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CLIMATIC EFFECTS ON GROWTH AND DEVELOPMENT
WITIH PARTICULAR REFERENCE TO THE EFFECTS
OF TROPICAL RESIDENCE® By C. A, MILLS

TMONTROVERSY has long raged over the question whether the white
A race can successiully acclimatize to tropical residence witheut a con-
siderable saerifice in vitality and level of physical existence, Tropical de-
Lility of white migrants hus usually been attributed to the infectious and
parasitic diseases so provalent there, as well as to the secial and economic
eficcts of the racial mizing which wsunally takes place. Nowhere have the
direct ciferts of tropical climates been studied separately from these con-
fusing sovial, cconomic, and disease factors, Such a study is here repor ted, at
lenst in ils first phases, with presentation of bislogic evidences of a tropical
depression in vitality seemingly dependent upon the climate itself. These
hman findings agree closely with those obtained on experimental animals
winder artificial dlimatic conditionz simulating tropieal residence, Difficulty
i bendy heat loss seoms to result in retarded growth and depressed vitality in
man just as truly az it has been shown to do fur experimental animals.

The Panama Canal Zone offers a unique apportanity Lo study the cffects
of trapical residence upon a white popubation mass that his migrated from
an energizing temperate climate, Tropical infectious and parasitic dizeases
have been kept al a minimum by rigid altention to sanitation and public
health mensures throughout inbabited portions of the Zone and in the
centipuaus mere heavily popelated portions of the Repullic of Panama,
Fuad deficiencies so olten affecting tropical populations have been obviated
by wholesale importation of foodstuffs [rom the United States and their

* The collection of Teiplt, weizht and merarchial data on Canal Zane school childeen was
st pc=ilie thoeugh o S.I,l,'.tT Lenerad AL . Si: ALRET, Cleicl Flealth Officer of
e Parama Canzal, aed the eonperation of the school Lealtl: persananel . Spectal credit s due Dr

25 -|¢| school pliysician, Tor his use theecgh the years of record forms wlicl show
Lepplh af residince inothe Canal Zone in addition to other wsual Stems of informatien. Actual
collection and working up of the statistivs Ly the avther and his wife, Edith C. Mills, was
mde paszitle throwgh an invitation from (ke Gergas Memorial Labaralory to study in Pan-
ama the eiTocts of topical chimates up<n man.
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sale on a nea-profit basis through commissacy stores in the Zone, Mainte-
pance of the large Mindi dairy, where daicy cows largely imported from the
United States are fed wpon imperted mations according 1o the best known
forenula, azsures an sdequate supply of good milk at all times. Water supply
for the entire Zone is from Gatun Lake.

Inte the rather mild tropical climate of the Canal Zone has gone a
comtinual stream of American migrants, tolive there under social, econamic,
dietary and sanitary conditions fully as faverable as esist in any of the
northern communities from which the migrants came, Some American chil-
dren barn in the Zone have now grawn 1o adultheml, while with American-
barn children of the Zone varying pericds of tropical residence offer an
opportunity of assaving the cffects of the changed environment through
the passing years. In very recent years the stream of migrants to the Zone
has been much enlarged becavse of the new lock construction and increase
in military defense forces. This affords a considerzble mass of new migrants
who have until recently been living in the United States, and the physical
condition of these neweomers may well be taken as 2 yardstick in measuring
the effects of the climate upen those who have already resided for varving
pericds of time in the Zone.

