I cjarefuLly recioved vegetation and roots fruni the sails. 
!B'.e Ao (litter) horiaon >me retained (when jt-oacsnt) siiaoe seeds ad^ht have been 

anbedded in it. I air-dried the aoilg until lot i«y 1969 and then weighed them* 
large stones being rcoovcd wise possible, ilie total weii^t of eoil collected 
from each Au v&a oaapared vith the total ^ei^it of soil collected from its 
aauooiated pasture quadrat. When one exceeded the otter by uore lhan 5; , soil 
was r«aoved i*rcxa the base at the heavier Ba-ple until it was vdthin 5;. of U» 
wd^^it of the lii^iter aai.iple of the pair. S^at^les \;ero tool'^en up and stored 
in polythene containers at laboratory tewpL iatut^ (l5-2ii G) until Liarch 1970*

Gacapleo 1, 2 and 5 were > laced in turn on a 2 as. sieve and vasiied wltii a 
•trong jet o£' •wat' r. '£he seecs were ceoioht on a 0.02 u;;. sieve unc leameatli* "cut 
ttie Bau,ples were reduced in volume because silt and clay particles \?ere t ashed 
throu^i both sieves. Mac regaining 82 sauries were not treated in this way* 
Uach Mtzqple (or parte of it) \.ae placed in a plastic dish 15, 22.5 or 50 aa. 
in dianeter, as needed to Ive a soil depth of 3 ecu ^ax^leu were put in an 
unhcated glacu frac^e on the Botany i^chool roof* u3ie two oatiples ir. each air 
were kept together , but pair a were randomised. I kept ire tsoilu noiat vd.tSi tap 
vmtt.fr throughout the experiiaent, wirieh endend on 3rd Ilovatiber 1971* On 14 
oooaaiona* rju^jhly at intervals of one nonth in oiaaiicr (less f reciiently in 
winterj, I reooved all Hie scedlingQ I could id.entii"y, end thoroughly churned 
up the soil in each ;*>t* On oooaaiono 2, 4 V 6 etc. 1 re-ranciOidaed the blockoj 
ten dishes filled v/ith J.I. cotajjoat \<ere randcudsed amoiigBt the blooka.

2he resultu are given overleaf for all species except
tixree aeedliiii^ j£ ^d&i ai^pcared in the control

asymbolo beaid© the cpccice nasiiee in the table below, rcMreaeiTfc tiie 
of testing the null hypoiiiesis ti*it the tarue nutuber of oeedli:.eo ol a £»ecie8 
identifiable f roa ant-iiill tmd ijasture oa..t4ee was the

fe'' S-JBOB

2he s^urcee of error listed et the caid of Appoadix 23 also ariply to 
exrseriiaent, except for "idmUf ioati >a\ errorBw «
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to

, M(l)t i>
, 4(1). ia(i), I5(i, 19(1).
, 15(1}

a anarJM M25(l)

V2(l) f 7(4), 15(4)

T 17(2), 
3(7), 4(1), 12(1), 18(7), 2S(1), 24(5)

15(2), 24(1), 17 (l), 20,1)

ft ^Vl5(l)
Aiah). 4(2), 8(4), 17 (l).
-Vljl), 6(1)

rpyt.tieriai.fi »>V15(2)
, 6(1

, 15 (l).

.)» 15(1)
. . fS(45), 16(1) 

^2(1), 3(1), 8(2), 18(2). 
'VI(4). 4(5) t 6(1), 7(2), 8(1), 15(l), 15(l), 21(l)

feiuiiififf..'^Pr -^Vfifft^ftflffi '*'1 V4(l^f 21(1)^Xr^^yvswfl of i jfiT-f^-^-6 IL; ST * ^»s(i),
a repena >--V8(l)

Unidentified?

l i l 
^iPt '^'21 v.l) • '-T(/7 (l)

. 12(3), 17(2), 18(1), 25(1). 
, 8(1), 15(1),



Ee3a.ti.oiMhipa betBft**i ii.1 iu ept jjtaa *^' th

jl tap

On 17th August 1970 and 17th August 1971 I eeticetcci the volume of soil
onto the same 51 ant-hilla on ajy IJeaooa Hil? plot* On both occasions, 

the neiely*h«e,ped soil was collected froa the sac** 80 of them .^ounda v/ith a spoon, 
Soil from eaeh ant-hill rmo |K»vre»d into a mc«jsurii€ qylinuer to a&eeaa its 
The r«ffiiltB are suraajirised In Fig 56 , overleaf*

