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proximate quantitative values of the shearing-forces and bending-moments
obtained for the three ships, ¢ Minotaur,” ¢ Bellerophon,” and ¢ Victoria and

Albert’ :—

¢ Minotaur.’ ‘BelleropL.on’> | Victoriaand Albert.’
Shearing-| Bending- | Shearing-| Bending- | Shearing-| Bending-
force. | moment. | force. |moment. | force. | moment.
Displace- | Displace. | Displace- | Displace. | Displace- | Displace,
ment, | X length. | ment. |x length.| ment. | X length.
In still water ...o..ooun 77 & #= | s | 15 | T
On a wave-crest ... ...... + Py T & T w5
In a wave-hollow ........ T s < 5 L o
Supported at the extremities.| 3 - 1 1 1 3
Supported at the middle....| 3 o 1 = 2 Ty

February 16, 1871.
General Sir EDWARD SABINE, K.C.B., President, in the Chair.

~ The following communications were read :—
I, “On some of the more important Physiological Changes induced
in the Human Economy by change of Climate, as from Tempe-

rate to Tropical, and the reverse” (concluded)*. By ALuxANDER
Rarrray, M.D. (Edinb.), Surgeon R.N., H.M.S. ¢Bristol.’

Communicated by Mr. Busk.

Received January 6, 1871,

1V. The influence of Tropical Climates on the Kidneys and Skin.

None of the organs of the body are more visibly affected by great changes
of climate than these, and their secretions, the urine and perspiration. As
with the lungst and other internal viscera, the congestion of the kidneys
lessens, while that of the skin increases, when the blood is attracted to the
surface by heat. The reverse happens when it is driven inward by cold.
This involves their special and vicarious, waste-product and water-excreting
functions alike. In the tropics the skin doubtless excretes much of the
water thrown off by the kidneys and lungs in colder regions, as well as the
nitrogen and carbon of the former, and carbonic acid of the latter. The
elimination of surplus water, one of the most important uses of all of the
four great depurating organs, is largely effected by these two. Their in-

timate relation in this office in cold latitudes is already known.

here attempt to show what it is in the tropics.

We shall

* Continued from Proceedings of the Royal Society, June 16, 1870, vol. xviii, p. 529,

+ Ibid. p. 523.
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The following experiments were made on myself (eet. 39), on a voyage
from England to Bahia (lat. 11° 8.), between June and September 1869.
During 24 days, from Plymouth to the thermal Equator, drink (tea or
coffee) being limited to 39 oz. daily, the urine gradually decreased from
39 to 30 oz., which merely proved that in semitropical, as in temperate
climates, free fluid is chiefly thrown off by the kidueys, and that this
diminishes as the heat increases.

The following Table gives the results of the two subsequent days,
while passing through the equatorial doldrums or greatest heat, the drink
being suddenly increased to 88 oz. daily :—

Tasne I.—To show the Urine excreted at the Equator.

9 AM. 9 par. . 1
e Night urine.| Day urine. Totals.
Locality. rage | Tyte | 3
temp. c i ) . —
5 Yuen . ) Y g, g Wnlgy

off the African Coast,

Bquatorial doldrums|]80 |July 14| 16 | 15 | 203 | 14 | 363 | 143
lat. 11° N. vueenene

81 |July15| 163 | 13 | 21 | 8 | 37 | 104

Thus nearly 37 oz. were excreted by the kidneys, leaving 51 oz. to be
accounted for. Now the bile is scarcely if at all increased in the tropics,
so that the liver gives little aid. Dalton* gives 5% of the drink as the
average thrown off in this form and by the bowels in temperate latitudes.

Taking this for the tropies also, allowing a little increase for bile, we have
44 oz.  And reducing the water exhaled by the lungs in the temperate
zone (which, according to Dalton, is } of the drink or 22 oz.) by the same
ratio as the respired air, viz. 11 per cent. or 2:42 oz., we have 19:58 oz. as
that for the tropics. The sum of these two is 23:98 oz. Then the

51 oz. not thrown off by the kidneys
2398 oz. excreted by the lungs and bowels

gives 27:02 oz. for the skin to exhale.
So that the 88 oz. free fluid were got rid of thus :—
Urine 37 oz., skin 27-02 oz., lungs 1958 oz., freces 44 oz,

Had the water in the solid ingesta been reckoned, a difficult matter on
shipboard, the experiment would have been more satisfactory. But this
gives a fair approximation, inasmuch as any excess from this source would
only have gone to increase the perspiration.

"The relative excretion of free fluid by the skin, kidneys, lungs, and bowels,

thus, differs in temperate and tropical latitudes, as they doubtless do in
arctic regions (Table I1.).

* Hooper, ¢ Physicians’ Vade Mecum.’,
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TapLE II.—To show the relative excretion of free fluid in Temperate
and Tropical latitudes.

Organ. Temperate zone¥*. Tropies.
oz. per cent. 07, per cent.

Kidneys ......|(about) £=4525=05954 |(about) 3=37" =42:04
Lungs......... (somewhat (somewhat

more than) 3=20-50=26-97 | more than) }=19-58=22-25
Skin ...l (rather less

than) Tz= 650= 855 T =27-02=30"7
Bowels ...... (about)  Fy= 37H6= 493 = 44 = b

While the urine thus decreases from 595 to 42 per cent., the perspiration
rises from 83 to 30 per cent., there being a slighter fall of 4% per cent. from
the lungs, and a trifling rise from the bowels. The kidneys are thus the
chief eliminators of surplus water in the tropies as in temperate regions ;
but in the former it is the skin, as in the latter it is the lungs that rank
next. If suddenly stressed, however, by excessive imbibition, and the
safety-valve action of the kidneys or skin be brought into play, these pro-
portions doubtless differ. 'Will they hold good for permanent residents in
the tropics, foreign or native ?

The increased perspiration in the tropics or in artificial heat, and dimi-
nished urinary and pulmonic water-excretion by 22 per cent., is equal to a
proportionate increase in the cutaneous circulation and corresponding with-
drawal of blood from the kidneys to the extent of 172 per cent., and lungs
of 4% per cent. Moreover this diminished exhalation of watery vapour
from the lungs, by vicarious action of the skin, still further decreases the
amount of blood circulating through them, already shown to be reduced by
12:24 per cent., or 16:62 fl. oz. by a diminished excretion of carbont. The
total decrease in the lung circulation is thus:—

1662 fl. oz.
+ 642 ,, (472 per cent.)

=2304 fl. oz. as the total permanent withdrawal of blood

from the lungs by an average temp. of 80-83° F.

These facts appear highly interesting in the etiology of these and other

important internal and external organs, as well as hygienically and thera-
peutically suggestive.

The following results of the entire voyage from Bahia to England on a

* Hooper, ¢ Physicians’ Vade Mecum.” TIn Dalton’s experiment the amount of free
fluid drunk was 76 oz., and in the above 88 oz daily. The proportionate results,
however, are the same in both,

t Proc. R, 8. 1870, vol, xviii, p. 515,

VOL, XIX. 24A
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daily allowance of 88 oz. frec fluid (Table II1.), will show that this pari-
passu increase and decrease in the perspiration and urine are by no means
uniform on going to or quitting the tropics, but oscillate considerably in all
latitudes, both in quantity and contained solids, even in adjacent days.

TasLe III.—To show the quantity and contained solids of the Urine in a
voyage across the tropics of 34 days.

