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Wplyw implantacji nadajnikow telemetrycznych i znieczulenia ogdInego na stan fizjologiczny i kondycyjny sandacza (Sander lucioperca) i okonia (Perca fluviatilis)

Streszczenie

Ryby z rodziny okoniowatych zaliczane s3 do tzw. gatunkoéw
perspektywicznych dla $wiatowej akwakultury. W Europie sg to sandacz europejski
(Sander lucioperca) i okon euroazjatycki (Perca fluviatilis). Obecnie gatunki te sa
produkowane gltéwnie w obiektach wykorzystujacych technologi¢ systemow
recyrkulacyjnych (RAS) (ryby konsumpcyjne i/lub materiat zarybieniowy). Istotnym
elementem prac hodowlanych prowadzonych w RAS s3 manipulacje rybami (np.
obsadzanie basenow, sortowanie, znakowanie, rozréd) mogace by¢ dla ryb zrodiem
stresu 1 wplywa¢ na ich stan zdrowotny. W akwakulturze w celu
zniwelowania/ograniczenia wptywu stresu na ryby stosuje si¢ m.in. anestetyki.
W przypadku okoniowatych z powodzeniem uzywany jest etomidat (Propiscin, IRS
Olsztyn). Uznawany jest on za preparat o niskiej toksycznosci 1 nieznacznych skutkach
ubocznych. Do tej pory nie poznano jednak, jak jego aplikowanie wptywa na stan
fizjologiczny ryb, okreslany np. wskaznikami hematologicznymi i biochemicznymi,
bedacymi m.in. dobrymi i wiarygodnymi markerami stresu. Prowadzenie racjonalnej
gospodarki rybackiej w wodach otwartych determinowane jest m.in. zarybieniami.
Podstawowym narzedziem umozliwiajagcym walidacje efektow wprowadzenia ryb do
wod otwartych jest ich znakowanie. Wérod obecnie stosowanych metod za najbardziej
innowacyjng uznawana jest implantacja nadajnikow telemetrycznych (TT). Implantacja
TT zazwyczaj jest zabiegiem chirurgicznym, wykonywanym po uprzednim u$pieniu
ryb, potencjalnie mogacym wplywaé na ich stan zdrowotny. Co prawda nadajniki TT
stosowano juz u ryb okoniowatych (sandacz), ale do tej pory nie poznano, jak tego typu
zabiegi wptywaja na ich stan zdrowotny i procesy fizjologiczne.

Za cele pracy doktorskiej przyjeto okreslenie wptywu: (I) indukcji znieczulenia
ogolnego za pomocag anestetyku Propiscin (etomidat) oraz (II) usypiania ryb
i dootrzewnowej implantacji nadajnikow TT na stan zdrowotny, fizjologiczny
i kondycje¢ mtodocianych osobnikow dwoch gatunkéw z rodziny okoniowatych,
tj. sandacza i okonia.

Prace badawcze podzielono na dwa etapy (etap I 1 etap II). Etap I obejmowat
dwa doswiadczenia, w ktorych mtodociane osobniki sandacza (do$wiadczenie I)
i okonia (doswiadczenie II) poddano dziataniu srodka znieczulajacego (Propiscin;
Etomidatum 0,02%). Zastosowano dwa stezenia anestetyku (1 i 2 ml 17 u obu
gatunkow) oraz dwa czasy kapieli (2 1 10 min u sandacza oraz 3 i 10 min u okonia).

Krew pobierano bezposrednio po zakonczeniu kapieli ryb (0 h) oraz 24 godziny p6znie;j
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(24 h). W etapie II badan réwniez przeprowadzono dwa do$wiadczenia (sandacz
(doswiadczenie III) i okon (doswiadczenie 1V)), w ktorych mtodocianym osobnikom
tych gatunkow implantowano dootrzewnowo nadajniki TT z anteng zewnetrzng. Rany
poimplantacyjne zamykano szwami (wariant 1) lub klejem tkankowym (wariant I1). Po
implantacji TT ryby podchowywano w RAS. Oceniono m.in. wzrost, kondycj¢ ryb,
a takze stan szwow lub kleju oraz stan ran poimplantacyjnych. Dodatkowo, po
zakonczeniu kazdego z doswiadczen, od ryb pobrano probki krwi do badan
hematologicznych i biochemicznych.

Po zakonczeniu kapieli sandacza w wodnym roztworze Propiscinu (0 h)
stwierdzono istotne statystycznie rdéznice w przypadku czterech parametrow
hematologicznych, tj. liczby krwinek bialych (WBC), liczby krwinek czerwonych
(RBC), stezenia hemoglobiny (HGB) 1 liczby hematokrytowe; (HCT). Sposrod
parametrow czerwonokrwinkowych, istotne réznice dotyczyly $redniej objetosci
krwinki czerwonej (MCV) 1 to wylacznie w grupach, ktore przetrzymywano
W roztworze anestetyku przez 10 min. U okonia, bezposrednio po ekspozycji na
anestetyk (0 h), istotne réznice odnotowano dla HCT 1 MCV. Po 24 h od zakonczenia
kapieli wartosci ww. parametrow hematologicznych powrédcity do notowanych
w kontrolnych grupach ryb. Kapiele w roztworze anestetyku miaty wplyw na warto$ci
wskaznikow biochemicznych. U sandacza (0 h) istotne rdznice stwierdzono
w przypadku 10 sposrod 11 oznaczanych wskaznikow biochemicznych. Wzrost stezenia
biatka catkowitego, globulin, amoniaku, wapnia i magnezu odnotowano we wszystkich
grupach do$wiadczalnych. Podwyzszone wartosci glukozy i1 kreatyniny stwierdzono
tylko u grup poddanych 10 min kapielom. U okonia (0 h) podwyZszone warto$ci
stwierdzono w przypadku czterech parametrow biochemicznych, tj. glukozy,
mleczandéw, amoniaku i wapnia. U obu gatunkow ryb poddanych badaniom po 24 h od
zakonczenia kapieli warto$ci analizowanych parametréw biochemicznych (poza
magnezem u okonia) powr6city do odnotowanych w grupach kontrolnych.

W etapie II badan, u sandacza, ktoremu implantowano nadajniki TT istotne
roznice w wartosciach oznaczanych parametréw hematologicznych stwierdzono tylko
u osobnikow w wariancie 1 (zaszywanie ran) (obnizenie MCV 1 $redniego st¢zenia
hemoglobiny (MCH)). Natomiast u okonia zmiany obserwowano tylko u osobnikow,
u ktorych rany poimplantacyjne zamykano klejem tkankowym (wariant II; obnizenie
liczby trombocytow (PLT) i1 wartosci MCV). U sandacza z wariantu [ roznice

stwierdzono w przypadku czterech sposrod 11 oznaczanych wskaznikow
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biochemicznych (amoniak, kreatynina, fosfataza zasadowa i magnez). Natomiast
w wariancie Il (zamykanie ran klejem) dotyczyto to tylko jednego parametru (fosfatazy
zasadowej). Z kolei u okonia réznice wystapily tylko w dwdch parametrach w wariancie
| (fosfataza zasadowa i magnez).

Zardéwno u sandacza, jak i u okonia ubytki szwoéw (wariant I) obserwowano
w czasie catego podchowu w RAS. Z kolei klej (wariant II) w wiekszos$ci przypadkow
ulegt ztuszczeniu juz w pierwszym tygodniu po implantacji TT. U sandacza rany
poimplantacyjne szybciej goity si¢ w grupie ryb, u ktérych zamykano je klejem,
a u okonia w grupie, w ktérej uzywano szwow. U sandacza w wariancie | tylko jedna
ryba stracita nadajnik TT (retencja 94%), natomiast w wariancie II nie odnotowano strat
TT (retencja 100%). U okonia w wariancie I retencja nadajnikow TT wyniosta 66,7%,
a w wariancie II 22,2%. Ws$rdéd analizowanych w etapie II badan wskaznikow
hodowlanych roznice odnotowano tylko u okonia (do$wiadczenie IV, wariant II). Po
pierwszym tygodniu po implantacji nadajnikoéw TT stwierdzono obnizone wartosci
wskaznikow wzrostu ryb. W kolejnych tygodniach jednak byly one juz zblizone do
wynikow notowanych w grupie kontrolne;.

Podsumowujac, u obu gatunkow istotniejszy wpltyw na stan fizjologiczny
organizmu, tj. wskazniki hematologiczne i biochemiczne miat czas przetrzymywania
ryb w roztworze anestetyku, a mniejszy jego stezenie. Po 24 h wigkszo$¢ wskaznikow
powrocita do wartosci notowanych w grupach kontrolnych. Tym samym Propiscin
mozna uzna¢ za Srodek bezpieczny dla mlodocianego sandacza i okonia,
1 rekomendowa¢ go do stosowania w czasie prac ichtiologicznych prowadzonych na
tych taksonach. Obydwie metody zamykania ran po implantacji nadajnikéw TT nie
wplywaly negatywnie na stan kondycyjny oraz procesy fizjologiczne sandacza i okonia.
U sandacza, w przypadku zamykania ran klejem tkankowym odnotowano mniej istotny
wplyw na wskazniki hematologiczne i biochemiczne. Metoda ta sprzyjala réwniez
szybszemu gojeniu si¢ ran po implantacji TT. Mozna wigc ja rekomendowal
w przypadku implantacji nadajnikow TT u tego gatunku. Z kolei u okonia, gléwnie
z powodu znaczacych strat nadajnikow TT (niskiej retencji), zadna z metod nie moze
by¢ polecana. Wydaje si¢, ze efektywniejsze moglyby okazaé si¢ np. nadajniki TT

Z anteng wewngetrzng.
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English summary

Fish from the percid family are considered to be promising species in global
aquaculture. In Europe, species of interest include the European pikeperch (Sander
lucioperca) and the Eurasian perch (Perca fluviatilis). Currently these species are
produced mainly in facilities using recirculating aquaculture systems (RAS) (fish for
human consumption and/or stocking material). Handling fish (e.g., stocking tanks,
sorting, tagging, reproducing) is a significant element of rearing fish in RAS that can
cause stress in fish and impact their health status. Applying anesthetics is one of the
methods used in aquaculture to counteract or minimize the impact of stress on fish.
Etomidate (Propiscin, IRS Olsztyn) is used successfully with percid fish as its toxicity is
considered to be low and has few side effects. To date, it is unknown what impact this
anesthetic has on fish physiological status determined, for example, by hematological
and biochemical indicators that are, inter alia, good, reliable markers of stress. Stocking
IS one aspect of rational fisheries management in open waters, and tagging is one of the
basic tools that permits verifying the effectiveness of releasing fish into open waters.
Among the many methods currently applied, implanting telemetry transmitters (TTs) is
considered to be the most innovative. TT implantation is a surgical procedure performed
after fish have been anesthetized, which can potentially affect their health. While it is
true that TTs have already been used in percid (pikeperch) fish, it has not yet been
determined how these procedures affect the health and physiological processes of these
fish.

The aims of the dissertation were to determine the impact on the physiological
status and condition of juvenile specimens of two fish species from the family Percidae,
i.e., pikeperch and perch, of (I) inducing general anesthesia with the anesthetic
Propiscin (etomidate) and (I1) placing the fish under general anesthesia and implanting
TTs.

The research was divided into two stages (stage | and stage 11). Stage | included
two experiments in which juvenile pikeperch (experiment I) and perch (experiment II)
specimens were subjected to anesthesia (Propiscin; Etomidatum 0.02%). Two doses of
anesthetic were applied (1 and 2 ml I"! in both species) during two immersion periods
(2 and 10 min for pikeperch and 3 and 10 min for perch). Blood was drawn from the
fish immediately following the conclusion of immersion (0 h) and 24 h later (24 h). In
stage Il of the study two experiments were conducted (experiment Il (pikeperch) and

experiment IV (perch)), in which TTs with internal antennae were implanted
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intraperitoneally in juvenile specimens of each species. The implantation incisions were
closed with sutures (variant 1) or tissue adhesive (variant 11). After TT implantation the
fish were reared in RAS. Among other indicators, fish growth and condition and the
states of sutures or adhesive and incisions were assessed. Additionally, after the
conclusion of each experiment, blood samples were drawn for hematological and
biochemical tests.

After the conclusion of immersion of pikeperch in the aqueous Propiscin
solution (0 h), statistically significant differences were confirmed for four hematological
parameters, i.e., white blood cells (WBC), red blood cells (RBC), hemoglobin (HGB),
and hematocrit (HCT). Among red blood cell parameters, significant differences were
noted in mean corpuscular volume (MCV) and only in the groups that were immersed in
the anesthetic solution for 10 min. Immediately following exposure to the anesthetic
(0 h), significant differences in HCT and MCV were noted in perch, while
24 h following the conclusion of immersion the values of these hematological
parameters returned to the values noted in the control group fish. Immersion in the
anesthetic solution impacted the values of the biochemical parameters. Significant
differences were confirmed in pikeperch (0 h) in 10 of the 11 biochemical indicators
determined. Increased levels of total protein, globulin, ammonia, calcium, and
magnesium were noted in all of the experimental groups. Elevated levels of glucose and
creatinine were only confirmed in the group subjected to immersion for 10 min. In
perch (0 h) elevated levels were confirmed in four of the biochemical parameters,
i.e., glucose, lactate, ammonia, and calcium. With the exception of magnesium in perch,
24 h following immersion the values of the biochemical parameters in both species
returned to the values noted in the control groups.

In stage Il of the study, significant differences in the values of the hematological
parameters determined were confirmed in pikeperch that were implanted with TTs, but
only in specimens from variant | (sutured incisions; lowered MCV and mean
corpuscular hemoglobin values (MCH)). However, changes were only observed in
perch specimens in which incisions were closed with tissue adhesive (variant II;
lowered platelet (PLT) and MCV values)). Differences were confirmed in the pikeperch
from variant | for four of the 11 biochemical indicators determined (ammonia,
creatinine, alkaline phosphatase, and magnesium), while in variant Il (incision closed

with tissue adhesive) only the values of alkaline phosphatase were lower. In perch



Maciej Roman Rozynski

differences were noted only in two parameters in variant | (alkaline phosphatase and
magnesium).

Suture loss (variant 1) was noted in both pikeperch and perch throughout rearing
in RAS, while tissue adhesive (variant Il) was shed in most cases in the first week
following TT implantation. Incisions in pikeperch healed faster in the group in which
tissue adhesive was used, but in perch the sutured incisions healed faster. In the
pikeperch from variant |1 only one specimen shed its TT (94% retention), while in
variant Il no TT shedding was noted (100% retention). TT retention in perch from
variant | was 66.7%, and in variant Il it was 22.2%. Among the rearing indices analyzed
in stage Il of the study, differences were only noted in perch (experiment IV, variant I1).
Reductions in indicators of fish growth rates were confirmed one week after TT
implantation, but in subsequent weeks the values of these were similar to those noted in
the control group.

In summation, the period during which both fish species were held in the
anesthetic solution had the most significant impact on their physiological status, i.e., the
hematological and biochemical indicators, while the dose had less of an impact. After
24 h most of the indicators returned to the values noted in the control groups. Therefore,
Propiscin can be considered a safe agent for use with juvenile pikeperch and perch, and
it is recommended for use in ichthyological work with these two species. Neither of the
methods to close TT implantation incisions had a negative impact on the condition or
physiological status of pikeperch or perch. In pikeperch, incisions closed with tissue
adhesive had a less significant impact on hematological and biochemical indicators.
This method also facilitated quicker healing of TT implantation incisions. Therefore, it
can be recommended for implanting TTs in this species. However, because of
significant TT shedding (low retention) in perch, neither of the methods can be

recommended. It is possible that TTs with external antennae might be more effective.
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Wstep

W ostatnim dwudziestoleciu obserwujemy systematyczny i dynamiczny rozwoj
sektora akwakultury (FAO 2018). Powszechnie implementuje si¢ réznorodne techniki
produkcji nowych dla tego sektora organizméw wodnych, w tym ryb. Szacuje si¢, ze
w ostatnich Kilkunastu latach do akwakultury wprowadzono ok. 100 gatunkoéw
organizméw wodnych (Bregnballe 2015). W Europie w tym czasie szczegolng uwage
producentow i hodowcow ryb zwrécity dwa gatunki z rodziny okoniowatych, zaliczane
do grupy tzw. gatunkow perspektywicznych, tj. sandacz europejski (Sander lucioperca)
i okon euroazjatycki (Perca fluviatilis). Opracowane zostaty kompleksowe biotechniki
ich kontrolowanego rozrodu oraz podchowu kolejnych stadiow rozwojowych: od larw,
poprzez stadia juwenilne (materiat obsadowy i zarybieniowy), po tucz w systemach
hodowlanych o réznym stopniu intensyfikacji produkcji (Toner i Rougeot 2008;
Kestemont i in. 2015; Policar i in. 2015; Zake$ 2017). W kontekscie intensyfikacji
produkcji sandacza i okonia najbardziej obiecujaca wydaje si¢ by¢ technika produkcji
w systemach recyrkulacyjnych (RAS) (Dalsgaard i in. 2013; Zake¢$ 2017). Obecnie
w Europie istniejg juz farmy tych ryb wyposazone w systemy RAS, prowadzace
produkcje w zamknigtym cyklu hodowlanym, posiadajagce wiasne stada tarlowe
sandacza i okonia (Dalsgaard i in. 2013). Material wyprodukowany w obiektach RAS
przeznaczany jest nie tylko do obsadzania basenéw w farmach prowadzacych tucz tych
ryb, ale wykorzystywany jest rowniez do zarybien wod otwartych (Steenfeldt i in.
2015).

Prowadzenie intensywnej produkcji ryb w RAS wymaga stosowania licznych
manipulacji rybami (m.in. pomiary kontrolne, sortowanie, transport, znakowanie,
obsadzanie basenow, tarto kontrolowane). Zabiegi te indukuja zjawisko stresu u ryb, co
z kolei moze negatywnie wplywa¢ na ich status zdrowotny i efekty hodowlano-
ekonomiczne (Falahatkar i Barton 2007; Sopinka i in. 2016). Jednym ze sposobow
pozwalajacych zniwelowac zjawisko stresu u ryb podczas manipulacji hodowlanych jest
stosownie anestetykow. Indukcja znieczulenia ogolnego ryb pozwala zahamowac lub
nawet zablokowa¢ reakcj¢ stresowg organizmu (Sneddon 2012). Po wprowadzeniu ryb
w stan uspienia zablokowaniu ulega odbieranie bodzcow ze srodowiska zewnetrznego,
ponadto zmniejsza si¢ naprezenie ciata ryb, co pozwala zapobiec negatywnym skutkom
manipulacji, takich jak uszkodzenia mechaniczne ciala czy $miertelnosé
pomanipulacyjna (np. Kazun i Siwicki 2012). Kolejng wazng zaleta stosowania

anestetykow jest znaczace skrocenie czasu manipulacji, cO ogranicza czas reakcji
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stresowej organizmu. U ryb okoniowatych anestetyki stosuje si¢ m.in. podczas
pozyskiwania produktow plciowych (Zakes i in. 2013; Alavi i in. 2015), a nawet
podczas procedury oddzielania larw z wypetnionym pgcherzem ptawnym od osobnikow
z pecherzem niewypelionym (Kestemont i in. 2015; Zake$ 2017).

Do tej pory do wprowadzania sandacza i okonia w stan znieczulenia ogolnego
testowano nastgpujace anestetyki: etomidat (Propiscin), MS-222, olejek gozdzikowy
I 2-phenoxyethanol. Sposrod nich, rekomendowanymi srodkami sg MS-222 i Propiscin
(Hamackova i in. 2001; Velisek i in. 2009). Niewatpliwie najpopularniejszym z nich
jest MS-222. Wynika to migdzy innymi z wlasciwosci tego anestetyku, tj. szybkiej
indukcji oraz rownie szybkiego wybudzania ze stanu znieczulenia ogoélnego. Ponadto
jest to jedyny $rodek zalegalizowany w wielu krajach do stosowania w akwakulturze.
Najwickszg wadag MS-222 jest wysoka cena, co istotnie ogranicza jego powszechne
stosowanie. Natomiast Propiscin oprocz bardzo dobrych wlasciwosci znieczulania
1 wybudzania ryb ze stanu anestezji cechuje si¢ rowniez wzglednie przystepna ceng
(Svacdina 1 in. 2016). Jedyna wada tego preparatu jest to, iz nie jest on prawnie
zalegalizowany do stosowania, m.in. ze wzgledu na ograniczong liczbe badan
potwierdzajacych bezpieczenstwo jego stosowania u ryb. Wydaje si¢ on jednak
odpowiednim $rodkiem do indukcji znieczulenia ogdlnego u tej grupy zwierzat.
Propiscin jest stabilnym 0,2% roztworem etomidatu (Kazun i Siwicki 2012). Anestetyk
ten wywotuje szybki stan znieczulenia ogdlnego u ryb oraz cechuje si¢ krotkim czasem
wybudzenia. Uznawany jest za preparat o niskiej toksycznosci dla ryb
i nieznacznych skutkach ubocznych (Kazun i Siwicki 2012). Preparat ten okazatl si¢
skutecznym anestetykiem w przypadku réznych gatunkow ryb: m.in. pstraga tgczowego
(Oncorhynchus mykiss), karpia (Cyprinus carpio), amura (Ctenopharyngodon idella)
czy lipienia (Thymallus thymallus) (Kazun i Siwicki 2012; Witeska i in. 2015).
U sandacza i okonia Propiscin byt testowany m.in. przez Hamackova i in. (2001),
Velisek i in. (2009) i Kristan i in. (2012). Jednak badania te dotyczyly glownie tempa
indukcji znieczulenia ogolnego oraz wybranych wskaznikéw biochemicznych i nie daja
pelnego obrazu wplywu tego anestetyku na organizm tych gatunkéw. Stezeniem
najczesciej stosowanym w przypadku Propiscinu jest 1-2 ml I* (Z. Zake$, mat.
niepublik.), natomiast w wyzej przytoczonych badaniach testowano wylacznie jedno
stezenie 1 ml 1™, Bardziej kompleksowych informacji w kontekscie wptywu stosowania

anestetykow na organizm ryb moga dostarczy¢ szersze badania nad ich odzialywaniem
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na wskazniki hematologiczne i biochemiczne krwi ryb (Sopinka i in. 2016; Witeska
I in. 2017).

Systemy recyrkulacyjne oprocz produkeji ryb konsumpcyjnych umozliwiajg
rowniez zwigkszenie skali i efektywnoSci produkcji materiatu zarybieniowego,
wsiedlanego nastepnie do wod otwartych. Prowadzenie racjonalnej gospodarki
rybackiej obliguje do stosowania systematycznych zarybien, adekwatnych do
warunkoéw srodowiskowych danego zbiornika wodnego (Zake$ i in. 2015a). W celu
weryfikacji efektoéw prowadzonych zarybien konieczne jest znakowanie ryb. Stosowane
jest szerokie spektrum metod/technik zaliczanych do trzech podstawowych kategorii:
biologicznych, chemicznych i fizycznych (McFarlane i in. 1990). W przypadku ryb
okoniowatych stosowano gloéwnie fizyczne, zewngtrzne metody znakowania (np.
znamiona i obcinanie pletw) (np. Hansson i in. 1997; Hohausova 2000). Ostatnio
rozwija si¢ 1 upowszechnia tzw. fizyczne, wewnetrzne metody znakowania ryb.
Wykazano na przyklad, ze ryby okoniowate z powodzeniem mozna znakowac
znaczkami magnetycznymi (ang. coded-wire-tags (CWT)), czy tez pasywnymi
zintegrowanymi transponderami (ang. passive integrated transponder (PIT)) (Baras i in.
2000; Zakes i Hopko 2013; Zake$ i in. 2015b). Jedna z technik umozliwiajacych nie
tylko weryfikowanie efektow zarybien, ale réwniez poznawanie i monitorowanie
réznych aspektow zycia ryb jest telemetria (Baras i Lagardére 1995; Thorstad i in.
2013). Stosowanie w pracach ichtiologicznych nadajnikow telemetrycznych (TT),
pozwalajacych bada¢ zachowanie i1 fizjologi¢ poszczegdlnych osobnikow w ich
naturalnym $rodowisku, stato si¢ w ostatnich latach popularne i jest nadal rozwijane
(Thorstad 1 in. 2013). Taka sytuacja jest efektem m.in. miniaturyzacji nadajnikéw
telemetrycznych, ktore tym samym w mniejszym stopniu oddziatujg na znakowane ryby
(Bridger i Booth 2003; Cooke i in. 2004; Caputo i in. 2009). Telemetria umozliwia
lokalizacje poszczegdlnych osobnikow z wigkszych odleglosci, bez bezposredniego
ingerowania w ich naturalny behawior. Zaletg tej techniki monitoringu ichtiofauny jest
to, ze pozwala ona uzyska¢ o wiele wiecej informacji w porownaniu do tradycyjnych
metod znakowania ryb. Nadajniki wyposazone w odpowiednie sensory umozliwiaja
precyzyjng charakterystyke biotopu, w ktorym dany osobnik bytuje (np. glebokos¢,
temperatura wody itp.) (Baktoft i in. 2012). Co istotne, badania telemetryczne moga by¢
prowadzone niezaleznie od pory roku i pory dnia. Bardzo czgsto telemetria jest jedyna
rzetelng metoda pozwalajaca oceni¢ efektywno$¢ zarybien, przezywalno$¢ ryb,

zachowania rozrodcze, aktywno$¢ dobows, czy tez preferencje siedliskowe (Cooke i in.

13



Maciej Roman Rozynski

2013; Thorstad i in. 2013; Dudgeon i in. 2015). Metoda ta sporadycznie byla juz
stosowana rowniez U ryb okoniowatych (m.in. u sandacza i okonia), w badaniach
majacych na celu poznanie biologii 1 behawioru, w tym szlakow wedréwek tartowych
tych ryb. W literaturze mozna odnalez¢é doniesienia o stosowaniu nadajnikow TT
u dorostych osobnikow tych gatunkow, o catkowitej dlugosci ciata przekraczajacej
40 cm (Jepsen i in. 2000; Koed i in. 2002; Vehanen i Lahti 2003). Na tle innych metod
znakowania ryb implantacj¢ TT nalezy jednak uzna¢ za procedur¢ do$¢ inwazyjna,
majgcg charakter chirurgiczny. Standardowo nadajnik wprowadza si¢ do jamy ciata
ryby poprzez niewielkie nacigcie, a anten¢ (jezeli w takg wyposazony jest nadajnik)
wyprowadza si¢ poprzez otwor umiejscowiony tuz za nim (Wagner i in. 2011). Rany
poimplantacyjne zazwyczaj zaszywa si¢ dwoma lub trzema szwami nici chirurgicznych,
w zalezno$ci od rozmiaru naciecia i wielkosci znakowanych ryb (Koed i in. 2000;
Horky i in. 2006). U innych gatunkow ryb testowano tez inne metody zamykania rany
poimplantacyjnej, np. klejenie, pozostawienie rany bez zamknigcia (Baras i Jeandrain
1998; Cooke i in. 2011).

Podstawowym zatozeniem znakowania tego rodzaju nadajnikami, podobnie jak
i innych metod znakowania, jest to, ze obecnos¢ znaczka/nadajnika w ciele ryby nie
wplywa na jej behawior, stan zdrowia czy procesy fizjologiczne (Cooke i in. 2011).
Dlatego podczas planowania zabiegu znakowania TT nalezy wzig¢ pod uwage mozliwie
jak najwiecej czynnikéw mogacych mie¢ wplyw na dobrostan znakowanych ryb
zarowno w czasie tej procedury, jak i po tym zabiegu. Istotne jest np. dobranie
wielkosci nadajnika do rozmiaru ryby. Zaklada si¢, ze masa TT nie powinna
przekracza¢ 2% masy ciata ryby (Winter 1996; Jepsen i in. 2002). Wazny jest dobor
odpowiedniej metody implantacji (miejsce 1 wielko$¢ nacigcia, sposdb zamknigcia rany,
a takze technika wyprowadzenia anteny na zewnatrz ciata) (Mulcahy 2003; Cooke i in.
2011). Ponadto na dobrostan znakowanych ryb bezposredni wpltyw ma réwniez
doswiadczenie personelu oraz metoda indukcji znieczulenia ogolnego (Mulcahy 2003).
Opracowanie 1 stosowanie optymalnej metody znakowania ryb nadajnikami
telemetrycznymi pozwoli traktowa¢ dane uzyskane na grupie poznakowanych
osobnikow jako reprezentatywne dla catej populacji (Bridger i Booth 2003; Cooke i in.
2011). Istotng wada tej metody znakowania jest m.in. brak szerszych
1 udokumentowanych danych/informacji dotyczacych oddziatywania implantacji

nadajnikow TT na status zdrowotny i procesy fizjologiczne ryb.
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Takich danych mogg dostarczy¢ badania wskaznikow hematologicznych
1 biochemicznych krwi ryb. Poniewaz parametry te s silnie skorelowane z czynnikami
srodowiskowymi oddziatujacymi na organizm ryb, a takze z rdéznymi zmianami
chorobowymi, oznaczenia tych parametréw sg wykorzystywane do oceny stanu zdrowia
ryb (Houston 1997; Clauss i in. 2008). Podstawowa procedurg diagnostyczng jest
badanie morfologii krwi. Ocena poziomu m.in. hemoglobiny, hematokrytu,
erytrocytow, leukocytdéw czy trombocytdow umozliwia rozpoznanie niedokrwisto$ci,
stanu zapalnego, infekcji czy innych procesow chorobowych (Clauss i in. 2008).
Badanie morfologii krwi jest ponadto wykorzystywane m.in. podczas badan nad
toksycznos$cig roznych substancji (Javed i Usmani 2015; Lutnicka i in. 2019). Nalezy
réwniez wspomnie¢, ze erytrocyty sa gldwnym wskaznikiem réznych strategii adaptacji
fizjologicznej organizméw wodnych, zwigzanej ze zmianami $rodowiska (Val i in.
1992). Z kolei biochemiczne oznaczenia krwi (glukoza, biatko catkowite, magnez itp.)
sg waznym narzedziem diagnostycznym do oceny stresu, stanu odzywienia, a takze
gospodarki wodno-mineralnej ryb (Brinn i in. 2012). Nalezy pamigta¢, ze podczas
interpretacji oznaczen hematologicznych i biochemicznych wazne jest zachowanie
pewnej ostroznosci, poniewaz w przypadku ryb ogdlnie przyjete zakresy wartosci
poszczegolnych wskaznikow czesto nie uwzgledniaja czynnikow takich, jak wiek czy
pte¢ ryby, pochodzenie (srodowisko naturalne lub akwakultura), jako$¢ wody czy pora
roku. Na wynik parametréw hematologicznych 1 biochemicznych moga bowiem mieé
wplyw nawet podstawowe czynnosci manipulacyjne, tj. odidw, przenoszenie, a takze

sama procedura pobierania probki krwi (Clauss i in. 2008).
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Cel pracy

Zasadniczym celem prac badawczych sktadajacych si¢ na przedmiotowa
rozpraw¢ doktorska bylo okreslenie wplywu: (I) indukcji znieczulenia ogdlnego za
pomoca anestetyku Propiscin  (etomidat) oraz () znieczulenia ogdlnego
i dootrzewnowej implantacji nadajnikow telemetrycznymch na stan zdrowotny,
fizjologiczny i kondycyjny mtodocianych osobnikéw dwoch gatunkéw z rodziny ryb
okoniowatych, tj. sandacza i okonia. Natomiast cele szczegotowe objety:

e oOkreslenie wptywu indukcji znieczulenia ogdélnego Propiscinem na wskazniki
hematologiczne i biochemiczne mtodocianego sandacza,;

e przeanalizowanie efektow stosowania anestetyku (Propiscin) na parametry
hematologiczne i biochemiczne mtodocianego okonia;

e zbadanie wptywu stosowania dwoch metod zamykania ran po dootrzewnowej
implantacji nadajnikow telemetrycznych (szycie lub Klejenie ran) na wskazniki
kondycyjne,  hematologiczne, biochemiczne  mtodocianego  sandacza.
Analizowano rowniez retencj¢ nadajnikéw TT, szwoéw lub kleju oraz stan
gojenia si¢ ran poimplantacyjnych u tego gatunku;

e okreslenie wptywu dootrzewnowej implantacji nadajnikow TT na wskazniki
kondycyjne i fizjologiczne mtodocianego okonia. Okreslano takze efekty dwoch
réznych metod zamykania ran poimplantacyjnych (szycie lub klejenie ran)
w kontek$cie retencji nadajnikow TT oraz stanu gojenia si¢ ran

poimplantacyjnych.
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Material i metody

Prace badawcze podzielono na dwa etapy (etap I i etap II). Etap I obejmowat
dwa doswiadczenia, podczas ktorych miodociane osobniki sandacza (do$wiadczenie
| — praca 1) i okonia (doswiadczenie II — praca 2) poddano dziataniu $rodka
znieczulajacego 0 nazwie Propiscin (Etomidatum 0,02%). W ramach etapu Il rowniez
przeprowadzono dwa doswiadczenia (do§wiadczenie III — praca 3 oraz doswiadczenie
IV — praca 4). W doswiadczeniach III i IV, w ktorych mlodocianemu sandaczowi
i okoniowi implantowano nadajniki telemetryczne, rany poimplantacyjne zamykano

szwami (wariant 1) lub klejem tkankowym (wariant I1).

