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THE MACROCALORIMETRIC METHOD IN HYDROBIOLOGY:
DESCRIPTION OF THE PILOT DEVICE

A pilot model of differencial-flow macrocalorimeter was made in the Institute of the Biology of the
Southern Seas (IBSS), which allows to measure biogenic heat flows several days in a row. This device al-
lows registering temperature changes in vessels and biological objects and transferring this data to the
computer. The simultaneous usage of two sensors (in the vessel and in the biological object) gives a bet-
ter interpretation of the data received. The description of the device, its test results and the possibilities of
its utilization are presented in this report.

At present the energy balance approach is one of the basic approaches in hydrobio-
logy. The assessment of the energy metabolism of the hydrobionts (heat dissipation) is the key
moment of this approach. The measurement of the oxygen consumption is the index of the en-
ergy metabolism for aerobic biological processes and is used in various areas of biology, in-
clusive hydrobiology. Respirometry, however, can not be used to measure anaerobic hydrobi-
ont metabolic expenditure. In the systems with both aerobic and anaerobic processes (ex. aer-
obic organisms under hypoxia, bottom sediments, algae mats etc.) repirometry gives inad-
equate assessment of energy flows. For example, the respirometry results of energy expendit-
ure in the research with bivalve mollusks were considerably understated [2, 3, 6]. The metabol-
ic expenditure in the research with oysters Crassostrea virginica was 2 — 3 times less com-
pared to its calorimetric results [2].

Calorimeters, mostly microcalorimeters have been successfully used in hydrobiology
for a long time. They allow assessing the small amounts of the heat emission of the smallest or-
ganisms and cell populations. When applying microcalorimetery approach to macro objects,
the latter should be disintegrated and homogenized and this does not allow applying these res-
ults to the entire system. It was shown that the data of the energy expenditure of the whole or-
ganism is smaller than the sum of the data of all separately measured tissues [5]. It is possible
that the metabolism of the structured mat and not mixed bottom sediments will differ from the
metabolism of their homogenat.

Macrocalorimeters used before [2] were just heat insulated vessels with quartz ther-
mometers inside. Such construction did not allow to obtain continual data and to process it
with the help of the computer. Due to the shortcomings of the existing macrocalorimeters, the
researchers still have to use microcalorimeters with the vessels of 5-20 ml (which is not adequate
to the size of animals) in order to study heat production of macroorganisms (mollusks) [4].

A pilot model of differencial-flow macrocalorimeter was made in the Department of
Animal Physiology and Biochemistry of the Institute of the Biology of the Southern Seas
(IBSS), which allows to measure biogenic heat flows several days in a row. This device allows
registering temperature changes in vessels and biological objects and transferring this data to
the computer. The simultaneous usage of two sensors (in the vessel and in the biological ob-
ject) gives a better interpretation of the data received.

The description of the device, its test results and the possibilities of its utilization are
presented in this report. Fig.1 shows the device itself. Metrical thermostatic unit includes two
Dewar’s vessels — the experimental one and the control one (each V-458 ml) with miniature
(1,5-2mm) temperature sensors (type HELL -7000), which enable to get temperature readings
directly from the object or from the water in the vessel with 0,0001°C accuracy. If mollusk is
the object of the research, the sensor is placed inside the valve, if algae mats are under research
the sensor is placed inside the mat. The information from the sensors about the temperature
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changes in the experimental and testing vessels is received by the electronic unit of the signal
converter in order to be processed by the computer later: data smoothing, temperature gain fil-
tration, heat production (mkV/hrs) graphical plotting. The sensors were calibrated in three
steps:

1. Assessment of heat production in the vessel without the object (control );

2. Assessment of heat production with the object (experiment);

3. Assessment of heat production with the heater imitator. In this case the resistor with

standardized current, equivalent to the heat production of the research object (At° -
gain, power — up to 0,174 vatt) was used.