Thco« dc.ta s^5g««t that ay eat JOB. tee at heaped a>il valuae are roliabl*. Sine 
Z had iMdereetioated h«ape& aoil volume in 1970, I changed toy concept of it. and ir 
1971 alnoat perfect estiUatM (b « u,.8) w«r« obtained,

rinaot (P <£ 0,01) oorrolattori between soil ho&ping in 1070 and 1971 
on the aaae sounds ctrengthona ivy bcllt^f that n si -^Lc eotimatc at the valusae of 
newrly he^xped soil neg- -rive a cljiablt inclioatlon of building activity cm a mound 
over several years*

07
(i) it w&s often difficult to collect soil from around the basea of plants} 

(ii) it v.as 6'jmetux-B dilficult to decide vuere nc\ uxLL ended and old began) 
(ill) the regression lines iKnild be inaccurate ii the volume oL soil in a

neasuzlrig cylinder uiiferud frota its v luae 021 the nound. "^verttielecs, the 
oorreletioj ooei"i"iaie»t between me&surod ami eutisAt^d volumes v oulu rtaaain

56 (orerlea
FIG5Sa(^op). £«lfttiOiisliip Ijetwc en catlmtted and measured voluneo of newly neaped
aoil iri totii 1970 and 1971, Bertie tt'a t.7.ree-^roup method «ae us<-d to calculate bo 

since bolli e&tixatcd nnd me1: cured eoil ^oluaes were random vari&bleB*

lfl>7G» tTt»rttr <totii. Q^-^^iiTBISI^ JAflP* *^® oO'iTclaHon coerfTioient betw< en treasured and 
esti ated vdluEtes was X", 16) a °»°° (p<^ °«01 f1^13 /; * °)

The lii* repi'eoents the zvgreasion equatioji U « 11«42 * 1«67 E, where II » 
•waaured value} £ » estimated value* B?int A \taa not included in the rer^-easion 
calculations (sugcestixm of Dr. 11, S. i3uliaer)} all the vegetatioi on fc&o ant-hill 

so that I could not easily gau^e ti» voluue of hoeped aoil,
> m 0)

equatioen L a 16,12 * 0.98E
1'IGgS 1> (iJottoEt). Volurae Oi neslj^h'japBd uoil o^i Hie eaEto SO ant-hille in tao 
Euccesaive years. V(QO\ » 0«71 ^^0,01 fsraja/** 0), For 19 tiAmdi,, voltcios 
o£' collected :x>il CTTfiW*^ i» 3.®70 arid l^/l are plotted, I^or H ant-hills, field 
estimates (E) Eiade in both years mjre converted to Ii by usltiG the 

equations,
She 5 oorr elation coefficients given above w«pe recalculated, uedn;- & ectuare 

root transfoiiatition of both veriates, r * 0,06 (i ^0, 1) in all three cases,
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f the ireoi^on of subjective sa^li

t»o 0.28 tar quadrate and an ant-hill, on ty Beacon Hill .lot, fl»» 
times each between 88th September and 6th October 1971, to investigate the 
precisian of ay subjective estimates of percentage cover* 

HODii

I selected and marked three sampling polats, representative of speciee-*idh 
(Ql), leas diverse (Q2) and ant-hill (Ail) vegetation. Ql bore short vegetation 
2-4 cm, high but Q2 was covered with tuasocky .craasea to 12 cm.

Z estimated the percentage covers of all qpeoios present in each area on an 
integer scale (1-100). Species vdtU leas than & cover were f4.ven a*. I also 
noted Bare ground ($ and the tmc taken in sampling. Results are overleaf .

COMPARI&Ol^ wyi'H EJLHG'oJID gcHSISION Off EOIWE QOAPEAg KECOUBIIS

I confined lajy attention to the 27 cases in which a species had a mean 
percentage cover exceeding 2^ in a sailed area, and calculated the ciean ;' covers 
and their 95,' confidence limits. <Theii, for ooiuparison, X obtained the expected 
9$ confidence limits of the moans for 1000, 500, 548(Ql), 2€8(Q2), arid 220(Ail) 
randomly arranged point quadrats from the table of binomial confidence limits in 
Eohlf & Cokal (1969) (Table ¥, p. 206-14), using their foxuulae for interpolation. 
She table susniarises the outcome!

