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Streszczenie
Celem rozprawy bylo okreslenie, czy profil behawioralny kur niesnych, okreslony

przez indywidualne reakcje behawioralne, determinuje wskazniki uzytkowe i fizjologiczne kur
nie$nych, a tym samym czy jest to cecha, ktorg nalezy uwzglednia¢ w kryterium selekcyjnym
ptakow. Materiat badawczy stanowito tacznie 4735 ptakow, w tym 224 ptaki rasy
Zielononodzka kuropatwiana (Zk), 1333 ptaki rasy Rhode Island White (RIW) i 3180 ptakow
rasy Rhode Island Red (RIR). Przeprowadzono analiz¢ wybranych wskaznikow
behawioralnych pod katem: 1) wptywu pozycji w strukturze stada na dobrostan kur nie$nych,
2) znaczenia gestosci obsady dla ksztaltowania zachowania kur niesnych podczas
zmodyfikowanego testu otwartego pola, oraz 3) reakcji na test nowego obiektu pod katem
profilu behawioralnego i jego wptywu na cechy uzytkowe kur w hodowli zarodowe;.
Analizowano czas i czestotliwos¢ roznych zachowan, ktore pozwolity przypisa¢ ptakom
pozycje w hierarchii lub profil behawioralny. Ponadto oceniono parametry fizjologiczne:
poziom serotoniny, dopaminy, adrenaliny, noradrenaliny, kortykosteronu, kortyzolu i
testosteronu, a takze sktad mikrobioty jelitowej. Wykazano, ze brak ustalonej pozycji w grupie
moze zwigksza¢ stres u kur niosek. Osobniki okreslone jako neutralne i podporzadkowane
przejawialy silniejszg motywacj¢ do zmiany swojego statusu. Poza pozycja w grupie istotnym
czynnikiem modulujacym zachowanie ptakow byta niska gestos¢ obsady. Ptaki z tej grupy
przejawiaty wieksza zmienno$¢ zachowan. Na podstawie wynikdw testu nowego obiektu
wydaje si¢, ze ptaki proaktywne, wykazujace silne reakcje behawioralne 1 podejmujace
decyzje zgodnie ze swojg motywacjg, powinny by¢ pozadanym typem behawioralnym w
warunkach fermowych. Jednakze pomimo prezentowania r6znych tendencji behawioralnych
nie wykazano réznic w wartosci uzytkowej ptakéw reaktywnych i proaktywnych. Moze to
prowadzi¢ do btgdnych wnioskow, ze profil behawioralny nie jest istotng cechg w hodowli 1
nie wigze si¢ z poziomem stresu. W chowie fermowym nalezy dazy¢ do stabilizacji warunkow
utrzymania, poniewaz szeroko rozumiane zmiany $rodowiska zaburzaja homeostaze

organizmu.

Stowa kluczowe: kury niesne, profil behawioralny, kryterium selekcyjne, parametry
fizjologiczne, cechy uzytkowe



Summary
The aim of this dissertation was to investigate whether the behavioural profile of laying

hens, as specified by individual behavioural responses, determines the performance and
physiological indices of laying hens, and thus whether this is a trait that should be taken into
account in the selection criterion for birds. The study material consisted of a total of 4735
birds, including 224 Green-legged Partridge (Zk) birds, 1333 Rhode Island White (RIW) birds
and 3180 Rhode Island Red (RIR) birds. Analysis of selected behavioural indices was carried
out for: (1) the influence of position in flock structure on laying hen welfare, (2) the importance
of stocking density in shaping laying hen behaviour during a modified open-field test, and (3)
the response to a new-object test in terms of behavioural profile and its influence on
performance traits of hens in brood-rearing. The timing and frequency of different behaviours
were analysed to assign a hierarchical position or behavioural profile to the birds. In addition,
physiological parameters were assessed: levels of serotonin, dopamine, adrenaline,
noradrenaline, corticosterone, cortisol and testosterone, as well as the composition of the gut
microbiota. It has been shown that the lack of a fixed group position can increase stress in
laying hens. Individuals identified as neutral and subordinate showed stronger motivation to
change their status. In addition to group position, low stocking density was an important factor
modulating bird behaviour. Birds in this group showed greater behavioural variability. Based
on the results of the new-object test, it seems that proactive birds, showing strong behavioural
responses and making decisions according to their motivation, should be the desired
behavioural type under farm conditions. However, despite presenting different behavioural
tendencies, no differences were shown in the performance value of reactive and proactive
birds. Results This may lead to the misleading conclusion that the behavioural profile is not an
important trait in breeding and is not related to stress levels. In breeding, stable maintenance
conditions should be targeted, as wide-ranging environmental changes disturb the homeostasis

of the organism

Keywords: laying hens, behavioural profile, selection criterion, physiological parameters,
performance traits



Wstep

Przemyst drobiarski na przestrzeni ostatnich kilkudziesigciu lat ulegt dynamicznemu
rozwojowi [Hofmann i in., 2020]. Bylo to mozliwe dzigki pracy hodowlanej, a w
szczegblnosci selekcji skierowanej na optymalizacje produkcji pod katem wysoko wydajne;j
produkcji jaj i migsa [Cheng, 2010; Hofmann i in., 2020; Shynkaruk i in., 2023].
Doprowadzito to do znaczacych zmian w praktykach zarzadzania, ze specjalistycznymi i
zintensyfikowanymi procesami produkcyjnymi pozwalajacymi na maksymalizacje zyskow
przy jednoczesnym zmniejszeniu naktadu pracy [Hofmann i in., 2020]. Warto jednak
podkresli¢, ze postep biologiczny i naukowy, taki jak selekcja w celu zwigkszenia produkeji,
czesto wigze si¢ z kompromisami i negatywnymi konsekwencjami dla kur [Van Marle-
Koster i Visser, 2021]. Selekcja pod katem jednej cechy moze wptywaé niekorzystnie na
inne prowadzac do szkodliwych skutkow dla zwierzat. W zwiazku z tym selekcja powinna
by¢ wywazona, szczegolnie w konteks$cie systemOw utrzymania, tak aby poprawic¢ zdolnos¢
radzenia sobie zwierzgcia w okreslonym $rodowisku produkcyjnym [Cheng, 2010].

Kwestia dobrostanu kur jest obecnie jednym z najwigkszych wyzwan, przede
wszystkim w intensywnych systemach produkcji drobiu [Hofmann i in., 2020]. Obawy
opinii publicznej dotyczace negatywnego wplywu produkcji na dobrostan niosek i
bezpieczenstwo zywnosci [Cheng, 2010; Heng i in., 2013; Hofmann i in., 2020] sg szeroko
dyskutowane na §wiecie, a kury nie$ne zostaty zidentyfikowane jako zwierzeta gospodarskie
najbardziej potrzebujace poprawy dobrostanu [Heng i in., 2013; Hofmann i in., 2020;
Sinclair i in., 2022; Heng i in., 2013]. Biorac pod uwage, ze mig¢so drobiowe i jaja stanowig
podstawowe zrodlo zywnosci na $wiecie [Hofmann i in., 2020], nie dziwi fakt, Ze
konsumenci zwracajg duzg uwage na pochodzenie produktow drobiarskich [Fiorilla i in.,
2024]. Co wiecej, wydaje si¢, ze rosngca swiadomos¢ spoleczenstwa na temat jakosci tych
produktéw jest gtdéwna sita napedowa dla podejmowanych badan na temat dobrostanu niosek
[Weeks i Nicol, 2006; Fiorilla i in., 2024], tym bardziej ze jest on kluczowym czynnikiem
dla nowoczesnego, zrownowazonego i etycznego przemyshu spozywczego [Fiorilla i in.,
2024]. Zrozumienie sposobu, w jaki kury niesne wchodza w interakcje migdzy sobg oraz ze
srodowiskiem, umozliwia opracowanie bardziej skutecznych strategii [Fiorilla i in., 2024 ,
co ma istotny wptyw na ekonomiczny aspekt produkcji [Zimmerman i in., 2011; Matur i in.,
2015; Carvahlo 1 in., 2018]. Szczegolnie ze konsumenci sg sktonni zaplaci¢ wigcej za
produkty pozyskane z gospodarstw uwzgledniajacych zasady dobrostanu [Heng i in., 2013].

