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,- act1ons between all organ1sms and the1r sUjround1ng env1ronment with

L)

-generate. It incTudes plant and anima]-specaes. The inquiry 1;

. 'ABSTRACT % , :
R ‘ . . ’ .' \

- - - A

The thesis defines B1ogeography as the study of the 1nter--. K

g

part1cu1ar focus on thé spat1a1 organ1zatlon that they thereBy }Z‘

diVided into Four componentS'°~a\critical‘review'of the Titerature.-u

a set of ?esearch exappleg, an elaborat1on of s1gn1facant concepts,

)
>* . . , °

-and research strateg1es LA . 5
Fhe currEnt textbooks and research “in Blogeography stress the
concept of the ecosystem It 1s argued that the concept 'is not ‘

[y

appropr1ate to the problem o{ B1ogeography, and furthermore only '
serxes to- confuse the d1st1nct10n bétwgbn B1ogeography;a§d Ecology .
The concept is Lnappropr1ate because it doe; not 1neludeean exp11cit 1;- 'Q’
spatlal component and a?so 1t’hxoguces a m1spbaced/concreteness “In. ;

p]ace of the ecosystem approach this Fhesus suppdrts the 'd1stri-

but1on approach Lt L ';-- . ,?«. ‘_ . 2 ‘
. " 2
-A réeview-of the 11terature does not pr6V1de 1nsight 1nto the .

nature of the prob]ems-of b1ogeograph1ca1 research Th1s ]im1tat1on

15 rect1f1ed by §ix 111ustrations of the autheeﬁf reséarch which are

P 7’

) ~consistent w1th the 'd1str1but1on approach They are 1temized below

’
(1) Nearest Ne1ghbour‘Ana1ys1s of Tree Species :
(2) Spatial Organization of’Vegetation Types © .

(3) The Role of Seed Dispersal in. the Format'ion of i 2
5 Spatial Patterns ' ‘ “

s

el w - //\. - ‘ M he
it o e A

'




-

. (%) Movement”"atterns of the Comnon Murre ., - o,

- - (Uria aalge) ~ ' o
- (5) The Applitation jf Biote1emetry to B1oqeography . . .
Lo .. . . (B) The Cricket Matéh as an Analdgy T L o j ;

SR , These examples 1nd1cate a vamety of methodologaca] $nd tonthua] .
) prob]ems fr‘om the._ plant and anfma] kmgdoms As a set, they sbport
o ’ the d1v1swn of the 'distmbh‘twn appr‘oach into two paradoxical

4 =

~strategies. . F1rst the organism-centred' strategy wh1ch focuses on

.

/' the intrinsie pro‘belt'les of ongamsms and second]y, the® 'space-centred' )
« . , - L ‘ « c_ ! N
. 's'.trategy which emph;asizes’:,hé characteristics of the ervirenmental:
" space. - . " . ,
. '.> \ . ‘ .o - ‘ .
.~ . . -This. division’is the context for the investigation of four

. 'signifi“cant 'concep‘ts These concepts, name'ly Natura] Order, 'Pattenn,

I

Spatia] Dwerglty and Organism Interactmn, are c'lose]y linked with
“ e .

K the concepmal struct e of the. b1o]og1cal sc1ences Inded, a major" '

-
» - 3

s . prepise of the .thesis is the existence of conceptual prob]ems, _ -7

sjmitar tn  form t‘% the m‘ob?ems of B1ogeography, at- other ‘levels *

. < //
#in the h1erarchy of living aatter The phﬂosopmca] and method:-‘—'\
] T L. F "

< ) o log1ca’l statements m Theorehca? jhology are .deemed S1gnif1cant i

—— : ’ The fm*al compm@gf thewnqmry trans1ates this alternative
ph

deﬁm t1on of, Bmgeogra nto. four'/research strategies, consistent

Fy

o L ,mth the phﬂ:}ophy and prob1ems art1culated 1n th& eag-her parts of .
' irst,‘ it 1\recommended that there shou]d be an emphasw

.the thesis
on "Theoretical B1ogeography. The cfisc1phne must 1ntegrate the
current develgpments in Theoretical .Biology and-Theoretica] Geography
The. second strategy is the establishment of an” Applied Biogeography
based on a philosophy of 1ife for all species.- This research

1v




.\ " ' ‘
.1nc1udes the 1mpacf ‘'of the human spec1es on_other spec1es and the

.

role-of Blogeography in chang1ng the consc1ousne3§ d¥ ‘the human

- <

o species towards harmon1ous 1nteract10n w1fh other spec1es Th1rd1y,i

~

"c

f1e1d re earch in. Biogeography must recdgn1ze the tonceptual problems

and the ins rumentat1on prob]ews 1n the disc1p11neL Recent deve1opJ

ments in b1ote1emetry are conS1dered to possess future- svgn1f1cantg.- i

F1na11y, the 1nqu1ny cahnot be duvorced from its teach1ng context'

specific examples 111ustrate th1s re]at10nsh1p 3 T

&

. B1ogeography is concerned with the natyre of 11v1ng matter

»

the future of Geography; 1t must reconcile and 1ntegrate the: contem- l .

ﬂ-porany 1ssues of the b1o1og1ca1 sciences and the, paradox - of Geography \}

. . o,

3

i'i and- the nature ef.space The d1sc1p]1ne has a s1gn1f1cant role in . :' {
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CHAPTER T

~“  INTRODUCTION E , T \>
- \ N -. - P ' s - ’

qugeography has a]ways.been a m1nor1ty interest w1th1n the

-

d1scipl1ne of Geography There are a/number of historical reasons

- for this® s1tuat1on In the e1ghteenth and“ntneteenth centUr1es

A o
natura11sts, for example, von Humboldt Darw1n wal1ace and Bates

Subsequently, the natural sc1enqes moved 1nto the TabOrator1es and
at the. same time the ?1nkage between Natural H1ttory and Geography

disappeared Dur1ng ‘the present century, geographers Tike- Sauer

\ (
have recogn1zed the loss of the 11nkage‘@nd also'fhe need for-1ts

. ) © / - . PP

rediscovery in Biogeography. . L : ‘ .
The field\of Biogeodraphy, requires more knowledge‘of B1ology S

o than can be demanded of most of us.. It is, however, so- : »
important to us and so inadequately cultivated from almost X Y
any side that we- should encourage the cross1ng-of Geography - = . '
with Natural History wherever the student s competent In o

. o - <
Lhe fol Z\ﬂng are H1lustrative of this period:; Alexander von =~ .

" - HumboTdt, Personal narrative of travels to the uigoctial regions*of - :
America during the years 17/99-1804 (Longop: - Beli and Sons, igﬁoi; .
" Charles Darwin, Journa® of researches infn the Natural History and

- . Geol the countries vis{ted during the voyage of the HMS BeagTe -

around the world (Glasgow; Grand Colosseum Warehouse Co., I§§§5, .,

" ATfred R..Wallace, Travels on the Amazon and Rio Negro, with ‘ .

account of the native tribes:, and observations on the cTTﬁate ‘ggo1ogy
and natural history of the.Amazon Val¥ey (Londdn: Ward, Lock and Co.,
1889) Henry W. Bates The. Naturalist on the River‘Amazon Everyman s
1br?rz (London: M Dent -and Son, 1910)

*

P ’ ”




5

o . . :
particular, we need to know much mqre of the impact of human
cultures on plant cover, of man's disterbance of soil and .
surface, of his relation to the spread or shrinkage of '
, 1nd1vrdua1 species, of human agency in the dispersal and
nnd1f1cat1on of plants. . e

o

*Within the biologicat sc1ences, the development of Eco1ogy

has countetbalanced the over emphas1s on the 1ndoors and "hard-science”

1aboratory techniques. Recently, Eco]ogy has been acc]a1med the

3

~ ‘critical science'” or the 'subverside sciente'4.and,'in,genera], the

diso{p]ine Has produced an increase in the bub1ic‘awaFeness‘of the

/

"e o1og1cal crisis” and the gTobal env1ronment B1ogeography has
s m}larly been influenced by the developments in Ecology. The primary
, 1nf1uence has been the adopt1on of the ecosystem concept, a %rendo

wh1chnéxtends into other f1e1ds of Geography.

P

d?he writer recogn1zes a danger in the. 1dent1f1cat1on of
Biogeography with the ecosystem concept of Ecology "The essent1a1

_orgument is that thg?e 1s a body of 1nformat1on on living. organlsms
< ]

concern1ng the1r geography which is d1st1nct1ve and cahnot be subsumed

w1th1n the ecosystem frameworﬁ Bunge makes a. supportive assertion

~

'“from a different set of premlses St 1s not»ecology but geography

that the won]d needs, s1nce eco]ogy ‘i the phys1ca1 env1ronment m1nus

' Vil : /): - .

. 2Car1 0. Sauer Land and Life: ,OA‘select1on:of the writings of
Carl-Ortwin Saver,_ed. J.. Leighly (Los Angeles: Un1versity of
‘California Press, 1969)9-p 399. , s -

{Hc ' 3Murray Bookchdin elaborates on this def1n1tion in his essay, -
’Ecology and Revolutionary Thought,” Post-scarc1ty Anarch1sm (Berkeleyw

Cal1forn1a Ramparts Press, 1971), pp 57082

4Th1s def1n1t1on is well 111ustrated in Pau1 S pard and D .
> - MéKinleys eds., The Subversive Sciencé: Essays towards -an Ecoﬁogy of o .
\ - Man_(Boston: Houghton -Mifflin Co., 1969) -




-
< ‘ - <
& .

mank1nd' It is gedgraphﬁ&;hat puts man in nature nd

<

It is not acceptable to define Ecology as the physical environ-
ment minus mankind. Recent developments illustrete that 'the,discipline
hps expanded to embracevhumanityu -Secopdly, Geography' cannot be trﬁly'

L ’ P . 7._‘ E

described as the discipline which "puts man in nature," if°the sub-
discipline of Biogeography ha%_a minority status. This thesis is

cpncernequith the dualism between man and nature and their reconcili-"

- s 7 o

atioh in B1ogeography

P [

The duahsm is prevalent usqc*nety, sc1ence and Geography

°

° There are numerous popular examples; the’ not1on that nature ex1sts-

for(explo1tat1oh by man; the idea ‘that. technology can skoe the,

present global egological pre;:cament or’ that Geography can 1gnore
othez 11v1n; organisis., Each of. these examples reqqueé the ex1stence ;
. of the dqa]ism. Schaqmacher is one ofvthe manyLsc1eht1§ts who he{e

o .

° clearly arthuIated the prob]em

Modehn man does not exper?ence h1mse1f as part of Nature . -

- but as an outside force destined tq dominate and cdnquer 1t% oo '
He even talks of a battle with Nature, forgetting that, if... ~~ .
he“wen- the batt]e he would be on the losing side. 6 ’ c

B

In this thes1s, B1ogeography is broad]y def1ned as thq Geog;aphy of

Living Organisms and then moreispec1f1ca11y as the stydy of the spatia]
organization of organisms 6n the earth's’ surface: #hile theeé short

o

definitions are riot wholly satisfactory, they are based .on certain
o s ?

&

= A>3

°5W1111am W. Bunge, "Eth1cs and Logfc in Geography," in -~
Directions “in Geograghy ed RJchard J. Chorley (London . Methuen &
C@ 1973) p. 327.

7

5 , e & ﬂ

£ F. Schaumacher, Small is Beaut1fulo - a Stydy of Econom1cs
as if People°Mattered Abacus Edition (Londoa . Sphere Books Ltd.,
497ﬂ), ¢




¢

’ 1mporfant assumpt1ons First, Biogeography is the study,of all

organ1sms only one of wh1ch is the human species. (This i¢not to

deny that the° human organism has a set of pecul;ar attr{butes,‘putA

f

rather that it is necessary'to stress thé impdrtance'of all*of the

other organisms, prec1se1y because the nature of méb w111 ténd towards .
their neg]ect and his dom1nance ) Second B1ogeography, in its study'g o
of the intéraction and re]at1ve location of organisms, negess1tates |

the apprec1a¢1on of both the spec1f1c character15t1cs of the T organ1sm

3 ¢
=]

~ and the dynam1c character of env1ronmehta1 space
' > Biogeography is concernedlwith life at the levellof the
organ1§m the spec1es and the p]anet. It is d1st1nct from Ecology. o
In th1s thes1s, the wr1ter reJects the human abstract1on of the eco-
"system as a conceptua] framework of B1ogeography and 1nstead accepts
the pecu11ar paradox of Geography The paradox is that B1ogeography,
W1t%1n Geography, must s tudy the propertTes of the organism and the
propert1es ok the space and yet 1t is 1mposs1ble for the one to
exist w1tHbut the other: ' ' C, e

. e
°
» a

_ Structura]]y, the thesis'can,beﬁdivided into four sections:

~ all of which interact and which address the‘question' what is the nature 3
;of Biogeography? In1t1a11y, the quest1on 1s pqsed aga1nst the current
literature in the d1sc1pl1ne Th1s approach 111ustrated the‘@?ﬂla-

-tions which ex1st\1n B1ogeography and at the ‘same tame gives a context

for the second’ sect1on - In the second sect1on the wr1ter prov1des six ¢

3 research examp]es of a b1ogeograph1c$7 nature "which 111ustrates the

pract;ce of B1ogeography. These 111ustrat1ons,4in turn, raise a
s A ’ . ° .

variety of‘metﬁodoﬁogical)and conceptual ppoblems. The third section
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deve]ops a number of these concepts wh11e the last sectioh emphas1zes )

LN

.

four redearch strateg1es,fb? B1ogeography These strategies 1nc1uhe » .

anbeTphas1s on the.theoret1ca[ roots of B1ogeograbhy 1p;TheQretica1
Bto]ogy, the reed for hietorical’research into the distribution of
species ,. and field norklinto;the biological and ehyéiéé] rhythms of
thefenvironment. 'The final strategy pregenté sugdestibns regarding

education and curricllum design in the, teaching of Biogeography.

©

j: It must be emphas1zed that the the51s is an 1ndu1ry There

o

are 1nnumerable problems and conceptual b1ockages wh1ch have -to

( " Q

remain outside of the scope of the thesi€. . Two final quotat1ons

{1lustrate the nature of these prnblems " In the ffr&t quotation, the

/

~ D. McKinTey (Boston: Houghton-Méfflin Co., 1971) p. 64

a El

' _concern is the relat1onsh1p between exper1ence and abstract1on which

1

has.a geographlcal flaVOur P .

“View impligs 'sight, directly or analogausly. ' The concept is .~
of a’'piece with many other’spat1a1fy grounded metaphors we
commonly ava11 Qurse]ves of -in treatlng per€eption and under-
stand1ng 'areas' of study, 'fields' of, 1nvest1gat1on, "
'"levels' of abstraction,|'fronts' of knowledge, {waves ‘of
interest, movements of idea§! 'trains' of.thought, 'grounds'
for analysis, and so on indefinitely. We are used to these
conceptua]1zat1ons by now and have found them productive, so
we'often forget how thoroughly metaphor1ca1 they are and how
¢ remote from actua] cogn1t1ve experlence S . .
-8 - )
Secondly, there is Bertrand de Jouvenel's comment on western man:
.He tends to count nothing as an expenditure, other A£han o,
. human effort; he does not seem to mjnd how much mineral
matter he wastes and, farf worse, Row much 1iwing matter he
destroys He does not seem to rea11ze at all -that human
life .is a dependent part of an ecosystem of many different
forms of life.- As the world is ¥¢yled from towns where men .-

« 2

° o
. 4 o
1 4

7Nalter J. Ong, 5. J. "World aSnVieQ'and World as EVent "in
Environ/Mental: Essays on- the Planet as a Home, eds. "Paul Shepard and

[
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are cut off from any fotm of 1ife other thyg human, the .
feeling of belonging to .an ecosystem is not*revived.” This
eresults in a harsh and 1mprov1dent treatment of«th1ngs upon

which wer u]t1mate1y depend such &s water and trees.

Within Geography, thTS commentary could form the basis for a
cri}iq1sm of _the’ currenj'over—gmphas1s on urban .angd acqnom1c geograghy.
The prob]ems of urban geoﬁrhphy st;m from the domination of nature Ez
o man; in the c1tybthere is both the psycho]og1ca1 and geograph1ca1 . .

separat1on of man and nature w1th1n this context B1ogeography must o,

1

form part of the re1ntégrat10n, using-the criterion of Tife for all

_species. o - . - L
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8Bertrand de Jouvengl is cited w:thout footnote- in E. F.
Schaumacher, "Buddhist Economics,” in Sources: An Anthology of Con-
temporary Materials Useful for Preserving Personal Sanity while Braving

"the Great Technological Wilderness, ed: Theodore Roszak (New York:
Harper and’Row, 1972), p. 268. L e




CHAPTER IT "~
~ A’ CONTEMPORARY REVIEW OF THE LITERATURE ..

S1nce 1970 there have been a number of new texts on B1o~

geography, four of them are cr1t1ca11y rev1ewed 1n th1s chapter |
_ . Each book is analyzed accordlng to its factua] content and its overal]
des1gn The obJect1ve is to estab11sh the differénce befWeen the
viewpoint of the authori of the texts and this writer. Thif appfbachq
provides a conven1ent contemporany‘context‘for the b1ogeographica1
research examples in the subsequent chaptere.

JThe ana]ys1s‘of textbooks ' is comp]emented by a study of
current research.’ This study 1nc1udes the resu]ts of a survey of the
status of Biogeography in Canadian un1vers1t1es. A cr1tjc1sm of

current research papers in the first issue of the Journal of Biogeo-

i . ¢ .
graghz‘epd a .brief comment on the earlier work of Dansereau complete

the overview of the writer's pdsition in relation to others within

L) .
v e

the discipline. . cooTe e
] I L) - v »

(1) The Def1n1t1on of B1ogeography Post-1970 Textbooks

Th1s section rev1ews four texts, namely: . f ‘

(a) David Watts, Principles of Biogeography an'1ntroddc-
tion .to the functional mechanisms of ecosystems K
(London:  McGraw-Hi11, "1971). R o o

v

. (b} Joy Tivys Biogeography: a stugyoofeplanis in the
- ecosphere (Edinburgh: Oliver & Boyd, 1971)

. .
.
. v &n . .
) @
. . . >
.
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~f¢) Brian Seddon, Intro uctfbn to B1ogeograpny N .

- (Lohdon: Duckwort‘ 1971).

d) Cé%?arry Cox,‘I N, Hea]ey and P. D. Moore Bio-
raphy: an ecolodital and evo]utionacy,approach _ .
.. (Oxford B]ackwe'l('] Scientific. Publications, 1973).

. .
. . v
. * > :

(a) Principles-of Biqgeograpny» o o c

Watts subtitles h]S text 'an introduction to the funct1oqé]
mechan1sms of ecosystems'.” It is pv%dent then .that watts _regards the
ecosystem as the unit o’lbtogeographical study and his recommended
approach is the.consideration of the meehanisms or processes wh1x§1
permit the ecosystem to function. ‘This subtitle raises certain |
quest1ons. F1rst there is the need to def1ne an ecosystem second,
and more s1gn1f1cant1y, is the ecosystem the appropr1ate unit of study
for the blogeographer7 '

.
r

Odym, in hil\f]a9§1£ work on thé¥fundamentals of eco]ogy, ‘

def1nes the ecosystem S ' °
Any area of nature that 1nc1uded living organ1sms and non- . T
-1iving substances interacting to produce an-exchange of S
materials between the living and -the non-living parts is - '

an eco]og1ca1 system or ecosystem

" Although Odum’ givesia very open definition, this writer disputes the

current emphasis‘on the'ecosystem concept in Biogeography * If the
ecosystem is def1ned as the un1t of study in B1ogeography. then,

1mmed1ate}y there ys a, confus1on be tween Ecology and ‘Biogeography.

' 'wh11e the wr1té¥ does not w1sh to. enter 1nto a discussion of semantic .-

<

d1fferences, it is necessary to dist1nguish ‘between what b1ogeographers )

- .

v - . ' 4

_ lEu-gehe P. Odum, Fundamentals of Ecology, 2d ed. (PhiTadedphia:
w B. Sauhders & Co , 1959}, . . ’ ] R

\\U




.do and-what eco]og1sts do In Uther nords, is there any real differ-’

. .
T 7

e Ty - o ,
} _ ‘ -

ey . . ’, P

’

'ence in the1r conceptua] frameworks and reSearch methods? It 1s the

L

obJect1ve of th1s thes1s to estab]ish through exgmples that there is

a dist1nct1on and ﬁhereby to encourage biogeographers to address the'

s

fundamenta] prdb]ems of their’ d19tip11ne v

- .

The ma1n 11m1tat1on of the ecosystem 1s that it deﬁs not

exp11c1t1y conja1nta spﬁt;a] component Th1§ has been retogn1zed by

Rowe’, who proposes an- a1EErnat1ve cpnCept—-the "landscape ecosystem .
4 - S

Above the Tevel of the organ1sur1s the envelop1ng geograph1c

space, which, on land;-is an’earth- -organismp-air ‘box' er .

landscape ecosystem. ‘At this Jevel the biotic and abiotic
- are coupled into a landscape unit; at this level ‘the ecolo- '
gist and geographer come together as b1ogeographers 2 ,
Rowe. expressed the need forﬁ?h1s 1inkage between B1o]ogy and
Geography in h1s ear11er wr1ting 3, A second l1ne of criticism of the

ecosystem as the un1t of study for the b1ogeographer has been suggested

, . in personal commun1cat1on wfth van Newkwrk 4 Van’Neyk1rk makes the .

idealistic point that s1nce the ecosystem is a human~abstract1on then
its implementation must result in a contro1 and dommation of‘s'|ature )

by the human species. Wh11st th1sxcr1t1c1sm is 1mp]1cit in any

'attempt by man to character1ze or class1fy nature, certain, approaches~

25, s. Rowe,n"PIant CommUn1ty as a Lagdscape Reature," in

Essays in Plant Geography and Ecology, ed. K¥@N. H Greenidge (Ha!1fax

Nova Scotia Museum Press, 1969) p 70.. . .

- - ™

3 ,

J. S Rowe, "Phytogeographic Zonatlon an ecolég1cal .gppreci-
ation,“ in The Evolution of Canada's Flora, ed. R. L. Tay]or and R. A.
Ludwig (Toronto: University of TomnTonss, 1.966), pp. 12-27. '

4-Aﬂen' vanxﬁewk1rk is a f%eelance biogeographer’and poet. He
directs Bioregions: a b1oregjonalahesearch and des1gn p_;gect, Box 47,

.Heatherton Nova Scotia.




. head1ngs thﬁt he is tied;to the ecosystem structure, i. e

bodies."

i, v T -

‘.&;"‘ - - v ., T,

may producei?]dwer?degree of dominat1on For examp]e the_ ecosystem

1s a complex concepegwh1ch has to be defined and bounded as an area, ©

on -the earth's surface, jThe writer considers that the. deffn1tfon of

the boundary of an ecosxstam is a complex process. Instead of

imposing the ecosystem cdndept and attemptihg to classify the earth's
surface an a1ternat1ve strategy would'be to map the d1strtbutjon of

spec1es. In this case, the objective would be to seek an under- ¢ ;
standing of the’ poundarie§~and the overlap of distnjbuiions. The - g

writer would %rpue that mapping of species has a lower degree of -

domlnat1on as cappared with the 1dent1f1cat1on of ecosyStems on the

-earth's surface

v

Return1ng to the text by Watts,. it is obv1ous from the chapter

Py . -
. "1. Introduction o S
2. Energy Controls in Ecosystems ~ . *-
3. Biogeochemical Cycles within Ecosystems N
4. Environmental Limitations in Ecosystem '
" Development - . ‘
5. Population Lfmitations within Ecosystems -
6. The Time Factor : « .t
7. Dynamic Aspects of Ecosystems “5§7 -
8. Man .in Ecosystems . .',

Yet, when Watts def1nes B1ogeography, he. makes no'méntion of the con-

" cept of ecosystem. "B1ogeography Seeks to establish patterns of. order '

- from the apparent chaos aof the mu1t1p11c1ty of life forms present upon

“the sgrface of the earth, and in its soil, atmosphere and water .

5Dav1d Watts, Principles "6f Bi_geogr;phx an introduction tb
the fqnct1ona1 mechénisms. of ecosys.tems {London:. HcGraw HiT}, 19717]
p. 1

» 4
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| _ In the'text, Watts does not discuss "patteahs of orderJ e
0 _;r (see Chapter V of this thesis) Watts' app11es the functlonal approach
MRS _‘ He contends that the b)ogeographer must be "concerned with the mechan-

- / '
isms whereby both plants and animals originate evolve and organize

themseTves into. assemb]ages which show particular d1str1but1on and

4
6 Th1s contention ralses further quest1ons in the m1nd ‘

‘ ,aff1n1t1es
-i -/ of this writer. Is watts 1mp1y1ng that the functional approach must

be "organism-centred"? That is, is 1t necessary to understand the

life.history of ‘the organism and to understand the interaction of the

~ - organ;sm with its environment, in terﬁs of perception and communication?
r Is Watts 'interested in a functional classification of-organisms based '
on the way in which they occupy and utilize space? °In fact, Wt can*be
§een frbm the chapter head1ngs above that the functionalism of Watts
i$ centredein the 1nteractlons wi thm the. ecosystenr and not of the .
. " individual organism. ' | _ ‘ ' ’ -
’ .

Furthermore,” Watts claims that Biogeography "eva[uates the

v

. cha]]enge of .the environment and the response to it by organisms of

7

' ; .very different d%netic'structures.“ This suggests that theubiogeo- :

®grapher is concerned with'environmental variability over space-time
and the orgahfsm‘s response to these changes. Once again, this writer
4

disagrees with Watts on"the’appropriateness of the ecosystem framework

' - - N
to resolve these prob]ems.

' 7
.There are a number‘pf practical problems, which Watts clearly’

B

identifies, which face B1ogeography First, the factual 1nformat1on

~

Ibid : ’Ibid
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* s 1mperfect and incomplete; a full account of specxes and varieties ,‘

of organ1sm has not been made in many pavrts of the world. Secondly,-~

' the measurement.of eny}ronmental variab]es remains imprecise ano 4 °
consequently it is d%ff?cu]t to study the interaction between-an
organ%sm and its environment. 'Recoonitfon of these two p61nts mus t 0

,not be permitted to obscure the fundamental problem which is seen by
the swriter to be the -Tack of an appropriate oonceptd;i framework - for
Biogeography. - Alyeady it is probably apparent to the reader that the

writer resenves for later-elaboration this disagreement'with-respect

to the ecosystem concept & . .

Two final quotations reinforce the drfferent v1ewpo1nts

-

Watts distinguishes between'Biogeography and Plant and Animal Ecology:
"Biogeography does/not confine 1ts attention str1ctly to environmental-
organ1sm re]atlonshlps E\r'se but p]aces as much emphasis on the

explanation of distributional inequalities among organ1sms. «8 S
o N -

It is quéstionable whether this statement is:true of current

research. If Biogeog}aphy is the study of distributional inequalities,

then it would seéa'necessary to use such concepts as’'fields’', 'spaces
H [«} ’ GH o 4

of variab]es',"densitg!vgrfations'. This is contrary tb}a strategy ~
- l o

based on a classificatign of ecosystem components Finally, Watts -

‘ (.
describes current research' YA large proport1on of current biogeo- .
graph1ca1 research 1s or1ented towards the analysis of smaller component
¥ & .
organic-environmental assemb]ages--termed ecosystems.”9 . o
Tnere appears to.be a basic paradox. All of the definftions ,
81bid., p. 2« . Ibid., p. 5 -




e 5, X . .
of Watts stress the spatial component and yet_the actual approach is

o

non-spatial. The writer suggests that a better strategy is to propose
N L3

non?spatia1 definitions and to adopt a spatial approach. By way of

example, consider the concept of a bioregion. Practically, the bio-"®

region coukd be approachedwy mepping the distributions of a number of,

species. A bioregion is defined according to the coincidence and
< i 9

v

overlap of the bodndaries of'the species distributjoos. Artder
. ¢ [ !
articutation of the bigregion’is given in Chapter VI.

~

~

a

(b) Bl;geography A Study of P]ants 1n " the Ecosphere

Tivy limits B1ogeography to the study of plants. This writer
believes that” th1§ s an uanecessjmy limitatidn and funghermore he is
. ' -

philosophically, unsympathet1c to T1vy S Just1f1cat1on,- She argues -

-

<

that -the restr1ct1on to plants 1s ecologically acceptab]e since.plant
spec1es compose the -bulk of the tota] wor1d biomass and because théy

form_the base of the ‘food cha1n. While the argument is factual]y

- . . \ “ . .
correct it must not obscure.the p agmatic consideration that bio-
rd O .
geograph1c research has* concentrated 08 p]ant species because the1r °

writer illustrates the data coFfEttfon and_conceptoal proolems of -

stat1c hature make them’ conven1ent for study In Chapter I'v, the
7/ biogeographic research of hobile~organisms in space-time. : .' - "
By default Tixy does not consioer the more complex, mobile
organ1sm the wr1ter believes that this is a dangerous restriction.
°)?; is -a genera]]y accepted ecoIogical maxim that in unstable envrron-
. ‘. ments it 1s the complex organisms at the>top of the food chain which

become extinct. Therefore, a1though it is agreed that p]ant spec1es

. cdn be studied more:exped1ent]y, this §trategy may reduce our
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Al

éwareness of the possibilit{«af the extinetion of the human’species,

a comp]exi, bile organism at~the to;}of the food chain. v
Tivy defihe; Biooeography in reiation to Geogrophy as e'who]e,
For her, the value of Blogeography lies in 1ts application & the
' ecosystem as gn 1ntegrated h011st1c approach to env1ronmental studwes

[The writer has a]ready expresseci‘ibs doubf% abeut the- ecosystem 1n

thé previous cr1t1c1sm of the ﬁatts text. Tyvy furtherfempha5125§
‘the rote of Biogeography’ as a vital link between PhysiceTuend Human ~
,Geography‘End its<potentiaP to'unify Geoghaphy. The writer believes
that the 1dea of 1inkage is often too s1mp11st1c 21t suogests the
foTlow1ng model: . o o ‘
| Physica]“Geoghaphy ;———oBiégeograhhy - Homqo Geography ‘

hanimate animate, . animate,
rion-human - - human

° Unity can onrly ex®&t in éhg way geoéraohers-think and in the
way in which they define the1r problem A»bEtter"strStegy would -be

4

to consider- Geogrephy (Biogeography) as. the disc1p11ne which tries to

-unoerstand‘the digtribub1on of a]]‘spec1es on the earth's surface. ’
Th1s would recognize fnherent]y that the human spec1es cannot be
sgparated from a]] other spec1es It wou]d empha51ze that the theor-
etical problem concerns the stbdy of distr1butions both continuous
and dlscont1nuous, animate and 1nan1mate and their 1nteractions

' ' Tivy states that B:ogeography is.a. m1nor1ty d1sc1pline because

. of the ‘range- of phenomena and the d1ff1%gii'rof systematization com-
pared to fhe other branches of}Physical Geogrqphy Ihe writer agrees

-that there .are djff1cu1t1es: It 1sivery disconcert1ng to undertake

field. research in Bigogeography "(for example, the writer's research in




A3 . - ~/ ' ] : : ’ ’ ) ; “ [ ,'
an alpine meadowlo) and to: recognize the compfexity of the speCies
distribution and the inadequacy of the current field techniques and

j’?@]ytical methods.' These probiems have been c0mpounded by an ‘ ) c

. 1nappropr1ate conceptual’ framework . Tivy, 11ke watts, sees a®close f‘°

-

51m11ar1ty between Biogeography and Eco]ogy, she draws the distinction

-

~on the ba51s of’ sca]e .and empha51s; rather than content or method.

3

authar disagrees once again. A]though it is true thag turrent

" rese rch dn Biogeography'uses the ecosys tem concept ane.the me thods

>

- of

uantitative ecology, this is because tae discipline Has-nOt dis-
covered- its ewn'conceptdal'frahewdrk°and appropriate techniques.

These _techniques nill evolve’ from Gepbraphy and wiii be ‘based on the
fJndamentai properties‘of space CIf tne appropriate tecnniques do not
exist, then the disc1p13ne must concentrate on description and the ’
techniques of mappiﬂg distribdtions T ’

~
-

The e3sence of the v1ewp01nt of. Tivy can be gngsed from

e

3
[

the chapter headings of her text. - o : o

]

»r

The .Organic World -

Atmospheric Factors . : _ .
Edaphit Factors . - - °
Biotic and AnthropogEnic FactOrs we '
Plant -Evodution>and -Distribution 3 .
. " Effects of Man on Plant Evoiution and Distribut1on
Vegetation . ' .

. Vegetation Change and Stabiiity ‘. o ry
The Marine Ecosysten o I .
Trees and Forest Ecosystem - - . -
foresth Environment and Resourdées ’
Grasses and GrasStand" Ecosystem o .
Biological Deserts- o °
Exploitation of Organic Resources )
Conservation of Organic Resources A o

=)

Scope and Deve]opment of Biogeogﬂiphy

’ » *
’

Co®

e e o .
AN BWN=EOWONOYTOTR WM =
- . 3 . » 3 » . a . . -

< T . . ’ »

: 10Robert V Maher, "Comp]exity ‘Analysis-of Vegetation Patferns
in an alpine meadow” (unpub¥ished-M. Sc the51s, Department of’ Geography,
University of Wéstern Ontario 1971).

o




- ‘tq Blogebgraphy,_us1ng a w1de range of secondary source. materta]

-, <

It can be seen that T1vy d101des her text 1nto=three ma;n . -
components—-env1 mnmenta] factors, ve‘gezatwn %pes arid the1r descr1p-
t1on and the1r use by man. The f1rst chapter is most 1nterest1ng in.
jts descr1pt1on of the h1stor1eat trad1t1on of B10geography T1vy
emphasezes the role of the exp]orer-natura11st up to the twent1eth

centJ?y, 1n the present centuhy, it appears. that many of the.maJor

B “

contrrbutors in England have~been women Newb191n, for examp]e, ' . o

‘cons1dered B1ogeography to be synonyﬂnus w1th Synecoiogy, ‘that 1s the

study of plant, commun1t1es in. re]at1on tb their env1ronment "whereas.

N

fMargaret Anderson proposedca mgre controversra1 def1n1t1on of the

< -

, vd1sc1p11ne '“the b1olog1ca1 relation between man, considered as an = -

-

an1ma1, and the whole of h1s animate and 1nan¥mateuenv1ronment°1s ‘the

<

.
) 11 ’ : e s . © oo ]
T c - c - - . T -

'essente of B1ogeography o

P
\3
<

. This def1n1t10n gs very 1ntEﬁ§9t1ng partly because of 1ts Ce

N

s;m11ar1ty w1th recent statemehts by mede?n Amer1can poets ,AOné

examp]e is the f1rst 11nes of ”Wolf‘Nét" by McC]urea 'when a man does

“not adm1t be is %n an1ma? “he-1s Téss than an an1ma1 ngt more but 55, ;;_.Q'g_

> s f
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s In: genera] T1vy has taken:a trad1tnona1 desqr1pt1ve apprﬂlch“

c

4 There’ are certa;n s1m11ar151e9 w1th the deefgm of Watts, but she qoes .

E © ¢ 0, - L] =2 bR o Gv.
 not provide the deta11ed b1b1iograph1c coverage of  the eto]ogical T s

e

:_Iiterature whlch 1s a d1st1ncf3ve feature of h1s text. i . ,
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1}Jo T1iy, B1ogeographx a s tudy ofgplants jn the ecosphepe ;

(Edinburgh 011ver & Boyd,°1971), P 2. . , . %T=;
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&) Introduct1on ta B1ogeography B . e -

. T Both of the Watts and Tivy texts canm be descr1bed as the . e

°nesu1t of‘geographers Jook1ng towards the b1olog1ca1 sc1ences and to o
® iy ¢ '3

eco}ogy 1h part1eu1ar, whereas the Tast two textg represent the°b101*

o ° © <

1ogt£a1 sc1enthts 10Qk1ng towards Geography (A]though Seddonc<is a
. / a
. cgeographer°bx trdnn1ng) . This statement may=requ1re clar1f1cat1on o o

Dot o ° <

For h1stor1ca1 reasons, Geography exlsts ‘as a f1e1& of 1nqu1ny in both ;- -jf

‘ - ©
< Al o

B1o]ogy and Geography WJth1n Bao]ogy, the dﬁsc1p}1ne has been 2 e
d1v1ded into Phytogedgnaphy and Zoogeography Phytogeography is ¢ .

exemplaf1ed by the research of°Good 13, -on the d1str1butfoh of flower-

:-b o °° o T w s . .2

N 1pg p]ants, wh11e Zopgeography is wel] represented’By the n1neteenth %y e
5 [«3Rd . < e °
century work of Nal]ace14 on the geograph1c'd1str1bu¢10n of an1ma1s v .

Lp bo;h of these subd1v1s1ons of B1ogeography n1th1n B1o]ogy,‘the e
- :prTmaryﬂTnterest has. been 1n the eXp]anat1on of geograph1c d1s¢rgbut1ons

of specﬁes ?s the result of eﬁv1ronment changes throughout thé evo]m— o

vt1onary t1me-§ca1e and over the earth's surface. There 15 a cIear

d1st1nct1on between the eco]og1ca1 approach taken by«the geographer )
-s, And the evo]ut1onary approach of thg biologists. In regéct1ng the

. narrow ecosystem attjtude of the gngraphers the Writer finds himse}f T

£l

more in agreement y1th Seddorr, partacu]arly‘whére Seddon 1ncludes a: """

pos1 i ve geograph1c e]ement Am, his des‘Pn o_x‘ - . g
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T e 13Rona]d Good, The Geography ‘of F]ower1ng Pldnts, 3d.oed _
* (London: Longman & Co , 1964) g ; .-

414A1fred R. Wa11ace‘ The Geogr 1ca1 D1str1but1on=of Anﬂmals )
{New York: Hafner Pub}ish1ng Co%, 496 T
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. <o - In his preface Seddon states the negg,for Blggeography

For many k1nds of p]ants ‘and anama]s the fhreat of extince

tion grows as human demands 1ncrease on ‘the 1imited resources
of this planet.

-Man himSelf cannot survive unless he ensures the - continued

existence of plant 1ife and animal popuiat1ons in all their
variety.

Geograph1ca1 uﬁ1queness, as well as be1ng importanten -
its own right, is:the key to-understanding yhat role eath
® plant and animal -may" b% capab]e of ?u1f1111ng in peacefu]
< CO- ex1stence with man. o

Jhe author is- ]n complete agreement ph11053ph1ca11y w1th Seddon

“in that Bfogeggraphy has the potent1a] to change “the conscibusness of

Q

'_ the human specxes towards a]] other spec1es For example, the vi

1mpact of a map showing the shr1nk1ng distributions of other spec1es as

the human species expands may aid in ;hks change of conscioushiess.

* chapter head1ngs of h1s text. .l

v

trasted to the usage of "ecosystem" by Watts.

D

3

o

sua]

Once aga1n, the viewpoint of Seddbn can be d1scerned from the

R

-,
O

Mapping Distributions: ) L
°D‘5tr"b“t10n as § Geographic Quant1ty

Climatic Control of Plant Distribution
Vegetation: Methods of description . -
‘Vegetdtion: the Question of Adaptation
Vedetations Classification and Correlation™
M1gratfon and Dispersal : « . e

E11tts and Refugia, _- -

anges in Distribution with T1me

Intercont1nenta1 Migration

o

=0 00~ G R W RN

o
o

Seddon regards “d1str1but1on” as a key word; th1s can’ be;

geograph1c w1th numerous maps 111ustrat1ng the dtstribution’ of s

The' Influenée of LocalgFactors on Distribution

con--

The text is essent1a1]y

7o

[(emes
, at a number of different scales. . W1th regard to ‘this thesis, the -

- ©
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[
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4
. Br1an Seddon, Intro¢uct1on to B1ogquraphy (London Gerald *
Duckworth and Co.,'1971) b ,
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. of drstrabut1on of orgah1sms in space and t1me | Latér in the thesis,

;Pub13catfons, 1973), p. 1. .