KUDiber of point quadrats Total sampling time (adns) / of confidence limits
recorded at 10C points per hour. narrower for point quadrats

1000 
500
548 (Ql 
268 (Q2) 
220 (-AH

•Actual recording time for five subjective eetiiuates.

Ttiis method, the best I could, devise, only provides a very crude goantitative 
wliich xaust be interpreted cautiously, A aeon 167 Canutes of subjective 

esticiation achieved about the sacie "precision" as ejected in 600 minutes of point 
quadrat recording at 100 points per hour. This does nflfe, mean, say, that half an 
hour of subjective eatiauation v/ould yield the saiae "precision" as two hours 1 
point quadratting.

Yet these data, together with the considerable agreement between all five 
sacrplings of the same area, suggest that my eetitaates of percentage cover by eye 
were at least as precise per unit time, and probably xaore so, than point-quadrat 
recording would have been. Nevertheless, 100 points per hour is an optimistic 
(for me) rate of working; for example, it does not take into account the number 
of leaf -layers through -which the pins must be followed, or the tiiae taken to move 
and set up the topogra_-h« Other factors which iacreatje recording tiiae or reduce 
the precision of point-quadrat recording are mentioned in Table ]£ , p ^8 •

I thus attach considerable credence to oDt^parisons between EQT subjective 
estimates of ercentage cover. Two sources of experimental error are isortfa 
mentioning, the first tending to increase precision and the second tending to 
reduce it. Firstly, I remembered tiie ; cover of ^hv«)|UR on -toe ant-hill when 1 
saimled it for tfae second and third time. 1 societies recalled the positions of 
Bflflflynilua (Wl), A£2&atta.(Q2) , and O^r^ flac!Gfl. r Gladonia pyfi^'o^^pi (/ui). 
Secondly, on 2nd October I realised ttiat I had been sli4;htly underestimating % 
cover and iuade a conscious shift in vy e^tiiates; the highest total covers in both



<& and Q2 were recorded on that day, Thus the results probably reflect as 
large a fluotation ia ay concept of percentage cover as might occur 
unconsciously over a longer period.

PIICER aoUflCJBS OF ERROR IK ^UBJ::.CTIVE

(i) The largest estimation errors occur in the mossed Pseudoscleropodiua 
(Q2) and DjoranuB gyp (Q2)| thus the% covers of .r,osses yiven in this thesis 
should be interpreted cautiously (cf uatson I960 p«399)«

(ii) Only in one of the fifteen samples were all the species in the 
area recorded! in the first ant-hill sample, ten species were raissedl 
the nuaber of species recorded ia a sample only roughly indicates its 
species richnettti| many rare o ecies are not f and in a single recording*

Ql Q2

Total number of species/quadrat %7 29 3. 

Mean no* of species recorded 39*2 2?. 6 23,8

(iii) Hh October was raisty* Because ciosees end lichens were ssuch 
more prominent when hydrat^d than when dry, Bryum, Sarbula t Cladonia. - 

(AB) tnd Camptotheciuta (Ql) were e&en Tor the first tiraa*
Host Si-raplint described ia this thesis was done oa dry days, and I 
probably missed aaay dehydrated bryophytes.

(iv) On JOth i>e tember, I was extremely tired, ^he lowest total 
numbers of species in both Ql and AH were recoraed on that day*



HA11 iflnt. YaTaMiMai aib.ieotiv^

Qfct« recorded (1971) 2650254508545505456
	9 9 10 10 10 » 10 10 10 10 9 10 10 10 10

Tim* tafctn fcain») 2655415552252&M56572526562124
No. spooiea reoordftd 405657414229272726272125262524 
Total pl*nt earn CO 104 102 124 116 112 147 ifi5 156 141 145 101 69 66 67 69
Bare ground C) 11222 2030202220
AchJUlea mi 11 irf*°^ 1 ̂ T" 11221
Agroatla Qtolonifena 1*44*4* 444*
Afiporula oyn«nnh3.Oft 54325
Bellia pereniiis 22555 14111
Canqpanula rotundifolia * * 1 1 *
Garex caryophyllea * 1 1 1 1 *
Carex flaoca 555542222244* *
Carllna vulf nris 1121123222 *
Clraixti acaule 7897853552
Crepis capillaris * 11*11111111*1
Daotyiia glcxrerata 1 * * * *
Euphraaia nouoroaa * * * *
Featuca ap. 505540555570607070724558554040
Fragaria vesoa 1*11*97655 + 44**

