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INTRODUCTION

This section is not to be included
in the volume, and is therefore
missing in this preliminary copy.

(Preston E,. James, Chairman,
Committee on American Geography)
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PHYSIOLOGICAL CLIMATQLQGY

As in most fields of scientific endeavor, pure scientific curiosity
concerning climate and weather has been spurred, supparted, and largely
directed by man's practical needs. Physical methods served other to unravel
the interactions of factors responsible for weather and climate and to explain
the effect of atmospheric conditions upon the non-living materials so largely
used in technological processes. This community of interest, profitable
though it was to ite sponsors, tended to exclude participation by those not
highly trained in physics and mathematics. In the case of plant science,
ﬁowever. 80 obvious wmas the influence of climate upon growth and production,
that an inter-disciplinary group quickly became established, which could apply
the methods and understanding of physical meteorology to the biological problems
of plant welfare. The surprising delay of a similar development in relation
to the welfare of man and animals may be attributed partly to a bias of animal
physiologists against physics, traceable in turn to the close dependence of
physiology upon medial schools, and partly to the fact that the effects of
climate upon the animal kingdom are less obvious and direct eo that there was
less economic stimalus to tlgir gtw.

Physiological Climatology may be simply defined as dealing with the more
direct effects of climate upon the physiological behavior of man and animals.
It deals, not with the origin of climate or atmospheric conditions, but with
their effects when present. It must ovexlgp,as do all scientific fields,
with other cognate studies, notably that of Medical Climatology, which deals
with the role of climate in the causation of disease. (See Section on
Medical Geography). JFor practical reasons, it extends the term climate to
include those aspects of the physical enviromment which operate in conjunction

!
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with the ttrictly climatic factors, such as the thermal properties of the ter-
rain and swroundings. Its operation, when fully developed, comprizes three
phases: first, an analytic p!agse involving the environmental factors on the
one hand, and the physioclogical mechanisms on the other; second, a correlative
phase dealing with the interaction of the former with the latter; and third,

a synthetic phase concerning the consequences of these interactions for the
living being as a whole. /1/ Unlike Apbrodite, it did not spring fully-
formed from the sea of indifference. There have been many stages in itsdevel-
opuent, many local growths which have later regressed. It is unlikely that
its present form is definitive, but the war years did see a critical change

in form which, for the.first time, conferred upon it the semblance of a unified,
recognizable, scientific field. The vorkers of tk}_e United States and Canada
have contributed very largely to this q.eve;opngqf... ,_especially in its later
Phases, and it is these contrimutions which will.be egpl'asizgd here; out it.
must De remembered that contributiops have been interpational, and that trane-
Atlantic argument has been a powerful factor ifx ‘_s_t_im_la.tipg.t.hia sclentific

development.

Examination of NMatural Associations

A first step in the consideration of any problem is the examimation of
actually occurring phenomena, not merely to gain acquaintance with the problem,
but with a view to seeking out sequences and coincidences in the events which
might indicate associations warranting more careful study. Such correlations
between wariocus aspects of climate and man's welfare have been sought from at
least the time of Hippocrates. /2/ It was natural that man should be
primarily concerned with the more Urazatic wnd more serious effects upon his
health, or wiat we would now call medical geogmaphy. It was only as he gained
control over these more threatening conditions, that his attention passed on
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to the possible association of climate with less immediately pressing disturb-
ances of comfort, productivity, and social behavior. While articulate opinions
were 2ot wanting in other countries, it was the American, Huntington, who vas
most widely hailed as the leader in this search for associations. [3/.

As one method of approach, a search for correlations in naturally
occurring events is well justified. But it is only one method; and it carries
with it certain inherent weaknesses and dangers. The occurrence of two events
in continguity may or may not be due to chance. The frequent occurrence of the
two in associa‘ion lessens the probability of its being due to chance. If in
a large series the two are always found in association the element of chance
becomes improbable. But before that attitude can be justified, 1t must be
clear that all available evidence has in fact been considered, that there has
not been any unconscious selection of data which couform and rejection of
those which do not. It must be clear that the individual iteme are in fact
comparable, and not endowed merely with a superficial resamblsnce. (In this
repsect it is not always easy to foresee in what respects the data should be
tested for comparability. It frequently happens that what were at {irst
thought to be all apples turn out to be basically cabbages and kings.) Dven
when the conditions are sufficiently well met for an assoclation to be admitted,
it does not necessarily follow that the relationsnip between the two events is

. one of cause and effect; it may well be that both are due to a third and
unrecognized condition. But perhaps the most important weakness in utilizing
evidence of this character in anything tut a suggestive fashion is the un=-
predictability of man's future behavior from his past record. Man 18
prt:_lcipaung in a social ewolution of tremendous rapidity, of which only the
most general trends are discernible. He 1is rapidly.leaming to escaps, not
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only from the ‘impositions of hio mysical enviroment. but also from the

imdequacies of his past behavior. ' S

'At the time that Huntington coommenced his work (1907), data of the kind
he needed were .ot easily obtained, and those that were obtainable were often
of doubtful quality. Indﬁcti ve logxc. the process of tuilding generalizations
from an accumiletion of c.at.a Lad received a tremendous fillip from the
brilliant nandling of Narwin; obu' there was little guidance for those who
~ possessed somethi.g less tuan Darsin's skill in its use. Those to whom
Huntington might have turned for guidance in biological matters -
physiologists and medical men - woera still ;reoccﬁpied with other tasks or
insufficiently advanced in that fisld to be of much assistance. It is perhaps
undertandable, therefore, tho: h non the less regrettable, that from a detached
study of associationé there emsrged rather rapidly a full-blown gospel of
climatic determinism. C;msél relationship vas assumed vhere even association
was doubtful. The great impértance of cultri}i'e independently of climate was
often forgotten. Categorical statements like the following were accepted as
gospel;' "The geographical distribution of health and energy depends on climate
and weatier more than on any other singlé factor. The well-known contrast
between the energetic people of the most progressive parts of the tenperaté
z0ne and the inert inhabitants of the tropics and even of intermediate regions,
such as Persia, is largely due to climate." ("Principles of Human Geography"
1920).

Huntington's deviation from admissible methodology had two unfortunate
consequences. " So keen is man's intercst in his own vw;elfare. and 80 readable
was Huntingto‘n;iah prose, that the writings had an imediate popula,r appeal;
an appeal that is still evident. Adninistrators, sociologists, geographers,
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and even medical men read with avidity., For the most part these readers were
not in a position to know the limltations of either the evidence presented or
the method of analysis. Many found in the doctrine a welcome weapon against
the few who had the temerity to challenge the superiority of the European
races. There was a strong bond of sympathy between the preacher and the congre-
éatione The minority who protested the method amd the validity of the conclu~
sions had little to put in its place. Perhape through a realization of this,
they of tines made the tactical error of forsaking their position of scientific
detachment to take up arms under the banner of "anti-determiniem." This was
the second unfortunate coasequence, for those who could have led the way back
won antagonists ratner than converts. Devotion clouded judgment, and adherence
to "--isms" took precedence over the search for facte. To clarify the issue
there was needed a fresn body of enquirers, free frow the limitations of past
alleglances. As so often happens, a new aprroacn was already in the making
at the time when the argument was flercest. PLysiologists, who could have
been of little help in the earlier years of the century, had advanced to the
point at which they could apply quantitative methods to the study of man's
relationship to hie physical envircnment and initiate new lines of enquiry, as
well as probe by ccntrolled experiment the suggesti ons arising from analysis

of natural events.

Historical Development
Zarly Fhysiological Approach. It is only of quite recent years th§t
there has been sufficient understanding of the basic problem and sufficient
interchange of opinion between the various investigators for anything like a
systematic attack upon the problems of buman adjustment to climatic stress

to be recognizable. It is, therefore, better to attempt a description of
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developments by categories than in a strictly chronological order. Neverthe-
less, it should be noticed that, in point of time, America was in the fore-
front of pioneer studies, for it was as early as 1758 that Benjamin Franklin
wrote to his friend Lining of his observations on the cooling effects of evap-
oration snd his conviction that this played a prominent part in protecting
man against the i1l effects of heat. /f4/ By contrast, the oft-quoted accounts
of the spectacular and well-designed experimerts of Balgden and Fordyce [5/ ,
carried out at temperatures up to &EOOF. and reported to the Royal Society in
1774, set out all the evi@encs a mciern student could rejuire to saxe this
deduction inescapabdle, but did not actually arrive at ite It was from

Georgia and Soutn Carolina that Ellis f6/ and Lining /?/ wrote circumstantial
accounts of the effects of heat, with a praiseworthy collection of quantita-
tive obserwations in support. .

#ile Heverden (8/ pointed out in 1§26 t.he' necessity for considering
humdity in conjunction with air temperature in;naking an assessnent of
atmcspheric warmtn insofar as it concerned men, and Berpard /9] sketched out
a preview of the role to be played by systematic physiology in 1876, it was
--not until the twentisth century was well underway that a start was mades It
was in 1904 the! Haldane /10/ made his classic obserwtions in the Cornieh |
tin-mines and in 1911 that Lefevre /11f published "La Chaleur Animale," in
which the quantitative physical approach was for the first time thoroughly
expounded. In the meantime, an interst in the- energetics of the oxidative
processes which are fundamental to most living forms, which had developed out .
of the studies of respiration of the previous century, had narrowed (largely
through the work of B. Dubois [12/ at Cornell, Benedict {13/ at the Carnegie

e

Nutrition laboratary, and their colleagues) to an intense study of the
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s0-alled "basal" metabolism - the rate of energy production by the resting
animal. To investigate the state of the "basal" metabolism under various
climatic comiitions was an obvious line of enquiry, and in this connection
several workers in the American continents, amongst whom Ozorio de Almeida
[14/ and E. D. Mason f15/ are best known, snowed an apparent fall in the
"besal™ metabolic rate under tropical conditions. Unfortunately, it now
appears doubtful whether measurements made under different climatic conditions
are in fact comparable; aml, in any case, the actusl mstabolic rate of natural
activity is much more relevant than the "basal" rate in provlems of adjustment
to thermal stress. Here, as in 80 many instances, the problem is greatly
complicated by the cultural and nutritional habits of the people being
investigated. Urfortunately, the word metabolism seeme to have acquired an
innate virtue in the sight of soms who are interested in human climatology btut
insufficiently versed in physiology. Such are apt to speak of metabolism as
a good thing, something of which the more you have the betterl Nothing could
be less defensible as a general proposition. As with most physiological
processes, there is a range which is suitable to the particular individual,
rates above or below this not being desirable; and the limits of the range
vary greatly with different cases. If there is such a thing as climatic
"stimulus, ard if it does have desirable effects, it is almost certainly not

merely through an increase in metaboliam.

Atte.pts to Determine Physiological Significance of Atmospheric

Condi tions. rrobably the most dramatic contribution by American workers to

the progress of climtic physiology in the first half of this century was the
publication of the "effective teaperature" scheme /16/ by & grouwp of investi-
gators working for the American Soclety of Heating and Ventilating Engineers.



Blogeography B-8 .

That human confort and thermal stress depended not on atmospheric temperature
alone, but upon the combination of with such factors as humidity and air move-
ment, had been realized for a long time. In 1916 Leorard Hill /17] had des-
cribed an instrument, the Katathermometer, which was designed to respond to
combinations of thess three factors in much the same way as the body; but the
limitations of any simple instrument in imitating the reactions of the human
body were cloarly spparent, and the ASHVE workers adopted a different approach.
Using the hugan body as the measuring instrument, they mapped out combinetions
of dry bulb temperature, wet bulb temperature, anl air movement which resulted
in similar sensations of comfort or discomfort. Upon the basis of these results
they drew up a nomogram from which there can be read off the temperature of a
still, saturated atmosphere which would have the same effect upon comfort st

* any given atmosphere for which the three quantities are known. This they
called the effective temperature of the gtmosphere.

This scheme gave, at least to those.concerned with indoor conditions, a
measure of assessing the combined effect upon men of the three moet important
variables affecting thermal balance and comfort. The scheme had certain
inherent limitations, which are sometimes less clearly recognized bty the users
than they were by the inventors. It also had certain errors at the extreme
ends of the scale., But it remains today the most practical method of deter-
mining the thermal significance of indoor conditions. The major restrictions
of its use under outdoor oomnt..ionl are the exclusion from consideration of all
but the simplest corrections for fadhuon'emhnnge. and the condition that
the pereon shall be either clad. in a medium weight suit or stripped to the

vaiste | .
) In the meantime, Winslow and oﬁuf: f18 a & B/ at the Pierce Laboratory
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of Hyglens, New Haven, bad been investigating further the ides of instrumentsl
assessment, but abandoned it as being impracticable. In the course of their
investigations, however, they were led to study the partition of heat exchange
‘between the human body and its enviromment amongst the chennels of radiation,
conduction-convection, and eweporation-convection. This in turn led them to
two concepts which are important in theoretical comsiderations of heat exchange
and thermal stress: that of the "percent wetted area,” and that of "operative
temperature;® While the skin may sometimes be completely wet, it is never
completely dry. At any ons time, if the mumerous small areas of water film
on the skin were added together they would constitute some important fraction
of the total skin area. This gives a physical concept of what is meant by
"percent wetted area” /19/, and enters into calculations of heat exchange.

