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HOLY ISLAM) : A DMOGBAPHIC. GENETIC AKD MEDICAL POPULATION STUDY 

R. A. CARTWRIGHT 

The t h e s i s c o n s i s t s o f three chapters, concerned w i t h demographic 

genetic and medical p o p u l a t i o n studies r e s p e c t i v e l y . I n the f i r s t 

chapter the s o c i a l h i s t o r y o f the i s l a n d i s o u t l i n e d and the h i s t o r i c a l 

demography, as deduced p r i n c i p a l l y from census and p a r i s h records 

i s considered. Thus the demographic composition of the present day 

isl a n d e r s i s established i n d e t a i l and these data provide the "bases 

f o r genetic s t u d i e s . 

The second chapter provides d e t a i l e d genetic parameters f o r the 

contemporary p o p u l a t i o n . These include the f o l l o w i n g : blood groups, 

serum p r o t e i n s , isoenzymes, PTC t a s t i n g , dermatoglyphics and BAIB 

e x c r e t i o n . Possible explanations f o r the observed gene frequencies 

are sought, frequencies which, i n t o t o , render the p o p u l a t i o n of Holy 

I s l a n d unique. These explanations i n v o l v e both geographical and 

historico-demographic f a c t o r s . 

I n the t h i r d chapter the r e s u l t s obtained by p o p u l a t i o n 

screening procedures are o u t l i n e d . These include : red c e l l haemoglobin, 

serum u r i c a c i d , serum c h o l e s t e r o l and blood sugar l e v e l s , and t h e i r 

s i g n i f i c a n c e w i t h i n the p o p u l a t i o n i s discussed. 

Major themes which r u n through the t h e s i s and which serve t o 

u n i f y i t s c o n s t i t u e n t sections include : the use of surnames, a ser i e s 

of i s l a n d sub-populations and the use o f i n t e r r e l a t i o n s h i p s . 
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FOREWORD 

These studies are the product of f i e l d w o r k and a n a l y s i s commenced 

d u r i n g the autumn of 1969* The aim i s t o i n v e s t i g a t e the p o p u l a t i o n of 

Holy I s l a n d by u s i n g demographic,genetic and medical techniques. The 

t h e s i s c o n s i s t s of three chapters,two appendices and a b i b l i o g r a p h y . 

The chapters are l i n k e d by short c o l l a t i o n s a t the end of each:, chapter, 

s u b d i v i s i o n or p a r t . 

There are some d i f f i c u l t i e s associated w i t h p r e s e n t i n g three 

w i d e l y ranging t o p i c s as a whole u n i t . These l i m i t a t i o n s centre around 

the problem of i n t e r l i n k i n g each item i n t o an ongoing piece of work. 

However an attempt has been made t o continue c e r t a i n themes from one 

chapter t o the next. The demographic s u b d i v i s i o n s and the study of 

i n t e r - r e l a t i o n s h i p s are mentioned i n a l l three chapters. F u r t h e r a 

surname a n a l y s i s l i n k s the f i r s t two chapters and a study of the genetic 

a t t r i b u t e s the l a s t t w o j each o f these t o p i c s being.dealt w i t h as a 

p a r t o f each chapter. 

Chapter summaries,a t e r m i n a l synthesis and a s e r i e s o f d e f i n i t i o n s 

complete the general p l a n o f the t h e s i s . 
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NUMERICAL ANALYSIS 

A l l the c a l c u l a t e d p r o p o r t i o n s have "been rounded o f f so as t o 

summate t o u n i t y . None,one or two decimal places have been used i n 

the f i g u r e s . The number used v a r i e s and depends on the complexity 

of the t a b l e s i n which they are used^ the aim being t o present the 

f i g u r e s as c l e a r l y as p o s s i b l e . A l l a p p r o p o r t i o n i n g can be regarded 

as an estimate whatever the number of decimal places used. The frequencies 

are used f o r easy comparison between two sets o f data of d i f f e r e n t 

sample s i z e . Where frequencies have been r e q u i r e d f o r other purposes 

three decimal places have been used; f o r example i n the chi-squared 

t e s t s . 

The chi-squared t e s t r e s u l t s are not given i n the t a b l e s i f the 

n o n - s i g n i f i c a n t r e s u l t s exceed a p r o b a b i l i t y of 1Cfo. The r e s u l t s when 

given are rounded o f f t o two places of decimals i n these t a b l e s . 

Y/hen percentages do not summate t o a hundred or frequencies t o 

u n i t y the r e s u l t s are those o f other authors and as such have not 

been a l t e r e d . 
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New Couples 

This i s the term used to r e f e r to c e r t a i n couples whose b i r t h s 

are not recorded on the i s l a n d , b u t who produce c h i l d r e n on the i s l a n d . 

There are two types of new couple; those whose c h i l d r e n and l a t e r 

descendants remain i n the breeding population on the i s l a n d and those 

whose descendants leave the i s l a n d . 

Non-contributory and C o n t r i b u t o r y Populations 

These are the two basic aspects of the genetic community on the 

i s l a n d . The non-contributory p o p u l a t i o n comprises those parents and 

t h e i r o f f s p r i n g who do not form a second generation on the i s l a n d . The 

c o n t r i b u t o r y population,on the other hand,is the group whose c h i l d r e n 

are parents i n l a t e r cohorts. This second group may be regarded as an 

e f f e c t i v e p o p u l a t i o n , i n the genetic sense of the word. The c o n t r i b u t o r y 

p o p u l a t i o n i s founded by a f i x e d number of new couples. The terms 'core 

and ' t r a n s i e n t ' populations r e f e r l a r g e l y t o the c o n t r i b u t o r y and the 

non-contributory groups. 

C o e f f i c i e n t of Rela t i o n s h i p (R) 

This i s the crude p r o b a b i l i t y , f i r s t suggested by Wright,that two 

people w i l l have i d e n t i c a l genes because of a common ancestor. Here i t 

i s an approximation c a l c u l a t e d as the summated value of (-jjr)^ where N 

i s the number of i n t e r l i n k i n g genealogical steps. The value of R 

i n t h i s t h e s i s i s c a l c u l a t e d i n a simple fashion using a summation of 

the same values of N. 

The coefficient of kinship i s most usually used,this i s 

half the value used here. 
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DEFINITIONS 

Throughout t h i s t h e s i s the f o l l o w i n g words and phrases are found 

which have s p e c i f i c meanings. 

Cohort or Cohort Decade 

This i s a method of a r b i t r a r i l y d i v i d i n g up the reproducing 

population on Holy I s l a n d . This i s done by assembling nuclear f a m i l i e s 

whose eldest c h i l d was born w i t h i n c e r t a i n f i x e d l i m i t s . Cohort 1 i s 

between the years 1578 and 1579»cohort 2 between 1580 and 1589 and so 

on u n t i l cohort 40 between 1960 and 1969. A l l the years given are 

i n c l u s i v e . This i s not the usual model used i n cohort analysis, 

normally marriages are referred to and not births. 

Endogamy and Exogamy 

I n the context of t h i s thesis,endogamy r e f e r s to marriages of 

partners both of whom are from the v i l l a g e on the i s l a n d . Exogamy i s 

when one p a r t n e r i s from the i s l a n d and one from elsewhere. They can 

r e f e r to e i t h e r places of b i r t h or t o where the two people were l i v i n g 

immediately p r i o r t o the marriage. Unless a statement i s made t o the 

cont r a r y they are taken t o r e f e r t o places of b i r t h . Endogamy does 

not n e c e s s a r i l y mean t h a t the couple are close blood r e l a t i v e s . 

Marriage Distance 

I n an exogamous marriage t h i s i s the distance between the b i r t h 

places of spouses. I t i s measured by f o o t and b r i d l e paths from Beal 

Point,the nearest p o i n t on the mainland. This place i s some three 

miles from the i s l a n d v i l l a g e . 
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CHAPTER ONE 

The Genetic Demography - H i s t o r i c a l and Contemporary. 
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Fart (a) 

Introduction and History 

The Geographical Setting 

Holy Island or Lindisfarne l i e s o f f the coast of r u r a l Northumberland 

some eight miles South of. Berwick-on-Tweed. The island i s roughly L-

shapedi. Figure ( l ) shows the island from the mainland looking East; the 

nearer North-Western part of. the island, covered i n sand dunes, i s called 

the Snook. Figures ( l ) and (2) v/ere taken p r i o r to the construction of the 

causeway and the metalled road l i n k i n g ; the v i l l a g e w i t h the mainland.The 

normal vehicle track across the sands may be seen i n these two photographs. 

The North of the island i n Figure ( l ) can be seen to the l e f t as rocky 

promontories j u t t i n g i n t o the sea and enclosing two coves. The centre of 

the island South of the coves i s farmed; there i s rough land near the dunes, 

arable and pasture f u r t h e r South. Figure (2) shows the f u l l extent of.' the 

sand dunes and the s i t e o f the farm j u s t to the r i g h t (North) of the 

v i l l a g e . Two faulted, ridges of d o l e r i t e (Whin s i l l ) dominate the South of 

the island. The village,church and p r i o r y l i e under the Westerly ridge (the 

Heugh) wh i l s t on the Easterly crag (Beblowe) stands the castle. Between the 

ridges i s a shallow bay,the Ouse. Immediately to the West of. the island l i e s 

another piece of Whin s i l l which i s connected to the larger island at low 

t i d e (Saint Cuthbert's Island). Figure (2) also shows the narrow channel 

separating the island from the mainland and i n the distance the Cheviot 

h i l l s . Figure (3) shows the place names and main features of the island as 

recorded i n the f i r s t e d i t i o n of the Ordnance Survey series of maps (circ a 

1860). Figure (4) shows the v i l l a g e i n more d e t a i l and also the bare 

appearance of the island with i t s general lack of trees. 

The deep channel which divides the island from the mainland was 

bridged i n 1959 a " t a place where the fo r d had been. This extends the time 
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the island i s accessible from the mainland. The island i s now isolated f o r 

two to six hours per t i d e depending on the wind and season. A metalled 

road connects the v i l l a g e with the mainland and runs to the South o f the 

Snook (see frontpiece). 

The greater part of. the island i s Carboniferous and a quarry near 

Emanuel Head has i n the past provided stone,coal and limestone.In 

connection with the: l a t t e r an old wagonway can be seen running down the 

East o f the island to some limekilns to the East of. the castle. 

The climate i s milder than the mainland part o f Northumberland. 

A seasonally appearing pond (the Lough) a t t r a c t s many migrant sea 

birds as do the c l i f f s on the Worth side of the island. The whole North 

part of the island i s a reserve administered by the Nature Conservancy 

( 'Lindisfame National Nature Reserve' a pamphlet issued by the Nature 

Conservancy). 
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The Social History off.' Holy Island 

Lindisfarne has been described by Bede as " Twice an island and 

twice a continent i n one day A l l the sources o f evidence suggest-that 

the island has been inhabited by a series of. populations. 

A stone adze of the Tardenois c u l t u r e , f l i n t s and hearthsites have 

been found i n the Snook. L i t t l e else i s available u n t i l the post-Roman 

period. Bede recounts that Aidan established a monastery o f the Celtic 

Church on the island i n 635 at the i n v i t a t i o n of the King of Northumbria. 

There followed from t h i s time a period of intense evangelical a c t i v i t y 

which made the monastery o f Lindisfarne a major centre of Christian 

teaching i n B r i t a i n . 

The Vikings f i r s t raided the island i n 793 (Simeon 1 and the Anglo-

Saxon Chronicle) but the monks and t h e i r attendant population remained on 

the island u n t i l f i n a l l y driven o f f by the attack of Healfdene i n 875 

(Simeon 2 ) . The monks removed a l l t h e i r remaining treasures from the 

island including, the body of Cuthbert,the head o f Oswald,the Lindisfarne 

Gospels and a Liber Vitae. 

The Norman conquest resulted i n the establishment of a Cathedral 

church at Durham to house the body of Cuthbert,in accordance w i t h t h e i r 

p o l i c y of continuing the t r a d i t i o n s of the English. Another facet o f 

t h i s was the erection of a Benedictine Priory on Lindisfarne and naming 

the island 'Holy I s l a n d 1 . The house on the island was administered by 

the monks of Durham. 

The feudal system i n Northumbria was less s t r i c t than f u r t h e r South, 

due to the proximity o f the Scottish border and the considerable distance 

from regal authority. Also there was a sparse d i s t r i b u t i o n of Norman 

families i n North Northumberland,much of the land being church property 

farmed by l o c a l tenants. 

1 
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From t h i s time the parochial structure of the area originated. A 

church was b u i l t on the island by the middle of the t w e l f t h century. The 

fa b r i c today contains some Saxon stone work. I n 1145 the Pope confirmed 

that the island church was the mother church of the chapelries of Kyloe, 

Lowick,Ord,Ancroft and Tweedmouth. By 1200 Penham was added to the 

others (Raine 1852). This established the pattern of lands associated 

w i t h the mother church and also indicates the d i s t r i b u t i o n of. estates 

owned, by the Priory. From t h i s arose the administrative area of Islandshire 

which was part of Durham county u n t i l the mid-nineteenth century. 

Figure (5) shows the boundaries of the parishes towards the end of. 

the nineteenth century. The dates show the commencement o f the registers. 

The dates f b r Lowick,Ancroft and Tweedmouth mark the v i r t u a l r e g i s t r a t i o n a l 

autonomy of these chapelries w i t h the near exclusion of a l l entries 

r e f e r r i n g to these areas i n the registers o f Holy Island. The shaded 

areas on the map represent the island along with Fenham,Broomhouse and 

Goswick which were retained by the mother church u n t i l the end of the 

l a s t century. This has the effec t that these mainland areas were mainly 

served by the registers of Holy Island. None of the mainland chapelries 

were formally dissociated from the island u n t i l the l a t e nineteenth 

century. Now 'Holy Island parish 1 consists of the island alone. 

As early as the t w e l f t h century mainland families had residences 

(garths) on the island. I n addition the r e l i g i o u s house must have had 

a considerable attendant population on the island; meat was said to be 

reserved f o r the aged and children,fishing was started during t h i s 

period and the c u l t i v a t i o n of hay,flax,beans and onions i s recorded. I n 

the fourteenth century the p r i o r y accounts l i s t payments to smiths, 

masons,carpenters,gardeners, go sherds,millers,swineherds,cowherds,clerks 

and women (Raine 1852). 
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j NORTH NORTHUMBERLAND: Showing The Perish Boundaries 
'' and the dates at which the Registers start 

BERWICK ON TWEED 
• f \ 1574 

JWEEDMOUTH 
I7I! 

ANCROFT 
1742 x NORHAM 

' '653 

LOWICK 
I7I8 

LUCKER CHATTON 
I7I2 

FORD 
' T C A R h A M ^ 3 ^ 1 6 8 3 

\ ^ 1684 

/ 
S ' KIRKNEWTON 

HOLY ISLAND 1578 

' / \ ... D P I crp^r, (p< 

CHILLINGHAM 1692 

i i 

! A. 

B. 

C. 

DODDIN6TON 1688 

BRANXTON 1746 

WOOLER 1692 

/ A Parts included in the Holy Island Registers 
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There are several reasons why the gentry of Northumberland should 

have houses on the island. The weather was milder. The p r i o r y was a 

r i c h and wel l stocked establishment with i t s brewhouse and bakehouse 

and well defended stores. The Scots' ra i d i n g parties usually avoided the 

island; they were superstitious of the outcome of an attack on such a 

holy place. However the monks employed a watchman on the Snook as a 

further precaution. The island may wel l have escaped some of the epidemics 

that ravaged the mainland at t h i s time. The monies only experienced 

economic disaster through the destruction of t h e i r mainland possessions 

by the border raiders. 

I n the f i f t e e n t h century there was a market on the island and the 

l a i t y were occupied as innkeepers,farmers and fishermen and i n 'chamber 

l e t t i n g speculations' (Raine 1852). The island was also an important 

staging post f o r coastal vessels. The Wars of the Roses impinged on the 

island i n 1426 with the landing of French troops and an engagement with 

the resident Yorkists and f i n a l l y with the removal of the French by the 

Earl of Warwick. Foreign mercenaries were used against Scottish raiders 

from time to time. German troops are recorded at Scremmeston and Fenham, 

I r i s h at Bamburgh and Si r Pero NegroVat Haggarston (Tomlinson). 

The p r i o r y was dissolved, i n 1537 and thereafter the prosperity of 

the island gradually declined with a f a i l i n g ecclesiastical,strategic 

and economic status. At the s t a r t of t h i s period the castle was b u i l t on 

Beblowe Crag,the d o l e r i t e on the South-Western edge of the island. From 

t h i s time on there was a permanent garrison of troops on the island. I t s 

strategic importance was only secondary to Berwick and the island acted 

as a refuge from the Scots and as adefensible harbour. I n 1550 the 

p r i o r y was used as a storehouse. A survey of Norham and Islandshire i n 

1560/61 indicated the state of the v i l l a g e and i t s inhabitants. The 

island was described as 'poor' with especial reference to the fishermen. 
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A l l the houses except one had thatched roofs. A l i s t of householders i s 

given i n Figure ( 6 ) . There are 32 names on the document and those whose 

families are recorded i n the registers are marked. 

The island became crown property on the death of the l a s t p r i o r . I t 

was then leased to landowners who i n turn sub-let to tenants. The l a t t e r 

h alf of the sixteenth century saw a long legal b a t t l e f o r the crown lease. 

During t h i s time the church and p r i o r y f e l l i n t o disrepair. The parish 

subsequent to the death of ' the l a s t p r i o r was administered by a series 

fluctuated i n size. I n 1559 there v/as a captain,lieutenant,two gunners, 

a gunners mate and 20 soldiers. I n 1616 there were 16 soldiers whilst 

i n 1637 a captain,a gunner and mate and 9 soldiers are mentioned and i n 

1639 a captain and 24 men. 

There were two epidemics at about t h i s time,probably due to the 

plague; one i n 1606 with an unrecorded number of deaths and one i n 1639, 

i n t h i s case the parish registers record the deaths of over 30 soldiers. 

The church v/as repaired i n the seventeenth century and Thomas Shaftoe, 

the m i l i t a r y governor,gave pews to i t i n 1646. Reports of wrecking date 

from t h i s time but they are not well substantiated. However there are 

reports of disputes amongst the islanders over flotsam (Tomlinson). 

Brereton i n 1635 values the island at £100 per annum with an extra £40 

f o r the warren i n the Snook. The annual returns of the rent payers and 

freeholders indicate a continuity of tenure amongst certain families 

f o r many generations. 

The mainstay of the seventeenth century economy seems to have been 

f i s h i n g . Documents r e l a t i n g to the eighteenth century enclosure attempts 

include data to indicate that the 1680's were economically disastrous 

f o r the island due to the f a i l u r e of f i s h i n g and the cessation of kelp 

making. A scheme to drain the Lough also f a i l e d at t h i s time. By the 

of perpetual curates. Whilst the v i l l a g e and church 
\ 

declined the garrison 
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Figure (6) 

Names Present i n the Survey of a . E l i z . l III. ( 1 5 6 0 / 6 1 ) 

William Aimers S Yidua Holbourne S 
Andrew Anderson S Laurance Horsley 
William Aymers S Richard Hood S 
Andrew Bateensonne John Johnson S 
George Beard Richard Johnson s 
Henry Browne S Robert L i l b u r n S 
Thomas Clerke + 1580 Michael Metcalf 
Robert Coates S Edward Nelson 
James Crawford S Oswald Ogle + 1597 

George Denice + 1598 Gawte Prate 
John Dicker Thomas Short S 
Henry Green John Short + 1594 
P h y l l i s Green Thomas Short S 
Isabel Harper Albert Smith 3 
William Hewetson + 1591 John Smith S 
Isabelle Holbourne s Isabel Wenley 

Robert Wilson + 1578 

S = A similar surname appears i n the mortality, register 1578 to 1716 

+ = The year of death of a person of the same name u n t i l 1600 
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l a t e seventeenth century the market had ceased to exist whilst the 

strategic importance of the harbour was temporarily emphasised by the 

erection of a blockhouse on the Eastern side of the Heugh i n 1675. 

The w i l l s of t h i s period show a wide v a r i a t i o n i n fortune and status. 

Weavers,yeomen,widows,freemen and gentlemen bequeathed land,livestock 

and r i g h t s of pasture ranging i n value from 11 / - to £ 4 3 . Four w i l l s 

were proved i n 1675 w h i l s t the usual annual quota was less than one. 

Prosperity returned^in the early eighteenth century whilst a 

marked and severe decline was experienced towards the end of the century 

(see part ( c ) ) . I n 1728 there were 24 freemen on the island. Freemen 

were those with freehold houses and r i g h t s to pasture cattle,cut grass 

f o r thatch,quarry stone and keep f i s h i n g boats. There were also stallengers 

who held fewer r i g h t s and did not pay t i t h e s . Bishop Chandler's v i s i t a t i o n 

of 1736 mentions a schoolmaster and records a t o t a l of 150 families 

l i v i n g on the island including 43 which are Presbyterian and two Roman 

Catholic. A Durham diocese book of 1793 records nearly the same numbers 

of Roman Catholics and Presbyterians and the figures are probably noted 

from t h i s e a r l i e r v i s i t a t i o n . 

Hutchinson w r i t i n g i n 1776 records that the island had 'one farm 

capable of improvement1 with poor,sand blown pasture ,tv/o inns and a 

few fishermens' cottages. I n 1765 four f i s h i n g boats were l o s t i n a 

storm and t h i s probably contributed to the economic decline on the 

island. These deaths are not found i n the parish registers. From various 

documents r e l a t i n g to the enclosure of the island (1789-91) i t i s 

learnt that poor f i s h i n g has impoverished the island to the extent 

that freeholds were l e t to mainlanders along with r i g h t s of pasture, 

contrary to previous custom. Also the islanders raided the rabbit 

warren - one of the most valuable assets of the crown lessee - and 
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would not pay harbour dues. 

Throughout the eighteenth century customs men were present on the 

island along with a much attenuated garrison which was f i n a l l y removed 

i n 1821. The death of.'a revenue man i s noted i n 1716 and i n 1726 an 

affra y i s recorded between the excise and Scottish smugglers. 

The implementation of the 1746 Turnpike Act must have resulted 

i n a decline i n the importance o f news passing through the island by 

sea and a f u r t h e r lowering of the island's status. 

The l a s t decade of the eighteenth century i s marked by a return 

to prosperity. A revenue cutter was stationed on the island w i t h an 

increased number of. revenue men. The old school house was sold and a 

new one b u i l t i n 1796 by public subscription. I n that year there were 

18 pupils and the population had again started to increase. Raine 

mentions a t o t a l island population of 364 i n 1797 and the registers 

record the population i n 1798 as 379-

During most of. the nineteenth century the prosperity of the island 

was maintained, through the f i s h i n g industry. Lobsters were sent to 

London whilst Lord Tankerville had oyster beds i n Holy Island channel. 

Herring-fishing was the main reason f o r t h i s new prosperity and t h i s 

continued u n t i l the 1870's. I n 1826 there were 13 boats and 52 men 

involved i n f i s h i n g . 

The island seems to have been regarded as a healthy and i n t e r e s t i n g 

resort f o r t r a v e l l e r s throughout the nineteenth century. I n 1816 the 

prior y ruins were t i d i e d up and by 1859 there were nine inns on the 

island. The posts across the sands were erected i n 1860. I n 1865 a 

proposal to reclaim the sands to the West of the island was rejected 

on the grounds that i t would no longer keep Lindisfarne an island. I n 

the Earl Grey report of 1884 there were about six good lodging houses 
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i n operation on the island and the rates charged were twice those of 

the mainland. The f i r s t guide devoted to the island was published at 

about t h i s time. The other major factor contributing to the prosperity 

of the community i n the nineteenth century was the development of 

limestone quarrying by a Dundee company. This venture was i n decline 

by the 1870's. 

A l i f e b o a t was given to the island by the trustees of the Lord 

Crewe estates i n 1805. The boat was i n s t i t u t e d some time l a t e r and 

was manned exclusively by islanders u n t i l i t s recent disbandment. The 

school prospered with the rest of the community and by the 1850's had 

over 50 pupils. The church and school were endowed by two charities 

i n the nineteenth century. 

The fishermen's cottages seem to have changed l i t t l e from Elizabethan 

times up to the nineteenth century. I n 1859 the v i l l a g e was described 

as having untidy houses with thatched roofs and white-washed walls. 

The 1.884. study by the Earl Grey of Northumbrian cottage l i f e indicated 

that the conditions on the island compared well with the mainland. 

Apparently by that time a l l were much improved on the island having 

back doors and outside lavatories. There were only one or two cottages 

i n the v i l l a g e that were thought u n f i t f o r habitation. An average of 

six to eight people l i v e d i n each house. 

The twentieth century brought many changes to the island community. 

In 1948 40$ of the islanders were concerned with the t o u r i s t trade. 

This century also saw the consolidation of. the h i s t o r i c a l and archeological 

position of the island and once more a decline i n importance of the 

f i s h i n g industry. Inshore f i s h i n g and the s h e l l f i s h trade became more 

and more suitable to an island population who also wished to shoot 
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wildfowl and help i n the summer with tourism and as part-time carriers 

and guides. The castle was restored by Luytens i n 1902 as a private 

dwelling and subsequently given to the National Trust. The pr i o r y 

now belongs to the Ministry of Public Buildings and Works. 

Many islanders l e f t during the f i r s t h a l f of the twentieth century 

and have been replaced by r e t i r e d people from the mainland and weekend 

holiday cottagers. Since the 1920's new bungalows have been b u i l t 

f o r t h i s group and t h i s has continued u n t i l the present day. 

The f i r s t guide e n t i r e l y devoted to the island was published 

i n 1884 (Keeling) whilst the twentieth century saw a series of such 

works. An early example (Halliday 1909) includes a great deal of 

useful information f o r the average holiday maker whilst others stress 

the h i s t o r i c a l or b i o l o g i c a l a t t r i b u t e s o f the island (Graham 1920, 

Addleshaw 1957 fGraham 1958,Tegner 1969). More specialised monographs 

include one on the p r i o r y (Thompson 1949)>the Presbyterian church 

(Paton 1950) and the natural h i s t o r y (Perry 1946). The ea r l i e s t map 

of the island i s that of Speed printed i n 1610 and the e a r l i e s t chart 

that of Greenville Collins printed i n 1693,the d e f i n i t i v e mapping 

of the island i s from the mid-nineteenth century and was published 

i n outline by the Ordnance Survey i n 1860; t h i s i s shown i n Figure ( 3 ) . 

The island was not surveyed geologically u n t i l 1927 (Carruthers et a l i a ) . 

Since the l a s t war several new ventures have taken place on the 

island. The Lindisfarne Mead Company was started i n 1965 and employs 

a few islanders. Two r e s i d e n t i a l hotels supplement the guest houses 

and now a retreat associated with the church adds to the d i v e r s i t y of 

v i s i t o r s . 

The school now has one teacher and about ten pupils. E l e c t r i c i t y 
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was i n s t a l l e d i n 1958 and mains sewage i n 1961. Water was pumped 

manually u n t i l 1955 and i n 1959 the causeway was b u i l t and subsequently 

a metalled road l i n k i n g the v i l l a g e w i t h the mainland. This has made 

access t o the i s l a n d easier t o o u t s i d e r s and the t o u r i s t boom dates 

from t h i s time (1959-1965)• Nowadays the i s l a n d i s used as a s i t e f o r 

f i e l d w o r k t r i p s f o r students of geography ( G a l l i e r s 1970),botany, 

zoology and archeology w h i l s t an i n c r e a s i n g number of non-islanders 

use the i s l a n d as a ho l i d a y r e s o r t (Nicholson 19^9) and others use i t 

f o r f i s h i n g and w i l d f o w l i n g . There i s also a h o l i d a y home on the i s l a n d 

f o r town c h i l d r e n . The amenities i n c l u d e , i n a d d i t i o n t o those mentioned 

above,four p u b l i c houses,several shops,a post o f f i c e , t h e c a s t l e and 

p r i o r y r u i n s which are open to the p u b l i c and a f r e e car park. 

The i s l a n d e r s ' l i f e i s d e l i m i t e d by t h e i r occupation. Some o f 

those engaged i n the seasonal t o u r i s t trade tend t o leave the i s l a n d 

i n w i n t e r and stay w i t h r e l a t i v e s , others help w i t h the w i n t e r inshore 

f i s h i n g t r a d e . The major outdoor r e c r e a t i o n s are w i l d f o w l i n g and 

beachcombing w h i l e others study n a t u r a l h i s t o r y or help w i t h the 

p a r t time coast watch. Many now d r i v e t o Berwick o r Newcastle a t the 

weekends and some are employed on the mainland d u r i n g the week. The 

v i c a r , d i s t r i c t nurse,a publican,the management of the mead works,the 

postmistress,the m i n i s t r y guide and the schoolmistress, are a l l people 

not born on the i s l a n d . On the o t h e r hand the water company employee, 

the c o u n c i l workman,the two f a r m e r s , a l l the fishermen and ex-lifeboatmen 

and the e x - f u l l - t i m e coastguard and the c a s t l e guide are a l l e i t h e r 

born on the i s l a n d or have close k i n - t i e s w i t h other i s l a n d e r s . 

The i s l a n d and i t s present i n h a b i t a n t s are now undergoing the 

f i n a l phase of t r a n s i t i o n i n economy and personal outlook which s t a r t e d 

a t l e a s t a hundred years ago. Fewer i s l a n d e r s are l e a v i n g and others 

who have l e f t are r e t u r n i n g . Council houses have been b u i l t f o r i s l a n d 
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couples. I t now seems l i k e l y t h a t through tourism many of.' the i s l a n d 

i n h a b i t a n t s w i l l "become as prosperous as t h e i r ancestors were i n the 

middle of the l a s t century. 

C o l l a t i o n 

P a r t (a) summarises the h i s t o r y of the Holy I s l a n d p o p u l a t i o n 

up t o the present day. The p o i n t s which are h i g h l i g h t e d and which 

w i l l be r e l e v a n t l a t e r are the geographical i s o l a t i o n of the p o p u l a t i o n , 

the f a c t t h a t there was l i t t l e r e p roductive i s o l a t i o n and t h a t there 

have been marked f l u c t u a t i o n s i n the size of the p o p u l a t i o n . The 

po p u l a t i o n has been associated w i t h s p e c i f i c i n d u s t r i e s since the 

d i s s o l u t i o n o f the monasteries and economic changes i n these have been 

r e f l e c t e d i n the s i z e of the i s l a n d community. The present day i n h a b i t a n t s 

have experienced a d e c l i n e i n the f i s h i n g i n d u s t r y and a marked and 

recent increase i n the importance of touri s m . 
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P a r t (b) 

Methods Used i n the Demographic A n a l y s i s 

Sources o f Demographic Data 

1. Verbal i n f o r m a t i o n from the l i v i n g i s l a n d e r s . 

2 . The p a r i s h records from 1578 u n t i l 1969. These are a v a i l a b l e 

on m i c r o f i l m and two separate t r a n s c r i p t s e x i s t . 

3. The census r e t u r n s f o r Northumberland and Durham from 1801 

u n t i l 1961. I n a d d i t i o n the enumerators' r e t u r n s f o r the census years 

1841,1851,1861 and 1871 have been s t u d i e d . 

4.Some e x t r a marriages were found i n Somerset H o u s e , c i v i l r e g i s t r a t i o n 

s e c t i o n . 

5 .Family trees e x i s t f o r some i s l a n d f a m i l i e s and where a d d i t i o n a l 

i n f o r m a t i o n was.. a v a i l a b l e t h i s i s i n c o r p o r a t e d . 

Methods of A n a l y s i s 

Each baptismal e n t r y i n the p a r i s h r e g i s t e r s was carded,the record 

being made t o the p a t t e r n o f Kuchemann (1969)- This enabled the c o n s t r u c t i o n 

o f nuclear f a m i l i e s and w i t h the a d d i t i o n o f marriage and death records 

the f o r m a t i o n o f t e n t a t i v e f a m i l y t r e e s . The marriage r e g i s t e r s were 

d e f i c i e n t d u r i n g the Commonwealth p e r i o d ( e s p e c i a l l y 1654 t o 1655)t 

and a f t e r 178O when ' S c o t t i s h marriages' were contracted r e g u l a r l y , 

some,but not a l l of these being mentioned i n a separate s e c t i o n o f the 

p a r i s h r e g i s t e r s . Between 1825 and 1855 many people who were producing 

c h i l d r e n on the i s l a n d had no marriages recorded on the i s l a n d . S i m i l a r l y 

the death r e g i s t e r s are missing f o r tv/o b r i e f periods ( 5 t h August 1693 

t o 13th January 1695 and 20th January 1705 t o 11th A p r i l 1710). I n 

many instances the death records are d i f f i c u l t t o i n t e r p r e t as throughout 
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the h i s t o r y of the i s l a n d many people had the same names. For t h i s 

reason the deaths of people w i t h the same name have been a l l o t e d t o 

the b i r t h cards i n an a r b r i t a r y way. P r i v a t e f a m i l y t r e e s , t h e a d d i t i o n a l 

i n f o r m a t i o n from c i v i l r e g i s t r a t i o n and the occasional a d d i t i o n a l piece 

of i n f o r m a t i o n present i n the r e g i s t e r s have a l l been taken i n t o account 

to help w i t h t h i s problem. Nevertheless e r r o r s must have been made i n 

the c o n s t r u c t i o n of the i s l a n d f a m i l y t r e e s . Separate t r e e s were 

made f o r each male surname on the i s l a n d . 

The m a j o r i t y o f the c a l c u l a t i o n s were made u s i n g the nuclear 

f a m i l i e s . These were grouped together and placed i n t o a r b i t r a r y d i v i s i o n s 

depending on the year of b i r t h of the e l d e s t c h i l d . These cohorts 4^ 

represent a s t a r t i n g p o i n t f o r groups of f a m i l i e s and not the demographic 

events between two s p e c i f i c dates. The f i r s t cohort i s from 1578 t o 

1579 and t h e r e a f t e r they f o l l o w decades u n t i l cohort 40 (196O-1969). 

The r e s u l t s of t h i s process of aggregation were recorded on sheets 

of squared paper a l p h a b e t i c a l l y by the name of the f a t h e r ( o r the 

mother i f the f a t h e r was not known). I n the next s e r i e s of columns 

come the l e t t e r s M or F i n d i c a t i n g the b i r t h sequence by sex. Then c o ^ y 

a separate s e c t i o n showing the b i r t h o r baptismal i n t e r v a l i n months 

and f i n a l l y t o a l l t h i s was added the maiden name o f the mother. An 

example of a cohort work sheet i s given i n Figure ( 7 ). The next step 

was t o examine these records and t o f i n d the o f f s p r i n g i n any one 

cohort who c o n t r i b u t e d f u r t h e r t o the i s l a n d p o p u l a t i o n by being a 

parent i n a l a t e r cohort. 

A second series o f work sheets was then constructed c o n t a i n i n g 

only those f a m i l i e s whose o f f s p r i n g appear i n a l a t e r cohort. An example 

of such a sheet i s given i n Figure ( 8 ). On these sheets the name of 

the f a t h e r , t h e mother and the sequence of o f f s p r i n g i s given i n a 

s i m i l a r manner t o the other sheets. Next i s given the names and dates 

* For d e f i n i t i o n see page 4. 
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Figure (8) 

Example of an Extracted Cohort Worksheet (No.22) Unrevised 
Showing a Contributory Cohort 

1780-1789 

Name Father Name Mother Offspring Name & d.o.b. Next C.C. Ends/Continues 
Hall. John FMMFFE 

++ 

f a t t e r son R.gromarty J . MFMFM 
Patterson J.Wilson E l i z . F F 

Sanderson H.Beadland M. F1F 

Smith Rbt. FF + 
Thompson Ra.Robertson E. M 

M + Wallace Henry 

Wilson Ra. Patterson Is.FF^MMMM 

'IFF Geo. 16-11-1783 1800 Ends 
Jane 30- 6-1784 1800 Continues 
Jane 9- 1-1791 1810 Ends 

Isab e l 3- 3-1785 1790 Continues 
Ann . twin 1800 Ends 
Ann 6-11-1785 1820 Ends 

V/illiam9- 1-1971 1820 Ends 
Mary 22- 7-1787 1820 Ends 

Ralph 26- 3-1786 1810 Ends 
Henry 7- 4-1784 1800 Ends 

James 16- 4-1786 1830 Ends 

* B i r t h mentioned i n previous cohorts 

+ A parent i n l a t e r cohorts 
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o f b i r t h of the c h i l d r e n who appear as parents l a t e r on. Next i s the 

cohort i n which each c h i l d appears as a parent and f i n a l l y a column 

which i n d i c a t e s i f the c h i l d r e n i n the present cohort produce c o n t r i b u t o r y 

o f f s p r i n g i n y e t f u r t h e r cohorts. 

People who marry twice are recorded separately. The deficiences 

i n the data become obvious as the analysis progresses. This i s seen 

e s p e c i a l l y i n the l a c k of data on wives,the d i f f i c u l t y i n f i n d i n g the 

c o r r e c t f a t h e r f o r a c h i l d when there are several men of the same name 

reproducing a t the same time,the inaccuracies associated w i t h baptismal 

i n t e r v a l s and the very l a r g e sibships due t o unrecorded second marriages. 

Despite these deficiences t h i s method of a n a l y s i s allows comparisons 

a t d i f f e r e n t stages i n the development of the p o p u l a t i o n from 1578 

to the present day. 

An examination of the completed and unselected cohorts shows 

vari o u s types of i s l a n d i n h a b i t a n t s . 

1. Those couples and t h e i r descendants who are found i n three or 

more cohorts. 

2. Those couples and t h e i r descendants who are found i n one or 

two cohorts but who have c h a r a c t e r i s t i c i s l a n d forenames and surnames 

and whose marriages are recorded and/or whose sibships appear t o be 

complete and w i t h a p p r o p r i a t e death records. 

3. Those couples represented by descendants i n only one or two 

cohorts who have unique or common surnames w i t h no marriage records 

and incomplete sibships and o c c a s i o n a l l y some explanation o f t h e i r 

presence on the i s l a n d ( f o r example,a s o l d i e r ) . 

4. Those couples and t h e i r descendants who although they do not 

form a continuous pedigree from the records a v a i l a b l e on the i s l a n d , 

do crop up over many years. These people are e i t h e r landowners or 
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the i n h a b i t a n t s of the ch a p e l r i e s or people w i t h a s t r o n g regard 

f o r the i s l a n d who have t h e i r o f f s p r i n g baptised there from time t o 

time. They are also the f a m i l i e s of Protestant d i s s e n t e r s or Roman 

Ca t h o l i c s . 

A t the same time there are various types of married couples 

found i n the cohorts. 

A. Two people born on the i s l a n d or who belong to two f a m i l i e s 

whose ancestors have l i v e d on the i s l a n d for many years. 

B. One person from, the category A. and one,usually the woman, 

whose name and b i r t h place are not. known. When the name o f such a 

woman i s known she has an u n f a m i l i a r surname or no traceable r e l a t i o n s h i p 

w i t h other contemporary i s l a n d e r s . This i s u s u a l l y assumed t o be an 

exogamous marriage. 

C. Two people from t h i s second category. That i s b o t h p a r t n e r s 

were from mainland parishes and u s u a l l y married elsewhere and have 

produced some or a l l of t h e i r f a m i l y on the i s l a n d . These couples 

are e i t h e r t r a v e l l e r s or from the armed f o r c e s . These are c a l l e d 'new 

couples' and an i n f l u x may be seen i n the e a r l y p a r t of the n i n e t e e n t h 

century (see p a r t s (e) and ( f ) ) . 

D. F i n a l l y the intermediate marriage category may be found between 

two people who might belong t o group A. , but some piece of evidence i s 

missing. These i n d i v i d u a l s may be the c h i l d r e n of i s l a n d e r s who were 

born when t h e i r parents were working f o r a time elsewhere. The baptismal 

e n t r i e s are scattered among other p a r i s h books and those of Holy I s l a n d . 

From the above s e r i e s of marriages and i n h a b i t a n t s can be ext r a c t e d 

t h r e e i s l a n d groups,which w h i l s t being g e n e t i c a l l y and demographically 

u s e f u l categories can also be e a s i l y d i s t i n g u i s h e d i n the cohort s e r i e s , 

the l i v i n g p o p u l a t i o n and i n the census r e t u r n s . These groups w i l l 

a l s o be considered i n others p a r t s of t h i s t h e s i s . 
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Group (a) This i s the core i s l a n d p o p u l a t i o n a t any one time. 