Urine.
Ave- Mornin, Evening. - Totals
Date. tragc Locality. morng: & Con-
OE‘].p Quan- Quan- Quan- tained
tity. Sp. gr.| i 7. Sp. gr. tity. Sp. gr.| solids.
1869. ° ° grains.
Aung. 8.| 76% | Bahia.
»wo O 77T | Lat 13 8. 44 5 38 8 82 | 639 | 503-97
» 10.0 773 1 ,, 135 ,, | 38 5 42 6 80 | 552 | 40961
» Ll 763 |, 1327, | 86 6 | 46 5 82 | b44 | 41985
» 12,0 77 5 1181, 1 19 10 46 5 65 | 646 | 39978
» 13.1 78 » 846, | 44 4 35 7 79 | 532 | 404-49
» 14,1 78 5, D43, | 42 4 32 8 74| 572 | 37889
» 1600 77 |, 89 | 86 5 | 42 | 4 | 78 |449 | 31917
» 16| 78% |, 088, | 42 7 31 4 73 | 572 | 87377
» 17.1°79 » LB87TN. 37 4 29 7 66 | 531 | 36865
» 180 791 |, 854 ,| 42 5 28 7 70 | 58 | 36841
» 19.1 81 » 540, 20 9 39 6 59 | 701 | 42379
» 20.0 81% | ,, 717 ,| 20 9 29 8 49 | 840 | 49461
» 211 80 » 835, 32 4 39 4 714 20053
» 22.0 81 » 1062, 143 | 10 38 4 52 | b7l | 266-25
» 28.| 81 s 121 | 27 7 3D 5 62 | 587 | 31745
» 24 82% | , 1510, | 41 4 38 4 79 | 40 | 82326
» 26 78k |, 1642 ,,| 22} 7 21 9 43% | 796 | 36156
s 26,0 78% | ,, 1842 1 19 4 37 4 56 | 40 | 22914
» 20,0 78 » 2113 1 27 4 23 9 50 |63 | 30152
» 280 8% |, 2352, | 24 8 35 3% | 59 | 533 | 80209
» 20,0 77 » 206015 ,,| 26% 7 323 | 4 59 | 534 | 30209
» S0.| 78 5, 2844 | 25 6 62 3 87 | 386 | 36599
» SL| 99 » 2859 ,,1 19 6 53 4 72 | 452 | 29462
Sept. 1.| 79 » 2951, 24 4 53 4 77 | 40 | 81507
w 2. 76 » 8018 ,,| 12 11 37 4 49 | 5756 | 250-89
» S 6% |, 326 ,| 18 8 44 4 62 | 516 | 31745
» o 4| 74|, 3327, 13 7 53 4 66 | 459 | 27006
» O 733 |, 8458,
» 6.1 T4 5 8620 ,,| 20 8 51 4 71 | 512 | 36247
w .73 » o812, 15 6 34 4 49 | 461 | 200-50
w 8.0 72 » 0868, 17 5 35 5 50 | 50 | 255626
» 11.] 66 » 4422 | 25 5 48 5 73 | 50 | 87168
» 12.] 65 » 465 | 14 8 56 b 70 | 56 | 35736
» 13.] 65 » 4818, 22 8 27 6 62 | 545 | 31652

Thus on three consecutive days, taken at random, we find 49, 71, and
52 fl. o0z., with 494, 290, and 266 grains of solids.
latter, as well as in the fluid, is due partly to the reduced ingesta, and partly
“to the vicarious action of other organs, egpecially the skin and liver—and

The decrease in the
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doubtless involves not only the urea and chloride of sodium¥, but all of its
ordinary ingredients. Both would be far more regular if the system could
be kept day by day in strictly similar conditions as to exercise, clothing,
draughts, food, and especially drink—a difficult matter at sea, though pos-
sible on shore. So that by limiting the drink and increasing it only as
thirst prompted, the quantity of urine would keep at a uniform and perhaps
calthier standard. The individually different quantities necessary to ac- .
complish this may be easily ascertained. Thus, allowing 25 oz. free fluid
to be what my system requires daily in the average temperature of London
(50° F.), the addition of 1 fl. oz. for every degree above, or its deduction
for every degree below that, would keep the urine pretty equable, even
though its specific gravity and solids might alter (Table IV.).

TasLe TV.—To indicate the daily quantity of drink necessary to keep the
Urine nearly alike in Temperate and Tropical latitudes.

Temperature of air (I%.) ...... 30° | 40° | 50° | G0° | 70° | 80° | 90°

Freo fluid required .u..cevvene. 5 0z. | 15 oz.| 25 oz. | 35 oz. | 45 oz. | 55 0z. |65 oz

This fact was proved by an experiment (of which Table V. is a synopsis)
made in the Pacific in 1860-61, during a passage from Valparaiso (lat. 33°S.)
to Vancouver (lat. 48°N.), when the drink was not kept uniform through-
out as in Table I11., but increased or decreased, as here indicated, with the

desire.

Tanre V.—To contrast the Urine at the Equator and North and South
Temperate Zones.

Specific
gravity [Quantity

of  in1 caso.
7 cases.

oz.
Average of 7 days furthest south (lat. 33°), temp. 68° F....| 10184 | 36
near equator (Jat. 59, ,, 78 F..| 10183 | 453
furthest north (lat. 53%), ,,  58° F....| 10174 | 443

” 2]

” ”

Here both the quantity and specific gravity increased somewhat ; so that
the urine is perhaps not so often or much diminished in the tropics as usually
believed. It is so when the drink is stinted, and when, though ample, it is
not increased and decreased with the temperature (Table IIL.); but when
this is done it remains pretty uniform (Table V.), as it often does even when
taken inexcess. It isnot so much the nephritic as the cutaneous secretion
which alters with variations in the amount of drink in the tropics, and in
temperate climates the reverse. The functionally excited skin acts as a

% Dr. Forbes Watson and Becker, as quoted in Parkes’s ¢ Practical Hygiene.
242
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safety-valve for the kidneys in warm, as the latter do for the former in
colder ones. While the perspiration depends much on the temperature,
the urine is most influenced by the drink. Although heat, or its absence
(cold), is thus the chief agent in causing these fluctuations, the humidity,
velocity, &c. of the air are not altogether negative. The first acts by sti-
mulating or checking the sudatory glands, and all three by favouring or
opposing evaporation. Frequent change of climate tends to develope the
ordinary and safety-valve range of action in both organs. In these facts
lie several important hygienic and therapeutic indications for the tropics,
with a view to prevent or lessen distressing hypersemia of the skin and
excessive perspiration, both the result of undue imbibition, and the latter
highly dangerous when suddenly checked, and a frequent cause of disease.
By them the reasou of the efficacy of tropical, and especially subtropical
climates in the prevention when imminent, and cure or relief when actually
present, of many diseases of internal organs, not of the abdomen alone, hut
of thoracic ones, is explained. The sanatory heematic and secretive de-
rivative action of natural (tropical) and artificial heat has been already
pointed out with regard to the lungs*. Might not the practical phy-
sician more frequently act on this hint as to the means and extent by
which both the circulation and the function of diseased or over-taxed in-
ternal organs may be relieved by thus transferring their blood-current and
secretion to sounder ones? Is not this great and general law of a deriva-
tion of blood from internal to external organs under heat, and the reverse
under cold, the soundest and most philosophical basis on which to erect a
new, safe, satisfactory, and permanent system of therapeutics and hy-
gienics ?

V. The Influence of Tropical Climates on the Weight and Strength.

Besides the already discussed funetional, vascular, and other changes in
the lungs, skin, kidneys, and other organs of wegetable life, which follow
a transition from temperate to tropical climates, various phenomena affecting
those of animal life are also common—e. g. languor of body and brain, and
generally a loss of weight. More tardy and less evident, but equally worth
study, these are not due, like the former, to the general diversion’in the
blood-current from internal to external parts, but to changes in the blood
itself and the tissues which it nourishes, to be hereafter investigated.

