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Wykaz skrotow

ALP: fosfataza alkaliczna (ang. alkaline phosphatase)

ALAT: aminotransferaza alaninowa (ang. alanine aminotransferase)

ASAT: aminotransferaza asparaginianowa (ang. aspartate aminotransferase)
BIL: bilirubina catkowita (ang. total bilirubin)

CORT: kortyzol (ang. cortisol)

GGTP: gamma-glutamylotranspeptydaza (ang. gamma glutamyl transpeptidase)
HDLC: cholesterol HDL (ang. cholesterol HDL)

HPA: o$ podwzgorze-przysadka-nadnercza (ang. hypothalamic-pituitary-adrenal axis)
HSA: albuminy (ang. albumin)

LDH: dehydrogenaza mleczanowa (ang. lactate dehydrogenase)

LDLCHOL.: cholesterol LDL (ang. cholesterol LDL)

M: $rednia (ang. mean)

N/n: liczebno$¢ (ang. numbers)

SD: odchylenie standardowe (ang. standard deviation)

TCHOL: cholesterol catkowity (ang. total cholesterol)

TP: biatko catkowite (ang. total protein)

TRIG: tréjglicerydy (ang. triglyceride)

UREA: mocznik (ang. urea)

URIC: kwas moczowy (ang. uric acid)



Streszczenie

Aktywnos$¢ towiecka jest jednym z czynnikow $rodowiskowych, ktére moga
wplywa¢ na dobrostan zwierzat townych. Jeleniowate sa szczegélnie wrazliwe
na negatywne bodzce Srodowiskowe ze wzgledu na specyfike behawioralng
charakterystyczng dla przezuwaczy. Dobrg metoda na ocen¢ intensywnosci reakcji
endokrynnej jest oznaczenie poziomu kortyzolu badz jego metabolitow. Przeprowadzone
badania miaty na celu ocen¢ pozioméw kortyzolu w osoczu saren europejskich oraz jeleni
szlachetnych w sezonach najbardziej intensywnych polowan z podchodu w Polsce
w zaleznos$ci od pici, wieku i masy tuszy badanych zwierzat. Dodatkowo stan zdrowia
zwierzat oceniano na podstawie wybranych wskaznikéw biochemicznych krwi,
ktére przeanalizowano rowniez pod katem korelacji z poziomem kortyzolu. Analizie
poddano réwniez poziom stezenia kortyzolu w sierSci samcoOw sarny europejskiej
pozyskanych na poczatku i na koncu sezonu towieckiego we wschodniej Polsce
w celu identyfikacji potencjalnego stresu przewlektego indukowanego poprzez aktywno$¢
towiecka.

Uzyskane wyniki badan wykazaty, ze dla sarny europejskiej srednie poziomy
kortyzolu wynosity 58,066 ng/mL w grupie samcoéw (lato) i 27,694 ng/mL w grupie samic
(p6zna jesien). Wyzsze poziomy Kortyzolu byly zwigzane ze znaczgco nizszym poziomem
cholesterolu catkowitego, dehydrogenazy mleczanowej i kwasu moczowego (p<0,05).
Ponadto $rednie stezenie kwasu moczowego bylo ujemnie skorelowane z poziomem
kortyzolu u samcow i samic (p<0,05). Wraz ze wzrostem $redniego stezenia kortyzolu
obserwowano wzrost cholesterolu HDL u wszystkich badanych zwierzat (p<0,05). Poziom
kortyzolu wzrastal wraz z wiekiem zwierzat. Wykazano, ze kwas moczowy i wiek
sg czynnikami warunkujacymi stezenie kortyzolu w osoczu saren.

U jeleni szlachetnych $rednie st¢zenia kortyzolu u bykéw i fan byly na zblizonym
poziomie (odpowiednio 20,2 i 21,5 ng/mL). Wyzsze wartoSci cholesterolu HDL
stwierdzono w osoczu krwi tan (p<0,05). Podobnie $rednie poziomy cholesterolu LDL,
dehydrogenazy mleczanowej 1 aminotransferazy alaninowej byly wyzsze odpowiednio
0 21%, 16% i 42% w osoczu tan. Natomiast ilosci fosfatazy alkalicznej, bilirubiny
i aminotransferazy asparaginianowej byty wyzsze u bykow (odpowiednio o 30%, 49%
1 36%). Stwierdzono ujemng korelacje¢ pomigdzy stezeniem kortyzolu a mocznikiem

1 bilirubing oraz dodatnig korelacje pomiedzy kortyzolem a aminotransferazg



asparaginianowa u bykow (p<0,05). Z kolei u tan, wykazano ujemna korelacj¢ migdzy
poziomami kortyzolu i mocznika (p<0,05).

Uzyskane wyniki stezenia Kortyzolu w sierSci samcow saren europejskich byto
istotnie wyzsze w probkach zebranych we wrzesniu w poréwnaniu do probek zebranych
w maju (Pr.>[t|=0,0017). Wiek zwierzat i masa tuszy nie mialy istotnego wplywu
na stezenie badanego hormonu.

Podsumowujac, polowania z podchodu powodujg stres u jeleniowatych, co znajduje
odzwierciedlenie w zmianach poziomu kortyzolu w osoczu i wybranych parametrach
biochemicznych krwi. Nalezy jednak pokresli¢, ze na zwigkszone stezenie Kortyzolu
u jeleniowatych miat wptyw okres godowy, na ktdy przypadat pobdr prob i zwigze z nim
bezposrednio pobudzenie oraz ubozsza dieta zwierzat. Jednakze, sezon towiecki, czynniki
Klimatyczne czy wewnatrzpopulacyjne oraz niepokojenie zwigzane z aktywnoscig
towiecka mysliwych nie pozostaje bez wptywu na intensyfikacje stresu u wybranych
jeleniowatych. Waznym aspektem przeprowadzonych badan jest zwrdcenie uwagi
na potrzebg udoskonalenia metod polowan w celu zminimalizowania stresu u zwierzat
lownych,  poniewaz  zwickszone  stezenie  kortyzolu  moze  oddziatywaé
M. in. na zmniejszenie masy tuszy, co moze prowadzi¢ do pogorszenia kondycji fizyczne;j

zwierzat i ubozenia populacji.

Slowa Kkluczowe: cervidae, presja lowiecka, parametry biochemiczne krwi,

kortyzol w siersci



Summary

Hunting activity is an environmental factor that can affect game animals' welfare.
Cervids are susceptible to negative environmental stimuli due to the behavioral
peculiarities characteristic of ruminants. A good method to assess the intensity of the
endocrine response is to determine the levels of cortisol or its metabolites. The study was
conducted to evaluate plasma cortisol levels in European roe deer and red deer during
the seasons of the most intensive stalking hunts in Poland concerning sex, age and carcass
mass of the studied animals. In addition, the health status of the animals was assessed on
the basis of selected biochemical indicators of blood, which were also analyzed for
correlation with cortisol levels. Another analyzed factor was cortisol levels in the hair
of male European roe deer harvested at the beginning and end of the hunting season
in eastern Poland in order to identify potential chronic stress induced by hunting activity.

The results showed that for European roe deer, average cortisol levels were
58,066 ng/mL in the male group (summer) and 27,694 ng/mL in the female group
(late autumn). Higher cortisol levels were associated with significantly lower levels of total
cholesterol, lactate dehydrogenase and uric acid (p<0,05). In addition, mean uric acid
concentration was negatively correlated with cortisol levels in males and females (p<0,05).
As the mean cortisol concentration increased, an increase in HDL cholesterol was observed
in all animals tested (p<0,05). Cortisol levels increased with the age of the animals. It was
shown that uric acid and age are determinants of plasma cortisol concentrations in roe deer.

In red deer, mean cortisol concentrations in stags and does were at similar levels
(20,2 and 21,5 ng/mL, respectively). Higher HDL cholesterol values were found in females
plasma (p<0,05). Similarly, mean levels of LDL cholesterol, lactate dehydrogenase and
alanine aminotransferase were higher, respectively by 21%, 16% and 42% in the plasma of
swans. In contrast, the amounts of alkaline phosphatase, bilirubin and aspartate
aminotransferase were higher in stags (by 30%, 49% and 36%). There was a negative
correlation between cortisol levels and urea and bilirubin, and a positive correlation
between cortisol and aspartate aminotransferase in males (p<0,05). In hinds, on the other
hand, there was a negative correlation between cortisol and urea levels (p<0,05).

The results obtained for cortisol concentrations in the hair of male European roe
deer were significantly higher in samples collected in September compared to those
collected in May (Pr.>|t|=0,0017). Animal age and carcass mass had no significant effect

on the concentration of the hormone studied.



In conclusion, stalking hunting causes stress to deer, which is reflected in changes
in plasma cortisol levels and selected blood biochemical parameters. It should be noted,
however, that increased cortisol concentrations in cervids were influenced by the mating
season, which coincided with sampling and directly related arousal, as well as the animals’
poorer diet. However, the hunting season, climatic or intrapopulation factors, as well
as disturbance associated with hunting activity of hunters, are not without influence on the
intensification of stress in selected cervids. An important aspect of the conducted research
is to draw attention to the need to improve hunting methods in order to minimize stress
in game animals, since increased cortisol concentrations can interact among other things,
a decrease in carcass mass, which can lead to deterioration of the physical condition

of animals and impoverishment of the population.

Stowa kluczowe: cervidae, hunting pressure, blood biochemical parameters, hair

cortisol
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Wprowadzenie teoretyczne na podstawie publikacji

W Polsce jeleniowate (Cervidae) to najliczniejsza grupa zwierzat townych.
Wedhug danych Gtownego Urzgdu Statystycznego na dzien 10 marca 2024 roku liczebnos¢
jelenia szlachetnego (Cervus elaphus) szacowana byta na poziomie 288 000 osobnikow,
sarny europejskiej (Capreolus capreolus) 890 300 osobnikéw, daniela zwyczajnego
(Dama dama) 361 130 osobnikow 1 tosia euroazjatyckiego (Alces alces) 40773
osobnikdw. Analogicznie w wojewddztwie lubelskim najwigksza liczebnoS$cia
charakteryzowata si¢ populacja sarny europejskiej (62 700 osobnikow), kolejno jelenia
szlachetnego (13 600 osobnikow), tosia euroazjatyckiego (7 972 osobniki) oraz daniela
zwyczajnego (746 osobniki) (GUS, 2024). Na rokrocznie planowane pozyskanie
ww. gatunkéow wplywa wiele czynnikow m.in. zageszczenie, przyrost zrealizowany,
naturalna $miertelno§¢ oraz cele wyznaczone w Wieloletnich Lowieckich Planach
Hodowlanych przez Polski Zwiazek Lowiecki na mocy obowiazujacego prawa
(Dz.U. 2023 poz. 1082). Pomimo, ze 1o$ pozostaje objety moratorium od 2001 roku
(Dz.U. 2001 Nr 43, poz. 488), rodzina jeleniowatych jest najchetniej i najliczniej
pozyskiwana grupa zwierzat lownych. W Polsce w sezonie towieckim 2023/2024 odstrzat
objat 311 200 jeleniowatych, za§ w samym wojewodztwie lubelskim 25 031 (GUS, 2024).

W naszym kraju dopuszczone przez prawo lowieckie sg zaréwno polowania
zbiorowe jak 1 indywidualne, a prawo do ich wykonywania maja wylacznie cztonkowie
zrzeszeni w Polskim Zwigzku towieckim (Dz.U. 2023. Poz. 1082). Najczesciej
wybieranym przez mysliwych rodzajem pozyskania jest polowanie indywidualne
z podchodu. Polega ono na tak dtugim tropieniu i podchodzeniu zwierzyny, aby mozliwe
bylo oddanie jak najbardziej precyzyjnego 1 skutecznego strzalu. Pomimo duzej
doktadnosci i bardzo wysokiej precyzji prowadzonych pozyskan, polowanie jest ingerencja
cztowieka w naturalne habitaty zwierzat, przyczyniajaca si¢ do zwigkszenia iloSci
negatywnych bodZcoéw egzogennych (Tajchman i in., 2018). Ponadto aktywne pozyskanie
zwierzyny lownej, a tym samym intensywne przebywanie  mysliwych
w siedliskach, bezdyskusyjnie oddzialuje na dobrostan zwierzat 1 potencjalnie
jego wahania (Bateson i Bradshaw, 1997).

Fizjologia stresu jest bardzo ztozona i obejmuje procesy od poziomu komérkowego
do reakcji ogodlnoustrojowej (Sheriff i in., 2011). Wszystkie odpowiedzi organizmu
na negatywny bodziec zaré6wno endo- jak 1 egzogenny, maja na celu przywrdcenie

homeostazy i1 s3a kluczowe dla przezycia zwierzgcia. Pozwalaja one adaptowac
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si¢ do oddzialujacych na organizm negatywnych faktorow (Heimbiirge i in., 2019).
Oczywistym jest, ze krotkotrwale dziatajacy ujemny bodziec bedzie wptywal
mobilizujgco. Obronna odpowiedz organizmu (np. ucieczka, poszukiwanie schronienia)
jest niezbedna do przezycia (Lieske 1 in., 2018). Reakcja organizmu zwierzgcia na stres
prowadzi do wzrostu uwaznosci, zwigkszenia pojemnos$ci minutowej serca, resorpcji
oraz katabolizmu (Tsigos i Chrousos, 2002). Zatem wystarczajaco intensywny bodziec
ujemny uaktywnia dziatanie osi podwzgorze-przysadka-nadnercza
(HPA, ang. hypothalamic-pituitary-adrenal  axis) (Dallman i in.,, 1987,
Korzekwa 1 Kotalarczyk, 2021). W efekcie nastgpuje uwolnienie hormondw
glikokortykoidowych (w tym kortyzolu) z kory nadnerczy do krwioobiegu, co finalnie
przektada si¢ na pobudzenie organizmu do dzialania, skutkujace odpowiedzig
behawioralng oraz fizjologiczng i1 majaca na celu uniknigcie badZz zneutralizowanie
negatywnego zewngetrznego impulsu (Romero i Wingfield, 2001; Miller i O'Callaghan,
2002; Martin, 2009; Vilela i in., 2020). Zauwazalny i mozliwy do poddania pomiarom
poziom kortyzolu obserwuje si¢ od 3 do 5 minut po zadzialaniu stresujacego faktora
(Sheriff i in., 2011), natomiast szczytowy poziom hormon ten osigga w ciggu
15 do 30 minut (De Kloet i in., 2005). Wykluczajac kumulacj¢ bodzcow, badz ich
nakladanie si¢ na siebie organizm powraca do stanu wyjsciowego po okoto 60-90 minutach
za sprawg ujemnego sprz¢zenia zwrotnego (Sheriff i in., 2011; De Kloet i in., 2005).
Kortyzol, jako klasyczny hormon stresu zostat wprowadzony jako standardowy wskaznik
w badaniach dotyczacych dobrostanu zwierzat i jest powszechnie stosowany
(Morton i in., 1995; Heimbiirge i in., 2019). Hormon ten jest wiarygodnym wskaznikiem,
natomiast nalezy wspomnie¢, ze jest on zalezy od taksonu, gatunku zwierzgcia czy tez
reaktywnosci osobniczej (Bentley, 1998; Sapolsky i in., 2000; Dickens i Romero, 2013;
Heimbiirge 1 in., 2019). Zaré6wno sam poziom kortyzolu czy tez jego metabolitow
oznaczy¢ mozemy we krwi, osoczu, §linie, wtosach/siersci oraz kale i moczu (Cook, 2012;
Christ-Crain, 2019). Analiza metabolitow kortyzolu w kale czy tez w moczu jest przydatna
przy okresleniu nasilenia stresu w odstepie wielogodzinnym (Dziki-Michalska i in.,
2024a). U sarny jest to okres od 12 (Dehnhard i in., 2001) do 18 godzin (Vilela i in., 2020),
za$ u jelenia szlachetnego 18 godzin (Huber i in., 2003). Walorem analiz wydaliny
w postaci katu jest pobranie probki w sposob catkowicie nieinwazyjny 1 jest to cenna
metoda badania zwierzat dzikich ze wzgledu na trudne warunki terenowe
(Monfort i in.,, 1998; Palme i in., 1999; Dziki-Michalska i in., 2024a). Jednakze
problematyczny jest fakt, ze ciezko przyporzadkowac poszczegdlne probki do konkretnych
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osobnikdw. Ma to zwigzek z duzymi obszarami zasiedlanymi przez badane gatunki.
Zatem z uzyskanych wynikéw najlepiej wnioskowaé w kontekscie zbiorczych danych
dla catej populacji bytujacej na danym obszarze. Wskazania metabolitow kortyzolu
w siersci czy tez wlosach dotycza przewlektej reakcji stresowej (Burnard i in. 2017),
1 s3 wiarygodnym wskaznikiem przewlektej ekspozycji na stres u zwierzat dzikich (Prandi
iin., 2018; Filacorda i in., 2021; Franchini i in., 2023). Ma to zwigzek z wbudowywaniem
kortyzolu w trzon wlosa w fazie aktywnego wzrostu, ktéra trwa dluzej (Meyer 1 in., 2012;
Franchini i in., 2023). Pelny przebieg ww. procesu nie jest do konca poznany (Russell i in.,
2012; Keogh 1 in., 2023). Trudnosci moze nastrgczy¢ interpretacja samych wynikow
dlatego, ze na dzien dzisiejszy nie dysponujemy jednoznacznymi danymi dotyczacymi
réznic w akumulacji kortyzolu we wlosach 1 tempa wzrostu w kontek$cie dysproporcji
gatunkowych (Ventrella i in., 2018; Dziki-Michalska i in., 2024a). Poziom kortyzolu
0znhaczany W 0S0CzZU czy tez surowicy krwi oraz $linie daje mierzalny i wiarygodny obraz
intensywnos$ci stresu krotkotrwatego (Sheriff, 2011). Jednakze wyniki analizy $liny
pod katem poziomu kortyzolu nie zawsze beda miarodajne ze wzgledu na to,
ze unieruchomienie i manipulacja przy zwierzetach dziko zyjacych moze by¢ dla nich
dodatkowym, intensywnym stresorem (LeMaho i in., 1992; Camargo i in., 2013)
wplywajagcym na ostateczne oznaczenia. Poziom kortyzolu mozna oznaczy¢ zar6wno
W 0soczu jak i surowicy krwi. Wyniki pozyskane z obydwu materiatdéw biologicznych daja
tozsame rezultaty (Foster i Dunn, 1974, Sheriff i in.,, 2011). W przypadku zwierzat
wolnozyjacych wskazuje sie, ze najlepszym materiatem biologicznym do 0znaczenia
stezenia kortyzolu w odpowiedzi na intensywny, krotko dziatajacy bodziec jest krew
posmiertna pobrana w jak najkrotszym czasie (Morton i in., 1995; Mormede i in., 2007;
Gentsch i in., 2018).

Zwierzeta dzikie sa nierozerwanie polaczone ze $rodowiskiem, w ktérym bytuja
a tym samym s3 od niego zalezne (Dziki-Michalska 1 in., 2024a). Zatem kazda
modyfikacja ekosystemu moze wplywa¢ na ich populacje. Oceni¢ kondycje zwierzat
wolnozyjacych mozemy na podstawie zgromadzonych zasoboéw energetycznych
(tkanki tluszczowej), masy i uksztaltowania poroza, struktury czy tez zaggszczenia
populacji. Homeostaze organizmu odzwierciedlajg rowniez parametry biochemiczne
i fizjologiczne danego organizmu, ktore fluktuuja pod wplywem czynnikow
srodowiskowych (Mostl i in., 2002; Polji¢ak-Milas i in., 2004; Harms i in., 2012;
Mellor i in., 2020). Oznaczenie parametrow biochemicznych moze stuzy¢ jako marker

potencjalnie toczacej si¢ choroby (Kotlarczyk 1 in., 2021), zwykle nie pozostaje
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bez wplywu na behawior zwierzecia (Mostl i Palme, 2002; Bari¢ i in., 2011).
Procesy chorobotwdrcze wplywaja na poziomy kortyzolu u  przezuwaczy
(Forsunld i in., 2010; Barrell, 2019; Villa i in., 2021; Tajchman i in., 2023).
Dodatkowo poziom warunkéow hodowlanych moze przektada¢ si¢ na poziomy hormondow
czy skladniki krwi (Barrell, 2019), ktérych wahania mozliwe s3 do wychwycenia
za pomocg standardowych parametréw morfologii krwi obwodowej oraz oznaczen
jej parametrow biochemicznych (Dziki-Michalska i in., 2023).

