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mmmmamwumm1m in
W“M with quantitative s emente on rFigor mortis of
fiah- The first Wﬂtm this MMMW”; €. C.
Benson (1) 18 1920, carried en by Dempsey end Penton (2) dn'"
MJ., WBM““) in 1922, and continued by ryeelf in 1928,
Mt;m# seens unneeessery. to. introduce the subject, but
'mzqiegt to refer to the reports of earlier years (1), (2),

and (3) for the hutmmwm msmstms.
sa¥k. 1t should be mentioned thet mw"

m mna nsad in the earlier experiments in 1925 was the
ooms as_ that used by Dempeey and Panton (2) end Denson (3). In
brief, the opporatus cousisted of 2 horizontal board arranged
wﬂh ;nmhaww to hold the fish firmly by the

i mmummmm:muuaaummmxmmmdm

. the air. By the use of welghts and 2 series of pulleys and a




::mmmuwumfmmwx,mmzmm
 through ® distonce of 3.4 cm. et regular intervald of time.
“nm;;“fimgmmmmwyumm
wwsm'ﬁg‘mwmﬂmnge:mﬁwm The
 first serious aiffieulty in this method was the supporting of
mnﬁymmammannmtmtmmma
. auing fYee of ‘the horizontal boord. There wes alvays & certein
»f sogeln otmmzwmnm.mcn;nmuw
_case, mt m introduction of considerable frlm‘iw when
_ .;‘; s Meve bedng taken. To overcame this diffieulty,
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TABLE I.

: | 2 T "Time to . Nessured® ~
Fish . Conditfon = : . Grestest* reach high rigidity z«upmim
- Ne. spmzn when = Weight mth ‘@irth measurement point im 12 hours
experiment of rigldity rigidity - affer Gmugzado
began 1bs, ozs, (om.) (an.) (gms,) ~ (hours) atﬁ't 91?“% ' dcgrm

o e S —-—

VII heddock mumele 3 11 59 30 420 4} 200 2 19.0 - 203

i T w wl T g m i 230, 320 © 4 240 19.0 - 215

XII ~ haddogk muscle | l TR ; .
irritable 3 11 60 .35 340 4 160 | 18.0 - 22,0

X v, " ° .3 € .9 .30 330, 2100 © 18.0 - 23,5

@

e e o e - ' - ‘ —

| * Expressed as grams to pull fish's $ail through a distance of 4.4 om,



The mnlta ﬁxw that the new uthod g:lvu a rigidlty eurve
which may ‘b& nmed vﬂh ﬁm} given by the uld mtheé,

‘!‘hare were two- nts of experiments done by the old method in
air: (1) d ;_tﬁ.m on heddock of various sizes tested at
laboratory tmmm:. and (2) é&tmimtiem on ﬁ.ﬂl& of

different lpcaj.u -

(1) The ha&locx ma tuted vhenever material was availabla
and therazm muutated tesﬁng on different days 80 the temp-
erature n‘u d&y to day was not controlled, "

The yemt;ax th;n set -of experiments is given in Table II,

(feble 11)

On ma‘buns this table, it uu be noticed that as the
lisi and tdght of tm ﬁuh 1mmc, the attaining of the high
point in rizidity is 1gngthcmea m tem of hours; ana the
passing oﬂ' ﬂs& in lﬂ hom u me cmlc&e with a small
haddock m with a mga one., This is probably a quantitative
effect, oo | P« ’ - - SR
(2). The apeenl of ﬂ.sh tasted in air at 1abora.tcry %uperan

tures wm hnddeok. nl pout, flounder, hake, and n):atn.
The ruultu are nhﬂn in Table ux.

(Table SII‘)

m rm;ts ahev tlmt the hake muscle booma r:lgm more
quickly thal Mdouk 'hut the height of ﬂgidity is not so great;
that in, when qamidcring ﬁah of eqml nizc. klpmt shows
very litth r&cnr end it takes a long t:.hae to reach tha high