EXVIEONMENTAL TEMPEEATURE DOMINANCE OVER
ANIMAL GROWTH AND DEVELOPMENT

Before taking up the effecls of tropical climates on man, it is well to
canzider the evidences of temperature deminanee over the growth and de-
velopment of cxperimental animals. Such deminance arises from the fact
that growth is an energy consuming process, while the Lodies of warm-
blooded animals are nat highly efficient as energy conversion machines.
They viilize only 202555 of their total combustion energy and must dis-
sipate the remaining 73--70%; as waste keat into the surrounding environ-
cment. The dissipation of this waste heat must be accomplished readily,
else fever and serious disturbances in phvsiologie functions quickly ensue.
An intricate ard highly effective heat loss mechanism has been developed
far proper heat loss control (sweating wnd vaso-motor control of Blood swp-
Piy to the skin, capable of meeting wide variations in case of hody heat loss
over limited periods of time. But if the body Le faced with znv considerable
difficalty in heat loss for 2 weeks or more, then a second type of control is
brought into play 1o reliove the stress on the vasomotor and sweating
mechanism. Cellular combustion is itsell then reduced through lowered
activity in the controlling endecrine glands (thyrold, adrenals, pituitacy).
Ohygen utilization may decline 13239, even in the resting state, when
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animals or men are forced to adapt to 90°F temperatures for 3 weeks or
mare. And for recovery back to a neormal rate again a similar pericd of
stimulating coolness is required. Body response to sudden heat or cold is
thus lzhile and quick'.y alaptive, but with more prolenged changes in case of
Dody heat loss there sccur profound and more lasting alterations in the
combustion rate of the body tissues themselves,

It is this external temperature dominance over tissue combustion rate
which explaing maost climatic adaplive changes man exhibits over the eacth,
Since practically all bedy functions are Energy-consuming in nature, it is
not surprising that évery imlex of vidality should rise or fall with change
i cellular combustion eate. With eptimal case of body heat loss growth is
mmost rapid, sexual functions develep carliest and reach greatest actlivity,
resistance to infection is highest, and there is the greatest abundance of
cnergy aviilable foc thought or action. When body waste heat can be dis-
sipated only with difficulty, on the other hand, geewth is slower, develop-
ment of sexual functions mare setarded and held to lower levels, resistance
te infection and alility ta produce iramune bodies sharply reduced, and the
individual forced in every way to live at 2 lower existence lovel. Figure 1
illustrates the sharp difference in growth rates white mice exhibit at 63°F
and at Q0-01%F (T0%4 relative humidity), when all existence factors except
egse of body heat loss are beld constant aml a well constituted diet is given
i unlimited amuount. Sexuel cveles and fertility come on akout 1095 later
at O0-01°F than at 65%F and conceptions are achicved with dificulty in the
heat, although mating occurs just as freely as in the cooler environment,
(For a more detailed presentation of such animal responses and literature
citations, the reader 35 referred to the author's book Medical Climatology
published by Charles © Thamas, Springficld, [Ninoiz, 1939)

Under natural climatic condilions domesiic livestack show even maore
marked growth dilfecences than those charted {Fig. 1) for laboratory animals.
On the caltle ranches of Panama it takes 33 vears to produce a 900-pound
stect eealy for slavighier. In Tewa or nearby areas of the United States a
1000-pound steer is wsually marketed 14 to 2 years after Lirth, And the
200-ponund hog, mude ready Tor market 6-7 months after birth in northern
United States, takes 12--15 manths for production in trepical heat. Tropical
deficiencies In the znimal diets may well be responsible for part of this
growlh depression, but from experimental studies we know that the major
part of the growth retacdation will persist no matter how perfect the diet
uged, Underfeeding and malnutrition would exist in the heat even with
perfect fomd present in abundance, becavse the animals simply cannot dis-
sipate the large amount of waste heat liberated by tizswe utilization of the
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higher food intake necessary for temperate zone growth rates. The tropical
growlh depression persists on to adult life, giving the small, lean stringy
Torms so commenly seen i moist heat regions,

OROWTH ©OF WAITE MICE AT DIFFEREKT TEHPERATUTES
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VITAMIN REQUIREMENTS IN TROPICAL HEAT

Proper ease of bady heat loss is of course not Lhe only facter dominating
celtular combustion. Cellular oxidation of glucase, which supplics us with
greater part of cur existence encrgy, is an intricete aiffair and is activated in
its various sleps by chemical catalysts. Several of these catalysts have now
been recognized and isolated. Mainly they belong to the class of B vitaming,
the best known of which is thiamin, Witk any one of these catalysts com-
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pletely-missing in the diet, animals or men are unable to utilize their food.
Wark of recent vears has gone far to indicate just how much of cach of these
vitamin catalysts is required for health, and what symptoms may arise
when their intake is inadequate.