For any situation in which the walls and air are at different temperatures,
there is another situation with walls and air at the same temperature which
would result in the same exchange of heat with the naked human body. The
common temperature of this second situation is, briefly, the "operative

- temperature" 20/ of the first.

The Pierce laboratory work dealt primarily with the maked man, tut
practical considerations called for quantitative methods of dealing, not only
with clothdd man, but with the significance of the clothing itself. In 1941
the conospts used in the Pierce laboratory were first extended into this field
with the definition of the "clo" unit as the unit of insulation /21/, and its
application by Burton /22/ to the determination of clothing requirements for
men at different degrees of aftivity in different thermal environments. At
about this time a "tog" unit was proposed by British workers, but it did not
éin generasl acceptance, oJ.théwh it was defined in more classically physical
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terms. To the fundmental expression Burton added a term for radiation
exchange and devised a parallel set of exiressions for desling with heat
exchange Yy evaporation=convection and the effect of dothing therecn.

The adoption of the ideas 80 developed for the systematic treatment of
clothing probleme came as the remult of a conference held in 1944 on "The
Principles of Envirommental Strese on Soldiers" under the auspices of the
Climatology and Environméntal Protection Section, Office of the Quartermaster
General /23/. The principles set down then still dominate fundamental
considerations of heat exchange betwoen man and the enviromment,. though meny
special considerations have been added since, and integration has frequently
to be mde with considerations which can be defined at the best only in quasi-
quantitative ‘terms.

- h® an offshoot of the Quartermaster conference, interest has continued
in en idea of an ihdex of climatic stress and strain which would be more
fundamental ‘in its development and wider in its application than the effective
temperature index or other current suggestions for conjoint asseszment of
thermal factors in the environment. The difficulty lies, not 8o much in cal.-
culating ths applied-thermal stress, as in determining the physiological
significance of a given stress, and desiding the extent to which relative con-
tributions by the stress-produciy components as well as the total stress affect
that significance. ' Time will reveal the extent to which these.quests will be

successful .

_ Systematic Study of Human Rea.ctionn to Climatic Strels. mno the
aonaralhtl have been uddng tho toudutono which w111 reveal the true sig-
nificance of any set of cnvlromontal condiuons. mmuc rhysiologists
have been ging about their noml busimu ot ducribtnc in p‘uter detail
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the specific respouses of the humn body to warious enviranmental situaticos,
and in working out the mechsnisms responsible for such responses, The Harvard
Fatigue Laboratory served as the focal point in the 1930's, but the central
figure in later investigations in the western hemisphere has been H. C. Basett,
whose death on his way to the International Physiological Congress in 1950
btrought to an end a period of ons of the most stimilating careers we have
been fortunate to experience. More than any other, by virtue of persomal
example, constant visiting, and continual stream of ideas he brought Amsrican,
Canadian, British and even Australian investigation during World War II to some
semblance of united effort, and prompted an understanding of problams amongst
all these workers which might never olherwise have developed, /23,24/.

The list of war-time contributors is long, but the two most outstanding
contritutors in this hemisphere to the applied aspects are E. F. Adolph, who
applied laboratory concepts and methods to studies in the natural enviromment,
especially of a hot-dry character f25/, and 5. Robinson, who directed both
laboratory and field studies of warm humid environments /22/. Of similar
 caliber, and sometimes integrated with the studies just mentioned, were the
team investigations carried out at the Armored Medical Research laboratory
{26/, mainly on heat problems, and those at the Qi Climatic Research Labora-
tory [27/, especially on effects of cold conditions.

Since 1945 the pattern of activity has changed somewbat, with a
proportionately greater emphasis upon érganized field trials, and the ress
striction of most of the activity to service agencies or institutions linked to
service requirenets ty contract. Various centers in Alasia and Fort Churchill
in Canada have witnessed many studies by service groups from the USA and
Canada, while Desth Valley, California, wae the scens of a hot weather study
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by a Quartermaster you;; in the sumer of 1950. In these studies, opportunity
has been taken mot only to test materiel, and to collect factusl data, but
also to develop new or mpmved field techniques and to conduct btasic research.
Practicsl Applications

Applications to Clothing and Housing. There is no doubt that in the
field of physiological climtology the demands of practical problems have
greatly increased the effort expended in research and accelerated the pace of
development. While immediate practical dezands may at tizmes draw mor'o rapidly
from the stockpile of knowledge than additions are being made, the opportuns
ities for such a@ditions are in the process being maintained at a higher level
than would oMu be the case. It is imt.;'uct.i.ve. therefore, to look at
the extent of the a.ppucauona}of this lmowledgo bo such eminently practical
~requirements as clothing and housing.

It is fairly certain that the cl;oﬂ)ing and housing adol?ted bty a people
who have had centuries .in which to work out a pattern of adjustment to a
particular climte will be fairly closs to the optimm rotective Wu
that can be wrung by their culture from available resources. To that extent

pative practices represent gdoqmto muuon. _mt. in 50 far as the Apericaa
are concerned, neither culture nor resources have remained static. ] There is
here an increasing desire to bring actual attainments as close as ,ﬂ;fonible to
the ideal, and as rapldly as possible, cyltural and material limitations
notwithstanding. American eyes, furthermcre, are being increasingly turned
to regions beyond the seas, whence new wgggutiom flow and to which the
lessons of adwnced technology are in turn being directed. Under these o
circumstances, it becomss more and more ‘guo‘nthl for Anericans to understand



Biogeography B3 -

Just what requirements are imposed upon clothing and bousing by the clizatic
conditions, just what features are cultural rather than obligatory, within
Just what margins individual caprice may be sefely indulged.

Both the realization of this necessity and opportunities for its satis-
faction are of quite recer: develorment. While the more straightforward
requirements and methods have been known from the turn of the century, it is the
development of a systematic appreciation of thermal physics dy a wide range of
‘operators - physiologists, dssigners, administrators, and geographers in
addition to engineers, climtologists, and architects - which has brought
sufficient unanimity of thought to make concerted development possible.

In relation to clothing, there is only one comprebensive book available,
/22/ and that was published only in 1949, But a study of this bock will reveal
that it is now possible to meke a very good estimate, for example of the amount
of insulation that clothing would have to provide in a given cold environ-
ment to maintain comfort in a man carry'ing out a given degree of activity;
or, conversely, the maximm activity that would be permissible for a
mn wearing given clothing in a given hot environment. It will reveal
further that the relative contributions of yarn, weave, thickness and
design to the insulation, or to the impedance offered to ewsporation, bty
a given set of clothing can be determined. The basic principles are known,
and are available in forms suitable for use by a wariety of interested peorls.
There are numerous details which could be improved, aod mich in the way of
tasic data which needs to be ascertsined before the principles can be spplied’
over a satisfactorily wide range of problems; but the principles are thers,
the methods exist, and the need is felt. There seems little reascn to suppose
that workers will fail to materialise in proporticn to the dezand for their
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servicess. |

' The names of many who participated in this development have alresdy been
given, tut to these should be added that of Siple, who was largely responsiltle
for the comperatively early interest taken in this spiroech by the Quartermaster
General's Office of the U. S. Army as well as for early stimulation of the
scientific findings., It is to Siple, also, that the credit must go for show-
ing how basic clothing requirements for an area could be determined from a
knowledge of the climatic conditions prevailing, and estimates of this character
plotted on reglonal meps or coapiled in tables to constitute a clothing almanac.
The interest started by him bas been continued in the Environmental Protection
Branch the Quartermaster Research and Development Divisicn /28,29f with
considerable attention to the integration of climatic conditions on the ome
hand and human requirements on the other, in the determination of clothing re-
quirements. :

In the mtter of housing, -there is still no comprehensive book available
corresponding to that cited for clothing, but the availability of principles
and their application to regions of the United States has been demonstrated
in somewhat different forme In roughly a.;t.grn.to xmba_rq of thp Bulletin qf
the Anerican Institute of Architects, commencing in Sapt.un'ber ~1949.. there havo
aspeased regioml. tables under e title of Clisats Control Projoct /%)
Each.sat of tables first ipdicates diagramatically the .frcquancy.of oec\n'ronoo
of individual wlues of sucl?..nripbles as tuporgt}re.}.gohr r;diatioq. cl?ud.
precipitation, relative unidity, vapor pressure, wind force, etc., month by
month in a central location for thc particular region. Other diagrans indicate
the extent to which sones about the central }oclnonmid:tbo expected to differ
from ite Then the significance of the Sllggriygfion of each wariatle for each
of seversl key features of housizg 1s given in tabloid form. Sponsored by the

*
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megnzine "House Beautiful,” and directed by a board of well-known persons
(R. Linton, H. Landsberg, L. P. Herrington, W. A. Taylor, D. Coman, amd M.
L. Colean), it illustrates grarhieally and forcibly what can be done by any
country which has available adequate meteorological data and the means for
processing it.

Activities conducted by the American Soclety of Heating and Ventilating
Engineers, by individual members of the Society, and by Herrington and collea~
gues at the Pierce Laboratory of Hyglens, combined with studies in other
countries have been largely responsible for the basic information upon which
to base the recommendations for the adjustment of housing to climate. In the
Ue S Ae f.be‘Bureau of Standards serves in somewhat the same way as the gow-
erraent—-sponsored Experimental Building Station in Ingland, Australia, and
South Africa, which are equipped for laboratory and model investigation, and
participate in large~scale testing of ideas and rractices through govermmes-
financed housing schemes, and furnish opportunitiee for the utiliszation of
interdisciplinary research results in the framing of tuilding codes for btoth
governmental and private use.

Applications to Animal Industry. While consideration of the role played
by climate in the geneml field of animl ecology rightly belongs in soo~
geography, the biophysical approach which has adwnoced owr understanding of
man's Teactions to climtic stress is now being applied to rroblems of animal

production, and the course of this develorment may wery well be traced hers.
Although it has been known for a long time that domestic animsls of
highly selected mid-latitude breeds often deteriorate whem introduced into
sub-tropical and tropical climates, the cause has remined conjectural and
corrective measures a matter of marked dispute. The most cursory analysis
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of the problem indicates that at least three major groups of factors call for
consideration in sich transfers of livestock - climatic, mutritioml, and in~
fective, Veterirary medicine was not slow in recognising the tremendous improve-
ment .brought about in hupan medicine about the turn of the century by the study
of infective pathology, and the potential significance of the method for treat-
ment and prevention of stock disease. The significance of climatic factors for
the transmission and development of many types of infective disease was similar-
1y transferred, with the early development of a climatic pathology of domestic
anisgls. In the case of mitritiomal factors, however, attention seems {0 have
been concentrated more exclusively upom nbntim conditions, and know-
ledge has remained relatively poor on what may be inwlved in introducing to
the mtritionsl circumstances of the tropics animals which bave been highly
selected dver a hundred years or-mare for the relatively stable and lush
fastures of mid-latitude regions, Thie gap in our understanding is gradvally
being closed, however, as the techniques of mutritiomal investigation devel-
oped in zid-latitude countries, in which American workers have played no small
part, are applied to problems in various tropical and sub-tropical regions.
Questions of direct climatic effeets have, honver. been laft largely
unexplored, some adopting the position that such direct effects are relatively
unimportant, others accepting the view that they are of mjor consequence and
inescaphble. For the latter, and it 1s not difficult for them to secure -
evidence which =t first sight supports their pessimimn, there were two alterna-
tive actions. The first was to cease important mid-latitude animals, and to
concentrate upon breeding up desirable qualities in "mative" stock, in the
sans way as that was done to obtain our present mid-latitude types. The second
was t0 try to concentrate both the desirable production qualities of the



Biogeography . B-17 ,
mid~latitude anizals snd the tolerance qmliti.as. of the mtive animals by
inspired cross-breeding.

To either of these pregrans, and both have certain merits, the blo-
physicel approach can offer assistance and suggestions. That certain individual
animals have a superior tolerance to heat stress is fairly easily demonstrated.
That types or breeds vary in their msan or characteristic tolerance has been
established both in the laboratory and in the field. But just why one indivi-
dual type, or breed is more tolerant than another has not been satisfactorily
worked out. There seems no good reason why this should not be dons. It appears
reasonatle to suggest that breeders would be able to direct their programs,
select their breeding stock, and perhaps even discover superior genotypes if
they could recognize in their individual animals those cbara.ctoristics;
anatomical or physiological, which determine degrees of climatic tolerance.
Guesses have been made, and most of those items which would be suggested by a
study of the basic physical processes involved hgve been mamed. Little att.empt
has been made, however, to determine systematically the rehtivg importance of
such things as variable blood~-flow through the skin, | extent of surface area,
insulativp properties of coat, density and functional capacity of sweat glands,
respiratory cooling, degree of activity, mechanical efficiency of activity, and
endocrine control of metabolism.