The members of t h i s group have c h a r a c t e r i s t i c surnames,many r e l a t i o n s h i p s 

w i t h others i n t h i s group and a t y p i c a l i s l a n d occupation. 

Group (b) This i s the group who marry i n t o group (a) and who were 

bom elsewhere. As may be gathered from the disc u s s i o n above,often 

the l a c k of evidence leads t o the conclusion thajb a person belongs 

t o t h i s group. This group i s mainly composed o f women. 

Group (c) This i s the group,neither born on the is l a n d , n o r married 

t o i s l a n d e r s , b u t who are on the i s l a n d because of t h e i r trade or 

p r o f e s s i o n . This group may provide i n d i v i d u a l s f o r group ( b ) . Nowadays 

the r e are many r e t i r e d people i n t h i s category. 

Many people of diverse o r i g i n s are brought t o the i s l a n d and t h i s 

lias been a n t i c i p a t e d i n the f i r s t p a r t of t h i s t h e s i s . Figure (9) 

l i s t s some of the major occupational groups found i n the t h i r d of the 

above categories. Some of the i n d i v i d u a l s i n Figure (9) l i v e d on the 

i s l a n d f o r many years and others brought up t h e i r e n t i r e f a m i l i e s 

t h e r e . A t a l l times t h i s group could provide the a l t e r n a t i v e t o t r a v e l l i n g 

t o the mainland f o r 'non-island* wives or husbands and t o t h i s extent 

t h i s group would provide marriages t h a t were not s t r i c t l y endogamous 

nor e x a c t l y exogamous as these terms have been defined e a r l i e r . I n 

p r a c t i s e t h i s problem resolves i t s e l f since i n the vast m a j o r i t y of 

m a r r i a g e s , i t i s not po s s i b l e t o segregate the t r u e exogamous from 

t h i s i ntermediate type of marriage. Thus a l l such marriages are assumed 

to be exogamous. This could be o f importance when marriage distance 

i s considered l a t e r i n t h i s t h e s i s . 

The above three groups ( a ) , ( b ) and (c) are approximations designed 

to s i m p l i f y the subsequent analyses. They are also u s e f u l i n understanding 

how the s t r u c t u r e of the i s l a n d community can change from time t o time. 
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Figure (9) 

Non-Islanders Appearing i n the Holy Island Parish Registers 

and t h e i r .Occupation 

Occupation Numbers Dates ( i n centuries) 

Army and M i l i t i a Numerous 17th. to 19th 
Revenue Men, Coastguards Sporadic 19th 
Guides Sporadic 18th and 19th 
Foreigners Rare 17th to 19th 
Fishermen Rare 18th and 19th 
limeworkers F a i r l y Common l a t e 19th 
Travellers,Vagrants 
and Strangers Common 17th to 19th 
Pe r i p a t e t i c Tradesmen 
and Labourers Common 17th to 19th 
Summer V i s i t o r s Sporadic 19th and 20th 
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The p o p u l a t i o n on the i s l a n d i s i n a dynamic s t a t e and has never 

achieved a constant size because of the f l u c t u a t i n g v i t a l r a t e s of 

the i s l a n d p o p u l a t i o n . However the pro p o r t i o n s t h a t go t o c o n s t i t u t e 

the s u b - t o t a l s remain f a i r l y constant. There has,for example,been a 

constant p r o p o r t i o n of i s l a n d e r s a c t i n g as a core t o the community 

and p r o v i d i n g most of the i n h a b i t a n t s of the c o n t r i b u t o r y cohorts. 

Also there has been a small,but constant,gene f l o w onto the i s l a n d 

e i t h e r as new couples or group (b) i n d i v i d u a l s from the mainland 

or the i s l a n d s h o r t stay community. Very small numbers of the new 

couples have descendants who remain on the i s l a n d . I n each generation 

more c h i l d r e n are born than c o n t r i b u t e t o the next generation on the 

i s l a n d . I n order t o b r i n g t h i s about there must be a s i g n i f i c a n t degree 

o f c h i l d m o r t a l i t y and emigration from the i s l a n d . The r a t e o f emigration 

i s u s u a l l y governed by economic f a c t o r s . I n times of economic c r i s i s 

the f i r s t groups t o leave the i s l a n d are those who have been there the 

sh o r t e s t l e n g t h of time. M o r t a l i t y and c h i l d m o r t a l i t y e s p e c i a l l y 

i s g r e a t e s t a t times of epidemics. A f t e r an economic d e c l i n e or a 

severe epidemic the p o t e n t i a l p o p u l a t i o n which i s present on the 

i s l a n d w i l l n e a r l y equal the group t h a t a c t u a l l y does go t o c o n s t i t u t e 

the next generation. As w e l l as such major causes of p o p u l a t i o n r e d u c t i o n 

on the i s l a n d there was also a smaller and more consiste-nt c h i l d 

m o r t a l i t y r a t e and emigration r a t e upon which the l a r g e r e f f e c t s 

were superimposed from time t o time. 

F e r t i l i t y has v a r i e d from group t o group and i n some cases has 

been very great and the accumulated f e r t i l i t y o f a few couples over 

many generations has been ex c e p t i o n a l . Nowadays,as f o r the past 80 

years,nearly a l l the i s l a n d e r s are r e l a t e d , a l b e i t d i s t a n t l y , w h i l s t 

the number of cousin marriages has a t a l l times been low. This poses 

some important problems i n the second and t h i r d chapters o f t h i s t h e s i s . 
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C o l l a t i o n 

Part (b) has introduced the major methods of demographic a n a l y s i s 

c a r r i e d out on the Holy I s l a n d p o p u l a t i o n . The aim i s t o d i s p l a y the 

dynamic s t a t e of the p o p u l a t i o n i n a way which w i l l a l l o w u s e f u l 

demographic and genetic a n a l y s i s . This i s e f f e c t e d by s t u d y i n g the 

f e r t i l e p o p u l a t i o n d i v i d e d i n t o a r b i t r a r y u n i t s or cohorts. This 

cohort method demonstrates two i n t e r l o c k i n g populations : the s t a b l e 

( c o n t r i b u t o r y ) group and the t r a n s i e n t ( n o n - c o n t r i b u t o r y ) group. The 

cohort technique i s a l o n g i t u d i n a l one and shows the r e l a t i o n s h i p s 

of these two groups through time. The study of the l i v i n g p o p u l a t i o n 

and the census data,on the other hand,displays the p o p u l a t i o n a t 

f i x e d periods o f time and here i t i s p o s s i b l e t o d e f i n e three segments 

o f the p o p u l a t i o n ; groups ( a ) , ( b ) and ( c ) . These may be compared w i t h 

the two l o n g i t u d i n a l populations; the c o n t r i b u t o r y and n o n - c o n t r i b u t o r y 

groups,group (a) apparently being equivalent t o the c o n t r i b u t o r y 

population,group (c) the n o n - c o n t r i b u t o r y p o p u l a t i o n and group (b) 

r e p r e s e n t i n g the interchange between these two l o n g i t u d i n a l populations 

and also between group (a) and the outside world. I t i s convenient i n 

t h i s chapter t o consider the Holy I s l a n d p o p u l a t i o n as a demographic 

u n i t i n r e l a t i o n t o the outside w o r l d . Holy I s l a n d i s not r e p r o d u c t i v e l y 

i s o l a t e d however as an examination of the marriage data i n p a r t s (e) 

and (g) w i l l show. This p a r t w i l l be r e f e r r e d t o i n several l a t e r p a r t s . 



- 35 -

Part (c) 

Demographic Trends i n the H i s t o r i c a l Holy Island Population 

Moving Averages 

I t i s possible to represent trends i n widely fluctuating numerical 

s e r i e s by the use of moving averages. This calculation entails taking 

the mean of a group of figures i n a sequence,say the f i r s t five values. 

This mean i s conventionally placed medially i n t h i s five year sequence 

(i.e.near the old third value),The next mean value i s found by omitting the 

f i r s t figure i n the sequence and adding the sixth;this figure i s placed 

second i n the new series and near the fourth i n the old. Further manipulation 

was required to properly show trends amongst the Holy Island r e s u l t s . Here 

a twenty year moving average was determined and the results displayed i n the 

various tables and diagrams only show every f i f t h value i n the new s e r i e s . 

Baptismal Entries 

Figure (10) shows the baptismal entries for every f i f t h year as a 

twenty year moving average. They show a rapid r i s e i n the sixteenth and 

seventeenth centuries to a peak i n the middle of the seventeenth century. 

This i s due i n part to more e f f i c i e n t registration procedures as well as 

an increase i n the slxe of the breeding population. The baptismal rate 

remained high u n t i l the early eighteenth century when a period of emigration 

among the younger members of the community produced,in effect,a death rate 

higher than the baptismal rate and so led to the rapid population decline 

of the mid-eighteenth century. The prosperity of the nineteenth century 

i s , i n part,reflected by the increased number of baptisms at this time. 

The decline that commences a f t e r 185O i s accentuated by the separation 

of the mainland parts of the parish and the introduction of a Presbyterian 

church on the island. Some 30$ of the present population are Presbyterians. 
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M o r t a l i t y E n t r i e s 

Figure (11) shows the t o t a l b u r i a l e n t r i e s f o r every f i f t h year 

as a twenty year moving average .The m o r t a l i t y r e g i s t e r s are much f u l l e r 

than the baptismal or marriage e n t r i e s because persons o f a l l r e l i g i o u s 

denominations are b u r i e d i n the churchyard. Also included i n these 

r e g i s t e r s are many i n d i v i d u a l s who have only p e r i p h e r a l a s s o c i a t i o n 

w i t h the i s l a n d ; t r a v e l l e r s , s o l d i e r s and drowned seamen. The r e g i s t e r s 

are imperfect f o r a number of years and estimations have been made 

of the mid-period values f o r the appropriate periods. 

Figure (12) shows the accumulated records o f births,marriages 

and deaths f o r each t e n year p e r i o d from 1700. This shows the various 

periods when deaths exceeded b i r t h s on the i s l a n d . This occurred as 

p a r t o f the p o p u l a t i o n d e c l i n e i n the 1760's and also i n the de c l i n e 

t h a t commenced i n the l a t e n i n e t e e n t h century. This f i g u r e a lso shows 

the increase i n the number of b i r t h s i n the f i r s t h a l f of the ninet e e n t h 

century. Marriage r a t e s bear l i t t l e r e l a t i o n s h i p t o these trends 

and r a i s e the ques t i o n which w i l l be discussed l a t e r of how r e p r e s e n t a t i v e 

of the p o p u l a t i o n are the marriage r e g i s t e r s . 

Figure (13) shows the d i f f e r e n c e s i n the moving averages between 

b i r t h and death e n t r i e s . The f i g u r e s g i v e a series o f values p r o p o r t i o n a t e 

t o the s i z e of the p o p u l a t i o n changes. The o v e r a l l f i g u r e i s i n excess 

(136 .90) and thus emphasises the f a c t t h a t emigration must have occurred 

throughout the i s l a n d ' s h i s t o r y . There are only three periods o f 

negative balance: 

I.The mid-years 166O t o 1680 when a s e r i e s of a c c i d e n t a l deaths 

may have t e m p o r a r i l y a f f e c t e d the b i r t h r a t e . 

2..The mid-year3 1740 t o 1770 d u r i n g a p e r i o d of emigration and 

economic d e c l i n e . 

3.The mid-year 1910 t o the present day again due t o emigration 

and an economic d e c l i n e . 



s (0 

a 

CD 
0) 

CD 

0 

CD ID 



- 39 -

Figure (12) 

n o . s / d e c a d e 

B O O 

1 B O 

D E A T H S B O 

B I R T H S 

M A R R I A G E S 

1 7 OO 1 B O O 1 9 O O 
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FIGURE (,13 .) 

HOLY ISLAND 

EXCESS BAPTISMAL/MORTALITY ENTRIES/5th YEAR 

2Q YR MOVING AVERAGES 

TOTAL POPULATION 

EXCESS + 
DEFICIT -

MID YEAR EXCESS + 
DEFICIT • 

MID YEAR EXCESS + 
DEFICIT • 

- I . 10 

+ 1.30 

+ 1.55 

+ 1.25 

+ 1.70 

+ 0.35 

+ 0.35 

+ 0.95 

+ 0.45 

+ 3.95 

+ 3.60 

+ 2.90 

+ 3.60 

+ 0.05 

- 0.85 

- 0.20 

- 2.55 

- 1.05 

- O.IO 

+ 1.15 

+ 3.45 

+ 4.75 

+ 6.30 

+ 8.30 

1710 

1715 

1720 

1725 

1730 

1738 

1740 

1745 

1750 

1755 

1760 

1765 

1770 

1775 

1780 

1785 

1790 

1795 

1800 

1805 

1810 

1815 

1820 

1825 

+ 6.70 

+ 5.15 

+ 3.70 

+ 3. €5 

+ 2.65 

+ 3.00 

- O.IO 

-.Oi25 

- 0.85 

1.70 

- 1.10 

- 0.65 

- 0.85 

+ 1.20 

+ 1.35 

+ 1.50 

+ 2.75 

+ 3.25 

+ 2.60 

+ 5.05 

+ 5.65 

+ 6.65 

+ 7.65 

+ 4.25 

TOT AT.. EXCESS + 168.95 
TOTAL DEFICIT - 32.05 
OVERALL RESULT + 136.90 

1830 

1835 

1840 

1845 

1850 

1855 

1860 

1865 

1870 

1875 

1880 

1885 

1890 

1895 

1900 

1905 

1910 

1915 

1920 

1925 

1930 

1935 

1940 

1945 

1950 

+ 4.05 

+ 4.05 

+ 3.25 

+ 5.65 

+ 6.60 

+ 5.25 

+ 3.95 

+ 4.40 

+ 3.30 

+ 2.95 

+ 3.95 

+ 3.05 

+ 2.75 

+ 1.85 

+ 0.85 

+ 0.35 

- 1.45 

- 2.25 

- 2.40 

- 3.20 

- 3.25 

- 2.10 

- 1.90 

- 1.95 

- 2.20 
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P o p u l a t i o n Size 

The census r e t u r n s are a v a i l a b l e f o r the p a r i s h of Holy I s l a n d 

from 1801 t o the present day. Up u n t i l 1900 the r e t u r n s included 

the mainland cha p e l r i e s of Fenham and Goswick w h i l s t A n c r o f t was 

l i s t e d separately. The p o p u l a t i o n on the i s l a n d i s o n l y known from 

1841 t o 1871. The p a r i s h r e g i s t e r s c o n t a i n an enumeration entered 

under the year 1797» Figure (14) gives the r e s u l t s a v a i l a b l e a t the 

time of w r i t i n g . There i s a close o v e r a l l resemblance between the 

p o p u l a t i o n s i z e as recorded i n the census and the number of recorded 

b i r t h s by decades. This i s shown i n Figure ( 1 5 ) . The r e s u l t f o r the 

1921 census (586) i s anomalous as the census took place d u r i n g the 

h o l i d a y season and includes many non-residents. I t seems pos s i b l e 

t o use the baptismal trends as a guide t o the changes i n the o v e r a l l 

p o p u l a t i o n s i z e t h a t occurred before 1801. 

P o p u l a t i o n Composition 

The age p r o f i l e s f o r 1841T1851 and 1861 are given i n Figure ( 1 6 ) . 

They are f o r the i s l a n d p o p u l a t i o n only and f o r comparative purposes 

each age group i s represented as a percentage o f the t o t a l p o p u l a t i o n . 

The a c t u a l f i g u r e s f o r the male and female populations on the i s l a n d 

are given i n Figure (17)« I n a l l cases except i n 1861 and 1951 there 

are more women than men l i v i n g on the i s l a n d . Between 1841 and the 

present day the average age o f the t o t a l p o p u l a t i o n has increased, 

p a r t l y by l o n g e v i t y but also as a r e s u l t of d i f f e r e n t i a l m i g r a t i o n 

from the i s l a n d i n e a r l y a d u l t l i f e . Today many people who were born 

on the i s l a n d r e t u r n t o i t on r e t i r e m e n t . 
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Figure (14) 

Population Sizes on Holy Is l a n d 

Year Island Island + Mainland 
1797 364 ** 

1801 ** 601 

1811 ** 675 

1821 ** 760 

1831 ** 836 

1841 497 798 

1851 553 905 

1861 614 935 

1871 573 876 

1881 ** 870 

1891 ** 804 

1901 405 ** 

1911 359 ** 

1921 586 * ** 

1931 - 287— — ** -

1951 238 * * 

1961 190 ** 

* Census taking during the Easter period 

*» Not deducible 

++ Penham,GoswickfBrooahouses and Cheswick 
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Figure (17) 

Numbers of males and females i n the Holy I s l a n d p o p u l a t i o n 

Year Males Females 

1797 (Registers) 170 194 
1841 (Census) 243 254 
1851 (Ceasus) 268 285 

1861 (Census) 310 304 
1911 (Census) 177 182 

1931 (Census) 137 150 
1951 (Census) 119 119 
1961 (Census) 94 96 
1970 (Present Study) 77 79 

Sex Ratio 

The sex r a t i o a t b i r t h by cohorts i s given i n Figure (18) as 

a 50 year moving average. The r a t i o i s expressed as the number of 

males per 100 females. The o v e r a l l mean of 11.0.3 i s hi g h and due t o 

the h i g h values i n e a r l y cohorts. This i s a f a c e t of l a x r e g i s t r a t i o n 

procedures • For the r e s t o f the cohorts,apparently,the sex r a t i o 

increases w i t h decreasing populations and v i c e versa. The c o n t r i b u t o r y 

p o p u l a t i o n i n the cohorts has a much higher sex r a t i o than the non-

c o n t r i b u t o r y p o p u l a t i o n and could account f o r the excess of males 

(see p a r t ( f ) ) . Figure (19) shows the a c t u a l va.lues f o r the sex r a t i o 

i n groups o f f i v e cohorts. The curved l i n e i s an e s t i m a t i o n of the 

tr e n d and shows t h a t the i s l a n d e r s have c o n s i s t e n t l y produced fewer 

males by p r o p o r t i o n w i t h each successive set of cohorts. 
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Sibship Composition 

The composition o f each, f a m i l y s i b s h i p has a l t e r e d throughout 

the cohorts. This i s shown i n Figure (20) which expresses the t o t a l 

number of f a m i l i e s of s p e c i f i c sizes f o r f i v e cohort periods as a 

percentage of the t o t a l . The f i r s t group i s anomalous i n i t s t o t a l 

composition w i t h a l a r g e r p r o p o r t i o n of only c h i l d r e n and a lower than 

average number o f f a m i l i e s w i t h between f i v e and e i g h t c h i l d r e n . 

This i s probably due t o an i n c o n s i s t e n t r e c o r d i n g of b i r t h s w i t h , 

again,a d e f i c i e n c y of females. Otherwise the p r o p o r t i o n of only c h i l d r e n 

g r a d u a l l y increases t o the present day w i t h a sudden drop a f t e r 1919 

i n f a m i l i e s w i t h f i v e o r more c h i l d r e n . There i s also a s i m i l a r decrease 

i n the number of f a m i l i e s w i t h three or f o u r c h i l d r e n . There i s a 

p r o p o r t i o n a t e l y small number of very l a r g e sibships and no apparent 

t r e n d can be seen. 

B i r t h I n t e r v a l 

The r e s u l t s f o r average b i r t h i n t e r v a l s are recorded i n Figure 

(21). For the cohorts 6 t o 35 the i n t e r v a l s are remarkably consistent 

w h i l s t the i n t e r v a l s seen i n the groupings 1 t o 5 and 36 t o 40 are 

longer. There i s also a'good deal of inconsistency i n the younger 

c h i l d r e n of sibships o f ei g h t or more. The l a t t e r f a c t i s probably 

due t o the smaller sample si z e s . The discrepancies i n the e a r l y cohorts 

are probably due t o the i n c o n s i s t e n t r e c o r d i n g o f a l l b i r t h s , e s p e c i a l l y 

s t i l l b i r t h s and neonatal deaths. The increase i n the b i r t h i n t e r v a l s 

i n cohorts 36 t o 40 i s a f e a t u r e of the s o c i a l trends i n t h i s country 

i n recent years but i t i s i n t e r e s t i n g t o note the sharp d i f f e r e n t i a t i o n 

between the 31 t o 35 group and the l a t e s t group. A f u r t h e r breakdown 

of the r e s u l t s shown below as Figure (22) gives smaller groupings 
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f o r cohorts 31 t o 40. Again there i s a c l e a r d i v i s i o n between the 

lon g and short b i r t h i n t e r v a l which probably commenced w i t h cohort 

35 (1910 t o 1919) . 

Figure (22) 

Mean B i r t h I n t e r v a l s - Holy I s l a n d 

B i r t h 
I n t e r v a l s 1 t o 2 2 t o 3 3 t o 4 

Cohorts 

33 - 34 

35 - 36 

37 - 38 

31 - 32 28.9 

24.6 

31.3 
26.0 

42.8 

30.3 

29.2 

39 - 40 

41.1 
40.3 

28.8 

45.7 

53.0 

53.3 

The i n t e r v a l s are given i n months. 

B i r t h Season 

Figure (23) i n d i c a t e s the b i r t h months o f the i n d i v i d u a l s as 

recorded on the.baptismal r e g i s t e r s . The month of b i r t h r a t h e r than 

baptism i s used where i t i s recorded. B i r t h months are given c o n s i s t e n t l y 

a f t e r 1798 and s p o r a d i c a l l y p r i o r t o t h a t . Most baptisms seem t o 

have occurred w i t h i n a few days o f b i r t h and i t i s thought t h a t there 

would be l i t t l e d i f f e r e n c e i n the t o t a l s recorded by both methods. 

The r e s u l t s i n d i c a t e o v e r a l l a d i p i n the summer months w i t h a peak 

i n March and a higher one i n the w i n t e r months. The groups of f i v e 

cohorts vary s l i g h t l y but w i t h no apparent t r e n d . 
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Twin Studies 

A s c e r t a i n i n g t w i n p a i r s from the p a r i s h records presents some 

d i f f i c u l t i e s . One t w i n o f t e n d i e d and may not have been mentioned 

i n the e n t r i e s , o r i f i t v/as mentioned then the sex may not always 

be recorded. Probably there were many twins who both died and of whom 

there i s no record. Also as neonatal diseases commonly a f f e c t twins 

i t i s p o s s i b l e they were baptised at d i f f e r e n t times. A l l estimates 

of t w i n n i n g , t h e r e f o r e , a r e probably underestimates. 

Figure (24) gives the crude r e s u l t s d i v i d i n g the occurrences 

i n t o cohorts and r e c o r d i n g whether they are o f l i k e or u n l i k e sex. 

The r e g i s t e r s record 89 p a i r s i n t o t o w i t h 49 of l i k e sex. Figure 

(25) c a r r i e s the an a l y s i s f u r t h e r and gives the frequency of t w i n 

b i r t h s and a crude e s t i m a t i o n of mono- and d i - z y g o s i t y based on h a l v i n g 

the number of l i k e p a i r s and adding the halved value onto the number 

of u n l i k e sexed t w i n s . This method assumes t h a t a l l the u n l i k e sexed 

twins are d i z y g o t i c and so are h a l f the l i k e d sexed ones. Whatever 

the e r r o r s i n v o l v e d w i t h t h i s method the r e s u l t s of 1$ mono-zygotic 

and 2.69S d i - z y g o t i c are not unusual. Fewer twins c o n t r i b u t e t o the 

next generation i n the cohort s e r i e s due t o the increased m o r t a l i t y 

amongst them. Ten twins out of 36 d i e w i t h i n the f i r s t f i v e years 

of l i f e from cohorts 1 t o 9 (27•8$) w h i l s t the death r a t e f o r s i n g l e 

b i r t h s f o r the same p e r i o d was 1.0.1%. During t h i s p e r i o d f i v e c h i l d r e n 

who were twins were born who l a t e r produced f u r t h e r i s l a n d c h i l d r e n 

(13 .6%) w h i l s t 16.1% s i n g l y born c h i l d r e n c o n t r i b u t e d t o the next 

generation i n the same p e r i o d . 
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FIGURg (24) 
HOLY ISLAND 

TWINS AND TRIPLETS 
RECORDED IN THE BAPTISMAL ENTRIES 

COHORT TWIN PAIRS COHORT TWIN PAIRS 

1 1-U 21 0 

2 1-L 22 3-L 

3 1-U 23 1-L 2-U 

4 1-U 24 0 

5 1-L 2-U 25 3-L 

6 1-L 2-U 26 1-L 1-U 

7 O 27 0 

8 3-L 2-U 28 2-L 

9 2-L 1-U 29 2-L 3-U 

10 2-L 2-U * 30 1-L 1-U 

11 6-L 3-U 31 2-L 4-U 

12 4-L 4-U 32 O 

13 3-L 1-U 33 1-U 

14 4-L 4-U 34 0 

15 1-L 2-U 35 o 

16 1-L 1-U 36 o 

17 1-L 1-U 37 1-U 

18 0 38 0 

19 2-L 39 0 

20 2-L TOTAL 49-L 40-U 

U = Unlike Pairs 
L = Like Pairs 
* 1 set Triplems (Rbt. Dodds & Mgt. B e l l ) FMM 
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Accidental and Epidemic Deaths 

There are many accidental and epidemic deaths i n the Holy Island 

registers. The major epidemics which k i l l e d a l l groups on the island 

are recorded i n Figure (26) . 

Figure (26) 

Hnly Island : Epidemics Showing an Increased M o r t a l i t y 

Deduced from the Parish Registers 

Year Months Description 

1606 October/November 'Diverse t h i s month and next ensuing 
buried i n the v i s i t a t i o n 1 

1639 May/June Unknown cause - over 30 soldiers 
and sailors k i l l e d 

1745 November to Unknown cause - many deaths 
January mainly the core group 

1812 Scarlet Fever 

The deaths of non-islanders are usually the r e s u l t of such accidents 

as being 'lost i n the t i d e ' whilst crossing the sands. The islanders 

themselves were commonly drowned but usually at sea. Figure (27) 

records the majority of such deaths. From 1578 to 1897»228 deaths 

are recorded as a r e s u l t of an accident or an epidemic,whilst more 

deaths are referred, to without naming individuals. The majority of these 

deaths belong to the transient island sub-group but t h i s t o t a l includes 

34 named group (a) inhabitants who died accidentally. Of these eight 

do not seem to have had any offspring whilst the remaining 26 had 95 

children of whom 25 go on to contribute to the next generation. This 

gives an average family size of 3.65 and a contributory frequency 

of 26.3% compared to the t o t a l island population (taken from the 
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complete cohorts 1 to 40) which has an average family size of 2.84 

and a contributory frequency of 18.3$. I n other words,taking the island 

population as a w h o l e , l i t t l e difference has been made to the demography 

of the island by accidental deaths. Figure (27) gives d e t a i l s of t h i s 

series of deaths. 

Surnames 

The island seems always to have had a characteristic set of 

surnames when compared with the mainland. These names,however,are 

by no means constant and change from time to time. This can lead to 

d i f f i c u l t i e s of in t e r p r e t a t i o n , f o r example the names Brown or Browne 

appear i n nearly every cohort but there are several independent 

families of t h i s name on the island at d i f f e r i n g times. The same i s 

true of the Ord and Douglas families. The cohorts mention 504 d i f f e r e n t 

surnames amongst males. Of these 371 (73.6$) are mentioned i n one or 

two cohorts only w h i l s t only 51 (10.1$) span a period of over ten 

cohorts. These are the names of the core population of the island. 

The names i n the contributory and non-contributory cohorts also d i f f e r . 

There are i n f a c t only f i v e names which span the l a s t 400 years on 

the island and are s t i l l held by members of the core population on 

the island. More w i l l be said i n l a t e r sections about surnames and 

t h e i r use i n demographic and genetic situations. 
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Collation 

Part (c) has dealt w i t h an aggregative analysis of some aspects 

of the Holy Island community. The data are taken from the parish 

registers and the census r e s u l t s . The marked fluctuations mentioned 

e a r l i e r i n the social history are displayed numerically i n t h i s part 

with peaks i n the seventeenth and nineteenth centuries and troughs 

i n the eighteenth and twentieth centuries. 

I t i s also possible to demonstrate fluctuations i n several demographic 

at t r i b u t e s through time. For example the b i r t h i n t e r v a l s , b i r t h season, 

family size and sex r a t i o a l l show some apparent trends. L i t t l e attempt 

i s made to explain these observations; they could be re a l changes 

or effects linked to changes i n the size o f the population. 

I n addition twin b i r t h s are analysed and rough estimations are 

made of zygosity. These estimates have quite a considerable p o t e n t i a l 

error which i s discussed i n the t e x t . Most of t h i s part,although 

important i n understanding the island population i s not refgcured to 

i n the rest of the thesis. The l a s t b r i e f section,however,introduces the 

topic of the m u l t i d i s c i p l i n a r y use of surnames. This subject w i l l 

be mentioned l a t e r i n r e l a t i o n to i t s possible application to the 

Holy Island population. Another topic of general relevance to the 

thesis i s the influence of accidental deaths on the f e r t i l i t y of the 

long stay or core island population. I n fact there appears to be no 

major difference i n the family size between those fathers who die 

accidentally and those who do not. This,however,is a rather suspect 

comparison which ignores the marked subdivisions of the population 

mentioned i n part ( b ) . 
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Part (d) 

The Census Material from the Mid-Nineteenth Century 

This part i s included because the enumerators' returns of 1841, 

1851,1861 and 1871 o f f e r additional information f o r f i x e d periods 

of time which i s complementary to the cohort material. The island 

inhabitants today may be better contrasted with the census material 

than with the elongated study of the cohort analysis. 

The 1841 census returns only give p a r t i a l information as to the 

place of b i r t h (the same county,England,Scotland or Ireland) and 

approximate ages to the nearest f i f t h year over the age of f i f t e e n . 

The l a t e r records provide f u l l e r information on origins,age and congenital 

d i s a b i l i t y . The t o t a l results excluding shipy'passengers and vagrants 

are given i n Figure 1 (28) . 

Figure (28) 

Census ; Population Sizes f o r Holy Island Parish 

Year Island Mainland Total 

1841 243 males 
254 females 
268 males 
285 females 

Chapelries 
150 males 
160 females 

807 

1851 142 males 
165 females 
150 males 
168 females 

860 

1861 310 males 932 

304 females 

The results indicate a steady r i s e i n the population on the 

island with the t o t a l s f o r the mainland chapelries remaining remarkably 

constant (310,307 and 318). The age p r o f i l e on the island taken from 
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the enumerators' returns i s given i n part (c) i n Figure (16) . The 

pyramids show an excess of females over males i n the group 0 to 5 

years. Also the true pyramidal appearance i s s t a r t i n g to break up 

and form patterns more l i k e the modern B r i t i s h population. The structure 

of the l i v i n g island population i s given i n a l a t e r section. 

The origins of the various populations are shown i n Figures 

(29) and (30) . The 65$ local inhabitants confirm the view that the 

island i s not demographically isolated. The proportion of immigration 

from Ireland,Scotland and England i s substantial when compared wi t h 

the results f o r the mainland where the vast majority of inhabitants 

are from Northumberland. The tables do not show that the island 

residents from Northumberland Gome from a much wider area than the 

Northumberland residents i n the mainland chapelries. 

The figures i n the 1841 census r e f e r r i n g to the 'English' are 

probably spurious as many of the same individuals i n the other censuses 

are said to come from Holy Island or Northumberland. Also some individuals 

change t h e i r place of b i r t h i n the 1861 and 1871 censuses and i t i s 

d i f f i c u l t to know which information to accept. On the one hand i t 

can be assumed that each census tends to become better accepted and 

more accurate with each decade and on the other people tend to become 

i d e n t i f i e d with a place a f t e r l i v i n g there f o r many years and may 

forget t h e i r precise birthplace. Both factors may be operating. 

The occupation of the inhabitants during t h i s period of population 

increase i s shown i n Figure (31) f o r the island and Figure (32) f o r 

the mainland. On the i s l a n d , f i s h i n g and other crafts connected with 

the sea constitute the single most important series of occupations, 

but t h i s i s seen to be decreasing by proportion w i t h each census. 

The regular army present i n the castle,then a m i l i t i a headquarters, 
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Figure (30) 

Mainland Birthplaces 

Birthplace 1841 Census % 1851 Census 

Holy Island - 49 

Northumberland - 230 

Northumberland plus 

Holy Island 272 88.0 279 

England excluding 

Northumberland 6 1.9 1 

Scotland 30 9.8 18 

Ireland 1 0.3 3 

Totals 309 301 

fo 1861 Census °/o 

16.3 73 23.2 

76.4 201 64.0 

92.7 274 87.2 

0.3 4 1.3 

6.0 36 11.5 

1.0 0 

314 
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Figure (31) 

The Occupation of Island Inhabitants 

Trade 1841 $ 1851 # 1861 % 1871 # 

Fishing and 

al l i e d traders 72 53.7 77 50.0 81 45.3 79 46.2 

Army 3 2.2 3 1.9 4 2.2 3 1.8 

Farmers and 

Labourers 29 21.7 30 19.5 24 13.4 27 15.8 

Trades and 

Professions 27 20.2 32 20.8 31 17.3 38 22.2 

Limeworkers and 

Carters 3 2.2 12 7.8 39 21.8 24 14.0 

Totals 134 154 179 171 
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Figure (32) 

Occupations of the Mainland Inhabitants of Holy Island Parish 

1841 % 1851 °jo 1861 fo 

Fishermen * 7 10.8 9 9.9 16 15.4 
Farmers and 
al l i e d trades 11 16.9 13 14.3 9 8.7 
Agricultural 
Labourers 42 64.6 62 68.1 65 62.4 

Farmers plus 

Labourers 53 81.5 75 82.4 74 71.1 

Tradesmen 5 7.7 5 5.5 6 5.8 

Railmymen 0 2 2.2 8 7.7 

Totals 65 91 104 

* Mainly Salmon Fishers 
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numbered only three or four men. I n the f i r s t three censuses,farmers 

and a g r i c u l t u r a l workers of a l l types seem to have been on the decline 

while limebumers and carters increased sharply. Many of the limework 

labourers i n 1861 were from Scotland (about f i f t e e n ) . This change from 

t r a d i t i o n a l occupations i s only reflected on the mainland w i t h the 

increase i n numbers of railway workers. Those who c a l l themselves 

fishermen from the mainland are i t i n e r a n t salmon fishers and the 

predominant occupation i n the chapelries i s agriculture; as i t i s 

today. 

The surnames of the core population on the island f o r t h i s census 

period have certain differences when compared with the l i v i n g population. 

Six names are present i n the l i v i n g islanders not present then and 

fourteen names found i n the censuses have since disappeared. I n fa c t 

two names are gained and two l o s t i n the twenty year intercensal 

period of 1841 to 1861. Figure (33) summarises these changes and 

shows that the frequency of 'modern' names gradually increases with 

each decade. This also emphasises the d i f f i c u l t i e s involved i n the 

use of ' l o c a l 1 names i n any pa r t i c u l a r study. They tend to change 

i n a gradual way i n t h i s community. Figure (34) compares the d i s t r i b u t i o n 

of names i n three of the censuses with the names of the modern community. 

The census population presents the community at a moment i n time. 

The cohorts are changing w i t h time an£ Figure (35) shows how the 

people mentioned i n the 1851 census f i t i n t o the cohort series. The 

l i v i n g population i s found.in ten e a r l i e r cohorts (see part (g)) 

whi l s t t h i s census population i s found i n seven. This i s due to increased 

longevity and chance that large sibships happen to f a l l w i t h i n one 

pa r t i c u l a r cohort decade. 
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Figura (33) 

Surnames of the Holy Island Inhabitants 

for the Census Periods 1841.1851 and also 1861 

Persons with :-
Modern Surnames 
Karnes now lost on 
the island 

1841 1851 1861 

205 (13 names) 230 (15 names) 278 (15 names) 

147 (14 names) 146 (14 names) 138 (12 names) 

Total (Island names) 352 (27 names) 376 (29 names) 416 (27 names) 

Other names 

Total Population 

144 

496 

175 

551 

195 

611 

Modern Names as a 
Proportion of the 
census names 

58.2% 61.296 66.8$ 
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SURNAME DISTRIBUTION 

SURNAME TOTAL TOTAL TOTAL 
CODE * 1841 % 1841 1851 % 1851 1861 % 1861 

V 12 3.4 11 2.9 7 1.7 
W 21 6.0 23 6.1 20 4.8 
X 34 9.7 32 8.5 42 10.1 
Y 8 2.3 6 1.6 8 1.9 
F 13 3.7 15 4.0 12 2.9 
I - 0 2 0.5 2 0.5 
J i o 2.8 13 3.5 15 3.6 
K 14 4.0 19 5.1 27 6.5 
M 11 3.1 14 3.7 19 4.6 
0 4 1.1 3 0.8 3 0.7 
P 14 4.0 17 4.5 19 4.6 
Q 15 4.3 19 5.1 25 6.0 
R - O 8 2.1 8 1.9 
T 19 5.4 21 5.6 36 8.7 
U 30 8.5 27 7.2 35 8.4 
A 9 2.6 14 3.7 11 2.6 
B 11 3. 1 7 1.9 lO 2.4 
C i o 2.8 11 2.9 8 1.9 
D 14 4.0 8 2.1 lO 2.4 
E 7 • 8 2.1 12 2.9 
1 9 2.6 9 2.4 8 1.9 
2 6 1.7 9 2.4 - 0 
3 23 6.5 26 6.9 22 5.3 
4 2 0.6 1 0.3 - O 
5 7 - • 8 2.1 8 1.9 
6 37 • 28 7. 33 7.9 
7 8 2.3 7 1.9 4 . . • 

8 1 0.3 8 2.1 8 1.9 
9 3 0. 9 2 0.5 4 
OTALS 352 376 416 
OT INCLUDED 144 175 195 

* FIGURE (62) Gives the same code for the modern names. 
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Figure (35) 

Holy Island Parish ; Cohort Distributions ; 1851 

Cohorts Island Mainland 

Inhabitants Inhabitants 
1790 1 0 
1800 10 1 
1810 9 1 

1820 16 1 

1830 10 4 

1840 25 0 

1850 5 0 

Each individual entry i n the censuses has been put on record 

cards. This enables detailed comparisons between censuses and between 

the census and the parish registers. Figure (36) shows how the 1841 

census may be i d e n t i f i e d from the registers and also what proportion 

of each group are found i n the 1851 census. I n f a c t 306 individuals 

go on to the 1851 census from 1841 whilst 191 do not. Similar results 

f o r the mainland are given i n Figure (37)• This figure shows that the 

mainland areas are poorly represented by the Holy Island registers, 

as i s t y p i c a l of chapelries throughout the country. I n addition to 

t h i s the turnover of population on the mainland i s very high indeed. 

I n f a c t 79.0?c of the whole population disappears i n ten years,whilst 

on the island 38.2% of the population had disappeared by the next 

census. This i s probably a migratory effect and the mainland t r a f f i c 

consists pri m a r i l y of a g r i c u l t u r a l labourers and t h e i r families. 

The proportions of individuals present i n the censuses and not 

i d e n t i f i e d as having been born,married or died on Holy Island varies 

again with the two parts of the parish. 
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Figure (36) 

The Holy Island Censuses ; Island only 

The Representation i n 1851 of the 1841 census 

Those i n the 1841 census; 
who are not i d e n t i f i e d i n unknown baptism known baptism 
the registers but death/ 

marriage known 

Who go on to 1.6 males 31 males 104 males 
the 1851 census 26 females 52 females 77 females 

Who do not go 42 males 9 males 41 males 
on to the 1851 39 females 14 females 46 females 
census 

Totals 123 106 268 



Figure (37) 

The Holy Island Census : Mainland Only 

Those i n the 1841 census; 
who are not i d e n t i f i e d 
i n the reg i s t e r s 

who go on to 
the 1851 census 51 

unknown baptisms known baptism t o t a l 
but death/ 
marriages known 

8 6 65 

who do not go 
on to the 1851 230 7 8 245 

census 

t o t a l 281 15 14 310 
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On the island 24.7$ were not i d e n t i f i e d i n t h i s manner while 90.6$ 

were not i d e n t i f i e d on the mainland. These are mainly group (c) types 

wi t h a few spouses from group ( b ) . I n addition there are a few members 

(26) of the core population not mentioned i n the parish records. 

These represented a f a i l u r e rate of 6.5$ and half of them had disappeared 

by the 1851 census. I t would be valuable to compare the parish structure 

of the cases enumerated by Razzell (1972) to see i f the turnover was 

i n one specific sector of the community. 

The census of 1851 comprises individuals mentioned i n 1841 

and others who represent natural increa.se and immigration. These are 

tabulated i n Figure (38). 