Powszechnie wiadomo, Ze intensywna praca hodowlana stwarza wiele problemow i



stanowi zagrozenie dla dobrostanu niosek [Dudde i in., 2018], zwlaszcza ze obecno$é
czynnikow stresogennych jest czestym zjawiskiem w produkcji drobiarskiej [Kang i in.,
2011; Hofmann i in., 2020]. W ztozonym srodowisku, do ktorego mozemy zaliczy¢ warunki
hodowlane, ptaki muszg dostosowywac si¢ do zmieniajacych si¢ okolicznosci (zaréwno
negatywnych, jak i pozytywnych) [Boissy i in., 2007; Cockrem, 2007; Cockrem 2013].
Optymalny poziom stresu powoduje szereg reakcji, ktére maja na celu przystosowanie si¢
osobnika do zachodzgcych zmian [Cockrem, 2007]. Jednak w wyniku dlugotrwatego stresu
funkcjonowanie organizmu jest zaburzone, a tym samym zdolno$¢ adaptacji do danej
sytuacji [Osadcha i Pavlovych, 2023]. Powszechng praktyka majgca na celu poprawe
dobrostanu kur jest modyfikacja §rodowiska [Rozempolska-Rucinska i in., 2020; Evansi in.,
2023]. Stosowanie wzbogacen Srodowiskowych ma na celu poprawe biologicznego
funkcjonowania zwierzat, tj. zmniejszenie cze¢stotliwosci nieprawidlowych zachowan przy
jednoczesnym wzro$cie naturalnych zachowan, poprawie zdrowia fizycznego oraz lepszym
wykorzystaniu dostepnych zasobow [Newberry, 1995; Campbell i in., 2019]. Nalezy jednak
zwrdci¢ uwage, ze dostosowanie §rodowiska hodowlanego tak, aby zapewni¢ dobrostan
kazdemu osobnikowi jest niemozliwe. Mozna za to podja¢ probe wyselekcjonowania
osobnikéw o cechach osobowosci odpowiednich do warunkéw hodowlanych, tzn. dobrze
adaptujacych sie [ Mench, 1992; Craig i Swanson, 1994; Jones, 1996; Cheng, 2010]. Jak
wykazuja badania, potrzeby kur moga by¢ odmienne w zaleznosci od gatunku, rasy, a takze
pomiedzy poszczegdlnymi osobnikami [Rozempolska-Rucinska i in., 2020]. Kury réznych
ras r6znig si¢ nie tylko preferencjami dotyczacymi elementéw Srodowiska, ale rowniez
stopniem pobudliwosci i reaktywnosci emocjonalnej [Nelson i in., 2020; Rozempolska-
Rucinska 1 in., 2020]. Indywidualna zmienno$¢ osobnicza i reakcje behawioralne moga
wyraznie wptywaé na sposob, w jaki ptaki wchodza w interakcje ze Srodowiskiem, co
dodatkowo moze mie¢ konsekwencje dla ich zycia spotecznego [Cockrem, 2007].
Wiasciwy poziom dobrostanu jest powigzany z profilem behawioralnym ptakow.
Wzorce zachowan zalezg nie tylko od §rodowiska zycia i do§wiadczen ptakow, ale takze od
uwarunkowan genetycznych, warunkéw srodowiskowych podczas rozwoju embrionalnego
i efektow epigenetycznych [Rozempolska-Rucinska i in., 2020; Campbell i in., 2021].
Charakterystyczne wzorce zachowan u poszczegolnych zwierzat reprezentujg strategie
(style), ktore zwierzeta wykorzystuja do radzenia sobie z wymaganiami S$rodowiska
[Cockrem, 2007]. Wspomniane cechy sg czgsto oceniane za pomocg indywidualnych testow
behawioralnych, np. test otwartego pola czy test nowej areny [Cockrem, 2013; Campbell i

in., 2021; Campbell i Horton, 2023]. Nalezy podkresli¢, ze uzycie tylko jednego testu nie
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okresla w pelni osobowosci ptakow, ktéra obejmuje spdjne ,,zestawy” reakcji
behawioralnych na szereg bodzcoéw [Arndt i in., 2022]. Dlatego wiasciwe bgdzie uzycie
terminu ,,profil behawioralny”, gdyz wskazuje na pewne tendencje osobnika. Okreslajac
profil behawioralny ptakowocenie poddaje si¢ takie cechy jak aktywno$¢, szybkos$¢
eksploracji i $miato$¢. Na tej podstawie osobniki o zwigkszonej aktywnosci, dluzszej
eksploracji nowego S$rodowiska, a takze bardziej agresywne klasyfikowane sg jako
proaktywne. Natomiast osobniki reaktywne to te wykazujgce wigkszg pasywnos¢, mniejsza
smiatos¢, eksploracje 1 agresje. Jednak nie wszystkie badania sg w stanie konsekwentnie
kategoryzowa¢ kury do konkretnej strategii radzenia sobie. Niektore badania sugeruja, ze
cechy osobowosci roéznig si¢ od stylow radzenia sobie [Campbell i in., 2021]. Réznice w
stylach radzenia sobie sg rOwniez przynajmniej cze§ciowo wyjasnione réznicami w profilach
hormonéw stresu, przy czym osobniki proaktywne maja bardziej wyrazng aktywacje stresu
wspotczulnego (ucieczka/walka), podczas gdy osobniki reaktywne czesto reaguja na
stresujgca sytuacj¢ wyzszg aktywacja stresu przywspotczulnego (reakcja wycofania) [Favati
i in., 2014a].

Innymi cechami, ktéore moga okresla¢ profil behawioralny jest lgkliwos$¢,
agresywnos$¢ i czgstotliwos¢é podejmowania konfliktoéw z innymi osobnikami [Favati i in.,
2017; Campbell i Horton, 2023]. Indywidualna reakcja w agonistycznych interakcjach
wewnatrzgatunkowych jest plastyczng cecha, zalezng od kontekstu, w ktorym si¢ pojawia
[Favati i in., 2017]. Wspomniane cechy osobowosci sag powigzane z miejscem kury w
hierarchicznej strukturze stada iwptywaja na pozycje, jaka ptak zajmuje w grupie spoteczne;.
Kury nioski sg zwierzgtami spolecznymi, nalezy bra¢ to pod uwage przy interpretacji
indywidualnych ocen behawioralnych [Campbell i Horton, 2023]. Zwierzgta tego samego
gatunku mozna podzieli¢ na fenotypy behawioralne, ktére wydaja si¢ by¢ dostosowane do
zycia w roznych Srodowiskach. Charakteryzuja si¢ one stala zmienno$cia zachowan
agresywnych, lekowych 1 eksploracyjnych, a takze réznicami w reakcjach fizjologicznych
[Pusch i in., 2017; Pusch i Navara, 2018]. Stado kur moze r6zni¢ si¢ temperamentem czy
innymi cechami, np. poznawczymi, ze wzgledu na wptywy spoteczne. Dlatego zrozumienie,
w jaki sposob interakcje spoteczne moga oddziatywaé na wzorce zachowan, czy cechy
temperamentu poszczegdlnych kur, moze poprawic nasze pojmowanie przyczyn zmienno$ci
grupowej [Campbell i Horton, 2023].