< a + ®
. <

. first two chapters, desc}ibing the problems of“sca]e and mapping of - .

this type of data, are essentiglreading for the formulation of a |

true Biogeography which would.be an alterrfative to thelpresgnt 'eco-
system' Biegeography. vIn_design,'SeddQQ has adopted an organism-centred

s

approach which remaﬁns‘primari]y déScriptive and inductives In this
§ense the book is 11m1ted in its scope and does not-address some of

the fundamenta] issues of jnterest ta this author qu example, there

= é

is ho inqliry into the conceptual pfob]ems associated with the study
of gpaEia] distribution, nor is theré any recognition of the problem
. :7"‘ - o« “; )
of the‘orgdhism~enviroﬁment dualism Accepting “these Timitations, the

o

wr1ter cons1ders that the organ1sm centred approach suggests a viable

o

a]ternat1ve, part1cu]ar1y when ba]anced by its oppos1te space-centred. o
approach. ¢ ‘ )
° . (d) Biogeography: An Ecological and Evo]utionaﬁy o e

- Approach by Barry Cex, Ian Healey and Peter Moore °
. v . [ 4 ..

v'pox et gﬂ. answer-the- question: JWhat is éiogeographyzqus'D

. A C 0 T - <
follows: o E , S e , .
- .~ . o’ -2

The study of patterns pf distribution of organisms in space

and time’ is called Biogeography. Biologists are nowadays
rarely-satisfied with the mere description of these patterns,
and the biogeographer usualTy wants o .discover which e
environmental factors are. the.ones which determine or limit e
the d1strLbut10n of the speC1es he studies. 16 . -

o

o

The wr1ter aqﬁéés that B1ogeography 1s the,sfudy of patterns -

l
o ?
L

o : » ' o

16C B. Cox, I. N. HeaTey and P. D. Moore, Biogeography! an -

ecological and evo]utﬂonagy approach (Oxford:< Blackwell Scientific, °
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. recent‘pub11cat1ons cou]d act as a startﬂhg po1nt 17

Q

/
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A

“the wr1ter demonstrates the need for clar1f1cat1on of the concepts of

pattern andld1str1but1on (Chapter V) and recognition of the ‘methodo-

Togical problems 1nherent in their study.

Similarly, within Geography ,

the rgeearch worker is not satisfied by mere description and seeks

explanation. Without embarking on a discussion of?expTanation, the

Q

writer believes that & valuable piece of biogeographic research would

f be. a comparative study of exp]ahétdon in Biology «and Geogréphj: Two

By way of example,

the wr1ter~does not cons1de? that 1t is SUff1c1ent to seek cerre]a—

tions betwgen a set of species 1ocat1ens and a particutar, environmental

L

var1ab1e.= Exp1anat1on is another ongoing tﬁeme within this thes1s

and will be ﬂeve]oped'more fully.in a Tater chapter.

=]

The chapter head1ngs of this text ‘are not.as 11]um1nat1ng as

the prev1ous examples, pr1mar11y because of the popularisti¢ styJe

Howeyer, they are g1Ven below for comp]eteness . a
1. Patterns of L1fe
2. The Physical Limitations of L1fe
3. Making a L1V1ng
4. Thé Source of Novelty
5. -Life on Islands
o 6, The Distant Past .
7.. . The Shaping of Today " .
8. The Markl of Man: His Early Days
9. The Mark of Man: Modern Problems

In genera], the text is evo]ut1onary in the tradition of B1ogeography,

]

in B1o1ogy, w1th‘jn extension towards Ecp]ogy There is net the same

degree of geograph1c emphas1s which was a predominant. feature of

Seddon S text

5

o 17

See papers by B. Glass, M Scr1ven and K. F. Schaffner in

Journal of the History of Biology, Vol 2, No. 1 1969) Special Issue

. "Explanation in Biology" and the bpok-by David-Harvey, Exp]anat1on in.

Geograghx (London:

Edwa rd Arnold,

1969). .
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An add1t1ona1 1ns1ght into the def1n1t1on of B1ogeography is
. presented by a review of the Cox et et al. text in the first issue of

the Journal of. Biogeography The reviewer, Pethick, is at the

Department of Geography, Hull . Un1vers1ty, England, with Watts

Peth1ck _makes a genera] obseﬁ&at1on - "Ad though biogeograph1ca1 books

21

<

(and journals) are current]y fashignable, the problem of the definition

18

of the scope of that subject‘remains as intractable as ever." "This

°

author believes that the intractability is a function of the discip-

line and its atfempt to study all Forms of life over the earth's

<

surface and throuéh eVotutioﬁary time. Besides the vast range of the
material, there is the under]ying'brob]ém that there hasnan been any
real breaktﬁ;ough in the methods for fhe study and uﬁdersianding of

gﬁtterns"in space-time. A major premise of this present work is that

the primary need of the discipline of Biogéagraphy is to derive &

’

satisfaétory conqeptual ‘framework based on the developmeht of a

theoretical Biogeography.

Pethick‘further éomments on certain omis§ﬁon5'

”
<

" The rote of b1ogeochem1cal cycles in affecting distribution
of plants is obyious enough; and it is -also a subject cen-
tral 'to biogeography, ]1nk1ng the environmental and ?1ot1c
components. Yet-there is no mention of nutrient cycles if
the text, nor even of plant mineral nutrition, whose spatial
variations g]ay a major role in the distr1but1on of -

° organisnm

’

The quotatwon 1s included because it iliustrates very We11
the different percept1ons df Lox et al., and Pethick and Watts,

o L]

180 S. Pethick, Joumhal of B1ogeography, Vol. 1, No. 1

(1974), p. 71.
19

Ibid. =~ =, _ : .



22

towards tﬁé content.'of Biogeography. A]though,Pethiek may be factu- .
"ally correct, jt is notae]e that neither Watts nor éoxhél_gl. offer
ani insight into the hethodo]ogicét prob1em of.how to study these
spat1a1 var1at1ons °
The f1rst .part of. th1s chaptetr rev1ewed the contents qnd
ieherent v1ewpo1nts beh1nd four texts, a]l wr1tten By British academics.
Th1s was done on the assumpt1on that a develop1ng d1sc1plane 11ke
B1ogeography shou]d be def1nab]e from its’ texts In concluding this-
first part, it is clear that \here are two méﬁn views of the discipline:
the 'ecosystem' view best exemp1ified by Watts, eﬁd the 'distribution’ <?/ﬁf~
Qfew'represented by Sehdon. The author is most eympathetic to the
'distribution' view.” A second point is the‘true interdisciplinary
'posftion of Biogeography; it has a dual‘identity in Biology and
Geograpﬁy. This thesis is an inqui&y of the naturg of Bibgeography
“within Geoéraphy} and jet it fully recognizes the existence and overlap