Of greatest importance froem a climatic standpaint, however, is the recent
discovery! that the B vitamin requirements (Tor thiamin, pantothenic acid,
and pyridexine, at least) are sharply higher at 90°F environmental tem-
peratures that at 65°F. Twice as much thiamin per gram of food is required
al the higher temperzture as at the lower. Symploms of severe deficiency
develop in the heat at food concentrations of vileming that prave entirely
adequate for animals kept in cooler quarters. No amcunt of increase in
dictary vitamins, however, can bring growth rates in the heat up to those
prevailing in the cold. Even with the best of dicts, there remains about a 3097
depression of growth rate in the heat.

Druring a recent visit 10 Parama there was presented an epportunity to
study buman vitamin inadequacies in the trapical heat there prevailing.
Using thiamin excretion in the urine as a good index of a subject’s status
with respect to Lhis vitamin, it was found that people Living there on native
foods (native meats particularly) were thiamin-deficient. Their daily
thizmin outpnt wasat the lower limits of normal and larger ameounts of the
vitamin taken by mouth were required belore theie tissues became narmzlly
saturated than was the case wilth people of cooler climates. Tropically
grown meats produced much less rise in thiamin exeretion than did these
imported from the United States. This was studied particularly with regard
ter lean pork, which is erdinarily very high in its B vitamin content. Pork
lein from hogs grown in Panama produced only about hall as much rise in
thiamin excretion as did loin from hogs grown in northern United States,
Vs, usually another good source for the B vitamins, seemed to be deficient
in Panama unless the hens were fed on rich imparted food mistures,

Although the subject still needs much more thorough investigation, it
does seern that people living in regions of tropical moist heat face o twolold
Randicap. Iheir requirement tper gram of food) for the B vitaming seems ta
be higher than it is in cooler clima tez, while the supply available in the na-
tive meats is lower, These facts may well enlor the whole nutritional piciure
for trapical residents, since such vitamin inadequacy interferes with the
cellular cambustion from which must be derived the energy far all bodily
activities and functions, Tropical climates may thus be doubly effective in

VCo AL Mills, Engironmental Temperatnees and Thiamine Reguircwents (American Journal
Fhysiology, 135, 1941, p. 525,
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reducing existence level—Ly producing & difficulty in heat loss that neces-
sitates a lowered tissue combustion tate, and by inducing an inadequacy in
the vitamin catalysts so essential in this combustion process. It s probalbly
not by chance that the vitamin B deliciency diseases oceur chiefly among
tropical and sub-lropical population masses.

HUMAN GROWTH IN THE TRODMCS

In Talle 1 are shown the mean heights and weights of Zone school chil-
ddren by age groups, sex, and birthplace, With the native Panamanians are
grouped zlso migrants from the neacby countries of Central and Scuth
America or fram the West Tndics. AMany American emplovees of the Canal
Fone now live outside the Zone itself Lecause of the housing shortage but still
enjoy commissary privileges, while some other non-Zone residents also send
their children to the Zone schools (with payment of tuition) but da not have
access Lo cammissary supplies. Tr was not feasible to diferentiate Letween
these two groups incollection of the height-weight data from the Zone schaol
children, hence “Panamanian-bueen™ includes those born in the Zone itself
aned in the Republic of Panama.

Stature of the native Panamanians §s seen to be decidedly inlerior to
that of Panamanian-biorn Americons, This is true of both sexes, of bath
height and weight, and of all age groups. Several Tuctors can be conzidered
to wccount for this physical infeciority. One {5 the fact that Panamanian
children come of tropical parents who are themzelves decidedly smaller than
are the northern-born parents of the American chilidren of Pangmanian
birth, Secondly, Panamanian residents and Panzmanian cmployees of the
Zone live on a lower economic level than da the Americans, using more of
the cheaper native foods. This s particular]y true of the mears which must
serveasa large part of the source for their B vitamins. These three factors—
smaller parental steck, poocly constituted  dictary, and underfeeding
—probably account for mast of the statare differonces between the Pana-
manians and American children of Fanamanisn birth,