Occasionally an individual fattens on going to the tropies, and, instead of
losing, gains health and strength. Again, a corpulent person may decrease
considerably in weight, while his health, so far from impairing, actually
improves. But such cases are exceptional, and, doubtless, consist merely
in vitally unimportant fluctuations in the adipose tissue ; and as a rule the
issue includes a loss in both respects, which, if not disease, is closely allied
toit. An opposite result usually follows a contrary change of climate.

® Proc, R. 8, 1870, vol, xviii, p. 520,
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The following experiments to illustrate this were made in H.M.S. ¢ Sala-
mander,” during a voyage of five months to, and a subsequent stay of three
years on the east coast of Australia, while making triannual trips between
Sydney (lat. 34°) and Cape York, Torres Strait (lat. 103° 8.), a distance of
1700 miles in a nearly north and south direction. The crew numbered
209, their ages being :—

between 15 and 25 (period of growth) ...... 129 (61-72 per cent.).
s 25 ,, 35 (adultage) ............ 63 (30'14  ,, ).
»s 33 ,, 45 (Ist period of decline).... 16 (7°66 ,, ).
, 45 , b55(2md ) e 1 (048 , ).

Thus 192 (91'86 per cent.) were under thirty-five, which may be con-
sidercd the prime of life among seamen ; while the whole were healthy.
They were weighed as far as possible in the same clothes, and between
6 and 7 ».m., about two hours after a light « supper” of tea and biscuit,
in order to reduce error from variations in the state of the bowels, stomach,
bladder, &c., to a minimum. Their faulty diet, however, unmodified for
temperature, and containing salt meat and other hurtful articles, was an
unavoidable disadvantage. TFortunately this enables us to observe the effect
of an agency far more under control for modification or removal than climate.

TasLe I.—To show the effect of Tropical Weather alone on the weight.

1st weighing, July 2, 1866, on entering tropics,
2nd  ,, October 18, 1866, on quitting tropics,

Average temperature at Sydney 60° F., at Cape York 82° F,

} 108 days, all spent in the tropics.

Food consumed per man daily.

Salt meat issued on ...... 36 days 1, oz drs

(with 61 lime-juice days) ] . R 101

Fresh meat issued on...... 72 Avcrige of ﬁ;: erk g g 13[?;;
Total Nzﬁﬁ)” R iﬁlgcr Range| Ave- NL;T{“ Range| Ave-
Age. nu.mlbeé' percentage | percentage ac;; 1*&%;6 percentage IQ,ts i‘w’
weighed. unchanged. |who gained. g | BANL | Boho lost, | O8S | 108%:

per cent.|  per cent.| 1b. 1b. per cent.| lb. 1b.
13=3714| 1-8 | 3 19=5428 | 1-14 | 516
8=20"51 | 2-10 | 3:37|28=T18 | 1-12 | 47
5]

15 to 25 35
25 ,, 35 59
9

35 ,, 45 2=2222 | 1-2 | 16 | 7=T777 | 1-17 | 571

45 ,, b5 2 | 1=80 | s e | 1=50 | ... 5
Totals 85 23=27-06 | 1-10 | 8 |B5=06471 | 1-17| b

and per- S~ —

centages. 30=385"3 per cent.

Table I. shows the effect of 35 months’ exposure to an average tempera-
ture of 82° F. towards Torres Strait. Of 85 weighed, 641 per cent. had
lost flesh to an average of 51lbs, Though greatest among the adults
(71 per cent.), and especially the higher ages (773 per cent.), it was large
even among the juniors, of whom 54 per cent. instead of growing, lost con~
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siderably. Lime-juice was given; but the 36 days of salt meat doubtless
added to these results; and to make the experiment thoroughly satisfactory,
fresh meat should alone be issued—almost an impossibility in the present
transition state of naval dieting. Still the event is sufficiently decisive to
prove the prejudicial influence of tropical climates on the physique, at all
ages. Of 15 officers and men subsequently tested after 17 days more
prolonged and direct solar exposure, but with a larger allowance of fresh
(preserved) meat, 11 had lost from 1 to 9 1bs. (average 3%), 1 being un-
changed, while 3 had gained. Of the latter, one was a black (and there-
fore in his native climate), who increased 1 Ib., the other two being healthy
boys who gained 1 and 2 lb. respectively. This shows that the wasting
effect of tropical weather in the adult white is not preventible even by a
wudicious regimen.

Tasre II.—To show the effect of Tropical Climate and Salt-meat Diet
on the weight.

1st weighing, October 9, 1865, at Cape York, 7 o v
ond o” 8 Novembelz 6, 1865, at Capo York, }28 days, all spent in ths tropics.
Average temperature ab Sydnoy 60° F., at Cape York 84° T,
Salt meat issued on ...... 24 days Food consumed par ma‘ilbdg‘ily des
(with 28 lime-juice days) T o O Grs
Fresh meat issued on...... 4 ,, Aver’zjgu Orﬁ‘ﬁb W:Ok é é g
Total Number | Number Range| Ave- Number Rance| Ave-
Ago. | number perigr(xltage pergerf;;age of | rago pcré?r?tmge Cof ragoe
weighed. unchanged. |who gained. 83 1 GAML 1 Ty Tost. loss. | loss.
er cent. er cent.| Ib. Ib. or cent.| 1b. 1h.
p P P

15 to 25 33 3=909 | 6=1818 | 1-10 | 4 24=7273 | 1-10
25 ,, 3D 33 2=606 | 2= 606 | 1-4 | 2% |20=8787 | 1-10
35 ,, 45 T e 1=143 | ... 6 6=8571 | 2-12
45 ,, bb S L YT TR 3=100 3-10 | 566

TS Ha

<

Totals 76 5=0658 | 9=1184 | 1-10 | 3-88|062=8158 | 1-12 | 418
and per- ~ ~ —
centages. 14=1842 per cent.

Table II., the results of another northward cruise, shows how much this
loss of weight is increased when the diet is one of salt meat*. The season
being the same (S.E. monsoon), though the exposure was shorter by 80
days, no fewer than 81 per cent. lost to an average of 4 lbs.—this, among
the boys and youths, being larger than before, even though their food was
increased ; which proves that a dict like this, not only highly salted but
too nitrogenous for warm climates, adds materially to the injurious influence
of tropical weather at all ages. After a more prolonged stay at Cape York
(one year), eleven marines, fed on a mixed, fresh and salt-meat diet, had
lost weight to the average extent of 11,% 1bs.

* 4. e. The ordinary sea dietary, in which 11b. of salt meat, beef and pork alter-
nately, forms the chief part of the dinner,
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Tasre III.—To show the conjoint effect of Tropical Climate, Salt Meat,
and hard Subsolar work on the weight.

1st weighing, June 2, 1864, on entering tropics, 62 in the tropics,
2nd September 14 1864, on quitting tropics, | ]"104: days 42 in temp. z%no.

Average temperature at Cape York 80° F.

Salt moat issued on ...... 51 days Food consumed per man daily.
. 1b. oz. drs.
(with 90 lime-juice davs) A £ fiost wook = 119
Fresh meat issued on...... 53 verago of first weel ... 25 11§
” ” last ,, ... 2 8 3%
A Total Nl;r::ger Nl:::;‘ger Range| Ave- Nl:rxllger Range | Ave-
ge. | number of | rage of | rage
: percentage | percentage . ¢ ercentage >
weighed. unchanged.[who gained.| 8% | 88 pwho losp, | 105 | loss.
percent.| percent.| Ib. 1b. per cent.| 1b. 1b.
15to 25| 63 2=318 | 3=476 | 2-2 | 2 |58=9206 | 1-24 | 6:34
25, 85| 85 1=286 | 3=8b7 | 4-8 | b5383|31=8857 | 1-17 | 774
35 ,, 45 Bl s | e i | e 5=100 | 5-16 | 92
45 ,, 85| e | e | s L L | e e |,
Totals | 103 3=291 | 6=5:82 | 2-8 | 366|94=9126 | 1-24 6‘96__

and per- S
centages. 9==8"T4 per cent.