Fig. 1 The differential twin-flow macrocalorimeter: 1. Termostatic reservoir with two temperature
sensors (D-1—control, D-2—experimental). 2. Analogue digital converter. 3. Computer. 4. Peri-
staltic pump. 5. Vessel with makeup water.

Pucynok 1. Cxema AuddepeHINaABHOr0 NMPOTOYHOr0 MakpokasopuMmerpa: 1. TepmocraTupye-
MBIl 0AOK AASI pa3MeIlleHMsI YKCIIEPUMEHTAABHBIX COCYAOB (Al- KOHTPOAB, A2- omBIT). 2. DAEK-
TPOHHEII MU(POBOii mpeodpazoBaTeAb.3. Aucnaeii komnboTepa.4. [lepucraAbTiaeckuii Hacoc 4x-
KaHaABHBI.5. IIoATIMTOYHAsE TepMOCTaTUPOBaHHASI EMKOCTh C OKCUTeHMPOBAaHHOI BOAOIA.

In long-term working conditions calorimetric system is achieved by the water flow
with the help of peristaltic pump (type PP-2-15 Poland), its productivity is 250 ml/hr for the
experimental and control vessels. It allows to conduct long-term experiments and use the ves-
sels for respirometrical measurements also, and to assess aerobic metabolism.

This system was tested with oysters of different sizes Crassostrea gigas. Two temper-
ature sensors were used: one was placed in the water of the experimental vessel; another was
placed inside the oyster through the drilled hole. Between the data of these two sensors there
was a stable difference in temperatures of approximately 0,4°C. Measured oyster heat produc-
tion indexes varied within the limits, which had been measured for oysters in previous re-
search [2, 3]. During the experiments we noticed the variations in the temperature gain (heat
production), which are probably caused as well as oxygen consumption [1, 6] by the rhythm of
opening and closing of the valves. The details of the experiments will be presented in a
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separate article. In this report we would like to mention that these experiments demonstrated
the effective utilization of the device in hydrobiological research.

The utilization of this device would enable to solve some of aquatic ecology prob-
lems:

1. Study of algae mats and algae bacterial biofilms, which involves aerobic and anaer-
obic processes and where the primary product is created as a result of oxygenic and
anoxygenic photosynthesis.

2. Bottom sediments general assessment, where anaerobic processes, such as reduction
of sulfate, play an important part as well as aerobic ones.

3. Integral assessment of general metabolism of aerobic microorganisms, e.g. mollusks
in the conditions of hypoxia and anoxia, when anaerobic metabolism is used.

1. Famme P. Effect of shell valve closure by the mussel Mytilus edulis L. on the rate of oxygen  con-
sumption in declining oxygen tension / Comp.Biochem. Physiol. - 1979. - 67A. - P. 167 — 170.

2. Hammen C.S. Metabolic rates of marine bivalve molluscs determined by calorimetry // Comp. Bio-

chem. Physiol. - 1970. - 62A. - P. 955 — 9509.

Hammen C. S. Total energy metabolism of marine bivalve molluscs in anaerobic and aerobic states //

Comp. Biochem. Physiol. — 1980. - 67A. - P. 617 — 621.

Ortman C., Grieshaber M. Energy metabolism and valve closure behavior in the Asian clam (Cor-

bicula fluminea M.) // J. Exp.Biolol. — 2003. - 206. - P. 4167 —4178.

5. Vilenkina M. N., Vilenkin B. Ya. About possibility of functional approache for quantitative assess-
ment of level of differentiation and integration of organisms // Zhurnal Obschey biologii. - 1969. -
30, 2.-P.132 - 139.

6. Widdows J.,, Newell RLE., Mann R. Effect of hypoxia and anoxia on survival, energy metabolism
and feeding oyster larvae (Crassostrea virginica, Gmelin) // Biol. Bull. - 1989. — 177. - P. 154 — 166.