Aby mozna bylo wykorzysta¢ profil behawioralny w praktyce hodowlanej,
niezbedne s3 szczegdlowe badania okreslajace powigzania pomiedzy zachowaniem kur, a

poziomem ich uzytkowo$ci oraz wskaznikami fizjologicznymi. Organizm tworzy
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nierozerwalng cato$¢ i modyfikujac jedne cechy trzeba sobie zdawaé sprawe, w jaki sposob
wplynie to na inne. W tym przypadku celem badan byla ocena, czy i ewentualnie w jaki

sposob profil behawioralny jest powigzany z cechami uzytkowymi i fizjologicznymi.
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Hipotezy i cele badan
Hipotezy

W prowadzonych badaniach przyjeto zatozenie, ze profil behawioralny kur nie$nych
odgrywa istotng role w radzeniu sobie poszczegdlnych osobnikow z pojawiajacymi si¢
wyzwaniami $§rodowiskowymi w hodowli. Ponadto jest to czynnik, ktory moze
determinowac cechy uzytkowe i fizjologiczne niosek. W zwigzku z tym w poszczegdlnych
etapach badan weryfikowano nastepujace hipotezy czastkowe:

1. Dobrostan kur nie$nych jest uzalezniony od zajmowanej pozycji w grupie, dlatego
osobniki o nizszej badz neutralnej (nieustalonej) pozycji odczuwajg wigkszy stres
wyrazony zmiang wskaznikow biologicznych (P1).

2. Gestos¢ obsady jest istotnym czynnikiem modulujacym zachowanie kur niesnych.
Wigksza przestrzen zyciowa (niska gesto$¢ obsady) w codziennym utrzymaniu,
umozliwiajgca prezentowanie szerszego repertuaru zachowan, ksztattuje ptaki
bardziej aktywne i zainteresowane nowymi elementami Srodowiska (P2).

3. Profil behawioralny moze determinowaé cechy uzytkowe kur niesnych i powinien

stanowi¢ Kryterium selekcyjne ptakow (P3).

Cele

Celem rozprawy bylto okreslenie czy profil behawioralny kur niesnych, okreslony przez
indywidualne reakcje behawioralne, determinuje wskazniki uzytkowe 1 fizjologiczne
niesnych, a tym samym czy jest to cecha, ktorg nalezy uwzglednia¢ w kryterium
selekcyjnym ptakéw. Wyznaczono nastepujace cele szczegdtowe:

1. Ocena zwigzku miedzy pozycja spoteczng w grupie a poziomem stresu u kur niosek,

okreslonym za pomocg wybranych wskaznikéw biologicznych (P1).

2. Ocena wptywu gestosci obsady na wybrane wskazniki behawioralne i fizjologiczne

kur niosek (P2).

3. Ocena zmienno$ci genetycznej profilu behawioralnego kur niesnych jako

ewentualnego kryterium selekcyjnego (P3).
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Material i metody
Material

Badanie sktadalo si¢ z trzech czgs$ci, ktére zostaty zaprezentowane w publikacjach
(P1, P2, P3) wchodzacych w cykl rozprawy doktorskiej. Doswiadczeniem objgto gcznie
4735 ptakow, w tym 224 ptaki rasy Zielonondzka kuropatwiana (Zk), 1333 ptaki rasy Rhode
Island White (RIW) 1 3180 ptakow rasy Rhode Island Red (RIR). Ze wzgledu na charakter
doswiadczenia w kazdym etapie badan wykorzystano inne osobniki. W pierwszym badaniu
(P1) do okreslenia wptywu pozycji w hierarchicznej strukturze stada na dobrostan niosek
wykorzystano 80 osobnikow rasy ZK. Nastepnie, w do$§wiadczeniu drugim (P2), ocenie
poddano wplyw gestosci obsady na wybrane parametry fizjologiczne i behawioralne u 144
osobnikéw rasy Zk. W ostatnim, trzecim badaniu (P3), oceniono potencjat wykorzystania
profilu behawioralnego jako kryterium selekcyjnego w hodowli zarodowej. W tym celu w
doswiadczeniu wykorzystano 1333 osobniki rasy RIW 1 3180 osobniki rasy RIR.

Wszystkie ptaki mialy zapewniony staty dostgp do pelnowarto$ciowej paszy
komercyjnej oraz wody, zgodnie ze standardowymi wymogami hodowli drobiu. Kury rasy
RIR i RIW jako stado zarodowe byly utrzymywane w indywidualnych klatkach i
oznakowane indywidualnym kodem kreskowym. Natomiast kury rasy Zk utrzymywano w

systemie scidtkowym. Ptaki podlegaty standardowemu nadzorowi weterynaryjnemu.

Testy behawioralne

Obserwacje behawioralne (P1)

Ptaki (n = 80) w wieku 53 tygodni zostaty losowo przydzielone do jednego z czterech
boksow, w kazdym znajdowato si¢ 20 osobnikow. W trakcie trwania dos§wiadczenia sktad
kazdej grupy nie ulegat zmianie. Ptaki zostaly oznaczone indywidualnym numerem w celu
pozniejszej identyfikacji. Rejestracja wideo (kamera Xblitz MOVE 4K Plus) byta
prowadzona przez osiem godzin dziennie, cztery godziny rano (6:00 — 10:00) i cztery
godziny po potudniu (14:00 — 18:00). Ocena zachowania kur niesnych zostata
przeprowadzona w pierwszym (dzien 1 — 3) i w koncowym okresie badania (dzien 14 — 16).
Na podstawie analizy nagran pod katem czgstotliwosci zachowan ,,dziobanie/atak™ i
,ucieczka”, okre§lono pozycje kazdej kury w danym boksie. Wyniki zsumowano dla
kazdego okresu. Analiza nagran zostala przeprowadzona przez jednego obserwatora. Na tej

podstawie ptaki sklasyfikowano jako:

e dominujgce (atakujgce) — przewaga zachowania ‘dziobanie’ nad czgstotliwoscia
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prezentowania zachowania ‘ucieczka’,
e podporzadkowane (uciekajace) — przewaga zachowania ‘ucieczka’ nad
czestotliwoscig prezentowania zachowania ‘dziobanie’

e neutralne — brak przewagi ktoregokolwiek z zachowan.

Zmodyfikowany test otwartego pola (P2)

W badaniu uwzgledniono 144 ptaki (12 samcoéw i 132 samice) rasy Zk (w wieku 45
tygodni), ktore zostaty potaczone w stada eksperymentalne. W kazdej zagrodzie, przez okres
21 dni, znajdowato si¢ 12 ptakoéw (1 samiec : 11 samic; stosunek plci typowy dla stad
hodowlanych). Przygotowano cztery replikacje dla kazdej grupy w zaleznosci od gestosci
obsady, co dato tacznie 12 boksow doswiadczalnych. Aby unikna¢ wystgpienia
potencjalnego stresu dla niosek zwigzanego z brakiem koguta w grupie, zdecydowano si¢ je
pozostawi¢ w zagrodach eksperymentalnych. Ptaki podzielono na trzy grupy w zaleznosci

od gestosci obsady:

e standardowa gesto$¢ obsady dla stad reprodukcyjnych — 12 osobnikow utrzymywano
w zagrodzie o powierzchni 2 m? (6 ptakow/m?);

e niska gesto$¢ obsady — 12 osobnikéw utrzymywano w zagrodzie o powierzchni 4 m?
(3 ptaki/m?);

e wysoka gesto$¢ obsady — 12 osobnikéw utrzymywano w zagrodzie o powierzchni
1,5 m? (9 ptakow/m?).