Table IT1., the record of another trip to Torres Strait, also during the
8.1 monsoon, shows that the body is still further affected when a third
injurious influence, viz. hard subsolar work, is added to these. Thus, of
103 weighed, 1 per cent. lost flesh to an average of 7 lb. nearly; the
number of boys and young men being large, because most employed,
although the average individual loss was greatest among the seniors—thus
6 Ib., 7 1b., and 9 1b. under 25, 35, and 45 respectively. This did not
arise from a reduced diet; for the daily average consumption at the end
of the period, when thus losing, had increased by 34 oz. per man.

A contrast of Tables IV. and V. further shows that season materially
influences this reduction in weight. Table IV. gives the results of 46 days
during the cool dry S.E. monsoon (aver. temp. 82° F.), which lasts for
9 months; and Table V. of 54 days during the sultry rainy N.W. mon-
soon (aver. temp. 87° I'.), an exaggerated form of tropical weather related
to the other as are the winter and summer in temperate latitudes. While
the number who lost flesh during the dry season was 44 per cent., it was
76 per cent. during the wet monsoon. The small per centage of gain even
among the strong and vigorous juniors in the wet season, viz. 10 and 143
per cent., is worthy of contrast with that of the dry season, viz. 595 and
43% per cent., as it shows that even the healthiest age cannot long with-
stand the emaciating influence of the worst season of the tropical year. The
high average percentage of loss (71b.) and low percentage of gain, 24 Ib.,
durmg the wet, contrasted with that of the dry monsoon (31b. and

4{51b.), which equally affects all ages, further illustrates this, 'The in-
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creased ingesta towards the end of both experiments could not prevent
these results ; nor is the difference between the two seasons ascribable to
a material dissimilarity in the quantity of the food.

TaBLE IV.—To show the effect of Season in the Tropics on weight.
Cool and Dry. S.E. Monsoon.
Average tenperature at Cape York 82° T,

1st weighing, April 11, 1865, on entering tropics 46 in the tropies,
2nd " June 23, 18Co, on quitting tr OPIOS’ 3 days { 27 in temperate zone,

Food consumed per man daily.

Salt meat issued on ...... 62 days.
- AN Ib. oz. drs.
(with 55 lime-juice days) 1 Average of first week ... 1 ﬁ gz
Tresh meat issued on...... 11, i last ,, .. 115 4} "
Total Nui‘ger ng;:cllzel' Range| Ave- Nl;iﬁmr Range| Ave-
Age. | number a ¢ coent of | rage ~cents of | rage
weighed. | Percentage | percentage| ., | o8, | percen 120 | oss. | loss.
unchanged. [who gained. who lost.
per cent.| _per cent.| 1b. 1b. per cent.| 1b. 1b.
15to 25| 37 2=>541 [22=595 | 1-12 4 36 |13=385-14 | 1-9 | 261
25, 35 32 1=313 |14=4375 | 2-14 | 536 |17=5312 | 1-12 | 5:94
35 ,, 45 9 1=111 8= 333 | 3-7 5 b= 555 | 1-9 | 38
45 ,, b5 1 1=100 | covvvviie | e | v | s e | e
Totals 79 5=6-32 139=4937 | 1-14 | 177 [35=4430 | 1-12 | 315
and per- —— —
centages. 44=55" ()9 por cent.

TasLe V.—To show the effect of Season in the Tropics on weight,

Wet and Sultry. N.W. Monsoon.
Average temperature at Cape York 87° F.

1st weighing, November 25, 1864, on entering tropics, 76 davs 54 in the tropics,
2nd February 9, 1865, on quitting tropics, (O ABYS 1 22 in temp. zone.

Food consumed per man daily,

Salt meat issued on ...... 70 days e
(with 60 lime-juice days) Average of first week 11{. % dis.
Tresh meat issued on...... 6 , :’g last 114 2
Total Nl:\r:l(]fcr Nux;g‘)cr Range| Ave- Num(li;)cr Range| Ave-
Age. | number e al of | rage an of | rage
weighed. | P! centage | percentage : 5 percentage loss. | loss
E1eC- | inchanged. [who gained.| 8™ | 88% | yho lost, | "0 | 1CFS
per cent.| per cent.| 1b. 1b. per cent.| 1b. Ib.
15to 25| 49 8=1683 | 5=10-2 1-5 | 22 [36=7347|1-16 | 6
5, 86| 84 2= 588 | b=1471 | 1-8 | 34 |27=7941|1-16 | 8
35 ,, 45 9 1= 111 | eeviiiin | e | e 8=88-88 | 4-20 | 962
45 ,, bb 1 1=100 | | e | e T
Totals 93 |12=1291 110=1075 | 1-8 | 1-8 |71=76:34 | 1-20 | 715
and per- N ——

centages 22=2365 per cent.
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TanLe VI.—To show the influence of Temperate Climates &c. on the

weight,
1st weighing, September 14, 1864, near Sydney, 72 days, all spent in the
2nd ,,  November 25, 1864, after leaving Sydney, temp. zone.

Average temperature at Sydney 65° F.
Food consumed per man daily.

Salt meat issued on ...... 35 days 1. o, ‘drs
(with 20 lime-juice days) ) S aa
Fresh meat issued on..,.., 37, Aver’a’go of ﬁx‘ss;;t wiek % 1% ‘1;171’
Total Nx;x;l(}{)cr Nl::;}(}l’er Range| Ave- NL};‘(‘{)@F Range| Ave-
Age. ‘:;“im}? ec{ percentage | percentage Oifr‘l rafg'e percentage 10f i a$°
“18Re0 lunchanged. {who gained.| 8% | 8310 | “yoh 5 1osf, | 105 088
. per cent.| per cent.| 1b. 1b. per centi.f 1b. Ib.
15to 25| 43 3= 698 |35=8139 | 2-11 | 591 | 5=1163 | 1-6 | 3
25, 36| 32 4=126 |26=8125 |2-14 |65 | 2= 625 | 2-8 | 25
35 ,, 45 8 | 7=875 | 1-15 | 714 | 1=12% 1 1
45 5, BB viven | e | e e v | i e
Totals 83 7= 843 168=8103 } 1-15 | 63 | 8= 964 | 1-6 | 262
and per- N e
centages. 75=90-36 per cent.

Table VL., in strong contrast to the above, shows how much and rapidly
the system rebounds under an opposite change of climate, and when re-
moved from excessive warmth into a healthy temperate climate, with a
fresh meat and vegetable diet, light work, frequent leave, &e. Thus after
a 54 days’ stay at Sydney in spring, notwithstanding the debilitating effect
of 35 salt meat days before and after the experiment, no fewer than 90 per
cent. had either gained flesh or lost nothing, the average gain being large
(61bs.). Inthe 93 per cent. who lost, this was probably due, as it occurred
among the juniors, to those excesses so common after long confinement on
board.

Thus, during the three years over which these triannual trips from Syd-
ney to Cape York extended, the weight of the crew was continually oscil-
lating, increasing at the former, and again decreasing on returning to the
tropics. Frequent, sudden, and great changes of temperature and climate
like this, are doubtless fertile causes in undermining the constitution and

. inducing premature old age. But for the re-invigorating influence of the

i periodic return to cool weather, many more would have succumbed to
broken health. As it is, Table VIL. shows that after 1% years 44 per cent.
of those who originally went out in the ship had lost flesh, while other evi-
dence showed that the health and strength of all had declined, there being
moreover no proof of the occurrence in any of that doubtful event, accli-
matization. The appetite and consumption of food had also diminished
from the same cause.
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TasLe VIL—To show the effect of a 1} year’s stay in a Tropico-temperate
region on the weight (including 4 trips between Sydney and Cape York).