Materiat badawczy, jego pochodzenie i warunki wstepnego podchowu

Materiat badawczy sandacza (do$wiadczenie I i III) pozyskano w wyniku tarfa
pozasezonowego przeprowadzonego w Zakladzie Hodowli Ryb Jesiotrowatych
w Pieczarkach (ZHRJ; Instytut Rybactwa Srodladowego w Olsztynie (IRS)) (Zake$
2007; Zake$ i in. 2013). Larwy i stadia juwenilne podchowywano w systemach RAS,
zgodnie z wczesniej opracowanymi procedurami (Szkudlarek i Zake¢s 2007; Zakes
2017). Gdy narybek osiagnal $redniag mas¢ ciata ok. 10 g zostal przetransportowany
w polietylenowych workach (20 | wody + 20 | tlenu, czas transportu — 2 h) do Zaktadu
Akwakultury (ZA IRS). Podchéw prowadzono zgodnie z wcze$niej opracowanymi
wytycznymi (Zake$ 2017). Ryby podchowywano w prototypowych RAS, w basenach
o kubaturze 0,2 m*. Podczas podchowu utrzymywano optymalne fizyczne i chemiczne
warunki podchowu: temperatura wody 19,7 + 0,1 °C, zakres pH 7,80-8,01, natlenienie
na odptywie z basenéw podchowowych nie spadato ponizej 7,3 mg O, I™%, koncentracja
calkowitego azotu amonowego (CAA = NH;-N + NH3-N) mierzona na odplywie
z basenéw podchowowych nie przekraczata 0,2 mg CAA I, a azotynéw (NO2-N)
0,1 mg NO,-N I,

W przypadku okonia (do$wiadczenie II i IV) zaptodniong ikr¢ tego gatunku
pozyskano z warunkéw naturalnych (jezioro Dgal Wielki, Pojezierze Mazurskie,
pétnocna Polska). Tkr¢ zebrano w czasie naturalnego tarta okonia, tj. na poczatku
kwietnia. Ikra obsadzono staw ziemny o powierzchni 0,2 ha, znajdujacy si¢ na terenie
ZHRJ IRS. W takich warunkach przeprowadzono wstepny podchéw do stadium
narybku letniego (masa ciata okoto 0,2 g). W potowie czerwca narybek odlowiono ze
stawu i umieszczono w RAS, w basenach o kubaturze 2 m® (ZHRJ IRS). Po

przeniesieniu narybku do RAS przyuczono go do pobierania paszy komponowane;j.
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Zastosowano procedur¢ opracowang przez Policar i in. (2015). Gdy narybek osiagnat
srednig mase¢ ciata ok. 10 g, zostal przetransportowany do ZA IRS. Zastosowano
warunki transportu analogiczne do uzywanych dla sandacza. Mlodocianego okonia
podchowano w RAS, w basenach o objetoéci 0,2 m® (warunki srodowiskowe podchowu

zblizone do notowanych w czasie podchowu mtodocianego sandacza).

Procedury doswiadczalne

W etapie I, w obu do$wiadczeniach, badania przeprowadzono na mtodocianych
osobnikach sandacza lub okonia. Doswiadczenie I (sandacz) — srednia dlugos¢ ciata
(Lc) 25,9 £ 1,5 cm i $rednia masa ciata (m.c.) 189,89 + 39,84 g, doswiadczenie II
(okon) — Lc 20,8 £ 1,2 cm i m.c. 162,98 £ 29,40 g. Oba do$§wiadczenia przeprowadzono
wg analogicznej procedury. Ryby podzielono na 8 grup doswiadczalnych (grupy I-VIII)
i jedng grupe kontrolng (n = 7) (Tabela 1). W obu do$wiadczeniach zastosowano dwa
stezenia Propiscinu (1 lub 2 ml 1) oraz dwa czasy kapieli (doswiadczenie 1 — 2 lub
10 min; doswiadczenie II — 3 lub 10 min). Czasy wprowadzania sandacza i okonia
w stan znieczulenia ogo6lnego (2 lub 3 min) wytypowano na podstawie wczesniejszych
pilotowych badan (M. Rozynski i in., mat. niepublik.). Kapiele ryb przeprowadzano
w plastikowym zbiorniku wypetlionym 20 litrami wodnego roztworu Propiscinu,
sporzadzonego na bazie wody z RAS pobranej z doplywoéw do basendéw podchowowych
0 nastgpujacych parametrach: temperatura 21,3 °C, koncentracja tlenu 7,2 mg O, 1™,
odczyn wody pH 8,2, przewodnictwo elektrolityczne 380 uS cm™, twardosé ogo6lna
170,0 mg CaCOj; I (doswiadczenie 1), temperatura wody 21,4 °C, koncentracja tlenu
8,3 mg O, I, odczyn wody pH 8,1, przewodnictwo elektrolityczne 446 uS cm™,
twardo$é ogodlna 295,9 mg CaCOjs I (doswiadczenie II). Od ryb z czterech pierwszych
grup (I-1V), w obu doswiadczeniach, probki krwi pobierano bezposrednio po
zakonczeniu kapieli w roztworze anestetyku (0 h). Kapiele ryb w tych grupach
prowadzono indywidualnie, tzn. kapiel kolejnego osobnika przeprowadzano dopiero po
zakonczeniu wszystkich manipulacji z osobnikiem go poprzedzajagcym. Natomiast
4 kolejne grupy ryb (V-VIII), poddano kapielom grupowym (w analogicznych
rezimach imersji; Tabela 1). Po kapieli kazda z tych grup umieszczono w oddzielnym
basenie w RAS. Natomiast probki krwi od ryb z tych grup pobierano po uptywie 24 h
od zakonczenia kapieli (Tabela 1). Grupe kontrolng stanowily osobniki poddane kapieli
w wodzie z RAS (bez dodatku anestetyku).
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Tabela 1. Uklad eksperymentu podczas kgpieli sandacza i okonia w roztworze
anestetyku (Propiscin) (doswiadczenie 11 II) (n = 7)

Grupy eksperymentalne

Parametr  Jednostka kGrupIa

ontrolna - m v v VI Vil VI
Stezenie 1 0 1 1 2 2 1 1 2 2
anestetyku
Czas i 0 23 10 253 10 253 10 253 10
kapieli
Pobor préb  h 0 0 0 0 0 24 24 24 24

*sandacza usypiano przez 2 min, a okonia przez 3 min.

Mtodociane osobniki sandacza w doswiadczeniu Il miaty Lc 17,0 £ 0,5 cm
i m.c. 59,78 + 4,55 g (wariant 1) oraz Lc 19,7 = 0,6 cm i m.c. 86,90 + 6,43 g (wariant
I1). Z kolei mtodociane osobniki okonia w doswiadczeniu IV mialy Lc 16,3 = 0,7 cm
i m.c. 78,33 £ 10,01 g (wariant I) oraz Lc 15,6 £ 0,5 cm i m.c. 73,07 + 6,25 g (wariant
I1). Oba doswiadczenia przeprowadzono wg tej samej procedury. Przed implantacja
nadajnikéw TT (ATS Inc., Isanti, Minnesota, USA; model F1515 o deklarowanej masie
0,6 g, dlugosci 13 mm, $rednicy 5 mm i zakresie czgstotliwosci 148-150 MHz.
Rzeczywista masa nadajnikow wynosita 0,604-0,653 g) ryby po uprzednim us$pieniu w
wodnym roztworze Propiscinu (1,5 ml 1) poznakowano pasywnymi zintegrowanymi
transponderami (PIT; Fish Eagle, Lechlade, Wiclka Brytania) (material — bioszkto;
dhugos¢ — 12,00 + 0,40 mm, $rednica — 2,12 = 0,07 mm, masa — 0,093 g) (Zakes
I Hopko 2013) (umozliwiato to pdzniejszg identyfikacje poszczegolnych osobnikow).
W ramach kazdego z obu doswiadczen zastosowano dwie metody/warianty zamykania
ran poimplantacyjnych. W wariancie | (grupa SST (sandacz) i OST (okon)) rany
zaszywano uzywajac hieabsorbowalnych, wielofilamentowych, jedwabnych nici
chirurgicznych (zaktadano dwa szwy) (Jedwab Polski Sp. z o.0., Milanéwek, Polska).
Kontrolne grupy ryb, ktorym nie implantowano TT oznaczono jako: grupa SSK
(sandacz) i grupa OSK (okon). W wariancie Il (grupa SKT (sandacz) i OKT (okon))
w obu doswiadczeniach zastosowano klej tkankowy Surgibond (SMI AG, St. Vith,
Belgia). Kontrolne grupy ryb w tym wariancie oznaczono jako: grupa SKK (sandacz)
i grupa OKK (okon). Nadajniki TT, po uprzednim odkazeniu w 96% alkoholu
etylowym, implantowano do jamy ciala poprzez 10-15 mm nacigcie wykonane
skalpelem, umiejscowione na powlokach brzusznych okoto 20 mm za podstawg ptetw
piersiowych. Natomiast anten¢, w ktorg wyposazone byly nadajniki wyprowadzano na

zewnatrz jamy brzusznej migdzy ptetwami brzusznymi a odbytowa (Wagner i in. 2011).
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Rany poimplantacyjne dezynfekowano za pomoca Betadine (Lavipharm, Peania,
Grecja). Kazdorazowo mierzono czas implantacji TT (£ 1 s). Po implantacji ryby
przetrzymywano w 80-litrowych zbiornikach wypelionych woda z RAS, w celu
wybudzenia ze znieczulenia ogdlnego. Wodg¢ napowietrzano za pomocg pompy LP-100
(air-pump, Shenzhen Xing Risheng Industrial Co., Ltd, Shenzhen, Chiny). W kazdym
z eksperymentéw implantacje nadajnikow TT przeprowadzono u 18 osobnikow,
ktérymi obsadzano 3 zbiorniki podchowowe o kubaturze 0,2 m* (6 ryb w zbiorniku).
Podczas podchowu, codziennie mierzono temperatur¢ wody (= 0,1 °C) 1 koncentracje
tlenu (+ 0,01 mg O, I'l) na doplywie 1 odptywie z basendw podchowowych. Natomiast
zawarto$¢ catkowitego azotu amonowego (CAA = NH,"-N + NH3-N; + 0,01 mg CAA
1) i azotynéw (NO2-N; £ 0,01 mg NO,-N I™Y) oraz pH (+ 0,01) mierzono na odptywie
z basenow podchowowych raz na tydzieh. W doswiadczeniu III, w obu wariantach,
srednia temperatura wody wynosita 22,0 = 0,0 °C. W wariancie I koncentracja tlenu na
odplywie z basendw nie spadata ponizej 7,29 O, I'* (nasycenie 82,8%), a w wariancie 1
7,21 O, I (nasycenie 82,1%). Koncentracja amoniaku i azotynéw na odplywie nie
przekraczata 0,08 mg CAA 1™ i 0,007 mg NO,-N I (wariant 1) oraz 0,04 mg CAA I
i 0,001 mg NO,-N I"* (wariant II). Odczyn wody na odplywie w wariancie I miescil si¢
w przedziale 7,96-8,00, natomiast w wariancie 1l 7,77-7,94. W do$wiadczeniu IV w obu
wariantach $rednia temperatura wody podczas podchowu wynosita 21,0 = 0,1 °C.
W wariancie | koncentracja tlenu na odptywie z basenéw podchowowych nie spadata
ponizej 7,43 O, I'* (nasycenie 83,9%), a w wariancie 11 7,36 O, I (nasycenie 83,5%).
Koncentracja CAA i NO2-N na odptywie nie przekraczata 0,08 mg CAA 1™ 0,019 mg
NO,-N I"* (wariant I) oraz 0,08 mg CAA 1™ i 0,013 mg NO,-N I™* (wariant I1). Odczyn
wody na odplywie w wariancie | mieécit si¢ w przedziale 7,74-7,93, natomiast
w wariancie Il 7,75-7,99.

W doswiadczeniu Il ryby byly zZywione paszg Aller Performa EX 3GR
(AllerAqua, Christiansfeld, Dania) o podstawowym sktadzie chemicznym: biatko
(54%), thuszcz surowy (15%), weglowodany (13%), celuloza (1,5%), popiot (8,5%)
oraz wartosci energii strawnej 19,1 MJ kg’l. Natomiast w do$wiadczeniu IV rybom
podawano pasze Aller Bronze 3 mm (AllerAqua, Christiansfeld, Dania)
0o podstawowym sktadzie chemicznym: biatko (45%), tluszcz surowy (15%),
weglowodany (24%), celuloza (3%), popiot (7%) oraz warto$ci energii strawnej 17,6
MJ kg®. W obu do$wiadczeniach pasz¢ zadawano za pomocg automatycznych

karmnikow tasmowych (Fischtechnik GmbH, Nienburg, Niemcy) przez 18 h d™* (09:00-
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03:00). Dzienna dawka paszy byta ustalana cotygodniowo na poziomie 1,5% biomasy
ryb. W doswiadczeniu Ill ryby podchowywano 5 tygodni, a w doswiadczeniu IV
6 tygodni.

Przez caly czas trwania doswiadczenia Il i IV co 7 dni przeprowadzano
pomiary indywidualne ryb, podczas ktorych mierzono dtugos¢ ciata Lc (+ 0,1 cm) oraz
mas¢ ciata (£ 0,01 g) (doswiadczenie 111 — d0, d7, d14, d21, d28 i d35; doswiadczenie
IV — d0, d7, d14, d21, d28, d35, d42). Podczas pomiarow kazdy osobnik byt
identyfikowany za pomocg czytnika znaczkéw PIT (Fish Eagle, Lechlade, Wielka
Brytania). Weryfikowano rowniez stan szwow albo kleju (Tabela 2; Deters i in. 2010)

oraz makroskopowo oceniano stan ran poimplantacyjnych (Tabela 2; Miller i in. 2014).

Tabela 2. Kryteria oceny retencji szwow 1 kleju, makroskopowego wygladu miejsc
nacig¢cia i zmian rany poimplantacyjnej sandacza i okonia znakowanych nadajnikami
telemetrycznymi

Ranga  Kryteria oceny retencji szwow albo kleju (Deters i in. 2010)

0 Brak szwéw/kleju
1 Szwy/klej obejmuja czesciowo miejsce nacigcia
2 Szwy/klej obejmujg miejsce nacigcia w catosci

Kryteria oceny makroskopowego wygladu miejsca nacigcia (Miller 1 in. 2014)

Nacigcie zamkniete catkowicie 1 zagojone/brak sladow po nacigciu

Nacigcie zamkniete catkowicie, ale niezagojone

Naciecie w trakcie gojenia, a brzegi rany tylko czgSciowo polaczone tkanka
Nacigcie w trakcie gojenia, ale brzegi rany nie zamknigte/niepotagczone tkanka
Nacigcie otwarte mniej niz w 50%

Nacigcie otwarte w ponad 50%

oo o A W N B O

Naciecie otwarte catkowicie

Kryteria oceny zmian rany poimplantacyjnej

Rana czysta
Zaczerwienienia

Stan zapalny

w N - O

Infekcja/martwica

Codziennie kontrolowano stopien wyzerowania paszy, ewentualng obecno$¢
w basenach znaczkow PIT i1 TT, a takze zachowanie i1 $§miertelno$¢ ryb. Na podstawie

zebranych danych obliczono: dzienny przyrost masy ciata: DGR (g d™) = (m.c., - m.c.;)
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x t1, wzgledny przyrost masy ciata: SGR (% d™*) = 100 x (In m.c. - In m.c.) x t;
wspotczynnik kondycji Fultona: F = (100 x m.c.) x Lc?; wspotczynnik pokarmowy
paszy: FCR = P x (B; - By)™, gdzie: m.c; — poczatkowa masa ciata ryby (g),
m.c., — koncowa masa ciata ryby (g), t — czas podchowu (doby), Lc — dlugos¢ ciata
(cm), B; — koncowa biomasa ryb (g), B, — poczatkowa biomasa ryb (g), P — catkowita
dawka paszy (g).

W dniu zakonczenia doswiadczenia III (d35) i IV (d42) od kazdego osobnika
pobrano krew. Procedury poboru krwi w doswiadczeniu I, II, III i IV byty analogiczne.
Probke krwi (ok. 1 ml) pobierano za pomocag heparynizowanych strzykawek
(doswiadczenie 11 IIT — Sarstedt AG & Co., Niimbrecht, Niemcy; doswiadczenie 111 IV
— Smiths Medical International ASD, Inc., St.Paul, Minnesota, USA) bezposrednio
z zyly ogonowej. Nastepnie krew przenoszono do proboéwek (Microtube 1,3 ml LH,
Sarstedt AG & Co., Niimbrecht, Niemcy) 1 po doktadnym rozmieszaniu (kazda probka
oddzielnie) poddawano badaniu w poétautomatycznym aparacie hematologicznym
BC2800Vet (Mindray, Shenzhen, Chiny). Odczyty analizatora zostaty skalibrowane do
krwi kilku wybranych gatunkow ryb, w tym sandacza, na podstawie tradycyjnych
metod oznaczen hematologicznych krwi ryb (Dacie i Lewis 2001). Kalibracja
analizatora zostata przeprowadzona przez firm¢ Stamar (Dgbrowa Gornicza, Polska).
Nastgpnie probke krwi odwirowywano (6500 rpm; 20 °C; 2 min; Fresco 17, Thermo
Scientific, Waltham, Massachusetts, USA), a otrzymane osocze poddawano
oznaczeniom biochemicznym na automatycznym aparacie BS120 (Mindray, Shenzhen,
Chiny). Do analizy wybrano najwazniejsze wskazniki hematologiczne (liczba biatych
krwinek (WBC), liczba czerwonych krwinek (RBC), liczba trombocytow (PLT),
stezenie hemoglobiny (HGB), liczba hematokrytowa (HCT), $rednia objetos¢ krwinki
czerwonej (MCV), $rednia masa hemoglobiny w erytrocycie (MCH) 1 $rednie stezenie
hemoglobiny w erytrocycie (MCHC)) oraz biochemiczne (kreatynina (CREA),
bilirubina  catkowita  (BIL-T), aminotransferaza  asparaginianowa  (AST),
aminotransferaza alaninowa (ALT), fosfataza zasadowa (ALP), biatko catkowite (TP),
albuminy (ALB), globuliny (GLB), glukoza (GLU), mleczany (LACT), wapn (Ca)
magnez (Mg), chlor (CI) i amoniak (NHs)).

Analiza statystyczna
Analiza statystyczna zostala przeprowadzona za pomocg programu Statistica 12
(StatSoft, Inc., Tulusa, Oklahoma, USA). Dane zostaly poddane testowi na normalnos¢

rozktadu (test W Shapiro-Wilka) oraz jednorodno$¢ wariancji (test Levenea).
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Poréwnania statystycznego danych w doswiadczeniach 1 i II dokonano za pomoca
jednoczynnikowej analizy wariancji (ANOVA). W przypadku wystapienia rdznic
istotnych statystycznie, przeprowadzano dalszg analiz¢ statystyczng za pomocg testu
Tukeya. Roznice odnotowywano jako istotne dla P < 0,05. Natomiast
w doswiadczeniach III i IV uzyto jednoczynnikowej analizy wariancji (ANOVA)
z powtdrzonymi pomiarami. Jezeli test wykazywal istotno$¢ statystyczng dalsza analize
przeprowadzano z wykorzystaniem testu Tukeya. Roznice odnotowywano jako istotne
dla P < 0,05. W przypadku wskaznikéw hematologicznych i1 biochemicznych istotno$¢
statystyczng sprawdzano za pomocg testu U Manna-Whitneya. Roznice odnotowywano
jako istotne dla P < 0,05.
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Wyniki

Wskazniki hematologiczne

U sandacza (doswiadczenie I) poddanego kapielom w wodnym roztworze
Propiscinu roznice obserwowano w przypadku czterech podstawowych parametrow
morfologii krwi, tj. WBC, RBC, HGB i HCT (czas 0 h). Najwyzsza liczb¢ biatych
krwinek (WBC) zaobserwowano u osobnikow, ktore poddano 10 min kagpielom
w obydwu testowanych dawkach anestetyku (P < 0,05; Tabela 3). Jednak po uplywie
24 h wartos¢ WBC powrdcita do poziomu wyjsciowego, tj. stwierdzonego w grupie
kontrolnej. Jedynie w grupie V istotnie wzrosta. W przypadku obu badanych stezen
anestetyku istotnie najwyzsze wartosci RBC, HGB i HCT odnotowane bezposrednio po
kapieli (0 h) rowniez dotyczyly osobnikéw poddanych dlugotrwaltym kapielom
w Propiscinie. Po uptywie 24 h warto$ci tych wskaznikéw u wszystkich grup powrécity
do poziomu poréwnywalnego z grupa kontrolng (P > 0,05; Tabela 3). W przypadku
parametrow czerwonokrwinkowych réznice odnotowane bezposrednio po zakonczeniu
kapieli (0 h) dotyczyty: wzrostu MCV u grup poddanych 10 min kgpielom oraz spadku
MCHC u grupy poddanej kapieli w stezeniu 2 ml I"* w czasie 10 min (P < 0,05; Tabela
3). W doswiadczeniu II réznice istotne statystycznie (czas O h) odnotowano tylko
w jednym podstawowym parametrze morfologii krwi okonia, tj. HCT oraz jednym
parametrze czerwonokrwinkowym, tj. MCV. Istotnie podwyzszong warto$¢ HCT
stwierdzono u grupy poddanej kapieli o stezeniu 1 ml I* w czasie 10 min. Natomiast
w przypadku MCV podwyzszone wartosci tego parametru odnotowano u obu grup
poddanych kapielom w czasie 10 min oraz kapieli trwajacej 3 min przy st¢zeniu 2 ml I
(P < 0,05; Tabela 4). Wartosci obu parametrow powrocity do wielkosci wyjsciowych po
24 h od zakonczenia kapieli (P > 0,05; Tabela 4).

W doswiadczeniu III wsrod wskaznikow hematologicznych istotne statystycznie
roznice wystapity tylko w wariancie | (zamykanie ran szwami). W grupie kontrolnej
odnotowano wyzszg wartos¢ wskaznika MCV oraz MCH (P < 0,05; Tabela 5).
W przypadku pozostatych wskaznikéw, tj.: WBC, RBC, HGB, HCT, MCHC oraz PLT
réznice migdzygrupowe byly statystycznie nieistotne. W doswiadczeniu IV w wariancie
I nie odnotowano istotnych statystycznie réznic migdzy warto$ciami analizowanych
wskaznikow hematologicznych (P > 0,05; Tabela 6). Natomiast w wariancie 1l
(zamykanie ran klejem) istotne réznice stwierdzono w przypadku wskaznikow MCV
i PLT (P < 0,05; Tabela 6). Srednia objetos¢ krwinki czerwonej (MCV) w grupie OKT
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Tabela 3. Wplyw znieczulenia ogdlnego wywolanego kapiela sandacza w Propiscinie (stezenie anestetyku 1 lub 2 ml 1" czas kapieli 2 lub 10 min) na
profil hematologiczny tego gatunku bezposrednio (0 h) oraz 24 h po tym zabiegu

Grupa

Parametr Jednostka kontrolna Grupa | Grupa Il Grupa 111 Grupa IV Grupa 'V Grupa VI Grupa VIl Grupa VIII
WBC 10° I 52,46 76,83 90,39° 127,501 117,20¢ 78,41™ 64,11%° 56,44% 56,33
(& 3,46) (*+2,23) (+4,07) (+7,18) (*4,35) (*+7,13) (+ 8,58) (+ 4,56) (+ 5,38)
RBC 10° I 1,28 1,46% 1,71° 2,20° 2,09° 1,51%® 1,44%® 1,39%® 1,38
(+0,06) (+0,02) (*0,07) (*0,11) (*0,07) (+0,08) (+0,12) (+0,07) (+ 0,08)
HGB gl 30,43 35,00 41,71° 54,29° 52,14° 37,57%® 33,14%® 31,86° 31,71°
*1,51) (*0,65) (+ 1,80) (+2,33) (+2,26) (*1,99) (+2,93) (+1,30) (*1,75)
HCT % 24,19° 27,69% 33,51° 45 47° 44,49° 28,33% 26,57 25,31° 25,76°
(*1,03) (+0,69) (*1,47) (+1,92) (*1,81) (*1,53) (+2,16) (+1,02) (* 1,41)
MOV fl 146,80 146,70® 151,50 159,60% 164,10° 145,50% 143,20® 141,10° 144,80%
(*2,99) (*2,24) (*1,63) (*1,79) (*2,24) (+2,04) (+2,37) (*1,75) (+ 1,46)
MCH 0 29,19 29,47 29,70 29,99 30,39 30,46 28,33 28,10 28,21
(£0,90) *0,37) (£0,53) (£0,46) (£0,62) (£0,81) (£0,71) (£0,30) (£0,33)
MCHC gl 199,30  201,30¢ 196,00™ 187,90 185,30® 209,60° 198,30  199,60° 195,40
(£3,75) *1,97) (£1,96) (£ 1,79) 1,71 (£3,62) (£3,73) (£ 1,70) (£2,46)
Objasnienia:

WBC: biate krwinki, RBC: czerwone krwinki, HGB: hemoglobina, HCT: liczba hematokrytowa, MCV: $rednia objgto$¢ krwinki czerwonej, MCH:
$rednie stezenie hemoglobiny w krwince czerwonej, MCHC: $rednie st¢zenie hemoglobiny w krwinkach czerwonych. Objasnienia grup — patrz Tabela
1. Wartos¢ $rednia (+ SE) (n = 7). Grupy oznaczone réznymi indeksami literowymi r6znig si¢ istotnie statystycznie (P < 0,05).
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Tabela 4. Wplyw znieczulenia ogélnego wywotanego kapiela okonia w Propiscinie (stezenie anestetyku 1 lub 2 ml 1™; czas kapieli 3 lub 10 min) na
profil hematologiczny tego gatunku bezposrednio (0 h) oraz 24 h po tym zabiegu

Grupa

Parametr Jednostka kontrolna Grupa | Grupa Il Grupa Il Grupa IV Grupa V Grupa VI Grupa VIl Grupa VI
WBC 10° 1™ 95,76 107,78 121,09 114,07 128,08 113,93 112.31 103,39 118,33
(£3,67) (£3,33) (+£4,09) (£6,53) (x=11,83) (x11,41) (£3,88) (£7,62) (£6,18)
RBC 10° it 1,47 1,64 1,58 1,61 1,61 1,52 1,62 1,53 1,65
(0,07) (£0,10) (% 0,06) (+0,07) (0,10) (+0,12) (£ 0,04) (+0,09) (= 0,06)
HGB gl 28,06 31,28 33,46 31,11 30,30 28,67 33,55 28,58 30,41
(+ 1,40) (+ 1,43) (* 1,07) (+ 1,52) (+2,05) (+1,92) (+ 1,68) (+ 1,45) (+2,02)
HCT % 29,30° 34,06% 35,74% 36,39° 36,05% 29,70% 33,60% 30,49 32,54%
(* 1,35) (= 1,64) (* 1,13) (= 1,09) (*1,91) (*1,91) (= 1,10) (+1,58) (+ 1,44)
MGV fl 148,24° 154,67* 168,23 168,89" 168,10° 146,13° 154,04 148,31 147,23
(+2,48) (£3,19) (£1,92) (£3.,46) (£5,03) (£5,02) (£1,89) (£1,84) x6,11)
MCH 0g 31,34 31,40 34,87 31,94 31,50 31,31 33,86 30,71 30,36
(= 1,07) (£1,08) (= 1,39) (£ 1,66) (x2,25) (+1,93) (£1,02) (+£0,76) (£2,07)
MCHC gl 211,71 203,14 207,29 188,57 186,00 213,29 219,86 207,14 205,43
(+4,95) (+3,48) (+ 5,63) (+ 6,85) (+8,18) (+ 6,10) (+4,1) (+ 3,46) (+ 6,34)
PLT 10° uI™ 16,57 19,57 19,71 19,43 19,67 40,86 17,86 16,00 22,29
H (+3,32) (+ 1,81) (+2,35) (+3,95) (+2.,70) (+24,69)  (+3.,35) (+0,76) (+ 1,90)
Objasnienia:

PLT: trombocyty, obja$nienia pozostatych parametrow — patrz Tabela 3. Objas$nienia grup — patrz Tabela 1. Warto$¢ srednia (= SE) (n = 7). Grupy
0znaczone r6znymi indeksami literowymi r6znig si¢ istotnie statystycznie (P < 0,05).



Wplyw implantacji nadajnikow telemetrycznych i znieczulenia ogdInego na stan fizjologiczny i kondycyjny sandacza (Sander lucioperca) i okonia (Perca fluviatilis)

Tabela 5. Wskazniki hematologiczne sandacza po zastosowaniu roznych metod zamykania ran
po implantacji nadajnikow telemetrycznych (wariant I — grupa kontrolna (SSK) i grupa z ranami
szytymi (SST) oraz wariant Il — grupa kontrolna (SKK) i grupa z ranami klejonymi (SKT))

Parametr Jednostka Wariant | Wariant ||
grupa SSK grupa SST grupa SKK grupa SKT
s 69,72 71,14 71,48 71,73
WBC 10° pl *18,11) & 12,74) @ 12,37) @ 16,93)
- 1,64 1,63 1,65 1,55
RBC 10%ul (021) & 0,.21) @ 0,16) @& 0,23)
HGB " 36,61 34,69 38,67 37,06
g (£ 4,75) (+£4,21) (£ 4,49) (+5,62)
27,14 25,52 26,69 25,02
0 i) 1 i) 1
HCT % (+3,07) (+3,57) (+ 2,86) (+3,55)
MCY " 122,93 116,16° 119,94 120,08
(+ 5,84) (+8,14) (+ 8,43) (+ 8,52)
MCH 22,26" 21,26° 23,34 23,88
Pg (+ 1,39) (+ 1,14) ( 1,63) (+ 1,87)
4 181,50 183,50 195,22 199,35
MCHC gl (+ 8,89) (& 8,45) (& 8,03) (& 10,65)
_— 18,89 20,25 20,33 19,06
PLT 10° (+ 4.87) ( 15.49) (& 5,88) *7,75)

Objasnienia:

Objasnienia parametrow — patrz Tabela 3 i Tabela 4. Objasnienia grup — patrz Tabela 1.
Warto$¢ srednia (£ SD) (n = 18). Grupy oznaczone ré6znymi indeksami literowymi rdznig si¢
istotnie statystycznie (P < 0,05).