Baptism 
Known 

Figure (38) 

Holy Island Censuses ; Island Only 

Those not represented i n l841,who appear by 1851 

Natural 

Increase 

42 males 
52 females 

Immigrants V i s i t o r s Core 

Population 

8 males 
6 females 

Baptism 3 males 49 males 3 males 
Unknown 4 females 44 females 1 female 

Marriage or 9 males 
Death Record only 24 females 

Totals 101 126 

* Not i n the 1841 census by chance. 

4 14 

http://increa.se
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Thus the actual immigration over the ten year intercensal period 

comprises a t o t a l of 126 individuals whilst the natural increase 

during the same period i s 101 individuals (seven apparently not born 

on the island),, This gives a high b i r t h rate of approximately 200 

per 1000 individuals. Of the results from the 1841 census,38 had 

died and 152 had emigrated by 1851 and i n addition eight children 

had died without being recorded i n any census by 1851. 190 of the 

1841 population had disappeared by the census of 1851 (38.25k) while 

227 of the 1851 population were new to the island (41.0$) giving 

a rate of t o t a l increase per year of 3.7 individuals. The true rate 

i s s l i g h t l y higher than t h i s as there i s an excess of females who 

disappear and have island names (50 out of 71)5 these are people 

who have married and whose marriages are not recorded on the island 

yet some of whom may be on the island i n 1851. 

This turnover of circa 40$ of the island community has probably 

changed l i t t l e over the years (see parts (c),(e) and ( f ) ) . I t p r i m a r i l y 

affects the short stay residents but not exclusively,as may be seen 

by the loss of offspring who do not appear i n the mortality records. 

Those people who went to l i v e on the island before the 1851 census 

and a f t e r the 1841 census were taken as 126 individuals Jof these, 

33 (26.25S) became intergrated into the community to the extent of 

having marriage or death entries i n the registers. Also at t h i s time 
the natural increase outstrips the natural decrease (38 : 101 deaths : 

birt h s ) whilst the emigration rate i s i n excess of the immigration 

rate (152 leave and 126 come). 

I t i s the complex balance between the above four factors,superimposed 

on the basic island population that decides the structure o f the 

community i n the next generation. The s i t u a t i o n i s i n fact more complex 

than t h i s as the basic island population i s capable of being subdivided 
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i n t o at least three demographically d i s t i n c t groups (see parts 

(b) and ( c ) ) . 

Collation 

Part (d) has presented det a i l s of the Holy Island population 

taken from the enumerators' returns of 1841y1851,1861 and 1871. The 

censuses enable the rate of turnover of the island population to be 

calculated f o r the mid-nineteenth century. As might be deduced from 

the social h i s t o r y i n part (a) there i s a high turnover of the island 

population. One surprising f a c t that has emerged,however,is that the 

island turnover i s by no means as great as that on the nearby mainland. 

Again as might be deduced from part (a) there i s a slow change i n the 

types of occupation with each census. 

The greatest turnover appears to occur w i t h i n the non-contributory 

groups and the fact that there i s a slow turnover of surnames from 

the core population tends to confirm t h i s . The int e r a c t i o n between 

d i f f e r e n t segments of the population f i r s t mentioned i n part (b) 

may be furt h e r explored by comparing the census returns with the 

parish registers. I n 1841 a large number of island inhabitants were 

not i d e n t i f i e d through the parish registers (123). This is" a measure 

of the overall rate of. turnover and has been shown by Razzell (1972) 

to vary a great deal throughout the country,perhaps showing f o r the 

f i r s t time some d i f f e r e n t i a l rates of population turnover. 

The census material indicates a high turnover rate i n the non-

contributory or transient population and a very much slower one amongst 

the core group. This part gives figures f o r these aspects of the island 

community and also shows the rate of migration onto the island and 

natural rates of increase. 
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Part (e) 

The Use of : Marriage Data 

The problems associated w i t h the use of the marriages of cohort 

parents discussed here are those o f the o r i g i n of the marriage partners 

and whether or not one can learn anything by studying •endogamy' and 

•exogamy'. Also included i s the composition of the contributory population 

and what may be learnt from isonymic marriages. This part may be 

regarded as one aspect of the study of f e r t i l i t y on the island,the 

other aspects of t h i s being dealt with i n the section on 'children' 

Problems of In t e r p r e t a t i o n 

There i s a wide variety of problems occurring here. F i r s t l y , t h e 

parish registers are very sparse i n respect of place name data i n 

the marriage and baptismal entries u n t i l 1798* A f t e r t h i s time there 

i s a period when the re g i s t e r s , i n common with a l l the other parishes 

i n the Diocese o£'Durham,were exceptionally detailed. From 1841 to 

1871 the registers may also be supplemented by the census material 

and a f t e r 1871 by detai l s from the l i v i n g islanders. 

Prior to 1798 the registers are of l i t t l e d i r e c t use i n calculating 

marriage distances and some other means are adopted. 
Tso.pulat ion 

The island/is not and never has been a self breeding u n i t and 
i t draws spouses from many miles away. The terms 'endogamy' and 'exogamy* 

thus have d i s t i n c t meanings i n that they are marriages occurring 

w i t h i n and between parishes. I t i s not possible to define the exact 

breeding u n i t of the island,which i s a social as we l l as a geographical 

phenomenon,so the. simple d e f i n i t i o n of marriages between two people 

born on the island f o r endogamy was adopted. Exogamous marriages are 

(part ( f ) ) . 
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those between one person born on the island and one born elsewhere. 

This s i m p l i f i c a t i o n creates another d i f f i c u l t y . The movement of individuals 

that i s genetically s i g n i f i c a n t i s that which takes place i n r e l a t i o n to 

marriage and the b i r t h of the offs p r i n g . A l l the cohort data refer 

to marriages i n r e l a t i o n to the b i r t h of the f i r s t c h i l d . However 

the data found i n most marriage registers simply give the places of 

baptism of the couples. I n each case one had to assume when movement 

occurred ; before or a f t e r marriage by the male or female partner'. 

I n the majority of cases i t may be assumed that such movement would be 

by the women a f t e r the marriage. No such assumption i s j u s t i f i e d i n 

the case of the Holy Island population. Many of the marriages defined 

as exogamous were between two people l i v i n g at the time on the island, 

and so the movement was p r i o r to marriage' and affected the sexes equally. 

The differences i n the data between the marriage registers and 

the cohorts r e f l e c t the d i f f e r e n t sub-populations examined. The cohorts 

represent the breeding population f o r the island w h i l s t the marriage 

registers r e f l e c t an a r t i f i c i a l and fragmented population with only 

a f r a c t i o n of the people appearing i n i t representing the island 

breeding group. I t could be argued that the marriage registers r e f l e c t 

more c l e a r l y the true breeding group of which the island i s a part. 

But i f a l l women married at t h e i r own parish church then the registers 

at best should only provide half the true picture. But the de f i n i t i o n s 

above make i t clear that the island i s to be regarded as the basic 

unit,and so t h i s cannot hold. The marriage registers omit Presbyterian 

marriages w h i l s t these/are 8??^!^ included i n the b i r t h registers. 

The marriage r e g i s t e r s , l i k e the census data take no account of subsequent 

f e r t i l i t y . The cohort material eliminates i n f e r t i l e couples and so 

some of the differences seen between the cohort material and the census 

results could be accounted f o r by t h i s f a c t . 



The d i f f i c u l t i e s associated with the use of isonymic marriages 

are dealt with under the heading •isonomy'. 

Marriage Distance 

This i s defined as the distances between the b i r t h places of 

spouses (see d e f i n i t i o n s ) . As has been mentioned i n the previous section 

there are three separate sources of data. The cohorts from 1790 to 

1820 include the period when the registers were very complete and 

represent a l l the breeding couples of that time. The enumerators' 

returns f o r the 1851 and 1861 censuses include a l l the population 

l i v i n g on the island at those times. Many, of the couples included 

i n the 1851 census w i l l appear i n the 1861 census also. The marriage 

registers from 1813 to 1958 include,again,people who appear i n the 

census material and also i n the cohorts. A l l the distances are measured 

from Beal Point,that i s the nearest point on the mainland some three 

miles from the v i l l a g e on Holy Island. A l l the distances i n Northumberland 

and Berwickshire are measured by the nearest foot route to the centre 

of the v i l l a g e or the parish,depending on the information given. 

Many of the places mentioned outside Northumberland are seaports 

and i t i s l i k e l y that i n these cases access was gained to the island 

by sea. Some of these distances are considerable and i t i s f o r t h i s 

reason that a l l distances over 100 miles v/ere aggregated. I n addition 

i t i s d i f f i c u l t to equate land and sea distances meaningfully f o r 

the purposes of' the d e f i n i t i o n . 

Figure (39) gives the results f o r marriage distances from these 

three d i f f e r e n t sources and Figure (40) shows t h i s diagrammatically 

with the number of spouses expressed as percentages of the t o t a l 

so that comparisons may be made. There i s a general resemblance between 
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the census and cohort results except f o r the group from 30 to 34 

miles av/ay which has increased from 8$ to 16$ i n the 1851 and 1861 

censuses and i s less than 4$ i n the cohort series. This i s probably 

due to an i n f l u x of new marriage partners from central Northumberland. 

The marriage registers are d i f f e r e n t from the other data. They show 

that many who marry on the island from a long way av/ay l i v e elsewhere 

whilst those who marry w i t h i n 15 miles of the island do so i n the 

mainland parish and then return to the island. Another source of difference 

between the cohorts and the other material i s that the former excludes 

i n f e r t i l e marriages. 

I t i s not possible to estimate marriage distances d i r e c t l y p r i o r 

to 1798 but a series of b u r i a l entries i n the seventeenth century 

have reasonably good places of o r i g i n associated with them. I n the 

f i f t y years between 1636 and 1686 there were 997 deaths recorded 

and 223 have associated place names not on Holy Island. The d i s t r i b u t i o n 

i s given i n Figure (41). The results indicate a much more l o c a l population 

than i s seen i n the l a t e r marriage and cohort r e s u l t s . This i s to 

be expected from death records. However a l o t would depend on the 

method of location of o r i g i n employed by the parish clerk. I t i s 

possible he could have mentioned the b i r t h places of individuals or 

where they l i v e d immediately p r i o r to death. I t seems l i k e l y that a 

mixture of the two was used depending on the clerk and the length 

of residence on the island. 

Figure (42) gives the results of the 1861 census marriage distances 

i n r e l a t i o n to the population sizes at the time. A l l measurements 

were taken from Beal Point on the mainland. Concentric rings one mile 

apart were drawn on a map and the population f a l l i n g within each s t r i p 
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Figure (41) 
Holy Island Death Registers ; 

A l l E n t r i e s for the 50 Years 1636-1686 

Place Name 

Holy Island 
Places 1-1-3? miles away 

3-4 

5-9 
10-14 
15-19 
20-24 

100 plus 
Place name unknown 
No place name given 
Total 

17 
86 ) 

49 ) 
6 ) 

30 
5 

0 
1 

10 
19 

774 
997 

Places 0-4 miles away 141 
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was estimated. This was done up to 25 miles away from the island. 

The assumption that a l l distances v/ere travelled on land v/as made. 

The results are shown as a scatter which could represent either a 

curve or a straight l i n e . The only comparable material i s from Boyce 

et a l i a (1967) a n d- Swedlund (1972). These data at f i r s t sight seem 

to d i f f e r from the Holy Island material. The distances are much larger 

and also the population density i s much less when compared with Oxford 

and Deerfield. The majority of the marriages are w i t h i n six miles 

i n Oxfordshire and f i f t e e n i n Deerfield but go up to 25 miles f o r 

Holy Island. Of the three sets of results,the Oxford data may be 

readily accepted as a curved d i s t r i b u t i o n whilst the other.data i s 

much more scattered. More sense i s made out of these series when the 

results are amalgamated as i n Figure (43). The d i f f e r e n t symbols 

indicate the three d i f f e r e n t studies. The Deerfield and Oxfordshire 

results are taken from the published diagrams and may be inaccurate. 

This seems to indicate that there i s a curved d i s t r i b u t i o n and the 

part of the curve i n operation at any place depends upon the population 

density of that location. 

Endogamy and Exogamy 

Many of the marriages i n the early registers do not produce 

children and so are not entered into the cohorts. This may be through 

early death or emigration from the island. These results are shown 

i n Figure (44)• The ones that are recorded are the f e r t i l e marriages 

that took place on the island. When the marriage registers have been 

linked to the cohorts there is a certain proportion of couples where 

there i s no name given f o r the wife. These results are given i n Figure (45) 
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Figure (44) 

Holy Island : The Total Number of Marriages 
(From the Marriage Registers) and those not Found i n the Cohorts 

Cohorts 

1 -10 

11-20 
21-30 
31-40 

Total 

Years 

1578-1669 

1670-1769 

1770-1869 

1870-1969 

Total No. 
Marriages 

344 

527 

203 

129 

1203 

Marriages f> 

Not i n Cohorts. 
132 38.4 

244 46.3 

99 48.8 

91 70.5 

566 47.0 

Holy Island : 
Figure: (45) 

Blank Maternal E n t r i e s from the Cohorts 

Cohorts Number fo of Total 
Blanks of Couples 

1 - 5 134 67.O 
6 -10 178 56.3 

11-15 165 52.7 

16-20 131 49.4 

21-25 39 21.1 

26-30 183 69.1 

31-35 81 52.3 

36-40 25 35.7 
Total 936 52.9 
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These blank maternal entries could be taken as a measure of exogamy : 

such marriages could have taken place i n the brides' parishes. This 

probably leads to an over«estimation as ce r t a i n endogamous marriages 

are bound to have taken place over the centuries,for example,illegal 

Presbyterian marriages or Scottish marriages. Figure (45) shows that 

the number of unknown wives decreases i n the f i r s t 25 cohorts. This 

i s taken to mean that better r e g i s t r a t i o n of marriages i s taking place. 

From cohort 26 to 30 there i s an increase i n the number of unrecorded 

marriages which i s probably due to Presbyterian marriages. The results 

f o r the l a s t few cohorts are abnormal as many couples have t h e i r children 

baptised on the island,whilst having no d i r e c t connection with the 

community. 

Figure (46 ) gives the results of endogamous marriages and other 

types of marriage on the island. The words 'known1 and 'unknown' 

refer to whether or not the in d i v i d u a l i s recorded i n the b i r t h registers. 

Column b records the endogamous marriages whilst columns c and d the 

various types of exogamous marriages. Column e i s the population 

of 'new couples' who belong to the contributory or the non-contributory 

populations. Endogamy has increased i n the l a s t ten cohorts. The 

e a r l i e s t cohorts cannot have a high degree of endogamy as defined 

here through b i r t h records,but cohorts 11 to 30 show a consistent 

proportion of i n t e r n a l marriages of about 10%. There are more marriages 

between an unknown woman and a man whose b i r t h i s recorded than between 

a man with no b i r t h record but who marries a woman with a recorded 

b i r t h ; i n toto the figures are 2 4 . 4 $ as against '8.1% and these proportions 

vary l i t t l e w i th each cohort. Marriages between f e r t i l e 'new couples' 

are consistently about 55% of the t o t a l from cohort 11 onwards. 

Figure (47 ) i s taken from Dobson and Roberts (1971) and gives 
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some comparable material on ' i n t r a - 1 and 'extra-parochial 1 marriages. 

Column b shows the endogamous marriages and demonstrates consistently 

higher results when compared wi t h other English parishes. I t should 

be noted,however,that some of t h i s material i s from marriage registers 

and i s not extracted from baptismal records. None of the comparative 

material i s i n cohort form and represents parishes which have very 

d i f f e r e n t h i s t o r i e s from Holy Island. Certain cohorts do approximate 

f a i r l y w ell to some of the periods i n t h i s figure; cohorts 11 to 15 

(1670 to 1719) ,16 to 20 (1720 to 1769) and 21 to 25 (1770 to 1 8 1 9 ) . 

The number of i n t r a - and extra-parochial marriages varies from 

those given i n the above Figure (46 ) when the contributory population 

i s extracted. That i s the group of children produced on the island 

who i n turn become parents i n l a t e r cohorts. The results from t h i s 

contributory population are given i n Figure ( 4 8 ). I t can be seen that 

the proportion of endogamous and exogamous marriages are both increased 

whilst the f i n a l column e shows only those couples who introduce 

o f f s p r i n g i n t o the island population. The number of new couples providing 

children i n the contributory and the non-contributory populations 

d i f f e r s i n each cohort and i s graphed i n Figure ( 4 9 )• The new couples 

going into the contributory group decrease whilst those going in t o 

the non-contributory group do not. The number of new males and new 

females being introduced in t o the contributory population by exogamous 

marriages does not vary greatly from cohort to cohort,as i n the entire 

population. Again as i n the t o t a l population endogamous marriages 

increase markedly a f t e r the 30 th cohort. The population was decreasing 

i n size at th i s time and i t i s possible that the choice of marriage 

partners became li m i t e d to other long stay residents; as i n any population 
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movement those who move f i r s t are usually those who have been there 

the shortest time. This i s i n part substantiated by the f a l l i n the 

numbers of new couples entering the island. 

Inbreeding 

Estimating from the endogamy rate i t would seem that up to 1859 

the number of inbred individuals would be low. A f t e r 1859 i t i s possible 

that the l e v e l of inbreeding has increased. From the evidence available 

no f i r s t cousin marriages were found amongst the f e r t i l e population. 

There i s one mention i n the registers of an incestuous relationship 

producing o f f s p r i n g , i n 1635»but the son did not contribute to further 

generations. The relationships of the l i v i n g islanders have been f u l l y 

investigated and t h i s aspect i s reported l a t e r . 

One method of estimating inbreeding i s by isonijmy. This method 

has been used by Crow and Mange (1965) and Hussels (1968) to f i n d 

the inbreeding levels i n two populations. The method involves taking 

a l l marriages between two people of the same surname and then f i n d i n g 

the frequency of these names amongst the breeding population as a 

whole. The number of isonymic marriages i n r e l a t i o n to a l l marriages 

i s given i n Figure ( 5 0 ) . This material i s from the marriage registers 

and the 100 year periods are s t r i c t l y chronological. They show that 

the overall frequency i s low,but without comparable results i t i s 

d i f f i c u l t to know how to i n t e r p r e t these figures. 

Inbreeding by isonymic analysis has not been calculated. This 

i s because the marriage registers are apparently at variance with 

the f e r t i l e population of the cohorts. I n addition the method does 

not distinguish between f e r t i l e and i n f e r t i l e marriages. I t i s thus 
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Figure (50) 

Holy Island - Isonomic Marriages 
From the Marriage Registers 

Year 

1578-1677 

1678-1777 

1778-1877 

1878-1957 * 

Total 

Number Isonomic 
Marriages 

5 

16 

25 

Total Number 
Marriages 

387 

507 

192 

95 

1181 

1.2 

3.1 

1.0 

2.1 

2.1 

* An 80 year period 
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d i f f i c u l t to know how to obtain the frequencies of isonomic surnames 

as the cohort population has so many unknown marriage partners amongst 

i t . Also of the 25 isonomic marriages about half do not appear to 

have any inte r - r e l a t i o n s h i p between them at a l l and of those with 

demonstrable relationships few are closer than t h i r d cousin. 

The s i t u a t i o n i s l e f t , t h e r e f o r e , u n t i l a complete analysis of 

relationships has been done f o r the t o t a l h i s t o r i c a l populations. 

Collation 

Part (e) f i r s t of a l l deals w i t h the d i f f i c u l t i e s encountered 

i n obtaining r e l i a b l e data from marriage records. The main analysis 

i n t h i s thesis deals with the f e r t i l e population and some evidence 

i s presented to suggest that the sources from which marriage data 

are obtained a l t e r the r e s u l t s . With t h i s i n mind the nineteenth century 

marriage distances are recorded and also compared wi t h data on marriage 

distances from other sources. From t h i s i t i s shown how population 

density affects the apparent migration distances at marriage. As 

might be expected distances are greater i n areas where the population 

density i s low. The nineteenth century marriage distances might also 

be long due to the social h i s t o r y of the island (see part ( a ) ) ; the 

'outsiders' coming to reside temporarily on the island thus creating 

a s i t u a t i o n the reverse of 'neighbourhood knowledge'. More de t a i l s 

of t h i s i n t e r a c t i o n are given i n the report on the censuses (see 

part (d)) and also i n t h i s part. For example,the very low rate of 

endogamous marriages on the island can r e a l l y only be explained i n 

terms of a transient or group (c) population as outlined i n part ( b ) . 

As wel l as the social character of the island,the island's coastal 

p o s i t i o n has also had an influence on the type and o r i g i n of marriage 
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partners,many spouses,for example,coming from sea ports i n the South 

of Kngland. 

The term 'new couple 1 i s used, here a f t e r being introduced i n 

part (b). Their appearance may be explained i n terms of history i n the 

f i r s t part and the hypothesised population subdivisions introduced 

i n the second part of t h i s chapter. New couples may be founders of 

the core population or simply be a part o f the transient population; 

the two types may only be defined as a r e s u l t of what happens to t h e i r 

children. I f these children marry island inhabitants also born on the 

island then the o r i g i n a l 'new couple' i s contributory i n terms of 

the longitudinal core island population. 

Unfortunately much of the analysis of marriages can only be done 

on post -1800 material due to the nature of the records; estimates 

of endogamy may be made from an e a r l i e r date,however,and t h i s i s done 

i n t h i s part. 

The history of the island and the demographic trends shown i n 

part (c) indicate that inbreeding to any marked degree i s u n l i k e l y . 

This i s confirmed by the b r i e f analysis included at the end of t h i s 

p a r t . 
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Part ( f ) 

The F e r t i l e Population 

This part i s the complementary half of the demographic study 

that deals especially with the f e r t i l e population and was commenced 

i n part ( e ) . The various types of marriages and the o r i g i n of marriage 

partners are a r e l a t i v e l y simple matter when compared wi t h the complexities 

associated with the analysis of d i f f e r e n t i a l f e r t i l i t y . 

There are several d i f f e r e n t possible futures f o r children produced 

on the islan d , i n terms of th i s demographic analysis. Some become 

parents i n l a t e r cohorts,others die p r i o r to the production of children, 

others emigrate and often individuals do a mixture of these such as 

emigrate,produce children (not found i n the records) and return to 

the island to r e t i r e . The fate of the offspring,more than any other 

factor,delineates the type of island inhabitant i n the next generation. 

I n the present study the children are used to define the two separate 

populations; the contributory and non-contributory groups. The former 

being,in the main,the long s t a y , t y p i c a l l y named,island inhabitant 

who has children who become island parents l a t e r on. The non-contributory 

group are those who are not the contributory group; that is,they are 

a mixed and fragmentary group. Although t h i s group i s contrasted 

on many occas-ions with the contributory population,it i s not r e a l l y 

a genetic and demographic e n t i t y . As defined each group tends to 

contain the majority of one type of islander : the core population 

or otherwise,but t h i s i s by no means invariably the case. Nevertheless 

once a couple introduces an offspring i n t o the contributory population 

i t appears that there i s a greater p r o b a b i l i t y that some of the offspring 

w i l l i n t u r n contribute further o f f s p r i n g i n t o t h i s population. 
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Figure (51) shows the children subdivided i n r e l a t i o n to t h e i r 

descendants,it draws the d i s t i n c t i o n between the t o t a l number of 

o f f s p r i n g of parents who belong to the contributory population ( column 

b),and the actual number of children i n each cohort who become parents 

i n a l a t e r cohort (column c ) . I n order f o r a family u n i t to be included 

i n column b then at least one o f f s p r i n g must be a parent i n a l a t e r 

cohort. I n addition to t h i s subdivision,many of the children i n column 

c only appear i n one further cohort and then the grandchildren of 

the o r i g i n a l couple disappear from the records. Column e records those 

couples v/hose descendants go on f o r more than one f u r t h e r generation. 

The percentages i n columns d and f are of the t o t a l number of children 

produced i n the cohorts; both the contributory and non-contributory 

groups. Thus of the t o t a l island b i r t h s (5023) 18 .3$ of the t o t a l 

reproduce one generation on the island and 8 . 9 $ of the t o t a l have 

descendants of two or more generations reproducing on the island. 

Columns d and f show that over the decades these proportions have ; 

varied l i t t l e . Changes i n population size do not seem to have had 

any marked effec t on the island contribution to the next generation, 

the same i s also true of the entry of new couples or new marriage 

partners i n t o the community (see part ( e ) ) . 

The two groups of o f f s p r i n g form d i f f e r e n t and contrastable 

populations. Figure (52) shows that the t o t a l number of children 

per parental couple i s very d i f f e r e n t f o r the two groups,with twice 

as many children being produced by the contributory as the non-

contributory population. This i s because the non-contributory group 

contains many fragmentary families and i t i s also possible that the 

larger the family the more l i k e l y i t i s that that family w i l l provide 

of f s p r i n g f o r the contributory group. I t has already been shown that 
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Figure (51) 

The Fate of Children 

Cohorts Number Children Contributory Contributory ( 0 ) as Contributory (e) as 
Produced Cohorts No. Children a fb (a) Descendants a fo (a) 

i n toto 1+ generation 

1 - 5 

6 -10 

11-15 

16-20 

21-25 

26-30 

31-35 

(a) 

453 

926 

972 

773 

558 

783 

430 

36-40 128 

Totals 5023 

(b) 

188 

455 

504 

367 

330 

421 

183 

37 

2485 

(c) 

82 

144 

191 

114 

124 

169 

79 

15 

918 

(a) 
18.1 

15.6 

19.7 

14*7 

2 2 . 2 

21 .6 

18.4 

11.7 

18 .3 

(•) 

40 

91 

100 

61 

62 

68 

27 

449 

(f) 
8 .8 

9 .8 

10 .3 

7 . 9 

11.1 

8 . 7 

6 .3 

8 .9 

Column (b) gives the numbers of a l l the children born of parents in the 
contributory cohorts,whilst column (c) numbers only those who are parents 
i n at least one further cohort and column (e) enumerates those children 
whose descendants are found i n ,at least,one additional cohort as well. 
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Figure (52) 

The Production of- Children - Contrasting Two Cohort Series 

Contributory Cohorts Non-Contributory Cohorts 
Cohort Number of Number of Children/ Number of Number of Children/ 

Parental Children Pair Parental Children Pair 
Pairs Pairs 

1- 5 55 188 3 . 4 145 265 1.8 

6-10 99 455 4 . 6 217 471 2 . 2 

11-15 111 504 4 . 5 192 468 2 . 4 

16-20 74 367 5 .0 191 406 2.1 

21-25 67 330 4 . 9 118 228 1.9 

26-30 77 421 5 .5 188 362 1.9 

31-35 43 183 4 . 3 112 247 2 . 2 

36 -40 11 37 3 . 4 59 91 1 .5 

Totals 537 2485 4 . 6 1222 2538 2.1 
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the proportions entering the next generation do not vary greatly 

and i f the production of children i n t o l a t e r cohorts i s due to chance 

then larger families would be favoured i n t h i s respect. Again the 

trends shown i n Figure (52) are reasonably constant throughout the 

40 cohorts. 

I n the 1851 census there were 100 couples on the island with 

294 of t h e i r offspring. This gives a rather low apparent figure f o r 

the family size but the difference i s a measure of the morta l i t y 

and emigration from the island at the time and also i n many cases 

represents p a r t l y completed families. 

Figure (53) again contrasts the two populations and shows differences 

i n the sex r a t i o between the children whose children and grandchildren 

reproduce on the island and the population i n the non-contributory 

cohorts. There i s an excess of males i n the former group. This i s i n 

part due to the f a c t that the names of males are more easily found 

than those of married women i n l a t e r cohorts (as parents), so i n t h i s 

respect the group extracted from the contributory population i s an 

under-estimation of the females who have of f s p r i n g l a t e r on. Also i n 

the e a r l i e r cohorts males were more frequently baptised than females. 

Ibth these facts give a proportion of 'missing wives' i n the cohorts 

(see part ( e ) ) . Figure (54) shows the number of missing spouses i n the 

contributory cohorts. This figure may be contrasted with Figure (45) 

which gives data f o r the entire population. The more women i d e n t i f i e d 

the nearer the sex r a t i o i s to un i t y . 

Another indication of the randomness of the contributory population 

i s given i n Figure ( 5 5 )• Here the b i r t h season of the two populations 

i s given. The non-contributory group has a peak of b i r t h s i n March 

and the b i r t h s vary per month from 7 •2$ to 1 0 . 5 $ . The core population 

1 0 OCTf973 
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Figure (53) 

Sex of Offspring ; by Cohorts 

Contributory Cohorts Non-Contributory Coh< 
Cohort Male Female M/F Male Female M/F 

1 - 5 55 2? 2 . 0 4 190 160 1.19 

6 - 1 0 95 49 1.94 393 371 1.06: 

11-15 115 76 1.51 380 397 0 .96 

16-20 66 49 1.35 337 315 1.07 

21-25 83 41 2 .02 203 225 0 .90 

26^30 95 74 1 .28 294 289 1 .02 

31-35 38 39 0 .97 171 164 1 .04 

36-40 9 6 1 .50 54 55 O.98 

Totals 556 361 1 .54 2022 1976 1.02 
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Figure (54) 

Holy Island - Cohort Analysis 

Missing ferriage Partners from the Contributory Population 

Cohorts Number Number with a io Missing 

Marriages partner missing Women 

1 - 5 55 26 47.3 
6 - 1 0 99 34 34.3 
11- 15 111 28 25.2 
16- 20 74 25 33.8 

21- 25 67 6 9.0 
26- 30 77 46 59.7 
31- 35 43 9 20.9 
36- 40 11 0 0 

Total 537 174 32.4 

has no such peak and a range of v a r i a t i o n from 6:.9$ to 9.0/6 with 

nine, of the months having results of about 8.0^-. 

A major aspect of the production of children that lias not been 

f u l l y dealt with i n t h i s thesis i s the death of offspring. Most of 

these deaths occur early i n childhood. Figure (56) shows the mortality 

w i t h i n f i v e years of b i r t h during the f i r s t nine cohorts. The percentage 

of deaths to b i r t h s shows l i t t l e v a r i a t i o n around the t o t a l of 10.9. 

This table also shows that the deaths occur w i t h i n the larger families 

arid so by inference among the families that go to make up the contributory 

cohorts. This may be due to the type of inhabitants c o n s t i t u t i n g the 

non-contributory cohorts. The results are surprisingly low when compared 

wit h the rest of childhood as shown i n Figure (57)• This fi g u r e takes 

the deaths of a l l young people from four periods i n the l a s t four 
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Figure (56) 

Mortality w i t h i n the F i r s t Five Years of L i f e 

Cohort Total No. 
Children 

Total No. Mo r t a l i t y 
Deaths Percentage 

1 
2 

3 

4 

6 

7 
8 

9 

51 
64 

119 
111 
108 

99 
242 
185 
192 

6 

10 

9 

11 

11 

13 

22 

21 

25 

11.8 

15.6 

7.6 

9.9 
10.2 

13.1 

9.1 

11.4 
13.0 

Mean Offspring Mean Offspring 
of Families of other families 
with 1+ deaths 

5.0 

2.7 

4.3 

4.4 

4.3 

5.0 

4.6 

4.3 

3.8 

1.9 
2.0 
1.6 

2.2 

2.2 

1.6 

3.0 

2,3 

2.3 

Totals 1171 128 10.9 4.3 2.2 

The 'other families' refers to those nuclear families w i t h no recorded 
death i n the offspring w i t h i n f i v e years of the baptism. No d i s t i n c t i o n 
i s made i n the penultimate column between families with one and more than 
one c h i l d death. No grouping into the apparent subpopulations i s made. 
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Figure (57) 

The Burial Registers 

Years Deaths Quoted Number Deaths/ 

as 'son1 etc.* Births 100 b i r t h s 

1634-1658 237 490 48.4 

1713-1737 217 508 42.7 

1813-1837 79 ** 370 21.4 

1913-1937 2 ** 63 3.2 

* See text 
Ages knovm. and 21 and under 
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centuries. For the two e a r l i e r periods the entries are estimated from 

deaths marked 'son o f 1 or 'daughter o f and the l i k e . These results 

show a comparatively high death rate and indicate that the f i r s t 

f i v e years of l i f e have no greatly increased m o r t a l i t y rate when compared 

wit h the rest of childhood. 

The mortality i n r e l a t i o n to the intercensal period 1841 to 1851 

has also been calculated. There were ten deaths of children between 

the two censuses as compared wi t h 148 b i r t h s (6.8 : 100 b i r t h s ) , t h i s 

f i t s i n well with Figure (57)»and shows a sharp drop i n deaths among 

young people i n the nineteenth century. 

Although there appears to be a constant proportion of children 

i n each cohort who l a t e r become parents,there i s great v a r i a t i o n i n 

the numbers of descendants that any p a r t i c u l a r ancestral couple have. 

The section on the contemporary population considers t h i s problem 

i n r e l a t i o n to the minimum number of common ancestors of the l i v i n g 

islanders. The problem can also be looked at from the point of view 

of 'new couples'. Appendix two gives the d e t a i l s of the proportionate 

contribution of the descendants of a l l 'new couples' who pass on 

children to the contributory population. The table indicates the 

percentage of the t o t a l number of children i n each cohort that are 

the d i r e c t descendants of the specified couples. The results show 

great v a r i a b i l i t y with as many as 60% of the children, i n some cohorts 

being ancestral to one couple. The number of b i r t h s included here 

amount to 3222 and couple 2 has a t o t a l of 485 descendants,couple 

23 produced 532 and couple 29 gave 335• This i s mapped out i n a 

diagrammatic form i n Figure (58). This wide range of ancestral genetic 

contribution would indicate that an element of chance was involved i n which 

ancestors were mainly represented i n each generation. 
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Collation 

Part ( f ) i s an extension of the analysis of the f e r t i l e segment 

of the population started i n part ( b ) . The longitudinal population 

i s shown to consist of two demographically d i s t i n c t segments : the 

contributory and the non-contributory groups. Whilst l i v i n g on the 

island these two groups are shown to have d i f f e r i n g numbers of children, 

d i f f e r i n g b i r t h seasons and a varying sex r a t i o . 

As d i s t i n c t from t h i s i t i s shown that irrespective of numbers 

a constant proportion of off s p r i n g from one contributory cohort produces 

the next contributory cohort or generation. 

I n part (e) the analysis of 'new couples 1 was introduced ; i n 

t h i s part and i n appendix two i t i s shown that the entire core population 

may be defined as o r i g i n a t i n g from $6 'new couples'. I n addition 

the d i f f e r e n t i a l f e r t i l i t y and i n tu r n contribution of descendants 

i s shown to be remarkably variable ranging from aero to 6Cffa per cohort. 

This i s shown i n tabulations i n appendix two and diagraminatically. f o r 

a few couples i n t h i s part. 

The facts associated with constant • apportioning of the contributory 

longitudinal population suggests that the swings i n population size 

displayed i n part (c) are not produced by wide fluctuations i n f e r t i l i t y , 

rather that the changes i n population are the re s u l t of migrations. 

As may be inferred from part (a) the economic s i t u a t i o n at any one 

time has a major influence on the population size. 
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Part (g) 

The Contemporary Population 

The contemporary population i s defined as that ex i s t i n g on the 

island on the f i r s t of January 1970. I t consists of three "broad groups 

of people,exactly equivalent to the deceased populations at a l l stages 

of the island's history. These groups are (a) the long standing residents 

(b) the spouses of residents and (c) the population with l i t t l e ox-

no association with the island. These divisions cut across the completed 

cohorts and take no account of a person moving from group (c) to 

group (b) and whose children would enter group (a). The way the l i v i n g 

group f i t s i n t o the cohort analysis i s shown i n Figure (59)• This 

table i s constructed using the Electoral Eegister of the autumn of ^^6^ 

w i t h additions and ammendments. Those who are not assignable to any 

cohort belong to group (c),and are called 'none' i n Figure (59). 

I n January 1970 the number of individuals i n group (c) was 33; 

t h i s number needs some clarification,however,as many more come to the 

island sporadically as weekend cottagers. I n f a c t i n January 1970 

only 22 of t h i s group could be said to l i v e permanently on the island 

and i t i s t h i s group that has been tested f o r the various population 

variables i n chapters two and three of t h i s thesis. 

The age structure of the island population i s shown i n Figure 

(60). This diagram only includes the groups (a) and ( b ) . The pattern 

i s the unusual outcome of longevity and d i f f e r e n t i a l migration. As 

there i s no one i n the age range 46 to 50 and only one person aged 

from 16 to 20 then the population can be divided into three d i s t i n c t 

generations. The younger age group i s increasing i n size 

while the older group i s decreasing. 
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Figure (59) 

Holy Island 

Cohorts to which the Li v i n g Islanders are Assigned 
Taken from the Electoral Register and Verbal Reports 

Cohort Males Females 

1870 2 5 

1880 4 4 

1890 15 12 

1900 16 13 

1910 3 4 

1920 3 2 

1930 3 3 

1940 17 5 

1950 0 1 

1960 8 8 

None.' * 32 47 

Total 103 104 

* See text : groups (b) and (c) islanders 
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Marriage Distance 

The entire island population includes 24 marriages i n which one 

partner i s from the i s l a n d and one from elsewhere; 7 marriages have 

both partners from elsewhere and 26 marriages are between two islanders 

( s i x of which have one partner now dead). This accounts for over 

100 of the island population,the r e s t i s made up of children and 

unmarried adults. The origins of the exogamous marriages,where known, 

are given i n Figure ( 6 l ) . The mean marriage distance i s 37.3 miles, 

t h i s i s larger than the mean for the 1861 census population which 

was about 20 miles. 

Figure (61) 

Holy Island ; Origin of Exogamous Marriage Partners 

Place Number 

County Durham 5 

Newcastle 6 

Northumberland 10 

South Scotland 3 

The Production of Offspring 

The t o t a l number of children produced by the island population, 

to date,is 103. This i s through 32 parental couples. This gives an 

average family per couple of 3.2 compared with the t o t a l for the cohorts 

of 2.5. This i s an underestimate of the l i v i n g islanders' f e r t i l i t y 

as some of the population i n the middle generation w i l l be producing 

more offspring. This i s a rough estimate of the f e r t i l i t y of the 

two older generations. The t o t a l number of children produced i n r e l a t i o n 
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to the s i z e of the adult community i s small ( 0 . 7 /adult over 18 years 

of age) indicating that the population w i l l decrease i n numbers s t i l l 

further unless the immigration to the island i s maintained. The community 

has never been solely maintained by i t s b i r t h rate and immigration 

has been a constant feature of l i f e on the i s l a n d . Unfortunately 

recent immigration to the island has been predominantly among older 

people with children now adult and l i v i n g elsewhere. These people are 

not l i k e l y to form strong genetic bonds with the community. I t i s 

possible the decline i n population on the island which has lasted 

a hundred years i s about to cease; the holiday trade and new houses 

being responsible. I t ^ i i k e l y that the population of the future w i l l 

consist of the three broad groups mentioned above; with a strengthening, 

once more,of group ( a ) . 

Sex Ratio 

There are 90 offspring whose sex i s known to the author. The 

sex r a t i o amongst these children of l i v i n g islanders i s unusual with 

a predominance of males (60 : 30). This i s differentfrom the r e s u l t s 

obtained from the cohorts and represents a highly selected sample. 

Surnames 

There i s a predominance of c e r t a i n surnames on the isla n d . These 

act as useful pseudo-genetic markers and i t i s thus relevant to note 

when each appeared on the i s l a n d . This information i s given i n Figure 

(62). Six of the names originated i n the sixteenth century,three i n 

the seventeenth century,four i n the eighteenth century,five i n the 

nineteenth century and three i n the twentieth century. The entire 

l i v i n g island community i s represented by twenty-one' surnames. At 
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Figure (62) 

Holy Island 
Surnames amongst the Living Population 

Abbreviation Number i n the $ Number and Year of 
of Name * Electoral Role ** Cohort i n which name 

F i r s t appears 
V 7 5.5 3 1590 
w 12 9.4 16 1720 
X 7 5.5 16 1720 
Y 17 13.4 26 1820 
Z 11 8.7 34 1900 
F 1 0.8 3 1590 
G 3 2.4 25 1810 
II 2 1.6 7 1630 
I 5 3.9 30 1860 
J 5 3.9 23 1790 
K 5 3.9 3 1590 
L 7 5.5 34 1900 
M 2 1.6 17 1730 
N 4 3.1 36 1920 
0 9 7.1 1 1578 
P 6 4.7 7 1630 

£ 2 1.6 2 1580 
R 1 0.8 25 1810 
S 2 1.6 31 1870 
T 9 7.1 11 1670 
U 10 7.9 1 1578 

* These are the. same as those i n Figure; (34) 

** The °/o column gives the proportions of the numbers 
i n the previous coloumn. 
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other, times cohorts consisted of a maximum of 58 names and a minimum 

of 20 names (165O and 1 7 7 0 ) . 