1st weighing, August 10, 1864, near Cape York, 1 gro ga0¢ 184 in the tropies,
ond November 6, 1865, near Cape York, [ * Y89 269 in temp. zone.

Salt meat issued on ...... 229 days Food consumed per man daily.

1b. oz. drs.
I\(l‘Z;flhllllg: ?;sﬁc‘gﬁ;f days)2 1 Averago of first week ... 2 8 7|
8 e v » last ,, ... 2 1 7
Total Ngr;lqger Nilnn(]fer Range| Ave- N';i?é)er Range| Ave-
Age. | number ‘ y . of | rage - of | rago
weighed. percentage | porcentage gain, gafn. peroentage | yooc | Joss,

unchanged. |who gained. who lost.

per cent. per cent.| lh. 1h. per cent.| 1b. 1b.

15025 29 1= 345 |18=062:07 | 2-15 | 6-17 |10=38448 | 2-14 | 6
2 ,, 35| 27 4=14-81 | 8=2863 | 1-16 | 5125 |15=55655 | 1-15 | 56
35 ,, 45 5 | 8=060 5-10 | 8 2==40 1-3 | 2
45 ,, B5| ... e ] | T I N R T
Totals 61 5= 819 [20=4754 | 1-16 | 608 |27=44-26 | 1-16 | 552
and per- S~ ~~ —

centagos. 34=>5b"74 per cent.

During the next eighteen months the crew had more fresh meat in the
northward trips, the beneficial influence of which manifested itself by re-
ducing the percentage of those who lost flesh to 285 (Table VIII.), as well
as the percentage of loss. The appetite, however, remained much im-
paired.

TapLe VIII.—To show the effect of a 3 years’ stay in a Tropico-temperate
region on the weight (including 8 trips between Sydney and Cape York).

1st weighing, August 10, 1864, near Cape York, 532 in the tropies,
2nd Sepwmbel 25, 1b()7, near Cape York, [REE day {609 in temp. z%nc;

Salt meat issued on ...... 575 days Food consumed per man daily,
Ib. oz. drs

with 540 lime-juice days ;
1<(10 h meat lssuezi on ...yo)GG Average of first week ... 2 8 7|
" last ,, ... 11110]

Total Nl;i‘ger N‘;ﬁ‘gcr Range| Ave- Nl;r;ﬁ)er Range| Aveo-
Age. | number vk o of | rage i of | rage
weighed. Ellecli?fg‘%e ‘Eﬁ I(;Og:lggg gain. | gain. p‘gtfi)elllgztg'e loss. | loss.

per cent.| per cent.| Ib. 1b. per cent.| 1b. 1b.

15t025 25 1=4 19=67 340 | 14:68 | 5=20 3-12 1 52
25, 861 16 1= 666 | 8=5333 | 1-18 | 7125 6=40 1-15 | 6:16

35 ”» ) 45 2 1=50 | | e 1=50 -1 |1

45 3, BB| eveer | eeveen | evvniene v | oo | eeeene | s [ e

Totals 42 8= 714 |27=6420 | 1-40 | 125 |12=2807 | 1-15 | 542
and per- e —
centages. 30="71+43 per cent.

A similar slowly progressive impairment of the physique also occurs
during long sea voyages, in which ships pass repeatedly and suddenly from
cold or temperate to tropical latitudes, and the reverse.



1871.] Change of Climate on the Human Economy. 307

TasLe IX.—To show the effect of a long voyage of 55 days (including
Tropical Weather and Salt Meat) on the weight.
Average temperature, England 50° F., Equator 88° F., South Atlantic 72° F.

1st weighing, January 9, 1864, Tingland, 34 in the tropics,
Y 55 days P
2nd ’ March 4, 1861- SouLh Atlantie, Y51 21 in temp. zone.

Salt meat issued on ... 50 days Food consumed per man daily,

Ib. oz. drs

(with 11 lime-juice days) 110 1oL

rerago of fir 13

Fresh meat issued on...... 5 , Averago of first wook ‘1, 1.2 ! -4

; 2 last ,, ... 2 38 1}

Number umber or

Total an dc N a,nél{) Range| Ave- Niﬁlgm Range| Ave-
Age. |number : ) of | rage L of 280
weighed percentago | percentage ain A percentage loss. | loss
“o7 ™ lunchanged. [who gained. g | B | S Tost ) ’

percent.| percent.| lb. 1b. per cent.| b, 1b.
15t0 251 80 4=5 25=31:25 | 1-11 | 3:84 |51=6375 | 1-23 | 672
25, 35| 45 3=6:66 |13=2888 | 1-13 | 377 |20=0444. | 1-20 | 741

3, 45| 13 | ... 3=2307 | 4-7 | 5 10=7691 | 1-19 | 6:3

45 5, 55| e b e | e | v | eeeren | e | e | e
Totals | 138 =507 [41=2071 | 1-13 | 39 |90=0522 | 1-23 | 693

and per- ~ ~ ~

centagos. 48=234-78 per cent,

Thus Table IX. shows that after a 55 days’ passage from the cool
climate of England across the equator to the south temperate zone, 65
per cent. of the crew had lost flesh to an average of 7 1b. nearly-——the
juniors suffering, though not so much as the seniors. An increased sick-
list at the close corresponds to this. These results were not due to a
decrease in the ingesta, as the daily consumption during the last averaged
6 oz. more than during the first week, The canse was therefore partly
climatic and partly dietetie, salt meat being issued most of the time,

Tasre X.—To show the effect of a long voyage in the Temperate Zone,
but on Salt Meat, on the weight.

Average temperature, Cape of Good Iope 65° F., Sydney 62° I,
1st weighing, April 19, 1864, Cape of Good Iope, | 49 days, all spent in the temp.

2nd 3 June 2, 1861 near Sydney, zone,
Salt meat issued on ...... 48 days Food consumed por nmlré d;zﬂ)é'rs
(with 39 lime-juice days) Average of first week 2 5 44
Froesh meat issued on...... 1 day ”b last NG 11?;
Total Nl;‘;‘émr N‘;ﬁﬁmr Range| Ave- leglmr Range| Ave-
Age. | number of | rage ) of | rage
. percentage | percentage | ¢ percentage >
weighed. unchanggd who gained. gam. | g | "y Tost, loss. | lozs.

per cent.| per cent.| 1b. 1b. per cent.| lb. 1.

15 to 25 77 8=10-39 |60="T792 | 1-11 | 478 | 9=11-61 | 1-4 | 211
25, 36| 41 4= 975 |22=H366 | 1-19 | 554 |15=36:60 | 1-9 | 3-GC
35 ,, 45 14 3=2143 | 9=06430 | 2-8 | b 2=14:30 | 1-2 | 1’6
S SN 15 % I P P e P AT TIN AT
Totals | 132 15=11'86 191=6969 | 1-19 | b 26=1969 | 1-9 | 258
and per- N -~

centages. 106=80-30 per cent.
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Very different was the effect of the 44 days’ continuation of the voyage to
Sydney along the 40th parallel of south latitude, after a health-infusing stay
of fifteen days at Simons Bay (Table X.). Although the usual sea dietary
was continued, the exit from the tropics was an evident relief to the system,
which, but for the diet, would have retained its vigour throughout. As it
was, only 26, =19-69 per cent., lost flesh slightly. All the boys, whohad the
strong vital resilience of youth in their favour, gained in weight, and also
the younger men, while the seniors lost. An increase in the ingesta of
7 drams daily towards the end of the period is too trivial to have influenced
these results. This shows how long the system will ward off the scorbutic
diathesis when opposed by no other serious adverse agency, provided lime-
juice is given as a prophylactic. The increased sick-list and intensity of
the ailments, however, towards the end of the period, show that the immu-
nity was passing off. The difference in the percentage of those who lost
flesh in this and the former part of the voyage (Table IX.), is evidently
the effect of climate, and indirectly confirms Tables I. and II.