Tabela 6. Wskazniki hematologiczne okonia po zastosowaniu r6znych metod zamykania ran po
implantacji nadajnikow telemetrycznych (wariant I — grupa kontrolna (OSK) i grupa z ranami
szytymi (OST) oraz wariant Il — grupa kontrolna (OKK) i grupa z ranami klejonymi (OKT))

Parametr Jednostka Wariant | Wariant 11
grupa OSK grupa OST grupa OKK grupa OKT
s 127,66 133,74 125,96 120,83
WBC 107ul (+ 15,32) (+19,42) (= 16,36) (+25,72)
- 1,67 1,68 1,58 1,46
RBC 107 pl (£0,19) *0,14) @ 0,14) *0,17)
HGB " 38,09 38,56 39,38 33,91
g (£ 5,68) (+3,79) *6,21) (+4,22)
30,76 31,18 30,56 26,41
0 ) 1 i) 1
HCT % (+ 3,95) (+2,69) ( 4,09) (+3,67)
MCY f 142,21 143,41 148,82° 139,90%
(+7,35) (+4,74) (= 10,50) (+ 8,76)
MCH 27,76 27,99 30,21 28,42
P9 (+2,36) (+ 1,59) (3,05) (+2,66)
B 195,17 195,46 203,00 203,30
MCHC gl (+ 9,43) @ 8,33) (+9,39) @ 10,65)
- 24,00 25,08 21,38 15,90°
PLT 107pl (£ 6,38) (+9,00) ( 6,06) (+3,67)
Objasnienia:

Objasnienia parametrow — patrz Tabela 3 i Tabela 4. Objasnienia grup — patrz Tabela 1.
Warto$¢ $rednia (+ SD) (n = 18). Grupy oznaczone réoznymi indeksami literowymi r6znig sie
istotnie statystycznie (P < 0,05).
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byta okoto 6% mniejsza niz w grupie kontrolnej (OKK), natomiast liczba trombocytow
w tej samej grupie, w poréwnaniu do grupy kontrolnej byta o okoto 26% mniejsza
(Tabela 6).

Wskazniki biochemiczne

W doswiadczeniu 1 analiza wskaznikéw biochemicznych osocza krwi,
przeprowadzona bezposrednio po zakonczeniu kapieli (0 h), wykazata réznice istotne
statystycznie w przypadku 10 sposréd 11 oznaczanych wskaznikow. Wzrost stezenia
glukozy odnotowano u obu grup sandacza poddanych kgpielom trwajacym 10 min.
Podwyzszone wartosci biatka catkowitego obserwowano rowniez w grupach poddanych
10 min kapielom oraz grupie poddanej 2 min kapieli przy stezeniu 2 ml I™.
U wszystkich grup doswiadczalnych stwierdzono istotnie podwyzszone wartoSci
globulin. Istotny wzrost stezenia odnotowano rowniez w przypadku Kreatyniny.
Stwierdzono go u obu grup sandacza poddanych kgpielom w czasie 10 min
(1 ml 120 min i 2 ml I'Y/10 min). We wszystkich grupach obserwowano ponad
dwukrotny, istotny wzrost stgzenia amoniaku w osoczu krwi obwodowej. W przypadku
kazdego z trzech oznaczanych wskaznikow watrobowych roznice istotne statystycznie
zaobserwowano u niektorych grup do$wiadczalnych: podwyzszony poziom bilirubiny
i ALT u grupy 111 (1 ml I"Y/10 min), ALP u grupy 1l (2 ml I"/2 min). Z kolei wzrost
stezenia jonOw wapnia 1 magnezu odnotowano w przypadku wszystkich grup
doswiadczalnych, od ktorych krew pobierano bezposrednio po zakonczeniu kapieli
(grupy I-1IV) (P < 0,05; Tabela 7). Po 24 h od zakonczenia kapieli wszystkie
analizowane wskazniki biochemiczne powrécity do wartosci wyjsciowych, nie
odnotowano juz istotnych réznic migdzygrupowych (P > 0,05; Tabela 7). Analiza
wskaznikow biochemicznych okonia w doswiadczeniu I, bezposrednio po zakonczeniu
trwania kapieli (0 h), wykazata istotne réznice w przypadku 4 sposréd 14 oznaczanych
parametréw. Najwyzszy wzrost stezenia glukozy w osoczu badanych ryb stwierdzono
w grupie | (1 ml I"'Y/3 min). Warto§¢ tego parametru byta ponad dwukrotnie wyzsza
w poréwnaniu do grupy kontrolnej 1 roznita si¢ istotnie od pozostatych trzech grup
doswiadczalnych (P < 0,05; Tabela 8). Istotnie podwyzszone wartosci glukozy
stwierdzono réwniez w grupie II (2 ml /3 min). Drugim parametrem, w przypadku
ktorego wykazano istotno$¢ statystyczng byly mleczany. Podwyzszone wartosci tego
wskaznika odnotowano w obu grupach okonia poddanych kapieli trwajacej 3 min
(grupa | (1 ml I"/3 min) i grupa I1 (2 ml I"/3 min) oraz w grupie 111 (1 ml I"//10 min).
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Tabela 7. Wplyw znieczulenia ogdlnego wywotanego kapiela sandacza w Propiscinie (stgzenie anestetyku 1 lub 2 ml 1™; czas kapieli 2 lub 10 min) na
profil biochemiczny tego gatunku bezposrednio (0 h) oraz 24 h po tym zabiegu

6¢

Parametr Jednostka Eorrliteglna Grupa | Grupa Il Grupa I Grupa IV Grupa V Grupa VI Grupa VIl Grupa VIII
p gd 3,48 4,37 4,61° 4,63 4,69° 3,54 3,67 3,59 3,71®
(£0,24) (£0,09) (£0,15) (£0,13) (£0,23) (£0,09) (£0,07) (£0,09) (£0,16)
ALB g di 1,29 1,42 1,44 1,60 1,76 1,33 1,31 1,33 1,42
(+0,14) (+0,06) (+0,08) (+0,10) (*0,17) (+0,05) (+0,04) (+0,04) (*0,17)
GLB gd 2,20° 2,95° 3,17° 3,03° 2,93° 2,212 2,35° 2,26° 2,28°
(+0,13) (+0,07) (+0,14) (+0,13) (+0,10) (+0,06) (+0,04) (+ 0,06) (+0,07)
CREA mg dI 0,17° 0,17° 0,19% 0,41° 0,39 0,172 0,14° 0,18° 0,172
(+0,04) (+0,02) (+0,05) (+0,08) (+0,08) (+0,02) (+0,02) (+0,01) (+0,03)
GLU mg dI* 58,00°% 65,71 78,43 139,10° 142,90° 67,14% 63,29° 65,71 57,57°
(£6,00) (£3,04) (£7,59) (x£22,07) (£20,76) (£5,00) (£2,88) (£5,07) (£5,02)
NH d 519,60 1648,00° 1607,00° 1385,00° 1181,00° 427,90° 457,50° 443,207 499,70°
3 HE (+£46,18)  (£61,50)  (£12620) (+134,80) (£93,06) (£27.24)  (+48,95)  (£56,68)  (+64,44)
BIL-T mg dI* 0,13 0,17 0,40% 0,42% 0,22° 0,17° 0,14* 0,10® 0,14*
(+0,04) (+0,02) (+0,16) (+0,03) (+0,03) (+0,04) (+0,03) (+0,01) (+0,03)
ALT Ul 12,67 10,29% 12,00 15,14 30,29% 21,43% 11,29° 12,57 7,71%
(+4,20) (+2,45) (+3,82) (+4,12) (+9,35) (+2,10) (+2,98) (+8,16) (+2,24)
ALP U 56,00°% 66,00% 78,29° 66,14% 62,14 60,71% 61,57 63,14% 58,14°
(+ 5,90) (+5,01) (+3,98) (+5,25) (+4,21) (+2,87) (+3,58) (+2,94) (+3,62)
ca mg dI- 10,70° 13,31 13,71° 13,53° 12,93° 11,13 11,13 10,79° 10,572
(+0,29) (+0,27) (+ 0,46) (+0,49) (+ 0,46) (+0,09) (+0,14) (+0,08) (+0,18)
Mg mg dI* 2,69° 4,09° 3,89° 4,06° 3,60° 2,84° 2,87° 2,69° 2,53°
(+0,10) (+0,12) (+0,22) (+0,13) (+0,15) (+0,06) (+ 0,06) (+0,05) (+ 0,08)
Objasnienia:

TP: bialko catkowite, ALB: albuminy, GLB: globuliny, CREA: kreatynina, GLU: glukoza, NH3: amoniak, BIL-T: bilirubina catkowita, ALT:
aminotransferaza alaninowa, ALP: fosfataza zasadowa, Ca: wapn, Mg: magnez. Objasnienia grup — patrz Tabela 1. Warto$¢ srednia (= SE) (n = 7).
Grupy oznaczone réznymi indeksami literowymi r6znig si¢ istotnie statystycznie (P < 0,05).



Tabela 8. Wplyw znieczulenia ogdlnego wywolanego kapiela okonia w Propiscinie (stezenie anestetyku 1 lub 2 ml 1™; czas kapieli 3 lub 10 min) na
profil biochemiczny tego gatunku bezposrednio (0 h) oraz 24 h po tym zabiegu

0¢

Parametr Jednostka Eorﬁtpr?ﬂna Grupa | Grupa Il Grupa Il Grupa IV Grupa 'V Grupa VI Grupa VII Grupa VIII
P dI 4,03 4,54 4,60 4,24 4,27 3,83 4,49 3,98 4,26
9 (+0,20) (*0,12) (*0,27) (*0,20) (+0,30) (+0,31) (+0,16) (+0,14) (+0,14)
ALB dI 1,40 1,55 1,52 1,51 1,47 1,42 1,61 1,46 1,56
9 (+ 0,06) (+0,02) (+0,05) (+0,05) (+0,08) (*+0,11) (+ 0,09) (+0,04) (+0,04)
GLB dI 2,64 2,99 3,08 2,72 2,80 2.41 2.87 2,52 2,71
Y (+0,14) (+0,10) (+0,22) (+0,17) (+0,23) (+0,21) (+0,07) (+0,10) (+0,10)
CREA ma di 0,45% 0,22% 0,34% 0,53 0,63¢ 0,43% 0,50% 0,29° 0,40%
9 (+ 0,06) (+0,03) (+0,05) (+0,09) (+0,08) (+0,08) (+ 0,06) (+0,03) (+0,03)
GLU ma i 100,00% 229,201 156,43" 125,00 116,86 82,718 89,50 79,143 100,57%
Y (+8,91) (+14,37)  (£9,22) (+7,24) (+7,94) (+ 8,97) (+ 3,64) (+2,47) (+ 11,74)
LACT ma i 6,59% 29,36 27,61° 20,71 16,96 7,54% 3,65 3,74° 18,33
g (+1,28) (= 0,40) (£ 0,65) (*1,25) (*1,17) * 1,71) (+0,24) (£0,56) (= 8,39)
NH A 78,83% 104,744 143,49¢ 109,43% 102,83° 70,91% 78,02 59,46° 81,23
8 HE (+5,84) (+ 6,20) (+11,66) (14,05  (+6,59) (+8,27) (+ 8,67) (+2,39) (+10,67)
BILT — 0,11 0,11 0,11 0,18 0,18 0,09 0,11 0,09 0,16
g (£0,04) (x0,01) (£0,01) (£0,05) (£0,04) (£0,01) (+0,02) (£0,01) (+0,03)
ALT U 24,00 14,20 21,86 19,71 26,71 15,71 22,00 8,86 9,14
(+8,14) (+4,53) (+ 6,49) (+3,28) (+ 8,40) (+ 5,06) (+ 5,20) (+2,34) (+2,55)
ALP Ul 39,86 49,00 44,71 4514 43,00 46,00 43,33 36,29 42,71
(£3,38) (£2,16) (£ 4,60) (£2,60) (£5,54) (£5,67) (£5,15) (£3,56) (= 2,00)
AST U 175,57 114,20 131,71 142,29 165,43 103,43 183,00 57,00 95,00
(+£43,05)  (£15,18)  (+42,24) (£22.81)  (+54,86) (+£37,72) (£3528) (+£16,22)  (+20,96)
cl mmol I 243,27 273,80° 270,53° 246,34% 259,67% 207,27% 249,65® 225,49% 249,74
(+14,.83)  (£10,78)  (+11,24) (14,04 (£11,37) (21,99 (£7.21) (+7,18) (+ 14,98)
ca — 10,522 12,30° 12,17%® 11,09% 11,66% 9,80° 10,90% 10,44% 11,31%®
g (£0,27) (£0,23) (£0,35) (£0,43) (£0,24) (£0,78) (£0,16) (£0,18) (+0,35)
iy ma i 2,88° 2,95° 3,10° 2,91° 2,96° 2,37° 2,69%® 2,37° 3,03
g g (013) (2004  (£010)  (£008) (2012  (£017)  (£0,15)  (£003)  (£0,07)
Objasnienia:

LACT: mleczany, AST: aminotransferaza asparaginianowa, CI: chlorki; objasnienia pozostalych parametréw — patrz Tabela 7. Objasnienia grup — patrz
Tabela 1. Warto$¢ srednia (£ SE) (n = 7). Grupy oznaczone r6znymi indeksami literowymi r6znig si¢ istotnie statystycznie (P < 0,05).



Wplyw implantacji nadajnikow telemetrycznych i znieczulenia ogdInego na stan fizjologiczny i kondycyjny sandacza (Sander lucioperca) i okonia (Perca fluviatilis)

Podwyzszone wartosci amoniaku wystapity tylko w jednej grupie dos$wiadczalnej
(grupa 11, 2 ml I'Y/3 min). Ostatnim parametrem, w przypadku ktorego bezposrednio po
zakonczeniu kapieli wykazano istotno$¢ statystyczng byt wapn. Istotnie podwyzszone
wartosci stezenia wapnia odnotowano u grupy | (1 ml I"//3 min) (P < 0,05; Tabela 8). Po
24 h od zakonczenia kagpieli warto$ci wszystkich parametrow, poza magnezem,
powrécity do wartosci porownywalnych z grupag kontrolng (P > 0,05; Tabela 8).
W przypadku magnezu, istotny spadek jego stezenia w osoczu krwi okonia odnotowano
u obu grup doswiadczalnych poddanych kapieli o stezeniu anestetyku 1 ml I (grupy V
i VII, Iml I"Y/3 min i 1 ml I"'//10 min) (P < 0,05; Tabela 8).

Tabela 9. Wskazniki biochemiczne sandacza po zastosowaniu roznych metod zamykania ran po
implantacji nadajnikow telemetrycznych (wariant I — grupa kontrolna (SSK) i grupa z ranami
szytymi (SST) oraz wariant Il — grupa kontrolna (SKK) i grupa z ranami klejonymi (SKT)

Parametr Jednostka Wariant | Wariant Il
grupa SSK grupa SST grupa SKK grupa SKT
P dr 4,11 4,01 3,73 3,63
9 (*0,36) (*0,35) (+0,36) (+0,43)
4 1,46 1,48 1,31 1,26
ALB gdl (+0,.23) (0,13) (+023) (£0,23)
1 2,65 2,52 2,42 2,36
GLB gdi (+0.20) (+0,28) (+0.20) (+0,28)
1 0,27° 0,09° 0,24 0,22
CREA mg d (+0,19) * 0,07) (0,20) *0,21)
4 65,00 55,35 64,83 66,06
GLU mg di (£ 11,66) (+1421) (£26,58) ( 28,70)
NH dart 670,32° 899,55° 477,91 464,81
3 He (+176,25) (+ 398,36) (+171,92) (+133,57)
4 0,07 0,06 0,13 0,12
BIL-T mg di (+0,08) (& 0,03) (0,13) (* 0,16)
3 59,83 44,29 43,56 64,88
ALT Ul (+ 54.85) (+42,27) (+ 45,09) (+ 66,89)
ALP Ut 74,06 54,94° 70,44 54,24°
(+17,71) (+21,59) (+17,88) (+14,73)
ca — 10,58 10,44 10,83 10,63
9 (+ 1,83) (+0,93) (+0,50) (+0,44)
4 2,57 2,43 2,51 2,48
Mg mg d (+0.17) (+0.14) (0.11) (£0,08)
Objasnienia:
Objasnienia parametrow — patrz Tabela 7. Objasnienia grup — patrz Tabela 1. Warto$¢ $rednia
(= SD) (n = 18). Grupy oznaczone rdéznymi indeksami literowymi rdznig si¢ istotnie
statystycznie (P < 0,05).

W doswiadczeniu 111, w wariancie I, u sandacza z grupy kontrolnej odnotowano istotny
statystycznie trzykrotnie wyzszy poziom kreatyniny (CREA), wyzszy poziom magnezu
(Mg) oraz nizszy poziom amoniaku (NH3) (P < 0,05; Tabela 9). Pozostale parametry

w obu wariantach nie roznity si¢ istotnie (P > 0,05; Tabela 9), oprocz fosfatazy
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zasadowej (ALP), ktoérej aktywnos$¢ w przypadku obu wariantéw byta nizsza w grupach
ryb znakowanych TT (P < 0,05; Tabela 9). W doswiadczeniu IV w o0znaczeniach
biochemicznych w wariancie I, w grupie OST, stwierdzono istotnie nizsza aktywno$¢
ALP (o ok. 40%) oraz nizsze st¢zenie magnezu (o ok. 10%) (P < 0,05; Tabela 10).
W przypadku pozostatych parametrow z wariantu I oraz wszystkich parametrow
z wariantu II nie stwierdzono istotnych statystycznie roznic miedzygrupowych
(P > 0,05; Tabela 10).

Tabela 10. Wskazniki biochemiczne okonia po zastosowaniu réznych metod zamykania ran po
implantacji nadajnikow telemetrycznych (wariant I — grupa kontrolna (OSK) i grupa z ranami
szytymi (OST) oraz wariant Il — grupa kontrolna (OKK) i grupa z ranami klejonymi (OKT)

Parametr Jednostka Wariant | Wariant I1
grupa OSK grupa OST grupa OKK grupa OKT
TP gdi? 4,34 4,08 3,72 4,01
(£0,62) (£0,45) *1,27) (£0,20)
a 1,60 1,54 141 1,49
ALB gdi (0,19) & 0,14) & 0,25) (& 0,08)
a 2,74 2,54 2,58 2,52
GLB g di (& 0,46) (0,35) (= 0,49) (0,16)
1 0,15 0,17 0,43 0,11
CREA mg di (& 0,09) & 0,16) (& 0,99) (& 0,08)
GLU mg dIt 146,07 116,38 123,93 102,58
(£ 63,64) (+ 49,06) (£ 53,03) (£ 53,62)
NH drt 487,04 420,42 470,32 388,38
3 He (*93,30) (+ 132,56) (+ 138,03) (+ 86,77)
a 0,17 0,22 0,23 0,18
BIL-T mg dl (0,10) @ 0,16) @ 0,16) & 0,07)
1 33,29 21,77 28,86 23,25
ALT ul (+39,13) (& 46,07) (@& 32,45) (& 31,24)
ALP U I 42,79 25,54° 35,86 37,33
(+13,83) (+9,51) (+ 16,20) (+23,97)
Ca mg dIt 12,56 11,98 11,94 11,58
(= 1,09) (+0,77) (+ 1,54) (+0,59)
Mg mg I 2,49° 2,24 2,54 2,54
(+0,33) (+0,32) (+0,27) (+0,31)
Objasnienia:
Objasnienia parametrow — patrz Tabela 7. Objasnienia grup — patrz Tabela 1. Warto$¢ $rednia
(= SD) (n = 18). Grupy oznaczone rdéznymi indeksami literowymi rdznig si¢ istotnie
statystycznie (P < 0,05).

Wskazniki efektow implantacji nadajnikow TT
Podczas oceny jakosci szwow lub kleju u sandacza w doswiadczeniu III
stwierdzono istotne réznice migdzygrupowe (grupa SKT wobec grupy SST). Klej

w grupie SKT zostat w wigkszosci przypadkow ztuszczony juz w pierwszym tygodniu

32



Wplyw implantacji nadajnikow telemetrycznych i znieczulenia ogolnego na stan fizjologiczny i kondycyjny sandacza (Sander lucioperca) i okonia (Perca fluviatilis)

a)

Retencja szwéw albo kleju (ranga)

d7 di4 d21 d2s d35 d42
Czas po znakowaniu

Gojenie sig ran (ranga)
w

d7 di14 d21 d28 d35 d42
Czas po znakowaniu

(ranga)

& SST

£0SsT
FOKT

, stanu

d7 d14 d21 d28 d35 d42
Czas po znakowaniu

Rysunek 1. Wskazniki efektow implantacji nadajnikow TT u sandacza i okonia z dwoma rdéznymi
metodami zamkniecia ran poimplantacyjnych: wariant I — szwy (SST — sandacz, OST — okon), wariant 11
— klej (SKT — sandacz, OKT — okon). Retencja szwow (@), gojenie si¢ ran (b), wystapienie zaczerwienien,
stanu zapalnego, infekcji/martwicy (c), patrz Tabela 2. Dane z ré6znymi indeksami z tego samego
tygodnia i dla tego samego gatunku roznig si¢ istotnie statystycznie (P < 0,05) (warto$¢ $rednia + SE,
n=18).
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po implantacji TT. Natomiast ubytki szwow w grupie SST notowano przez caty czas
badan. Istotna statystycznie rdznica miedzygrupowa w wartoSci rang retencji
kleju/szwéw byla odnotowywana do trzeciego tygodnia do$wiadczenia (P < 0,05;
Tabela 2; Rys. 1). W grupie ryb ze szwami (SST) tylko jedna ryba stracita nadajnik TT
(w drugim tygodniu; retencja 94%), natomiast w grupie ryb z klejem (SKT) nie
odnotowano straty TT przez caly czas trwania eksperymentu (retencja 100%)
(Tabela 11).

Tabela 11. Straty i retencja nadajnikow TT u sandacza (wariant | — grupa kontrolna (SSK) i
grupa z ranami szytymi (SST) oraz wariant Il — grupa kontrolna (SKK) i grupa z ranami
klejonymi (SKT)) w kolejnych dniach podchowu (dO — dzien implantacji TT, d7, d14, d21, d28,
d35 odpowiednio: 7, 14, 21, 28, 35 dzien po implantacji TT) (n = 18)

Wskaznik Wariant | Wariant |1
dzien podchowu grupa SSK grupa SST grupa SKK grupa SKT
Straty TT (szt. (%))
do-d7 - 0 - 0
d7-d14 - 1 (5,6) - 0
d14-d21 - 0 - 0
d21-d28 - 0 - 0
d28-d35 - 0 - 0
d0-d35 - 1 (5,6) - 0
Retencja TT (szt. (%))
d0-d35 - 17 (94,4) - 18 (100,0)

Rany poimplantacyjne szybciej goity si¢ w grupie ryb SKT, u ktoérych do ich
zamkniecia wykorzystano klej. Po pierwszym tygodniu podchowu, od momentu
implantacji TT, u wigkszos$ci ryb z tej grupy ranga kryterium oceny makroskopowego
wygladu miejsca nacigcia zostata oceniona na 3 (P < 0,05; Tabela 2; Rys. 1). Natomiast
w grupie ryb ze szwami (SST), w tym samym czasie, naci¢ciom przyznano Srednio
rang¢ na poziomie 5 i byly one otwarte w ponad 50% przypadkéw. Po drugim tygodniu
podchowu réznica w tempie gojenia si¢ ran zmniejszyta si¢, nadal jednak byta istotna
statystycznie. W tym czasie u sandaczy z grupy SKT ranga ta oscylowata miedzy 1 a 2,
a w grupie SST miedzy 2 a 3 (P < 0,05; Tabela 2; Rys. 1). Po trzecim i czwartym
tygodniu réznica migdzy dwoma grupami znakowanych sandaczy nie byla juz istotna
statystycznie. Po pigtym tygodniu rany u ryb z grupy SKT osiaggnety range 0, a w grupie
SST utrzymaty sie na poziomie 1 (P <0,05; Rys. 1).

U sandacza, w grupach ryb, ktorym rany poimplantacyjne zamykano klejem, po

pierwszym  tygodniu  stwierdzono mniejsza liczbe¢ osobnikow z  ranami
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Wplyw implantacji nadajnikow telemetrycznych i znieczulenia ogdInego na stan fizjologiczny i kondycyjny sandacza (Sander lucioperca) i okonia (Perca fluviatilis)

zaczerwienionymi (grupa SKT — 7 osob., grupa SST — 11 osob.) i wykazujagcymi
wyrazne cechy stanu zapalnego (grupa SKT — 4 osob., grupa SST — 7 osob.). Ponadto
u 7 ryb z tej grupy (SKT) wystepowaty rany czyste, gojace si¢ przez rychtozrost (grupa
SST — 0 ryb). Réznice te, jednak nie byly istotne statystycznie (P > 0,05; Tabela 2; Rys.
1). W przypadku osobnikow z grupy SKT brak stanéw zapalnych zaobserwowano juz
po 4 tygodniu po implantacji TT, a brak zaczerwienienia po 5 tygodniu. Natomiast
u niektérych osobnikéw z grupy SST zaczerwienienie (1 ryba) i stan zapalny (2 ryby)
byly obecne do konca badan. Jednak w przypadku powyzszych rdznic
miedzygrupowych, nie odnotowano istotnosci statystycznej (P > 0,05; Rys. 1). Nalezy
podkresli¢, ze u badanych ryb, bez wzgledu na sposoéb zaopatrzenia rany, nie
stwierdzono infekcji rany, czy tez martwicy tkanek.

W doswiadczeniu IV (okon) istotne statystycznie roznice stwierdzone
w przypadku retencji szwoéw (grupa OST) albo kleju (grupa OKT) wystepowatly do
trzeciego tygodnia badan (P < 0,05; Tabela 2; Rys. 1). W grupie OST szwy byly tracone
rownomiernie przez caly czas badan. Natomiast w grupie OKT w wickszosci
przypadkoéw zluszczenie kleju nastgpitlo juz w pierwszym tygodniu po implantacji
nadajnikéw TT. Z utratg szwéw 1 kleju bezposrednio skorelowane bylo usuwanie
nadajnikéw TT. Podczas trwania doswiadczenia w grupie OST nadajnik TT utracito
6 okoni, gtéwnie w 3-5 tygodniu (33,3% poznakowanych ryb). Natomiast w grupie
OKT nadajnik TT zostal zgubiony przez 14 osobnikow (77,8%), w 2-4 tygodniu
eksperymentu Il (Tabela 12).

W przypadku obserwacji tempa gojenia si¢ ran u okonia tylko w drugim
tygodniu stwierdzono migdzygrupowe réznice istotne statystycznie (P < 0,05; Tabela 2;
Rys. 1). W grupie OST odnotowano bowiem znaczny postep gojenia si¢ z poziomu
rangi 5 do rangi 2. Natomiast u ryb z grupy OKT po drugim tygodniu zaobserwowano
niewielki postep z poziomu 5 do poziomu pomig¢dzy 5 a 4 rangg. Po trzecim tygodniu
od implantacji TT u obu grup znakowanego okonia stwierdzono bardzo zblizony stan
ran, a tempo ich gojenia w obu przypadkach oscylowato okoto rangi 2 (P > 0,05; Tabela
2; Rys. 1). Brak istotnych statystycznie rdéznic obserwowano juz do konca trwania
badan, a obie grupy po 6 tygodniu obserwacji wykazywaty range 1 (P > 0,05; Tabela 2;
Rys. 1).

W obu grupach okonia odsetek osobnikéw z zaczerwienieniami w migjscu
implantacji TT byt zblizony (P > 0,05; Tabela 2; Rys. 1). Najwiecej osobnikow z takimi
symptomami stwierdzono po pierwszym tygodniu badan (grupa OST — 66,7%, grupa
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OKT - 61,1%). W kolejnych tygodniach liczba ryb z tego typu zmianami zmniejszata
si¢. Po 6 tygodniu, w obu grupach, odnotowano tylko po jednym okoniu z takimi

Tabela 12. Straty i retencja nadajnikow TT u okonia (wariant | — grupa kontrolna (OSK) i grupa
z ranami szytymi (OST) oraz wariant Il — grupa kontrolna (OKK) i grupa z ranami klejonymi
(OKT)) w kolejnych dniach podchowu (dO — dzien implantacji TT, d7, d14, d21, d28, d35, d42
odpowiednio: 7, 14, 21, 28, 35, 42 dzieh po implantacji TT) (n = 18)

Wariant | Wariant |1

Straty TT grupa OSK grupa OST grupa OKK grupa OKT
Straty TT (szt. (%))

do-d7 - 0 - 0

d7-d14 - 0 4 (22,2)

d14-d21 - 1(5,6) 7 (38,9)

d21-d28 - 2 (11,1) 3(16,7)

d28-d35 - 1(5,6) 0

d35-d42 - 2(111) 0

d0-d42 - 6 (33,3) 14 (77,8)
Retencja TT (szt. (%))

d0-d42 - 12 (66,7) 4 (23,5)

symptomami (5,56%). Natomiast wyrazne stany zapalne byly obserwowane tylko
i wylacznie w grupie OKT (klejenie ran) u 3 osobnikow. W grupie tej w pierwszym
tygodniu po poznakowaniu zaobserwowano dwa osobniki z takimi objawami (ustapity
one juz po tygodniu). Natomiast w drugim tygodniu do$wiadczenia symptomy takie
pojawity sie u kolejnego osobnika i utrzymaty si¢ do konca badan. Roéznice
migdzygrupowe (grupa OST wobec grupy OKT) przez caly czas badan nie byly
statystycznie istotne (P > 0,05; Tabela 2; Rys. 1).