Of the contemporary" names,a search i n Guppy (1890) reveals that 

seven are not to be found at a l l . Of these,two are probably of Scottish 

o r i g i n and four are l o c a l Northumberland names. The names that can 

be found i n Guppy are from Scotland (two),Lincolnshire (one),Yorkshire 

and Durham (two) and the remaining thirteen are from Northumberland. 

Five of the names are found i n more than eight English counties. 

The value of t h i s geographical technique w i l l be discussed i n the 

next chapter. 

Int errelationships 

Part (e) has mentioned the topic of 'inbreeding' and t h i s was 

considered to be low with perhaps some s l i g h t increase i n the l a s t 

100 years. Nevertheless there are now comparatively few names on the 

is l a n d and many of these have been there a long time. I t i s thus 

very probable that interrelationships on the island are common. The 

interrelationships have been calculated for the l i v i n g islanders. 

Appendix one gives d e t a i l s of the N values for the t o t a l island population. 

N values are the number of steps taken to l i n k two individuals v i a 

a common ancestor. The co - e f f i c i e n t of relationship used here i s the 

summated value ( 2 - ) ^ . Many pairs of individuals are related by more 

than one route and so there are more N values than possible pair combinations. 

A l l relationships up to a maximum of twelve steps have been included. 

I n a.11 11,000 interrelationships have been studied and the summated 

value for t h i s estimate of relationship i s 452.9568932 : both pairs 

v/ere studied as a check and so t h i s i s a doubled value. Figure (63) 

shows the construction of t h i s r e s u l t . Most of the interrelationships 
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FIGURE (63) 

COEFFICIENT OF RELATIONSHIP FOR TOTAL ISLAND COMMUNITY 

VALUES NUMBER AT COEFF. AT COEFF. X 
OF N EACH N VALUE EACH N VALUE NUMBER 

1 185 0.50OO00O 92.5 
2 342 0.2500000 85.5 
3 820 0.1250000 102.5 
4 1054 0.0625000 65.875 
5 1747 0.0312500 54.59375 
6 1803 0.0156250 28.171875 
1 1987 O.0078125 15.5234375 
8 1509 0.O039062 5.8944558 
9 982 0.0019531 1.9179442 

10 419 0.O0O9765 0.4091535 
11 140 0.0004882 0.0683480 
12 12 0.O0O2441 O.0029292 

"OTAL X 
IELATIONSHIPS = 11,COO 

TOTAL 
COEFFICIENT 
SUMMATED R = 452.9568932 

'OTAL N 
INDIVIDUALS =146 

TOTAL POSSIBLE 
NUMBER OF 
PAIRS Z = 10,586 

OMPENSATED 
ALUE *R 

r = X + Z ,0209838271 = to t a l population 
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are between four and nine steps with the majority of pairs seven 

steps apart. 

I t i s d i f f i c u l t to know the significance of these results because 

no other l i v i n g population has had such a computation made of i t . 

Use i s made of these calculations i n the other two chapters when the 

significance of the population v a r i a b i l i t y i s considered. 

Common Ancestry 

At the present stage of analysis the islanders can be shown 

to have six pairs of common ancestors f o r a l l group (a) individuals. 

These common ancestors are shown i n Figure ( 6 4 ). The cohorts mentioned 

i n t h i s figure are the group i n which these couples produce t h e i r 

f i r s t o ffspring. 

Figure (64) 

Holy Island - Common Ancestors of the Living Islanders 

Thomas Downey X Grace Steele 1610 

W i l l Patterson X Marjorie Young 1610 

George Grey X Mary Day 1610 

Thomas Watson X Margaret Cairns 1730 

Robert Brigham X Margaret Watson 1790 

Richard Douglas X Margaret Dodds 1820 

Collation 

Part (g) studies the l i v i n g population j u s t as parts (d),(e) 

and ( f ) have studied the h i s t o r i c a l population. The studies show 

how the l i v i n g group f i t s i n t o the longitudinal scheme presented i n 

part ( b ) . The surname distributions,the age distributions,marriage 
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distances and the o r i g i n of. spouses are a l l explicable i n terms of 

the recent history of the island and especially of the major trends 

i n emigration. 

A major part of t h i s study of the l i v i n g islanders i s devoted 

to t h e i r relationships with each other and how t h i s has influenced 

the results i n chapters two and three. The part of the analysis presented 

here and i n appendix one shows that there i s i n fact a considerable 

degree of in t e r r e l a t i o n s h i p amongst the l i v i n g members of the island 

community. Unfortunately there appears to be no comparative data 

to contrast w i t h the Holy Island group. For t h i s reason i t i s not 

known i f the island group i s unusual or not. The vast majority of 

l i n k s between pairs of islanders are either of 6 or 7 steps. Part ( t ) 

takes the analysis o f interrelationships further and attempts to 

demonstrate t h e i r influence on the results of serum cholesterol levels, 

whilst part (k) does the same f o r PTC and the Duffy blood group system. 
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Part (h) 

General Discussion 

This section i s aimed at drawing together a l l the possible demographic 

and h i s t o r i c a l information that could be of? use i n understanding the 

structure of the community today. Most of the analyses have been 

directed towards the f e r t i l e population. Some parts of chapter two 

are d i r e c t l y linked to the study of surnames and the interrelationships 

on the island. The next chapters w i l l go on to consider f u r t h e r 

the v a r i a t i o n i n the l i v i n g group. 

The analysis by cohorts has the disadvantage of not allowing 

one to study the population f u l l y at many specific points i n time, 

but the introduction of the census material enables such a cross-

sectional approach f o r the mid-nineteenth century. This analysis 

shows that parameters such as marriage distance,and endogamy studies 

by cohort analysis,are contrastable w i t h and similar to the census 

material. 

An advantage of the present method of cohort study i s that 

some of the data may be used f o r self-comparative calculations based 

on theoretical genetic concepts. This i s useful as a great deal of 

th i s study has not as yet been compared with other populations,due 

to the d i f f e r e n t approaches involved. 

The type of genetic concepts,1.: that lend themselves to the Holy 

Island study are those involved w i t h the ef f e c t i v e population size 

(Wright 1969). The index of i s o l a t i o n (Lasker 1960) i s an example 

of t h i s type of calculation. This index i s N m where N i s the 
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e f f e c t i v e size of the population and m the percentage migration i n t o 

the community. When t h i s index i s less than f i v e then random effects 

are l i k e l y to be i n operation. Values of more than f i v e make chance 

phenomenon progressively less l i k e l y u n t i l very u n l i k e l y over f i f t y . 

Migration rates may be calculated by enumerating the 'unknown' spouses 

marrying i n t o the group (a) population. The effective population i s a 

t h e o r e t i c a l one which encompasses a whole breeding u n i t and which may 

be estimated from a parental population or from children who l a t e r 

reproduce. Holy Island i s not a breeding u n i t and so the values f o r 

1T q are at once under-estimations. Taking the results as are available 

on the i s l a n d , i t i s possible to calculate the effective population 

size using the parents or the children produced i n each cohort. The 

simplest estimation i s that of the contributory population (correction 

f o r sibship size does not a l t e r the results very much) and these results 

give an index of i s o l a t i o n shown i n Figure (65)• The mean index f o r 

40 cohorts i s 9^6, but a f t e r cohort 28 the index has been under f i v e . 

Calculating N g by using the children may be achieved by f i n d i n g the 

number of o f f s p r i n g i n the contributory population. Figure (66) shows 

that these two methods produce very similar results throughout the 

cohorts. The results i n t h i s figure are expressed as a f i v e cohort 

moving average. Both methods thus produce similar and low indices of 

i s o l a t i o n . 

This example aids i n emphasising the other point to be made 

here. This i s that chance effects seem to have played a s i g n i f i c a n t 

r o l e i n the construction of the community. Many opportunities f o r 

random effects have been demonstrated i n the previous pages. The 

f l u c t u a t i o n i n population size produces a 'bottleneck' e f f e c t , f o r 

example,with non-specific selection of c e r t a i n individuals. Systematic 
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endogamy also produces the same type of effect by l i m i t i n g the gene 

pool i n some generations and i t has been shown that certain couples 

contribute a considerable number of descendants to l a t e r cohorts. 

S i m i l a r l y i t has been shown that the acceptance of marriage partners 

and new couples in t o the community over the years has remained constant 

by proportion to the size of the whole population. Also the proportion 

of individuals who l a t e r become parents has changed l i t t l e w i th time. 

That i s to say,although from time to time absolute numbers are controlled 

by economic factors,those who contribute genetically to the next island 

generation are influenced by the numbers i n the group and many social 

fact o r s , f o r example,do not appear to be important. Hence the concept 

of randomness of genetic action. 

A f u r t h e r aim of the presentation of the demographic material 

i n t h i s v/ay i s to emphasise the general dynamic nature of the population. 

Collation 

Part (h) i s a general discussion of the a p p l i c a b i l i t y of the 

demographic analysis given i n parts (b) to (g) to a genetic study 

of the island population. For purposes of i l l u s t r a t i o n i t i s possible 

to calculate an index of i s o l a t i o n a f t e r Lasker (l960),for the longitudinal 

island population. This shows a low index value f o r the l a s t ten cohorts, 

i n d i c a t i n g a potential d r i f t s i t u a t i o n . The effective population may 

be estimated using the parental and child.populations i n each cohort; 

the moving averaged values demonstrate a small population at a l l stages 

i n the recorded history of the island. The section on marriage (part(e)) 

indicates that the breeding population,of which the island i s a part, 

i s large and that the cohorts of the island population i n no way r e f l e c t 
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t h i s group. The results given i n t h i s part indicate a mode of analysis 

rather than a meaningful set of results f o r the island. Despite t h i s 

the second chapter continues to consider the island as a u n i t . This 

i s purely f o r p r a c t i c a l purposes : no study could be large enough 

to include i t s entire breeding u n i t . For t h i s reason i t i s valuable 

at t h i s stage to note that the crude analysis i n t h i s part and the 

analyses i n parts ( e ) , ( f ) and (g) a l l indicate that a random or d r i f t 

e f f e c t may well be i n operation on the island and perhaps i n the larger 

breeding u n i t of which the island i s a part. There i s no evidence f o r 

the l a t t e r statement,however. The d r i f t s i t u a t i o n seems to be especially 

marked amongst the core island population which w i l l have a much smaller 

breeding u n i t than the t o t a l island population. The next chapter w i l l 

consider i f these processes have any effect on the present gene d i s t r i b u t i o n s 

on the island. 
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Summary of Chapter One 

This chapter has been a study of the social h i s t o r y , h i s t o r i c a l 

demographic trends,the demography of the l i v i n g group and includes 

aspects of the genetic demography of the Holy Island population. I t 

has become apparent as the chapter progressed that the island population 

i s by no means a single u n i t ; h i s t o r i c a l l y , s o c i a l l y or genetically. 

Part (a) indicates why t h i s i s not so h i s t o r i c a l l y and geographically. 

Part (c) shows the v i t a l trends and part (d) the census results of 

the mid-nineteenth century'both parts show the dependance of the community 

on the outside world. Part (b) introduces the major modes of analysis 

and t h i s i s continued i n parts (e) and (f),again showing the relationships 

of the community with other groups. Part (g) continues the analysis 

of the l i v i n g island group which shows similar trends to the h i s t o r i c a l 

populations. F i n a l l y part (h) introduces some of the demographic data 

to a genetic i n t e r p r e t a t i o n to provide a l i n k w ith the next chapter. 
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CHAPTER TWO 

Non-Medical v a r i a b i l i t y 

i n Holy Island 
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Part ( i ) 

Introduction to the Non-Medical Tests 

This chapter includes a l l the available information on normal 

population v a r i a b i l i t y which was collected during the winter of 19&9 

to 1970. 

Collection 

30 ml of venous blood was obtained from each individual and i n 

addition a sample of saliva,a sample of urine,palmar dermatoglyphics 

and skin recordings from an EEL reflectance spectrophotometer,were 

collected. The results of PTC t a s t i n g and a series of miscellaneous 

data are also reported i n t h i s chapter. 12 to 18 people were tested each 

week and the collected specimens dealt with promptly. 

Blood 

The^blood was placed i n cooled Dewar flasks soon a f t e r c o l l e c t i o n . 

Some was sent f o r t e s t i n g at the Pathology Laboratory of the Gateshead 

Queen Elizabeth Hospital (see chapter three). The rest of the blood 

was used f o r genetic studies,whilst the serum was separated from a 

c l o t t e d specimen and the rest of the c l o t made int o a red blood c e l l 

lysate. The blood grouping,serum separation and lysate manufacture 

were a l l done w i t h i n 24 hours of c o l l e c t i o n and the serum and blood 

lysates were then stored i n a deep frozen state. 

Saliva 

The saliva specimens were.boiled^an the island and placed i n a 

r e f r i g e r a t o r w i t h i n twelve hours of c o l l e c t i o n . 

* 5ml sequestrene x 2,2ml. fluoride,2x9ml clotted. 
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The urine^was a morning specimen and was tested w i t h a quick screening 

test (Labstix) soon a f t e r c o l l e c t i o n . Then thymol crystals were added 

and the urine was placed i n a deep freezer w i t h i n 18 hours of being 

produced. 

Palm Prints 

The palm p r i n t s were taken by the Kleenprint technique using 

a cardboard cylinder as a r o l l e r . These were numbered and stored i n 

polythene bags u n t i l analysed. 

Other Data 

A l l other results were noted down on forms bearing the individuals 

number. Key cards w i t h the number and the name and address of the person 

were made and kept separate from the rest of the material. These cards 

also contain the ages and some relationships of the i n d i v i d u a l . The 

forms contained data on the PTC threshold,skin colour reflectance 

values at wavelengths 601,605 and 609,handedness,joint sense,colour 

v i s i o n anomalies,tongue r o l l i n g , f i n g e r length and the a b i l i t y to smell 

potassium cyanide. 

Control Groups 

For the purpose, of t h i s thesis i t has not been possible to obtain 

a suitable mainland sample to use as a control. This topic i s dealt 1 

w i t h i n more d e t a i l l a t e r i n part ( n ) . However additional material 

has been collected and used f o r comparative purposes. These are groups 

from mainland Northumberland,Northern students from Durham University 

and other series from schools i n the North of England. The 'mainland 



Northumberland.1 series consists of adults from Berwick,Alnwick,Wooler 

and Bamburgh chosen by having no I r i s h or highland Scottish surnames 

and by being born w i t h i n these parts of. Northumberland. Data from Kopec 

(1970)jPraser Roberts (1953) and other authors have also been used where 

appropriate. 

Population Subdivisions 

The l i v i n g population on Holy Island may be divided i n t o three 

groups. These same subdivisions have been used i n the f i r s t chapter 

of t h i s thesis. They are b r i e f l y given here : 

Group (a) i s the long standing island population. 

Group (b) the non-island spouses of group ( a ) . 

Group (c) the rest of the population. 

The three groups are d i s t i n c t genetically; the f i r s t representing 

the ongoing gene pool on the island,the second the gene flow onto the 

island and the t h i r d group i s genetically d i s t i n c t and,by d e f i n i t i o n , 

non-contributory to the other two groups. 

of sub-samples. The whole island sample has been used occasionally; 

t h i s i s an amalgamation of a l l three groups on the island and the main 

reason f o r i t s use i s one of size. The island subdivisions are a l l very 

small and the t o t a l island sample has been used to obtain the biggest 

sample possible. There i s no proper j u s t i f i c a t i o n f o r t h i s actign 

i n genetic terms. Many other mainland samples do not take in t o account 

the composition of t h e i r samples and must include individuals i n the 

The island/fta s been ipulation comparedwjfch other populations using a var i e t y 
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equivalent of the above three groups. Group (a) and group (b) are quoted 

separately because they are genetically meaningful results f o r the population 

f o r one generation. I t can be argued that the island i s not an effective 

genetic u n i t but because l i t t l e i s known of comparable situations the 

results are recorded here i n d e t a i l . 
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Part ( j ) 

The Methods Used 

The material was collected i n small batches and dealt w i t h each 

week. 

Blood Group Serology 

The following blood transfusion centres kindly provided antisera 

f o r t h i s study. Lancaster sub-centre N.B.T.S. (anti-P 1,Lewis (a) and 

(b) and Rhesus C,D,E and c and H); Newcastle N.B.T.S. (anti-A,B,A1,M, 

N,S and K e l l ) ; the L i s t e r I n s t i t u t e (anti-Duffy (a),C W and Lutheran ( a ) ) ; 

Ortho Pharmaceuticals (e,k and s) ; Biotest Laboratories (anti-Duffy (b) 

and Kidd (a) and (b)) and By land Laboratories (anti-H). 

The serological techniques varied with the type of antisera used. 

There are three main methods. The t i l e technique involves the use of 

equal volumes of antisera and a 4$ red blood c e l l suspension. The c e l l s 

are mixed and l e f t f o r a specific length of time at a certain temperature. 

The t i l e i s then rocked gently and inspected f o r agglutination. The 

following antisera required a t i l e technique; A,B,AB,Â  ,M,N,P1. Whenever 

doubtful reactions arose the blood was retested using another batch 

of the serum and,preferably,another method. 

The second method was the simple tube t e s t . This technique involves 

placing equal volumes of c e l l s with antisera i n p r e c i p i t i n tubes w h i c h 

are again l e f t f o r specific periods of time at specific temperatures. 

Often the addition of. papain or albumin enhances the reaction. The following 

antisera required t h i s method; C,c,D,E,e,CW,Lu(a),Le(a),Le(b) and S. The 

rest of the blood grouping v/as performed by the Coombs technique. Here 
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the serum i s incubated w i t h a 5 to Qfo c e l l suspension at 37°C. Afterwards 

the c e l l s are washed free of the antisera and placed on a clean t i l e 

w i t h a drop of anti-human globulin. The t i l e i s rocked and the mixture 

i s inspected f o r agglutination. This method was used with the following 

antisera; s,k,Fy(a),Fy(b),Jk(a) and Jk(b). 

The D antisera used had strong anti-D U properties and no further 

tests on D negative c e l l s were made. The Â  negative c e l l s were classed 

as 'A^1 without further investigation. A l l the M,N and D tests were done 

i n duplicate. The Lewis,P and S groups were always tested f i r s t w h i lst 

the blood was less than 18 hours old. Some antisera required traces of 

complement and f o r t h i s the ce l l s were only washed once p r i o r to t e s t i n g . 

A l l the other c e l l s used i n the other serological tests were washed 

three times. Every resu l t was checked by two people. Wherever possible 

the same batch of antiserum was used f o r the whole series. I n t h i s respect 

the anti-P^ was an exceptionally strong antiserum and so can only be 

compared wi t h s i m i l a r l y tested series. 

A l l c e l l s had negative and positive controls set up with them; 

these were obtained from Lancaster,Newcastle and Ortho. 

Secretor Status 

The centrifuged and boiled saliva was tested against two series 

of anti-H. Equal volumes of the saliva and anti-H were incubated at room 

temperature i n a p r e c i p i t i n tube. The presence or otherwise of the anti-H 

was then demonstrated by the addition of a suspension of fresh blood 

c e l l s of group 0 type. I f a f t e r f u r t h e r incubation the mixture i n the 

tube was not agglutinated then a l l the anti-H has been neutralised by 

the secreted, blood group substances i n the saliva and thus the i n d i v i d u a l 
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i s an ABE secretor. I f agglutination occurs then the in d i v i d u a l i s a 

non-secretor. 

Serum Groups 

The serum was stored i n a deep frozen state u n t i l used. Horizontal 

starch gel electrophoresis based on the method of Smithies (1955) was 

used as a screening proceedure f o r the serum proteins. One ha l f of the 

gel was stained with 1$ amido-black to demonstrate the general protein 

run,especially the tr a n s f e r r i n s . The other h a l f of the gel was stained 

w i t h benzidene a f t e r the method of Smithies (1959) to show the haemoglobin 

bound to the haptoglobin bands. One drop of fresh 4$ haemoglobin solution 

was placed w i t h three drops of the sera p r i o r to electrophoresis. The 

Ag groups were detected by the use of appropriate antisera and the tests 

were performed by Mr.D.Tills at the M.R.C. Serological Population Genetics 

Laboratory. 

Red Blood Cell Isoenzymes 

The lysates were prepared from clots and deep frozen u n t i l required.Hon^o*^ 

^tarch gel electrophoresis was used to detect a l l the following isoenzymes. 

The basic references f o r the methods used are given i n brackets a f t e r 

the name of each enzyme. The following were run i n Durham : Acid Phosphatase 

(Hopkinson et a l i a 1963),Phosphoglucomutase (Spencer et a l i a 1964), 

Adenylate Kinase (Fildes and Harris 1966),Lactate Dehydrogenase (Davidson 

et a l i a 1965),6-Phosphogluconate Dehydrogenase (Pildes and Parr 1963) 

and Glucose-6-Phosphate Dehydrogenase (WHO 1966). The following were 

performed at the Serological Laboratory of Dr.A.E.Mourant bij 

. Mr.D.Tills : Adenosine Deaminase (Spencer et a l i a 1968) 

and Phospho-Hexose Isomerase (Detter et a l i a 1968). 
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Urine Analysis 

As well as being screened f o r medical abnormalities the urine was 

also stored and then subjected to high voltage electrophoresis to determine 

the concentration of beta amino isobutyric acid amongst the island 

population. The analysis was performed at 4500 v o l t s a f t e r the method 

of g a r t l e r (l96l),the population being divided i n t o those who excrete 

high (detectable) quantities of the amino-acid and low (not detectable) 

quantities* 

PTC Tasting 

This substance shows a ta s t i n g polymorphism when s e r i a l l y d i l u t e d 

and the method i s basically a f t e r Harris and Kalmus (1949). The technique 

was modified by Sunderland (1966). This entails omitting a number of the 

di l u t i o n s to speed up the method. The test i s i n two parts,the f i r s t 

g iving the approximate and the second the true threshold. Fresh solutions 

were made regularly and a l l the tests were performed i n the same way. 

Anomalous Colour Vision 

A screening method was used here involving the 24 plate Ishihara 

chart (196O). These plates were read 20 cm from the eye i n good daylight. 

Up to three mistakes were allowed before any note was made of anomalous 

colour v i s i o n . Protanope and deuteranope estimations were made from the 

f i n a l pair of plates i n t h i s series. 



C o l l a t i o n 

Parts ( i ) and ( j ) introduce t h i s chapter by recording the modes 

of c o l l e c t i o n of the data from the l i v i n g island population. This i s 

followed by a b r i e f reintroduction of the subdivisions of the Holy 

Island population given f i r s t i n part ( b ) . The methods used to determine 

the u n i f a c t o r i a l t r a i t s are basically those of other research workers 

and appropriate references are given. I f there are any minor differences 

i n technique wliich could influence the results these are mentioned here 

or l a t e r i n the chapter. P u l l descriptive d e t a i l s of techniques are 

not given as i t i s f e l t that the emphasis should be placed on the results 

and t h e i r interpretation,whilst i t i s accepted that each technique used 

has i t s own sources of error attatched to i t . Other than through the 

use of controls i n red c e l l serology,it has not been possible to calculate 

or allow f o r errors associated w i t h the techniques. 



The U n i f a c t o r i a l T r a i t s 

This i s a long section which f i r s t l y shows a l l the results and 

a series of simple chi-squared tests (Figures 6 7 and 6 8 ) . Each 

t r a i t i s then considered i n turn and f i n a l l y a discussion notes some 

generally applicable points. 

The Results 

I n the following figures some abbreviations are used. 'Mainland c o n t r o l 1 

refers to the random series of circa 1 5 0 individuals from North Northumberland. 

'Student control' i s the sample of circa 2 0 0 people from the North of 

England,whilst.Kopec 1 and 'Fraser Roberts' both ref e r to data found 

i n Kopec ( 1 9 7 0 ) and Fraser Roberts ( 1 9 5 3 ) respectively. Not a l l data 

are available universally and so the blanks i n the following tables 

indicate where such omissions occur. The various bracketed figures are 

phenotype percentages. These are not given f o r group ( c ) . 

Figure ( 6 7 ) shows the main series of results as phenotypes. Blood 

group P refers to that p a r t i c u l a r segment of the P range detected by the 

available antisera (see Race and Sanger 1 9 6 8 ) . A l l K e l l negatives were 

tested with cellano and found to be positives. The student series was 

not tested with anti-Duffy ( b ) . The mainland series were poorly controlled 

f o r the Lewis groups due to the lack of c e l l s of the appropriate 

type. 

Figure ( 6 8 ) shows a series of 2 x 2 chi-squared tests on the results 

shown i n Figure ( 6 7 ) . Pairs of populations which were compared depended 

on sample sizes and the a v a i a b i l i t y of the r e s u l t s . The 5 $ l e v e l of 

pr o b a b i l i t y was counted as being most useful and the chi-squared values 

are given only f o r results s i g n i f i c a n t at levels of 1 0 $ or less. 
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Figure (68) 

The Holy Island Population - Tests of Significance 

This i s a series of 2 x 2 chi-squared tests on the various phenotype 
samples found i n Figure ( 6 7 ) . 'NS1 indicates a non-significant 
r e s u l t at a p r o b a b i l i t y l e v e l of over 10%. 
The 2 x 2 tests are to maximise group differences. 
System Holy Island Group (a) Holy Island Group (a) 

versus Mainland versus Students 
ABO A. 1 v. Rest 3.15 NS 5 -10£ 12.05 S less 

A 2 v. Rest NS NS 
0 v. Rest NS NS 
B v. Rest NS NS 

Holy Island Total 
Rhesus CC v. Rest NS NS 

Cc v. Rest NS NS 
cc v. Rest NS NS 

dd v. Rest NS 5.48 S 1-2feS 

Ee v. Rest NS NS 
ee v. Rest NS NS 

Holy Island Total v. Students 
MSs m V. Rest 12.94 S less than .15* -

m V. Rest 19 .72 S less than -
m V. Rest 3.17 NS 5-105S -
SS V. Rest NS -
Ss V. Rest NS -
S S V. Rest 5.38 s 1-2-;$ -

P p+ V, P- NS 3.18 NS 

Ke l l K+ V. K- NS NS 

Lutheran Lu(a)+ v. Lu(a)- NS NS 
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Figure ( 6 8 ) continued 
System Holy Island Group (a) Holy Island Total 

versus Mainland versus Students 
Duffy Fy(b)+ V.Rest 1 8 . 5 0 S under 

ITS 1 1 . 9 4 S less than 
1 1 . 3 9 S under .Vf> 

Fy(a)+ v.Rest 
Fy(ab)+ v.Rest 

Lewis Le(b)+ v.Rest NS 
Le(a)+ v.Rest NS 
Le(ab)-v.Rest NS 

NS 
U25 s 
NS 

Kidd Jk(b)+ v. Rest 
Jk(a)+ v- Rest 
Jlc(ab)+v. Rest 

Secretor Se v. sese 

4 . 0 6 S 
NS 

3 . 9 2 S 2 £ - 5 # 

Haptoglobin 2 - 2 v. Rest 8 . 0 2 S ^ - 1 ? i 
2 - 1 v. Rest 5 . 5 8 S 1 - 2 f e b 

1 - 1 v. Rest NS 

Holy Island Group (a) 
versus Students 

NS 
Holy Island Total 
versus Students 

3 . 2 5 NS 5 - 1 0 5 6 

4 . 4 5 S 2 ^ - 5 % 

NS 

Acid Phosphatase 
AA v. Rest 
BA v. Rest 
BB v. Rest 

NS 
3 . 9 5 S 2 j - 5 % 

3 . 8 0 NS 5 - 1 0 $ 

6 . 4 9 S 1 - 2 $ 

9 . 9 8 3 , 1 - J j £ 

3 . 1 4 NS 5 - 1 0 5 S 

Phosphoglucomutase 
1 - 1 v. Rest 
2 - 1 v. Rest 
2 - 2 v. Rest 

NS 
NS 

3 . 7 7 NS 5 - 1 0 J & 

5 . 6 1 S 1 - 2 j $ 

NS 

Adenylate Kinase 
1 - 1 v. Rest NS NS 
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Figure (68) continued 

System 

Adenosine Deaminase 1-1 v. Rest 
2-1 v. Rest 

Holy Island Group (a) 
versus Londoners 

8.4 S 
2 2 . 3 S less than .1$ 

PTC t a s t i n g T v. t t 

Holy Island Group (a) 
versus I&inland Northumberland 

6.16 S l - 2 j $ 

3AIB excretion High v. Low 

Ag(x) type Ag(x)+ v. Ag(x)-

Holy Island Group (a) 
versus Students 

NS 
Holy Island Group (a) 
versus Swedes 

NS 

The following were not tested by the chi-sq.uared method due to 
the small numbers involved or the lack of phenotypic v a r i a t i o n . 
The results apparently showed no v a r i a t i o n when contrasted with 
other English series. 

Colour Blindness 
Transferrin subtypes 
Phosphohexose Isomerase 
Lactate Dehydrogenase 
Glucose-6-Phosphate Dehydrogenase 
6-Phosphogluconate Dehydrogenase 



The ABO Blood Group System 

The properties of this blood group system were the f i r s t to be 

investigated (Landsteiner 1900) and during the Great War distributional 

studies were undertaken and later published (Hirsohfeld and Hirschfeld 

1919)* Since then large collections of regional and local population 

studies have been published by Boyd (l939)fItourant (1954). Mourant 

et a l i a (1958) and Kopec (1970)* The recorded work i s often based 

upon data from the national Blood Transfusion Service i n this country. 

In large samples this compares well with series from servicemen (Kopec 

1970) < However this i s not always the caseAand this problem w i l l be 

discussed later. I f further selection of a donor sample takes place 

by age.or birth locality.then i t i s li k e l y that an exoess of donor 

type 0 individuals appear. This i s noted i n the mainland sample and 

other studies have shown discrepancies between donor and other samples 

(Mitchell 197l)» This observation i s not f u l l y understood. 

The student control group was extracted from a series of new 

donors attending sessions i n Durham. This series i s used to compare 

with group (a) inhabitants i n Figure (67). The Kopec material used i n 

Figure (69) He from donors attending sessions at Berwick and Alnwick. 

The mainland series' includes data from individuals bora and s t i l l 

l i v i n g near BerwiokyMnwick.Seahouses and Wooler. Both the Kopec and 

Fraser Roberts material are from blood donors from similar areas but 

the data was collected some years ago. Unfortunately there are no 

means of assessing i f any individuals are present i n more than one series. *k 

The presentations of the data i n the figures show that the group 

(a) islanders are deficient i n the gene whilst the group (b) spouses 

are i n the process of introducing this particular gene on the island. 

S t a t i s t i c a l l y significant comparisons are shown i n Figure (68). The 

* The mainland series was not exclusively new donors. 
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gene was,In the past,replaced by the 0 gene amongst the long

standing island community. The mainland series and the Kopeo and 

Fraser Roberts results do not differ markedly i n respect of the 

totalled island results,nor do they differ very much from each other. 

This homogeneity i s confirmed by the non-significant results for the 

chi-squared tests seen i n Figure (68). 

In to to the Holy Island material f i t s i n well with the regional 

scheme of Kopeo (1970) and with earlier publications. The ABO data 

along with results of Rhesus D,PTC and anomalous colour vision,are 

unusual in that the B r i t i s h I s l e s data are sufficiently detailed to 

be able to make,if desired,more detailed comparisons than are possible 

with the rest of the results i n this chapter. No attempts are made 

to effect such comparisons i n this thesis; the significance of such 

geographical comparisons i s discussed at the end of this chapter* 

The gene frequencies are recorded i n Figure (70). They demonstrate 

once more the low frequencies of the gene amongst the core island 

population. The gene frequencies have been calculated using the simplest 

method mentioned i n Mourant (1954). This i s because the demography of 

the island makes i t most unlikely that there w i l l be an expected 

distribution of heterozygotes amongst the core population. The 

frequencies are recorded for completeness. 
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Figure (70) 

ABO Gene Frequencies Calculated A f t e r Mourant ("1954) 

Genes Holy Island Mainland Fraser Kopec Kopec 
Group (a) Roberts * Alnwick Berwick 

.0775 .1378 - - -

.0706 .0517 - - -
A - - .2150 .2078 .2648 

B .0840 .0830 .0610 .0724 .0652 

0 .7679 .7275 .7240 .7198 .6700 

* Includes Berv/ick,Alnwick,211ingham and ITetherwitton 
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The Rhesus Blood Group System 

The rhesus system was f i r s t Investigated by Landsteiner and 

Wiener (1940) subsequent to the observations o f Levine and Stetson 

(1939)* The complexity of the system mas soon recognised and the 

synthesis by Fisher (1943) i s used i n the results given here,whilst 

the Wiener code i s employed i n a modified form to indicate the 

chromosome complexes as c i t e d by Race and Sanger (1968) and given 

by Heiken and Easmusen (1966)S Thus C/Cw *,CW =,c +,D +,E -,e + are 

taken to indicate the phenotype R^r and the chromosome composition 

CDe/cde although a small proportion would be GDe/oDe and oDe/C&e • 

Sample bias i s to be expected i n r e l a t i o n to rhesus negative people 

collected i n the samples from the blood transfusion service. There 

seems to be a good deal of. heterogeneity amongst the number.and 

proportion o f rhesus negative individuals i n the control groups 

and t h i s i s s i g n i f i c a n t i n one comparison shown i n Figure (71) 

between r r versus the r e s t using the Holy Island t o t a l versus the 

mainlande The mainland sample has an abnormally high frequency of the 

r r combination. There are differences when comparisons 

are made between the chromosomal combinations but most of these are 

not s i g n i f i c a n t . The islanders seem to have high r gene estimations 

and to be low i n Eg combinations. This i s being st a b i l i z e d t o some 

extent by the group (b) individuals who are low i n r groups and high 

i n the chromosome. A. wide measure of chromosomal v a r i a t i o n i s 

only to be expected w i t h so many varying and associated chromosomal 

complexes. I n most oases the sample sizes are too small to be useful 

s t a t i s t i o a l l y e 

Figure (67) gives the gene combinations deduced from the serology 

(C,cfE and e) and f o r the Dd combinations assuming the commonest 

rhesus chromosome types. The differences between the island and the 
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Figure (71) 

Holy Island 
Further Rhesus Results ; 

1 

Chromosome Estimates with C 

Koly Island : 
Group (a) (h) 

r r 14(15.7) 1( 4.2) 

R^r 36(40.5) 6(25.0) 

S 1H 1 15(16,9) 4(16.6) 

R 2r 14(15.7) 6(25.0) 

R1R2 7( 7.9) 4(16.6) 

R2Rg 1( 1.1) 1( 4.2) 

r r " 1( 1.1) 0 

R*r 1( 1.1) 1( 4.2) 

R Qr 0 1( 4.2) 

R!R« 0 0 

R^jR2 0 0 

Total 89 24 

Mainland 
(c) Total 
2 17(13.4) 30(24.4 
4 46(36.2) 40(32.5 
1 20(15.7) 21(17.1 
2 22(17.3) 12( 9.8 

4 15(11.8) 11( 8.9 
0 2( 1.6) 4( 3.3 
0 1( 0.8) 2( 1.6 
1 3( 2.4) 1( 0.8 
0 1( 0.8) 0 
0 0 1( 0.8 
0 0 1( 0.8 

14 127 123 

Chi-squared test r e s u l t s ; 

Holy Island Group (a) 
versus Mainland 

r r v..rest NS 
R r v. rest NS 
R R. v. rest NS 

1 1 
R.r v. rest NS 

Holy Island Total 
versus Mainland 

4.99 S at 1-2J£ 
ES 
NS 

3.01 NS 5-1 Ofo 
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Figure (71) continued 

Rhesus D. 

r r 
r ' r 
r " r 
r»r" 
R types 

Totals 

Holy Island Elsewhere 
Group(a) (b) (c) Total Mainland Kopec Students 

14 (15.7) 1( 4.2) 2 17(13.4) 34(23.6) 136(20.7) 38(18.1) 
0 0 0 2( 0.3) 0 
0 i ( o.a) 2( 1.4) 2( 0.3) 0 
0 0 0 0 . 0 . 

0 0 
1 ( 1.1) 0 
0 0 

74 (83.2) 23(95.8) 12 109(85.8) 108(75.0) 516(78.7)172(81.9) 

89 24 14 127 144 656 210 

Chi-squared test r e s u l t s ; 

Holy Island group(a) 
versus Kopec 

NS 

Holy Island group (a) 
versus Students 

NS 

r r versus rest 

Holy Island Total 
versus Kopec. 

3.64 NS 5-109& 

Holy Island Total 
versus Students 

NS 
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Figure (71) continued 
Chromosome Estimates without C 

Complexes 

V 
r r 
R1R1 

V 
R1R2 

Rgl^ 
R r 
o. 

r r " 

Holy Island 
Group (a) 
37 (41 .6) 

14 (15.7) 

15 (16.9) 

14 (15.7) 

7 ( 7.9) 

1 ( 1.1) 

0 

1 ( 1.1) 

(b) 
7 (29.2) 

1 ( 4.2) 

4 (16.6) 

6 (25.0) 

4 (16.6) 

1 ( 4.2) 

1 ( 4.2) 

0 

(c) 
5 
2 

1 

2 

4 
0 

0 

0 

Total. 
49 (38.6) 
17 (13.4) 
20 (15.7) 

22 (17.3) 
15 (11.8) 
2 ( 1.6) 
1 ( 0.8) 
1 ( 0.8) 

Mainland 

49 (34.0) 

34 (23.6) 

25 (17.4) 

14 ( 9.7) 
14 ( 9.7) 
6 ( 4.2) 

0 

2 ( 1.4) 

Totals 89 24 127 144 

Chromosomes (estimated by gene counting) 

r 
R 1 
Rs 

R 

40 (44.9) 
37 (41.6) 
114(12.9) 

4( 0.6) 

8 (33.3) % 
9&C39.6) g 
6 (25.0) 3 
4( 2.1) -

53K42.1) 
52 (41 .0) 

20*(16.1) 

i ( 0 .4) 

•H 0.4) 

663r(46.2) 

564(39.2) 

20 (13.9) 

1 ( 0.7) 

W i l l i s subtype. 
c w

 + 

c w -
•1 
88 

1 

23 

1 
13 

Chromosomes (estimated a f t e r Mourant 1954) 

3 
124 

3 
120 

r 

R1 

R 2 
R 
o 

r" 

.4419 

.4160 

.1203 

0 

.0142 

.4667 

.3960 

.2505 

.1854 

0 

.3983 

.4090 

.1555 

.0116 

.0100 

.4857 

.3945 

.1241 

0 

.0144 



- 156 -

mainland samples r e f l e c t the high proportions of c fd,e on the mainland. 

Figure (68) gives the chi-squared results f o r these phenotypes and 

once more shows the s i g n i f i c a n t differences i n association w i t h the 

mainland series. 

JL large series of donor results are available f o r the B r i t i s h 

I s l e s (Kopec 1970),Figures (71) and (72) demonstrate these r e s u l t s . 

The results show wide fluctuations i n the D positive frequencies 

between neighbouring d i s t r i c t s and so the differences between the 

island and elsewhere cannot be regarded as unusual. 

The frequency of the C subtype W i l l i s does not vary very much 

between the island,mainland and other B r i t i s h sexies« 

The MS a Blood Group System 

This system was investigated by Landsteiner and Levine and 

published as a series of papers (Landsteiner and Levine 1927a,1927b, 

1928) f o r the M and N factors. Later S was studied by Walsh and 

Montgomery (1947),Sanger and Race (1947) and Sanger et a l i a (1948) 

and s was investigated by Levine et a l i a (1951)« 

The results from the present study are recorded i n Figures 

(67 ) , ( 73 ) , ( 74 ) and ( 7 5 ) . I n the pas* d i f f e r i n g techniques and the 

varying t i t r e of antisera have been responsible f o r some inconsistencies 

i n the r e s u l t s . I n t h i s series a l l tests f o r M and N were duplicated 

and the same batches of antisera used throughout. The results f o r the 

student series are not included as these precautions were not followed. 