Indywidualne testy behawioralne przeprowadzono na 36 losowo wybranych kurach
sposrod trzech grup. Testy przeprowadzono w ciggu dwoch kolejnych dni, miedzy godzing
8:00 a 16:00. Dostep do paszy nie byt ograniczony w dniu testu, aby zapobiec wplywowi
tego czynnika na zainteresowanie pojemnikami z paszg. Zagroda testowa znajdowata si¢ w
sgsiednim pomieszczeniu (identyczne warunki o$wietlenia i ogrzewania), co uniemozliwito
ptakom nawigzanie kontaktu wzrokowego lub dZwigkowego z innymi osobnikami. Wzdhuz
dhuzszych $cian zagrody testowej umieszczono elementy nieznane ptakom. Obejmowatly
one: pojemnik imitujacy gniazdo, piaskownice, pojemnik z pasza komercyjna, pojemnik z

pasza wzbogacong dodatkiem zi6t oraz poidio (ryc. 1).
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Ryc. 1. Schemat zagrody testowej (P2); A — imitacja gniazda, B — piaskownica, C — pasza
komercyjna, D — pasza wzbogacona, E — poidto, X — pozycja kury w momencie rozpoczecia testu.

Znany ptakom eksperymentator przenosit kur¢ bezposrednio z boksu
eksperymentalnego do testowego i umieszczat ja w jego centralnym punkcie — X. Po
zamknieciu boksu eksperymentator wiaczat kamere, prezentowat tablice z numerem
badanego ptaka (nr 1 — 36), a nastepnie opuszczal pomieszczenie. Zachowanie bylo
rejestrowane (660 s) za pomocag szerokokatnej kamery (Xblitz MOVE 4K Plus)
umieszczonej poza boksem. Ze wzgledu na obecno$é czynnikoéw, ktore potencjalnie mogty
zakloci¢ przebieg testu tj. widok eksperymentatora opuszczajacego pomieszczenie, odglos
krokow i zamykajace si¢ drzwi, poczatkowy fragment nagrania byt usuwany. Analiza
nagrania testu trwajacego 600 s zostata przeprowadzona w oprogramowaniu BORIS (wersja

7.10.2., 2021) przez jednego obserwatora (tab. 1).

Tab. 1. Zachowania oceniane podczas zmodyfikowanego testu otwartego pola (P2)

Zachowanie Opis zachowania

latencja 1 [s] czas od rozpoczgcia testu do rozpoczecia lokomocji

latencja 2 [s] czas od rozpoczgcia testu do podejscia do dowolnego elementu

lokomocja_t [s] catkowity czas lokomocji (kura nioska musi wykona¢ co najmniej dwa kroki)

lokomocja_f[czest]  catkowita liczba epizodoéw lokomocji

1t catkowity czas spedzony na pobieraniu paszy/przebywaniu w bezposredniej bliskosci
paszal t[s
karmidta z pasza komercyjna

catkowita liczba powtdérzen pobierania/pozostawania paszy w bezposredniej karmidta
pasza 1_f [czgst.] _
z pasza komercyjng

2 t[s] catkowity czas spedzony na pobieraniu paszy/przebywaniu w bezposredniej bliskosci
pasza2_t[s )
karmidta ze wzbogacona pasza

calkowita liczba powtdrzen pobierania paszy/pozostawania w bezposredniej bliskosci
pasza 2_f [czgst.] )
karmidta ze wzbogacona pasza

woda_t [s] calkowity czas spgdzony na pobieraniu wody/przebywaniu w bezposredniej bliskosci
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poidia

woda_f [czest.]

catkowita liczba powtdrzen pobierania wody/przebywania w bezposredniej bliskos$ci

poidia

piaskownica_t [s]

catkowity czas spedzony na kapieli piaskowej/przebywaniu w

bezposredniej bliskosci piaskownicy

piaskownica_f [czest.]

catkowita liczba powtorzen kapieli piaskowej/przebywania w bezposredniej bliskosci

piaskownicy

gniazdo_t [s]

calkowity czas spedzony na przebywaniu w imitacji gniazda/przebywaniu w

bezposredniej bliskosci imitacji gniazda

gniazdo_f [czest.]

atkowita liczba powtorzen pozostawania w imitacji gniazda/pozostawania w

bezposredniej blisko$ci imitacji gniazda

o2l

stosunek S$redniego czasu spedzonego przy elementach w kojcu testowym do

sredniego czasu lokomocji

Test nowego obiektu (P3)

Kazda z kur zostala indywidualnie poddana testowi nowego obiektu (NOT). Test byt

przeprowadzany co cztery klatki, aby uniemozliwi¢ ptakom utrzymywanym w

sgsiadujacych klatkach wczesniejsze zapoznanie si¢ z nowym obiektem. Zastosowano

metodg rejestrowania i gromadzenia danych z wykorzystaniem elektronicznego rejestratora

(ryc. 2) wyposazonego w:

e nowy obiekt — pret z kolorowa, btyszczaca koncowka, ktory miat dodatkowa blokade

zapewniajaca taka samg odlegtos¢, w jakiej obiekt byl wprowadzany do kazdej

klatki, tj. 1 cm od $ciany klatki; w ten sposob test zostal ustandaryzowany, nie byto

zadnych rdéznic, ktore mogltyby mie¢ wplyw na reakcje kur,

e skaner kodow kreskowych HD42 — bezposrednia identyfikacja badanego osobnika.

Ryc. 2. Elektroniczny rejestrator behawioralny.

Reakcja behawioralna kury byla rejestrowana w czasie rzeczywistym, podczas

trwania NOT. Zachowanie oceniano w systemie binarnym, gdzie 0 oznaczato brak reakc;ji,
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a 1 pojawienie si¢ reakcji. Test trwal 30 sekund, podczas ktorych eksperymentator
obserwowal zachowanie kury i wprowadzal na klawiaturze urzadzenia okres$long liczbe do
konkretnej sekwencji zachowan. Rejestrowano réwniez czas trwania okreslonego
zachowania prezentowanego przez ptaka. Czestotliwo$¢ zachowan, system oceny i
klasyfikacja wedlug profilu behawioralnego (PB) zostaly przedstawione w tabeli 2.
Klasyfikacja na ptaki proaktywne i reaktywne zostata oparta na pracy Cockrem [2007]. Ptaki
wykazujace szybkie, specyficzne reakcje niezaleznie od tego, czy wigzaty si¢ one z ucieczkg
czy podej$ciem, zostaly uznane za proaktywne. Kury, ktore nie byly w stanie aktywnie

zareagowac na obiekt, zostaty zdefiniowane jako reaktywne.