Wskazniki kondycyjne

W do$wiadczeniu III w zadnym z obydwu wariantéw nie stwierdzono istotnych
statystycznie réznic w analizowanych wskaznikach wzrostu i kondycji sandacza
znakowanego TT i ryb z grup kontrolnych (P > 0,05; Tabela 13). Zaobserwowano
jednak duzg zmienno$¢ osobniczg wartosci badanych parametrow, zarowno w grupach
kontrolnych, jak i znakowanych. W obu wariantach korzystniejsze wartosci FCR
odnotowano u sandaczy z grup kontrolnych wobec grup znakowanych TT (wariant
I — 30,2%; wariant 1l — 21,4%), jednak roznice te nie byly statystycznie istotne
(P > 0,05; Tabela 13). Nie notowano $miertelnosci ryb.
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W doswiadczeniu IV w wariancie I (szycie ran) réwniez nie stwierdzono
istotnych roznic w analizowanych wskaznikach hodowlanych (grupa OSK wobec grupy
OST). Dotyczyto to zarowno poszczegolnych tygodni, jak 1 calego okresu
przetrzymywania ryb w RAS (P > 0,05; Tabela 14). W przypadku wariantu Il (klejenie
ran) po pierwszym tygodniu po implantacji TT ryby z grupy OKT charakteryzowato
istotnie nizsze tempo wzrostu (DGR, SGR) i wyzszy FCR niz w grupie kontrolnej
(OKK) (P < 0,05; Tabela 14). Poczawszy od 2 tygodnia wartosci tych wskaznikow
w grupach OKT 1 OKK byly juz podobne 1 taka sytuacja utrzymywala si¢ do konca
podchowu. Smiertelnos¢ w trakcie do$wiadczenia IV odnotowano wylacznie
w wariancie II. W grupach OKT i OKK sngto po jednym osobniku. Straty wystapity
pod koniec eksperymentu, tj. w 5 tygodniu (grupa OKT) i w 6 tygodniu (grupa OKK)
(Tabela 14).
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Tabela 13. Wskazniki podchowu sandacza znakowanego nadajnikami telemetrycznymi (TT) (wariant
I — grupa kontrolna (SSK) i grupa z ranami szytymi (SST) oraz wariant Il — grupa kontrolna (SKK)
i grupa z ranami Klejonymi (SKT)) w kolejnych dniach podchowu (dO — dzien implantacji TT, d7,
d14, d21, d28, d35 odpowiednio: 7, 14, 21, 28, 35 dzien po implantacji TT)

Wskaznik Wariant | Wariant 11
dzief podchowu grupa SSK grupa SST grupa SKK grupa SKT
Dhugos¢ ciata (cm)
do 16,89 (+0,52) 17,13 (£ 0,50) 19,57 (£ 0,73) 19,77 (+ 0,44)
d35 19,94 (+ 1,02) 19,57 (1,37) 21,54 (1,50) 21,29 (+1,59)
Masa ciata (g)
do 59,37 (+3,79) 60,19 (£ 5,29) 86,81 (£ 6,63) 86,99 (£ 6,41)
d7 66,97 (£5,52) 64,61 (£8,07) 9391 (+10,56) 91,72 (+11,28)
d14 74,12 (£8,48) 69,57 (+12,15) | 10021 (+15,01) 96,61 (+ 16,83)
d21 82,69 (+9,13) 7540 (+15,83) 107,04 (+20,06) 101,04 (+22,70)
d28 91,76 (+ 11,58) 83,28 (£20,42) 111,89 (+25,17) 10546 (+27,76)
d35 100,19 (+ 15,48) 88,30 (£24,50) 118,44 (+30,27) 110,95 (+ 34,00)
DGR (g d?)
do-d7 1,09 (+ 0,34) 0,63 (£ 0,67) 1,01 (£ 0,87) 0,67 (= 0,98)
d7-d14 1,02 (£ 0,58) 0,71 (+ 0,70) 0,90 (+ 0,80) 0,70 (+ 0,94)
d14-d21 1,23 (£ 0,44) 0,83 (+0,67) 0,98 (+0,84) 0,63 (+0,88)
d21-d28 1,30 (+ 0,43) 1,13 (+ 1,35) 0,69 (+ 0,95) 0,63 (+ 0,82)
d28-d35 1,20 (+ 0,64) 0,72 (+ 0,65) 0,93 (+ 1,00) 0,78 (+ 0,98)
d0-d35 1,17 (£ 0,37) 0,80 (+ 0,62) 0,90 (+ 0,79) 0,68 (+0,89)
SGR (% d™)
do-d7 1,70 (& 0,48) 0,96 (+ 1,01) 1,07 (£ 0,94) 0,69 (= 1,04)
d7-d14 1,40 (+ 0,84) 0,95 (+ 0,97) 0,85 (+ 0,81) 0,64 (= 0,92)
d14-d21 1,57 (+ 0,66) 1,05 (+ 0,86) 0,84 (+ 0,74) 0,50 (+ 0,78)
d21-d28 1,46 (+ 0,40) 1,28 (= 1,79) 0,51 (+0,81) 0,47 (+0,73)
d28-d35 1,19 (+ 0,63) 0,70 (+ 0,69) 0,68 (+ 0,85) 0,54 (+ 0,78)
d0-d35 1,46 (+ 0,38) 0,99 (+ 0,75) 0,79 (+ 0,73) 0,57 (+ 0,81)
F()
do 1,23 (+ 0,09) 1,20 (+ 0,09) 1,16 (+ 0,09) 1,12 (+ 0,06)
d7 1,25 (+ 0,08) 1,18 (= 0,09) 1,15 (£ 0,10) 1,13 (+ 0,09)
d14 1,25 (+ 0,09) 1,18 (£ 0,10) 1,18 (£0,11) 1,13 (£ 0,10)
d21 1,26 (+ 0,08) 1,18 (+0,12) 1,17 (£ 0,11) 1,13 (£0,11)
d28 1,26 (+ 0,09) 1,21 (+0,22) 1,15 (£ 0,11) 1,12 (£ 0,13)
d35 1,25 (+ 0,09) 1,15 (£ 0,13) 1,16 (+0,12) 1,11 (£0,13)
FCR (-)
do-d7 0,70 (+ 0,03) 1,25 (£0,18) 1,16 (+ 0,33) 1,72 (+ 0,45)
d7-d14 0,93 (+ 0,16) 1,30 (£ 0,12) 1,55 (£ 0,5) 2,04 (£ 0,75)
d14-d21 0,86 (£ 0,13) 1,21 (+0,15) 1,55 (+0,51) 2,62 (= 1,47)
d21-d28 0,89 (+0,04) 1,13 (£0,51) 2,89 (+1,93) 2,33 (£ 0,46)
d28-d35 1,08 (£ 0,11) 1,76 (+ 0,53) 1,91 (£ 0,92) 1,95 (+ 0,44)
d0-d35 0,88 (+ 0,04) 1,26 (£ 0,25) 1,62 (+ 0,49) 2,06 (= 0,58)
Smiertelno$é¢ (%)
d0-d35 0 0 0 0
Objasnienia:

DGR: dzienny przyrost masy ciata, SGR: wzgledny przyrost masy ciata, F: wskaznik kondycyjny
Fultona, FCR: wspotczynnik pokarmowy paszy. Warto$¢ srednia (= SD) (n = 18). Nie stwierdzono
istotnych réznic migdzygrupowych (P > 0,05).
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Tabela 14. Wskazniki podchowu okonia znakowanego nadajnikami telemetrycznymi (TT) (wariant
I — grupa kontrolna (OSK) i grupa z ranami szytymi (OST) oraz wariant Il — grupa kontrolna (OKK)
i grupa z ranami klejonymi (OKT)) w kolejnych dniach podchowu (dO — dzien implantacji TT, d7,
d14, d21, d28, d35, d42 odpowiednio: 7, 14, 21, 28, 35, 42 dzien po implantacji TT)

Wskaznik Wariant | Wariant 11
dzief podchowu grupa OSK grupa OST grupa OKK grupa OKT
Dhugos¢ ciata (cm)
do 16,02 (+0,69) 16,28 (£ 0,68) 15,88 (=0,41) 15,58 (£ 0,51)
d42 17,19 (£0,79) 17,21 (£0,83) 17,15 (£ 0,61) 16,61 (£ 0,44)
Masa ciata (g)
do 80,92 (£10,63) 77,70 (£10,02) 76,79 (+6,83) 72,44 (£ 6,26)
d7 83,49 (= 11,88) 78,68 (£10,75) 79,56 (+6,98) 72,81 (£5,94)
di4 86,86 (=12,54) 81,77 (£ 11,76) 82,72 (+7,37) 75,92 (£6,75)
d21 90,26 (+12,99) 84,98 (+12,90) 85,13 (+8,22) 77,72 (+ 6,96)
d28 93,76 (= 14,25) 88,52 (+14,19) | 87,20 (£ 8,95) 80,33 (£6,78)
d35 9735 (+15,61) 91,68 (=15,17) | 90,46 (+9,59) 82,96 (+7,39)
d42 100,97 (£ 16,46) 9522 (+16,59) 93,54 (+11,50) 85,37 (+7,63)
DGR (g d™)
do-d7 0,37 (+0,37) 0,14 (£ 0,24) 0,39 (+ 0,20)" 0,05 (£ 0,27)*
d7-d14 0,48 (£ 0,28) 0,44 (+ 0,30) 0,45 (£0,18) 0,44 (£0,27)
d14-d21 0,49 (£ 0,25) 0,46 (+0,24) 0,34 (£ 0,18) 0,26 (£ 0,21)
d21-d28 0,50 (+ 0,26) 0,51 (+0,26) 0,30 (£ 0,19) 0,37 (+ 0,20)
d28-d35 0,51 (x0,29) 0,45 (£ 0,27) 0,47 (£0,23) 0,39 (£ 0,19)
d35-d42 0,52 (£ 0,43) 0,51 (+0,27) 0,38 (+ 0,38) 0,34 (£ 0,32)
d0-d42 0,48 (+ 0,25) 0,42 (+ 0,23) 0,39 (+ 0,19) 0,30 (£ 0,14)
SGR (% d™)
do-d7 0,43 (£ 0,44) 0,16 (+ 0,29) 0,51 (+0,24)° 0,08 (+ 0,37)*
d7-d14 0,56 (£ 0,33) 0,54 (£ 0,36) 0,56 (= 0,20) 0,59 (£ 0,35)
d14-d21 0,55 (x0,32) 0,53 (£ 0,26) 0,40 (+0,19) 0,33 (£ 0,27)
d21-d28 0,53 (+ 0,26) 0,56 (+ 0,26) 0,34 (+ 0,20) 0,48 (+ 0,25)
d28-d35 0,52 (£ 0,28) 0,49 (£ 0,29) 0,52 (+0,24) 0,48 (£ 0,22)
d35-d42 0,51 (+ 0,45) 0,52 (+ 0,25) 0,38 (+ 0,45) 0,41 (£ 0,38)
d0-d42 0,51 (£0,27) 0,47 (£ 0,24) 0,45 (= 0,19) 0,39 (£0,17)
F()
do 1,96 (+ 0,12) 1,80 (£0,11) 1,91 (£ 0,10) 1,92 (+0,14)
d7 1,92 (+0,12) 1,80 (= 0,12) 1,91 (£ 0,07) 1,91 (£0,15)
d14 1,95 (£ 0,12) 1,86 (£ 0,11) 1,92 (£ 0,07) 1,89 (£ 0,16)
d21 1,91 (£ 0,14) 1,84 (+£0,11) 1,77 (= 0,08) 1,76 (£ 0,12)
dz28 1,93 (+0,13) 1,84 (£0,12) 1,86 (+ 0,08) 1,89 (£0,14)
d35 1,94 (£ 0,15) 1,88 (£ 0,13) 1,87 (£ 0,09) 1,88 (+0,12)
d42 1,97 (£ 0,14) 1,85 (£0,13) 1,85 (= 0,09) 1,86 (£ 0,13)
FCR (-)
do-d7 4,59 (+3,84) 12,64 (+ 8,65) 2,84 (+ 0,69)* 16,56 (+ 13,57)"
d7-d14 2,70 (£ 0,65) 3,01 (£ 1,34) 2,68 (+0,29) 2,50 (£ 0,30)
d14-d21 2,73 (£ 0,44) 2,88 (+ 0,90) 4,15 (+1,88) 5,02 (+2,22)
d21-d28 2,72 (£0,23) 2,73 (£ 0,67) 5,11 (£2,70) 4,08 (£2,76)
d28-d35 2,75 (£0,22) 2,98 (+0,34) 2,80 (£ 0,19) 3,11 (£ 0,36)
d35-d42 3,12 (£ 1,21) 2,84 (+0,62) 3,65 (+ 1,37) 3,57 (+ 1,13)
do0-d42 2,82 (+0,51) 3,13 (£ 0,70) 3,28 (+ 0,80) 3,73 (£ 0,58)
Smiertelno$é¢ (%)
d0-d42 0 0 5,6 5,6

Warto$¢ srednia (= SD) (n = 18). Grupy oznaczone réznymi indeksami literowymi roéznia si¢
istotnie statystycznie (P < 0,05). Objasnienia parametrow — patrz Tabela 13.
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Dyskusja

Wplyw Propiscinu na stan zdrowotny i fizjologiczny

Uktad krwiono$ny jest m.in. odpowiedzialny za utrzymanie homeostazy
organizmu i dlatego najszybciej reaguje (parametry morfotyczne krwi) na zmiany
warunkoéw $rodowiskowych, w ktorych znajduje sie¢ organizm (Clauss i in. 2008).
W niniejszych badaniach kapiel w wodnym roztworze Propiscinu, w zaleznosci od
stezenia anestetyku oraz czasu kapieli, w odmienny sposob wpltywata na podstawowe
parametry hematologiczne (WBC, RBC, HGB i HCT) sandacza i okonia. U wszystkich
grup sandacza, bezposrednio po zakonczeniu kapieli, obserwowano leukocytoze
0 réznym stopniu nasilenia. Leukocytoza jest czgsta odpowiedzig organizmu na stres po
wprowadzeniu organizmu w stan znieczulenia ogdlnego, proces ten obserwuje si¢
réwniez czgsto w wyniku zwigkszenia stezenia/aktywno$ci adrenaliny w organizmie
(Clauss i in. 2008). Mozna przypuszczal, ze najwyzszy poziom stresu wystgpit
w grupach poddanych dtuzszej kapieli (10 min). Wzrosty wartosci WBC byly bowiem
w tym przypadku najwyzsze. U okonia rowniez obserwowano zwigkszanie si¢ wartosci
WBC wraz ze wzrostem stezenia anestetyku oraz wydluzeniem czasu kapieli, ale
réznice te nie wykazywaly jednak istotno$ci statystycznej. Fakt ten wskazuje na
specyfike  gatunkowa, nawet ws$rdd organizmow  blisko  spokrewnionych
filogenetycznie. Zjawiskiem czgsto wystepujacym w wyniku ekspozycji na anestetyki
jest hipoksemia, czyli obnizenie ci$nienia parcjalnego tlenu we krwi (Witeska 1 in.
2015). Niedotlenienie w tym przypadku moze by¢ efektem spowolnionych ruchéw
pokryw skrzelowych i/lub zmniejszenia czgstosci akcji serca (Mourad 2000). Podczas
kapieli sandacza mozna bylo zauwazy¢, ze wraz ze wzrostem dawki anestetyku oraz
czasu ekspozycji zwickszaty si¢ warto$ci innych podstawowych parametréw
morfotycznych krwi (RBC, HGB, HCT). Przyczyn tego zjawiska mozna upatrywac
w dazeniu organizmu do zrekompensowania deficytu tlenowego, poprzez uwolnienie
czerwonych krwinek z narzadow krwiotwoérczych 1 ich rezerwuarow (np. nerka
glowowa (przednia)) do uktadu krwionosnego (Phuong 1 in. 2017). Krotkotrwalej
erytrocytozie czgsto towarzyszy wzrost wartosci hemoglobiny 1 hematokrytu, co moze
wynika¢ nie tylko z podwyzszenia poziomu wskaznika RBC, ale rowniez zaburzen
w gospodarce wodno-clektrolitowej (lekkiego odwodnienia) pod wplywem stresu
chemicznego (Phuong i in. 2017). Z kolei, w przypadku okonia zmiany parametrow

hematologicznych (oprocz HCT w grupie 1 ml 17/10 min) byty na tyle niewielkie, ze
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bezposrednio po zakonczeniu kapieli w anestetyku, podobnie do WBC, nie wykazano
istotnego wplywu na ich wielko$¢. W innych badaniach prowadzonych na sandaczu
(1,5 ml I'/10 min; Kristan i in. 2012) i cercie (Vimba vimba) (1 ml 1*/10 min; Lepic
1 in. 2014) bezposrednio po kapieli nie stwierdzono istotnego wptywu Propiscinu na
podstawowe parametry hematologiczne tych gatunkow. W niniejszych badaniach u obu
gatunkow po 24 h wartosci wszystkich parametrow hematologicznych, w przypadku
ktorych stwierdzono rdznice istotne statystycznie (0 h), powrocity do wartosci
odnotowanych w grupie kontrolnej (oprocz WBC u sandacza w grupie 1 ml 1/2 min).
W innych badaniach u sandacza (1,5 ml 1Y/10 min; Kristan i in. 2012) i certy
(1 ml I"'/10 min; Lepic i in. 2014) podobnie jak w niniejszych badaniach (oprocz WBC
u sandacza w grupie 1 ml /2 min) po 24 h nie stwierdzono istotnych réznic
w wartosciach WBC, RBC, HGB i HCT.

Istotny wzrost poziomu glukozy zarowno u sandacza, jak i u okonia §wiadczy¢
moze o reakcji stresowej, bedacej np. efektem ekspozycji na Srodek znieczulajacy
(Haluzova i in. 2010). W przypadku sandacza zjawisko to obserwowano tylko
w grupach poddanych dluzszym, 10 min kapielom. Natomiast u okonia istotny wzrost
tego parametru odnotowano tylko w grupach kapanych krocej (3 min). Wystapienie
reakcji stresowej u okonia eksponowanego na dziatanie anestetyku potwierdza tez
istotnie podwyzszony poziom mleczanéw. W innych badaniach, prowadzonych na
sandaczu (zblizone warunki kapieli: 1,5 ml 1//10 min) bezposrednio po kapieli, nie
odnotowano istotnego wzrostu glukozy w osoczu krwi obwodowej (Kristan i in. 2012).
Réznic nie stwierdzono roéwniez w przypadku pstraga teczowego (1 ml 1"Y/10 min;
Velisek 1 in. 2011). Odmienng sytuacje zaobserwowano natomiast u certy (1 ml 1"4/10
min), w przypadku ktorej istotne réznice w poziomie stezenia glukozy obserwowane
bezposrednio po zakonczeniu kapieli w wodnym roztworze Propiscinu utrzymywaly si¢
nawet 24 h po zakonczeniu ekspozycji na ten srodek znieczulajacy (Lepic i in. 2014).
W niniejszych badaniach roznice stwierdzone u obu gatunkéw w poziomie glukozy
I mleczanbw w osoczu krwi zaraz po kapieli, po 24 h powrdcity do wartosci
porownywalnych z grupa kontrolng. U certy, w przeciwienstwie do okonia (niniejsze
badania), nie obserwowano istotnych zmian w stezeniu mleczanow w osoczu krwi
obwodowej (Lepic i in. 2014). Podaz tlenu do komoérek podczas znieczulania ogdlnego
u réznych gatunkow moze przebiega¢é w odmienny sposéb, w wyniku czego
u niektorych gatunkow, u ktorych dostarczanie tlenu do komoérek zostaje szybciej

spowolnione/zahamowane istnieje ryzyko niedotlenienia tkanek i zastgpienia
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oddychania tlenowego oddychaniem beztlenowym. Z tego powodu u tych gatunkoéw
nastgpowaé moze wzrost stezenia mleczandéw w osoczu krwi prowadzacy niekiedy
nawet do kwasicy mleczanowej (Wood i in. 1977). Obserwowany u sandacza istotny
wzrost stezenia biatka catkowitego bezposrednio po zakonczeniu kapieli wszystkich
badanych grup ryb byt zwigzany przede wszystkim ze zmianami zawartosci globulin
w osoczu krwi obwodowej tego gatunku. U okonia, w przeciwienstwie do sandacza,
podobnych zmian w poziomie st¢zenia biata calkowitego oraz globulin nie
obserwowano. Badania prowadzone przez Kristan i in. (2012) na sandaczu (1,5 ml 1}/10
min) oraz Velisek i in. (2009) na okoniu (1 ml 1"/10 min) rowniez nie wykazaty
istotnego wpltywu tego anestetyku zarowno na poziom biatka catkowitego, jak
i globulin w osoczu krwi obwodowej. Rdoznic istotnych statystycznie nie stwierdzono
rowniez u certy (1 ml 1"/10 min; Lepic i in. 2014) oraz pstraga tgczowego (1 ml 1710
min; Velisek i in. 2011). Kreatynina jest waznym wskaznikiem pracy nerek. Zwigzek
ten jest wytwarzany przede wszystkim w mig¢sniach i wydalany z ustroju wtasnie przez
nerki. Podwyzszone warto$ci tego parametru odnotowane u dwoch grup sandacza moga
najprawdopodobniej $wiadczy¢ o zaburzeniach w pracy tego narzadu, na co moze
rowniez wskazywa¢ podwyzszony poziom amoniaku u tego gatunku (Ajeniyi
1 Solomon 2014). W przypadku badan na okoniu (niniejsze badania) nie stwierdzono
zmian w poziomie tego parametru. Istotnie podwyzszone wartoSci amoniaku
u wszystkich grup sandacza, stwierdzone bezposrednio po zakonczeniu kapieli (0 h)
oraz u jednej grupy okonia (2 ml I3 min) $wiadcza najprawdopodobnie;
o wzmozonym katabolizmie biatek lub o zaburzeniach w ekskrecji tego zwigzku
azotowego przez organizm (Svoboda 2001). Natomiast Kristan i in. (2012)
u mniejszych osobnikéw sandacza (Srednia masa ciala — 71,5 g), bezposrednio po
zakonczeniu kapieli w Propiscinie (1,5 ml 1"/10 min), odnotowali niewielki spadek
poziomu amoniaku, a po 24 h od zakonczenia kapieli obnizyt si¢ on nawet ponad
trzykrotnie, w poréwnaniu do grupy kontrolnej. Ta odmienna sytuacja w poréwnaniu do
niniejszych badan moze najprawdopodobniej wynika¢ z roznej wielko$ci materiatu
badawczego i/lub warunkéw srodowiskowych panujacych podczas przeprowadzania
kapieli. Wydaje si¢, ze fluktuacje wartosci stezenia tego parametru w osoczu krwi
obwodowej, bedace wynikiem ekspozycji na wodny roztwor Propiscinu, sg tez w duzej
mierze zalezne od gatunku. Na przykfad u certy (m.c. 339.2 g; 1 ml 1"//10 min) po
24 h od zakonczenia kapieli odnotowywano istotny wzrost wartosci amoniaku (Lepic
i in. 2014).
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Wapn 1 magnez peilnia w organizmie szereg waznych funkcji. Magnez na
przyktad bierze udzial w transporcie glukozy, wytwarzaniu energii, wptywa na
przewodzenie impulséw nerwowych oraz pracg (skurcz-rozkurcz) migéni. Zmiany
stezen tych jonéw w osoczu krwi obwodowej czgsto moga wynikac z reakcji stresowe;j
organizmu (Bijvelds i in. 1998). W przypadku sandacza we wszystkich grupach, od
ktérych krew pobierano bezposrednio po zakonczeniu kapieli stwierdzono istotnie
podwyzszone wartosci stezen tych dwoch jondw. U okonia natomiast istotny wzrost
koncentracji wapnia obserwowano tylko u jednej grupy ryb (1 ml 1"'/3 min). Z kolei
w przypadku magnezu u okonia obserwowano przeciwng sytuacj¢ do zaobserwowanej
u sandacza. U obu grup poddanych kapielom w mniejszym stezeniu (1 ml 17), po
24 h od zakonczania kapieli, stwierdzono istotny spadek zawartosci tego pierwiastka.
W innych badaniach, tj. prowadzonych na okoniu (1 ml I™/10 min; Velisek i in. 2009),
sandaczu (1,5 ml I"/10 min; Kristan i in. 2012), pstragu teczowym (1 ml 17/10 min;
Velisek i in. 2011) i cercie (1 ml I"/10 min; Lepic i in. 2014) nie obserwowano

istotnych zmian wartos$ci obu tych jonow.

Wplyw implantacji TT na stan zdrowotny, fizjologiczny i kondycyjny

U sandacza, u ktoérego do zamykania ran po implantacji TT uzyto nici
chirurgicznych (wariant 1) odnotowano obnizenie wartosci MCV 1 MCHC. Spadek
wartosci tych parametréw moze $wiadczyé o obnizonym poziomie zelaza
I zaburzeniach wodno-elektrolitowych, spowodowanych utrata krwi i chronicznym
stanem zapalnym ran poimplantacyjnych u ryb z ranami szytymi (Neves i in. 2016).
Potwierdzeniem tego mogg by¢ obnizone wartosci MCV u okonia w wariancie Il (rany
klejone), u ktorego czas gojenia si¢ ran poimplantacyjnych rowniez byt dluzszy
w pordwnaniu do wariantu [ (rany szyte). Dluzszy czas gojenia si¢ ran
poimplantacyjnych u sandacza z wariantu I wptynat rowniez na wartosci wskaznikow
bedacych markerami funkcjonowania nerek i przemiany materii, tj. st¢zenia Kreatyniny
1 amoniaku w osoczu krwi (Ajeniyi 1 Solomon 2014). Zmiany wartosci ww.
wskaznikow $wiadcza o intensywnych procesach katabolicznych biatek, co zwigzane
jest ze zwickszonym zapotrzebowaniem na energi¢ w przebiegu stanu zapalnego
1 gojenia si¢ ran (Jepsen i in. 2008). Nalezy podkresli¢, ze ww. rdznice obserwowane
w wariancie | (zamykanie ran szwami) nie zostaty odnotowane u sandaczy w wariancie
I1, u ktorych rany poimplantacyjne zamykane klejem tkankowym goity si¢ szybciej. Co

istotne, u okonia nie obserwowano podobnych zmian, nawet w wariancie II, u ktoérego
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rany goily si¢ dtuzej niz w wariancie 1. Aktywnos$¢ fosfatazy alkalicznej jest bardzo
pomocnym markerem stanu zdrowotnego organizmu (Gora i in. 2018). Obnizony
poziom aktywnoS$ci tego enzymu, w porownaniu do grup kontrolnych, w obu grupach
sandacza (wariant | i wariant 1l) oraz jednej grupie okonia (wariant I) wskazywa¢ moze
na zaklécenia w pracy watroby zwigzane z syntezg czynnikdw odpowiedzialnych za
hemostaze, wzmozonym katabolizmem bialek i gojeniem si¢ ran. Spadek aktywnosci
ALP moze bezposrednio wynika¢ ze spowolnienia tempa syntezy glikogenu,
niedozywienia czy wycienczenia organizmu (Shaffi 1979).

Zaleta wykorzystania kleju chirurgicznego do zamykania ran zwigzanych
z implantacja TT jest niewatpliwie krotszy czas trwania zabiegu implantacji.
W niniejszych badaniach, zar6wno w przypadku okonia, jak i sandacza $redni czas
implantacji TT z wykorzystaniem kleju byt bowiem o potowe krotszy niz w przypadku
stosowania nici chirurgicznych. Zbyt dilugi czas zabiegu znakowania ryb moze
powodowaé rdzne, niepozadane skutki uboczne, takie jak zwigkszone narazenie na
stres, wydluzenie czasu wybudzenia po zabiegu anestezji, a ostatecznie moze
doprowadzi¢ nawet do $nig¢ (Neely i in. 2009). Odnotowa¢ jednak nalezy, ze rowniez
czas przeprowadzania zabiegu implantacji TT 1 zamykania rany niémi chirurgicznymi
w niniejszych badaniach miescil si¢ w zakresie rekomendowanym w literaturze dla tego
typu zabiegdéw (Sandstrom i in. 2013).

Zaktada sig, ze znakowanie ryb, w tym implantacja nadajnikow TT, nie powinna
wptywaé w istotny sposob na behawior, kondycje (wzrost) i procesy fizjologiczne ryb
(Bridger i Booth 2003). U sandacza, pomimo iz w przypadku obu wariantow
odnotowano, w poréwnaniu do grup kontrolnych, spowolnienie tempa wzrostu, to
jednak byly to zmiany nieistotne statystycznie. Podobne obserwacje poczyniono
w przypadku okonia. Po pierwszym tygodniu, po implantacji TT, u obu grup ryb
znakowanych TT (wariant | i wariant 1l) w poréwnaniu do grup kontrolnych,
odnotowano nizsze wartosci przyrostow biomasy obsad. W wariancie 1l
zaobserwowano nawet istotny spadek wartos$ci tego parametru. Jednak juz po 14 dniach
od zabiegu implantacji TT u okonia i do konca trwania eksperymentu/podchowu
roznice w tempie wzrostu ryb znakowanych i nieznakowanych byly juz nieistotne.
Nizsze przyrosty masy ciala ryb, w krotkim czasie po ich znakowaniu (7-14 dni),
stwierdzono réwniez w innych badaniach prowadzonych na rybach okoniowatych,
w ktérych uzywano np. pasywnych zintegrowanych transponderéw (PIT; Baras i in.

2000; Zake$ i Hopko 2013). Podobng sytuacj¢ zauwazono réwniez u mtodocianej
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czawyczy (Oncorhynchus tshawytscha) (m.c. 50,5 g) znakowanej nadajnikami TT
(Ammann i in. 2013). Mniejsze przyrosty masy ciata w grupie czawyczy znakowanej
wystepowaty do 35 dnia badan. Jednak pomimo mniejszych wartosci tego parametru
w pierwsze] fazie doswiadczenia, podobnie jak w przypadku niniejszych badan,
koncowe warto$ci masy ciata ryb znakowanych byly porownywalne do odnotowanych
w kontrolnej grupie ryb (Ammann i in. 2013). Wyniki niniejszych badan prowadzonych
na okoniu mogg tez wskazywac, ze o stopniu reakcji danego gatunku na implantacje TT
moze decydowaé rowniez procedura/metoda zamykania ran poimplantacyjnych.
W  przypadku tego gatunku istotne obnizenie wartosci wskaznikow wzrostu
w pierwszym tygodniu po implantacji PIT odnotowano tylko w wariancie Il (rany
klejone). Uwage nalezy zwrdci¢ rowniez na prawie 6-krotnie wyzszy, w porownaniu
z grupg kontrolng, wspotczynnik efektywnosci wykorzystania paszy (FCR) w tej grupie
w pierwszym tygodniu podchowu. Swiadczy to niewatpliwie o mniej efektywnym
pobieraniu/wykorzystaniu paszy przez ryby w tej grupie w pierwszym tygodniu
doswiadczenia. Podobne wyniki otrzymano u mlodocianego labraksa (Dicentrarchus
labrax) (m.c. 173 g) znakowanego dootrzewnowo nadajnikami TT. W pierwszych
tygodniach po implantacji TT odnotowano wyzsze, mniej korzystne wartosci FCR,
ktore obnizyty sie istotnie dopiero po 3 tygodniach po poznakowaniu (Anras i in. 2003).
Symptomatyczne, ze w niniejszych badaniach nie stwierdzono zjawiska istotnego
obnizenia wskaznikéw wzrostu (DGR, SGR) i FCR u sandacza. Wynika¢ z tego moze,
ze reakcj¢ na zabieg implantacji TT charakteryzuje specyfika gatunkowa.

