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Abstract

HUBENOVA, T. and A. ZAIKOV, 2012. Investigation on the thermal shock in pike (Esox lucius L.) fingerlings. Bulg. J. Agric.

Sci., Supplement 1: 114-117

The object of the present study was to investigate the influence of thermal shock over pike (Esox lucius L.) fingerlings un-
der laboratory conditions. The experiment was carried out with 360 pike fingerlings (mean body weight 2.12 g, lim 1.56-3.20
g) by using three different initial water temperatures — 3°C, 13°C, and 28°C. Visually the thermal shock was express only by
transferring fish from 28° to 3°C (variant 2) and from 13 °C to 3°C (variant 3). In the conditions of the experiments, no mortal-
ity was registered in any of the variants, probably due to the relatively short influence of the thermal shock.
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Introduction

The water temperature in the natural habitat of the fish-
es varies widely. It is one of the most important physical
factors that influence greatly their life cycle, distribution
and abundance of the populations etc. (Scannell, 1992;
Richadson et al., 1994). In most cases, changes in the wa-
ter temperature regime due to daily and seasonal weather
changes are made gradually and are not a problem for the
survival of the individuals when they are within their tem-
perature tolerance. In cases where temperature changes
are rapid and sudden, fish change their behavior and show
various signs of thermal stress, which sometimes leads to
lethal end.

Elliot (1981) describes three stages of stress respons-
es of fish during temperature changes. The first outward
signs of stress are not readily feeding, a sudden increase in
the activity and collisions in navigation, impaired balance,
back and/or site swimming etc. In the second stage, the
fish are calm, weak, sometimes with sudden quick move-
ments, often followed by back swimming, sometimes
with color change, often with an increase in the respira-

tory movements. The fish recover fast from those two
phases after transferring into fresh water rich in oxygen
and a suitable temperature. In the third phase, the fish stop
all movements except those of operculum’s and pectoral
fins, and then die (Elliot, 1981).

Pike (Esox lucius L.) is a widespread species that oc-
curs on three continents (Crossman, 1996). A prerequisite
for this is its adaptability to several environmental factors.
Szczepkowski (2006) defines the pike as easily adaptable
to life in water bodies with different temperature regimes
Data on pike’s temperature tolerance are relatively lim-
ited, especially in a sudden shock changes in the tempera-
ture. Ash et al. (1974) reported for a lethal end in pike,
subjected to a cold shock at temperature changes from
21.8°C to 4.9°C. According to Casselman (1978) pike
survives in water temperature of 0.1°C but only after slow
and gradual seasonal cooling. The author reported about
lethal temperature of 29.4°C for juvenile pike, but under
natural conditions, they can tolerate higher levels.

The aim of this study is to trace the influence of
shock change of water temperature on the survival of
pike fingerlings under laboratory conditions.
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Material and Methods

For all experiments a total of 360 pike fingerlings
with an average body weight of 2 g and body length of
7 cm (Table 1) were used.

Table 1
Body length (cm) and weight (g) of the used experi-
mental pike fingerlings

Body length Body weight
(TL, cm) BW, g)
X 7.12 2.12
SD 0.59 0.51
CV,% 8.40 24.15
lim 6.3-8.3 1.56-3.20

The experiments were conducted in three vari-
ants. In the first experiment the initial water tem-
perature were the fish were held was 3°C and the
fish were placed in tanks at a temperature of 8, 13,
18, 23 and 28 degrees (Table 2). In the second ex-
periment the initial temperature was 28°C, and the
water in the experimental tanks, were the fish was
placed, was in every tank with 5 degrees lower than
in the previous one (Table 3). In the third experi-
ment the initial water temperature was 13°C and the
pike fingerlings were placed in experimental tanks
with lower (8 and 3°C) and higher temperature (18,
23, 28°C) (Table 4). Before starting the experi-

Table 2
Initial and experimental water temperature and
temperature differences in variant 1

Tank Water temperature Temperature

Ne Initial Experimental | difference
temperature | temperature

1 3 3 0

2 3 8

3 3 13 10

4 3 18 15

5 3 23 20

6 3 28 25

Table 3
Initial and experimental water temperature and
temperature differences in variant 2

Tank Water temperature Temperature
Ne Initial Experimental difference
temperature temperature

1 28 28 0

2 28 23

3 28 18 10

4 28 13 15

5 28 8 20

6 28 3 25
Table 4

Initial and experimental water temperature and
temperature differences in variant 3

Tank Ne Water temperature Temperature
Initial Experimental difference

temperature | temperature

1 13 13 0

2 13 18

3 13 23 10

4 13 28 15

5 13 8 5

6 13 3 10

ments, the fish were held for 24 hours at the initial
for each experiment temperature, respectively 3, 28
and 13°C.

All experiments were conducted with 10 pike in a
double repetition for each temperature. Fish were trans-
ferred to the experimental tanks carefully, at minimum
stress. The survival rate was monitored for a period of
24 hours.