of the identical twin in Biology.

~~~~~~~~

(2} The Definition of Biogeography: .Current Reséarch Themes

......
.....

The first part Qf the chapter only reviewed text books and
the(efore ‘valid criticism wou]d be that texts do not ‘represent the
.research of a d1s¢1p11ne ‘In this second part the author discusses.
a recent survey of biogeographical research in Cenada and also criti-
cizes tte,papere in the first and oﬁ]y (March 1975)’1ssue of -the

-

Journal of Biogeogréphy.iﬂA' cond ESpect of this part is that the
geogriphy . - A second aspect |

f%ntext is broadened from the earlier focus on British texts to include
research in Canadei . This Canadianization ha§ been strengthened by a

5



~l

short commentary on the writing of Dansereau, the;eminent Canadian.

-

biegeographer.

(a) A Survey of B1ogeogLraph1cal Resm_
in_Canada. (Spring 1974)

In the Spring of 1974, the author cth]eted a survey of cu;rent
research in B1ogeography in Canada, the purpose of the survey was to
d1scover the var1ety of viewpeints and assoc1ated research intérests.
The author was interested in know1ng whether ‘other b1ogeographers were
concerned with the type of problems which form the body of this thesis.
The response 1nd1cates that most b1ogeographe;s are not questioning -
the‘1nherent nature of the discipline and generally they adopt the
'ecosystem' view of Watfsl ' " 5 |

. ’n{é author does not beh"eve that i$1s worthwhﬂe to g1ve a
detailed analysis of the responses, Appendlx A gives a copy of the
or1g1na1 letter and also a summany'of the responses for the interested

reader. It is, however, pertinent to make. a number of general obser-

vations which re]ate to the ear]ien‘part of this chapter and to the

obgect1ve of this.thesis also. ‘

' (l) Biogeography is a deve]op1ng discipline in departments of
Geography in Canadai‘ The evidence indigates that there is a surplus’

" of new positions and.correspondingly aushort;ge‘of qualified graduates.
This situation;makes it even more 1mporta:; that Biogeography'shoq]d
possess a'we11-defined %dentity, otherwise,q?he positions will be

filled by 'refugee’ eco]pgistg., That is notf an indictmant of Ecology

-

but rather a statement of fact.




(2)_Many established Canadian universities do not emp]oy a

AN

biogeographer. This histori¢al fact is a commentar the condition

R

of Geography .
(3) Most respondents equate B1ogeography with Plant Geography,
very rarely is there any mention of animal species. The generaT '
approach is to study. the environmental factors. 'Fie]d work.is‘comj
bined w1th the use of pedology and pa]yno1ogy 1aborator1es
T (4) B1ogeography is often 11nked with applied research to
provide the vegetative comporent. The.coqnnn 11nkages are with the
fields of Conservation, Recreation and hand Use studies.. | ?
| (5) The authortreca11s two speEifie points which reflect the
distinctioh between the attitude of the author and the prevalent
attitude: (a) It was noted that one unéergradhate course was defined
vas the "Geography of ﬁcosystems,“ indicating exp}icit support for the

20 makes a comment which the author

‘ecosystem' view; and (b),Rounds
sopports.strongly' "I have long felt that much work deemed b1ogeo-
’ graphical has indeed forgotten a]T about the spatial aspects."

Even though the survey d1d not cover the total popu]atlon of ]
b1ogeographers in Canada and even though some t1me has passed, the
author concTudes that “there is no substant;ve research into the funda-
mental problehsﬂo? spatial organization gf organisms wtthin|¢epartments
of G‘eography. Furthermore, there # no attempt to articulate the
conceptua{ problems of the discip]tge, to.fnqujre into the establish-

ment of a theoretical Biogeography. From’the,survey, the author

20R1chard C. Rounds, Professor, Department’ of Geography,
Brandon Un1versity personal commun1cation

LS




o

concluded-that this present thesis is an anomaly in biogeographical

¢

- research in Canada.

-

(b) Papers in the Journal of . Biogeography (March 1974)

.The Journal -of Bipgeography was first pubiished in March 1974,

reflecting the development of the disc1p11ne To date (March 1975),
only oné issue has been received by the writer, this may signify

; ﬁsbli;stion'prop]ems or problems,in the definitiom of the discipline.
The creation of this journal is a significan£ e;eqt fsr,Biogeography
which will permit better dialogue within the discipline. Watts, the
editor, in the prologue, describes the newPJournaioas a forum in which
muiti—disq]piinary dialogue might take place between research scien-
'tists who have a common aiT'of undersfanding organic distributions and
" their re]atiénship to'presént and -past environments. The writer is
concernéd that the explicit emphasis on multi-disciplinary dialogue
may deirqct biogeographers from any.reai attempt to define their

problem. Tﬁg fifst jssue contains four papers:

(1)- "The pleistocene anqes of vegetation and ciimate . .
in tropical South Mmerica," T. van der Hamman.

(2) "An assessment of the usefulness of phytosociological
and numerical classificatory methods for the community
biogeographer," R, E. Frenkel, C. M. Harrisonp

" (3) "The’ distribution of sa]t pans on tidal salt marshes,"
J 5. Pethick. , . 4

(4) "Inf]uence of watenfow] on the distribution of
Beckmapnia ‘syzigachne in the Mackenzie River Delta,
Northwest Territaries,”¥Don Gill. . .

In the first two papers,'the emphasis is on the aﬁb]icaiﬁon of

established scientific tecﬂhiques. "Van der Hamman interprets the

+

’ -
.- \ " \ 3




palynological evidence in

‘tropicai South Americq, while zrenkel enq

©

- -
Harrison discuss the utility of a number of methods antitative

Ecology for Biogeography. The paper by Frenkel and Harrison illustrates °

[}

another general trend'in the develppment of Biogeography, nanety the

arriva] be]ated1y, of the “quant1tat1ve reyolut1on” via Eco]pgy _The

3

writer believes that this trend obscures the real prob]em of B1ogeo—

’

graphy, - 1ts true definition.. : ' . :

The papers by Pethick and G111 _both geographets,'are intet- e

‘esting because they represent thes "distribution". view. 'Petﬁiek applies

« O

the method of multiple regression to an investigation of the relation-

#

ship between salt pan density, marsh height and distance from xhe_sea.

This paper was disappointing to the writer of this thesis for two

reasons . ° There was no attédmpt to study the spatial patterm of the

“pans over the area. Spat1al pattern is used here in the sense of B

-

variations in the size, Ashape and re]at1ve 1ocat1ons of these pans,

a]though density dqgs depend upon, all thele attr1butes Another po1nt )

is that the artlcTe does not seek to ungerstand patterns, in the -
sense defined, by means of‘compar1son with the "fields" of other ' »
physical variables.’ , \ | o ’ -

L
¥

Gfl],nEn his paper, hypothesizes that heavy concentration of

waterfowl have inf]uencedqthe abundance and distribution of delta

. flora, notably Beckmannia syzigachne. -Gill discoevers a coincident

presence of a plant spacies and waterfowl and describes the relation-

" ship. The explanation of the coincidence of grass spec3e5~and
- - (4

waterfow]l is the location of the flyway of the waterf&h]t

In both of these cases, the yriteFQfs concerned about <the:

r]
<
1 .
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definitions of 'dis%;ibu;ionf and ‘explahatjon‘ and their uﬁde?1¥1ng
assumptions. Since this ;he§is {s primarily concerned with the
prob]ems of description and explanation of spat5a1 battgrns of
organ?sms, a brief examp]e may c1arify the point. The writer con-
s1ders thatqipat1a1 pattern implies some re]at1onsh1p be tween
1nd1v7dua1 1ecat1ons " Consequently, given a set of 16*§§10n5, the

problem is to character1ze the spatja] properties of that set and

furtﬁermod@ to relate these.properties to the sbatia] properties of

other sets of'informatiog for the samé\space. There are some strate- °
g1es which give no 1nformat10n on the 'd1str1but10n of‘the locations,

the1r distance apart, etc. For example, it s poss1b1e to record the

»

values of'two variables at a set of 1ocat1ons and then to calcu]ate

- . . . : ‘e

the correlation coefficient. - The locational information is destroyed,
often .an as3umption of this type of strategy is that thé qunts_are
independent. This is the problem of spatial autocotrelation.l
CPncluding'this Fursoreréview of the first‘issue of\the Journa1”
C_ of Biogeography, ‘the writer believes that, the adoption of “distriﬁu-

tion" viewpoiht requires an, .in-depth quest1on1ng of the methodoiogies

1] o

which present]y exist for the so1ut1on of the prob]em of spatial pat-

. ”terns This, 1n turn( Fequires an 1nvestigation of scientific me thod,

I .‘-

¢ “the concept of explanat1on and other fundamenta} phi?csoph1ca1 issues.
) . - . i - ° [ ‘-
(c) A Note on the Position of Dansereau _ .
. , . in_Canadian Biogeography . < Tt .
4 ,-‘v‘ v, h R ¢ . N . o

: . ” The final note inltﬁis chap¢én\represeﬁ}s a return 'to the o
o v N R T o ’ R ) . < T - ‘.\/
? - general level.of a discussion of Biogeography.  Dansereau has been’

-

4 . ’
- o




“writing on Biogeography for-over twenfy:yeaps; the author‘Fééognizes
thaE~1t is important to relate the inguiry of'this thesis io Dansereau's - -
. Amajor-cqntribution.‘ As early as 1951 Dansereau‘had clearTy defined "
the.discipiine amd also hadvpvoposedla conceptual framewoék. Dansereau
outlined the breadth of Bibgquraphy:’ “Biogeograbhy extends acfoss |
the fields of plant and animal ecology and geography, with many over;
1aps into genetics, human geagraphy, adihropo1ogy and soc1a1 science,’ n2l
and hiliﬁscr1bed its subject matter succinéTT? “Biogeography studies
; ‘; ~,the or1gan, d1str1bu£?3%, adaptat1on and assocvat1on of-plants and
°. : t' .ap1ma1$. 23 The writer agrees with the first“point and.the spec]f1c !
fg-; 'dgfinftioh'is‘éatisfactory_%n its simplicity. _Indeed, as was argued.

' " . ~ #

in the criticigm of Watis'.text; it is not the definitions which are

¥ .
) 1mportant bu;,the inherent conceptual framework of the text. Of
pr1many 51gn1f1cance 1n the discuss1on of Dansereau s viewpoint is his

‘ “;ab1e Qf 1evels<{see;Tab1e 1. ° Lo . ' ’ e

-

»

N Dansereau has identified f1ve 1evels h1st0ric51, bioclimato-

. 1091caT, synecologica] auteco]ogica] and ﬂndustr1a1 It is noted

that this table is a reduction fTo$ the eight_levels dgfined in 1951. 23

- TheJauthor d1sagrees wjth the d1v1s1on of the d1sc1p11ne into levels
o 3 .
. In the first p]aCe, there is no iﬁherent logic in the divis1on ' _ ‘

. - ’
Pndeed Dansereau h1mse1f is content to reduCe the number'of-leve1s

[ . »
4 DR ° ) -

- &1Pierre Dansereau, Biageograghy:‘ ahveco13gjca] perspeétive
. {New York: Ronald Press:Co., 1957), p : ) s
-. 5 . zzIbid', p 3 i ) ’ .:'/,i;: ‘ f‘ ‘ ."<\) A R o
C‘ * -
23P19rre Dansereau, "Tnp scope of B1og¢pgraphy and its 1nte- :
grat1ve 1evels,“ Rev Canadien Biol. VOL 10, No .- (1951), PP. 172—

c 229,
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w1thout any exp]anat1on of the under]ynng ratﬂonaTe%, Second]y, w1th1n '

&

th1s framework there 1s overlap; for examp1e, c}1mat1c factors are .

s1gn1f1cant at the auteco]og1ca1 and.syneeo1og1ca1 1eyels, wh11st

<

cY. 2

‘ ;h1stor1caT factors are 1mportant at the b1ocl1mato1og1co1 1eve1 s

Lastly, ‘the author d1sagrees w1th the separat1on ‘of the exp1o1tat10n

LT o . © ¢
by man as-a’ separate 1eve1 - - A e
~ - _D

< o <

, These deta11ed cr1t1casms, aSIde, Dansereau is- a maJor f1gure

in the art1culat10n of a b1ogeograph1c view. - His 1972 “Massey 1ectures, ;

entitled ”Inscape and tandscape,"ZA 1nd1caté the re]at1onsh1p between ’
s » .

' the human specwes and all o;her spec1es B1ogeography. as the study -

of the Geography‘of living organisms, s a CQn§1stent part of .the

eneral “eco]o ical consc1ousness - Th1s ecolog1ca] consciousness
9 g

is an eth1c of life and d1vers1fy of blo1og1ca1 organnsms rather, than
adherence to the human abstract1on of the ecosystem .. Dafisereau's ’
Massey }ectures were'fmportant jn.that it was the first occasion that

the. phm]osoph1ca1 pos1t1on represented by B1ogeography had been used -

.. to try: and change the consciousness of the culture This subversqve

aspect of the d1sc1p1]ne 1s_elaboratedzunder;practical.strategies.in
v : s 3 T '

'Chapter VI .. - s T . -

» .° - -

This chapter addressed thergeneral quest1on What 1s B1ogeo- "
<graphy7 in ‘two parts The first part rev1ewed four fs;tbooks wh]1e
this 1ast part cons;dered current reSearch>publ1cat1ons, Unavoidab]y, .

theqch01ce of material and t ir rev&ew reflects the b1as Of(lhé)aythor:'

-

< c'-k" J

B . . N . . : “V'a
’ 24P1erre Dansereau, Inscape and Landscape Massey Lectures ’

* Twelfth. gerles (Toronto C'f'Learn{ng Systems 1973)

v . . *e

"
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o However, it’1s maintaiﬁed that the materiaT repreSents'tHe,current

S .
- - status of‘B1ogeography Th1s chap;er prov1de5 a ‘context for the -

© o~ o \ N °

substantJve contents offth1s sﬁudy In the next two chdﬂters, the :‘;

author descrlbes six examp]es of h1s own b1ogeograph1c research., :
These examp1es demonstrate the d1fferences QFtween the v1egpQJnts of E
the }1terature given in: th1s chapter and the author's v1ewp01nt At

, : o
L "~ the same t1me the examp]es p%ov1de a b3575 fOV a fU]1‘d1SCU5$‘°" of

the methodo1og1ca1 and cohceptua1~prop1eT of the disctpline. o
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CHAPTER II1I

v -
RESEARCH ILLUSTRATIONS (PLANTS) = . = -

; . '

Chapter II descr1bed the d1sc1p11ne from the contemporary
literature. , This g1ves a factua1 framework to 81ogeography but’ 1t
‘ does nqt prov1de any 1n51qht into the nature of the methodo]og1da1

and conceptua] problems The aim of Chapters 111 and IV is to

E

rectify this 1mba1ance us1nq six examp]es from the author s’ own '§

: research “ These ﬂ/}ustrat&ons shou}d g1ve thg’,feaﬂer an operat1ona4

_”def1n1t1on of Btngeography They qfe lbnslstegt wf?h the ahthor s

percept1oh‘of the discVpline, i.e., B1ogeography 1sathe study of
cF

' the’ 1ﬁteract1ons betwéen 311 organ1sms and the1r surroundlng environ- °

v [

ment with part1cu?ar focus on the spat]a? or@an1zat1on that they
thereby generate@ B1ogeography 1nclad65 p]aq\\and an1mal species.

°Th1s brdad def1n1t1on has been ref]eeted in the se]ect1on of the

six examp1es Thls chapter’ conta1ns three. examples from the p]ant |

’k1ngdom and Chapter }V’has examples~wh1ch are essent1a]Ty from the

E : . 5 -
e ’

an1ma1 k1ngdpm

‘, The ffrst 111us£rat10n is an app11cat1on of the nearest

“

. neighbour d1stance methodology'to po1nt‘patterns. The data set

©

conta1ns the tocation of over one thousand. trees be]ong1ng to nine

¢ e

Spec1es in a hardwood forest. Th1s research represents a




methodological devedopment from thelwriter‘siM.Sc. thesi&.l

In the
\‘MuSc. tbes}s‘the'fnformation was co]]ected.by guadrat samp]ihg for

later ana]ysis "~ The Writer=c6hsidered that this brocedure was

Tocat1ona1]y 1mprec1se and subsequent]y 1nvest1gated #he application

il

of distance methods to po1nt patterns.

.o

o

The second example is a comparisgn of two approacheS‘to the

"distribution apd form of “vegetation cover types. In this examp]e,

attent1on shifts to the 1nterpretat1on of mosaics of vegetation types
The resourde material isca set of maps and aer1a] photography of a 4
sect1on of the coastal p1a1n of Western Newfound]and Th1s 111ustra-

tlon 1nd1cates the’ prdblems of exp]anatlon and method in thé study of

spatial organ1zat1on. o < )

Theathirdaexample presents a biogeographical illustration of

rhevproblematTC re]at1onsh1p beggeen precess and pattern. The factors

which affect seed d1spersal aﬁj the s1gn1f1cance of this process in
-the estab]ashment of a part1cu1ar spat1a1 pattern of a species are

‘reviewed. Seed d1spersa1 is 1ntr1ns1ca]1y determ1ned By - the number -

-

_and character of the seeds and the1r 1nteract1on w1th the micro-

+

variations, both spat1a11y and tempora]ly, of the earth s surface:

These illustrations represent three distinct themes in“the
. B o . ’ . !
author‘s research Yet there are certain similarities. The overa]]

concern fs, the study of spat1al organ1zat1on and, genera]]y, the

approach 1s 'organism- centred‘ The author uses the convehient

B - Ve

- v

. lebert y. Maher, “Complexity analys1s of vegetdtion patterns
ir-an alpine meadow" (unpublished M.Sc. thesis, Deépartment of

Geography, University of Western Ontarib, 1971). s
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distinction between 'organism-centred' and 'space;centredf approaches

in later chapters.2 o Coe . S K

23

< ILLUSTRATION ONE

An appMication: of the nearest neighbour distance method to the, e

~

analysis of ‘the point pattern of nine -forest speéies in a Northern

Hardwood Forest.>

3

The~i]}ugtiation is' divided into five sections:

" . (1) Objectives - S . T
(2) Mathematics _ ‘ ‘ : '

(3) Data ) I . °.

{4) Resllts ‘ - - 4 . L
(5) " Conclusion “0 ’ P B
1}

0 ©r . ¢ =

o .
. . . “

. .. (1) Objectives = - . -

-

The research has three ma1n objectives: ) .

oA

(a) to 1nvestlgate the degree of clusteredness or non-

Fandomness-of the point 1dcations. of the treés for each of-the nine

>

species in a forest:} P . "

(b) to.investigate the reTatibnship between the average number .

[

of 1nd1v1duals in a c]uster and the sensit1v1ty of the nearest neigh-

. .'bour stdt1st1c for h?gher orders *(a-higher order, fq¥ example the

‘s1xth refers to the d?stance to the s1xth nearest- tree of that

a

. spec1es), and o . s -

-

" 2An organ1sm—centred' approach focuses on the-organ1sm and its
inherent characteristics, whereas a 'space- centred’ approach empha-
sizes the propert1es of the env1r0nmental spape e.g. climatic v
. gradients .- :

3The map - (F1gure 1% 15 “taken from J. T. Curtis. and Grant Cottam, v
P]ant Ecology Workbook (Minneapolis: Burgess Publishing Co., 1969).

- . b -




o ! &

(&) to study the relationship between the clustering of one
3 i ® ‘

'-'species.and a second species. An affifnity measure is defjned, based
on the ratio of tHe average nearest neighbour distance for one

species and theoaverége.nearest_neighbour distance between that

2o : : ' - ‘ |
species and a second species.’ . .

’
o . ©

(2).Mathemat1cs

% -

°

The~me%hod of nearest'neighbour distances was developed by.

Clark and Evans.4 They define: o . :

o = observed mean nearest neighbour distance
between a set of points

expected mean nearest neighbour d1stance
between a set of points : LT g

m
Tl

" The expected va]ue is.calcu]ated’on tne assumption of a set of points
which are” randomly distributed, in accordancefwith a Poisson prob-

ability function‘nith density X . NIn‘this case,

- Y ' . " o f
.'FE= - . .
A ratio ,R = _ —éL- is a deser1pt1ve measure of the departure of .

the observations from a random distribution. A .

CIfRK 1, it indicates that the observed set of points
tends to be clustered;

R =1, the observed set of points has a similar distei
e bution to a set -of po1nts obeying a Po1sson
. ’ ~ probability function;”’ and :

R > 1, the observed set of poﬁnts tends ‘to be evenﬁy spaced.

4P J. Clark and F. C. Evans{’"Distance to nearest neighbour
as a measure of spatial relationships in populations,” Ecology,
- Vol. 35 {1954), pp. 445-453. .



An index of aff1n1ty was dev1sed to study whether the

1nd1v1duals of two d1fferent spec1es maintain the same degree of

‘ proximity within and between the species For every individual of

one spec1es, distances are ca1cu1ated to the nearest neighbour of

“the 1nd1v1dua] s own spec1es and also the d1stance to- the nearest -

neighbour of the second spefies. The average d1§tances are sub-

stituted in a formula fer Iij’ the index‘of a?fihity be tween species

i and species j. |

aJerage Qiﬁtance of the nearesthne1ghbour of the
species from the ith species

average diﬁtance of the nearest ineighbour of the
spec1es from the 1th species

The denominator 1s'the equiva]ent'to ﬂ> for the jth species and the
numerator is the average of the nearest individual of the species j
from eath 1nditidua] of the-jth spegies. ~
Iij > 1, the average'distance'between nearest neiéhbours of
spectes i and species j is éreater than the average

-

- distance within species 1.

And conversely, S0 ' .

if Iij <{' 1, the average distance between nearest neighbours of
_“ . species i1 and species j is less than the average

distance within species i.

{3) Data

Figure 1 illusttates the location of eleven hundred trees

.

be]onging to nine—species in a section of Northern Hardwood Forest
Each Tocation was d1g1t1zed thereby produc1ng a data set of X, Y. co-

ordinates and a spec1es 1dent1f1er on each card, The data were

v .
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”
analyzed using 'Hyperspace',. a programming package devé]oped by
Goodchﬂd.5 For each species, a distance p;trix ié calculated between
all indivjduals. The distance values withfn;ﬁpe.individual‘vectors

wwt_ﬁane”Qrdgned,mand,heneeh%hewiips%—and«higher~dpder nearest neighbour

E &4

distances are easily arranged. The package,cbmputes T, , T R, and

1 ; between specified specjes. .

R

(4) Results ' S -

—

_¢. Three main experiments have been completed on the data; ‘the

results are given in Tables 2 to 4. Each experimgnt has been sub-
' 4 $
~ divided into table of results and interpretation. These experiments

correspond to the three objectives identified at the outset of this
illustration. .

Experiment 1: To measure the degree of clusteredness of the'nine
species.

TABLE 2

Observed and Expected Mean Nearest Neighbour Dis tances
and R-statistic for the Nine Forgst -Species

R
.159
.219
.579
.020
.425
.053
.114
.690
.418

4

Species Identified No. of Individuals® — % L

142.4 -
66.6
62.0
6 210.0

107 81.8

. 26 0
6
9
2
, .8

39 ‘ ;é 121.3
0

165
192

391 41.3
48 . 108.3
25 1531

\D(b\l(h(ﬂh(:ul\)o-d
OO O QOQO—

v

5The package 'Hyperspace' is available from Dr. M. F.-Goodchild,
Department of Geography, University of Western Ont&rio.

6A point is excluded if it is paggible that there may be a
nearest neighbour outside of the study a a: Operationally, if the

T




e O

~"The table indicates that Spec?es 2 is the most,clustérgd, fol]owedi
in order by épecibs 9 5, 3, and 8. Conversely, the other four

© species have R va]ues close to un)ty which- indicate s1m11ar1ty with
a Poisson d1str1but1on based on the same density. These descr1pt1ve

-

statistics provide a relative assessment of ‘the degree: of c]ustered-

o &
ness. Howeve%, any measureuéf significance requires considerationm of . .
the different sample sizes. 4 ) )
Experiment 2: - To test the &ensitivity of the R- stat1st1c to
«cluster size. ~ * o,
Species 2 represents the most clustered pattern and it is used
. to test the sensitivity of the R-statistic. The experiment extends.
only to the fifth order.’ _ “ 2 ,
. &
TABLE 3 A .
R-statistics up to the Fifth Order of
* Nearest Neighbour for Species 2
: Number of o _ _
Order -Individuals To L R -
1. . 165 - 14.60 66.62  0.219" ‘
2. 161 20.61 99.93 0,206 |
3 156 . , 32.49 ( 124.90 .260 ’ °
4 142 40.93 145.70 0.281 )
» 5 133 ' 66.43 - 163.90 0.40 e -
. . o
Table 3 indicates that the-ﬁigher order results in an increase
in the R-statistic towards unity."TpispobserQation can be conceptu-, .
‘ alized as follows: if each cluster had exactly four trees and the ;

.

) A . & L)
_boundary of the study. area is closer to a p6int than its nearest
neighbour, then the pointsis excluded from the analysis. The number °
, of individuals 1nc1udes only the points which satisfy this boundary
= condition. . p ~ .

v
£




" r ° \'\.‘ °
}c1usters were a relatively large distance apart,sin comparison to
the intrg-cluster distances, there would be a marked jump in-the

‘value of the R;statistic between- the third and the fourth order.

¢

This would be because the fourth order calculation would include the

large inter- c1uster distance and therefore increase the value of LA

Ve
The tabTe 1nd1cates a re]at1ve break between the fourth and the fifth.

order for,Spec1es 2, but to establlsh any s1gn1f1cance it would be

-
[}

necessary to continue the experiment to higher orders.. This type of

‘

“interpretation must bg mediated by other characteristics 5? R. [he
‘ R-statistic is based on the averege value of ¥, and therefore if the
size of cluster vartes within the study area the stat1st1c will not
b b _ have the same degree of sens1t1¥1ty A]ternatlveTy, the R- stat1st1c

as an 1nd1cator of c]uster size 1s dependent upon the density varia-

o R

tions in the s tudy area < 7 ,

s

¢

<

Experiment 3: _.To investioate the affinity betweeg_tno species.
S ' ' *
) The index of affinity is calculated between three pairs of
species The eyper1ment rs limited-because it proved very expens1\4p

1n terms of computer time, to manipulate the 1arge d1stance matrices.

and to ca]cu]ate the index for all pajr comb1hat1ons of the nine . |

© species. o : ’ )

Nl ©

.

o « . TABLE 4
e : r

' Af%inity Values Between Species 1 and
Species 2, 3 and 4

&

‘ Species. j 1 2 ' "3 4

)

SV w Species 1
1 1.0 0.72. 0.68°" 0.8

<o




&

7

-

The index permits the general observation that the individ-

uals of Species 3 are more attracted to the individuals of Sbécies 1 -

than either the ifividuals of Species 2 or the individuals of

L

Species 4. "A second observation is the jmportance of ‘the relgtive

1

densities of.Species.Z, 3 and 4 in relation to the fixed density of

Species 1. ‘The density 6f Species 1 is constant and the qenominator=

in the calculations. The relative densities gf'épeciESOZ. 3 and. 4 in

° N

‘relation to Species -l is significant in teris of the 1ikelihood of

se]ectioh of.an individual of that species as the nearest neighbour
to an individual of SbecieS‘l. , ' e
5) Conclusion

This 11]q$trafion raises a number of points about the methodo-

" loay and Lt§ application to problems of spatia?toréanization~ The

writer finds the method unsatisfactory for six reasons:

~ (1) The méthod is lipited to ‘a comparison between a set of = -

e o ' .
locations and an expected set of points derived from a Poeisson prob-

abi]ity fenctign.: Indeed" the method compares the property of average

nearest ne1ghbour distance of the observations and a theoret1ca1

distribution. “It indicates whgther the observa¢1ons can be regarded

as a Poisson distributién. -If the set-of 1ocat1ons are-non-Foisson, -

then further ana)ysis would be necessary to establish the nature of

@

oL

the c]uster1ng or the type of uniform d1str1but1on

(2) The me;hod is only concerned with locational 1nformat1on

4 c .

Since the characteristics of the environmenta] space and the»organism

do not form part of the analysis, the explanation must be restrfcted

to the geometry of the set of points. . ' L , /

.

-



\\

- ‘J” -

(3) Dacey7'has recognized several attributes of spatial .- .

‘. .The dependence of the R-statistic upon the average disfances’

‘pa

means’that the method does notopermit‘the‘extraction or testing of

3

“any one attribute’ © , ‘ .

[l

(4) The method is density dependent. The value of; the
R-statistic is s1gn1f1cant1y influenced by the size of the clusters.
(5) A genera] criticism of this approach is that there may be- .

- 4

a number ef; pattern-generating procésses which can prodhce spat1a1'
patterniljlich cannot’ be d1st1ngu1shed by this ana]ytica1 procedure

ThiS p01nt may be l1nked to the *final cr1t1c1sm
- (6) A better apprec1at1on of the sensitivities of the me thod

may “be achieved by calibrating the R-statistic and affinity index

against sets of points with known characteristics. - . .

‘
[y

[LLUSTRATION Two = - . "

o

 Two approache “to the explanat1on of the spatial organ1zat10n of

veqetation types 1n a secttgn'of the coastal p]ain #n_the proximity.

of Shallow, Bay,. St. Barbe South Newfound1and

A section of the coasta] plain near»Sha]]ow Bay was\selected

,

to demonstrate a]ternat1ve _approaches to the study of spat1al organ-

":ﬁzat1on of vegetat1on types The study area is illustrated fin’

) produced by BOuchard and Hay

F1qures 2 to 4 Fugure 4 13 part of a mgp of vegetation cover types

“ { .
8 Fagure 3 is an aer1a] photograph of

-

. : Zchhael F. Dacey, “Some questions about spatial distribu-
tfons,"” in Directions- in Geography, ed. Richard J. Chorley (London

’ MethUEn & Co., 1973) pp. 127-151. - -

gThe map forms an appendix to the report by Andre Bouchard
The Coasta] Plain Negetation of Gros Morne National Park, Contract 71-

186 gOttawa Department of Ind1an Affa1rs and Northern Development
1974 ! .

. [ ,
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B3 Wind shaped balsam fir and wh1te spruc€ (P1cea glauca) scrub

7Y SN

¢

TABLE 5 R
\ | |

Legend of Vegetation Cov@r Typeé I]lustnated on Figure 2

A Secondary growth forest ¢f balsam fir (Abies. balsamea)

N
r

B1 B]ack spruyce (P1cea mar1ana) scrub ' ) . _—

B2 Amer1can ]arch (Lar1x 1aﬁ1c1n1a) scrub

B4 Homogenous seconﬁfqrowth scrub ofqnalsam fﬁr

BS * Heterogeneous sectnd growth scrub of. balsam fir and

deciduous shrubs ) . : . ‘
- B6 wh1te spruce scrub, o
87 Whi te b1rch (Betula papyr1fera) crub .- -
B8 Ta]l‘meadow rue (Tha11ctrum— olygqamum), sweet ga]e (M r1ca ale
. meadow sweet (S Qiraea Jat 1folia§ an 3 speck]ed a]der l*[nus rugosa
Sscpw y
nCl" Black spruce and. dwarf laurel (Ka1m1a angustifo]1a) dwarf scrib
- C2 'Er1cace0us dwarf scfﬁé’\ | o J" o ";
D Peat moss SEEh an um) and re1ndeer moss (CladinaQ bog
E Sedqe ‘meadow o a S .;'"' _'
F Mosaic of*herbaceods p]anticémmunjties '
G Dunes .and- sandy seashore community, . - oo 1
H Rm*ychfﬁ wmmnmy.'f';' ».‘;.' )
I Tidal flat communi ties
. i ’ . B . - .
J Cleared area ) ‘. ; : é'g ' J N, 2
. : ‘ cT : €y, -
" SOURCE: Andre<Bouchard ‘The Coas%%l Plain Vegetation of Gros Morne
. National Park’, 1974. - 4
\‘/ - - 5 Clg \;
. %
(‘- . "“ -
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Qne same drea, while Figure 4 provides the equivalent topographic

information. These tHree‘figures, in eombination, perm1t the inter-

nretatfon of the spatial organizationz Th1s 1nterpretat1on has been i
s - . divided into 'two approaches, 1'dent1°fied as the standard and the)
. alternative approach. ) -
‘ standard Approath -
‘ F1gure 2 has three d1st1nct1ve v1sua] features:
. - }&) The vegetation types possess 11n93r1ty and” their allgnment . 7
. tends * to be northeasterly.

“

o . (2) There is a band of vegetat1on type D to the seaward side

of the main cover of 85'9

c

(3) Vegetation,types D and C1 occur!close'together,"usually . -
C1 is peripheral to D ’ o ' T . ' j
One approach to the explanat1on of these blogeographical

. L Y
features is to seek corre]at1ons w1th the underlying landscape. rf '

. available, the geoTogy and soil maps cOuld be used to complement the g
topooraphjc 1nformat1on_(Fvgurej4).‘ Despite th1s pract1ca1 11m1tat1on, - ,T
.certain hypofheses <cah pe proposed about the reiat1onsh1p between the ‘
vegetat1on types and ‘the underlying surface. The ]inearity and ot

. a1]1gnment is probably the resu]t of a series of )ow bedrock ridges .t
which run parallel to the maJor trend ‘of the Long Range escarpment
in Western Néwfound]and, The topographio map fngure a) jndicafes

S E »~ ' that the cover type’Bé occurs mainly 6n +the well drained land above.

two hundred feet. It can be pqstulateo that‘tne'thirdifeafure, the
' . . - T

e « o~

o ' 0Tabfe 5 provides the 1'dent1‘ficat1'on of vegetation types in

Fiqure 2.




7

. N\ ' : . ) 3
’ ) mands of each vegetat1on type? | . «

+ between regjqns?

_ gradient at the edge of bcgs. To test each hf‘these hypotheses,'the
a ' .

relationship between D and €1, is dependent upcn the soil moisture

research’ design would require sampling of the vegetation types and

/

the associated 'explanatory' variables for a number of sites. This

simple design follows the normal scientific method.

&

Alternative Approach .

¢

This apprcach poses an alternative set of 3yestioqs and is-

also based on a different -concept of expla atiqnl "Six new questions

are put forward: -
A\

. (1) What deterﬁ1nes the shape ahd_Fize of ‘the individual

o‘

(2) Does the. area] extent of a stand depend upon any hor1zonta1
environmental gradients? *

(3) Does the size of a stand represent a stage 1n the develop-
ment of the vegetat1on type? . T : 7

(4) F1gure 3 shows that certain vegetat1on types have a

characteristic form e.g., a string bog. what type of interactian -

exists between the organism and its environment to produce a particular

shape? ‘ )

. . _
(5) What measures of shape and size are available to permit
comparison w1th other regjons?

. (6) ‘What var1at1ons in s1ze and shape cou?d be expected

.
‘n -
bt P

All of these questions are cdncerned with form rathe;/}haﬁ the

identity of the vegetation type. Th1s _concern d1st1ngu1shes the two -

approaches. Simpson, in discussing the character of b101og1caﬂ

-» . ° -~




\
- ' exp1anatlon, 1nd1cates the redationship between this set af questions

and the general framework of explanation in B1o1ogy; he remarks thatN—"

..to understand organisms one must explain their organiza-
tion. "It is ‘elemehtary that we must know what is organized
and how ‘it is organized, but that does not explain thefact

¢ - or the nature of organization jtself. Such explanation.
requires knowledge of how the organ1sm came to be organ1zed
and what function the organization sérves

—...p

This quotation expands the illustration into a discussion of natural- 4
order.and pattern . These eoncepte are more fully e]ahprated in ‘ -
‘Chapter_v. In the context of this i1lustration, the main point t§'

to demonstrate the nature of the two approaches to the same set‘df

information, namely,, Figures 2 to 4.

In\general, the writer is interested in b?o]ogfca1 organization

on the‘ggrth's surface. Figure'3 represents a visual image of this

©

organization; it raises the question of the way in which these lines, .

shapes and areas jindicate the existence of 1ife processes. Further-

[

more, the writer is interested in the relationship of this image of

biological organization and its relationship to the internal organiza-
) - . .
w tion of the orgamwism or the celi If biolog1ca1 organ1zat1on has ‘ .

‘ A ]
51m11ar propert1es at these d1fferent scales, then it 1s expected that

I3 the research into the spat1a1 organlzat1on w1th1n a ce]l*1s relevant , ’ L '
_to ‘the study of spat1al organizat1on between organisms. ﬂ1h1s argument
has been deve]oped in Chapter VI, where one of the research strategies
11nvest1gates the relat1onsh1p between Theoretica1 Bio]ogy and the

deve]opment of a Theoret1ca1 Bqueography. ) T ) K

-

~
. LI ¥

o . oo mG G. S1mpson quoted in D. Shapere, "Biology and the Un1ty
. of Sc1ence," Journal of the History of Biolgﬂy, Vol. 2, No. 1
. 5 . {1969), p. 3. . /.

-
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At the scale of the éarth's surfaqs,

tion can be exemplified by a consideration of the shape and size of .

the problgm of explana-

a string bog. The string bog, represented in Figuré 3, is a commoh
morphological feature in Newfoundland and Labrador. ft is"usua]fy an
elongaféd bog with a seffes of lateral 'strings' of yeget§tion. In
this éxamp]e, the best approach ds the 'space-céntrgd' where it is
assumed that there are a number of "fields" of'physicél variables
operatiﬁg over th@ space. Several questions can be post&]ated to-

seek explanation:

»’

(1) What gradients exist within the st?ing bog, for example
in the moisture or the bottom re]ief? . ' '&

(2) What controls the size and number of strings? Is there

~

feedback between the water body and th vegetation?
) ._(3) What are the~limii?ng condNions of string formation?

(4) Is éhe siee; shapeland-%nterna] structure of a string bog‘
a function of the relative r‘tesoof cHange of aynumber of different
prdcesses? , y ‘ ,
‘ :All of thesg uﬁanswered duestions are essgptia]]y biogeobraph-
ital, particu]ar1y in tﬁe cbntexx—d?'a«discipline defined as the study
of spatial organization of organisms. ' ‘

These examples hake ;'clea;’dfstinction bétwegn the two
'appfo;ches.. The -standard aﬁproach is to identify a number of different
grey tones.from the aerial photograbhy. Vegetation typés are thds
classified an& characterized in coniﬁnct{on Wi th fie]d-co]iekfed

» ‘l" ) ,
species=lists. Explanation is primarily concerned with the relation-

ship between the physical envirdnmént of the type and the. species

I's
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composition., -There are numerous examples in the ecological literature

of the deécription and classification of vegetation types but‘therg

are very féw which are conéerneﬁ with the shape and size of these

-

_types. The writer argues that it is ‘the form of the vegetation types

which produces the .composjte spatial organization.

In conclusion, the aim of this brief and éséential]y visual

example is that there are at least two different approaches to the

biogeography of part of the earth's surface.//ﬁéch approach implies

' the significant methodo]og1ca1 po1nts

a different cdncepf'of explanation. Finally, it should be noted that
this example concentrates on the vegéfation type and not the inter-

action of the individual species. For human convehience, the -inform-

ation is an aggregat1on of species but this should not detract from ‘

g (

ILLUSTRATION THREE = - " o J;

The ro]e of seed’dlspersal in the format1on of spatial patterns of

© L]
3 .

plants..

~ The fiFst b 11lustrations, at the individual organism and
the vegetation typé lévels, emphasized the static patfernl This fina]
exambie in the plant kingdom 11lustrates that plant patterns should
not be regarded és static phenomena. Oyer a 1on§ time, the dynamics
of seed dispersql are significant. This examp]ilis'organi§m-centred',
based on a functiona11c1assificatién of the species. The Squific
function fs seed dispersal. | |

Seed dispersal can be discussed on thé evolutionary time scale

and the g]obal spatial scaTe or it can be considered. on a local sca]e

" In the lovcal scale, the focus is on the 1nteﬁ'tt1ons between the .




environmental. factors at a place and the orgénism. In this example,

-

the main interest is at the local scale but the evolutionarj context*

11

offers a useful general framework. Ridley”" produced a cﬁassjc text

. on plant dispersal, which clearly defines the concepts and ‘the mech-
o . . o
anisms. Within the evolutionary context, he distinguishes between '

BispersaJ and dispersien. Dispersal refers to "the methods by which

nl2

the plant is diffused or transported from place to place, whereas

dispersion signifies "the results of the dispersal agents, namely tpé'

actual Tocalization of the plants in the world in the breéent epoch
13 ° o

F

or, so far as we know it, in past epochs."
- The problem of Ridley, as applied to the dispersion of a’plant
species, is the question: How did the plant arfive and éstab?ish )
itself in a particular location? 'Tbié question has:two partsl +The
first part concerns the ‘agent of dispersal, and the second pgrt
depends “upon the environmental conditions at the site. 'Frém.thé o

headings in Ridley's text, it is clear that there dre numerous

I3

alternatives: - : o e
(1) Wind ‘. . (6) Simple adhesion .
(2) Water . ,'(7) Adhesion through spétia]
. “modjfication ..
£ (3) Animals . ) -
; ‘ (8) Adhesiorr-due to viscid exudation
(4) Birds :
h (9) Human agency =~ . ~
(5) Reptiles, Batrachians, o
Insects, Fish ° : (10) ‘Méchanical dispersal
{ o . \
11 enry N. Ridley, The Disp€rsal of Plants throughout the
World (AshPord, Xent: L. Reeve and Co., n.d.). - '
2ibid., pox. -, B31pyq. ’ )

e . : L. ) .

4
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_This list-includes a set of external fabtors which form them~
physical andK;:e1og1ca1 env1ronment and a set of internal character-
istics of the organ1sm It is the 1nterre1atlonsh1p between the

external factors and the 1nternal ‘character of the organism which
’; f forms the framework in this 11Justrataon. "The relationship is
. L ”
. regarded at a short time scale and for"a’'smaller area. ¢
14 “ ‘

Seddon”" illustrates.the dispersal process at this scale for

1

“a forest edge of Engelmann spruce (Picea engelmannii). TFigure 5

shdné a transect away from "the forest edge, demonstrating the rela-
* R ,
tionship between seedfa1] -and distance. This diagram can be developed

into a model in two d1men51ong, which 1ntroduces greater complexity -

»

£,
Idea11st1ca11y, the amount of seedfall may vary over a two- diménsional

space The var1at10n may depend upon the relative wind frequenc1es ) c

from d1fferent d1rect1ons at the t1me of seedfall. An 1pterre1ated

)
factor is the effect of the forest edge on the eff1c1ency of the wind

“as a dispersal aqent. A further comp]eg%ii.1s thefsett1ng of the

seed on all 51des of the trees and® the n lationship between th1s set

and micro—c\imatic variations.

I3

Seedfall. is” only part of the process. ~Once the seeds are on

- ©

the ground, there may be §econdary movements which will modify the
: "' . distributfon. The second major e]ement of d1spersa1 and ddspec§1on
o is'germination It is the ground condi tiohs which control germinat1on.
" whth1n a forest, the probab111ty of germ1nat1on and-success ful seed-

. 1ing development depends upon the influence of. the existing foreqt

b i’

b . v ’ . - . _ -

- -

, ‘ 14Brian Sedden, Introduction to Biogeegraphy (London: Gerald

7

Duckworth & Co!, 1971), p. 141. <« .
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‘. cover on the 1oce1'micro-énviroﬁﬁent- H1thout deve1op1ng thlS descr1p-

-~ 1

s tive; modq} any further, it is obvious that ‘the process 15 comp]ex

Stat1st1ca1 eco]og1sts and geqqraphers15 have studxed the @ T
re]!l&)

nship between dispersal and” d!spers1on but usda]]y 1n terms of
\ rd

abstract formulations. ‘There ex1sts ‘a need to link the complex1ty

&

S S )‘of process more fu]]y with the sta;15t1ca?’abstract1on Neymgnh
= - .. achieved this type of l1nkage in hts research  into ,contagious d1str1_
butions. Greig-Smith has descr1bed the research: o -

L. " ©_ Neymann, concerned with rECently hatched insect 1arvae .
v crawling away from ‘eqg clusters, assumed random distribution .
' of the larval clusters with the number per cluster also
. "~ “random, but with-a limi’'t to the distance to which laryae - ’
" might crawl, i.e. an-arbitrary limit td cluster size.l6

-

Neymann combined empirical research with the development of F
r . T PR

statistical theory. 1In general, the abstract formulation assumes a

unii form environment and therefore the control mechanism resides ofly
" within the pointy. ~MNeither of these'assumptions can be accepted,
Nature}:pr ehvironhental space, is a complex mosaic and;fuhthenmore; | ‘
the control ef the spatiel'qistributtonvis dependent'pnithe inter-
agtioncbetweeh the ehvironment and the tntrihsic properties of the ‘ o

organism.

o

Sge part1cu1ar1y B. Matern, "Doubly stochastic poissohﬁ
g cesses in a planep," pp. 195-214- and M. F. Dacey, "Regularities in
Spatial D1ser1butioﬁ§ a.stochastic model of the imperfect central

: placé plane," pp.,287-310, bath inﬂmjlm_m_.g%“ -9
_f ‘ Spatial Patterns and Statistical Distributions, eds at o

E. C. Pielou, W. E. Waters (Pennsylvanta: Pennsylvan{a State Univer- S
sity Press, 1971) .

. ’ ~ . ' 16P‘“‘*\,Grmg Sm1th ngntitative Plant Ecolggy, 2d ed (London

Buttenworth &, Co , 1964), p. *TT . 0 C ,
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of the seed and its sens1t1v1ty to‘the environment is included as a ¢
. factof‘1n‘the relat1onsh1p between d1spersa] and d1spers1on In their

art1c1e, Harper et a1 d1scuss the, 1mportance of d1spersa1‘to plant

succession. Success1on is def1ned as the rep]acement of one’ set of

plant species Qy another set‘pver time for a part1cu1ar area. ‘They

»

part]y because of the slow rate of change and partly because of the
. time constraints of most research designs, thgt tﬁe‘distr1button of

. - o . . -
' plant species are regarded ag static phenomena. Most studieb of plant

b ‘ﬂ“A-review by Hahpér Ef al-

provi&es sone 1ns?ght 1Qto the var1at1on of’these intrinsic propert1es

- )
| - of p]ants Harper et a1 reqard the seed as the stage of arrested

o " ‘.'sr
deve]opment qf a young p]ant - C 1
,__/’-\\
The sped1a1 advantane of}hormancy is that it enables mema .
bers <of § popu13t1on to “Femajn insulated from recurrent or €

. sporadic ‘environmental hazards ‘and so ensures the continu-

- plant is not adapted. 18

. The nmde1 of the Engelmann. spruce is made mor€ complex 1f the character

State .. - ‘\‘ V\, (N o S Y

"a constant spatial shuff]e 19, .

I . o

17 on the shape and sizes of seeds

-3