U obu gatunkow czas utrzymywania si¢ zarOwno szwow, jak i kleju byt
stosunkowo krotki. U wigkszosci osobnikow ubytki kleju i szwow obserwowano juz
W pierwszym tygodniu po implantacji TT. Najdluzej utrzymywaly si¢ szwy u okonia,
bowiem wickszo$¢ osobnikow z wariantu I tracita szwy w 2-3 tygodniu po implantacji
TT. Prawidlowy proces gojenia si¢ rany po implantacji nadajnikow TT przewiduje
utrzymywanie si¢ szwow/kleju na ranie do momentu potgczenia si¢ obu jej brzegdw
tkankg taczng (Caputo i in. 2009). Z kolei szwy/klej utrzymujace si¢ zbyt dtugo moga
wydtuzy¢ proces gojenia si¢ rany, a nawet moga by¢ Zrédlem roznego rodzaju
komplikacji, m.in. stanu zapalnego, infekcji czy nawet w skrajnych przypadkach
martwicy (Caputo i in. 2009). Poniewaz u sandacza w wariancie II klej taczacy brzegi
ran poimplantacyjnych ulegal ztuszczeniu szybciej, dalszy proces gojenia si¢ ran
przebiegal bez zaklécen. Catkowicie zamknigte rany, ale jeszcze niezagojone

u wszystkich osobnikéw z tej grupy obserwowano juz po trzech tygodniach po
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implantacji TT. Natomiast calkowicie zagojone rany obserwowano w pigtym tygodniu
doswiadczenia. U sandacza w wariancie I szwy, ktore utrzymywaty si¢ na ciele ryby
nawet po polaczeniu si¢ obu brzegdw rany tkanka taczng, w czwartym tygodniu po
implantacji TT, hamowaty/wydtuzaty dalszy proces gojenia si¢ ran. Przeciwng sytuacje
obserwowano u okonia. Klej fgczacy oba brzegi rany poimplantacyjnej odpadat przed
ich polaczeniem si¢ tkanka, co wydtuzalo proces gojenia si¢ ran oraz skutkowato
licznymi stratami nadajnikow TT. Szwy u okonia w wariancie I pomimo tego, ze
utrzymywatly si¢ na ranach dluzej (do 3 tygodnia podchowu) niz klej w wariancie I,
byly usuwane z ran podobnie jak klej, przed trwalym potaczeniem si¢ brzegéw ran.
Wynikato to m.in. z interakcji miedzyosobniczych, chwytania i pociggania koncowek
szwOw przez inne osobniki, ktore traktowaty je najprawdopodobniej jak potencjalny
pokarm. Podkresli¢ nalezy, ze takiego zachowania nie obserwowano u sandacza.
Ponadto z obserwacji prowadzonych w basenach, w ktorych przetrzymywano ryby
wynikatlo, Ze okonie atakowaly rowniez anteny nadajnikow TT u innych ryb.
Skutkowato to przemieszczaniem si¢ TT w jamie ciala, wolniejszym gojeniem si¢ lub
rozchodzeniem si¢ brzegdw ran poimplantacyjnych 1 w skrajnych przypadkach utrata
nadajnikow. U wegorza (Anguilla anguilla) (dlugo$¢ ciata Lt 56,2-78,0 cm)
obserwowano podobny proces gojenia si¢ ran po implantacji TT do jamy ciala, jak
u okonia w niniejszych badaniach (Baras i Jeandrain 1998). Rany w przypadku tego
gatunku goity si¢ szybciej w grupie ryb, u ktorej do zamknigcia miejsca implantacji TT
uzyto szwow (40 dni — czas od momentu implantacji do catkowitego zagojenia si¢
rany), a nie kleju (52 dni). Jednak z drugiej strony szwy u wegorza, podobnie jak
u sandacza w wariancie | byty zrédlem stanéw zapalnych, a ponadto przyczynity si¢ do
wyzszej $miertelnosci znakowanych ryb (szwy — 60%); klej — 10%, rana bez zamknigcia
—20%). Nalezy réwniez wspomnie¢, ze rany goily si¢ najszybciej u wegorzy, u ktérych
rany poimplantacyjne pozostawiono bez zamknigcia (28 dni) (Baras i Jeandrain 1998).
W  przypadku sandacza lepsza 1 Dbezpieczniejsza metoda zamykania ran
poimplantacyjnych po znakowaniu nadajnikami TT jest metoda wykorzystujaca klej
tkankowy. W niniejszych badaniach pozwalata ona na szybsze gojenie si¢ ran
i w przeciwienstwie do szwow, Klej odpadajgc zaraz po polgczeniu si¢ brzegdéw rany nie
byt zrédtem stanéw zapalnych czy infekcji. Z kolei u okonia pomimo tego, ze zaréwno
szwy, jak i klej pozwalaly na zagojenie si¢ ran, byly usuwane z organizmu jeszcze
przed trwalym polaczeniem si¢ obu ich brzegéw (gldéwnie poprzez interakcje

migdzyosobnicze), skutkiem czego byla niska retencja nadajnikow TT w obu
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wariantach. Dlatego w przypadku tego gatunku zadna z metod, w formie, w jakiej
zostaly zastosowane w niniejszych badaniach nie moze by¢ rekomendowana do

implantacji nadajnikow TT.
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Whnioski

Wykazano, ze zaré6wno u milodocianego sandacza, jak i okonia indukcja
znieczulenia ogoélnego za pomocg Propiscinu (etomidat) powoduje jedynie
krotkotrwate zmiany stanu zdrowotnego 1 fizjologicznego (wskazniki
hematologiczne 1 biochemiczne). Po 24 h warto$ci prawie wszystkich
z analizowanych parametrow powr6city do wielkosci wyjsciowych;

Ustalono, ze dynamika zmian wartosci analizowanych wskaznikow
hematologicznych i  biochemicznych, obserwowana bezpos$rednio po
zakonczeniu kapieli w wodnym roztworze anestetyku, u sandacza byta wigksza
niz u okonia. Bioragc jednak pod uwage, ze byly to zmiany kroétkotrwale,
anestetyk ten mozna zaleca¢ do stosowania w badaniach ichtiologicznych
prowadzonych na tych gatunkach;

Stwierdzono, ze dootrzewnowa implantacja nadajnikow telemetrycznych (TT)
u mlodocianego sandacza i okonia, bez wzgledu na metode zamykania ran
poimplantacyjnych (szycie i klejenie) nie wywierata istotnego, negatywnego
wplywu na stan zdrowotny 1 fizjologiczny (wskazniki hematologiczne
1 biochemiczne) tych gatunkow;

Na podstawie wskaznika retencji nadajnikéw TT, tempa 1 przebiegu procesu
gojenia si¢ ran wykazano, ze u sandacza do zamykania ran poimplantacyjnych
mozna poleca¢ stosowanie kleju tkankowego;

U milodocianego okonia zadna z testowanych metod zamykania ran
poimplantacyjnych nie moze by¢ rekomendowana w przypadku stosowania
nadajnikow telemetrycznych z anteng zewngtrzna, gtdéwnie z uwagi na ich niska
retencje;

Nie wykazano istotnego wplywu implantacji nadajnikéw TT na stan kondycyjny
badanych ryb. Jedynie u okonia stwierdzono krotkotrwate (okoto 7 dni po
implantacji TT) obnizenie warto$ci wskaznikow wzrostu 1 efektywnosci
wykorzystania pasz, ktore jednak zostalo zrekompensowane juz po kolejnym
tygodniu przetrzymywania ryb w RAS;

Potwierdzono przydatno§¢ analiz hematologicznych 1 biochemicznych
w pracach zmierzajacych do kompleksowej oceny wptywu danej procedury

badawczej/hodowlanej na status zdrowotny i dobrostan ryb.
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The aim of this work was to determine the impact of etomidate (Propiscin)
dose (1 and 2 ml 1) and exposure time (2 and 10 min) on the biochemical and
haematological parameters of juvenile pikeperch (Sander lucioperca) [mean body
length (L¢) 25.9 cm; body weight (W) 189.9 g] that were reared in a recirculating
aquaculture system (RAS). Significant changes in the mean values of total pro-
tein, globulin, calcium, magnesium, and ammonia were noted in all groups imme-
diately following exposure. The greatest changes in the haematological indicators
were observed in groups subjected to 10-min exposure at both doses of the anaes-
thetic. The specimens from these groups had higher values for white blood cells
(WBC), red blood cells (RBC), haemoglobin (HGB), haematocrit (HCT), and
mean corpuscular volume (MCV). Statistically significant differences in these
same parameters were also noted in the groups of fish exposed to the anaesthetic
for 2 min at a dose of 2 ml "', but they were not as pronounced. Twenty-four h
following exposure to etomidate, all blood parameters in the experimental groups
were comparable to those of the control group. Etomidate can be recommended as
a safe, effective anaesthetic for pikeperch.

Key words: Anaesthesia, biochemical blood indicators, etomidate, haema-
tology, pikeperch

The application of anaesthetics is essential and quite common in aquaculture
(Husen and Sharma, 2014). Once the fish are anaesthetised, their bodies relax,
and stress caused by stimuli from the external environment is limited. Addition-
ally, anaesthesia permits shortening the time required for manipulations and
minimises their negative impacts such as mechanical injury or mortality follow-
ing manipulation. In aquaculture, anaesthetics are used during transport, sorting,
tagging, periodic reviews, monitoring breeding, and many other manipulations
(Mundey and Wilson, 1997; Ross and Ross, 1999; Velisek et al., 2011; Kristan et
al., 2012).
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The use of chemical anaesthetics in aquaculture is strictly controlled pri-
marily to ensure their safe and effective application (Taylor and Roberts, 1999).
Anaesthetics used in rearing pikeperch (Sander lucioperca) include etomidate
(Propiscin), clove oil, and MS-222 (Kristan et al., 2014). Propiscin is an anaes-
thetic that was developed at the Inland Fisheries Institute in Olsztyn, Poland (IFI
Olsztyn). It contains a 0.2% stabilised solution of etomidate (Kazun and Siwicki,
2012). Etomidate quickly induces general anaesthesia in fish with a subsequent
short recovery period. Since this anaesthetic does not have a significant impact
on fish physiology, it is viewed as a substance of low toxicity and insignificant
side effects (Kazun and Siwicki, 2012). Etomidate is used fairly widely to induce
general anaesthesia in fish in experimental aquaculture (Hajek and Ktyszejko,
2004). It is often used in research work focusing on the controlled reproduction
and rearing of pikeperch in recirculating aquaculture systems (RAS) (Zakgs et
al., 2013). The recommended dose for pikeperch is 1-2 ml I"" water (Szkudlarek
and Zakes, 1996; Zakes et al., 2013). However, current knowledge on the impact
of Propiscin on the haematological and biochemical parameters of pikeperch
reared in RAS (health status and/or wellbeing) is incomplete. Additionally, it is
not known if this anaesthetic is fully physiologically safe for this species.

Etomidate minimises the negative impacts of manipulation (mechanical
injury and stress) on fish, but it can cause certain changes in haematological and
blood biochemical parameters (Lepic et al., 2014). Determining the impact of
exposure time and dose on pikeperch haematological and blood biochemical pa-
rameters was justified in the light of its application in pikeperch reproduction and
rearing in RAS.

Materials and methods

The study material was obtained from out-of-season pikeperch reproduc-
tion and rearing larval and juvenile stages in RAS. In the current study, an ex-
perimental RAS prototype was used that included 200-1 rearing tanks and a bio-
logical filter filled with RK BioElements (RK Plast, Denmark) (Z. Zakes, unpub-
lished data). During the rearing of the juvenile stages [body weight (W) > 100 g],
the water parameters in the RAS were maintained as follows: temperature 21.7 °C
(range 20.7-22.6 °C); pH 8.24 (range 8.22-8.26); oxygen concentration at rear-
ing tank outflows 7.1 mg O, "' (range 7.0-7.2 mg O, I'"); concentrations of total
ammonia nitrogen (TAN = NH,"-N + NH;-N) and nitrite (NO,) at the outflows
0.034 mg TAN 1" and 0.002 mg NO, 1"'. The fish were fed granulated feed
(2.5 mm) continually for 19 h d”' (09:00-04:00) with an E-1P Stella (Skretting,
Norway) automated band feeder. The feed composition was 47.0% protein,
14.0% lipids, and 21.0% carbohydrates.

The fish were not fed for 24 h prior to the experiment. Fish with a mean
body length (Lc) of 25.9 cm and body weight (W) of 189.89 g were divided into
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eight experimental groups and one control group. Each group comprised seven
specimens (n = 7) (Table 1). The specimens were placed in plastic containers
with a volume of 80 1, each filled with water from the RAS at the intakes to the
rearing tanks in which the fish were held. During the test, the water parameters
were as follows: temperature 21.3 °C; oxygen concentration 7.2 mg O, I''; water
pH 8.2; electrolytic conductivity 380 pS cm'; overall water hardness 170 mg
CaCOs I''. The fish were subjected to either short-term (2 min) or long-term
(10 min) anaesthesia at two different doses of Propiscin containing a 0.2% stabi-
lised solution of etomidate (IFI Olsztyn, Poland; Kazun and Siwicki, 2001) of 1
or 2 ml I'' (Table 1). Blood for haematological and biochemical analyses was
collected from the four experimental groups immediately after exposure to the
anaesthetic (0 h). Each fish was anaesthetised individually. After blood had been
drawn from one specimen, a subsequent specimen was removed from the rearing
tank, anaesthetised, and its blood was drawn (n = 7). However, after anaesthesia
the other four groups were moved to rearing tanks in the RAS (volume: 200 I,
stocking density: 6.64 kg fish m~, water flow rate: 4 | min™', water exchange: 1.2
exchanges h''; each group separately), and blood for haematological and bio-
chemical analyses was collected from them after 24 h. The control group com-
prised specimens from which blood was collected immediately after they had
been moved to the container without the addition of any anaesthetic. The meth-
odology of administering the anaesthetic and collecting blood samples was simi-
lar to that described in the works of Velisek et al. (2009), Velisek et al. (2011),

and Kristan et al. (2012).
Table 1

Experimental setup for the application of etomidate to pikeperch (n = 7)

Experimental groups
Specification Units Control P £roup
group 1 2 3 4 5 6 7 8
Concentration ~ ml 1™ 0 1 1 2 2 1 1 2 2
Exposure time min 0 2 10 2 10 2 10 2 10
Sampling h 0 0 0 0 0 24 24 24 24

Approximately 2 ml of blood was drawn directly from the caudal vein using
heparinised syringes. The haematological measurements of white blood cell counts
(WBC), red blood cell counts (RBC), haemoglobin (HGB), haematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and
mean corpuscular haemoglobin concentration (MCHC) were performed with a
semi-automatic BC-2800 VET haematology analyzer (Mindray, China). After
centrifugation at 4000 rpm for 3 min (Fresco 17, Thermo Scientific, USA), the
content of the following was determined in the serum with a BS-120 automatic
biochemical analyser (Mindray, China): creatinine (CREA), total protein (TP),
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total bilirubin (BIL-T), alanine transaminase (ALT), alkaline phosphatase (ALP),
calcium (Ca®"), albumin (ALB), globulin (GLB), glucose (GLU), magnesium (Mg”"),
and ammonia (NHj3).

The results were analysed statistically with GraphPad Prism (Soft. Inc.,
USA). The normality of data distribution and homogeneity of variances were
tested using standard procedures. Means were compared with one-way analysis
of variance (ANOVA). When significant differences were found among individ-
ual experimental groups (P < 0.05), further statistical analysis was performed
with the Tukey test. All values are expressed in percentages, and prior to statisti-
cal analyses, they were converted using arcsin.

Results

Full general anaesthesia was induced in the fish from all the groups as was
indicated by, among other signs, the lack of defensive reflexes, a lack of eyeball
movement, and lateral recumbency. No mortality linked to the anaesthetic was
observed. After the fish were held in oxygenated water for 10—15 min, all speci-
mens were roused and regained full consciousness.

Creatinine levels were significantly higher in fish exposed for 10 min at
both doses of the anaesthetic (P < 0.05), but after 24 h, the values of this parame-
ter were comparable to those of the control group (P > 0.05; Table 2). Although
higher levels of total protein and globulin were found in all experimental groups
immediately following anaesthesia, after 24 h these levels were similar to those
of the control group. The 10-min exposure time to the anaesthetic at both doses
had a significant impact on increased glucose levels in the blood of pikeperch,
but these changes reverted to previous levels after 24 h. Similarly, levels of cal-
cium, magnesium and ammonia were substantially higher in the blood of the fish
immediately following anaesthesia as compared to the control group (P < 0.05;
Table 2).

The highest WBC count was observed in specimens that had been exposed
to the anaesthetic for 10 min at doses of 1 and 2 ml "' (P < 0.05; Table 3). How-
ever, after 24 h the WBC count returned to the initial value, i.e. to that of the
control group. Significantly higher values of RBC, HGB and HCT were noted at
both doses in specimens subjected to long-term etomidate exposure. The values
of these parameters in all groups reverted to levels comparable to those of the
control group after 24 h (P > 0.05).
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Discussion

Anaesthesia is essential during many procedures used in aquaculture, since
it permits performing manipulations efficiently and minimises injuries to fish.
Different fish species react differently to doses of and exposure times to anaes-
thetics, which is why it is important to determine the range of their impact on
fish (Topi¢ Popovi¢ et al., 2012). Haematological and blood biochemical values
are used very frequently in toxicology studies (Velisek et al., 2011). The doses of
Propiscin (1 and 2 ml I'") applied in this study are those recommended for pike-
perch, while the exposure times (2 and 10 min) are shorter than those permissible
and/or safe for this species at a water temperature of 22 °C, which is, at a con-
centration of 2 ml Propiscin 1", 15 min (Z. Zake$, unpublished data). The pike-
perch anaesthesia induced with Propiscin in the current study was identical to
that observed in previous studies (Szkudlarek and Zake$, 1996). In none of the
anaesthetic variants tested on pikeperch (W = 189.89 g) in this study were long-
term (= 24 h) changes noted in the values of blood biochemistry parameters. Al-
though the anaesthesia caused increased contents of protein, globulin, calcium,
magnesium, and ammonia in fish blood (during the 0—10 min period following
exposure), the values of these parameters noted after 24 h were significantly
lower and closer to the values demonstrated in the control group and to those de-
termined previously for this species reared in RAS (Siwicki et al., 2003). The
short-term, elevated values of total protein, globulin, calcium and magnesium
noted in all pikeperch groups immediately following exposure to etomidate could
indicate dehydration in the fish. Velisek et al. (2011) did not note elevated values
of these parameters in rainbow trout (Oncorhynchus mykiss) (1 ml I''; exposure
time 10 min), nor did Mourad (2000) in carp (Cyprinus carpio) after exposure to
an aqueous etomidate solution. These findings are most likely illustrations of
species particularities. It is also noteworthy that Kristan et al. (2012) did not note
changes in the following parameters in pikeperch exposed to etomidate
(Propiscin) (1.5 ml I'"; anaesthesia period 10 min): glucose, total protein, albu-
min, globulin, alanine transaminase, alkaline phosphatase, calcium, magnesium,
ammonia.

Glucose concentration increased considerably in pikeperch from both
groups exposed to the etomidate solution for 10 min. This was most likely
caused by the fish bodies releasing catecholamine (adrenalin, noradrenalin and
dopamine) as a result of metabolic stress (Velisek et al., 2009). Similar results
were reported for vimba bream (Vimba vimba) immediately after 10-min expo-
sure and 24 h later (Lepic et al., 2014), and for carp in which the level of this pa-
rameter increased significantly during anaesthesia, reaching maximum values 2 h
after exposure (Mourad, 2000). Velisek et al. (2009) observed substantial in-
creases in blood glucose levels of perch (Perca fluviatilis) exposed to MS-222,
clove oil, and 2-phenoxyethanol for 10 min. However, after exposure to etomi-
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date (Propiscin), they did not observe such high values of this parameter imme-
diately following anaesthesia or 24 h later.

Elevated concentrations of ammonia in the blood of pikeperch from all
groups immediately following exposure to etomidate could indicate increased
protein catabolism and disruption in ammonia excretion (Svoboda, 2001). Vel-
isek et al. (2009) did not observe changes in the level of this parameter when
perch were exposed to etomidate (Propiscin) (I ml 1) for 10 min. Similarly,
Kristan et al. (2012) did not find significant changes in blood ammonia levels
immediately after pikeperch exposure to etomidate; however, 24 h following an-
aesthesia the level of this compound in the blood was significantly lower than in
the control group. In the current study, the ammonia levels 24 h after exposure
were also lower in all experimental groups than in the control group; however,
the differences were not statistically significant. The neutralisation of ammonia
probably occurred through its transformation into non-toxic glutamine (Gomutka
etal., 2014).

After anaesthesia, the WBC count in pikeperch blood increased along with
the etomidate dose and exposure time, but after 24 h the values in all groups ap-
proached the results observed in the specimens from the control group. The in-
tensification of stress factors and exposure to them can have a very big impact on
immune system function. Kristan et al. (2012) did not observe significant de-
creases in WBC counts until 24 h after a 10-min exposure to etomidate and to
other anaesthetics tested (MS-222, clove oil, 2-phenoxyethanol). Severe stress
can induce significant negative changes in WBC counts and in the functioning of
the immune system. Reactions to environmental changes can even lead to leuko-
penia with lymphopenia, and sometimes neutrophilia (Kristan et al., 2012). Blood
levels of cortisol, which is excreted in response to stress and can shorten the life-
span of lymphocytes, foster their apoptosis (Wyets et al., 1998; Verburg van Ke-
menade, 1999) and also reduce their proliferation (Espelid et al., 1996), can affect
WBC counts. This is why lower lymphocyte counts and decreased lymphocyte ac-
tivity are often observed as a stress reaction regardless of the stress factor.

Hypoxaemia, which is a reduction in the partial pressure of oxygen in the
blood, is a commonly occurring phenomenon after exposure to anaesthetics
(Witeska et al., 2015). Oxygen deficits can be accompanied by slow gill move-
ments and decreased heart rates (Mourad, 2000). The values of all of the basic
blood parameters (RBC, HGB, HCT) in pikeperch are observed to increase with
higher doses and longer exposure times to etomidate. Mourad (2000) also noted
higher values of these parameters during exposure of carp to etomidate, but this
anaesthetic did not always induce haematological changes in this species (Kazun
and Siwicki, 2001; Kristan et al., 2012; Lepic et al., 2014). During etomidate ex-
posure in the current experiment, the only red blood cell parameter that changed
significantly was mean corpuscular volume (MCV) immediately after exposure.
In an experiment with pikeperch exposed to Propiscin (1.5 ml 1", 10 min), Kris-
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tan et al. (2012) observed significant changes in mean corpuscular haemoglobin
concentrations; additionally, these were sustained for more than 24 h after anaes-
thesia was induced. These authors concluded that etomidate in the dose tested is
not an appropriate agent for inducing general anaesthesia in pikeperch. The cur-
rent study indicates, however, that all changes occurring as a result of applying
this anaesthetic are reversed after 24 h. Similarly, Lepic et al. (2014) did not ob-
serve etomidate to cause significant differences in the values of red blood cell pa-
rameters in vimba bream. It is possible that the differences detected could be
linked to differences in fish condition or to differences in the chemistry of the
water used during anaesthesia (Sneddon, 2012).

Taking into consideration the significant increases in some parameters fol-
lowing long-term exposure (10 min) to the higher dose of etomidate (Propiscin)
(2 ml 1), one could conclude that good markers of the impact of anaesthesia on
pikeperch reared in RAS are those pertaining to blood, such as levels of total pro-
tein, globulin, glucose, calcium, magnesium, and ammonia. Although short-term
exposure at a lower dose of anaesthetic (2 min, 1 ml 1) had a lesser impact on
the pikeperch, all of the changes in haematological and blood biochemistry pa-
rameters noted with long-term exposure at the higher dose (10 min, 2 ml I'")
were also reversed after 24 h. This study indicates that etomidate (Propiscin) in
the doses tested, i.e., 1 and 2 ml 1", is a safe, effective and non-toxic anaesthetic
for pikeperch, and it can be applied successfully for exposure periods of 10 min.
Propiscin used for short- and long-term manipulation can limit the impact of
stress caused by many factors in pikeperch. The selection of the dose and expo-
sure period can be made according to the requirements of manipulation (e.g.,
monitoring fish measurements, tagging, artificial reproduction). It is noteworthy
that Propiscin can not only be used with freshwater percids, but also in marine
representatives of this taxonomic fish group such as the European seabass
(Dicentrarchus labrax) (Marsi¢-Luci¢ et al., 2005).
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Abstract The aim of the study was to describe the
course and timing of the different stages of anesthesia
induced with Propiscin (etomidate) on juvenile Europe-
an perch (experiment I) and to describe the effect of
immersing specimens of this species had on selected
hematological and biochemical parameters (experiment
I). The study was conducted on material with body
weights (BW) of 162.98 (experiment 1) and 171.60 g
(experiment II). In experiment I, general anesthesia was
induced with two different anesthetic concentrations (1
or 2 ml I'!; anesthesia time 10 min). In experiment II,
blood was drawn for hematological and biochemical
analyses from the fish that had been exposed to anes-
thetic immersion baths with two different concentrations
of Propiscin (1 and 2 ml I"") and for different exposure
times (3 and 10 min). Blood samples were collected
immediately following immersion (0 h) and 24 h later
(24 h). Specimens that were immersed at the higher
concentration of anesthetic achieved subsequent stages
of general anesthesia two times faster (P < 0.05). How-
ever, during recovery, some statistically significant dif-
ferences were observed, but these lasted only until stage
I was achieved. Among the hematological parameters (0
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h), significant differences were observed in hematocrit
(HCT) and mean corpuscular volume (MCV), while
among the biochemical determinations (0 h), statistical-
ly significant differences were noted in the concentra-
tions of glucose, calcium, lactate, and ammonia. After
24 h, the levels of these parameters in all fish groups
returned to initial values. The hematological and bio-
chemical tests conducted permit concluding that the
anesthetic tested, at the concentrations (1 and 2 ml ')
and the exposure times of up to 10 min at which it was
tested, is safe and can be used successfully to induce
general anesthesia in perch.

Keywords Analgesia - Anesthetic - Biochemical blood
indicators - Hematology - European perch

Introduction

Percid fishes are among the so-called promising species
for aquaculture (Kestemont et al. 2015a). In Europe over
the past two decades, particular attention in aquaculture
has been focused on two species: pikeperch (Sander
lucioperca) and European perch (Perca fluviatilis). In
the case of the second of the two taxa, fairly precise
biological techniques have been developed for culturing
larval and juvenile stages and for ongrowing in various
culture systems (Toner and Rougeot 2008, Kestemont
et al. 2015b, Policar et al. 2015). In the context of
intensifying perch production, the most promising tech-
nique appears to be culturing this species in recirculating
aquaculture system (RAS) (Kestemont et al. 2015b).

@ Springer
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Intense production in RAS requires frequent handling
(i.e., controlled spawning, tagging, transporting, sorting,
taking monitoring measurements, stocking tanks). All of
these stress-inducing procedures can negatively impact
the health status of fish (Falahatkar and Barton 2007).
Anesthetics are used to reduce the impact of stress on
fish, and the use of them in aquaculture is becoming
increasingly common (Husen and Sharma 2014). Anes-
thetics are used with percids, for example, to separate
larval individuals with inflated swim bladders from
those with uninflated swim bladders (Kestemont et al.
2015b), and they are also used when collecting sex
products during controlled spawning (Zakgs et al.
2013; Alavi et al. 2015).

Various anesthetics have been tested to induce gen-
eral anesthesia in perch, including Propiscin
(Etomidatum, IF1 (Inland Fisheries Institute), Olsztyn),
MS-222 (Tricaine methanesulfonate, Sigma-Aldrich, St.
Louis, MO, USA), clove oil (Oleum Caryophyllorum),
and 2-phenoxyethanol (Phenoxyethanolum). Among the
anesthetics tested to date on perch, MS-222 and Propiscin
are recommended (Hamackova et al. 2001; Velisek et al.
2009). Propiscin is a stable 0.2% ectomidate solution
(Kazun and Siwicki 2012) that is effective in inducing
anesthesia in fish species such as rainbow trout (Onco-
rhynchus mykiss), carp (Cyprinus carpio), grass carp
(Cteropharyngodon idella), and grayling (Thymallus
thymallus) (Kazun and Siwicki 2012; Witeska et al.
2015). Propiscin has been tested on perch by Hamackova
et al. (2001) and Velisek et al. (2009); however, these
studies did not provide a complete picture of the impact
this anesthetic has on the bodies of the fish. The Propiscin
concentration applied most commonly is 1.5-2 ml I},
but the only concentration tested in the studies men-
tioned above was 1 ml1™". Additionally, these studies do
not describe the effect this anesthetic has on the hema-
tological profile, while the described effect that using
Propiscin has on the biochemical profile is incomplete.
Assessing hematological and biochemical parameters is
a key tool in assessing the health and condition verte-
brates, which includes fish (Collins et al. 2016).
Performing a complete blood count is a basic diagnostic
procedure. Assessing the levels and ranges of, inter alia,
hemoglobin (HGB), hematocrit (HCT), erythrocytes,
leukocytes, and thrombocytes permits detecting anemia,
inflammation, infection, or other disease processes
(Clauss et al. 2008). Complete blood counts are also
often used in toxicity studies of various substances
(Javed and Usmani 2015). Biochemical parameters are
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also very useful in assessing the physiological state of
living organisms, and they facilitate monitoring the
functioning of many organs (e.g., liver, kidney, heart)
and glands, nutritional status, or systemic hydration
(e.g., total protein (TP), magnesium (Mg), calcium
(Ca)), and the occurrence of the stress phenomenon
(e.g., glucose (GLU), lactate (LACT)) (Haluzova et al.
2010; Brinn et al. 2012; Rozynski et al. 2017).

The aim of the study was to describe the course and
timing of the various stages of anesthesia induced with
Propiscin (etomidate) in juvenile perch and to determine
the impact that immersing specimens of this species in
an aqueous solution of anesthetic had on selected hema-
tological and biochemical indicators.

Materials and methods
Fish—origin, rearing conditions

The study material was obtained by collecting fertilized
perch eggs from spawning grounds during the natural
spawning period of this species (early April) in Lake
Dgat Wielki (Masurian Lake District, northeastern Po-
land). The eggs were placed in an earthen pond with a
surface area of 0.2 ha (Department of Sturgeon Fish
Breeding, Inland Fisheries Institute in Olsztyn, northeast-
emn Poland (IFI Olsztyn)). The fish were reared in the
pond to the summer fry stage (body weight (BW) ap-
proximately 0.2 g)) on natural food. In mid-June, the fry
were collected from the pond and placed in a RAS (two
tanks with a cubic volume of 2 m®). After the fry were
moved to the RAS, they were trained to consume formu-
lated feed (Nutra, Nutreco, Trouvit, France). The feeding
regime applied during the initial rearing period was based
on principles described by Policar et al. (2015). When the
fry had attained a BW of 10 g, approximately 500 spec-
imens were transported (polyethylene bags, 20-1 water +
20-1 oxygen, transport time—2 h) to the Department of
Aquaculture (IFT Olsztyn). The fish were stocked into
culture tanks in a RAS, which was an experimental setup
equipped with, inter alia, rearing tanks with a volume of
200 1 and biological filters containing RK BioElements
(RK Plast, Denmark) (Z. Zakes, unpublished materials).
During rearing in the RAS, optimal physical and chem-
ical rearing parameters were maintained: water tempera-
ture—19.7 £ 0.1 °C; pH range—7.80-8.01; oxygenation
at the rearing tank outflows did not decrease below
7.3 mg O, I''; the total ammonia nitrogen concentration
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(TAN = NH4"-N + NH3-N) measured at the rearing tank
outflows did not exceed 0.2 mg TAN I'!, and that of
nitrites (NO,-N) did not exceed 0.1 mg NO,-N I"!. The
fish were fed with an automatic band feeder (Fischtechnik
GmbH, Nienburg, Germany), and the feed was delivered
continually for 19 h day ' (10:00-05:00). During the
rearing period, the fish were fed T-T Nutra MP feed
(Skretting, the Netherlands) with a composition of pro-
tein—>52%, crude fat—20%, carbohydrate—9.5%, crude
fiber—0.5%, and an energy value of 19.9 MJ/kg.

Experimental procedure

Two experiments were conducted. Experiment I focused
on determining the time required to induce general
anesthesia and the different stages of general anesthesia
during immersion in an aqueous solution of Propiscin
(etomidate) at two different concentrations (1 and
2 ml 17"). The procedure used was that described by
Hamackova et al. (2001) and Kazun and Siwicki (2001).
The fish used in the study had a mean BW of 162.98 +
29.40 g and a body length (SL) of 20.8 +£ 1.2 cm. They
were divided into two groups of ten specimens each
(n=10). All specimens were immersed for 10 min in
an immersion bath containing an aqueous solution of
Propiscin, but each group was exposed to different
concentrations (group PROP1—1 ml 17!, group
PROP2—2 ml ") of the anesthetic. Immersion was
conducted in 20-1 containers filled with the etomidate
solution mixed with water from the RAS collected at the
outflows of the rearing tanks. The temperature of the
immersion bath was similar to that maintained in the
RAS throughout the rearing period. During the induc-
tion of general anesthesia, a stopwatch was used to time
how long each fish took to reach subsequent stages of
anesthesia (£0.1 s; Table 1). After 10 min, the anesthe-
tized fish were moved to a tank of fresh, oxygenated
water from the RAS. Next, the course of recovery and
the time required to reach subsequent stages of recovery
from general anesthesia were observed (Table 1). The
fish were immersed individually after the preceding
specimen had fully recovered.

In experiment II, the effect of immersion in the
aqueous solution of Propiscin at two different concen-
trations (1 and 2 ml 1"") and for two different periods (3
and 10 min) on the hematological and biochemical
indicators of perch blood (BW =171.60+39.00 g; SL =
21.9+ 1.4 cm) was determined. The fish were divided
into nine groups (eight experimental groups and one

control group) of seven specimens each (n=7)
(Table 2). Immersion was conducted in 20-1 containers
filled with the etomidate solutions mixed with water
from the RAS with the following physical and chemical
parameters: water temperature—21.4 °C, oxygen con-
centration—38.31 mg O, 1!, water pH—3S8.11, electro-
lytic conductivity—446 puS cm ', and general hard-
ness—295.9 CaCO; I"!. The methodology for immers-
ing and collecting blood samples was similar to that
described by Velisek et al. (2009, 2011). Blood samples
(approximately 2 ml) were drawn from each fish spec-
imen from four groups immediately after immersion
ended (0 h). All manipulations were completed with
each fish specimen before the procedure was begun with
the subsequent specimen. However, with the four sub-
sequent groups, for which the immersion regime was
identical, immersion was conducted in groups under
similar conditions. Next, each of these groups was
placed in a separate tank in the RAS. Blood was drawn
from the fish in these groups 24 h after the conclusion of
immersion (Table 2). The control group comprised spec-
imens that were immersed in RAS water (without anes-
thetic) in a container of the same volume as was used in
the experimental groups. Blood was drawn from all
specimens with pre-heparinized syringes (Smiths Med-
ical, Minneapolis, USA) from the tail vein. After collec-
tion, the blood was analyzed in a semi-automatic
BC2800Vet hematological apparatus (Mindray,
Shenzhen, China). Some of the blood samples were
centrifuged (4000 rpm; 20 °C; 3 min; Fresco 17, Ther-
mo Scientific, Waltham, USA) and subjected to bio-
chemical analysis in an automatic BS120 apparatus
(Mindray, Shenzhen, China). The most important hema-
tological parameters were selected for analysis, as fol-
lows: white blood cell count (WBC), red blood cell
count (RBC), platelet count (PLT), HGB, HCT, mean
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), and mean corpuscular hemoglobin con-
centration (MCHC). The following biochemical param-
eters were determined as follows: creatinine (CREA),
TP, total bilirubin (BIL-T), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), aspartate amino-
transferase (AST), albumin (ALB), globulin (GLB),
GLU, Ca, Mg, chloride (Cl), LACT, ammonia (NH3).