- TABLE II.
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ception of the Yergth of time to reach the high point of rige
idity and the pessing of rigidity; these are both grester for
eelpout muscle., The apparstue used for these cxperiments aid
not eppesy to be useful for sketes. It is interesting to read in
a report by Andersen (4) that rigor tends to persist lotiger in
fish such &s salmon whose rusculer tissue is firmer and comtains
a smeller perecentsge of water, than in those fish such as hndde
ock whose tissues are not so firm and conmtain move water. =
‘There wes another difficulty which was early reslized. The
varftion in tempernture was a great determining factor in the
development and pawWsing of riglaity. ' The determinations dbne
in air necessarily were dome st 2 temperature which veried with
the surrounding atmosphere. In the bright sunny laboratory, the
‘temperature was found to vary from 19.0° = 28.0°C. in 12 hours,
end this whe sifficient to affect the rigor curve. Further
diffieulty was experienced with the drying of the fish's skin,
The skin in Some cases mctunlly became stiff and offered resist-
ance to the weight necessary to pull the fish's susele through
the standerd distance. Therefure & third type of apparatus was
set up. Big glass-nsided, water tight tonks were used.” A fiat
board fitted into the bottom of this tank and was held firmly in™
place by adjustable fiat sticks. ‘Molés were bBored in this &n
such & way that tapes could be siipped over the head and around
the bvody of the fish, pnnaa through the holes and tied securely
underneath. The tail could then swing {ree when the tank was
filled with water. Strong string wes tied tightly around the




tails of tbze ﬂﬁh to which was attaahcd ﬁrang; iine eepPer
wire and then more ltrong :tring. mxs was pasud ever & Ser-
jes of pullm so the se&h pans tied to theg'euu of ;the string
swung rm;i The waigghta \ure mnipulg.ted foé this gppar’atun

as in rm mthodﬁ (2) and (3). The distance corresponding to
the mvz.ag of tht mpendul fish's tail could be as great as
4.4 cm, F'ium thw ﬁ.ﬂh were actually placed in the tanka of
water, ﬂu wh nmr atﬁnk to ihe fiah boa.rd- although the .
body of the ﬁsh ma tied ﬂa.t to the boaxd. The advantages of
this mthod MQ xea“uzed. The temperature of the mdmu surre
ounding thQ Mh ifmx&l be controlled absolutely and there was
no .€rror. :mtxodm on aceount of the drying of the skin of the
tnh as rith mariunts done in air. The ponaj.biuty of the
skin aetzna as a unipmbh mhram us discussed and it
was m that 11’ the medium surrounding the fish mrs of
lower salt gcngentratxoa, that the water might pass tm'eugh thc
skin 1nt¢ ﬁc mael.e tissue; also that the salts diualved in
the mcie :n&m might pass through the akin of the fish into
the sutrounding medium. Rither of these conditions gight affe
ect the cneaming and passing of rigor. Experiments wure there-
fore set up to aetsm::e the best medium to use in tha tanks.
Haddock qere um as - thg experimental fish and thou used ware
of eanpazable liae, ioight and girth, The dirferent ‘media tested
were tap m%ﬂ. sea water :md aatumtqd brine. The senperaturc
at which thtsn exyarmnt; were dme 'uried from 14'3. - 16,5°C.
The ruults are uho'un in Table IV.



- TABLE IV,

Heasured

N n-a Gondition 'cuht Length M Mtﬁt nu to rig dity ‘Hedium ' i‘mmtm
No e J‘" 1bs. ozs (w ) (em.) m m h‘h ﬁ -~ “aﬂut r. owu'zmu e
. experiment | f( gns, ) gidd .n.lﬂ;. % degrees,

XLI muscle L

240 160 tap water 14.7 - 15,0

irritable 3 52 26 380 ]
v+ . 8 8 83 27 47 3¢ 200 150 " " 24,8 e 18,7
LI1I @ead 3 14} 87 29 400 4 160 125 " " 14,8 -18,7
irritedle 2 9 80 26 460 4 180 110 ses " 4.0 - 15.0
L % Sw® g s0 27 340 & 120 .80 " % 24,0150
xuve » 3 53 29 560 88 270 - 260 sat,brine 15.2 + 16.5
XLITI® " 3 6 49 23 470 %

|
i
{
|

400 200 " * 152.165




The results show that rigidity curves for hoddock in sea
or tnxa mtn at - tmtm of 14.5‘_ - imsné. _ _f,fv mpeTe
in gtml mm tﬁ t&mm m a.ir at u..a- - uaﬁﬁ (mm !}.a.; .
The paumg of rim fyom fish muscle in & modium iof: m
brim m wry ;1@. 1n m&. thn valnes ror the huight of -
rismﬂg stttr 34 hma um ubot:i dnnhh thaso whm uling sea or
tap mt&. Gamlnaiem were th;refora dmn that m faetnr b
was, z,ntxodm to mmram uith the mrm.x dweinms and m;tu
ing of rigidxty um M}ta& hrim was uaed. The x:raibamiity ia.