W zwiazku z tym, ze polowania w Polsce majg charakter sezonowy ich specyfika
moze implikowa¢ u zwierzat nawet stres przewlekty (Vilela, 2020; Ensminger i in., 2020).
Termin stres odnosi si¢ do stanow/sytuacji, ktorych nie jesteSmy w stanie przewidzieé
oraz kontrolowaé, natomiast potencjalnie moga one zagraza¢ zyciu zwierzat wiec Scisle
zwigzane sa z pojeciem dobrostanu (Koolhaas i in., 2011; Gentsch, 2018). Dobrostan
zwierzat dzikich jest nierozerwalnie powigzany ze S$rodowiskiem, w ktorym bytuja
i przektada si¢ bezposrednio na stan fizjologiczny zwierzat, a ich masa ciala jest
podstawowym kryterium oceny dobrostanu, ze wzgledu na to, ze odzwierciedla zdolnos¢
zwierzagt do przetrwania 1 warunkuje osiagniecie sukcesu reprodukcyjnego
(Sheriff i in.,, 2011). Nie jest to jednak wskaznik jedyny i w pelni doskonaty
(Sheriff i in., 2011; Tajchman i in., 2018). Wskazniki, ktore wyznaczaja kondycj¢ zwierzat
dzikich to rezerwy tkanki tluszczowej, uksztattowanie poroza 1 jego masa oraz
zageszczenie populacji wraz ze strukturg plciowa 1 wiekowa (Tajchman i in., 2018).
Ewaluacja poziomu dobrostanu moze si¢ oprze¢ rowniez na parametrach biochemicznych
krwi, ktore odzwierciedlaja fizjologiczny stan kazdego organizmu w odpowiedzi
na negatywne bodzce pochodzenia $rodowiskowego (Poljicak-Milas i in., 2004;
Czyzowski i in., 2013). Moga one stanowi¢ cenng informacj¢ w kontek$cie monitorowania
dobrostanu jeleniowatych, jednak nalezy pamigta¢, ze moga fluktuowa¢ w odpowiedzi
na na negatywny bodziec, ktorym niewatpliwie jest chwytanie czy unieruchamianie w celu
pobrania krwi obwodowej (Sems i in., 1993). Polowanie zatem bedzie miato wpltyw
na intensyfikacj¢ odpowiedzi endokrynnej i jest uznawane powszechnie za jeden
z najsilniejszych czynnikéw wywolujacych dtugotrwaly i powtarzajacy si¢ stres (Vilela,
2020), nie mniej jednak intensywnosc¢ reakcji hormonalnej bgdzie warunkowana rodzajem
polowania (Gentsch, 2018). Gentsch wykazal, ze polowanie z podchodu jest znacznie
mniej stresujace dla zwierzat niz polowania zbiorowe, czy polowania z psami
mysliwskimi. Warto zaznaczy¢, ze Ensminger i in. (2020) w swoich analizach

nie wykazali takiej zalezno$ci dla tosia. W badaniu tym nie odnotowano powigzania
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poziomu glikokortykoidow w kale i wzmozong presja towiecka. Odmienne wyniki
natomiast uzyskali Bateson i Bradshaw (1997) analizujac poziom kortyzolu we krwi
jelenia  szlachetnego. Najprawdopodobniej bylo to zwigzane 2z poscigami
dhugodystansowymi (ok. 19 km) z psami mysliwskimi za zwierzyng, a wysokie odczyty
glikokortykoidow odpowiadaly ostatniemu poscigowi (Norum i in., 2015). Nie mniej
jednak mnogos¢ i intensywnos$¢ ujemnych bodzcow, ktore generujag odpowiedz stresowa
mogg implikowaé¢ powazne, daleko idace konsekwencje. Wszystkie gatunki jeleniowatych
sg wrazliwe na ujemne bodzce pochodzace ze Srodowiska zewnetrznego (Ballesteros,
1998; Ranabir i Reetu, 2011), ktore w konsekwencji wywieraja negatywny wplyw na ich
zdrowie oraz kondycje (Bari¢ i in., 2011; Ventrella i in., 2020). Ekspozycja organizmu na
ostry stres oddziatuje na uktad odporno$ciowy zwierzat, ostabiajac jego odpowiedz
immunologiczng (Shi i in., 2019; Garber 1 in., 2020). Oczywistym jest, ze zwigksza
to osobnicza sklonno$¢ do zapadania na roézne choroby (Dhabhar, 2014). Badania
Bubenika i in. (1999) oraz Bartosa i in. (2009) dowodza, ze wzrost poziomu hormonow
glikokortykosteroidowych zaktoca cykl zrzucania poroza u mulaka bialoogonowego
(Odocoileus virginianus), jelenia szlachetnego oraz daniela zwyczajnego, a ponadto
jest ujemnie skorelowany z jego wzrostem i mineralizacja (Géaspar-Lopez i in., 2010;
Dziki-Michalska i in., 2021). U zwierzat wolnozyjacych w odpowiedzi na intensywny stres
krotkotrwaty czesto obserwowana jest miopatia mig$nia sercowego oraz rabdomioliza
wysitkowa (Paterson, 2014). Tego typu uszkodzenia sg typowe dla krotkich, silnych
negatywnych impulséw zewngtrznych zwykle powodowanych przez atak drapieznika,
transport, chwytanie czy krepowanie (Montané i in. 2002; Pereira i in., 2005;
Nuvoli i in., 201; Taylor-Brown i in., 2019; Diaz i in., 2020). Negatywne oddzialywanie
stresu zauwazono rowniez w kontek$cie utrzymania przez lanie cigzy i1 optymalnej
regulacji  cyklu rujowego (Kotlarczyk i in.,, 2021). Badania prowadzone
przez McCorkell’a 1 in. (2008) wykazaty, ze poziom kortyzolu u jeleni szlachetnych
byt dodatnio skorelowany z poziomem progesteronu wydzielanego przez nadnercza.
Negatywne bodzce $rodowiskowe nie bez wplywu pozostaja roOwniez na mas¢ ciata
zwierzat wolnozyjacych, ktora warunkuje sukces rozrodczy (Rehbinder i in., 1982;
Fennessy, 1991; Sapolsky, 1992; Morton i in., 1995; Morméde i in., 2007; Dhabhar, 2014;
Shi 1 in., 2019; Clinchy 1 in., 2013; Garber 1 in., 2020). Badania Hillman’a 1 in. (1973)
oraz Kleerekoper’a i in. (1997) dowiodly, ze wysoki poziom glikokortykosteroidow
stymuluje resorpcje tkanki kostnej oraz hamuje procesy osteogenezy. Na poziom

dobrostanu zwierzat wolnozyjacych wptywa mnogo$¢ czynnikéw Srodowiskowych

15



(pora roku, klimat, zaggszczenie populacji, obecnos¢ duzych drapieznikéw, konkurencja
o zasoby) (Diaz i in., 2020). Sa to gldwne stresory, ktére majg istotny wplyw na kondycje
1 przezywalno$¢ naturalnych populacji zwierzat (Wingfield 1 Romero, 2001;
Reeder i Kramer, 2011; Sheriff i in., 2011).

W Polsce jeleniowate pozyskuje si¢ w najczgsciej za pomoca polowan
z podchodu. Polowania na jelenie szlachetne odbywajg si¢ w okresach od 21 sierpnia
do konca lutego na doroste samce (byki), od 01 wrzesnia do 15 stycznia na doroste
samice (tanie) oraz od 01 wrzes$nia do konca lutego na cielgta. W przypadku samcéw sarny
(koztéw) okres pozyskania trwa od 11 maja do 30 wrzesnia, za§ samic (ko6z) i kozlat
od 01 pazdziernika do 15 stycznia (https://www.pzlow.pl/kalendarz-mysliwski/).
Wptyw polowan na jeleniowate mozna rozpatrywa¢é w kontek$cie zaré6wno stresu
krotkotrwatego wywotanego samym odstrzalem, jak 1 stresu dlugotrwatego
spowodowanego niepokojeniem zwierzat, ktéore wynika z intensywnej obecnos$ci
mysliwych w towiskach (Dziki-Michalska i in., 2024b). W nawigzaniu do pigciu wolno$ci
opracowanych przez Rad¢ Do Spraw Dobrostanu Zwierzat Gospodarskich (FAWC, 2014)
racjonalna gospodarka towiecka powinna si¢ opiera¢ przede wszystkim na regulacji
zageszczenia zwierzat dopasowanym do potencjalu zajmowanego przez nie siedliska,
CO zapobiega stresowi zwigzanemu z przeggszczeniem populacji a jednoczesnie zapewnia
odpowiednig baz¢ zerowa. Ponadto, istone jest rowniez utrzymanie roznorodono$ci
gaunkowej i dbato$¢ o naturalne siedliska zwierzat. Nie bez wpltywu pozostaje rowniez
monitoring weterynaryjny oraz wczesna diagnostyka na etapie selekcji oraz fianlnego
pozyskania. Kluczem do utrzymania zwierzat dzikich w stanie dobrostanu jest racjonalna
minimalizacja czynnikow negatywnych pochodzacych ze srodowiska. Logicznym zatem
bytoby eliminowanie polowan zbiorowych na rzecz polowan indywidualnych, co znaczaco
obnizyloby ilo§¢ stresorOw zwigzanych z obecnoscia mysliwych w towiskach
(Tajchman i in., 2018). Do tej pory niewiele jest doniesien naukowych dotyczacych
wptywu  polowan z  podchodu na  zwierzeta  towne. W zwigzku
z tym, ze dzialalno$¢ towiecka moze wywiera¢ wplyw na dobrostan zwierzat dzikich
niezb¢dnym jest podjecie si¢ analizy powyzszego zagadnienia. Wyniki bowiem przetoza
si¢ na prowadzenie racjonalnej gospodarki towieckiej oraz pragmatyczne zarzadzanie

populacjami zwierzat wolnozyjacych (Gentsch, 2018).
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Hipoteza i cel badan

Glowna hipoteza badawcza

Polowania z podchodu wywieraja stres krotko- i dlugotrwaly, przez co moga zaburzaé

dobrostan wybranych jeleniowatych.

Posrednie hipotezy badawcze

1. Poziom kortyzolu w osoczu saren europejskich (Capreolus capreolus) zalezy
od: sezonu najbardziej intensywnych polowan z podchodu (lato vs. pdzna jesien),

pici pozyskanych zwierzat oraz ich wieku.

2. Koncentracja kortyzolu w osoczu jeleni szlachetnych (Cervus elaphus)

pozyskanych podczas polowan z podchodu zalezy od pici i wieku zwierzat.

3. Wybrane parametry biochemiczne krwi saren europejskich i jeleni szlachetnych
odzwierciedlaja ogdlny stan zdrowia zwierzat i moga by¢ powigzane ze st¢zeniem

kortyzolu.

4. Poziom hormonu stresu w sier§ci samcow saren europejskich jest istotnie wyzszy

u zwierzat pozyskanych na koncu okresu polowan z podchodu.
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Cel badan

Celem badan byla ocena poziomu dobrostanu wybranych jeleniowatych pozyskanych

podczas polowan z podchodu poprzez analize stresu krotko- 1 dlugotrwalego.

Cele szczegolowe

1. Ocena wptywu polowan z podchodu na poziom stresu krétkotrwatego u wybranych

jeleniowatych poprzez:

» okreslenie poziomu kortyzolu w osoczu saren europejskich (Capreolus capreolus)
w zalezno$ci od: sezonu najbardziej intensywnych polowan z podchodu
(lato vs. pozna jesien), pici pozyskanych zwierzat oraz wieku,

» okreslenie stezenia kortyzolu w osoczu jeleni szlachetnych (Cervus elaphus)
pozyskanych podczas polowan z podchodu w zaleznosci od pici i wieku zwierzat,

» analiz¢ wybranych parametrow biochemicznych krwi saren europejskich i jeleni
szlachetnych, ktére odzwierciedlaja ogdlny stan zdrowia zwierzat i moga by¢

powigzane z poziomem Kortyzolu.

2. Ocena wptywu polowan z podchodu na poziom stresu dtugotrwatego u samcow saren
europejskich poprzez poréwnanie poziomu kortyzolu w siersci zwierzat pozyskanych

na poczatku i na koncu sezonu polowan z podchodu.
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Material i metody

Dla przejrzystosci prezentowanego materialu oraz zastosowanych metod
badawczych, zastosowano umowny podzial odpowiadajacy chronologii prac badawczych

zgodnie z kolejnoscig opublikowanych manuskryptow (Tabela 1).

Tabela 1. Prace, w ktorych opublikowano prezentowane wyniki badan

Dane bibliograficzne

Dziki-Michalska K., Tajchman K., Kowalik S. 2023. Physiological
Praca | response of roe deer (Capreolus capreolus) during stalking hunts
depending on age. BMC Vet. Res. 19:266.
DOI:10.1186/s12917-023-03833-8

Dziki-Michalska K., Tajchman K., Kowalik S., Wojcik M. 2024. The
Praca Il levels of cortisol and selected biochemical parameters in red deer
harvested during stalking hunts. Animals 14(7):1108.
DOI:10.3390/ani14071108

Dziki-Michalska K., Tajchman K., Staniszewska P., Strachecka A.
2024. Comparison of cortisol levels in the hair of male european roe deer
Pracalll at the beginning and end of the stalking hunting season.
Animals. 14(22):3184.

DOI: 10.3390/ani14223184

Projekty eksperymentow

Jeleniowate, od ktorych pobrano proby materiatu badawczego, pozyskano zgodnie
z polskim prawem towieckim i zasadami selekcji osobniczej w trakcie trwania sezonow
towieckich (adekwatnie do pozyskanego gatunku) w ramach zarzadzania populacjami
zwierzat fownych (Uchwata Naczelnej Rady Lowieckiej nr 14/2015 z dnia 15 grudnia
2015 roku). Pozyskanie miato charakter selekcyjny i bylo wykonywane na obszarze
Nadle$nictwa Lubartow przez wykwalifikowanych mysliwych — pracownikow
Nadlesnictwa. W celu pozyskania zwierzat prowadzili oni indywidualne polowania piesze
bez udziatlu psow mysliwskich, aby zminimalizowaé sile negatywnych bodzcow
towarzyszacych procedurze. Odstrzal odbywat si¢ w godzinach wczesnoporannych.

Zwierzeta zachowywaty si¢ naturalnie, nie wykazywaty oznak stresu i nie byly sztucznie
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oddzielane od swoich stad. Probki pobrano od osobnikow, ktore padly bezposrednio
po pierwszym precyzyjnym strzale. Zatwierdzenie badan przez Lokalng Komisj¢ Etyczna
nie bylo wymagane poniewaz material biologiczny zostal pobrany po$miertnie, a selekcja

zwierzat nastgpita zgodnie z prawem.

Wiek zwierzat oznaczono posmiertnie metoda Eidmanna, ktéra polega na ocenie
warstw  zebiny odkladajacych si¢ w kanale pierwszej pary siekaczy 11,
charakterystycznych cech uzgbienia, stadium rozwoju oraz wymiany zebow mlecznych
na state (Bateson i Bradshaw, 1997). Mase tuszy okreslono po odstrzale zwierzecia

1 po wypatroszeniu w punkcie skupu zwierzyny townej.
Materiat do badan pobrano od 117 osobnikéw — przedstawicieli rodziny jeleniowatych:

> krew
- 35 saren europejskich (16 pochodzacych od samcéw, 19 pochodzacych od samic)
w dwoch okresach: w miesigcu sierpniu oraz listopadzie,
- 25 jeleni szlachetnych (13 pochodzacych od samcoéw, 12 pochodzacych od samic)
na przelomie wrze$nia i pazdziernika,

» sier§¢

- 57 samcow saren europejskich w maju oraz wrzesniu.

Obszar badan

Nadle$nictwo Lubartow potozone jest w s$rodkowo-wschodniej Polsce
(51°27'N, 22°29'E), gdzie panuje klimat umiarkowany, ciepty, przejSciowy. Lasy
Nadle$nictwa znajduja si¢ glownie w IV okregu mazowiecko-podlaskim, V okregu Niziny
Podlaskiej i Wyzynie Siedleckiej. Rzezba terenu jest mato urozmaicona i odznacza
si¢ ptaskoscig. Roczne opady wynosza 552 mm, a $rednia roczna temperatura ksztattuje
si¢ na poziomie +7,7 °C. Nadle$nictwo wyroznia si¢ duza rdéznorodnoscig siedlisk
i zyzno$ci gleb. Lesisto$¢ regionu szacuje si¢ na poziomie 24,9%, przy czym 49%
powierzchni zajmujg gatunki iglaste, a 38% zajmuja lasy mieszane z gatunkami li§ciastymi
(https://lubartow.lublin.lasy.gov.pl). Na terenie Nadlesnictwa Lubartow zaggszczenie
jelenia szlachetnego (Cervus elaphus) wynosi 16,03 osobnikow/1000 ha powierzchni
lesnej, saren (Capreolus capreolus) 2,08 osobnikow/1000 ha powierzchni catkowitej, a tosi
(Alces alces) 10,15 osobnikow/1000 ha powierzchni lesnej i  bagiennej

(https://lubartow.lublin.lasy.gov.pl).
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Zastosowane metody badawcze

» Analiza parametrow biochemicznych krwi

Probki krwi pobierano z zyty szyjnej zewnetrznej (vena jugularis externa) do 10 ml
prézniowych probowek EDTA (BD Vacutainer System, nr ref. 367525, Becton Dickinson,
Polska, Warszawa), a nastepnie schtodzono do temperatury 4°C. Zanieczyszczone probki
krwi zostaly odrzucone. Osocze uzyskano przez wirowanie prob krwi przy 3000 obr./min
przez 10 min w laboratoryjnej wirowce MPW-350R (MPW Medical Instruments,
Warszawa, Polska), w temperaturze 4°C. Zebrane osocze przechowywano w temperaturze
—25°C do czasu dalszych analiz.

Poziom kortyzolu okreslono metodg immunoenzymatyczng (zestaw Cortisol
ELISA, nr EIA-1887, DRG® International, Springfield, NJ, USA) zgodnie z protokotem
zalecanym przez producenta. Parametry biochemiczne: cholesterol catkowity, cholesterol
HDL, cholesterol LDL, trojglicerydy, dehydrogenaza mleczanowa, mocznik,
aminotransferaza alaninowa, kwas moczowy, fosfataza alkaliczna, biatko catkowite,
albuminy, bilirubina catkowita, aminotransferaza asparaginianowa 1 gamma-
glutamylotranspeptydaza  okreSlono przy uzyciu zautomatyzowanego systemu

spektrofotometrycznego (analizator biochemiczny BS-120, Mindray, Shenzhen, Chiny).

» Analiza stezenia kortyzolu w siersci

Siers¢ 0 rdzawo-brazowym kolorze pobrano w maju i we wrzesniu. Byla ona
wycinana nozyczkami laboratoryjnymi przy skorze w okolicy grzbietowo-ogonowe;j.
Probki wlosow petnej dlugosci zamrazano w najkrotszym mozliwym czasie po pobraniu
(do 15 min) 1 przechowywano w temperaturze —25 °C do czasu oznaczen.

Zebrane wlosy myto ciepta woda 1 suszono przez jeden dzien w temperaturze
pokojowej (24°C) w powietrzu otoczenia, a nastgpnie myto w 5 ml izopropanolu przez
3 minuty i suszono przez 5 dni (24°C w powietrzu otoczenia). Metoda ekstrakcji zostala
zmodyfikowana w stosunku do metody Burnetta i in. (2014). Peilnej dtugosci wiosy
przycigto nozyczkami laboratoryjnymi do dtugosci 1-2 mm, a nastepnie 70 mg przycigtych
wlosow umieszczono w szklanej fiolce. Do pocigtych wilosow dodano 3,5 ml metanolu
(Sigma-Aldrich, Poznan, Polska) i fiolki inkubowano przez 18 godzin w temperaturze
37°C z potrzasaniem. Po inkubacji supernatant przefiltrowano za pomocg filtrow

strzykawkowych o $rednicy 30 mm 1 porowatosci 0,22 mm (Alfachem, Poznan, Polska)
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w celu oddzielenia fazy cieklej, a nastgpnie umieszczono w jednorazowych szklanych
probéwkach hodowlanych. Supernatant odparowano w temperaturze 45°C do catkowitego
wyschnigcia. Wyekstrahowane probki kortyzolu badano przy uzyciu komercyjnie
dostepnego zestawu EIA (Cortisol Enzyme Immunoassay Kit, KO03-H5, Arbor Assays,
Ann Arbor, MI, USA) zgodnie z instrukcja producenta wraz z dostarczonymi

odczynnikami.

» Analizy statystyczne

Analizy statystyczne przeprowadzono przy uzyciu pakietu Statistica 9.1. Normalno$¢
rozktadu sprawdzono za pomocag testu t-Studenta i testu Welcha. Do analizy préb
niezaleznych zastosowano test Manna-Whitneya oraz test Shapiro-Wilka. Wyniki
wyrazono za pomoca statystyk podstawowych oraz jako warto$¢ $rednig i odchylenie
standardowe zmiennych. Poziom kortyzolu w zestawieniu z z poziomem parametréw
biochemicznych dla kazdej oddzielnej grupy zostat poréwnany przy uzyciu porzadku rang
Spearmana. Nastepnie poziom kortyzolu poroéwnano =z poziomem parametrow
biochemicznych w grupach ze wzgledu na pte¢ i mas¢ tuszy stosujac korelacje rang
Spearmana. Analogiczne obliczenia oraz uzycie korelacji Pearsona zastosowano w celu
okreslenia zwigzku wieku zwierzecia z poziomem kortyzolu 1 parametrami
biochemicznymi krwi. Wplyw wieku zwierzecia i stgzenia kwasu moczowego na poziomy
kortyzolu oceniano przez wielowymiarowa analiz¢ regresji liniowej. Analizy
przeprowadzono zaréwno w grupie wszystkich zwierzat, jak 1 w grupach w podziale
na ple¢. Ponadto wykorzystano procedury GLM i CORR oprogramowania SAS (Statistical
Analysis System, 9.4, 2013). Istotno$¢ roznic pomigdzy $rednimi wartosciami kortyzolu
zweryfikowano za pomoca wieloczynnikowej analizy wariancji z testem Tukeya
(procedura GLM). W modelu miesigc pobrania probek (2 poziomy — wrzesien i maj),
wiek zwierzat (2 poziomy: 3—4 lata i 5-6 lat) oraz interakcj¢ miesigca pobrania probek
1 wieku wykorzystano jako czynniki jakosciowe, podczas gdy masa tuszy zwierzat zostata
wykorzystana jako czynnik ilo§ciowy. Przyje¢to poziom istotnosci < 0,05, aby wskazac

na istnienie statystycznie istotnych roznic lub zaleznosci.
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Wyniki badan
Praca |

Pierwsza praca wykazata, ze $rednia masa tuszy samcoéw ksztattowala sie na
poziomie 18,563 kg. Kozty byly $rednio o 2 lata starsze od samic, ktorych $srednia masa
tuszy wynosita 16,895 kg. Sredni poziom CORT u samcow ksztattowat si¢ na poziomie
58,066 ng/mL i byt okoto 2 razy wyzszy w poréwnaniu z Samicami (27,694 ng/mL),
ale poziom LDH byt wyzszy u koz (6203,895 U/L) niz u koziow (1181,250 UJ/L).
Nie wykazano réznic pomiedzy innymi warto$ciami biochemicznymi krwi samcow i samic
z wyjatkiem ALAT, ktora byta wyzsza u koz (342,126 U/L) w porownaniu z koztami
(236,487 U/L) (Tab. 2).

Tabela 2. Srednie wartoéci masy tuszy, wieku i parametréw biochemicznych sarny europejskiej
z podziatem na ptec¢

Analizowana Samce (n = 16) Samice (n = 19)
zmienna M SD M SD
Masa tuszy [kg] 18,563 1,364 16,895 2,998
Wiek [lata] 5,813 2,104 3,632 1,300
CORT [ng/mL] 58,066 21,968 27,694 17,470
TCHOL [mg/dL] 61,750 12,741 65,000 15,173
HDLC [mg/dL] 21,063 7,007 17,074 8,528
TRIG [mg/dL] 185,938 71,207 200,474 58,229
LDH [U/L] 1181,250 878,189 6203,895 2402,976
UREA [mg/dL] 75,450 13,293 84,684 27,909
ALAT [U/L] 236,487 180,672 342,126 232,615
URIC [mg/dL] 6,137 3,911 7,647 3,753
ALP [U/L] 135,163 173,385 141,416 86,453
TP [g/dL] 8,063 1,0626 8,053 1,079
HSA [g/dL] 3,750 0,4472 3,632 0,496

M-érednia, SD-odchylenie standardowe
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Nastepnie analizie poddano korelacje pomigdzy CORT a wskaznikami
biochemicznymi krwi dla samcéw, samic oraz dla wszystkich zwierzat razem. Sredni
poziom TCHOL byl ujemnie skorelowany z poziomem kortyzolu w osoczu wszystkich
badanych zwierzat (odpowiednio: rs=-0,416; p=0,012 i rs=-0,381; p=0,024), jednakze
poziom cholesterolu HDL wzrastal znaczaco wraz ze wzrostem CORT w tej grupie
(rs=0,445; p=0,007). Sredni poziom URIC by} ujemnie skorelowany z poziomami CORT
u koztow (rs=0,767; p<0,001), kéz (rs=-0,472; p=0,040) oraz u wszystkich badanych
zwierzat (rs=-0,618; p<0,001). Ponadto wykazano ujemng korelacje pomiedzy badanym
hormonem a LDH w grupie wszystkich zwierzat (rs=-0,381; p=0,024) (Tabela 3).