Statistical analysis

The results were analyzed statistically with the Statistica 12
computer program (StatSoft, Inc., USA). The data were
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Table 1 Description of the dif-

ferent phases of the induction of Activity Phase Phase description
and recovery from general anes-
thesia in fish (after Haméackova Anesthesia Phase [ Physiological position
et al. 2001; Kazufi and Siwicki Quiet behavior Regular respiratory motion
2001) Normal locomotor activity
Effortless evading obstacles when swimming
Phase 11 Physiological position
Excitation Restlessness
Fast swimming
Not evading the obstacles when swimming
Strong withdrawal reflex
Shallow, irregular respiratory motion
Phase IIIA Slight tilting on the flank
Total anesthesia Decreased activity
(superficial) Weakened or no withdrawal reflex
Respiratory motions regular, slower and deep
Phase I1IB Flank position
Total anesthesia Loss of motility
(complete) None of the withdrawal reflexes but the acoustic one
Respiratory motions regular, deep, retarding
Phase IV Flank position
Respiration Respiratory motions blocked or superficial to
block involuting
No withdrawal reflex, neither the acoustic one
Anesthesia Phase [ Flank position
recovery Regular respiration
Acoustic reflex
Phase 11 Flank position changed to physiological one
Uncoordinated motions
Regular respiration
Phase 111 Physiological position
Slow swimming initiated
Uncoordinated motions
Not evading the obstacles when swimming
Phase IV Physiological position

Normal locomotor activity
Normal swimming

Evading the obstacles when swimming

tested for normality of distribution (Shapiro-Wilk’s W test)
and homogeneity of variance (Levene’s test). Statistical
comparisons of data from stage I were performed with
Student’s ¢ test for independent samples, while the data
from stage II were compared with one-way analysis of
variance (ANOVA). When statistical significance was con-
firmed, further statistical analysis was conducted with
Tukey’s test. Differences were significant at P <0.05.
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Results

Immersion in the higher concentration of Propiscin
(2 ml 1" permitted inducing general anesthesia approx-
imately twice as fast as with the 1-ml 1”' solution. The
same was observed regarding the different stages of
general anesthesia. The time required for the fish im-
mersed in the higher anesthetic concentration to reach
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Table 2 Experiment setup for the application of the anesthetic
(Propiscin) to perch (n=7)

Specification Units Control  Experimental groups

group
12 34 5 6 7 8
Concentration ml 1! 0 11 22 1 1 2 2
Exposure min 0 3103 103 10 3 10
time
Sampling h 0 00 00 24 24 24 24

the subsequent stages of anesthesia was twice as short,
and the differences observed were statistically signifi-
cant (P <0.05; Fig. 1) in comparison to group PROP1.
During the recovery of the fish from general anesthesia,
the opposite was observed. Only during stage I of re-
covery from general anesthesia was the difference noted
between the recovery times of the two groups signifi-
cant. In group PROP2, the time to attain stage I was
approximately three times longer (P <0.05; Fig. 2).
However, the time required to achieve the subsequent
stages (stages II-IV) was very similar in both groups
and did not differ significantly (P> 0.05; Fig. 2).
Among all the hematological indicators determined,
significant differences were noted only immediately
following immersion (0 h) and only in the case of two
of the parameters. Significant increases in HCT (of
approximately 19.5%) in comparison to the control

groups were noted in the fish immersed in the Propiscin
solution at a concentration of 1 ml 1! for 10 min (P<
0.05; Table 3). In all experimental groups, elevated
MCYV levels were noted immediately after the procedure
concluded (0 h). Statistically significant differences
among groups were confirmed only in three of them
(2 ml 17'/3 min; 1 m1 1710 min; 2 ml 17/10 min; P<
0.05; Table 3). After 24 h, the values of both parameters
in all experimental groups were comparable with those
of the control group.

The analysis of the biochemical indicators of blood
plasma conducted immediately following the conclu-
sion of immersion (0 h) showed statistically significant
differences in five of the 14 parameters determined
(Table 4). The highest increase in peripheral blood
GLU levels in the fish examined was confirmed in the
group subjected to the 3 min immersion at the lowest
concentration of Propiscin (1 ml 1I'"). The value of this
parameter was over twice as high as that in the control
groups and it differed statistically significantly from the
other three experimental groups. Increased GLU levels
were also confirmed in the group of fish anesthetized at
the higher anesthetic concentration for the same period
of time (2 ml I"'/3 min) (P<0.05; Table 4). The con-
centrations of GLU of the fish subjected to longer im-
mersion times of 10 min and at both anesthetic concen-
trations (1 or 2 ml1"") were higher, but these differences
were not significant in comparison to those of the con-
trol groups (P> 0.05). Twenty-four hours after the

Fig. 1 Impact of Propiscin 04:00 E— A
concentration on thp induction of [ PROP2
general anesthesia in perch. 03:30 I
Groups marked with a letter index
within a given stage differ 03:00
significantly statistically (P < )
0.05) (mean values = SE)
02:30
.’g a
> 02:00 i
= b
01:30 I b
a
01:00 b -
b =E
00:30 a a -
: i
-
00:00 il D
] A 1B [\
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Fig. 2 Impact of Propiscin 15:00
concentration on the recovery
from general anesthesia in perch.
Groups marked with a letter index 12:00
within a given stage differ
significantly statistically (P <
0.05) (mean values = SE) _ 09:00
:g
[
£
i
06:00
03:00
00:00

I PROP2

1}%

I PROP1 I

-

conclusion of immersion, the concentration of GLU in
the fish from all groups was similar to that in the control
groups (P> 0.05; Table 4). At 0 h in all experimental
groups, elevated blood Ca concentrations were noted;
however, only in the group subjected to immersion at
the lowest anesthetic concentration and for the shortest
period of time (I ml I"'/3 min) were these differences
significant (P <0.05; Table 4), and after 24 h, the con-
centration of this ion returned to initial levels. No dif-
ferences in blood Mg concentrations were noted imme-
diately following the conclusion of immersion (0 h)
among the various groups; however, after 24 h, a sig-
nificant decrease was noted in the level of this electro-
lyte in the peripheral blood in two groups that were
immersed in the lower concentration of anesthetic
(1 ml 1"'/3 or 10 min) in comparison to that in the
control groups (P <0.05; Table 4). Significant increases
in LACT concentration values in perch peripheral blood
immediately following the conclusion of immersion
(0 h) were confirmed in the groups exposed to the
anesthetic for 3 min at both concentrations tested (1
and 2 ml I'") and also after the application of the
anesthetic at a concentration of 1 ml 1" for 10 min
(Table 4). After 24 h, the value of this parameter in all
groups was comparable to the initial value. Higher NH;
values were observed in all four experimental groups
(0 h); however, significantly higher concentrations of
NHj; (approximately twice as high as that in the control
groups) were confirmed only in the group subjected to
immersion in the highest anesthetic concentration and
for the shortest period (2 ml 1"'/3 min). After 24 h, the
concentration of NHj3 in this group did not differ from
that noted in the remaining groups (Table 4).
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Phase
Discussion

Using anesthetics in aquaculture facilitates handling fish
faster and more efficiently while also minimizing the
magnitude of losses that follow handling (Weber et al.
2009; Kazun and Siwicki 2012). In the current study,
both concentrations of Propiscin tested (1 and 2 ml 1”")
permitted inducing general anesthesia in perch in a
period of time that was close to the optimum for induc-
ing anesthesia in fish, which is approximately 3 min
(Park et al. 2008). Data available in the literature regard-
ing the induction of general anesthesia in Percidae indi-
cate that achieving this in species of this family using
Propiscin can last from 49 s (pikeperch; 1.5 ml 1°;
23 °C; BW=7.88 g) to even approximately 5 min
(perch; 1 ml I''; 20 °C; BW =32.20 g) (Hamackova
etal. 2001; Kristan et al. 2014). This discrepancy can be
explained by the dependence between the time it takes
to induce general anesthesia in fish and many factors,
from the concentration of anesthetic applied, to the
physicochemical parameters of the water, and the spe-
cies and size of the fish being anesthetized (Son et al.
2001). In the current study, the recovery of perch from
general anesthesia, in contrast to its induction, was not
correlated with the concentration of Propiscin applied.
Regardless of the anesthetic used, its concentration, or
the physicochemical parameters of the environment, in-
ducing general anesthesia in fish causes them to suffer
from the stress phenomenon (Simon et al. 1983). The
changes in peripheral blood parameters in perch ob-
served in this study suggest that immersing them in an
aqueous solution of Propiscin causes minor stress. As a
result of the body’s elevated oxygen requirements, the
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Table 3 Impact of general anesthesia induced by immersion in a Propiscin bath (anesthetic concentration of 1 or 2 ml 1”'/immersion time 3 or 10 min) on the hematological profile of perch

blood (mean value (+ SE)) (n

7). Details are provided in “Materials and methods”

Time (24 h)

Time (0 h)

Control group

Specification Units

2 ml/3 min 1 ml/10 min 2 ml/10 min 1 ml/3 min 2 ml/3 min 1 ml/10 min 2 ml/10 min

1 ml/3 min

113.93 112.31 (+3.88) 103.39 (£7.62) 118.33 (+6.18)

128.08

114.07 (£ 6.53)

121.09 (+4.09)

107.78 (£3.33)

10° ulI™' 95.76 (+£3.67)

WBC

(+11.41)
1.52 (£0.12)

(+11.83)
1.61 (£0.10)

1.53 (£0.09) 1.65 (£0.06)

1.62 (£0.04)

1.58 (+0.06) 1.61 (£0.07)
33.46 (£1.07)

1.64 (£0.10)

108 ul™' 1.47 (£0.07)
gl

RBC

3355 (£ 1.68)  28.58 (£1.45) 30.41 (£2.02)

28.67 (+1.92)
36.05 (= 1.91)% 29.70 (:1.91)™ 33.60 (= 1.10)®® 30.49 (£ 1.58)™ 32.54 (= 1.44)®

168.10 (£5.03)° 146.13 (£5.02)* 154.04

30.30 (+2.05)

31.11 (£1.52)

31.28 (+1.43)

28.06 (+1.40)

HGB
HCT

35.74 (+ 1.13)™ 3639 (£1.09)°

34.06 (= 1.64)*

154.67

2930 (+1.35)°

148.24

%
fl

147.23

148.31

168.89

168.23

MCV

(£6.11)°
3036 (+£2.07)

(+1.84)*

30.71 (£0.76)

(+1.89)®
33.86 (£1.02)

(+3.46)°
31.94 (+1.66)

(+1.92)°
34.87 (+1.39)

(*3.19)%®

31.40 (+ 1.08)

(£2.48)*
31.34 (£1.07)

3131 (£1.93)

31.50 (+£2.25)

pg

MCH

207.14 (£3.46) 205.43 (£6.34)

16.00 (+0.76)

188.57 (£6.85) 186.00 (8.18) 213.29 (£6.10) 219.86 (£4.1)
19.67 (+2.7)

19.43 (+3.95)

207.29 (£5.63)

211.71 (+4.95) 203.14 (£3.48)

gl

MCHC
PLT

2229 (+1.90)

17.86 (+£3.35)

40.86 (+24.69)

19.57 (£1.81)  19.71 (£2.35)

10° pI™' 16.57 (£3.32)

Groups in rows marked with a different letter index differ significantly statistically (P <0.05)

amount of HGB increases in the erythrocytes to increase
the transport of oxygen molecules to different tissues and
organs. Evidence of this is seen in the elevated values of
MCYV and HCT and increased levels of HGB, although
these were insignificant (Rutten et al. 1992). Stress in
perch only occurred during immersion in anesthetic,
because 24 h after the conclusion of this procedure in
all groups, these parameters were noted to have returned
to initial values. Similar reactions to immersion in an
aqueous solution of etomidate (Propiscin; 1.5 ml I
10 min; 20.5-20.7 °C) were not observed in juvenile
pikeperch (BW =71.48 g). Nevertheless, significantly
higher values of mean corpuscular HGB concentrations
were noted both immediately following immersion and
24 h after it (Kristan et al. 2012). In perch, similarly to the
other hematological indicators, they were comparable to
those confirmed in the control group (this study).
Biochemical blood tests are good indicators of anes-
thetic quality, since they deliver much valuable informa-
tion regarding the physiological state of animals and the
occurrence of stress in their bodies (Barcellos et al. 2003).
One important biochemical indicator is GLU. Increased
levels of this monosaccharide in perch peripheral blood is
probably a consequence of the release into the blood of
catecholamines (inter alia, adrenaline) and cortisol that
accompany the impact that stressors (in this case, an
anesthetic) have on bodies (Simon et al. 1983). Compar-
ing the results obtained from different groups of perch
studied, one can conclude that only the first few minutes
of immersion in Propiscin impacts blood GLU levels.
After this period, the concentration of this compound in
perch peripheral blood decreases. Analyzing the results of
blood GLU levels in two groups of fish that were subject-
ed to immersion for 3 min, one can conclude that the faster
general anesthesia is induced, the lower the level of stress
experienced by the fish is. Among juvenile pikeperch
(BW =189.89 g) that were anesthetized in an aqueous
solution of etomidate (Propiscin; 1 or 2 ml 1"'/2 or 10 min;
21.3 °C), elevated GLU levels were observed only after
10 min of immersion, and this was regardless of the
anesthetic concentration applied. However, in this study
as well, 24 h later, the level of this saccharide in the
peripheral blood of the studied fish had returned to the
initial values (Rozynski et al. 2016). However, among
adult vimba bream (Vimba vimba) (BW =339.21 g),
which were placed under general anesthesia using
Propiscin (1 ml 1'% 10 min; 17.6-18.2 °C), elevated blood
GLU levels were observed to persist even longer than 24 h
after the conclusion of immersion (Lepic et al. 2014).
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Elevated LACT concentrations in the peripheral blood
were observed in perch immediately after immersion in
Propiscin ended, which also indicates the occurrence of the
phenomenon of stress (Mushtaq et al. 2014). Stress leads
to increased energy expenditures in the body and increases
oxygen requirements substantially. Since the oxygen de-
livery system (erythrocytes) is often unable to meet this
demand, glycolysis occurs in cells under anaerobic condi-
tions, which results in the release of lactic acid from the
muscles. Comparing our findings to those from studies of
other fish, one can conclude that the perch response to the
induction of general anesthesia with Propiscin is condi-
tioned by factors that are particular to this species. For
example, this parameter was not noted to have increased in
juvenile pikeperch (BW =71.48 g) following immersion
in a solution of etomidate (Propiscin; 1.5 ml 17'/10 min;
20.5-20.7 °C), while after rainbow trout had been im-
mersed a decrease in the level of LACT in the peripheral
blood was noted (Velisek et al. 2011; Kristan et al. 2012).
The analysis of Mg levels in the blood of perch also
permits concluding that the induction of general anesthesia
in this species causes a stress reaction. Mg plays a number
of important functions in the body such as participating in
GLU transport, producing energy, and impacting nerve
impulse transmission and the muscles (contracting and
relaxing) (Bijvelds et al. 1998). As was previously men-
tioned, the stress hormones adrenalin and cortisol stimulate
the body, increase energy demand, and trigger a number of
enzymatic and biochemical reactions. Mg plays a role in
many of these, which, consequently, can lead to deficits
and even depletion of this ion. This phenomenon of de-
creased Mg was noted in perch 24 h after the conclusion of
immersion in Propiscin (especially at the concentration of
1 ml I'Y). However, immediately after exposure (0 h), the
concentration of this electrolyte was comparable to that of
the control group. In pikeperch (BW = 189.89 g), elevated
blood levels of this ion were noted immediately after
immersion (0 h) in the anesthetic solution regardless of
its concentration or the length of the immersion (Rozynski
et al. 2016). Nevertheless, after 24 h, these levels returned
to values that were comparable to the control group.
Kristan et al. (2012) report yet another situation in juvenile
pikeperch (BW = 71.48 g) noting that there was no signif-
icant change in the concentration of this electrolyte during
general anesthesia induced with Propiscin. The opposite
reaction described above (blood Mg concentration) to the
induction of general anesthesia using Propiscin in those
fish probably stemmed from the different sizes of the fish
used in the study.

In one of the perch groups (1 ml I"'/3 min), elevated
Ca ions were noted immediately after immersion (0 h).
Rozynski et al. (2016) observed a similar phenomenon in
all groups of pikeperch (BW =189.89 g) they studied;
however, in the studies of both pikeperch and perch, Ca
levels retuned to initial levels after 24 h. However,
Kristan et al. (2012) did not observe any significant
changes in this parameter during the induction of general
anesthesia in pikeperch (BW =71.48 g) using Propiscin.
Elevated levels of NH3 in perch observed in the current
study immediately after the conclusion of immersion
(0 h) could have been caused by augmented protein
catabolism or disruptions in the excretion of this metab-
olite from the system (Svoboda 2001). Similar observa-
tions of elevated NH; levels immediately following the
conclusion of immersion were reported for juvenile
pikeperch with BW =189.89 g (Rozynski et al. 2016).
In turn, slight decreases in NH; levels were noted in
smaller pikeperch (BW = 71.48 g) immediately following
the completion of immersion, but 24 h later, these levels
were more than three times lower than those in the control
groups (Kristan et al. 2012). Higher peripheral blood NH;
concentrations were also confirmed in vimba bream
(BW =339.21 g); however, observations of this species
were not done until 24 h after the completion of immer-
sion in Propiscin (Lepic et al. 2014). In turn, Velisek et al.
(2009) did not note any changes at all in NH;3 concentra-
tions in perch (BW =47.20 g) during the induction of
general anesthesia in an aqueous solution of Propiscin
(1 ml I"Y/10 min; 20.0-20.2 °C). The information above
indicates that the reaction of fish to a given anesthetic
exhibits not only a great degree of species specificity, but
that reactions can also be specific to given ontogenetic
developmental stages.

Conclusions

Taking into consideration the anesthesia recovery
rates of the fish and recovery times, the low intensity
of stress reactions, and the 100% fish survival rate
following the procedure, it is justified to recommend
using a Propiscin solution at a concentration of
2 ml 1" during rearing procedures that require anes-
thetizing this species. Additionally, the hematologi-
cal and biochemical tests performed also permit con-
cluding that the anesthetic tested at the concentra-
tions tested (1 and 2 ml I'!) is safe and can be used
successfully to induce general anesthesia.
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Abstract The aim of this work was to determine the
impact of surgically implanted telemetry transmitters
(TTs) on the growth, survival, hematological and bio-
chemical indexes, and wound healing in juvenile
pikeperch (Sander lucioperca) (body weight 60-90 g).
Two incision suturing methods were used—silk sutures
(experiment I—group ST) or tissue adhesive (experi-
ment [[—group GT). After tagging, the fish were held in
a recirculating system for 35 days. No statistically sig-
nificant differences were noted in the growth or condi-
tion indexes analyzed among the fish tagged with TT
compared with those from the control groups (un-
tagged). Substantial individual variability was noted,
however, in the parameters examined in both the control
and tagged groups. Among the hematological indexes,
statistically significant differences were only noted in
experiment . Lower values of mean corpuscular volume
and mean corpuscular hemoglobin were noted in group
ST. Among the biochemical parameters, creatinine was
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statistically significantly threefold lower, magnesium
and alkaline phosphatase (ALP) levels were lower, and
ammonia levels were higher in group ST than in the
control group. In experiment II, significant differences
were only noted for ALP. Tissue adhesive was the
superior and more effective method for closing the
incision after TT implantation in juvenile pikeperch.
This type of suturing facilitated faster healing, and it
had less of an impact on juvenile pikeperch welfare.

Keywords Blood biochemistry - Dummy transmitter -
Tissue adhesive - Pikeperch - Radio telemetry - Suture

Introduction

Drastic, systematic declines in pikeperch (Sander
lucioperca) catches from open waters have been ob-
served since the early 1950s (FAO 2012, 2016). Conse-
quently, restocking programs for this species have been
implemented in several countries (e.g., Finland, Poland,
and Iran) (Bartley and Rana 1998; Steenfeldt et al.
2015). These programs, as well as other research pro-
jects, have begun analyzing the effectiveness of
restocking this species along with investigating little
known aspects of pikeperch biology, such as spawning
migrations (Koed et al. 2000; Koed et al. 2002). Essen-
tial data are acquired from observations of tagged fish.
Until recently, primarily traditional methods of tagging
pikeperch have been used, for example, hot branding,
marking with dyes like alcian blue, or external and
internal tags (Saura 1996; Hansson et al. 1997). Studies

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10695-017-0347-2&domain=pdf

1000

Fish Physiol Biochem (2017) 43:999-1010

have also indicated that this species can be tagged
successfully with coded wire tags (CWTs) or passive
integrated transponders (PITs) (Zake$ and Hopko 2013;
Zakes et al. 2015).

One of the techniques that facilitate a better under-
standing and more effective monitoring of the various
aspects of the lives of fish is telemetry (Baras and
Lagardére 1995; Thorstad et al. 2013). Using telemetry
transmitters (TTs) in ichthyological studies permits in-
vestigating the behavior and physiology of individuals
in their natural environment; this method has become
increasingly widespread recently, and it is developing
continually (Thorstad et al. 2013). Frequently, telemetry
study is the only reliable method that permits assessing
the effectiveness of restocking, fish survival, spawning
behavior, diel activity patterns, and habitat preferences
(Cooke et al. 2013; Thorstad et al. 2013; Dudgeon et al.
2015).

Telemetry has also been used sporadically in stud-
ies of pikeperch with the aim of obtaining a better
understanding of their biology and behavior, includ-
ing spawning migratory routes. Reports of using te-
lemetry transmitters in adult specimens (total body
length (TL) >40 cm) of this species are found in the
literature (Jepsen et al. 2000; Koed et al. 2002;
Vehanen and Lahti 2003). Adult pikeperch are most
frequently tagged with TTs that are inserted into the
body cavity through a small incision, while the an-
tenna is directed through an opening located just
above it. The incision is closed with two or three silk
sutures depending on the size of the incision and the
size of the fish being tagged (Koed et al. 2000; Horky
et al. 2006). Other methods of implantation incision
closure, such as tissue adhesive or leaving the inci-
sion open, have been investigated in other fish spe-
cies (Baras and Jeandrain 1998; Cooke et al. 2011).

The basic principle of tagging with this type of
transmitter, as with other tagging methods, is that the
presence of the transmitter in the fish body should not
impact fish behavior, condition, or physiological or
metabolic processes (Cooke et al. 2011). This is why
as many factors as possible that could impact the
welfare of the tagged fish during and after the proce-
dure must be taken into consideration. For example,
it is crucial to select the correct size tag for the size of
the fish. Generally, the weight of the tag should not
exceed 2% of that of the fish body (Winter 1996). It
is also important to choose the appropriate implanta-
tion method (incision location and size, incision
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closure method, and the technique for directing the
antenna outside of the body) (Mulcahy 2003; Cooke
et al. 2011). Additionally, the experience of the per-
sonnel performing the procedure and the method for
inducing general anesthesia also have a direct impact
on the welfare of the fish (Mulcahy 2003). Develop-
ing optimal methods for tagging fish with telemetry
transmitters will permit treating the data obtained
from a group of tagged individuals as representative
of the entire population (Bridger and Booth 2003;
Cooke et al. 2011). One significant disadvantage of
this tagging method is the lack of wider ranging,
documented data and information on the impact te-
lemetry transmitter implantation has on the health
and physiological processes of the fish, and particu-
larly on juveniles. This data could be provided
through studies of hematological and blood biochem-
ical indexes of the fish. Since these parameters are
strongly correlated with external factors that impact
the fish, as well as with various pathological changes,
these parameters are often determined to assess fish
health. For example, blood biochemical indexes (glu-
cose, total protein, magnesium, etc.) are important
biological tools in the assessment of stress, nutrition-
al status, and water-mineral balance in fish (Brinn
et al. 2012). Red blood cell indexes can be useful in
diagnosing anemia. It should also be pointed out that
erythrocytes are a general index of various physio-
logical adaptation strategies associated with environ-
mental changes (Val et al. 1992). Additionally, he-
matological tests can be useful in diagnosing many
diseases, including infectious ones (e.g., IPN, THN,
or VHS) (Zorriehzahra et al. 2010) and in toxicolog-
ical studies (Pereira et al. 2013). A certain degree of
caution must be exercised when interpreting hemato-
logical results, because in fish, the generally accepted
range of values for individual indexes often do not
take into consideration factors such as fish sex, origin
(natural environment or aquaculture), water quality,
or season of the year. Even simple manipulations,
such as catching and transporting or the blood sam-
pling procedure, can impact the results of hematolog-
ical and biochemical determinations (Clauss et al.
2008).

The aim of this work was to study the impact of two
intraperitoneal telemetry implantation procedures,
which differed in how the implantation incision was
closed (silk or tissue adhesive sutures), on fish growth
and survival and the hematological and biochemical
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parameters of juvenile pikeperch. The healing of the
implantation incisions was also analyzed.

Materials and methods
Fish and initial rearing conditions

The study material was obtained through out-of-season
spawning conducted at the Department of Sturgeon
Breeding in Pieczarki (IFI Olsztyn, Poland) (Zakes$
2007). Larval and juvenile stages were reared in
recirculating systems (RASs) in accordance with previ-
ously established procedures (Szkudlarek and Zakes
2007). The fish with body weights of approximately
10 g were transported to the Department of Aquaculture
(IFT Olsztyn, Poland) (transport time 2 h). Following the
acclimatization phase, they were reared in experimental
RAS outfitted with a rearing tank with a volume of
0.2 m®. The water temperature in the RAS was
20.7 = 0.1 °C, the pH range was 7.70-8.05, and oxy-
genation at the water discharge from the rearing tank did
not fall below 7.5 mg O, I"". The fish were reared until
they had reached a body weight (BW) of about 60 g.

Two experiments were conducted. In experiment I,
the fish standard length (SL) was 17.01 £ 0.52 cm
(mean £ SD) and BW was 59.78 + 4.55 ¢
(mean + SD). In experiment II, the fish used measured
SL 19.67 = 0.60 cm and BW 86.90 = 6.43 g.

Fish-tagging procedure

The day before the fish were tagged with TT, all of the
pikeperch were tagged in the cheek with PITs (Fish
Eagle, Lechlade, Great Britain) (material—bioglass,
length—12.0 + 0.4 mm, diameter—2.12 = 0.07 mm,
weight—93 mg) (Zakes$ and Hopko 2013). This permit-
ted identifying individual specimens. Before tagging,
the fish were bathed in an aqueous solution of etomidate
(Propiscin, IFI Olsztyn, Poland) at a concentration of
1.5 ml I"' (Lambooij et al. 2009). After tagging with
PITs and recovery time, the fish were returned to the
RAS.

The fish were surgically implanted with radio trans-
mitters (length 13 mm, diameter 5 mm, with a 21.5 cm
external whip antenna; model F1515, ATS Inc., Isanti,
MN, USA). The weight of the transmitters was 0.604—
0.653 g (mean 0.63 g). The relative weight of the trans-
mitters was <1.2% BW fish (experiment I) and <0.9%

BW pikeperch (experiment II). In experiment I, non-
absorbable surgical silk (Jedwab Polski Sp. z o.0.,
Milanéwek, Poland) was used to make two sutures to
close the implantation incision, while in experiment II,
Surgibond tissue adhesive was used (SMI AG, St. Vith,
Belgium). Before implantation, the pikeperch were
anesthetized in an aqueous solution of etomidate
(Propiscin) at a concentration of 1.5 ml !, After 3—
4 min, the fish were in a state of general anesthesia that
was apparent from the lack of balance and no reaction to
external stimuli (Kristan et al. 2014). The transmitters
were implanted to the body cavity through an incision
measuring 10-15 mm that was made approximately
20 mm anterior to the pectoral fin, and the antenna
was directed out of the body between the abdominal
and anal fins (Wagner et al. 2011). After the procedure,
the incision was disinfected with betadine (Lavipharm,
Peania, Greece). When implanting TT and closing the
incision with silk sutures, the procedure lasted 3—4 min
and the recovery time ranged from 3 to 5 min. The
length of the procedure of implanting and closing the
incision with tissue adhesive was a mean of 1.5 min, and
recovery time was 3—5 min. In experiment I, 18 fish
(group ST) were tagged, and these fish were stocked
into three rearing tanks (6 specimens per tank). The fish
from the control group (18 specimens tagged only with
PIT; group SC) were subjected to the same procedures
as the experimental fish (with the exception of tagging
and TT implantation) and were stocked into three tanks
(6 specimens per tank). The same methodological prin-
ciples were employed in experiment II (the group of fish
tagged with TT were called group GT and the control
group GC). After recovery in oxygenated containers
with a volume of 0.08 m?, the fish were held in tanks
with a volume of 0.2 m®. The specimens from a given
tank/replicate were held in the same tank throughout the
study period. The mean biomass of the stocks in the
tanks in both experiments was 1.79 kg m > (experiment
I)and 2.61 kg m > (experiment IT). The fish were reared
for 5 weeks in both experiments.

Conditions proper of rearing and feeding fish

Water temperature (£0.1 °C) and oxygen concentration
(#0.01 mg O, 1) at the rearing tank inflows and out-
flows were measured daily. The amounts of total am-
monia nitrogen (TAN = NH;"-N + NH;-N;
£0.01 mg TAN 17') and nitrites (NO,-N;
+0.01 mg NO,-N 'Y and pH (£0.01) were measured
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at the outflows of the rearing tanks weekly. The mean
water temperature in both experiments was
22.0£0.0 °C. In experiment I, the oxygen concentration
at the tank outflows did not fall below 7.29 O, I'!
(82.8% saturation), while in experiment II, it was
7.21 O, ! (82.1% saturation). Concentrations of am-
monia and nitrites at the outflows did not exceed
0.08 mg TAN " and 0.007 mg NO,-N I"! (experiment
I) or 0.04 mg TAN I"! and 0.001 mg NO,-N 1" (exper-
iment II). The water pH at the outflow in experiment I
ranged from 7.96 to 8.00, while in experiment II, the
range was 7.77-7.94.

In both experiments, the fish were fed the same
feed—Aller Performa EX 3GR (AllerAqua,
Christiansfeld, Denmark). The feed was delivered using
an automatic band feeder (Fischtechnik GmbH,
Nienburg, Germany) for 18 h d!' (09:00-03:00). The
daily feed ration was determined weekly at 1.5% of the
fish biomass.

Research procedures

The fish were measured and weighed individually just
before implanting the TT (day 0—d,) (SL + 0.1 cm;
BW = 0.01 g). Subsequent individual measurements
were taken every 7 days (d;, dy4, da1, dag, and d3s).
During measurements, each fish was identified with a
PIT tag reader (Fish Eagle, Lechlade, Great Britain).
During the individual measurements, the state of the silk
sutures or tissue adhesive was assessed (Table 1; Deters
et al. 2010), and the state of the abdominal incision site
was examined macroscopically (Table 2; Miller et al.
2014). Throughout the experiment, the occurrence of
redness, edema, inflammation, infection, and tissue ne-
crosis at the implantation site was also monitored
(Table 3).

Feed consumption, expelled PIT or TT tags in the
tanks, and fish behavior and mortality were monitored
daily. The data collected served to calculate the following:

Table 1 Silk or adhesive suture assessment criteria

Rank Assessment criteria

0 Lack of silk/adhesive sutures

1 Silk/adhesive sutures partially cover incision
2 Silk/adhesive sutures fully cover incision

Source: Deters et al. (2010)
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Table 2 Macroscopic assessment criteria of the incision site

Rank Assessment criteria

0 Incision fully closed and healed/no trace of incision

Incision fully closed but not healed

2 Incision healing, sides of incision only partially connected
with tissue
3 Incision healing, but sides of incision not closed/not

connected with tissue
4 Less than 50% of wound open
More than 50% of wound open
Wound fully open

Source: Miller et al. (2014)

daily growth rate—DGR (g d ') = BW, - BW;) x 7,
specific growth rate—SGR
(% d") = 100 x (InBW, — InBW,) x ¢!, Fulton’s
condition coefficient—F = 100 x BW x SL_3, and feed
conversion ratio—FCR = TFS x (FB —IB) ', where BW,
is the initial fish body weight (g), BW, is the final fish
body weight (g), ¢ is the rearing time (days), SL is the fish
body length (cm), FB is the final stock biomass (g), IB is
the initial stock biomass (g), and TFS is the total feed
supply (g).

