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Summary

A group ot nuclear submariners was studied 10 examine whether an 18«K routtne 1mposed by 3
watchestanding schedule of 6-h on, 12-h off during a prolonged submerqged patrol affacted the 23.h
k. circadian rhythe in oral temperature, Thayer's activattion, Mood 'Activity™ and Pooa "Happiness.”

The subsariners were observed during three sections of the patrol Phase 1, the bdeginning B-day
peryod, Phase 2, the middie of the voyage, and Phase 3, the 1ost J.¢ day period of the 10-week
i voyage fhe group-synchronized 23-h rhythe 10 oral tempera*yre disappeared during FPhase 3 The
group-synchronized 24.h rhythms in Thayer's activat:an a=0 ¥n Mood “Activity™ and “Happiness™ dis-
appeared during Phases 2 and 3. A group-synchronized 18.h rhytrm was not produced in any of the
vartadbles in any Phase of this study, excep* 'Y during Phase 2 Periodicrty analysts of 1nrcivid-

ual’s data showed that a loss of 2%-n rhytheicity 1n oral temperature was due not only 20 reduced

3 “Happ ness,* and “Actavity"™ was predominantly due to a wider dispersion of "0Ps The 18.n routine

i
5 circadian amplitude but also to a dispersion of TGPs Loss of 24-h rhythm 1n “Activation,”
in

d1d appedr o exert 3 small modulating effect on rhyc™mic activaty n the variables examined

:‘ this study.

E Since the sleepewakeiulness cycie was well entrzines Ly the 18-h routine, the submarinersy ex-
perienced & spontanecus internal desynchronization betwten the activity cycle on the one hand and
the cycles of oral tempera®.rc ard psychological states o6 the other The performance and health
consequences of this chronic dyschronism have yet t0 bde explored ¥We suggest further research to
4 detersine the usefulness of an index of synchronizatiszn aaong the physiological and psychoiogica)

variables, and the relations!ip of the desynchronizing eoffects to performance
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This study attempts to determine whether an artificially created short day of 18-h length dis-
rupts the circadian rhythms of ora)l temperature and “Activatic,n,” “Activity,” and “Hapniness® 2as
determined by 3 brief adjective checklist, The arraficial 1s-h day results from the unigue 6-h on,

1Z-h off watch-keeping systes employed on ¥,5. Mavy nuclear submarires

Submariners 1n the U,S nuclear fleet are “shift-workers” who live under the strong artificial
zeitgeder of an 18-h watch schedule for up to ten weeks during continuously submerged voyages Pre.

0

viously Schaefer, Kerr, Buss and Hausz . and Haus (personal communicaticn) have snown that the cir-

c3dran rhythms of body temperature, pulse rate, and respiration rate of <ubmariners were disrupted
by Yiving under 6-h on, 12-h off w2tched <chedules {an 18+h day) Colguhoun. Paine, and rnrts‘e
reporisd on the circadian rhythm of hody temosratyre of Britich submariners whp stnod d-n watrhes
in s rapfdly rotating cycle during a 48-d continuously submerced patrol They observed that the
anpiitude of the circadian rhythe of body temperature declined, and only one of eight submiriners

examined 1n their study maintained & strong circadian rhythm

Our study was concerned with a small) population of unigue shift-workers Although the shift
.outine studied 15 unique tc the submarine service, these data should provide new information about
the effects ot ertrewely short “days™ on the circadian rhythms of oral temperature and psychologi-
cal states when men work under unbroken, rapidly rotating shift-work schedules for a prolonged tire

Our study intends to follow-up and reexamine the findings of Schaere~ et al 20

by odtaining 2
new s¢t of data from submariners who tived sn a comparable environnent where two conflicting zert-
gebers ware operating the 24-h soci1a' and neal timing schedule and the 18-h watch scredule
Special attenttion was paid to an observation by Schaefer, et al , which suggested a possible en-
trainment of physiological functions by the 18-F watch schedule Entrainoent to this schedule is

interesting 1r view of the usually narrow range of entrainment for pry.fological fuactions !

NATERIALS AND METHOOS

AL} subrariners were adapted to the locCal time of the submarinz base bdefore the start of
patroi, In the sudmarine, four wmeals wers provided preakfast, lunch, dinner and a lunch-lrke
aidnight neal Shipboard 11fe was paced by the watch-stending schedule, but random evenils, such

as "a11 hands™ dralls and "field days™ (housexeeping/clesning), affected the work/rest schedule,

Subjects. The subjects of this study were fifteen submariners, including four U £ Naval
Azadenmy midshipmen, average of 22.9 » 4.3 {standard devfation) yerars {range from 20-35}  1his
group of submariners wa: part of the crew taking part in the standard deterrence pitrol of 2 Fleet
Ballistic Missile (f8M) submarine for a ten-week continuous sudmergence. The average numbder of
the previous patrols experienced by this group was 2.1 ¢ 2.8 Additsonal details of the subjects

in this study are given in Table 1.
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Table 1
Study

Qenographic Information adout Subwariners in This

Years in Number of
Submarine Previous Sick
Service Patrols Calls

Subject Rating Age

E13
RMC
K
$K3
KID'N**

1

2

6* RM2 23

7 HID*N** 2 05

8* SKk3 21

Qn3
MID'N**

12 MID'N*e 0 0.5

1 13 SN 2

0.5

27
4.4 4.3 2.8 1.6
20-35 0.5-15 6-10 0.4

Average
$0
v Range

*Participated in all three data collection perfods (Phases)
**0.S. Naval Academy Midshipman

Gut of fifteen submariners, only seven (subject nos. V. 2, 3, 6, 7, 9 and 1) were odserved in

a1l three Phases {monitoring periods) of this study.

Phase 1, the first data collection period, started shortly after

Data Collection Protocol.
4- 1

departure of the subrarine for patrol, It continued for eight days, corresponding to Days

to catch any early changes in physiological aad psychological states due to
Phase 2, the second data collection perfod, started on the 34th day
Phase 3

of the patrol, living

under the 18-h watch schedule,

of the patrol, and 1t lasted for 7 or 8 days, covering days 34 - 41 [or 42) of the patrol,
the third data collection veriod, was a perfod near the end of the patrol, days 60 - 67 Nine days
of post-patroi data were chtained from a separate group of submariners a month after the end of the

patrol.
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For each dav of al) Phases, oral temperature (Celsius), and mood-uujective chocklist estimates
of "Activation,” “Activity.” and “Happiness® (to be drscribed later) were obtained every three
hours when the men were awake. Data collections were scheduled at 0160, 0300, 0700, 1008, 1300.
1500, 1900 and 2200. Urine samples were taken for assays of urinary catecholamines, but we aid
not analyze these data.

Personal Activity 1og. Yo examine work-rest patterns, activation, and roods. subjects filled
out the -Personal Activity Log* developed at the Naval Submarine Medica) Resesrch Center by Beare

et al.‘ {Figure ).