Tabela 3. Zalezno$¢ pomigdzy stezeniem kortyzolu i parametrow biochemicznych krwi u sarny
europejskiej w podziale na grupy

Kortyzol
Analizowana
. Samce Samice Zwierzeta razem
zmienna
(n=16) (n=19) (n=35)
rs p rs p rs p

TCHOL [mg/dL] -0,446 0,082 -0,356 0,134 -0,416 0,012*

HDLC [mg/dL] 0,408 0,116 0,144 0,554 0,445 0,007*

TRIG [mg/dL] -0,312 0,239 0,173 0,477 -0,079 0,650

LDH [U/L] 0,038 0,888 0,372 0,117 -0,381 0,024*

UREA [mg/dL] -0,100 0,712 0,307 0,201 -0,005 0,973

ALAT [U/L] 0,232 0,386 0,307 0,201 0,170 0,328
URIC [mg/dL] -0,767 <0,001* -0,472 0,040* -0,618 <0,001*

ALP [U/L] -0,382 0,143 0,008 0,971 -0,270 0,115

TP [g/dL] -0,199 0,458 -0,367 0,121 -0,222 0,199

HSA [g/dL] -0,375 0,151 -0,239 0,324 -0,152 0,382

rs-korelacje rang Spearmana, * warto$ci istotne statystycznie przy p < 0,05
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W grupie wszystkich zwierzat wykazano jedynie ujemng istotng korelacje

pomiedzy LDH (rs=-0,449; p=0,006) a wiekiem saren (Tabela 4).

Tabela 4. Zalezno$¢ pomiedzy parametrami biochemicznymi i masa tuszy oraz wiekiem badanych

saren tacznie

Analizowana Masa tuszy
zmienna rs p rs p

CORT [ng/mL] -0,010 0,953 0,329 0,053
TCHOL [mg/dL] 0,098 0,571 -0,108 0,534
HDLC [mg/dL] 0,064 0,711 0,142 0,414
TRIG [mg/dL] -0,231 0,181 -0,326 0,055
LDH [U/L] -0,328 0,054 -0,449 0,006*
UREA [mg/dL] 0,106 0,542 -0,103 0,553
ALAT [U/L] -0,025 0,886 0,028 0,872
URIC [mg/dL] 0,097 0,575 -0,156 0,368
ALP [U/L] -0,274 0,111 -0,184 0,288
TP [g/dL] 0,161 0,355 0,035 0,838
HSA [g/dL] 0,071 0,684 -0,065 0,707

rs - korelacja porzadku rang Spearmana, * warto$ci istotne statystycznie przy p < 0,05
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W badanej grupie samcoéw nie stwierdzono istotnej zalezno$ci pomi¢dzy

wartosciami parametréw chemicznych krwi, masg tuszy i wiekiem zwierzat (Tabela 5).

Tabela 5. Zalezno$¢ pomiedzy parametrami biochemicznymi i masa tuszy oraz wiekiem badanych
koztow

Analizowana Masa tuszy Wiek
zmienna rs p rs Y
CORT [ng/mL] -0,229 0,393 0,056 0,834
TCHOL [mg/dL] 0,161 0,549 0,202 0,452
HDLC [mg/dL] -0,077 0,775 -0,190 0,480
TRIG [mg/dL] -0,112 0,678 -0,251 0,346

LDH [U/L] -0,161 0,551 0,208 0,438
UREA [mg/dL] 0,441 0,087 0,380 0,146
ALAT [U/L] -0,406 0,118 0,091 0,737
URIC [mg/dL] 0,112 0,678 0,148 0,586
ALP [U/L] 0,364 0,165 0,146 0,589
TP [g/dL] 0,134 0,620 0,147 0,584
HSA [g/dL] -0,145 0,591 -0,126 0,639

rs - korelacja porzadku rang Spearmana, * wartos$ci istotne statystycznie przy p < 0,05
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Analogiczna analiza wykazata w grupie badanych ko6z istotng ujemng korelacje

pomi¢dzy ALP a masg tuszy (rs=-0,576; p =0,009) (Tabela 6).

Tabela 6. Zalezno$¢ pomiedzy parametrami biochemicznymi i masa tuszy oraz wiekiem badanych

koz
Analizowana Masa tuszy
zmienna rs p rs p

CORT [ng/mL] -0,253 0,295 -0,052 0,829
TCHOL [mg/dL] 0,124 0,611 -0,232 0,339
HDLC [mg/dL] -0,069 0,777 0,067 0,786
TRIG [mg/dL] -0,281 0,244 -0,317 0,186
LDH [U/L] -0,108 0,660 -0,153 0,532
UREA [mg/dL] 0,094 0,700 -0,290 0,227
ALAT [U/L] 0,254 0,292 0,222 0,359
URIC [mg/dL] 0,227 0,350 -0,116 0,635
ALP [U/L] -0,576 0,009* -0,431 0,066
TP [g/dL] 0,288 0,232 -0,003 0,987
HSA [g/dL] 0,101 0,680 -0,095 0,699

rs - korelacja porzadku rang Spearmana, * warto$ci istotne statystycznie przy p < 0,05

Aby okresli¢c wptyw wybranych zmiennych na poziom CORT, przeprowadzono

analize regresji (Tabela 7). Uzyskany model okazal si¢ dobrze dopasowany do danych

(F=13,024; p<0,001). Statystycznie istotnymi predyktorami w modelu byly zaréwno
URIC (B=-0,547; p<0,001), jak i wiek zwierzat (p=0,376; p=0,007). Im wyzsza warto$¢

URIC tym nizszy poziom CORT, za$ koncentracja CORT wzrastata wraz ze wzrostem

wieku badanych zwierzat. Wyniki tej analizy mozna potraktowaé jako model predykcyjny.

Jezeli stezenie URIC wzrosnie o jedng jednostke, poziom CORT ulegnie obnizeniu

0 3,511 jednostki (przy zatozeniu, ze druga zmienna pozostanie taka sama). Analogicznie

jezeli wiek wzrasta o jednag jednostke, wartos¢ CORT wzrasta o 4,608 jednostki

(zaktadajac, ze druga zmienna pozostaje taka sama) (Tabela 7).
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Tabela 7. Wptyw wybranych predyktorow na poziom kortyzolu u sarny europejskiej

Kortyzol
Wybrany )
R“=0,414 F =13,024 p <0,001
predyktor
B B T p
Wyraz wolny 44,678 4,427 < 0,001
Kwas moczowy -3,511 -0,547 -4,164 <0,001*
Wiek 4,608 0,376 2,865 0,007*

F, R? p, B, p— wspolczynniki analizy regresji liniowej

Praca Il

Jelen szlachetny to rowniez zwierze towne, najczesciej zaraz po sarnie europejskiej,
pozyskiwane podczas polowan z podchodu, w zwigzku z tym przeprowadzono tozsame
analizy na tym gatunku. Uzyskane wyniki w pracy Il wykazaly, ze $rednia masa tuszy
samcow jelenia szlachetnego (138,429 kg) byta prawie dwukrotnie wyzsza niz samic
(71,00 kg). Byki byty starsze od tan $rednio o dwa lata. Srednie poziomy CORT w 0soczu
samcOw | samic byty podobne (odpowiednio: 20,216 i 21,564 ng/mL). Znacznie wyzsze
wartosci HDLC okreslono w osoczu pobranym od samic (odpowiednio: samice 25,678
mg/dL i samce 9,114 mg/dL). Podobnie, srednie poziomy LDLCHOL, LDH, ALT i GGTP
byly odpowiednio o 21%, 16%, 42% 1 39% wyzsze w osoczu tan. Z kolei w osoczu
pobranym od bykéw stwierdzono wyzsze poziomy ALP, BIL i ASAT (odpowiednio
0 30%, 49% i 36%) (Tabela 8).
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Tabela 8. Poréwnanie masy tuszy, wieku i parametrow biochemicznych w o0soczu jeleni

szlachetnych

_ Samce Samice
Analllzowana (n=13) (n=12) Ty 5
zmienna
M SD M SD

Masa tuszy [kg] 138,429 20,75 71,00 11,84  8,22843% <0,001*

Wiek [lata] 6,000 2,050 4,000 1,000 2,48455° 0,026 *
CORT [ng/mL] 20,216 16,747 21,564 17,325  29,000° 0,837
TCHOL [mg/dL] 85,714 65642 108,889 53,412 16,000° 0,114

HDLC [mg/dL] 9,114 5712 25678 8541  —4,4051% <0,001*
LDLCHOL [mg/dL] 20,714 20,798 25667 10,062 17,500° 0,141
TRIG [mg/dL] 290,429 315265 251,333 155,251 23,000° 0,407
LDH[U/L] 3609,714 2204,350 4160,444 3461,297 27,000° 0,680
UREA [mg/dL] 53,629 24,231 51,889 12,212 0,188° 0,853
ALAT [U/L] 235,714 174545 333,378 163,478 -1,151% 0,268
URIC [mg/dL] 21,243 23,550 18,700 17,765 26,000 0,606
ALP [U/L] 157,029 147,178 111,267 84,550 0,785° 0,445
TP [g/dL] 10,571 4,826 12,000 3,969 19,500 " 0,210
HSA [g/dL] 4,286 1,254 4,333 0,707 27,500° 0,680
BIL [mg/dL] 0,901 0,837 0,454 0,338 1,331°¢ 0,221
ASAT [U/L] 166,529 153,196 106,089 68,339 1,063° 0,305
GGTP [U/L] 61,357 20,735 99,667 92,720 28,000 " 0,757

M-érednia, SD-odchylenie standardowe, *-test t Studenta, - test Mann-Whitney, S-test t Welcha, * wartosci istotne

statystycznie przy p < 0,05

Nastepnie przeprowadzono analize statystyczng S$redniego poziomu CORT

w korelacji z warto$ciami parametréw biochemicznych krwi pobranej od samcoéw i samic

jelena szlachetnego (Tabela 9). W osoczu krwi bykow stwierdzono ujemng korelacje

miedzy CORT a UREA i BIL oraz dodatnig korelacje pomigdzy kortyzolem a ASAT.

Z kolei w osoczu krwi tan wykazano ujemng korelacj¢ migdzy CORT a UREA.

Niezaleznie od pici zwierzat stwierdzono ujemng korelacje badanego hormonu z TRIG,

UREA, TP oraz HSA (Tabela 9).
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Tabela 9. Zalezno$¢ stgzenia kortyzolu 1 poziomu wskaznikow biochemicznych krwi
u jeleni szlachetnych

Kortyzol
Analizowana Samce Samice Zwierzeta razem
zmienna (n=13) (n=12) (n=25)
rs p rs p rs p
TCHOL [mg/dL] -0,450 0,310 -0,450 0,310 -0,441 0,086
HDLC [mg/dL] -0,036 0,938 -0,036 0,938 0,041 0,879
LDLCHOL [mg/dL] -0,560 0,190 -0,560 0,190 -0,384 0,141
TRIG [mg/dL] -0,468 0,288 -0,468 0,288 —0,529 0,034*
LDH[U/L] 0,684 0,089 0,684 0,089 0,281 0,291
UREA [mg/dL] -0,846 0,016* -0,846 0,016* -0,563 0,022*
ALAT [U/L] 0,234 0,613 0,234 0,613 0,022 0,935
URIC [mg/dL] -0,594 0,159 -0,594 0,159 -0,459 0,073
ALP [U/L] -0,234 0,086 -0,266 0,487 -0,420 0,104
TP [g/dL] -0,441 0,613 -0,630 0,068 -0,668 0,004*
HSA [g/dL] -0,715 0,089 -0,547 0,126 0,615 0,011*
BIL [mg/dL] -0,918 0,003* 0,133 0,732 0,280 0,292
ASAT [U/L] 0,756  0,048* -0,233 0,545 0,266 0,318
GGTP [U/L] -0,702 0,078 -0,183 0,636 —0,400 0,124

rs-korelacja rang Spearmana, * warto$ci istotne statystycznie przy p < 0,05

30



Kolejno analizie poddano zalezno$ci wieku 1 masy tuszy z parametrami

biochemicznymi. W grupie wszystkich zwierzat jedynie masa tuszy korelowata ujemnie

z HDLC (Tabela 10).

Tabela 10. Zalezno$¢ pomig¢dzy poziomem parametrow biochemicznych, masa tuszy i wiekiem

w grupie jeleni szlachetnych tacznie

Analizowana Masa tuszy Wiek
zmienna /R D /R D

CORT [ng/mL] -0,116° 0,666 -0,108 ° 0,689
TCHOL [mg/dL] -0,339° 0,198 -0,057 ° 0,832
HDLC [mg/dL] -0,663° 0,005 * —0,442° 0,086
LDLCHOL [mg/dL] 0,354 ¢ 0,177 -0,009° 0,973
TRIG [mg/dL] -0,131° 0,627 0,194° 0,470
LDH[U/L] 0,013°¢ 0,961 -0,044 ° 0,868
UREA [mg/dL] -0,135° 0,615 0,103° 0,702
ALAT [U/L] -0,316° 0,232 0,094 ° 0,727
URIC [mg/dL] -0,221¢ 0,409 0,216 ¢ 0,419
ALP [U/L] -0,056 ° 0,836 0,266 ° 0,318
TP [g/dL] -0,281° 0,290 -0,003° 0,991
HSA [g/dL] -0,012° 0,962 0,176 ° 0,513
BIL [mg/dL] 0,207° 0,440 0,117° 0,665
ASAT [U/L] 0,234° 0,381 -0,008 ° 0,973
GGTP [U/L] 0,067 0,802 0,210° 0,432

a— korelacja rang Spearmana, b—Korelacja Pearsona, * wartosci istotne statystycznie przy p < 0,05
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Analogiczna analiza przeprowadzona dla grupy bykow nie wykazata zadnej istotnej

korelacji pomiedzy masg tuszy, wiekiem a parametrami biochemicznymi krwi (Tabela 11).

Tabela 11. Zalezno$¢ pomigdzy parametrami biochemicznymi, masa tuszy i wiekiem w grupie

bykéw
Analizowana Masa tuszy Wiek
zmienna rs D rs D

CORT [ng/mL] -0,018 0,969 0,284 0,536
TCHOL [mg/dL] 0,126 0,787 0,090 0,846
HDLC [mg/dL] —0,468 0,288 —0,054 0,907
LDLCHOL [mg/dL] 0,000 1,000 0,094 0,840
TRIG [mg/dL] 0,126 0,787 0,290 0,526
LDH[U/L] —0,090 0,847 0,436 0,327
UREA [mg/dL] 0,018 0,969 0,218 0,638
ALAT [U/L] —0,072 0,877 0,436 0,327
URIC [mg/dL] 0,036 0,938 0,290 0,526
ALP [U/L] —-0,720 0,067 0,272 0,553
TP [g/dL] 0,336 0,460 0,169 0,715
HSA [g/dL] 0,381 0,398 —0,0481 0,918
BIL [mg/dL] 0,336 0,460 -0,110 0,814
ASAT [U/L] 0,018 0,969 -0,327 0,473
GGTP [U/L] —0,072 0,877 -0,600 0,154

rs- korelacja rang Spearmana, * wartosci istotne statystycznie przy p < 0,05
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W grupie tan natomiast stwierdzono dodatnig korelacj¢ pomigdzy masg tuszy
a HDLC (Tabela 12).

Tabela 12. Zalezno$¢ poziomu parametrow biochemicznych, masy tuszy i wieku w grupie tan

Analizowana Masa tuszy Wiek

zmienna rs D rs D
CORT [ng/mL] —0,238 0,536 -0,053 0,891
TCHOL [mg/dL] 0,183 0,635 0,454 0,219
HDLC [mg/dL] 0,689 0,039 * -0,195 0,615
LDLCHOL [mg/dL] 0,004 0,991 0,645 0,060
TRIG [mg/dL] 0,195 0,613 0,531 0,140
LDH[U/L] —0,349 0,357 —0,354 0,348
UREA [mg/dL] —0,170 0,661 -0,062 0,873
ALAT [U/L] 0,008 0,982 0,461 0,211
URIC [mg/dL] —0,417 0,264 0,398 0,287
ALP [U/L] 0,008 0,982 0,328 0,388
TP [g/dL] —0,012 0,973 0,049 0,900
HSA [g/dL] 0,081 0,834 0,315 0,407
BIL [mg/dL] -0,212 0,582 -0,611 0,079
ASAT [U/L] 0,042 0,913 0,328 0,388
GGTP [U/L] —0,017 0,965 0,691 0,390

rs- korelacja rang Spearmana, * wartosci istotne statystycznie przy p < 0,05
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Praca lll

W zwigzku z tym, ze dotychczasowe analizy bazujace na badaniach osocza krwi
sarny europejskiej oraz jelenia szlachetnego wskazaty na to, ze polowania z podchodu
mogag wywieraja stres dlugotrwaly u badanych zwierzat, niezbedne okazato
si¢ potwierdzenie tych przypuszczen. Na kozly sarny europejskiej od maja dowrze$nia
poluje si¢ wylacznie metoda z podchodu, dlatego poréwnano poziom CORT w siersci
samcOw pozyskanych na poczatku i na koncu sezonu. W uzyskanych wynikach
w pracy Il wykazano, ze poziom CORT byt istotnie wyzszy we wrzesniu w porownaniu
do maja (Pr. > |t| = 0,0017). Wiek zwierzat oraz miesigc pobierania probek nie miaty

istotnego wptywu na st¢zenie CORT w siersci badanych zwierzat (Tabela 13).

Tabela 13. Statystyka opisowa analizowanych parametrow dla zwierzat pozyskanych na poczatku i
na koncu sezonu lowieckiego

Srednia  Srednie
Miesiac . .
) ) Wiek  masa stezenie  Odchylenie Blad Wspolczynnik
pobierania N
(lata) tuszy  kortyzolu standardowe standardowy  zmiennoS$ci

prob
(ko) (pg/mg)
Mai 15 34 16,866 0,395 ™ 0,016 0,004 3,929
a)
11 56 18,000 0,397 ® 0,006 0,002 1,407
17 34 15,882 0,418%® 0,034 0,008 8,045
Wrzesieh
14 56 18,571 0,428° 0,041 0,011 9,658

a, b — srednie w kolumnie rdznig sig¢ istotnie przy p < 0,05 (test Tukeya)
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Dyskusja
Kortyzol w osoczu Krwi

W Polsce okres najintensywniejszego polowania na sarny europejskie przypada
na miesigc sierpien oraz listopad ze wzgledu na to, Zze na samce tego gatunku mozna
polowa¢ latem, za§ na samice jesienig. Zatem wyzszy poziom CORT u samcow
pozyskanych latem w porownaniu do samic pozyskanych jesienig wynika
najprawdopodobniej z pobrania prob w okresie rui i zwigzanej z nig wzmozonej
aktywno$ci w obronie terytorium i podgzaniu za samicami. Wcze$niej prowadzone badania
nie wykazaly zwigzku pomiedzy poziomem CORT a plcig jeleniowatych
(Reinhard i in., 1990; Rehbinder, 1990; Chapple i in., 1991; Huber i in., 2003;
Kiiker i in., 2015; Gentsch i in., 2018). Z drugiej strony wykazano, ze to w okresie
wyciszenia rozrodczego, w ktorym wzrasta nowe poroze i nast¢puje Szybki przyrost masy
ciata, uzyskano wyzsze $rednie poziomy CORT w osoczu (Bubenik i Hundertmark, 2002).
Niektorzy badacze zauwazyli, ze wysoka koncentracja badanego hormonu byta typowa
dla jeleniowatych po6Zzng jesienig i zimg (Reinhard i in., 1990; Rehbinder, 1990;
Huber 1 in., 2003; Kiiker i in., 2015). Jednak biologia saren r6zni si¢ od innych gatunkow
w tej rodzinie, ze wzgledu na to, ze wzrost poroza u sarny nastepuje zimag
(u jelenia szlachetnego w okresie wiosenno-letnim), a okres godowy przypada na miesigce
letnie (u pozostatych jeleniowatych jesienig), co moze wywieraC wplyw na stgzenie
kortyzolu. Uzyskane wyniki badan prowadzonych na sarnach europejskich byty podobne
do analiz na reniferach tundrowych (Rangifer tarandus) (Bubenik i Hundertmark, 2002),
jeleniach aksis (Axis axis) (He i in., 2014) i jeleniach pampasowych (Ozotoceros
bezoarticus) (Munerato i in., 2015). Jednak Gentsch i in. (2018) odnotowali nizsze $rednie
wartosci CORT w swoich badaniach prowadzonych na sarnach pozyskiwanych podczas
polowan z podchodu. Co wigcej, ten sam autor stwierdzil, ze u saren niepoddanych
stresowi (13,63 nmol/L + 2,43 jako wartosci referencyjne) poziomy CORT byty 13 razy
nizsze U samcow i 6 razy nizsze U samic (Gentsch i in., 2018). Stezenie badanego hormonu
stresu u samcoéw byto podobne do poziomu oznaczonego u saren pozyskanych metoda
polowania z naganka, ale jednocze$nie wartosci CORT u samic byly wyzsze niz u saren
pozyskanych za pomoca polowan z podchodu. Dodatkowo byly nizsze niz u zwierzat

upolowanych w trakcie polowan z psami (Gentsch i in., 2018). Nie mniej jednak
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oznaczone poziomy CORT w badaniu Montané i in. (2003) u chwytanych saren byty
zblizone do poziomu hormonu u samic pozyskanych na terenie Nadle$nictwa Lubartow.

Oczywistym jest, ze wszystkie rodzaje polowan bedg wplywaé na homeostaze
zwierzat townych i jednocze$nie beda postrzegane jako bodziec silnie stresujgcy
(Vilela i in., 2020). Sheriff i in. (2011) wykazali, ze zwickszona aktywnos$¢ fizyczna
spowodowana polowaniem wywotywata typowa reakcje stresowa, ktorej towarzyszyt
wzrost stezenia CORT we krwi obwodowej zwierzat. Jednakze nie byt on tak wysoki,
jak w sytuacji powaznego urazu spowodowanego wypadkiem samochodowym,
gdzie koncentracja tego hormonu byta znacznie wyzsza niz zgtaszane w dotychczasowych
badaniach (Sheriff i in., 2011). Nalezy podkresli¢, ze na wzrost CORT wptywa rowniez
fakt, ze zwierze¢ odczuwa dyskomfort psychiczny, skorelowany z uczuciem bdlu
fizycznego, strachu Ilub paniki w odpowiedzi na rézne negatywne bodzce
(Vilela i in., 2020). Ponadto badania Malherbe'a (2019) wykazaly, ze zwigkszony poziom
CORT moze by¢ nawet wynikiem zbyt bliskiego sasiedztwa obszaréw, na ktérych bytuja
zwierzeta ze Srodowiskiem antropogenicznym (budynkami 1 osiedlami ludzkimi). Wyniki
uzyskane w naszych badaniach prowadzonych na jeleniach szlachetnych pozyskanych
podczas polowan z podchodu potwierdzaja wczesniejsze doniesienia, ktoére wykazaty,
ze poziomy CORT nie zalezag od wieku i plci zwierzat (Brown i Chapman, 1990;
Huber 1 in., 2003; Kiiker 1 in., 2015; Caslini i in., 2016; Hart i in., 2016; Ranabir i Reetu,
2019; Azevedo i in. 2019). Moze to wskazywaé, ze niezaleznie od wieku lub pfci,
polowanie jest dla jeleni szlachetnych do$§wiadczeniem stresujacym. Jednak brak rdéznic
w koncentracji CORT zwigzanych z wiekiem podwaza doniesienia wskazujace, ze starsze
osobniki charakteryzuje intensywniejsza odpowiedz endokrynna, a co za tym idzie wyzsze
poziomy CORT (Fourie, 2015; Heimbiirge i in., 2019).