On the concluding days of experiments I and II (d55),
approximately 1 ml of blood was drawn directly from
the caudal vein of each specimen with a heparinized
syringe (Sarstedt AG & Co., Niimbrecht, Germany)
after the fish had been anesthetized (Propiscin,
1.5 ml I'"). The blood samples were used to determine
the following hematological indexes: white blood cell
count (WBC), red blood cell count (RBC), hemoglobin
(HGB), hematocrit (HCT), and platelets (PLTs). The
samples were also used to determine the following
erythrocyte indexes: mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC).
Portions of the blood samples were centrifuged at a
speed of 1500xg for 3 min (Fresco 17, Thermo Scien-
tific, Waltham, USA). The material obtained was used to
determine the following biochemical indexes: creatinine

Table 3 Post-implanta-

tion incision assessment Rank Assessment criteria
criteria

0 Clean incision

1 Some redness

2 Inflammation

3 Infection, necrosis
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Table 4 Rearing indexes of pikeperch tagged with telemetry suture group (GT)) on subsequent days of rearing (dy—initial day
transmitters (experiment I—control group (SC) and silk suture of rearing; d;, dy4, da1, dpg, d3s—days 7, 14, 21, 28, and 35 of
group (ST) and experiment II—control group (GC) and adhesive rearing, respectively) (mean + SD, n = 18)
Experiment I Experiment II
Index day of rearing Group SC Group ST Group GC Group GT
SL (cm)
dy 16.89 (+0.52) 17.13 (+0.50) 19.57 (+0.73) 19.77 (x0.44)
dss 19.94 (+1.02) 19.57 (+1.37) 21.54 (+1.50) 21.29 (+1.59)
BW (g)
dy 59.37 (£3.79) 60.19 (£5.29) 86.81 (£6.63) 86.99 (£6.41)
d; 66.97 (£5.52) 64.61 (£8.07) 93.91 (+10.56) 91.72 (x11.28)
dig 74.12 (+8.48) 69.57 (£12.15) 100.21 (£15.01) 96.61 (+16.83)
d 82.69 (49.13) 75.40 (+15.83) 107.04 (£20.06) 101.04 (£22.70)
dag 91.76 (+11.58) 83.28 (£20.42) 111.89 (25.17) 105.46 (£27.76)
dss 100.19 (£15.48) 88.30 (+24.50) 118.44 (£30.27) 110.95 (£34.00)
DGR (gd™)
dy—d; 1.09 (£0.34) 0.63 (£0.67) 1.01 (+0.87) 0.67 (£0.98)
dy—d4 1.02 (£0.58) 0.71 (£0.70) 0.90 (£0.80) 0.70 (£0.94)
dis—d> 1.23 (£0.44) 0.83 (£0.67) 0.98 (+0.84) 0.63 (+0.88)
do\—dhg 1.30 (£0.43) 1.13 (£1.35) 0.69 (+0.95) 0.63 (+0.82)
drg—dss 1.20 (£0.64) 0.72 (£0.65) 0.93 (+1.00) 0.78 (£0.98)
dy—dss 1.17 (£0.37) 0.80 (£0.62) 0.90 (+0.79) 0.68 (+0.89)
SGR (% d ")
dy—d; 1.70 (£0.48) 0.96 (£1.01) 1.07 (20.94) 0.69 (£1.04)
d—d4 1.40 (£0.84) 0.95 (£0.97) 0.85 (£0.81) 0.64 (£0.92)
dis—do 1.57 (£0.66) 1.05 (+0.86) 0.84 (+0.74) 0.5 (0.78)
dr1—dhg 1.46 (£0.40) 1.28 (£1.79) 0.51 (+0.81) 0.47 (£0.73)
drg—dss 1.19 (+£0.63) 0.70 (0.69) 0.68 (+0.85) 0.54 (+0.78)
do—dss 1.46 (£0.38) 0.99 (+0.75) 0.79 (£0.73) 0.57 (£0.81)
F@)
do 1.23 (0.09) 1.20 (20.09) 1.16 (+0.09) 1.12 (+0.06)
dy 1.25 (+0.08) 1.18 (£0.09) 1.15 (20.10) 1.13 (+0.09)
dyy 1.25 (0.09) 1.18 (£0.10) 1.18 (£0.11) 1.13 (0.10)
doy 1.26 (+0.08) 1.18 (£0.12) 1.17 (20.11) 1.13 (0.11)
g 1.26 (0.09) 121 (20.22) 1.15 (+0.11) 1.12 (0.13)
dss 1.25 (+0.09) 1.15 (£0.13) 1.16 (20.12) 1.11 (+0.13)
FCR (-)
do—d; 0.70 (£0.03) 1.25 (+0.18) 1.16 (+0.33) 1.72 (£0.45)
drdy, 0.93 (+0.16) 1.30 (20.12) 1.55 (20.5) 2.04 (£0.75)
dyy—dy 0.86 (£0.13) 1.21 (£0.15) 1.55 (20.51) 2.62 (+1.47)
dy1—dhg 0.89 (£0.04) 1.13 (£0.51) 2.89 (+1.93) 2.33 (+0.46)
drg—d;s 1.08 (£0.11) 1.76 (£0.53) 1.91 (+0.92) 1.95 (£0.44)
dy—dss 0.88 (0.04) 1.26 (+0.25) 1.62 (+0.49) 2.06 (+0.58)
Mortality (%)
do—dss 0 0 0 0

Details are provided in the “Materials and methods” section. No statistically significant differences between groups were noted within the
same experiments (P > 0.05)
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(CREA), total protein (TP), total bilirubin (BIL-T), ala-
nine aminotransferase (ALT), alkaline phosphatase
(ALP), calcium (Ca), albumin (ALB), globulin (GLB),
glucose (GLU), magnesium (Mg), and ammonia (NH3).
Hematological measurements were done with a BC-
2800 VET semi-automatic hematology analyzer
(Mindray, Shenzhen, China), while biochemical mea-
surements were done with a BS-120 automatic chemis-
try analyzer (Mindray, Shenzhen, China).

Statistical analysis

Statistical analysis was performed with Statistica 12
(StatSoft Inc., USA). The homogeneity of variance
was tested using Levene’s test. The experiment results
concerning growth data, silk and adhesive suture reten-
tion, and incision assessments were analyzed with re-
peated measure variance analysis (ANOVA; n = 18).
Assumptions of sphericity were verified with Mauchly’s
test of sphericity (P < 0.05). This analysis was followed
by post hoc pairwise multiple comparisons with Tukey’s
HSD test. If the assumptions of sphericity were violated,
then a multivariate test was applied. If statistically sig-
nificant differences were confirmed between the vari-
ables compared, but there was no significant interaction
in the system of repeated measurements, planned com-
parison analysis was used. Then, both factors (incision
closed with adhesive or surgical silk sutures) in subse-
quent weeks of the experiments were compared. How-
ever, statistical significance in hematological and bio-
chemical indicators was tested with the Mann-Whitney
test. Differences were noted as significant at P < 0.05.

Results

Rearing indicators

Tagging did not influence fish behavior, activity, or
feeding. No statistically significant differences were
noted in the growth, condition, and FCR indexes ana-
lyzed in the tagged or control group fish from either of
the experiments (P > 0.05; Table 4). No pikeperch
mortality was noted in either of the experiments.

Tagging effectiveness indicators

The ranking values of silk and tissue adhesive suture-
holding capacity in the tagged fish differed significantly
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statistically (Table 1 and Fig. 1a). The tissue adhesive in
group GT was shed, in most cases, in the first week of
the experiment. While in group ST, the silk sutures were
shed throughout the experiment. The incision closure
method applied was significant for the degree of holding
capacity of the tissue adhesive or silk sutures that closed
the incision (P < 0.05). At week 3 post-surgery, the
tissue adhesive-holding capacity (rank) was still signif-
icantly lower than that of the silk sutures (Fig. 1a). In the
group of fish with surgical silk sutures (ST), only one
fish lost its TT tag during the experiment (in the second
week; 94% retention), while in the group of fish in
which tissue adhesive had been used (GT), TT tag
retention was 100% for the duration of the experiment.

Implantation wounds healed faster in the fish from
group GT, in which tissue adhesive had been used to
close the incision (Table 2 and Fig. 1b). After the first
week of rearing following tagging, the incisions of most
of the fish from group GT were at level 3 in the range of
incision index scores (P < 0.05; Fig. 1b). However, at
the same time in the group of fish with silk sutures (ST),
the implantation wound were at a mean level of 5 in the
range of incision index scores and more than 50% of
them were open. After the second week of rearing, the
difference in healing rates decreased, but it remained
statistically significant. The healing of the wounds of
pikeperch from group GT oscillated between levels 1
and 2 in the range of incision index scores, while in
group ST, it was between 2 and 3 (P < 0.05). After the
third and fourth weeks, the differences between the two
groups of tagged fish were no longer statistically signif-
icant. After the fifth week, the fish from group GT
achieved level 0 in the range of incision index scores,
while fish from group ST remained at level 1 (P < 0.05;
Fig. 1b).

The method of incision closure had a statistically
significant impact on the healing rate and the state of
the wound (P < 0.05). In the groups of fish in which the
implantation incision was closed with tissue adhesive,
there were fewer specimens with redness at the incision
site (GT—7, ST—11) or that exhibited evident symp-
toms of inflammation (GT—4, ST—7) (Fig. 1¢). Addi-
tionally, the incisions of seven fish from this group (GT)
were clean and were healing through primary adhesion
(group ST—O0 fish). No signs of inflammation were
noted in specimens from group GT as early as week 4
of the experiment, while by week 5, there was a lack of
redness. However, redness (1 fish) and inflammation (2
fish) were noted until the conclusion of the experiment
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Fig. 1 Wound healing and the A
state of silk sutures or tissue
adhesive in two groups of B Group ST
pikeperch following the % Group GT
implantation of telemetry
transmitters (group ST—fish in c
which wounds were closed with %
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in some specimens from group ST (Fig. 1¢). None of the
fish examined, regardless of the method used to close
the incision, exhibited symptoms of infection or tissue
necrosis. The methods used to close the incision permit-
ted achieving uniform results (incision state) at the
conclusion of the experiments. However, the closure
of the incision following the implantation of transmitters
using tissue adhesive was more advantageous. The anal-
ysis of the planned comparisons indicated that there
were statistically significant differences in the assess-
ments of incision inflammation until week 4 of the
experiments (P < 0.05), and only in week 5 did these
differences become statistically insignificant (P > 0.05).

Hematological and biochemical indicators

Among the hematological indicators analyzed, statisti-
cally significant differences were only noted in experi-
ment I (Table 5). Higher values of MCV and MCH were
noted in the control group (P < 0.05), while intergroup
differences in the values of the remaining indicators, i.e.,
WBC, RBC, HGB, HCT, MCHC, and PLT, were statis-
tically insignificant (P > 0.05; Table 5).

The results of the biochemical determinations in ex-
periment I indicated that the pikeperch from the control
group had a statistically significant, threefold higher
level of CREA, a higher level of magnesium (Mg),
and a lower level of ammonia (NH3) (P < 0.05;
Table 6). The remaining parameters in both experiments
did not differ significantly statistically (P > 0.05) with
the exception of ALP, the activity of which was lower in
the TT tagged fish in both experiments (P < 0.05;
Table 6).

Discussion

Tagging pikeperch with TT was not confirmed to impact
growth in either of the experiments. Similar effects from
telemetry transmitter implantation were observed in
green sturgeon (Acipenser medirostris) (TL
45.4 + 0.6 cm), in which, after 140 days of the experi-
ment, telemetry transmitter tagging was not found to
have had any impact on growth indexes (Miller et al.
2014). The telemetry transmitter implantation in
gilthead bream (Sparus aurata) (BW 289 + 53 g) had
no significant impact on the growth or behavioral reac-
tions (feed ingestion or physical activity) of the tagged
fish. Although immediately following tagging slight
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differences in mobility were noted, after a few days,
the physical activity of the fish returned to that observed
prior to the implantation procedure (Montoya et al.
2012). Different observations are reported for brown
trout (Salmo trutta), among other species. Implanting
wild brown trout (TL 19.4 + 5.2 cm) with telemetry
transmitters had a negative impact on their growth in
natural conditions. The slowed growth rates in this
species were explained by the higher-energy require-
ments for incision healing and by the altered physical
activity of the fish (Jepsen et al. 2008). Slower growth
144 days following the implantation procedure was also
reported in bluefish (Pomatomus saltatrix), a marine
fish of the order Perciformes (Thorstad et al. 2009).
Although information can be found in the literature
regarding the negative impact of telemetry transmitter
tagging on the growth parameters of some fish species,
most scientists investigating this issue do not report
decreases in the values of these indexes (Adams et al.
1998; Martinelli et al. 1998; Bégout-Anras et al. 2003;
Cooke et al. 2003; the current study). Presumably, the
root of these differences stem mainly from species dif-
ferences, size differences, the origins of the tagged fish,
and various implantation techniques. The conditions
under which the studies are conducted, i.e., in a
laboratory/hatchery or in the wild, could also be of
significance.

Among the hematological indexes determined, sta-
tistically significant differences were only noted in the
experiment in which the pikeperch implantation incision
was closed with silk sutures. The fish from group ST
had lower MCV and MCH values in the systemic blood
(P <0.05). The decreased values of these parameters can
indicate lowered iron levels and water-electrolyte dis-
ruptions caused by blood loss and chronic inflammation
of the implantation incision in group ST. Neves et al.
(2016) report similar views. Most of the biochemical
parameters determined in the blood of juvenile
pikeperch following the implantation of telemetry trans-
mitters did not differ significantly from the values of
these parameters in the fish from the control groups.
Very similar results were reported for gilt-head bream,
which, after being tagged with TT, just like with
pikeperch (experiments I and II), most parameters were
comparable to those of the control group, for example,
blood glucose levels (Montoya et al. 2012). In their
study of bighead carp (Hypophthalmichthys nobilis),
Luo et al. (2014) observed significant increases in the
levels of blood glucose and cortisol 3 h following
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Table5 Hematological indexes of two pikeperch groups in which
different implantation incision suturing was applied (experiment
I—control group (SC) and silk suture group (ST) and experiment

II—control group (GC) and adhesive suture group (GT))
(mean + SD, n = 18)

Experiment I

Experiment II

Group SC Group ST Group GC Group GT
WBC 10% pl™! 69.72 (£18.11) 71.14 (+12.74) 71.48 (£12.37) 71.73 (£16.93)
RBC 106 1! 1.64 (+0.21) 1.63 (20.21) 1.65 (+0.16) 1.55 (+0.23)
HGB gl 36.61 (+4.75) 34.69 (+4.21) 38.67 (+4.49) 37.06 (+£5.62)
HCT % 27.14 (£3.07) 25.52 (£3.57) 26.69 (+2.86) 25.02 (3.55)
MCV fl 122.93 (+5.84) b 116.16 (¢8.14) a 119.94 (+8.43) 120.08 (+8.52)
MCH pg 22.26 (£1.39) b 21.26 (£1.14) a 23.34 (£1.63) 23.88 (+1.87)
MCHC gl 181.50 (+8.89) 183.50 (+8.45) 195.22 (+8.03) 199.35 (+10.65)
PLT 10° 1! 18.89 (+4.87) 20.25 (£15.49) 20.33 (+5.88) 19.06 (+7.75)

Details are provided in the “Materials and methods” section. Groups with different letter indexes from the same experiment differ

significantly statistically (P < 0.05)

implantation in both the group of fish tagged with TT
and in that that was subjected to the surgical procedure
without implantation (sham sample). Increases in these
parameters are evidence of the stress induced in fish by
implantation. However, the effect was short term, be-
cause after 24 h, both of these parameters returned to
initial values. The results reported by Luo et al. (2014)
indicate that the main stress factor for the fish is the
abdominal incision and not TT implantation. Similarly,
largemouth bass (Micropterus salmoides), which spent
about a year (362 days) in open waters after being

tagged with TT, did not exhibit significant differences
in glucose levels or in total protein and magnesium
levels, which reflect nutritional status (Caputo et al.
2009). In turn, pikeperch levels of magnesium were
comparable with those of the control group only in
experiment II. It is also noteworthy that in the pikeperch
from experiments I and II, the values of the two other
nutritional status indexes (total protein and calcium) also
did not differ significantly from those in the fish from
the control group. Thus, it can be concluded that the TT
implantation procedure did not lead to changes in the

Table 6 Biochemical indexes of two pikeperch groups in which different implantation incision suturing was applied (experiment [—control
group (SC) and silk suture group (ST) and experiment II—control group (GC) and adhesive suture group (GT) (mean + SD, n = 18)

Experiment [

Experiment 11

Group SC Group ST Group GC Group GT

CREA mg dI”' 0.27 (£0.19) b 0.09 (x0.07) a 0.24 (+0.20) 0.22 (+0.21)
TP gd™! 4.11 (£0.36) 4.01 (£0.35) 3.73 (+0.36) 3.63 (£0.43)
BIL-T mg dI™! 0.07 (£0.08) 0.06 (+0.03) 0.13 (£0.13) 0.12 (£0.16)
ALT ur! 59.83 (£54.85) 44.29 (+42.27) 43.56 (+45.09) 64.88 (+66.89)
ALP ul! 74.06 (x17.71) b 54.94 (£21.59) a 70.44 (+17.88) b 54.24 (£14.73) a
Ca mg dI”! 10.58 (+1.83) 10.44 (£0.93) 10.83 (£0.50) 10.63 (+0.44)
ALB gd! 1.46 (£0.23) 1.48 (+0.13) 1.31 (#0.23) 1.26 (+0.23)
GLOB gd™! 2.65 (+0.20) 2.52 (+0.28) 2.42 (+0.20) 2.36 (+0.28)
GLU mg dI”! 65.00 (£11.66) 55.35 (x14.21) 64.83 (£26.58) 66.06 (£28.7)
Mg mg dI™’! 257 (#0.17) b 243 (x0.14) a 2.51 (+0.11) 2.48 (+0.08)
NH; g di! 670.32 (£176.25) a 899.55 (£398.36) b 47791 (171.92) 464.81 (£133.57)

Details are provided in the “Materials and methods” section. Groups with different letter indexes from the same experiment differ
significantly statistically (P < 0.05)
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nutritional status of the pikeperch. In group ST (exper-
iment I), significant decreases in the levels of creatinine
in the serum and increased ammonia concentrations
(134% of the values determined for group SK) were
noted. The values of these indexes, which are markers
of kidney function and metabolism, among other fac-
tors, are evidence of intense protein catabolism associ-
ated with increased energy demands when there is in-
flammation and incision healing (Prakash et al. 2014).
The differences referred to above observed in experi-
ment I (silk sutures) were not noted in the pikeperch
from experiment II, in which the implantation incision
closed with tissue adhesive healed more quickly. Alka-
line phosphatase activity is a helpful marker of the
health status of bodies. Lowered levels of the activity
of this enzyme in both groups (ST and GT) indicate
disruption in liver function associated with the synthesis
of factors responsible for hemostasis, increased protein
catabolism, and incision healing. Decreases in ALP
activity can stem directly from a decelerated glycogen
synthesis rate, malnutrition, or the wasting/exhaustion
of the body (Shaffi 1979).

Wound healing following the surgical implantation
of transmitters has a significant impact on fish welfare
and the success of telemetry studies (Rub et al. 2014).
The telemetry transmitter implantation wounds healed
faster in the group of juvenile pikeperch, in which the
incision was closed with tissue adhesive. The layer of
adhesive peeled off after the first week as soon as the
opposing edges of the incision had joined, and the state
of healing was satisfactory 2 weeks after tag implanta-
tion. Different results were reported in eel (Anguilla
anguilla) (TL 56.2—78.0 cm) following TT implantation
in the body cavity (tag weight <0.6% BW). The inci-
sions healed more quickly in the group of fish in which
closure was done with silk sutures (40 days—time be-
tween implantation and complete incision healing) and
not with tissue adhesive (52 days). However, the silk
sutures did cause inflammation, and they contributed to
higher mortality rates in the tagged ell (silk sutures—
60%; tissue adhesive—10%, incision not closed—
20%). Significantly, the implantation incisions that were
not closed healed most quickly (28 days) (Baras and
Jeandrain 1998). In our study, after the first week of the
experiment, 61% of the pikeperch in which the implan-
tation incision was closed with sutures exhibited red-
ness, while in 39%, there was distinct inflammation. In
group GT, these symptoms were noted in 39 and 22% of
specimens, respectively. After the conclusion of the

@ Springer

experiment (5 weeks), no specimens from group GT
exhibited these symptoms, while in group ST, 16.7%
of the fish still did. In this group, redness/inflammation
was noted mainly in the vicinity of the silk sutures that
closed the incision. Incision healing in pikeperch spec-
imens in which the sutures fell out earlier (1-2 weeks
following tagging) was faster, and inflammation did not
occur. In largemouth bass, inflammation, infection, and
even tissue necrosis in the vicinity of the sutures follow-
ing telemetry transmitter implantation were confirmed
in 7 of 17 tagged fish (41%), despite the application of
absorbable monofilament silk and the fact that 362 days
had passed since the implantation procedure had been
performed (Caputo et al. 2009).

Brown trout that was tagged with TT was confirmed
to have symptoms of inflammation and tissue necrosis at
the antenna exit site on the body (Jepsen et al. 2008).
Bauer et al. (2005) observed that this site could even
become infected. However, beside some slight ecchy-
mosis of the skin near the antenna, no other symptoms
of infection or inflammation were noted in pikeperch.
These relatively slight changes resulted from other spec-
imens taking hold of the antennae (Z. Zakes, personal
observation). It is possible that in the wild, this phenom-
enon would not occur or that it might occur less fre-
quently than in the limited space of rearing tanks.

The expulsion of surgically implanted TT tagging is a
phenomenon that is described in the literature (Burrell
etal. 2000; Jepsen et al. 2002). It occurs most frequently
within the first few weeks after tagging and depends on
many factors (species, fish health status, tag weight/size,
and environmental conditions) (Jepsen et al. 2002). Fish
shed tags in the following three ways: through the
implantation incision, through the skin, or through the
intestines (which is a rare occurrence) (Jepsen et al.
2002). During the experiment, among the 18 fish
tagged, only 1 specimen shed its tag. The fish shed its
tag in the second week of rearing through the implanta-
tion incision that had been closed with silk sutures

(group ST).

Summary

The surgical method for tagging pikeperch with telem-
etry transmitters did not have a negative impact on either
behavior or physiological processes. Tissue adhesive
was better for suturing implantation incisions as fewer
statistically significant differences were noted in the
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hematological and biochemical parameters of fish in
which this method was applied. Significantly, this meth-
od promoted faster healing of the implantation incision.
Additionally, closing the incision with adhesive, in con-
trast to silk sutures, did not result in inflammation or
infection. In consideration of the preceding arguments,
using tissue adhesive to close implantation incisions
could be recommended as a method for tagging juvenile
pikeperch with TT. It is crucial, however, to select the
appropriate size and weight of transmitter and to use the
appropriate implantation techniques (by trained person-
nel) and surgical equipment (Mulcahy 2003).
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Abstract. The aim of this work was to determine the impact
on European perch, Perca fluviatilis L. (mean body weight -
78.33 g) of the intraperitoneal implantation of telemetry
transmitters using different suturing methods. In the first
experiment silk sutures were used (experiment I - group ST),
while in the second tissue adhesive was used (experiment I -
group GT). Following the procedure, the fish were kept for 42
days in a recirculating system. Differences in growth and
condition parameters were only noted in the first week of the
experiment. Specimens from group GT had lower values for
DGR (daily growth rate) and SGR (specific growth rate), but
a higher value for FCR (feed conversion ratio) values. For the
hematological parameters, lower values of MCV (mean
corpuscular volume) and PLT (blood platelets) were noted in
group GT, while for the biochemical parameters, lowered ALP
(alkaline phosphatase) activity and Mg (magnesium)
concentrations were noted in group ST. In group ST, 33.3% of
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the specimens loss their tags, while in group GT 77.8% did so.
Differences in incision healing were only noted in the second
week, when specimens in group ST were observed to have
fully closed incisions, while in group GT 50% of the incisions
were open. Despite the high percentage of implantation
incision healing in both groups, because of the high values of
tag loss rate, neither method can be recommended for perch.
It might be more effective to use tag with external antennae in
this species. The method use for closing implantation
incisions also must be improved to eliminate tag shedding.

Keywords: perch, biochemical profile, hematological
profile, tag retention, telemetric, fish tagging

Introduction

Stress is a adaptive mechanism that permits organ-
isms, including fish, to cope with stressors, react to
changing conditions, and maintain systemic homeo-
stasis (Chrousos 1998). Stress itself is not dangerous
for organisms, but it can become so when it is too
strong or lengthy. Such situations can trigger physio-
logical mechanisms and reactions that lead to weak-
ened physical condition (Barton and Iwama 1991).
Organisms under stress exhibit primary, secondary,
and tertiary reactions. The primary response is in the
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hypothalamus, where stress is recognized. It emits
a nerve impulse that is transmitted by the autonomic
nervous system. This stimulates the hypotha-
lamic-pituitary-adrenal axis, which secretes, inter
alia, cortisol and catecholamines as hormonal re-
sponses (Nematollahi et al. 2013). These hormones
cause biochemical, metabolic, hematological, and
immunological changes that are the body’s second-
ary reaction. Chronic stress can cause the final, criti-
cal stage of response, which is exhaustion, disease,
and even death (Barton and Iwama 1991, Barton
2002, Smircich and Kelly 2014). There are numer-
ous reports in the literature on various manipula-
tions that fish are subjected to in aquaculture, e.g.,
high stocking density, transport, sorting, and artifi-
cial reproduction, that can be sources of stress and
which can also have negative impacts on fish
well-being and health (Falahatkar and Barton 2007).
A variety of biotelemetric techniques are used in
ecology studies and population management for
many fish species. Telemetry transmitter are inserted
surgically through an abdominal incision, which can
be stressful for fish (Smircich and Kelly 2014). The
source of stress that accompanies transmitter im-
plantation could be the presence of the tag in the
body cavity. Nevertheless, implanting fish with tags
permits conducting unique research and observing
fish in their natural environment from a greater dis-
tance independent of season or time of day (Smircich
and Kelly 2014). Thanks to this, we are able to collect
more precise, more reliable data than previously on
many aspects of fish life, including migration, spawn-
ing activity, feeding, etc. (Righton et al. 2001,
Smircich and Kelly 2014). Telemetry is a reliable re-
search method under the condition that it does not
impact the body, well-being, or behavior of the fish
(or, possibly, if it does so only to a slight degree). This
condition must be met fully if the data sample col-
lected with telemetry studies are to be representative
of entire fish populations (Mellas and Haynes 1985).
Thus, it is important the determine whether, and to
what extent, tag implantation induces stress in fish.
Hematological, biological, and growth parame-
ters are excellent, reliable indicators of stress (Barton

2002). Stressors cause the release of stress hor-
mones, particularly cortisol, which induce a number
of biochemical reactions, such as changes in enzyme
activity and concentration, and in levels of glucose,
total protein, and magnesium (Hoseini et al. 2016).
They can also affect the functioning of the immune
system (Smircich and Kelly 2014), as is manifested
in the less efficient feed utilization, slower growth
rates, decreased fish resistance, and even increased
mortality (Smircich and Kelly 2014).

In an effort to broaden the understanding of the
stress caused by the implantation of telemetry tags in
juvenile European perch, Perca fluviatilis L., a range
of biochemical and hematological determinations
were performed. The healing of post-implantation in-
cisions sutured with two methods (silk sutures or tis-
sue adhesive) and indexes of growth, feed conversion
ratio, survival, and short-term tag retention were also
analyzed.

Materials and methods

Fish and rearing conditions

Fertilized perch eggs were collected from spawning
grounds during the natural spawning period of this
species in Lake Dgat Wielki (northern Poland) in
early April. They were transported to an earthen
pond (0.2 ha surface area) located at the Department
of Sturgeon Fish Breeding, Inland Fisheries Institute
in Olsztyn (IFT Olsztyn) in northern Poland. Initial
perch rearing was done there on natural feed to a size
of approximately 0.2 g body weight (BW). The fish
were caught in mid-June and transferred to tanks in
a recirculating aquaculture system (RAS) (2 tanks
with volumes of 2 m®). The perch were trained to
consume formulated feed. The feed used was manu-
factured by Nutreco (Nutra, Trouvit, France), and the
feeding procedure was similar to that reported by
Policar et al. (2015). The fish were reared under
these conditions for approximately ten weeks until
they had reached approximately 10 g BW. Next,
a portion of this material (approximately 500
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individuals) were transferred in polyethylene bags
(20 1 water + 20 1 oxygen) to the Department of
Aquaculture (IFT Olsztyn, Poland) (transport time
2 h). The fish were placed in tanks with volumes of
0.2 m® in a RAS. During rearing in RAS, the follow-
ing water parameters were maintained: temperature
19.7°C = 0.1; pHrange 7.80-8.01; oxygenation at
rearing tank outflows did not decrease below 7.3 mg
O 1'1; total ammonia nitrogen concentration (TAN =
NH4 -N + NH3-N) measured at rearing tank out-
flows did not exceed 0.2 mg TAN 1'1, and that of ni-
trites (NO2-N) did not exceed 0.1 mg NO2-N I\ The
fish were fed daily for 16 h d! with an automated
feeder (Fischtechnik GmbH, Nienburg, Germany).
The feed used was T-T Nutra MP (Skretting, Hol-
land) with a chemical composition of: protein - 50%,
crude fat — 20%, cellulose — 2.4%, ash — 8%.