The central ides, however, has been accepted by such idiuantial organi-
sations as the Bureau of Dairy Industry (U. S. Depsrtment of Agridﬂ,haro) and
the Food & Agriculture Organization of the United Nations /31/. The former has
a program of investigation in hand, which will apply this line of enquiry to
dairy cattle. The latter has made it one of the mpJjor items at two interna~-
tional conferences on animal produttion, one at Lucknow in India /32f, and obe
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at Turrialte in Costa Rica /33/. Through'the latter organization studies in
anizel climatslogy in both the field and the laboratory have been encouraged in
different parts of the world, and provision made for facilitating the exchange
of information between the workers themselves, and between the acientists and
animal producers. '

The outstanding Auerican pionsers in this field are S. Brody and A. O.
Rhoad. From a study of the energetic efficiency of stock i.e. the energy
value of the imat, milk, or work produced by the animl in comparison to the
eﬁergy valus of the food consumed, Brody maturally passed to considerations
of the influence of climatic factors thereon. His book "Bioenergetics and
Growth" /34/ is the only text available amd will remain a rich reference for
a lang time to come. His climatic laboratories at the University of Missouri
are the most complete of those devoted to animal climatology. Rhoed has
enphasized field work, and is best known for his "Iberia Heat Tolerance Test!
/35], which provides an appreximate method for determining the tolerance of
a mumber of animals under field conditioms. With developing interest other
centers have started work, notably the Unmiversity of California Agricultural
Experiment Statich at Davis, where Kleiber!'s tasic work on metabolism has
been extended by his collesgues to questions of partitional calorimetry under
different envirommental conditions. Through the interest of the Bureau of
Dairy Industry, other institutions are being brought into collaboration on
both ‘the rhysiological and the climatic aspects; especially in the south-

eastern states,

The Regional Concept and Physiological Climetology
Geographic thought naturally tends to group rhenomena by regions,
whetber deﬁned by the phenomens thmelve;. or by their relationship with other

phencoena already regiomlly demarcated. The tendency of plant life to exhibit
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regional distribution led K8ppen, and later Thornthwaite, to develop classifi-
cations of climate which would correlate with such distribution; and it might

be thought the. similar associations would have provided a stimulus to region-
al classification of climate in so far as it affects man and animals, That such
classifications for animal climatology have not developed beyond the simpler
pragmatic stage is probably due to the fact that the association of man and
animal with climate has been developed, not so much by the zoologist, as by

the physiologist, who is interested more in processes than in the distribution
of smcies; even when the species is man,

The physiologist feels that a rational, as opposed to an empirical,
classification of climatic significance for man could be sought only for those
effects which have a definable and quantitative relationship to meut_xrablo
climatic factors. In the present state of our knowledge, this would be per-
missible only in respect to the heat balance of the warm-blooded animal, For
other processes, such as behavior, infectious disease, productivity, cultural
development, he feels that the antecedents are so complex, measurements so
difficult, and distribution determined by so many specialized factors, that
quantitative classifications are out of the question.

Even within the limits of heat balance, the physiologist has pursued a
somewhat different approach from that adopted in plant climtology.‘ He sees
the thermal balance of the body affected by four simultaneously acting climatic
elements: air temperature, vapor pressure, air movement, and radiative state
of surroundings. These are separate physical entities, but they all operate
through their effects upon one bodily process -~ loss of heat to the envirorment,
They are thus interchangeable, and a situation can be characterised when they
are all simultanecusly known, but only when they are all simultaneously known,
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Most physiological thought has tended, therefore, to concentrate upon
establishing an index oi’-ocnposite thermal stress, or better still, an
index of resultant thermal strain. The difficulties that this approach
is presently facing bave been mentioned above. '

| It is doubtful, howevér, if conservatism would cease even if an
'acceptahle index of thermal strain were established. It is probable that
there would contime to be a resistance on the part of physiologlsts, who -
regard variaﬁon in response and, for that matter, variation in stress- ’
producing cliuatic elements, as contimuous procésses, capable of sub-
division only at the peril of the subdivider. Not that they would
probibit subdivision, simply that they would regard any subdivision as a
purely arbitrary and pragmtic affair, suitable at best 6n1y for the purpose
for which the subdivision was made. Even then, they would refer to use
transition zonés rather than linear or point bomda.rieé, ahd keep the
" number of aﬁh&ivuions smalle Within these limitations subdivisions have
been mede, with the assistance or acquiescence of physiologists as, for
example, the clothing sones comstructed ty the Office of Qartermaster
General /2/. ‘

Cf more far-reaching importance, however, is the integration of know-
ledge concerning the reactions of men and animls to climatic stress with that
concerning other ihteractions which have an important bearing upon the history
present conditica or potentialities of a region, especially with reference to
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husen occupance. The rhysiologist msy well feel that his competence and even
interest stops with the transference of discussion from the physiologicel
reaction to social significance, and in this he may even be accompanied by
the physiological climatologist. It is here that we encounter what may be the
crucial epistemological problem of our age. It is comparatively simple to
break a problem up into componeant rarts, for each of which a pre-existing
discipline of thought exists. And even where one does not exist, it is not
long in our highly scientific and technical cultwre until a discipline is
developed to mset a need. Deductive thought has always been simpler than
inductive, and scientists are always more ready to probe more and more deeply
on a narrowing front than to range over a wide field in which thought must

be synoptic. But practical demands require that synoptic judgment be madse,
that the specific answers to specific studies be somshow integrated to give
unified answers to the original unit problem. Clder scientists discourage the
younger from adopting interests in whichlenergy may be dissipated, and are apt
to be suspicious of those who reason in a field in which conclusions are so
difficult of verification.

The dangers are real, but integration must de effgctod. It is much
more desirable that the integration be made by those who are familiar with the
deta.tlod analysis, than by the wninformed, the superficial, or the irresponsi-
bls, How is this to be dome? To take the case in point, how are the facts
and ideas deri: ng from geograpnical, ;hysiologim;, anthropological, economic,
sociological, politiml md agricultual invectip.ugn to be put together in a
form which can be used by administrators, politicians mnd -tntomq:mo have to
msice the judgments and direct action which will be in weordnnf:e with the best
interests of the region and its people?! To rely upon the emergsnce of
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extraordinarily gifted leaders is both unrealistic and escapist, though such
men would provide significant impetus when and where they chanced to occur,
There is required a mode of thought and machinery for its realization, From
our schools through to the highest deliberations of the land, the methods,
checks and limitations of synoptic thought should be taught, encouraged, and
practiced, Teachers , tutors, project leaders, administrators, and executives
can set the.stgge, being successively producers, audience and critics until
sublimination of the actors to the performance becames the accepted creed,

This can be done; but it requires faith, insight and patience, Only when it is
accomplished will it be possible for questions of occupance to be answered as
such ‘an:! not with unrelated and conflicting recommendations from a bevy of

ruggedly independent. scientific groups.

Sm“ of Present Position
A mode of thought has been established in which approaches character-

istic of the climatologist, physicist, physiologist and geographer have been

integrated in a study of the adaptation of man and other warm-blooded animals
to climatic conditions., This centers around the heat balance of the animl,

the effect that thermal conditions in the enviromment tend to have upon that

balance , md the adaptations made by the animal body to offset those effects,
In at least gen'ern form it 1s expressible in quantitative terms, and permits
the thermal stross to be calculatod for given conditions of activity, clothe

1ng, temperature, humidity, air movement and udiation.

The nature of the strains resulting from the application of thermal
stresses are known, and are referabls to them in a gonerll quantitative
sense; but a ut.htnctory method of adequately assessing the phyuological
significance of thermal stress has yst to be determined,
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Important practical applications of this rather new field of scien~
tific endeavor have already been made to problems of clothing, housing,
and animal production, with the introduction of quantitative and predictive
methods where reliance had formerly to be placed upon the empirical or
traditional,

The geographic distribution of climatic elements determining thermal
stress is becoming better Imovn, but few attempts have yet been made to map
the distribution of their combined significance or resultant physiological

" strain., Some attempts have been made to integrate the knowledge made
available through the approach of physiological climatology with that from
other approaches to the complex problems of regional occupance; but wider
am-it;iation of the implications of synoptic thought and deliberate culti-
vation of its practice are required,
" As with any new field, there is an acute need of recruits; but there
is an especial need of recruits with insight and faith as well as ability
and patience,
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There seems to be a great. need toda.v for a prociso daﬂnltion of modicn.l
geography and for an evalmtion of the technlquel and potenthlities of me
fields Tor too long medical geogrghy hu been identified with an aggregate of
loose impressions and hypothetical correlations between the occurrence of car—-
tain mthologlcal muwmena and enviromental circumetances. Yot we feel th:a.t
studied with aobe' diecrimina*’on. sudx corrohtions can shed cansiderable

light on the occurrence of disoau.

nIn the earlieet Ccv:, of medi*ine phyticians knew little more a.hout the
causes of disease than the place whove thay occurred." (Even today the geo-
graphical or locational factcr is, indeed, one of the few facts kmown about
| soms diseases and is reflected in the name given to the disease ~ for example,
bunyanlvere fevar, Wumha 1ever. Semliki Forest fever, COlorado tick fever.)
"Environment.al fa.ctors nad during the first centuries of modicul knowlodge'
an lmportance which they lost when Pastorian discoveries focused attent;ioq on
the study of pathogenic orgmsu. Tith further progress a renewed intersst
in environment deve].oped, for it becane clear that the orpnim themselm
vere closely related to tbo mnou." Jvey, Scientific Monthly, 1951).
Deﬁnitionn

‘ In 1795 L. L. Fixke of Lengarich. Gemn.ny. éave oune of the firlt defini-
“tions of modica.l geogm;iw To thh mthor mdical gaomphy was t.ho de-crip-
tion country aft.er comtry of 1to position; soil, air uymnng. foodstuffa,

mode of livinc. cu:tom and habul of the pooplo. hnofar n dl theu fuctorn
“han a bearing on hoalﬂx and disease and on l.ocl.l thoupouucs.

Inmodorn t:l.no. mlninGm zom. who nkedt.o think of himself
uthofntbwolndtulpom d.chrodin]&@. “Byggﬂﬂalwdm
or gomedicine 18 wdarstood the branch of medicine which sttempts fo clarify
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and explain tbo results of medical rouu'd: bty geographical and cartographical
treatment. By m is undentood the bdranch of m;by which
at.tempts to st\uw and exphin the effects of mﬂuoal space, earth, and
}ts vital foru. on man, ._quu. and phnt.

Proposed definition of melical geography

'Paxagiﬁol&y. epidemiology, and medical entomloé take into considera-
tion some uboct- of the relaticaship between disease and envirooment. Medical
geography professes to make the study of these relationships its principal ob-
Jéc.:t.'i.ve;" (M.

. Ourapproudx to medical geograrhy can be summarized as the study of the
di;iriﬁuuon of manifested and potential diseases over the earth's surface and
‘of fact.ors vhich contritnto to disease (p,thogenl). followed by the study of
the corrolat-ionl ttb,t ny exist betweon theae and the mvimmenhl factors
(ceoeens).

_yectives and mmods of modical m

) "The first aim of the med:lcal m]her is to map the dhtribution of
dileases thmud:out the world. It is not possiblo : otudy the mflumce of
enviroment on d:lseuel if we do not know dm hu 'ha.t. and where. Onco the

person, disease, and place are known, we zay be atle to understand why someone
"h afflicted and somecne else is not. Geographical factors mey emerge as mm
mount in the cruti.on of the pattern of distribution. Th‘ neasurement of the
importance of these factoro is the second aim of udicd mm It is t.hu
a study of correlations.” (itid.) To do this mccunmuy the wriocus facm
mmmmbmmnwmmuonmomm mm
. tul. environment on the other, lhonldbcnuludmd. if possible, scien~
' 't.mo.m measured. This Bippocrates oom not dos It looks as though
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technology had very nsarly caught up with the amdbitions of our predecessors and
as though it might now be possible to get the real, but cancealed, picture of
diseases which our precursors lacked. o

Ve suggest that the methods to bring about ﬂnlo rmltlmd bes

a) sample studies of populations to build the ptcturo of the extent of
the exposure

b) unly-hotthoinnmdud:wddmu(unru it
is possitle to isolate them) upon the varicus pathogens

c) synthetic regicnal studies to show shers groups of diseases are
fostered bty the cumbined action of climatic f-ctora.