Warto zauwazy¢, ze wyniki uzyskane u dzikich jeleni szlachetnych na terenie
Nadlesnictwa Lubartow byly wyzsze w poréwnianu do hodowlanych jeleni iberyjskich
(Cervus elaphus hispanicus) w tej samej porze roku (Gaspar-Lopez i in., 2010).
Jak wskazuje dotychczasowa literatura, poziom CORT w osoczu podlega zaréwno
wahaniom dobowym, jak i rocznym (Suttie i in., 1995; Cassidy, 1996; Ingram i in., 1999).
Ingram i in. (1999) wykazali sezonowe wahania poziomu CORT w dos¢ szerokim zakresie
od 19 do 225 ng/mL u niekrgpowanych hodowlanych jeleni szlachetnych
(Cervus elaphus), przy czym wyzsze poziomy odnotowano w listopadzie w okresie
intensywnego przyrostu masy ciata po sezonie godowym. Obserwacje te potwierdzaja

wczesniejsze ustalenia zgtoszone przez Saltza i Whiteya (1991). Nasze wyniki sg rowniez
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zgodne z wynikami uzyskanymi przez Ingrama i in. (1999), mieszcza si¢ jednak w goérnych
granicach i najprawdopodobniej jest to zwigzane z okresem godowym, a nie przyrostem
masy ciata. Ponadto nalezy podkresli¢, ze specyfika gatunku i jego srodowisko zycia moga
wplywa¢ na poziomy CORT, a tym samym na sil¢ reakcji endokrynnej
(Gentsch i in., 2018; Ingram i in., 1999). Moze to wyjasnia¢ rozbieznosci w kontekscie
wynikow innych autoréw. Dotychczasowe badania nie potwierdzity zwigzku pomigdzy
poziomem CORT a wiekiem jeleniowatych (Reinhardt i in., 1990; Rehbinder, 1990;
Chapple i in., 1991; Huber i in., 2003; Kiiker i in., 2015; Barrell, 2019). Jednakze uzyskane
wyniki u danieli fermowych wykazaty, ze starsze samce majg wyzsze poziomy kortyzolu
we krwi (Dziki-Michalska i in., 2021) co potwierdzajg nasze badania przeprowadzone

na sarnach europejskich (Dziki-Michalska i in., 2023).
Kortyzol a parametry biochemiczne krwi

Wiadomo, ze stres ma bezposredni wplyw na zdrowie zwierzat, co moze znalez¢
swoje odzwierciedlenie w wynikach pomiaréw wskaznikoéw biochemicznych Kkrwi
(Zele i Vengust, 2020). Ponadto, jak juz wspomniano, poziom badanego CORT zalezy
rowniez od ogolnego stanu zdrowia. Uzyskane przez nas wyniki analizowanych
parametrOw biochemicznych oraz badanie po$miertne wykonanae przez lekarza
weterynarii nie wykazaly zadnych stanéw patologicznych/chorobowych u badanych
zwierzat. Przyjmujac za punkt odniesienia warto$ci uzyskane od saren pozyskanych na tym
samym obszarze, ale poza sezonem towieckim, samce charakteryzowaty si¢ o 16%
wyzszym poziomem TCHOL, 11% wyzszym poziomem UREA, 70% wyzszym poziomem
ALAT i 27% wyzszym poziomem TP. U samic za$, wykazano wyzszy 0 20% poziom
TCHOL, 20% wyzszy poziom UREA, 79% wyzszy poziom ALAT i 27% wyzszy poziom
TP (Karpinski i in., 2023). Sredni poziom LDH i TP u badanych saren byt wyzszy
w poréwnaniu z wynikami uzyskanymi przez Montané i in. (2003), gdzie chwytano
zwierzeta za pomoca sieci. Sredni poziom ALAT byl nizszy, zas URIC byt podobny
do poziomoéw oznaczonych u saren, ktorych nie poddano dziataniu chemicznych srodkow
uspokajajacych (Montané, 2003; Zele i Vengust, 2012). Poziom ALP byt poréwnywalny
do tego oznaczonego przez Zele i Vengusta (2012) oraz przez Montané i in. (2003).
Srednie stgzenie HSA w 0soczu bylo nieznacznie wyzsze od wartosci podanych
przez Ursache i in. (1980) u jeleni, przez Pav i in. (1975) oraz Zele i Vengusta (2012).
Uzyskane $rednie warto$ci parametrow biochemicznych krwi saren byly zauwazalnie

wyzsze niz u tosia (Alces alces) (Rostal i in., 2012) i jelenia axis (Axis axis)
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(Rehbinder, 1990), ale nizsze niz u jelenia szlachetnego (Cervus elaphus) (Marco i Lavin
1999). W badaniach na sarnach wykazano ujemna korelacje pomigdzy TCHOL i CORT,
podczas gdy w grupie wszystkich zwierzat stezenic HDLC bylo wysokie.

Wysoki poziom TCHOL u jeleniowatych moze prowadzi¢ do chordb uktadu
krazenia (Fourie i le Ouwerkerk, 1984). Ponadto TCHOL odgrywa kluczowa rolg
w buforowaniu ptynnosci zwierzecych blon komorkowych i wewnatrzkomérkowych,
co moze wplywa¢ na funkcje komorkowe kluczowych narzadéw, w tym mozgu.
Zaobserwowano, ze poziom TCHOL moze wptywaé na funkcje serotoniny
(Mostl i Palme, 2002). Hormony steroidowe, w tym testosteron, progesteron i estrogeny,
sg rowniez syntetyzowane z cholesterolu na poziomie biochemicznym (Sasaki i in., 2006;
Kuru i in., 2018), co z kolei jest $cisle zwigzane z sukcesem reprodukcyjnym i tworzeniem
poroza u samcoéw (Schnare i Fischer, 1987) oraz utrzymaniem cigzy u samic (Sasaki 1 in.,
2006). Ponadto wysoki poziom glukokortykoidow jest waznym czynnikiem stymulujacym
resorpcje tkanki kostnej i hamujgcym proces osteogenezy (Hillman i in., 1973;
Kleerekoper i in., 1997). Nalezy jednak podkresli¢, ze poziomy enzyméw watrobowych
uznaje si¢ za wskazniki fazy ostrej, a poziomy niektorych lipidow (np. TRIG) ulegaja
szybkim fluktuacjom w sytuacji stresowej (Dziki-Michalska i in., 2023). Wptyw roznych
czynnikéw na wahania pozioméw TCHOL i URIC w osoczu krwi zwierzat nie jest w pelni
poznany. Wiadomo, ze na stezenie TCHOL w osoczu wptywaja rdwniez stresory
emocjonalne, powodujac jego znaczny wzrost. Zatem wahania poziomu TCHOL
w surowicy moga by¢ regulowane przez nastr§] depresyjny badz agresje
(Tochigi i in., 2022). Wysoki poziom LDH w osoczu badanych saren nie jest zaskakujacy,
poniewaz jest to parametr szeroko stosowany jako marker diagnozujacy przyczyne
I miejsce uszkodzenia tkanek, a zwierzgta byly pozyskane na drodze odstrzatu. Wczesniej
wskaznik ten byt rowniez stosowany jako kryterium diagnostyczne podczas
monitorowania zawatlu mig$nia sercowego (Kaneko i in., 2008). LDH jest jednym
z najbardziej specyficznych markeréw uszkodzenia migsni szkieletowych u zwierzat,
dlatego tez wzrost jej aktywnosci w osoczu saren jest uzytecznym markerem uszkodzenia
miegsni po strzale (Karpinski i in., 2023; Goddard i in., 1997). Dotychczasowe doniesienia
wskazuja, ze aktywno$¢ enzymow migsniowych: ALAT, ASAT oraz LDH wzrasta
podczas chwytania i manipulacji u dzikich zwierzat kopytnych w wyniku zwiekszonej
przepuszczalnosci komorek migsniowych i ich uszkodzenia (He i in., 2014; Bender, 2003;
Lopez-Olvera i in., 2007). Z uwagi na wymienione czynniki, istotne jest rozwazenie metod

unieruchamiania zwierzat oraz metodyki i czasu pobierania probek krwi do analizy
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biochemicznych (Johnson i in., 2010). Nalezy jednak podkresli¢, ze zaré6wno zmiany
endokrynologiczne jak i metaboliczne mogty by¢ efektem stresu i odpowiedzi organizmu
na intensywny bodziec negatywny, ktorym moze by¢ polowanie z podchodu oraz fizyczny
bol zwigzany z postrzatem przekladajgcy sie na $mier¢ organizmu (Goddard i in., 1997;
Dziki-Michalska i in., 2023).

Srednie poziomy wigkszoéci parametréw biochemicznych nie roznity sie istotnie
pomiedzy grupami badanych jeleni szlachetnych. Istotng réznice stwierdzono w $rednim
poziomie HDLC, ktéry byt prawie trzykrotnie wyzszy u tan. Z kolei wyzsze poziomy
LDLCHOL, LDH, ALAT i GGTP w osoczu krwi tan niz we krwi bykéw nie ro6znity
si¢ istotnie statystycznie. Nieznaczne réznice stwierdzono w poziomach ALP, BIL
I ASAT, ktore byly wyzsze w probkach krwi bykow. Wysoki poziom frakcji cholesterolu
moze by¢ zwigzany z faktem, ze zwiazki te biora udzial w syntezie hormondow
steroidowych, ktore sa waznym ogniwem w regulacji proceséw fizjologicznych
w organizmie (Miller, 2010; Yi i in., 2020). Badania przeprowadzone na samcach jelenia
iberyjskiego (Cervus elaphus hispanicus) w dwoch réznych populacjach o wysokim
1 niskim poziomie konkurencji wewnatrzplciowe] wykazaty dodatnig korelacj¢ pomigdzy
poziomami testosteronu i metabolitéw kortyzolu w kale, ale takze znaczaca interakcje
wskazujaca, ze zwigzek ten wystepuje intensywniej w populacji charakteryzujacej
si¢ wysokim poziomem konkurencji o partnerke. Wyniki te potwierdzajg pozytywna
relacj¢ pomiedzy obydwoma hormonami w warunkach naturalnych i jednocze$nie,
ze powodem tego jest konkurencja migedzy samcami o tanie (De la Pefia 1 in., 2021).
Nalezy zauwazyC, ze jelenie szlachetne w naszym badaniu pozyskiwano w okresie
godowym, co niewatpliwie miato wptyw na poziomy parametrow biochemicznych Krwi.
Poziom testosteronu w jadrach dzikich jeleni we wrzesniu jest 1000-krotnie wyzszy niz
w pozostatych miesigcach (Lincoln, 1971). Fizjologicznie testosteron jest syntetyzowany
z cholesterolu. Dotychczas wykazano, ze te dwa parametry sa ze sobg dodatnio
skorelowane (Gutai i in., 1981; Freedman i in., 1991). Z kolei wysokie st¢zenia
poszczegblnych frakcji cholesterolu w osoczu jelenia szlachetnego moga powodowac
powazne konsekwencje zdrowotne (Kawtikwar i in., 2010). Wreszcie utrzymanie
dominujacej pozycji samca w stadzie Qeneruje bardzo silng reakcje stresowa
(Bartos i Bubenik, 2010), co moze mie¢ odzwierciedlenie w analizowanych parametrach.

Podwyzszone poziomy CORT i LDH wskazujg na potencjalne uszkodzenia migéni
spowodowane urazem (Ursache i in., 1980; Nuvoli i in., 2014). Ponadto na poziom

parametrow biochemicznych moze wplywacé odzywianie jeleniowatych
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(Catanese i in., 2013). Jelenie szlachetne pozyskiwano w czasie rykowiska — okresie
godowym, w ktorym drastycznie ograniczajg one spozycie pokarmu (Carranza i in., 1996).
Ten wymuszony post najprawdopodobniej prowadzi do spadku niektorych parametrow
biochemicznych (TCHOL, HDLC, LDLCHOL, LDH, TP, GGTP) u bykéw, ale nie u tan,
ktore nie przejawiajg typowego dla samcow zachowania (Mysterud i in., 2008). Ponadto
nalezy podkresli¢, Zze rdéznica w czasie od odstrzatu do $mierci zwierzat moze mie¢ wpltyw
na wyniki parametréw biochemicznych w surowicy krwi. Wykazane w naszym badaniu
warto$ci poszczegolnych parametrow U jeleni szlachetnych byly wyzsze niz te podane
przez innych badaczy dla jeleni szlachetnych  utrzymywanych fermowo
(Bari¢ i in., 2011; Szab6 i in., 2013; Abdulkareem i in., 2020; Tajchman i in., 2023)
i zalezaly od rodzaju zastosowanej metody znieczulenia/unieruchomienia
i/lub  zastosowanych $rodkow uspokajajacych uzytych do ich obezwladnienia
(Marco i Lavin, 1999). Nasze wyniki nie sg zgodne z warto$ciami uzyskanymi przez Rosef
I in. (2004), ktorzy wykazali wyzsze poziomy ALAT, GGTP, LDH, UREA, TCHOL i
TRIG oraz nizsze poziomy TP, HSA i BIL u dzikiego Cervus elaphus atlanticus, ktorego
poddano farmakologicznemu unieruchomieniu. Uzyskane wyniki wykazaty, ze poziom
CORT w osoczu byt ujemnie skorelowany z poziomem UREA oraz BIL w grupie samcow,
a tylko z UREA w grupie samic. Warto zauwazy¢, ze poziom UREA moze by¢ posrednio
zalezny od pory roku, a bezposrednio od braku dostepu do pokarmu, co wykazano
wczesniej zarowno u owiec (Cocimano i Leng, 1967), jak i u jeleniowatych
(DelGiudice i Seal, 1988; Saltz i White, 1991). Niedozywienie prowadzi do katabolizmu
bialek i rozpadu tkanek, co odzwierciedla si¢ we wzro$cie poziomu UREA we Krwi
zwierzat (Nieminen 1 Timisjérvi; 1983). W naszym badaniu uzyskano znacznie wyzsze
wartosci UREA u wszystkich analizowanych jeleni szlachetnych w pordéwnaniu
z wynikami uzyskanymi przez Rosef i in. (2004) dla zwierzat zyjacych na wolnosci,
co moze by¢ zwigzane z ubogim spozyciem biatka na skutek braku pobierania pokarmu
w okresie godowym (Feng i in., 2022).

Fizjologicznie wzrost poziomu UREA obserwowany jest w reakcji organizmu
na stres, zwigkszonego katabolizmu oraz stanow pourazowych (Winnicka, 2015). Jednak
w naszych badaniach zaobserwowano nizsze wartosci UREA, co moze wskazywaé na to,
ze reakcja poziomu tego parametru w odpowiedzi na stres spowodowany polowaniem jest
wolniejsza w porownaniu do szybkiego wzrostu poziomu CORT. Inng przyczyna niskich
wartosci UREA moze by¢ sezonowa zmiana diety zwierzat przed okresem zimowym,

kiedy dominuje roslinno$¢ uboga w biatko 1 bogata w weglowodany, a jak powszechnie
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wiadomo, poziom bialka paszy wplywa na poziom plazmatycznego UREA.
Udokumentowano rowniez, ze w czasie cigzy wzrasta wspotczynnik filtracji klebuszkowej
nerek, co powoduje zwickszong produkcje tego parametru (Mamoulakis i in., 2024).
W badaniu tym nie oceniano statusu fizjologicznego w kontekScie potencjalnej cigzy
samic, jednakze biorac pod uwagg okres rykowiska, mozna zatozy¢, ze ponad 80% samic
moglo by¢ w ciagzy (Vilela i in., 2020). Stres zywieniowy moze mie¢ rowniez wpltyw
na poziom BIL, co wykazano w badaniach na zajgcu wielkouchym (Lepus californicus)
(Henke i Demarais, 2016). Dodatkowo uzyskane wyniki wykazaty silng ujemng korelacj¢
pomigdzy analizowanymi parametrami biochemicznymi we krwi jeleni. Wzrostowi
poziomu CORT towarzyszyt spadek poziomu BIL. W grupie jeleni stwierdzono rowniez
dodatnig korelacje miedzy CORT i ASAT. ASAT jest enzymem bezposrednio
powigzanym z tkanka mig$niowa. Jego zwigkszona aktywno$¢ jest zwigzana
z uszkodzeniem migsni (Fitte, 2017; Simeonova i Kalkanov, 2020). Enzym ten wskazuje
rébwniez choroby watroby, poniewaz jego poziom wzrasta przy jej marskosci, CO Staje
si¢ widoczne w badaniach Klinicznych (Craig i in., 1991). Wzrost poziomu ASAT moze
by¢ spowodowany zaprzestaniem pobierania paszy przez jelenie w okresie godowym
(Dziki-Michalska i in., 2024a). W badaniach nad jeleniami szlachetnymi niski poziom TP
I TRIG potwierdzaja zmniejszone pobieranie pokarmu przez zwierzgta w okresie
godowym, poniewaz oba te parametry s3a uwazane za markery niedozywienia
(Soveri i in., 1992; Serrano i in., 2008; Kamphues i in., 2014). Roéwniez ujemna korelacja
miedzy CORT a UREA w grupach jeleni, tan i w grupie wszystkich zwierzat razem nie jest
zaskakujgca, poniewaz UREA jest uwazany za marker dlugotrwatego stresu
(Glantzounis i in., 2005). Nalezy podkresli¢, ze wyniki te sa bezposrednio powigzane
z okresem godowym, tj. okresem pobierania probek, ktory byt dlugotrwatym negatywnym
bodzcem dla zwierzat. W grupie badanych fan stwierdzono ujemna korelacje miedzy BIL
a ich wiekiem. Niemniej jednak stezenie BIL bylo podobne do tego okreslonego przez
Alhuaya i in. (2011) u jelenia wirginijskiego (Odocoileus virginianus), lecz nizsze
od okreslonego przez standard ISIS (International Species Information System, 1999).
Jednakze poziomy BIL zaleza od wielu czynnikow, np. szerokosci geograficznej, klimatu
czy metod oznaczania (Alhuay i in., 2011).

Podsumowujac, poziom dobrostanu zwierzat dzikich zalezy od mnogosci
czynnikéw zewnetrznych i wewnetrznych. Czynniki wewngtrzne obejmujg ogodlny stan
zdrowia zwierzecia i wpltyw stresorow S$rodowiskowych, np. pora roku, dostgpnos¢

pozywienia,  rozrdd, obecnos¢ drapieznikow  czy  aktywno$¢  towiecka
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(Ranabir i Reetu, 2011). Zatem roznice w poszczegdlnych wartoSciach moga wynikac
nie tylko z fluktuacji CORT we krwi, ale takze z ogélnej wrazliwosci gatunku
czy osobnika oraz wptywu klimatu, w ktérym zyja badane zwierzeta (Vilela 1 in., 2020).
Czynniki te moga wptywa¢ na sktad biochemiczny krwi oraz szlaki metaboliczne,
ostabiajac sile odpowiedzi immunologicznej i tym samym zwigkszajac ryzyko chordb
zakaznych. Dlatego zaré6wno niedobdr, jak i nadmiar CORT majg negatywny wplyw
na stan fizjologiczny zwierzat (Koolhaas i in., 1999; Cockrem, 2012). Niemniej jednak
nalezy wzig¢ pod uwage, ze rozbiezno$ci w poszczegolnych badaniach mogg wynikad
z roznic w czynnikach §rodowiskowych, np. klimatu panujacego w siedliskach badanych
populacji, metod pobierania materialu biologicznego do analiz (Ballesteros, 1998;
Huber i in., 2003; Topal i in., 2010) czy tez zageszczenia populacji zwierzat dzikich
(Caslini i in., 2016).

W badaniu prowadzonym na sarnach na uwagg zashuguje korelacja pomigdzy masa
tuszy a ALP u samic. Wiadomo, ze wyzsze poziomy ALP s3a typowe dla mtodych,
rosnacych zwierzat (Knowles 1 in., 2000). Mozliwe sg zatem dwa wyjasnienia uzyskanego
wyniku: samice sarny byly milodsze od samcow 1 jest wysoce prawdopodobne,
ze wigkszo$¢ z nich mogta by¢ w cigzy (Kunkel i in., 1953). Nie mozemy potwierdzi¢
z calag pewnoscig cigzy u samic poniewaz u saren wystepuje tzw. cigza utajona
w poczatkowym jej okresie trwania (Sirotkin, 2016).

Dotychczas przeprowadzone badania nie potwierdzily zwigzku pomiedzy
poziomem CORT a wiekiem jeleniowatych (Reinhardt i in., 1990; Rehbinder, 1990;
Chapple i in., 1991; Huber i in., 2003; Kiiker i in., 2015; Barrell, 2019). Jednakze badania
na danielach hodowlanych (Dama dama) wykazaty, ze starsze samce maja wyzsze
poziomy CORT we krwi, co potwierdzaja nasze badania na dzikich sarnach
(Dziki-Michalska i in., 2023). Ponadto specyfika gatunku i jego srodowisko zycia moga
wplywac na poziomy CORT, a tym samym na sit¢ reakcji endokrynnej (Ingram i in., 1999;
Gentsch 1 in., 2018), co moze wyjasnia¢ rozbieznosci w wynikach uzyskanych
przez innych autorow.

W badaniu prowadzonym na jeleniach szlachetnych analizie rowniez poddano wiek
1 mas¢ tuszy w odniesieniu do parametrow biochemicznych. W grupie badanych tan
stwierdzono dodatnig korelacje masy tuszy oraz HDLC. Jest to zjawisko niepokojace, gdyz
badane tanie byly stosunkowo mlode, a wiadomo, Zze hormony steroidowe zenskie
sa syntetyzowane z cholesterolu, ktéorego odpowiedni poziom wptywa na prawidlowe

procesy rozrodu u tego gatunku (Kuru i in., 2018; Kotlarczyk i in., 2021). Dodatkowo
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ujemna korelacja CORT z masg tuszy wskazuje, ze im wyzsze stezenie CORT we Kkrwi
jelenia szlachetnego, tym nizsza masa tuszy, co moze mie¢ bezposredni wplyw
na kondycje zwierzat (Mostl 1 Palme, 2002).

W badaniu prowadzonym na samcach sarny europejskiej, gdzie analizowano
poziom CORT w siersci potwierdzono brak zwigzku pomigdzy masa tuszy zwierzat,
wiekiem i poziomem CORT w siersci, co bylo juz wskazywane przez innych badaczy
(Ventrella i in., 2018; Caslini i in., 2016).