Tab. 2. Frekwencja zachowan, system oceny oraz klasyfikacja wedtug profilu behawioralnego (P3)

Frekwencja
RIR RIW

Reakcja osobnika Opis zachowania podczas testu PB

ptak ucieka od obiektu, przemieszcza si¢ w
przeciwlegly koniec klatki, probuje si¢
ucieczka wydosta¢ w klatki, wykazuje aktywna 46.95 31.21
postawe sygnalizujaca che¢ ucieczki od
obiektu proaktywne
wykazuje zainteresowanie obiektem i
podchodzi do obiektu, moze dotknaé
dziobem lub z bardzo bliskiej odlegtosci
obserwuje obiekt
ptak pozostaje w jednym miejscu i nie
przemieszcza si¢ wyraznie w zadnym
kierunku, zmienia ustawienie ciata
wzgledem obiektu — raz kierujac si¢ w jego
stron¢ raz odwracajac ale nie podejmuje reaktywne
zadnej, konkretnej decyzji
zamiera, nie porusza si¢, pozostaje w takiej
nieruchomieje odlegtosci i kierunku wzgledem obiektu jak 35.21 45.15
w momencie, kiedy spostrzegl obiekt

PB — profil behawioralny, RIR — kury rasy Rhode Island Red, RIW — kury rasy Rhode Island White

podchodzenie 9.20 13.68

brak decyzji 8.64 9.96

Na fermie prowadzona jest standardowo indywidualna kontrola cech uzytkowych, tj.
masy ciala (MC) w 18 tygodniu zycia kur niosek, wieku uzyskania dojrzatosci piciowej
ptakow — wiek w momencie zniesienia pierwszego jaja (DOJ), $redniej masy jaja z
cotygodniowego zbioru w 34 (MJ34) i 54 tygodniu zycia (MJ54), nie$nosci poczatkowej, tj.
liczby jaj zniesionych w ciggu pierwszych 15 tygodni niesnosci (NP), niedestrukcyjnej
oceny grubosci skorupy (GS), niesnosci hodowlanej, tj. liczby jaj zniesionych w ciggu 54
tygodni nie$nosci (NH) oraz liczby wyklutych pisklagt (PW). Dane dotyczace uzytkowosci

kur wykorzystane w analizach pochodzily z dokumentacji fermowe;j.

Pomiar parametrow fizjologicznych i mikrobiologicznych

W celu oceny wskaznikow fizjologicznych kur nie$nych oznaczono st¢zenie
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serotoniny, dopaminy, noradrenaliny i adrenaliny (P1), a takze stezenie testosteronu,
kortyzolu oraz kortykosteronu z krwi (P2) i pior (P1) ptakow. Krew zostata pobrana z zyty
skrzydtowej do probowek zawierajacych K3EDTA jako antykoagulantu. W pierwszym
doswiadczeniu (P1) material do badan pobrano od wszystkich ptakéw 14 dnia, natomiast w
drugim (P2) pierwszego (pomiar oznaczony jako kontrolny) i 21 dnia (pomiary dla r6znych
gestos$ci obsady oznaczone jako standardowa, niska i wysoka) od 36 losowo wybranych
niosek. Pomiary kontrolny i 21 dnia wykonano na tych samych osobnikach. Po pobraniu
probek probowki umieszczano na mieszadle hematologicznym i odwirowywano w wirowce
laboratoryjnej przez 10 minut przy 3000 obr/min, a osocze przechowywano w temperaturze
-80 °C do czasu analizy. IloS§ciowe oznaczenie poziomu serotoniny W 0SOCZu
przeprowadzono przy uzyciu zestawu Eagle Biosciences Serotonin ELISA Assay Kit.
Poziom hormonéw (adrenaliny, noradrenaliny i dopaminy) w 0soczu 0znaczono przy uzyciu
testow CAT ELISA (enzymatyczne testy immunologiczne do oznaczania adrenaliny,
noradrenaliny i dopaminy) zgodnie z procedurg zaproponowang przez producenta testow.
Oznaczenia przeprowadzono przy uzyciu czytnika ptytek Elisa (SunriseTM) a absorbancje
odczytano przy dlugosci fali A =450 nm (P1).

Poziom testosteronu [pg/ml], kortyzolu [pg/ml] i Kkortykosteronu [pg/mi] (P2)
mierzono za pomocg komercyjnych zestawow do testow immunoenzymatycznych (zestawy
ELISA). Przygotowanie krzywej kalibracyjnej i1 procedura pomiaru byly zgodne z
wytycznymi producenta zestawu analitycznego. Analize przeprowadzono z 10 pL surowicy,
a kazda probke analizowano w trzech powtorzeniach, przy czym wynik byt $rednig z trzech
pomiaréw. Wyniki odczytano za pomocg czytnika mikroptytek Biotek Synergy H1 przy
dhugosci fali A= 450 nm (P2).

Poziom kortykosteronu w pidrach (P1l) okres§lono przy uzyciu metody
zmodyfikowanej przez Bortolotti i wsp. [2008]. Do ekstrakcji zastosowano 10 ml metanolu
(cz.d.a.). Probki pior, stanowigce niewielkie fragmenty nie przekraczajgce 5 mm, zanurzono
w metanolu 1 homogenizowano przez 20 minut przy uzyciu wytrzasarki laboratoryjnej
Vortex. Nastepnie proby inkubowano przez 12 godzin w temperaturze 50°C. Po inkubac;ji,
w celu oddzielenia fazy metanolowej od pozostalo$ci pior, przeprowadzono wirowanie w
wirowce laboratoryjnej z predkoscig 5000 obr/min przez 10 minut. Otrzymany supernatant
przeniesiono do nowych probéwek 1 odparowywano pod dygestorium przez okoto 6 godzin.
Po odparowaniu suchg pozostatos¢ ekstraktu rozpuszczono w 2 ml buforu fosforanowego
(PBS, 0,05 M, pH 7,6), a nastgpnie wykorzystano do oznaczania st¢zenia kortyzolu w

piorach. Do analizy pobrano drugie pierwotne pidro z lewego skrzydta kazdego ptaka.
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Poziomy kortykosteronu okreslono za pomocg testu immunoenzymatycznego przy uzyciu
zestawu Chicken CORT (Corticosterone) ELISA Kit zgodnie z procedura producenta. Pod
koniec badania ptaki poddano ubojowi w celach komercyjnych.

Tres¢ jelit z trzech odcinkow przewodu pokarmowego (P1): jelita cienkiego, jelita
Slepego 1 jelita grubego, zostata pobrana od kazdej kury, a nastgpnie przetransportowana (w
odpowiedniej temperaturze) do laboratorium. Probki tresci jelit ptakow homogenizowano,
odwazono 20 g materialu 1 umieszczono w pojemnikach z roztworem Ringera (BTL
Industries Ltd.). Nastepnie przygotowano dziesigciokrotne rozcienczenia w roztworze
Ringera i wysiewano na przygotowanych szalkach Petriego z odpowiednia pozywka
mikrobiologiczng (tab. 3). Kazda probka zostala posiana w trzech powtérzeniach. Po
inkubacji zliczano wyroste kolonie przy uzyciu licznika Scan 300 i okreslono liczebno$¢

kazdego typu, wyrazong jako liczba jednostek tworzacych kolonie na g tresci jelit (CFU/g).

Tab. 3. Analizy mikrobiologiczne (P1)

Parametr Rodzaj podloza Inkubacja

ogolna liczba bakterii tlenowych  podtoze agarowe inkubacja 48 godz. w 37°C

mezofilnych PN EN 1SO 4833 2

ogo6lna liczba grzybow podtoze Sabouraud’a inkubacja 5-7 dni w temp 25°C PN
ISO 21527-1/2

ogolna liczba bakterii z grupy podtoze Endo LES inkubacja 24 godz. w 37°C

coli PN-1SO 4832:2007

ogolna liczba bakterii podtoze mFC inkubacja 18-24 godz. w 44°CPN-

Escherichia coli typu katlowego 1ISO-16649-2

ogolna liczba bakterii podtoze TSC inkubacja 48 godz. w 37°C warunki

Clostridium perfringens beztlenowe - system GasPak Plus
PN-EN ISO 7937

ogoblna liczba bakterii kwasu podtoze MRS inkubacja 3-5 dni w 30°C

mlekowego z rodzaju
Lactobacillus
obecnos¢ pateczek z rodzaju zbuforowana woda inkubacja 24 godz. w 37°C; ostateczna
Salmonella peptonowa, podtoze XLD identyfikacja - testy biochemiczne i
surowice poliwalentne
PN-EN ISO 6579:2003/A1:2007P

PN EN ISO 4833 2 - ISO 4833-2:2013 okresla horyzontalng metode liczenia drobnoustrojow
zdolnych do wzrostu i tworzenia kolonii na powierzchni podtoza statego po inkubacji tlenowej w
temperaturze 30 °C; PN ISO 21527-1/2 okresla horyzontalng metod¢ oznaczania liczby drozdzy i
plesni;  PN-1SO-16649-2  okresla  horyzontalna metod¢  oznaczania liczby  beta-
glukuronidazododatnich Escherichia coli; PN-EN ISO 6579:2003/A1:2007P okresla horyzontalng
metode¢ wykrywania Salmonella spp.