American children born in the United 3tates and residing in the Canal
Zone less than ene year are seen 1o be of larger average stature thao are the
Panamanisn-born Americans of similar age groups. Numlers of cases in the
various groups were inadequate 1o show dilferences of mathematical sig-
nificance, bat a general view of the stalistics would scem to leave little
doubt that the Amerdean-barn children are of larger average size. This dif-
Ference, however, is largely onc of weight rather than height. Tn anly three
out of Lwelve zge groups of bovs, and Lwo age groups of girls, did the
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= TARLE 1
Hegant e Wemant or Casan Zoxe Scucon ClEnorey
[Ty Age, Race, and Birthplace)
Ieight Weight

Age ':""“mm;a"'b“m Amorican-barn | [ #amanian-bom | American-borm

| faens | Lessthan 1 ye. e | R | Lessthan 1y,

I ‘L‘M' | Americans in Canal Zane I'|I5:;.I:I; | 1’::1;:‘ in Canal Lione

Bays

inches Ne,  inches Moo nches 95 Noo pounds  poumds pounds oer
6 46.26 125 4703 37 47.02 100,143 +5. 0+ 4307 198 1HL3
TOAR50 146 4011 32 3003 1.9 40 49,54 53 30 a3 1137
& 5022 190 5084 34 31.43 01,2 49 34,79 3819 .G 039
9 5178 145 R1OV 35 3313 1wl M 58,81 65, 1 o885 103,12
m 53,73 193 5591 3% 5.7 U89 33 5. 10 N H 7393 L |
1P 55,30 145 5704 40 5721 08 13 i, 17 2163 50,31 7.2
12 55,37 180 .42 23 26 1002 w3 TE.T0 H LI T |
13 59.81 190 &2 13 62,20 1002 33 H5.42 100001 1M 44 1ML3
4 6185 113 9310 23 63,23 97.10 M g9 oGy 109,09 10A.TS .y
15 &b49 88 66,25 M 63,78 957 32 108.24 11816 11141 102.7
16 &h4d 1 G301 40 08 1.6 3 120036 1325 1H.I0 1oL
17 GBS 26 65460 M 0l 1ML6 LS 119,81 13471 1350 1.6

Girls

6 4141 02 4604 32 4737 WOLF 43 13,52 15,43 45.72  107.5
7 4855 137 48,06 28 49 100G 35 19,0k 31 53,20 10405
B 5047 151 51.82 36 SL.60 996 i i 55,89 ab. 37 104.2
9 24X 1M 33053 33 AT o@Rs a3 0. 24 6700 72 It G, 0
WS IR St 43 R4 10eEs 24 LT ] 74,36 Ta.000 1009
Il 36,75 161 37,71 63 58,12 (009 53 T B 87 6,37 1035
i 53,18 15F 60013 25 6009 1013 4D #5.62 93,50  I04.13F HELD
I3 oh.95 173 G115 39 1,61 L da U570 10k, 42 105,54 L1
4 6X.24 101 G370 40 @il YNE 1w L. 33 117.38 111w a5.4
15 6255 99 6306 40 ol 1000k 200 p0faa L1517 12371 14T
16 62,37 47 6260 20 o396 10006 24 10500 11417 108,33 3.6
W 62467 18 adod 11 &b 30 10007 9 Rl 07T 12472 1034
* Percentages are cabeulated on basis of Fanamanian-born American heights and weights

s 10055,
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Panamanian-lern American children show a beavier average weight than
did those newly arrived from the United States.

The efiect of varving length of residence in the Canal Zene upoen children
migrating there from the United States was caleulated in 4 different manner.
MNumbers in each age group were inadequate Tor caleulating means ar stable
averages, so the height and weight of exch child was caleulated onoa per-
centage basis, wsing the height and weight of the corresponding age group
of Panamanian-Torn Americans as the normal (10092}, Percentage figures
for all age groups were then lumped together and classified by years of resi-
dence in the Canal Zone, Table 2 presents the findings obtained from this
caleulation.