‘ation of the population through seasons unfavourable for -
growth or environmental catastroph1es to which the growing

1
1
15 »

o

N 1

* L. 8 - i '

If a spec1es is. dependent.for surv1vay solely on the &
rep®acement in situ of every individual that dies, it is e
necessary only ®r the seeds, to fall to the ground. But

in nature, replacement-in situ scarce]y ever gccurs. Seee/
dispersal and vegetative spread provide the’ﬂmchanism for

[

At th]s time scale plant distributions ére dynamic Itr1s

- .

.° . -7 o .

Sizes of Seeds," ‘Anpual Revww,of Eco gy and Systematics, Vol. 1,

(1970), pp. 327-386. . E L
o Brbigl, pomr. Bbid., p. 3¢3. )

(e = T —

17J L. Harper, P H. Lovel 0d K. G ore, "The Shape and

"g’ Y o v L
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succession are~cbn%erned with the structural changes in species v
Q.

campos1t1on and not- the mechanics of the process o '«
A further conment by Harper' gL pelates seed s1ze and
_ dispersal: e * - . . -

| - " 77 The more frequeg;ly a spéeies exper1ences ‘the cycle of

, « invasion-colonization-suppression-extinction, the greater .

N . is the importance both of dispersal, as a mechanism of S
-, - €scape, and of a high intrinsic rate of natural increase. - . 3

: Fortunately, large seed number, small seed size and h1gh‘ ~ '

- O . dispersability go readiky hand in hand. 20 . .

Th1s Oelq;;onsh1p between seed numbers, size and dlsperSab1]1ty
. ‘9
, has evolut@&hary siqnificance Lack21 has recognized the same type

o )
of relat&oash1p in the clutch size in bird spec1es It means ‘that a.

seed plant can b!’reqarded as..a pod containing a fixed- amount of

Y

matter. (energy)‘which can be divided into various combinations A

-

/—>?‘j‘~ {/pdd may contain many seeds of small size or rarigé upwards to a few

-

‘® K
large seeds. This rai es the éuestion. how did this spectrum arise, -

v : ., X - ) N
and what factors of he-evo}Utionary environment interacted with that
L i particular characte 1st1c of plant specfes? Althouqh these evolu— "‘ﬂ' -

t1qnary questions are: outside the scope of -this work they . do<serve .

“to . indicate the importanee of seed s%ze in the process of: dispersal

d .. This i]lustrgtion emphasizes the 1nterredationship between SR -

. the intrinsic properties of. the.organism and the egents of dispdrsa]
FO. fhws retat1onsh1p determines the changes 1n tﬁe distribution of plant

LR species oger time. A}though the dynamic nature of the dtspersal pro-

i

" . cess may not .be abparent during a period of biogeograph%c é;search A
it is importaﬁt to exp?icit]y recognize its 1mpprtance in*the study of ﬁi,»

~ A -

q1ant distributiOns

!

: Opig. . - L B
‘lDavid Lack, The Nafﬂral Regy1at10n of AnimaJ ﬁumbers (Oxford

. ? Clarendoh.Préss, 1954)

‘- - . -
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CHAPTER IV -

N

. _ Ce
RESEARCH ;LLUSTRATIONS_(BInDs AND ANiMALS)‘

_ The: three 111ustrat1ons in thxs chapczzfa@e se]ected fron

A+

the anima] k1ngﬁom . The: pr1mary dﬂstrnctlon etween the two k1n9dom$
is the property of mobil1ty wh1ch creates ‘a more compIex type of ‘
T biogeoqraphical prob]em Indeed when the mobile organism 1s*the .

. obJect of researchy there 1! a dimen510nal ]oss, the dynamfc nature *i‘

"of the organ1sm cannot be satisfactorily represented by ‘the. static'

. *

image of a map

-

3

‘The first example is based on the band1ng recoveries of the',
: sea -bird species--{he'ﬁommon murre ( ria aalge) . As, a resu)t'of the

“ extensive field- research by the Canadian w11d1ife Service over

severa] decades, it is possib1e to map the recoveries and 1nterpret

bae movement pattern of the specjes throughout the year This 111us-

tration raised several questions about the ef*ic1ency of banding as

- a field procedure for obtainfng 1nformation on the movements of

. organisms The writer became 1nterested in the potential of b10te1—

emetry for thws type of problem Another examp1e discusses fhe

potent1a1 of th1s téchnique by secondary review of a number of

;

‘- art1c1es £ven though biotelemetry gﬁves accurate 1nfonnation on'

the movement of an 1nd1v1dua1 in space -time, 1t does not Obviate the
interpretational prdglem or'the problem of analysis of the movement

trace qf the organism - o




The f1na1 examp]e is an analogy The idéa behind this
strategy is to use the movements of part1c1pants in a cricket match
as an 11Justrat10n of the fundamenta] methodo]og1ca1 prob1em; By
us1ng the structure of a famllrar sport, it is p0551b1e to focus on

L.a

the constra1nts of d1fferent ana]yt1ca1 methods " The chapter con-

cludes with a general discussion of the six 111us;rat1ons, in
Chapters %IJ and IV, and their mearfiing in the context of the dﬁsc1p-'

line of B1ogeography . N

ILLUSTRATION ONE

l
-

Interpretation'of the movement patterns of the Common murre -(Uria

aalge) from the recoveries of birds banded-at Green Island, Newfoundland.

One of. the main record1ng functlons of the Canad1an Wildlife
Service is the program of bird bandtng\and the collection of band. .

¢ B B . . AY .
‘,recoveries.__Thts type of activity has opesated f#bm the St. John's,

_ Newfoundland affice for many years under.Dr. L. M._Tuck. Fairly

" recently, the writer completed a contract! to convert this material -

ta punch‘cards and umdertake a preliminary ana]ysis of all the
- . ’ .
recoveries.of Common murre (Uria aalge e)-and Thick-billed murre (Uria

lomyia) for the North West At?antic Complete'mapping of these data

2

- was undertaken by K. Cooper for an honours thsis For ‘this

‘111ustratton a. sub-set of the total data has been sé]etted, namely - :
the/recoveries of birds banded at Green Island, Newfoundland.
L, . .

£

1Contract WE - 73 74-95, "Analysis “and computerization of band-~
1ng recoveries of Murres in the North West Atlantic," Canadian ‘Wildlife
Service, St. John s, Newfound1and 1973 :

-

2Karyn Cooper, "An empirical biogeographica1 study of Murre
recoveries- in thé North Atlantic® (B.Sc. (Homours) thesis, Department
of Geography, Memorial University of Newfoundland, 1974).




Data

-
-»

Over the \last twenty years, Comﬁon murres have been banded
o at various sites in Newfoundland, Labrador and the Arctic. Table 6
indicates the number of birds banded and the recoyeries for the

" selected site, Green Island (seé Figure 7). ' S

oo  TABLE 6 " ’

Banding Totals and Recoveries Classified According
to Year of Banding and Age Class ‘

. Bandmg - ' Recovery
Date . ‘ Adul't Immature Adult  Immature ®
1951. 155 - 74 3 11
1952 159 .73
1953 139 . 1000 : w36
1954 - . 810 - : 43 o
- 1955 . 1169 - . . 29 -
1956 "0 o -
1957. o 1100 ' 24 -
1966 © 1000 24 \ )
1967 . 1300 47
. 1969 . 3087 9
foras 4530, sm0 6 30 4
' Banding Recovery B
) Total 10,193 Total 313

The age class catégbries are adult and immature. Immature signifies
-that the bird wasgbo}n in that banding year (bandﬁng takes place at .
the cblonial nesting site); adult}means‘that the-.bird was at !east
one year old at the time of banding. From Table 6, the numberfof

recoveries is 2.98 percent of the total number of banded birds.

»
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Inéerpretation

. )

The prob1em-is'to‘eXp1a1n the movement patterns of ;he‘Common .
. murre with'referenté’tg.varieus environmental facto;s. Fiéure 6(a)-(d) . )
illustrates all the\recoveriee and the season of recovery. The
'seasons are defined in relat1on to the breed1ng season.

, 4 -(a) April - September’_ Breed1ng Season

| /,~)' (b)'Octobe} - November Post-Breeding Migration - .
L (c) Dec mbe. - Janu?ry |

‘ (d) February - March

| . Figure 6(a) indicqtes a_concent;ationt!f recoveries in the
 Vicinity of Q;eeQ-ISIand with secondary'pockefs at the other nesting .

sites of'Cape,St. Marys and Baccalieu Islend.3 Gene%a]ly, the d%étri_

bution extends a]bng the southeast coast of NewfouﬁQland from the

Burin Peninsula to Cape Freels. A detailed study of the individual

4 recoveries for Green Island shows that there has beeri a marked R 4

v

-~

increase in the region in recent years.y This ie the result of the
C o . 1 o - )
introduction of gill-netting by the local ‘fishermen; the birds bgcome
entrapped in the fishefmens ets ' . '

Figure 6{b) shows a no .\ dwhevement of the birds along the -

coast;. the majority of the rec hre between Cape Free1s and the

‘no'rthern’ t1p of the iBngg_‘E;)e Bauld. By December there has beek a

reversa] and a relat1ve concentration occurs off the south coast

v f

., (Figure 6(c)). ‘F14eliy,'1n the period February ‘and March (F1gure. -

6(d)), recoveries arge closer te the nesting ce]onies,;pafgfcu1ar1y' - .

-

t3A11 referenced place-names are j]lustrate;\?i Figures 7 and 8.

+
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in the Mays of Placentia, Trinity and Conception.

L]

'This pattern (Figure 6(a) - (d)) confirms the general obser-
vation of Tuck: 1t appgars that after their initial movement north--

ward Green\ﬂs]and Common murres, both adult and young, tend to
reéturn to winter in the 'general region of their nesting co1ony. 4

~ A seconquuespibn is WHEther there 1is a\thange,in the

¥

distribution of recoverigs from one year, to the next, conmtingent on
‘ the winter weather. Recoveries are mapped for two years--October 1957

to September 1958,and Octqber 1969 to.September 1970 (see Figures 7
- ‘ AL , N - . - 1
and 8). These years were selected because they correspond to the

-

term1nat1on of the major per1ods of 1ntens1ve bandlng [t should be

[

noted that the number.of recoveries 1s very d1fferent fc? the years:
1957-8"= 18 1969 70 = 48; and also that the selected years are
twe1ve years apart. There is, therefore, the possibility of the

‘ influence of long time-scale factors.

Both F1gures 7 and 8 indicate again h1gh recovenaes close to

the nestﬂng site in the breed1ng season The main concentrat1on 1s

near Green Is]and w1th minor groupings at Cape St Mary s and - L
Baccalleu Is1and At present, it is still not known what deqree of
] \ inter-colony exchange exists. | y o _
- Figare 8 shows an exfension of breeding season reco;eries
k along the northeast coast Tuck explains that the b}eéding season v
(defined Apr11 to September) ‘includes ear1y and 'late .breeding

birds. The exten510n is ev1dence that the ear1y breeﬁing birds. w111 > e 1

4 [ ( o .
- L . . (‘ , .‘ . : . ! ]
‘ '4Leslie M. Tuck, The Murres (Ottawa: Queen's ﬁ?inter, 1960),

n, 91. * : : .




3 Recoveries. of the Common Murre (Uria aalge) - |
’ . - 'S < ) . )
* banded at Green lsland, Newfoundiand .
. October 1957 - September 1958 '
‘ i i iy ‘
o
. ) } @ OCTOBIR-NOVEMBIR -
‘ ' : , ' ' A DECEMBER AN AR
. / Co ® EBRE \RY - VARG
"‘;?‘”" ' ‘ B OAPRIL SEPTEMBER
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. Figure 7
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ReCove_ries of the Common Mutre (Uria aélge)

banded at Green Island, Mewfoundland
Qctober 1969 - September 1970
N / ' ¢ _
o , 4
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EACH SYSENT REPRESENES ONE RECOVER)

Figure 8- "




~ have started to move north before Septemberv'. Durin_q‘.0ctober-.\'ovember.

[ 4

< almost all of the'recoveries are north ef the breeding site. _Figure 8

) " o ., - ~N
illustrates the point: indeed a line drawn throuah Fogo Island would
. o " 4 . - i

cTearly separate the Fall recoveries to the north and west fron the

breeding season recoveries to the south. This pattern ts not so
evident in Fiqure 7. .

There are very few recoveries in the December-‘January period;
Fiqure 7gwd1cates three reeovemes 1n the southern bays whereas

qure 8 has recoveries in .lotre Dame Bay. There are few recoveries’

4

for February March also. ’

P

A vomparison of .the two maps suggests that the winter 1957- 58

L4

was more severe than tr)at of J1969-7O. Ihere is a lack of Fall

recoveries in.the North Eastin 1957, and"n%st of the winter recover-

ies were off the south coast. ‘If the winter is severe, then the

arctic sea ice conﬁ further south restricting the “food availability

far the -seabirds and -foréing the murres southwards. This explanation
is on“luy t‘entative because the samples are so small and ice _chants are
no.t avallable for that t‘fme period. These maps permit induc‘tive
specu]atmn on the relationship between external env1ronmenta1 con-
trols and the movement of the spec1es

Anéﬁther aspect of the b199epgraphy of the ;s;iedes is trhe
'effect of internal controls. For exampﬂe?, the temporal a‘nd spatial
.variations  in the recovery: patterns nmy depend upon ;.he age .of the
1nd1v1dual Table 7 is a matrix of recoveries fog ali ‘the” tﬁrds )

banded in, the summer of 1969, accordmg to -the month of their recovery.

“The pr.imar_y feature of the table is the decline in the number of

") , U""‘




recoveries after the first year. Secondly, there is a tendency for

recovery concentfétlon at certaln per1ods of the year. TQg s:qn1f1-

cant yonths are June and July and again 0ct0ber-.ovember Th?’gwmner
concentration can.be explained by the practise of g111—netting in
recent years, while the Fal] concentrdt1on is a function of hunt1n0

pressure on the North East eoast The murre is used to supplement -
A .

the local diet in this reqgion.
* TABLE 7 -
Matrix of Recoveries of Common Murres bBanded.

in._the 1969 Breeding Season According
to the Month and Year of Recovery

Par’\ 7 8 9 il() 11 12 1 2 3 4 5 "6 . Total

P

. 12~ 00 6 10 "4 0 3 ‘1- 1 ¢+ .8 46
E a1 2 3 0 0 1 Fro o0 4.5 0 o3
35 00 0 0 10?0(0‘0 3 n
Total 21 1 2 9 10 5 1 7 1 1 5

- 26 89
» .

This table deuonstrates the tempora1 variations in recover1es,

»

it could be Supplenented by a map of the spatwal Warxat:ons for birds

of d1ffeggnt ages.

\ There are a nulber of interesting peculiarities and problems
»

which are inherent in bird banding data. A rectovery depends upon -a
number of factors. In this study, there were eight classes of

recovery whvch~1nc1qded oil, qill net, shot, ‘'etc. The main method
has peen trad1t19na11y throuqh huntTng for food. Consequent\y, the

probab1]1ty of a reLovery through hunt1ng depends upon thé Jhunting



) ‘dxff1cuft to achieve more than a descrapt1ve sIatenent from this type

The huntina pressure, in turn, depends upon the avail-

N

ability of murrés the1r dens1ty and d1str1butlen for examp]e,

prégsure.‘
'under certain Lond1t10ns. there may be a limited stretch of water
between the shoreline and the offshore ices this resu]ts in an
aaaregation of the murres. If this phenowena occurs near a v111aqe.
then the ﬁrobabii{ty of recovery will increase. An additiona] factor
" is the natyre of the hunter and the likelihood of a hunter returnipq .
therband to. St. John's for‘rpénrding. This‘\ikeﬂihood may vary
geoqrabﬁical?y»from the Labrédﬁf coast to the east coast of Newfound-
land. ’ . ) ' o | #
A fur{her factor is the sampling problem. Ihg'nuEber of birds
banded is only a sample and therefore the recoverﬁe§ rebresent a

biased sub;sampfe of this bandeH set. 'For these reasons, it is very

of data. It ts, however, poss1b1e to art1cu1ate in abstract -terms

the type of ‘éxplanation’ requ1red by the b1oqeographer for examp}e,
\/,
each recovery -is a pQIHt in space-tmme and its. existence at a partic-

ular 1bcaf%on and {ime depends upon the ﬁropertiés of a number of

[=}

lntera(tlnu ‘surfaces. Food supp1y:nhy be recoqnized'as~a factor.

which would 1nf1uente uoveuent patterhs of the spec1es Thig,faétor' ' x

would depend upon Lertain phys1ca1 charactertstrcs of Newfoundland

waters. fhe Labrador‘current the Gulf Stream and*ihe Grand Banks

S

aré alJ positiveffeqturés of the sub-marine landscape which aﬁfect
U ’ . .;‘ .. g a
food supply, wherééS/the‘sgaspna1 movement of sed ice would be

reqarded as a negétivg.inf}uence. These physical characteristics
of the marine environment present a dynamic.spatial system. The

.
’
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13
.

problem remams ,to relate the sampTe pomts to this dynamic spahal
system. - 0Onée approach would be to postulate a pmbab1hty surface. oF,

recovery. ® This probability surface woultd change seaso:mny and

annuaJ]y dependwm ’upon the preva]ent weather svs‘tems

. This d\SLussmn refletéts the d\ff1cu1ty of bmqeoq_raphnal

researc on a sea bn*d species. The swe of the orqanism and the
l
maccesmmhtv of the manne envwonment add practical hm\ tatmns
{ \——- '
Ther‘aﬁs, however. an advant-aqe of the murré; since, it is a coloma\

_ speues and since the colorhes are few in number®and relatwelv N

.

auessm]e, the spemes can be banded relatively easy. Blotelenueti‘y.
offegs a nore reliable technique of obtaining infoMation on the.
" movements of oraanisms, a.lthouﬁygird banding will vemain the primary

data -source for lonosterm studies into the population levels of

.
- g - Yoos

e SD9C1GS ) . . ‘ ) . . e
lLLUSTRATIU;{quo, ' ’ e . . |
6o The apphcatmn of biotelemetry | to bmﬂeoqrafhi, a r‘e\'ciew, ’. ]

*!mshall used motelemet;y to map the movements of an

. - + » s . *

individual ruffed grouse. Ficgure 9 ingdicates the teleme,tered posi-‘

" tions and the presumed inter-observat’ion'straigm line movements . .

\
S \

The result is a comp}ex spatm] pattern. Bioterl'emetry is a technique

for obtammq mformatmn on’ rewote and mas.cessib]e living systems
', . wmch hdS \mmrtem“t nnp‘hcations for b1m1eog.raphy In this illustra-
~ . " )
. ‘tion, the object is to review a number of papers “which. appeared in
- - _° d

- e a ~ - . s e e e = e N 14

s -

5‘,;1'1114,;, b, Ma,-g'ymn "Ruffed (xmuse behaviour.“ g'}iro_s_cj_g\_g_e"
Vvol. 15, No. 2 (1965), vp. 92-94. 1 . - A T .

. . ’ s )
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Movements of an immature Ruffed Grouse

from

- ' -

Jlate Winter through the Breeding Season |

et e < . et i A o e [,

.

RN \
DR \\{\ |
x.t&{\ A
BB
\:’\i\ R

N
R >4 . ARG LR
J}‘\ 3 ; AR R
R

P} :“ 3 VALY
R
L
\

\ \\\x AR
\{\"t‘\ \x
R

\ \.‘\

o

>
-

'n_*\';}i ANDY | @@ TRTONY MU N

RERREN SNNINN o B A . N

, ‘ L . \ ‘ - ’ .

o L SR SE ML T INE Lt" By il.l.q t \ : . -
] i ... . ) . . ) ~l'~ .~ . . - e

L ../—.. ,—:"‘ .. . R ’
figure 9 . e
" SOURCL: William H. Marshall, “Ruffed Grouse Behaviour,"
| Bioscig¢nce, 15°¢1965). p,-93. . " .o -
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Bio ;1 nce Februany 1965 6. Even thouﬂh the source 1s dated, 1t pro-

v v1des Suff1c1ently déta11ed app]wcat1on descr:pt1on to 1nchate the :

- - " .
, . ..

‘»pertlnence of the techn1qye to Btoqeoqraphy

. '
'y
baotelemetry involves the attachment of.a transmltter to the

'anImal and the posation1nq of a set of rece1vers wh1ch a;curate]y
locate the,anxnml in 1ts natura{ envjronment. Past-research has
' %néluded species.of birds.. bears and do]bhins.' Thé nmnitored'positip%s ‘
can be'rgé;;qu d{recil on .to magnetic tépe or fi?m‘énd hence 1t'i§'
pQSSib]Eu}DvFEDTOdUCE-!!é moyemen § paétern of the organiﬁa o&ér the .
research<peri63.-.This‘}Enbte:sensing.o% loéaijon can be"suppieménted "
Qithrbéhaviourai and envirqnnghtal‘héta by using field’recéive}s to
héné iﬁ on the indi&idual . ﬁioteiemgtry érovidés mof; preci%e’inform-;
7tzon and also’ 1nformation wh1ch‘has not prevlggsiy accessibae to the

. M N ’ ’ '
: human 6bserver B o

7

- Adams coﬁparéé the traditional livé-trép'mé;hods and biotele-. ~

nwtry to obtain data on* the home ranqe of an \ndividual. The primary

d1fference is the radTEal chanqe in the obser¢br—an1ma! relationship
Y -li .
' ' The 1ive- trap method requires bait which introduces the. spuriqgs human

C]

’ ;nterference factor. in biﬁ;elemgtry the equivaient factor’is the

unknown influence of the &ransmitter on the animal: A further disadvan-

—

'taqe of the lxve-trap method is that the animal is captured and hence"

-its.posxtion remains f1xgg yntil re1eased.by the observer. - Adams’
. . A ‘e . . . |
:/’ n -t - . . " . .
L em e },_-‘...-..q_.‘..-._ ——— y ) . ) * . .

See D ticularly. the uhpers by Lowel] Adams , Frank C Craig-
head Jr. and 9ofn’ J.- Eraighead, Willjiam Southem and William H:
narsh‘%n in the bid{liour‘aphy ' A

: . 7Lowe'l1 Adams, "Pragress .in Ecoloqical Bioxelemetry." gioscienbg,.
vol. 15, No. 2 (1965), p p 83- 86 K t: . '

-7 , "l

rd
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T & RN
descr1bes the merits of biotelemetry forw?bta1n1ng precise 1nform-

- - .
ation on home range: _— o

With the few®scattered points obtained by live-trapping,
" investigatprs are hard-pressed to define even the boundar-
ies of the range. By combining all points for all individuals
in an averaging process, ¥verage home ranges can be described,
geometric centres located, and frequencies of captives esti-
mated in zanmes about the centre. With telemedry there are
enough locatigns to dépict an individual's home range in
detail. Here the internal gnatomy &f the home rénge reveals
attriﬁites previously masked in the averaging procegs.8 , P

The' geometric centre, for example, becomes insignificant in
‘ ' ‘ . ' # L. ———
comparison with the various ecological centres of activity which the

animal T'tself displays in frequenting these Centres. The animal®s

location is a behavioura]_response (feeding; resting) to its environ-

4

eﬁ? This detailed 1nformation provides ecologically significant

facts on the boundany of the home range, centres of intensive use and

B}

areas of d1$u§e. Consequently, home range can be rgdefﬁned. "home
“ranqge-are those poiﬁts in time and ;ﬁace pccup{ed by ‘the individual '
during.a specified study beriod."g

. Bibteienmtry can aid research into such questio

further advantages _They sfudied Gr1zz1y Bears (Ursus-arctos

hgf[jijJE) in Yellows tone National .Park and make four points:
« .- (kl:The presence of the observer does not influence‘the_

.acttgns ory behaviour of the subject. (They use field radio recéivers

—— - — : . , ]
4

81bid., p. 86. " ., Sibid.

: 10k rank C. Craighead, Jr, and John J.:Craighead, "Track?ng
Grizzly Bears," Bioscience, Vol. 15, No. 2 (1965). Pp. 88-92.

e e et e Bt

P
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to situate the observer.) e ‘ N T
" .(b) THe instrumented animal can be monitored continuously

.'day or night: '.j - 5 T

(¢) It is® poss1bJe to obta1n information on periods of

act1vtty, speed of travel B ) v r -

(d) Phys1q]ogtga1zparqmeters can be monitored for*{g;i'rqaming

an1mals e 'Fm e : - _ .

” N .

ﬁ-‘\

4

It is 1nterest1nq to recogn1zea¢he constraints imposed on the

|

model by ‘the f1e1d des1qn " The tWenty four hour cont1nuous mon1tor1ng

system permits a new ‘et of 1ns1ghts into the behaviour of an 6rgan1sm.

Information on the rate of movement igproves the partial, stat1c

“image (fer~examﬁ1e, Figure 9).- If it ts possible to monitor the
internal ph}sio]ogtcal envfrohment and the external envirdhment then
the organism can.be studied if terms of the ba1ance it maintains
between these two envireopments. “Its movements may ref]ect th1s
balance. -This approach suggests. the needvfor 1ndependent environ- ~

: meﬁtal stud%es: since it is difficult to understand the perception

N ’ '
and reaction of an\Urgan1sm unléss the properties of the areas not-

An

frequented by the organ1sm are. known too.
]11

» g -
Marshal
&

y

ship in th& rufted grouse. The aim was to investigate whether changes

in habitat caused by forestry practices affected the ‘grouse movements

The study area was well-1natrumented for env1ronmenta] factors and - -

<

=~  therefore it was possible to record”the bird's reaction to climatic

/ .
L] ,” v

—r ',_#’ ) .
llhi1l1am H Marshal], "Ruffed Grduseveehaviour," Bioscience.
. Vol. 15, No. 2 (1965), pp 92-94. ' . —_—

studied this form of organrsm-environment relation-"~

’ e
B N




9 me¢hods of ahaﬂys1s w1}1 be requ1red B1ote1emetry is focussed on

y -

R‘,_’-/

. . ' .
changes. TIndeed, Marshall discovered.that the ruffed grause behaviour
Ao, - , S N .

in cold periods inyolved a quest for habitats that minimize energy .

]

loss- and also for foods Of high calorigenic Value. The organism

perceives the var1at10ns in the micro- env1ronment and hence opt1m1zes
-] 1 ‘

' 1ts location' accord1ng to the abové criteria.

- ’There'aie also examples of the app1iéation of b{ote]emeq;y in
. w . | * . i ' -
a marine environment primarily tHe sfudy of dolphins. The nature of

the prob1em remains the same, "except that the movement is in three

d1nens1ons It is poss1b1e that marine mammals m1ght be ut111zed to

mon1tor the1r aquat1c micro- env1ronment One of the maJor prablems

k 4 ! . - .

in the deve]opment of marine biogeography is the visibility and dis-

~turbance created by the" human observer in th1s envmronment Yet, it

is questionab1e whether another species should be -used for th1s purpose.
From this cursory .review, a new research emphasis for

Biogeography. can be env1saged based on ‘the technique” of b1ote1emetry

Ihere are several prob]ems ' the teChn1que prov1des & weaTth of inform-

'

ation and therefore methods will have to be devised togscreen the
data At the 3ame t1me, 1t is a new type of .information, the movemen t

patterns 1nc1ude t1me as an 1ntegra1 component and hence different

-

L4

the 1nd1v1dual o:ian1sm If the 1nformation on the organ1sm 's move- o \%> "

mented by env1ronmenta1 information; then 1t may be o
A
possible to appreciate the organism S perceptﬁfn of environmental*

ment‘ban be supp]

.gradjents and a]so 1ts 1osationa1 rules’. -.In any qf these endeavqgrs,
it will be.necéssary to deve]op the appropr1ate mathematics to perm1t'

the 1nterpretation of the movement patterﬂs in comparison to the -

r

dynam1c env1ronment N

-

% v Pl
- - . Y
*
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ILLUSTRATION THREE Y : \/ \)

L]

The game of cricket as an analogy to the methodolog1ca1 prob]em of
2 .

studying. the spat1al pattern of mobile organ1sms i

This f1na1 111ustrat1on uses a cr1cket match to try and éxpré§?

more 1&cidly some aspects of the methodo]ogica] problem. ‘Thetselec—,

tién of & cricket match reflects the writer's cultural background,

. . ’
L] . N

but the ideas are obviously transferable regard]ess of the sport. A

“

cricket match has certain constraints§Wh3ch should be mentioned:

(1) It occurs in.g finite space, | . .o

i

L]

A{2) There are structuraf components in terms of tjme, -
= T .

(3) The 1nd1v1dua1s have spec1f1c funct1ons )

These constraints and their s1qn1f1cance are d1scussed more fully later..
- Consider a set of photographs wh1qh have Been takensby an. /
invisible mov1e camera of a cricket match.. These photographs. taken,('

by ‘a vert1ca1 overhead camera, would 111ustrate the movement patterns

.of the 1ndiv1duals (cr1cketers) over time. 'Dépend1ng.upon the resolu:-

t1on of, fbe ~lens, it m1ght be possible to record the movement of the
ball. Let us focus 1n1t1a11y on the 1nd1v1duals The response of a
person v1ew1nq these photographs would depend ‘upon whether or not they
had any ﬁpowledge of  the game of_cricket.’ There wou1q be a spe;trUm -
of responses from the“observer,who h;d never heard'of the game to the _

expert who knows the‘ruleshand has genera] experience of cricket."if

L3

we adopt a menta1 Out]ook that fofuses purely on the abstract move-
ment pattern 1t is liker that the fo110w1ng observat1ons wou]d
be made: Sy | P

1) At a short time scale it would be noticed that regu1an]j'
. s L [ _' )



v

-

L ; ,
there was.a comple¢e reshuff11ng of the individuals.’ Indeed, there

would'be ;wo a]ternat1ng patterns wh1ch would correspond to an "Over".

Within this alternating sequence,‘there would be~random movements.

“

For example, one or twd persons may be moving rapidly for a short

.distance (the ¥Bowlée¥" or the "Batsmen" scoring ?uns or 'a "Fielder”
retrieving agball). . ‘ I . ; e

(2) At a long time scele'tt would.be noticed that, everyone

T

]
) mpsed off the area for a period”(lunch or tea interval ‘at the end of

. ”Inn‘ings"). . - . § ‘ . ) L - LI

o
These two structural® oomponents would be expected at anj ‘
.~-cricket match, although it'is'quite possiblé that other characteris-
tios could _be oQSerted at a soectfic game. Foh,example, the rate of

moyéaent mtght}yary over the. time peridd, perhaps prior to an. ™

: interval. /;‘ ’ : ,

; ‘. Let us now consider the act1v1ty patterns as"a probléem to be

. et »

. .
- ana]yzed One approa_cl'r wou"i be.to 1denj:1fy each i'nd1v1dua1 player
. . e roal

and to record his perSona]ibattern- It-is likely that this would show,
part1cu1ar regular1t1es on a ba]] to ba]l level With d knowledge of -
the game , 1t i$ apparent that the individual movement pattern woyld -
'vary with the function being performed (e.g., "Bowler", "Batsman"., ’
u511p f1e1der" "Out- fielder") v ) ‘

. I't is 1mportant to notice that we have moved‘Trom an OMEra11

percept1on of the “cr1iéet match" characterist1c to the pecu]iar

A

.patterns of the 1nd1v1dua1 Th1s 15 the standard reduct1on1st approach 12 .

L A

— —— — -4

12Arthur Koestler and J. R. Smytmes, eds s Beyopd Reductionism.

New.Perspectives tn the Life Sciences "(Londoh: HutEhinson & Co., 196@7

4
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here "organism-centred"..To continue, havinag recorded the pattern

- [ 4

for each individual, a further stage in the analysis would®be to ‘

~,

compare and1v1dua1 patterns and attempt a class1f1cat1on ‘The
criterion could be total distance of movement ¢r it may include a

directional compohent. It is probable that ‘the focus of adtitity is
: . - .

around the "Wicket", discernible as’a 1iqhter strip of ground.

A subsequent 1oq1ca1 step yould be to seek s1m11ar occurrences
° H
* of th1s phenomena and to see ‘whether the structural components of
v

one game exist at the second location. Again, w1th a knowledqe of .
o .,\\7/ 4 :

. the game, it would be expected that, there wou]d be tons1derable

variations in the individual activity patterns, a]though the compon-. -
ents, (1) and ( ) 1denthf1ed abpve woulq rema1n the same, «fef;,f'xv
S Another apprgach to this aualogy wou]d be to record the

1ncurs1ons or number of 19dfv1duals present in a part1cuTar req1on at

" any one t1me. Th1s wou?d be .a “space—centred" approach. The ques-

tions which would arise are: {(a) How’do these numbers change through

time? and (b) Is theje any pattern withineor between regions? If the -
. . . . oy - ) 4 * -
resolution was suffic nt then ﬁt wolld be.apparent that the movement

patterns were in sgme way related to the movement of the ball.

- ,

!nmﬂar]y, 1t3¢ould be péssible to analyZe the movement of the ba]]

during the t1me per1od and also subsequent1y relate the individual

. v .. a
movements .

-~
* L 4

The. a#im of this’ e1aborate descr1pt1on of a crwcket match from -

an odd viewpoint is to,dembnstrate the ana]ytical‘prob1em‘in the study
. . . N ”
of movement patterns. It should be récalled that the example is ©

Shar ]

ﬂ;{jﬁ;ﬁtraﬁned; namgly: (1) It occurs in a»fin1}e space ,*(b) There are

. .
v . .8 -
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L4

structugal components in terms of time, and {c) The individuals have

RS

specific functionsﬂ)

Several points conc]ude.thislanalogyi .
(1) It is only because of the unreal ideal sﬁtha&ion of an
. invigib]e camera (invisib]e\so/ag not to affect the participants in
the game) that it was'possib]e to see. thevmajor struttural_COmponents
‘tn tine (that is,.to obta1n a perfect record) S’ .
(2) 1t is very conven1ent to study a boonded space, and a]so o

' one 1n wh1cb theré is very pﬂtt]e 1nterference from objects of &

s1m11ar form or v1sua1 ‘noise’'. | " T
(3)‘0ne,approach adopted for analysis was "to Tecord the more- -~

¥

rent pattern ot an individuaT'OJér time". With the film record, it was

then poss1b1e to compare and consider interaction with other ' "
«f’ . .
1nd1v1duals: Th1s would beIextremely difficult in a]ess contro]]ed -0

* + situation. - Lt ) o : .

"y

-

(4)‘The-se;6hd approach was to monitor the spaéé, d@ﬁnhstratinon
a traditigna]‘methqa of ana}ysis”and.il]ustrating some of the~sh6rt-,.
"comings in terms of tryina to understand the system. It implies a

* structure which does not exist in reé]ity:' This‘pérmits convenient
research at the oiservationai'stage and yet creates many new problems

at the 1ntErpretat1ona1 staae

. ¢ - R P B

(5) At a 1arge;~or global sca]e tf a particular pattern was:

R

- discovered in one 1ocat10n then it would be nééessany to seek repli-

cate examples in other parté*df the whr‘ldw Havinq'identified’siMil

open spaces. it is poss1ble that thay may be empty Ihere are a
Y . "
number of p0$$1b1e reason! that can be put forward: ) s

»




/ -

(a) not a cric¢ket ground. Ihjs_wou]d*ﬂn that spaces with the
| ~ ST,
same form and-photographic texture have mul}tiple functions.

Y . &

(b) wrong time ‘'of the year. The nature of the spaoe depends

upon the time of observation.
. ‘C. "

’ - . » d ! . 2 . .
(c) inclement weather. The space functions only under certain

~ ~ -

¥

o envu‘onmenta] cond1$wﬁs o - . .

4‘

These reasons can only be proposed because of the wri ter's

.know]edoe o{ the necessary envi ronmen;al‘f*condlnons There are many

P -

further questwns which can be proposed about the c,haraq,temstags‘
a & .

wnigh distinguish a cricket ~greund from other spgces.

e This ana]oqy presents the most abstract statement oﬂ the

-

prob]em of B1oqeooraphy An under]y’mg theme of the analogy is th;e o
current conceptuahzahon of scientific method based on analytical
- Y

procedures The 111ustra{n once agam d1st1ngu1shes between

"organnsm—centred“ &"space cent4l " approa(;hes Furthermor«e the

. notion Of an 1n\hs1bTe cal!ra has certam paraﬂels in b1ote1emetry

»

n . - .
so that,the an,a1ogy a1sg poses the prob]em of ana]ys1s and under- X
"standing of movement patterns in space-t1me. o .
Diseussion of Research 11llustrations - 7. '

Two different views on the nature of. Bipdeoaraphy have bepg.
presented in’}his thes7s. The authér has usod the labels of 'ecosystEm"
_approach and Jdfis'tribution' approifh to distinouish tbe‘vieﬁs Frow
these 111ustratwons 1t 1s tlear: that the thes1g.1s ln support of the

-'d1strrbut1on VIew The author” has subdivided that part1cu1ar view
13‘9 Organ15m-centred' and ‘space-centred’ strategtes These '

opposing strategles #pm a paradox which bas a greater flexibility




v _,. 8\,

and avoids the m%spqued concreteness of the *ecbsysteq' approach.

LY

A second po{ht'is that the 'distribution' view, based on the paradox,
. \ ,
retains explicitly the spatial component. This is well illustrated

by the six examples.. In this discussion, each example has been

& L]

reviewed in detail. fhese details show the differences between the

T R R
two views. They also imply several conceptual problems which-are

~

developed more fully in Chapter V.
In the first example, a distance methodology was applied to

the locations of trees in a forest. This example was essentially

o . & . . : .
spatial since there was no_(u{g:mat\on‘on the environment or the

-

i R ~
orqanisms . Attention was c%nfiued to the geometry of the points.

The né;h@}/proved inadequate as an Indicator of spatial organization.

5 .

lt/was }imited to the de§cription of types of patterns into the ‘three
’ A

vatepoyies of clustered, random and uniforw. Spatial orgahization is |

T

{cept which implies undevlying processes and the ‘eaplanation of 8
pattern in terms of these interactions. The inadequacj of the methad

1Yes partially in.;ie relationship between these different concepts

v .

of distribution, pattern and orgéﬁgzatibq.. ThiELpTobxem is constidered
in Chap{er V. In aéditﬁon to these conceptualjdifficu]ties,ethe
e\ampfe raised a more funéanentai problem, one which concerns ‘the
relationship between aﬁ analyticalltethnique'and fhe'explangtion of

organizdtion. There haé been a great-deal- of diseussion in the (
LI ° R N ) t‘ » . v - . hd
biological sciencé§l3 on this type oT‘episgguD]ogieal issue: within

| { '....‘ s .-
: .

Tt e T ) - o .

o Bror exapple. the epistemological and philosophical contribu-
tions in C, H. Waddington, ed., Towards ‘a Theoretical Biology..Vols. =
1-4 {Edinburgh: Edinburgh University Press, 1969). These four volumes#
have beer published over a foyr year périod. . . :

’ \

v
. . 4 . A -
) . . hd - . <
- -
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this thesis these points are referenced in the sections ow Natural
. _ ' L . -

Order and Pattern in the next chapter. . g

The second example presented two altem\n/titwa_vs of studyjng
vegetation types. [t emphasired the intrinsic bioloaical characger
of Biooeoaraphy. Secondly; it illustrated that Biogeography tenids to
ignbre the spatial relationships and instead concentrates on thg cause

B / .

and effect linkages at a point. This example suggested that there is

a similarity between the spatial proganization of species on the

,f!eargﬁ;s surface and the organization which exists within the praanism
(i and the cell, Since all three~differept levels represent 1i;inq
kwasysféws. it is assunwdaxhat scientists in other biu\ogical sciences
afe also faced with the problem of spatial Owganization of living
matter (see Chapters Vv and VI). |
The third illustration described the»nelationship between thev'
. proLess of seed dlspersal and spatwa] pattern. It ¥llustrated. that .
process and pattern are inseparable and also that the onqanxsn»4§u3 its
.envivmnreni 1nkeract to produce a“spaiia\‘pattern.- The main pharacter~‘
. . . o . -
istic of this example was the-focus on the properties of thg organism.
This focus demanstrated*the complexity of the'intergciions Qe;weep a
seed plant and its‘envirgnn%nt at all stages in tge plant's develop-
ment. A funther.$oint w;; the stress onnthe dynamic¢ nature of‘plant
patterns over lonaer tine'periods. ‘
- This chapter attempfs to answer the eaéliér criticisﬁ of ' the '
1iterature, that Bioqecdraphy'is the ;tudy of plan; speéies.. All

these 1llustrattons euphasnzed the mobl]ltv component.  Even sééd

dispersal 1n the prev1ous chapter shoued that the d\st1nut1on betw&én




.

)

plants and animals s a matter of deqree of independe;\tlmobilit\y'.

¢ .
@
»

4
tive scale of research and tragetability. The first illustration
D ~ :
described and interpreted the recoveries of the Comwon murre in the

North West Atlantic.. Figures © to 8 provide maps of recowery points

which present a similar interpretational probler to the tocation of

forest tree species.  In this case, the writer did not attempt to K
e ‘
chgfacterize the set of points, but instead, concentrated-on the

’

quality of the data ad a general description of the mvenvevm‘%f the
! > \

species.  The bird recoveries indicate both location and date. whereas

in  the case of tree species, the only indicator of time is the ‘age of
. : .

the individual. This gample- of bivd banding recoveries 'showed thé
~

tvpe of fnaccuracies and restrictions of these data tor robile oraanisms.
"he author responded fo this problerm with a réview of biotelemetry.

Riotelemetry has the advartage of providing precise location

’

and time information on an 9ndividual organism; an obvious-constraint
1s or the number of organisms that can be monitored at any one time,

" the vursory review @f the techpique in this chapter. Marshall's
v . ) . .

"ap w moverent of a ruffed.grouse (Figure 9} indicated the

p

quality of the information. “this lexel of precision again raises a

Q}vt‘\enz of analysis. Tbhere remains a need to interpret a set of moye-

~

ment lines and to compare t'rrr‘_is pattern with ‘other patterns. _This

v'ethomfouic'a‘l probler has roots in the ¢richket match analogy. In

]

this analoqy t‘hé writer has tried tp indicate the pit?a”s 9? differ-
" ent stratecies. The analoay overcomes. the problem of lack of

information in studying species-other than the human. -With a familiar

L

context, 1t s possible to foéus on the underlying structure of the




« . - . . -
pm’b\g\a":‘ The conclusion from, the analogy’is that the problens ave

- developed in xh\wtev V. .

TSV a period or time, then we will notwe thé I'l\bl]-\t\ of kertam

act m‘th each other and aiso mth then enmmm‘sent The problem of  « °

.t\een the bw]omcal snemes. asr\ecml]v Theou‘etkal -?-\010\\. ‘.:'he«. : . o

‘mncept's. ‘hr%e of tie comepts~-Natural Order. Pattern and Spatial ;: o

" DMiversity--are wnsuk-red to be soage centred’ . whilst the fourth

hot, methodological, in the sense of the need for*a sodified techrigue.

but atner conceptual:, conceminq mockes Of thouqn"‘ ‘,he nature of’

the wmeptua'# fu anework to the probler of wioqeoqmpm is more fully

-

v -

“Fror ;MS $ ummary of the n:‘seauh illustrations, 1t 1S now

- - ]

pmsr\]e to define the nature of the komeptua’! Dmblew‘ Fowe
o Y
ggngider a part ¢f the earth's sur?acge. within that space there MH

enigt a }m'fa,t\er of. or‘qanisvS. These. dpaanisms have bee&’cl s‘ fied

into speue\ dum‘dmo to their =orphology. 1f we observe the, space

-

species a that 5\&‘8. and also \El’t%ln Lhd'“‘t‘§ w the thugal

o

e'*.\jh\‘n"\ev‘.t. -\ﬂ the omamsms of the different specws mh inter-

AN ‘e\n;raphv is to develop a e.onceptual stru\ture to uuderstand the N
iwa"u sp at1a1 orqan}’ahun of a segrnent of natuna ‘ A \9‘ a ‘

n ‘seekmq to develop a conceptual str‘utture t;\.é‘ aut.hor i\as
nwestnmted a mdne rapge 0# mtmphawes The primary resouu.e ha; '

. ‘

arcurmen?t, pre\ent,ed in the 'ronou\nq chapter is that thene 13 a ,‘ a -
\ertmn transferamhtv of concepts\up and cbvm the menc\rchy (;f L - a
*\»o!o\ma! matzem-uen-»rgar;xsm-m/obe A secoﬁd aspec of tha -t ‘
inQuiry \> "the relatwnshw e tween on}amsw .;nd ennmmvent,mth . S
tts paralle! of "an amd rature. Chapter \;pn?p,oses f'our c\l‘te;‘nat\w’i " e

v l’

[ - s 7
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e
and last tOpvc-—organ1sm 1nteract1ons--1s obv1ous1y “organlsm-centred“

-«

,'{ Thase concepts are not mutually exc1u51ve, nor can fﬁey be regarded

" as Tndependent of the six research 11Justrat10ns in® this chapter

The t:ue nature of the b1ogeograph1ca1 prob]bm is well .

1llug1rated by a descr1pt1on of gnat behav1our used by Coleman to
?Tnd1cate the comp]ex1ty of’soc1a1 systems ‘\‘ - -
, o

 fnce when 1 was s1tt1ng on the edge of a cﬁ1ff a bundle- of
gnats hovered in front of me, and-offered a strange sight. s '
Eath gnatwas flying at high speed, yet the bundle.was .
. mot10n1ess Eachr gnat ‘sped in an ellipse, spanning the . ‘
. . diameter of the bundle, and by his frenetic flight, main- .
taining the bunde motionless. Suddenly thé .bundlie jtself CoT
darted -and. then hovered again. \t expanded and its. .
-[-boundaries became-diffuse; then it contracted into a tight, - NN
ard -knot ‘and darted again--all the while compqsed of
othing other than gnats flying the ndless ellipses. It
?ina]kg mdved off and disappeared: - Perhapy also it dissi-
pated and ceased to exist, each gnat goind his own way.
. 'Such a phenomenon offers enormous intelTectual problems:
" ow is. each gnat's flight guided, when its direction bears
no relation to &he directian of &hpg bundle? How does he « .-
vmaintain the path of an endless ellipse? And how does N
“ he come to change it, when the bUndle moves? What is the
structure of control, and what are’ the signals by which
coritrol is transmitted? 'But the‘ problems-are not only
. substantive; they are also problems of what conceptua1 o : LT
» . framewoik is best used toﬁﬁgsgribe systematically what
goes-gn--when are the gnats ahd their-ictions the best &,
, - units for descr1b1ng behaviour, when is "the -bundle the best o
- .unit, and when is still a th1rd more ingenfous conceptua]
. Scheme necessary714} ' : ’

o
. .
. , ) . R
B . 8 - a
<« S
2 -
~’ .

o=

7 14James S Coleman, "Social Systems,” in Hierarch1ca111¥
0 Organlzed Systems_in Theery and Practice, ed P. A Weiss (New York:
H .

afner Publishing Co.; 1971), p. 69 ] .t

r
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- ~ SIGNIFICANT/ CONCEPTS IN BIOGEOGRAPHY
+  A_significant concept is one that js fundamental to the
. ) . l . 4
_definition’ of the discipline.' At an earlier point in this thesis,
B1ogeography was defined as the study of spat1a1 organ1zat1on of °,
organ1sms Four concepts are presented in th1s chapter which, collec-
tively, provide an alternat1ve }o the. ecbsystem concept It is
he11eved that theése concepts offer a better framework to the discip-
SN }

line fér several reasanps. The co}1ection of concepts are based on

the fundamental properties.ot the organism and the space. The

P
. ecosystem is a h]gher order abstract1on der1ved from these same

) v e

propertfes. If B1ogeography is toxestab11sh ntse[f as a distinct

+ disciphine, then i#must be defined on the bas}é of fundamentals and -

\ - L4 1.
not by transference of a well-established congept from another

discipline. The current use of the ecosystem concept on]y creates
unnecessary confusion between the d1sc1pJ1nes. Second]y, a co14ect1on