PART I3 Activity Mecord ACTIVITE L0G
Date/Tine when filledowt: ___ [/
0900 0300 0600 0900 1200 1500 1800 2100 2400
Match
m. Duty
Study
Mcreatjon
Sloep
l-nl
Headaches
Wedication
PAXT T1: Upon arising Ugen_arising " Before retiring PANT 11%: Before retiring
Mow Wuch trouble 414 you fave WY v ? ho  CONteAted VW v 7 [0 What best descrides your precent
going to sleep last night? w v ? no wergetic w v ? no feelings?
e POV
| suign v v ? no  steady v v 2o __ Fesling active and vital; alert,
. »oderate w v 7 no  happy w v ? no wide avake,
|___ considerable
W v 7 no cam wor 2?2 no __ Punctioning at a high lewel; not
Mow rested do you fegl? v v ? no  vigorous vw v ? no st pesaX, bt able to concentrate.
wall
I~ moderately wo¥ T o lvwly w v ? oo . Mlaxed, avake, responsive,
[ sligmly W v ? no pepy w v oo it not at full slertness.
— POt st al1 v v ? no plessed v v ? no __ Alittle foggy: let down; not
Do you feel that you could VW v 7 no  activated Vv v ? no ot peak.
have used more sleep? ww v ? ne  satistied vw v ? no o TOg9y1 sloved down; beqinning to
|— Yes  _ "> w v ? ono w v ? ne lose intevest in remaining avake,
Wuaber of times that you woke vv v 2 no  ective w v ? no . Sleepy: woozy. Prefer to be
. s
up during the night. v v ? ono 0w v v 7o lying down; fighting slecp
Date/Tine L w v ?oro alert w v ? mo . Almost in reverie; sleep onset
” soon) losing strugjle to remain
nores: avare.
Date/Tives L

JL
R —
(Cxtra Parts 1I and il on the opposite page for those who elent oTe than once during this 24-hour pericd)

figure 1 N

Each page of the log book contains three parts, Part [ is & 24-h activity record, consfsting
of eight rows on the top of the page. Submariners indicated what they had been doing by drawing a
1ine in one of the appropriate rows: standing watch, performing additional duty, studying, etc
Part 11 i3 2 set of five questions about sleen quelity and feeling upon awakening  Part 111 vsed
the Stanford Sleepiness Scne.‘o A description of the Quantity and reqularity of sleep is reported
elseuhere.‘ The mniddle of the log §s a list of fifteen adjectives taken from the work of Ryman,

19 26

Biersner and ta Rocco ~, and Thayer to measure moods. Mood "Happiness™ (MH] was measureo by the

subject's description of his present feelings by choosing one ot the four response categorfes for

esch of seven adjectives: conterted, calm, steady, happy, satisfied, good, and pleased Mood

et
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*Activity (MA) was similarly measured by six sdjectives lively, attive, energetic, cheerful,

vigorous, and alert, Mayer'sz6 Activation scale (TA) was used to measure subjective feelings-

Sareity

of-being-active by six adjectives lively, active, energetic, vigorous, activated, and happy

and thus are highly correlsted

The MA and TA scales share four adieclives,
Subjects were wnstructed to complete the activity recora, Stanford Sleepiness Scale ($SS), and

the nood scale before retiring to a sleep period Upon awakening, they completed the sleep quai-

1ty guestions and the mood scale. Two additional sleep quality questions sets, and four additional

sets of the nood scale are printed on the back of each Personal Activity Log page for use 1n the
{usual) event that more then one slieeo period was taken 1n 24.h
Analyses. 1In analyzing the sleep-wakefulness cycle, an 1nter-sleep interval or an 1nter-wake

tnterval can be used

1s the time elapsed between cne sleep onset to the

The inter-sleep interval

15 simitarly defined Yariability 1n the

The inter-wake interval

onset of the next sleep period.
inter-sieep 1ntervals can be used to express stability, or the relative strength, or periadicity

the smaller the variadrlaty, the stronger will be tne raythmicity

in sleep-sakefylness data

Analysis based on the inter-slesp interval cannot specifically reveai the strength of ~any
€acn 30-ninute

Thus, a difterent analysis was used in this paper,

rhythm components 1n data.

epoch of the 24-h day was categorized, on the basis of entries in the Parsonel Activity Llog, as
Then, an

Awake epochs were coded by one's, and steep epochs by zero's

efeher awake or asleep,

of the date

autocorrelation function ~as determired for this string of 1 5 and rero's, using 33

The avtocorrelation function used was a cosine wave which enhanced

langtn as the maximal lag.
the periodicity in the original sleep-wakefuliness data.

In order to numericzlly extract periods and strengths of the rhythm, 3 non-orthogonal “cosine
forty-

To complete a “cosine transforn,”

transform™ was applied to the autocorrelatron function

five cosine waves, whose perfods were pre-selected to sary from 360 min (6-h) to 1680 ~min {28-n)
Then a Pearson product-moment Cor-

in incremental steps of 30 min, were generated by 3 computer

relatior (r) was calculated between the autycorrelation function anc each of these cosine waves

" fach of the correlation coefficients was squared (rz) t0 express the percentage of variance 1n

the a2utocorrelation functyon atcounted for by the cosine wave of a given period Yhis r2 value

indicates the strengtn of the rhythm in the sleep-wakefulness data at the period of the cosine

wave used The maximal r? possible §s 1,00, while an r2 approaching zero indicates iittle or no

rhythn

Cosine waves of pre-~sclected periods were directly fitted to the individual's data for cach of
three Phases to determine the perfod and strength of rhythes in oral temperature and sudlective

feelings of each man, The data were scanned to determine whether they exhibited rhythric activity

at twenty pre-selected periods. 8-h/c, 12-h/¢, 16+ %o 28-h/c in one-hour intervals, and 3Z- and

48-h/¢ in four-hour intervals. The fit of each cosine wave yietds amnlitude, ecrophase angie or

Time-of-Peak (TOP)}, and rz, Agafn, the value r2 expresses the percent of the variance *n the daty

which can be accounted for by the cosine wave fitted The nathemptical basis of fitting cosine
waves to the data has been discussed by Halberg, Tong, and Johnsona. and Nelson, Tong. tee, and

Halberg”

5.
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Colquhoun et al.s observed that the method of fitting a sirgle cosine wave became progressively
less appropriate for British submariners who lived 1n the community 0 the submaryne, cut off fren
natural 24-h redtgebers, They reported that the use of two coOSIne waves, one «1th 3 24.h period
ang another with a 12-h perjod, fmproved the represantation of circadian wave-~form in both tem-
perature, especially the estimation of TOP, A similar bisinusordal (twn-wave} analysis was pro-

posed by Nartoh, Lubin and Eo‘quhounw'

In the present study. twd coOSine warves, each having a ¢y f-
ferent period, were fitted to the data, Unlike the “combined curve” of Colguhour et a\.s. however,
we fitted al) possible conbinations of the twenty preselected perods. Altoge*her 180 bisinus-
01531 waves were fitted to daty obtained at each Phase for each submariner The pest fitting com-
bined curve was defined as that which achieved the largest 2 value The progras for fitting the
cosine waves was written in fortran IV, and executed by an IBM 370 computer

So far, we have described the analysis of rhythns in andaviduals dets  To find the group-

9
8.9.17 was used This method summarizes and de-

synchronized rhytha, the group-tean.cosinor nethod
termines an inferential statist.cal value from the amplitudes and acrophase angles of grouped data
In a cosinor plot, when a 90” or 95” confidence ellipse, defined by a group of the parred salues
of aaplitude and acrophase angle, does not overlay the pole, it indicates that a significent rhy

thaic component at either the 1u% or 5 level of significance or better was found for .he groun

Tne group~mean-cosinor analysir, (GMCA)} evaluztes pairs of amplitude and acrophase angles simul-
taneously (as vectors) to deternine the statistycal sigmifirance of the rhythmic co-pnneats It
does not independantly evaluate whether the amplitudes were changed for 2 significant majurity of
submariners, or whetner the acrophase angles were the only aspec?! of the rhyths alitersad To evalu-
ate the change 1n the circacian amplitude of the group. & t-test for correlated meany was used