Analiza statystyczna

Wskazniki analizowane w pierwszej pracy (P1l) nie wykazywaly rozkladu
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normalnego, stad dane zostaly poddane transformacji rangowej. Rdznice pomi¢dzy rasami,
dla badanych cech szacowano stosujgc poréwnania wielokrotne, z korekta Bonferroniego.
Wykorzystano model jednocechowy uwzgledniajac stalty wplyw grupy, do ktorej
przydzielono kure (atakujaca, uciekajaca, neutralna). Liczba boksow, w ktorych trzymane
byty kury, nie byta istotnym czynnikiem i dlatego zostata wykluczona z dalszych analiz. Do
oceny istotno$ci r6znic miedzy badanymi grupami zastosowano procedur¢ GLIMMIX (SAS
Institute, 2018).

W artykule nr 2 normalnos$¢ rozktadu sprawdzono za pomocg testu Shapiro-Wilka
(procedura PROC UNIVARIATE). Poniewaz uzyskane dane nie mialy rozkladu
normalnego, zastosowano analiz¢ nieparametryczng jako aproksymacj¢ F testu Friedmana i
powigzany z nim test wielokrotnych poréwnan sumy rang [Ipe, 1987]. Wpltyw grupy
eksperymentalnej (standardowa gesto$¢ obsady, niska gestos¢ obsady, wysoka gestos$é
obsady) analizowano wykorzystujac procedur¢ PROC GLIMMIX SAS, 9.4).

W artykule nr 3, konstruujac modele do oceny wariancji i kowariancji, kierowano si¢
istotno$cig wptywu statych czynnikéw srodowiskowych, ktore uprzednio weryfikowano za
pomocg analizy wariancji modelami statymi (procedura GLMMIX, SAS, 9.4). Czynniki

ostatecznie uwzgledniane w modelach przedstawiono w tabeli 4.

Tab. 4. Czynniki w modelach obliczeniowych dla analizowanych cech (P3)

Cecha Cechy
Typ? LI\l/ZI(}étk[c;V(;j PW | NP, NH E:f?;vcvjiecl)ralnal lljgcr)éll\ivioralny3

Czynnik GS, MJ
rok legu x kolejny naktad F X X
rok reprodukcji F
liczba zniesionych jaj C
liczba dni kontroli C X
addyt;_/wny wplyw A x " X . .
osobnika

reakcja behawioralnal: ucieczka, podejscie, bezruch, brak decyzji; typ% A - losowy, zwigzany z
macierza spokrewnien, F - staty, C - regresja; profil behawioralny®: proaktywny, reaktywny; cechy
uzytkowe: MC - masa ciala, DOJ - wiek dojrzatosci piciowej ptakéw odnotowany w momencie
zniesienia pierwszego jaja, GS - niedestrukcyjna ocena grubosci skorupy, MJ - Srednia masa jaj, PW
- liczba wyklutych pisklat, NP - niesnos¢ poczatkowa, NH - niesnos¢ hodowlana

Rodowdd obejmowat 6 pokoleniowg populacje ptakow (w tym 5 pokolen 0 znanej
uzytkowosci i 3 pokolenia z oceng zachowania). Oszacowanie wariancji i kowariancji cech
behawioralnych przeprowadzono za pomoca oprogramowania GIBBSF90+ z pakietu

BLUPF90 [Misztal i in., 2002; Tsuruta i Misztal, 2006].
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Omowienie wynikow

Pozycja w hierarchicznej strukturze grupy (P1) okazata si¢ czynnikiem istotnie
réznicujacym stezenia hormonéw steroidowych. Ptaki uciekajace (podporzadkowane) w
porownaniu do atakujacych (dominujace) i neutralnych wykazywaly wyzszy poziom
dopaminy i nizszy serotoniny. Osobniki neutralne uzyskaty wyzsze wartosci noradrenaliny niz

osobniki dominujace (tab. 5).

Tab. 5. Estymatory r6znic w poziomie neuroprzekaznikow w zalezno$ci od statusu spotecznego
(P1)

Neuroprzekazniki Behawior Estymator se p CI-L Cl-U
dopamina A F -5.76 2.00 0.005 -9.75 -1.76
N F -7.43 244 0.003 -12.29 -2.57
serotonina A F 18.80 5.30 0.001 8.22 29.38
N F 16.54 6.44 0.012 3.69 29.39
noradrenalina A N -1.05 0.36 0.005 -1.77 -0.32

A - ptaki dominujace, F — ptaki podporzadkowane, N — ptaki neutralne, se — btad standardowy, p —
warto$¢ istotnosci statystycznej, Cl-L — dolny przedzial granicy ufnosci, CI-U — gormy przedziat
granicy ufnosci

Ptaki poczatkowo neutralne, ktore po ustaleniu hierarchii zmienily strategie na
ucieczke, mialy wyzszy poziom dopaminy oraz nizszy poziom serotoniny i noradrenaliny w
porownaniu do kur, ktore przez caly okres badania pozostawaty neutralne. W przypadku kur
poczatkowo uciekajacych, ktorych status spoteczny w dalszym etapie ustalania struktury
spotecznej zmienit si¢ na dominujacy, wykazano nizszy poziom dopaminy i noradrenaliny
przy jednoczesnie wyzszym poziomie serotoniny w stosunku do osobnikdw, ktorych status
byl neutralny przez caty analizowany okres, albo zmienit si¢ na podporzadkowany. Natomiast
u kur poczatkowo uciekajacych, ktore po ustaleniu struktury w dalszym ciggu prezentowaty
taka strategie lub staly si¢ neutralne, stwierdzono wysokie warto$ci serotoniny oraz niskie
noradrenaliny i dopaminy wzgledem kur zachowujacych przez caty czas neutralng pozycje lub
zmieniajacg si¢ na podporzadkowang. Ponadto ptaki dominujace w poczatkowym okresie
badania, ktore staly si¢ neutralne lub podporzadkowane, mialy nizszy poziom dopaminy 1
adrenaliny oraz wyzszy serotoniny w porownaniu do ptakow, ktére zmienily pozycje z
neutralnej na podporzadkowang, albo prezentowaly caly czas neutralng postawe. Analiza
sktadu mikroflory jelitowej wykazata, ze u ptakow, ktore podczas tagczenia stada zachowywaty
neutralny status, a po uptywie 11 dni atakowaty inne kury, poziom bakterii Escherichia Coli
byt istotnie wyzszy, niz w przypadku osobnikow dominujacych zaréwno na poczatku, jak i na

koncu doswiadczenia. W przypadku ptakow uciekajacych, ktore po ustaleniu struktury
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zajmowaly neutralng pozycj¢, oznaczono znaczaco wyzszy poziom bakterii z rodzaju

Clostridium w stosunku do osobnikow, ktore poczatkowo réwniez przejawialy zachowania

podporzadkowane, jednak po ustaleniu hierarchii ich status zmienit si¢ na dominujacy (tab. 6).