of cdncepts proVides open;endednq‘ixend f]exib111ty. The four con-

cepts are not put»forward as a rigid, exclusive set they are .

&

*

selected because of their relationship with the genera11zed concept

.
of spat1a1 organ1zat1on Anpther criterion for the Selection of

-

these concepts is their ab111ty to provide insight into the b1o1oq1ca1

/
context of the d1sc1phnqb ®The four concepts are:- natural order,
]
patterrd, spat1al d1ver51ty, and organism ‘interactions. )

L . 285,

>
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Natural orden ig defined as an qnderlyjng quality, often’
' , * 1 :
_aesthetic, found in natural objects and naturew Science has n - .
,-— . : . ::. ’ % . Gﬁt;e\\,_i
been déscribed as the. search'for order or natural 1aws .+ At several < T

contextual levels, }f Bipgeography is to‘be regarded as a sc1ence,

‘then the understaﬁd1ng of the contept of natura] order is fundamenta]

The second concept of pattern is 1nterre]aggﬁ to natural order and '
*similarly it is poorly defined in the 11teratyre,. Patterp nas,been
‘used as a éynonym for spatial organization which has ¢reated further )
énnfu§1on. 'In genera],,thé distinction i§ that pattern implies
description whereas spatial orbénization imp]ies explanation. ' ﬂany..

. scientists, 1nc]ud1ng geographers and ecologists, have tried unsuccess-
fully to study the attr1butes of pattern Th1s lack of su ess 1s, '

ep1stemo1og1cal, current ana]ytlcal procedures and 1anguage are

inefficient 1in the study of comp]ex, multi-dimensional entities and

o

their formé.

-

The third concept is 'spatial diversity. It is almost comtra- .

- ~
dictory to envisage d1vers1ty within space without a consaderat1on of
’
the things in the space. Spat1a1 d1vers1ty f’)essent1a11y species - L

diversity. In this context, §pat1a1 diversity ]S a sca]e-dependent
connept. The d{versity is a function of the size of the space and
the size of the organism. VYet, if fhé snace is‘increpséd,.it is not
nece;Qarily true g?ét there will be a'corkgspondjng increasg in diver-
sity: This conéebt is often ‘used synonymousl& nith compTexity. -
Organism interaction is. the fourth énncept. The: emphasis is
-

on the physical properties of organisms and/the factors which

influence the organjsms' use of space. Th?é conc;pt is basic to an ,



.
?

) .
» - . . « . ’

‘organism-centred, ‘approach to ‘Biog'eography, whereas the first three
. : , : . 19 o, -
concepts are important in the 'space-centred' approach. The above )

points on spatial diversity reaffirm the two ‘sides'of @ recognized

. paradox. - B ', . ¢ T
il . ’ . “ e N
(1) Natura1 Order ’ T o
. , " The concept of natural order has a1ways fascmated tbe -

. scientific mind. It can be found at all ]eve]s of -the h1erarchy f'?’?

T

i -J'f'.
of living matter. We1szl,5ﬂ]ustrated this h1erarchy of levels ,“,*
.o (Figure 10). * , s S .
. - o FIGURE 10  ° . -g,/ :

L] ' i)
"Hierarchy of Levé%v in the Organization of Matter

*
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1Pau] B. Weisz, The Science of Biology, 4th ed (New York:

"cGraw-Hi1l Co., 1971), p. 19.° . - .
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Each“7e9e1 represents a dyﬂbmjc system which q0nta1ns°thew

~

sub system of the- next level. At the 1eye1 of mo]ecular biology,
T natura1 order s 1nd1qated by*:he doubTe hel1x, at the scaﬂe of the
. [ J

1nd1v1dua1forgan1sm, it is the “b1olog1ca1ness"/bf the form. Th1s

thes1s is concerned with the p0$s1b111ty df a s1m11ar natural order

qt the supra-orgdanism level. Supra-organ1sm is defined at the stale

r

of the earth's surface -and includes individuals from a number of

different species. .It is implicit that the subject is spat1a1

orqah1zat1on yet, of course, it is 1mposs1b1e for any entity to

-

have form without spat1a] organ1zat10n.* .

R

In many ways, it is a truiém that Biogeogrephy is the search
~for order in-nature, $ince this is fundamental to'all of science. ’
MacArthur.mqkes a simitar point in his description¢f goegraphica1 -

~ecology: "Te do science js to search for repéated patterns not simp]y

— ¢ —

to accumdﬁate facts, and to do the science of geographlcal eco]ogy is,

to search, for patterns of plant and an1ma1q11fe that can be put on a
n2 : - l . "" . I

‘map. .

There are s1m11ar1t1es between geograph1cal etoTogy and B1oa

’

*geography which extend beyond s1mp1y equat1ng geography w1th the mad
The recogn1t10n by theoret1ca1 eco]og1sts of a field of geograph1ca1

.eco1ogy is s1§n1f1cant. it 1mp11es that eco]ogy and its concepts do

not satlsfy the prob1em of space PR

v

A seednd genera] statement on natura]vorder and sc1ence, from

a’d?fferent perspective, is gtven by Alan Watts. Watts is 1nterested

‘ 2hobert H. MacArthur, Gedgraphica] Ecology (Newaork;l Harper
& Row, 1972), p. 1. ) ; . . .




"L ru“ ° 2

* 'd'
. 4 - ] -

M 4 . o . ' . s

in the h1storzca1 prem1ses of western sc1ence' *

7 The f1rst premise is that there is. a law of nature, an’ ‘
.order of 1iving things ‘and events awa1t1ng our discovery,.’ C
,and that this order can b€ formulated in thought, that is, ?
in:words or in some type of- gotat1on The second prep1se

. 1s that the law of. nature is universal.

e

’

*»

is search1ng for a well- defined determlnist1c set of re]at1onsh1ps

- The research ,is towards a better understand1nq of the order which 1is
perceived in nature, In th1s contéxt Watts raises the cr1t1ca1 pdint
about. whether this orﬂer can be formu]éted in thought An altérnative.

view is that the order is ‘imposed by the brain.. McCilloch giwes this

-

interestiﬁh example. - . ,

T happen to-have spent two years in measur1ng man's ab111ty
to set an adjustable .oblong to a preferred shape, because .
[ did not believe that he did prefer the- go]den section_or
that he could recogn1ze it. He=does and he can. The same
man who can onhly detect.a difference of a twent1eth in
length, area or volume sets it at_1:1.618 not at 1:1.617

- or 1:1.619.. So the aesthetic judgement bespeaks a premise
_knowledge of certain-£shall I say privileged?--relations -

~ d1rect1y, not compounded of. the simpler percept1b1es 4

Q

The wr1ter accepts these prem1ses w1th:f pumber of comments and reser-n

vations: The acceptahce of the prEm1se does Qot mean that the author - ,

It appears that the reso]ut1on of the: fe]at1onsh1p between the T

1nterna1 order of the human organ1sm and the externa] naturaq order '

will requ1re a conceptual revolution in the Kuhnian sense.. McCu]]ochJs

fascinating exaqpfe indicates a conceptual problem of'B%ogeography,

—a

3A]an W. Watts Nature Man and Woman, V1ntage Books Ed1t1on
(New York: Random House Inc . 19707, p. 58

-

4 4warren S. McCulloch; "What's in the brain that ink may .
character7" in"his collected papers, Embodiment of Mind (Cambridge,
Mass.: M.I.T. Press, 1965) p 1395. .




~ namely .the 1nseparab1]1ty of the order 1n the mihd of thq\observer .

{

i and his -research 1nto'Natura1 Order. o . .

4zl’he mos t fann11ar context of the . concept ofn*jtural ordenyis
f

the form of the organlsm Two books are " deeméd. sigificant here ¥

F1rst D' Arcy Thompson s c1ass1c research descr1bed in On Growth and

1
'.*Form 5. Seqpnd]y, the reoent re1ssue of the photography of Stradh96 -

give a visual- re1nforcement»of order in the “individual organism.

¢

- D! Arcy Thompson'mamnta1ns that pattern and process’ are -

-inseparab1é Growth and, foronf the organism is the résu]t'of the
. '
interaction. of‘}he orgdh1sm and its env1ronment "In the 11ght of

- rd

McCu]]och S examp]e, 1t is interesting to read Thompson's comments » = -

\

_on conceptual revolut1on
/Sﬂnce this book was written, some fxve and twenty years
.. %ago, certa\gogreat physico-mathematical concels have ¢
. greatly changed. Newtonian mechanics and Newtonian .
concepts of space and time are found unsuitable, even
“untenable or invalid, for ‘the all but 1n¥1n1tely great
T - and the all but infinitely small. The'very idea of -
c A . physical causation is said to be illusory, and the S
ha .- phys1cs of the gfom and the electron, and-of the Quantum
_ theory, are to be elucidated by the ]aws of probability
rather than the concept of causation and. its effects.
But  the orders of magnitlde of space or time, within
> which these new concepts become .useful, or. ho]d true,
‘lies far away.. We distinguish and can.never help dis-
tinguishing, between the things which ‘are of our own
scale and order, to which our -minds are acqustomed and
our senses attuned, and those remote phenomeng, which
ordinary standards” fail'to measure, in regiong where

. -
{ N
- M .

- 50 "Arcy Wentworth Thompson On Growth and Form Zd ed. {(Cam-
bridge: Cambridge University Press, 1963) .

. ~

. wo1f Strache, Forms. and Pagterns in Nature (New York: Péntheon u
" Books, 1973). Anothem notable Visual document 1s Hans Jenny, Cymatics
(Basel: Basilius Press, 1967). - , ‘
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{as Robert Louis Stevensoh sa1d) there is ng hab1tab1e -
city .for the mind of man . 7

Thompson describes - the re1at1onsh1p betw.en the concepts of

‘his day and h1s 9tudy of the orgaﬁasm The same comment 1s,re1evant.

AN .
to\?NE.current concepts and the study of tpe supra-organism in

@
-~

"Biogeography.

~

Weiss writes on the sc1ent1f1c and aesthet1c aspects'bf
organ1c'?orm, his remarks aptly capture one conceptualvstructure
emp]oyed by this thes1s

The argument will go about as follows: the universe is. {
built and operates as a hierarchy of dynamic systems and
subsystems, each with a defined degreé of stability,
individuality, automomy and durability on the level or in
the order of magnitude #n which it exists--from stellar

- bodies through populations, organisms, organs, cells,
genes, moleculesy, down to subatomic particles.

The research of Weiss on. the dynamics of cell development suggests
similarities at -the supra-organism level. ’
- For the cell, Weiss stéteS'

- ¢ The e1ement;‘are no longer to be conceived as fluid. and
1ndependent agents but recognized as forcibly restrained
in their potential randomness by the higher. colleciives
in which they belong.. And it is the orderliness of these
constra&ﬁxs which impose upon.the group the over-all
regularify .of pattern which marks the system'as more than
a pile of items assembled &t random. 5h1s rulee of order

- . 'distinguishes organization from chaos.. . . .

B i v, - '

T4

,

pe Arcy Wen tworth Thompsasn , On Growth and Form, .2d ed. (Cam-

bridgé: Cambridge University Press, 1963), p. 20. A modern . -
evaluation of D' Arcy Thompson's work is given in P, B. Medawar, The
Art of the Solyble (Harmondsworth: Penguin Books, 1969), pp. 25741,

- - ‘
L o 8Pau1 A. Weiss, "0rgan1c Form scientific and aesthetic
saspects," in The Visual Arts Today, ed. G Keye?'(M1dd1etqu Conn.
Ues?eyan University Press, 1960).

Ib|d‘) ‘I . XD
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RS The obJecttve is clear]y estab11shed as the search for the

. rule of order: . \ - o o \
« K cell remains basically the same despite the continuous
' reshuffT;pg and exchange of its molecular popuiations; ¢
an qrganism remaine essentially the same despite the
incessant sh1ft1ng, loss and renewal_of its member cells b
just as a community can retain its character and struc- -
.. -ture despite the turnover in population from birth,
* death-and migration. -These being natural systems of
supra-elemental order, the estabiishment of the various
rules of order controlling elemental behaviour. in such
systems is as-imperative a scientffic test as is the :
" description of the e]ements themselves .10

It is &nterest1ng to apply the conceptual frameworh at the

A -

ce]]ﬁ]ar 1eve1 to tje s upra- organ1sm, recognlz1ng the pract1ca1
. implications. We1ss uses~ communﬁty - as the unit of study at the

earth's surface scale. There ¥s, however,"a major distinction

between the units of-the cell and the organiSm and the community.

¢

The cell and organasm are real bounded entities, whereas the community .
4

is a human abstract1on which is difficult to def1ne in space. A

<

second po1nt is the effect of sca]e change on the human observer .

.
o

s Ihe s1ze of the ce]] and the organﬁsm a]]ow the study of the temporal
. : A\

and spat1a] structure of the unit, and consequent]y it 1s possxble to

move from the descr1pt1on of ‘the elements towardS‘the rules of order. - .

3

In the case of the tommunrty, the human observer cannot perceive the
context of*the unit in rea]1ty, 1ndeed the observer is usua}iy w1th1n -
": the study un]t The scale change also means that many of the pro- S
' cesses occur so slowly w1th1n the commun1ty in relation to the
observatnon process of the human that it is'no# possible to appreciate -

the dynamic nature of the unit.




e 4 |
YTt ds significant that biotelemetry has permritted«the human

'o§server to appreciate the §pat10étempd%a1 structure of andther organ- ,

ism'for the first time: There i’ a certain paraliel between the use ¢

of a cathode ray tube aisplay-of an organism's movement in.biotelémetny

and the Tqboratory hiproscope which is.ustd-tb observe micro-organisms.

or the inter;actions’wi-ibin' a cé]] » Present]y,-bio?e].emetry_ fs r'estricted

to the o;;eryation'of a few orgaaismszﬁ the commynity.- Secondly, g:\\*!{/ .

thé cathode ray tube digplay does not depic.t/ epvironmenta] 'ir;form-ation. ﬂ
The conceptual framework of Weiss empHasizes tHe dynanqic

nature'of the ent1t1e§. In,Biogeeg;aphy{ the inherent-écaTe problem

between ghe human” observer anf nature makeg'ditect transfer of method

operationally difficult. Biotellemetry has only started to provide

information on the movement of orgaﬁ’gm.at the scale of theé earth's
surface. Even if the information exiszg, there remains the problem .

of interpretation and analysis of 6rganizatioq‘at all levels of tﬁe
hierarchy. 'This subjett is elaborated later in the thesis‘.
A second aspect of the research gf Weiss into the concept of

order is illustrated in Figure 11.

_ FIGURE 11
“Two Systems of Order: Identical Latticescwith
' Different Tolerance Limits




a N hed

Weiss gives the following commentary . .4

There is.a message therefore in “the beauty of living things,
a message | [Weiss] should like to summarise in a last
diagram [Figure 11}. It represenis two systems of oirder_as
twg identical lattices of equidistant points defined by the
centres of the stippled circles. The circles symbolize the
range within which a black dot inside is free to roam--a
range that is much wider in the right than in the left.

half. The black dots mark the station of individual items

or events within the system--for instance, that of atoms in
-a crystal’, cells in a tissue or organisms in. a group. [ have
let them assume random positions. Now note that in spite

- of thig factor -of uncertainty or, if one wishes, of -individ-

ual self-expression, the pattern as a whole ‘s well- nreserved
and stands out clearly_ incthe left half; whereas in the right
it is complete]y lost. \

The illustration of order by Weiss ;l actually concerned w1th

spatial pattern. The left-hand side of the diagram maintains the

L}

regu]ar'iattice for both the stippled areas and tﬁé black dots.~ In

4

the right-hand side, the reguiarity exists for the stippled areas but
the black dots present an irregular visual image. The underlying

A ©
ru]es‘are known; the wide tolerance or greater number of alternative

4

Tocations for,the dots on the right-hand 51de results in an irregular

v

pattern. Procedural]y, there is no-less order in the two areas, the

dot is free to locate itself at random anywhere within arcertain.

- - v [ 4
radius from the centre of a stippled area. The stippled areas main- .

e ©

-tain a lattice pattern and therefore it is the case with the minimum

radius which will preduéefthé‘c]osest‘correspondence between the
pattern of black dots and the pattern of stippled areas.
COIf th1s model. 1s transferred to a biogeographical context, the
R

btack dot may represent an orgamism an!!the stippled areas represent

areas of the earth's surface which satisfy the tolerance criteria 35'

94

A 1}
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\ the drgamms A species t,1th a’ '_arr‘ow toletance range wﬂ] be forced-
to be co1nc1dent with the ]ocat1an oi %he coitrolling factor on'the
. . earth S surface On the other hand, a species w1tﬁ a wide tolerance,

) range w111 have a greater number of alternative ]ocatlons ‘
° ’ ..
’ “The main limitation of Weiss' model is that thé/iattioe

constna1nt app?1eg to the st1pp1ed area supé;‘mposes order, If this -

constra1nt is removed then 1t is conceivable that the dots in the

right-hand side may_estab]ish an'orderlwhiqh is visually recognizabTe,

wheréas the left-hand side may be diso;dered. 'Ih‘§hoqu be noted

»

that therg remains a need, té define 'order' in this context, This

Q

#ssue is partia]ly=addhessed in the section on pattern.
< . 9

fleisg appears to establish a rule about the retationship of
o ; - . = - . . N
one black dot .to one stippled area. He creates a lattice pattern of

——~the stippled area which is a-rule abdut the relative positions of

<

one half of the first relationship. He argues that the greater.:
v’ e . @ o < .

freedom given to the dot tﬁen the.less 1ike1} that the lattice pattern

- o will be -reflected by the dots. This doeé'ngtsmean that objects with
© 4 ,
narrow to]erance 1]m1ts are more 11ke1y to demonstrate Srder’. A‘J

-

second prob]em of <¢his mode1 concerns- visual percept1on If the B

stippled areas were more widely spaced on the r1ght hand s1de, then

o

<« w . *

the black dots would appear ‘to resemble a lattice pattern more closely.

.

Scale and cohtext are important properties of the model. Théy con-

cern the nelationshfp between the dot and stippled area and also

- - o o
between the radius of the stippled area and thg distance between)the
centres of adjacent stippled areas. The effect would be different if
. . X - 0 * e

- B ’ [
the stippled area on thé right-hand side were located at a distance

.

(94 4
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of $ix radii between centres as they.are on the left-hand side. - The
. ’ 4] " Q -9 » ) "‘ . -

writer will not elaborate this moddl any furthef but. the exdmple '

<hows the type of problems which.exist niaﬁr\the-concepts~of'order <
S o : # A
- o * ' et

"and dattern

. ® . © ”Q
e Another use of the concept of natura] order.1& prov1ded by
Kunz in a ]eng;hy essay on the metric of 1iving order. Kunz‘LroposeE

<&

w

a un1ty in the space of nature whnch hascobv1ous b1ogeogragp1ca1

*®
°

mmpi1cat1ons . - 9 -7 : o -

- I 4
It is .beginning to appear that the ultimate meaning of .’
many things and processes, whose diversity sometimes con-
fuses us, ‘aré td be sought in_ the continu&-in which they -
. occur.s Form, function, relationsfip--all of these can be - ..
cunderstood in a total sense only -through reference to, the
{//éd‘ full matrix in accord wjth which the var1ety of nature .
expresses itself. The space of nature is one such continuum..
U1t1ma%§1y, it is doubtﬂessly more fundamenta] than any .’
‘other. o

b e

Kungz emﬁhasizes the properties of space‘rather than the properties of

N 2 3

the things-in spacef The wr1ter cons1ders that the two sets of pro-
perties are interdependent Also, kunz recogn1zes the dem1se of
.S

mater1a1lsm and be11eves that concepts are the only, means of mak1ng

N . ° . « M

facts meaningful: - - ’
Study of the space ofﬁnature we believe, w111 in time <G
show that _man too is ‘rooted in the non-material reallty ’

As a cdgn1t1ve, co'nceptuahzmga intuitive bewng, he is
‘capable of formulating withjn himself conceptsuor con-
structs which turn out to be isomorphic with degonstcated ~
principles operating in the physicai un1verse .

If E/ogeography is the study of theeépace of nature theﬁ the

bad
= -~ M

@ - - ) ° [

: 12 Ls-Kunz, "The metric of living orders,ﬁ in Integrated
Atinciples of Modern.Thought, ed. H. Margenau (New York: . CSrdmn &
Breach, 1972), p. 291. . ' _—
N 2 ) .
J 131b1d . P 293 « o A \\\\\\_‘ .
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ph11osoph1ca] po1nts ra1séﬂ by Kunz are 51gn1f1cant to the discipline.

-Th1s quofat1on ref]ects‘ﬁn under1y1q9 theme in the research of

s

‘Bateson and McCuHoch 14 -

et a more fundamehta] level, Kunz quesf%ons fhe'primﬂcy of

the integer three: . N ‘ ' T
A . .
We Tive in a, three-dimensional, wor]d and the fact that we
accept it unquest1onfngly does ‘not detract from its bver-
riding power ,over our lives. Three dimensional orthogona11ty \
often seems'to us to be-something which exists only -in eur
" minds. But, in fact, sufh geometyy presents to ud one of 15 -
the-great un1versa1 charﬁcter1st1cs of the. phys1ca1 ~€cosmos .

Th1§’quotat1on can be 11nked w1th the earlier statement of McCu1loch
-~

on-the order inour mind. While 1t may seem seTf—ev1dent, 1t has\

.s1gn1f1cance in relation “to McCu11och s résearch into a,]og1c of

re]atwnse } -

} -

i The exc1t1ng things that turn up when you look at the, lodic

~ of relations is that the tr1adﬁc relatfons are’the, cruc1a1
ones. Let me make it clear; the moment you give me triads,
all I have gos to do is stick two of them t6gether and ['ve
got four arms hanging out. 17ve got a tetrad. You cannot
build with dyads; {ou can make rings and strings like ‘ v

. oxygen but theré it ends-. 5
.._-__,. t ' O
o Dyad : ) Tr1ad

If you want to build in, three dimensions: you want some-"
thing 1ike carbon. Now I Rnow of no relation yet that
. -

-  1gee part1cu15r1y, Grégory Bateson, Steps to an £:}%§gx_’ .
of Mind (London: Intertext Boeks, 19729, and Warrgn S. McCuTToch
‘Embodiments of Mind (Cambridge, Mass.: M.P.T. Press, 1965)
718 "
F. L. Kunz, "The metric of living _orders," in Inte rated
Pr1nc1p1es of Modern Tought, ed. H, Margeﬁ’u (New York: Gordon &
Bre¥c 1972), p. 294
. . ) - S

4
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-cannot be broken down Tnto tr1ads, But there are lots
of triads that can't.be broken any further. The notion
'between! is such a one--b is between'a and c. So is
‘ameans b to c'. So are all the. gyp1ca1 prob]ems of
Gommunication inherentJy tr1§d1c

L3

'Thése two'quotatidhs from -Kunz and Mch]]th indicate the relationship
. a o . . C . R
- between the question of natural order and the absiract property of_ o

number. ) . s

- A 5

Kunz in a later section of h1s essay makes pert1nent comments

-

Y

" on the space of n&ture and space t1me First, he Emphas1ze$ the °
. . . o /
‘holistic approach:_ ’ . . . . I
what we are trying“to indicate is that the whole of 1ife _ .

. is one process, whose continuity and unity cannot reéadidy
be perceived in the examination of individual discrete ., -

qembers, or even species, but only in terms of an .approp- . 17
,rfate nexus of intearated 1deas--perhaps a field or f1e1ds

 ¥or the individual organ1sm t1me 1mp11es process and ‘hence

b

a dynam1c approach, aga1n Kunz makes the point:

L3 ’ . N

- -

It seems a matter of evident fact that no 11v1no orqan15m

.% can be properly understood in toto if the dynamig of its ) -
life is not taken into account. It is our thesis that

-11vrng'creatures embody a spec1f1c and characteristic
" motion in space-time .which is represented in the gcycle

of birth, growth, maturity, senescence and death--a

pasgage through time which each.creature progressively . o
) represents, and of which'#t is the cont1nu1ng statement -~ . - e
' and sutmation.18 . _ -

—_ e ) . . -
‘ 16Tbis casual style is the result of the design criterion
"elected by Mary C. Bateson in her book Qur Own Metaphor (New York: . g
Alfred A. Knopf, 1972)< "The book is- a personal account 6f° the Wenner- °
Gren conference on '[he Effects 6f Conscious Purpose on Human Adapta--
tion' held in 1968. ' The quotatlon is taken from page 66. A more @ °
formal account of McCul]och s idea can be_found in his book, Embodiments
of Mind (Cambridge, Mass.: M.I.T. Press, 1965). ]

17¢ L. Kunz, "The metric of 11v1ng ‘orders," in Integnated

Pr}nc1p]es of Modern Thought, ed, H Margenau (New York: Gordon &
Breach, 1972) P 338 0

18/ '.,’\' ’ )

Ib1d s p 348 S 7
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¢ : These quotaiﬁonsvane importargt within the .context of this .
. * thesis because they offer alternative conceptual frameworks. In the ,
- = & -
. : \ .
L. first quotation, Kunz emphasizes the 'fie]d' concept B1ogepgraphy '

‘ ‘can be regarded as the study of the space of nature in wh1ch there

. are a number of 'fields' “of physical var1ah1es:3 The second quotat1on v

“focuses on the concept of lize-gycle. A strategy for biogeograpnica]

L3

I, . 0- - » y . * ’ ¢ :
* research. is to stygdy the life histories of organisms and the resultant .

. . . . "
demands on ‘the space of nature. This strategy is mentioned in ¢
Chapter-VI. i ' - - | L,

° _ -Order can-atso be discusied in the gOntext:of physics-andtthe

_} second Taw of %hermodynamics. - The following brie? commentary is frpm

an essay by Needham Needham is concehned about‘whether the concept )

< B

of organ1zat1on has the s ame mean1nc for phys1c1sts and b1o]og1sts -

. For the astronemer and® the’ phy51cists the world .is, in
popular words, continually ‘ruening down' to a state of .

° o dead imertness when heat has been uniformly distributed L
through 9t For the biologists and socioTogists, a part ) .
of the worid, at any rate and for us a very 1mp0rtant : T -
= “part) is undergoing a progressive deve]opment in which an - % ‘
» . .upward trend.is seén, lower states of orgah1zat1on being - . e

, succeéded Qy higher states.19 ; -

Th1s gecond det of the WOrld represents the concept/of evo]utlon
r N@edham presentSoboth s1des of. the argument and attempts to -

s}

¢ reconcile the a]ternat1ve v1ewpo1nts The alternat1ve is that either ,

the concept of organ1zat1on is the same in both cases or - there isa - -

ES 9
<

- real d1fference, angd, order and orgah1zat1gkpare d1st1nct,,yhere

- *

ongan1zat1on is the ter@ preferred by the b10]og1sts Needham "o ~

8 ’ * ) 3 I Ed » :.n
S - J e e \ . o ) : 59”
P J 19Joseph Needham, "Evo]ut1on and Thermodynam1cs,“ in Time: .~
the refreshing river: (London: Géorge Allen & Unwin Ltd. ,n194 5 @
p. 207 . . - ; . ’

o
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. conc]yded that thermodynam1c order and b1olog1¢a] organ1zat1on are

- two quite d1st1nct concepts . rore recent]y, Medawar has rev1ewed

° - P

the debate _ o ~ ‘ ~
> In°my opinion the audacious attempt to revea] the ferma1

- equivalence of.the ideas of b1o]og1ca7 organization dnd .
of thermodynamic, order, non- randomness™~and information-
must be Judged to have failed. We still seek a theory of .
order in its most interesting and important form, that °
“which s represented by the complex fun8t1ona1 and struc-
tural integration of living drganisms. -

21

of <
i

Recent papers by Bohm™ " at the Serbei!oni'sympqsta on theoretical

. f - o e < 0 !
-biology ?gdicate that the search-fer a theory of order continues

today . .
. . Thisvinquirj inte the'gonéept of nqtura? order has resul ted .o
in a number of interactive themes. 1 Edch theme offers an aTternative
context for B1ogeography. Theuobservat1dn of MacArthur was s1gn1f1cant

sin;e‘it indicated that there is a real distinction between ecology
5 : : -

and Biogeography. . MacArthur used the concept of natural -order as the

> L o i ¢ - ) .

equicalence of scientific methqd tn the biological.sciences. Both -
=il

Watts and McCu]]och quest1on whether natura] order” ex1sts in nature -

<

or in the mind, or perhaps both. Ih1s 1nterest1ng problem Teads to a

*

-consideration of the 1nseparab111ty of the observer and nature

o

Weiss presents nature as an_ ordered set of dynam1c systems wh1ch has

T~

important implicatigns for'theotransferab1]1¢y of concepts in the »

<

-

]

‘ ?OP B. Medawar,c“Herbert Spencer and the law of General )
Evolut1on,” 1n ‘The Art ofothe So]ub]e (Harmondsworth : ,Pengu1n Books
1967), o. 66. _ . , T )

’ 21pavid Bohm, "Some remarks on the notion of order,” in

, Towards a Theoretical Biology, Vol. 2: Sketches, ed. C. H. Waddington

{Edinburgh: Edimburgh®Unjversity Press:, 1969), pp. 18-60. K

o Q
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s . hjerarchy of living matter.” The illustration of spdtié] order
(Figure 11) proved to have“gréater relevance to the concept of.®
pattern, ) A . :34

- Several quotations were included from a significant paper by
N ﬁ M M
Kunz but the nature of the abstract1on extends beyond the present

-]

S thes1s. Lastly, a brief review of the.relat1onsh1p between natural
order and thermodynamics was inc1uded. Once again, the subject *
extends beyond, th1s thes1s A1} of these alternattve concepts and

o A

contextscare cr1t1ca1 to the d1sc1p11ne of Blogeograpny The spec1f1c

concept of natura] order, as a co11ect1ve of. all the 1nterpretatzons P

presented in this section, is probab]y the most fundamenta] of the

o
¢

four concepts. Yet, each of—the°subsequentfq6ﬁCepts can be tinked to

> <
¢ C e
-

natural order. . ° ’ vy <
(2) Pattern " , e ? 'r .
c ' Pattern is a.much aHused word oftep 1& is used synogymous 1y

with arrangement or d1str1but1on, or order: The diagram of Weiss

éii' : (F1gure 11) indicated his confus1on,between pattern and order. It
, . - o 3 o

.. “appears that the concept has'different‘meanings within different
. - i . [ . r . - . ‘ » . .
fields of research. Since, the concept s discussed here in its

b1ogeograph1ca] context the main reference f1e1d’1s the geograph-
ical and bdologica) 11terature- Recently,;Dacey hhs rev1ewed the
status of pattern ana]ys1s in Geography He commentS'

oy < it ds ironic that the 11terature of Geography, wh1ch is

’ frequent]y defined a§ the stUdy of 'areal differentia-

tion' or 'areal distributions' does not provide a s1ng]e
well-developed conceptual and methodelogical framework

-4 ., r3 -
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that organ1zes and structures the’ dgscr1pt1oné classifi-
cation and analysis of, spat1a1 d1str1but10ns
0 \
Patterns is restr1cted in this quotat1on tg spat1al dfstrl-
Y

. butions, which are defined as sets of points in space. The ]ack of

success within Geggraphy to discover a sui®ablg- conceptual and
‘ _ methodological framework”has for.some time signified to the writer
. & that there are fundamental difficu]ties with the.concept. It is a '

- . >

pecu11ar fact that the observer can perceive different patterns and °

make quick v1sua] compar1sons but he cannot develop-a su1tab1e frame-

PN

work.  Part ofothe problem has been mentioned in relation to the
) (4]

[

4 research of Kunz and 'McVCuHoch,ZP’ while the earlier quotation of . .
5 ‘ N . ° -
o .mm24 ] ;

demonstrates the type of linguistic d1ff1culty“

A seeond po1nt made by Dacey stressed the methodo]oglcal

L]
o

. Zaspect: -
. Jne consequence of the lack of an appropr1ate*method logy
is that it is not clear what properties and relations need °
. "to bg emphasized in a compilation of Tocation rules ard
Ce | stochastic spatial distributions that is intended to “pro- .
mote and facilitate the oeograph1c study of map distribu-
tions .25 e

~ . o - - ’ !
o
o [ .. -
: [

22M1chae] F. Dacey, “Some questions about spagjal distribu=
tions,” if Dnrect1ons in Geography, ed. R. J. Chorley"(london: Methuen
& Co., 1973), p. 131. - v :
23Kunz and MoCu11och stress the inseparability of order in°
% ngture and order in the human mind (Chapter V:1).. Secondly, they
o indicate the problem of multi- d1mensaona1 space-time.
' . 240ng, as quoted in Chapter I, illustrates the prevalence of
spat1a1 metaphors. - The writer beliefes that these metaphors ‘relate
to ‘the problem of a suitable language for pattern desér1pt10n
<D
. 25M1chae1 F: Dacey, "Some quest1ons about spat1a1 d1str1bu~
tions,” in Directions ?n Geograghz ed. R. J. Chor]ey (London Methuen
& Co., J973f4’p 131.

=~ o
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This argument is rather c1rcu]ar since it 1mp11es that 1f the attr1—- s‘;

butes of %patial d1str1but1ons could be defined, then there would be

LY

1

a‘methodology, and vice-versa. .
Dacey illustrates three types of sﬁatja] distribﬂtion (Figure
12) and,al§0 indicateé the ihteraction betwéen‘tﬁe threé.attributes
of épatia] distribution us{ng the diagrams of Thomas26 (Figure .13).
('The thrée tybes of distribution are: cl&stered, random and regQ1ar,'_
whi]é'fhe attributes are‘ nattern, density and dispersion. It is |

noted that Dacey has defined patterﬂ’as an attr1bute of spat1a]

distribution. He defines the three attributes as “follows:

- ‘Tl) The pattern of a spatial distribution is the areal or ’

-

. ‘geometric arrangement of the geographic facts within a study area

without regard to the size of -thé study area.

(2) The density of a spatial. distribution is ‘the overa]] fre-

quency of accurrence of a phenomena w1th1n a study area relative to

v -

the size of theé study area.
(3)‘The'dispersibn of a spatial distribution is the extent of
the spread of the geographic facts within a study area re]ative'to

the size of the area,

-
5 * <

o i F1gure I3 111ustrates the six comb1nat1ons wh1ch have been

descr1bed by Dacey as follows: 3 | . ' -

(a) Pattern and dispersion attributes are the same

v - " . as-(d),-but different density. -
(b) Density and dispersion attr1butes are the same .
' as (e), but d1fferent pattern. -~ Ce -
. o 26E Thomas, A Structure - geography: a proto-unit for secon-

dary schools, High School Geography Project, Association of Americen
Geographers (Boulder: University of Co orado Press, 1965).

-
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{c ) Density and pattern attributes are the same
" as (., but, d1fferent d1$pers1on

.

(d)fPattern and d1§pers1on attr1butes are the.same
as (a), but dvfferent den51ty :; ﬁ‘%‘ ‘
S : G

.(e) Pensity and d1spers1on attrlbutes are the ‘safe’

" -as-(b), but d1fferent pattern - .

P K-S Density and pattern attr1butes are the ﬁame

; . as (c) but dafferent d1spers1on v

The ws1ter'f1nds this 111ustrat1on unsat1sfactory for several
L " s )
reasons. Flrst, 1t Js not c?ear that the attr1butes .are 1ndependent

. g

‘D1sper$1on and density are,both dependent. upon the size of the, study
area,- whereas patterh is 1ndependent.. Second]y; the definition qf

'dispergibnhappears weak; for exahple, it. is'diﬁflqﬁjt to understand
why the d15pers1on is the same in &9agrams (a) and_(d). 'Third1y, it
seems that the pattern is the same tn five of the diagrams, exc]ud1ng

(e). It 1s a?way5°equ1d15tant po1nts in a tr1angu1an grid. Surely,

there are other templates of pattern SRS PR
Daeeg goes on to“say. "it is not poss1b1e‘tg use one measure
to reflect these attriputealof spatial distr1but1on: 1;, as presumed,
.27 ,

. they are independen

This problem oceurred in the i]lustration of tree species

locations (see Chapter IV). It mean;'that two distributions may have

hed . -

" different attr1butes and still give the same value ‘for a measure.

’

The reverse argument 1§ also true. If the attr1butes are not 1ndepen- .

dent then this does not necessar1ly mean that the spat1a1 distribution -

19

27M1chae1 F. Dacey,—“Some ques tions about spatial d1str1bu-
tions," in Directions in Geograpﬁx, ed. R. J Chorley (London: Methuen
& Co., 1973), p. 135 ] -

L]
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canihe cﬁaracter1zed by a single measure.

“ e

F1gure 12 illustrates the trad1t10na1 class1f1cation of

Ny
qﬁr.,.

spat1a1 d1str16ut1pns The writer agrees with Dacey on the 11m1ta-
tions of th1s.cTassaf1cat10n, i.e. "It is difficult to‘concur'with

the hypothesis-that”the positions of spatia1 distributions on a linear

..

contlnuum e1therJ9enerates a useful c]ass1f1cat1on scheme or. conf1rms

intuitive notions of degree of s1m11ar1ty 128

commentary 1nd1cate that the Study of spatTaT d1str1but1ohs has a
v
numbef of. recogn1zed 11m1tat1ons and unresolved prob]ems In reTat1on

to Blog!Bgraphy, it is ¢lear that the examp?es are 11m1ted to the
characterization of a set.of po1nts in. space. Th1s problem 15 a sub~

set of the'general question of pattern in nature. - In add1t1on to

pofnts, there arg also mosa1cs of areas secondTy, the po1nts-or L

N ]

areas may possess qua11t1es, for examp]e, they may represent different
* . - . m .
species. . . o

The _second pabt of this inquiry into pattern désc}ibés the.

.3l.ternative. approaches which have been tried in the B1o]og1ca1

- .-..\

sciences. These approaches are more ak1n to B1ogeography 1nsofar a8

they recogn1ze the organ1c character of the elements . The subJect

_matter has been divided into plant patterns and animal.patterns to;‘.

correspond with the digjgibn of the earlier research i]]u;trétipns. -
\ ’ - . ’

A. P]antxPatterns-' ' Lo

-

7/
Ecolody has trad1t1ena11y regarded the concept aof pattern as

'centrai to its discipline. wr1t1ng in the 1960's, GremgeSm1th~

S

.

. The d1agramfanﬂ Daceiﬁi,
T

{
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defined Ecology and Plant Geégraphy as fo]]ows:? e

They [Ecology and Plant Geography) are largely concerned
with the causes of patterns of distributions, patterns
,of all scales from those .of jndividuals within a small’
"area to those of vgaetat1on types and taxa over the sur-
face of the world.

3
£

. As a result of increas%ﬁg specialization #n Ecology and because
: I . . . L :
of the conceptual difffcy]tigs..the centrality of.the concept of

pattern has diminished in the biological sciences. Greig—Smith pro-

~

duced a lengthy statement of the pattern problem' wh1ch is, reproduced

" here because of its re]evance to this thes1s

In any given area, of whatever size, some factors will
be constant at any one time, wh11e others will vary -
from point to.point in an”area. ' The smaller the area,
the greater_in general will be the number of constant
factors. The magnitudes of the ranges of difference it
the varytng ‘factors may be considered in terms of their - 4!’
effects on the plant. -1f the effects of-all factors on .
all species present are relat1ve1y small, it will be a ’
‘® matter of chance which species succeeds at any point, @nd
the resulting distribution of individuals (or parts of;
"individuals where such parts are largely independent) Will’
bé random. Such cogditions of equality of effects.of .
different factors will only hold when the ‘range of va]ues
found is well within the limits of tolerance of all species
present. This follows from the.much greater effect of
1 differences in an-influencing factor when its value
. is near the 1imits of tolerance of a species. Now if one
or few factors have a disproportionately great effect on
performance or suryival of a species, then the distribu-
tion of that specigs will tend to be determined by that .
particular factor or factors. If the values of the
factors are themselves random1y distributed, then the
distribution of the species will also be random ‘Field ~
experience shows that most envirenmental factors dop not R
have a random distribution of different values (consider, ‘
for example, such factord Vs soil moisture and texture).
We may thus_ put forward the hypothesis. that departure from
randomness of distribution of a-species indicates that one
or few factorsTare determining the performance.pr survival

-

29P Gre'ig-Smith, Quant1tat1ve Plant Ecology, 2d’ed. (Lordon:
Butterworths, 1964), p. 54.
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of the species. The converse does not necessarily apply.
One factor may be overriding even if a species jis randomly
distributed. * It is unlikely, howevery, in any ~community of
more than g few.species, that the factor will have a .
predominant- ipfluepce on one species alone. If more than ~ ° -
one speciesis concerned, whether the effect of the predom-
inating factor is the same for different species or not, '
correlation between the occurrence or performance may be

. expected Th1s correlation -gives an indication of predom-
inance of are or few factors even if individuals are
randomly distributed.30:

o Greig-Smith is primarily i?térested in 1%é"%e1ationship between
p]anf’sbecies opcurreﬁég and‘environmental factors. Other than the'
equivalence of patterns with mon-randomness, he is not concerped with
the attributes.of spatial dﬁ%tripufions adq’the correspondence of these.

attributes with spatial variations in environmental factors. This

t

statement of ‘Greig-Smith interests the author in that it suggests a
strategy for _Biogeography. If it is possible to map the spatial
variations of plant species and the spatial variations of various

environmental parameters, then the requirement is" a methodology whi£h’
, N
permits comparison between the variations of plant species and one

o

<

or more of the/enviroﬁmenta] parameters over the space. This ideal-?

jzation would also create a field re%earch des{gn prob]em the nature
Q <
b /

of these problemﬁ’are discussed in Chapter VI : . . ;

Recent research by Pielou, 31

a mathematical eco]bgist, has
. \
. “been’ d1rected towards .the prob]ems described by Dacey. She investi- ,

.

gates po1nt patterns of s1ng]e and mu1t1 spec1es population,; with | =

: &
some discussion of mosaics. ’ - .

’

301_%., P. 55.
31E G. Pielou, An Introduction to Mathemat1ca1 Ecology (New
York: John Wiley & Sons, 1969). °

P
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. Pielou equates pattern to dﬁsper§ioy and hence creates

further terminological confusion. She distinéuiéhes three cases
which depend upon the nature of the space and the organism. He#

, ° ca}egor1es‘are: . o N

¥ oc -

= _(1) Cases inwhich the organisms are confined to discrete

* habitable sites or 'units's for eiamp]e, caterpillers of a best species

(=]

" a habitable

' " that attack the shoots™of a tree. Each shoot €ons %ﬁute
] / ©

-] I

site and is a natural ‘sampling unit. - . N
(2) Cases inp which the organisms have,a continuum of space
/*‘) . that they can occupy? for example, trges «in a forest. If we wish +tp
- - & 10

‘ count individudls- per unit,-the-unit has to be a;bitrari1y defined."

. A(3)'Casq; in which, in addition to tpe absence?of natural
sampling units, there are no clearly delimited individuals that can

- be counted.” Not merely d63p1aHts occupy a continuum that cannot be

- ~

* subdivided naturally but also, ow{ng to vegetative reproductjbn, a

/'/

o <

great many plan& species do not occur as distinct individuals amenabfe

. ~
- to ;Ounting.?z ’\\ ) .
> . The point pattern work of .Dacey falls into Pielou's category

<« =
< c

(2), while. the majoyity of biogeographical research can be‘;'aced into
by E

the two categories (2) and (33. Pielou has been mainljbcpnceFﬁed with
« P a— ! .. %
the mathematics of different theoretiga1 distributions. WAt present,

~the methodology is still focussed on a-comparison of an observed set

of points and a theoretical random distribution, often using .some form

P
of index. . - i »

® . . | )
< ‘ °
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‘ Although this review cannot claim to be comprehensive, two
genel;+%zations are believed to be valid. The initiay emphasis of
plant ecology on patfern; represented by the'1engthy Greig-Smith

quotation, has declined %n -récent years. It has begen rgplaced by a .

O.. trend towards energetice andvecosystem studies . SecondTy, mathehati—
ca] ecologists are studymg afe pmpert1es of theoretnca] distribu~
tions, bat so far there h%s been 11tt1e attempt to combine these

» theoretical studies with env1ronmenta1 research. Furthermore, the

mathema;ica1 eco]og%st has not resolved the types of prgb]ems'mentioned

- by Dacey. ' 3 ’ ‘

B. Animal Patterns

I

41t has already been noted, that an1ma1 patterns arefgpre complex

because of the mobilgty factor. The 1ldustrat1on of the movements of

s

a ruffed grouée (Figure 9) and Coteman's descr1pt1on of the gnats ~-

(Chapter 1%) showed the nature of the problem. A cormprehensive survey

of the Titerature by Brown and Orians?% is the main-resource for this

“
review. These aathors‘make a general point that . the s tudy of‘Spacing

.» patterns 1s an 1nterJ1sc1p11nary field between Eco]ogy and Eth01099
this wrwteﬁ would argue that this field is Blogeography They define
ghe cenhra1 problem of this fweld in terms of d1spefs1on.

The dispersjon of animals in time and space results, in a
proximate sense, from the direct response of individuals

to features of the environment and to the presence or ’
absence of other individuals of the species. .

e s ° R ' ‘
33Jerram L. Brown and Gordon H. Oridhs, "Spacing patterns in 4

, ~ mobile animals," Annual Revjew of Ecology and sttematlcs, Vol. 1
. (1970), pp. 239-262.

. | 3¥1pig. D. 239,
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The: problem is- concerned with the perception of the organism