To the bracing effect of the S. temperate zone we must chiefly ascribe
the recovery of the crew. Wasted while crossing the equator, only 29 per
cent. were below their original weight in England on arrival at Sydney.
This loss, though evident among the juniors, was chiefly among the adults
and older men (Table XI.). The superior health and efficiency of a crew
in cool climates is an evident indication in planning long voyages. And
we have only to recollect the position and direction of the chief winds and
ocean-currents usually followed, to see how much these favour the mainte-
nance of health as well as rapidity of progress.

TasrLE XI.—To show the effect of a voyage of 144 days on the weight.

Average temperature in England 50° F., Equator 88° F., Sydney 62°
1st weighing, January 9, 1864, in England, } 144 days 27 in the tropics,

2nd ,, June 2, 1864, near Sydney, 117 in temp. zone.
Salt meat issued on ...... 110 days Food consumed per maﬁ’) dgzﬂ{im
(with 50 lime-juice days) N X 19 181
Fresh meat issued on ... 34 , Avelige of &ﬁt WiOk é lg ]ﬁ E
Total Num&er N;ﬁg’ | Rango| Ave- Nt;mc{)er Range| Ave-
Age. nu-mﬁ) 35 por::ntage percentage of rage porc:ntage 1 of fag‘e
weighed: | inchanged. |who gained.| 8% | 82 | Syho logt, | 0% | 1055
per cent.| per cent.| Ib. 1b. per cent.| Ib. 1b.
15t0 25| 176 5=608 |52=6842 | 1-18 | 573 |19=25 1-25 | 547
25 ,, 35| 42 3=T14 |256=5952 | 1-15 | 576 |14=33-33 | 1-15 | 585
35, 45| 12 1=833 | 6=50 3715 5=4166 | 1-14 | 72
45 5, BB e | v | e e | | e |
Totals | 130 9=692 [83=063-85 | 1-18 | 569 [38=2923 | 1-25 | 5:84
and per- ~— e’
centages. 92=70"77 per cent.
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The passage to Cape York, however, again increased the general sym-
ptoms of an impaired physique (Table XII.), thus proving the existence of
a constant ebb and flow in the state of health during long voyages.

TasLe XIL.—To show the effect of a voyage of 230 days on the weight.

Average temperature, England 50° F., Equator 88° F., Sydney 62° F.,
Cape York 80° I

1st weighing, January 9, 1864, England, 50 in the tropics,
2nd ¢ August 10, 1864, Cape York, } 230 days {180 in temp. z]one

Food consumed per man daily.

Salt meat issued on ...... 156 days 1b. oz, drs.
(with 73 lime-juico days) Average of first week 112 13}
Fresh meat issued on ... 74 ”b last ,, .. 2 8 7 ]
Total N:ﬁ) or N?‘r&liaer Range| Ave- Nl;fé)er Range| Ave-
Age. nu.“;bfg percentage | percentage O.f rgigf percentage IOf i‘ago
welghec. | inchanged. [who gained.| 8% | 84 | “"yho Jogf, | “OS% | 1088.

per cent.|  per cent.| Ib. 1b. per cent.| 1b. 1b.
15t025| 61 T=1148 |18=2951 | 1-19 | 711 |36=5901 | 1-32 | 61
3 7

71
25, 35| 3b 1=2-86 8=2286 | 1-16 | 487 126=T7428 | 1-22 | 654
35 ,, 45 T ] e 2=1429 | 1-2 |15 5="7143 | 6-23 |138
L 5 O I o (R T UR Ot T TUeus (RN RSN
Totals | 103 8=T777 [28=27"18 | 1-19 | 536 |67=0505 | 1-32 | 683
and per- ~ ~ —
centages. 86 =35 per cent.

Thus, though 55 days in all were spent at Madeira, Simons Bay, Sydney,
and Brisbane, on a health-giving fresh meat and vegetable diet (see Table
VI), and lime-juice freely given, the monotony and confinement of 175 days
at sea, with 156 salt-meat days, a double exposure to the tropics, and fre-
quent changes of temperature, had increased the number who had lost
weight since leaving England to 65 per cent.—a decided index of failing
health and near approach to disease, and perhaps the scorbutic climax.

Similar fluctuations in weight, subsequently observed in the larger crew
of H.M.8. ¢ Bristol’ during a voyage of 88 days from England to Bahia
(lat. 11° 8.) and back, are equally interesting and instructive (Table XIII),

Thus the warm weather and salt-meat diet of the first 57 days caused
85 per cent. to lose weight, which rose to 88 per cent. as the time lengthened
to 88 days. The return to the north temperate zone, however, speedily
reduced this to 47 per cent. As the diet was the same, the latter event
must have been purely climatic—an opinion confirmed by the subsequent
cffect of 28 days’ harbour-life in England, when the number who lost went
down to 10*7 per cent., no fewer than 89 per cent. regaining flesh and
more than making up for the previous loss.
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Tanre XIIL.--To show the effect of climate and diet on the weight of an
adult crew, June 18 to September 14, 1869.

Average temperature, England 60° F., Equator 77° 1., Bahia 76° F.; England (return)

60° I
Number
Total por?;ia,ge Range| Ave- Nl;‘gl(%{er Range| Ave-
Remarks. 1"111111‘1‘30:1{ who gained ;iiﬁ (1}:;;13 percentago lof {ago
weighed.| ™ 0 g gain. | gain. | fo 0" | loss. | loss.
not lose. ) )
per cent.|  1b. 1b. per cent.| 1b. 1b.
Effect of first 57 days ...... 425 64=1506 | 1-15 | 2:58 |361=84-94 | 1-28 | 575
£ which 45 in the tropics
O WIICH 1 88 on salt meat.
Effect of first 83 days ...... 296 36=12-18 | 3-13 | 35 |260=87-84 | 1-30 | 547
£ whicl 66 in the tropics
OL WRICHY 61 on salt meat.
Effect of last 31 days ...... 310 | 164=52-03 | -9 | 264 |146=471 | 3-10 | 281
£ whic 21 in the tropics
O WhICH 1 10 on salt meat.
Subsequent effect of 28 days| 391 | 349=8926 | 1-19 | 470 | 42=1074 | 1-9 | 266
in harbour (England) on
fresh meat and vegetables.

Table XIV. shows that, while the same prevailed among the ship’s boys
(age 17 to 20) and naval cadets (age 14 to 17), youth and lighter work
&e., have an evident effect in lessening the percentage of loss under such
adverse agencies, and increasing the gain under opposite conditions.

TasrLe XIV.—To contrast the variations in weight, during long voyages,
of the men, boys, and naval cadets, June 18 to September 14, 1869.
Average temperature, England 60° F., Equator 77° I., England (return) 60° F.