Differences between the island and mainland occur at a l l levels 

of phenotypic and genotypic comparison (Figures (67) and ( 7 3 ) ) . The 

heterozygote MSs i s twice as common on the island as elsewhere whilst 

the homozygote MMss i s almost d e f i c i e n t and the combination NNss i s 

rare,when comparisons are made w i t h control groups. The genes N and 
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Figure (72) 

Holy Island 

Estimated Chromosome Frequencies taken from English 

and I r i s h Sources 

Complex English English I r i s h Holy Island Mainland 
Jiurray Race Huth ( t h i s study) 
(1946) (1950) (1953) 

r 38.9 39.7 43.9 44.9 46.2 

R1 43.1 40.7 40.4 41.6 39.2 

R 2 13.7 16.2 10.5 12.9 13.9 
R 

0 
.2.8 0.9 3.4 0 0. 

r " 0.8 1.6 0.6 0.6 0.7 
r« 0.7 0.8 0.6 0 0 

R z 0 0.1 0.6 0 0 

Total 1012 1107 200 89 144 
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Figure. (73) 

Holy Island ; Further WSs Results 

Phenotypes 
Holy Island Mainland 
Group (a) Group (b) Group (c) Total. 

MNSs 36 (40.5) 8 (33.3) 5 49 (37.9) 25: (21.7) 
WSS 11 (12.4) 3 (12.5) 3 17 (13 .2) 5 ( 4.3) 
Mss 24 (26.9) 8 (33.3) 1 33 (25.6) 27 (23.5) 
MMSs 5 ( 5.6) 1 ( 4.3) 2 8 ( 6.2) 18 (15 .6) 
MMSS 4 ( 4.5) 0 0 4 ( 3.1) 7 ( 6.1) 
MMss 1 ( 1.1) 2 ( 8.3) 1 4 ( 3.1) 11 ( 9.6) 
MSs 4 ( 4.5) 0 2 6 ( 4.7) 4 ( 3.5) 
mss 0 0 0 0 0 

Mss 4 ( 4.5) 2 ( 8.3) 2 8 ( 6.2) 18 (15.7) 

Total 89 24 16 129 115 

Genes 

M 454(51.1) 12^(52.1) 

H 434(48.9) Hi ( 4 7 . 9 ) 

S 374(42.1) 74(31.2) 

s 514(57.9) 164(68.8) 

74 654(50.8) 824(57.3) 

84 634(49.2) 614(42.7) 

74 524(40.7) 354(30.9) 
84 764(59.3) 794(69.1) 

* the MN material contains additional data which makes the summation 144 
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S are commoner on the island than the mainland,this may be seen 

i n the configurations i n Figure (73)»in the second half of the table. 

The English control quoted by Race and Sanger (1968) and presented 

in Figure (74) i s by Cleghom (1960). There i s a remarkable resemblance 

between the mainland series and this large sample by Cleghorn. Figure 

(75) gives Ikin's (1952) regional results (tested without anti-s) 

and the Holy Island group (a) results are given for comparison* I t 

i s d i f f i c u l t to make regional sense out of the Holy Island results 

and i t seems lik e l y that the explanation for gene differences l i e s 

elsewhere. 

Figure (74) 

Holy Island - MNSs Chromosome Frequencies 

The rounded off percentage frequencies are given in the brackets 

Mainland English Holy Island Holy Island 
group (a) total 

MNSs 25 (22) 224 (22) 36 (41) 49 (38) 
MNSS 5 ( 4) 39 ( 4) 11 (13) 17 (13) 
MNss 27 (23) 226 (23) 24 (27) 33 (26) 

MMSs 18 (16) 140 (14) 5 ( 6) 8 ( 6) 

MMSS 7 ( 6) 57 ( 6) 4 ( 4 ) 4 ( 3) 

MMss 11 ( 9) 101 (10) 1 ( 1) 4 ( 3) 

NNSs 4 ( 4) 54 ( 5) 4 ( 4) 6 ( 5) 

NNSS 0 3 ( 0) 0 0 

NNss 1.8 (16) 156. (16) 4 ( 4) 8 ( 6) 

Total 115 1000 89 129 

2 x 2 chi-squared tests on 
MNSs v. Rest a.76 S .1 

MNss v. Rest NS 

the Holy Island total sample versus the Mainland 
to , % MNSS v. Rest 5.84 S 1 to 2 ^ 

MNSs v. Rest 5.81 S 1 t o 2 ^ 
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Figure (75) 

Holy Island ; MS Results 

Holy Island English Welsh Scottish Northern I r i s h 
Group (a) 

MS 47 (52) 263(26) 36 (31) 137 (26) 17 (16) 
Mss 24 (27) 226(22) 16 (15) 14-8 (28) 37 (35) 
NHS 9 (10) 197(20) 20 (17) 105 (20) 23 (22) 
MMss 1 ( 1) 101(10) 16 (14) 37 ( 7) 14 (13) 
MS 4 ( 5) 57( 6) 9 ( 8) 21 ( 4) 4 ( 4) 
Mss 4 ( 5) 156(16) 17 (15) 79 (15) 11 (10) 
Total 89 1000 116 527 106 

Percentages i n brackets are rounded o f f to the nearest whole number 
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The P Blood Group System 

This system was investigated by Landsteiner and Levine (1927b). 

Many of the frequency differences are due to varying antisera strengths 

rather than r e f l e c t i n g true genetic heterogeneity. Also there i s 

an age factor operating i n that some of the P positive individuals 

do not develop a positive agglutination u n t i l the age of ten or 

twelve (Race and Sanger 1968). Race and Sanger consider the 'truest* 

index of Caucasian frequencies to be provided by Henningsen (1949) 

f o r Scandinavia : at 78.85$ (sample size of 2345). However the 

following regional series are provided by Hcin et a l i a (1952). A l l 

the series i n t h i s present study were investigated using comparable 

antisera from the same laboratory. 

Figure (76) 

Holy Island % results f o r the B r i t i s h I sles 

Number P + % P1 gene 
English 1166 76.59 51.61 

Welsh 166 73,28 48.31 
Scottish 527 75.52 50.52 

Northern I r i s h 106 78.30 53.42 

Mainland ( t h i s 
study) 144 79.86 55.12 

Students ( t h i s 
study) 210 74.28 49.29 
Holy Island 
(group (a)) 92 80.43 55.76 

Holy Island Total 132 82.57 58.25 

The mainland and island samples are both more frequent i n P 

positives than the Thin series,indicating a higher Northumberland 
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frequency. This does not seem to be due to the nature o f the antisera 

because the student series i s also low. 

There are no s i g n i f i c a n t differences displayed i n the chi-squared 

comparisons i n Figure (68) and the differences i n Figure (76) are 

also u n l i k e l y to be s t a t i s t i c a l l y s i g n i f i c a n t * Beoause of the known differences 

i n antisera,however,it does not seem appropriate to compare them. 

The K e l l Blood Group System 

The f i r s t studies on the population frequencies of t h i s system 

were reported by Race ( 1 9 4 6 ) ,whilst the results of two large random 

series of re s u l t s are to be found i n Race and Sanger (1968); one by 

the authors and the other by Cleghorn. A. very large Scottish series 

i s by Rahman (1967) and other regional reports by TVin (1952) are 

incorporated i n t o Figure ( 77 ) . 

Figure (77) 

Holy Island - Results f o r the B r i t i s h Isles of the 

K e l l System 

Number K e l l + <?o K gene 

South English (Race) 1108 8.9 .046 
English (Cleghorn) 8767 9.0 .046 

Scottish (Ucin) 527 - .046 

Scottish (Rahman) 20000 8.4. .043 

Welsh ( I k i n ) 11.6 - .044 
Northern I r i s h ( i k i n ) 106 - .039 

Students ( t h i s study) 172 8.7 .045 
Mainland ( t h i s study) 144 8.3 .042 

Holy Island group (a) 89 6.7 .034 

Holy Island Total 129 7.0 .036 

A 2 x 2 Chi-squared t e s t o f Cleghorn versus Holy Island group (a) 

i s not s i g n i f i c a n t at 5$. 
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There i s no s t a t i s t i c a l l y s i g n i f i c a n t difference between any group of 

S e l l r e s u l t s . I n f a c t the student and mainland samples f i t i n w e l l 

w i t h the r e s t of B r i t a i n w h i l s t the island has a marginally lower 

frequency of the K gene. 

The Lutheran Blood Group System 

This system was i n i t i a l l y described by Callender and Race (1946). 

I k i n (1952) along w i t h Race and Sanger (1968) report regional samples 

which are incorporated i n t o Figure (78)* 

Figure (78) 

Holy Island - Lutheran (a) results f o r the B r i t i s h I s l e s 

number Lu(a) + Lu(a) 

English (Race) 1373 7.6:5 •039 
English ( I k i n ) 1166 6.09 .031 
Welsh ( I k i n ) 116 0.86 .004 
Scottish ( i k i n ) 527 5.50 .028 

Northern I r i s h ( i k i n ) 106 8.49 ,043 

Students ( t h i s study) 172 11.04 .057 
Mainland ( t h i s study) 123 8.13 .042 

Holy Island group (a) 87 11.49 .059 

Holy Island Total 123 13.00 .067 

S t a t i s t i c a l comparisons of the material i n Figure (68) show 

HQ heterogeneity (nor does any difference exist between the I k i n 

English series and the island group (a) r e s u l t s . However the island 

shows a higher frequency of the Lu(a) gene than the mainland w h i l s t 

t h i s Northumberland sample f i t s i n well w i t h the series of Race and 

Sanger. The Scottish series by Ikin,when compared w i t h the Holy Island 

group (a) shows a small s i g n i f i c a n t difference (4.58 P= 2* to 5 $ ) . 
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The Duffy Blood Group System 

The Duffy system was investigated by Cutbush and Mbllison (1950). 

There are few regional series reported with both Duffy ant isera and 

those used i n Figure (79) a?e by Chown et a l i a (1965b) f o r white 

Canadians and Cleghom (1961) f o r an English series. 

The mainland series i s f a i r l y olose to the English and Canadian 

results and t h i s i s confirmed i n the gene estimations,which f o r 

comparative purposes ignores the p o s s i b i l i t y of the existance of the 

gene Fy, 

The Holy Island group (a) series has an excess of the Fy(a) 

gene. This i s p a r t i c u l a r l y seen i n the homozygous state and gives 

the s i g n i f i c a n t results i n Figure (68). The general significance 

of these results i s discussed i n general terms i n part (n)« 

The Lewis Blood Group System 

The Lewis system was described by Mourant (1946) and despite 

the theory of Grubb and Ceppellini many aspects of the polymorphism 

are s t i l l obscure,for example,the mode of inheritance of the Lewis 

(b) antigen. Also l i k e the P system there can be considerable v a r i a t i o n 

i n results w i t h d i f f e r e n t batches and sources of antisera and although 

the same antiserum was used i n a l l the new results given here,the 

mainland sample was not properly controlled and so may not be r e l i a b l e . 

However the student series i s si m i l a r to the I k i n results while the 

island results are very d i f f e r e n t . As before some of the regional 

samples i n Figure (80) are from I k i n (1952). 

Figure (68) shows that although the phenotype differences appear 

large only one cM-squared comparison i s s t a t i s t i c a l l y s i g n i f i c a n t . 
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Figure (79) 

The Duffy Blood Group Results 

Sample Number 

Canadian (Chown) 1600 

English (Cleghorn) 909 

Mainland (This study)100 

Holy Island Group(a) 88 

Holy Island Total 122 

Phenotype Percentages 
a+b- a+b+ a-b+ a-b 

19.0 49.1 31.9 0 

19.5 47.9 32.6 0 

27.0 35.0 38.0 0 

58.0 13.6 28.4 0 

46.7 23.0 30.3 0 

Gene Frequencies 
Fy(a) Fy(b) 

.4353 .5647 

.4350 .5650 

.4450 .5550 

.6477 .3523 

.5819 .4181 
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Figure (80) 

Lewis Phenotype Frequencies 

Sample Number Phenotype Percentages 
a+ b- a- b+ a- b-

English ( i k i n ) 1166 21.10 71.61 7.29 
London (Lincoln) 213 23.00 62.91 14.08 
Welsh ( I k i n ) 116 25.00 68.97 6.03 
Scottish ( I k i n ) 527 28.46 67.74 3.80 
Aberdeen (Lincoln) 550 28.00 65.63 6.36 
Northern I r i s h ( i k i n ) 106 31.13 60.38 8.49 
Belfast (Lincoln) 664 26.86 65.37 7.76 
Dublin (Lincoln) 597 27.63 64.48 7.87 

Students ) 204 27.94 65.69 6.37 
Mainland ) This 95 17.89 67.38 14.73 
Holy Is.Gp a ) Study 84 17.85 71.43 10.72 

Holy Is.Total) 121 17.35 74.39 8.26 
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Nevertheless there i s a general lack of the Lewis(a) positive type 

on the island* Gene calculations have not been made owing to the 

uncertain status of the subtypes* 

Recently Lincoln and Lodd (l972)have produced new data to suggest 

further regional variation of this t r a i t . Figure (80) also gives some 

results extracted from their paper. This shows that the frequency 

of the type Lewis (a) negative (b) negative f i t s i n quite well with 

the Holy Island and mainland control, series and emphasises the 

lack of Lewis (a) positive mentioned above. 

The KiddL Blood Group System 

This system was found by Allen et alia (1951). Few series using 

both antisera have been described owing to the d i f f i c u l t i e s encountered 

with Jk(b) antisera (Race and Sanger 1968). The series of white 

Canadians (Chown et a l i a 1965a) shown i n Figure (81) has expected 

values very close to those observed with anti-Jk(a) alone. 

Figure (81) 

Holy Island - Kidd Results 

Number a+ b< a+ b+ a- b+ (a) gene 

Canadians (Chown) 1296 

Mainland (this 

26.0 50.3 23.7 .5115 

study) 101 
Holy Island group(a) 83 
Holy Island Total 116 

29.7 
16.9 
19.8 

39.6 
54.2 

53.5 

30.7 
28.9 
26.7 

.4950 

.4397 

.4655 

The gene frequencies of. the mainland and the Canadian sample 

are f a i r l y close. The other results show the island deficient i n 
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the type Jk(a) positive (b) negative. This is again reflected i n 
the chi-squared results,seen i n Figure (68). I t i s not possible 
to give an explanation for these results on a regional basis (as 
with the Duffy results) because of the absence of a suitable series 
of comparable results« 

Secretor Status 

The dimorphism of ABH secretion was recognised i n the 19301s. 
However many technical d i f f i c u l t i e s were experienced and standardisation 
of the antisera was not achieved for some time. Race and Sanger (1968) 

quote a series by McConnell from Liverpool as being the most reliable 
to date. The present series show that some regional variation may 
exist when comparing the results with McConnell and Lincoln and 
Dodd (1972), These are given i n Figure (82). The North of England 
seems to have lower frequencies of non-secretors than the rest of 
the country. 

There are no significant differences between Holy Island and 
the series of Northern students (see Figure (68)) . Also the regional 
differences that have been shown to exist do not f i t well into a 
regional pattern and so these results,like so many i n this chapter, 
cannot be properly evaluated. 
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Figure (82) 
Holy Island : Seoretor Status I n the British Isles 

Number Non-secretor sese gene 
Percentage 

Liverpool (McConnell) 1118 22.72 .477 
London (Lincoln) 284 24.29 .493 
Aberdeen (Lincoln) 507 29.38 .542 
Belfast (Lincoln) 532 30.07 .548 
Dublin (Lincoln) 452 32,74 .572 

Students (this study) 139 18.00 .424 
Holy Island group (a) 80 20.00 .447 

Holy Island Total 118 17.79 .422 

Serum Haptoglobin Variants 
Smithies (1955) was the f i r s t to investigate this aspect of 

human genetic v a r i a b i l i t y . Large collections of world distributional 
data have now accumulated (Planas 1963 and Giblett 1969) a n& the 
results i n Figure (83) come from this l a t t e r source. 

The mainland sample has the highest frequency of the Hp 1 gene 
described i n this country to date and this i s reflected i n the chi-
squared tests i n Figure (68)„ A recent study i n Swedei involving some 
15»601 unrelated individuals indicates that some genetic heterogeneity 
is to be found i n that country. The regional Hp 1 gene variation 
ranged from .417 to .348 (HBglund et al i a 1970). Such differences 
may well be emerging i n the few recorded results so far published 
for this country. Certainly the range of gene variation from the 
above results for this country is about 11$ whilst for Sweden is 
just under 7$. 
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Figure (83) 

Holy Island % Frequency of the Hp 1 Gene 

Number Hp 1 gene 
England 
Scotland 

218 0.41 
0.36 100 

Students (this 
study) 
Mainland (this 
study) 
Holy Island group 
a 

Holy Island Total 

206 

122 

122 

83 

0.41 

0.47 

0.37 
0.37 

Serum Transferrin Variants 
Inherited variants i n the serum transferrin part of the general 

protein run have been found sinoe 1957 (Smithies 1957 and 1958). 

Smithies and Hi l l e r (1959) proposed the now accepted genetic system 
of three types of alleles,most of which have been demonstrated as 
behaving as autosomal co-dominant genes,called B,C and D. 

No transferrin variant was found i n the mainland or the island 
samples and only one (a BC type) was found i n the series of Durham 
students. This B variant corresponds to the commoner type found i n 
the Durham laboratory which is taken to be a Bg type. The frequency 
of B2C i n Britain i s about 2fi (Giblett 1962). The results i n a l l the 
Northern series are therefore lower than expected. Because of the 
r a r i t y of the variants large samples are required to confirm that 
sampling error has not been encountered and so l i t t l e emphasis should 
be placed on the results. 
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The Serum Factor Avg(x) 

This polymorphism was f i r s t described by Allison and Blumberg 
(19^1)» The original antisera were shown to be a mixture and modern 
investigations of the frequency of Ag(x) have been recorded by Hirschfeld 
and Okochi (1967),Mbrganti et a l i a (1967) and Solaas (1970). There 
i s one published paper on frequencies i n Britain (Bradbrook et a l i a 
1971) and so Figure (84) includes results from mainland Europe. These 
la t t e r results are from Solaas (1970)* 

Figure (84) 

Holy Island - Ag gene Frequencies 

Numbers Ag(x) gene Ag gene 

Swedes 216 0.22 0.78 

Swiss 282 Oe24 0.76 

Norse 3162 0.20 0.80 

Italians 334 0.23 0.77 

B r i t i s h * 260 0.20 0.80 

Holy Island Total 108 0.23 0.77 

* Sample tested with anti-Ag(x) only i n common with Holy Island 

Figure (84) assumes that Ag(x) i s the allele to the recessive 
gene Ag. The sample of Swedes was used to compare with Holy Island 
group (a) i n Figure (67). The results show that the island frequencies 
are similar to the rest of Europe. However a paper by Persson and 
Swan (1971) has shown that i t is possible for wide gene variations 
to occur within semi-isolated groups of Greenlanders (Ag(x) varies 
from .97 to .25) . In view of this no useful comment can be made u n t i l 
further British series are reported. 
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The Red Blood Cell Isoenzyme Aoid Phosphatase 
This Isoenzyme was amongst the f i r s t to be elucidated and i s 

unusual i n having three common alleles (Hopkinson et al i a 1963)* 

The extreme ranges of European variation are reported by Goedde 
(1970). They are as follows : Pa .310 (Freiberg) to .405 (Leipzig), 
Pb .643 (Freiberg) to .559 (Leipzig) and Pc .036 (Leipzig) to .064 

(Freiberg). Figure (85) gives the gene frequencies for the Northern 
series found i n Figure (67). 

F i a g e (85) 

Holy Island - Gene Frequencies for R B C Acid Phos-phatase Types 

Holy Island Holy Island Mainland Students 
group (a) Total 

Pa, .364 .348 .313 .356 

Pb .591 .609 .650 .609 

Pc .045 .043 .037 .035 

The gene values found i n this study overlap the lower end of the 
Pa and Pc range and the upper end of the Pb range when compared with 
the results of Goedde (1970). The mainland and student samples are 
especially anomalous i n this respect. Some significant differences 
are obtained i n most of the chi-squared comparisons performed. The 
Pb gene i s i n the process of being increased on the island by i t s 
increased frequencies amongst the group (b) spouses when compared 
with group (a). This i s a similar situation to the ABO blood group 
system mentiorie.dearlier i n this part. 
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The Red Blood Cell Isoenzyme Phosnhogluoomutase 
Spencer et alia (1964) demonstrated the genetic v a r i a b i l i t y 

of the sub-type3 of this enzyme on starch gels. Later Hbpkinson 

and Harris (19&5) found that some of the faster bands were controlled 

by another gene locus and named by them PGM locus 2. However this 

study i s confined to variation found at locus 1. Hopkinson and Harris 

(1965 and 1966) record distribution patterns for locus 1. Figure (86) 

shows two comparative results extracted from the above papers (for 

the English results) and from GdjgLde (1970) (for the German resul t ) . 

Figure (86) 

Holy Island ° Gene Frequencies for the R B C Phosphoglucomutase 

Gene Locus 1 

Numbers PGM̂  Gene 

Hamburg 770 0.213 
England 2115 0.235 
Mainland 119 O.185 
Holy Island 
group (a) 87 O.299 
Holy Island Total 127 O.264 

There is an excess of the PGM-2 gene amongst the Holy Island 
core population. This i s i n turn being lowered by the group (b) 
immigrants. The island results are amongst some of the highest 2 

gene frequencies so far recorded. The phenotypes also display a 
great deal of variation but for the most part the island does not 
di f f e r significantly from the other samples (see Figure (68)) . I t 
is not possible at this stage to demonstrate British heterogeneity 
of the PGM genes,or otherwise. 
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The Red Blood Cell Isoenzyme Adenylate Kinase 
Fildes and Harris (1966) demonstrated starch gel electrophoretic 

variants of this enzyme. Rapley et a l i a (1967) have summarised the 

results for a l l populations tested. This has been expanded by T i l l s 

(I970b)^and Goedde (1970). Extracted results are given i n Figure (87). 

Figure (87) 

Holy Island - Results of the R B C Adenylate Kinase 

Isoenzyme 

Number 1-1 2-1 2-2 AK 2 i 

Hamburg (Goedde) 1090 91.1 8.7 0.2 .046 
I r i s h ( T i l l s ) 789 93.7 6.3 0 .032 
London (Harris) 1887 91.1 8.8 0.1 .045 

Mainland (this study)123 95.9 4.1 0 .021 
Students(this study] 209 92.3 7.7 0 .039 
Holy Island group(a) 88 92.0 6.8 1.2 .046 

Holy Island Total 127 92.1 7.1 0.8 .044 

These results show l i t t l e variation on the whole. The 2 gene 

frequencies are lowest among the mainland series,whilst the island 

t o t a l seem s to have lower AK 2 gene frequencies than the London 

sample. One of the islanders happens to be an AK 2-2 phenotype and 

this has greatly increased the 2 gene frequency on the island. 

The Red Blood Cell Isoenzyme Phosphohexose Isomerase 
Detter et al i a (1968) found eight phenotype variants out of a 

sample of 3400'. These were distributed amongst twenty individuals 
and eleven of these were type 3-1. This type predominates amongst 
Asian Indians. Variation i n this country i s rare and so i t i s not 
surprising that a l l the islanders tested showed the common phenotype. 
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The Red Blood Cell Isoenzyme Adenosine Deaminase 
Spenser et alia (1968) and Hopkinson et a l i a (1969) f i r s t described 

this system. The results from the English population given i n Figure 
(88) are i n part from the above papers and i n part from Goedde (1970), 

Lefevre and Niebuhr (1970) and Dissing and Knudsen (1970). 

Figure (88) 

Holy Island - Results of R B C Adenosine Deaminase 
Number 1-1 1-2 2-2 AM 2 

Hamburg (Goedde) 861 87.5 12.2 0.3 .065 
West Berlin (Lefevre) 500 88.6 11.2 0.2 .058 
Denmark (Dissing) 1321 88.1 11.6 0.3 .061 
London (Spencer) 1223 90.4 9.4 0.2 .049 

Holy Island Total 127 75.6 21.3 3.1 .138 

The 2 gene on the island i s higher than any so far recorded from 
Western Europe. The frequency i s greater than the results of Hopkinson 
(1969) for Asian Indians and i s only matched by the results of Iraqi 
and Yemenite Jews (Szeinberg et a l i a 1971) and the Lapps (Eriksson 
1971). In addition these two papers show that wide fluctuations can 
occur i n the gene frequencies amongst small groups. 

The chi-squared comparisons made i n Figure (68) show that the 
island is significantly different to other West European series. 
These facts leave i t open to speculation what has caused these high 
2 gene frequencies on the island. 
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The Red Blood Cell Isoenzyme 6~Phosphogluconate Dehydrogenase 
Fildes and Parr (19^3) described genetic variants of this enzyme 

using starch gel electrophoresis. Type C i s the rare and type A the 

common co-dominant a l l e l e . Large samples are reported by Parr and 

Fitch (1964) and Parr (1966). The material i n Figure (89) i s taken 

from T i l l s et alia (1970a). 
A 

Figure (89) 

Holy Island =• Results of R B C 6°Phost)hogluconate Dehydrogenase 

Isoenzyme Variants 

Number io CA 6-PGD gene C 

Ireland ( T i l l s ) 789 2.8 .014 
London (Parr) 4557 4.1 .021 

Holy Island Total 122 3.3 .017 

The frequency for the island f i t s i n well with the results from 
Ireland and the large London sample of Parr. Statistical comparisons 
were not made but i t is unlikely that significant differences exist. 

The Red Blood Cell Isoenzyme Lactate Dehydrogenase 
Boyer et alia (l963) and Nance et alia (1963) were the f i r s t to 

find electrophoretic variation among the sub-units of this enzyme0 

The incidence of European variation is very low (Davidson et alia 
1965) and so the lack of variation i n this small island sample is 
i n accord with earlier observations. 

The Red Blood Cell Isoenzyme Glucose-6-PhoBphate Dehydrogenase 
Electropho3etic variants were found by Boyer et al i a (1962) and 

Kirkman and Hendrickson (19&3) i * 1 negro populations. Since then many 
variants have been found (Giblett 1970). No electrophoretic variants 
were found i n this sample and no other tests were undertaken. 
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The Phenyl-Thlo-Carbamide Tasting Polymorphism 
k. tasting dimorphism with this chemical was f i r s t discovered 

by Pox (1932), Puller elucidation of the genetic status of this t r a i t 
was undertaken by Harris and Kalmue (1949) and considerable heterogeneity 
has been shown i n this country (Sunderland 1966). The results for 
•mainland schoolchildren' given i n Figure (67) are from rural Northumberland 
whilst those i n Figure (90) below are for North Northumberland (Wooler, 
Berwick and Seahouses) only. I t i s the North Northumberland samples 
that are used i n the chi-squared tests i n Figure (68); which shows 
st a t i s t i c a l l y significant differences between the island and the 
mainland. The antimode for a l l the results i s taken at solution 4. 

Figure (90) 

Holy Island ; PTC Results 

Number Nontasters # nontasters 
North Northumberland 79 17i 22.2 
Holy Island group (a) 86 36£ 42.4 

Marked variations have been found for FTC gene frequencies 
i n this country and although the island frequency of non-tasters 
i s high i t i s not unique for Britain. The increased numbers of non
tasters amongst the group (a) inhabitants may merely reflect age 
changes. Kalmus and Trotter (1963) have demonstrated that taste 
sensitivity declines 0.0468 + 0.0118 threshold units annually and 
as i t occurs i n this thesis the various comparison groups from the 
North were mainly schoolchildren. Thus i t is possible that some of 
the uniqueness of the island may be due to the ageing population on 
the island. The to t a l island sample is shown subdivided by age i n 
Figure (91). No obvious age trends are demonstrated here,in fact 
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Figure (91) 
Age Trends i n PTC Tasting 

Using the t o t a l Holy Island population whose ages are certainly known 

Born; NT 1 3 4 5 6 7 9 11 Total % Non-tasters 
1909 and 
before 5 6 1 1 3 3 6 11 3 39 32.1 
1910-1924 3 9 4 2 1 2 10 9 4 4 4 38.6 
1925 and 
after 4 6 5 0 O O 6 9 6 36 41.7 

here the proportion of non-tasters (antimode 4) increases with age 
decrease rather than following the findings of Kalmus and Trotter 
(1963). Figure (92) shows the threshold distribution of a selected 
island samples that is group (a) plus group (b) spouses who have 
children on the island. This i s the group used later i n the calculations 
of interrelationships. This figure shows that the antimode f a l l s at 
solution 4. 

Recent observations i n Durham (TeaBdale 1972) indicate that some 
of the minerals present i n water may influence the tasting results,and 
this may be worth investigating further i n the context of Holy Island. 

Urinary Beta-Aminoisobutyric Aoid Excretion 
Urinary BAIB was detected i n high quantities i n the urine of 

some individuals by Crumpler et a l i a (1951)• I t was shown to be a 
polymorphism and restricted to man by Gartler (1961). The t r a i t has 
been studied by McEvoy-Bowe (1962) and Harris (1953) and seems to be 
essentially due to an autosomal recessive gene producing high BAIB 
excretion i n the homozygote. European and white American v a r i a b i l i t y 
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(Gartler 1961) is shown i n Figure (93). 

Figure (93) 

Holy Island g High BAXB Excretion i n some Populations 

Number Number High % High 
Excretors Excretors 

Americans 504 45 8,9 
Italians 792 55 6.9 
English 345 35 10.1 
Students (this 
study) 204 15 7*4 
Holy Island Total 120 16 13.3 

The difference between the students and the Holy Island series i s 
not significant (Figure(68)). I t seems therefore that the Holy Island 
population although i t has a higher BAIB high excretion frequency 
varies l i t t l e from what i s known of the present distribution of the 
t r a i t i n the British Isles. 

Anomalous Colour Vision 

This t r a i t has been extensively studied i n this country by 

Vernon and Straker (1943) and Pickford (1951). There i s no clear 

and consistent pattern of variation and the male frequency varies 

from 9.5% i n the South-West of England to 5.4$ i n North-East Scotland. 

The aspects of natural selection that might operate on this t r a i t have 

been discussed by Post (1962). 

On Holy Island there is one male with the anomalous gene detected 

by the 24 plate Ishihara chart (l960),from his answers to plates 16 and 

17 he i s probably a protanope. This person has two sons and a daughter 

a l l tested and a l l normal and three childless brothers not tested. 
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His mother was bom on the island but both her parents were from the 
mainland and so the gene has been introduced from Northumberland 
on this occasion. I t i s only possible to compare the island and 
the mainland s t a t i s t i c a l l y by weighting and under these circumstances 
the difference i s significant,when compared to a mainland sample 
of schoolchildren. There is no difference i n the female distribution 
on the island when compared to the mainland. The island shows an 
unexpectedly low frequency of colour blind people,probably due to 
the chance effects of population change over the centuries. 

Discussion 
Comments on the results presented so far i n this chapter have 

been reserved,in the main,for a general discussion because the remarks 
to be included here apply to a l l the variables. 

The island i s genetically different from the mainland samples 
with which i t has been compared. Of the 27 sets of variables,12 have 
demonstrated at least one significant difference,one more i s just 
not significant at the 5$ level of probability and comparisons were 
not properly possible with six other t r a i t s due to the absence of 
enough phenotypic variation* 

How may these differences be explained? The populations under 
consideration are a l l very small. I t i s possible that the observed 
variations were due to sampling errors on the mainland. This i s 
conceivable but unlikely,in that the island results consistently 
d i f f e r from the mainland,it i s also unlikely that the mainland results 
should be consistently different from other samples i n England,where 
they are available for comparison. Also the demographic history of 
the island makes i t l i k e l y that the island would have a different 
population structure compared with the mainland. The relative contribution 
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of different couples,the nature of mate selection and the fluctuation 
i n the population size; a l l make i t l i k e l y that the gene frequencies 
presented here are a transient phenomenon. The genetic pool w i l l be 
l i k e l y to change with each generation and not remain i n a constant 
Hardy-Weinberg equilibrium as 'characteristic' Holy Island gene 
frequencies. 

Nevertheless calculation of the expected and observed Hardy-
Weinberg values reveals that the expected heterogeneity i s only 
manifest i n two systems : Duffy and MN. The ABO system was tested 
ignoring the A subtypes and the rhesus chromosome complexes were 
omitted from the tests : this was because of the assumptions already 
made as to the distributions of genes i n the rhesus complexes. I t 
is d i f f i c u l t to know how to interpret these Hardy-Weinberg observations; 
i t could be taken as an indication that geographical comparisons 
are appropriate or that i t is inappropriate to test such small samples 
with the expectation of revealing an equilibrium when there is good 
evidence to suggest that no such state should be expected (see chapter 
one). I f this l a t t e r conclusion i s correct then geographical comparisons 
become inappropriate. Unfortunately a l l the comparisons that are 
at present available for the United Kingdom are largely based on 
some geographical c r i t e r i a . Many such studies are mentioned i n this 
thesis. This i s simply j u s t i f i e d by the lack of any other suitable 
data. The distributional material has not proved at a l l helpful 
i n explaining the Holy Island results. The inhabitants do not f i t 
into any apparent pattern for the British Isles. 

Studies on other small groups w i l l be mentioned later,but generally 
speaking some unifactorial systems seem to vary from expected more 
frequently than others; the MNSs system i s often the most variable 

* I t is possible that the Duffy and MN results are due to 
typing errors: this is less l i k e l y with the MN results due 
to controls. 
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and the rhesus system the least. In these terms the island sample 
matches other studies. Because of this i t does not seem possible to 
compare the island with other published investigations because such 
small group variation i s accounted for by genetic d r i f t . D r i f t is 
a process of randomisation due to a variety of factors. The main 
randomising features of the Holy Island population have been mentioned 
above. In order to compare the island with another group,it would 
be necessary to define the demographic history of the group i n as 
much detail as has been used i n this thesis. 

One method of effecting comparisons between two groups with 
d i f f e r i n g demographic structures may be through the use of the value 
R; the coefficient of relationship. This term is defined early i n 
the thesis. As used here i t i s the summated value of (£)N where N 
i s the number of steps interlinking two people through a common 
ancestor. The last chapter included the calculations for the relationship 
of the whole island. From this one may calculate a mean value for the 
whole island and i n addition i t i s possible to compute mean values 
for various subdivisions of the island population. These subdivisions 
may be genetic phenotypes,quantitative values or any other type of 
variable which produces a set of population subdivisions. 

In this context i t i s possible to find the mean values of R 
for the various unifactorial phenotypes and to examine the possibility 
that interrelationships exert a diff e r e n t i a l effect upon the results. 
Some genetic systems may have their frequencies due to many interrelated 
individuals existing with that phenotype i n the l i v i n g island population. 
This has not been computed yet for the whole range of variables 
but a few results are available. Figure (94) gives the results for 
relationship data on the PTC threshold material and the Duffy blood 
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Figure (94) 

Unifactorial Traits and the Coefficient of Relationship 

PTC Numbers Summated R z x r r/lowest r/Tr 
Threshold per group 

NT 11 0.9543 55 50 .0091 4.6 .43 

I 16 2.5485 120 94 .0119 6.0 .57 

3 9 0.0886 36 9 .0020 0 .09 

6 3 0.0156 3 2 .0031 1.6 .15 

7 14 2.5975 91 67 .0164 8.2 .78 

9 20 3.8308 190 121 .0123 6.2 .59 

I I 8 1.2791 28 16 .0291 14.6 1.39 

Duffy 

Blood Groups 

(a)-00- , 

(a)-(b)+ 27 5.1358 351 128 .0107 0 .51 

(a)+(b)- 11 1.2024 55 57 .0107 0 .51 

(a)+(b)+ 53 36.3148 1378 1072 .0148 1.4 .70 

z = n(n-l ) / 2 

x = the to t a l number of relationships 

r = R/z+x 
Tr i s the t o t a l population value of r calculated earlier 
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group system. These are some preliminary calculations and the true 
summated R values for each pair of individuals has not been calculated; 
a l l the N values have been added together for each group and so i n 
order to find a value for each subgroup that i s comparable,the summated 
values of R have been divided by the t o t a l number of relationships 
x as well as the t o t a l number of possible pairs of values z. The 
value z i s the progression of n(n-l ) / 2 ; the expansion of a triangular 
matrix* The value obtained i n this fashion ( r ) , i s not a true mean 
relationship but a figure that reflects the t o t a l group relationship. 
The PTC relationships vary within a range of 14 times from the lowest 
to the greatest value whilst the Duffy phenotypes vary much less. 
The value of R for the t o t a l population (Tr) i s also compared with 
the subgroup values of r . 

I t seems possible that relationships have an influence on the 
island results but what this i s , i n d e t a i l , w i l l not be clear u n t i l 
a l l the variables have been examined i n this manner. This aspect of 
the work has wider implications i n that a good deal of data i s being 
collected which involves related individuals and although i t may not 
be possible to contrast such material geographically,it might be 
possible .to evaluate the relatedness aspect of such studies. 

Collation 
Fart (k) i s a long section which presents the results for the 

unifactorial t r a i t s . First of a l l the results are given as a table 
using the subdivisions mentioned i n part ( i ) . All,except group ( c ) , 
are mentioned as phenotype numbers and percentages. Two main sets 
of controls are employed; a small donor sample from the mainland 
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and a larger student sample from Durham. This is followed by a table of 
chi-squared test results which compare the Holy Island sample with 
the various control groups. 

A series of sub-parts then follows and each gives details 
of the variables and mentions the results. Additional data are also 
included from other sources. Some comments are made individually 
on each variable but the major discussion i s reserved for the end 
section of this part. The AH) gene frequencies are calculated and 
rounded off after Mourant (1954) whilst the rhesus chromosome types 
are simply assumed from the commonest European types as recorded i n 
Race and Sanger (1968). The MNSs system is presented as genes and 
phenotype complexes rather than chromosome types. These three red 
c e l l systems present problems of gene or chromosome estimations and 
results obtained by methods other than gene counting should only be 
thought of as values,which i n a small interrelated population are 
quite l i k e l y inaccurate because of the unknown and estimated genes 
involved. The other blood group systems,serum types and enzymes 
are a l l given as phenotype and gene frequencies which are mostly 
calculated by the gene counting method. Exceptions to this are the 
P,Lutheran,secretor,Ag,PTC and BAIB genes whose gene frequencies are 
computed from the homozygous combinations. I n a l l cases i t is possible 
to argue that the comparative material i s inappropriate and indeed 
that i t i s impossible to provide suitable material to compare with 
the island group. Some of the random material which acts i n this capacity 
are more appropriate than others. The mainland series of about 140 

blood donors was selected for the AUQ and r r type and so comparisons 
involving these t r a i t s are of l i t t l e value. 

Despite a l l these reservations i t is possible to see that there 
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are many differences between the Holy Island population and those 
groups with which i t has been compared. This i s dealt with i n the 
f i n a l discussion towards the end of this part. The results of the 
Hardy-Weinberg computations are also mentiqed here. These suggest 
that the gene systems are mostly i n equilibrium despite the data 
and conclusions presented i n chapter one. This may suggest that the 
equilibrium method is of i t s e l f an insensitive measure and the 
establishment of non-significant differences i n a population between 
the observed and expected results does not necessarily mean that 
a small group is i n equilibrium. This view i s also discussed by 
Neel (1965) 9 

The discussion continues with a consideration of how comparisons 
may be effected between populations of diff e r i n g history and demography. 
One possibility which i s explored here i s the use of genetic inter
relationships. A simple formulation of R,the coefficient of relationship, 
and a crude mode of calculation of group relatedness,has been adopted 
to provide some i n i t i a l results. This method of analysis was introduced 
i n part (g) and i s continued i n part ( t ) . Quite considerable variations 
are found between the various values found for R. This significance 
of this mode of analysis i s not understood. The method apparently 
provides a means of analysing many different types of attribute by 
the same means. 
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Part (1) 
Multifactorial Traits 

This part includes the results of the skin colour studies and 
the analysis of the dermatoglyphic results,, 

Skin Reflectance Studies % 
This t r a i t i s now established as polygenic i n type (Harrison and 

Owen 1964)» Not a l l the island inhabitants had skin reflectance 
values recorded from them for technical reasons. Also only three 
f i l t e r s were used; I l f o r d 601,605 and 609. These correspond to the 
wavelengths 425,545 and 685 mmu. The student sample from the North 
of England is included i n the results i n Figure (95)• This latter series 
was tested with the same BEL photometer used on the native island 
population. 

Figure (95) 

Skin Colour for the Holy Island Population 
601 sd 605 sd 609 sd Total Tested 

Holy Island 
groups (a) + (b) 34.4 5.0 38.9 4-5 64.7 3.8 
Holy Island 
Total 33.8 5.2 39.1 4.4 63.4 3.7 104 

90 

Durham Student 
Series 31.4 4.9 35.7 4.8 61.8 3.3 147 

* The BEL reflectance head was placed on the inner aspect 
of the upper arm and the results were recorded against a 
white standard (MgCO.) block,set as 100$ reflection. 
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The results i n Figure (95) indicate a lighter element i n the 
reflectance values of the group (a) plus (b) inhabitants. This amounts 
to about 2fi when compared with the Durham students. This may be 
due to the age distribution i n the sample : the Holy Island group (a) 
are by far the oldest of the above categories. Figure (96) shows the 
influence of age on the reflectance values. An age effect exists 
on the island with the older groups being darker than the younger 
group. The result i s contrary to what might be expected and is d i f f i c u l t 
to explain satisfactorily. 