Kortyzol w siersci

Uzyskane wyniki analizy stezenia CORT w siersci saren europejskich zebranych
w maju s3 zgodne ze $rednimi wynikami uzyskanymi przez Ventrella i in. (2020)
w czerwcu. Jednak koncentracja CORT w okrywie wlosowej zebranej we wrze$niu roznita
si¢ od tego doniesienia (Ventrella, 2020). Nasze badania wskazaly na znacznie wyzszy
poziom CORT w siersci saren pod koniec sezonu towieckiego 1 jednocze$nie
po zakonczeniu sezonu godowego, ktéry przypada na przetom lipca i sierpnia. Tozsame
wyniki odnotowano rowneiz u innych gatunkow (Martin i Réale, 2008). Z kolei badania
przeprowadzone we Wloszech na sarnach, ktore poniosty $mieré wskutek zderzen
z samochodami, nie wykazaly zadnej korelacji pomiedzy miesigcem pobrania proby
a poziomem CORT w siersci tych zwierzat, jednocze$nie wyniki byly nieznacznie wyzsze
od uzyskanych w naszych wtasnych badaniach (Franchini i in., 2023).

Nalezy podkresli¢, ze obecnie nie ma wartosci referencyjnych, do ktoérych mozna
by odnie$¢ wyniki uzyskane w naszym badaniu. Jednakze inni badacze wykazali znacznie
wyzsze stezenia CORT w siersci jelenia szlachetnego (Caslini i in., 2016) lub tosia (Keogh
i in., 2023). Rozbieznosci te wynikaja najprawdopodobniej z réznic gatunkowych, a takze
czynnikdw Srodowiskowych, takich jak klimat, zwigkszona presja drapieznikow
lub zageszczenie populacji na obszarze, na ktorym bytujg zwierzeta (Caslini 1 in., 2016).
Franchini i in. (2023) wskazali, ze wyzsze stezenia CORT p6znym latem i jesienig moga
by¢ charakterystyczne dla obszaréw o zimnym klimacie, a Huber i in. (2003) potwierdzili
w swoich badaniach wyzsze poziomy CORT w miesigcach charakteryzujacych
si¢ nizszymi temperaturami. Rakic i in. (2023) podkreslili, ze koncentracja CORT w siersci
ziwerzat waha si¢ w ciggu roku 1 jest zalezna od czasu zmian okrywy wtosowej - zwigksza
si¢, gdy wlosy nie rosng (faza spoczynku), co potwierdzity badania przeprowadzone
na wilkach szarych (Canis lupus) (Pereira i in., 2022) i zajacach amerykanskich

(Lepus americanus) (Lavergne i in., 2020). Nasze badania wskazuja jednak, ze poziom
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CORT byt istotnie wyzszy we wrze$niu w porOwnaniu z miesigcem majem. Podstawowym
czynnikiem, ktory moze mie¢ wptyw na wzrost poziomu stresu u samcOw sarny, oprocz
trwajacego sezonu towieckiego, jest okres godowy. Zachowania terytorialne u sarny
europejskiej pojawiajg si¢ wraz z nadejSciem wiosny, osiggajac szczyt w okresie rui.
Woéwezas samce wykazuja nasilone zachowania terytorialne, charakteryzujace
si¢ zwigkszong agresja (Hoem i in., 2007), co moze mie¢ wplyw na nasze wyniki.
Dotychczasowe badania przeprowadzone na jeleniowatych potwierdzajg, ze ruja jest dla
nich okresem szczegdlnie stresujgcym (Rehbinder i in., 1982; Huber i in., 2003;
Gentsch i in., 2018). Na wzrost CORT w siersci moga mie¢ rowniez wplyw negatywne
czynniki $rodowiskowe, w tym klimat, temperatura otoczenia czy duze zageszczenie
gatunku na danym terenie (Malherbe, 2019; Caslini i in., 2016; Spong i in., 2020;
Tajchman i in., 2020; Tajchman i in., 2021). W badanym rejonie $rednie temperatury
dla miesigcy objetych analizami wynosity: maj: 9-16°C, czerwiec: 16-26°C,
lipiec: 15-23°C, sierpien: 10-32°C, wrzesien: 9-19°C
(https://www.meteoatlas.pl/polska/kozlowka). Mozna zatem wnioskowaé, ze warto$¢
temperatury dla wyzej wymienionych miesigcy mogta by¢ dodatkowym negatywnym
czynnikiem powodujacym stres cieplny (Boon, 2019), poniewaz w przypadku tosia (Alces
alces) gorna granica temperatury, ktora nie powoduje stresu cieplnego u tego gatunku
wynosi 14°C w miesigcach letnich (Renecker i Hudson, 1986), a to$ jest doskonatym
przyktadem zwierzecia wrazliwego na maksymalne temperatury w kazdej porze roku
(Boone, 2019).

Waznym czynnikiem wplywajagcym na dobrostan sarny jest rOwniez zageszczenie
populacji jelenia szlachetnego w jej siedliskach. Wielu autorow wskazuje, ze wysokie
zageszczenie tego gatunku moze negatywnie wplywaé na populacje sarny, przede
wszystkim przez wzglad na konkurencje pokarmowa (Storms i in.,, 2008;
Richard i in., 2010; Borkowski, 2021). Nalezy zatem wzigé¢ pod uwage, ze potencjalne
interakcje tych dwoch gatunkéw mogg prowadzi¢ do zwigkszonego wyrzutu kortyzolu
u sarny, zwlaszcza gdy oba gatunki dzielg te same siedliska (Franchini i in., 2023). Jednak
na badanym terenie zageszczenie jelenia prawdopodobnie nie miato negatywnego wptywu
na populacje sarny europejskiej, gdyz ksztaltowato si¢ na poziomie 16,03 osobnikow
na 1000 ha powierzchni lesnej (https://lubartow.lublin.lasy.gov.pl/). Zgodnie z zaleceniami
Polskiego Zwiazku Lowieckiego powinno ono oscylowa¢ w granicach 15-35 osobnikow
na 1000 ha powierzchni lesnej — takie wartosci pozwalaja na prowadzenie racjonalnej

gospodarki towieckiej (Polskie Prawo Lowieckie). Warto podkresli¢, ze nizsze poziomy
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CORT u roéznych gatunkéw, w tym saren, sa typowe dla cieplejszych miesigcy — stezenie
CORT wzrasta od wczesnej wiosny do poéznego lata (Bacci i1 in., 2014;
Ventrella i in., 2020; Borkowski i in., 2021), co kontrastuje z naszymi wynikami. Waznym
jest rowniez, ze wysokie st¢zenie androgendw w okresie rui u saren moze mieé wpltyw
na poziomy CORT wywotane stresem (Boswell i in., 1994; Handa i Weiser, 2014), chociaz
zwigzek pomiedzy CORT a testosteronem moze by¢ zauwazalny ze wzglgdu na sezonowe
wahania obu tych hormonow (Ventrella i in., 2020).

Wysoka s$rednia warto§¢ CORT u samcow w okresie letnim byla
najprawdopodobnigj spowodowana  sezonem  godowym i  towarzyszacym
mu charakterystycznym zachowaniem seksualnym zwierzat. Dwoma silniejszymi
predyktorami pozioméw CORT u saren byty wiek i stezenie URIC. Jednak wnioski musza
zosta¢ rozszerzone o dalsze badania. Okres godowy, ktory charakteryzuje si¢ zwigkszong
aktywnos$cig oraz zmiang diety i stanu fizjologicznego zwierzat miat dodatkowy wptyw
na niektére parametry biochemiczne. Wyzsze st¢zenie CORT wywarlo negatywny wptyw
na mas¢ tuszy, co moze determinowac pogorszenie ogdlnego stanu zdrowia zwierzat.
Stezenie CORT w sierSci samcOw sarny europejskiej byto istotnie wyzsze u zwierzat
pozyskanych pod koniec sezonu polowan z podchodu, jednak nie korelowato z wiekiem
ani masg tuszy. Zatem powtarzajgce si¢ narazenie populacji jeleniowatych na aktywno$é
lowiecka przeklada si¢ na intensyfikacje stresu, co moze mie¢ istotne implikacje
dla zréwnowazonego rozwoju i ochrony tej rodziny zwierzat. Zardwno stres ostry jak
1 przewlekty moze wptywac¢ na dynamike populacji poprzez zmian¢ zachowan zwigzanych
z karmieniem i rozrodem, dobrostan zwierzat, a ostatecznie wypaczac procesy ewolucyjne,
zmieniajac indywidualng adaptacje i selekcje.

Warto podkresli¢, ze badania na zwierzetach lownych sg limitowane ze wzgledu
na sezon polowan — pozyskanie zwierzat dzikich jest mozliwe jedynie zgodnie
z kalendarzem polowan, a kazdy sposob unieruchomiania zwierzat dzikich bedzie
powodowat stres, stad brak jest odniesieh do warunkow bezstresowych (grupa kontrolna

jest niemozliwa do utworzenia).
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WhniosKi

Badania potwierdzily zalozong hipoteze badawcza.

Sezon polowan z podchodu wywiera stres krotko- 1 dhlugotrwalty u wybranych

jeleniowatych, w wyniku czego nastgpuje zaburzenie dobrostanu badanych zwierzat.

Whioski szczegotowe

1.

Wysokie $rednie wartosci CORT u samcéw saren europejskich pozyskanych
w okresie letnim (58,066 ng/mL) w poréwnaniu z samicami pozyskanymi jesienig
(27,694 ng/mL) wynikaty najprawdopodobniej z okresu godowego i zwigzanych

z nim charakterystycznych zachowan zwierzat.

Poziom CORT w osoczu jeleni szlachetnych pozyskanych podczas polowan
z podchodu byt zblizony zar6wno u samcéw 1 samic (odpowiednio: 20,216 ng/mL

i 21,564 ng/mL).

Wzrost stezenia CORT u saren europejskich i jeleni szlachetnych wplywat
na wybrane parametry biochemiczne krwi, co wskazuje na wrazliwo$¢ badanych

gatunkow na czynniki stresowe.

Dwa z silniejszych predyktorow poziomu CORT u saren europejskich to wiek

1 stezenie kwasu moczowego.

Wyzsze stezenie CORT wptywato niekorzystnie na mase¢ tusz saren europejskich

1 jeleni szlachetych, co moze wskazywac na pogorszenie kondycji ogélnej zwierzat.

U saren wykazano dziatanie stresu dlugotrwatego pod koniec okresu polowan

z podchodu.
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Physiological response of roe deer (Capreolus S
capreolus) during stalking hunts depending
on age

Katarzyna Dziki-Michalska', Katarzyna Tajchman'™ and Sylwester Kowalik?

Abstract

Background The European roe deer (Capreolus capreolus) is a species particularly reactive to all kinds of negative
stimuli. Hunting activity is one of the most potent stressors that disturbs the welfare of wild animals. During stress,
various endocrine responses are elicited to improve the physical performance of the affected individual. A commonly
assessed hormone for overcoming stressful situations is cortisol (CORT). In this study, plasma CORT levels in roe deer
were assessed during the season of the most intense stalking hunts in Poland (summer vs. late autumn), the sex of
the harvested animals (males vs. females), and age of harvest animal. In addition, the health status of the roe doe was
evaluated on the basis of selected indices of blood chemistry, which could be associated with circulating cortisol
levels.

Results The mean cortisol levels were 58.066 ng/ml in the male group (summer) and 27.694 ng/ml in the female
group (late autumn). Higher CORT levels were associated with a significantly lower of total cholesterol, lactate
dehydrogenase, and uric acid (p <0.05). Moreover, the mean concentration of uric acid was negatively correlated with
the level of CORT in the male and female groups (p < 0.05). Together with the increase in mean CORT level, the HDL
cholesterol of all the tested animals increased significantly (p <0.05).

Conclusions Higher CORT in males during the summer than in females during the late autumn were most likely due
to the arousal with the mating season. The level of CORT increased with the animals'age. Uric acid and age are both
predictors of roe deer’s serum CORT level.
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Background
The European roe deer population is large (over 900.000
individuals in the 2021/22 season) [1], and it is a popular
species for hunting in Poland (over 200.000 individuals
shot in the 2021/22 season) [1]. In the face of situations
perceived as a threat, its behavioral response includes
increased vigilance, immobility, and escape. Vertebrates
are sensitive to all kinds of stress stimuli, to which they
show a neuroendocrine response. Reimosers’ [2] research
showed that the reactions of roe deer towards such stim-
uli were brief and strong, whereas red deer showed less
obvious but persisting reactions. In addition, roe deer
show greater impetuousness compared to other cervidae
[3, 4]. Negative events, including both endogenous and
exogeneous stimuli, can active an endocrine response,
which includes the release of corticosteroid hormones
from the adrenal cortex into the bloodstream. This
enables the body to take quick action aimed at eliminat-
ing and avoiding the impact of the stimulus [5-7]. It is
well-known that a short-term stressor has a mobilizing
effect (e.g., escaping a predator, moving toward a ref-
uge) on the body and is essential for survival in times of
danger [8]. Cortisol (CORT) is one of the most common
stress markers in animals. There are many ways to mea-
sure this hormone, including in saliva, blood, feces, urine,
or hair [9]. However, with hair we can characterize only
long-term stress [10, 11], and in feces only an integrated
measurement over a certain amount of time of stressor
reaction can be acquired; for roe deer, this can be 18 h
[12] or 12 h [13]. The analysis of saliva and blood allows
us to obtain reliable information to determine worsen-
ing short-term stress. However, collecting saliva from
free-living animals is problematic because the effect of
immobilization would likely increase the stress response
[14-16]. A good method is rapid postmortem blood sam-
pling, in which the CORT level reflects the severity of
stress [7, 17—-19]. The level of CORT in the bloodstream
directly affects the blood’s biochemical parameters, and
these, in turn, reflect the animal’s welfare state. Previ-
ous studies confirmed that exposure of an organism to
acute stress negatively affects the immune system [20,
21], which in turn increases its susceptibility to various
diseases [22]. Hunting is widely recognized as one of the
most potent factors which causes repeated and long-term
stress in animals [12]. Consequently, all such negative
stimulators can affect their growth and development and
thus transpose into their individual reproductive suc-
cess [18-20, 23-25]. It is therefore vital that the subject
of welfare is no longer considered only in the context
of farm animals, but also applied to free-living animals,
especially in relation to rationally conducted hunting
management [17].

The results of the research that has been conducted on
the seasonality of changes in CORT levels are divergent.
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In cervids, increased CORT levels are typical in the win-
ter [15, 24, 26-29]. However, recent reports indicate an
increased concentration of this hormone in deer during
the growth and mineralization of antlers, ie., in early
spring and late summer [30-32]. It is likely related to spe-
cies differences and sensitivity to climatic factors [26].
The effects of sex and age on CORT levels and blood bio-
chemistry remain unresolved. Comparative studies do
not show a statistically significant difference in CORT
levels between female and male deer [15, 26, 33-35]. It is
presumed that negative environmental stimuli are more
important for CORT fluctuations [17]. Moreover, some
pathological conditions, such as the clinical and subclini-
cal states of many diseases, affect the levels of CORT in
ruminants [36-39]. Similarly, as shown previously, the
differences in breeding conditions of farmed deer sig-
nificantly influence a number of blood constituents and
hormones [36]. Importantly, in all cases, the most com-
monly used methods of their detection are blood tests,
e.g., the level of selected morphological and biochemical
parameters.

Collective or individual hunting, as well as frequent
presence of hunters on the hunting grounds, directly
influences the intensity of the hormonal reaction in cer-
vids [12], which may have a negative impact on their
welfare. Bateson and Bradshaw [40] showed that hunt-
ing arrows cause physiological effects in red deer (Cervus
elaphus), such as an increase in the level of markers of
skeletal muscle damage and changes in the concentration
of B-endorphin.

Active hunting events using hounds or involving large
numbers of hunters generate a more intense endocrine
reactions and metabolic demands on the body.Current
research clearly shows that stalking is the least stress-
ful deer hunting technique, where one well-aimed shot
can result in the quick death of the animal [12, 17, 41],
but there are few reports on its impact on roe deer, the
species that is the least resistant to stress among game
animals.

This research aimed to assess plasma CORT levels in
roe deer (Capreolus capreolus) depending on: (1) the sea-
son of the most intense stalking hunts in Poland (summer
vs. late autumn); (2) related to the hunting season sex of
the harvested animals (males vs. females) related to the
hunting season; and (3) the age of the harvested animals.
In addition, the fourth aim was to evaluate several indi-
ces blood chemistry, which reflect the animal’s general
health and may be associated with the circulating level of
cortisol.

Results

Males had a mean carcass mass of 18.563 kg and were on
average 2 years older than females, whose average car-
cass mass was 16.895. The mean CORT level in males
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Table 1 Carcass mass, age, and blood chemistry indicesmales
and females roe deer
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Table 3 Lack of association of the levels of blood chemistry
indices with carcass mass and age of roe deer in total

Indicator Males (n=16) Females (n=19) Analyzed parameters Carcass mass Age

M SD M SD rs p rs p
CM [kg] 18.563 1.364 16.895 2.998 CORT [ng/ml] -0.010 0953 0329 0.053
A [years] 5813 2.104 3632 1.300 TCHOL [mg/dL] 0.099 0572 -0.108 0.534
CORT [ng/ml] 58066  21.968 27.694 17.470 HDLC [mg/dL] 0.064 0712 0.142 0414
TCHOL [mg/dL] 61.750 12741 65.000 15.173 TRIG [mg/dL] -0.231 0.181 -0326 0.055
HDLC [mg/dL] 21.063 7.007 17.074 8.528 LDH [U/L] -0.328 0.054 -0.449 0.006*
TRIG [mg/dL] 185938  71.207 200474 58229 UREA [mg/dL] 0.106 0542 -0.103 0.553
LDH [U/L] 1181.250 878.189 6203.895 2402976 ALT [U/L] -0.025 0.886 -0.028 0.872
UREA [mg/dL] 75450 13293 84.684 27.909 URIC [mg/dL] 0.097 0575 -0.156 0.368
ALT [U/L] 236487 180672 342126 232615 ALP [U/L] -0.274 0.111 -0.184 0.288
URIC [mg/dL] 6.137 3911 7.647 3.753 TP [g/dL] 0.161 0355 0035 0.838
ALP [U/L] 135.163 173385 141416 86.453 HSA [g/dL] 0.071 0.685 -0.065 0.707
TP [g/dL] 8.063 1.0626 8.053 1.079 CORT- cortisol, TCHOL- total cholesterol, HDLC- cholesterol HDL, TRIG-
HSA [g/dL] 3750 04472 3632 0496 triglycerides, LDH- lactate dehydrogenase, UREA- urea, ALT- alanine

CM- carcass mass, A- age, CORT- cortisol, TCHOL- total cholesterol, HDLC-
cholesterol HDL, TRIG- triglycerides, LDH- lactate dehydrogenase, UREA- urea,
ALT- alanine aminotransferase, URIC- uric acid, ALP- alkaline phosphatase, TP-
total protein, HSA- albumin, M-mean, SD- standard deviation

was 58.066 ng/mL, approximately 2 times higher than in
females (27.694 ng/mL), but the lactate dehydrogenase
(LDH) level was higher in females (6203.895 U/L) than
in males (1181.250 U/L). There were no differences in the
other blood chemical values between males and females,
except for alanine aminotransferase (ALT) being higher
in females (342.126 U/L) than in males (236.487 U/L)
(Table 1).

The strength of the association between CORT and the
blood chemistry was examined for all deer considering
the data from both females and males. Mean total cho-
lesterol (TCHOL) and LDH decreased significantly with
increased CORT in plasma from all roe deer (respec-
tively, rs = -0.416, p=0.012 and rs = -0.381, p=0.024),
but mean cholesterol HDL (HDLC) increased signifi-
cantly (rs=0.445, p=0.007). The mean uric acid (URIC)

Table 2 Association of cortisol and blood biochemistry in roe deer

aminotransferase, URIC- uric acid, ALP- alkaline phosphatase, TP- total protein,
HSA- albumin, rs- Spearman rank-order correlations, * statistically significant
values at p<0.05

concentration was significantly negatively correlated with
CORT levels in males (rs = -0.767, p<0.001) and females
(rs = -0.472, p=0.040), and in all animals tested together
(rs =-0.618, p<0.001) (Table 2).

The mean level of LDH decreased with increasing
age (rs = -0.449, p=0.006) in the researched animals
(Table 3).

There was no significant relationship between blood
chemistry values, carcass mass and age in the male group
(Table 4).

In the group of females, a significant decrease in mean
alkaline phosphatase (ALP) concentration was noted with
increased carcass mass (rs = -0.576, p=0.009) (Table 5).

In order to determine the influence of selected vari-
ables on the CORT concentration, a regression analysis
was performed (Table 6). The resulting model was found
to be a good fit to the data (F=13.024, p<0.001). Statisti-
cally significant predictors in the model were both URIC

Analyzed parameters CORT

Males (n=16) Females (n=19) All animals (n=35)

rs p rs p rs p
TCHOL [mg/dL] -0.446 0.082 -0.356 0.134 -0416 0.012*
HDLC [mg/dL] 0408 0.116 0.144 0.554 0445 0.007*
TRIG [mg/dL] -0.312 0.239 0173 0477 -0.079 0.650
LDH [U/L] 0.038 0.888 0372 0.117 -0.381 0.024*
UREA [mg/dL] -0.100 0712 0.307 0.201 -0.005 0973
ALT [U/L] 0.232 0.386 0.307 0.201 0.170 0328
URIC [mg/dL] -0.767 <0.001* -0472 0.040* -0618 <0.001*
ALP [U/L] -0.382 0.143 0.008 0.971 -0.270 0.115
TP [g/dL] -0.199 0458 -0.367 0.121 -0.222 0.199
HSA [g/dL] -0.375 0.151 -0.239 0324 -0.152 0.382

CORT- cortisol, TCHOL- total cholesterol, HDLC- cholesterol HDL, TRIG- triglycerides, LDH- lactate dehydrogenase, UREA- urea, ALT- alanine aminotransferase, URIC-
uric acid, ALP- alkaline phosphatase, TP- total protein, HSA- albumin, rs- Spearman rank-order correlations, * statistically significant values at p<0.05
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Table 4 Association of the levels of blood chemistry indices and
carcass mass and age of males

Analyzed parameters Carcass mass Age
rs p rs p

CORT [ng/ml] -0.229 0.393 0.056 0834
TCHOL [mg/dL] 0.161 0.549 0202 0452
HDLCHOL [mg/dL] -0.077 0775 -0.190 0480
TRIG [mg/dL] -0.112 0678 -0251 0346
LDH [U/L] -0.161 0551 0208 0438
UREA [mg/dL] 0441 0.087 0380 0.146
ALT [U/L] -0.406 0.118 0.091 0.737
URIC [mg/dL] 0.112 0678 0.148 0586
ALP [U/L] 0.364 0.165 0.146  0.589
TP [g/dL] -0.134 0620 0.147 0584
HSA [g/dL] -0.145 0591 -0.126 0639

CORT- cortisol, TCHOL- total cholesterol, HDLC- cholesterol HDL, TRIG-
triglycerides, LDH- lactate dehydrogenase, UREA- urea, ALT- alanine
aminotransferase, URIC- uric acid, ALP- alkaline phosphatase, TP- total protein,
HSA- albumin, rs- Spearman rank-order correlations, * statistically significant
values at p<0.05

Table 5 Relationship between blood chemistry indices, carcass
mass, and age of females

Analyzed Carcass mass Age

parameters rs p rs p
CORT [ng/ml] -0.253 0.295 -0.052 0.829
TCHOL [mg/dL] 0.124 0.611 -0.232 0.339
HDLC [mg/dL] -0.069 0.777 0.067 0.786
TRIG [mg/dL] -0.281 0.244 -0.317 0.186
LDH [U/L] -0.108 0.660 -0.153 0.532
UREA [mg/dL] 0.094 0.700 -0.290 0.227
ALT [U/L] 0.254 0.292 0222 0.359
URIC [mg/dL] 0227 0.350 -0.116 0.635
ALP [U/L] -0.576 0.009* -0431 0.066
TP [g/dL] 0.288 0.232 -0.003 0.987
HSA [g/dL] 0.101 0.680 -0.095 0.699

CORT- cortisol, TCHOL- total cholesterol, HDLC- cholesterol HDL, TRIG-
triglycerides, LDH- lactate dehydrogenase, UREA- urea, ALT- alanine
aminotransferase, URIC- uric acid, ALP- alkaline phosphatase, TP- total protein,
HSA- albumin, rs- Spearman rank-order correlations, * statistically significant
values at p<0.05

Table 6 The influence of selected predictors on the level of
cortisol in roe deer

Chosen CORT

predictors R?skor. =0.414 F=13.024 p<0.001
B B t p

Word free 44.678 4427 <0.001

URIC -3.511 -0547  -4164  <0.001*

A 4.608 0376 2.865 0.007*

F, R%, p, B, B - linear regression analysis coefficients, CORT- cortisol, URIC - uric
acid, A- age

(B = -0.547, p<0.001) and age (A) (B=0.376, p=0.007).
The higher the URIC value, the lower the CORT level
(assuming that the second variable did not change) and
the CORT level increased with increasing A (assuming
that the second variable did not change). Such an analysis
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can be treated as a predictive model. If the URIC concen-
tration increases by one unit, the CORT concentration
decreases by 3.511 units (assuming the second variable
remains the same). In addition, if age increases by one
unit, the CORT value increases by 4.608 units (assuming
the other variable remains the same).