Medically Significent Factors =~
The study of geogeas lies in the Frovincs of pure geograshy. Therefors,
since we are concerned with the mrgiml reglon betwesn geograply and medicine,
we shall merely list the geographical factors, or geogens, and direct our
attention o aA discussion of puthom- mentioning geographical factors only
inscfar as they exers en m::-m on pathogens.
Geographical fastors, or geogens /aay, 0. B., 1950/

1) Pysdest

Climate
Iatitude
Rainfall snd hmidity
Teaperature

Sushine end cloudiness

" Wind direction and velocisy . - - .
Rediation

. Static electricity o . Loran
Iannuon

m mgnetisa
R

mdn‘m
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S Housing
Diet
. Clothing . <3
Sanitation
Income
Communications
Religious custome and superstitions
Drug a.ddlcttonl

3) Btol%ul
ege e life
Animal - 1ife, on earth and in water:
Farasi tism, human and animl
Prevalent discases
‘Mmt uooa m e
Pathological factorl or gﬁq‘g

o Disease is the name we apply to the signs of luffering of living tissues
(zat.hology). For the purpou of medial geogmmy it 1- convenient to divide

tnmn diseues htwo &oups:

a) disenaes occuwrring as the result of the aggren:lon of other nniul or
vegetatle organisms. This group comprises the communicable disemses.

b) diseases occurring without the agsression of other animal or vegsta-
ble organimm. m:mmbeubdividadintotmmc, namely

1) diseases dm to tiom cbangeo mch are encnth.uy reversible
by spontanecus physiological adjustments. These should fall
under the study of physiological climatology (mDoughs K.
Lee's chapter)
2) diseases dus to charges which aiw: tulnndly noareversible.
Pathological factors, or pthos-n-. am'bo muum nlted as: cau-
sative agents, vectors, intermediate uo'to. nd HaD.. nw the latter can

becoms sick in his capecity as intermediate host or definitive host, he is a
member of the complex, and geographical factors govern his susceptibility to

disesse.

Pathogens of comsunicable diseases

The causative agent otaunncnboumhcduthm body
directly as are the agents of epidemic unlwtio. d:olcn. t.otnml. typhold
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fever, tuberculosis and many othser diseases. They can be inhaled, ingested,

or introduced throygh wounds or abrasions. In other instancss the causative
‘agent is.introduced in the human;body through the offices of a vector. In some
cases the larval stages of agents require the shelter of an intermediate host
to davelop. JFinally, vertebrates other than men mey serve as a habitat to

an infective agent and help support its life cycle, sreading -at the same: time
its oumbers and dapsily in mature, thus enhancing the possidilities of epldemion

This-biologieal rhenomenon allows a classification of dlseases into Awo-
or multiple-factor complexss, which facilitates their study from o geographical
point of view. Each of these factors, including men himself, is closely linked
to the geographical emvirocnment. The oocurrence of diseasse at a given spot is
the remult of a combination of geographical ciromstances which bring together
agents, vectors, intermediate hosts, reseswirs, and mn at the moet suspicious
time.

. It 1s impossible within .the limited space at qur disposal to meke a .
complete inventory of the correlations known to date; here are a few examples
to illustrate the line of ressaning.

Cholera, for iastence, has been observed all.over the world in an
epldenic form, but endemic foci of cholera from which epidemics spresd ocut
appear to be limited to gertain regions in India. The correlatiops between:
geograrhical factors and the permanence of endemic cholers afe Jow-lying lands,
bodies of water rich in organic contents and selts, well sheltered from the

The geograghicel factors mhich sees $0.be present shep. epidemics bresk
out are high-absalube busidity, failure of W Tein, high tespgrature, and a
-opngregation of susosptibiess. The relationship between cholera cutbtreaks snd
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religious pifgMinages 1s now well ‘established. Tho ons'et of thé rain my in
some ‘flsives ‘dilute the concentration of geris in bédies of water, thus spperent-
1y playing a part intringing the epidestié -to' an end. But in most cases heavy
Tainfall, espscially after a-prolonged drought, may-first increase the mumber
of tases of ‘cliclera, because the Pivers receive & mass of infection as & i'e-
“‘wilt of the downpourse ‘

‘ Correlation between the chatdcter of the eoil @nd ‘the occurrence of

" Hookworm was first emphasized by C. Y. Stiles /3/. “Awdcon'es I entered ihe
sandy areas wicinariasis was found. is soon as I'léft fie sand, 1ocel foct

“ of 'the inféction dlssppeared.® /Augnstine, 1936,4/.- =~

-Augustine and Smillie /Augustine and Snillie,' 1926, 5/ mmds an intensive
study of the different soil types of Alatame ‘to defermine their :effectiveness
in producing hookworm larves, wheiéss clay 6o0lls gave - widely Wrying yield,
never reaching a percentage higher than 125. It was, therefore, demonstrated
that ‘the disesse wis related more clusely fo'the-fextire -of ‘the soil than to
'WQ‘l:harfcho R S TN SN A B 1 RN S

In further study Augnstine found thaf 5o hookworm larvaie could be iso-~
lated'from-polluted #0ils from December 27th %o Mirch 3rd; thus showing that
the winteF frésts 1n Alabdme préventsd hookwork from developing to the infeo-
tive stagei~‘Pry periods during the spring-were also found to check hookworm
ﬁdtnlojl‘f'hw C v L

“Wlonversely, Gté typs of soil’that favors the developmint of the egzs
of Asduodenale is hostile to Ascaris lumbricaides. Hence an inverse propor-
-ttan ofitPestation By hoth worms in meles snd females is usially found in
Rgybt, “Wikie ‘men %ork in 'the fields and women -stay Sround’ the homee In Italy,
‘however, &8 #Sisn work in the flélds snd men g0 inte ‘Wb towns 40 market the




-
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produce; hence, wosen bear the brimt of hookworm infestation and men ot the
ascarides. Cultural factors, such as less soil pollution and the wearing of
stices (as tn the case 6f A. duodensle) may change the pictire. On the other
band tofection of the #01l may be increased if an unabsorbtive subsoil makes
the drainagé system inadequate.® /May, G. R., 13950/. ) e

Feust in his trestise on "Humen Helminthology" remarks that moisture is a
result of rainfall, shich is governed by wims and modified by topogrephys Ca
the island of Vitileve, in the Fijis, a zowtain range stops the rains from
reaching the northwestern side. Hookworm infestations on the rainy side in-'
volves 904 of the mtive population, while on the dry side only 386 is affect-
ed- The misture factor alm affects the dlstribtution of strongyloidosise The
frée-living larwe of this parasite belhg very sensitive to drought, some of
the helminthic infections require an intermediate host kuch as snails, fish, am
mmals, all of which are also closely dépendent on physicel surrowdings. As
opposed ‘to the fres-living larvas af the hockworis, Wioss ¢f the ascarids are
tougher and withstend more drought, cold, sid sm. Howbver the eggs that do
ot survive direct sunlight embryonats favorably on hard c‘uy soil, while "ths
hookworm larwes requires wandy dusms, © '

It seems quite clear tht ever sinos aan has studied disesses, there has
beeh & belief ‘hat a correlation existad betwesh certain insects and diseasss.
An oliusion is mads in the Bidle o the corruption of Egypt by a swrs of flies
which no doubt can de interpreted as the £irst recordsd statement of medical
eatomology. In 1587 de Souse /Herms, 1948, 6/ definitely stated that yaws was
tradilated £7om a 81ck 0 & healthy perscd by the suction of flies. In 1848
Josiah Co Nott 6f New Orieans wrote that he thought mosquitoes produced
madaria abd yellow £49iF;"s viéw Wil was sbatsd b Besuperthuy, a contempor-
ary French physician of the West Indies. [Nott, 1848, 7?/. In 1896 Bruce °
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d:l.covared the role of the tsetse 11y 1n .the slesping sicness d outth
(N-wu) NMMWWMWWMMM‘W :
of mem-rmwumt-puqmm[nrm, 1895, 8/, [Ross, 1897, 9/-
At tho samo tiln a mlber ot quonpton mtod and established the
role of mosquitoes in the transmission not coly of malaria but also of other
diseases. (ns of tho moat outshndin‘ field experiments in opidaniology was
-aeocmpuahodby thau. S. Yollowl'ﬂor Commission uww::n the island of
Cubaundar the 1udu‘th1pofl‘1teardw1ﬂl th‘hdpofc.ml. Lasear and
Agramonte. [Reed, 1900, 10/ At the same time L. O. Howard dsmonstrated that.
malaria in the Catekill Mountains could be controlled by. using kerosens. Thus
. 1n t.pg last years pf the ninsteenth century the f@nbtipn of disease control
t.hrouda kmwlodp of the contribution of Muhial factors to pathological
complexes was definitely laid down. . = ,
-, larston htuhu mads amtorly study (Bates, 1949, 11/ of the wvarious
factor- of the envircnmets as they affect the adnlt mosquitoes snd haa stress -
ed the importance ¢f their habits, time and distance of flight, the resting.
glaces, longovsty, and sesscual distribution; aleo. the factors influaaciog the
sexual behavior of the warious species and their. food batits. .The mechanisa
, of biting, the egg development, ths lerwl development, (wbich, is in tum
ffected by tesperayure, Lgat,, sorement of water, wurfacy charagteristics,
_@ases Qiswolved, mier, H, organic. mterials and selte), all these flay en
important role in.the development ¢f the larwe and hence in the. distribution. of
.the diseases. PR .
Tlies, t;ck-. qnd mites are Qllo Ulportgnt vectors of di.nuo. m:lng
such soourges ag Africen trypancpopiasis, Rooky sowtain epotied fever, and
scrub typims respectively.. Their depeuispoe po0 Seogaphioal envircoment,

'

1 . E -y ’ -
S A AR T, ST T
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particularly their sensitivity to climatic changes, hold the key to the ocowr-
rence of the diseases mentioned. - - - T S e

. In many tcases the pathological complex is dependent upon. the presexnié
of an intermediate host. This occurs chiefly in helminthic complexes. A
typical example can be found in the study of the schistosomiases. The impor.-
tance of the environmsnt has been demonstrated in Egypt, whers changes in
irrigation methods caused a change in the pathological picture of schisto- -
somiasis. The intermediate host required for the developmsnt of S. haesatobium
is Bulimis truncatus, which is not commonly found under conditions of basin .
irrigation. When perennial irrigation was adopted in Southern Egypt, as it
bad been earlier in the Delta, S. haematoblum spread to Upper Egypt. In the
United States schistosome dermatitis bas been studied by Jarcho and Van Burke~

low, Ve ¥. Cort, D. Ge MacFarlans, F. 7. Ferguson and meny others. Snails' of
the family Planorbidas, hymaeidae and Fhysiodae serve as intermediate hosts
for the scaistosomes responsible for “swimaer!s itch.". Geographical factors
such as the nature of the lake bottom, chemical composition of the water,

. exposure to wind, snd 80 on, ate influential in localising the suall and hence
the disease. /Jarcho and Van Burialow, 13/.

- *. Man tops the list of pathogens. He is, obviously, an elemaat in the -
complex and his reaction- %o the environment when he is healthy determines his
reaction to it when he is sick. The study of the pathogen "normal men* in .
connection with the enviromett is the field of physiological climatologye.
The Pethogens of Nonoommunicatle Diseases

-If we now turn t the study of non~reversible pathogenic changes we can
parsus the sans line of thoughte  The pathogens here are represented bty the .
various physiological functions. Eow do the warious liver functions bebave
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under differepnt climatological ciroumstances?! How do heat,. temperature, and
sltitude modify the creation and destruction of rell cells, the excretion of
urea nitrogen, the metabolims of water, the behavior of the blood electrolytes?
Again we can give here only an idea of the importance of .the subjecte Once
these factors of what might be called "anthropological physiology" are better
known we may understand the geographical pattern of distribution of degeners-
tive diseases such as goiter, hardening of the arteries, arthritis, and cancer.

The Anerican Geographical Society is now engaged in studies of the geo-
&aphical pathology.of cancers It has.establisbed c.ntsctswith key morkers and
observers throughout the world in order tb get their cooperation in such
studiese The National Cancer Institute in Bethesda, Maryland, has set up a
wnit of geographioal pathology, which bas the cooperation of pathologlsts,
epidemiclogists, statisticians, mtritioniste and endocrinologisty, and it is
boped to get sufficient data for the sdme objectives. Tha Council for the Ce-
ordination of Internatitngl Congresses of . iiedical :Sciences {0GIOMS) has-
organized at Oxford a symposium where these questions have been. discussed. All
. three institutions will meet at interwals to try to co-ardinate thair efforts.

Considerable wriaticns in the prewaleance of caposr by.sites, types,:.
histological defindtiph.and age groups have been noticed ty workers.in dif-
ferent countries and unisr warious living oonditions. It .is reported that.. -
Pulmonary cancer does not exist in Iceland and Kores, that pancreatio canoer
is comon in Finland, that gastric cancer is not as cozmon in England as on
the continent of Buropsy It is common knowledge that cancer of the cervix is
seldom observed in women who have never had sexul interoourse. But all these
obssrwtions are not yet authenticated by statisticel evidence.