Figure (96) 

Skin Colour ; Mean Values for Different Age Groups 

601 605 609 Total Tested 
bora 1904 and before 33.2 38.3 62.4 34 

born 1905 to 1924 33.4 40.1 62.0 34 

born 1925 and after 35.6 40.7 64.3 32 

The interrelationships that exist on the island may account 
for some of these differences. This aspect of the skin colour results 
has not been explored. The various intergroup s t a t i s t i c a l tests were 
a l l not significant,possibly partly due to the small sample sizes 
involved, 

Dermatoglyphic Studies 
This series of t r a i t s have quite well defined modes of inheritance 

(Holt 1968) ; with the exception of the appearance of the c-triradius 
a l l are polygenic i n type. 

Many d i f f i c u l t i e s were experienced i n obtaining satisfactory 



Impressions of the palms of the older islanders,especially the fishermen. 
I t was decided mainly to study the results of palmar v a r i a b i l i t y . 
However some simple finger pattern types were readable from digits 
2 to 5 and these are recorded i n Figure (97)• 

The palmar patterns were assessed according to the methods 
of Cummins and Midlo (1943). The author realises that this i s no 
guarantee that similar patterns w i l l be correctly named by a l l workers 
and i t i s possible that many of the different results presented here 
are due to a discrepancy i n interpretation. 

Figure (97) gives the results of the finger patterns for digits 
two to five,whilst Figure (98) aggregates these values and compares 
them with data from Berkshire and Oxfordshire, schoolchildren collected 
by Coope (1965)• The two groups are significantly different; Holy 
Island has fewer arches and more whorls than the Midlands sample. 
Less weight can be placed on the results from the island as they are 
deficient i n thumb print data as well as the complete data from the 
other d i g i t s . 

Figure (99) gives the hypothenar pattern types for the Midlands 
and Holy Island. Those pattern combinations not found i n the island 
sample,but present i n the Coope results,are aggregated as 'others' 
i n the table. The chi-squared test of A.u versus L r versus 'the rest' 
produces only one significant result : for the female right hand. But 
the 2 x 2 comparison of A U versus the rest of the patterns,gives 
results which are a l l insignificant at the 5J& level of probability. 
I t seems l i k e l y therefore that the heterogeneity shown i n the right 
female palm is due to an excess of L patterns i n this group. A l l 
the other results are too infrequent for comparisons to be made 
but a glance at Figure (102) shows wide differences apparently i n existance. 



Figure (97) 
Holy Island : Finger Pattern Types for the Total Population 

Group (a) Male: 
R2 R3 R4 R5 L2 L3 L4 L5 

Arch 2 2 0 0 2 2 0 0 
Loop 26 31 21 34 28 36 29 38 
Whorl 8 10 20 5 11 4 10 4 

Group (a) Female 
Arch 1 0 1 0 0 0 1 2 
Loop 16 24 15 20 14 28 22 16 
Whorl 8 7 14 8 8 4 6 5 

Group (b) Male 
Arch 0 0 0 0 0 0 0 0 
Loop 2 4 1 4 3 2 3 3 
Whorl 2 0 2 1 1 2 1 1 

Group (b) Female 
Arch 2 0 0 0 3 3 1 0 
Loop 9 14 8 11 9 13 9 10 
Whorl 2 2 8 2 3 1 6 2 

Group (c) Male 
Arch 0 0 0 0 0 1 0 0 
Loop 6 6 3 2 5 5 4 4 
Whorl 1 1 3 1 2 1 3 0 

Group (c) Female 
Arch 2 1 1 0 2 2 0 0 
Loop 4 8 6 5 4 6 6 7 
Whorl 3 1 3 1 3 1 3 2 

(Digits) 



Figure (98) 

Total Finger Pattern Types 

Berkshire Rural 
Male Female 

Arches 161 ( 4.6) 323 ( 8.4) 
Loops 2480 (71.3) 2740 (71.4) 
Whorls 839 (24.1) 777 (20.2) 
Totals 3480 3840 

North Oxfordshire Rural 
Arches 101 ( 4.4) 184 ( 7.7) 
Loops 1568 (68.5) 1723 (72.1) 

Whorls 621 (27.1) 483 (20.2) 

Totals 2290 2390 

Holy Island 
Group (a) Males 
Arches 8 ( 2.5) 
Loops- 243 (75.2) 
Whorls 72 (22.3) 
Totals 323 

Group (b) Males 
0 
22 (68.8) 

10 (31.2) 
32 

Group (a) Female 
5 ( 2.3) 

155 (70.4) 

60 (27.3) 

220 

Group (b) Female 
9 ( 7.6) 

83 (70.4) 

26 (22.0) 

118 

Holy Island Total 
Male 

Arches 9 (2.2) 
Loops 300 (74.5) 
Whorls 94 (23.3) 
Totals 403 

Female 
22 (5.4) 

284 (69.4) 

103 (25.2) 

409 

Chi-squared tests between North Oxfordshire and Holy Island Total.are as 
follows ; Males 7.6 ,significant at P. of 1-2-§5'o and Females 6.8 , 
significant at P. of 2^-5^. 
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Figure (99) 

Hypothenar Pattern Types 

Oxfordshire and Berkshire (extracted from Coope 1965) 
Male Right Male Left Female Right Female Left 

A U 104 (59.4) 104 (59.4) 87 (47.1) 81 (43.9) 
L r( +L r/A U) 35 (20.0) 33 (18.9) 37 (20.0) 42 (22.7) 
L U 6 ( 3.4) 9 ( 5.1) 9 ( 4.9) 5 ( 2.7) 

ws 2 ( 1.2) 1 ( 0.6) 3 ( 1.6) 1 ( 0.5) 
L C 1 ( 0.6) 0 6 ( 3.3) 0 
T r 0 0 1 ( 0.5) 1 ( 0.5) 
T U 0 0 0 0 

L U/L U 0 1 ( 0.6) 1 ( 0.5) 1 ( 0.5) 

L7A U 0 3 ( 1.7) 1 ( 0.5) 3 ( 1.6) 
L r/L U 0 0 0 0 

Others * 27 24 40 51 
Total 175 175 185 185 
* Not i n the Holy Island sample but i n Coope (1965) 
Total Holy Island Sample 
A U 45 (72.6) 44 (72.2) 37 (58.7) 34 (55.7) 
L r 11 (17.8) 11 (18.0) 17 (27.0) 14 (23.0) 

L U 2 ( 3.2) 2 ( 3.3) 3 ( 4.7) 5 ( 8.2) 
V/8 2 ( 3.2) 1 ( 1.6) 2 ( 3.2) 5 ( 8.2) 
L C 0 0 2 ( 3.2) 2 ( 3.3) 
T r 0 0 1 ( 1.6) 0 
T U 0 0 1 ( 1.6) 0 

L U / L U 0 1 ( 1.6) 0 0 

L U/A U 2 ( 3.2) 0 0 0 

L7L U 0 2 ( 3.3) 0 1 ( 1.6) 
Total 62 61 63 61 

Chi-squared tests between A , L and the rest and the,two regions; 
Male Right is NS, Male Left is NS, Female Right i s 8 . 2 ,significant at a 
probability of 1-2^£, Female Left is NS. 
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Figure (100) gives the results of the thenar pattern types 
again comparing the Coope results with the present study. The only 
s t a t i s t i c a l comparison made is that of open fields versus a l l other 
pattern types and this shows no significant differences between the 
groups. Nevertheless there are fewer open fields i n the Holy Island 
population than i n the South Midlands sample. 

Figure (101) records the position of the axial or t triradius. 
Again the Midlands and Holy Island are compared. Here differences 
exist i n three out of four comparisons. Figures (102),(103) and (104) 

give the rest of the available palm print results. With the attributes 
mentioned here,no British comparison material is readily available 
and so the tables simply record the data. One exception to this 
i s the a-b ridge count from the palm. This ridge count i s similar 
to Fang (1950) with only one ridge difference. The standard deviations 
have been calculated ignoring the usual skew distribution of dermatoglyphic 
material. The standard deviations are much larger for the small island 
sample than the quoted material. The combined ridge counts are lower 
on the island than for London (Fang 1950). Similarly the Coope (1965) 

material for the South Midlands has higher combined ridge counts. 

I t i s d i f f i c u l t to interpret the results from Holy Island 
when l i t t l e useful comparative material exists. I t could be said that 
the heterogeneity found by Coope i n the finger ridge counts i s also 
to be found i n other aspects of dermatoglyphic studies or alternatively 
that the available material merely gives this impression due to 
the small size of the population. In addition to this i t is known 
that palmar ridge counts have higher degrees of variance than finger 
ridge counts and also that qualitative t r a i t s vary more than quantitative 
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Figure (100) 

Thenar Pattern Types 

Oxfordshire and Berkshire (extracted from Coope 1965) 

Males Right Males Left Females Right Females Left 
Open fields 159 (90.8) 152 (86.9) 165 (88.7) 161 (88.5) 
Loops 12 ( 6.9) 9 ( 5.1) 8 ( 4.3) 13 ( 7.1) 
Whorls 0 2 ( 1.1) 0 1 ( 0.6) 
Vestiges 4 ( 2.3) 12 ( 6.9) 13 ( 7.0) 7 ( 3.8) 
Totals 175 175 186 182 

Total Holy Island Population 

Open Fields 51 (87.9) 48 (78.7) 55 (91.7) 53 (88.3) 
Loops . 3 ( 5.1) 9 (14.7) 1 ( 1.7) 1 ( 1.7) 
Whorls 2 ( 3.5) 2 ( 3.3) 0 1 ( 1.7) 
Vestiges 2 ( 3.5) 2 ( 3.3) 4 ( 6.6) 5 ( 8.3) 
Totals 58 61 60 60 

Chi-squared test results for open fields versus a l l other pattern types, 

Males Right NS 
Males Left NS 
Females Right NS 
Females Left NS 
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Figure (101) 

Position of Axial T r i r a d i i 

Oxfordshire and Berkshire (extracted from Coope 1965) 

Males Right Males Left Females.Right Females.Left 
t 142 (84.5) 138 (81.7) 126 (73.7) 123 (69.9) 

t ' 21 (12.5) 24 (14.2) 33 (19.3) 43 (24.4) 
t " 5 ( 3.0) 7 ( 4.1) 12 ( 7.0) 10 ( 5.7) 
Total 168 169 171 176 

Total Holy Island Population 

t 58 (93.6) 59 (96.8) 55 (87.3) 57 (90.5) 
f 3 ( 4.8) 1 ( 1.6) 7 (11.1) 4 ( 6.3) 
t " 1 ( 1.6) 1 ( 1.6) 1 ( 1*6) 2 ( 3.2) 
Total 62 61 63 63 

Chi-squared test results for. t versus t 1 plus t " where possible; 

Females right = 4.92 s i g n i f i c a n t P. i s 2^-59^ 
Females l e f t =10.67 s i g n i f i c a n t P. i s 0.1-4/6 
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Figure (102) 

a-b Ridge Counts 

London (extracted from Fang 1950) 

Right Left 
Males 41.1 (5.5) 41.9 (5.4) 
Females 40.9 (5.4) 42.0 (4.9) 

Total Holy Island Population 
Right Left 

Males 40.7 (7.2) 40.4 (5.0) 
Females 39.3 (5.7) 39.2 (6.1) 

Standard deviations are given i n brackets 

Combined Left and Right Ridge Counts a-b 

Males Females 
London (Fang 1950) 83.01 83.04 
Midlands (Coope 1965)84.84 83.63 
Holy Island Total 81.13 78.43 

Other Ridge Counts 

Holy Island Total b-c 
c-d 
a-d 

57.91 males 
72.40 males 

208.33 males 

52.78 females 
69.31 females 

199.11 females 
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Figure (103) 

atd Angles i n the Holy Island Population 

Mean atd N Mean at'd N Mean at"d 
Left Hales 39.85 59 39.00 1 66.00 
Right Hales 40.78 58 50.83 3 68.00 
Left Females 38.79 58 53.83 3 79.80 
Right Females 40.13 52 48.50 9 68.50 

Figure (104) 

Missing c-Triradii i n the Holy Island Population 

Missing W Percentages 
Left Males 3 61 4.9 
Right Males 2 62 3.2 

Left Females 4 63 6.4 
Right Females 5 63 7.9 
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ones. The small Holy Island sample i s not l i k e l y to be able to resolve 

such possible sources of v a r i a b i l i t y and the dermatoglyphic r e s u l t s 

given here ar e , i n the main,without many comparisons and without 

comment <> 

Coll a t i o n 

Part (1) has dealt with two t r a i t s which are p r i n c i p a l l y controlled 

i n a m u l t i f a c t o r i a l fashion. These are skin reflectance values and 

dermatoglyphic t r a i t s of the hand. The studies have not helped very 

much i n illuminating the significance of the v a r i a b i l i t y of the Holy 

Island population. However the v a r i a b i l i t y of these t r a i t s i s l e s s 

l i k e l y to be influenced by the island's dynamic demography than the 

u n i f a c t o r i a l l y inherited t r a i t s . This may be inferred from the concept 

of many genes of small e f f e c t working additively,which increase the 

t o t a l number of genes involved even i n small populations. This leads 

to an increased s t a b i l i t y of genetic e f f e c t . The s i z e of many of the 

standard deviations rather argues against t h i s . Because of the apparently 

heterogenous nature of the samples and because of the contorted 

Gaussian distributions involved sets of data cannot be properly compared* 

I n addition to t h i s the lack of nearby samples for comparison again 

makes the apparent differences on Holy Island l e s s s i g n i f i c a n t . 

Despite a l l the disadvantages of these two groups of attributes 

they appear to confirm differences found also amongst the u n i f a c t o r i a l 

variables i n part (k) and the other population variables i n part (m). 

At t h i s simplest of l e v e l s the t r a i t s once more confirm that the i s l a n d 

population i s unique. 
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Part (m) 

Population Variables of Doubtful Inheritance 

The modes of inheritance of the t r a i t s included i n t h i s section 

have either not been properly ascertained or disputed i n some way. 

This i s a long part and i s divided into the following four sub-parts s 

( i ) Joint Sense and Handedness, 

( i i ) A Note on the A b i l i t y to Smell Potassium Cyanide* 

( i i i ) The A b i l i t y to R o l l the Tongue, 

( i v ) The Variation i n Finger Length. 

A b r i e f f i n a l c o l l a t i o n attempts to bring together a few s i m i l a r 

themes from each of the four sub-parts. 



( i ) 

J oint Sense and Handedness 
Since Lutz (1908) no work has been published on j o i n t sense 

that includes r e s u l t s from this country. I t was deoided to include 
some regional data i n order to r e c t i f y t h i s . 

J oint sense i s the phrase used to describe the di f f e r e n t positions 

to which the limbs are put at various j o i n t s when performing c e r t a i n 

s p e c i f i c actions; i n t h i s case at the shoulder,elbow,wrist and thumb 

j o i n t s . Handedness thowever fis the p r e f e r e n t i a l use of one p a r t i c u l a r 

arm or hand i n a wide va r i e t y of f a m i l i a r actions. Handedness can 

be subdivided at various j o i n t s depending upon a s p e c i f i c action, 

but t h i s i s not done here. 

Methods 

Each person was asked i f he considered himself right (R) or 

l e f t (L) handed. I f an unequivocal response was e l i c i t e d t h i s was 

noted,if not then the response was ignored. 

I n order to obtain j o i n t sense preferences at the shoulder, 

each person was asked to approximate the ear and the shoulder as 

c l o s e l y as possible. Some islanders could not do t h i s s a t i s f a c t o r i l y 

due to a v a r i e t y of musculo-cutaneous and s k e l e t a l defects. Normally 

however the response R or L was noted to the question "Which shoulder 

f e e l s most comfortable? n. Repetition eliminated most of the i n i t i a l l y 

ambiguous responses. 

The subject was then asked to fold arms and the uppermost elbow 

was noted,similarly at the wris t the uppermost hand used whilst 

clapping was noted and the uppermost thumb noted when the fingers 

were interlocked. A l l such responses were double checked but no 
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discrepancies were found. 

I n t h i s way the two alte r n a t i v e s R or L were observed at four 

j o i n t l e v e l s ; the elbow,wrist,thumb and shoulder. This allows sixteen 

possible combinations which have been numbered a r b i t a r i l y i n Figure 

(105). 

The Populations Examined 

The entire Holy Island sample was used along with several other 

groups from t h i s country for comparisons The North of England student 

s e r i e s from Durham University was c a l l e d control one. This group 

numbers about 245 and the vast majority are aged 17 to 24. Some of 

t h i s group were asked about t h e i r own hand preferences. The next 

s e r i e s (control two) i s a regional sample collected from a secondary 

school at Sedgefield and one at Middlesborough,both i n County Durham. 

This groupwas collected by u n i v e r s i t y students under the d i r e c t i o n of 

R.J.Mitchell. The th i r d group (control three) i s random material 

extracted from about 60 families collected i n South London ( S i l l i t o e 

1971). 

The Results 

A l l four sets of data are given i n Figure (106), Those people 

omitted from the Holy Island s e r i e s e i t h e r gave equivocal r e s u l t s 

or could not perform the t e s t s s a t i s f a c t o r i l y . Figure (107) shows 

a l l the r e s u l t s expressed as a single j o i n t combination; hand clasping 

f o r the thumb and so on. The r e s u l t s i n Figure (106) allow the d i s t r i b u t i o n 

of other j o i n t combinations to be computed. 
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Figure (105) 

Joint Sense Combinations used i n t h i s Study 

toulder Elbow Wrist Thumb Code 
L L L L 1 
R R R R 2 

E L R R 3 
E R E L 4 
L R R R 
R R L R 6 

L R L R 7 
H L R L 8 

R L L R 9 
R R L L 10 

L L R R 11 
L R R L 12 

R L L L 13 
L L L R 14 
L R L L 15 
L L R L 16 
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Figure (10?) 

Results for Single Joint Senses 

Holy I s l a n d 
N 

Hand Clasping 
L 60 

R 64 

13 

48.4 
51.6 

Control 1 

137 56.3 
106 43.7 

Control 2 

N # 

54 
76 

41.5 

58.5 

Control 3 

38 

52 

7° 

42.2 

57.8 

Wrist Use 
I, 
R 

Elbow Use 
L 
R 

26 21.0 110 45.3 32 24.6 29 23.0 

98 79.0 133 54.7 98 75.4 93 73.8 
(+ 4 equivocal) 

77 62.1 140 57.6 77 59.2 86 31.7 
47 37.9 103 42.4 53 40.8 40 68.3 

Shoulder Use 
L 52 41.9 84 34.6 46 35*4 
R 72 58.1 159 65.4 84 64.6 

55 61.1 
30 33.3 

(+ 5 equivocal) 
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Discussion 

Wo sex differences were found i n any combination involving the 

Holy Island r e s u l t s and those of the Durham University 9udent s e r i e s . 

A. chi-squared comparison of Holy I s l a n d and the control one r e s u l t s 

i s made possible by pooling the following combinations : 1+2,5+6+7» 

9+10 and 14+15» The calculated value i s 24.96 at ten degrees of 

freedom,which i s s i g n i f i c a n t at the 1-2jjs% l e v e l of probability. 

I n order to t r y and maximise interoategory differences the 

shoulder j o i n t choice - the l e a s t s a t i s f a c t o r y because of i t s s u b j e c t i v i t y 

- may be omitted. This enables the reduced combinations to be calculated 

and these are seen i n Figure (108). Comparisons of the t o t a l group 

on the i s l a n d with control one gives the s i g n i f i c a n t chi-squared value 

of 26.0 (pooling the two combinations RLR and RLL). The probability 

v a r i e s between 0*5 and 0.1$. The greatest differences between the 

samples l i e i n categories LLL and LRR. Many other subdivisions of 

the j o i n t combinations can be obtained from Figure (108) but most 

are not large enough to be u t i l i s e d s t a t i s t i c a l l y , i n addition such 

differences are best demonstrated when the j o i n t l e v e l s are examined 

individually* 

Figure (109) gives the r e s u l t s at single joints,there i s no 

si g n i f i c a n t sex difference i n t h i s s e r i e s . Intergroup comparisons 

y i e l d a complex pattern of differences and s i m i l a r i t i e s .The r e s u l t s 

underlined.-in Figure (109) are s i g n i f i c a n t at l e a s t to the % l e v e l 

of probability. These figures indicate the differences also found 

i n the combined j o i n t sense categories above,are i n f a c t due to 

differences at the w r i s t j o i n t i n the case of Holy Island versus 

control one and differences found i n the other s e r i e s are revealed 

when they are compared with each other. 
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Figure (108) 

Joint Combinations at Three Joint Levels 

Holy Island Control 1 
Total 

Elbow Wrist Thumb N 1* K 
L L L 9 7.3 42 17.3 
L L R 5 4.0 26 10.7 
L R R 34 27.4 39 16.0 
I. R L 29 23.4 33 13.6 
B L R 4 3.2 14 5.8 
R L L 8 6.5 28 11.5 
R R L 14 11.3 34 14.0 
R R R 21 16.9 27 11.1 

Totals 124 243 
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Figure (109) 

Holy Island ; Comparisons at Single Joint Levels bî  Y^-t^rt" i-&wAtji 

Holy Island Holy Island Control 1 Control 1 Holy Island Control 2 

v. v. v. v. v. v. 
Control 1 Control 2 Control 3 Control 2 Control 3 Control 3 

Shoulder NS NS NS NS . NS 17.81 
Elbow NS. NS NS. NS NS 
Wrist 18.00 NS 15.99 15.34 NS NS 
Thumb NS NS NS 7.50 NS NS 

Figure (110) gives the r e s u l t s at each j o i n t by age group; 

i t also includes an extra s e r i e s of r e s u l t s which have had the L 

hand preferenced individuals extracted. The chi-squared comparisons 

show no s i g n i f i c a n t differences at the 5$ l e v e l of probability (using 

L+R handed people,lumping was required i n the case of the w r i s t 

and shoulder joints),nevertheless there are s l i g h t age trends at 

the wrist and shoulder j o i n t s . 

Figure (111) shows the. pattern of r e s u l t s f or hand preferences 

and j o i n t sense. The chi-squared t e s t only reveals a difference 

i n the pooled (Holy Island plus control one) r e s u l t s f or the wris t 

j o i n t ( chi-squared value i s 21.4 which at one degree of freedom i s 

s i g n i f i c a n t a t a probability of l e s s than 0 . 1). I n view of the heterogeneity 

demonstrated a t the wris t j o i n t i n Figure (109) i t i s d i f f i c u l t to 

know what i s being demonstrated here. Even s o , i t seems l i k e l y that 

the differences i n Figure (109) are i n part due to the s i g n i f i c a n t 

disproportionate d i s t r i b u t i o n of the left-handed individuals seen 

i n Figure (111). 
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Figure (111) 

Holy Is l a n d ; Handedness with Joint Use 

Shoulder Use 
R Preference 
L Preference 

Holy Island 

R L fcL 

69 
44 

5 7.2 
6 13.6 

Control 1 

R 

48 

40 

6 

5 

12.5 

12.5 

Arm Folding 
R Uppermost 44 3 6.8 40 7 17.5 

L Uppermost 69 8 11.6 48. 4 8.3 

Wrist Use 
R Uppermost 95' 3 3.2 49 2 4.1 

L Uppermost 18 8 44.4 39 9 23.1 

Hand Clasping 
R Thumb Uppermost 5.9 5 8.5 34 3 8.8 

1 Thumb Uppermost 54 6 11.1 54 8 14.8 

R = right handed L = l e f t handed faL are the proportions 
of each l e f t handed person with a hundred1 r i g h t handed people at 
the same j o i n t preference. 
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Comparative Li t e r a t u r e 

C o l l i n s (1961) reports on a large student s e r i e s from which 

i t i s possible to extract data for single j o i n t l e v e l s ; 

Total 
Shoulder (excluding 'ambi.types') L 149 R 301 450 

Elbow L 399 R 461 860 

Wrist L 233 R 627 860 

Thumb L 450 R 410 860 

Comparisons with the Holy Island and other s e r i e s again reveals 

a complex pattern of r e s u l t s ; a l l are s i g n i f i c a n t l y different from 

the C o l l i n s (1961) material at the elbow j o i n t and control 1 i s also 

d i f f e r e n t a t the w r i s t and control 2 a t the thumb. Other material i s 

included on the subsequent tables f or hand clasping and arm folding. 

Figure (112) summarises the r e s u l t s of studies on Europeans, 

on arm folding and hand clasping. The r e s u l t s with the mark *** are 

those r e s u l t s s t a t i s t i c a l l y s i g n i f i c a n t at a probability of l e s s than 

0,1$ when those groups are compared to the t o t a l Holy Island s e r i e s . A l l 

the r e s t of the l i s t e d r e s u l t s are not s i g n i f i c a n t l y different from 

the Holy Is l a n d group up to the- 5% l e v e l of probability. 

Discussion - Hand Clasping 

Two points emerge from t h i s material : f i r s t l y there i s no 

pa r t i c u l a r Caucasian d i s t r i b u t i o n . The v a r i a t i o n i n t h i s country 

i s s i m i l a r to the European var i a t i o n . Secondly the world d i s t r i b u t i o n 

(not given here) such as i s a v a i l a b l e , d i f f e r s very l i t t l e from the 

r e s u l t s given i n Figure (112) . Age may have an effect on the d i s t r i b u t i o n 

and i t i s noteworthy that the North Creek sample has the highest 

frequencies of R hand claspers and i s also the youngest sample. 
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Figure (112) 

Caucasian Groups ; Mixed Sexes and Ages 
Hand Clasping and Arm Folding 

Population Author Sample ^ C l a s p e r s / Ages 
Size Folders 

Hand Clasping 
B r a z i l i a n Whites Frjeire-Maia(l958) 1566 55.2 A l l ages 
Spaniards Pons (1961) 486 52.1 A l l ages 
North Greeks Pelecanos (1968) 2144 81.3 *** 8 -12 

Russians Fr.eire-Maia (1965) 58 56.. 9 A l l ages 
Swedes Beckman (1962) 981 52.1 A l l ages 
Austral i a n Whites L a i (1965) 207 49.3 A l l ages 
American Whites C o l l i n s (1961) 860 48.2 20--21 
American Whites Weiner (1932) 240 55.4 A l l ages 
American Whites Downey (1926) 1581 51.2 A l l ages 
Aberdonians Lutz (1908) 4.26 59.2 A l l ages 
Holy Is l a n d ) 124 51.6 A l l ages 
Control 1 ) Present 243 43.6 20-21 
Control 2 ) Study 130 58.5 11--16 

Control 3 ) 90 57.8 A l l ages 

Arm Folding 
B r a z i l i a n Whites Quelce-Salgado 1605 41.4 A l l ages 
North Greeks Pelecanos (1968) 2144 45.5 8 -12 
Russians Freire-Maia (1965) 57 91.3 *** A l l ages 
Swedes Beekman (1962) 981 46.6 A l l ages 
American Whites Co l l i n s (1961) 860 53.6 20-21 

American Whites Weiner. (1932) 206 45.6 A l l ages 
Holy Is l a n d ) 124 37.9 A l l ages 
Control 1 ) Present 243 42.4 20-21 

Control 2 ) Study 130 40.8 11-16 

Control 3 ) 126 68.3 A l l ages 

*** see text 
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The r e s u l t s are apparently not altered by other enviromental 

manifestations. Hand preferences are not influenced by hand clasping 

types. I t i s tempting to postulate that the d i s t r i b u t i o n of a l l 

hand clasping r e s u l t s are e n t i r e l y random. This would explain why 

some differences were of a s i g n i f i c a n t type and others not. Any 

genetic e f f e c t could be supplanted by d i v e r s i f i c a t i o n and randomisation 

i n e a r l y l i f e , i f there were any genetic basis to the whole concept. 

Hand clasping and the other j o i n t preferences tend,by t h e i r nature, 

to provide an a r t i f i c i a l l y exact measure of population v a r i a b i l i t y : 

everyone must put one thumb or the other uppermost. Although parental 

types do a f f e c t those of the offspring,there i s no s p e c i f i c reason 

to suppose that t h i s i s an inherited affectation. 

- Other Jo i n t s 

The w r i s t j o i n t has a s i g n i f i c a n t association with hand preferences 

(unlike the other j o i n t s tested)• This fac t i s substantiated by 

C o l l i n s (1961) who provides the r e s u l t s i n Figure (113). 

Figure (113) 

The Influence of Handedness on Wrist Use 

R Handed L Handed 

R w r i s t uppermost 281 20 

L wrist uppermost 58 62 

Calculated chi-squared value i s 110.7 for 1 degree of Freedom. 

This i s a highly s i g n i f i c a n t r e s u l t with the probability of l e s s than 0.1$. 

I f one accepts a hypothesis of minimum genetic control then 

the s i g n i f i c a n t differences between the wrist j o i n t r e s u l t s f or Holy 

Island and control one are probably due to chance. The ef f e c t of 
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these r e s u l t s i s to a l t e r the t e s t s of significance when the j o i n t 

combinations are examined. I n other words the differences from j o i n t 

to j o i n t , i n the same individual r e f l e c t the random differences that 

occur at any single j o i n t l e v e l . 

The other comments about single j o i n t l e v e l s are the same as 

for hand clasping; the ageing e f f e c t i s more marked at the wrist 

j o i n t than the r e s t . I t i s d i f f i c u l t to know how to interpret t h i s 

evidence; perhaps w r i s t movements become more r e s t r i c t e d with age 

than the other j o i n t s involved and perhaps.this r e s t r i c t i o n does 

not randomly a f f e c t either w r i s t . 

- Joint Combinations 

I t i s d i f f i c u l t to assess the differences i n the various s e r i e s 

presented here, partly due to the complexity of the problem and p a r t l y 

due to the lack of substantial comparative material. I n each case 

the chi-squared t e s t r e s u l t s only r e f l e c t the differences a t each 

s p e c i f i c j o i n t and not integral v a r i a t i o n i n the sets of j o i n t combinations 

themselves. Sex,regional and age differences a l l suffer from the 

small sample s i z e s due to the numerous combinations and also to the 

fa c t that the combinations w i l l have a higher chance of r e f l e c t i n g 

the single j o i n t differences. 

Conclusions 

Joint sense combinations prove to be an unwieldy tool i n 

anthropological research without very large samples,not a feature 

of t h i s study. The single j o i n t comparisons,on the other hand,although 

presenting occasional variation,are not heterogenous i n a meaningful 

fashion,whilst on a world scale do not seem to be useful i n providing 



differences which are s t a t i s t i c a l l y s i g n i f i c a n t . I t i s concluded 

therefore that the intriguing j o i n t v a r i a t i o n i s a f a l s e one i n 

the sense that i t provides an exaot but a r t i f i c i a l measure of difference 

and that on the evidence so f a r presented,this i s not a useful 

anthropological t r a i t . 



( i i ) 

A Mote on the A b i l i t y to Smell Potassium Cyanide 
Mourant (1950) f i r s t suggested that d i f f e r e n t i a l a b i l i t y to 

smell potassium cyanide solution might be inherited. Kirk et a l i a 
(1953) a f t e r investigating t h i s i n A u s t r a l i a thought that the t r a i t 
was u n i f a c t o r i a l and controlled by a sex linked recessive gene. This 
has been challenged by Brown and Robinette (1967) who claim that a 
s e r i a l d i l u t i o n method reveals a trimodal population d i s t r i b u t i o n . 
They diluted the c r y s t a l l i n e potassium cyanide : 10 grams into 100ml 
d i s t i l l e d water and then by a factor of four f or eleven steps. They 
then recorded the threshold l e v e l s of 2885 schoolchildren. No c l e a r 
pattern of inheritance emerged but unlike Kirk they found no sex 
differences. I n the l i g h t of these studies i t was decided to test 
the student control group and the island population with f i v e dilutions 
of t h i s chemical. The solutions are made up according to the values 
i n Figure (114) . 

Figure (114) 

Potassium Cyanide D i l u t i o n Scheme 

Solution Grams/lOOml KCN 

0 5.0 

1 1.0 

2 0.1 

3 0.01 

4 0.001 

5 0.0001 

Solutions one and two are equivalent to the two modes and 

solution f i v e approximately corresponds to the t h i r d mode of the 

trimodality of Brown and Robinette. Whilst solution zero corresponds 

to the d i l u t i o n used by Kirk i n h i s studies. Figure (115) shows the 
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r e s u l t s for the students and the is l a n d e r s . 

Figure (115) 

Holy Island ; KCN Thresholds 

N i l 0 1 2 3 4 5 Total 
Durham Students 8 42 58 12 20 5 1 146 

<?0 (rounded o f f ) 5 29 40 8 14 3 1 

Holy Island Total 8 52 46 16 2 0 0 124 

$> (rounded off.) 6 42 37 13 2 0 0 

There I s a bimodality i n the student s e r i e s which i s di f f e r e n t 

from what one would expect reading the Brown and Robinette study, k 

4 x 2 chl-squared t e s t comparing the students with the islanders 

at nil,zero,one and two plus thresholds gives a r e s u l t of 9*47 which 

i s s i g n i f i c a n t at 1-2^2 at three degrees of freedom. 

There i s no marked sex v a r i a t i o n i n the Holy Island sample, 

as shown i n Figure ( 116) # 

Figure (116) 

Holy Island : Sex and KCN Smelling 

N i l 0 1 2 3 Total 
Total Females 3 26 22 10 2 63 

Total Males 5 26 24 6 0 61 

The age trends i n the sample may help the i s l a n d group to 

d i f f e r from the student s e r i e s . The subdivision by age i s shown i n 

Figure (117). 



Figure (117) 

Holy Island ; Age Trends and KCN Smelling 

N i l 0 1 2 3 Total 
born i n 1904 and before 
born 1905 to 1924 

bom 1925 and a f t e r 
2 

5 

1 

19 10 8 

18 17 4 

14 19 4 0 

0 

2 

42 

43 

38 

A chi-squared t e s t between the oldest and youngest of the 

above groups comparing zero versus one versus the r e s t i s not 

s i g n i f i c a n t . The e s s e n t i a l trend,however,seems to be a decrease 

i n smell s e n s i t i v i t y with age,as might be expected. This d i s t o r t i o n 

coupled with the small sample s i z e s and the only comparative group 

being e n t i r e l y unmatched,makes interpretation of t h i s phenomenon 

d i f f i c u l t a t t h i s stage. 

Whatever genetic basis t h i s t r a i t h a s , i t has not yet been 

s a t i s f a c t o r i l y elucidated. Further and larger studies would seem to 

be i n order to t r y and solve t h i s problem. 
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( i i i ) 

The A b i l i t y to R o l l the Tongue 

This i s the a b i l i t y , f i r s t described i n 1940 by Sturtevant, 

to c u r l the tongue into a tube by moving the l a t e r a l aspects of the 

tongue upwards and. medially. Many other tongue movements have been 

described (Cook l948,Whitney 1949»Hoch 1949tWhitney 1950,Gahres 1952, 

Bat-Miriam 1962) but t h i s character i s the only one examined i n 

t h i s present study. 

Results 

The large student control from the North of England was used 

as well as values from South London ( S i l l i t o e 1971) and other data 

available from the laboratory. The r e s u l t s are given for the students 

i n Figure (118) and for the is l a n d sample subdivided by age i n Figure 

(119). 

Figure. (118) 

Student Results for Tongue R o l l i n g 

Male fo. Female fo Total fo. 

Can r o l l tongue 99 64.7 59 64.1 158 64.5> 

Cannot r o l l 54 35.3 33 35*9 87 35.5 

Total 153 92 245 

The chi-squared t e s t value i s nearly zero and so the sex difference 

i s not s i g n i f i c a n t , i n Figure (118) . 

I n Figure (119) ,the 'young* islanders are those born i n 1921 

or a f t e r w h i l s t the. 'old 1 are those born i n 1920 or before. The 

chi-squared t e s t s between the young males and females and the old 

males and females are not s i g n i f i c a n t . 
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Figure (119) 

Holy Island : Age Variation I n Tongue R o l l i n g 

Young Males Old Males Young Females Old Females 
Can r o l l tongue 15 16 12 22 

Cannot r o l l tongue 5 23 5 25} 

Total 20 39 17 47 

Fooling the sexes i n the two categories gives the combinations 

i n Figure (120) . 

Figure (120) 

Holy Island ; Ages for Tongue R o l l i n g 

Young i> Old # Total % 
Can r o l l tongue 27 73.0 38 44.2 65 52.8 

Cannot r o l l tongue 10 27.0 48 55.8 58 47.2 

Total 37 86 123 

The chi-squared t e s t r e s u l t s comparing the 'old* and 'young' 

samples i n Figure (120) i s 8.5 which i s s i g n i f i c a n t a t a probability 

l e v e l of 1$ and not at a ̂  for one degree of freedom. Subdividing 

the 'old' group into those born before and a f t e r 1905*the r e s u l t s 

are apparently very s i m i l a r with a chi-squared t e s t confirming homo

geneity. The combined results,ignoring age differences,are shown 

i n Figure (121) . 

Figure (121) 

Holy Island t Tongue R o l l i n g i n Three Samples 

Total No. Number who % Tongue R o l l e r s 
can r o l l tongues 

Holy Island 123 65 52.9 

Durham Students 245 158 64.5 

South London Parents 126 92 73.0 
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it 3 x 2 chi-squared t e s t on the r e s u l t s i n Figure (121) gives 

a value of 11*1 which at two degrees of freedom i s s i g n i f i c a n t at 

a probability l e v e l of l e s s than .5#« 

Discussion 

The s i g n i f i c a n t l y low values of the Holy Island r e s u l t s compared 

with the student control group and the South London sample i s , i n 

part,due to the contribution of the older individuals i n the t o t a l 

i s l a n d population* 

Figure (122) gives the available r e s u l t s from the world* 

Figure (122) 

Tongue R o l l i n g ; The Results of Other Series 

Author Population Age Sample No. Can R o l l Tongue 
No. % 

Gahres U.S.A.(East Coast)Students 865 637 73.6 

Urbanowsky U.S.A.(Chicago) Students 1009 694 68.8 

L i u Chinese Students 1043 649 62.2 

Sturtevant U.S.A.(California)Parents 282 183 64,9 

Vogel(extract)Germany Parents 350 195 55.7 

Bat-Miriam Ethiopian Tribes Mixed 688 357 51.9 

Bat-Miriam I s r a e l i Jews ? ? ? 53.3 

Saldanha B r a z i l i a n Dutch ? ? ? 66.0 

A l l the peoples i n Figure (122) are age group selected to 

some extent with the exception of the Ethiopian t r i b e s which display 

high intergroup differences. This i s the only group which i s l i k e l y 

to contain large numbers of older people. I t seems l i k e l y that the 

a b i l i t y to perform a wide v a r i e t y of tongue movements decreases 

with age. Vocalising infants can often move t h e i r tongues i n a complex 

pattern of positions but young adults can only on rare occasions 

do t h i s (Cook and others). Whatever genetic basis i s responsible for 
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t h i s c h a r a c t e r , i t i s much modified by enviromental trends. The people 

who can c u r l t h e i r tongues only a f t e r practice probably represent 

the group who,when younger could i n f a c t r o l l t h e i r tongues without 

any d i f f i c u l t y . Sturtevant quotes f i v e such people out of a sample 

of 127 offspring ( 3 . 9 3 $ ) fwhilst the discrepancy i n the Holy Island 

sample between the young and old groups i s of the order of a 30$ 

l o s s of tongue r o l l e r s . This discrepancy could hardly be made up 

by the observed v a r i a b i l i t y of Sturtevant. The 'offspring 1 group 

of Sturtevant i s probably under 50 years of age and so the r e s u l t s 

cannot be properly compared to the isl a n d groups. A good deal more 

work i s required on an age basis before these r e s u l t s can be accepted. 

The recent paper by Hirschorn (1970) suggests that a wide v a r i e t y 

of tongue movements can be aquired over a short period of time. 