Tab. 6. Estymatory roznic w wartosci wybranych wskaznikow w odniesieniu do statusu spolecznego

ptakow (P1)
Parametry Behawior Estymator se p CI-L Cl-U
dzien 1_14
A A N F "17.90 393 0000 2574 -10.07
A N N F 719.69 429 0000 2826 -11.12
A F N F 19.43 438 0000 -2816  -10.70
N A N F 16,51 438 0000 2525 -7.78
dopamina N N N F 2015 579 0001 3L71 -8.60
N F F A 201l 409 0000 1195  28.28
N F F N 1970 409 0000 1153  27.87
N F F F 17.83 438 0000 910 2656
A A N N 26l 081 0002 -423  -0.99
A N N N 260 0.86 0004 -433  -0.88
A F N N 264 088 0004 -439  -0.89
N A N N 249 088 0006 -424 0.5
noradrenalina  —G—— g F 232 100 0023 033 431
N N F A 259 0.84 0003 093 426
N N F N 19 084 0022 029 362
N N F_F 191 088 0033 016 366
A A N F 49.29 1038 0000 2857  70.02
A N N F 50.62 1131 0000 2804 7321
A F N F 52.71 1153 0000 29.68  75.73
N A N F 52.79 1153 0000 2977 7581
serotonina N N N F 5335 1525 0001 2290 8381
N F F A 514l 1088 0000 -73.14  -29.68
N F F N 4275 1088 0000 -64.48 -21.02
N F F F “44.40 1153 0000 -67.42 2137
‘;ﬂ‘;;::;::fgﬁ N -0.61 0.32 0058 -1.25  0.02
doviatoms A A F A 080 025 0050 000 101
Clostridium A N F A 0.79 0.31 0.014 0.16 141
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N A F A 0.88 0.33 0.009 0.23 1.53

F A F N -0.66 0.29 0.024 -1.23 -0.09

A - ptaki dominujace, F — ptaki podporzadkowane, N — ptaki neutralne, se — btad standardowy, se —
btad standardowy, p — wartos¢ istotnosci statystycznej, Cl-L — dolna granica przedziatu ufnosci, CI-
U — gorna granica przedziatu ufnos$ci

Sredni czas [s] latencji, lokomocji oraz czas spedzony w bezposrednim kontakcie z
elementami zagrody testowej, a takze czestotliwo$¢ [czgst.] prezentowania tych zachowan

podczas zmodyfikowanego testu otwartego pola (P2) zostaly przedstawione w tabeli 7.

Tab. 7. Sredni czas i czestotliwo$¢ zachowan ocenianych podczas testu behawioralnego (P2)

Cecha? Gesto$¢ obsady  Estymator se Cl-L Cl-U
latencja 1 standardowa 221.94 61.83 96.14 347.74
wysoka 264.50 61.83 138.70 390.30
niska 156.90 61.83 31.10 282.70
latencja 2 standardowa 349.40 59.12 229.12 469.68
wysoka 277.15 59.12 156.87 397.43
niska 155.23 59.12 34.95 275.51
lokomocja. t standardowa 33.50 15.67 1.61 65.38
= wysoka 24.50 15.67 -7.38 56.39
niska 81.14 15.67 49.25 113.02
lokomocja_f standardowa 8.25 2.61 2.93 13.57
= wysoka 7.08 2.61 1.77 12.40
niska 14.83 2.61 9.52 20.15
pasza 1_t standardowa 11.09 6.29 -1.71 23.90
- wysoka 12.63 6.29 -0.18 25.43
niska 10.29 6.29 -2.51 23.09
pasza 2_f standardowa 1.75 1.39 -1.08 4.58
- wysoka 2.92 1.39 0.09 5.75
niska 2.50 1.39 -0.33 5.33
pasza 2 t standardowa 10.54 5.59 -0.82 21.91
- wysoka 9.08 5.59 -2.29 20.45
niska 9.17 5.59 -2.20 20.53
pasza2_f standardowa 0.92 0.60 -0.31 2.14
- wysoka 1.00 0.60 -0.23 2.23
niska 1.67 0.60 0.44 2.89
woda t standardowa 13.04 6.05 0.73 25.34
= wysoka 20.38 6.05 8.07 32.68
niska 36.58 6.05 24.27 48.88
woda f standardowa 6.92 2.84 1.14 12.69
= wysoka 10.83 2.84 5.06 16.61
niska 15.67 2.84 9.89 21.44
iaskownica t standardowa 3.40 19.71 -36.71 4351
P = wysoka 40.33 19.71 0.22 80.44
niska 4.62 19.71 -35.49 44,73
iaskownica f standardowa 0.17 0.55 -0.95 1.28
P -t wysoka 1.08 0.55 -0.03 2.20
niska 1.08 0.55 -0.03 2.20
niazdo t standardowa 1.52 2.91 -4.40 7.44
g - wysoka 4.04 291 -1.88 9.96
niska 5.01 2.91 -0.91 10.93
niazdo standardowa 0.08 0.45 -0.84 1.00
g - wysoka 0.33 0.45 -0.59 1.25
niska 0.83 0.45 -0.09 1.75
02l standardowa 1.27 1.05 -0.90 3.43
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wysoka 4.69 1.05 2.52 6.85
niska 1.20 0.95 -0.76 3.15

Cecha! — opis w rozdziale Materiat i metody, tab. 1, t — czas, _f — czestotliwos$¢, se — biad
standardowy, CI-L — dolna granica przedziatu ufnosci, Cl-U — gérna granica przedziatu ufnosci

Istotne réznice pomigdzy grupami wykazano dla cech: latencja 2, lokomocja t,
lokomocja f, woda t, woda f oraz o2l (tab. 8). W porownaniu do grupy o standardowe;]
obsadzie ptaki o niskiej gestosci obsady potrzebowaty znacznie wigcej czasu, zanim zaczgly
porusza¢ si¢ w kierunku dowolnego elementu w zagrodzie testowej (p = 0.027). Czas
lokomocji ptakow o standardowej (p = 0.039), jak i o zwigkszonej (p = 0.015) obsadzie byt
znaczgco krotszy, niz czas uzyskany przez ptaki z grupy o niskiej gestoéci obsady. Ponadto
grupa ptakow o niskiej obsadzie istotnie czg¢sciej podejmowata aktywnos$¢ lokomotoryczng
(p = 0.044) w stosunku do grupy o zwigkszonej obsadzie. Ptaki z grupy o niskiej gestosci
obsady dluzej pobieraty wode i znajdowaly si¢ w bezposrednim sasiedztwie poidta (p =
0.010) oraz z wigksza cze¢stotliwoscig (p = 0.036) do niego podchodzity w porownaniu do
ptakow utrzymywanych w standardowej obsadzie. Stosunek czasu spgdzonego przy
elementach wzbogacajacych do czasu lokomocji u ptakéw z grupy o wysokiej gestosci
obsady byt wyzszy w poréwnaniu do ptakoéw utrzymywanych zaréwno w standardowej (p =

0.030), jak i o niskiej gestosci obsady (p = 0.021).