2.3

The Rayleigh teast for directional data as described by Batschelet was enployed to evaluate the

change in a group of acrophase angles,

RESULTS

Sleep-wakefulness Cycle During the Patrcl. Figure 2 shows each day (activity ¢ycle} appearing

below the last, The bars represent periods of wakeful ess (black) axd steep fwhite} The
"objective™ day is usually defined as one waxe periol followed by one ,leep period A temporally

correct redrawing {see, for exarple, Hcvcrn

s P. 61) was not made for this Figure so that one
"wake-sleep” Cycle may have more than one sleep episode. The X-axis of the diagram consists of
four cycles of 28-h to show the shifting of the odjective day due to tne 18-h routine. Tre cata

in Figure 2 was taken from submariner No. 14 during Phsse 1 ¢¢ the patrel  His s¥eep patterns dur-
ing Phase 1 are given in the insert. He <iept an averdge of 8 03 “ours per 24.h perioo Average
duration of each sleep episode was 3 72 hours, ard, on the dverage, hbe slept 1 71 times per 23-h
period Figure 2 shows a pronounced 18-h sleep-wakefulness rhythm, in Spite of the frequent naps

ping.

Tentess specified otherwise, significarce in the oresent papsr refers to at Veast SY level,
two tails,
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Figure 2

During Fhase |, eleven of the 15 subjects’ logs provided sufficiently detailed dats for analy-
sis of the sleep-wakefulness cycle. The average sleep-wakefulness cycle during Phase 1 had a 1113
min {roughly 18,5+h) pertod with an o2 of 0.677 & 0,162 Six of these 17 subjects also exhibited
2 secondary rhythnic companent. 1Its average period was 1516 min (roughly 25 3-h) with an '2 of
- 280 4 0 ongd

During Phase 2, eight of the 15 men provided sufficiently detatled log data for analysis of
the sleep-wakefulness cycle. The average period was 1121 ein {roughly 18.7-h) with an r2 of 0 666
+ 0 285 Four of these eight submariners also showed 3 secondary peax 3t an dverage period of
1500 fn (25-h) with an average r’ of 0.271 & -.140,

In Phase 3. seven of the i5 men provided sleep-wakefuiness data. The average .lzco-e3tefulness
sycle had a period of 1144 ain {roughly 19.1-h) with an rz 0f 0,733 + 0.109., Orly two of these
men had a secondary peak one at 1605 min/cycle (26.75-h} and anotner at an extremely short cycle
of 630 min (10.5-1).

During the post-patrol phase, 3 return to normal hadbitual patterns of sleep-wakefulness was
observed. Only six of the orfginal 15 subjects returned Personal Activity Logs which allowed cal-
culation of the sieep-wakefulness cycle, Five of these sfx showed the expected pattern an aver-
age period of 1446 min (roughly 24.1-h) with an average r2 of 0 926 ¢+ 0.075 That is, 93% of the
varfance in their sleep-wabefulness cycle could be accounted for by the 24.1 rhythm  One man
{a Midshipman} did, however, show an tnusual sleep-wakefulness cycie a wixture of 726 min (12-n,
r2 4 0.501) and of 1500 atn (25-h, r? « 0.408) periods.

Ora}_Yemperzture: Figure 3 shows chronograms of oral temperature from subdbject No. 1 on the
Yeft-hand side, and plesogranus of the same information on the right-hand side  The chronogrims
display cral temperature readings over time of day fer up to 8 consecutive days during Phases 1V,

2, and 3. The plexograss display the same data coliapsed into a single 24-h period, lfgnaring

i
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the day of data collection,

(Enright7; Orth, Besser, King, and Nicholson

PHRSE 1
S

The plexograms were developed on the basis of Buys-Ballot tables
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The plexograms appear to show the typical early morning circadian "dip" in oral temperature during

Phase 1 only.

Tables 2A and 2B present the basfc observation of this study.

the amplitudes and TOP's (the time of day corresponding to the calculated acrophase angle) of the

24-h rhythmic component in oral temperature of fifteen submariners.

The top half of Table 2A shows

A treatment by subjects analysis of variance showed that the 24-h amplitudes of oral tempera-

ture in Phases 1 (0.29°C) and 2 (0.25°C) did not differ significantly (F < 1).

perature increased slightly, from 36.89°C in Phase 1 to 37.03° in Phase 2 (F(1,11) = 10,92, p «

.01).

0.22°, and 0.19° in the respective perfods,

{(F(2,12) = 3,05, p < .10).

For the seven men participating in all three Phases, the 24-h amplitudes averaged 0.30°,
This apparent decrease fs marginally significant

For these men, the mean oral temperature increased steadfly during

the patrol, going from 36,97° to 37.06° to 37.19°C (F(2,12) = 10.72, p < .01),

The mean oral tem-

R . 3 O



TABLE 2A  24-h rhythm characteristics of submariners during a ten-week long patrol under 18-h watch schedule.