Discussion

Season of the stalking hunts and sex of the roe deer

In Poland, the most intense roe deer stalking hunting
period is in August and November. Due to the Polish
Hunting Law, the sex of hunted animals is dependent on
the season because male deer may be hunted in summer
only, while females may only be hunted in autumn. Sea-
son and sex will certainly have an effect on serum CORT
levels in animals. The higher level of CORT in males
obtained in summer compared to females in autumn is
probably due to the occurrence of estrus and the ensu-
ing increased activity in defending their territory and fol-
lowing females, because earlier studies have not shown
a relationship between the level of CORT and the sex
of cervids [15, 17, 26, 33—35]. On the other hand, it was
shown that it was in the period of reproductive quies-
cence, during which new antler growth and rapid weight
gain occur, that higher mean plasma CORT levels were
obtained [41]. Some authors [15, 26, 33, 35] have shown
that high CORT levels are typical of cervidae in the late
autumn and winter. However, the biology of roe deer dif-
fers from other species of cervids, because their antlers
grow in winter and their mating season occurs in summer,
which can both affect CORT levels. Results of studies on
roe deer have been similar to those obtained in studies
on Rangifer tarandus [41], Axis axis [42], and Ozotoc-
eros bezoarticus [43]. However, Gentsch et al. [17] noted
lower mean CORT values in their research on roe deer
harvested by stalking hunts. Moreover, the same author
[17] found in non-stressed roe deer (13.63 nmol/L+2.43
as reference values) the levels of CORT were 13 times
lower compared to males and 6 times lower compared
to females. Male CORT level was similar to roe deer har-
vested by battue, but female CORT value was higher than
roe deer harvested by stalking hunts but lower than roe
deer harvested by hunting with dogs [17]. On the other
hand, the observed CORT levels in the study by Montané
et al. [44] in Capreolus capreolus under capture stress
were similar to females in our study. However, it should
be emphasized that the level of CORT also depends on
the characteristics of the behavior of individual animals.
Shy or reactive individuals generally respond by express-
ing higher hypothalamic—pituitary—adrenal axis reac-
tivity (i.e., a higher plasma corticosterone response and
body temperature) but lower testosterone activity, char-
acteristic of individuals with low activity and low aggres-
sion levels and that are less willing to take risks [3, 45].
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Often, the reaction to stress is also a trait related to spe-
cies, physiological state, living environment, or personal-
ity [46]. In studies on roe deer, the range and variability of
samples were large, which suggests that the reactivity of
a given individual, i.e., individual resistance to stress and
the duration of time the subject was exposed to the stim-
ulus, was responsible for the level of the hormone release
and may also be an individual trait.

Blood chemistry indices vs. cortisol level

It is known that stress has a direct impact on animal
health, which can be reflected in the levels of blood
chemistry measures [46]. In addition, the level of CORT
tested also depends on the general state of health, as pre-
viously mentioned. The biochemical parameters results
obtained by us and the veterinarian’s postmortem inspec-
tion did not indicate any pathological conditions in the
researched roe deer. When assuming as reference the
values obtained from roe deer harvested in the same area
but outside the hunting season males obtained during
stalking hunts showed 16% higher TCHOL, 11% UREA,
70% ALT and 27% total protein (TP); while in females
higher by 20% TCHOL, 20% UREA, 79% ALT and 27%
TP [47]. Mean level LDH and TP in the studied roe deer
were higher also than those obtained in the study by
Montané et al. [44] in Capreolus capreolus under capture
stress. Mean ALT concentration was lower but urea was
similar to roe deer without the effects of sedatives [44,
46]. The concentration of ALP was comparable to that
reported by Zele and Vengust [46] in shot roe deer and
by Montané et al. [44] in captured roe deer. Mean serum
albumin (HAS) concentration was slightly higher than
the values reported by Ursache et al. [48] in captured
deer and by Pav et al. [49] and Zele and Vengust [46] in
shot roe deer. The obtained mean values of blood chemis-
try in roe deer were noticeably higher than in Alces alces
[50] or Axis axis [33], but lower than in Cervus elaphus
[51]. Variation in these measures may result not only
from changes in blood cortisol level, but also from a gen-
eral sensitivity and the influence of the climate where
the tested animals live [12]. These conditions can impact
blood chemistry and metabolic pathways, undermining
immunological vigor and increasing the risk for infec-
tious disease. Therefore, both a deficiency and an excess
of CORT have negative effects on the physiological con-
dition of animals [52, 53].

In studies on roe deer, a negative correlation between
TCHOL and CORT was demonstrated, while in all ani-
mals tested, the HDLC concentration was high. High
cholesterol levels in cervids may lead to cardiovascular
diseases [54]. Moreover, TCHOL has a crucial role in
cellular and intracellular membranes, which might influ-
ence cellular functions in key organs, including the brain.
It has been observed that TCHOL level might influence
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serotonin function [55]. Steroid hormones, including
testosterone, progesterone, and estrogens, are also syn-
thesized from cholesterol at the biochemical level [56,
57], which in turn is closely related to reproductive suc-
cess and the formation of antlers in males [58], and to
maintaining pregnancy in females [56]. Moreover, high
glucocorticoid level is an important factor in stimulating
bone tissue resorption and inhibiting the osteogenesis
process [59, 60]. However, it should be emphasized that,
for example, liver enzymes can be considered to be acute
phase reactants and the levels of some lipids, such as tri-
glycerides, also can change quickly.

The influence of various factors on the fluctuations
of the TCHOL and URIC levels in the blood plasma of
animals are not fully understood. It is known that serum
concentrations of TCHOL are affected by emotional
stressors, causing its concentration to increase signifi-
cantly in the blood. In contrast, serum TCHOL may be
decreased by depressive mood or aggression. A change of
serum URIC has also been intensively studied as a factor
that plays an important role as a stress marker [61, 62].

The high LDH concentration in the plasma of tested
roe deer should not be surprising, because LDH is widely
used as a marker to diagnose the cause and the site of
tissue damage, and the animals were hunted. Previously,
this parameter has also been used as a diagnostic crite-
rion when monitoring myocardial infarction [63]. LDH is
one of the most specific markers of skeletal muscle dam-
age in animals; therefore, an increase in LDH activity in
roe deer plasma may be a useful in vivo marker of post-
shooting muscle damage [47, 64]. The activity of ALT,
aspartate aminotransferase and LDH muscle enzymes
has been reported to increase during capture and han-
dling operations in stressed wild ungulates and animals
suffering from capture myopathy, as a result of increased
muscle cell permeability or cell damage [42, 65, 66]. Simi-
larly, a gunshot wound might cause increased enzyme
activity. Due to these factors, it is essential to consider
the method of capture of the animals and how and when
the blood is taken for analysis of biochemical composi-
tion [67]. However, it should be emphasized that both
the endocrine and metabolic changes may have occurred
simultaneously in response to the stress of being stalked,
the pain of being shot, and the tissue damages associated
with death.

The correlation between carcass mass (CM) and ALP
in female deer is also noteworthy. It is well-known that
higher levels of ALP are observed in young growing ani-
mals, which are mainly dependent on bone isoform, that
exceed 50-60% of the entire amount of alkaline phospha-
tase [68]. Thus, two explanations for this result are pos-
sible: the female roe deer were younger than males, and it
is highly probable that most of them were pregnant [69].
It is possible that the studied individuals could have been
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pregnant, but we are not sure, because in roe deer, latent
pregnancy is usually observed in its initial period [70].

Animal age vs. cortisol level

The studies conducted so far have not confirmed a rela-
tionship between CORT level and the age of cervids
[15, 26, 33—-36]. However, studies on farm fallow deer
(Dama dama) have shown that older males have higher
blood CORT levels, similar to these animals, with large
changes in CORT level between analyzed periods and
lower weight gain [32], which is confirmed by studies
on wild roe deer. In addition, the specificity of the spe-
cies and their living environment may affect CORT lev-
els and thus the strength of the endocrine response [17,
45], which may explain the discrepancies in the results
obtained by other authors.

Limitations

The analysis of blood samples from different hunting
seasons and the association of the sex of the hunted ani-
mal with the hunting season limited the conclusions that
can be drawn from our data. Additional research will be
needed to provide a more complete context, especially
given the complexity of the animals’ stress reactions to
stalking hunts.

Conclusions

To conclude, high mean CORT value in males during the
summer period were most likely due to the mating sea-
son and the associated characteristic sexual behavior of
the animals. The increase in CORT in the examined ani-
mals were associated with HDL cholesterol, while corre-
lated with lower total cholesterol, lactate dehydrogenase,
and uric acid in all the researched roe deer. High levels
of lactate dehydrogenase may have been caused by tissue
rupture after the shot. The level of the CORT increased
with the animals’ age, and increased carcass mass was
linked with decreased alkaline phosphatase in females.
Two of the stronger predictors of CORT levels in roe
deer were age and uric acid concentrations. However, the
conclusions need to be extended by further studies.

Methods

Study design

Roe deer were harvested during the hunting period in
accordance with the principles of population and indi-
vidual selection of game animals in Poland (Hunting Law,
Annex to Resolution No. 57/2005 of February 22, 2005)
during stalking hunts in the Lubartéw forest district, cen-
tral Poland (51 ° 27 ‘N, 22 ° 29’ E). The region has 24.9%
forest cover, 49% of the area is coniferous, and 38% is
mixed forests with deciduous species [71].
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Sampling

Blood samples were collected immediately after shooting
from 16 males in August and 19 females in November,
due to the fact that in Poland, roe deer are hunted during
two periods only: males from May 11th to the end of Sep-
tember and females from September 1st to January 15th
(Journal of Laws No. 43, item 488). Blood was collected
from the jugular vein (vena jugularis externa) into 10 mL
vacuum tubes with EDTA anticoagulant (BD Vacutainer,
No. ref. 367,525), which cooled (4-8 °C) within 15 min of
collection. Blood samples contaminated by rumen, stom-
ach, or intestinal contents were discarded. The plasma for
analysis was obtained by centrifugation of whole blood at
3000 rpm for 10 min in an MPW-350R laboratory cen-
trifuge (MPW Medical Instruments, Warsaw, Poland) at
a temperature of 4 °C. Centrifuged plasma was frozen
at -25 °C until testing. CORT level was determined by
enzyme immunoassay (Immulite 2000 Cortisol, Siemens,
UK) according to the manufacturer’s recommended pro-
tocol. Selected biochemical parameters (total choles-
terol (TCHOL), HDL cholesterol (HDLC), triglycerides
(TRIG), lactate dehydrogenase (LHD), urea (UREA),
alanine aminotransferase (ALT), uric acid (URIC), alka-
line phosphatase (ALP), total protein (TP), and albumin
(HSA) were determined with an automated spectropho-
tometric system (Chemical Autoanalyzer BS-120, Min-
dray, Shenzhen, China).

The age (A) of the animals was determined posthu-
mously by their dentition using the Eidelman method.
This involves assessing the dentin layers deposited in the
canal of the incisors of the first I1 pair, and the charac-
teristic features indicate the stage of development and
permanent replacement of deciduous teeth [72]. Carcass
mass (CM) (without guts) was determined after the ani-
mal was shot and after evisceration at a game collection
point.

Statistical analysis

Statistical analyses were performed using the Statis-
tica 9.1 package. The results are expressed as the mean
value and standard deviation of the variables. The level
of CORT with the level of biochemical parameters for
each separate group was then compared using Spear-
man’s rank order. Then, using the same method, corre-
lations between the carcass mass of harvested animals
and the CORT level and biochemical parameters were
calculated. Equivalent calculations were used for the rela-
tionship between the age of roe deer and the CORT lev-
els and blood chemistry values. The effect of animal age
and uric acid concentration on CORT levels was assessed
by multivariate linear regression analysis. The results of
all correlations were estimated at a significance level of
p<0.05. Due to bias related to the period of sampling, we
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abstained from statistical significance tests comparing
data of males versus females.

Abbreviations

CORT cortisol

TCHOL  total cholesterol

HDLC cholesterol HDL

TRIG triglycerides

LDH lactate dehydrogenase
UREA urea

ALT alanine aminotransferase
URIC uric acid

ALP alkaline phosphatase
TP total protein

HSA albumin

A age

™M carcass mass
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Simple Summary: The period of intense stalking hunting is recognized as a strong stress factor for
game animals. Therefore, the level of stress hormone—cortisol, as well as other selected biochemical
parameters—was assessed in the blood plasma of male and female red deer (Cervus elaphus) harvested
during stalking hunts. It has been shown that this hunting method has a similar impact on cortisol
levels in both bulls and hinds, and age did not affect its magnitude. However, there was an increase in
some biochemical parameters (HDL cholesterol, lactate dehydrogenase, and alanine aminotransferase)
in the blood of hinds and (alkaline phosphatase, bilirubin, aspartate aminotransferase) in the blood
of bulls. It was also found that an increase in the concentration of stress hormone contributes to a
reduction in carcass weight, which may suggest that increased stress negatively affects the body
condition of game animals. To sum up, stalking hunts cause stress in red deer, which is reflected in
changes in the plasmatic level of cortisol and some biochemical blood parameters. An additional
important aspect of this research is to draw attention to the need to improve hunting methods in
order to minimize stress in game animals as much as possible.

Abstract: As a reactive species, the red deer is sensitive to both negative exogenous and endogenous
stimuli. An intensive hunting period may have a particularly negative impact on game animals. The
aim of this study was to determine the plasma cortisol level and biochemical parameters in 25 wild
red deer (Cervus elaphus) harvested during stalking hunts in correlation with the sex and age of the
animals. The mean cortisol concentrations in the stags and hinds analyzed in this study were similar
(20.2 and 21.5 ng/mL, respectively). Higher HDL cholesterol values were found in the blood of the
hinds than in stags (p < 0.05). Similarly, the mean levels of LDL cholesterol, lactate dehydrogenase,
and alanine aminotransferase were higher by 21%, 16%, and 42%, respectively, in the blood of the
hinds. In contrast, the levels of alkaline phosphatase, bilirubin, and aspartate aminotransferase
were higher in the stags (by 30%, 49%, and 36%, respectively). There was a negative correlation of
the cortisol concentration with urea and bilirubin and a positive correlation between cortisol and
aspartate aminotransferase in the stags (p < 0.05). In turn, a negative correlation was found between
the cortisol and urea levels in the hinds (p < 0.05). In summary, the stress caused by stalking hunts and
the characteristic behavior of red deer during the mating season had an impact on chosen biochemical
parameters. The increased concentration of cortisol resulted in a decrease in the carcass mass, which
may lead to the deterioration of the physical condition of animals on hunting grounds.

Keywords: Cervus elaphus; stress response; stress hormone; biochemical parameters
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1. Introduction

Deer hunting plays a multifaceted role in the USA and EU. Wildlife managers depend
on hunting to manage the size of deer herds. Due to many causes, the deer numbers
in some regions of the EU and USA have been increasing for years. Deer hunting also
makes an important contribution to the economies of rural communities in the USA and
Europe. The U.S. Fish and Wildlife Service has estimated that hunting and fishing generate
more than 3 billion dollars in economic activity annually in New York (1996), but the EU
estimated that hunting is worth about €16 billion annually (2008) [1,2].

There are four species of deer in Poland, and each of the following is a game species.
The largest representative is the moose (Alces alces), which numbers 37,493 individuals. In
turn, the most numerous cervid in Poland is the European roe deer (Capreolus capreolus),
which numbers 893,200 individuals. The least numerous species observed and monitored in
Poland is the fallow deer (Dama dama). The current population of red deer (Cervus elaphus)
in Poland comprises 292,000 individuals [3]. Over the past five decades, the European
population size and harvesting of this species have been increasing [3]. The red deer is
represented by many subspecies inhabiting various ecosystems [4]. All cervids are sensitive
to strong negative stimuli from the external environment [3-5], which exert a negative
effect on the health and condition of these animals [6-9]. The impact of negative factors
on the animal’s organism can be analyzed via the determination of the concentration of
cortisol (CORT), a hormone associated with general stress reaction [10]. The welfare of deer
is influenced by many exogenous factors, including climate, season, population density
in a given area (which translates into access to food), or the presence of large predators
hunting deer in the natural environment. Previous research has clearly shown that estrus is
a particularly stressful period for deer due to the need for males to defend their territory
and constant competition for females [11-13]. Negative stimuli also affect the growth and
mineralization of antlers [14-16]. Nevertheless, animals subjected to selective culling are
usually in good physical condition, even though they are constantly exposed to negative
stimuli from the external environment. Gentsch et al. [11] indicate that although negative
factors may accumulate and promote increased CORT release, the stimuli that determine
the strength of the hormonal reaction during hunting are the short period before shooting
(e.g., without long-time tracking) and the time from the hit to the death of the animal.

The concentration of CORT in hair, feces, urine, saliva, or plasma is frequently de-
termined to assess the level of stress in animals [17]. Determining plasmatic CORT levels
is widely used in monitoring acute stress reactions, whereas excretions (feces, urine) are
more useful in the case of chronic, long-term stress reactions. The undoubted advantage
of measuring the level of glucocorticoids in feces is the ability to collect a sample without
the need to capture animals, which in turn eliminates unnecessary stress associated with
immobilizing them or vein-puncturing to draw blood samples. Therefore, determining the
concentration of cortisol metabolites in feces seems to be the most valuable method for stud-
ies on wild animals, where such procedures in the field may be difficult to perform [18,19].
Despite its advantages, this method also has some limitations, as it is often not possible
to attribute feces to particular individuals, especially those living in large areas, without
close monitoring. Therefore, if it is not possible to examine select individuals, the results
obtained should be treated as collective for the population of animals inhabiting a given
area. In red deer, maximum levels of CORT metabolites are usually measured after 18 h of
stressor exposure based on fecal samples [12]. CORT can also be determined from animal
hair samples as an indicator of stress conditions. However, it should be remembered that
the level of glucocorticoid metabolites in hairs increases quite slowly, i.e., several weeks or
months, depending on the species studied [20-25]. Hence, due to the limitations described
above, in hunted animals, the best method seems to be rapid post-mortem blood collection,
in which the CORT level shows the severity of acute stress [7,26-29].

Studies of wild animals are particularly difficult due to the fact that there are many
factors that may affect the level of glucocorticoids obtained in the samples tested, such as
ambient temperature (climate), food availability, and season [3,30,31]. These conditions,
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in turn, significantly affect the body’s energy balance, a key determinant influencing
the animal’s ability to effectively respond to various stressors [32]. On the other hand,
accumulated energy resources improve the physical condition and health status of animals,
which can also influence the level of CORT [33,34].

CORT represents a group of steroid hormones and is released from the adrenal cortex
in response to a negative stimulus through the activation of the hypothalamic-pituitary—
adrenal (HPA) axis [35]. Changes in the circulatory concentration of CORT in red deer
may have far-reaching effects [4,36]. One of the negative effects of stress may include
deterioration of immunity [6,37], worsening of general condition, and enhancement of the
susceptibility of the animal to various diseases [38]. An increase in the level of glucocorticos-
teroid hormones also disturbs the antler-shedding cycle in red deer [39,40] and is associated
with proper antler growth [15,16]. Additionally, it may lead to myocardial myopathy and
exercise-induced rhabdomyolysis, which is often documented in wild animals [41]. Other
conditions that may affect CORT release may be related to intense short-term stress from
transportation, immobilization, or predator attacks [42—46]. Stress also exerts an adverse
effect on an animal’s body weight, which is one of the most important determinants of
reproductive success [47]. Stress in hinds may have negative effects on the normal regula-
tion of the estrus cycle and maintenance of pregnancy [48]. As demonstrated in studies on
Canadian red deer (Cervus elaphus canadensis), CORT is positively linked with the level of
progesterone secreted from adrenal glands in response to short-term stress [49].

Game animals are dependent on the natural environment because they are inextricably
linked to it, and any change in their natural environment immediately affects the popula-
tions they create. Energy resources in the form of adipose tissue, antler mass, population
density, and structure, but also biochemical and physiological parameters of the body,
reflect the body’s internal balance and thus allow for maintaining good well-being, which
is influenced by various factors of the external environment [50-53]. Blood biochemical
parameters act as markers of potential disease because their fluctuations outside the ref-
erence limits indicate disturbances in the body’s homeostasis, which may be related to
the ongoing disease process [4,48] and the impact on the behavior and mental state of the
animal, i.e., [6,52]. It is generally known that hunting is a strong stressor in wild animals,
which is associated with short-term (fight-or-flight) stress responses [54]. However, due to
the seasonality of hunting and the related intensification of human activity in the cervid
ecosystem, wild animals may be affected by chronic stress [55,56]. Some authors find
that the stress response of the animal organism depends on the type of hunting [11,55].
However, it is worth noting that Ensminger et al. [56] found no evidence of increased
fecal glucocorticoids in association with the number of days of hunting, even though fecal
glucocorticoids concentration increased with hunting pressure index, as previously shown
in Cervus elaphus [57]. On the other hand, Bateson and Bradshaw’s [57] study was con-
ducted during long red deer pursuits (about 19 km) using hunting dogs, and the increased
glucocorticoid levels in the collected blood samples likely reflected the last pursuit [58].
In our research, hunters may have harvested a Cervus elaphus soon after observing it on
the first day without the use of dogs or actively driving it into the hunting ground [57,58].
These studies make it possible to compare the impact of indirect and long-term hunting
with direct, short-term hunting on the CORT level in the feces and blood serum of game
animals. It made it possible to compare the indirect and prolonged impacts of hunting
pressure on red deer, as indicated by fecal glucocorticoids [59-61].