In the Unit ed States, Dorn found that .cancer was oomnog smong all age
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groups of the population but that the morbidity rate for all forms of csnoer
and for soms specific primary sites wary rather widely. He also found that
females, both white and negro, were more likely than males to develop cancer,
this being due to the greater susceptitility of females to cancer of the génite
organs and breast. Negross in the United States are much less ‘1ikely than
whites to develop cancer of the sicin, but are more likely to have cencer of the
genital -organs, Dorn adds that the incidence rate for all forms of aancer is
nearly 50b higher among whites living in the south than among those living-#n
the north, which is explained largely by the higher incidence of skin cancer
and of cancer of the buccal cavity, especially lip cancer, among perscus living
in the south. /Dorm, 1960, 13/. Although it is true that even in the most
advanced countries statistical ‘date only grossly aprroximates the prewalence
of cancer, and that in most places in the warld where they would be needed to
support a sclentific julgment statistical ‘data ca cencer distribution and
demography are virtually nonsxistent, presumptive évidence of -
the influence of geographical factors on the-occurreénce is present in suffi-
cient degree to justify further studies in this mtter. The facts as gathered
last year at the Oxford Symposium appear to be:

le Primary cancer of the liver is relatively more common in Africas,
Indo-Chine, India, Malayas, Indonesis, and the Philippine Islands than anyihere
else in the world. - o '

2. Cancer of the cervix of the uterus is relatively uncommon ia Jewish

3o Oancer of the stomach is relatively infrequent in Javaness, African
negroes, and the indigedous péople of Freach North Africa.

4. Cancer of the tase of the tongue is relatively fregent in certain
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coommities in Indiae - .- R N R B

© 5o -Cancer of the scalp ia frequent in inbabitants of French North.
Africa; of the sikin of: the trunk in the inhebitente of Indjias, of the scalp and
. skin of the legs in African negroes and Indonesians. :

6« - Relativaly large mmbers of csncers of -the pancreas have been re-
‘ported from the Mulago Hospital at Kacpala, Ugapde. -

7. In Indonesis, India, and Indochipa en umsual-number of malignent
tumors of the cervical lymph nodes have been reporteds /Oxford Symposiup, 1950
14/.

Although it is too soon to state with fimality that certain factors,
exclusive of others, are instrumental in governing the occurrence of cancer .
cases, there are enough indications to show which of these factors may be of

. @) Infesteition:by parasites. The carcinogenetic properties of certain
. helminths were reported long ago. Kouwensar /Oxford Symposium, 1950, 15/ re-
ports that in Indonesia and India scars of yaws seem to be correlated with
. .sn cancer in significant numbers. Whensver S. hasmatobium is cosmon in

Egyrt, Tunesia, Morocco, cancer of the bladder seems to be prevaleat.

, b) . Common usage of irritant substances seems to have an influsnce on
certain forms of cancer. These substances may be comnected with certain
occupations; (for example, scrotal cancer was common ancng chimney sweeps)

. others sre correlaied with local ussges and culture. There seams to be a
correlation between the occurrence of oral cancer and the chewing of betel mit;
. aocording to Joyeus /Oxford Symposiwm, 1950/ this is found in IndoChina only
when the betel mut ig tekeg ¥ith lime, minly p'avtdod by .burnt sea shells.
Steward /Oxford Symgosiyg, 1950/ resarks that in certain parts of the Uaited
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States thysicians bave been impressed by the development of cancer in. the parts
of the mouth where tobecco chewers keep their cud. Murthermore thers is a .
correlation between heavy persistent smoking and cancer of the lungse
¢) Nutrition seems alsc to have an important actiocn on the .occurreace of

cancer, altbough how is not yet clear.’ There seexs %0 be in certain, types of
starvation an incresse in estrogenic hormones, which may in' turn result in
&uecomstia and also in precancercus or cancercus conditions. Bonne, wan.
Veen and Sutom /1941, 16/ produced primery cancer of the liver in rats. sub-,
mtted to a diet of polished rice, thiamin, cod liver.oil, carrots and butter
yellow in olive or cocomt oil. However, it mast be kept in mind that no
definite proof that these factors have any relewance can be establighed in -
huvens as long as studies are not pade. in variocus countries on comparable pop-
ulations. There is no doubt that in countries whyre, life expectancy at birth
does not exceed 35 to 40. years, the cancer age groupe are practically nonexis-
tant. - '
e . American Contribtutions

The condsnsed inventory of our knowledge in the field of medical geo-
grapy confirms that none of the discoveries described was made by scientists
"o considered themselves medical .geographers. - Qur. stockpile of medicogeo-
£Lxaphical. information is accumulated from a. mumber of gllied sciences:
bacteriology, biology, entomolagy, snd otherse Varicus.institutions in Ameri-
ca bave promoted resesrch in these fields, and bave theredly. comtributed to our
knowledge of pedical geography. -Among the most importsnt are the Bockefeller
Foundation, the Unised States Public Health $arvice, the United States Army
and .the Uni ted @Aates Havy; thess active crganimtions bawe gfbered ap ...
impresaive body of sedical intalligmos besic to the study of medical geography




Biogeography Cm14. -
' ‘The fields in .mhich American research has sads history are hookworm, yellow
fever and malaria.

American interest in hookworn diseases started after the Spanish-Ameri-
. can ‘'war when Ashford examined: the faces of patients in Puerto Rico for the
larvas of A. duodenale and found them in great mumbers. /Ashford, 1904, 17/.
Followihg Ashford's:paper, C. W, Stiles, of the United States:Department of
Agricul ture, “describéed in 1902 a new indigenous species of ‘antylostoms .

(N. Americanus), whici he claimed to be widespread in the United States.

/Ce W, Stiles, 1903, 3/. In 1905 a hookworm campaign on a limited scale was
begun in the southerh states by the United States Public Health Service.
Finally the Rockefeller Senitery Commission for the Eradication of Hookworm
Diseases was organised on October 26, 1909, and was endowed with a gift of .
$5, 000,000 by Mr. John D. Rockefeller, ST’ -

-Amsricah’ interest in yellow fever, pethaps the most dreadful scourge
in the Western Bemlxhen;m awskensd early. The crowning event was the
sending of the Walter Reed Commission to Havamp in 1900 to protect the lives
of American soldiers, who-were dying in Zrea$ nubbers of the dreaded disease.
Their discovery of the rolé of A. aékypti (then cilled Culex fasciatus) -
in the transmission of the diseass-laid the groundwork for several control
campaigns which were to have dramatic repercussions on the heelth of mankind.
Most famous among these were the Havana campaign, the New Orleans campaign,

The-Havana, based on the matural history of the mosquito, was entrusted
to Colonel Gorgas, who succeeded in complete eradication of ysllow-fever from
Havange Simtlar suocessful results were cbtained ia New Orlwens in 1905,

The ‘Funems Caral Zons Caspaign desonstreted -thet:e knowledge of :the .
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domestic characteristics of Aedes segypti - which may breed in houses in the

‘ smallest collectiony of water left in tubs, barrels, kerosene tins, and bottles
or in crab holes, tree cavities, and roadside ditches - were essential to the

_ oradication of the disease. On this knowledge was based the work of the
Yellow Fever Servioce of the Rockefeller Foundation's Internatioml Heslth Div-
ision and what Soper has described as the golden age of achisvement in th_g‘.‘_“‘
eradication of yellow fever was made possible. o

By 1925 1t was believed that the western hemisphere had been freed of.
the yellow fever danger, but in 1926 a new outbreak occurred in nwthea.ute_rg
Brazil, and the way was open for new research which eventually brought about
the discovery of Jungle yellow fever. The Rockot:ener Foundation concluded .
in the end of 1949 its 27 years of cooperation with the Yellow Fever Control
Program of Brazil. "A 15 year investigation of the geographical distribution
of immnity to yellow fever among the primates of Brasil has established the
_ fact that jungle yellow fever has prevailed practically everywhere in Bragil
during the past decade and a half." / Rockefeller Foundation, 1949, 18/
Malaria Control .

Since 1916 the Internstioms] Heslth Division of the Rockefeller Founda-
tion has aui'pt,od various co\mgx_:.i_.ga iin anti-malaria schemes, world.ng hnlin )
hand with t.he rgapog;ivg_mvemmts, nouply.in Argentim,} .Puarto Rico,
Nicarague and Brasil. In 1924 and 1925 a similar helping hand was held cut
to Italy, Poland, Palestine and the Philippines.

The Anti-gambiase Campeign Jointly developed by the Bod_;efoller Founda-~
tion and the Brasilian Government is a god example of applied medical geo-
grafly and is g mommental contriduticn to the science. The arrival of
Anopheles gambiae in Brasil in 1930 was followed by serious outbresks of
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malaria in 1930 snd 19%i: "The First organised cadpiign in 1931 apparently
resulted in the eradication’of Ancpheles gambias from Natal, its port of eatry,
tut not until after 1t had fourd a footing in the interior of Rio Grande ds

Norte." '/Soper and Wilaon, 1943/ After a quiescent period, terrific outbreaks

of malaria, with high mortality ratas, occurred in 1938. To meet this emer-

gency the m:laria servicc of the northeast was organized, supported jointly

by the Brazilian Minist'y of Hoalth and the Rockefeller Foundation. This

expedi tion showed to what éxtent biological inférmation and cartompaib and
geograthical techhiques could be combined to achiéve suctess.

Anopheles gambise 1is one of the most dangercus malaria vectors because
of its almost complete affinity for human btlood. The treeding requirements of
ganbise had first to be ascertained.” They were found to be emall shallow
groumd pools, either clear of iudly, free of veZotation, ®xposéd to sunlight,
in proximity to human dwellinge wiiures the climte 1s tharacterized by absence -

of frost and a range &f tembsriture of lass ‘thax 40°F;’ /Stpa¥ and Wilson, 1943,
19/. One of ‘the first activities &f the new shti-nalarfa service was to
establish a cartographic unit, the duty of which was to map the opsrative
regions and keep close track of the progresi and refreat of the enany. Air
maps of certain sections were mde aid the mecessity groudd work, developing =
and printing of the photographs, and preparation of fHe Tiral mape were done
o the spot. The technique of eradication was established'after’a close study
of the mcroclizates which govern the 1ife of the 'vector. It whs demonstrated
that goenl species eradication was ‘fedsibdle and at t.ho sane time more effeo-
tive then simple anti-malailal measubes: '

Aierican researchars have actively plowed othet f1elds of medical geo-
&aphy. o s
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Pellagra. In 1913 the United Statea Buremu of Public _Beslth started an
mveotiation into the csuse of pellagra. J. Goldbnu. hnd of tho mission,
demonstrated the correlation betwesn the disease and dietetic and standard of
living factors which paved the way for the present day oonception of the
disease. . o

Tluorine and Dental Carries. Although a mumber of references to the
relationship between fluorine contents of water and dental carries can be
found in the literature of the last quarter of the ninsteenth century, syste-
matic study and exploration of this correlation dates from the work of .
G. Ve Black ard T. S. KcKay, [Black and ¥cKay, 1916, 20/. These studies have
been continued chiefly by officers of the United States Public Heslth Servica,
among whou the ngmes of E. Trendley Dean, F. A« Arnold, and P. Jay Elvoa must
be cited. More recently A. Van Burkalow /Van Burkalow, 1946, 21/ of the .
American Geogrsphical Society published a series of maps showing the distribu~
tion of fluarine in United States water supplies, /For eoi:plm bibliograghy,
see Dean and Kitchin, 22/.

