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IHIeat Produetion of Japanese Killi-fish,

 ApZocheiZus la•tt. es, and its Å}Meaning

  in IHIeat Metabolism of Ecos,ystem

                           By

               Syuiti MoRI and Jire Osu'GI

ZQologiea} Laboratory and IPhysico-chen)iea} Laboratory, tTniversity

                    (Reeeived Mareh 8, 195e)
of Kyoto

   The ehief purpose of eeology, in oRr opinion, is to ciarify the
structures and Åítmetions of ari eeosystem. The. conceptions ef an eco-

system have been proposecl by rnany authors, especially by Tansley
(1935). It means a system composed of physical-chemieal-biological
proeesses acting within a spaee-time unit of any rnagnitude, i. e., the
biotic community plus its abiotie environmenS (from Lindeman, 1942).
A pond inclucling ali its biotic eommunities and abiotie materials, for

an .example, is one of'eeosystems. Various animals and plants ol' a
pond are distributed in i, ,definite order, i.n other .words, the poncl has

the structure as an eeosystem. This strtictune is not statie but dyna-

rnic and changes as time progresses. This change can be seized for-
ymally on the one hand and functionally on the other. Investigatio'n
of metabolism in pond sueh as Performe(l by Lincleman (1942) is one
of the latter courses of approach to .the ecosystem problen).

   One of the authors, Mori, has been &tternpting to clarify the meta-
bolic mechanisrns existin.cr in an ecosystem ivhieh is composqd of ltilli-

flshes, pondxveecls anCl waPers. The.present report aim to demonstrate
t}}e heat prodttction oÅí Japanese kiili-fish, Apgoeleeilus gatipes, and to

consider its relation, if any, to heat metabolism of the ecosystem in
xvhich the fish lives. NVe wish to express onr sincere thanks to Prof.
Deilzaburo Miyadi, Prof. Ryo Kiyama ancl Mr. Takeo IEE{lirota of Kyoto

University who gave us many valuable a(lviees and criticisms.

                             Method

   Material fishes were always eollectecl several clays befoure the ex-
periments from sniail streams or pools in the vicinity of I<yoto Uni-
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versity and preserved in a large aquarium. At the time of experiment,
a small {ilewar vessel, filled w.ith 250 ec oÅí distillecl water, was ehargecl

with eleven to twenty adult fishes Åírom the aquariurn, and was clipped
in the water thermostat. Changes of ternperature were reacl ({ireetiy
from Beckmann's thermometer at every 5 or 10 minutes. [lrhe •xvater
eqRivalent of the appanyatus x\'as 269cal/cleg. [l]l]e whole set of the

apparatus, principai parts oÅí which are arrangecl afte}' ]Horiba (1937),

is illustrated in IFigare 1. CIremperature of the water thermostat, whose

aceuraey was -"looo-$ileooOC, was maintained 2-30C higher than
the room temperature at the time of experiment. When there w-ere
no fishes, the-temperattxe of water in the clewar vessel eoulc] be main-

taine(l constant. But.when the fishes xvere put in, they were soon
asphyxiatecl due to e.mbaustion of. oxygen. So that t}}e eirculation of
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                        Fig. 1
A: Water thermostat, B: ]Z)ewar vessel, C: Fishes, D: Beckmann's
thermometer, E: Stlrer, F: Heater, G: Standard thermor})eter,
II: Inlet of air, l: Outlet of air to suetion pump.
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air contained in the dewar vessel was necessary (ea. 150cc/min) in
order to keep tl}e fishes in good condition. By th•is operation,•however,

the water evaporatora ancl caused the deseent of temperature. This
loss of heat may be eai(tulatecl b7 the equation:

     vapor presstireXvolnm.e of air eircalated per minnte
                                                        Å~                         760 Å~ 22146

                 (1-relative hurnidity)XIatent heat of vaporization

"1Ihe experimental results were corrected by aclding these values. [I]he

experiments were always completed within an hour, and to get the
dry weig}it tl}e fishes were clesiccated at 105"C.

                              Results

   The results are shoxvn in Table 1 and Figure 2.