=W

Institute of Biology of the Southern Seas,
Sevastopol, Ukraine Accepted 18 March, 2009

Al CTOABOB, B X MNIIYPOB,M.B.IIAAPUH

MAKPOKAAOPUMETPUYHII METOA B I'TAPOBIOAOTTI:
OIINC IIIAOTHOI MOAEAI IIPMAAAY I ii MOJKAMBOCTEN

Pe3rome

VY TacrutyTi 6ionorii miBaeHHMx MopiB HAHY crBopennmit AOCAiAHUIT 3pa3ok AudepeHIiaAbHO-TIPO-
TOYHOTO MAaKpPOKAAODUMETPA, IO AO3BOASIE TPSMO BMUMIpIOBaTH OiOTeHHiI TemAOBi MOTOKM B Oara-
TOAOOOBNX €KCIIEPUMEHTaX, 10 Aie. Po3po0aennii mpuaaa AO3BOASIE B PEXXVMIi PEaABHOIO Yacy 3HiMaTy i
nepeAaBaTyt Ha KOMI'totep iHdopMariito mpo 3MiHN TeMnepaTypu B CyAnHax i 6ioaoriuHomy 06'exTti. Bu-
KOPUCTOBYBaHi €AEKTPOAM MOXYTh HNOMIILIATHCS SK Y BOAY, Tak i BcepeAnHy OioaoriuHoro o0'ekty. Bu-
KOPMCTAaHHS OAHOYACHE ABOX €AEKTPOAIB AO3BOASIE OLIHIOBATH Pi3HMIIO TeMIIEpaTyp yCepeANHi 00'eKTy
i B eKCIIepUMEHTaABHI CyAUHi, 10 PO3LINPIOE MOKAMBOCTI iHTeprpeTanii oTpuMyBaHnx AaHux. [Ipea-
CTaBAEHO OIMC YCTAHOBKY, I BUKOPUCTaHH:, MOKAMBOCTIM 3aCTOCYBAaHHS.

A CTOABOB, B X MUIIYPOB,HB. IMIAAPINH

MAKPOKAAOPUMETPUYECKUI METOA B TUAPOBMOAOTUN:
OIIVICAHUE IIMAOTHOM MOAEAW IIPUBOPA U EE BO3MOKHOCTEN
Pe3rome

B JHcTuTyTe 61Mosornmn oxHbIX Mopeit HAHY co3aaH AelicTByromuii onbITHBI 0Opasen Aupdepenm-
AABHO-TIPOTOYHOIO MAaKPOKAaAOPMMETPA, IO3BOASIIOLIETO MPSMO M3MEPSTh OMOreHHbIE TEAOBbIE TIOTOKI
B MHOTOCYTOUHBIX 3KCIepUMeHTax. Pa3paboTaHHBIl IpuOOp MO3BOASIET B PEKMME PEaAbHOIO BPEMEHN
CHMMaTh U TIepeAaBaTh Ha KOMITbIOTep MHpOpMALNIO 00 M3MEHEHNUSIX TEMIIEPATYPhl B COCYAaX U OMOAO-
IM9ecKoM o0BeKTe. JIcrnoAb3yemMble 2AeKTPOABI MOTYT IOMEIIAThCsl Kak B BOAY, TakK U BHyTpPh OMOAOTH-
4ecKoro o0nexTa. JICmoAb30BaHUE OAHOBPEMEHHO ABYX JAEKTPOAOB IIO3BOASIET OLIEHMBATH PAa3HOCTh
TeMIepaTyp BHYTPU 0OBEKTa U B 3KCIIEPUMEHTAABHOM COCYA€, YTO PacIIMpsieT BO3MOYKHOCTY MHTEpIpe-
TalUM MOAYYaeMbIX AAHHBIX. ONNCAHBI YCTaHOBKA, €€ MCIIOAB30BaHNe, BO3MOKHOCTH IIPUMEHEHSI.
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