Tularemig. Tularemia has also been chiefly studied in the United Shteo

.. G» We McCoy discoversd in a ground squirrel, (Citellus beecheyi), & dheuse

L e ]

cheracterized ty lesions ressubling those of plagne. lLater, in Tulare County,
Californis, G. V. McCoy and C. W Chepin described the causstive organism and
named the bacteriun "Tulareusss.” [McCoy and Chapin, 23/ The first infection
in man ves recognised by Therry and Lemb, in 19M4. JFurther importent work on
the numerous reservoirs found in the Amerioan fauns and the warious vectors
such ag the Jeerfly, (Ghryecpevisgelis); the Tabbit loses, (heemodipus

. ventpicoms), and a mumber of ticka acting both as reservoirs and vectors, bas

been scoqmplidhed by officers of the United States Public Health Service.
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- 'Rickettiial diseases. Rickettsial diseases ard the medical geograrhy of
some’ of them'hé¥e"been a field for importaiit American Studies.- The United -
States Public Nealth Service has estabiishéd a laboratory in Montans where
importint work haé beer dons on- ticks known to be matural ‘vectors of Bocky

Mountain spotted fever. 1lu th> United States, Rocky Mountain spotted fever:
has beeh Faported from 43°6ut of the 48 ctates: Mainy Vermont, Connecticut,
Rhode Islard] and Michigan are the exceptions. The geograrhy of the various
carrier: ticks has bYeen established, the most important being D Andersoni,
the Rocky Mountain wood tick; D. warlabilis, A. americamum and H leprosis
palustris, the rabbit ticke Their geographical occurrence has béen studied
‘by such workers as Cooley, Kohls, Bréman, Bishopp, Trembley, Parker and
Steinhaius. /Kchls, 1943, 24/. Rickettsial pox-has been described for the
first time in New York City by Huebher, Stamp, and Armstrong. It is carried
"ty & mte {A. sanguineus) ‘the locals of which sedte’to bé'mainly big cities,
‘such’as New York, Bostén, Philatelphia. Indianapolis, Tueson, and otherse
Problems and Methods
" Research problems of thie medical geographer’ - 4
" As we have shiowtn the previcus phges the individual stones shich have
' beeri "brctight together to bulld up the existing edifice of medical geography
Kave been gathered from various branches of the medical sciences. - Habh of '
““these component sciences has its owi methodology, which might perbeps lend
1tself to the study of medical ‘geograghy. However, it is not our aim in this
article to btreak down the subject into its component parts; but on the cote
trary to make a constructive synthesis. - Doss.thére exist such & thing as &
“Hethod pfoper to the ‘systematic aoquisition of imowledge in medical “gecgraphys
How ‘8068 one thitk in medical geography and how does cne dcquire imowledget
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The first problem is to find a means whersby accurate data can be
collected. Unfortumately, our knowledge of distribution. is now chiefly based
. on reports made by waricus individual physicians to governmental health
.agencies, on reports of hospitals, on published papers dealing with individual
cases, and on a small number of field surveys. . i,
Results of these methods give at best an incomple®s picture of the dis-
ease occurrence .and no picture at all of diseases which may have occurred in
the past but were not reported. The vast mejority of pathological cases
are never scientificelly.observed. Some are observed, but not recognized.
Some are recogniszed but not recorded, while fewer still are both acawrately
diagnosed and efficiently reporteda.
In amareness of this condition, several attempts have been made y the
United States Public Health Service workers to investigate on a bromder besis
some sections of the United States population. A. L. Chaman has recommended
multiple screening - which oconsists of performing a battery of tests at the
sane time on a given section of the population ~ drawing attention to the
hygenic walue and low cost of the methode These tests reveal incipient or
concealed diseases. . The program is designed to reduce the cost of public..
health expenditures, not with the research, of geographical correlation in .
minde o R
. Barold ¥, Dorn has conducted a masjer survey of cancer in tem cities of
the United States in order to build up a picture of cancer occurrence; also,
under the auspices of the United States Public Health Service, a national
health survey has been undertaken to discover pnnhnt dimuqm large
mmbers of familiess. A-description of this survey bas besn made by Ge Ste
John Perrott snd .collaboratorss ; ‘ woes
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For the purpbses of medical: geograshy the recording of actual diseases
"“is important sad forms & worthwhile contributiont but in sdditicn a method of
detecting the traves left in the individual by nén-clinical forms of diseases -
.. the footprints of diseases - should be developed, Not until sich information
18 available can wo build up an accurate picture-of the prevalence of diseases
in a given region and proceed to the study of geographical correlations.

To this end the American Geographical Society hes recommetided a regiomal
study where data on the prevalence of certain diseases van be trought to light.
The Society's method is based on tho principle of ‘sample studies of populationa
These samples must be carefully chosmn s0 as to be rspresentative of the normal
types and of the deviation typas., Dotails of the statietical problem cannot
be given here. Briefly, it i3 estimated that thy study of a-3,000 unit semple
would give information on 1,000,000 people for the diseases under consideration
-The margin of error -would-be smdll if the prewalenceof the disease is great.

In order to‘maké the.technique as simple ‘as possitle the person sub-
mitted to the studies waild be directed to five different desks: namely,

1) a general information desgz, 2) a clinical desk,’3) a dlood deek, 4) an'
X-ray desk, 5) a stool center.’ Thus, informatichi felating to soms tweniy of
the moet important-disesses the subject has: Dees exposed: to would be revesld,
the populated area over which such diseases extend would be made visidle, end
- the futher study of éorrelation with gedgrathical- environment would acquire
significance?~The results of these check-ups could then be mapped for study
a@inst geographical factors.

Presentation of data oo meps.

The main purpose of & medical map is to locate the pathological rhemd-
mencn and then to establish the geographical correlatioms resulting from this
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localisation. In thess pages we cannot discuss all the aspscts of the problem.
this will be done extensively in the report presented by the Commission on .
Medical Geography of the International Geographical Union befors the Washington
Congress in 1952. But let us illustrate our point by giving an example of a,
census type of map, the Society's map of poliomyalitis /May, 1950, 25/

This map shows the occurrence of the phencmencn with the rates qualifyirg
its intensity and the age groups most likely to be attacked for every place in
. the world where data could be assexbled. There has been no effort at correlar~
tion; it is @ census map only. It indicates how difficult is the task of enter
ing, as would Jusatz, all factors capable of influencing the epidemiology of a
diseases A certain amount of mental effort is required on the part of the
reader to study what possible geographical factors can affect or govern the
Plcture of occurrence submitteds

On the cholerm map, published in April 1951, an attempt is made to show
well-cstablished correlations. "The epidemiology of cholera raises several
.. Problems, which from the geographer's point of view cen be summarized thuge §
Under certain circumstances, some of which are inown and others not, the die-
eage breaks out in epidemic forme ‘Apidemic outbreaics bave ocourred in
different climates, though some parts of the world bave remained cozpletely
uneffecteds Under other circumstances, some of which are understood and
others not, cholera remains quiescent, showing its preseunce by contimucus
saall nuubers of cases, which at certain times and during gertain sessons be-
come epidemics of .waricus morbidities and mortalities. This type of cholera is
confined to certain districts of India. JFor these reasons we distinguish the
study of epidemic or cocasional cholers from that of endesic or. pervansat
cholerae Oocasional cholera is linked to factors of hman geography. It
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correlates with the density of population, permanent or transient. When
large mumbeds of susceptibles are gathered together, as on pllgrimeges, those
coming from cholera~infested areas bring the disease with them, spreading it
everywhere cn the way. ‘They contaminaté their fellow worshipsrs, who in
turn ‘spread the pestilence as they return to their homslands.

"As one has to eat or drink the germ of the disease to become contamin-
ated, the cultural and religious habits of umen groups, the social customs
and gmenities, influence to a great extent its areal distribution and morbvidity

"The disease is also linked to factors of economic geography, spreading
through the inhabited world along the routes of commeros, by caravans, ship
lines, or railroads, at a spoed that is sometimes, btut not always, proportion-
ate to that of the carrier. (Compars the slow advance by carawan of the first
three pandemics with the rapid advance by steamship and rail of the fourth).

"The disease is also linked to factors of physical geography. Epidemics
breek out in hot, humid weather snd frequently die out in winter. In some
Places an epidemic ends with the onset df the ruiny season; in others the rains
" help spread the pollution of water bodies. On the east obtast of Africa up to
the end of the last century, cholera, when it oocurred, coincided with the
arriwl of the northeast monsoon, which ‘brought dhows from India.

- "Permanent cholers seems to be found well below the 500-meter lims in
India, where the popalation is dense and tempsrature snd humidity are alwys
highe In these places the germ remains quiescent either in men or in nature
during certain seasons if it oan find sheltered todies of watar rich in
organic content and in salts.’ We have tried to show these various festures
oa several mps.' fiay, 1961, 28/;
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Progran end Sorecast

Having thus brief]y reviewed the field of medical geography, let us
outline the program for future research as we conceive it. Of paramount impor-
tance is the problem of information. This should pertain to the health as well
as to the diseases of man. A good knowledge of the physiological anthropplogy
(that is, of the nomal physiological character) of the population under study
should be acquired. It is indispensible to the sound understanding of the..
occurrence of pathology. We have to know what the normal man is befores we .can
decide when he is sick. This detailed izformation, which is the basis of.
medical geogrsphy, will be very hard to get, but we have suggested in the [re-
ceding pages how this might be achieved. The study of correlations may well
begin tnereafter.

Some geographical factors 4o not lend themselves to measurment, only to
descripticn. A comprehensive pieturs of the geographic environmment can be
made against which the occurrence of disease can be studied. The first step
would be analytical, btreaking down the most prevalent pathological phenomena
into their pathogenic complexes and relating each to the geograrhical datae
The second step would be to build up a composite picture resulting, it is
hoped, in a more mrofound understanding of the "whys" behind the occurrence of
diseases.

Some of these correlations might be studied in the laboratory by
entamological and bacteriological techniquese The behavior of certain
pathological complexes or physiological functions in the laboratory under
artificial climates is a mwethod with a recent past, and, we hope, a very
great future.

At the end of this expose it may not be too presumptucus to outline a
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working hypothesis and to risk a prediction. It is entirely possidle that

once a glodal picture of the proportiomate prevalence of certain pathological
phenomers. is outlined, we shall discover that the same pathological phenotens
always ‘occur- in the ‘same places. It is also possible that we ahall then see
that the occurrerice of certain diseases precludes the occurrence of otherse
For instance, this would be the case in a country where cow pax would be pre-
valent; no small pox sould ever occure In the same line of thought it way
well appear that the food produced by certain soils, the diets based on these
foode, the cultural characteristics which have contrituted to the diets, allow
" or fortid the prevalence of certain ninecommunicablé déegsnerative diseases, such
as goiter, hardming of the arteries and esncer. This idea that pathological
phenomena occur in a pattern that we might wenture to call ; "social pattern' -
as men, plants, and animalks live in societies ~ may -be a hypothesis on which
the studies of medical geography may well- rest.
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PIANT GSOGRAPHY
Introduction

The study of the geograrhical distribution of plants is generally
referred to as plant geography although the terms phytogeography or geo-
botany are also sometimes used':: Three sets of processes working simultan-
ecusly, control this distribution, namely: (1) those residing within the
organism, which may be termed genetical; (2) those residing in the environ-
ment, called ecological, and (3) those which work through long periods of
time and account at least in part for evolutiomary trends. It cannot be
over-emphasized that these processes must be considered together as a single
complex and that it would be incorrect to explain the geographical distribu-
tion of biota on the basis of only a rart of this complex.

The grouping of individual plants into plant communities is also a
fundamental ovject of investigation in plant geography and is now being
developed as phytosociology or the study of vegetation. This is a parti-
cularly rromising field of study because of its mmerous practical applica-
tions. Finally, there is another aspect, especially dear to geographers:
the cartograrhic representation of biogeographical data, espocia.lly:of vege-
tation. |

A So far, the role of plant geograrhy in American geograrhy has been
extremely modest. Leading geograrhers in this country have repeatedly
demanded thet more emphasis ve placed on phytogeography but the results have
been negligible. In biogeographical research, Burops is also ahead of the
United States with regard to jourmals and research institutes. The begin-
_nings of mu#m:hy may not appear to have been very promising
oomrod with mopnn ndnovcunta. However, thrwahout the aou; century
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there have been Auerican scientists who have made significant contributions to
phytogeographical research and for some decades these contributions have been
equal to the Zuropesn omss in caliber end significance. ,

-

noristic Plant Geom
For m.mr bota.niots the geogrsphical distributim of spocioa and other
tuonomic units is nymnynous with plant geography, and in botanical circles
everywhero unphuia hns been placed on this aspect of pbytogoognw where-
as the a.ttmtion of goog'a;herl to this branch of Mgeogrqhy bas been
negliglbh. Geograrhers have always felt that floristic plant geography is
less intintely related to their work than the study of vegetation. But it

is quite clear that an exhaustive study of vegetation ia impossible without
considering the result.s of floristic goobotany )

In dealing with the area occupiod by one apocies one becomes inevit-
ab]y inwlved in a uries of problm mich all sten from the several aspects
of phwtogeommv. 'l'ho hiatorical developnent of the area throudl geological
ages is as important to consider as the historica.l devalopnont of the species
_itself; obvioualy. the prenent environmmt anrt- a strong ini‘lulnce alao,

tbard‘ore one Lo see in the preunt distribution of a cpociu t.ho into-
mtion of a hrg. muber of factors working limlhwusly through”long
periods of time, producing changes which forever contimmw,

Descriptive work is rohtivoly free from ecntromly in oontrast to
.tho dvnudc features of goobotan.v which link the diotributioml aspects of
Plants toboththomlutiond‘ thooompiodmndt.othnovolutionof the
upocin. J‘ult as Alfrcd Wegener crutod an w in polog. @eophysi cs,

m..nd bioloa by theorising on oontinmtd drift and i'.hcroby stimulat-

ingamtmnbordtmimuwdxu. ooM.I..hrmldonamromdut
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acale Md ab upheaval with the introduction of his theory on conserwative
versus aggressive species, and as a sort of corrollary, his nunatek theory.
The latter, without doubt, is better known among American geographers.
Fernald boldly proclaimed that the North American extent of the Pleistocens
glaciation had been overestimted and that many areas protruded through the
ice sheet serving as refuges for a host of plants. Such islands in a glacial
ice sheet ars called nunataks, an eskimo term. Much evidence was produced '
in support of this thecry or to disprove it, and the evidence was indeed som;d;
and yet contradictory. PFPlants seeaned to have survived in areas which were
certainly glaciated, although it was not always clear which particular
advance of the ice sheet was inwolved. In spite of the brilliant demonstra~
tions of Fre Marie-Victorin (1938) which semed to disprove much of the theory,
Fernald staunchly upheld it unto his death. mere can be no doubt that fho
peculiar distribution of some species in east;m North Amsrica is little
related to the glacial Iroceaaes, if at all. and many of Marie-Victorin's
obsorvations are irrefutable. On t.he other band, Fernald's ideas did lead to
the re-examination of many broader genenlizat.iom and 1t is now clear that
nupataks must have been more common than was realized earlier. Present .
munataks in Greenland bear considerable plant life and it may be assumed that
this was also trus in Fleistocens times. Even in the wnlikely event that the
nunatak theory should qvennzqny be discarded entirely, it hgo resulted in
much valuable research which would have remeined undone without Fermald's
provocative speculations. |

An altogether different aprroach to historical problems was used by
Hud: Reup (1947) whose investigations in northwestern Canada t.uud Hulten's
(1937) theories of equiformal progressive areas of rresent plant species. His
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positive and very stimilating results might well have been much deeper and more
far-reaching, had more détailed data on the geograrhical distribution of species
been at his disposale. Hii work clearly points up the need for accurate dis-
tribution maps if this research is to be continued and refined.