\ Number and N
England to Babia (lat. 11° 8.), nr;[lﬁf%}:r percentage who Numbext and
&8 days. woiahed gained or did | P ?’fﬂcerl' 8th
o not lose. who fost.
per cent. per cent.
Tiffect of firet 57 days ....oooeue. Men 425 G4= 1506 361 =84-94
of which { 40 in the tropics, Boys 64 28= 4374 36=56-25
38 on salt meat. Cadets GO 28= 35833 37=5833
Effect of ﬁl;s(t 88 c}ays ............ Men 2&38 3?: 12:18 260=87-84
+ 1, J 66 in the tropies Boys 4 " 16= 3b 24.=60
of which { 61 on salt meat. | Cadets 58 | 20= 3447 | 88=6551
Effect of last 81 days ............ Men 810 | 164= 5203 146=47-1
of which { 21 in the tropies, Boys 41 80= 7317 11=26-82
10 on salt meat. Cadets 59 3d= 5762 26=42-37
Subsequent effect of 28 days in] Men 891 | 849= 8926 42=10"74
harbour (England) on fresh| Boys 84 30= 9058 4=1176
meat and vegetables. Cadets 28 28=100
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Thus 85 per cent. of the men lost flesh during the first 57 days, but only
56 per cent. of the boys, and 58 per cent. of the cadets. Again, during
the first 88 days the percentages were—men 88, boys 60, cadets 65.
Further, while 53 per cent. of the men began to recover weight on reenter-
ing cool weather, 73 per cent. of the boys and 58 per cent. of the cadets
did the same. Lastly, in England, while 89 per cent. of the men gained,
among the boys we find 904 per cent., and among the cadets 100 per cent.
The advanced age, greater strength, and rougher early life of the boys
enabled them to bear the voyage better, and recover sooner under genial
agencies than the younger delicately-reared cadets. On the other hand,
a generous diet and better regulated life caused the latter to increase more
in England. Under favourable conditions, as to climate, diet, &c., the
weight of men, and particularly boys, should not fluctuate thus. Nor can
such changes be salutary. As a rule adults, with fully developed frames,
should remain pretty stationary in weight. Boys, however, should increase
not only in weight, but in height and breadth of chest. For the former
to emaciate, or the latter to grow taller and broader, while the weight
remains the same or lessens, is a sure sign of present or impending mis-
chief. The average of 13 1b. per week by which these cadets increased at
home, may be considered the healthy rate of growth for boys of their age.
And we may give Table XV. to show the effect of subsequent longer leave
in England on the physique of a larger number of cadets.

TasLe XV.—To show the effect of a healthy diet and climate on the
physique of naval cadets, age from 14 to 17 (September and October
1870 ; time 44 days; temperature 64°F.).

Number | Number

Total and and Range| Ave- Nl:;:!{)er Range| Ave-
mumber. | percentago | perceningo | & | 6 | percentago | 15 | J0£7

unchanged.| of gain. of loss.

per cent.|  per cent.| Ib. 1b. per cent.| 1b. 1b.

Weight.| 52 1= 1925/48=9281 | 1-20 | 593 | 8=5677 | 1-2 | 166
i, | odn. |

Height.| 54 |20=3704 |34=063 23067 | |

Chest ...] mot mjeasured. | ...oo. | eeeene | oeenne

Thus, of 52 cadets, 93 per cent. either did not lose or gained flesh to the
average of 11b. per week, while 63 per cent. increased in height, and no
doubt in capacity of chest ; but the time was too short to obtain satisfac-
tory results as to this. Obviously, therefore, if cadets are long subjected
to influences which retard their growth, even if disease does not ensue,
their future strength, both of body and brain, is apt to be impaired ; while
ship’s boys and young seamen are not likely to become physical athletes,
nor adults to retain their vigour as fighting men. These conclusions neces-
sarily apply to all similarly situated.
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If we can isolate the effects of tropical weather so as to contrast them
with those of other health-impairing agencies, it will be both interesting
and practically useful. Table XVI. shows when we find the greatest gain
or greatest loss of weight. Life under the healthiest conditions, in which
the highest gain (904 per cent.) and lowest loss (93 per cent.) occurs, is
first given as a standard for comparison and index of what should be aimed
at in all latitudes and circumstances.

TasLe XVI.—To compare the effect of climate and other agencies on
the weight.

Gain or L
unchanged 088
Reference. Pernicious influences.
Per | Ave- | Per | Ave-
cent. | rage. | cent. | rage.
1b. 1b.
Table VI. | NODNC weverrrrrvirinnrrriieriinneciierenae 90-36 | 6:3 964 | 262
»  X. | One (salb meat) ...oooeovvevieiiiiiiinn 81:05 | b 1969 | 2:58
» L One (tropical climate) .....c.c....... 3530 | 3 6471 | b

IX. | Two (tropical climate, dry season, 3478 | 89 6522 | 639
and salt meat).

, V. |Two (tropical climate, wet season, | 2366 | 28 |76-34 | 715
and salt meat).

,, IIL | Threo (tropical climate, salt meat, | 873 | 3:66 |91-26 | 696
and hard work).

‘We here notice a progressive decrease in the number who gain or do not
lose in weight, and necessarily a corresponding increase’in the percentage
of those who lose, according to the variety and intensity of the adverse
agencies. Thus fewest emaciate when the influences are altogether genial,
viz. 9°64 per cent. An injurious diet raises this to 19:69 per cent. Under
tropical climate it rises to 64'71.  Under the latter and salt meat combined,
it again rises to 65°22 per cent., and in the rainy season to 7634 per cent.
‘When, besides this, hard work is undergone, it mounts to 9126 per cent.
The average gain and loss columns show a similar though less regular in-
crease and decrease. Tropical climate is thus by far the most injurious
influence; and its effects are materially aggravated by other adverse agencies.
[And the Tables show that these facts apply to the junior as well as the
senior ages, though occasionally more apparent in the latter.—Feb. 27.]

We must know the nature of these universal and marked changes in the
weight, and the tissues involved, before we can decide whether they are
physiological or pathological, and, if the latter, satisfactorily direct our
hygienic or therapeutic efforts to prevent or remedy them. We cannot
ascertain by anatomical or histological investigation ; but we may fairly
suppose that every or nearly every tissue is more or less implicated—those
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which carry on the functions of animal life being most affected, especially
such as form the great bulk of the body. It would be difficult to say
whether the watery part of the blood and body generally is reduced by ex-
cessive perspiration. The osseous system and thoracic and abdominal viscera
are probably little changed. The fibrous and gelatinous are perhaps more
altered ; but it would be difficult to separate this from the change in the
fatty muscular and nervous tissues, the three doubtless most of all affected.
In warm latitudes less fat is required than in cold ones to keep out cold and
generate internal heat or muscular force. Hence nature uses it up in its
vital processes, and thus first gets rid of what does not itself play a vital
part in the human economy, or materially influence health by its removal,
and would only prove an encumbrance. The prevalent languor of body
and mind no doubt arise partly from diminished energy in the nervous and
muscular tissues; but are they not also, and perhaps principally, due to a
decrease in their bulk, similar to that in other tissues? Strength is the
manifestation of muscle acted on by nervous influence ; and, from several
experiments made on the officers and crew of “H.M.S. ¢ Bristol,” strength
decreases and increases with the foregoing changes in weight—a fact which
goes far to prove that though loss of strength may be partly of nervous
origin, the muscular tissue is.also largely involved in its production, and
is ‘probably both physiologically weakened and physically alteved in
texture*.

The cause of this reduction in weight in the tropics is threefold :—first,
a diminished necessity for surplus fat, which becomes absorbed ; second,
that peculiar and not easily explained physiological effect of heat, which
causes the tissues to decay faster than in cold latitudes ; third, diminished
lung-work and blood-oxygenation, and thereby animperfect renewal of
tissue. On the other hand, the languor and weakness are due, first, to loss
and relaxation of the muscular substance; second, to a similar loss of
nervous tone and matter; third, to suboxidation of the blood+, which
impairs the activity not only of the muscles, but of the nerve-centres which
originate, and nerve-cords which transmit motor and sensory impressions ;
[and, fourthly, in their early stage, to a reduced supply of their vital stimu-
lant the blood, diverted from the internally situated nerve centres, nerves,
and muscles, to the cutaneous surface.—Feb. 27.] The early and primary
results of tropical warmth on the tissues are probably chiefly physical and
quantitative ; but when prolonged, especially if conjoined with an erroneous
diet, their composition is affected, and they are also chemical and qualitative.