N - L S
of its.environment;-Hoth physical and biological, and its subsequent . * °

o

/peﬁ%viour. -Once again, it is extremely complex, sincé both the .
| >

N organism and the environment are chgnging.in‘spéceatﬁme.
| . Two main, approaches can be recognized in the study of animal
patterns First, there has been considerabl® research into mapping .

the location of mob11e organisms at a macro-scale. Seéhncly{ there
hgs been a substant1ve body of research into‘@he concept of tEFPI:
tor1a]1ty and its s1gn1f1cance to spac1ng and’ therefore 1mp11cﬁtly

35 36 have hastor1ca]1y -

-population density. - Wynne- Edwards and Lack
q maintained opposing views on territoria]ity wynne Edwards regards - »
territorial béhav1our as one of a number of behavioural tralts,-

evo]ved by 1nterpopu1at1on select1bn, for preventlng populat1on from

&
over-exp1o1t1ng resources. On the other han Lack regards terr1:

o

toriaf behaviour as evolving as an-aid to att ing and keepiﬁg a,

. LT 0 El ° -
mate, not as a means of competing for other requisités. The réesult --

Lld B ™ M D e

~  of this debate is that both wynne~ﬁpwards;§\g Lack p;ovide/many

examples of the dispefsion of birds and animals. There is a wealth * o

=

; , :
of observational material at a geographic or supra-organism-scale

* which would be suitable for biogeographica]_jnterpretation, ':;
In concluding this review, Brown and Orians speculate 5nrthe

— - - o

direction of thfs research:

] <

“ o
e . Qa

35V C. Wynhe- Edwards, Animal Dis er51on in Re&at1on o Social
. Behaviour (New York: Hafrer & Lo., 196 s

36David Lack, The. Natura1 Regulat1on of Anima1 Numbers (Oxford
C]arendon Press&_1954) °
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the pre11m1nary success of mode]s whwch have. predgctqg
spacing.patterns and® territory sizegap the basis-of time |,
and energy budget con51derat10nsoind1cates the power of
this approach. The great value of.these models is that
coloniality and. territeriality can be seen primarily as

. -responses to the same factors--i.e., t%mporal and spat1a]
“diStribution bf exp]o1table resources.

38 stud1ed the re]atfonsh1p between territor-

'with1n‘Geography, Haynes
'1a1 51ze and the energy budget of the organism His methodology was .

. pr1mar11y d1men530na1 ana1ys1s The above quotatian emphasizes the

need to s tudy s1mu1taneou91y the’spat1a1 and tempora] var1at1ons of
:a11 the resources within the Spa;e -The mobility of the organ1sm,
‘requ1res greater apprecxatlon ef the percept1on and; behav1our of the
’ organ1sm to its space-t1ne Th1s wrlter cOnt1nues to mention that
‘ b1ote1emetry offers, the poss1b111ty of better observat1ona1 material.
+ . At the outset ‘the writer ment1oned the var1ety of'def1n1t1ons
mof pattern Dacey presented the sta(kﬁ of th: conéept Tn Geography,
with emphas1s on, the spat1a1 dfstr1butnon§ of po]nts Furthermorez
pattern was discussed in’ re}atioh to plants and anﬁmals ‘ Together,y:
: they prov1de a def1n1t1on of Blogeography An Tnteresttng genera1-
observat1on 1s thai there has been very)llttle sﬁcces }n comb1n1ng i
the conceptual and theoret1cdl 1nvest1gat1ons with the study of the
. relatﬁon§h1p Between org@n1sm and environment fThey remain dtstlnct.

SR o o

© This is simildr to_the'trend in Eco]ogy;uhenecpattenn°studies were
‘ “ ) ' ’ - "'\ T v 0 - a ) \’(‘

-5

et e e ey

©

37’Jegrram L Br n and Gocdon He Or1ang? "Spac1ng Patterns 1n
““mobile anima]s," Annua Rev1ew of ECQ]ng and gystemat1ﬁ§a Vo]
91970), p. 253. . . o

Ial

. 38Robm Haynes, ”Dimens1ons of Spat1a1 Relationships® (unpub— e
_ lished Ph.D. dissertation, bepartment of- GEographyi PennsyTwaﬂla
State 0njvers1ty, 1971) e .
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superceded by process ‘studies and thus- far there has been -little’

Fe-fntegra}ionzé_ ¢ i . _ . o
e < = ( -]

o

» " In add1t1on to the above, the writer has been mon1tor1ng

current°research ip engineering on .pattern recogn1t1on 39

o, o 2 . < ¥

obﬁect1ve in th1s f1eld Js to deVelop ]anguages wh1ch w11T peemite.

The‘

<

recogn1tsonﬁof patterns by a computer Ay the procedure requ1res .

< <
Q C

the art1cu1at1on°of pattern to a computer, 1t _may contriblute to the

St“dy of pattern fn nature in the future S ” o ; ;: e
. 13)s 4gat1a] D1vers1ty o0 B AP ¢ c -

v

< ' e

)
re]ated to those def1n1t1ons of the d1s€1p11ne thGh:centre on areal

<

S

L, cF Spat1a1 d1vers1ty,ts a key concépt w1th1n Geography, Lt is &

dﬁfferentrat1on °w1th1h Buogeographx the concept,ts 11nked to the o

Q

31dea of'spec1es dfvers1ty .. The concept of. spatial- d1vers1ty can be

e G

understood either as the variation in the den§1ty of 1nd1vidu€15 of |

L S ?
he ..

. a spec1es or-as a set;of spec1es (e g p]anktpn) 1n space or the

.'mixed-up-ness of specwes in a space “In the f1rst case the

o

'approach m1ght be to recogn1ze that a set of 1nd1v1dua1s for each

0

spegles has a part1cular d1str1but1on and that there are several ;

°

asets w1th1n the sarhe space ¢ Thus, 1f¢each spat1a1 dastr1but1on is

; separated then the prob]em ;s amenaB?emto the ana]yt1ca1 strateg1es

wr

J 40

“

of Daceysﬂo: A]terpat1ve1y, E the focus is the degree of order dr

&

¢ o g I

For examp]e, Satos1 Watanabe ed., Fﬁont1ers of Pattern °
{Recggn1t1on (New York: Academit Press, 1972 and Richard 0. Duda

S e

o

and Peter E. Hart, Pattern_C]assif1cation and Scene Ana1y51s (New York

Id

;John W1Jey & Sen, 1973. ) o .

'‘Michael F. Dacey,o"Some quest1on3 about spatiale. d1str1bu-

tions ;" "in Directions in Geograghys gd R. J ‘Chorley. (London: 'Methuen .
& Co:, 1973), pp. 127- 151. - ) - o,

. ! - . &
3 . e - e,
L. , . s
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- °ém1&ed-up-ness'_bethgen the sub-areas of the«space; then one approach

fs to app]y the concepts.of order and‘entropy.\nln this approacli, the -

common methodg]og1es are based on theoret1c measures of comp]ex1ty 41
. - 4
. : Three facets of spat1a] d1vers1ty are d1scussed in th1s ° .
section. F1rst the concept of d1wers1ty is placed in the bfoad ot

context of ecological concern for an ethlc of -biotit diversity'.

s G
Jhe second aspect is a review of the ecological literature an specié’s
¢, ” i

B . . . .
. diversity. Any discussion of speties diversity implies that there is

‘ a spatial unif»and'%herefdre spatial diversity. Species divers{ty

and spat1a1 d1vers?ty are paradoxical concepts,. Thir&Jy, the writer .

e1a§orates on the nature of spatial dTvers1ty and its app11cat1on to

Blogeography o - o ” .

c

° The 51gn1f1cance,af an eth1c of b1ot1c d1vers1ty was strong]y

- expressed at a recent ‘conference .on biotic- 1mpover1shment 42 The . g *

E . <

theme was “the rfeed to deve}op ag ethic of b1ot1c d1vers1ty, in wh1ch

such d1vers1¢y is’ perce1ved as a value in 1tse]f and is t1ed in w1th RS
o 2 , e ’
the SUrv1wg] and f1tness of the human race. 43, This them€ reflects [ >’
the observation ovaQmmpner°and K]opfer:44 Commonegr noied.the.genenal1y'
41E C. Shannon and W. weaver, The mathematical theony of

communigation (Urbana Univer§ity of ITTﬁno1s Press., 1948)

42A antﬂy sponsored conference by_ the Sm1thon1an Inst1tute °
and the World Wildlife- Fund on Biotic Impoverishment revigwed in the o °
article “Scientists talk of the need for Conservation. agl an Ethic of
° Biotic Diversity to s]ow speciesg ext1nct1on,ﬁ Science, Nol. 184 (May

. 1974). p. 646. | . o a .
. (] [+ o
’ - ®1bid. ' g f‘, : g ’ “l" T )
”, 44See the contributions of Barry Commoner and Peter Klopfer '

jn Mary C. Bateson, Qur own Metaphor A personal account of a confer-.
ence on the effects of comscious purpose on human adaptat1on (New York:
A]fred A, Knopf 1972). . '

i [
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accepted maxim'- whenever a system becomes reduced in- comp]exlty, it -~

loses its opt1ons and fherefore becomes less and less stab?e i
¢

A classic example given.to suppgrt this is the application of

Western agricultural practices in trepical part; of the world. T

Western agrich]tu}a1"practices #éb]acegthe»traditienallmfxtqre"of ) |
) food:crqps in a fie{d_with a monocul ture;, thé result has beenAinsqi—

bility in the natural envirohﬁent. “Comp1exixy, in the'above~

- quotation, - refers to the number and variety of the e]emen}s or

“linkages in the system and is considered synonymous with Hiversity :

s, °

.'Meanwhile, Kiopfer app11es the same concept to human soc1ety

S

L}

{; .

We ought to be concerned w1th the reduction:of diveryity
within the human populatior, reduction of the potential
for generating new.views, which may come about :through
Jing¢reased uniformity in our environment...when‘all of
North America is one big urban sprawl,: I th1nk that there "
will bé very few peop]e st111 funct1on1ng who share my o
s d1spos1t1on, which is one that is congenitally incapable
©f coping.with the stress of city 1ife.46

a . o

§E1le-th1§ewr1ter_]s not arguing for a set of individuals- with

=

this congenitaL_dispbsition, it is agreed ‘that there mus t beédiveri‘
< >
s1ty of human hab1tat ‘As an aside, it is fofeth1s reason that the

<

writer dasagrees with the assumpt1ons beh1nd the urban ge09raph1c‘

research of Bunge and Elhot Hurst 47 They assume that the humano 0 .i
o O: ' “ ’o ’ “’ ) ’ : B
. o < . - P2 [ o L ]
*Ibid., p. 269. e e
“#1pid., p. 2110 T Lo L
47

Explicif.statements of their phiJosophies tan be found in
William W. Burige, "Ethics & Logic in Geography," .in-Directions in .
eograghx ed. R, J. Chorley:(London: Methuen.& Co., 1973), pp. 317-

, 331; and Michael E. Eliot Hurst, "Towards a socialist geography: Ofr
how to, survive and remain human,” Paper presented at the American
Assoc1at1on of Geographers, P]epary Sesg1on, Apr11 1973 '
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.specie§'is deminant &nd that the urbarr sprawl of North Amertca is

inevitable. This writer wisheés to support the alternative.s Finally,

o

the concept of divers}ty has been used by Bateson48'in the context

of a need for mental f]exib{]ity; in this case diversity Ties within

<

the individual. At,all these levels and within the varieus contexts,
it is argued that there is a value in diversity: = e

The second aspect of d1v4?51ty, namely the relationship between

diversity. and stability, -has formed a general debate in quldgy dur1ng

49 *

the 1960 s. The recent contr1but1qn of May =~ has c]ar1f1ed the

re1at1onsh1p “and also chaT]enqed the ideg, that complex eco]og1ca1

o

systems ape more stable than e]mple ones. Prior to the mathemat1ceT
contribution of May,‘the ecological research had been chéracterized by'
empiricat stud1es of spéc1es diversity. Within the discussion of
spat1a1 d1vers1ty, this writer has focussed on these earljer pagérs
which stress the var1at1ons'1n spec1es_d1vers1ty over parts of the
~earth's surface and also the measuyrement of species diversit;. J

7 fne of the‘commonest meaeures of diversity is the “information
statisﬁic 50 . Descrtpt1ve]y, if a‘set of objects are a]] the same,

then there is no d1vers1ty In-a probabilistic. sense, if we assume a

F)
7/
@

-

48Gregory Bate50n, Steps to_an Ecdlogy of Mind (London: Inter-
text Books, 1972). , -

. 49Robert M. May, Stab111ty and Complexity in mode} ecq;ystems
(Princeton: Princeton, University Press, 1973).

SOSee, for example, the following texts: E. C. Shannon and
W. Weaver, The mathematic theory of communication (Urbana: University
of I11inois Press, 1948); Abraham Moles, Informatidon Theory and
_ Aesthetic Perception- (Urbana:’ Un1vers1ty of .I11inois Press, 1966);
H. Quastler, ed., Information Theory in B1o]ggy (Urbana University of
I111inois Press, 1953).
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set-of black balls, then the probability of selecting a black ball et
is unity; the diversity is zero and the information content is:low.
If the balls are all different colours, then the set possesses a high

. . diversity; the probability of selecting a ball of a particular goiourf

-would be 1/N, where N = nuMber o} balls or colours, and the Sét

would have a high information content. | o
o ; "The mainldifferencé between this simple modqj and natural
reality lies-in the prbb]em of défining a set. I% we wisq,to describe
the diversity of tree species within a forest, it is necessary to

define either an areé within the forest or consider the whole forest
. , ’ . L o :
up to its natural boundary. Therefore, any value of species diversity

o

must have an associated spatial parameter. If the problem is to study

, spatial diversity, then it is essential to define the sample’area .

0

which in turn defines the scale qf the research. Maher51 has investi-

. ) gated this prqﬁ]em; his thesis gives details of the applicatign of

52

information th%ory‘to vegetatipn patterns. -Recently, Hi117" has

o L)

pub]ished an excellent statement on the methodological problem

“inherent in the information theoretic approach.
The classic descriptive statement on species diversity was

e the address by Hutchinson to.the American Society of Naturalists.in

°

51Robert V..Maher, "Complexity ana]yéis of vegetation patterns
in an.alpine meadow" (unpublished M.Sc. thesis, Department of
’ . Geography’, University of Western Ontario, 197]).

4

° - 52M. 0. Hi11,®Diversity and evenness: a unifying notion and
its conséquences,” Ecology, Vol. 54, No. 2 (1973), pp. 427-432; also,
1. 0. Hill, "The intensity of spatial pattern in plant communities,"
Journa] of Ecology,-Vol. 61, No. 1 (1973), pp. 225-236. o
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53

1959; he bosed fhe question: why are there so many kinds of animals?

His address discussed evo]ut1onary ecology, spec1at1on and the requ1re—
ments of a species from its environment. These topics expand the
subject beyond the scozi‘of this thesis. Their importance is that

they provide the gene+a tontext for the significant contribution of

M‘acArthur54 into species diversity. In an early paper, MacArthur55
S . -
and his brother showed that there is a relationship betWeen bird

species diversity and the diversity of foliage height of thé tree
habitat. They foundl;kht°more species of bird are found in areas
where the trees have a wide range of foliage levels. Diversity of
fq]iage Tevels was more significant than the deersity bf tree species.
MacArthur predicted the presence or absence of particular avian species
on the bas%s of the fo]{age density brofi]e A _ 7

~As Klopfer observed 1ate}: "every ¢ od bird watcher aécomp-
Tishes much the same, though the process of recognizing the appfopriate
. habitat or. m1crohab1tat is 1arge1y intuitive and not susceptible to.

ana]ys1s w56 -

-]

57 completed comparative studies in the

" Subseq ueitly » MacArthur

53G E. Hutchinson, “Homage to Santa Rosa]1a or why are there
so many kinds of animals,” The American Naturalist, Vo] 93 (1959);
op. 145-159. ‘

] 54Robert H. MacArthur, Geog*aph1ca1 Ecology (New York: ' Harper
% Row, 1972).

5. H. MatApthur and J. W. MacArthur, "On bird species
d1vers1ty," cology, Vol. 42 (1961), pp. 594-98.

56Peter H. Klopfer, Behavioural Aspects of Ecology, 2d ed.
(Englewood Cliffs, New Jersey: Prentice-Hall, 1973}, p. 50.

] 57Rol§ert H. MacArthur, "Patterns of communit¥es in the Tropics,"
. Biol. J. Linn. Soc., Vol. 1 (1969), pp. 19-30.
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Uniéed States, Puerto Rico and Péuama. _These studies indicaté that
the reiationship between species diversity and foliage diversity .
varies over the‘earth's surface; thigupean? that species diversity
_depends upon severa]'environmeptal v??iab]es. Pianka-58 applied a
_similar design to the diversityv,of ?izard species in Austrdlian 'an_d'
American deserts. "~ He concluded tha% the higher q1vefsity ip
Austra]ian 1izard Species is a functfqn of the greater env{fbnmental
heterogeneity and the fact that species have divided the space more
finely. The aughor considers that‘thjs\explanation is a tautology.
L If a speciqs'evo1ves in résponse to ‘a peculiar Envj}onment,‘then it-
is self-evident thaf a more diverse environment will contéin more
.sbecies. ‘Tﬁe,most interesting ideg which arises from the Pianka
" explanation is the conc;pt of environmental heterogeﬁeity. There
- “are several questions in'the’writer's mind: how’is'environmenta]
he'terogerieity to be méasured?; whag variables and attributes of vari-
ab]és are considered significant to a particular épecieg? This topic
"'y111 be discussed later in tﬁ%s section. |
. Elsewhere, Fianka cpnsiders spécies diversity at a global

§Cé1e and seéks to ‘explain whyﬂthefe are more specig; in the trépics
‘.than at higﬁer Tatitudes. .Piaﬁka igentifies six-hypothéses'ih the :

literature. -Of primary interestgto this thesis is the second

hypothesis, which Pjanka terms "the theory of spatial heterogeneity."

~

.58
flatland deserts," Ecology, Vol. 48 (1967), pp. 333-51; and E. R.

Pianka, "Habitat -specificity, speciation and specjes diversity in
Australian desert lizards," Ecology, Vol. 50 (1969), pp. 498—502._

E. R. Pianka, "On 1izard/species divérsity: North American’
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The "theory" has two parts:

. ;o : - .
(1) there is a genera] increase in jronmentdl complexity

12

as one proceeds towards the trop1cs.

(2) the more heterogeneous and complex the phys1ca] envwron-

ment be&omes, the more complex ‘the plant and animal ccmmun1t1es

supported and the higher the species diversitx.59

Krebs discusses the hypothesis at two scales which can be

N N - - R ~— A
described as macrospatial and micppspatial. At the macrospatial ]f
bt - 61 .,

leyel, Krebs quotes the finding of Simpson~~ that there is a higher

<

diversity of mammals in the mourtazins than on the lower plains of the
United States. . The argument is that®the greater topographic relief

permits a greater range of habitats within an area and hence 4 higher -

’ -

species diversity. Ln ferm; of the po1ar—tropicé] gradient, it is

difficult for the writer to see where this continental example o6ffers
any explanation. JThere is not a topographic grédient from the arétic

Lp the tropics. A desert mounta1n range will have a low species

d1vers1ty regard?ess of 1ts 1at1tude

-’

There are a number of complicating factors. First, there is

the basic érguﬁent, made e]sewhé}e;‘about the‘inseparability of - .

-e

organism and environment. In terms of species diversity, the species

-
-

pp. 33-46. 7/

’ . '
/ -

L]

59E R. Pianka, "la#tudinal.gradients in species diversity: -
a review of concepts,” The American Natura11st Vol. 100 (1966),

~

6OCharTes J. Krebs , Eco]ogy, the experimental analysis of
distribution and abundance (New York .Harper and Row, 1972).

61S1mpson cited in Charles J. Krebs, Ecology: the experimental
analys1s of distribution and abundance (New York: Harper and Row,

1972), n, 516.
&
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themselves create habitats for the development of further specties.

The environment is modified by the existence of living organisms.

Secondly, the definition of a spefies is dependent on significant
morphological differences which are considéred adaptive to a specific
environment: | .

I'f we hypbthesize a‘re1ationship between species divérﬁity
and-macrospatial heterogeneity, then both concepts have to be clearly
defined. Specie§ diversity hés‘a]ready been defined in th%s section.
Macrospatial heterogeneity implies variatfons in the topography of
the earth's surface and also in the physical properties of the atmos-
ishere above the sdrfgce. The important characteristic would be the
réte of change of these variables in space-time. The major problem .
would be to develop a méthod of studying macrospatial heterogeneity.
Sinceythe physical variables are continuous, it would be necessary to
impose & séﬁp]iqg procedure at a particular,scale. This creates a S
furfher problem since the value of a variaﬁ]e l1ike topographic re]%ef

©

is scale depeddent: Topographic relief can be defined in a number of
. ‘ N & .
different ways: for example, it could be the absolute relief, that is

-

the .highest point in the area or it could be a meésure_of the rugged-

ness or "broken-up-ness" in the area. - °

'y 2

|
At the microspatial level, Krebs is interested in the varia-

tions of rocks and vegetation as they relate to the individual

organism. The same criticigms exist at this scale.

From thig seTectgd review of the 'theory of spatial heterogen-

[3

eity', it is evidemt the ecologists have not been very successful in .

defining spatial diversify. *Their approach has been-to propose
. \ ' . ‘

] . " * /
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hypotheses which are based on an "organism-cen {' viewpaint rather

©

than a space-continuum viewpoint. These conceptual difficulties are o

often compounded by lack of informatfon. In éome parts-of the

a - ) . ~ a

*earth‘s surface species lists are not available; perhaps it is over-

optimistic to expect explqnaiion of ‘these complex-relationships

between the ,physical environment and the distribution of species. -

o

It is partly because of lack of information that the Yast work by . >

MacArthur must remain a contribution to’theoretica1 geographical

ec61ogy.6§cu . ¢ © ’

-

<

The -concept of spatial diversity can be discussed, using the
opposing sides of the o;ganismfspace paradox. .From tfie "organism-
centréd“ viewpoiﬁt, the main gmphasis is on fhe habitat, Where®
habitat is the space that' the iédi&idua1 occupies for the purpose o€

food supply and reproduction. A static plant-species has direct

requirements from its immediate physical environment which remains )

- . . ©
~ > ? .

locationally constant through tjmé, whereas mobile -organisms may move
.in re]ation.td a changing physical en&ironment. Besides theSé
external 1nf1uences, there are intrinsic factors like terrztor#llity
and compet1t1on which affect the degree of separation ‘and over]ap of”
1nd1v1dua45 and species and therefore affect tée spat1a1 diversity.

From a 'space-centred' viewpoint, one area may pfovjde the
requ1rements for a number of mobile organ1sms at different times. At
a basic level, the primary character1st1c of an area is the form. of

.

the surface. Superimposed and penetrat1ng,1nto the 1and surface.is

<

a2

62Robert H. MacArthur, Gquraph1ca1 Ecolpgy (New Yo;k:s Harpér_
& Row, 1972). , .
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‘or léss acceptab]e to bio]ogica1 organisms. The occupancy of an

paradox between the 'organtsm-centred' and space—cengred' approach

U
the earth's atmosphere. We“can conceive of pockets of atmosphere

bounded by hill slopes. Each element of space on the land surface
experientes a time trace of §§Jarge number of variables. Depending

upon the nature of the spec1f1c hypervolume formed by the var1ab1e

hyp@*space and time; each e]ement of the land surfate will prove more

element by a biological organism is susceptible to change through

tf;e which may be ‘'directly controlled by_rhythms or cycles in the

=]

<

physical or biologicals environrent.
In order to divide the total space, it would be n§cessary to

estabTisb boundary criteria’ ‘The boundaries would coincide with the'

méjor zones of change for_the maxim%@ number or the most important

variables arranged over time. This strategy can be’compTemented by
TN ' . -
the concept of tolerance limits of an organism. It would be possible

to match the set of variable-time traces for an element of space with

the organism identity of the element. This type of mode} would be
. » 0
probabilistic..

o - N 2

It is clear that spatial diversity cannot be divorced either

R - ¢ i . -

from the properties of the biological organism or from the total

environment. TIn seeking an explanation of observed divers;ty, it is

necessary to understand the prdcesses and gradients”that exist in

the space. The funddmental problem therefore, is to characterize
s o
these confinuous var1ab1es in t1me and space. and to relate them to

the discrete biological organ1sms.. The writer: be]1eves that the .

0 . »
mus t be recognized. It is paraltleled in the distinction ,between

[ 4
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speQies diversity and spatial diversj;y. To reiterate two previohs’
points,, the concept of gpecies diversity must include a spatial
parameter and, secondly, the concept of spatial diversity must
reéognize both, the complexities-of the physical environment and its

P

interaction with the species, and the nature of space.

(4) Organism Intéractions L

The dualism between space centred' and 'organism-centred’
‘-—-\—-—

‘)proaches to-i];e discipline has been established. In this chapter

there has been discussion of natural order, pattern and spatial diver-

sity which are primarily 'space-centred' and this last section concerns

-

the effect of the size and communication ability of an organism on

its use. of space. These two properties are not the only significant

4 <
" properties in %his complex relationship but they do provide valuable

.

£

o

examples of the approaéh. The material is confined to the animal

(=]

kingdom, a]théﬁgh the comments are structural]y app]icab1e to plants.

The morphology of an organ1sm has evolved in relation to its
»

environment through time. \At the s1mp1est Tevel there are obvious

differences in form between organisms ‘which inhabit the three physi-

o ©

cal media of the biosphere--land, sea and ajr{ Each‘medium’has a set

of physical aharacteristics which are determined primarily by density.

For example, the marine.environment is less variable in- terms of

Ll

temperature and sa]inity because of tﬁe density and continUous-natuFéA

of the water body Every organ1sm can be viewed as a dynamic entity

wi.th the funct1on and struéture gf its organs adapted to 1ts nowmal

env1ronment Mobility is a s1qn1f1cant,factor here, since 1t permits

an organ1sm to move out of an unsUitable’ env1r6nment This factor is

-
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the primary eriterion for distinquishing between plants-and an1maTs.
hd

Figure 14 111ustrates the 1nteract10n'between an qrganism

and its environment; in th1s case, a shark in a mar1ne env1ronment

Vernberg and Vernberq63 use the diagram € stress the-dynam1c equ111-

= .j y - ‘ :
Brium between organism and environment. Fish and other marine_ specie€s

are functionally and morphologically adapted to the, medium. The

organism respdnds to the temperature, salinity and_aepth of the

water; these factors, in turn, affect the Iigﬁt:avaifability and -.-

‘density. The density of «the medium will contrel the settling rate of -

o~

. o
micro-organisms which influence the food supply. These ar% all ‘inter-

dependent external factors, while the comp]ex process of metabo11sm

2
-

IS

contro]s the internal environment of . the organ1sm

Vernberq and Vernberg make an interesting point on the

Q

evo]ut1on of 0nganisnm in the animal kingdom: .
a E
one of the major eyolutionary trends in tHe animal kingdom
has been the development of mechan1sms enabling an animal
to maintain a relatively constant internal environment
independent of the fluctuations in the externa1 environ-
ment,

'Y E]

However, organisms still retain different tolerance limits for exter-

nal, nhysical factors. Mobility is important'in this respect;

movement Retterns or. spat1a1 organigat1on aPe a regu]ar égature of

the daily or seasonal behav1our of an organism, for examp]e bird

migration or the diurnal vertical movemen§ of ptankton. The orgahjsm

>

=3

Co
-

,§3F. John Vernberg and Winona. B Vernberg, The Animal and the
Environmgnt (New York: Holts"Rinehart and Winston Inc., 1970),

o

-
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canbe comsidered to <position itself in a three-dinensional space-time.

? o R 3 " v Q,_ 2 N e il N

0 . . . ) . :

. of environmental varfab1es . o _° S S e

By

\ .
A fundamental property of ,an organ1sm 1s‘§12e D ArQ}-Thompsoﬁ L

.o o
L - '.‘_ ‘

has given- numerous examples of- s1zé and the associated pr1nc1p1e of.

P w

t$1m111tude The ]1ght hearted descr1pt10n be]ow makes the po1nt. ' h_ .

o~

“sand itSoenv1ronment._ Hutchinson,

£711uétratescthe relationship for aquatic miero-organisms. There-are ~ - . . -

° ~

G11ber¢ White of Selborne, finding that a tertain latt1e .
- Tong-legged bird, the stilt, welghed 4, oz. and had legs - S

8" long, thought that a f1am1ngo we1gh1ng.4 1bs. should - ] , ‘ -

ave legs H) feet long tosbe in_‘the same proportion as - ..

., the stilt's. °But'it is obvious to us that, as the weights ® .. -
of the two bird§ are as 1:159 so the legs (or ather linear -
-dimensions) should be as the cube roots-of these numbers, -

< or nearly ‘1:2',. And on thiss scale” the flamingo's _legs . . L
shau]d be, as they actually'are, about 20“ Tong. ‘ :

3'3 ° Slze affects the nature of the re]at1onsh1p between an organ1sm .' -

developing .an idea- of B1dder,62 -

£ s

66

R - i -

three aquatic realms which are,chdract%rized by migro-organisms of a\

set size range. Each realm is identified by a particular physical . - %&*u.
< N |° ¢ - . S N . ,.&"6 ?
-pracess . , , L - = &ﬁ. Ty
‘ . " .o “ Significant ) L
. Realm : ,giy;§ﬂ10r93n1§m ' Phy51ca1 Propergy . e, B
Brownian - - {1u diameter ", mo]ecu]ar movement ;' N
ai Stokesiaﬁ_ lu - 500k . :.v1scos1ty "
Archimedean ~~ - - > 500 1nért1a ., . RN
A T PR ¥
= 650 Arcy Wentworth Thompson, On Growth and Form (Cambripge:
Cambr1dbe University Press. 1963), p. 23. ~ . AT
. 66

’ G. E. Hutch1n50n, "Scale effects An Ecology:“ in Sﬁat1sttggl
Ecology, Volume- 1, Spatial Patterns and Statistical Distributions, ed.
G. P. Patil, E. C: Pielou, W. E. Waters ‘(Pennsylvania: Pennsylvan1a
State Univers1ty Press, 1971) PP.. xv1i-xxvi ) ¢ e e >

e -

676. P Bldder, "The B1o]og1ca1 importance of Brown1an mot10n° -

Lw1th notes on sponges and Prptista)," Proceedings of the L1nnaen .
Seciety of London, 143 (n.d.), pp. 82-96. = . . CoeTe
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_The concept that'different processes are signiticént at different

<

. and furthermore L -

Vity. Th1s has cons1derabLe importance when it 1s recogn1zed that -

o’

, ~

scdles af organism has implications for Btogeography. A classifi-

) C .
cation. of organisms according to size is impertant especially if

<

size. IS related to the, sens1t1v1ty of the organ1sm to d1fferent pro-
cesses in space-t1me For‘the arch1medean rea]m, Hutchinson notes

these organ1sms have deve]oped the ability to swim us1ng muscular -

organs and that they have mo're d1scr1m1natery sense organs. The s1zej>

of the organ1sm 1s-fundamenta1 to mob111ty and percept1on, whdch.aré'

-

both s1gn1f1cant to spat1a1 organization. . N o

<

Hutch1nson makes“a further observat1on on the behavaour of -

e

r

organ1sms and evolut1on . There 'is: L. - »

-

The well- known&dwfference between,§mall animals whose ~ .0 . o
behaviour is based on a stereotype Toherent response gmech- ¢ ¢
®anism, oresuméb]y dependen]ton gentticemly detegmined neural
patterns, -and large anfﬁa]sf ¥n whtth the learning has.to a °

"+ greater or lesser degree supp?emented such inStructive
mechanisms .68 AP

4- . . . . )
> [

Fhe sequent1a1 experiences of, large 1ong Tived ]earn1ng
. animals tak® the place of triats by a vast population of °©, '
small short-lived animals with® Odl% inherent responses,
. trials whith will be unsuccess ful nleas the genetic- con~ S
st1tut1on of the organism is dorrect.® .
The re]at1onsh1p between 1earn1ng and behav1our is outsfde
\C

the scope of th1s thes1s, howeVer botW size and longev1ty of an . °

o

w . s -0

-

0rgan1sm 1nf1uence behav1our wh1ch, in turn, affects” the use of

]

'jspace Indeed there is also a re]at1onsh1p between 512e and longe- ° s

>, e » o .

-~
-

- — >-
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| 8Hu.tcmnson, op. cit., p. xxjii’ .- e "
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‘of organisms: V1s1on is- 1mpartant in mammal spec1es, while chemo~ ' :

. 129

- “

o a P ’ - - 5 A . - -t
- certain processes operate at’different scales in both time and space.

While thé‘fu1dnsﬁgnificance of these ?undémenta] refationships has
not been.investigated By the wri%er,\it can be reaffirmed that the R

size of an organism results i different class#s of interaction with

]

the environment. o o « : ‘ _ .
o @ ! <

The second property of an organism, considered in this “thesis,

is communication abikity. Adams deschbes the bas1c relat1onsh1p

) between the sense organs and behaviour.

It would:seem se]f—ev1dént that an an1mal can respond only -«
* to the environment that its sense orgafis, its motor equip- .
"= ment and its central nervous organization, both.innate and
~acquired make accessible to it; and hence that any .inquiry -
designated to describe, understand or explain %ts behaviour
would necessarily use the environment as ome of the vari-
ables that-condition the behaviour.70 }

kd o

Adams was writifg in the foreword to 'a text on behavioural

o o

eco]oqy and hence he wagﬂimphas1z1ng env1ronment' In this thesis,
the 1nterest is alreadbbased on 'enwironment' and concern is prim-

arf]y w1thv behav1our as 1t relates .to sﬁatiaT organiiation
(4]

- Commun1cat10n-1s the process that acts across the organ1sm -environment -

o c -

f1nterface, via the sense organs. For the sense organs, there are

-

correspopding types of perception: %ision, aud1t1on, chemo-reception,

also the perceptibn of gravity, nressure and'temperature. Differeni

<
o .

.types of percept1on are more or 1ess s1gn1f1cant to d1fferent c1asses

reception has primary significance to bees and social anmts. Furthermore,

" +

« 705 k. adams, in the foreword to Peter H. KIOpfer Behavioural

Aspects of. Ecology, 2d ed (Englewood Cliffs, New Jersey: Prentice- »
Hall, 1973), p..xvi. ’ o ‘

© "
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the medium affects the message; for_example, sound travels at differ-

ent speeds.in air and water. Communication mode1s_oftgn represent the

L]

‘process as a simple three component system of.transmitter, channel and

ist and requires. further explanation:by Moles.

I}

receiver; however,-it is usually a more complex process. Communication

often has a numb;r of dependent modalities; fof’exaﬁble:'in Ehe human

species, there is a context (spacing) and although the message may be

<

auditory, there are also visual cues (e.g. facial expression}..

‘Several classifications of organisms havefbgph proposed in

-

the field of‘animai communication which have app]icabil%ty to Bioge-

“raphy. Mb1e571 classified organi%mé according to their communicatign

" patterns. Figure 15 illustrates the criteria as applied to a few

©

species. ,This diagram represents the schema of a communicatjon theor-
o ' ¥ .

-

FIGURE.15 o

°

A Statistical Classification of Communication Patterns

Complexity
of signals
produce

Complexity

of structure
of the animal

organism

Rate of Tolerable

Error in Signal
Redundancy

of Structure

= gspecies

71Abfaham A. Moles, "Perspectives for Communication Theonj,“
in Animal_Communication, ed. Thomas A. Sebeok (Bloomington: Indiana

University Press, 1968), pp. 627-44.
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A statistical c¢lassification of communication patterns can
be made according to the complexity of $Wgnals in relation
to the complex1ty of the structure of the organism which
gives rise to them. In fact, this would here be the com-
nlexity of the nervous system, a first approx1mat1on to it
being the 1ogar1thm of the number of cells in the nervous -
system or in a definite part of it. Communication between -
individuals has another feature which' is well known: the ,
number of acceptable errors. Given a large énough set of .
communication procedures, it is well known that the number
is connected to the redundancy of structure.of the 0rgan1sm,,
the tolerable error be1ng determined by the concept of
safety. Such a diagram is another of the requisites that
~ ‘the comm@nication theorist would put %o the zoo]oglst as
- ba51s for a taxonomy of communication.

* . -
<

Biogeography would-a1so benefit from-a classification of this

type. There is obviously a relationship between-communication‘prof

£} -

cesses and Spafia] fnterécf%on be tween organisms; The,genera] )
structura11st approach of Mo1es has appeal to Biogeography because it

offers a means of studying the infinite variety of organ1sms. As

-

Moles says elsewhere: “"structuralism is perfectly suitable at the
13 hd - . .

first stage of s\tudy.”73 | ' _ !

A second classification of animal communication by Wenner74
N .

is based on behaviour. Wenner recognizes three categories: intrat
individual, inter-individual and animate-enviromment; only the last

two categoriés‘are deemed pertinent to Biogeography. The inter-

~

individual class cou]d,be‘representea in spatial organization te

by flocks of birds, schools®of fish, and the concept of itoriality
21bid., p- 631. : .
31bid., p. 642.

74Adrian M. Wenner, "The study of animal communication: an
overview," in -Approaches to Animal Communication, ed. T. A. Sebeok
and A. Ramsay (The Hague: Mouton & Co., 1969), pp. 232-43.

s
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The an1mate environment class concerns the percept1on of the organism
of its env1ronment, character1zed by the concepts of hab1tat and .
home range. The diagram of Vernberg and Vernberg (F1gure‘l4) c]early

fits into this éategonx. ¢

A third approach, from the field ofcaﬁiﬁa1 communication, 1is

75

the paper by‘Ramsayw on the re]at1onsh1p between social organ1zat1on

and spatial organizat}on. She empha51zes the 1mportance of space to

studies of animal communication, which is the reverse of this writer‘s
endeavour to establish the opposite linkage. Ramsay qubtes McBride:

It is apparent...that to consider aggregated or non-
aggregated species, we are automatically discussing two-.
dimensional spatial relationships between animals. It
.seems probable that these spatial relationships.between
animals are also basic in animal organization, since most

, social (or non-social) behaviour can be expressed in terms
of .distances between animals and their arrangement in
space. Close social organization must also mean small
physical distances between individuals.’

~

While this last quotation does not offer any insight into the methodo- .
logical problems of pattern, it does fndicate the following type of
Tinkage; spatial-organization —> social organization —»> behaviour

.

—> communication —> senise organs.

There is no suggestion here of simple linear relationships,
but only that this set of.1inkages can-be followed threugh this

section of ‘the thesis. .Indeed, sense organs could be linked to size.
S

@

A]eXandra Ramsay, "Time, Space and Hierarchy in Zoosemiotics,"
in Approaches to Animal Commun1cat1on, ed. T. A. Sebeok and A Ramsay
(The Hague: touton & Co., 1969), pp. 179-199.

781bid., p. 192. Original source G. McBride, "A General Theory
of Social Organization and Behaviour," University of Queensland Papers,
Faculty of Veterinary Science, 1(2)s pp. 75-110. - -
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In conclusion, 1twshou1d be stressed again that only two properties
have been considered here. ‘Tﬁey afe thought'to be of hrimary signi--
ficgnce to spétia1 organization:'hlthough there mayabe other pfo;erties.
bf edua] importance. The major conclysion for Biogeogfaphy is that
organf§m§ should be classified with regard to tﬁose p;opert{es whicq
influence the processes of perceptioprand mobility of the organism

in its three-dimensional space-time continuum. It is imboftant‘to
recognize that the interaction of processes acting at aifférent‘time

: -

scaies will impose a structure on Tiving things.

4 L]
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CHAPTER !k
VI
STRATEGIES FOR RESEARCH IN:B[OGEDGRAPHY

<

Prior to a discussion of research. strategies, jt may be
useful to retrace the main .points of'éhe thesis. The inéuiry
commenced with a review of the contemporary 1literature of thé discip-
line which distinéuished between the 'ecosys tem' and.tﬁé 'dist;}bu-

" tion' approaches. The next chapters ®ntained six examples which

illustrated the author's support of the fdistribution' view. These
examples raised a number of methodological and conceptual problems.
Secondly, tﬁéy shawed a distinction between 'organism-centred' and
/

‘space-centre@' studies. In Chapter V, four concepts elaborated the

paradoxical nature of this distinction. A]so, these concepts

indicated various. 1inkages between Biogeography and theobio]ogica1

<
.

sciences.
| 'This chapter returns to the pragmatic concern of research
approaches.in Biogéogrﬁphy. Four strategies are disqussea:v

(1) Research in Theoretical Biogeography

'7424»—Aﬁb}ﬁédfﬂesearcq i Biogeography

(3) Field Research " |

(4) The”Tgaching of Biogeography .
These strategies represent projections based on the writer's perceb- /
tion of the discipline and his currenf ;esearch.

Strategy 1 illustrates the potential for a theoretical

a




Biogeography. The recommended start fis the‘interdiscip]inary

pbsition between Theoretical Biology and Theoretical Geography.
- .‘ 4 N
The emphasis is on the, current questions in Theoretiqal Biology and
N o B . R &
their translation into a biogeographical context.

-

o

Strategy 2 rectifies any tendency to&ardsaover—emphagfs_on

the‘conceptua] framework of the digcip]ine. The examples are  con- .
sisteng with fhe 'distribution'eview and a]sofwith a phinsobhy of
dife fer aﬁ] species. Specif{c topics are the development of a
RadicaT B1ogeooraphy, Historical B1ogeography, and B1oreg1ons o1t
includes a concern for the ext1nct1on of species. ‘

Strategy 3 emphasizes 'organfsm-centred'(fie]d research,
while Strategy 4 illystrates the relationship between the contents of
e ,
. [«]
this thesis and the teaching of the discipline. The examp]es indi-

cate the close interaction between teach1ng and research act1v1t1es

-«
° . < o
-
. @

Strat_gy 1: Research in Theoretical Biogeography

Biogeography is distinctive w1th1n Phys1ca1 Geography in
that the object of study is Tiving matter. A basi¢ definitional

: - 3 . .
question is the nature of Tiving matter. While hot wishing to take

v 2

up Schrodinger's question, What is 11fe?,1 there are certain ba%ic

definitions which are relevant to Biogeography. For example,

Waddington def1nes Tiving matter as fo]]ows
living things do not merely synthes1ze specific structures
out of simple mo]ecu]es, it is an equally important fact
that they reproduce shemselves, and. 1ndeed it might be

Lerwin Schrod{ﬁger,'What'is Life? (Cambridge: Cambridge
University Press, 1967).

e
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claimed that the most important fact_about them 1s that

they take part in the long term process of evolution.?2
The concept of evolution has major signjficance for éiogeography at -
varioys:concebtual levels. First, it suggests the dynamic organism-"
environment relationship. Although the concept is not primary to
spai1al/grgan1zat1on (1n¢the pattern senée), it does imply the idea
of processes, acting 1nterna11y and externally, and across -the
boundany between an organism and its environment. Secondly, the ’
writer’ regards Darw1ﬁ and Wa11ace as protd- b1ogeographers and hence

©

it is importaht to understand the history of the concept and its
re1ationsh1p to B?ogéoqraphth The contextual framework of the . ;
theory of .evolution and also tne recent modifications of the theory, f
are recognized by the writer to be important researeh topics in CL 5

El [

Biogeoqraphy.3 ) . . '

"Elsewhere, Wadd1ngton deflnes ]1v1na matter - in. the tevmino= .

<

logy of communicat1on theory: "A system 15 11v1ng if 1t encodes . .

hered1tar11y transmissible 1nformat1on, 1f thls 1nformat1on sometimes ®

9

suffers alterations, and if the Altered-information is tHen trans- A

¢ -
- a

mifted.”4 This translation is an example of the systems approach in

- I3 N o
e e e 5 — - L‘ . .
0
2

C. H Waddlngton, in the 1ntroduct1on to Towards “a Theoret1ca]
Biology, Vol. 1: Prolegomena, ed Cs H. Waddington (Ch1cago Aldine °
Pub]1sh1ng Co., '1968), p. 3. )

Rqsource examples are: Robert Young, "The H1stor1ograph1c
and Ideo]ogica] Contexts of the nineteenth- century debate on Man's
place in Nature," in Changing perspectives in -the History of Sc1ence,,
Essays _in honour:of Joseph Needhams eds. M. Teich and R. Young L
(Londan: Heinemann, 1973) pp. 344-438; and the papers of Paul “A.

" Weiss and C. ‘H. Wadd1ngton in Beyond Reductionism. New Perspectives ' o

in the Life Sciences, eds. A. Koestler and J. R. Smythies (London:

s Hutchinson, 1969). s i

4

C. H. Waddington,in the‘intnodué€1on.to Towards a Theoretical