PHASE 1 (4d-11d) PHASE 2 (344~424} PHASE 3 (60d-67d)
sun AMP TOP MEAN sO As® TOP MEAN $D AN TOP MEAN S0
ORAL TEMPERATURE
1* 030 2023 kAL 066 033 1302 37.42 0.54 0.18 01:26 37.58 0.29
2* 033 2145 3%.88 0.39 0.02 14:42 3699 042 0.09 03:11 37.09 023
3* 023 2025 3735 053 0.26 17:.07 3743 0.38 019 04:24 37.49 0.35
4 0.03 0936 3693 0.58 0.16 1444 37.08 045 - - - -
5 052 19:25 6.7 0.63 08.23 2150 3%.73 0.62 - - - -
6° 018 18:48 36.95 051 0.8 18 43 %89 0.52 0.3 123 37.10 0.30
7 0.27 0155 36.40 056 0.36 20:57 36.90 048 - - - -
8* 041 2226 %97 050 0.36 1385 3%.96 040 0.18 05:35 3691 0.34
9 032 19.45 36.60 060 0.30 204 36.70 046 0.37 22:42 36.97 0.33
10 033 2128 368 0.69 0.07 1R 1 3704 0.36 0.19 19:52 kIAY 0.26
11 0.30 1954 36.76 0.54 061 a0 3690 06t - -— -- -
12 0.3t 227 3715 046 0.6 07 04 3733 055 - - - -
13 - - - - . . _— - 025 17:52 36.94 0.42
14 - - -— - - - - - 034 12:06 36.95 0.40
15 - — - —_— - -— - — 0.17 14:00 36.89 0.33
Mean  0.29 36.89 0.25 3703 0.2 KIAL
SO 0.12 0.26 0.16 0.25 0.09 0.24
THAYER'S ACTIVATION (TA)
1t 017 17.26 142 037 0.07 09 46 151 037 0.7 20:42 143 0.27
2 03 22.09 230 1.4 0.14 11:35 YR 060 0.09 06:38 2.25 0.44
3 008 10:00 203 0.38 0.10 0542 202 0.39 0.18 08:18 204 £.25
4 0.17 00.42 1.96 0.46 0.13 15:35 1.74 029 - -— - --
5 0.22 01.04 231 047 0.16 05.42 215 0.30 - - - -
6* 010 20.08 212 068 0.38 18:35 3N 0.74 0.36 12:02 322 0.60
7 0.28 19.37 1.76 0.35 0.3 18:58 1.82 0.44 - - - -—
g* 04 2204 20! 0.64 0.19 04:40 1.97 0.46 0.27 08:07 2.23 057
g 03 19:09 208 0.57 0.29 1824 220 053 052 23:46 224 0.58
10° 010 18:16 296 045 0.18 21:53 257 047 0.26 21:59 278 0.54
1 0.08 18.42 204 0.27 007 02.37 193 0.21 —- - -- -
12 0.06 12:38 258 o - 0.42 01.53 243 059 - - - -~
13 - - o -— —_— - - - 0.22 13:18 27 0.46
14 _— . - - - - —— - 0.34 18:42 252 0.6!
15 _— . — — —— - —— 024 12:10 19! 0.87
Mean 0.18 213 0.2 2.13 0.27 2.4
SD 0.10 0.39 0.12 0.42 0.12 0.51
TABLE 28 24-h rhythm characteristics of submariners during a ten-week long patrol under 18-h watch schedule.
PHASE 1 {4d-11d} PHASE 2 (344-424d) PHASE 3 (60d-67d)
SUs AMP TOP MEAN 30 AMP TOR MEAN sSD AMP TOP MEAN 5D
MOOD “ACTIVITY"
1* 020 19.06 1.77 0.48 0.11 09:14 1.85 049 0.28 20:58 1.75 0.39
2* 030 21:43 264 092 0.07 15:17 238 0.58 0.16 05:23 252 0.39
3* 010 12.22 264 047 0.17 08:53 243 0.33 0.26 08:20 256 0.37
4 0.8 00.28 186 045 0.10 15:53 1.77 0.28 - - —_ -
5 0.22 0042 245 041 0.14 05:42 222 0.26 - - - -
6* 0N 2100 2.16 065 0.32 18:26 319 0.66 0.34 12:15 3.15 0.57
7 0.18 20:16 2.13 0.28 0.22 18:29 2.02 0.34 - - - -—
8* 034 22:14 2.16 0.65 017 074 205 0.48 0.39 08:23 235 060
¢ 0.8 20:18 220 0.53 [1X])] 18:37 2.33 0.50 0.51 00:14 2.33 0.55
10 on 17:16 3.02 0.38 0.3 14:53 290 1.12 0.29 21:54 27 0.63
11 0.10 21:28 233 0.27 0.03 02:38 2.21 1.18 - ~— — -
12 0.05 10:45 266 067 0.52 02:34 256 0.60 - ~—— - -
k] - - - - - -— - - 0.17 13:08 293 0.43
14 - - - bt - - - —_ 0.19 19:28 213 0.5?
15 - - - - - - - -— 0.2t 1317 205 0.78
Mean 017 2.4 0.21 233 0.28 2.51
SD 008 G.36 0.14 0.4t 0.1 042
MOOD “HAPPINESS"
1 0.4 18:14 1.77 033 0.11 08:18 1.88 0,35 0.17 22:22 1.72 0.24
2 024 23:36 2.86 046 0.12 16:51 2.35 0.45 0.09 05:14 2.24 0.2t
3* 009 03:53 260 0.44 0.07 08:20 260 0.39 0.38 08:12 269 0.50
4 3.22 3:44 1.77 047 0.0 13:11 1.64 0.25 - - -— -
5 0.07 23:53 246 0.30 0.10 20:08 2.14 0.33 — - - -
6 022 19:16 26! 0.64 0.3t 20:14 340 0.64 0.33 13:17 323 0.53
? 0.10 20:.34 2.56 0.42 0.09 07:29 246 045 - - - -
8* 028 23:.00 204 054 0.04 07:34 2.18 0.40 0.19 07:23 250 0.46
9* 0.8 23.23 2.29 0.58 0.13 21:20 250 0.55 936 00:54 222 063
10° 607 19:.00 297 0.29 0.13 02:19 267 037 0 27 FiR1 2 88 0.58
1} 0.08 21.07 250 0.26 0.04 06:49 2.38 0.23 - -
12 0.08 09:56 2.56 063 041 02:53 245 0.58 - - - -
13 - - - - - - - - 0.02 10:25 296 0.28
14 - - - - - - -— - 0.26 20:44 312 0.47
15 - -~ -= —- —— - - - 0.02 12:23 242 on
Mean  0.15 242 0.13 2.38 0.2t 258
SO 0.08 0.38 0.12 0.44 0.13 0.46
10
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7o summarize, the average oral temperature increased slightly (0.22°C) over the course of the
10-week patrol, and the increase in average temperature appears to have been accompanied by a mar-
girally )ignificapz decrease 1n tne amplitude of the daily variation. ‘ '

gne of the more <rrtical questions concerns how long a group-synchronized 24-h rhythm in oral
temperature ,urvived in this environment. The group-mean-cosinor analysis (GMCA) answers this gues-
tion. A group-synchronized rhythm means that a majority of the members of the group have similar
102"y and comparadle amplitudes, While submerged, the submarine environment lacks many of the
nityral 28-n zeitgepers. The 23-n social and (to a smaller extent) meal-timing cues are present,
Syt they are in competition with a very strong zeitgeber provided by the 18-h watch routine.

We were unable to obtain a baseline observation of cral temperature rhythm on & 24-h schedule,

but the results from other studies (such as Naitoh 5; Haus, personal communication; and Naitoh, et
a!.“’ provide a basis for comparison. A GMCA was performed on the amplitudes and acrophase angles

of the twelve men participating in Phases | and 2. The results of this analysis are given in Table

3. The analysis of Phase 3 was based on records from ten subjects.

TABLE 3 Results of yrou-mean-cosinor analysis.*

PHASE | (4o -3la) PHASE 2 J4d -024) PHASE 3 (64d -$24)

GROUP-SYNCHRONIZED 24-h RHYTHM

Crat temperazue °0) TOP  20%%(19'" - 22%%) TOP.  1B'4(12!4 -2144) TOP:  Undefined
AMP  (259(0.144 - 0.379) AMP  (.144(0.010 - 0.319} AMP:  Undefined
Trayer's AChvatan ToP  21'°(18°% - 23%%) TOP:  Undefined TOP.  Undefined
AMP  0.127¢(0.021 - 0.235) AMP.  Undelined AMP:  Undefined
Maoe "ACT Sy 0P 21331777 . 237 TOP:  Undelined TOP:  Undefined
AMP  0.130{0.031 - 0.235) AMP.  Undefined AMP:  Undefined
Mood M, eSS TOP.  22'%(182-23'7) TOP.  Undefined TOP:  Undefined
AMP 0.108(0.023-0.195) AMP:  Undetined AMP:  Undefined
GROUP-SYNCHRONIZED 18-h RHYTHM
i3t temperature TOP  Undehined TOP.  Undefined TOP:  Undefined
AMP  Undetined AMP Undefined AMP:  Undelined
Trayer's Actwaton TOP.  Undefined TOP.  Undefined TOP:  Undefined
AMP:  Undetined AMP.  Undetined AMP:  Undefined
Meod “Actinily TOP.  Undetined TOP. Undefined TOP.  Undefined
AMP  Undefined AMP.  Undefined AMP:  U-.defined
Moud “Happiiee” TOP.  Undefined TOP. 23*°(19%¢-04%%) TOP:  Jndefined
AMP Undetineg AMP:  0.076(0.013 - 0.146) AMP:  Undefined

A roup of twelve submariners pravided the data for Phases 1 sad 2. Ten submarinen provided the data for Phase 3.
TOP = Time-of-Pesh, AMP » Asngnisrdgod rythm.
*95% Conhidencs intervel

A group-synchronized rhythm of oral temperature was found to persist amdnq the submariners during