Tongue rolling,therefore,has a limited value i n anthropological 

studies and w i l l remain of secondary importance u n t i l more i s known 

about i t s genetic b a s i s . 
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( i v ) 

The Variation i n Finger Length 

When the hand i s observed i n the anatomical position from 

the palmar aspect,either the second or the fourth finger i s the 

longest* I t i s the significance of t h i s d i f f e r e n t i a l finger length 

that i s considered here. This i s a non-metrical observation and so 

the t h i r d p o s s i b i l i t y that they are apparently of equal length must 

also be considered. L i t t l e has been published of the inheritance 

of t h i s t r a i t and the p o s s i b i l i t y that i t i s purely a function of 

growth always remains. S i m i l a r l y many enviromental phenomena can 

a l t e r t h i s attribute including o s t e o a r t h r i t i s and Duypuertren 1s 

contracture. 

For c l a r i t y and convenience i t i s proposed to use the following 

conventions i n t h i s section: 

1 = fourth finger longer than second. 

2 - fourth finger equal i n length to second. 

3 = fourth finger shorter than second. 

The hand combinations r i g h t and l e f t (R L) are written thus: 

11 = both hands fourth finger longer than second, 

21 s R hand fourth and second fingers equal,L hand fourth finger 

longer than second, and so on. 

When re f e r r i n g to the finger combinations of one hand the following 

was used: R1,L3 and so on. 

I n addition to a l l t h i s the pooled hand combinations are given 

l e t t e r s from A to F (see Figure ( 1 2 4 ) ) . 
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Results 

Figure (123) gives the general r e s u l t s for the Durham student 

s e r i e s . The chi-squared r e s u l t s show that i t i s possible to pool the 

mixed R and L combinations as i s shown i n Figure (124) . There i s 

a s i g n i f i c a n t sex difference when using categories AfD and F. Figure 

(125) shows the s i m i l a r r e s u l t s for Holy Island,the absence of the 

category 2 makes the tables much simpler. 

The chi-squared t e s t r e s u l t s are as follows for the Holy 

Isl a n d s e r i e s : R1 versus L1 (both sexes) i s not s i g n i f i c a n t and 

R3 versus L3 (both sexes) i s not s i g n i f i c a n t . As both are homogeneous 

then the pooled group D can be formed. This further set shows no 

marked sex difference : the chi-squared value i s not s i g n i f i c a n t . 

Although i t i s therefore possible to combine the sexes i n the Holy 

Isl a n d sample t h i s w i l l not be done to enable proper comparisons 

with the control. 

Comparing males f o r categories A and F,Holy Island versus 

Durham Students the r e s u l t i n g chi-squared value i s not s i g n i f i c a n t . 

While females using the groupings A,D and F gave the r e s u l t 12.56 

which i s s i g n i f i c a n t between the p r o b a b i l i t i e s of .5% and .1$ . Hence 

some regional differences apparently e x i s t for females. 

Figure (126) gives the Holy Island r e s u l t by age group. The 

chi-squared t e s t on categories A versus D plus F,gives the r e s u l t 

of 16.49 i n d i c a t i n g a s i g n i f i c a n t d i s t r i b u t i o n i n the d i f f e r e n t age 

groupings at a probability of l e s s than 1$. The e f f e c t of t h i s age 

trend seems to be to produce a s i g n i f i c a n t l y greater proportion 

of A types as age increases with a converse and marked diminution 

i n the F category. 



Figure (123) 

Finger Length. ; Student Control 

Combinations Male Female 

R1 102 50 

R2 14 2 

R3 33 43 

L1 99 46 

L2 8 3 

L3 42 46 

The following chi-squared t e s t s were performed; 

Male versus female; 

R1 versus R3 = 11.78 S. at l e s s than .1$ 

L1 versus L3 = 9.76 S. at l e s s than .5% 

R1 versus L1 = US 

R3 versus L3 = ITS 

So i n the l a t t e r two cases pooling may be undertaken. 
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Figure (124) 

Finger Length Combinations : the Student Control 

Category Combinations Males 

A 11 89 

B 21/12 5 

C 22 4 

D 31/13 18 

E 32/23 9 

F 33 24 

Totals 149 

% Females f> Both sexes fo 

59.7 38 40.0 127 52.1 

3.4 2 2.1 7 2,9 

2.7 0 4 1.6 

12.1 18 18.9 36 14.7 

6.0 3 3.2 12 4.9 

16.1 34 35.8 58 23.8 

95 244 

A chi-squared t e s t excluding categories B,C and E, males versus 

females gives a r e s u l t of 15.10 for. 2 degrees of freedom which i s 

significant, at a l e v e l of l e s s than 0.1%. 
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Figure (125) 

Finger Length Combinations for Holy Island 

Category 2 has been eliminated by careful attention to the t e s t s . 

Category Males % Females 

11 48 81.3 41 64.0 

31 1 1.7 11 17.2 

13 3 5.1 4 6.3 

33 7 11 .9 8 12 .5 

Total 59 64 

R1 51 86 .4 45 70.3 

R3 8 13 .6 19 29.7 

L1 49 83.1 52 81.3 

L3 10 16.9 12 18 .7 

Pooled. Categories 

L 11 

B 13/31 

F 33 

48 81.3 

4 6.8 

7 11.9 

41 64.1 

15 23.4 

8 12.5 
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Figure (126) 

Holy Island ; Finger Length Combinations : Age E f f e c t s 

Category 

A 

D 

born 1904 

& before 

37 42.0 

4 22.2 

1 5.9 

born 1905 

to 1924 

32 36.4 

6 33.3 

6 35.3 

born 1925 

& a f t e r 

19 
4. 
21.6 

8 

10 

44.5 

58.8 
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D i s t r i b u t i o n a l Studies 

The world l i t e r a t u r e u n i v e r s a l l y ignores differences through 

age,sex and l a t e r a l i t y . For t h i s reason no other r e s u l t s are given. 

No trend i n the v a r i a t i o n of the fingers w i l l be found u n t i l proper 

investigations are attempted and the genetic basis of t h i s t r a i t 

studied. 

Discussion 

Due to the lack of appropriate comparative data,the f u l l 

s i gnificance of v a r i a t i o n i n finger length i s not known. I t 1B quite 

possible that t h i s t r a i t i s an e n t i r e l y fortuitous one occasioned 

by growth and maturation. I t also seems that the t r a i t changes with 

age and various bony and muscular disorders of the hand. The r e s u l t s 

presented i n t h i s section are given as evidence of the v a r i a b i l i t y 

of populations rather than as a measure of s i g n i f i c a n t population 

differences. 
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C o l l a t i o n 

Part (m) i s a long section which deals with the f i n a l group 

of non-medical variables. These are the following t r a i t s , a l l of 

doubtful (unknown or disputed inheritance : finger length,tongue 

rolling,potassium cyanide smelling,joint sense and handedness. The 

r e s u l t s a l l appear to show that Holy Island has a unique population. 

However studies on the inheritance of these t r a i t s and also on the 

way the t r a i t s vary by sex and age leads one to place very l i t t l e 

r e l i a n c e on the r e s u l t s . I t i s necessary not only to evince some 

v a r i a b i l i t y from between two populations but also to provide a 

reasonable explanation as to why i t should or should not be there. 

For these reasons t h i s part has proved to be rather unsatisfactory. 

At l e a s t i n the analysis of the r e s u l t s t h i s part i s s i m i l a r to 

part (1) and sim i l a r to both partB (k) and ( l ) i n the uniquness 

the r e s u l t s demonstrate. 
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Part (n) 

The Place of the Holy I s l a n d Study i n Relation 

to Human Biology i n B r i t a i n 

Introduction 

The presentation of the available data on the 'normal' v a r i a t i o n 

encountered on Holy Island i s now concluded. This part of the t h e s i s 

attempts to put the study into perspective and b r i e f l y considers 

what the significance of the r e s u l t s might be. Again the use of 

surnames and the analysis of interrelationships are both commented 

on i n r e l a t i o n to the Holy Island population. 

Forms of Regional Studies 

Physical anthropological studies on a regional basis are of 

three broad types. Each approach has some unsatisfactory feature 

for the student who wishes to s e l e c t and compare populations studied 

i n these different ways. 

F i r s t l y there i s the method which involves some preselection 

of i n d i v i d u a l s . The c r i t e r i a used may vary but usually i t has some 

geographical b a s i s . This i s the method used by Fraser Roberts (1942b), 

Brown (1965) a n d Sunderland (1970) amongst others. These authors 

s e l e c t a geographically l e s s transient population by taking into 

account parental or grandparental birthplaces. I f the sample used 

i s extracted from a study which tested a l l who might be available; 

then t h i s method l i m i t s the sample s i z e greatly. I d e a l l y one would 

l i k e to s e l e c t several hundred,on t h i s basis,from the o r i g i n a l 

population but t h i s could mean t e s t i n g over a thousand! individuals 

i n t h i s country,something which may well be impracticable. The 
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a l t e r n a t i v e method i s to i d e n t i f y the population (say) by the o r i g i n 

of i t s grandparents and then only t e s t those who q u a l i f y . Unfortunately 

here the preselection obscures the gene frequency i n the l i v i n g population 

as well as giving a gene frequency picture,at best,of a *grandparental 1 

population. For any simple gene system a grandchild w i l l only have 

two of the eight genes from i t s grandparents. The probability that 

any individual grandchild has the genotype of a grandparent i s low 

and depends on the a l l e l e s . T h i s , i n addition to the o r i g i n a l sampling 

that has gone into the t o t a l population at that time,makes i t u n l i k e l y 

that the extracted r e s u l t s r e f l e c t very much of a l e s s changeable 

group of two generations back. The assumption that populations were 

more stable f i f t y or more years ago can also be c r i t i c i z e d . 

The above argument assumes that the gene pools remain stable 

over several generations and implies that there i s genetic homogeneity 

amongst the grandparental gene pool. But random mating and the lack of 

s e l e c t i v e pressures depend upon the type of population studied and 

the genetic systems examined. I n f a c t f or most small genetic studies 

the Hardy-Weinberg effect i s not l i k e l y to be i n operation. I f the 

ef f e c t does not operate at the l e v e l encountered i n most population 

genetic studies then one would expect some randomness of genetic 

change over the generations. Some evidence that t h i s i s possible 

has been presented f o r Holy Island (Cartwright 1973). I f random 

fluctuations occur i n other populations then any sampling technique 

w i l l obscure even further the complexity of the results,and es p e c i a l l y 

a double sampling method. That is,one would expect wide fluctuations 

i n gene frequency yet,not know from the r e s u l t s which component 

was being observed; that due to a d r i f t i n g s i t u a t i o n or that due to 

a sampling e f f e c t . 
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The second type of study i s another sampling technique but on a 

much broader b a s i s . This method involves l i t t l e or no pre-selection 

of subjects and a l l who are tested are' assigned to some meaningful 

category i n the r e s u l t s . This method has been used,for example,by 

Kopec' (1970) by using a persons postal address. The main d i f f i c u l t y 

with suoh samples i s that there may be bias of the people who take 

part; not a l l the population are blood donors,nor do a l l r e c r u i t s 

join; the a i r — f o r c e . I t could be argued on these l i n e s that a l l samples 

ever taken are biased i n some way. However,if the sample i s large 

enough then the bias may be ignored. But a l l samples are capable 

of being broken down into smaller u n i t s , i t i s often desirable to do 

so,yet we never know the threshold beyond which a sample no longer 

r e f l e c t s the gene d i s t r i b u t i o n of a population and merely r e f l e c t s 

the bias of i t s representatives. The interpretation of the r e s u l t s 

of such studies always presents a dilemma; i n part through the question 

of sample s i z e already mentioned,and i n part through the lack of 

accompanying demographic information. The gen e t i c i s t s would l i k e 

to know the state of population movement,the d i s t r i b u t i o n of the 

breeding s i z e s of the population,or i t s sub-populations and other 

f a c t s which would help them to decide i f the r e s u l t s were a product 

of d r i f t i n g forces or h i s t o r i c a l population movements or natural 

s e l e c t i o n . This type of information has to date,been almost u n i v e r s a l l y 

absent. The role of natural s e l e c t i o n i n polymorphic situations i s 

again i n a state of flux following the discovery of the many protein 

based polymorphisms (Harris 1971)• Also the studies on kinship and 

mating patterns i n Western Europe, at l e a s t those studies which have 

any genetic relevance,are p i t i f u l l y few. 
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The t h i r d type of study i s the mostly small scale examination 

of d i s t i n c t and often isolated populations. This type w i l l be considered 

i n more d e t a i l l a t e r . The studies arose i n part to investigate genetio 

processes,in part to eliminate sampling bias and i n part to consider 

situations where the demographic information lacking i n previous 

studies could,relatively,be e a s i l y obtained and manipulated. However 

the methods of small population investigation pose new problems. 

The smaller the group,apparently the more randomisations take over 

to obscure the ef f e c t s of s e l e c t i o n or hybridisation (Cartwright 

1973)* This randomisation i s a product of s o c i a l , h i s t o r i c a l and geographical 

factors and i s by no means due to a single cause (Boyce et a l i a 1967» 

C a v a l l i - S f o r z a 1956 and 1959,Harrison 1970 and Harrison et" a l i a 1971). 

Each of these broad modes of study have demonstrated genetic 

v a r i a t i o n between populations. I t i s also an unfortunate f a c t that 

some intergroup differences have either been obscured or overemphasised 

by inappropriate comparisons between populations tested by these 

d i f f e r e n t approaches. The author r e a l i s e s he i s himself g u i l t y of 

t h i s i n h i s present work by comparing the mainland Northumberland 

samples with the i s l a n d population. I t i s d i f f i c u l t to see how t h i s 

may be avoided i n the future,especially as the processes of selection 

of many of the e a r l i e r studies have not been recorded. Here i s a 

further reason why genetic differences occur between groups. 

The Significance of Regional Heterogeneity 

When considering the above passage,it i s c l e a r that regional 

v a r i a b i l i t y might often be found. Vftiat i s obscure i s why 

these variations should be there. Axe we demonstrating randomness 

due to our own techniques or are they the product of that group of 
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randomising phenomena named genetic d r i f t ? Even very large samples 

could be regarded as an u n r e a l i s t i c breeding population to study and 

subdivided into smaller 'breeding u n i t s * . Possibly the r e s u l t s are 

not randomisations a t a l l but due to genuine heterogeneity. There 

i s a tendency always to look at t h i s aspect of the problem f i r s t 

and ignore the p o s s i b i l i t y of poor design of the study. The interpretation 

of. genetic heterogeneity often follows a fixed pattern of f i r s t l y an 

attempted geographical explanation followed by an enviromental one 

or an inappropriate h i s t o r i c a l one. I n t h i s country,for example, 

one expects the North and West to have higher blood group 0 frequencies 

than the South and E a s t . This i s then followed by historico-geographic 

and c l i m a t i c type interpretations which take l i t t l e account of known 

population genetic theory. This type of interpretation has become 

le s s a t t r a c t i v e since the finding of large i n t e r v i l l a g e differences, 

say,in South America (Gershowitz et a l i a et sequentia 1970). I t i s 

true one i s tr y i n g again to compare two possibly s i m i l a r genetic 

structures. The f a c t remains that i t i s the heterogeneity that i s 

taken to be meaningful rather than the homogeneity. A simple genetic 

interpretation of basic evolutionary theory would suggest,however, 

that heterogeneity i s desirable w h i l s t homogeneity would be f a t a l . 

I n the tiny population system on Holy Island a l l factors tend to 

lead to some type of genetic v a r i a t i o n and t h i s has been i n part 

demonstrated. I n general terms i t seems that we would be more 

successful i n t r y i n g to interpret why genetic s i m i l a r i t i e s occur 

than we have been i n attempting the opposite. Perhaps we should 

regard heterogeneity as an expected phenomenon and homogeneity i n 

need of further explanation and interpretation. 

This might be es p e c i a l l y the case i n Western Europe,an area 
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lacking gross v a r i a t i o n i n i t s enviroment. The mechanisms whereby 

i n d u s t r i a l i s e d groups maintain t h e i r genetic ide n t i t y i n different 

geographical locations have been l i t t l e investigated. An exception here 

i s the study by Hatt and Parsons (1965) °f B r i t i s h immigrants to 

A u s t r a l i a . S i m i l a r l y there have been few studies that examine the 

progress of u n i f a c t o r i a l genetic t r a i t s towards •hybridised* homo

geneity; haemoglobinopathies studied i n the New World are exceptional 

i n t h i s respect along with some other studies on American Negroes. 

Another factor which i s a t once the basis of heterogeneity 

and a c r i t i c i s m of the types of studies car r i e d out i s that the 

true breeding population i s poorly defined. L i t t l e progress has 

yet been made i n t h i s country as to.the geographical and numerical 

di s t r i b u t i o n s of the ef f e c t i v e populations. The estimates made i n 

t h i s t h e s i s are mainly h i s t o r i c a l and l i k e a l l such estimates make 

several unwarranted assumptions. The subject i s dealt with t h e o r e t i c a l l y 

by Sewall Y/right (1969) but not s a t i s f a c t o r i l y from a p r a c t i c a l 

viewpoint by any single author. From the New Guinea studies by Malcolm 

et a l i a (1971) i t seems that geographical and l i n g u i s t i c b a r r i e r s 

do not stop gene flow to any great extent and so i s o l a t e s i n whom 

the breeding population was thought to equal or be d i r e c t l y proportional 

to the t o t a l population should be re-appraised. 

Studies on I s o l a t e s 

The term ' i s o l a t e ' can be taken to mean any small and separate 

group which might be genetically d i s t i n c t but which i s s o c i a l l y 

and/or geographically unique. I n t h i s way one can include European 

r e l i g i o u s groups*inhabitants of islands and small primitive communities. 
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The absolute numbers can range from several thousands to under a 

hundred. However t h i s term may be used,there are always many exceptions 

and amendments that may be applied. As defined here i s o l a t e s may be 

composed of many d i f f e r i n g types of peoples; urbanised or r u r a l , 

primitive or i n d u s t r i a l i s e d . I m p l i c i t also i n the d e f i n i t i o n i s 

that they can a l l be studied by s i m i l a r means; that i s by the t h i r d 

method mentioned above. I n addition one i s o l a t e i s r a r e l y contrasted 

with another and u s u a l l y i t i s not possible to do so. 

The basic evolutionary genetic u n i t one of a hunter gatherer 

community,at the most a few hundred strong. This was the group s i z e 

which led to the evolution of Homo sapiens and existed u n i v e r s a l l y 

u n t i l ' e a r l y urbanisation started to occur some 8-10,000 years ago. 

I n t h i s respect i s o l a t e s have great evolutionary significance. I f 

such small groups were capable of evolutionary changes,then are there 

any such groups now that are also capable of such changes? Subsequent 

to 10,000 years ago a population increase may have i n i t i a t e d and 

driven a Vrave of advance' across Europe coincident with the spread 

of farming and an end to the early phase of i s o l a t i o n (Ammerman and 

C a v a l l i - S f o r z a 1971)• I s o l a t e studies on primitive farming and hunter-

gatherer groups today are to some extent examining t h i s phenomenon 

although few such studies have included mflich demographic information 

u n t i l the l a s t few years. The studies have not co-iipared one type of 

subsistence economy with another,genetically or demographically. 

An early study of t h i s type was by B i r d s e l l (1950) i n A u s t r a l i a 

and t h i s has been followed by others : some i n the P a c i f i c area ( 

PrLedlander et a l i a 1971)»some i n South America (Gershowitz et a l i a 

et sequentia 1970),some i n North America (Niswander et a l i a et sequentia 

1970) and Greenland (Persson and Swan 1971)• The modes of analysis 
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have become more sophisticated, over the years and now often demonstrate 

i n t e r - and intra-group v a r i a t i o n s . At f i r s t such differences were 

associated with a few s o c i a l f a c t s about the people who were being 

studied,for example Giles et a l i a (1966),but more recent studies 

using the c o e f f i c i e n t s of kinship and patterns of intermarriage 

are s t a r t i n g to bridge t h i s gap (Malcolm et a l i a 1971 and Salzano 

and Freire-Maia 1970). 

I s o l a t e s i n other segments of the population could be said 

to have taken over from.the hunter-gatherer i n the sequence of ongoing 

evolution. Larger communities are more l i k e l y to exhibit changes 

through natural selection. The main value i n the analysis of r e l i g i o u s 

i s o l a t e s i s i n the study of extreme degrees of consanguinity with 

the consequent medical problems (McKusick 1964) and i n the use of 

complete records to observe the workings of situations studied by 

the th e o r e t i c a l g e n e t i c i s t s , f o r example amongst the Hutterites 

(Kurczynski 1969)• Also the operations of genetic d r i f t ( for example 

Glass 1 9 5 2 ) ,hybridisation and migration may be observed from such 

papers. 

Geographically i s o l a t e groups tend to be moire complex i n structure 

than other types for p r a c t i c a l reasons; they have not achieved the 

s p e c i f i c i d e n t i t y of t r i b a l and r e l i g i o u s populations nor have they 

r i g i d l i m i t a t i o n s on t h e i r mating patterns. The demographic records 

tend to be poor i n many European ' i s o l a t e s 1 and the inhabitants are 

often opportunistic and great t r a v e l l e r s . Nevertheless as they provide 

situ a t i o n s with,at f i r s t s i g h t , s p e c i f i c and limited breeding populations 

they are favoured sources of material. Many islands f a l l within 

t h i s category such as the Susaks (Dolinar I960),the Aland islands 

(Eriksson and Forsius 1964) and T r i s t a n da Cunha (Roberts 1970). 
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A l l show characters which are normally regarded as being different 

from generalised population samples. Often the island samples are 

compared with control groups which are inappropriate i n that they 

represent d i f f e r e n t modes of c o l l e c t i o n and analysis ( t h i s study). 

The i s l a n d samples are often nearly complete populations with many 

inte r r e l a t i o n s h i p s whilst the controls used are often the nearest 

available population samples collected at random. 

I s o l a t e s i n general present a wide spectrum of type of group 

' i s o l a t i o n * . Some are as nearly p e r f e c t l y isolated as possible, 

w h i l s t the other end of the spectrum i s exemplified by disinte. grating 

r e l i g i o u s groups i n the United States. How then do normal or generalised 

groups or populations harmonise with these c a l i b r a t i o n s of i s o l a t e s 

and t h e i r i s o l a t i o n ? Population density,the proximity of urban centres 

and the a v a i l a b i l i t y of transport must a l l play a part but i t seems 

plausible that there i s an overlap between the l e a s t i s o l a t e d ' i s o l a t e ' 

and the most isolated group from the general population. The term 

' i s o l a t e ' as defined e a r l i e r tends to lose i t s s p e c i f i c meaning 

at the l e a s t i s o l a t e d end of the scale and merges into the part 

of the population that may be defined as 'normal' i n geographical, 

s o c i a l and demographic terms. The group l i v i n g on Holy Island tends 

to f a l l into t h i s t r a n s i t i o n a l category between the two types. 

I t seems a natural step to turn to the study of the apparently 

normal genetic s i t u a t i o n rather than the manifestly abnormal. The 

studies i n t h i s country on the demographic background t o the genetics 

of r u r a l populations have shown that i n the South Midlands marriage 

distances can be limited by s o c i a l c l a s s (Harrison et a l i a 1971) 

and ten foot wide streams (Boyce 1967) but the present study shows 

that the s i t u a t i o n may be more complex i n the North than i n the 
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Midlands. I t i s possible that the demographic and thus the genetic 

s i t u a t i o n v a r i e s between coastal ajid inland as well as between urban 

and r u r a l . Evidence has yet to be produced to substantiate t h i s but 

socio l o g i c a l studies (Williams 19&3) suggest that continuity i n a 

community can occur only by accepting into the group new members 

who hold the same attitudes as we l l as the same type of occupation 

as the r e s t of the group. Thus fishermen produce and perpetuate one 

type of community wh i l s t farm labourers produce another; i t may be 

possible to distinguish such communities demographically and even 

genetically j u s t as Gait (1968) has distinguished various types of 

Sco t t i s h border communities i n a socio-demographic fashion. 

The Comparability of B r i t i s h Population Studies 

The d i f f e r e n t types of genetic study have been discussed at 

some length e a r l i e r , i n addition there are various possible demographic 

approaches which may give d i f f e r e n t apparent r e s u l t s . The value of 

very large s e r i e s such as Kopec (1970) i s that parts may be compared 

with the assurance that the r e s u l t s at l e a s t a l l have s i m i l a r origins 

and treatment. The possible variations i n sampling mentioned e a r l i e r , 

the possible differences of technique and variations i n the response 

of participators,could a l l account for untestable differences i n the 

r e s u l t s . I t i s reassuring i n t h i s respect that Fraser Roberts (1953) 

and Kopec (1970) obtain s i m i l a r r e s u l t s for r u r a l North Northumberland 

despite almost a generation difference i n time. 

The basic problem of whole population studies,isolates or otherwise 

i s one of comparability. How may a related and unique group of people 

be compared with a sample from a neighbouring,larger and l e s s i s o l a t e d 

area? High degrees of consanguinity are not l i k e l y to be a great problem 
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i n B r i t i s h series,but many interrelationships are to be found i n 

r u r a l s i t u a t i o n s . I f the probability of having genes from a common 

ancestor could be computed then i t might be possible to demonstrate 

to what extent the genetic r e s u l t s are influenced by the relationships 

and eventually i t might be possible to compare one small group with 

another. Another potential method for comparing small i n t e r r e l a t e d 

groups i n a genetic,historic and demographic fashion i s by the use 

of surname a n a l y s i s . This i s b r i e f l y discussed i n chapter one and i n 

part ( k ) . 

The Use of B r i t i s h Surnames i n Population Studies 

English surnames became fixed i n the fourteenth century and 

were commonly used a f t e r that time. Reaney (1967) considers that the 

ori g i n of surnames to be as single names,patronymics,occupational 

names and nicknames. There i s l i t t l e regionality here f o r the Human 

Biologist,other than some l o c a l terms of occupation or l o c a l and 

s p e c i f i c nicknames or l o c a l place names. Many l o c a l place names tend 

to be very common throughout the country; Bolton,Burton and so on. 

A complicating factor i s the adoption of English surnames by many 

generations of immigrants. Also the changing of surnames and the adoption 

of various aliasesand the assumption of maternal names by some 

i l l e g i t i m a t e children should a l l be taken into account when the 

subject i s being studied. 

Since Victorian times surnames have been considered to be 

in d i c a t i v e of s p e c i f i c origins,despite the above facts,and to give 

some clues to the locations of se t t l e d groups i n B r i t a i n . Guppy 

(1890) formulated t h i s into a detailed analysis of English and Welsh 

surnames and recorded t h e i r d i s t r i b u t i o n s and variations.Others 
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have studied the surnames of Scottish (Black 1 9 3 7 ) , I r i s h (McLysaught 

1957) and Manx (Kneen 1937) o r i g i n s . Nowadays i t i s r e a l i s e d that 

surnames have a quasi-genetic basis being linked with the Y-chromosome. 

Several attempts have been made to l i n k surnames with genetic attributes 

and Beddoe (1885) was one of the f i r s t to discuss t h i s potentially 

valuable aspect. Other anthropological studies have occasionally 

made use of surnames i n choosing groups to study anthropometrically 

(Davies and Fleure 1936 and Fleure and Davies 1958) and ser o l o g i c a l l y 

(Schaede 1929)» Genetic differences in>:relation to surnames was not 

studied i n t h i s country u n t i l 1939 when F i s h e r and Vaughan noted that 

recent population movements could lead to associations between the 

ABO blood groups and c e r t a i n surnames. Fr a s e r Roberts (1942a and 1942b) • 

using surnames noted an ABO difference between North and South 

Welsh names amongst the populations l i v i n g i n North Wales. He used 

Guppy's surname d i s t r i b u t i o n as a means of regio n a l i s i n g the V/elsh. 

This technique has been extended amongst the V/elsh by Watkin (1965a, 

1965b and 1966) for the ABO blood groups and by Legon (1963) i n the 

study of g a s t r i c carcinoma amongst the North Welsh. Ashley and Davies 

(1966) concluded that surname analysis was a v a l i d method of group 

subdivision for the Welsh,but that the population structure was 

changing so rapidly (by migration) that t h i s would not be a meaningful 

method within a few generations. Since that time several papers have 

appeared using surnames as a basis of analysis (Ashley 1967a,1967b, 

1967c and 1969). 

Hart (1944) has studied serological attributes and I r i s h surnames 

i n a s i m i l a r manner to Watkin. Hatt and Parsons (1965) have used 

surnames to study the d i f f e r e n t i a l e f f e c t s of B r i t i s h immigrant groups 

i n A u s t r a l i a . These authors make basic use of the works quoted e a r l i e r . 
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Kopec (1970) uses such studies to subdivide some Glaswegian and Liverpudlian 

populations. 

A study of the Aran islanders by Hackett and Polan (1958) 

makes use of surnames i n a di f f e r e n t manner. This work compares the 

h i s t o r i c a l structure of the is l a n d with the present day genetical 

r e s u l t s . 

Dobson and Roberts (1971) use English surnames as indicators 

of gene flow through h i s t o r i c a l time whilst t h i s present study notes 

surname variations i n Holy Island from one generation to the next. 

Another branch of surname use includes the analysis of marriage 

frequency between persons of l i k e name. From t h i s an index of inbreeding 

may be computed (Crow and Mange 19^5)• Shaw (1960) uses a s i m i l a r 

concept i n the analysis of Spanish surnames which r e f l e c t both parental 

or i g i n s . The method of Crow and Mange has also been used by Bussels 

(1970). The analysis assumes that offspring are produced by a l l isonymic 

marriages and that the marriage r e g i s t e r s r e f l e c t the true demographic 

state of the community. Surnames taken together serve to characterise 

a s p e c i f i c group of people. The names of the T r i s t a n islanders are 

not unique but few i n number.whilst the Boer s e t t l e r s have passed 

t h e i r surnames (about forty) to nearly one m i l l i o n l i v i n g descendants 

(Bean 1971)• The Amish have also a high frequency of a few surnames 

(McKusick 1964) and t h i s i s true of other isolated r e l i g i o u s groups 

(see,for example,Glass 1952). 

Characterisation of groups by surname frequency bears c e r t a i n 

resemblances to the study of genetic polymorphisms,in that the r e s u l t s 

could produce patterns i n the population which are a product of 

historical,demographic and s o c i a l trends. Such an analysis could be 

applied to the B r i t i s h I s l e s . Not only do the Welsh have a unique set 
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and d i s t r i b u t i o n of surnames but the appropriate s e l e c t i o n and regional 

comparison of the names can demonstrate l o c a l boundaries of language 

and h i s t o r i c a l u n i t s (Praser Roberts 1942a), However i t i s erroneous 

to suppose that the d i s t r i b u t i o n of surnames i s constant i n small 

populations throughout h i s t o r i c a l time. The average rate of turnover 

of males with a p a r t i c u l a r surname on Holy I s l a n d i s 64 years or 

approximately three generations. Moreover each surname i s moving a t 

a different rate and so t h i s also must be taken into account. I t 

i s l i k e l y that most small English communities w i l l resemble Holy 

Isl a n d i n t h i s respect and t h i s has some substantiation by Bobson 

and Roberts (1971) and Buckatzch (1951)« I t i s also possible that 

non-metrical s c a l i n g techniques could be applied to surname data 

to determine the inter r e l a t i o n s h i p s of parish populations (see Kruskal 

(1964) and Kendall (1972)) . The factors which influence the appearance, 

changes and disappearance of. surnames are the same as for any simple, 

genetic variable : migration,chance,differential f e r t i l i t y and so 

on. Because of th i s , s t u d i e s on surnames should define these influences 

i n order to interpret the r e s u l t s . 

Another major use of surnames i n B r i t i s h communities has been 

with regional names. Care i s needed here,however,in the analysis 

o f t y p i c a l Welsh or Scot t i s h names. The analogy with genetic poly

morphisms holds a useful l i n e of interpretation here. There i s a 

tendency to assume that a regional name confers absolute reg i o n a l i t y . 

I t i s quite possible that the remote ancestor who confered the name 

on a descendant has been swamped genetically with many generations 

of non-regional ancestors. A\nd so na t i o n a l i t y by surname i s only 

v a l i d a f t e r research into the pedigree of the individuals concerned. 

This i s very tedious for population studies but there are various 



- 246 -

examples i n the lit e r a t u r e : that f a l l into the trap of assuming nat i o n a l i t y 

from surnames alone. 

I t i s possible to compromise to some extent here and take as 

an index the o r i g i n of the names of the parents and grandparents 

and t h e i r places of b i r t h . This has been done i n r e l a t i o n to the 

Manx population (Mitchell 1971). 

I t i s also possible to make use of unique or 'private 1 surnames, 

es p e c i a l l y English ones. These are names which occur i n very few 

families for a wide va r i e t y of reasons; they could be names recording 

a unique l o c a l i t y or some unique,historical palaeographic error. These; 

names could be said to be akin to genetic mutations. Guppy (1890) 

i s useful as a rough guide to determine i f a name i s unique or not. 

'Private family surnames' may be defined as those originating from 

a s p e c i f i c a l l y i d e n t i f i e d couple and a l l the people with the name 

can trace descent from t h i s couple. Some documentary proof i s thus 

required. These names are of especial use i n tracing genetic movement 

and f e r t i l i t y . Examples of t h i s can be seen from Holy Island - the 

names Markwell and Cromarty are v i r t u a l l y unique i n these forms 

of s p e l l i n g . Both originate from couples who l i v e d on Holy Is l a n d 

i n the 1720's and now both names have spread throughout the world. 

The majority of modem genetic studies use Guppy (189O) as 

a guide (Praser Roberts 1942b and Ashley and Davies 1966). This 

i s unfortunate,if Guppy i s the sole source work,because of the mobility 

of names. I t would be appropriate to t e s t i f the r e s u l t s of Guppy 

w i l l be the same as the r e s u l t s of today. The modern d i s t r i b u t i o n 

of surnames i n B r i t a i n i s not known,but t>ii« must c e r t a i n l y be defined 

before any modern study has relevance (Leeson 1965). Because of 
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Reaney's views on the origin of surnames i t i s unlikely that the 
investigation of surnames w i l l produce a clear set of results,but 
i t i s one which seems well worth the effort of study. 

This section has dealt with the use of British surnames in 
general terms and i n relation to this thesis. I t is commended as a 
subject that brings together the three otherwise loosely connected 
disciplines of historyi^roography and genetics. I f studies are undertaken 
i t is worth bearing i n mind the bases of the several component 
disciplines so that the results may be properly interpreted. 

Collation 
Part (n) has dealt with some aspects of. analysis of the genetic 

and a l l i e d data from the l i v i n g population on Holy Island. F i r s t l y 
the nature of the study i s i t s e l f considered i n relation to the 
various methods of data collection which might be used and also the 
techniques used i n the comparative work. The conclusion is that 
comparative data must be examined with care before weight is placed 
on the apparent similarities or differences they introduce. I t may 
be that such considerations at this stage preclude any further and 
more sophisticated s t a t i s t i c a l analysis (say,a study of biological 
distance),before a more detailed analysis of the demographic attributes 
of the population i s undertaken. A more general critique of the 
concept of genetic heterogeneity follows. I t is argued here; that 
heterogeneity i s easier to explain than homogeneity. This is because 
small groups have greater evolutionary significance than large 
populations. I t i s also implied that apparently large populations 
are not homogeneous i n respect to breeding groups and are composed 
of much smaller genetically significant units. There is no direct 
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evidence for this but some work i s quoted which suggests the Holy 
Island analysis i s unremarkable i n i t s demographic and genetic 
heterogeneity; although the actual results do characterise the l i v i n g 
island population. 

There are suggested two lines of analysis which might be useful 
further to understand the population dynamics of the island. The 
f i r s t of these i s dealt with i n some detail i n the form of an essay 
on surname studies and their u t i l i s a t i o n i n Bri t i s h populations. 
Careful use may be made of surnames on Holy Island as historical, 
demographic and genetic markers. Viewed as a gene on the Y-chromosome, 
surnames may be employed as a means of effecting population comparisons 
between any complex groups. Similar comparisons cannot be made with 
purely demographic or genetic c r i t e r i a and i n this respect surnames 
provide a potentially useful tool for this type of analysis. 

The second suggested line of analysis i s dealt with elsewhere 
i n the thesis and consists of the study of interrelationships. I t 
is quite possible i n this type of population study that numerous 
blood relatives exert some influence on the genetic and allied results. 
This i s implied i n the f i r s t chapter. Further details w i l l be found 
i n parts (k) and ( t ) . An attempt to study the potential effect of 
relationships has been initiated,to date i n a very simple fashion. 
This may prove to be a f r u i t f u l line of analysis. 

In a l l , t h i s part introduces some factors which are important 
i n understanding the results found i n this chapter. 
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Part (o) 
Summary of Chapter Two 

This chapter consists of six parts and reports on the non
medical v a r i a b i l i t y collected from the l i v i n g island population. 
The f i r s t two sections deal briefly with the methods used and details 
of the modes of collection of data. Fart (k) deals with the results 
considered to be unifactorially inherited. The Holy Island results 
are contrasted with material from several sources; two series from 
Northumberland,several from the North of England,some from the South 
of England,Scotland and abroad. The use or misuse of such varied 
data i s mentioned i n several places throughout this chapter and 
especially i n part (n). The phenotypic analysis of the results shows 
that the island is unique i n i t s distribution of many t r a i t s . One 
figure shows the entire set of results as a series of 2 x 2 chi-
squared test values and significant results are found scattered 
throughout. Despite the many unusual phenotype frequencies,the Hardy-
Weinberg proportions are only i n disequilibrium i n two systems : 
MN and Duffy. This i s commented on i n part (k) where attention is 
drawn to the results one might expect from the demographic analysis 
i n chapter one. Individual comments are made about the unifactorial 
system as well as a general series of comments at the end of this 
part where the topic of the effect of relationships is reintroduced. 

Fart ( l ) b r i e f l y demonstrates an analysis of dermatoglyphic 
and skin colour results. Much is made i n this part and i n part (m) 
about the inadequacies of the data. This is due to poor collection 
of data,small sample sixes,large degrees of variance or the lack 
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of suitable material for comparison. In general these factors obscure: 
proper interpretations of the results,although i t appears that the 
islanders are lighter i n skin colour than a sample of Durham students, 
have different finger pattern types compared with a South Midlands 
series and have palmar ridge and pattern differences. The interpretation 
of palmar pattern types i s another variable to be added to the above 
l i s t of sources of error. The significance of the observed v a r i a b i l i t y 
i n part ( l ) i s therefore i n some doubt. 

Part (m) considers variables which may be inherited. A l l show 
va r i a b i l i t y when compared with other data. As i n part ( l ) the 
interpretation of the results is obscure; partly due to the series 
of d i f f i c u l t i e s mentioned above and partly due to the additional 
disadvantage that the reasons for the existance of the variables 
i s less well understood than those t r a i t s i n parts (k) and ( l ) . The 
var i a b i l i t y , f o r example,shown by hand clasping could be an entirely 
random phenomenon and the recorded results due to sample collection 
and so on. For such reasons part (m) contains some rather disappointing 
t r a i t s . 

Part (n) discusses several problems relating to population 
studies i n general; the modes of analysis,isolate studies and surname 
analysis are three of the main sections. The aim is to relate this 
chapter to aspects of chapter one and biological anthropology i n toto. 

This chapter presents the genetic data and presents non-genetic 
v a r i a b i l i t y data i n order to consider their use i n understanding the 
l i v i n g Holy Island population. 
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CHAPTER THREE 

Medical Variability 
i n Holy Island 
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Part (p) 
Introduction 1 and Methods 

Introduction 
The aim of this aspect of the work was to i n i t i a t e a series 

of screening tests,the results of which would be helpful to the 
islander's general practitioner, as well as giving an indication 
of variation i n a small ageing population. Not a l l the results are 
presented here'. With the permission of each islander,the medical 
information on their doctor's records was examined, but th@$ data 
Wexenot used i n the thesis. 

Methods 
Data w es obtained from an examination of the blood,urine, 

electrocardiograms,sphygno^Smetry and a note was made of other 
conditions of medical genetic interest. Both clotted and a n t i -
coagulated blood specimens were obtained,the l a t t e r i n f l u o r i le 
and sequestrene tubes. The specimens were delivered within 24 hours 
to the pathology laboratory at the Queen Elizabeth Hospital at 
Gateshead. Thin blood films were examined for c e l l appearance,whilst 
the blood was analysed for haemoglobin content (Hb),packed c e l l 
volume (PCV),white blood c e l l count (WBC),the erythrocyte sedimentation 
rate (ESR);and the mean corpuscular haemoglobin concentration was 
calculated. The serum was examined for levels of cholesterol,uric 
acid,sugar,urea,sodium,chloride,carbon dioxide and potassium. The 
results of the last of these are not included as they were abnormal 
due to red blood c e l l leakage. The haematology was by the standard 
methods whilst cholesterol was a manual determination by Sackett's 

* The haemoglobin concentration was estimated by the 
cyanme thaemoglobin technique. 
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modification of Bloor's method (see J.BIOL.CHEM..64 (1925) 203). 
The methods determined by the Technicon autoanalyser were as follows : 

Urea by diacetyl monoxime method N 1 C, 
Sodium by flame photometry method N 21 A, 
Chloride by fe r r i c nitrate and mercuric thiocyanate method, 
Carbon dioxide by phenolphthalein method, 
Uric acid by phosphotungstic acid and sodium carbonate method 

modification N 13 B, 
Glucose by the glucose oxidase method of Marks. 
The Cambridge Transrite 4 portable electrocardiographic machine 

was used to take the recording from the limb leads only. These results 
have not yet been f u l l y analysed and are not reported here. 