Theoretical B1o1oqy (Communication Theory is a subset of® General
Sys tems Theory 5) B1o]og1sts have app11ed this approach to all the
levels ir‘“the hierarchy of matter. The writer has expressed h1s
reservations about this approach at the 1eve1 of the earth S sur-
face. While the cell and the organ1sm;appear to have well-defined
boundaries, the same is not true for the ecosystem. Some genera]

poirfts on the concept of a system are discussed later in this.

) N

strategy.

<

The general argument of this strategy is that the establish-

rl

ment of a Theoretical Biogeography must recognize the developments
in Theoretical Biology. Recent symposia provide the primary resource.6
This argument accords with the observation of Longuet-Higgins:

the most fruitful way of thifking about biological problems
"is in terms of design, construction, and function, which
are the concrete problems of the engineer and- the abstract
-logical problems of the automata theorist and the computer
scientist. T '
The author believes that the characteristics of design,
, ¢ ) ) . -
construction and function of a problem in Cell Biology can provide

>y . 9] .
insight into a problem in Biogeography. This exchange is not

v

Biology, Vol. 1: Prolegomena, ed. C. H. Waddington (Chicago: Aldine
PubTishing Co., 1968), p. 3. |, . N R ‘

iThe standard resource is Ludwig vorf Bertalanffy's text,
- General }ystems Theory: Foundations, Developments, Applications
(New York: George BraziT1er, L9687 ‘ ) ) . -

6The -papers of the sympesja are cantained 1n Towards a
Theoretical Biotogy, Vols. 1-4, ed. C. H. Waddington {Chicago:
Aldine Publishing Co., 1968; Ed1nburgh ‘Edinburgh University Prqss,
.1969, 1970 and 1972). . , ‘

»

7Chr1stopher Longuet- H}gglns, "What Biology is about, in
" Towards_a Theoretjcal Biology, Vol. 2: Sketches, ed. C. H. wadd1n§ton
(Edinburgh: Ed1nburgh University Press, 1969), p. 229.




necessarily one way, some b1oJog1ca1 problems can be dTrect]y
conceived 4n a b1oggograph1c framework . Mer used the example ‘of .
b1rd m1grat;on ‘to ilTustrate the _problem ofﬁg;usa11ty, but it is
also a b1ogeograph1ca} phenomenon. ‘Mayr8 posed two quostlons. .

(a) What is‘the cause of bird migratioo?

(b) Why did the warbler in.my.Summer place in New Hampshire

start his southward migration on tge night of the 25th August?

) . He proposed four causes or explanations: g
(1) Ecological - The-warbler, being an insect eater, must ..

migrate, because it would starve to death 1f it shoyld try to winter

- ¢

in New Hampshire.

(2) Genetic - The warbler has acquired a Qqutic cons titution
in the course of evolutionary h%stoky of its species which induces

it to respond appropriately to the proper stimulus from the environ-

w©

ment.

3 ' _ (3) Intr?nsiccPhysiologica1 - The warbler flew south becauso
i%s migration is tied inﬂwith'pootoperiodicity~ It responds to theﬂ
. - decrease in day Tength, and is ready to m1grate as soon as the
number of hours of .daylight have dropped below a certa1n level.

{4) Extrinsic Physiological - The warbler migrated on the

25th August opcausé of a co]d adr mass with norther]y winds, passed

over our area on ,that day. The sudden drop in temperature and

assoc1ated weather cond1t1ons¢affected the bird, already in a

o
-

.
— A

8Ernest “Mayr, “Cause and Effegt in B1ology," in Towards. a
*  Theor®tical Biology, Vol. 1: Prolegomena, ed. C. H. Waddington
(Chicagos Aldine Puﬁ11sh1ng Co., 1968), p. 45,

”




. genera] physiological readiness for migqration, so that it took off

»

og that partigu1ar day
This set of 1nforma{10n can be viewed as a bwoqeoqraph1cal

‘ prdblem, using the orgqanism. and space dichotomy. The facts can be

ordered as follows:

-

Organism - insect-eating bird
migratory bird T : v
presumed to bossess intrinsic tr\qqer mechanism

distribution of insect species over space-time
change in phazgperiodicity over space-time -

air mass nnvenents over North America and -
the{r assogiated temperature and wind >
¢haracteristics. 4

1 4

—--—

Eagh of the thege spatial elements can be elaborated and evaluated.

(a) D

m_L[ LLjpﬂ of Insect Spec1es

F1rst. it would be necessary to clarify the dlet of the

1
LIRS

warbler, speciflcally the number of 1nséct species. Subsequentlj}

the critical climatic influences which affect the insect population .

L$

would have to be estab11shed 1f miqration 15 a funct1on of food-

supply, then 1t is necessary“io test .the relatinnship between insect

Y

ava11ab1liny over space t¥me and the chanqes in c11natic cond1t1ons
&»

- over space-time. -The critical climatic variable may be the first

frost or the general trend in air temperatures.

>

(b) Photqperlodicigy

Phﬂtpper10dic1ty is well-defined by latitudinal parameters

and hences the theoretwca1 values may be mapped. If photoperiodicity

s -~ <

is siagnificant, theﬁ there would bb.a.re]&tibnkh?p between mfgration —




o ’
) » . B *
&, - oo 1“4
@ “ ) Fl e
o . >~ dates and light availability. A critical test would Be the vari-
® ~:abjlity of the migration détes over a period of years.

. R

(c) Synoptic Climatolqgy

. ’ - .‘\
THe ‘nature of the air masses over North America varies during
‘ N . . e
the year and ‘also between years. If the sequences of air-masses |
. - T ‘ -
with their attributes of temperature, w¥nd speed and direction
a ‘ ’

were mapped, then it should be possible to-test the relationship.
. - G

L

. . . . . ) . .
o " between these—;ngaules and mkﬂ?at1on. : - e e
: ’ . ' : ‘ ' - : .

\ Y

. J—t\. . ) . R . - »
It is abparent that’ these three factors are ingerrelated.
Photoperiodicity wi]]-inf]uenceipotentii] heat availability at the

-’ earth's surface, which in turn influences air temperatures . Insaet

8. e

" population levels” may depend upon incoming enerqy and air temperature.

while Eﬁ:t1cular air masses w111 accentuate- p051t1ve1y or neqat1ve1y

N ®
the general photoper1od1c influence. Mayr arqued that photoper1od-

hs

1c1ty sets the tridgar and the bird miqrates at the next opportun1ty

2

\(‘
A

when the cond1tions are favourabte. ;e

]

‘ .. A detailed research design could«invégtigate the following

- v

- clast of questions. If the bird always depérts at the same time

’

(day) from a part1cu!ar 1ocat10n. then photopeniodicitx or some

. other "fixed" factor is 1umortant This can be tested'by consider-

-

- ’ : ~ation of a range of locations, with different photoper1od1c1ty.
r ' K prov1d1nq the species is sufficiently wide ranging‘ If food supply

is cr1tica1 then the geoqraphic f]uctuavions of 1nsect popu]ations
. .
can be- monrtored~over a number of years. If. synopt?c c]1mato?ogy

o s important then +t shguld be possible to study the passage of air.
’ ] .

1 5
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masses over the reqion and ﬁnvéstiggte the re]a;éoashjp’bf<thi§

passaqe with t1me of ﬁﬁqratvon Implicit in a]] these questions isﬁ'

,J

the notion of'Var1éb111ty of the m1grat1on in. space t1me < It is
/ -

presumed that if.miqgration was stud1ed at a set of 1OCat10ns for ‘a.

number of ‘years and all the above “factors Were monatored theﬂ 1he -

re]ative signﬁficance.of the factors could be eva]uated.

Such investigations raise. further questions. This type of.

'study'has an inherent problem 6f §ca1e; it is not possible te’be in

- : N " . ) ~

a number. of places at .the same time and hence pequires a co-ordinated
. < v,

;=reseerch group. ‘Sec0n&1y, the best insights into the factor§ influ-"

~ . '. . R . P L . -
encing bird miqration are more likely to be .achieved by the naturalist

» o

who observes and experiences the phenemena over a-numbef{d? yeafé:
lnfbrtunate]y. the human organ1sm, in general ha;ibecome desensi- '
t1zed to th1s type of natu:P] process COne:f1naT dbseryation is o
that th1s examp]e is 11m1ted tOé{he timing and d1rect1on of migraticn

and does not .consider the route: of m1qrat1on or the . character1st1cs )
¢ |
. of-f%e dest1natlon " A reverse tr1qqer1nq may be effect1ve on

arr1va1 at the dest1nat1dn

v '

"o This 1enqthy e]dborat!on of the examp]e of Mayr 111ustrates

RS

the Jmportance of variation in the phys1ca] war1ables if space t1me

. ?It repnesents a valid bioqeographlcal approach and. at the sanm t1me,

Y

dgmonstrate§ the ut111ty,of resources from Theoret1gaT Biology. : In

thi§u1a§tiregar&, the concept of Goodwing'oﬁ:theure1ation§hip between

.
- v,
N .

gBrian ‘Goodwin, "The d1v151pn of cel]s and the fusion of
‘ﬁdeas.“ in Towards a Theoretical Biology, Vol. 1: Prole onena ed.

) c. H'k:jjjifrton Chicage: A]dine PubTiShinq Co 1968), 13? ~39.




. A the. division of. ¢e1ls and the fusion of jdeas is pert1nent Goedwin
v i .

uses the term1no]ogy of compgtér hardware to make his’ po1nt
”Ana]ogue":and "d1g}ta1” are, considered representative of two .

e . apprdaches to the analysis-of biological systems. (Ihe~“ana]ogue”.

approach emphasizes the dynamic, largely continuous aspects of .

{
. biological process, e.q. physioiogica] activity, éco1ogica1 balance;

. . whereas "digital" corrg;pond§'to quasi-staticy discontinuous and

o

logica} aspects of biological phenomena, e.g. speciation in genetics,

P

. B decision-making in psychology. The author-would §ugqest that the S
. ’ ' “analogue" ‘corresponds to "space" and “d1g1ta1“ to ”orqan1sm in - N
v _ the two approaches in Biogeography. It is 1nterest1ng that Goodwin-
stresses the need for a “"hybrid" of these two approaches. He sua-
gests that it requires the combination of automata theory and ’
control thedry. This same combination ‘may prove fruitful to a
. Theoretical Biogeography’, |
[ ., R s I3 \
. Waddinglon, .in his concluding remarks to the first sympos-
- ©_ ium on Theoretical Biology, lists three cHaracteriStics of Biology .
) (and therefore, Biogeography):

4 1. It essentially involves time at thrée scales: turnover,
development of ‘phenotype, evolution;- there can be no
instantaneous life, nor life that mere}y undergoes cyclic
or reiterative development . e .

z ) 2. It7is essentiadly multi- d1mensiona1 there can be no
. ~ unit, however complex jts intern#l structure, which can
o be considered 'living' without reference to the situat1on ‘ ]
» -not included in-the unit. o
. 3. It is essentjally organ1zed 1ﬁ,the sense that it exhipits - = . |
. . - homeorhesis (not homostasis); there can be no: Tiving thing
T . which can vary equally easw]y in a1l c0nce1vab1e . -
) directions. 10 .
‘_ ) . 10c 4 'Wad mgton. “Concluding Remarks," in Towards a Theor- |
: g_, cal B1ology, Vol'. 1: Prolegomena, ed. C. H.: waddwngton (Ch1cago.

~ Aldine Publishing Co., 1968), p. 218. - ° ' -

©




:;From an 'organism-centrea' viewpoint, the diurnal, annuig and Tife

- in the organism-space paradox. -

"biological systems ‘and appears at all levels from the molecular to

.Bmo]qu, Vol. 3: ‘Drafts, ed. C. H. Waddfngton (Edﬁnburgh Edinburgh

The 6ontept of multiple time scales, whether three or more,
has significaﬁcé in terms of.a, temporal framework for Biogeography.
histdry time scales would be important; particularly as ¢they relate
to rhythms in the physical environment. It has been suggested that -

the interaction of processes acting at different time scales will

* impose a structure onto living things. Goodwin has explored this

’subjecf at the cellular level in his book, Temporal Orgarization im

5
Ceils Multi-dimensionality is an” essential characteristic of

(3

any biegeographical problem in space-time, while context is expl1c1t

Organization, the third characteristic, has been°primary to

the disCUSSion of Theoretical Bio]ogj Kornacker states, for examp]e,

”0rgan1zat1on, wh1ch for the moment might be thought of as some set

of structure—funct1on relationships, is a domindnt feature of all b

-

12

the sogcial.” quan1zat10n, in that sense, corresponds mos t c]osefy

to the concept of natyra] order described in ghapter V.

.

The final example of the poténtia] exchange between Theorgtica?
13

Biology and Biogeography is. the research of Levins > into cofmplex systems.

K]

v 3 . [ B .

. 11Bman Goodwin, Temppral Organxzat1on of Cells (London
Academic Press, 1963) . .

12Kar] Kornacker, "Towards a phys1ca1 theory of se]f-organlz- - L
“ation," in Towards a Theoretical Biology, Vok. 1: Prolegomena, ed, .
C. H. Waddington {Chicago: A]dine Pblishing Co., 196873 p. 94.
s

13R1chard Levins, "Comp]ex Systems," in Towards a Theoretical ¢

University Press, 1970), pp. 73-88.

v




His concepts and Hefinitiona] statements are perhaps the most use-

o “}ful part to Biogeography. Levins offers pertinent and clear

definitions of model, theery and system. Levins defines g model:
A model is a theoretical construction, a collection of
objects- and relations, some, but not all, of which
correspond to components of the real system.. In one
sense, it is a simplification of nature. We ignore
components which we believe to have small effects, or
large effects but only rarely.l#.

P ]

Within the limits of this definition, Lev19§°recognizes three dis-’
tinct characteristics of a model:  cenerality, realism and precision;
and yet no nndel‘caﬁ optimize all t ree of these characteristics.

He proceeds to relate mode] and ory, in that: “"Since there are no

universally optimal models, a theory must be a cluster of models
' ' .15

which fit togetheroin different ways, ‘End fbrthermore, "Tteis
often necessary to treat the same problem with different models. A

-theorem is then callted robust if it is a éonsequence of different

r .

Mmodels, and fragile if it depends on the details of the model T

itse1f.“16 : )

It is interesting to the writer that Levins describes the -
research of MacArthur as possessing generality and some reality but

Tacking in precision. The text,. Geographical Eco]ogy,17 Is pre-

sently thesbest example of a theoretical'Biogeography.~ A critical

appraisal of the text‘ﬁgpresents-another research objective.

- » AN

» - -

L]

Y1hid., ». 75 RIS

161p5

(=8

s p. 76

. 17 pobert MacArthur, Geographical Ecology *(New York: Harper
& Row, 1972). ‘ '

-
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*A second aspé%t'of Levjns' research is-his c]assificafion

of systems into three typss-laggregase, compos:d and evo]ved?laf/

(a) Ansaggregate system is one in which the ﬁroperties of
the who]e are statistics of the properties of the fﬁd1vidua1 parts;
in wh1ch the 1nd1v1dua1 parts_ affect the properties of the whole only
by virtue of being part of the mean or the variance.

(b) A’cohgosed system i¢ similar to an engineering circuit;
the different components may be different kinds.of Units--éondensers,

tfansistors,'switches, etc. The properties of the syste& are no

longer derizabTe from simple statistics of the components. [t+is
a composed System because the properties'of each component can be

Rcompletely specifjéd by study in isolation. They do not affect the
mode of response of edch othsr, but-only the way “ih which a signal
is processed that passes.through all of tgem.

_ (c) An evolved system has component'sub-systéms which have
evolved together, and'are not even oBvious]y‘separable‘ in which it
may be qgnceptua]]y d1éf1¢ult to decide what are the really re]evant
‘component sub- systems ‘ - :

4, ' - The wrjter has not stOQSted a s}stqms‘aéprdifh to Biogeo:
L graphy . HoweQer,‘this threefold c1assifi;ation can bé{éppiied fo - o
current research in the discipline. The aggregate sysgemqimplies
. - .

that the .units do not passess other quqfitiesfvbesidés presence~qnd,v

absence. This same implication is inherent:in the ébp1ication of

- s -

. »

& - . : 18R1chard Levins, ”Comp]ex Systems," in Towards a Theorétical

) B]ology, Vol. 3: Drafts, ed. C. H. Wadd1ngton (Edinburgh: Edinburgh
Un1vers1ty Press, 1970), p. 78. T

- - r / -
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the informat{on theéretid measures to species diversity. The eco-

. m system would appear to-be a good examp]évbf the coﬁﬂbsed system,’
while the writer believes that Coleman's description of the gnats
i1Tustrates an evolved system (Chapter IV). |

This strategy is very opeh:eﬁded. Tﬁis writer believes that
there are many examples where the conceﬁts aﬁd problems of Theoreti-
cal Biology may aid in the deQelopment of a canceptual framerrR for

‘BiOQeogrqphy: This exchange is not nécessarily bne-way, nor should
"1t be thought to exclude linkages with Theoretical Geography. The

' maih’argument is th;t Biogeography must be based on sound biological

criteria, anq this requires ‘the recégnitiqn of the methodological and

philosophical structure of current’research in Theoret;ca1-8101ogy.

Bijogeography i% the study of §patial organization of organisﬁs at

the earth's surface. Current vesearch into the ;nterﬁa1 organization

of the cell and the organism is pertinent to Biogeography, particu=

larly if the concepté.are transferab1e'throughout the hierarchy of

'1i}ing matter.

Strateqy 2: Applied Research in Biogeography-
: ‘ —

'Applied' research is used by the author to signify a wider
social context to the discipline. It contrasts with the first
'strategy‘which may be regarded to be 'pure' research. This distinc-
tion is only for pragmatic convenience. The aim is not to énter
into the general debate on relevancy in the social sciences but to

. _¢
‘define*applied research by example. The strategy is divided into

three themes: (a) Radical Biogeography, (b) Historical Biogeography;

and (c) Bibregiohs. "These themes present complementary research to

-

Lo




the .predominantly conceptual material in this thesis. Individually,

*they form separate fields within Biogeogréphy.
) 7 py
(a) Rad1ca1 B1qgquraphy

Rad1cal B1ogeography has been 11m1ted to the wr1ter S
inquiry into alternat1ve views of the discipline. As a resu]t of .

. this inguiry, the Jriter offered to edit a special issue of Antipode -
on Alternative Bidéebgraphy. Below is giVee.the writer's initial
statement (October 1974) on the question at is Radical Biogeo-
graphy? he prefers the connotation of aftitnatives in Biogeography

. rather than 'radical' Biogeography. A

Alternatives in Biogeography

Biogeography has developed rapidly since 1970. This is: )
well-documented, with the evidence of the textbook market _ N
[Watts, Cox #t al., Tivy and Seddon)19 and the recent - &
publication of tﬁe Journal of Biogeography (March 1974).
Aﬁ.' These gécts may be 1nterpreted as showing an increased
'ecological awareness' 1n Geography and may reflect the
broader context of the 'ecologicdl crisis’ s
The title of ‘the issue (of Antipode )} 1s de11berate]y
. ambiguous. It can be read as either the existence of a /
. o setfof alternative views on the discipline of Biogeo§raphy -
or the existence of a set.of, akternative‘views within
Biogedyraphy which are pertinent to the discipline of
Geography. Primary concern lies with the first statement
and yet "the context is the second. ;o , ‘
<; . The reasoning behind the issue of 'Alternatives in <
' Biogeography" is that the editor and others feel that the
present published material does not fully represent the
diversity of viewpoint which exists in universities and
elsewhere. A personal selection of themes are given below;
they indicate a number of alternatives. Papers and ideas
° - 4

-

. 19David Watts, Principles of Biogeography (London: McGraw- -
Hi11, 1971); C. Barry Cox, I. N. Healey and P. D. Moore, Biogeography:
an ecological and evoelutionary approach (Oxford Blackwell Scienti-
fic Publications, 1973); Joy Tivy, Biogeography: . a study of plants
in the ec¢osphere (Edinhurgh: Oliver and Boyd, 19717 Brian Seddon
Introduction te B1ogeography (London:; Gerald Duckworth & Co.,

1971). | - '

7
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on these themes and any others will be most welcome,
*  Themes

A. The biogeographer has close links with the research
of ecdlogists and biologists. This interdisciplinary
position results in an awareness of the methodological
and philosophical issues in the biological scjences.

. Some of these issues have implications for Geography;
examp1es include the reductionism debate,20 develop-

. ments in thsoret1ca1 b1oTogy,21 and 'ecological:

T . th1nk1ngl

B. Chorley in his exam1nat1on of one aspect of the
ecological approach to geographical methodology pro-
motes the {dea that 'man's relation to nature is
increasingly. one of dominance and control'.23 This ™
viewpoint can be contrasted to the outlook of the
ecologist, Commoner: 'The whole notion that nature is
here for us to work on, has, I th1nk been Targely to

blame for the kind of mess that we've been talking o

about'24 (namely, the 'ecological crisis'). If the.
biogeographer sympath1zes with Commoner, then likewise -
he may require a 'theory of actipn’ .25 One. suggestion

is research into the extinction of spec1es as the

resutt of human dominance. ”

'C..Certain-geographers have discussed the survival of* the. -

., human species. Their ideas are pertinent to B
Biogeography.

\ o . N P -
R - . . »

b1

- 7

20Arthur Koestler and J. R. Smyth1es, eds ., Beyond Reduction-

ism: Hew‘Perspectives in the Life Sc1ences (London: Hutchinson &

Co., 1969]. . L

21c. H..Waddington, ed. Towards a Theoretical Biology,

Vols. 1-4 (Edinburgh‘ Edinburgh University Press, 1969).

22Gregory Bateson, Steps to an Ecology of Mind (London
Intertext Books, 1972). ..

23R1chard J. .Chorley, "Geography as Human Ecology," in

- 4

Darecf1ons in Geography, ed. R. J. Chor]ey (London Methuen & Co.
Ltd., 1973), p. 157.. - '

-

24Barry Commoner,:in Qur own metegbpr, ed. M. C. Bateson

. (New/York: Alfred A. Knopf Co., 1972), p. 251.
\ o~

Barry Commoner, "Some data for a theory of action" (unpub-
1ish per prepared for the Wenner-Cren Foundation on Anthropolog-,
ical Research, Symposium at Burg Wartenstein on: THe Moral'.and
Esthetic Structure of Humag Adaptation, 1969).

7 . 1
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Eliot Hurst expressed the view in his paper 'Towards”
/y/a socialist geography:  or how to survive and remain’
human that: ‘We begin with a commitment to humanity;
a non-separation of person as geographer. A commit-
ment to further that Joy An the art of living', to
existence, to surv1va1 1n the most humane terms.

Secondly, cons1der the prod of Bunge: 'Geographers must
find a definitjon of the natural state of markind. that
is operational,that has some concrete meaning in life,
in realty'. ) , ~

and,

c

'As a F1rst step it. must be seen that man and nature
are one'.27 .

_ From these quotations it is useful to ref]ect on two
points, as a biogeographer: (a) the meaning of. survival’
to differentygeographers; (b) the non-separation of
person ‘and biogeographer. . s

Eliot Hufst -and Bunge support geographic expeditions in
our urban centres. It could be argued that the urban
centre is not a space where man and nature are one.®
Secondly, research on urban centres represents survivél
of the human species at the expensé ‘o0& other species.
B1ogeography defines survival in terms of survival for

a)l species; this is consistent with the philosophy. of
Commoner and others. If there’is to be a non- separation
of person and biogeographer then there is a need for the
non-urban alternative to the geograph1c expedition. The
best example known to the editor is The New Alchemy
Institute.28 Their objectives are 'to restore the
lands, protect the seas and info he Earth's stewards'.
The task is to shape a world in whjch man works in
harmony with nature.

Biogeography must concern 1tse1f with the applied alter-
native. 'Applied' means the 1ntegrat1on of person and
geogpapher way of life and academic interest.

7

<

26

Michael E. Eliot Hurst, *'Towards a soc1a]15t géography or
How to survive and remain human", Paper presented at A.A.G. PTanary
Session (April 1973), p. 7.

27

William W. Bunde, "The Geography of Survival,” A A.A.G.
Vol. 63, No. 3 (September 1973), p. 290 ] :

-

. 28The’ address is: The New Althemy Institute East, P. 0 Box
.432, Wqods Hole, !'ass. 02543.
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D. Part of the applied alternative may be found in bio-
regional exploration. An excerpt of;Allen van Newkivrk's
'Bioregional Research Notes #1' indicates the tHrust:

'The concept bioregion has been introduced to éxplore
“ the possibility of develdping.a relatively non-arbitrary
“method of planning: for the wild biolggical realities of
‘% andscape. It may be s@aid that many of the existing °
methods suffer from am arbitrary mono-species-or
anthropocentric bias. Where these methods :bring varying.
degrees of ecological criterion to bear it is much to
their credit. Nevertheless, as Jean-Dorst suggests in .
his Before Nature Dies:29 'We must forget the idea that
the only way to derive a profit from the earth's .surface
is by transforming habitats and-replacing wild fauna by o
a few domestic plants and animals that have scarcely :
changed since man discovered them in NeoTithic times.
Each region shou1d be studied as .a whole to.ascertain
its potential. ' It should be determined on the basis of
cTimate, nature of the soil and b1o]og1ca1 needs'."’

Correspondence, ideas, papers on these thEmes and an& others
will be most welCome. It is hoped to produce an issue with
‘1nherent biological d1vers;ty . : “

<

- Within th1s thes1s the four .themes of that prelimihary editor-

¢

©

1a1 statement can be elaborated into strateg1es Theme A recobnizes
the need fbr an ongoing inquiry 1nto the prob1em of methodo%ogy -and
nph11osophy which ex1st in ‘the biolagical sc1ences ﬁ&n part,cthTS

theme is the essence of this thes1s. Theme B presents the author's

(2Fd

_concern with the prevalent attitude of man's domination“of nature.

[

It is prdposéd that Biogéography iS a diséipline which recogni%e%»

the paradox that ali specnes are equa], and yet d1fferent organtsms n

. <

possess differént attr1butqs. -The genera] research stfategy would J

" be to study the impact of the human species on other_spec1es. Ay’

o . N , 13 Q

- 29

. Jean. Dorst,”Before Natzre Dies- (Ba1t1more Pénguin Book
Co., 1970). ¢ . v : '
. 3OAHen van Newkirk 'B1oregiona1 ‘Exploration: methods and

aims,% September, 1974 (unpub]ished research notes available by .
writing to the author at Box 47, Heatherton, Nova Scot1a, Canada)

b
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basic resource could be the International Unien for ,the Conservation

31 which descr1bes the distribution and

“number of: those endangered species on the earth‘s surface. Biog%- 9 .

graphy, in its commitment to the dﬁpping of* the distribution of
these species,ces well as others, c6y1d change the’awareness of the
. T,

human species. Some specific suggestions are given in the.next .

~section, Historical Biogeography. ' o

The third theme is the integration of person and biogeog?apher:

v

One possibility, is the establishment of biogeographic research a

kentresgwhichfstudy‘fhe Biogeography. of. the region. .The obfjective
- would be to §tudycand understand the reTationshfp between the *human

orqanism and other spec1e3‘-yﬂ3second obJect1ve would be to redis-

.- 'S

cover a sen51t1v1ty of the human species towards otheﬁ living:

organisms and the mutual environment. Th1s pragposal is contrary to

o

the study of the problem of inequality within the human species. It

4

is not put forward as a substitute for the geographic expedition in

-

the urban centres, rather it is suggested as another viable altemna-

tives The dea is not to- repeat Thdredn's experimen? but to build

@ L)

on that EXamp1e, perhaps by integratih§ certain tebhno1ogical

:advaﬁces in the ;tudy of the eﬁvirbnmenﬁt Initially, the model ‘

: o
could be based ornn a“venture like the New Alchemy Institute.

The last theme described_lnathe statement is bioregional

3

exploration, as p?obosgd by van Newkirk, This top1c Will be—ful]y
i o SR " ) ‘ 9

—

i -
v~ — L K

31Internatmna‘! Un1on for the Conservation of Nature, The
Red Boog (Morges, Switzerland: IUCN\ n.d.).’ The book is a loose-
leaved vo!ume which is periodically- updated

Al . o . t
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“ colonization %y the human species from othefxparts of the earth's
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. d1scussed later: There is, however, a contextua] point which is Qe

pert1nent Van Newk1rk chas evolved h]S concerp for B1ogeography
through 11terature and po]1t1cs wh?cﬁ contrasts strong]y “With the
h

route of the authd% via the computer 1ndustny and academia. For the
e —— [
aqthor, it ra1ses val1ous questions about the potentg§1 ro]e of the

B

d1sc1p]1nes of Geog?aphy and Blogeography in the re1ntegrat1on of )

culture,32°’ - . :

( .

&

(b) Historical Biogeography

-

The general concept is to study the changes in theddistribu-

t@oa‘and dengfties of gpecieé‘in relation. to ‘the chanqes %ﬁ the »
distributioﬁfand density of the human species. By way of examp]e -,
F1QUre .16 illustrates the changbs in the d1str1but1on of- the American
Buffa]o in North America. The, map is ohe of s1xty4%1ght maps of

LI -}

spec1es contained in Seton's L1fe Histories- of Northern An1mals,33 ~

e

. Seton has drawn on earlier nineteenth century so%gces. Even though

s . } ) . -
athe‘?ﬂffa]gis the classic example of species extinctio‘r’m in North

: Amer1ca, it is 1nd1cat1ve=of the prob]em and also a ?iogeograph?EaW

research strategy. “For the’North American coht1nent it illustrates 4

the change in the distribution of native species in response to

-

! » AR . -
surface. Biogeography can make a significant‘%ontributiﬁn by changing
o . -

¢ ’ " ,
32Recent pub?1cat1ons of Io, Earth Geograﬁﬁy Seriesg
1]1ustrate the growing,awareuess dT‘Geogwaphy outside of the discip-
line. . Y . S
33E T. Seton foe H1stor1es;of Nomthern Animals, VoTume 1:
Grass eaters and Volume 2: Flesh eaters (New York: Arno Press,
1974; repgint of 1909 edition). ‘

»
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the awareness‘qt the hhman'species through maps of.the‘chanqés in

a~ Lo : . )
the. distribution and densities of other species over time. This
v . . . . > .
research need not be confined to thie pertod after £u(op an coloniz-

, &
4 ation, since archdeoloqical and anthropological evidende is/pften

>

. .available* | _
$ . -
Ph\losophically the obiect1vy behind this ‘gstrateqy is to
'Y - . * .
<« &
encnurage adnfater awaréness of ot. r species- and secondly, to
. recounize that the monopoly over space gﬁd natural” "resources." of*
- \ »., *
one species (human species) reddcés the tota?—set of,.'resources”
'. .

for all species. «The présent trend is a spira! I1f there were -a,

-

_ change in human eonsc1ousness towards other specwes. theu thlS would
. - e
Lreate a qreater appreciation of the “humanness“ of the human species.

Jhis.could act as a counterabalance th the present relationship w1th
technology which aqpears to emphasize the "non humaﬁness” of the
: human spenies » Lo : s
- ‘-‘ ~ A further point is .that Seton in 1909 adopted a "Iife-
ﬁistories“_agproach to his research_on Northees animals. Tn 1951,

Danseread'referenced a simil&r)afgumeht for this {trategy: ‘ -
- ©° Lawrence [1948) has recently made a plea for 'ecological
- life-histories'. "A strqona feéling for the necessity of /
this kind of wqu h&s arisen in many qu%rters and materials
.- are beinq accumulated towards _that end.

*
Jhe authar reiternstes this plea and suggests that a major contribution )

0f Bioqeoqraphy wou!d be to extend the work of Seton and tQ support

e I T

’ 34Pierre Danseteau, "The Scope of Bioqeouraph and 1t§ .inte
_grative leveIS.thevue Canadten de Biologie, 10 ¢1951), p. 27.
References , D. Lawrence. 'Report of the Committee on £cologica] -

’ ¢ Eod -
-* : ) . . .
N \ .

( - B 4 ‘.' | I’J . .a

-
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the developnpnts arising from the plea-Qf'Lawrence. -In this research.o

the primary objective would be to provide a picture of the change in

the Biogebgfaphy of a region as the result of human "activities.

" (c) Bioregions . ) 2

Allen van Newkirk35 has proposed the idea of the bioregion
' - H . ‘ ) s ) R .
'aﬁﬁ,b%oregiona]-explﬁ?atiOn. Jt concerns the division of the earth's -

v

surface into bio}egions based on béolbgica] éri;erig (in contrast to
the present bolitical &ivi%ionsd and t6 exp]oré and-unders tand the
chanﬁes in ;ﬁe_di§tribution and. ecology of all §pecies_in the region
overliine‘ The Broad aim is to change the consciousness of the human
species, away from the present attitudes of human dominance and\
<e\p101tat1®n These ideas are elaborated by van Newkirk in h1s

latest research notes. They are included 1n full here because of (

their significance to biogeograpﬂy. N

EIEN

BIOREGIONS *
A B1oreq1ona! Researth & Design Project

L Exploration of the Planet

1oreqiona1 research is 1n1t{nted with the conviction that
the introduction of a biological configuration of geograph-
ical space is cxlled for to equal the energy and imagination
» of self-inquiring individuals everywhere who actively ‘

-7 ..~ explore the critical issues of their species and their pl‘net

A thfmraph,y *or Life

Bioqeoqraphy—-the geography of life--is study of the distri—
. " butions of plants and animals over the surface of the earth.
Y The biogeographer-is interested in.discpvering patterns of -
Sy areal biological diversity in non-recurrent time and space
. "and may consider the évolutian, speciation, migration and
- ecology of plants and animals. Biogeography is studied that

B I T i e R LR

35Unpub1fshed.researeh notes available from Alden van Newkirk,

Box 47. Heatherton, Nova Scotia.

P -
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there might be orderly knowledge of the diversity of
the planet. . : )

Mapping the Biotic Provinces

? It is now recognized that patterns of plant and animal
distributions over -the syrface of oyr planet are chdrac:
terized by series 'of varied gradations ang that consider- -
‘ation of this: phenomenon is enlarging.our knowledge of 0
. actual and potential biological diversity. It can also
. be said that some obvious and extremely subtlé different-
. e iations between dfistributions of*various species and

species complexes can be usefully compared, described and

mapped. Thus at one major synthetic tevel biogeographers

may attempt ta map the biologically sjgnificant areas of

the earth's surface on a systematic basis.36 Three

methods ; among others, are often employed. These are

(1) floralior faunal provinces which are based on the

- distributions of taxonomically related groups of plants #

or animals, (2) biomes which are based on the typical

adaptations of plants and animals to climatically-

ordered envirorments, and (3) biotic provinces which are

" based ori the-distributions of distinct faunal-floral
areas. . » i
: Bioregional Planning-: .

- The concept bioregion is introduced and defined as a
biologically significant area of the earth's surface
which can be mapped and discussed as a distinct pattern
.of plant, animal and habitat distributions and related 1
to range patterns and complex niche habits including
deformations attributed to one or more successive occupy- -
ing. populations of the culture-bearing mammal. Bioregions

t may be delineated as arealographic superimpositions on
biotic provinces and are applied for purposes involving'
the plannif, restoration and management of culturally

deformed biotic provinces. .

-

ﬂJBioréqional Strateqy for the Human Mammal -

* A goal of bioregional research is to encourage develop-
ment of multiple participatory strategies of cultural
adaptation toward restoration of the integrity of wild
plant and animal diversity in each of the discoverable
‘bioregions. .

4 e tare Re - ,
To advance recovery of the purposes and values of the
human organism the concerns of the Bioregional Research

4 Design Project include -

R e LT L S N SR

36Raymond F. Dasmann, "A System for defining and classifying

Natural Regions' for purposes of Conservation,"” JUCN Occasional Paper
# No. 7 (Morges, Switzerland: International Union for the Conservation
-of Nature, 1973), '




*Mapping of the biologically 519n1f1cant areas of the
. v earth's surface with discussion of their natural and ;
sensate h1story and of their meeting with-cultural )
. histery. |

*Analysis of the var1et1es, dynam1cs ang ranges of
domesticated areas in comparison with each other,
with like analysis of wild areas, and with the contin-
Wty of biological evo]ut1on

- *Historical reconstruct1ons of wild areas With criterlon‘
. and suggestions—for extension or restoration of the
. ranges and populationsg of wild species and\spec1es
\ q compl exes.

*Rerchptual problens encountered by the human mammal in
a ension of habitat as an e]ement in the b1o1og1ca} .
configuration of space. . ¢

*Cultural adaptations to the siggificant regions and
. locales of biological space.

+ *Bioeconomic and biotechnic instrumentation at the
1evel of bioregions and their locales with concerns
. for the functional autonomy of naturat energy flow--
.. biotic-diversity. -

*Language, poetry, and: mythos as tools~of bioregional ’

cognition in the Indo-European, Amerindian and other

: traditions. =~

L " *The reconstructive bioreqional arts. ’ "i 4

*Human biogeography inclugding (1) late Pleistocene, and -

earlx Holocene cultural Qddaptations and dispersals, - _
(2) invasions of the human.mammal into wild areas result- )
ing in adaptations or maladaptations, and (3) existing

pressures of the hyman mammal on the ranges and popula-

+tions of wild species and their hab1tats ’

*Commentary, revyt
themes of bioreq
cul ture. 37

peculation lending itself to
visto f constiousness and

VaﬁﬂNewkirk identifies ten strategies, many of which are

- .
- . -
e, - .

signjficant to Biogeography as an academic .discipline. The writsr

. ; " discusses four of these aspects below.

A

-

e a4 s vt - = ———p it E————

, Y

Allen van Newkirk ‘"B1oreg1ons:\Tpnpubl1shed research notes

available. from the author, October 1974). ) ' .
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vinces /

(1) The Mapping of Biggig;
The establishmen€ of suitable criteria fdr‘the definitioﬁ
of the boundaries of the biotic pFovinces is an 1;teresting subject.
Ideally, if the distribution o;.all species was known,‘;hen the
ob3ect1ve would be to identify significant species. It is probable
that evo]ut1onary cr1ter1on would be used to delimit dJst1nct1ve
reglons of the " parth s surface. Th1s approach presumes that the
~ species distributions are continuous and_ ignores the prob]em of ‘
fragmentation Qithin the btotic prbvﬁnce and its re]af?onship so

1andscape ‘ T oL
The writer con§1ders that it w111 be necessary to reconc1ie
) N
. the Iand!cape ecosys tem concept of Rowe38 and the bioregion¥ This ~

Juxtapesition of concepts can be viewed in terms of the -space/
~ organism dichotomy. 810t1c provinces can be def1ned in"terms of the
species (organism) or they can4recqgn1ze the character of the land-
\ ' scape (space) In the second sasé the geographic features of

. coast line, mountain range and desert may prov1de suntable criter1a

Aqa1n it is apparent that these criteria are not 1ndgpendent since "=
different‘life forms and speéies-correspoﬁd to different landscapes. | ‘f_
. R The significant point, béhind diuidihg'thg earth's surface
= into bietic prov{nces, is that biotic distribﬂtions’ovefride politital

: boundaries. The value of th1s map is 'that it estab11shes,an aware-

- ness of the earth based on b1olog1ca1 cr1ter1a ) . -

e

[} , .
;" 38J.,S. Rowe’, "Plant Community as Landscape Feature,”" in

~ Essays in Plant Geography: and Ecology, ed. K. N. H. Greenidge
(Halifax: MNova Scotia Museym, 1969), pp. 63-81.

-
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‘cated Tandscapes with wild enclaves and conversely wild landscapes

\ . , ,
(2) An_Analysis of Domesticated and Wild Areas

" Van Newkirk wishes to identify and‘deﬁimit domésticated
and wild are$s>on the ‘earth's surface. This strategy coincides with
the concerns of Sauer,39 }egarding the impact,of,human culture on
plant cover, Tﬁere~afe several academic pointS'ijch relate to
this strategy. First,.there is-a continuum between domesticated and.
wild areas. Furthermore ; the éaréhfs surface is a mosaié of domgsti-

Ly

with~the occasional human settlement. ﬁecond1y, in terms of species,

»

w11d spec1es ‘may move and cohabit the same area as a domestlcated

species. v These deta11s as1deq it would be a valuab]e piege of

biogedgraphvc research’ to map some measure of the intensity of human

impact-over the earth's surface.

. W «

- (3) The Historicat Reconsiructign of Wild Areas

\

In 'this strategy, it is assumed that'}here exists_historic

- “ - -
information on the-area.prior to domestication. Also, it suggests
that the rgintroductﬁon,of a species into an area will result in the
reversion to the historic condition. The author believes that these -

are rather demanding assumptions. A second criticism is that the

reconstructed area will be set within/\a region where the human species

now exists with a much higher density population. The gepeﬁ%]’

observation is that areas-of the earth's surface are‘bécoming_jncrea-f
singly .inter-dependent and influenced by the impact of the human

species. ) N

S 4

39Carl 0. Sauer, ”The Education of a. Geographer," in Land and
L1fe A selection of the writings ‘of Carl Ortwin Sawer, ed. J. Leighly
Berkeley: University of California Press;, 1969), pp. 389-404. ,




» ‘ (4) Perceptual Problems
. Increasing]j, the human species is separated from all other

species, resulting in mono-specific enclaves. The individual in . -

thié\environment'sufféks a loss in his/her perception of nature.

5 . Y

A major contributien of Biogeography, .and other field-oriented -
natural sciemces, is t™Fe-educate and maintain the awareness of

-

the human species towards all o}her species. )
Since these comments oR van Newkirk's strategies are within

an'acadeoic'piece of work, there is a paradox. It is the paradox ;

oszhe '1{terary sp{it‘;'whe;e an individua{.Writes about chanoe ‘ ‘5

and activities rather than doing it. < The writer can find partial

josfificatioh iR that active iﬁc]usion of these applied examp]es of

' b1ogeograph1ca1 research does communicate the d1verse nature of the '\

i} G1sc1p]1ne and may 1mprovq the probab1]1ty of future 1mp]ementat1on

Strategy 3: Field Research

* This: short d1scuss1on emphagizes the 1nterdependence of

f1e1d work, methods of analysis and a conceptual framework’ In part,

. . . . Y
this essentially conceptual thesis has developed out of the field

40

: prob1ems of the author's previous M. Sc thesis. The'ear1ier . o

research used quadrat samp11ng to study the complexity of vegetation
patterns in an alpine meadow. Several general cr1t1c1sms can be -
restated here before discussing the 1nherent‘frob1ems of f1e1d work

in Biogeograp®y. The f1rst criticism is the less of all locational i

LR IN . »

e e f*i‘—"' . ——— ' ‘ . .’ ° -

40g. V. Maher, "Complexity analysis of vegetation patterns _
.in @n alpine meadow" (unpublished M.Sc. thesis;*“Department of : .
Geography, Un1vers1ty of western Ontar1o, 1971)




: »° ‘ 161
"ﬁnforhation in the analysis. For examp]e, over the study area the.
Y vegetation was samp]ed in quadrats, recordlnq presence absence data‘

4
for, the plant species. The result is a species- quadrat matrix

-which is the 1nput 1nto an analytical procedure In redot1ng the
| data to a matrix format the relative position of the quadrats in

real space iselost. A second criticism of the quant1fﬁcot1on ’ £
procedure is that the'spec}es are defined by their row location in-
the matrix: the qualitieSAOf the individual species, for example

T 1dent1ty morpho]oq1ca1 ‘and funct1ona1 characteristics are a]so
1ost T;1rd1y, the earlier research did not resolve the problem of
suitable field methods for the s tudy of pattern.- While these threg
criticisms are bSund by the context of the M.Sc. thesis, they do.
reveal more fundamental issues. . There is little value in collecting .
deta11ed field information if the concepts and current analyt1cal

»

methods do not perm1t resolution of the problem. » 3
~ . If field work and analys1s are separated, for convenierce,

~

then there are- a number of general points which can be made regard- : o

; | .ing field research design and Biogeography as redef1ned in th4§ . .
’thes1s. In this context,fanalysis is redefined as descr1pt1on or
- .oenera1 interpretation.‘ There are” two main field desidhs,leither
| . the 'space-centred' or’the ‘organism-centred' approach. For example,
in the author's “study-of an alpine meadow, the design was 'space-
- centred'. The objeotéve_uas‘to understand the variation in the I é;
species mix over the area in relation to the;variations_in environ=