Avernge height of hevs migeating te the Zone and cesiding there for maore
than one vear is aeen 1o be &efer the standeard of the Panamanian-horn
Americans of similar age entil residence in the Zone has been extended to
10 vears or more. The same is predeminantly tree of the gics' height. The
welght percentages are more varialle but of practically the same signif-
cance. Althaugh the incoming American children with more than one year
af Zoene residence average slightly heavier than those born in the Canal Zone,
they weigh less than do these newly arviving from the United States.
American-horn bays nnd givls weigh about 395 morce during their first year
of Zone residence Lhan do those of similar sges born in the Zone, while in
height they are only very slightly superior. After more prolomged Zone
pesidence this weight advantage is almost all lest. The retanding effccts of
maore prolonged residence in the Canal Zone are therefore about equally
evident in the height and weight changes. Talle 2 shows that in actual
numbers there are more of the migrants below the Panamanian-born Ameri-
can slandarnds, in oth height and weight, than there are above.

While Americzns bors in Panama are rowghly 1097 heavier and 395 1aller
than native Panamanians of similar age, they are at the same time alout
355 fighlt'r and slightly sharter than ate the American-horn children who
have been living in the Zone less than one yesr. After mare prolonged Zone
residence, the incoming American children are actually shorter {in average
height) than are those born in the Rone, and they have lost most of their
weighl advantage resulting lvom former Lemperate zone residence.

DEVELQPMENT OF SEXUAL FUNCTIONS

Menzrchial data previously presented® has pointed out the lallacy of
the belief in early tropical maturity, This beliel, however, has been widely

B AL Mills, Gepgraphic and Fime Pardation in Doy Growth and Ape al Werarel {1Tuman
Diclogy 9, 1937), pp. 43-56.
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Yo TABLE 1
1TEIGHTS ANE WEIGHTS OF AMBEitc =gy Ciipneey Rusinsg Moprs
TiAN OHE YEAR 18tk Caxal foxE

{Meights and Weights of Panamanian-borm Americans = ]IIr'fr[;}

TIc"lght Weight

Vears in l Humhber of Cnses ! umber of Cases

Caal Zone | T of Tan.-born | %% af Puan.-bamn i-——- |—

Amer, normal | Below "ﬂ:luxt Amer. normal | Relow Alhove

100 | ng.,, 1005 | 1007 | "%%) 1009

Buys
1.0- 1.9 G & 22 69 L | 4] 23 H
- 29 T ) 15 T "L 41 7 4
30— 39 LT Fat 3 10 DE. 5 28 ) 10
$.0- 4.9 L | 18 3 11 RE.9 15 L5 10
5.0- 3.9 1 13 4 11 .2 ¥ 4 I
6.0 6.9 .0 15 1 5 100, 4 ¥ 1 fi
vo- T 5.6 7 2 5 10k.7 0 1 1
5.0~ 5.9 nr.n 10 Li] 1 ar.5 ! 1 3
9.0- 0.9 i 5 1 2 95.8 9 1 2
100.10.% mi.1 4 1 4 aT.8 7 3 1
11.0-11.9 1K1 B 5 T 95,9 7 1 7
124 B L) 4 2 3 3 17 11 14
Wl 3 216 [i] 158 w2 233 il 143
Girls

1.0- 1.0 1023 £5 & 9 004 B3 1 75
2029 o7 5 i 6 .2 40 I 0
J.0- 5% 1035 14 (] 13 .1 i1 il iz
4.0- 4.9 976 19 1] 13 i 7 14 I 1
3.0- 549 o5 i7 i & 10%.5 4 i 12
6.0 6.9 4 11 O n v .4 13 ] f
T.0- 7.9 hr o 7 1 T 1050 K il 3
&.0- 8.9 910 8 ] 3 00,2 i ] f
0.0- 9.9 .7 4 i) 1 n39 -] 1 4
10,010, 9 1o07.7 2 1 7 91,0 & I fa
18,0-11.9 .5 13 1 f 058 L] 1 &
14 106,0 5 i} 4 .2 1% 1 by
Abl 0.4 217 13 182 100.5 129 1 2063
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held over the earth among all races and back through historical times, All
references to the subject in medical literature, hack through the centuries
te Hippocrates in Farly Greeee, proclaim the belief but always without sup-
porting evidence, Cerlainly no statistical evidence at present available
shows sexual maturity to be hastened in regions of tropical heat. Onset of
the menses and of fertility are now eacliest in middle temperate latitudes
and markedly retarded {n tropical heat or polar cold. [t may well be that
the fiemly held belief in early tropical matarite had its origin several thou-
sand years ago nearer the last Tee age, when present mididle temperate
latitudes had polar climates and optimal elimatic conditions for man were
to bie found ealy in what are now tropical or sub-tropical lands,