Blood pressure was recorded' using the ausculation method with 
a standard manometer. The results were double checked. 

The urine was examined with Ames Labs t l x on collection. This 
gives the pH,glucose,protein and blood content results: 

Miscellaneous items were noted as they arose. The one reported 
here concerns premature osteoarthritis of the hip. 

*The Labstlx are dipped i n fresh urine and the 
coloured results matched with those printed on 
the bottle. 
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Part (q) 
The Medical Results 

Figure (127) gives the results of the medical tests for the 
Holy Island population. The results for carbon dioxide,chloride 
and sodium are presented as the results for a nearly complete,small 
community. The physiological levels are under close control and the 
results given here are within the normally quoted range. They are not 
remarkable i n any way. The other results are commented on i n turn, 
the serum cholesterol and uric acid results are given i n some detail. 
In addition the urine was examined for abnormal amino-acids by high 
voltage electrophoresis but no anomaly was detected. 

Urine Tests 
The pH values seem to indicate a f a i r l y oirAww^ distribution 

of results. Many tests showed traces of protein and were ignored. 
The protein 'one plus' result was encountered i n old people and the 
significance was not determined. The glucose 'medium' result occurred 
i n two known maturity onset diabetics. The result 'some haematuria1 

was found i n an individual with no other detected anomaly. 

Blood Pressure 
No results by age and sex are provided as i t i s thought the 

sample is too small for such a breakdown,although i t is an analysis 
that i s normally carried out. The results have an observer bias towards 
55i65f75 and so on. However the totalled means are within normal 
limi t s and a l l the results are within two standard deviations of the 
means except for one diastolic and five systolic values. The highest 



- 255 -

Figure (127) 

Blood and other Medical Results for the Total Population 
on Holy Island 

Variable Number Mean SD Normally quoted value 
Haemoglobin 120 94.4 9.3 I4.6mg?b = 100$ 
PCV 119 41.5 3.8. 
MCHC 119 32.7 0.9 
WBC 119 6424.O 1792.0 
ESR 99 8.7 skew distribution 

Cholesterol 125 181.3 58.1 100-250 
Uric Acid 117 5.2 1.4 less than 5 
Sugar 125 83.3 27.2 ** 
Urea 123 36.5 11.4 
Sodium 109 135.6 5*1 133-152 
Chloride 120 103.4 3.9 95-107 
co 2 120 20.4 1.9 24- 34 

1) * from Gateshead Hospital 
** includes one value of 330 . . 

2) The quantities given as means are a l l i n the standard units e.g. 
the electrolytes are i n MEq/litre,the other serum constituents i n 
mgjo and the haemoglobin is expressed as a percentage. 
3) Abnormal films were found i n five instances; three slight hypochromia, 
and one each slight microcytosis and slight poikilocytosis. A l l are 
women without other detectable anomalies. . . . 
4) Blood pressure results.; Diastplic mean 78.47 (s.d. 15.83) and 
systolic mean 129*35 (s.d. 21.60),all i n mm of Hg, 
5) Urine tests ; pH 5 = 71 (58.2$), 6= 44 (36.1$), 7= 7 (5.7$) .Ames 
Labstix results ('trace' proteins and ketones ignored) 'glucose medium1 

=2,a man and a woman both oyer 70 and diabetic. 'Protein +',=3,a man 
of 70 and two women over 60,no other anomaly. 'Blood +' = 1,a woman 
of 60 no other anomaly. 
6) Only adults were tested. 
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diastolic value is 125 mm Hg and was accompanied by a systolic value 
of 200 mm Hg, The other four high systolic values (one at 190 and 
three at 180 mm Hg) were accompanied by diastolic values within normal 
l i m i t s . The person with both values unusually high was a newly found 
hypertensive. 

Haemoglobin 
The value of lOCfo i s a r b i t r a r i l y given as 14»6 gm/l00ml. The 

normal range i n men i s quoted as 92.5% to 123.4$ with women slig h t l y 
lower. However two standard deviations from the mean for the Holy 
Island material,which i s somewhat lower than the normal estimates, 
include a l l the values with the exception of four individuals,one 
person who was dehydrated with a value of 118% and three who were 
anaemic but asymptomatic with haemoglobin percentage values of 74, 
72 and 66. I f the lower l i m i t of the published range for haemoglobin 
is to be accepted,however,then 34 of the adult islanders have abnormally 
low levels. The published normal values also have their limitations 
as samples and should include subdivisions by age as well as sex. 

PCV and MCHC 
The PCV values are at the lower end of the normal range and, 

i n conjunction with the low Hb values the MCHC levels are also low. 
For the MCHC,six individuals are above the second standard deviation, 
when comparisons are made within the island sample,and only one at 
the lower end of the range at 31• 
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White Blood Cell Count 
This is a non-specific entity,varying with age,sex and many 

sub-clinical infections as well as with a wide variety of specific 
pathologies. The normal adult range i s 4»000 to 10,000 whilst the 
range calculated from the island results corresponds f a i r l y well 
with this being 2,800 to 10,000. The actual values include seven over 
10,000 (four at 11,000; two at 12,000; one at 13,000). No anomaly 
was found with any of these higher results. 

Erythrocyte Sedimentation Rate (Wintrobe) 
The results of this test indicate non-specific pathologies 

associated with abnormal constituents of serum proteins. 'Normal' 
i s usually quoted as less than 9mm/hour i n men and less than 20mm/hour 
i n women. The Holy Island results demonstrate the expected skew 
distribution. Note is only made of two abnormal values,both without 
other anomalies,one at 41mm/nour a n d t n e other at 69mm/hour. 

Sugar (Glucose) 
None of these results can be regarded as fasting values although 

they were a l l taken i n the morning. Thus the upper normal l i m i t of 
about 110 mg$ does not apply. However there i s only one grossly 
abnormal result from a known (and at that time uncontrolled) diabetic. 
This person had a blood glucose value of 330rag$. 

Urea 
A. normal range of this waste product i s usually 17 to 24 mg$. 

However 36 of the islanders have values over 40mg#. Two standard 
deviations of the range of island results gives an upper l i m i t of 60 mg#. 
There are four people with values over this from 64 to 75 mg$. 
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Part ( r ) 
The U t i l i t y of Medical Screening Tests 

In conjunction with the results from the electrocardiogram, 
several heart anomalies were found,five mild anaemias,one severe 
hypertensive,a case of incipient gout and a case of diabetes were 
a l l uncovered by this series of tests. This is a very small population 
study when compared with many medical surveys. However this island 
population i s an ageing one and has been demonstrated to be unique 
genetically and demographically. The number of unsuspected disorders 
(y/o) was high although most were mild i n type and easily correctable. 

The main problem posed was the perennial one of 'normality 1 

and the range of 'abnormality'. I t i s shown several times that the 
published normal range was inappropriate for this sample. This i s 
not surprising as most 'normal' ranges are determined by using young 
adults and are not aged based i n any way. The most serious criticism 
of such quoted data are the facts that the sizes,sex,ages,regional 
origins of the populations tested are not available. I t i s not common 
for such series to be from published papers which might reveal this 
information,rather the authors of texts amass a series from some 
laboratory records or test a large and readily available population 
such as,nurses or medical students. This is again emphasised i n the 
case of uric acid levels (vide i n f r a ) . The other criticism of these 
ranges is that they do not indicate the range about the mean; either 
as two or three standard deviations,or i f the range i s deduced from 
a normal distribution. 

Besides the f a i r l y clearcut anomalies quoted here,the study 
also produced about a dozen isolated and apparently abnormal results 
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which were not accompanied by other abnormal results from these 
individualso This may be a facet of the range of normal distribution 
and of no significance or i t may be due to genuinely anomalous results 
and the- precursors of some illnesses* From this point of view i t might 
be of interest, to follow up the population for a protracted period. 

In relation to the population i n general,the range of normal 
values, a l l seem to be more scattered along their range than one 
might expect. This i s reflected i n the higher standard deviations 
associated with some of the systems. This i s perhaps to be expected, 
i n a sample which i s as heterogenous as the island population. Also 
i t could be related; to the small size of the population. 

In relation to the rest of the survey,the tests took up a 
thir d of the: time with each person and on the whole were appreciated) 
by the participants and by the local practitioner. The value of the 
results i 3 not reflected i n the amount of.' space given to them i n 
this thesis and much more could be made of the analysis of th€s?data. 
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Part (s) 
Serum Uric Acid 

The Holy Island mean for serum uric acid i s above the normally 

accepted maximum level. The results also have a large standard deviation. 

The t o t a l results show a bimodality (see Figure (128)). The sample 

analysis by age and sex i s given i n Figure (129)• The tot a l male mean 

is 5«98 whilst the female mean i s 4*88. However there are two convergent 

age trends. The younger males have a mean of 6.22 decreasing to 

5.75 i n the oldest group,whilst the position i s reversed i n women 

with the younger women having a mean of 4*31 and the older women 

a mean of 5*46. 

The men s t i l l have a higher proportion of individuals with 

values of 6.5mgfo and over. But this again decreases with age i n the 

sample. The individuals with known gout were well within the normal 

range. 

Some equivalent figures are available from random samples 

obtained by Hewitt (1961). The samples were obtained from the town 

of Leigh and from a rural population i n V/ensleydale. The results 

are given i n Figure (130). Here the urban sample i s sl i g h t l y higher 

than the rural but no similar age trends are seen i n the male sample. 

The Holy Island population has higher levels of uric acid than the 

series studied by Hewitt. The three major causes of hyperuricaemia 

are renal failure,some drugs and leukaemia. iLU these are-unlikely 

i n the islanders and i t seems that a possible answer might be associated 

with the diet. The island has a high f i s h diet. The extent of f i s h 

i n the diet of the island has not been investigated but i t i s l i k e l y 
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Figure (130) 

Serum Uric Acid Values Divided by Age and by Sex 

Wensleydale Males 
Age Number Mean Range. fo over 

35-44 85 4.26 1.9-6.6 1.2 

55-64 54 4.44 2.3-6.8 5.5 

75+ 25 4.65 3.0-6.4 4.0 

Wensleydale Females 
35-44 90 3.54 2.1-5.1 0 

55-64 60 3.91 2.1-6.8 3.4 

75+ 33 4.09 2.4-6.4 3.0 

Leigh Males 
55-64 138 4.88 1.7-8.4 8.0 

Leigh. Females 
55-64 150 4.29 1.1-7.5 3.4 
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to "be higher than that of the inhabitants of Wensleydale or Leigh. 

C o n f l i c t i n g results have been found i n r e l a t i o n to social class. 

Saha and Banerjee' (1970) ,for example,find lower values with low 

social class. Howell (1970) w i t h a larger sample finds no corre l a t i o n 

between u r i c acid levels and class« 
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Part ( t ) 

Serum Cholesterol 

The serum cholesterol results are analysed i n greater d e t a i l 

as an example of how such a population variable may be dealt w i t h . 

The Results 

The results are outlined i n Figure (131) along with data taken 

from Hewitt (1961). The Wensleydale and Leigh results are f o r three : 

specific age groups which do not f u l l y correspond w i t h the age range 

found on Holy Island. The age groups were chosen because they agreed, 

most nearly w i t h the island age groups. Females have higher values 

than males i n a l l but one category (young Wensleydale). The Leigh 

values are s l i g h t l y higher than the r u r a l series whilst the Holy 

Island results are exceptional i n t h e i r consistantly low r e s u l t s . 

The t o t a l l e d means f o r Wensleydale are 233.0 mg$ f o r males and 253.5 

mg$ f o r females while the corresponding figures f o r the island are 

175.4 and 195.6 (both i n mg$). 

The trend of the: Holy Island results i s to increase the mean 

with increasing age. This i s not the case wi t h the other two series. 

Here the older groups have lower values than younger individuals. 

The values i n the old people are s t i l l very much higher than the 

island sample and may be due to a selective process : those with 

higher serum cholesterol values dying before they reach old age. 

The method used by Hewitt was the same as that used on the 

island specimens. I t seems that here i s another unique property 

of the Holy Island population and one which i s wcrth investigating 

f u r t h e r . Social class may be important here; both Banerjee and Saha 
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Figure (131) 

Serum Cholesterol Values by Age and Sex 

Holy Island Males 
iLge Number Mean Range 

Under 45 22 153.2 80-200 

46-65 18 181.1 80-280 

Over 66 19 195.8 80-260 

Total 59 175.4 80-280 

"jo over 300mg# 

0 

0 

0 

0 

Holy Island Females 
Under 45 17 
46-65 27 

Over 66 22 
Total 66. 

171.2 

201.1 

207.7 

195.6 

80-280 

120-320 

80-360 

80-360 

0 

3.7 
13.6 
6.1 

Wensleydale Males 
35^44 90 

55-64 141 

75+ 23 

244.2 

248.4 

213.2 

148-477 
156-426 
114-283 

12.2 

12.0 

0 

Wensleydale Females 
35-44 104 
55-64 155 
75+ 26 

241.8 

280.7 

252.5 

139-371 

98-511 

157-375 

11.5' 
33.0 
19.2 

Leigh Males 
35-44 

55-64 

75+ 

86 

53 

25 

243.0 

249.0 

223.O 

135-360 

125-380 

153-323 

11.6 

15.0 
4.0 

Leigh Females 
35-44 

55-64 

75+ 

91 
62 
32 

246.2 
271.6 
281.8 

145-333 
176-403 
167-390 

9.9 
22.5 
34.0 
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(1970) and Howell (1970) report s l i g h t l y lowered mean values with 

lower social class* 

Associations 

There have been several reports noting the v a r i a t i o n of serum 

cholesterol levels i n r e l a t i o n to some u n i f a c t o r i a l genetic systems 

(Mayo et a l i a 1971»for example). Associations have been found between 

the ABO blood groups and the haptoglobin system and t y p i c a l of such 

results are those quoted here from Corfu by Mayo i n Figure (132). 

The Holy Island values are also given i n t h i s f i g u r e . 

The ABO results are shown to exhibit the same type of trend 

i n both series : the highest values with blood group A and less 

w i t h 0 and less again w i t h B blood group. The serum cholesterol values 

are greater i n the Corfu population but the/ follow the same trend 

as the English series. 

The haptoglobin 2-gene seems to be associated with higher 

cholesterol levels i n both series despite, variations i n the magnitude 

of the means. The adenylate kinase isoenzyme results are included 

because there i s f a i r l y close genetic linkage between the ABO and 

AK l o c i . The adenylate kinase 2-gene seems to occur w i t h higher 

serum cholesterol levels. The t o t a l numbers involved i n the Holy 

Island series i s very small and t h i s may be a basis f o r differences 

i n the mean cholesterol levels. This also accounts f o r the lack of 

si g n i f i c a n t differences between any of the island sub-populations 

mentioned here »this i s due to the large standard deviations. 
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Figure (132) 

Cholesterol values i n Relation to U n i f a c t o r i a l Genetic Tra i t s 

Holy Island 

ABO blood Groups Number Mean Cholesterol Levels 
A 1 32 190.8 

A 2 13 166.5 

A 1+A 2 45 183.8 

3 15 . 177.0 

0 63 181.7 

A B 2 195.O 
Serum Haptoglobin Types 

1- 1 21 178.8 

2- 1 45 . 181.0 

2-2 54 189.0 

RBC Adenylate Kinase Isoenzyme 
1- 1 114 179.7 
2- 1 and 2-2 11 197-1 

Corfu (from Mayo et a l i a 1971) 

A 208 208.4 

B 82 . 200.9 

0 249 202.6 

AB 33 194.8 

Hp 1-1 

2-1 

2-2 

63 
258 
236 

193.7 
200.1 
211.1 
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Relationships 

I t i s possible to select the individuals i n the population 

who are i n the long standing island group and those wives born 

elsewhere who have islanders' children l i v i n g on the island. The 

co e f f i c i e n t of relationship has been calculated as a whole f o r t h i s 

group by counting the number of genealogical steps between a l l the 

pairs of members. This i s recounted i n the f i r s t chapter of t h i s thesis. 

I t i s therefore possible to subdivide those individuals with certain 

a t t r i b u t e s i n common and examine t h e i r exact degree of relationship. 

I n t h i s case the cholesterol results were divided i n t o seven groups 

containing between eight and nineteen persons. For each group a l l 

possible pairs of relationships were examined. The t o t a l possible number 

of pairs i n a group i s an expansion of the formula n ( n - l ) / 2 . The form 

of the triangular matrix used i s shown i n Figure (133). 

Figure (133) 

Triangular Matrix 

Individuals A B O D E 
A - 1 2 3 4 
B - - 5 6 7 
C - - - 8 9 
D - - - - 10 
E _ _ _ _ _ 

Each in d i v i d u a l may be compared w i t h a l l others i n the group once, 

by t h i s method. For each small group i t i s possible to f i n d a summated 

value ($R) dependant on the c o e f f i c i e n t . This value w i l l vary from 

group to group depending on the t o t a l number of possible pairs of 

combinations (z) and also on the f a c t that many relationships are 

duplicated or have even as many as f i v e possible routes of relationship 

( x ) f a l l of which must be noted i n t h i s mode of computation. These are 

displayed i n Figure (134). Here i t i s shown that the sumraated value 
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Figure (134) 

Serum Cholesterol and the Coefficient of Relationship 

Cholesterol Numbers Summated R z x r r/lowest r/Tr 
values per group 

under 99 8 0.210? 28 25 .0040 0 .19 

100-139 11 2.2170 55 27 .0270 6.8 1.29 

140-159 10 1,2830 45 33 .0164 4.1 .78 

160-179 19 4.2976 171 110 .0153 3.8 .73 

180-199 15 1.8619 105 68 .0108 2.7 .51 

200-239 14 1.3826 91 33 .0112 2.8 .53 

240 plus 12 1.6443 66 28 .0175 4.4 .83 

z = n(n-l ) / 2 

x = the t o t a l number of relationships 

r = R/z+x 

Tr i s the t o t a l population value of r calculated e a r l i e r 



of R i s divided by the values (z) and (x) to produce r . This i s not 

a true c o e f f i c i e n t of relationship,yet the value r i s shown to vary 

widely i n r e l a t i o n to the lowest value of r and also i n r e l a t i o n 

to the t o t a l population value ( T r ) . These are displayed i n the l a s t 

two columns of Figure (134)« 

The significance of these results i s not understood. Cholesterol 

values w i l l vary as a r e s u l t of several 1enviromental' factors including 

age and d i e t . I n addition to t h i s the varying figures f o r the relationships 

i n the subgroups make i t l i k e l y that some inherited factors are 

also playing a part. The values i n Figure (134) demonstrate the 

basis of fluctuations rather than the features of the inherited component. 

Such interrelationships may be a contributory cause of the low island 

cholesterol means. 
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Fart (u) 

Premature Osteo-Arthritis of the Hip 

One family on the island has a high proportion of hip disease 

amongst i t s members. I n a l l the investigated cases the pathology 

was t y p i c a l l y o s t e o a r t h r i t i c . This i s an unsatisfactory condition 

f o r a geneticist to deal w i t h as the condition only appears i n the 

l a t e ,401s and younger individuals may or may not be affected l a t e r 

i n l i f e . Those who manifest the t r a i t are of both sexes and have a 

var i e t y of occupations,none suggesting a professional cause. Also 

no f i r m records exist about the condition i n e a r l i e r generations 

and the verbal accounts are d i f f i c u l t to i n t e r p r e t . I t seems l i k e l y , 

however,that some of the e a r l i e r generations had t h i s hip condition. 

No other j o i n t s appear to be affected. Many diseased hips have been 

recently replaced by prostheses. There are no close relationships 

between the two common ancestors KB and AM during the l a s t four 

generations,although both belong to the core community of the island. 

The affected members of the community at the time of w r i t i n g are 

shown i n Figure (135) along with t h e i r major inte r r e l a t i o n s h i p s . 

The l i k e l i e s t mode of inheritance f o r t h i s factor thus seems to 

be an autosomal dominant gene wi t h less than complete penetrance. 

There have been preliminary reports of premature o s t e o a r t h r i t i s 

of the hip amongst some Zulu tribesmen by Wittman and Fellingham 

(1970). Here an enviromental aetiology i s suspected but has s t i l l to 

be proved. There appears to be few other reports i n the l i t e r a t u r e . 
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Part (v) 

Summary of Chapter Three 

This chapter has dealt with some of the data obtained from the 

medical tests on the l i v i n g Holy Island population. The screening 

tests used were those readily available to the author and are described 

i n part ( q ) . The results are b r i e f l y recorded i n part (q) and are then 

discussed. Two sets of exceptional results are the serum levels of 

u r i c acid and cholesterol. I n addition many of the t r a i t s exhibit 

large standard deviations. The various problems of in t e r p r e t a t i o n 

are discussed i n part ( r ) . Some furt h e r analyses are then displayed 

f o r the serum u r i c acid values i n part (s) and serum cholesterol values 

i n part ( t ) . The results of both these e n t i t i e s are unusual and 

possible causes are discussed. These parts tend to hig h l i g h t a dearth 

of knowledge rather than give any acceptable reasons f o r the high 

serum u r i c acid and low cholesterol levels. Additional analyses i n 

part ( t ) centre around the reported associations of serum cholesterol 

with the ABO,adenylate kinase and haptoglobin phenotypes. A trend 

i n v a r i a t i o n i s demonstrated which i s not s t a t i s t i c a l l y s i g n i f i c a n t . 

The p o s s i b i l i t y that interrelationships have influenced the cholesterol 

results i s also investigated i n part ( t ) . A method whereby pairs 

of individuals may be assessed by t h e i r relationships and by t h e i r 

cholesterol results i s given. This subject i s also mentioned i n 

parts (g) and ( k ) . Here again only crude values are used to provide 

some comparative data,nevertheless i t may s t i l l be seen that some 

subgroups of interrelationships vary from others by factors of 2,3,4 

and 6. The significance of t h i s i s not understood but i t i s considered 

that f u r t h e r investigations i n t o t h i s aspect would be j u s t i f i e d . 
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F i n a l l y t h i s chapter includes a b r i e f report on an apparently 

inherited t r a i t i n the island population; premature o s t e o a r t h r i t i s 

of the hip. 

This chapter i s less detailed than the preceeding ones and 

takes a thorough look at only two a t t r i b u t e s ; serum u r i c acid and 

cholesterol levels. I t i s thought that further investigation i s not 

j u s t i f i e d due to the size of the community and the heterogeneity of 

many of the factors. 



SYNTHESIS AMD SUMMARY 

This study was undertaken w i t h three aims i n mind. F i r s t l y to 

investigate the biology of a geographically isolated group i n England^ 

secondly to i n i t i a t e a small study so that the techniques and analyses 

may be used i n larger studies and t h i r d l y , i n an attempt to obtain 

results from a complete population. The three chapters of t h i s thesis 

r e f l e c t these aims and also account f o r the major interests of the 

author. 

The f i r s t chapter deals w i t h a variety of demographic topics, 

h i s t o r i c a l and contemporary which are of use i n understanding the 

formation of the population at d i f f e r e n t times. There are sections 

on the secular trends (c),the nineteenth century census returns ( d ) , 

the parish marriage data (e),the production of children ( f ) and the 

l i v i n g population ( g ) . Part (b) introduces the demographic methods 

used i n chapter one and outlines the method of population subdivision 

used i n a l l the chapters. 

The second chapter i s mainly devoted to recording the results 

of the non-medical t r a i t s collected from the l i v i n g population. They 

are subdivided as u n i f a c t o r i a l (part ( k ) ) , m u l t i f a c t o r i a l (part ( l ) ) , 

and others (part (m)). This f i n a l part includes t r a i t s whose inheritance 

i s not known or i s i n doubt. I n addition to the results,comments and 

analyses are also incliided i n t h i s chapter. They are mostly maintained 

at a s u p e r f i c i a l l e v e l , w h i l s t part (n) i s devoted to a consideration 

of more general topics which could be of relevance to the understanding 

of the r e s u l t s . 

Chapter three i s the shortest and completes presentation of the 

investigation on the l i v i n g island group. Here the medical results 
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are reported. Most of the re s u l t s are given i n part (q) w h i l s t parts 

( s ) , ( t ) and (u) complete the data by dealing more s p e c i f i c a l l y with 

u r i c acid,cholesterol and premature o s t e o a r t h r i t i s of the hip. 

A l l these results and many of the conclusions are obscured by 

two features; the small siae of the population and the lack of suitable 

techniques by which t h i s study may be compared with others. Methods are 

suggested- to overcome t h i s . These are not analysed i n great d e t a i l 

and include the more sophisticated use of surnames and the; use of 

the 'relatedness* of the sample members. These two topics are mentioned 

i n each chapter and serve,in t h i s respect,as l i n k s between the three 

major sections. The chapters are also linked by a consideration of 

genetic a t t r i b u t e s and the ways the population may be subdivided 

(see part ( b ) ) . 

The main conclusion of t h i s study i s that the island population 

i s d i f f e r e n t from other groups genetically,demagraphically and medically. 

This may be demonstrated by a study of the census material i n part 

(d) . Here the island i s contrasted with the nearby mainland and shows 

differences i n the population turnover. Marriages also d i f f e r on the 

mainland when compared with similar s t a t i s t i c s f o r Holy Island (part 

(e) ) . Parts ( k ) , ( l ) , ( m ) , ( q ) , ( s ) and ( t ) also contrast data from Holy 

Island with other groups; the comparative data as either from 

Northumberland or f a i l i n g t h i s the nearest point from which data are 

- available. Some island data arc seen to be similar to the compared 

groups,many comparisons are d i f f e r e n t but not s t a t i s t i c a l l y so w h i l s t 

others are s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t . The community,in 

t o t o , i s d i f f e r e n t from the contrasted, populations i n most of the reported 

aspects. 

The main contention of t h i s study i s that although the island 
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population i s unique i n i t s r e s u l t s , t h i s i s not an abnormal or unique 

phenomenon. Furthermore,it i s possible that each generational group 

on Holy Island was s i m i l a r l y unique; t h i s may at least be postulated 

from the h i s t o r i c a l demographic evidence presented here and summarised 

elsewhere (Cartwright 1973)• This contention implies that other small 

population u n i t s w i l l also be unique i n t h e i r a t t r i b u t e s when compared 

to other samples. Evidence to lead to t h i s i s drawn mainly from an 

analysis and i n t e r p r e t a t i o n of the island demography. There i s less 

supporting evidence from other studies to suggest that they are also 

i n d i c a t i n g unique demographic and hence genetic h i s t o r i e s . Gait's 

study of South Scottish populations indicates wide v a r i a t i o n i n the 

demography of d i f f e r e n t parishes. Surname d i s t r i b u t i o n could be interpreted 

as i n d i c a t i n g a perpetuation of marked demographic and genetic heterogeneity. 

Razzell's paper on non-representation of census material i n the parish 

records may be seen as a crude countrywide index of population 

movement : those not i n the parish records being more l i k e l y to have 

been migratory,again demonstrating wide v a r i a b i l i t y throughout England. 

The paradox between abnormality and normality,the uniqueness 

of the i n d i v i d u a l and the uniquenessof the population, i s only l i k e l y 

to be resolved when other similar studies have been done involving 

societies with long and detailed population records. U n t i l then and 

u n t i l new s t a t i s t i c s have been devised to cope with the data presented 

here,the significance of t h i s thesis w i l l remain obscure. 



Appendix One 

Coefficient of Relationship of Each 

Member of the Holy Island Community 

The c o e f f i c i e n t of relationship of the individual members of 

the Holy I s l a n d population LOO.^. calculated from the following tables 

of N values. The f i r s t column i s a number representing each islander. 

The remaining columns indicate the number of occasions each N value 

i s used to r e l a t e t h i s person to a l l the other island members. N 

values record the number of genealogical steps between related people. 

The l a s t row of figures i n t h i s appendix show the summations of the 

number of occasions each N value i s used. As each person has been treated 

separately each interrelationship has been calculated twice. Further 

d e t a i l s w i l l be found i n part ( g ) . 
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Appendix Two 

The Percentage Contribution of Mew Couples who 

Integrate into the Population of Holy Is l a n d . 

This appendix i s a cohort analysis demonstrating that each 

cohort group consists of a random assortment of descendants from 

only 96 couples. The column headed ' t o t a l ' gives the absolute figures 

for the number of children produced each cohort decade and so enables the 

r e a l numbers of descendants to be computed i f desired. The percentages 

are rounded off to the nearest whole number and are i n some cases as 

high as 60%. The numbers along the top of the sheets are the code 

numbers of the couples involved. The e a r l i e r and l a t e r cohorts are 

l e s s accurate than the bulk of the work, the former through the 

inadequecies of the registers,the l a t t e r as the cohorts are s t i l l 

being expanded by new b i r t h s . 



1 

PERCENTAGE CONTRIBUTION OF OFFSPRING TO BACH COHORT BY NEW COUPLES ENTERING THE ISLAND COMMUNITY 

Number of new couples 

TOTAL 1 2 3 4 5 6 7 8 9 lO 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 5% 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
7 29 29 14 29 
11 - - - - 45 27 27 
22 32 - - - - - - 5 23 18 9 9 5 
34 - - 6 - - - - - - - - - - 9 12 12 15 21 15 12 r 
48 - 4 - 8 - 13 ,13 17 - 6 13 - 8 - - - - - - - 6 8 4 8 13 
37 14 - 5 - - - - - 11 8 3 30 3 5 5 8 8 
134 4 10 - - 4 - - - - 1 - 4 - - 10 3 6 4 1 7 8 1 3 6 - - - - - - - - - 3 3 6 2 5 7 4 2 
92 - - 10 3 - 14 7- - 3 6 - 3 4 - - 8 5 8 1 - - - 10 7 - 4 - - 5 - - - - - - - - - - - 8 1 1 7 4 
77 - 3 - - 2 3 4 9 1 - 4 - - - - - - - - 3 - 4 - 6 2 - - - - - 8 - 8 4 - 4 - - - - 4 - - - - - 6 10 9 5 3 8 

1 5 0 - - - - 1 1 3 7 - - 3 7 . . 7 5 2 - 5 1 9 - 3 3 - - - 5 - 3 - 7 - - 8 9 6 6 6 5 6 - - - - - - - - - - - 6 4 3 1 3 1 
107 - 17 - 4 . . . - - - 4 - - - 10 - - 4 - - 2 8 - 6 - 4 8 2 - - 3 - * ' - l - 9 - - - - 7 6 3 6 - 3 - - - - - - - - - - 8 5 5 3 7 
105 - 11 24 - - 6- - - - - - - 1 - - - 1 3 6 - 4 - 4 8 - 1 - 7 - 10 - - - - 8 - - - 5 - 4 - - - - - - 6 2 3 - - - - 5 - - - - - - - 2 3 5 

8 4 - - - - - - 1 1 7 - - H 7 - - - - - - 5 1 7 - - - - - - 6 - - - - 1 1 5 - 5 - l - - l l - - - - - a - - - - 2 4 - - - 7 1 0 - 7 - 2 - - - : - 1 8 6 
197 - 19 3 - - - - - - - - - - - - - 15 - 7 1 3 4 11 15 6 8 - 2 5 11 3 2 - - 4 9 - 4 4 4 - - 4 - 4 - - 4 - 4 2 - 2 - S 3 - - 5 3 V 6 - - - 3 - - - 3 1 
1 4 5 - 8 1 4 1- 1 4 4 - - - 4 3 6 1 4 - 4 - 2 4 4 - - 8 - - - 4 6 4 11 - - - 4 1 5 - 2 - - 6 - - 3 - 2 - 3 - 3 1 6 - - - 6 6 2 1 - 3 - - 2 5 
1 1 6 - 4 1 - -11 9 - - - 9 - - - - - - - 6 - - - 4 4 3 3 - 3 2 4 4 - 9 6 7 10 - - - 3 9 - - - 7 - - 7 - 3 - - 3 - - 8 7 16 - 6 - - 7 6 - - 9 - - - 2 - - 2 3 2 
1 1 1 -14 1- - - 1 0 - - - 1 O - - - - - 6 - 5 - - 6 12 1 8 - 6 - - - 1 2 - - 7 - 8 1 O - - 5 10 1 O - - - 8 - 5 8 - - - 4 7 - - - - - - - - 1 - 7 - 2 - 3 - 7 - - 1 - - - 6 7 
117 - 17 4 4 - - - 3 - - - 3 4 1 - - 14 1 8 - 3 - 9 9 1 11 1 4 - 9 - - - 3 5 8 4 7 4 - - - 5 4 1 - - 1 6 1 1 4 - 9 14 - - - 1 - 6 3 -

9 1 - 4 - 1 . - 4 7- - - 7 - 1 - - - 2 - 6 4 - 2 7 9 3 - - 4 8 7 14 - 1 - 2 12 1 1 - 1 1 7 1 - - 1 - - 1 5 3 - 2 - - - 15 - 4 - 1 4 1 -
3 - - - 2 4 - 11 7 3 - - - - 2 
1 - 2 - - - - - - 5 1 0 - - - -

74 - 23 - - - 1 12 - - - 12 14 - -. 11 . 15 16 28 - 15 - - - 16 10 - - - - 10 - - - - 12 '- - - - 1 l l . . 1 . 9 - 11 - - - 8 - 4 9 12 - 1 4 . . . . 7 9 . . . 9 
6 0 - 58 - - - - - 1 0 - - - 10 - - - - 42 - 10 - 10 - 3 3 3 13 - 3 - 3 - - 7 - - - - 17 - - - - - - - - - 10 42 3 - - - - 42 3 - - - - 10 - 2 20 - - - - - 17 - - 27 - - - - 18 15 - -
4 6 " 9 - 2 - - - - - - 9 - - - - - 24 - - - 7 7 4 7 - 13 - 7 17 - - 7 9 20 9 - - 13 - - - - - - - - 9 - - - - ' - - 3 3 - 7 - - - - - 7 - - 7 - - - - 2 
87 - 22 - - - 7 3 - - - 3 - - - - - 18 - 8 1 - 15 3 26 - - - - - 3 10 - - - - 2 - - - 1 3 - - - - - - - - - - - 10 - 3 8 - 2 - 10 - - - 3 - 1 2 2 - - - -
8 6 - 36 - - - - 1 8 - - 1 8 . . . . 31 - 6 - 8 13 12 23 - 33 - - - 12 8 - 9 - - 7 - - 5 - 1 - - 7 * 9 1! 1 - 7 - - 2 • - 7 - - 7 1 - 7 . . 
100 - 25 - - - 7 23 8 - -23 8 - - - - 18 - 12 - 8 - 23 23 - 21 - -'• - 23 22 . 12 - - 14 - - - 14 23 - - 6 2 8 25 12 - 10 - 2 7 - - 6 - . 10 13 - 6 - -
154 - 20 - - - 4 10 - - - 10 12 . 6 - . 10 10 25 - lO - -, - 10 6 - 1 - - 2 - - - 2 10 - - 1 14 - 8 6 - 2 - 14 6 - - 3 . . 2 10 - - . -

4 8 - 15 - - - - - 17 - - - 17 - - - - 6 - 2 - 17 6 - 6 - 17 - - - - - - 2 - - - - - - - - - - - - - - 1 7 6 - - - - - - - - 6 - - - - - 2 - -
159 - 3 1 - - - 6 11 - - - 11 - - - - - 32 - 6 - - 10 11 28 - 11 - - - 11 6 - 8 - - - - - 1 - 11 - - 7 - - - - - - - - 10*- 19 6 - - - 10 8 - - 1 - - - 11 - 6 - -

7 6 - 25 - - - 4 22 - - -.22 24 - - - - 5 22 30 - 22 - - - 22 1 . 16 - . 1 . . . 1 22 - - 3 3 1 25 - - 1 - 3 5 - - 1 - . 1 21 . 3 . . 
123 - 11 - - - 2 8 11 - - 8 11 - - - - 15 - 8 - 11 6 8 18 - 18 - - . - 8 8 - 1 - - 1 - - - 1 8 - - 8 - - - - - - - - 13 7 5 8 - 1 - 13 - - - 1 - - 1 7 - 8 - -
129 - 27 - - - 7 16 16 - - 16 16 - - - - 23 - - - 16 9 16 37 - 32 - - - 22 - - 7 16 - - 8 9 20 15 . . . . 9 . . . 6 . . . 16 . 8 - -
105 - 38 - - - 1 7 8 - - 7 8 - - - - 36 - 2 - 8 10 7 15 - 14 - - - - 2 - 25 - - - - - - - 7 - - - - - - - - - - - - 13 - 27 2 - - - 13 7 - - 1 - - - 7 - 7 - -
95 - 9 - - - - 27 7 - . 27 7 - - - - 14 - 14 - 7 6 27 60 - 35 - - . 26 14 - 6 27 - - 2 1 1 8 14 . . . 1 27 - 1 . . 
49 - 2 - - - lO 41 25 - - 41 25 - - - - 6 - - - 25 - 41 37 - 53 - - - 27 - - - - - - - - - - 27 - - 6 - - - - - - - - 10 29 2 - - - - 1 0 - - - - - - - 2 5 - 6 - -
18 - 22 - - - 6 - 11 - - - 11 - - - - 44 - - - 11 - - 6 - 11 - - - - - - 22 - - - - - - - - - - 22 - - - - - - - - 11 11 4 4 . - - - 1 1 . . . 
26 - - - - - - 23 46 - - 23 46 - - - - 8 - 15 - 46 - 23 61 - 23 - - - 23 15 - 4 - - - - - - - 23 - - 4 - - - - - - - - - 23 4 i s - - 2 3 - 4 - -
26 - 8 - - - 8 8 8 - - 8 8 - - - - 8 - 8 - 8 - 8 46 - 15 - - - 8 8 - 4 - - - - - - - 8 - - 4 - - - - - - - - - 8 4 8 - - - - - - - - - - - 8 - 4 - -
48 - 4 - - - - - 15 - - - 15 - - - - 10 - 17 - 15 - - 29 - 8 - - - - 17 - 10 - - - - - - - - - - - - - - - - - - - 4 6 10 17 - - - 4 - - - - - - - - - - - -
10 - 10 - - - - 10 20 - - 10 20 - - - - 10 - - - 20 - 10 20 - 20 - - - 10 - - 10 - ^ - - - - - 1 0 - - - - - - - - - - - - 20 10 - - - - - - - - - - - - 1 0 - - - -
18 - 1 1 - - - - - - - - - - - - - - 11 - 11 11 _ _ - _ _ 

15 22 7 

7 14 - 15 - - 1 10 - - 6 3 1 

30 - - 8 13 9 7 - - 5 - - - • 
12 - 6 - - 12 6 1 - - 3 - - - 3 7 

5 14 16 - 10 - - 7 1 - 6 8 8 1 - - 1 2 

4 6 - 10 - - 23 - - - 10 4 10 - - 6 

16 13 10 1 10 8 1 6 - - 3 6 6 - - - 6 4 -
18 8 3 1 5 21 1 - - 1 4 - - - 1 - - - 7 11 

8 20 13 1 6 1 1 18 - 1 2 20 20 - - - 9 4 2 - 1 
15 14 9 - 9 8 11 7 - - 1 7 7 - 4 4 4 5 4 16 - 2 1 

25 11 9 - 9 10 1 4 - 8 15 7 7 - - - 10 1 1 - - - -
7 21 1 - 8 6 3 17 - - - 14 14 - - 3 14 1 1 - 6 9 -
6 33 10 - - - - 27 - - - 27 27 - - - 12 2 22 12 - - 8 

44 17 11 - - 22 6 6 - - - 6 6 - - - 11 22 - - - 6 -• 
8 27 - - - 4 - 23 - - — 23 23 - - - - - 23 - 4 23 12 

8 12 - - - 4 8 19 - - - 19 19 - - 8 23 - 8 8 4 19 15 

10 33 6 - - 10 2 6 - - - 6 6 - - 2 8 - - 4 8 10 -
10 10 - - - 10 - i o - - 10 10 10 10 - . 60 
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