In the meantime the geographical distribution of species become en
object of study for geneticists. The outstanding works of Clausen, Keck, and
Hiesey (1940), and Camp (1941, 1947), are blazing a new tmil to phytogeograrhy.
The geuetic methods permit one to study the evolution and relationshipe of
species and thus follow. the development of their present areas by linking the
evolving a.reas' with the evolving species. In this manner it becomes possible
to trace an evolving species through both time and space and to find an ex~
planation for dietributional patterns which would otherwise remain beffling.

Perhape it was Stanley Cain among all geobotanists who rendered geo-
grarhers the greatest service, for among his many works is‘one of the greatest
significance for geogrephical circléa, namély, his Foundatlons of Plant Geo-
graphy (Cain, 1944). Charactdristically thé titlé contains "plant geography®
although the book is limited slzost entirely to floristic plant geography,

whereas:.ﬁhe ecological and sociological branches are barely touched. But it -
is precisely the floristic aspects of plant geography that geographers know
least 'abou't and Cain supplied them with a cfeta.iled and comprehensive sum-
mary of the la.t.est developments. He p:'esénts the basic features which affect
the diltrimtion of species through time and spa.ce. hence his strong section
on paleoecology; hence also his excellent chapters on areography which dea’
with the aress that lp;cies occupy and as this is an dlﬁocfal].v‘ important
aspect of plant gooya;hy vhich had not been adequately mresented in America,
mﬁm‘s welcone this part of cnin's book above all. (ain closes his book
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with two strong sections ‘on the relation between plant geography and genstics.
As most geographers have little or no background in genetics, and in view of
the growing significance of genetical work in phylogeography, Cain's contribu-
tion is a very real ome. Cain's Foundation of Plant Geography, dealing mostly
with floristic geobotany. should now be matched by a similar book on vegetation,

Such two books, combined with une of the more outstanding ecological texts,
would be an excellent basis on which to erect a series of much needed university
cohrses.

A most significant develorment is taking place at the present time with
the application of the carbon-14 method. The decay of radicactive carbon-14,
especially in wood, can be used to est.abii.ah the age of the wood, and in
Pleistocene and post-~Pleistocene times enough wood has been deposited to permit
mpercus studies in many places. Correlating the results of such investigations
reveals that in North America the length of the period between the last glacia~
tion and the present may have to be revised considerably. The effect of such
results on our theories of species evolution and migration may be far-reeching
and plant geographers everywhere must foilow this dévelo;:ment with serious
attentiona |

Ecological Flant Geography
The ecological viewpoint is fundamentally part of both floristic and

vegetational plant geography, but the ecologiste have developed their field in
such relative isolation that it is useful to discuss the subject separately.
The science of phytogeography must always consider ecology one of its
very cornerstones, but ecology is nevertheless only one in a series of such
stones in a large structure. Also, Americans did not invent dymamic ecology
as most of them seem to feel. In fact, this concept is as 0ld as the science
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of plant geography itself, for it was mlldenew (1792), the forerunner of
Humboldt, who conceived of the dynamic aspecte of vegetation.
These early and basic thou@xte were ignored in this country, but when
American ecologists began to assert themselves with the advent of the 20th
century, they soon ‘made up for lost time. Tl;ey adopted much of the thinking
of the Buropean ecologists, notebly of 7arming and Schimper, and established
their own schools of thought.. o
There can be no doubt that Arerican ecologists have made important con-
tributions to their science. They have publighed a vast mumber of books, mono-

graphs and scientific papers, and in tcology and the Ecological liorographs

they posseseé two journals devoted to ecological researcn. For decades they
promoted ecology, neglecting every other aspect of phytogeography, and the
amount of detail that bas been accumulated during the past five decades is
truly impressive. _ | |

At the end of the 19th century, Merriam (1898) proposed the establish-
ment of "life zones." Accordingly a continent is olvided into climatic zones
or belts characterized by certain biota. ‘This was a fertile idea which fcmnd.
wide acceptance. A great refinement of this idea lies in Hopikins' (1938) use
of phenological data to establish the zones but very few ecologists have ever
availed themselves of the possibilities which Hopikins offered. The vast
majority of ecologists in this country were and still are almost campletely
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udder the spell of the founders of American ecology whose theories are ao-
cepted like gdspels. That such a development stifles growth and originality
is aloost insvitable.

Farly American ecology evolved under the leadershipe of Clements and
Cowles, and was stimulatad by Shreve, the most geographically-minded of
Ameri.can ecologists (vire prerident of the Association of American Geographers,

1940; sident ot the Associaition of Pasifie Cuast. Gugraphers,

1941-42). Their immumeiable followers faitnfully continued in the established
grooves, improving the techniquss tut adding little else. Clements! dynamic
aipproach to ecology proved immensely stimulating He reintroduced the con-
cept of succession, developed and refined it, and classified the vegetation on
the basis of succesaion (Clements,1916). Quite logically, his ecological
investigations led to the concept of indicators which he greatly developed
(Clements, 1920). Later on, he became interested in relicts and studied vege-
tation from thie point of view (Clements, 1934). Clements introduced early
the concept of climax vegetation, in which a plant commupity bas passed through
all phases of ite succession and reached a state of equilibrium with the climate
of "the region. But he never accepted the .possibility of an edaphic climax and
aprerently s quite ignorant of envircomental conditions in high or low lati-
tudes. His ideas of the climax concept were tested throughout the world. It
is becoming increasingly evident that the climex is often too elusive to be
useful and that the succession leading to it may be lacking. Raup's observa-
tions in the Far North led to the canclusion that succession as developed Yy
Clements, requires a certain stability of the enviromment through the centur-
ies, ® that the changes can proceed properly. The manner in which lakes
&aduelly fall victim to an ever-increasing vegstation, or the vegetational
changes under the influence of the srosicnal cycle, all require a certain
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stabflity of conditions. But Raup finis that this stability is often wanting,

and that Clementsian theories are less useful in higher latitudes. He cams to
similar conclusions in the broadleaf evergreen forests of tropical lowlands,
while Shreve (1942) found that the theory of succession, as usually formulated,
does not apply to the desert. And yet, there can be no question about the
enormous atiml_us which ecology all over the globe received from Clements'
vivid imagination. |

Cowles in the meantime developed physiographic ecology, observing the
inevitable changes of the vegetation as the land forms undergo their erosional
cycles. The basic ideas of dynamic ecology had been imported from Europe where
they had never been applied. But when ¥. k. Davis dsveloped his ideas on
erosional cycles, it was Cowles who recognized the correlation between the
dynamics of landforme and those of vegetation and put wheels under the study
of ecological plant geography. In the dynamic sense that has become so char-
acteristic of American ecology - - . ..

The environmental factors became fixed notions in the minds of the
‘scologists and all efforte were bent on grasping the meaning of eaca individuel
factors One learned to speek of the climatic, edaphic or biotic enviroument
and studied climate, soil and biota in isolatioum. As each of these factors is
a whole complex of factors which can be investigated separately, the researah
possibilities grew in number to vast dimensions.

The attempts to explain the distribtution of vegetation on the basis of a
singlé enviranmeantal factor, climate, resched their culmination in the pain-
staking researches of Livingston and Shreve (1921). The amount of thought -
andmrgwon this monumental worikc has never been matched in any similar
or related project, and at:the end,. the suthors had the rare courage to



Blogeography -9

recognize that such attempts must need be futile; but so far, the great lesson
which they taught has been ignored by nsarly everybodye.

o Ecology mas eventually divided into autecology which deals with the
onviroﬁhental'relations of individual plants, and synecology which studies the
environmental relations of plant commmities. Our autecological knowledge was
recently surmarized by Duubemmire (1947) while Oosting (1948) did a similar
service to synecology. Simultanecusly thers goes on a large number of re-
searches which deal with some limited aspect of either autecology or synecology
and all the results only form an ever bulkier mass of data. It seems that
plant ecology L..a somehow reached its growth limits. It is proving its use-
fulness in applied fields (agronomy, forestry, range research, entomology, etc.)
tut it has distinct theoretical limitations and new ideas are extremely rare.
One analysis follows another but nobody erects a new edifice with all these
building blocks. Ultimately, ecology is forced to regenerate itself or be
dissolved in physiology, pedology or climatology.. The bright speris emanating
from the work of Clements, Cowles, or Stireve are not kept aglow ty their
successors and the ;res"ent trend forces ons to the conclusion that ecology

' ﬁa”s now made ite chief contributions and must surrender the future to the

still youthtul and mach more promising study of plant sociology.

Plant Sociology: The Study of Vegetation o
In the minds of most American geographers the study of ﬁhnf geography
bas come to be more or less.synonymous with the study of vegetatin. This is
as narTov an approach as that of the botanist who sees little more in plant
geograzhy than the geographical distritution of species. But the viewpoint
of the geogragher is more acceptable then it appears at first sight. Tor the
study of vegetation implies not only the investigation of most uipiﬁcnnt
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aspect of the landscape with which the geographer deals, it implies alsoc a
comprehensiveness of approach that is not equalled in any other tranch of
phytogeography. Vegetation consiste of plant comp;tiea and these in turn,
consist of individual species a.nd‘li_fe forps which live together. In cities .
the vegetation has been removed altogether byt even the largest cities are

no more than tiny dots on the globe, and outside the cities (and sometimes
even within) the vegetation spreads its meaningful cover over the continents
and islands and extends far out into the sea. No feature of the landscape is.
more revealing, nothing cen help an exploring geographer to apmeciate the
character of a region as well as the vegetation. Hence, he speaks about
vegetation when he thinks of plant geograpby and in his textbooks (if he refers
to plant geograrhy at all) he rarely mentions the floristic aspects as out- -
lined above; he limits himself almost exclusively to vegetat;on.

But as a science, plant gepgraphy is young and so is Amgrican geog‘apby
as a whole. No wonder then that in spite of ;"epag,tpd ?lee.s, gpqu-apherg in
this country have done very little ;lpd.eed..to p;romo.te a branch of knowledge thg
1mporta.nce of which they themselves have stressed so often.

.The significance of vegetation to geographers rests not only on esthetic
qualities which have been ignored almost completely and quite unjustly 8o,  Dpt
above all on its very far-reaching indicator value. Species have long been
known for their use ms indicators, ‘bt in most cases they -do not compare with
Plant comnifi"es; For the area of a species s determined by different con-
trols in different i'qgioni and while a species may well dominate a community d
and justly be called the index species of that commnity, this same species
may and usually does occur elsewhers, too, often far removed from the formation
in which it finds its optimm conditions of growth and survival. On the other

AN e Skt 5. e -
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hand, a plant community with ite chnu‘c'teriquc florut}c composition md
Farticular sets of life forms is not only a sure indicator of the coarser en-
vironmental and historical aspects of the landscapes, but it unerringly points
out the more subtle and hidden characteristics as well. ‘

AS soon as a plant commnity is recogniged as a separate and integrated
entity, it becomes evident that studies of individual species cannot eimply be
.transferred to the plant community because one deals here with a unit of an
altogether different character. Unfortunately this has not always been under-
stood by American students of vegetation, and it is here that much progress may
be expected in the coming decades.

Thanke to innumerable Buropean studies, it is well known, though not
always realized in America, that a thorough phytosociological knowledge has a
&reat mwactical value., In forestry, it is leading toward a complete re-eval-
vation of the conventiocnal outlook. In pasture management, in land evaluation
especially for land use, in industrial and numerous other probleas, the study
of plant commmities is proving its worth. Already t.here‘,'ie such a specialist
as a "Vegetationist" whose main activity it is to advise conmercial and gow-
ermmental organizations with rogxfd. to the management of plant communities.
This is an immensely promising fi.old of investigation wh.'t.ch can be pofitaﬁ
expanded by enterprising .and imaginative students of vegetation.