Using illegitinmate fiest Lirth statistics, it was shown a few vears ago?
that there exists a real retardation in the onset of fertdlity in regions of
tropical maoist heat such as Manila, Hong Kong, or Parama. Tn Manila
the maternal age at first birth is the same whether this birth be legitimate
or illegitimate—21.8 years with bath groups. During a recent visit to
Panama & Emited number of first birth records were made available at the
sante Tomas Hospital, which handles the greater pact of the charity hospi-
talization for Panama City, Table 3 presents the findings ebitained fram 150
first-birth records of charity cases. Similar data oltained in Cincinnati,
Richmond, and Manila are included for comparison.

TABLE 3

MESARCHIAL AGEA 4% MATERSAL ACES AT Fimar Tisr o8 Dasiangs
(CARITY CASES axLY)

4 Methers” Age in Yeass at | Lag in Fertility
Bulbfects :;'_‘D' af ——m o= e Tenarche to Fiest
it Menarche [ Fiest-hirth Conception)
Marricd I8 H.22:025 0,220,712 vy
Unmarried 132 14,05 =008 WNELD,19 l 5.1
Unmarsiced Negro girls of
Cincinnati 33 12H=013 18,05 £0, 18 ERY
Elichmand It EL 46 =0 0 15,28 0. 19 4.0
Filipitas in Manila 1 11734016 20.7240.% | 6.3

In Table 3 we see, amang charity patients in whom sexual restraint 35
probalily at a minfmam, practically the same matcrnal age at first birth

FOCCA Mills, and Cordelia Ogle, Myrivlagic Sterility of Adoleseerce (Human Dioleey, §
1930}, pp. 607618
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whether the mother be macried or unmarried. The menses come on oaclier
than in Manila but later than in Cincinnati or Richmond, and illegitimate
first births alse come at an earlier age than in Manila but later than in
Cincinmati, The so-called “lag in fertility® at Cincinnati is 3.9 years, at
Panama 5.2 years, and at Manila 6.3 years, These human findings ace
anialogous to those reported an experimental animals subjected to moist heat
and stimulating coolness. It would therefore seem that the age-old Lelief
in carly tropical maturity so widely held by man should be abandoned.

Menarchial data an Canal Zone school gitls weee also obtained from the
seventh Lo twelfth grades. Table 4 prezenls the change in mean menarchial
age that ecurs with prolengation of Canal Zone residence. The menses
are seen to have begun fatest in the Panamanian-born American gtrls and
eatlicst in these newly arrived from the United States, It should be borne in
mind that the ages given here ave of comparative value only, for many of
the girls in these grades had not vet begun Lo menstruate. Similar data col-
lected only frem girls of the eleventh and twelfth grades in one school are
ineluded in Table 4 1o show what the more nearly final menarchial ages of
the various groups would be.

TARLE 4

Aexancuiar AcEs oF AERICAN GIRes 1% THE Caxal Zoxe Scioors

Jih te 12th Grades Ht'l: ard 1Xth Grades Only
Panamanian-born 12 S'JIJ-'JI El.:nl.i'?.'} Li '.'.} 0,25 (24)
American-horn
Less than 1 yr, in C.E. P2, 51 400,01 (85) 13,06 =0.21 {16
1.0t 1.9 s, in C.Z, L2 5E £ 0.0 (87) 13,3650, 11 {43

[Figures in parenthezes indicate number of cases.)