In Poland, red deer, in addition to collective hunting, are quite often obtained by
stalking. The impact of these hunts can be considered at two levels: short-term stress
caused at the time of the shooting and long-term stress caused by the frequent presence
of hunters in the hunting ground. The impact of stalking has rarely been studied until
now. Therefore, the aim of this study was to determine the plasma cortisol level in wild
red deer (Cervus elaphus) harvested during stalking hunts in relation to the sex and age of
the animals. In addition, the health status of the red deer was determined on the basis of
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selected blood biochemical parameters, which may affect the level of circulatory cortisol
and vice versa.

2. Materials and Methods
2.1. Experimental Design

The tested red deer were hunted in accordance with Polish Hunting Law and the
principles of individual selection during the hunting season as part of population man-
agement. This law states that red deer stags can be hunted from 1 August to the end
of February and hinds from 1 September to 15 January. The individuals covered by the
research were obtained in the period from 1 September to 31 October 2022, and the shooting
of animals had a selective purpose and was carried out by qualified hunters—employees
of the National Lubartow Forests District. In order to obtain animals, individual hunts
were carried out, which involved approaching the deer unnoticed at a distance, allowing
for a precise shot without the battue or hunting dogs. The hunting took place in the early
morning hours, during which the animals behaved naturally, showed no signs of stress,
and were not artificially separated from the herd. The animals selected for this study were
individuals that died immediately after the first precise shot.

The Lubartéw Forest District is located in central-eastern Poland (51°27' N, 22°29’ E). The
terrain of the district is flat rather than varied and has a temperate to warm and transitional
climate. Annual rainfall is 552 mm, and the average annual temperature is +7.7 °C. The forest
district is characterized by a large diversity of habitats and soil fertility. The forest cover of the
region is estimated at 24.9%, including 49% of the area covered by coniferous species and 38%
covered by mixed forests with deciduous species [62].

In the study area, the density of red deer was 16.03 individuals per 1000 ha of forest
area, the density of roe deer was 2.08 individuals per 1000 ha of total area, and the density
of moose was 10.15 individuals per 1000 ha of forest and swampy areas (as of 31 January
2017) [62].

As was previously mentioned, stalked animals were shot in accordance with the Polish
Hunting Law (annex to Resolution No. 57/2005 of 22 February 2005). Due to the fact that all
hunting procedures took place as part of hunting management in the areas managed by the
State Forest District in Lubartéw, no additional experimental procedures were performed
that would pose a threat to animal welfare. Therefore, this study did not require individual
consent from the Local Ethics Committee (Animal Welfare Committee Regulations, Faculty
of Animal Sciences and Bioeconomy, University of Life Sciences in Lublin, ZdsDz/6/2023).

2.2. Sampling

Blood samples were collected from 13 stags and 12 hinds immediately after shooting
and up to five minutes after death. Venous blood samples were drawn from the external
jugular vein (vena jugularis externa) into 10 mL EDTA vacuum tubes (BD Vacutainer
System, Ref. No. 367525, Becton Dickinson, Poland, Warsaw) and then cooled to 4 °C.
Contaminated blood samples were discarded. Plasma was obtained by centrifugation of
the blood samples at 3000 rpm for 10 min in a laboratory centrifuge, MPW-350R (MPW
Medical Instruments, Warsaw, Poland), at 4 °C. Harvested plasma was stored at —25 °C
until further analyses. CORT concentration was determined using the immunoenzymatic
method (Cortisol ELISA Kit, No. EIA-1887, DRG®International, Springfield, NJ, USA) in
accordance with the protocol recommended by the manufacturer. Biochemical parameters:
total cholesterol (TCHOL), HDL cholesterol (HDLCHOL), LDL cholesterol (LDLCHOL),
triglycerides (TRIG), lactate dehydrogenase (LDH), urea (UREA), alanine aminotransferase
(ALAT), uric acid (URIC), phosphatase alkaline (ALP), total protein (TP), albumin (HSA),
bilirubin (BIL), aspartate aminotransferase (ASAT), and gamma-glutamyl transpeptidase
(GGTP) were determined using an automated spectrophotometric system (Biochemical
analyzer BS-120, Mindray, Shenzhen, China). The age (A) of the animals was determined
post-mortem using the Eidmann method. It consisted of an assessment of the layers of
dentin deposited in the canal of the first pair of incisors I1 and the characteristic features
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of the dentition, i.e., the stage of development and the replacement of primary with
permanent teeth [57]. Carcass mass (CM) was measured after the animals were harvested
and eviscerated at a game collection center.

2.3. Statistical Analysis

The statistical analyses were conducted using the Statistica 9.1 software (StatSoft,
Krakéw, Poland). A significance level of p < 0.05 was adopted to indicate the existence of
statistically significant differences or relationships. The normality of the distribution was
tested using the Student’s t-test and the Welch test. The Mann—Whitney test was used for
the analysis of independent samples. The results were expressed as the mean value (M) and
standard deviation (SD) of the variables. Next, the CORT concentration was compared with
the level of biochemical parameters in the sex-related groups and in the group of all animals
using Spearman’s rank-order correlation. Subsequently, the correlations of the carcass
mass of the harvested red deer with the level of CORT and biochemical parameters were
calculated using an analogous method. Similar calculations were conducted to determine
the relationship of the animal age with the concentration of CORT and the biochemical
blood parameters. The analyses were carried out both in the group of all animals and in
the sex-related groups.

3. Results

The mean CM of the stags (138.429 kg) was almost twice as high as that of the hinds
(71.000 kg). The stags were aged from 5 to 8 years, while the hinds were aged from 3 to 5
years, with an average age of 6 and 4 years, respectively. The average CORT concentration
in the plasma of the stags and hinds was similar (20.216 and 21.564 ng/mL, respectively).
Significantly higher HDLCHOL values were determined in the plasma collected from the
hinds than stags (25.678 and 9.114 mg/dL, respectively). Similarly, the mean levels of
LDLCHOL, LDH, ALAT, and GGTP were 21%, 16%, 42%, and 39% higher, respectively, in
the plasma of the hinds. In turn, the levels of ALP, BIL, and ASAT were higher (by 30%,
49%, and 36%, respectively) in the plasma collected from the stags (Table 1).

Table 1. Dependence of the carcass mass (CM), age (A), and biochemical parameters in plasma on
the sex of the red deer.

Male (n =13) Female (n = 12)

Indicator Short M SD M SD T2/Ub p
Carcass mass [kg] CM 138.42 20.75 71.00 11.84 8.22843 2 <0.001 *
Age [years] A 6 2.050 4 1.000 2484552 0.026 *
Cortisol [ng/mL] CORT 20.216 16.747 21.564 17.325 29.000 b 0.837
Total cholesterol [mg/dL] TCHOL 85.714 65.642 108.889 53.412 16.000 b 0.114
Cholesterol HDL [mg/dL] HDLCHOL 9.114 5.712 25.678 8.541 —4.40512  <0.001*
Cholesterol LDL [mg/dL] LDLCHOL 20.714 20.798 25.667 10.062 17.500 b 0.141
Triglycerides [mg/dL] TRIG 290.429 315.265 251.333 155.251 23.000 P 0.407
Lactate dehydrogenase [U/L] LDH 3609.714 2204.350 4160.444 3461.297 27.000 P 0.680
Urea [mg/dL] UREA 53.629 24.231 51.889 12.212 0.188 @ 0.853
Alanine aminotransferase [U/L] ALAT 235.714 174.545 333.378 163.478 —1.1512 0.268
Uric acid [mg/dL] URIC 21.243 23.550 18.700 17.765 26.000 ° 0.606
Alkaline phosphatase. [U/L] ALP 157.029 147.178 111.267 84.550 0.7854 0.445
Total protein [g/dL] TP 10.571 4.826 12.000 3.969 19.500 b 0.210
Albumin [g/dL] HSA 4.286 1.254 4.333 0.707 27.500° 0.680
Bilirubin [mg/dL] BIL 0.901 0.837 0.454 0.338 1.331¢ 0.221
Animotransferaza asparaginianowa [U/L] ASAT 166.529 153.196 106.089 68.339 1.063 2 0.305
Gamma-glutamylotranspeptydaza [U/L] GGTP 61.357 20.735 99.667 92.720 28.000 b 0.757

M—mean; SD—standard deviation; *>—the Student’s {-test result; b—Mann—Whitney test results; “—Welch’s t-test
results; * statistically significant values at p < 0.05.

Next, the mean level of cortisol in correlation with the values of the biochemical
parameters of the blood collected from the stags and hinds was analyzed statistically
(Table 2). In the stag blood, there was a negative relationship between CORT with UREA
and BIL (p < 0.05) and a positive correlation between CORT and ASAT (p < 0.05). In turn,
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a negative correlation was found between CORT and UREA in the hind blood (p < 0.05).
Regardless of the sex of the animals, there was a negative correlation of CORT with TRIG,
UREA, TP, and HSA (p < 0.05).

Table 2. Relationship between the cortisol concentration and the biochemical parameters of the blood
of the analyzed animals.

Analyzed CORT
Parameters
Male (n = 13) Female (n =12) All Animals (n = 25)
r-Spearman’s rank-order correlations; p-Value
TCHOL [mg/dL] —0.450; 0.310 —0.450; 0.310 —0.441; 0.086
HDLCHOL [mg/dL] —0.036; 0.938 —0.036; 0.938 0.041; 0.879
LDLCHOL [mg/dL] —0.560; 0.190 —0.560; 0.190 —0.384; 0.141
TRIG [mg/dL] —0.468; 0.288 —0.468; 0.288 —0.529; 0.034 *
LDH [U/L] 0.684; 0.089 0.684; 0.089 0.281; 0.291
UREA [mg/dL] —0.846; 0.016 * —0.846; 0.016 * —0.563; 0.022 *
ALAT [U/L] 0.234; 0.613 0.234; 0.613 0.022; 0.935
URIC [mg/dL] —0.594; 0.159 —0.594; 0.159 —0.459; 0.073
ALP [U/L] —0.234; 0.086 —0.266; 0.487 —0.420; 0.104
TP [g/dL] —0.441; 0.613 —0.630; 0.068 —0.668; 0.004 *
HSA [g/dL] —0.715; 0.089 —0.547; 0.126 —0.615; 0.011 *
BIL [mg/dL] —0.918; 0.003 * 0.133;0.732 —0.280; 0.292
ASAT [U/L] 0.756; 0.048 * —0.233; 0.545 0.266; 0.318
GGTP [U/L] —0.702; 0.078 —0.183; 0.636 —0.400; 0.124

* statistically significant values at p < 0.05.

The next step consisted of the analysis of the relationship of the age (A) and carcass
mass (CM) with the biochemical parameters (Table 3). In the group of all animals, only CM
and HDLCHOL exhibited a negative correlation (p < 0.05) (Table 3).

Table 3. Relationship between the level of biochemical parameters, carcass mass, and age in the

group of all animals.

Analyzed Parameters Carcass Mass (CM) Age (A)
r/R; p-Value
CORT [ng/mL] —0.116 ?; 0.666 —0.108 #; 0.689
TCHOL [mg/dL] —0.339 2;0.198 —0.057 #; 0.832
HDLCHOL [mg/dL] —0.663 2; 0.005 * —0.4422;0.086
LDLCHOL [mg/dL] —0.3542;0.177 —0.009 #;0.973
TRIG [mg/dL] —0.1313; 0.627 0.194 2; 0.470
LDH [U/L] 0.013 #; 0.961 —0.044 2; 0.868
UREA [mg/dL] —0.1352;0.615 0.103 ®; 0.702
ALAT [U/L] —0.316 9, 0.232 0.094 ©;0.727
URIC [mg/dL] —0.2212; 0.409 0.216 #;0.419
ALP [U/L] —0.056 2; 0.836 0.266 2; 0.318
TP [g/dL] —0.2812;0.290 —0.003 2, 0.991
HSA [g/dL] —0.0122; 0.962 0.176 #;0.513
BIL [mg/dL] 0.207 2; 0.440 0.117 2; 0.665
ASAT [U/L] 0.234 2, 0.381 —0.008 2; 0.973
GGTP [U/L] 0.067 2; 0.802 0.210%; 0.432

3—~Spearman’s rank—order correlations; b—Pearson r correlations; * statistically significant values at p < 0.05.

No statistical correlations between CM, A, and biochemical parameters were found in
the group of stags (Table 4).
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Table 4. Relationship between the level of biochemical parameters, carcass mass, and age in the

group of stags (group I).
Analyzed Parameters Carcass Mass (CM) Age (A)
r-Spearman’s rank—order correlations; p-Value
CORT [ng/mL] —0.018; 0.969 0.284; 0.536
TCHOL [mg/dL] 0.126; 0.787 0.090; 0.846
HDLCHOL [mg/dL] —0.468; 0.288 —0.054; 0.907
LDLCHOL [mg/dL] 0.000; 1.000 0.094; 0.840
TRIG [mg/dL] 0.126; 0.787 0.290; 0.526
LDH [U/L] —0.090; 0.847 0.436; 0.327
UREA [mg/dL] 0.018; 0.969 0.218; 0.638
ALAT [U/L] —0.072; 0.877 0.436; 0.327
URIC [mg/dL] 0.036; 0.938 0.290; 0.526
ALP [U/L] —0.720; 0.067 0.272; 0.553
TP [g/dL] 0.336; 0.460 0.169; 0.715
HSA [g/dL] 0.381; 0.398 —0.0481; 0.918
BIL [mg/dL] 0.336; 0.460 —0.110; 0.814
ASAT [U/L] 0.018; 0.969 —0.327;0.473
GGTP [U/L] —0.072; 0.877 —0.600; 0.154

A positive correlation between CM and HDLCHOL was found in the group of hinds
(p < 0.05) (Table 5).

Table 5. Relationship between the level of biochemical parameters, carcass mass, and age in the
group of hinds (group II).

Analyzed Parameters Carcass Mass (CM) Age (A)
r-Spearman’s rank—order correlations; p-Value
CORT [ng/mL] —0.238; 0.536 —0.053; 0.891
TCHOL [mg/dL] 0.183; 0.635 0.454; 0.219
HDLCHOL [mg/dL] 0.689; 0.039 * —0.195; 0.615
LDLCHOL [mg/dL] 0.004; 0.991 0.645; 0.060
TRIG [mg/dL] 0.195; 0.613 0.531; 0.140
LDH [U/L] —0.349; 0.357 —0.354; 0.348
UREA [mg/dL] —0.170; 0.661 —0.062; 0.873
ALAT [U/L] 0.008; 0.982 0.461;0.211
URIC [mg/dL] —0.417;0.264 0.398; 0.287
ALP [U/L] 0.008; 0.982 0.328; 0.388
TP [g/dL] —0.012; 0.973 0.049; 0.900
HSA [g/dL] 0.081; 0.834 0.315; 0.407
BIL [mg/dL] —0.212; 0.582 —0.611; 0.079
ASAT [U/L] 0.042; 0.913 0.328; 0.388
GGTP [U/L] —0.017; 0.965 0.691; 0.390

* statistically significant values at p < 0.05.

4. Discussion

All types of hunting affect the homeostasis of game animals and are perceived as a
highly stressful stimulus [55]. Sheriff et al. [27] reported that increased physical activity in
animals that were hunted evoked a typical stress response accompanied by an increase in
the blood CORT concentration. However, this increase was not as high as in the case of
a severe injury inflicted by a car collision, where the concentration of this hormone was
significantly higher than that reported in previous studies [27]. It should be emphasized that
the increase in CORT is also influenced by the fact that the animal feels mental discomfort,
correlated with the feeling of physical pain, fear, or panic in response to various negative
stimuli [55]. Moreover, research by Malherbe [63] showed that an increased level of CORT
may even be the result of being too close in proximity to the anthropogenic environment
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(buildings and human settlements). The results obtained in the present study on red deer
harvested during stalking hunts confirm previous reports showing that CORT levels do
not depend on the age and sex of animals [5,12,64-68]. It could indicate that, regardless of
age or sex, being hunted is a stressful experience for red deer. However, the absence of age-
related differences in the CORT concentrations calls into question the reports indicating that
older stages have higher CORT levels [23,69]. The mean CORT level shown in the present
study was higher than that presented by Gaspar-Lopez et al. [16] in farmed Iberian red deer
(Cervus elaphus hispanicus) in the same season of the year. As reported in the literature, the
concentration of plasma CORT is subject to both diurnal and annual fluctuations [70-72].
Ingram et al. [72] showed seasonal fluctuations in the CORT concentration in a fairly wide
range from 1.9 to 22.5 ng/mL in unrestrained farmed red deer (Cervus elaphus), with higher
levels recorded in November during the period of intensive weight gain after the mating
season. These observations confirm earlier findings reported by Saltz and Whitey [4]. Our
results are also consistent with those obtained by Ingram et al. [72], but they are more
within their upper limits, which may be related to the mating season and not to body
weight gain.

The mean levels of most biochemical parameters did not differ significantly between
the groups of the stages and hinds. There was a significant difference in the average
level of HDL CHOL, which was almost threefold higher in the hinds. In turn, the higher
levels of LDLCHOL, LDH, ALAT, and GGTP in the hind blood plasma than those in the
blood of stags did not significantly differ statistically. Slight differences were found in the
ALP, BIL, and ASAT levels, which were higher in the blood samples from the stags. The
high level of cholesterol fractions may be associated with the fact that these compounds
are involved in the synthesis of steroid hormones, which are an important link in the
regulation of physiological processes in the organism [73,74]. Studies conducted on male
Iberian deer (Cervus elaphus hispanicus) in two different populations with high and low
levels of intrasexual competition showed a positive relationship between the levels of
testosterone and cortisol metabolites in feces but also a meaningful interaction, showing
that this relationship occurs more intensely within a population characterized by high
level of competition for mating. These results confirm a positive relationship between both
hormones in natural conditions and that the reason for this is competition by male-to-male
competition for mates [75].

It should be noted that the red deer were harvested during the mating season, which
undoubtedly had an impact on the concentrations of the biochemical parameters deter-
mined in this study. The level of testosterone in the testicles of wild stags in September is
1000-fold higher than in the other months [76]. Physiologically, testosterone is synthesized
from cholesterol; thus, these parameters have been reported in the literature to be signifi-
cantly positively correlated [77,78]. In turn, high concentrations of individual cholesterol
fractions in red deer plasma may cause serious health consequences [79]. Finally, the
maintenance of the dominant male position in a herd of farmed hinds also generates a
strong stress reaction [80], which may be reflected in the parameters studied.

Elevated CORT and LDH levels indicate potential muscle damage caused by various
trauma factors [44,81]. Furthermore, the level of biochemical parameters may be influenced
by cervid nutrition [82]. The red deer were harvested during the mating season—a period
when they drastically reduce food intake [83]. Fasting, in turn, most likely leads to a
decrease in some biochemical parameters (TCHOL, HDLCHOL, LDLCHOL, LDH, TP,
GGTP) in stags but not in hinds, which do not exhibit such behavior [84]. Moreover, it
should be noted, however, that the difference in time from shooting to death of the animals
may affect the results of biochemical parameters of the blood serum.

Generally, the welfare of free-living animals depends on exogenous and endogenous
factors. The endogenous factors include the general health status of the animal and the
impact of environmental stressors, e.g., the season of the year, food availability, reproduc-
tion, predators, and hunting [5]. The levels of blood biochemical parameters demonstrated
in the present study were higher than those reported by other researchers in their stud-
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ies on farmed red deer (Cervus elaphus) [6,85-87] and were also dependent on the type
of physical or chemical anesthetic used and/or sedation agents used to subdue the ani-
mals [88] (Table 6). Our results do not align with the ranges indicated by Rosef et al. [89],
who reported higher levels of AST, GGTP, LDH, UREA, TCHOL, and TRIG and lower
levels of TP, HAS, and BIL in wild Cervus elaphus atlanticus pharmacologically immobi-
lized. Nevertheless, it should be taken into account that these discrepancies may stem
from the differences in environmental factors, e.g., the climate prevailing in the habitats
of the analyzed populations, the methods (pharmacologically, physically immobilized, or
shot) for collection of biological material for analyses [4,12,90], and the higher wild animal
population density [67] (Table 6).

Table 6. Biochemical parameters value in the earlier studies.

Chemically Wild Red Deer Harvested

Analyzed Wild Red Deer [90] Immobilized Farmed Red Deer during Stalking Hunts
Parameters . i Free-Ranging Red Deer (Our Study)

Iéhysmal Chemical at Winter Feeding Sites 161 [871 Male Female
apture Capture [89]

[?anI;ISLL] 55.44 + 14.93 50.25 + 19.63 41.76-50.65 57.61 + 13.14 59.9 + 3.18 85.714 108.889
H[EII;;IC;ISL 3444 +927 31.75 + 1030 - ; 41,58 + 2.80 9.114 25.678
L[%LC/EISL 3.75 4 1.70 20+ 1.0 - - 15.00 + 3.13 20.714 25.667

TRIG [mg/dL] 18.50 + 7.41 7.88 + 6.77 8.75-10.50 19.25 + 9.62 16.90 + 4.15 290.429 251.333
LDH [U/L] 51175+ 93.89  404.33 + 120.35 672.5-741.2 : : 3609.714 4160.444

UREA [mg/dL] : ; 5.76-6.78 66.66 -+ 19.09 i 53.629 51.889
ALAT [U/1] - ) 51.7-56.7 335 + 8.66 i 235.714 333.378

URIC [mg/dL] 032 + 0.18 0.21 + 0.03 - - 037 +0.13 21.243 18.700

ALP [U/L] 144550 £ 2526 104.33 & 20.24 195.5-252.1 31.6 + 1071 - 157.029 111.267
TP [¢/dL] 6.77 £ 0.79 6.77 £ 0.99 6.36-6.63 8.08 £ 10.70 6.26 + 0.36 10.571 12.000
HSA [g/dL] - - 3.57-3.75 215 4293 - 4286 4333
BIL [mg/dL] 0.12 + 0.05 0.06 + 0.04 47.95-64.96 599.38 + 154.29 - 0.901 0.454
ASAT [U/L] - ; 55.0-63.3 2505 + 117.44 - 166.529 106.089
GGTP [U/L] 20.77 + 5.86 19.25 + 4.57 18.4-22.4 155 + 9.82 - 61.357 99.667

The obtained results showed that the CORT concentration in the plasma was negatively
correlated with UREA and BIL in the group of stags and only with UREA in the group of
hinds. It is worth noting that the level of UREA may be influenced indirectly by the season
of the year and directly by the inaccessibility of food, as demonstrated in sheep [91] as well
as in cervids [30,92]. Malnutrition leads to protein catabolism and tissue disintegration,
which is reflected in an increase in UREA levels in animal blood [93]. In the present study,
much higher values in the UREA of all the analyzed red deer were obtained compared to
the results obtained by Rosef et al. [89] for free-ranging animals, which may be related to the
insufficient protein intake due to the reduction of appetite during the mating season [94].
Physiologically, an increase in UREA is observed during stress, increased catabolism, and
post-traumatic conditions [95]. However, in our studies, lower UREA values were observed,
which may indicate that the response of this parameter to hunting is a slower reaction
compared to the rapid increase in CORT. Another reason for low UREA values may be
the seasonal change of animals” diet to winter when vegetation low in protein and rich in
carbohydrates dominates, and as it is generally known, the level of feed protein affects the
level of plasmatic UREA. It has also been documented that during pregnancy, the renal
glomerular filtration rate increases, which causes increased secretion of UREA in relation to
its production [96]. This study did not assess the reproductive status of females; however,
considering the fertile period of cervids, it can be assumed that over 80% of females could
have been pregnant [55]. Nutritional stress may also have an impact on the level of BIL,
as shown in studies on Lepus californicus [97]. In addition, the obtained results showed
a strong negative correlation between the parameters in the blood of the stags, e.g., an
increase in the CORT concentration was accompanied by a decrease in the BIL level. A
positive correlation between CORT and ASAT was found in the group of stags as well.
ASAT is a muscle tissue-specific enzyme. Its increased activity is directly related to muscle
damage [98,99]. ASAT also serves as an indicator of liver disease, as its levels increase
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before liver degeneration, which becomes apparent in clinical trials [100], and the increase
may be caused by the cessation of feed intake by stags during the rutting season.