Oalium verum 1 * * * *
Gcntlanella atoarelltt 2111l4******444
HeliantirieRtuza chauattolatUB 85767 77556 10 10 15 911
HeliototrLehon pr&1wio« 1 4* ***44
!!• pul^aceiic 1111>11**
Kieracittii pilosella £122135545 ****
Hf>lcilB X^nalus 4>****1**44
Koeleria oriatata 52222
Leontodon iii^viaus U 10 15 13 15 10 15 12 *2 14 6 £ 5 2 5
Ifi HIM fsf« •^Jytyfrj_<M»n 4*****-*1 !!!*****

Lotua ooznioulatus 252525542124***
Irfniicago lupullna 77565
Flajitago l&nceolata 12 12 16 12 14 22211
Poa prateiisia 1 * 4 * * * *
Bolygalavulgarls * * * *
Prur*na vul£&ris 152421212222222
Banunculua bulbo&us 1 4 * * *
Eeneeio jacobaea 1J.11 14-***
Tax^ajusLOUut oiTiclnale 1 *
Thytjus druoei 12254675542020202220
Trlsetua:. flavesoerxe *11*111222 * 4*
Veronica diazaaedorys 4 1 4 1 4
Verordce. off icinalio 4 * 11144*1***
Viola hirta 5515553222 *
Bai-bula (eoszvoluta) * 
BraohytheclvBi velutinua 1 * * 4- *
Qrym (eiytlirooerpuci agg) * * 
Galop to theciiv. lutcBCtJie 4 
Cana^ylivaa ciirysopiiyllx«a 21211
DloitJi«u spp. 1 1 S 1 1 8252S1414
Eurhynchiua a»p« * 1 4
riasldena ^>. * * 4
liypnutu ciii.ii'eafili'or-jB * 4 4 4 4
lophooolea bldontata * * * * 4

(punotataaa) 1 * * * 4
coiaplana.'Ux * 44



punm +111 + 2 10 5241
Rhodobrym roMtti 1 • • •
Bhytidiadelptaia •quarromMt A 1 2 3 8
R. tricrvMtrvui 1 5 * •» 1

Cladoni* xmnglf oraia • • + * *
Rreaent, but not 
reoorded*



28. f n-arvfsv of 20G a 5

cai the

site 10 described, methods used in oolleoti^; the otata are explained, and 
the vesultft are analysed In Chapter 4, p A4 . 'ftds appendix lii;te the raw data*

(Quadrat records far the oast frocoKsnt specie, and "envi jaacntol" data 
associated with each sn&ple, are llat««i In tine large tattle* u * jaiijia of ^razd,^, 
D m droppings (ui&inly rabbit), S » soratohinij, 1' » tmn^lea (**•&)* *&& aro 
nusbered 1*206 and ^ quadrate 1-105. iJaoh evea-*»*ab«red AJti la associated vdtli a 
•^V quadre.t, i^s>. MS and -VI were sau-pled together, Aa4^iiV2, Ali63»~V5 etc. 
Vegetation iiei^jlit otui be worked out from flc»«21and Jf t axmd volUBie and 
surface area, find the m»i>cr of species In r aazaple, can be calcu2atcd from data 
In the "Sable; 'but the nuetbers of ij^divlduali) of

owing to lack of space.
and Hleroctunt and t^mir buritil, have been left out

Records of the leas frequent specie.s. are given belowi

. , » , 
^105(1,), 121(1;), 205(20.).
Aia(l \ 15(X ), 5l(l,), 5l(X ), 71(1,.). 

LVll(2:) t 12(1;), 15(24, 16(1), 17(4'), 18(1^0, 
4R(l2yO» 45(3, ), Sfiai). 
^ 57(X ), 80(5, ), 81(6; ), 86(X), 206(1,,).