These menarchial statistics on the Zone school girls bear oul the data on
height-weight changes presented on an earlier page. Growth and sexual
development seem to have progressed most rapidly in the children who have
anly recently lelt temperate coolness to enter the Canal Zong warmth, With
prolongation of the residence, more and maore of the advantages Of former
temperate zone residence are lost.

Unsatisfactory as are these statistics on Canal Zone school children bes
cause of lack of adequate numbers Lo eslablish mathematical significance
of the chserved aroup differcnces, they siill carey a consideralle value as
[Hﬂil:‘ating a teopical dl_—l}n}s:‘l&h af growth and development under living
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conditions almost ideal except for the tropical heat factor. Much mare de-
tailed study might well be given to the Canal Zane population in an effort
to éstablish with greater certainty the extent of the climatic effects, Com-
parison of adult stature of Zone-born Americans with that of their American-
born parents would be valuable, for it would seem that ane might expect to
find such tropically-born offspring to be smaller than their parents instead
of larger as has heen the rule for recent generations in the United States.

Man does indesd 2eem to be dominated in his growth, speed of develop-
ment, and fnal adolt stature by the eaze or difficulty with which he is able
Lo dissipate from his body the waste heat of his collular combustion. Human
anthropology must take inte account this dynamic responsiveness to ens
virenmental temperatures exhibited by man and other warm-blooded
animals. Mass differences in stature or development scem more likely to
depend an proger food supply or on the Tacilivy with which Tood utilization
in the cells can be carried cut than on racial or inborn characteristics. All
Tareign stocks of inferior racial statwre have shown marked siature improve-
ment after migrating Lo the intense climatic stimulation of the central
latitudes of North America. Tndividual stature may well be influenced to a
major degree by parental factors, but with pepulation masses foad svailabil-
ity and climatic stimulation seem to overshadow the hereditary elements.

It is En‘.]‘:-'-‘.l..‘-iii.l'll." yeb o say _"|I,|51_ how much of 1he grg;.“_-:h ;]QE]rf_-ﬁﬁiun ol
servedl In Canal Zone school children is due to trapieal heat and how much
ta the higher vitamin requirements there exizting, Much of the stature dif-
ference between native Panamanian children and the Zonc-lorn Americans
may be on the basis of greater vitamin deficiency in the former, for the
Panamanian families of the Zone use meats tropically produced while the
Americans use some imparted meats. Theee iz at present being made an
assay of the differences in vitamin content of meats praduced wnder varying
climatic conditiens and with varving degrees of vitamin inadequacy in the
animal diets, Much indeed vet remains 10 be learned concerning the nu-
tritional problems populition masses face and particularly cencerning the
wide variations in these problems under diferent climatic conditions, This
study af the Canal Zone school children would seem, however, ta provide at
least a partial answer to the question whether there really s a growlh de-
pression in tropical heat. Migration from temperate zones to the Lrapics
daoes indeed entail a develapmental retardation, ne matter how great the
precautions taken to avoid dietary deficiencies and disease dangers.

These findings of growth retardation in tropical warmth may be of sig-
nificatice in regard to the growth tide reversal that scems now to be taking
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place in American college voutht With the unseasonable warmth so largely

-prevailing since 1929, there has Lien encroaching wpward from the South a
distinet tendency toward smaller stature and retarded development amang
college youth, Any such depressing effect of rising carth temperature levels
upon human growth is probably due to the more severe summer heat
periods rather than to a rise in mean annual temperatures. Association of
human growth rates and general vitality wilh prevailing femperature
levels at once gives usa dircct interest in future temperature trends on earth,
With a generally rising trend in evidence for almost a century now, the
sugpicion is arouscd that perhaps weare descending into ancther milleniom
of heat such as afificied the earth during the Dark Ages, and that the
present beginaings of growth recession may tuen inte a profound racial
decline. It iz this agpeet of climatic efiects that calls for all possible ac-
curnulation and study of whatever statistics may be available,

UsIvERSITY OF CINCINNATI
CrxciNyaTI, Onto

VA i, Ooeoming Reversal af the ffowan Growth Tide (Science, 92, 1940}, pp. 501-
312 ulea Further Fridences of Reversal in the Mumar Grouth Tide (Human Bislogy, 941, in
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