‘What are the true bearings and diagnostic value of this closely-allied loss
of weight and strength 7  Are they solely physiological? or when do they
become pathological? Do they always, or at what stage do they indicate

* These data were scarcely ample enough for tabulation. The ship’s motion, imper-
fect testing apparatus, and difficulty of finding one equally suited for all men, in whom
the best-developed sets of muscles often differ, make this a troublesome inquiry.

t Proceedings of the Royal Society for 1870, No. 122, p. 520.

VOL. XIX. 2B
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a loss of vitality or health? If decreased weight originates merely in an
absorption of fatty tissue, and no strength is lost, the result is at least not
unhealthy. But when other tissues are involved (and it would be difficult
to decide when they are, as this doubtless varies even in the same individual),
it is then, if not disease, closely allied to it—and certainly an indication of
an impaired and debilitated physique, prone to succumb to other morbific
agencies, and ultimately to induce premature decay and old age. Physio-
logical in their earlier stage, they soon become of doubtful nature, and
finally decidedly pathological. And that there is a special and not merely
a general relation between these phenomena and the health appears, first,
from the results being so marked, uniform, and generally prevalent ; second,
from concurrent indications of debility, shown by a progressive increase in
the amount and severity of sickness; and, third, by a marked decrease in
the loss of weight and strength in the tropics, when some of the agencies
which indirectly augment its influence are removed, as will be proved by
the following Table, which shows the effect of an improved diet.

During a similar voyage from England to the South Atlantic, in two of
Her Majesty’s ships, both crews were subjected to a corresponding amount
of tropical weather ; but the number of salt-meat days in H.M.S, ¢ Bristol’
was twelve fewer than in H.M.S. ¢Salamander’ *, the result being that in
the former the number of those who lost flesh and strength was reduced by
22 per cent.

TaBLEXVII.—To contrast the results of two similar voyages on the weight.

\ |
Total N\'llr:(lloer Num(li)cr Range| Ave- 1\1;2’1(1{)61‘ Range, Ave-
number » 'an of rage B of | rage
ciohed.| P! centage | percentage : o percentage loss loss
weighed. | nchanged. lwho gained.| 52 841 | “who lost. i )
|
HM?i :f f}il?ﬁg ics per cent.| per cent.| 1b. Ib. per cent.| 1b. 1b.
65 days {38 on salt mgat } 379 |42=11-08 |172=4588| 1-12 | 273 |166=4353| 1-13 | 245
H.M.S. ¢ Salamander.!
72

50 on salt meat

55 days{34 in the tropics } 116 | 7= 603 | 33=2845| 1-13 | 418 | 76=0552| 1-23 l

[This was equally apparent among the cadets (Table XVIIL.). Thus, of
58, the number who lost weight became reduced from 653 to 40 per cent.
by a removal from the tropics, combined with a limited use of salt meat.
The improvement in their growth, as shown by their height and measure-
ment of chest, was equally obvious.

* From a lately introduced issue of preserved meat every third day in the naval
dietary.
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Tansre XVIIL.—To contrast the results of two voyages on the weight of
Cadets.

| Number and per-
Number centage who gain-
ed or did not lose.

Number and per-

weighed. centage who lost.

per cent. per cent.
A voyage to Bahia of 88 days :—

in tropics, 66 days... 00 — 2. L
on salt meat, 51 ,, ... 58 20=3447 88=65-51

A voyage to the Mediterranear:
of 100 days :—

in tropics, O days ... ad RO a__ 40
on salgmeut, 5 ,5,, } 57 84=59-64 23=40-35

The general loss of flesh (in other words, absorption of internal tissue)
which results from the salt-meat dietary of long voyages, and which is here
seen to be so greatly intensified in and by tropical climate, is really the
essence and primary stage of scurvy, and corresponds in principle and
nature with the visible, external, and superficial breaking down and loss of
substance in the phlegmous abscesses, ulcers, &ec., still too prevalent in the
service, and in its more serious and advanced forms of the dysentery, and
putrid ulcer, once so common and fatal; while the intensity, obstinacy,
and sometimes the origin of many other local and general diseases frequent
among seamen, e. g. rheumatism, syphilis, struma, various fevers, con-
tinued, contagious and periodic, &c., have doubtless an equally close
alliance.—Feb. 27.]

These experiments were carried out in super-oceanic climates. It would
be interesting to know how the weight and strength are affected in conti-
nental oues, where the range of temperature and humidity &c. are greater,
as, for example, when troops are moved from the cool hilly regions of India
to its sultry lowlands.

These facts suggest important hygienic and therapeutic indications ; for
example :—

First. That the tropics, especially during the rainy season, should be
avoided by natives of colder latitudes.

Second. That the young, the debilitated, and the diseased should espe-
cially shun warm regions.

Third. That none but full-grown healthy adults should go there.

Fourth. That with all, even the latter, a speedy exit should be made
therefrom, when great loss of flesh and strength give warning of approach-
ing disease.

Fifth. That such injurious agencies as may increase the weakening or
disease-inducing influences of tropical climates, of themselves irremediable,
should be avoided, e. g. faulty diet, over fatigue, impure air, &ec.

Sixth. That, to preserve health, a tropical climate should be frequently
changed for the more temperate ones of higher altitudes or latitudes.
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VI. Conclusion.

The ultimate object of these varied functional and organic changes
induced in the human frame by change of climate, is to accommodate it to
altered meteorological and other conditions, and assimilate it to those of
native races. It is the ease or difficulty with which different varieties of
mankind, ages, sexes, and idiosyncrasies become accustomed to this that
indicates their capability for what we term acclimatization. [Would not a
more intimate acquaintance than we yet possess with the differences
in the minute anatomy and functions of the various tissues and organs
of these different races and families, and also their correlation and capability
or not of assimilation under change of climate, go far to decide the long-
vexed questions as to the unity or plurality of species and of creative centres ?
—7Feb. 27.] In these important changes, moreover, especially that in the
current of the blood from the interior to the surfaceof the body on proceeding
to the tropics, there is an evident analogy with certain great operations which
take place under similar circumstances in the inorganic world. The air and
ocean likewise heat as they proceed towards the equator, and finally overflow
to form those beneticent winds and sea-currents which play so important a
part in the economy of the globe, and influence its hygiene, therapeutics, and
etiology, not less than its commerce. And although in these it acts on what
may be termed the centre of their circulation, whereas in the human frame it
operates on its periphery, the agent in all three is the same, viz. the sun’s
heat, as is the primary effect, viz. a change in the direction of original
currents, as well as the final results, viz. purification and modification of
temperature, The general physical and general hygienic and curative
schemes of nature are thus evidently connected. Without these pheno-
mena the heat of tropical lands and seas, and cold of other regions, would be
intolerable, and that of the skin and body too high or too low for the main-
tenance of their vitality ; while both the air, ocean, and blood would rapidly
become impure and unfit to sustain life.

Deriving its first and chief impulse from the heart, the blood merely
undergoes redistribution—the current in cold and temperate climates being
directed towards internal, and in the tropics towards external organs, espe-
cially the skin. In either case it flows from cooler towards more highly
heated regions. Is not this vital process, therefore, in this respect also, at
least partly akin to the allied phenomena in the air and ocean, and physical
as well as physiological? The blood generally being probably somewhat
warmer in the tropics than elsewhere, does not the heating of the surface
and contents of the turgid cutaneous capillaries act as a vis & fronte in in-
dueing it to flow towards and accumnlate here, as the warm interior does
in cold regions ?