: that this is éuc ta tha m& that thn akin scts as s Mpcr..
ms‘hll nnbm u m natar m mcre easily raun 1nto ‘the

tam used, and a: u waso tht namral habitat for the fish when
alive, it was u«ﬁ tar 311 further experiments. ,
~ The mt mﬁam.ina maﬂments dem tith ﬁuh ia the m:

of sen water areje :

- {2) ’fhmu 1n ih:lch m tpeeiu or fish was thc same throughe
' mt Mm) WG ;n which the temperature veried. ‘

(=) ‘rhnn in which the tmpmtnra was mmmi and the
‘species of ﬁ-h veried.

"Aceording to Panton end Dempsey {2) end Benson (3) it haa
been shown that the higher the temperature, the quieker is the
coming and passing of riger. Haddoek were uscd for all tests
and the temperatures were from 4.5° « 37°C. The medium in
every case was sea water. Ihnxmnn of these mmz- are
Shown in Table V.
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pos 29°

!‘h& mu dwa! ﬂat’ at' thé lmi tupmt&-n A
(4:5 « ?M ) tha pms.as of r&gor*p‘rtimlsxly u domqa
most and. at um temperature the fish muscle is not frozen.
mman m m that by maintaining the temperature at <4 to
5'*2‘; m ﬂ& %ppur ‘to remein in a condition of rigidity
1adetlnitﬂy mﬁ if the temperature is kept at -5°C. or lower,
that tha f!aﬁu not appsar to pass into usa:. He c:plai,na
the miu‘m or prevention of this utate by the fm:t that

putrqacurt haqteria are mh:lb.tted in their action between 0°

4

to '3"3« ; B S o e
At ‘the. mgtm tespesatubes; such 5s 27° = 31¢ @, b 330
- 37° f-c.ﬁ.v 1% 1s interesting to note that the height of riger
curve 3.: net as great rar fish of wmpaxu’olo size. ,:hg. mlaas
ation ﬁf th:ts emitian is at preaant not known. iy

Mﬂ mﬁmﬁs :grc u;mm altog&thﬂ- in the water tanks
at a erﬁ of 13 5’ - 1‘?’ e. vlieh some spwiea. ﬁueh as
hake amd ‘eel pev.és it was hard to do dnnmmtsam on the
Mla' fish hmu the ta.i! from the tml fin downwards, wes
narrower and therefore more p;.iahla. ;a some cases, no readings
could M"Atakm uhtn the mnih mtual}g began to stiffen.

m munx givea !.a ?abla VI aheald be compared um those s.n
Table gzx.




- Pish  Specdes = Weight L?um ith Girth mtm na. to | Tempereture
s , - L el ? *) of ?g ty m An. @ '3s-" (m&wc)

98 18,0 - 18,8
128 15,0~ 18,5
20 18,0 - 16,0
178 13,5 - 16,0
‘220 u.s - 18.5
220 . 14.2 - 15,8
350 18,5 16,0
| . 18,5 16,0
© 18,5 « 17,0
15,0 « 15,86

© 18.0 - 18.8
18,0 - 15,5
14,0 » 14,5
13,5 « 15,0
14,0 « 15,56
110 24,0 = 15,5
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The mtt mtﬁceable !‘uult is that rigidxty vari.ou uith
the diﬂeraat ﬁpwzae of fish, Hake and haddock go mto rig-
idity quickly, eﬂ pout and flounder and sculpin much more
slowly. ‘l‘hc iom—spincd sculpin went into rigidity quickor
than tm mtm;p_incd mulpin of slightly smaller size, From
these mms- !ln ‘have a confirmation of the conclusions on
kaddoak; ’ﬁnt tha rigidity increases, in regard to time re-
quired ta dﬂulop and pa.u. as the size of the fish of any one
species imm:. ‘ '

smcu tha aﬁvant of the line trawling industry, thc
question has often been discussed as regords the mping qual=
ntas aad gamra.l conﬁtﬂcn of tml f.iah m hend line caught
fi&. As rigor mrtu lffects tne gm:al anndiﬂu of the
mﬂ.‘u, l&mihent m done on ﬂsh caught on a hand line
as cmparbﬁ tn those Mt on & trawl. One would expeet to
find thnt rigur kveloﬂ in trawl fish more quickly than in
kana lme filh, hecauae in the fo:;nor ca.u, they are ttzuggli.ng
to get pfr tha nne much more mtensely and for a longer time.