Phases 1 and 2, It was lost, however, during Phase 3,

The average 24-h oral temperature amplitude for the twelve men during Phase 1 was 0.26°C
(.37 F). Naitoh‘s observed that a group of 23 young Navy recruits showed a 24-h ora) temperature
anplitude of 0.50°F cduring a baseline pertod, which fs directly comparable to the submariners® data.
Haus, however, found the 24-n orai temperature amplitude was 0.79°F in a qroup of seven submariners
studied during the putfitting period by Schaefer et al. This is considerably larger than the am.
piitude exhibited by our subjects during Phase 1, It s, thus, uncertain whethey the 24.h oral

temperature amplitude had changed during Phase 1.

n



During Phase 1, the average TOP determined for the 24-h oral temperature rhythm for twelve

men in this study was 2058, with a 957 confidence fnterval of 193‘ to 2253 {see Table 3). The

average TOP found by Naitoh]5 was 1722. Haus found that the average TOP of his sample of seven

submariners during the baseline pericd was 1804. A group of 73 young Royal Navy ratings was re-
1
ported to have the average TOP at 17" {see Naitoh, et al.‘s). Thus, the average TOP of the sub-

mariners seems to have been delayed from 3 to 4 hours,
During Phase 2, a considerable weakening of the group-synchronized oral temperature rhythm was

found. The average TOP was at ls‘5. well within the 95% confidence time boundaries for the above-

mentioned reference groups. But the 24-h oral temperature amplitude was reduced to almost one-

half of the amplitude seen in Phase 1, and the width of the 95% confidence interval was 9.5-h,

three times that of Phase 1.
The GMCA of the seven men who participated in all three Phases of this study is depicted in

Figure 4. Figure 4 shows three plexograms (the left-hand side) and a cosinor plot (the right-

hand side, top) for this group of seven men. As shown by the cosinor plot, Phase 1 data exhibited

a2 group-synchronized 24-h rhythm in oral temperature. The confidence ellipse for the FPhase 1 data

is fdentified by 1 in this figure, The average TOP was at 2057 with a 95% confidence interval of

18‘3 to 2218. The plexogram for Phase 2 shows a dip around 0400, suggesting 2a normal circadian

rhythm, But the GMCA failed to show a significant group-synchronized rhythm (ellipse 2). During

Phase 3, no group-synchronized 24-h rhythm for oral temperature was found,
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The cosinor analysis is & global statistical evalustion of the vectors defined by acplitudes and

associated acrovhase angles. Herce, it does rot test whether the circadian amplitudes changed
independent of the changes of acrophase angles, or vice versa, The t-test was used to test whether
tne Z3-h oral temperature amplitude changed <ignificantly from one pnase to another. To test
whether the TOPs changed from ome phase to another, Payleigh's z statistic (Batsu.aletz'}) was

used A significant Rayleigh 2 suggests a clustering of TOPs for the group of >ubjects. The

Raylesgh's z was 6.38 for Phase 1, significant at 5 or better. For Phase 2, 2 was ¢ '5 (not sig-
nificant), and z was non-significant at 0.67 for Phase 3,

Thus, for these seven nen, loss of tne group-synchronized 24-h oral temperature rhyths during
Phase 3 was due to both an overall reduction in amplitude and a dispersion ot TOPs. For Phase 2,
where the groud-synchronized 24-h rhythm disappeared for these men, its loss was more due to dis-
persion of T0Ps; that is, the peak oral tesmperature value of one man occurred at & time far Jff-
ferent from that of another,

As noted earlier, thera was nc 4doubt that the sleep-wakefulness cycle had been entrained by
the 18-h watch-standing schedule. However, the group-mean-cosinor analysis revealed no 18-h rhy-
thm in or.i temperatur? during any of the three phases of this study (see Table 3 and iigure &,
the right-hand side, bottom).

The group-mean-cosinor analysis evaluates whether the group has a comnon, synchronized rhy-
thr, where everyone in the group peaks at & similar local tame. It will not indicate whether
individuals in the group deveiopes significanmt ~hythos that 3re not in synchrony with esch other,
Therefore, the previous guestion was rephrased Di¢ the 18-k routine produce an 18-k oral teo-
perature rhyths in 1ndividuals? To answer this giestior, two approazches were taken. Ffirst, the
peri1od of the strongest single rhythmic component in each man's oral temperature was determined
1f the 18-h activity cycle is a dom.nant zeitgeder for oral tezperature, we would expect an 18-h
rhythmic component to be the strongest, Second, if the 18-h “day" exercised some influence over
oral temperature, not as the determining factor but perhaps 2s a significant modulating factor,
then an 18-h rhyth~ should be selected as one cf the two components in the bdisinusoidal analysis‘s.

The results of the search for the strongest single rhythaic component for each of the seven

submariners are giver in Table 4.
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TABLEQ  Period lenyth which produced the best fit {One-wave analys:s of
seven submuriners)

sumicr R 1 s "
ORAL TEMPERATURE
182025 2805 023 840 025
24n/c 032 (BRhc 023 43/ 023
e 012 Ak 022 Bne 031
Fuic01d 181 Q09 2N 032
240N Rnic 043 Bt 027
250017 250/t 022 24rc 043
2006 15n/c 014 2t/ 025
ey, Hhc ot 2w 8N 02y
S0 6% 008 38 on 34 007
e 24n/t) BI4(NS) -139i6S) 139 S)
Sle18hich 2780003 246INS, 3270 -C0D
Commert Cae™) 2
Omatrwy

THAYER'S * ACTIVATION’
1 28n/c 022

X018 280/c 016
23he 027 {83 Mc 0 20) 320/ 027
B4/e 019 127012 20 0%
201%c 025 1640/c 020 25n/c 029
#en/c 018) 68/ 012 20026
Bric 018 258015 %m0
190026 120014 23n/c 013
Moan BN 623 164/ 015 250c028
50 66 004 62 004 39 013
e 23nic) G50(NS) -243INS) 0421NS)
e 18r/0 23BINS) -007iNS) 283 1p = 5003)
Commen'  CaeNo 8 CaseNa 2
Omutted Oruties

“H1et for Corrizted mesns. on reference 1 ether 240K o 1BR'E, 5% o Decter Twe anls.

2
The strongest cosponent 15 defined by the largest r“. During Phase 1, the per10d of the

2ore

strongest or best-fit rhythnic corponent in oral tempsrature averaged 25-h with an r
This period was significantly drfferent from 18-, bul not from 24-n Two men {#1 and @3} did.
however, 2xhibit the strongest rhy*hsic component at IB-njcycle and 17-n/cycle Buring Phase 2,
the period cf the strongest component at i8-h/cycle and 17-h/cycle During Phase 2, the periad of
the strongest component averaged 22-h, which was not significantly different from either the 25.n
or the 15-h cycle Again, two wen {*6 and #10) 2ad the strongest rhythn at 18-h/cycle and 16-n/
cycle. During Phase 3, the pertod length was significantly different from i8-h. but not frem
24-n In this Phase, none of the seven submariners showed the strongest rhyths near 18-h/fcycle

It appears that the 18-h watch-standing schedule did not significantly alter the basic period of

2 of 0.21 sugpests consideradble trregularity in

the cral temperature rhyths, although the small r
the wavefcre
Table S shows the results of the search for a “modulating” »ffect ¢¢ 18-h watch-standing

schedule on oral tesperature.
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TABLES Two )pmods which produced the best 111 {(Two wave analysis of

2even sutmanners)
sumscy nte s L
ORAL TEMPERATURE
1 184717035 28/24029 24132039
2 B6/25057 481120035 RN0B
3 (43444025 23/13040 251166438
6 %/25025 18/8)023 207190%
8 A4/1608 RIN062 %6/3205
8 2%/1803 2541203 2%/2109
10 272402 20/16032 B0
Mean () 037 046
0 01z 012 008
THAYER'S A"~ ‘ATION"
1 ~ 121040 wsy204! R/203
2 20903 4/18040 2/200%
3 /19049 #8)/4303) 23/13) 04
[ 21/(81042 23/1603 %/20038
8 4£)/28 038 RN600 20713039
S 8/27103 40724023 25718063
10 /18037 271200 40/179%
ean 033 %4 045
S0 cos 008 013
* 0 e want of Bourn/yce. A riysm of ABA/cycis wes the lowaet frequency fitted B¢ S
mmunmamn.mmnmwam
atioreé 1od avtomatic slechon. Smdarty os SAicyce was e huphest Ireqvency hited, ond vt

maght be raplaced By 8 hughec froqueny, givem & weder range of chaxce.