Experimental groups and tagging

After reaching approximately 70 g BW, all of the fish
were anesthetized with etomidate (Propiscin, IFI
Olsztyn, Poland, 0.2% etomidate) in an aqueous so-
lution at a concentration of 1.5 ml 17, tagged
intraperitoneally (near the first dorsal fin radius) with
passive integrated transponders (PIT; Fish Eagle,
Lechlade, Great Britain) (material - bio-glass; length
-12.0 £ 0.4 mm; diameter - 2.12 = 0.07 mm; weight
- 93 mg) (Zakes and Hopko 2013). Seventy-two fish
were tagged. Two experiments were conducted. In
experiment I, fish standard length (SL) was 16.28 +
0.68 cm (mean = SD), and BW was 78.33 + 10.01 g
(mean * SD), while in experiment II SL was 15.58 +
0.51 cm, and BW was 73.07 + 6.25 g. The two ex-
periments differed in the method used to suture the
incision after tags implantation. In experiment I,
non-absorbable surgical silk (Jedwab Polski Sp.
z 0.0., Milanéwek, Poland) was used to make two su-
tures to close the implantation incision, while in ex-
periment Il Surgibond tissue adhesive was used (SMI
AG, St. Vith, Belgium). The fish in both experiments
were surgically implanted with tags (declared weight
0.6 g, length 13 mm, diameter 5 mm; model F1515,
ATS Inc., Isanti, MN, USA). The actual weight of the

tags was 0.604-0.653 g (mean 0.63 g). The relative
weight of the tags in both experiments was < 1.01%
perch BW. Before tags implantation, the perch were
anesthetized in an aqueous solution of etomidate
(Propiscin, IFI Olsztyn, Poland) at a concentration of
1.5 ml '\, After 3-4 min, the fish were in a state of
general anesthesia that was apparent from the lack of
balance and no reaction to external stimuli (Rozynski
et al. 2016). The transmitter was implanted in the
body cavity through a 10-15 mm incision approxi-
mately 20 mm anterior to the base of the pectoral fin,
and the antenna was directed outside the body cavity
between the pectoral and anal fins (Wagner et al.
2011). After the procedure, the incision was disin-
fected with Betadine (Lavipharm, Peania, Greece).
The length of the transmitter implantation procedure
using the two methods was timed (* 1 s). After im-
plantation the fish were held in containers (volume
0.08 ms) with fresh, aerated water until they recov-
ered basic vital functions. In each of the experiments,
18 individuals were tagged (experiment I - silk su-
tures, group ST; experiment II - tissue adhesive,
group GT) and then stocked into three rearing tanks
with volumes of 0.2 m® (6 individuals per tank). The
fish from the control group (18 individuals tagged
only with PIT; experiment I - group SC; experiment
I - group GC) were subjected to the same procedure
as the experimental fish (excluding the incision and
transmitter implantation) and were stocked into
three rearing tanks (6 individuals per tank). The
mean stocking biomass in the tanks was 2.34 kg m?
(experiment I) and 2.27 kg m? (experiment II). The
fish were reared for six weeks in both experiments.
Measurements of water temperature (+ 0.1°C)
and oxygen concentration (+ 0.01 mg O2 1'1) were
taken daily at the rearing tank inflows and outflows.
The other water parameters, i.e., TAN (+ 0.01 mg
TAN I'Y), NOo-N (+ 0.01 mg NO2-NI'"), and pH (=
0.01) were measured a the tank outflows weekly. In
both experiments the mean water temperature was
21.0°C + 0.1. The oxygen concentration at the tank
outflows did not decrease below 7.43 O3 It (83.9%
saturation) in experiment I or 7.36 Oz 1! (83.5% satu-
ration) in experiment II. The oxygen concentration at
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Table 1

Assessment criteria for silk suture/tissue adhesive retention, macroscopic assessment of incisions, and changes in implantation

incisions of perch tagged with telemetry transmitters

Rank Rating criterion
Assessment criteria for silk suture/tissue adhesive retention (Deters et al. 2010)
0 Lack of silk sutures/tissue adhesive
1 Silk sutures/tissue adhesive partially cover incision
2 Silk sutures/tissue adhesive fully cover incision
Macroscopic assessment criteria of incision site (Miller et al. 2014)
0 Incision fully closed and healed/no trace of incision
1 Incision fully closed but not healed
2 Incision healing, sides of incision only partially connected with tissue
3 Incision healing, but sides of incision not closed/not connected with tissue
4 Less than 50% of incision open
5 More than 50% of incision open
6 Incision fully open
Assessment criteria for implantation incision
0 Clean incision
1 Some redness
2 Inflammation
3 Infection/necrosis

the tank inflows remained within the range of 90-98%
saturation. The concentration of TAN and NO»-N at
the tank outflows did not exceed 0.08 mg TAN 1" and
0.019 mg NO2-N 1! (experiment I) and 0.08 mg TAN
1'and 0.013 mg NO2-N 1! (experiment II). Water pH
at the tank outflows in experiment I ranged from 7.74
to 7.93, while in experiment Il it was 7.75 to 7.99. The
fish in both experiments were fed the same Aller
Bronze 3 mm feed with the following chemical com-
position: protein — 45%, crude fat — 15%, carbohy-
drates - 24%, cellulose - 3%, ash - 7%, and
a digestible energy of 17.6 MJ kg'l (AllerAqua, Den-
mark). The feed was delivered with an automated
feeder (Fischtechnik GmbH, Nienburg, Germany) for
18 h d (09:00-03:00). The feed ratio was deter-
mined weekly at 1.5% fish biomass.

Study procedures

Immediately before transmitter implantation, all of
the fish were measured (SL + 0.1 cm) and weighed
(BW = 0.01 g). Measurements of individual fish were
taken, and the state of the silk sutures or tissue adhe-
sive (Table 1; Deters et al. 2010) and the healing of
the implantation incision were assessed (Table 1;
Miller et al. 2014) weekly (on day 7 (d7), d14, d21,
d28, d35, d42). Throughout the experiment the oc-
currence of redness, edema, inflammation, infection,
and/or tissue necrosis at the incision site was also
monitored (Table 1). During measurements, each
specimen was identified with a PIT tag reader (Fish
Eagle, Lechlade, Great Britain). The data collected
permitted calculating the following parameters: daily
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growth rate - DGR (g d'l) = (BW2 - BWj) x t'l; spe-
cific growth rate - SGR (% d_l) =100 x (InBW; -
InBW7) x t_lg Fulton’s condition coefficient - F = 100
x BW x SL_3; feed conversion ratio - FCR = TFS x
(FB - IB) !, where: BW - initial fish body weight (g),
BW3 - final fish body weight (g), t - rearing time
(days), SL - fish standard length (cm), FB - final
stock biomass (g), IB - initial stock biomass (g), TFS -
total feed supply (g). Additionally, the possible oc-
currence of PIT and/or transmitter and fish mortality
in the rearing tanks was monitored daily.

On the final day of the experiment (d42), approx-
imately 1 mm? of blood was drawn directly from the
caudal vein of each specimen with a heparinized sy-
ringe (Smiths Medical International ASD, Inc., St.
Paul, Minnesota, USA). The samples were used to
determine the following hematological parameters:
white blood cell count (WBC); red blood cell count
(RBC); hemoglobin (HGB); hematocrit (HCT); plate-
lets (PLT); and the following erythrocyte indexes:
mean corpuscular volume (MCV); mean corpuscular
hemoglobin (MCH); and mean corpuscular hemo-
globin concentration (MCHC). Portions of the blood
samples were centrifuged at a speed of 4000 rpm for
3 min (Fresco 17, Thermo Scientific, Waltham,
USA). The material obtained was used to determine
the following biochemical indexes: creatinine
(CREA); total protein (TP); total bilirubin (BIL-T);
alanine aminotransferase (ALT); alkaline
phosphatase (ALP); calcium (Ca); albumin (ALB);
globulin (GLB); glucose (GLU); magnesium (Mg);
ammonia (NH3). Hematological measurements were
done with a BC-2800 VET semi-automatic hematol-
ogy analyzer (Mindray, Shenzhen, China), while bio-
chemical measurements were done with a BS-120

automatic chemistry analyzer (Mindray, Shenzhen,
China).

Statistical analysis

Statistical analysis was performed with Statistica 12
(StatSoft, Inc., USA). The data were tested to deter-
mine if they met the criteria for normal distribution.
Levene’s test was used to check the homogeneity of

variance. The statistical significance of data on
growth and incision status was verified with repeated
measures variance analysis (ANOVA). Further anal-
ysis was performed with post-hoc Tukey’s test. How-
ever, the statistical significance of the hematological
and biochemical indices was checked with the
Mann-Whitney U test.

Results

The implantation and suturing procedure in experiment
I was, on average, 2 min 25 s (range 01:59 - 02:59), while
that with tissue adhesive in experiment Il was 1 min 14 s
(range 01:02-01:45), which was about 50% of that in ex-
periment I. In experiment I (silk sutures), no significant
differences were noted between the growth, condition, or
FCR parameters in group SC vs. group ST. This result re-
fers to the specific weeks of the experiment and to the en-
tire period during which the fish were held in the RAS
(Table 2; P > 0.05). In experiment II (tissue adhesive), after
the first week following tags implantation, the fish from
group GT exhibited a significantly lower growth rate
(DGR, SGR) and a higher FCR than in control group GC
(Table 2; P < 0.05). Beginning in the second week, the val-
ues of these indexes in groups GT and GC were similar
and remained so until the conclusion of the experiment
(Table 2). Mortality was only noted in experiment II. One
specimen each died in groups GT and GC. The losses oc-
curred at the end of the experiment, i.e., in the fifth week
in group GT and in the sixth in group GC (Table 2).
Statistically significant differences were con-
firmed when assessing the retention of silk sutures
(group ST) or tissue adhesive (group GT) up to the
third week of the experiment (Table 1; Fig. 1; P <
0.05). In group ST, the silk sutures were lost at an
equal rate throughout experiment I, while in most
cases in group GT the tissue adhesive peeled off
within the first week of implanting the tags (experi-
ment II). The loss of sutures, either silk or tissue ad-
hesive, was directly correlated with transmitter
shedding. During the course of the experiment, six
specimens from group ST shed their transmitter,
mainly in weeks three to five in experiment I (33.3%
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Table 2

Rearing parameters of perch (P. fluviatilis) tagged with radio transmitter (experiment I - control group (SC) and group
with silk sutures (ST) and experiment II - control group (GC) and group with tissue adhesive (GT)) on subsequent
days of rearing (dO - day of tag implantation, d7, d14, d21, d28, d35, d42, respectively, 7, 14, 21, 28, 35, 42 days
after tag implantation) (mean values * SD, n = 18). Details in Materials and methods section. Groups with different

letter indexes within one experiment differ significantly statistically (P < 0.05)

Experiment I

Experiment IT

Parametr / day of rearing Group SC Group ST Group GC Group GT
Standard lengh (cm)

do 16.02 (+ 0.69) 16.28 (+ 0.68) 15.88 (+ 0.41) 15.58 (+ 0.51)
d42 17.19 (+ 0.79) 17.21 (£ 0.83) 17.15 (+ 0.61) 16.61 (£ 0.44)
Body weight (g)

do 80.92 (+ 10.63) 77.70 (= 10.020) 76.79 (= 6.83) 72.44 (+ 6.26)
d7 83.49 (+ 11.88) 78.68 (= 10.75) 79.56 (= 6.98) 72.81 (£ 5.94)
d14 86.86 (+ 12.54) 81.77 (= 11.76) 82.72 (= 7.37) 75.92 (+ 6.75)
d21 90.26 (+ 12.99) 84.98 (+ 12.90) 85.13 (+ 8.22) 77.72 (+ 6.96)
d28 93.76 (+ 14.25) 88.52 (+ 14.19) 87.20 (= 8.95) 80.33 (£ 6.78)
d35 97.35 (= 15.61) 91.68 (+ 15.17) 90.46 (= 9.59) 82.96 (£ 7.39)
d42 100.97 (+ 16.46) 95.22 (+ 16.59) 93.54 (+ 11.50) 85.37 (= 7.63)
Daily growth rate (g d_l)

d0-d7 0.37 (+ 0.37) 0.14 (+ 0.24) 0.39 (= 0.20)b 0.05 (£ 0.27)*
d7-d14 0.48 (£ 0.28) 0.44 (= 0.30) 0.45 (£ 0.18) 0.44 (= 0.27)
d14-d21 0.49 (£ 0.25) 0.46 (+ 0.24) 0.34 (£ 0.18) 0.26 (+ 0.21)
d21-d28 0.50 (+ 0.26) 0.51 (+ 0.26) 0.30 (+ 0.19) 0.37 (+ 0.20)
d28-d35 0.51 (+ 0.29) 0.45 (£ 0.27) 0.47 (+ 0.23) 0.39 (= 0.19)
d35-d42 0.52 (+ 0.43) 0.51 (= 0.27) 0.38 (+ 0.38) 0.34 (+ 0.32)
d0-d42 0.48 (£ 0.25) 0.42 (£ 0.23) 0.39 (£ 0.19) 0.30 (+ 0.14)
Specific growth rate (% d'l)

d0-d7 0.43 (+ 0.44) 0.16 (+ 0.29) 0.51 (= 0.24)b 0.08 (+ 0.37)*
d7-d14 0.56 (+ 0.33) 0.54 (+ 0.36) 0.56 (+ 0.20) 0.59 (+ 0.35)
d14-d21 0.55 (£ 0.32) 0.53 (+ 0.26) 0.40 (+ 0.19) 0.33 (x 0.27)
d21-d28 0.53 (+ 0.26) 0.56 (+ 0.26) 0.34 (+ 0.20) 0.48 (+ 0.25)
d28-d35 0.52 (+ 0.28) 0.49 (= 0.29) 0.52 (+ 0.24) 0.48 (+ 0.22)
d35-d42 0.51 (+ 0.45) 0.52 (£ 0.25) 0.38 (+ 0.45) 0.41 (= 0.38)
d0-d42 0.51 (£ 0.27) 0.47 (£ 0.24) 0.45 (£ 0.19) 0.39 (+ 0.17)
Fulton's condition coefficient

do 1.96 (= 0.12) 1.80 (= 0.11) 1.91 (= 0.10) 1.92 (£ 0.14)
d7 1.92 (= 0.12) 1.80 (+ 0.12) 1.91 (= 0.07) 1.91 (£ 0.15)
d14 1.95 (= 0.12) 1.86 (= 0.11) 1.92 (= 0.07) 1.89 (= 0.16)
d21 1.91 (= 0.14) 1.84 (+ 0.11) 1.77 (= 0.08) 1.76 (+ 0.12)
d28 1.93 (+ 0.13) 1.84 (= 0.12) 1.86 (+ 0.08) 1.89 (£ 0.14)
d35 1.94 (+ 0.15) 1.88 (= 0.13) 1.87 (+ 0.09) 1.88 (= 0.12)
d42 1.97 (£ 0.14) 1.85 (= 0.13) 1.85 (= 0.09) 1.86 (= 0.13)
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Experiment I

Experiment IT

Parametr / day of rearing Group SC Group ST Group GC Group GT
Feed conversion ratio*

d0-d7 4.59 (£ 3.84) 12.64 (+ 8.65) 2.84 (+ 0.69)* 16.56 (= 13.57)b
d7-d14 2.70 (+ 0.65) 3.01 (= 1.34) 2.68 (+ 0.29) 2.50 (= 0.30)
d14-d21 2.73 (= 0.44) 2.88 (= 0.90) 4.15 (= 1.88) 5.02 (£ 2.22)
d21-d28 2.72 (£ 0.23) 2.73 (= 0.67) 5.11 (= 2.70) 4.08 (+ 2.76)
d28-d35 2.75 (= 0.22) 2.98 (= 0.34) 2.80 (= 0.19) 3.11 (= 0.36)
d35-d42 3.12 (= 1.21) 2.84 (= 0.62) 3.65 (= 1.37) 3.57 (+ 1.13)
d0-d42 2.82 (= 0.51) 3.13 (= 0.70) 3.28 (+ 0.80) 3.73 (¥ 0.58)
Tag loss rate (ind., %)

d0-d7 - 0 - 0

d7-d14 - 0 - 4(22.2)
d14-d21 - 1(5.6) - 7 (38.9)
d21-d28 - 2(11.1) - 3(16.7)
d28-d35 - 1(5.6) - 0

d35-d42 - 2(11.1) - 0

d0-d42 - 6 (33.3) - 14 (77.8)
Mortality (%)

d0-d42 0 0 5.6 5.6

*FCR was calculated for rearing tanks (n = 3)

tagged fish), while in group GT, 14 specimens
(77.8%) loss their tag, mainly in weeks two to four in
experiment II (Table 2).

Observations of incision healing indicated that
only in week two were there statistically significant
differences in the speed of incision healing (Table 1;
Fig. 2; P <0.05). Significant progress in incision heal-
ing from rank 5 to 2 was noted in group ST. However,
after the second week of the experiment little prog-
ress was observed in the fish from group GT with in-
cision healing progressing from rank 5 to between
ranks 5 and 4. After the third week following tag im-
plantation, the incision healing assessments of the
two groups were very similar, and the healing rate in
both groups oscillated around rank 2 (Table 1; Fig. 2;
P > 0.05). No further statistically significant

differences were noted through to the end of the ex-
periment, and observations of both groups indicated
that incision healing after six weeks was rank 1 (Ta-
ble 1; Fig. 2; P > 0.05).

The percentage of specimens in each of the ex-
periments exhibiting some redness at the tag implan-
tation incision site was similar (Table 3; Fig. 3; P >
0.05). The most specimens exhibiting this symptom
were noted after the first week of the experiment (ex-
periment I - 66.7%, experiment II - 61.1%). In subse-
quent weeks, the number of fish with this symptom
decreased. After six weeks, only one specimen from
both experiments exhibited this symptom (5.56%).
However, clear inflammation was observed only in
experiment II (tissue adhesive) in three specimens. In
the first week after implantation, two specimens from
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Figure 1. Retention of silk sutures or tissue adhesive in two
groups of perch (P. fluviatilis) in which two suturing methods
were used after transmitter implantation (silk suture group (ST)
and tissue adhesive group (GT)) (see Table 1). Groups with differ-
ent letter indexes within one week differ significantly statistically
(P = 0.05) (mean values + SE).

group GT exhibited this symptom (which subsided
after a week), while in the second week of the experi-
ment this symptom appeared in another specimen
and persisted until the end of the experiment. Differ-
ence between groups ST and GT throughout the ex-
periment were not statistically significant (Fig. 3; P >
0.05). Throughout the experiment, no specimens in
either group were noted to have had infection or ne-
crosis at the transmitter implantation incision site.

No statistically significant differences were noted
among the hematological parameters tested in exper-
iment I (Table 3; P > 0.05), while in experiment II
significant differences were noted in the values of
MCV and PLT (Table 4; P < 0.05). The MCV in group
GT was approximately 6% lower than in control
group GC, while the PLT value in group GT com-
pared to that in group GC was approximately 26%
lower.

The biochemical tests indicated significantly
lower activity (by approximately 40%) of the enzyme
ALP and lowered magnesium concentrations (by ap-
proximately 10%) in group ST in experiment I (Table
4; P < 0.05). No statistically significant intergroup
differences were noted in any of the other parameters
tested in experiment I or in any of those tested in ex-
periment II (Table 4; P > 0.05).

6
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Figure 2. Incision healing in two groups of perch (P. fluviatilis) in
which two suturing methods were used after transmitte implanta-
tion (silk suture group (ST) and tissue adhesive group (GT)) (see
Table 1). Groups with different letter indexes within one week dif-
fer significantly statistically (P < 0.05) (mean values + SE).
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Figure 3. Occurrence of redness, inflammation, and infection/ne-
crosis in two groups of perch (P. fluviatilis) in which two suturing
methods were used after transmitter implantation (silk suture
group (ST) and tissue adhesive group (GT)) (see Table 1). Groups
with different letter indexes within one week differ significantly
statistically (P < 0.05) (mean values *+ SE).

Discussion

The advantage of using surgical tissue adhesive to
suture transmitter implantation incisions is un-
doubtedly the brevity of the procedure. In the current
study, the average tag implantation time when using

tissue adhesive was half as long as that when using
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Table 3

Hematological indexes in two groups of perch (P. fluviatilis) in which different transmitter implantation suturing methods
were applied (experiment I — control group (SC) and silk suture group (ST) and experiment II — control group (GC)
and tissue adhesive group (GT)) (mean values = SD, n = 18). Details in Materials and methods section. Groups with
different letter indexes within a given experiment differ significantly statistically (P < 0.05)

Experiment I Experiment II
Parameters Units Group SC Group ST Group GC Group GT
WBC 10° pl’l 127.66 (+ 15.32) 133.74 (= 19.42) 12596 (= 16.36)  120.83 (+ 25.72)
RBC 10° p1t 1.67 (+ 0.19) 1.68 (+ 0.14) 1.58 (+ 0.14) 1.46 (+ 0.17)
HGB g 1! 38.09 (+ 5.68) 38.56 (+ 3.79) 39.38 (= 6.21) 33.91 (+ 4.22)
HCT % 30.76 (= 3.95) 31.18 (+ 2.69) 30.56 (+ 4.09) 26.41 (= 3.67)
MCV fl 142.21 (= 7.35) 143.41 (= 4.74) 148.82 (+ 10.50)" 139.90 (+ 8.76)
MCH pg 27.76 (= 2.36) 27.99 (= 1.59) 30.21 (= 3.05) 28.42 (+ 2.66)
MCHC g 1! 195.17 (+ 9.48) 195.46 (+ 8.33) 203.00 (+ 9.39) 203.30 (£ 10.65)
PLT 103 pl'l 24.00 (= 6.38) 25.08 (= 9.00) 21.38 (= 6.06)" 15.90 (£ 3.67)%
Table 4

Biochemical indexes in two groups of perch (P. fluviatilis) in which different transmitter implantation suturing methods
were applied (experiment I — control group (SC) and silk suture group (ST) and experiment II - control group (GC)
and tissue adhesive group (GT) (mean values = SD, n = 18). Details in Materials and methods section. Groups with

different letter indexes within a given experiment differ significantly statistically (P < 0.05)

Experiment I

Experiment II

Parameters Units Group SC Group ST Group GC Group GT

CREA mg ar! 0.15 (= 0.09) 0.17 (= 0.16) 0.43 (x 0.99) 0.11 (x 0.08)

TP g dr! 4.34 (= 0.62) 4.08 (= 0.45) 3.72 (= 1.27) 4.01 (= 0.20)
BIL-T mg dr! 0.17 (+ 0.10) 0.22 (= 0.16) 0.23 (+ 0.16) 0.18 (+ 0.07)
ALT Ut 33.29 (+ 39.13) 21.77 (= 46.07) 28.86 (= 32.45) 23.25 (= 31.24)
ALP urt! 42.79 (= 13.83)b 25.54 (+ 9.51)* 35.86 (+ 16.20) 37.33 (= 23.97)
Ca mg dr! 12.56 (= 1.09) 11.98 (£ 0.77) 11.94 (£ 1.54) 11.58 (= 0.59)
ALB g ar! 1.60 (= 0.19) 1.54 (= 0.14) 1.41 (= 0.25) 1.49 (= 0.08)
GLOB g dr! 2.74 (+ 0.46) 2.54 (= 0.35) 2.58 (= 0.49) 2.52 (= 0.16)
GLU mg ar! 146.07 (= 63.64) 116.38 (= 49.06) 123.93 (+ 53.03) 102.58 (= 53.62)
Mg mg dr! 2.49 (= 0.33)b 2.24 (= 0.32)* 2.54 (= 0.27) 2.54 (£ 0.31)
NH3 ug dr! 487.04 (£ 93.30) 420.42 (+ 132.56) 470.32 (+ 138.03) 388.38 (+ 86.77)
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silk sutures. Fish tagging procedures that are too
long can result in various undesirable side effects in-
cluding increased exposure to stress and prolonged
recovery from anesthesia that can even result in
death (Neely et al. 2009). Noteworthily, even the time
required to perform the transmitter implantation
procedure and suturing with surgical silk (2 min 25
s) in the current study was within the time period rec-
ommended in the literature for this type of procedure
(Sandstrom et al. 2013).

Low stock biomass growth was noted in both
groups, but particularly in group GT, of fish tagged
with radio transmitter after the first week of the ex-
periment in comparison to the control groups.
A slight decrease in the value of this parameter was
even observed in one of the tanks stocked with fish
from group GT; however, 14 days after tagging the
perch with radio transmitter and until the conclusion
of the study, differences in growth rates were not sig-
fish body weight in-
creases shortly following tagging are reported in

nificant. Discernibly lower

other studies of percid fishes, which were tagged
with, for example, PIT (Baras et al. 2000, Zake$ and
Hopko 2013). Similar observations are reported in
juvenile Chinook salmon, Oncorhynchus
tshawytscha (Wal.) (BW 50.5 g) tagged with acoustic
transmitter (3.6% of the fish BW), when lower body
weight increases in the tagged fish group occurred
until day 35 of the experiment. However, despite the
lower values of this parameter in the first phase of the
experiment, similarly to the case of the current study,
the final body weight values were comparable to
those observed in the control group of untagged fish
(Ammann et al. 2013). Tagging juvenile European
seabass, Dicentrarchus labrax (L.) (BW 173 g)
intraperitoneally with dummy tags also did not im-
pact final body weight values. However, lower growth
was observed in a group of fish tagged with external
tags (Anras et al. 2003). Similarly, juvenile green
sturgeon, Acipenser medirostris Ayres (BW 347 g)
were studied to assess the impact surgical implanta-
tion transmitter (1.31% of the fish BW) had on
growth after 140 days of rearing; no statistically sig-
nificant differences were noted in either total length

or body weight in any of the groups (Miller et al.
2014). The results of the current study could indicate
that the reaction of a given species to tag implanta-
tion could also depend on the method used to suture
the incision after implantation. It was precisely in
group GT in the first week following radio transmitter
implantation that significantly lower values of
growth indexes DGR and SGR were noted. The FCR
coefficient that was nearly sixfold higher than that in
the control group should be noted as it undoubtedly
indicates that the fish in this group consumed only
a slight amount of food in the first week of the experi-
ment. Similar results are reported for juvenile Euro-
pean seabass (BW 173 g) tagged with intraperitoneal
transmitter (2.4% of the fish BW). In the first weeks
after tags implantation higher values were noted in
FCR, and these did not decrease until three weeks
following tagging (Anras et al. 2003). The phenome-
non of a significant decrease in growth and FCR in-
dexes were not, however, noted in juvenile
pikeperch, Sander lucioperca (L.) (BW 60 g) that
were subjected to the same radio transmitter tagging
procedure as the perch in the present study (M.
Rozynski et al., unpublished materials). This could
indicate that the reaction to the tag implantation pro-
cedure could be species specific.

It is noteworthy that high FCR values were con-
firmed in all of the groups, including the controls, in
the current study, and they were higher than those
routinely noted when feeding perch formulated feed
(Policar et al. 2015). It is highly likely that this can be
explained by the frequent manipulations the fish
were subjected to during the weekly individual ex-
aminations.

High levels of tag rate were noted in juvenile
perch. During the six weeks of the experiment,
33.3% of the fish in group ST loss their tags, while in
group GT 77.8% of them did. In experiment I, the ra-
dio tags were lost between weeks three and six, while
in experiment II this occurred between weeks two
and four. Tag loss rate over such a long period of time
during the experiment was undoubtedly linked with
the use of silk sutures and tissue adhesive at the
transmitter implantation site. The silk sutures
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remained in the incision site longer and held the two
edges of the incision longer than did the tissue adhe-
sive, which, in most instances, peeled off during the
first week of the experiment.

High tag loss was observed in juvenile rainbow
trout, Oncorhynchus mykiss (Wal.) tagged with
acoustic tags of various sizes (Sandstrom et al. 2013).
Throughout the 143-day study, in the group of trout
(BW 112 g) tagged with larger tags (2.3% of the fish
BW) 25% of the specimens shed tags (10 of 40 speci-
mens), while in the group of smaller fish (BW 108 g)
tagged with smaller tags (1.7% of the fish BW) 15% of
the fish shed tags (6 of 40 specimens). No differences
in body weight among the specimens that retained or
lost tags were confirmed in either group (Sandstrom
et al. 2013). In the current study, most of the tags
were shed through the implantation incision in both
experiments, and only in one case was the tag lost
through the antenna exit site. Some of the tags in the
rainbow trout were shed through the implantation
incision, while the other tags were lost from other
sites (Sandstrom et al. 2013). Chisholm and Hubert
(1985) report that tags can also be shed through the
digestive tract. However, in the present study such
a case was not observed. No tag shedding was noted
in Chinook salmon (BW 50.5 g) throughout the
221-day study (Ammann et al. 2013). These authors
attribute the high tags retention to low water temper-
ature and fish activity. In another study conducted on
the same species in a similar developmental stage,
but in which the fish were held at higher tempera-
tures, numerous tags were shed. The high tags shed-
ding in the current study can be explained by perch
behavior. This species is a shoaling fish, and interac-
tions among individuals are strong (Magnhagen
2015). Observations of the tanks in which the fish
were held indicated that the perch attacked the radio
tags antennae of other specimens. This resulted in
the tag moving inside the body cavity, slower healing
or separation of the implantation incision, and, in ex-
treme cases, tag shedding. It should be noted that in
pikeperch of a similar size that were subjected to the
same radio transmitters implantation procedure and

held under the same conditions, tag retention (after

35 days) in specimens in which incisions were
sutured with either silk sutures or surgical tissue ad-
hesive was > 90% (M. Rozynski et al., unpublished
materials). This fact confirms the significant impact
that the behavior of a given species has on the out-
come of using telemetry tags.

In both groups of tagged fish both the silk sutures
and the tissue adhesive remained in place at the inci-
sion site for a short time. Most of the specimens
group ST lost the silk sutures in the second or third
week after implantation, while the surgical tissue ad-
hesive (group GT) peeled offin the first week after the
procedure. From the fourth week, the rank of the as-
sessment of silk sutures and tissue adhesive was 0
(lack of sutures) or 1 (silk sutures/tissue adhesive
partially cover incision) (Deters et al. 2010). While
tissue adhesive usually remains in place on an inci-
sion for about one week, closing an incision with
non-absorbable sutures should be more durable
(Thorstad et al. 2013). In rainbow trout (BW 100 g)
the majority of non-absorbable sutures were lost dur-
ing a 64-day study, and only in two specimens (5%)
did the sutures remain in place until the conclusion
of the experiment (d64) (Sandstrom et al. 2013). In
a study of largemouth black bass, Micropterus
salmoides (Lacepéde) implanted with acoustic telem-
etry devices, Caputo et al. (2009) observed sutures as
long as a year after the implantation procedure
(17.6%). The fast suture loss in the current study of
perch was probably the result of interactions among
individuals, which included specimens grabbing and
tugging the ends of the sutures that they reacted to as
if they were potentially food.

In experiment I, the incisions of most of the spec-
imens were already healing (rank 2) in the second
week of the study, and slight progress was noted in
subsequent weeks; however, during this time six fish
shed their tags through the implantation incision. In
experiment II, numerous tags were lost through the
implantation incision, because the tissue adhesive
peeled off in the first week of the experiment before
the edges of the incision were closed (rank 4-5), and
numerous tags were shed through the implantation
incision. In group GT, incision healing (rank 2) was
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observed in the third and fourth weeks, but most of
the specimens had, by this time, shed their tags from
the body cavity. On the last day of the experiment,
22% of the specimens in group ST had fully healed
incisions (the incision site was practically impercep-
tible), while 61% of them were healed and the inci-
sion was visible. In comparison, with group GT, fully
healed incisions were noted in a smaller number of
specimens (6%), while healed incisions in which the
incision remained visible was noted in a greater
number of specimens (82%). In juvenile European
seabass (BW 173 g), 30% of specimens had fully
healed implantation incisions after 47 days (end of
experiment) (Anras et al. 2003), while in Chinook
salmon (BW 50.5 g) tagged intraperitoneally with
acoustic tags, all incisions (100%) were fully closed
after 34 days of the experiment and at 104 days the
incisions were barely perceptible (100%) (Ammann
et al. 2013). In the present study, the healing of im-
plantation incisions was successful, without compli-
cations caused by infection, and the incisions were in
similar states in the various weeks of the experiment
in both groups of fish (ST, GT) tagged with radio tags.
As early as two weeks after tag implantation, the inci-
sions of most of the specimens (61-51%) were clean
and partially healed. Incision redness was noted in
approximately 39% of the fish in group ST and 44%
of the fish from group GT. Additionally, three speci-
mens from group GT were observed to have inflamed
incisions (in two fish until the second week of the
study, and in one perch from weeks two to six). These
symptoms were evidently linked with the relatively
easy opening of the implantation incisions that had
been sutured with tissue adhesive and tag shedding.
It can be concluded that both of the implantation su-
turing methods were safe for perch, but better results
(e.g., higher tag retention) can be achieved when silk
surgical sutures are used.

Changes in the hematological profile of perch
tagged with radio tags in comparison to the control
group were only observed in group GT. Lower MCV
and PLT values could be evidence of lowered iron

levels and disruptions in water-electrolyte balance.
The causes of these changes were doubtless the lon-
ger incision healing time in group GT that resulted in
excessive blood loss (Neves et al. 2016). ALP activity
and systemic magnesium concentration are closely
correlated in the body, and contribute to the creation
of bone tissue and the maintenance of homeostasis.
The lowered levels of these two indexes in group ST
could indicate impaired liver function associated
with the synthesis of factors responsible for systemic
balance, increased protein catabolism, and wound
healing. Low ALP activity could stem directly from
a decelerated rate of glycogen synthesis, malnutri-
tion, or the wasting/exhaustion of the body (Shaffi
1979).

The radio tags implantation method used in juve-
nile perch with two methods of implantation suturing
did not negatively affect growth parameters or physi-
ological processes. Despite the high percentage of
fish with healed incisions in both experiments, the
high number of tags shed means that neither of the
two methods studied can be recommended for radio
tags implantation in perch as was done in the study.
For perch it might be more effective, for example, to
use transmitters with internal antennae. The implan-
tation suturing method also needs to be improved to
increase the tags retention index.
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