mental varigbles. In generaf termsr the ¢cientist is faced with

the problem' of sampling an infinitely diverse carpet of plant
“ . LY o

rd . - N I
I /
- ;
. ,
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species and at the same time the co]]gctigﬁ‘of suitable data, at a

-

comparable scale, on significant £nvironmental factors.

The proﬂ]en{necé&s1 ates a clear idea of a “significant .
factog”g this requires .an dnderst;nding pf,the orgaﬁism:envjronment
interactions of different speéies. Since microe&fmatggggy has bnly
recently desiéned the equipment to‘measyre wd th' precision, the »
exchanges,for the individual organfém, it is cétim7§tic to expect
to map the field of an environmental variable over an extensive

area. ‘ : b e

’ v - -

'Space-centredlresgarch designs requ‘re systematﬂ:ic‘%-amp]ing

1

. ¥ . i S
aver an area. In the 'organism-centred’' design, the jdentity of.

the species is agiven and therefore the problem is to discover its -

© « .distribution over the earth's surface. It is only recently that the

. . < - . A
author has reverted to organism-centred research. An example of

this type”is the,research proposal for a biogedgrabhfcal'étudy of

funk Island, tge'wfou_ndland (Appendi x B). The p’m;"?trates

3 . \' .
Don sea-bird species, their spatial organization and the Sition of

Funk Island in tﬁei;‘space-time. Funk Isiand was %p]ebted b;;ause
of its historical Sigﬁfficance in the biogeogrdbhy of the Great Auk
and alsb_otﬁer‘sea;bird épeciés*,}i secgnd advantage js its finite,
insular character. . |

A second example of 'afganism-cent;ed"researﬁh is the
bioégography‘bf the desert locust (the#é exists a research programme
at the Centre for Ové:seas #est:ResearcH, Lo;dqp, England). The
'ecti&e is to undéfétand the relationship .between 1o;usf movéments \

and{microclimatology. This reqyires an appreciation of the changing




nature of the prganism and also the variabilitx of the physical
environmeqt over the region. Indeed, the prog1em c0mb1ne§§the
_organism and saace-centred apa;oaches. O J
Field research ﬁn‘Biogeography‘must ihc]ude an'apﬁreciation
/ ‘ of the intrinsic properties.of the species and also the §patia1
variations of the pertinent environmental factor. The biogeographer
must have a background in the taxonomy and b1o1ogy of the species

Wt under investigation and also understand the envwonméntal sc1en

of Pedology and Microclimatology. The author be]ieves that individual -

‘fie1d-researéh in'Biogeqéraphy should concentrate gi;ﬁgg on a small,

. . well-defined area, e.g. an island, or on a single species. ‘This
stratagy has a greater probability of ad;ancing theldi§cip1ine. In
addition te 1ndivjdua1 researchtizhe nature of Biogeography requires

a network of inter-disciplinary research teams over the earth's ‘!’ .

surface. -

Strategy 4: The Teaching of Biogeography
The writer has been teaching courses in Terrestrial and
Marine Biogeography over the past three years. It may prove useful

_to illustrate the relationship between this- thesis inquiry and its

L4

tpanslation into the teaching context. The strategy is, once-again, *

&
to illustrate by example, using three factual resources. The first
example is a schema - for an undergraduate academic course in Marine
Biogeography. Secondly, the wr1ter presents a Terrestr1a1 Biogeosr

«raphy workshop which illustrates the aﬁb}1cataon of the 'space-

centred' and 'organism-centred' approaches in a teaching context.

- . - -

< ? ’ o
.

\




Finally, sehe.examination questions in Terrestkial Biogeography
show the,é%phasis of that course. The wrjterﬁbelievee»that“these
materials elear1y show the diygtinction bet\:{eenu h1/; def(inition/df
VBioéeography and the definition provided by the textbooks in
Chapter II. . . .

- -

(1) Course Outline: larine Biogeography 3141 Undergraduate
The- course has two components:' . .
(a) a set Q% 1ec}ures on the concepts of Bioéeegrephy} and
(b) a set of workshops epplying some of these concepts
to the Marine Biogeography of Newfound]and waters |

The qenera] aim of the c0urse is to increase the awarene§§
of’the student %&ythe B1ogeography pf Newfounﬂ]and s marine env1ron-
ment ‘and at the same time suggest anumber of alternat1ve research

strategies.® R o - R - C

A. Lecture T;p]cs

1. General phys1caJ propert1es of the martne env1ronment
2._The,response/adaptat1on of organisms to this envyronmenr.

. 3. Identification and classificat%on,gf Mmarine organisms.

-

- 4. Classification of marine environment.
4 ‘ ‘e i > '
~ 5. Prope}t1es of selected marine organisms,
s - ]’ N . i ° i
-, life cytles S ‘ “ . "

“ . - 1ntra-spec1f1c act1v1ty, e,q. breed1nq
‘ - inter-specific act1v1ty, e g food supp]y :

6 VSpatial orqan1zation

: ’ - between 1nd1v1duals e o /
- within qroups'
--sub-populations




N 7. Historical viewpoint » .

- influence of the changes in the popu]at1on
of the human specwes

\

- po]lution overfishing

- information sources onr population changes
in marine organisms

8. Biolog1ca1 rhythms and environmental rhythms __—

St

(a) Physical environment -~ ,
'Y L - daily, e.g. light availability |
- -seasonal, e.g. ice cover, mixing of ocean currents’
- long-time period, e.g. global trends
(b) Organism .
- daily requirements/movements
- seasonal events, e.g. migration

- 1ife history

I 9. Problems of scale
e.qg. re]at1onsh1p between inshore/offshorg f1sh1nq

10. Special topics
(a) Animal migration, e.g. sea-birds, marine mammals
. (b} Animal communication, e.qg. marine mammals

S ‘B. Workshaps ‘ |

" Workshops are schedu]ed every two or three weeks. They

° [

reéu1re the student to 1nve5t1gate 1nformat1on sources on Newfound-
. Fand or app1y a part1cular conceptua1 framework s
(1) The character1st1c5 of Newfoundland waters: a synfbesis‘ ’
of current’research papers by F1sher1es Resea?%h Board, St. Johns, |
Bédford Institute, Ha]ifax~anq the=ut111zat1on of ava11ablg carto- ©
, . ' , . ' . Fi ]

graphic sources. ' .

« s

(2) The Biogeography of one fish species.

(3) An analysis of fishing catch data as an indicator of the




- v
'
- {

Biogeography of fish species in Newfoundland waters.
o

(4) A research design for the study of a coral reef (an .

alien morphological feature in @pwfound]and waters{. . - ‘i
"(5)<The use of a simple computer simulation model of an
ecosys tem. - . ‘ 04 . o, .
‘This out]#ﬁe is not rigid. In previous course offerings,
the.contgat wa@ modifje& as the result of visiting speakeni_gz_the
deveiopmenf of a particular line of inqdiry eilher-by the students
or the ?esea;cﬁqof the author. Sec0nd1y, this course‘fof*bws the
one semester course.in'Terrestrial Biogeography ahd tﬁerefore'pgg-—
sumes a know]edge of the eco]ogicél'con!@pts developed in that
coursé. Frgm the oQﬂ]ine, ig is apparent that tﬁepaughor comb%nes

a structuralist approach- to organisms and their environment with an

attempt to increase*the awareness of the student of the ther species

in the bioregion.

(2) Workshop 4: Terrestrial Biogeography

B

This workshop i& the product of the inqujry developed in
. < ¢ v » - .

- this thesis. 'Ii presents the paradox of the 'Space-centred' and

'organism-centred' approach to the student. ; .

]

N workshop=h - A Cﬁncepfual approach to a land mammal
S ir Newfoundland :

o Each étudeuf should select one,épecies of mammal found in

‘b ‘" .
Newfoundland and Labrador. ?he ConEZQ;ual Approach: Rﬂ‘%laboration.

'thsing)from ;he"pkevious workshop, it is apparent that there

is a heed to-encourage the cogceptuali;ation of research problems

in Biogeography. This work!hcp’isvtowardSsthat end. A&




-

.
-

XY

N 2 - - =' -

(a) consider the aorganism that ywou have sel‘cted:}

-

What are 1ts intrinsic propérties? tor example, yh.'«,t- s 'Hs‘

sire, 103 mobility?) How does it use its sense ordans to perceive

-

t.he q;wimmwn!‘ In s Hv‘e' time, -wm\t are the main eveni\ and

« what i\ s qum\men: o the tm.n anvironment to nmm 1S

<

needs | _i\o these wqujrements change with .mez l\ms-t\e amani\sm‘

- £

demonstrate daily, seasonal qycles? Tozsa(is{v’i_{s changing: needs
t'hmuqti time, is it necessary -for the armanism ll(\-m.\\h": 13 -difrevent.

» - &
s g v

Mbnam - ' N . .

. o (D) Now rvver:.dthe Process . consmev X s;\ace ' Ini'tian,v

Tet !ms spau\ be equal to thc\ howe rauug of an omaniw ’ Hhat o

d\wm\.u ot Yife exnists in the space ﬂt}u .does the om.mism !

-

respond tor the diversity. How daes the ammim msmnd to ?the -

»

manqes of tﬂr phys T¢al eanmumeM 1n the smce ' cz . micmdimte
ldentify the othir spexies which may accur in ;he sme space. how
will they mteragt wi th the amauism m this space’ L _
b_y th s‘timef. you shaw\d hgwe. a m,eu‘v.a) :imgg of aw Sma‘ -
within -whigﬁ there ave a number of ;enbife m;qanis‘ms chanqind t‘he%r :
“ locations durim a day. lach indiv‘idual wil‘ havt dﬂfarynt muim-

© o ments, vyla!éd to ea% Mher. and“tha stntic veqetation cover and the

" -~

tl\"\amh: Ph.w-'ica! envimnmt " ‘»59“ o \,, )
SR {c) Nm e;mud thg time-scale - this per:nits tne dfffgnm
plant sm&ios 1 ;mmo tyir chancteristics e, q. - flower,” tru'it.-
leaf, etc, \imilarlv. mbilt orgmism )uve diffcmm susoml md&
: T Nou oxpaﬂd the spathl scale « . this: pomtts ] qruur Sl
. diversiu of‘/cmmisw lnltia‘lly‘ the Splé‘ was nstri;nd tb W
', . ) .- - -'{ ' ., 5

I



-

Cselected specieq Ct .

BRI
: fourth -3

’ hame‘ range of an ‘ind'&vidualﬂ

selec.ted spu’s. You must include the followinq characterishcs

Abehaviout . distribution and populati

) nuessm-y researcheto prmvide inswers

| ’Essenﬂnly you'have a cuje.

" .

-Expansion of the scale permits inter-

L]

-action betwen mdwidua\s of the same epeues . ’ >

Hmw. da not f(wqet that these u{o changes affect the

phy\hal envimnment*e <q. seasonal snow cover, tonoqmphu variations.

a®

4

mlu'iremont o . .o e
¢ .
You must set your own Questions for tms workshop The

/
above descmpt'ion ot the conceptual .\ppmach can be apphed to your

/
in the final report.

~

‘ o v : ‘t’

(1) Wherever possible mpresent the bioqeqqraph_y of the

species by map\ ‘and diagrams. R - . . .

b]
LT (2) Conmsider the complete, spectra of scales ‘(a) standing *

~ space "of an individual - province of}k‘ffoundiand; ahd ;.abr"ddor:
(bY

ot hnur-; - centuriet'

(3) lnclude the human infbac‘e. i.e. the effect of the - |

=)
growth of man on your

-y @ , .
' \
.
[

{4} Pose YOUur own questions whenver possibl‘ indicate the

© -

(8) Give an intmduotory $tructure to your report, i. e.

state your questions and. -your neport d(siqn
The main Approach must be gv;_p_h__c. R T ‘ T ,, e

2

b

atmosphese above i1, s aivi de
smaller-cubes. Add the
nsiou--’-TIME.

A partial bibliogra BRI
and a set of useful ‘references will ar B
be available in 14-28. ST e

. \ . .
. . . i \1
' , Stk - .
, .

mpne%ms the pmvince and. the

)b-hd«----

}
t
'
¥
1
!
f
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(3)'Examination Questions

It is perhaps unorthodoi{;oqlnclude exam?nation quest1ons in~—~///’
a thesis. They are listed here‘to illustrate the practicality of »
this alternat!ve Bioqeoqraphy in the teach:no context: their content
"demonstrates very clearly the d%stinctiveness of this alternative.

{a) "In the past few years a suSpicion has beén growing in the
minds of our most, thoughtful students df animal and human
. behaviour that territory and social rank are aspects of 3~
& single innate force, the drive to dominate. Dominance over
© . a‘plece of space {territory) lies at one end of a.long con-
tinuum grading into dominance over ope's fellow béings."
Robert Ardrey, 1970, The Social Contract, p. 240.

Discuss. Use examples of territoriality and social rank from 3‘
either 1he Bird Kingdom or The “Animal Xingdom,

The author considers that the concept of territoria]ity has a bioqeo-

Y

qraphical context.

_(b) Moss41 defines Biogeography as that subject ““which is con-
cerned not with certain forms of relationship as Ecology but
~ with all forms of relatichship affecting the ‘distribution,
" location and space organization of living things as they
appear on the surface of the earth."

Discuss this definition in relation to e er "Problems of
Red. Squirrels on Camel Island" or “The Tar¥ou-Lynx Relation- -.
ship" or "Sea birds in NewfoundTand".

(¢) R. J. Chorley in the pa r titled. 'G&graphy as Numan Ecolo ‘
contained in his recently edited bopk Directions| in Gqura%{x.
1973, says: '

the ecologfcal model may fail as & supposed key to the

general understanding of the relations between modern
society and nature, and therefore as a basis for contem-
porary geographical studies, becadbe it casts social man

. in too subordinate and ineffectual a role....Man's v

relationship to nature is increasingly one of dominance
and control ;showever, lovers of nature may deplore it.

Comment on this statement in relation to Biogeography and
secondly, .its applicability to poficy and reality regarding
National Parks in Newfound and.

H

b e o B e o A ey -~

T Alp RUP. Moss s Reader in B'logquraph,y at the University .
of Binmingham. Enqland

»
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. (d) Communication Theory psgé the simple model shawn below:’
e ’ 5 B » e
. i 52y v oot = Lo e 3 )
Trangnitter Channél Receiver
. L et e R T ’ .
Demons trate tﬁe utility of this model in the study of ahimal N
‘communication. What is the significance of the study of j
-animal communication to Blogeography? Give examples. * )
. > . .. .
It is self-évident "that these four questwons are cons1stent
with the definition of ﬁioqeography portrayed by the contents‘bf the
. thesis inquiry. aORN ' : <
4 . “ -
-The writer believes that Biogeography exists as a unique
“discipline. This has'been affirmed from a variety of sources which
‘ ‘ . P . -
" illustrate the €our strategies in this chapter. Biogeography 1s not
dependent upon Ecology for jts subJect matter or its methods.of %

analysis while'Ecology has provided supportive material in ‘the
past the future conceptual deve\opment of the disciplfne of Biogeo-
graphy mu;\\be withﬁn the context o;\kurrent research 1n Thgbretical
Bioloqy The writer believes that the main 1nter-disc1pt1nary

.Uow

”

>
°

11dkages will remain within the Physical Geography sector, namely, ., ®

Climatmogy. 7ceanography. Pedology and Geemrpho'iogy f/but will

a]so include taxonomic and other Spgcies—oriented studies in Biology

0
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- CHAPTER-VII ' ,

. . - CONCLUSION

. - A o ' ¥ -

This chapter re-emphasizes some of ‘the.major arguments of .

. %
the thesis. The most importanxarESUTt of the inquiry is the form-.

" .ulation and exemp11f1catwon of an a]ternat1ve definition of

'.Bwoqeooraphy Contemporary\IIterature focuses on the ecosystem

this thesis rep]aces that concept with the paradox1cal study of the

: orgénism and its characteristics and the properties of envirdnmental

space. [t is recognized that this distinetion between organism
ano space is purely a pragmatic veh1c1e for biogeographic research.”
The yetentjon of a paradox maintains both sides of the object/space/
problem’overtiy. vThe author defines éhe.object/space“orobTem: 2
dot deffnes a spaeey‘wniie a space defines‘; dot; neither can exist
wwthout the other. ) A ‘ . B ) —

] An advantaqe of the paradox is that 1t reduces the likelihood

of reification into .a rigid dua]ism The man and nature dualifm,

is.an excel1ent eiamp]e. pertinent to this thesis Two contrary

"

,attitu s are preséoted bx‘Anderson and Mgciyre on one'nend and \%>

Chorle on the other Anderson . '

. .
» - v

. The bio]ogical re1ations between man, considened as an
animal, and the whole of his: a:lmate and 1nan1mate environ-
. ment is the essence of Biogeog phy

< . . L B

" F
— i - - r"‘ i

}Margaret Anderson's definition cited by qu Tivy, Biogeo-

graphy:— a stydy of_plants in _the ecgsphere (Edinburgh Oliver and
+ .Boyd, 1971) R, | .
R 171_ Ly
. * .f,' o v ", .
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the. human spec‘ieslas'yet another species,.?ut_'apprec','iates that the

5
McClure: ’ \Q;Z> -

- When a-man does not a&mit he—is an ‘animal, he is less than
- an animal. Not more but less. L’ CC

Chorley - . | , ' - R

the étoloqwca] model may fail as a supposad key to the
general understanding of the relatidn batwken modern.

- society-and nature, and therefore as a bdsis for contem-
porary geographical studies, because it casts social man
in too subordinate and ineffectual a-role....Man's .
relationship to Nature.is increasingly dne of dominance. %
and control; however lovers of Nature may deplore it.3

. - \“ .

The author strongly supporté'the view of McClure and Andgrson, -

& S .
recognizing that Biogeography is the study of all species. - It treats

human organism has a pecujiar seﬁ of characteristicsf Chorley 4 -
| ‘ . : e

‘ssumes that man haé'domination and control over'nature with the //
«ofp

1mp11cat1on that man Ras attributes which are Outsxde‘of natural
A

regulat’%n The autho disaqrees with the v1ewpoint of Chorley, '
furthermore he be]ieves that ‘it typifﬁes the attitude Which forms
w' .
¢art of the current, premcament in our culture and a]so within khe ST

d15c1p]1ne‘of Géoaraphy. A paradoxical outlook_on the man and

nature dualism is to accept firstly‘that man is an animal and then )

secondly tg recognjze that pecu11arity of man which enab]es the .

I

species to 1maqine that human relationships, 1nter-spec1es re]ation-

ships, and the comp]ete g1oba1 system are all controllabjg,by‘the.‘ -
- . - N ’

. -
A . @ Ll

.

Michael McClureﬁ "Wolf Net,” in the Special Issue:- Biopoesis,

lo, 18 (1974) p. 143.

»

- 3R1charﬂ 2 Chorley, "Geography. as Human Eco?ngy.“ in ‘
rections in Geography, ed. R. J. ChorIey (London Methygn ] Co , |
1973Y, p. 157. ,

/ . T ' a2
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human speties. The author is not arguing agaipst scientific inquiry
.t én* techno]ogy but for a greater awareness of other species and the .
= ; L 1 .

animal in man. "The present rade miﬁase in the population of 'thé

human species .remains a natural phenomena which is taking place at f'_
¥ ' ’ T ) N !

the expenseof other species. .

-

& In 1967 Crowley \made eleven récomn;endations for the develop--
ment of Biogeography. H1s first point was “that “B1ogeography TS a

v part of Geography, not of Eco]ogy and accord1ngly shou]d maintain a
4 \/‘

'geographical point ‘of view.' Eight years 1ater, it ds still -

n‘ecess'ary»to stréss’ t’hi~s recornmendation " At a fundamental level it -
is irrelevant whe'ther'* Biogeography is labeﬂed part of Geography or

Ecology but the. currenf academic system requxres dlstmctwe d1sc1p—
lines and a clear demarcation of d‘ls‘ipHnary boundanes Gﬁen th1s .

ac;dem'nc context, it is 1mportant “that’ BlogeOgraphy be recogn'ized .

as a viable d1sciphne and is not to be confused with Eco]ogy If

AS]

Biogeography pers1$s with it current emphasis on the e'cosystem',
. - »

then it is rational that -ecologists will perceive an overlap with
their field. 1If, instead, Bi.ogeography is the geography of living

thmgs or the study of the spatial organization of orgamsms, then

it 1s a vital part of Geograp‘\y C ¥

Chorley has jrqued that Geography 15 not Human Ec:o]og.y.5

' the euthor w'ou]d agree and contrarily would Srgue that Geography is

S

. .
é"
- -~
4 M < - ) . N}
.

- b 4John M. Crow]ey, "Biogeography," Canadian Geographer.. 11~
(1967), p. 323.4 : /

.. ~

.

- ‘ ) ’ 5R'lchard J Chorley, "Geography as Human Eco]ogy!. " 1n e
Directions in Geography, ed R. 9. Choy’iey (andon Methuen &,;,o R
' 1973) pp. 155-169.

Va 4
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b\’t*n" i strated to

_ tha current qﬁf1n1t1on of thgid1sc1p11ne in the- 13teﬁature This

.ig consistent w1th h1s be]1ef in the concept of b1o]oq&cal diversaty. %//

. substantive_research."’ v

'(1967) p. 323. .

T S A :
Human Biogeograghy. Log?ca[]y; the current discipline‘of-nggraphy L

becomes a subset of Biogeography. An .interesting aside~on this

~

semantic “merry-go-rdund"-is that Anthropo]oby has recently defineq

the field of Human Biogeograhhy as the intersdisciplinary regionh

‘between AnthropoTogy and Geographical Ecology.6
.

To reiterate an earlier argument, what is important is the

nature of the problem and the way in which we think about_it. Thé

]

problem identified by. this .thesis is that there are many ideas,

v

toncepts énd facts, which exist in both the academic community and -
e wider culture, which can be demonstrated to represent Bioqeography.

Present1y, these materials are prec*uded fu]] recognitlon because of

Ao
\ 5

thes1s pregehts an alternatiV@ ‘definition, which rectifies the
—~

~r

current’ l1m1ta;}ond 1n¢1cates the nature of the proplem of Biogeo-
braﬁhy, and proposes a set of positive strat®gies. These strategies

are not_speculations. 'In mdny cases, they are based on the teaching .

and researgh context whichjforms part pof the thesis.

Y < Cy
“ In presentan a 31versity of yiews and mater1a1s, the writer

Th1s,be]1ef;1s T1nked here with a,further recommendatzon of Crowley:

"Biogeographers, in addition to publishing their conceptual views,=
should .put the conceﬁts in which they believe into practice in their
" . P - [ >

w 7 ‘ :

; )
*

—— . - s N

g;
6John Terrell, "Comparative study of human and Yower animal

Bioga?gJaphy if the Solomon Islands," Solomon Island Studies’ in Human
Biogeography No. 3 (Chicago *Fie1d Museum oY Natura1ﬁﬂistory, 19747

7John M. Crowley, "Bibgeogranby.“ Canadian Geogrgpher, 11 '

r . . . '
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The writer would enlarge the context of Crowley's:recommend-

" ation to incfﬂde philosophy and way of life. ‘As Skellam has remarked,

"a science considered in isolation from philpsophy is. 1ike an

8

organism studied in isolation from its environment." In this wider

“scientific context, the author agrees with the philosophy presented

by-Gpodwin in?his thoughtinrqvokind essa{ on "Biology and Meam‘ng“.9
He criticiZes the dominant contempofar;éfcience' '

‘mapally transformed e

Scientists today do nat -expect-to
tn-fact, participate ~

by their activittes. They do not

lasd &8 .
i v

-+ {nl@ ‘relationship with the worldgghat acknow]edges the- i\g~\§
autonomy and the ultimate inviol&bility of natural pro-
cesses, the condition for a dialogué with Nature, which
has riow become ‘somethind to be penetrated, known and . -
controlled. Part1c1pat10n in a process of mutual trans- . .~-g;.

formation is, in fact, expressly ruled out by the

contemporary ‘ideal of objective observation, preferab]y

by a machine which.cannot change its state except in

response to the particu]ar events which it is designed,

to record.10 - ; - .

B1ogeography 15 part of the alternative science wh1ch focuses on*

mants dia]ogue w1th his' fellow man and with nature The b1obeographer,

in attempt1ng to understand h1mseﬁf and his world, recognazes the
potent1al for mutual transformat1on '

B1ogeography gmbcdies a philosophyy descriped in two final

- quotationsg by Bateson and Goodwin. Bateson recogﬁized that:

P T . P -

LI 13

o . ®
-~

8J G. Skellam, “Some ph1losoph1ca1 aspects of mat
model]ing tn empirical.science with spec1a1 reference to ecolQ
in Mathematical.Models in Ecology, ed.-J."R. R. Jeffers (Oxford
ackwell Scientific Publicatiens 1972), p. 13.

-

9Brian C. Goodwin, "Bio]ogy and Meaning.“ in Towards a

- Theoretical Biology, Volume 4, ed:.C. H. Waddington (CFTEEEE"“—' o
Aldine 5u5iisﬁin§‘Co R 1972), pp 259- 275. . . P

. Orbid:, p. 263, G P

a_ -
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we must begin not only to jnclude 01’§e1vés within an under-

.standing of Natur€ but include our undérstanding of Nature

within our understanding of ourselves, consciously foster-

ing natural behayiour because we have a vision qf, the .
whole rather than simply moving w*th1n it.11 .

S1m11ar1y, Goodwin be11eves
--aﬂ’
The world is both intelligible and mean1ngfu1 because we
_ - reflect its basic, structures-and participate in its pro-
© ¢esses’, Much as the shape of 'a fish both reflects the
hydrodynamic properties of the water ih which it lives &nd
allows it to participate in water movements.l? .

P e Ehis inquiry forms part 8f an ongoing dialpgue; below the

5uthpv has summarized the main points. The fundamen151;QUestion
‘ * . ' '

which hag been answered in four

b

was the nature of Biogeography,

> L. N N © \ .
ways. First, a review of contemporary literature and research

indicated the distinction betweeﬁ the predominant 'ecqsystem'
appr:;éh ang the 'distribution’ appr;;ch. Secondly, six resea;cﬁ\
examples support®ke division of the distribution approach tnto the
paradox1ca&m5%rgan1sm—cen!r'd' and 'space- centred' strateg]es

These examp]es ce1sed several methodolog1cal and conceptual prob-

* tems. The thf?d sectjon of the thesis inyvestigated four sianificant

concepts—-Natura] Order, Pattern, Spatial Diversity and«Organ1sm
Interaction. .Each of these concepts illustrated the ré]at1onsh1p

between Bﬁogeoqvaphy and othef sciences. Fina]ly, the author

: presepged a»ﬂumber.of posit1ve strategies for the deve}opment of

Biogeography within a broad educational context. Biogedgraphy is

. ' / R ¥ . ‘., —“\' * "
11M‘ary C. " Bateson, Our _own metag or (New York: Alfréd A.
knopf, 1972), p. 255. . . L
12

Brian C. Goodwin, “Biology and Meaning," in Jowards a

" Theoretighl Biology, Volume 4, ed. C. H. Waddington (Chicago: Aldine
FhBlTsﬁ*na Co¥, 18;2), p. 275, a .




+ concterned with, the nature of living matter and the nature of space.

& 2

The discipline has a signifitant role in the future of Geography.

it must réconcile and integrate the contemporary issues of the’

L3

biolgqical scfences and the paradox of Geogfaphy.

—
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APPENDIX A |
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’ A Survey of Biogeography in Canada, ﬂqrch 1974 o ‘~
' ' ~n ' * o e \ )
- K
~This appendix confains a copy:of }he origina] letter to alj o

'Deﬁartments.of Geography in’ Canada amd a synthesis of the results.

i

. ,Janua¢& 18, 1974 -~
' Biggeography * )
Siva . Te o

I am sending this letter to all Heads of Department of ° ‘ ‘ ‘
Geography across-Canada and I hope that you will have time %o direct
it to the fagulty member who is teaching Biogeography. If there are
‘no B1ogeography courses offered by your department then perhaps
this 1s the end of my letter. > L

I am teaching courses in Biogeograpfy at bqth the under- SN
graduate and graduate level here at Memorial University of
Newfoundland and interested in discovering what.is its current
status in Canada. There aré three- reasons which have motivated T °
this Tetter: : ' ’ -

'

.
o o @

1. From this September onwards there will be under- " SN
graduates completing. their programs here having X
. Written an Henours thesis ‘in Biogeography. - I _ ¢

o wish to be able to advise them about the p0551-
bilities for graduate study in B1ogeography in .
Canada, =in add1t1on to‘!his Departmeht ° .

2.- Conversely, I wish to know what undergraduate - . Ll

programs exist elsewhere so that I am aware of -

? the courses and backgrounds of potential entrant% : ..
to graduate school here. e

3. I am pre?ent1y free from formal teaching duties ~ N

0 so that I can.complete my .Ph.D. {im Biogeography :
(University of Western Ontario). " The thesis - . v
concerns various methodological and phitosophic - .

o

199
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_ receiving information about other departments, exchanging ideas, etc.
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SV , Cont®d) ¢ 7
) . e .
t . ’ <‘ . S\
* problems associated with the analysis of the - v
spatial pattern of biological organisms; In_ | A

order to place this thesis into its biogeo-
graphical context, I am interested to know

‘what types of study are béing-undertaken

-
elsewhere,

As this is a general letter, I shall not elaborate more fully
on my téach1ng or research activities; however, I would welcome

@

I am aware of the ex1stence of such commun1cat1on forums as:

(1) The' Journal of Biogeography to- be pub11shed later
this Spring, edite# by Dr. D. Watts.

(2) ghe‘B1ogeograph1ca1 Research Group as part of 1.B.G.
co-ordinated by Dr R. P. Moss.

- (3) Efforts of Antipode to produce an issue on Eco]ogy »
(Dan Amaral, Clark Un1vers1ty)

Also, I recol]ect Crowley's paper in the Centennial edition of the
Canadian Geoqrapher which reviewed the status of Biogeography in
Canada and provided some basic statistics.

-

At this stage, I have no preéonceived notion about hpw to

proceed from here but for the above reasons, I would welcome a reply
to this letter.

]

_Robert V. Maher
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sent to all reskondents

S
.
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1974; copies have’ been

March 8,

Th1s document contains a synthesis of the rep11es to my, open
~Tetter on B1ogg€§¥aphy, dated January 18th,

1974

* (Note:. 42 copies of or1g1na1 letter sent

to institutions in Directory of Canadian Geography.

£N

Un1ver§!tx
Manitqba ‘ . Dr.
Brandon . - Dr.

. Windsor ﬁ " Dr.
- Sir Geor illiams Dr.
J. R. Pitblado -

Laurentian

Alberta ~ Dr.
Sherbrooke F.

Montreal ’ Dr.
Trent . . Dr.
Queen Dr.
McGitl . Dr.
Winnipeg . . Dr.
McMas ter - . Dr.
u.B:C. - . , M.

Brock : Dr.

Memorial R'«

Al t‘vg;:je %ollege,
West Ontar1o ’

Biogeographer

*wwr\n—go
]

Pr-

»

Respondent

D. A. Fraser

D. Gill
Bonn
S. Lavoie

M. Yeates, Head
P. G. Holland
:G.‘Scott .
B. T. Bunting
E. North
M. R. Moss
QV. Maher .

R. C. Langman, Head

- No undergraduate courses in B1ogeography
Part of Introductory course in Geography
Undergraduate courses in B1ogeography
Undergraduate and graduate courses in B1ogeography

W. J. Brown, Head
R. C. Rourfd, Chairman
F. C. Innes, Chairman

B
B

B

B
B
B
B
B

-

W. P. Adams, Chairman

-

é

Status of
Biogeggnaghx
1
2
1
2
2
3
2 .
3
1
3
3
2
.0
. 3
2
3
0 -~

1

.close relationship between m1crbc11matolog1sts - Davies, Rouse
‘aid ecologists - Kershaw, Harris.

From the above list, nine faculty are employed as B1ogeographers
and have either completed thher degrees or are currently undertak1ng

research in this field.

.nine from the material provided in your replies.

Dr. D. A. Fraser - Sir George w1111ams

In the interests of information exchange,
ha§¥>taken the liberty of descr1b1ng the research interests of these

e

Prev1ous]y Head, Tree Physiology Section, Petawawa Forest Experiment
‘Station, Chalk River, Ontario.
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Paper "Trée responses ta seasona] changes in he1ght and temperature
presenteﬂ to: Biogeography Sect1on, I.G.U. Montredl, 1972.

Dr. D G111 - Un1veﬁs1ty of Alberta V"; f , ;

LRSS -

D1rector Borea] Iﬁst1tute for Northern Stud1es ';;“ o

-_M.A.n 1965 "Coyote, and urban man: .. a geographac analysis of the

,,éh; re]at1onsh1p between coyote and man-ip Los Angeles," UCLA.
E
Ph D” 3971 "Vegetat1on patterns amd sed1méﬁtat1on in Mackenzie
Dq!ta, W, UBC’ : ,
. - ° ’ ’
*Don G$11 sent curracu1um“v1tae including list of publications. Also,
seé 1jst of graduate theses. - - ’

Dr P G Holland -. McG111 ih1vers1ty L

‘ McG1L1 has graduated-s1x M.Sc. students in Biogeography. See attached

descr1pt1on of, B1ogeg§raphy graduate programme. = \

R._V. Maher - Memor1a1 University of Newf8Lind] and

M.Sc., 1971, "Comple«1ty analysis of vegetat1on patterns in an alpine
meadow,? University af Western Ontario

Ph.D. {(A.B.D.), AR 1nqu1ry 1nto the nature of B1ogeography,” Univer-
) sity of Western 0ntar1o
P

Dr. M. R. Moss - Brock University - — v

Ph. D thesis on "Effects of sulphur in all ecosj}tem components
around the Welland area."

M. E. North - Unjversity of British Columbia

M. A Kansas University - soil; Recent reseérch veoetat1on map of
~ Alberta, Pollen Ana]ys1s of post- g]ac1al vegetat1on succession

in South Eas¢, Alberta. = B - )

J. R. P1tb1ado - Laurentian University « ‘:j -

Ph.D. (A.B.Dﬂ) "Applied Soil Problem in Tanzan1a,“ Un1ver51ty’of
Toronto. - 1 .

Dr. R. C. Rounds - Brandon University ,"" '

M.Sc., I1Tinois, "History of population-and distribution ofﬁdeerﬁ?
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ld

aﬂﬂ){) Co]orado, "Soc1o]og1ca1 and legal aspects of wildlife resources.

Current. nesearch - project concerning the d1str1butlon,¢movements and
popUlation of ungulates {(elk and moose) in R1d1ng Mountain,

AN | o
Dr. G. Scdﬁ¢.r University of Wihnipeg . : ¢
!

i s -
- . -
N

'I.A.,"Vegetation and soil erosion in Hawaii." . - . e

.Ph.D., “"Savanna and nutrient cycling in East Peru."

s < M N - LI

’.
Graduate Student Research

A

. 4 @
(1) Un1vers1ty of A]berta ’ ‘)‘_- o : /fy_‘ T
P. Bonnett, "W11d11fe in the Urban Environment,” M.A. 1971.
® A. Landals’, "Surface runoff var1at1on;,)n the Ye]]oWkn1fe th.T; .
area," M. Sc R 1970 . . | X
J. Peters, "The eco]og1ca] 1mp11cat1ons of trail use.in the
Cypress Hills, A]berta," M.Sc., 1973. ¢
J. McQuaid, "Trail conditions and managemen% e Roc%*'

Mounta]ps, Alberta,"” M:Sc. E 1973,
" "R. Jacobson, "Vegetat1on and enviranment in. Cultus Va]]ey, Yukon
Territory," (M.Sc. in progress). - R

M. Landals, "The sand dune ecology in northegst Alberta "

(M.Sc. in progress)

J. Lore, "Tundra disturbance study, BurWash Up1ands, Yukon
Territory" (M.Sc. in progress) T .

D. Outhet, “Eros1on processes in the Mackenz1e River De]t&“
(M.Sc. in progress) : s

L. Seemuth, "Ecology- of the Aspen Parklands in Southern Yukon"
(M.Sc. in progress? .

R. Spencer, "Urban w11d11fe and w11d11fe‘hab1tat in Edmonton,
Alberta® (M.Sc. -in progress)

. -
A -

K. Tay]or, “P]ant succession on an abandoned mine site: Dis-
covary Mines, N.W.T." (M.Sc. in progress). s
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(2) McGill University - Biogeography Programme
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-

- Recent work by Départmenta] staff and'graduafz students
includes stud1es of:

-

Spatial variation in tree-age distributions in a decwduous forest.
Biomass productivity in different habitats of the Canadian Arctic.
Seasonal change in plant patterns of a deciduous forest.
Plants as indicators of runoff regimes in a desert area of Arizona.
Pedogenesis in the Canadian Boreal and Tundra. regions.

‘The* influence of-plants on stream-channel morphology.

Distribution of selected petals in some Scottish soils.
The geography of oaks and reg1ona1 forest types in New Eng]and

Effects of crude o0il on terrestrial vegetation. -

Vegetation of asbestos mine wastés.

Morphology and seasonal dynamics of mallee vegetation in Australia.

Propagation and behaviour following transplant of a herbaceous
ephemeral of southern Canada .

A1

Three faculty members : ‘ ~ ot

P. G. Holland (Ph.D. A N.U.) Plant Ecology, Biogeography
T. R. Moore (Ph.D., Aberdeen) Soil Science *

R. C. Zimmerman (Ph.D., John Hopkins) Forest and Rad%e Ecology

(3) Memorial Un1vers1ty of Newfound]and l

P. Dearden, Plant associations on serpent1ne bedrock Table*
Mountain, Newfeundland (M.Sc. in progress). ,

A

.

(4) University of British Columbia

»

J. Teversham, Vegetation patterns and the relation to sediment-
ation, Fraser River, British Columbia.

(5) Queen's University-

-Geographical varjation in species density of stone walls in Ireland.

. v

Three M.Sc. theses in Biogeography supervised by Dr. G.K. Rutherford.
) . . i .

S. McAlpine. Some e ological aspects of the spatial distribution

of selected spec1es

the genus Panicum with respect to two

types.oﬁnso11 in the K1ngston areag, M.S5c., 1971.

*fS Tay1or Forest product1v1ty in the Sigcoe uplands region:

study of the effect of soil moisture ava11ab111ty and fertility

status on the growth of plantation red pine, M.Sc., 1971.

3

.

~r
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G. H. Nedlsen. Soil moisture and runoff relationships on a
forest ard pasture site, Gould Lake, Ontario, M.Sc., 1972.

®

. o -

(6) University of Western Ontario

7’
S. Thompson, Ana]ys1s of cliff-top communities, Lower Head,
Newfoundland (M.Sc. in progress) (Lipk-with Maher via: Goodch11d)

-
~

. !

° ! may have under-represented research activities or individual \
interests; however, I. felt that it would be useful to circulate this
. document, however incomplete, now. Thecg may be other faculty who
did not respond. ) -

-

I do not propgse any further action; this document completes
the circle.

. ) Robert V. Maher -




[}

o -
a

1)

e ‘ APBENDIX B .

. ' ) 0
' o] ’ i . D' o 2
Research Proposal for a Biogeographical Study of Funk Island

LYy [ °

Funk Island occupies a special place in the natural history

- o
. - ®

of Newfoundland and its surrounding waters. It has historic import-
ance d9n the story of the demise of the Great Auk and today it is the
- sjte of a numbgr of breeding co]gnies of Common Murres with an
o estimated total population of over five hund;ed thousaﬂa pairs in

1959. This popudation repreéents a high per (over 80%) of

4 .
the breeding population of Common Murres in ern North America.

<

-Both of these.faéts sugge%t that the isltand possesses certain unique
attributes fnmterms of its geographic situation and physical ’
environment. The proposed regearch is designed to elicit the basic
-facts regarding the enviroﬁment and, ascondly,’to consider the
dynamics of the spatial organization of the bird colonies. . The
island nature of this "flat-topped ob1oﬁg granite rock, half a mile

0

by a qdarter of a mile" impiies it may be feasible to uhdergfand

/ . A

many of the 1nteractions in this. finite space -- finite in term$ of

fixed boundaries, a]tﬁbyoh open-ended in terms of movement patterns,

energy transfer and changes through time.
- There are a number of questwns to be pose’d: ’
(1). At an historic and evo]ut1ongry level, whyowas the Great
Auk found on Funk Island? Is it 11ke1y that this remote 1ocatlon '
v provided a last refuge from human predation? Did the bird evolve
its flightless characteristic ingthis location? This species was
found in other localities: howeVer, such questions of the pleistocene
’ o :

° Y-
o . v

206
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histery of the general area, migratény ﬁovement patterns of the Great: )
Aukj offer an interesting problem for interpretation. Certain1y, ' .
—

(ijpresedt-day research will not answer in a dirmgct way any of these, -
. o * N "' , . - .
~tquestions; however, understanding the elements of the biogeography

<3

may suggest indiregt]y certain hypatheses. «

. (2) Toda&,cthere?are a number of breeding colonies on ‘the .
. o . - .
Istand, eipézia11y the Common Murres which Tuck notes exist in three

separate units ongthe Istand. Therefore, the first question is the ’ g

distinction between these three colonies inrtefms of physical charac-

4

- teristics. Is each colony stable? .Does each colony have an optimum

<
size? How are new co]oniks formed? Is there differential breeding:
. ) 5 .
. . .S -
success between colonies? Is there a ranking of colonies accor&?ng

o -

[+

to prime habitat? How much interaction takes place between birds

*from M fferent colonies?” . » AT

N -

~

< (3) ‘r a smaller scale, there are a number of questions .
: ~
N

regarding individual behaviour and group behaviour. Tuck described
° © - <] . .
the®Sea-going of the adults andschicks as 'a slow procession’, ¢ -

»

implying organization at the group level. Dgring the hreeding .

season, eathuindividudf:;ault maintains a personal daily pagtern;

js there interaction of daily patterns between individuals in adjacent
nesting localities? This study of -an apparent degtee of randomness a
at the individual level and the colony acting as a se]f-organiging

system raises many intriguing qu s which can only be. understood .

ds the result of intensive research.

Y “ The above three sections outlined some of the questions; below
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(3) Climatological Data - . r\\t e .

- ‘ i
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C . »

.is given the overall design. There are two‘levels: (A) the whole

x :
island and (B) within one colony. ' . .

(A) WHOLE ISLAND : - LY

{1) Topographic Survey .

Set up a number af transects across the 1s1and from a main®

base line wsing level and stadia’ rod . Some of the small c11ff fea-

o

; -
tures may prove difficu]t; however, detallgd maps ‘with sTope and
- aspect would be produced. This susey‘youid be undertaken before’

Tand-goming to establish a base 1ine for detailed quadrat amalysis.

(2) Vegetat1on Survey

It is expected that 1arge areas are bare rocki however, the

- particular spec1es and their 1oca1 d1str1but1ons,ra1se additional

interesting questions. The survival of these plant species is depen-

dent upon nutrients supplied from the excreta and Hetritus of the
[¢] El - -

o

bird population.

. The mainfenance of a station recording variables such as
A . . °
temperature, humidity, precipitation, wind speed and direction. would
permit interpretation of questions relq;ing td infant mortality and
o .

the effect of the climate on da11y bebavipur patterns
(4) Bird Survex .

HMap the nestiﬁg siftes of different bi;d species andcidentify
the boundaries of the major co]on1es :, These boungar1es will not be

rigid but rather permeablé'zones. B

£l
~
~

-
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(B) COLONY LEVEL ' .= '

The overall design to study inter-colony variation will be

< .

based oh & random quadrat sampling design. The 3tudy’will invglve -

‘the,se1ect{on of sampTing regions and then retording density, nesting
' . . . , S

*, success for a number of random quadrats within the region. The, © -

se1ection of thése regions wﬁll require expert advice. Besides, the

study of 1nter colon1a1 var1ataon, the intra- co]on1a1 var1at1on as a

l

function of topograph1c grad1ent will be stud1ed

‘ F1na11y, there will be a number of other short;t1me sca]e

orojectst Th1s category w1j1 include stud1es of the daily movement

pattern of individuals within a-sma11‘area _ This 1ntens1ve‘work T

<

wou]d be- undertaken a numbeg of t1mes throughout the season to ident-

N -

1fy if there is a change in pa(k%rn w1th a change in role and function. .

A second progect wou]d be the bandmng of a11 1nd1v1duals in certaan
% & S o - s
plots {if possible), and 1dea]Ty 1ocate the prectse nestfhg spot

Therefore, in the subsequeﬁt,year, it wou]d be posS1b1e to co]lect

hd ’ - -3

N data on questidns such as: : ) : _49f h *Q‘

»

(a) whether rnd1v1duals return to the same ﬁbst1ng s1tes,

- &

“(b) what is the-: surv1val rate be tyeen years? and “

> o
€ v

(cl 1n1t1ate understandlng of the dynanii¢s of s1te se]ect1on

- Q

over t?me, as the resu1t of adult morta]1ty and the nest1ng of the

» c

chitks in-lafer years -”The se]ect1on Qf the study s1té wou]d have to’ o

oo w0 -,
>

be extreme]y !!dﬂc1ous . =‘ S ’ ~ et

v < -l

. Thé maJor part of- the _research at the co]ony 1eve1 w111 he

kél

the cdmpos1t10n and dynam1cs of the sample quadrats dur1ng the Summer

3 It is anticrpated that f;Lm technlques may be,utf11zed fue

o

A
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L‘T1me Scale Lo A - o

-

Phase 1 - Bas1c reconna1ssance can best be made pr1or to "land- com1ngo,
oart1cu1ar1y the survey- and gr1d set- up Organ1zatgon and 1nsta]1-
at1onvof research camp - w111 be completed

Phase E - 'Land coming’ . One method of study will be te retord the

eventeon f11m, aof11m of the comp]ete season 1s a major obJect1ve of - o

<

. tbe reSearth In order to moni tor the co]bn1zat1on of the stujy plots.,

1t w111 be hecessary to set up h1des in proxwmity to the three study

reg1ons This - period will be éxtreme]y busy reCord1ngL¢he dynam1qs

of the temporaT spat1a1 structu:s of’ co]on1es e . =(' ;
Phase 3 - Regu]ar monttoring of the study regt@ns requiringJ§ da1ly Jo

o

rout1ne, however pérm1tt1ng t1me fdr studues on the vegetatton and

Q . 5 & N A

a]so t1me to undertake the short term prOJect? et
'ﬁhase 4 - 'Egg«]ay1ng per1od will: require 1ncorporataog-of sd$v1va}
-rate, eqg counts into" the da11y rout1ne Band1ng of youngoch1cks .
and adu]ts w1}1 take p]ace 1n Eh1% per1od e ) .
Phase-5 - Departure of the murres. . v z

o - R ~

o ] Pl

o

Log1st1cs and Egy1pment

o

Probab]y the main prob]em ts the ma1ntenance of a temporary
Voa N &

hut with food- and wati[ supp11es for the tota] perfod (Apr11 to<
September) ) Specialized equ1pment wou1d 1nc1ude cine-caméra and
. f11m; tape recorders plant press, c]1matolog1ca1 stat1on, band1pg

and nett1ng equ1pment level and stadia, rad1o transmqtter binocu-

A Tars.‘ Genera1 strategy 1and two persons and equ1pment by he]1copter

n April. Depend1ng ‘on. ice cond1t1ons apd b1rds, arrange month]y .

océ

support visits by air or boat.” . ’ o
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