In Phase 1, four grouaps of sinusofdal waves were selected- group one had the period length
near to 18-h (choszn four times): group two had fts period length near to 24-h {chosen five times),
group three had fts period near to 36-h (chosen three times), and group four had its period near to
48-h (twice), The 36-h period represents the second hareonic of & 72-h or 3-d periad, which is the
basfic cycle §n the 18-h watchestancing schedute That s, regardless of the Yocal time that 3 =an
started his first six-hour watch, he will stand watch at the same local time 2fter he conpletes &
watcnes {6<h watch + 12 hours off x & ¢ 72 hours = 3 days).

1a Phase 2, two groups of sfnusoidal waves were most prominent, Group one had a period length
close to 18<h {chosen five times}, while group two had 2 per10d Tength of approxiastely 28-n
(chosen five tiees),

In Phase 3, four groups of sinusoidal waves were 49 '8 selected group one had 3 period Vength
of near 18- (chosen three times), group two had & perdiod length of near 24-h (chosen six times).
group three had a perfod length of clote to 36-h {chosen three times), and group four had 2 period
length of 12-h (twicel. Thirteen of the $2 waveforns given fin Teble 5 fall in the 23-25-hour range
Eighteen of the remdining 29 seem to be more or lesy randomly distridbuted over the range from 8-

4 averaged a modest 39. These data show disintegre~

hfc to 21-hfc. Over the three phases the r
tion of the narmal 24-h perfodicity in oral tesperature, but the superimpcsition of cycles with 2
near 18-k perfod is a0t conspicuous. Living on the submarine appears to disrupt the circadian
rhytha of oral tesperature, but these aata do nat provide convincing evidencze, in the fora of
prominent }8-h corporents, that the 18-h rovtine is, by ttself, the prizary cause of this dis-

ruption,
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Ihayar's Activation, Mood “Activity,® Mood “Happiness " Tables 2 A and 28 give the basic
observations of this study. The lower half of Table 2A shows the amplitudes and TOPs of the 24-h
comporent in the TA scores of fifteen submariners. Table 2B gives the sawme information for MA and
BH.

There was no significant difference between the Phase 1 and Phase 2 data of the twelve men
participating in both Phases in terms of a 24-h TA rhytha smplitude. Similarly, no significant
differences were found between Phase 1 and Phase 2 §n terns of MA and MH.

For the seven men in all three phases, there was no significant change in 24<h amplitude from

T e T

one Phase to another for TA, MA and MA, There were also no significant changes in the mean val-
uyes of TA, MA and MH, Thus, the 18-h watch routine did not appear to affect the 24-h circadian
3 ampliitude of TA, MA and KH from one pirt of the patrol to another.

g The group-mean-cosinor analysis was performed on the amplitudes and acrephase angles of the
3 twelve submariners in Phase 1 and Phase 2. The results of this anglysis are presented in Tadle
i 3. A group-synchronized 24-h rhythm was found for TA, HA, and MH only during Phase 1. The re-

sults of the GMCA of the seven men in all three phases are shown in Figure §
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The ellipses in the cosinor plot are drawn to show a 90% confidence area The GMCAs of MA
and MH showed that Phzse 1 data did not have a group-synchrontzed 24-h rhythm, This evaluation is
inconsistent with the results of a similar analysis applied to the larger group of twelve men, nost
1ikely due to the ioss of statistical power resclting from use of a smaller saapie for these
seven men no grosp-synchronized 24-h rhythe was found for TA, MA, or MH during Phases 2 or 3,

To test whether the acrophase angles changed from one Phase to »nother, independent of the
changes in amplitudes, Rayleigh's z was calculated for all three variables in each Phase The
largest 2 was 2.70 {p<.10} for TA in Phase 1, but it did not reflect a significant concentration
of TOPs within & narrow tims interval, Thus, 1oss of the group-syechronized 24-h rhythms in TA,
KA and HH during Phasec 2 and 3 appears to be due mainly to dispersion of the TOPs.

Tne GMCAs for an 18-h rhyths in TA, A, and MH revealed that there was only one grcup-
synchronized 18-h rhythm: MH during Phase 2 (see Tadle 3).

The results ¢f a search for the strongest rhythmic componeat in TA for eacn of the seven men
are given in the lower half of Table 4. ODuring Phase 1, the average period of the strongest or
best-fit rhythmic component in TA was 25-h, with an |-2 of 0.23 This period was not s gnificantly
different from efther 24-h or 18-h, but it was clearly closer to 24-h. Cnly two men had the
strongest rhythmic component closer to 18-h one with a 15-h, ard another with « 20-h cycle. Dur-
ing Phase 3, the perfod of the best-fit rhythmic component averaged 18-h. This period length was
not, however, significantly different from 24-h. Two {different} submariners had the strongest
rhythe at 16-h/cycie. Cu-ing Phase 3 the best-fitting period length averaged 25-+ with an rz of
0.28, This perfod was significantly different from 18-h, but not from 2&4-h, None of the sever
submariners showed the strongest rhythm near 18-h in Phase 3,

Thus, 1t appears that the 18-h watzh-standing schedule did not exercise a strong influence
over the indivicual’s rhyths in TA. Phase 2 dats vame the closest in showing 18-h/c as 2 group
average, but close examination shows that this 18-h average is misleading, because it was affected
by the data from two submariners who had 12-h cycles.

The lower half of Table 5 shows the results of a search for a modulating effact of the 18-h
watch-standing schedule on the Tnayer Activation scale,

In Phase 1, five groups of sinusoidal waves could be fdentified, group one had a period of
8-h {chosen twice), group two had periods near 20-h (chosen four times), group three had periods
near 27-h (chosen four times, group four had a period of 36-k (twice), and group five had a period
of 48-h (twice). In Phase 2, three mair groups of sinusoidal waves could de identified. group one
had a long period length of 32-h to 48-% (chosen seven tires), group two had periods near 24-h
{choszn three times), group three had periods near 16-h (three times). In Phase 3, three groups
of sinusoidal waves could be identified- group onc near 180h (six times), group two near 24-h
(three times), and group three near 36-h (four times). Thus, the eighteen-hour routine miy have
played a modulating role tn the TA, espectally during Phase 3

Simpson, Lobban and mlhergz5 investigated the relative strength of “nature® over “nurture®
in rhytheic componeats of urinsry data. In thefr study, the subjects lived and "nurtured” under
a 21-h day for up to 7 weeks duri-g a period of perpetual daylight in the Arctic suseer. Simpson

et al. anticipated & pregressive adaptation of the sudjects to the 21-h day to be reflected by

CFT SR TR T LTy e

e

A0 oY ek

iR




gradual weakenfng of the 24.h rhythe and the appeirance of a 21-h rhytha of proqressively greater

$ strength, For the purpose of expressing the change in rhytom, they devised the circadian amplitude

ratio (SAR}. This ratio is obtained by dividing the amplitude of 23-h rhythe by the amplitude of

” the 21+h rhyths A CAR larger than one represents a predominance cf “nature’'s” rhythe, whereas a

oredoninance of “nurture®s® rhythz is indicated when the CAP is smailer than one.