74(1^^)
-X), 34(1^), 51(2;), 69(1;), 72(1?,), 75(X ), 79(2';), 
81(1.), e2(X), 80(1,), 86(X), 89(to), 90(1,,), 05 (X). 
/^129(1;:), 158(1, ), 

175(1:), 105(2;),

holooteoldea ^lS(l ), 10(1;:), 22(1: ), 54(i;:). 55(1;'), 62(2/), 65(1;),
75(1 ,.) m(i. ), i5i(i;'), i6o(x

iii vlrtda -V2(l ), 25 (l ), 59(1 ),
ejate jBOjaqgypa • 'V 5(X ), 26 (l/), 40(2, ), 42(1, )
lia yljaacrato --0(21 ), 12(2; ), 15(2; ), 42(4. ), 45(8; ), 55(8, ), 74(i;0»

84(5, ), 85(5; ), 86(5, ), 87(5,), 88(1 ).
£09(33, 25(2,), 26(2;), 27(1 ), 84(5 ), 86(a-) f 88(1. ), 147(1^),
168 (lx ), 169(1, ), 172(5,), 175(4. ), 181(1 ). 

20;0. 55(15;), 76(14,)

wV54(3/'0» 57(1,), 52(2;'). 55(X')» 57(2 ), 62(2, ), 65(2/), 
o5(2,), 67(5, ), i>9(5, ), 74(X ), 75(X ), 79(X), 92(X ), 
099I/'), 96U ), 99(2; ), 105(1,).
.'u49(2v^), 51 (X )i 54 (X-), t24(l )» 127(1, ), 135(X), 151 (l ), 
afT.:'^. lOSfl, ").105(X ). 

196(X),
.

afttiva. «-Af69(l, ).
:), 200(X), 205(X"



).
, 165(1$ 

, ^V9(X ), 11(1, ), 96(10.
*H2fi(j£p, 156(10,
198(1).

4(lC). 75(1), 
160(1,,), 195(10.

, 190(1),
, 100 (X X

u(x), I5(i0, 55(1;), 44(1), 54(1). eo(xO.
J20(lv), 2fife), 60(1). 61(1), 156(1V), 186(1,;), 205(1 ) t 

206(1 )
-vi4(7,.), 19(1 ), 55(9 ), 54(6, ), 35(1), 06(5, ), 37(5,0.

:), 56(10, ), 65(1,^, 67(1 ), 81(1, ), 
/ ; )f 99(4/ ) t 105(1. ),

, , , , 
, 197U), 200 (X), 802(1,), 

-V 4-(l, ), 20(2;), 50(2, ), 5l(l; ), 52(1. ) f 54(1.), 56(1,),
., , . 

92(1;), 97(1,), 108(1; 5.
» 102(1,;) , , , , ,

2 ), 34(2, ), 52 (lj, 60(1 ), 50(1, ), 55(2,.), 56(X ).

Eubua Bffl-

A 132(1 ) 
), 49(15).

, . 
, 201(1.) 

^^y 52(l>{)

. 69(1,),
158(1 ), 102(1 ). 196(1 J. 

MKl 1 f ^12(1), 24(1), 63(1), 167(^0,

/0» 169(1 ),

erecta 50 (4/0 •
), 184(1, ),

L, ), 94 (10 ), (158(1 &
.£). 74(1), (79(i;)), 84(1), 85(1 ), 88(1), 98(1;0, 

102(10.
jtfU9(X), 76(1), 140(1; ), 145(1 ), 160(1), 152(lv), 
155(1), 169(1), 171(1C), 172(1), 175(1). 176(1), 
(177(1 )), 180(1), 184(1).

), 170(1), 175(1)
,i ), 69(1), 78(2,), 107 (l), 
150(1), 161(1 ), 199(1 ). 

i;), 110 (l

, lS7(l ),

90(i;), 110 (l )
/JtflOfl ), 57 (l), 6l(CtO> 85 (lO, 85 (X ), 144(1 ), 148(1
101(1), 160(1), 166(1..), 180(1 ), 182(1,), 184(1),
194(1)

iriA chryoophvlliaft ^ V75 (l 0 § 85 (l ) , 10S (1/0.
}, 180(1), 164(1:.) 
), 161(1 ), 180 (l, )

a • -Yie(l ), 25(10. 56(4, ), 41(2. ), 64(3,), 68(1, ) 
86(1). 87(1), 101(1). 
141(1), 148(1), 162(1), 164(10, 165(1,),

, 102(10.
184(1,

, 79(1 ), 
;, 105(1-),

^ 29 (l )•-



tii* -vsi(x), , ?4(x), , 97(1;), 99(1;.), 101(1;)
» 193 (X )

^. 46(5;.), 46(x), ;), 72(2,),
77(X), 79(l;), 83(2,), 85(1 ), 92(1; ..), 93(X ), 96(2,), 
99(1...), 102(2^). 