In studies on red deer, low TP and TRIG confirm the reduced food intake by the
animals during the mating season, as both of these parameters are considered markers
of malnutrition [101-103]. Also, the negative correlation between CORT and URIC in
the groups of stags, hinds, and all animals taken together is not surprising, as URIC is
considered a marker of long-term stress [104]. Moreover, these results were directly linked
to the rutting season, i.e., the sampling period, which was a long-term negative stimulus
for the animals. A negative correlation between BIL and A was found in the group of
the studied hinds. Nevertheless, the BIL concentration was similar to that determined by
Alhuay et al. [105] in white-tailed deer (Odocoileus virginianus) but lower than that specified
by the ISIS standard [106]. However, the concentration of BIL depends on many factors,
e.g., the latitude, climate, and determination methods [105].

Also, the analyses of A and CM were performed with reference to the biochemical
parameters. A positive correlation between CM and HDLCHOL was demonstrated in the
group of hinds. This is a disturbing phenomenon, as the examined hinds were relatively
young, and female steroid hormones are known to be synthesized from CHOL, whose
proper level has an impact on the proper reproduction processes of this species [48,107].
Additionally, the negative correlation of CORT with CM indicates that the higher the cortisol
concentration in red deer blood, the lower the carcass mass, which may directly influence
the condition of these animals [52]. However, this assumption should still be confirmed by
methods relating to long-term stress, e.g., measuring the level of glucocorticoid metabolites
in animal hair [108].

5. Conclusions

Plasma CORT levels in red deer harvested during stalking hunts were similar in
males and females and amounted to an average of 20.216 ng/mL and 21.564 ng/mL,
respectively. The variability of the analyzed blood biochemical parameters was probably
associated with the increased concentration of the CORT and, thus, the sensitivity of the
species regardless of age or sex. The mating season, which is known for increased activity,
changed the diet and physiological state of animals and had an additional effect on some
biochemical parameters (TCHOL, HDLCHOL, LDLCHOL, LDH, TP, GGTP). Moreover,
with the increase in CORT and UREA and decrease in BIL, ASAT increased in red deer in
the study period. The higher concentration of cortisol exerted a negative impact on carcass
mass, which may determine the deterioration of the general condition of the red deer.

Repeated exposure of red deer populations to game hunting has an impact on stress
levels, which may have important implications for the sustainability and conservation of
this species. In particular, stress can influence population dynamics by altering feeding
and breeding behavior, animal welfare, and, ultimately, evolutionary processes, altering
individual adaptation and selection.
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Simple Summary: Hunting is one of the environmental factors that can affect the welfare of game
animals. Glucocorticoid hormone measurement can be a reliable indicator of stress response. To
assess the intensity of the endocrine response, the level of cortisol concentration in the hair of male
European roe deer obtained at the beginning and the end of the hunting season in eastern Poland
was analyzed. It was shown that the cortisol concentration was significantly higher in males obtained
at the end of the hunting season, but not affected in the carcass mass of the animals studied. To sum
up, the hunting season or other factors (climatic or intra-population) influence the stress levels of
young male European roe deer.

Abstract: Roe deer (Capreolus capreolus), as a representative of the Cervidae family, are particularly
sensitive to negative environmental stimuli due to their need to maintain increased vigilance during
feeding. Intensive hunting seasons are undoubtedly also a stressful factor for this species. The aim of
this study was to analyze the cortisol levels in the hair of male roe deer collected at the beginning and
the end of the hunting season in eastern Poland. In total, hair samples from 26 individuals collected in
May and 31 individuals collected in September were analyzed. The concentration of cortisol in the hair
was determined using the EIA kit. It was shown that the concentration of cortisol was significantly
higher in samples collected in September compared to those collected in May (Pr. > t| = 0.0017).
Moreover, the age of animals and carcass mass did not significantly affect the concentration of the
tested hormone. In summary, the concentration of cortisol in the fur of male roe deer depended on
the season and was not influenced by the carcass mass or age of the animals studied.

Keywords: Capreolus capreolus; environmental pressure; hair cortisol

1. Introduction

The European roe deer (Capreolus capreolus) is the most numerous species of cervid in
Poland. The Central Statistical Office estimates its population at 918,500 individuals [1].
Compared to 1990, the population of this species has almost doubled, and consequently, it is
increasingly hunted in Poland [1]. Researchers indicate that animals from the cervid group
are characterized by high sensitivity to negative environmental factors [2-5]. There is no
doubt that the high reactivity of roe deer, in combination with the multitude of exogenous
negative stimuli, has a negative impact on their health and individual conditions [6]. The
animals are not indifferent to stress, which can lead to several undesirable effects [7,8]. Each
negative factor, both endogenous and exogenous, causes the release of glucocorticosteroids
from the adrenal cortex into the blood [9]. They enable the animal organism to take rapid
actions aimed at eliminating and avoiding the impact of the stimulus. The body’s quick and
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short-term response to stress has a mobilizing effect on the body and is important for sur-
vival in times of danger [10]. The negative effects of the hypothalamic—pituitary—adrenal
(HPA) axis include, among others, decreased individual immunity [11,12] and, conse-
quently, increased susceptibility of the organism to diseases [13]. High cortisol (CORT)
levels are associated with behavioral, physiological, and nutritional disorders [14,15];
therefore, the analysis of the impact of predictable negative stimuli on wild animals is
justified [16]. Hunting, as an element of reasonably conducted game management, has an
impact on the welfare of game animals [4,5].

A sufficiently strong and short-lasting negative stimulus activates the HPA axis [17,18],
which translates into a release of glucocorticoids and mobilizes the body to the appropriate
behavioral and physiological response, which is aimed at restoring the body to a state
of complete balance [19-21]. The animal’s body’s response to stress leads to increased
attention, cardiac minute capacity, resorption, and catabolism [22]. A commonly used
indicator of stress response intensity is cortisol (CORT) [4,5,23]. CORT is considered a reli-
able indicator of stress, but its concentration is species- and individual-dependent [23-25].
CORT and its metabolites are most often measured in the blood, plasma, saliva, feces, and
urine [26]. Nevertheless, the results of the tests only concern the body’s reactions occurring
in a relatively short period, from a few minutes to a maximum of two days before the
sample was taken [27-29]. In the assessment of repeated or chronic stress, it has been
shown that the CORT level in the hair and fur of animals is a reliable indicator [30-34]. The
measurement of cumulative CORT in hair is a valuable indicator of chronic stress in wild
animals [35-37] due to its incorporation into the hair shaft in the active growth phase [37],
which lasts for a longer period [37,38]. Unfortunately, we do not have a full picture of
this process [32,39]. Since the discussed cycle concerns free-living animals, there are no
accurate and precise data on CORT accumulation or hair growth rate in the context of
species differences, and this may result in certain limitations in the interpretation of the
data obtained by researchers [40].

Undoubtedly, hunting, as a highly stressful stimulus, may be one of the factors that
affects the well-being of cervids [9]. Studies conducted on red deer have shown that hunting
results in, in addition to an increase in cortisol levels, changes to the concentration of
B-endorphin and the depletion of carbohydrate resources, which is classified as indicating
extreme stress [41]. However, stalking hunting is characterized by a stress response of
lower intensity than, for example, hunting with hunting dogs or with the participation
of many hunters [28]. Therefore, the cyclicality of hunting seasons may cause recurrent
chronic stress in cervids [9]. Nevertheless, it is worth noting that, in wild Cervus canadensis,
no increase in glucocorticoids in feces was confirmed in connection with the number of
hunting days [29]. This may be related to adaptation to repeated negative factors and,
consequently, to the plasticity of cervid behavior, which is aimed at avoiding strongly
negative stimuli [25]. Studies conducted on roe deer obtained via stalking have shown a
large range of results, which may indicate that individual variability (resistance to stress,
time of exposure to the stimulus) may be decisive in the intensity of the stress reaction [4]. It
should be noted, however, that increased physical activity (caused by, for example, tracking
and stalking during individual hunting) causes a slight increase in cortisol concentration in
a situation where trauma (e.g., collision with a car) results in a disproportionately higher
concentration of this glucocorticoid [42]. In Poland, male roe deer are obtained only during
the hunting season, which begins on 11 May and lasts several months—until 30 September
of the same year. During this period, bucks are obtained only and exclusively through
stalking hunts. Stalking hunts are usually performed in the early morning or evening hours,
but not during times of darkness, which means from one hour before sunrise to one hour
after sunset. These are periods of the day when animals are very active in eating and moving
around. Intensive stalking hunts taking place during this time can have a negative impact on
the roe deer population [4,5]. Therefore, this study aimed to assess the effects of stalking hunts
on the level of long-term stress in male European roe deer (Capreolus capreolus) by comparing
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the levels of cortisol in the hair of animals obtained at the beginning and at the end of the
stalking hunting season, depending on age and carcass mass.

2. Materials and Methods
2.1. Experimental Design

Roe deer were obtained in accordance with Polish Hunting Law and the principles of
individual selection during the hunting season [43] for individual hunts in the Lubartow
Forest District of the Game Breeding Centre (GBC) in Koztéwka and Rawityn in May and
September 2023. Hunting exploitation of European roe deer in Poland is permitted at
a density of 1.5 individuals per 100 ha of hunting district area. The number of young
individuals is calculated as 70% of the number of females. The planned harvest of roe deer
depends on the density, number of young individuals, habitat possibilities, and long-term
hunting management plans. The harvest structure is assumed to be as follows: females—up
to 50%, males—up to 50%, and fawns—up to 30%. The criteria for the selection of male roe
deer are as follows: individuals with first antlers up to 70% of the total number of males
planned for shooting (males with first antlers in the shapes of buttons, straight pointed
antlers without side branches, antlers with side branches up to 2 cm long); males with
2nd—4th antlers (all antlers with a smaller number of side branches than regular antlers,
three side branches on each beam over 3 cm long), min. 30% of the total number of males
scheduled for shooting; and males with 5th antlers and older, regardless of the shape of
the antlers [43]. The shooting of animals had a selective purpose and was carried out by
qualified hunters—employees of the Lubartéw Forest District. In order to obtain animals,
they conducted single-person hunts on foot without the participation of hunting dogs to
minimize the strength of negative stimuli associated with the procedure. The shooting took
place in the early morning hours. The animals died immediately after the first precise shot.

The Lubartéw Forest District is located in Central and Eastern Poland (51°27' N,
22°29' E). Poland has a temperate, warm, transitional climate. The forests of the Forest
District are located mostly in the IV Mazovian-Podlaskie Region, the 5th district of the Pod-
laskie Lowland, and the Siedlce Upland. The terrain is not very diverse and is characterized
by flatness. The annual rainfall is 552 mm, and the average annual temperature is +7.7 °C.
The forest district is characterized by a large diversity of habitats and soil fertility. The
forest cover of the region is estimated at 24.9%, with 49% of the area covered by coniferous
species and 38% covered by mixed forests with deciduous species [44]. In the area of the
forest district, the density of red deer (Cervus elaphus) is 16.03/1000 ha of forest area, that of
roe deer (Capreolus capreolus) is 2.08/1000 ha of the total area, and that of moose (Alces alces)
is 10.15 individuals per 1000 ha of forest and marsh area [44].

GBC Kozt6éwka has a total area of 10,757 ha, of which 5945 ha (55%) is forests, and GBC
Rawityn has an area of 8080 ha, of which 3666 ha (45%) is forests [44]. In the 2022/2023
stalking hunting season, 32 male roe deer were shot in is each area (64 individuals in total in
both GBCs) from May to September by 11 hunters (data from the Lubartow Forest District).

Ethical review and approval did not apply to this study because biological material
was collected after the hunting procedures. Samples from roe deer were harvested during
the hunting period (from 11 May to 30 September 2023) in accordance with the Polish
Hunting Law, Annex to Resolution No. 57/2005 of 22 February 2005.

2.2. Sampling

The individuals harvested in the study were obtained between 11 and 25 May (in the
first two weeks after the start of the male hunting season) and between 15 and 30 September
(in the last two weeks of the hunting season). On both dates, only summer hair of reddish-
brown color was collected from the carcasses of animals. It was cut with laboratory scissors
from the skin in the dorsal-caudal region. Full-length hair samples were frozen within the
shortest possible time after collection (up to 15 min) and kept at —25 °C until the tests.
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2.3. Laboratory Analysis

The extraction methodology was modified from that of Burnett et al. [45]. The collected
hair was washed with warm water and dried for one day at room temperature (24 °C)
in ambient air, and then washed in 5 mL isopropanol for 3 min and dried for 5 days
(24 °C in ambient air). The full-length hair was cut to 1-2 mm in length using laboratory
scissors, and then 70 mg of trimmed hair was put into a glass vial. Three-and-a-half
methanol (Sigma-Aldrich, Poznan, Poland) was added, and vials were incubated for 18 h at
37 °C with shaking. After incubation, the supernatant was filtrated using 30 mm diameter
syringe filters with a porosity of 0.22 mm (Alfachem, Poznan, Poland) to separate the liquid
phase, then placed into disposable glass culture tubes. The supernatant was evaporated
at 45 °C in ambient air until completely dry. The extracted cortisol samples were assayed
using a commercially available EIA kit (Cortisol Enzyme Immunoassay Kit, KO03-HS5,
Arbor Assays, Ann Arbor, MI, USA) according to the manufacturer’s instructions with the
reagents provided. As recommended by the test manufacturer, sensitivity was calculated
by comparing the optical density (OD) for the blank and the highest concentration of the
standard. The detection limit was determined at two standard deviations from the blank
along the standard curve. Sensitivity was set at 27.6 pg/mL. The limit of detection for
the assay was determined similarly, comparing the OD values for twenty runs each of the
blank standard and the low-concentration sample. The detection limit was determined to
be 45.4 pg/mL. The age of the animals was determined post mortem using the Eidmann
method, which involves assessment based on the layers of dentine deposited in the canal
of the first pair of incisors I1, the characteristic features of the dentition, the stage of
development, and the replacement of primary teeth with permanent ones [44].

2.4. Statistical Analyses

The statistical analysis used GLM and CORR procedures of SAS software (Statistical
Analysis System, 9.4, 2013). The normality of data distribution was assessed using the
Shapiro-Wilk test. The significance of differences between CORT content means was
verified using multivariate analysis of variance with Tukey’s test (proc GLM). In the model,
the month of sampling (2 levels—September and May), animal age (2 levels: 34 years old
and 5-6 years old), and interaction of sampling month and age were used as qualitative
factors, while the carcass mass of the animals was used as a quantitative factor. Additionally,
the relationship between animal age and CORT concentration was examined using Pearson
correlation. Results were presented using basic statistics and the significance of differences
between means at p < 0.05.

3. Results

The CORT concentration was significantly higher in September compared to May
(Pr. > It =0.0017) (Table 1). The age of the animals and the interaction of the month of
sampling and age did not significantly affect the CORT concentration in the hair of the
studied animals.

Table 1. Descriptive statistics of the analyzed parameters for animals harvested at the beginning and
at the end of the hunting season.

Mean Cortisol

Month‘ of N Age (Years) Mean Carcass Concentration Star}da}rd Standard Error Coefﬁ'cu?nt of
Sampling Mass (kg) Deviation Variation
(pg/mg)
M 15 34 16.866 0.3952 0.016 0.004 3.929
ay
11 5-6 18.000 0.397 2 0.006 0.002 1.407
S 17 34 15.882 0.418 2 0.034 0.008 8.045
eptember
14 5-6 18.571 0.428° 0.041 0.011 9.658

2b_means in the column differ significantly at p < 0.05 (Tukey test).
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The animal carcass mass did not affect CORT concentration (F = 0.41, Pr. > F = 0.53;
t=0.64, Pr. > |tl = 0.53) using the GLM linear model. The Pearson correlation be-
tween roe deer carcass mass and CORT concentration was —0.019 and was not significant
(Pr. > r =0.88) (Table 1).

4. Discussion

The average CORT concentration in hair collected in May in both age groups of male
roe deer was almost identical, and it was similar in September. The results of our analysis of
hair collected in May are consistent with the average results obtained by Ventrella et al. [3]
in June. However, the CORT concentration in hair collected in September was different [3].
Our study has indicated a much higher CORT concentration in roe deer hair at the end of
the hunting season and after the mating season, which falls at the turn of July and August.
The same results have already been reported in other species [46—48]. In turn, studies
conducted in Italy on roe deer that died as a result of collisions with cars did not show any
correlation between the month of sampling and the CORT concentration in the fur of these
animals, and the levels were slightly higher than those obtained in our own research [37].

It should be emphasized that, at present, there are no reference values to which the
results obtained by the authors of this study could be related. However, other researchers
have shown much higher CORT concentrations in the hair of red deer [49] or elk [39]. The
differences are most likely due to species differences, as well as environmental factors
such as climate, increased predation pressure, or population density in the area where the
population lives [49]. Franchini et al. [37] indicated that higher CORT concentrations in late
summer and autumn may be characteristic of areas with a cold climate, and Huber et al. [50]
confirmed in their studies higher CORT concentrations in months characterized by lower
temperatures. Rakic et al. [51] emphasized that the CORT concentration in the fur fluctuates
throughout the year and is dependent on the timing of hair coat changes; it increases when
the hair is not growing (resting phase), which has been confirmed by studies conducted on
grey wolves [52] and American hares (Lepus americanus) [53].

Our own studies, however, indicate that the CORT concentration was significantly
higher in September compared to May. The basic factor that may influence the increase
in stress levels in male roe deer, apart from the ongoing hunting season, is the mating
season. Territorial behavior in European roe deer emerges with the arrival of spring,
reaching its peak during the rut. At that time, males display intensified territorial be-
havior, characterized by increased aggression [54], which may have an impact on our
results. Studies conducted so far on cervids confirm that rut is a particularly stressful
period for cervids [28,50,55]. The increase in cortisol concentration in the fur may also be
influenced by negative environmental factors, including climate, ambient temperature, or
the high density of the species in a given area [12,49,56-58]. In the study region, the average
temperatures for the months covered by the study were: May: 9-16 °C, June: 16-26 °C,
July: 15-23 °C, August: 10-32 °C, and September: 9-19 °C [59]. It can therefore be con-
cluded that the temperature value for the above-mentioned months could have been an
additional negative factor causing heat stress [60], because in the case of moose (Alces
alces), the upper- temperature limit that does not cause the above stress is 14 °C in the
summer months [61], moose being an excellent example of a species sensitive to maximum
temperatures in each season [60].

An important factor influencing the welfare of roe deer is the density of the red
deer (Cervus elaphus) population in its habitat. Many authors indicate that a high density
of this species may negatively affect the population of roe deer, primarily due to food
competition [62-64]. It should therefore be considered that potential interactions of these
two species may lead to increased CORT secretion in roe deer, especially when both species
share the same habitats [37]. However, in the study area, the density of red deer probably
does not have a negative impact on the population of European roe deer, as it was at the
level of 16.03 individuals per 1000 ha of forest area [44]. According to the recommendations
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of the Polish Hunting Association, it should oscillate between 15 and 35 individuals per
1000 ha of forest area—such values allow for rational hunting management [43].

It is worth emphasizing that lower CORT concentrations in various species, including
roe deer, are typical for warmer months—CORT concentration increases from early spring
to late summer [3,64,65], which contrasts our results. It is also important to note that a high
concentration of androgens during the rut in roe deer may affect the CORT concentration
caused by stress [66,67], although the relationship between CORT and testosterone may be
apparent due to seasonal fluctuations in both of these hormones [3].

The results obtained herein confirm the lack of a relationship between the carcass mass
of animals, age, and CORT concentration in the hair, which has already been noted [40,49].
This allows us to conclude that the factors that have the strongest impact on the welfare of
roe deer are primarily environmental factors, including animal disturbance during hunting
seasons. Considering the cyclical repetition of this negative stimulus, it may cause chronic
stress in free-living animals [9]. Gentsch et al. [28] indicated that individual hunting is
less stressful than, for example, the death of an animal due to a road accident, but little is
known about long-term stress in wild animals. The mere presence of hunters in the hunting
ground is a negative stimulus for cervids and affects their welfare [5,9]. Studies conducted
by Bateson and Bradshaw [41] indicate that the increasing concentration of cortisol in the
feces of red deer is positively correlated with the intensity of hunting pressure. A lack of
such a correlation was demonstrated by Ensminger et al. [28] in studies conducted on wild
Cervus canadensis. Therefore, determining the concentration of CORT in the fur of game
animals offers a reliable indicator for tracking its trends and monitoring the welfare of
these animals [39,51].

5. Conclusions

In summary, the cortisol concentration in the hair of male European roe deer was sig-
nificantly higher in animals obtained at the end of the stalking hunting season. Disturbing
animals during the hunting season may be one of the factors that generates chronic stress in
them, especially if the negative stimulus is repeated over a longer period of time. However,
it may also be an effect of the season, but it did not correlate with the carcass mass or the
age of the animals. The results obtained and analyzed herein can be a valuable source of
information in the context of deer welfare. Still, this is preliminary research and should be
expanded upon in subsequent years, along with other methods of assessing welfare.
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prowadzeniu badan klinicznych, laboratoryjnych, eksperymentalnych oraz pozyskiwaniu
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