In the present study, a (AR was calculated for the oral teasperature data by dividing 23-h oral

teaperature anplitude by the 18.h oral temperature amplitude In Phase 1, the average CAR was 1.61

In Phase 3, it wes ¥ 60 + 1,02 These

+ 089 (sd). In Phase 2, the CAR averaged 1.36 + 0.30.

CARs d1d not diffe~ significantly from each other,
Average CARs for Phases 1, 2, and 3 were 1 32¢ 0 81, 2 03

i The CAR was also calculated for TA.
Again, these 914 not differ significantly from each other

& 1,65, and 1,82 » 0,98 respectively,

DISCUSSION

In our study, sleep and wakefulness was found 20 show a clea=ly shortensd cycle in 211 three

phrses of the patrol, [Its average geriod was 18.8 h/cycle, and §t could account for an average

of about 70% of the total verfarce in the sleep-wakefulness data  Some of the subnariners devel-

one rhythm oscillatinrg

oped two rhythm{c¢ conponents in the sleep-wakefulness or activity cycle-

near 18-h/cycle and ar ther near 25-h/cycle, the latter being much weaker for 3 =ajority o¢ the

nen, an 18-h watch routine entrained «n 18-h “day."

The steep-wekefulness or activity cycle has been shown to be entrained by a variety of strong
12,13,14,25,27 recentiy sumnirized by Aschoﬁ‘ show that the activity

zeitgeders, Five reports
cyctes of busan sudjects may be entrzined from perfods of 20-h/c to 30 h/c under the influence of

Our findings expand the lower beoundary of tne range of

strong environmental and socral Zzeftgebers,

Some subdmariners also showed small

entrainment of the activity cycle from 20-h/¢ down te 19-n/c.
Whether this 25«h cycle represent: 2

but significant peak activity rhythas near the 25-h/cycie.

free-running rhyths could not be determined because the resolution (one hour) used for analysis
25 and Colquhoun et

{A 0.1-hour resoiution was used by Stmpson

was not of requived prectision,

01.5'6}

during Phase

'
More sudmariners showed the secondary peak near 25-h/cycle early in the patrol
As the patrol progressed in tiae and the men worked

1 six out of eleven men exhibited such a peal

continunusly under the 13-h watch-keeping systen, fewer showed the secondary peak near 25-hfcycle

2, four out of efght submariners exhibited the secondary pezk. while only two out of
seven showed the secondzry 25-h pesk during Phase 3, This trend suggests tnit the activity cycle

progressiveiy monorhythric at 18-hf¢ 25 the submariners continue to live under the 18-h

During Phase

would become

schedule.
The fepact of an 18-h day on the circadian rhythn of oral seaperature wias found to be quite
First, the 18-h day climinated the group-

Wb v an b E 3 Eaailn

ditferent from that found for the activity cycle,

Schaefer ot al .20

synchronfzed 24-h rhythe in oral teaperature by the 20th dsy of the voyage

also observed that the 24-h cycles n physiologicel functions, such a< dody temperature, pulse

it 1o,

rate, respiration rate, and blood pressure, were disrupted among submariners dy working under an

In an unpublished analysis of data collected from seven of the men

18-h watch-standing schedule.
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studied by Schaefer et ai., Haus {personal coomunication) found that the clear circadian rhiythn
abserved during the ostfitting baseline period had disappeared in the early period (days 7-17)
under the 18-h routine, Haus observed, however, that some submariners regsined 3 24-h rhythe in
body teaperature by days 7h-31, In the present study, 3 recovery of the group-synchronized 24-h
rhythm in oral temperature was not observed. Colguhoun et al 5.6 reported on eight sonar ratings
working 4-h watches in a -apidiy rotating cycle, and found a similar effect on the oral temperature
cysle Only one of Co'quhoun's subjects did not show a change in the 24-h body temperature rhyth+
Tws of his sub,ects experienced the disintegration of the norsal 24-h rhythn into shorter periods
of 4-h and 8-h,

In a series of papers, Simpson et “'21,22.23.24.25

exanined the effects of a 21-h day on
subjects spending their sumaer 1n Spitzbergen {at latitude 78°N) or on Devon 1sland, Rorthwest
Territory, Canada (1atitude 75°N). The subjects, eight in the Spitzbergen study and five 1n the
Cevon Island study, slept in trapper's huts or darkened tents in their own community under perpet-
ual daylight. A detailed frequency analysis wis performed on 3 variety of urinary variables and
two performance measures. In these studies, YTife on a 21-h routine did not disrupt the 24-h
rhyths in the manner observed for an 18-h routine, but produced & rhythm of 21-n/c, and another
rhythe of 24.2-h/c. Thus the effect of 3 21-h day on the maintenarce of a 24-h rhythm appears to
be much less severe than thit expected from an 18-h day

1n the present study, a decreased circadian anplitude was observed in ora) temperature 3s the

20

patrol continued. This result confirms the Schaefer et al report of the decrease in oral tem-

perature amplitude in five suhmariners. Colquhoun, et 51.5‘6

3150 found a progressive flattening
in the mean amplitude of the body temperasture rhythm, Additionally, Colquroun, €t 3t noticed an
increase in the average ora) temperature of their subjects during the patrol, The present .tudy
also confirns this second odservation,

Life on an 18-h routine also eliminated the qroup-synchronized 24-h rhyths in Tevel of
~activation,” as well as 24-h rhythas in Mood “Activity"™ ard Mood “Happiness "

Since the amplitude< of thess psychological variables did not appear to decrease, Tess of
ths group synchronized 24-h rhythm wis caused mainly by a wide scatter of TOPs Anatysis con-
firmed that the once tigh*l; concentrated TOPs scattered so that the pesk value of 3 mood measure
of ore irdividual occurred 2t a time widely separated from the time the peak value was observed
for another. A similar dispersion of T0Ps occurred for oral teaperature. This contributed, diong
with the reduced amplitudes, to the loss of the group-synchronized 24-n rhythm in orz} temperature

The 18-h Viving rovtine fn this study exerted a strong influence on the 24-h rhythns 2xamined
2 altered the 24-h rhytha of the activity cycle and ertrained it to an 18-% rhythm  The 18-h

routine also altered the 2%-h rhythms in oral temperature, Tevel of "activation,” and two nmood

scales, but failed to produce 3 group-synchronized 18-h rhytha in oral temperature in any of the
three phases. The group-sean-cosinor analysis showed also that the group-synchronized 18-h rhy-
thw did not develop over the period of prolonged sudbmergence ia TA, MA, or MH, except BH during

Prase 2 The finding of a significamt 18-h rhythm for Rk durfng Phase 2 nay well have kren a

chance event, since 24 Hotelling's Yz's (the cosinor analysis) were calculated and evalusted ot
9

the 5% level

fs YRR ot ey m e and Shab L S 2
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Raus {personal communication) reported that the 18-h routine induced a group-synchrontzed
18-h rhythm in the submsriners studied by Schaefer, et z1. During the outfitting and up to 24 days
of the underwater patroi, there was no sfgnificant 18-k cycle in the body temperature of Schaefer's
4 subjects  However, & significant 18-h component in body tesperatur: was detected during the period
d from 26 to 41 days.