In all experimental tanks the amount of dissolved
oxygen in the water was at optimum level, ranging
from 6.12 to 7.94 mg/1.

After placing the fish from the initial tanks into the
experimental tanks, the different water temperatures in
them gradually fall in line with that of the air over a
period of 8 hours (Figure 1).
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Fig. 1. Water temperature dynamics after transferring
fish into experimental tanks

Results and Discussion

The results from the experiments show that in all
variants there was no mortality in the framework of
the studied shock temperature differences. Visually
the fish alter their behavior only in the variants with
the greatest difference between initial and experi-
mental temperature.

In the first experiment (Table 2) when keeping
the fish at an initial temperature of 3°C the pike fin-
gerlings were less active, and some individuals lie
on the side. After transferring the fish in the experi-
mental tanks — with temperature change from 3°C
to respectively 8, 13, 18, 23 and 28 °C, an increased
activity was registered, but there were no any other
abnormal reactions visible. After 24 hours all the fish
are alive with normal behavior and normal swim-
ming activity.

In the second experiment (Table 3) with tempera-
ture change from 28°C to respectively 28, 23, 18, 13
and 3°C, after placing the fish into the experimental
tanks, the fish have a normal swimming activity with
exception of the fishes in tank 6, where the water
temperature was 3°C and the difference between the
water in the initial and experimental tank was 25°C.
Immediately after their transfer into the low tem-
perature water (3°C) they made sudden movements
that gradually subside. Pike turn laterally and lie on
the tank bottom. The fish move only their operculum
(phase 3 according to Elliot, 1981). With the gradual

increase of the water temperature in the experimen-
tal tanks in line with that of the air the fish rise from
the bottom and begin to swim in horizontal position.

In the third experiment (Table 4) the initial water
temperature was 13°C. When placed fingerlings into
experimental tanks at higher temperatures (18, 23,
28°C) there was no visible change in their behav-
ior. However, when transferring pike into tanks with
lower temperatures a visually stress response was
seen in tank 6, where the water temperature was 3°C.
After placing the fish in these tanks, they made sud-
den movements that gradually subside. After 1-2
min pike turn laterally and lie on the bottom. The
fish move only their operculum ((phase 3 according
to Elliot, 1981). Like fishes from the second experi-
ment placed at 3°C too, with a gradual increase in
water temperature pike rise from bottom, take their
normal position and after 24 hours they recover
completely without any losses.

The results obtained show that during all experi-
ments no mortality in the studied temperature dif-
ferences was observed. The reasons for this may be
related on the one hand with the minimum handling
stress (except thermal), to which fish are exposed.
Manipulation with fish before their transffer into the
experimental tanks is minimized. On the other hand,
the stress effect of the temperature is limited in time
because the water temperature in the experimental
tanks was gradually increased or decreased in the
different varians under the influence of the air tem-
perature in the laboratory, so under the conditions of
the conducted experiments, the duration of the effect
from the thermal shock is relatively short.

Conclusions

Under the conditions of the conducted experiments
pike fingerlings are able to tolerate high temperature
differences in the range from 3°C to 28°C and from
28°C to 3°C. Visually the thermal shock was express
only by transferring fish from 28°C to 3°C (variant 2)
and from 13°C to 3°C (variant 3). Although the pike
fingerlings undergo a certain stress, which change their
behavior, in any of the carried experiment mortality
was registered.



Investigation on the Thermal Shock in Pike (Esox Lucius L.) Fingerlings 117

References

Ash, G., N. Chymko and D. Gallup, 1974. Fish kill due
to ,,cold shock® in lake Wabumun, Alberta. J. Fish
Ress. Bdn. Can., 31: 1822—-18-24.

Elliot, J. M., 1981. Some aspects of thermal stress on
freshwater teleosts. In: A. Pickering (Editor), Aca-
demic Press, London., pp. 209-245.

Casselman, E., 1978. Effects of environmental fac-
tors on growth, survival, activity, and exploitation of
northern pike (Esox lucius L.) Am. Fish Soc. Publ.11:
114-128.

Casselman, E., 1996. Age, growth and environmental
requirements of pike (Esox lucius L.). In: J. Craig
(Editor), Pike: biology and exploitation, Chapman

and Hall, London, pp. 69-101.

Crossman, E., 1996. Taxonomy and distribution. In: J.
Craig (Editor), Pike: biology and exploitation, Chap-
man and Hall, London, pp. 1-11.

Richardson, J., T. Boubee and D. West, 1994, Thermal
tolerance and preference of some native New Zea-
land freshwater fish. New Zealand Journal of Marine
and Freshwater Research, 28: 399-407.

Scannell, F., 1992. Influence of temperature on fresh-
water fishes — a literature review with emphasis on
species in Alaska. Technical Report 91-1, pp. 1-53.

Szczepkowski, M., 2006. The impact of water tempera-
ture on the growth and survival of juvenile northern
pike (Esox lucius L.) reared on formulated feed. Ar-
chives of Polish Fisheries, 44 (1): 85-93.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