02&3' 1 Mdaak cangpz on & hand line was a.vanable for this
_mtmaﬁ. ‘!‘hi& fish was killed immediately after catching
and ut up ixz tha apparatus at eme and the detemimtién done
in air ht 3.9° - 249 c. ‘!‘he hcight of the rigor curve 'uas at
240 srm in 5 hmn. . For a fish of this size (length SO em.
girth % @.. wetsht S..ﬁz kilograms) this is an average value.
The hcixhi of the curve in 12 hours was 80 grams. ‘!‘heu results
show ﬂt my grut variation from the &veraga rigor cnrvo of
fish eam;ht on the trawl (See Table I). However more expari-v
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ments m h iogl t’ umﬂl m- mﬁat.
8m&ttwttﬁu¢m tammt mwng of

~ rigor in!itb mtmmmawmw lamiﬁo and then

_ M m nt ay in the apparatus. It uu veyry: difficult to

thaw ﬂm :‘waﬂu tm uad been. frozen gand. The methods

of Miu tﬂl& iﬁo results are shown in hbu Vii.

(zedle vi1)

agm to be & curve quite different from the ususl
course and the difference is probedly due 'to the extreme
maial &m&mﬁen which oceurs whcn the mmia is
.m:om m-oa (4) finds that the M fish muscle is very
cqxt m 3&&@ aui p&t& desply on m‘ With mh a change.
iam mtnrc e!‘ thomele. 'nm;yleok far aemnac in |

the ltﬁﬂﬂing os the misele over a wim of time Mﬁ.eieat to
show mx ngex. < _ ‘i

xi m mnm that with all the nsn tested, fthere wag

one condition umgm eobld notibe contrelled and which introduced
& mma into 111 the determinntions of rigsduy u fish
Mn mm ‘of fatigue of the Me mi«ﬁ“w in one
fish from enoth ', thet even though fish were of the seme spece
fes, :ﬁnt wxgm. gam and freshness, :m would Show great

ifferences, cupe _im:u the ,xaué of mng rigld. This
wag tm @0 N a m&m P mauz it was mt possible
to mm m upmt tlﬁx W 1@1; of m Mthi@ of that
fish for some howrs defore desth. Dr. A. H. Leim thought of
putting the 1ive heddock from the trawl into the fish ear to
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. Pish cnuuu mm Length mm mu mmt
[ 1
Centigrade) .

No. mu Ibs,0zs. (em.) (em.) g ﬁWWaﬁite

ox 'm-'m 2 ’,s .80 25 Sea mur 330 2% 120 12,0 - 15,0

CIX* infish 2 8 S0 26 *» » 260 . 312 260 12.0 « 15.0

OVIII frem 28 12 8 318 v » 70 "2} 130 14,0 « 15.0
trawl 1

OVI1 in fisn 3 18 B 30 v v 430 6 360 14,0 - 15,0

*Fish hod been pumctured to treet swim bladder.
Sl



,mummnn MM&M&,MWMM&!
gm.xwa;m.,smmmummwm.m,
‘mzmuﬂthaaaumm the results sre shown in

~ feble VIII.
(,Mt viII)

o _The results of these mwimw are very zntmtim.

~ Although there ghould be further tésts done before the results

~ @re confirmed, it goes to show that the high point of rigidity
can be delayed extemsively by resting the fish before ite tests
_&re being teken. It suggesis & method of W&m of - the -
fish before starting rigor experiments which would give muoch

.':'ma mfm materisl .u for as the state of the musecle is

B2 e the fish of one species, the slover is the
” 7 ik w‘m “ m thi. is tras of tﬁﬂltﬂ dam iﬂ aiy
¥ ses mnter. This agrees with work dono by Dempsey and Penton
) m Benson (3). : :
! Rigor curves differ mccording to the specles of 3ok
@8tod. . This agrees with work done by Bemson (3).

I. Two new methods for the quantitative determination of rige
. 4dity of rish muscle have been developed. |
" ‘Haddock tested in tanks of sea water at 4.7° « 37.0° G.
m m"‘m‘ of rigidity more quickly as the tempera= -