The failure of the 18-h routine to entrain a simple 18-h rhythm does nct mean that the 18-n
day had no influence over individual submariner's oral temperature and psychological states A
detailed tndividualized analysis was applied to oral temperature and TA dats obtained from the

group of seven submariners. Results showed that the 18-h routine did not influence individvals'

rhythss to the extent that the '8-h component was usually the strongest one present In come indi-
viduals, tre 18-h rhythn was the strongest, but these men were not a wajority. As a group, the
. perfod of the strongest rhythe was closer to 24-h than to an 18-h. During Phase 2, TA came the

closest to showing 4 perfod (18-n) different from 24 hours A close examination of the dats re-

e

v vealed, however, that the second harmonic of a 24-h period (12-h} played a pirt in bringing the

; group average to near 18-h/c (see Table $), Thus, even on fndividual analyses, the 18-h routine
¢ d1d not entrain physiological and psychological functions to an 18-h rhythm,

The bistnusoidal (two-wave) analysis seemed to offer a2 smail amount of support for the hypo-
thesis that the 18-h rnythm did exert some moduleting influence. This analysis revesled addi-
tional rhythms near 36-h/c and 48-h/c. The 36-h period is harmonically related to bdoth the
activity cycle {18-h) and the basic period of the watcn rotations {(72-h)} Persistent 24-h rhy-
thms were also detected in some of our subjects., Thus, the sudbmariner, exhibited complex rhythmic
- patterns which varied from one individval to another, where the major rhythmic Corponents were
18-, Z4-, and 36-h/c, and the harzonrcs and subharaorics of 24-hjfc (8-, 12-, and 48-h/¢). Sieilar

0

complexity was observed by Schaefer, et al.z among sybmariners in response to the 18-h routine,

and also by Colquhoun, et ”.s,e anong sudjects standing 4-h watches in a rapid rotation.
t A tircadian amplitude retio was calculated 2o sce whether there w\s 2 progressive adaptition,

‘I.ZS

as defined dy Simpson, et * in the submariners during the Y0-weel subwerqence. The results

fndtcsted a general absence 9f such adaptation to the 18-4 routine Similar ‘ack of adaptation

"
{perhzps escepting & rhythm 1rn water excretion) was observed by Simpson, et .,“25 for subjects liv-
ing yader a 21-h routine for up to 7 weeks.

Thus, the findings of this study chowed that the 18-h routine ¢id not entrifn oral tempers-

T e

A ture, TA, or two mood scales. Aschoﬂ‘]. in his review of the literature, showed that body tem-

perature had a narrower range of entrainment than the activity cycle and that it tended to free-

n

run when a strong zeftgeber wzs too far away frow a 24-hour period Kleitmann had reported

ezelier that an artificial V2-b watch-standing schedule would not entrain subsarine personnel to
. a similar rhythn. Thus, when the dominant zeftgeder was 20-n/c, body temperzture would tend to
N free-run at approxiuate'y 25-h/c, Whether the sudbmariners fn our study did have a free-running
rhythm could not be decided.

{ Since the sleep-wakefulress cycle was entrained by the 18-h routine but oral temperature and

psychological state were not, a spontaneous internal desyn:hronlzazion27 mas be an unavoidadle
21,22,2%

!
2Lt R b D pss s Lo e e D

consequence of 1ife under the 18+h watch-standing schedale. Simpson, et 2l “eported a

1
o

Y
I
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potenttal performance degradation of 15% or nore during the early phase of life under & 21-h
routine, reseabling & "jet 1ag® of 3-h. The perforrance tests examined by Simpson and others were
limited to hand-grip strength and eye-hand coordination test. There is as yst no definitive i1n-
formation avout performance and psychological states as they are affected by chronic dyschronism

due to life under unusual temporal routines. 3
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Figure 2

Figure 3

Figure 4

Figure §
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FIGURE LEGENDS

Sanple page of the Personal Activity Log Activaty Information wa. obtained from the
first five rows, where submrar.ners chese the most appropriate row and drew a line frorm
the time they started unt i the time they stopped The line was measured *o the near-

est 1/2 h The mood scales appear helow the g-aphic ac*avity record

5
Aschoff's b;rs“’ representing twelve wake-sleep cylles of Lubmariner ho 14 duriny

Phase 1 of the patrol. Waking time 1s sFown Sy the dlack section of each tar, wWatches
are shown by, thickeninge delow, and ex*ra du*y 15 shown by thiskeniry above the Slack
section, The white sections represeat slmep perrode Trrs subnariner had a sleep-

wakefulness rnythm of an 18-h/cycle (r® - 0 871

Three chronograms {left-hand si1de) and three plexograns (right-hand sidel of oral
temperature., The grronoqramsg display individual da*a points as ttey were observed
during the patrol. The plewgumsQ show not only each data poirt {4 saquare), byt
also two-hourly means 33 3 cornected line starting fro~ migdnight Thus, 1n the plexo.
grams, all observations made during the period fror midnight o 0 2 m  were averijed
and the average shown 3s & flat lins covering a two-hour pertod The brohen liaes n
the plexograms shows the time periods whers no observations were oblatred In *ne
absence Of data for a two-hour epoch, the mean value of the two adiaten® epothe was
plotted, The circadian di1p 1n orgl temperatyre <an best be seen 1n the Pngse )

pFlexogram, The daty in thys frgure was obtained from subnariner Mo, 1 of this study

Plexograms of the oral temperature averages of the seven subjects wha are asterished
in Yable 2 are hown on tre lefi-hans side On tne right-hand <1de, the tor clock
face" shows a group-nean-.osinor :»Io!ﬂ af oral temperature for each Phase with 35
confidence ellipses, evaluated at 2i-hjivcle The bottom (lack face shows 3 group-
nean-cosinor plot of oral temperature evaluated at the 1R-h (wile When arly seven
submariners are exanired by the qroup-reanccostinor analysis, as snown 17 this Figure,
a significant group-synchronized 23-h raythm 15 ohserved for Phase 1 da®y Anen a1l
twelve submariners® data are analyzed tn thic way, however, a significant group-
synchrgnized 24-h rhythe 1s detectable 1n hoth Phase 1 ond Phace . dats (ses the

and Table 3 for detasis), No group-synchronized 18-m rhythr tn oral terperature

found 1n ary of the three Phases.

Plexogranms of Thayer's “Activation” rood scores from seven men are <haen or *ne left-
hand side. The top "clock face™ shows aroup-rean-cosinor plot of Thyver's Activatio
00d scorvs for each Phase with 90 confidence ellipses, evaluated ¢° J3-n/cvile, The

bottom clock face shows TA evaluated at 18-h/cycle
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study.t;g

Since the sleep-wakefulness cycle was well entrained by the 18-h rou-
tine, the submariners experienced a spontaneous internal desynchronization
between the activity cycle on the one hand and the cycles of oral tempera-
ture and psychological states on the other. The performance and health
consequences of this chronic desynchronism have yet to be explored. Ue
suggest further rescarch to determine the usefulness of an index of syn-
chronization among the physiological and psrchological variables, and the
relationship of the desynchronizing effects to performance and health.
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