154& ), 180(150, 184(1;.),

X
X
1
1

, 105
, 134
, 150
, 164

1, ), 106
X ), 156
1 ), 155
X ), 165

Ay *

I/'

"* ' *

X'

, 113
, 142
, 155
, 179

2;
X
Wf

1

, 128 (X
, 145 (X
, 156(1
•

L-V57(3 ), 63(2,'), 66(5;), 67(2;), 69(2,:), 71(4;,), 75(2#, 
81(X ), 82(1 ), 84(5;), 86(2, ), 94(1 ),.95(XO, 98 (X ).

151(1, ),*!-» 
146(1;), 3A9 
157 (2, ), 160

il~V55(x), 41(1,), 46(X), 7j(X), 7l(XrO» 75(X), 77(2,), 
81(1 ), 89(2,), 96(X), 97(X ).
AU7M1 ), 159(X ), 144(X ), 148(1,), 15l(X^, 175(1,), 
176(1,), 177(1,), 178(1,), 184(X), 195 (X ), 199 (X ).

^V31(X), 46(X), 74(X), 81(XO. 82(5,), 84(X.).
I, 62(5,),

6g(X ), 67(6;), 74 (l,.), 
,), 95(1',:), 96(1, ),

"), 87(2;^),

, 45(1,), 64(4;), 
, 78(X), 81(X ), 82(1 ) 

99(X), 1-0(1; ), 101(1, ).
. ), 128(1 ), 152(1.), 199(1 ). 
), 62(2, ), 77(l ), 82(1, ), 84(2, ), 

90(5 ), 94(1 ), 101(1 ).
, 87(1, ). 101 (X )» 103(2, ). 
, 173(7 5*

, 85(2,:), 87(5 ), 86(X^), 90(X3.
, 57(XO, 127(1, ), 129(X ), 158(1;.), 160 (l,),
, 174(25,), 175(4,), 177 (X ), 180(2,), 187(15;),

63(X ), 64(2,), 67(l ), 70(1,.), 7l(X ), 72(1, ), 74(2;), 
75(X.), 77(1 ), 81(X ), 85(X), 91(1 ), 96, X), 97(1 ), 101 (l ). 

, 184 (X)

-V48(X), 63(X ), 67(l. ), 70(1,), 75(l ), 79(1', 
82(1 ), 84(X), 66(X ), 89(1, ), 92(1, ). 

, 162(X ),



Appendix 27 (Fig 57) 
SAMPLED PATTERN AT N.E. END OF MY BEACON HILL PLOT

1 87 £•«
81

94

90 91 96

89 92 93 97
79

95

75 7473 72

99 10° 103

(86 83 80 

1 45'

69 68

101
102

63
64 60

65 62

"**

42
39

41 40 
19

13 ,A

12 n 10 9

50 M
49 5!

34 33

38 37 36 35

20 21 23 M 27
25 

22 26
7 6 5 3 2

4 1 
8

•

31

30
32

Oft /

/

59 / SURROUNDING 
»/ VEGETATION

10m

187 188 189 ,90 191 195 198.^° 203 206
176 180 182 197

, » 175 177 179 181 1
•73.,;6n*163 178 I 5 '

8787
6

94 95 97
93

91
98

99

84 85 79

82
83

J2627 29 
25 28 31

81 80 78

35 38
33 37

75

76

77 40

71 69 68 67
74 7372 70 66

42 48 49 
41 ^43 46

39
ai 47 5345 a/ 50_ 55 56

JO •** 36 

23 21 19

24 22 20 18 16
17 15

14 ****
14 12 '° *

13 8 7

119

-jj. 
4
5 _

2 1
3

ANT-HILLS

10m
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