                               Table 1
            I{eat production of AplocJteilus eatipes throughout a year

Date

l948

 16!VK

 19/VR

 11/wa

 14/or

30/M

  1/ X

 i6/xt

 24/xx

1949

 IS/ I

 21/ I

 22/ I

 28/V

Temperature of
water thermostat

deg:C.= r

29.10

28.75

29.58

2Z02

23.10

23.20

l5.36

15.81

 6.32

 8.e6

 8.le

24.91

  1
T+273

e.eo332

e.6C332•

e.eo33o

e.eo334

o.eo33s

e.oo33s

O.O0348

e.eo34s

o.oe3sg

e.ee3s6

o.ogqs6

O.C0337

IMaterial fis.h

Nos.

used

!1

ll

13

15

16

16

15

15

 dry
weight
 (gr)

e.57

0.71

0.55

0.62

0.51

0.50

1.e2

0.95

E[eat generated

cleg./hr

18

19

20

15
l

i 0.58

   L!0

  e.99

  0.63

E

O.0495

e.e475

e.e4so

O.G570

O.03I8

e.0358

O.C243

e.e238

e.0138

e.0168

G.el78

o.e36o

cal/grAir

  ==H

23.364

!7.999

22.013

24.735

16.775

19.263

 6.4e9

 6.740

 6.4el

 4.109

 4.837

15.374

log I'I

1.369

1255

1.343

1.393

1.225

1285

0.807

0.826

0.8C6

e.614

0.685

1.l87
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Fig. 2
 Belation between the en-
vironn}ental temperatlire (ab-

seissae) and the heat produeed

(ordinates).

    0.5

      33 34. 35 36
                     1                 e Å~10a                   T-+-273 .
 There is a clear eorrelation betxveen the ehange of environmental tem-
 perature ancl the heat procluced., i. e., the logarithmic values 'of the
 heat generated (cal/gr/hr) decrease in iinear eorretation to the reci-

 procals of the absolute environmental terpperatures. This fact suggests
 that the temperature has a similar infiuenee on the metabolic reactions
 as on the chemical reactions, because the heat gen.erated is assumed to

 be proportional to the velocity constant of the metabolic reactions.

' Considerations
    It is known that the generation e.f heat in some kinds of poikilo-
 thermic animals, such as honey bees, is usefnl for the maintenance of
 their lives. Honey bees can keep the inside temperature of their nest
 relatively constant in winter, ca. 25-300 C, by aetive movem.ents. "rhe

 character of the eeosystem arreund the honey bees is thus altered by
 their reactions to the environmentai condition of iow temperature. Then,

 does tl}e heat production by our Apgocheilzes latipes play any role nseful

 for the maintenanee of its life by ehanging the eharacter oÅí the enviren-

 ment? It is obvious that the killi-fish generates heat in elose corre-
 lation with change of the environmental temperature, b!it its amount
 is negligible in comparison to a large seale of the whole heat meta-
 bolism taking piace in the ecosystepa. Our experiments show that a
 group oÅí killi-fish composed o.f ten aclu}t inclividuals raise, in a closed

 system, the tempera'tnre of 250 cc milieii-water ca. g9ilooo"C per hour
 in siunmer an'[l c.g. 9/loooeC per hour in winter. These values are ot'

 eourse too small to alter the natural environmental conditions nnder
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the open sy$tem even when they iive in the smallest of pools ; name}y.
the heat procluction of the ldlli-fish plays no significant role iti the

heat metaboiism of an eeosystem.

                            Summary

   1. The kiili-fish, Apgocheilzes latipes, generates heat ca. 23-25
cal/gr (clry weig}}t)/hr in summer and ea.'4-5 kaNl o.i ihr in winter-

(Table 1 ancl Fignre 2). In ot}]er worcls, ten adult animals raise, in
the closed systen], the ten)pera't-ure of`. 250ee waSer ca. 38i{LeooOC per

}}our in summer ancl ea. 9/looeeC per hour in winter.

   2. As the quantity of heat pro(!ucecl by the fisl) is so small that•
llt. ile":i,n/? fil' ,b`M

fii gfi`"i",t fi'.etE.M.,.in,.g. i.l,,ille,.heat me`aboiism of the ocosystem
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