In Anerica the study of vegetatiocn is nearly as old as the study of
phytogeography itself. One of the first significant publications was
“The Phytogeography of Netraska" (Pound snd Clements, 1898) the last part of
which is largely a vogota_tip'nal study. Since then there has been a steady
st.roam‘nf Papers and monographs of v,egghtioul studies, mostly with a strong
ecological slant, scattered throughout t‘ho bohniai literature.
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In the meantime the historical apmroach to the study of vegetation
increased in pop.narity. Many geographeis kiow the work of Hugh Raup (1927)
on New E.‘ngland‘ L. Braun (1928 , 1936, 1937) wrote a series of papers on
the historical development of some of ‘the forssts from the Appalachian
ountains in the east to Ohio in the west. Others worked simultaneously, and
while meny data in these papers are based on foseil remains, a great stimulus
came with the introduction of pollen analysis. This is a method largely devel~
oped in Sweden and is used most successfully in areas of Pleistocens glaclation.
The principle is simple: with the discovery that pollen graine of many species
are preserved in bogs (under exclusion of oxygen), it became largely a matter
of taking cores from bog deposits and observing the pollen accumilations in
the various layers. fres\mably the pollen comes frod plants in the vicinity
of the boé and is blown in by the wind. The sources of eTor are considerable;
but by correlating a very large mumber of tests 1t becomes possible to obtain
a rather accurate f:icturo of the vegetation at various times, at least with
regard to the prevailing tree genera. This dbés not only permit conclusions
as to the past compoeition of the vegét.ﬁtioﬁ but gives direct clues to the
rast migration of plants and indirect ones‘ to the climatology of the rast.
Hansen has done mich work of this sort ai.:d:h'is monograph on the vegéh‘.tio‘n of
the Pacific Northwest (Hansen, 1947) is a fine example oi‘l ‘What cab be dons.
Potzger, Sears, Cane, and many others have carried on similar researches
in the eastern part of the United States. '

The need for an over-all resentation of the vegetation of large areas
was reoopize&‘eariy in Burope and at the behest of a German publishing firm,
Barshberger (1911) wrote his massive tieatise on the vegstation of North
America. This great piece of work bas been criticized by many but it is mach
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more realistic than soms of the reviewers wouyld indicate, especially as one can
ot a rather true impression of the wegetation as it oocurs in the meny parts
of this continent and without those speculations about what the vegetation ocught
to be on the basis of some successioml scheme as one finds them so often in
later papers. Certainly, 10 ons bas been able 8o far to produce a supsrior work
covering the whole continent.

A classic of American plant geography was the Vegetational Eistory of
the Middle West by Gleason (1922) in which he foretold the story that pollem
analysis is laboriously working out. Also, Gleason's individualistic associa~
tion hypothesis is an.original approach and a rebellion against both Clements

and Eraun-Blanquet.
Receatly Eraun (1950) published a comprehensive treatment of the deci-

duous forests of eastern North America. Although more limited in scope than
Harshberger's work, Braun covers nevertheless a vast area and incorporates the
ideas of the last four decades. It is books liks this one by Braun that are
80 valuable to the geographer,

There seems to be neither the time nor the inclination in American
Wcal circles to obtain a thorough botanical background. This is un-
forhmto because students are depr ived of their chances to acquire that
breadth of training which is so valusble, if not altogsther necessary in any
blograrhical research. mis is one of the major reasons why oo few W-
devote their time to a field which fairly begs to be explored. The lack of
background places a large mmber of the more detailed vegetational studies be—
yond the grasp of the average geographer, and a book like that by Braun as well
as that by Cain is then doubly wvaluable. Here we find in bold strokes a plio-
ture of the vegetaticn of a very large territory, both in its present setting
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and in its historical develomment,

On a mxch smaller scale, many others also have mde valuable contribu-
" tions which are readily aprreciated by geographers: they are too mumerocus to
be listed here. Thus work goes forward on all scales and on different avenuss
- of approach, and yet a clear direction seems lacking.,K Only recently Egler
(1940, 1942, 1947, ms.) succeeded in penetrating through the enormous amount
of material that has been accumilated and began to question the very concepts
with which American students of vegetation bad become 8o accustanpd 7] work. )
The philosophic depth of his work has placed Egler among the foremost thinkers
among the American phytosociologists. Simzltameously with his theoretical
work he carries on important experiments; for example, his semi-natural
self-perpetuating plant commnities have become waluable to bydro-electric
power companies. If-American phytosociology while plodding forward neverthe~
less is somewhat in a rut, it may well be Egler who will blow up the next
bridge and thus force a reconsideration of the course of -advance with a re-
evaluation of criteria, methods and goals. .

Vgggtation Mag
' Ihe mep is the geogmpher's most 1mporta.nt tools It is mot 'sdrprisiiig';
t.berefore. that vegstation maps assume specia.l lignifica.nco for the geographers
vho wiah to do myt.ogeograpmcal research or aml.y ita results. However. wbat
is natural for geoaaxhers is not. nocesaarny obvioua to botanistst as most
mtogeoyaphical mvestig;tiom are mado by botanhtn. tbo vegotauon mps
.bve often been sadly neglected, and 11: is common onou@x to find regiomal des-
. criptionl of vegetation without a vegetati.on map. The practico of mapping

vegetation sciontuimlly is euontially n old as our omn contury. but

..-
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Progress in this country has lagged far behind Buropean achievements. The
United States has not yet seen fit to éstablish an agency to map vegetation,
such as the Service de la Carte de Vegetation de la France of the French, or

the Germans' Zeatralstelle fWr Vegetations-Kartierung, or the Swiss

”Pfhnzenge_ogramiscbe Komui ssion.” There is in this country nothing to

match or even to approach the superb meps of France (1:1,000,000 & 1:200,000)
by Henri Gaussen (1945, 1948); of Germany (1:1,000,000) ty Kurt Hueck (1943);
and of Switzerland by Schmid (1948). In style and detail, in method and com~

prehensiveness, the European maps contimie to be greatly superior to our own
performance, and it will take much timebefore we can successfully emulate the
Old %orld masterpieces.

However, America is by no means without its distinctive achievements.
‘At the beginning of the second decade of this century, enough material had -
accurulated to permit Harshberger (1911) to prepare a vegetation map of North
America (1:40,000,000). It cannot be overlooked here that Europeans had pre-
ceded Harshberger by several years, and especially Schimper's map (1898) of the
world had become widely known.

But progress was slow. Shreve (1917) presented his new vegetation map
of the United States to the readers of the Geographical Review. Although of
small scale and highly generalized, this mep revealed an unusually .clear
insight into the nature and the problems of American vegstation..

Curiously enough, there followed a period of several years during.which

not a single significeant vegetation map was published. Then two maps.appeared,
both of large areas.and on a similar scale, and these two maps continue to be
among the most notewdrthy American achievement so far. These are the mape of
Africe (1:10,000,000) and Shants (1823) and of the United States (1:8,000,000)
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by Shants and Zon (1924). This performance of accuracy and clarity was all the
more remarkable because until then socurce material was relatively sketchy and
the number of large-scale base mape was either very small or, in many instances,
it was nile. -Although these two maps are now nearly three decades old, Ameri-
can geographers are, generally speaking, more familiar with them than with any
other vegetation maps that have been published since, regardlees of region, .
scale, or quality.

It seems that this double-barrelled explosion after a hiatus of six
years shocked interested parties into action, for ever since the publication of
the maps of Africa and the United States there has been forthcoming a stream
of vegetation maps. This welcome development certainly deserves the support of
everyone interested in any aspect of biography. But this dave]'.opnent mast also
move along sound scientific lines if the mape are to be of lasting value. In
this respect, many of the vegetation maps published during the past quarter.of
a century show symptoms which cause concern. A closer inspection of the various
: mape reveals that a variety of unwelcome aspects have been permitted to creep
in which, if continued, will be a hindrance rather than-a help in developing
vegetation maps of superior quality. . .

Maps are never pexfect. Their qualitative rating mey be low, for lack
of detail, poor methods of presenting relevant dats, or for other reasons. Cn
the other hand, scientifically sound maps show the vegetatien of the ares in-a
logical and consistent manner, using an unequivocal terminology, and permitting
- analysis and comparison. Such maps indicate the vegetation in a fashion that
allows the reader to visualisze it, at least within limits, indicating also that
the author of the map has clearly understood the problems which he had to face.

These qualities of a scientifically sound map seem rather a matter -
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of course and it is perhape the misfortuns of good work that little is said
sbout it because there is 1ittle to criticize. But although the qualities of
& good map seem obvicus, it happens here as 2 often elsewhere that the obvious
" 1s obvicus only after it has be&n pointed oute

The mumber of mape whose quality leaves something to be desired is con-
siderable. The criticien which must be leveled against these maps could have
been avoided in many instances and it is usually a lack of insight and thought
‘on the part of the map compiler that is responsidle for the resulting weakness.
Many American vegetation maps give one the impression that their respective
authors underestimated the problems involved, if they were aware of them at all.

In addition to the warious vegetation maps which have been published as
a result of sclentific investigations and for scientific use, there appeared
especially during the last two decades a considerable number of maps which mey
be termed secondary vegetation maps. Their purpose sets them apart from the
others, and this purpoée is not a scientific one in the usval academic sense-
They are drawn to illustrate specific¢ économically important features.

A fine example is the Forest Type Map of Oregon (U.S.F.S, 1936) which
has obviously been prepared with great care. It would be quite inappropriate
t0 meesure this map with standarde that apply, for instance, to the Patuxent
map {(1945). For the Patuxent map portrays a sclentific research area and
mst hencé be expected to meet scientific standards. But the Oregon map
shows forest types in terms shich are significant to those who wish to exploit
the forests. As a result great unxbuis 1: placed on the forest types which
contein merchantable timber, elpocially if thelr species produce valuable wood,
such as the Douglas fir or the western yellow pine. The mportaneo of such
trees is indicated by several helght, size and agoe classes. Less waluable
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trees are mentioned in a much more cursory menner, and where no trees occur;
everything is shown under the heading of “non—fonst land," regardless of |
whether the vegetation of such areas is grass, ugebmeh, or is absent, as in
urban areas. T:is one-sided approach may perbaps shock the scientific investi~
@ator but the purpose of the map bas ney_ert.heless been fulfilled.

Wieslander (1937, 1949) is the only cne in the Forest Service whose
work resulted in the development of a genuinely systematized approach to the
problems of mapping vegetation and ‘whose mapse are wble to European :gnape.
Al though limited to use in Cglifom his work can easily be expanded to
apply to other parts of the counltryf Meanwhile Kichler (1949, 1950) developed
the technique of mapping the pbysio_gnonw of vegetation for world-wide use. '
Floristic methods have been highly refined in Burope. There ;ls. therefore,
ample material available which can serve as a basis i;or future’ v.egetation mmaps
in this country. o | ' ' | .

American ve_ etation mapping was la.u; in }Lt;s start and its history reveals
all too often that work of @aubtful q;ality found its way into print. However,
the interest in vegetation maps has at last been aroused and is certainly in-
_creasing. This, therefors, would seem to be the time to promote ideas which
will remedy mst errors and utilize accumlated experience. Fox" insiance. it
mey bs suggested that an organization of properly qualified persons be este.b-
lished to develop and execute plans for a complete scientific mpping of vege-
tation of the United States on the scale of 1:1,000,000.

Conclusion
For geographers, vegetation will: long remain the most absorbing aspect
of blogeography, with vegetation maps as the most valuable tool. Recent years
bave witnessed an' extension of Americar plamt geography, made possible
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by a growing interest in the subject and ; greater output of research papers.
The real benefit of these works, however, is not apt to become apparent until
‘some future date. ) |

' In the early past, the trend was to accumilate ecological material.
Much later, other branches of plant geograrhy, each one separately, walked in
that same path of gathering data. Tis increase in the number of avemes of
approach widened the outlook considerably. Now woices are heard demanding the
coox;dimtion of the various rca® into an all-weather highway of comprehensive-
ness with fewer chances of getting stuck in mud or quicksand be@u the sta-~
pility is based on greater catholicity as the chief characteristic of research.
The latest trend, as yet only just envolving, differs therefore essentially
froa the earlier one in that the outlook and the resulting structure of the
work change from amassing to coordinating data. The theory of evolution arose
from the proper arrangement of innumerable data, independently "discovered"

by meny biologists. Already, Tain (1944) has fused a variety of rhytogeograrhic
ideas and has thus made a major contribution to modern plant geography.
Whetner plant geography will ever have a Darwin remains to be seen, but the
possibility for a parallel development is undeniable.

Now that rhytogeography is more readily apmroached from several sides
at once, one looks forward to the evolution of new ideas, new theories, and
new concepts., ~Thether the formulation of such a new trend will ultimately
come from pioneers like Cain, Camp, Egler and Raup, or their students, or per-
hape from soze now living but unrecognized authority is a matter for specula-
tion. At least, the way to soms essentially new "Origin of Vegetation" is open
to those who are able to amalgamate the various aspects of biogeography with a
vivid imegination as they proceed on their road to discovery.
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