Tab. 8. Estymatory réznic w prezentowaniu wybranych zachowan przez kury w zalezno$ci od

gestosci obsady (P2)

Cecha Gestosé obsady _Gestosé obsady Estymator  se p CI-L Cl-U
latencja 2 standardowa niska 194.17 83.61 0.027 -10.98 399.32
lokomocja_t standardowa niska -47.64 22.16 0.039 -102.02 6.75
lokomocja_t wysoka niska -56.63 22.16 0.015 -111.02 -2.25
lokomocja_f  wysoka niska -7.75 3.69 0.044 -16.82 1.32
woda_t standardowa niska -23.54 8.55 0.010 -44.53 -2.56
woda_f standardowa niska -8.75 4.01 0.036 -18.60 1.10
o2l standardowa wysoka -3.42 1.49  0.030 -7.11 0.28
02l wysoka niska 3.49 1.42 0.021 -0.04 7.01

_t —czas, _f — czestotliwo$é, p — wartos¢ istotnosci statystycznej, se — btad standardowy, CI-L —
dolna granica przedziatu ufnosci, CI-U — gérna granica przedziatu ufnosci

Srednie wartosci kortykosteronu [pg/ml], testosteronu [pg/ml] i kortykosteronu
[pa/ml] dla kur rasy Zielonondzka kuropatwiana zostaty przedstawione na rycinie 3. Istotne
réznice zaobserwowano wytacznie dla testosteronu. W przypadku ptakoéw ze wszystkich
grup $redni poziom testosteronu byt istotnie nizszy (p = 0.0223, p = 0.025, p = 0.046) w
porownaniu do pomiaru kontrolnego, wykonanego przed przydzieleniem ptakéw do jedne;j
z grup. Nie stwierdzono natomiast istotnych réznic pomigdzy ptakami z grup o niskim,
wysokim i standardowym zaggszczeniu obsady. W przypadku kortyzolu i kortykosteronu

nie wykazano istotnych roznic zar6wno pomiedzy grupami o rdéznym zageszczeniu
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(standardowe, wysokie, niskie), jak i w stosunku do wartosci przed rozpoczeciem

doswiadczenia (kontrola).

70.00 T 400
43.43a 3.50 T
60.00 -
3.00 +
50.00 +
4000 | 20642 280 1
' 1 1.
2.00 143a 1.09a 33a
30.00 + 17.92a 150 + [ T -[
20.00 ¥ o.o00a 100 +
10.00 + 0.50 +
0.00 0.00
kontrola niska standardowa  wysoka kontrola niska standardowa wysoka
(i) (i)
1200 1 8.642
10.00 + [
579a
8.00 T
4.78 a ‘{
600 T 5o T
4.00 + [
200 %
0.00 -
kontrola niska standardowa  wysoka

(iii)
Ryc. 3. (i) Srednie stezenie (+ se) kortykosteronu (pg/ml), (ii) testosteronu (pg/ml) oraz (iii) kortyzolu
(pg/ml) we krwi kur przed rozpoczeciem badania (kontrola) i po okresie trzech tygodni w grupach o

roznej gestosci obsady (niska, standardowa, wysoka). Srednie oznaczone réznymi literami (a, b)
roznig si¢ istotnie przy p < 0.05 (P2)

Szacunki parametréw genetycznych (P3) dla profilu behawioralnego wahaty si¢ od
0.23 do 0.29 i byty analogiczne zaréwno dla rasy Rhode Island Red (RIR), jak i Rhode Island
White (RIW). Zmienno$¢ genetyczna dla poszczegdlnych reakcji behawioralnych w obu
rasach roznila si¢. Najwyzszy poziom zmienno$ci genetycznej oszacowano dla reakcji
ucieczka w przypadku rasy RIR (0.23+£0.07) i najnizszy dla brak decyzji (0.10+0.08).
Natomiast u kur rasy RIW stwierdzono przeciwng sytuacje. Najwyzsza zmiennos$¢ genetyczna
byta oszacowana dla reakcji brak decyzji (0.31+0.13), a najnizsza dla ucieczki (0.12+0.07)
(tab. 9).

Pomimo, ze szacunki wspotczynnika odziedziczalnosci dla profilu behawioralnego i
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konkretnych reakcji behawioralnych nie odbiegaty w znacznym stopniu od siebie, to bledy
standardowe byly nizsze dla ogdlnego profilu behawioralnego w poréwnaniu do btedow

oszacowanych dla konkretnych reakcji.

Tab. 9. Wspotczynniki odziedziczalno$ci (h?) oraz blad standardowy (se) profilu behawioralnego i
poszczegblnych reakcji w rasie RIR i RIW (P3)

Rasa PB h? se Reakcja h? se
reaktywne 0.24 0.03 brak decyzji 0.10 0.08
nieruchomieje 0.11 0.06
RIR
proaktywne 0.29 0.03 podchodzi 0.17 0.09
ucieka 0.23 0.07
reaktywne 0.23 0.03 brak decyzji 0.31 0.13
nieruchomieje 0.13 0.06
RIW
proaktywne 0,29 0.04 podchodzi 0.21 0.10
ucieka 0.12 0.07

RIR — kury Rhode Island Red, RIW — kury rasy Rhode Island White, PB — profil behawioralny

Korelacje genetyczne pomiedzy profilem behawioralnym a cechami uzytkowymi kur
niesnych okazaty si¢ r6zne w obu rasach (tab. 10). W przypadku kur rasy RIR uwage zwraca
przede wszystkim wysoka korelacja genetyczna przy stosunkowo niskim bledzie
standardowym pomigdzy wstepng oceng profilu behawioralnego a nie$noscig poczatkowa.
Jednoczesénie jest ona ujemna dla ptakow ocenionych jako reaktywne (-0.547+0.096) i
dodatnia dla ocenionych jako proaktywne (0.519+0.059). Powigzania pomi¢dzy profilem
behawioralnym ptakéw a nie$no$cig stwierdzono takze dla rasy RIW. Korelacja genetyczna
wynosita odpowiednio 0.505 (+£0.138) i 0.494 (+0.142) pomiedzy niesnoscig poczatkows i
niesnoscig hodowlang a profilem proaktywnym. W przypadku rasy RIR uwage zwraca
korelacja pomiedzy profilem behawioralnym a masa jaj okreslang w 34 i1 54 tygodniu zycia,
ktéra dla ptakow reaktywnych wynosita odpowiednio: 0.227+0.088; 0.277+0.099, a
proaktywnych: -0.183+0.086;-0.203+0.090. Jezeli chodzi o rase RIW, odnotowano wysoka,
dodatniag korelacj¢ pomigdzy zachowaniem ptakow a masa jaj, zarowno dla ptakow
proaktywnych, jak i reaktywnych. Analizujac korelacje genetyczne pomigdzy profilem
ptakow a cechami uzytkowymi uwage zwracajg rOwniez wyraznie powigzania pomiedzy
cechami reprodukcyjnymi dla rasy RIW, okreslanymi w tym przypadku liczba wyklutych
pisklat. Spadek wylggowosci dotyczy profilu reaktywnego kur (rg =-0.373+0.154), natomiast
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u ptakoéw proaktywnych mozna si¢ spodziewaé wzrostu wylegowosci (rg =0.242+0.092).
Oszacowane korelacje genetyczne pomigdzy profilami behawioralnymi (reaktywne-
proaktywne) wykazaty wysokie, ujemne wspdtzaleznosci, odpowiednio: -0.930 (+0.026) w
rasie RIR i -0.533 (+0.080) dla kur rasy RIW.

Tab. 10. Korelacje genetyczne (rg) i biedy standardowe szacunku (se) pomiedzy profilem
behawioralnym a cechami uzytkowymi (P3)

Rasa RIR RIW
Cecha Reaktywne Proaktywne Reaktywne Proaktywne

rg se rg se rg se rg se
Masa ciala -0.107 0.096 0.141 0.074 -0.007 0.155  0.133 0.083
Dojrzatosé 0.181 0.086 -0.177 0.091 -0.011 0.138  -0.097 0.111
plciowa
Nies$no$é¢ -0.547 0.096 0.519 0.059 -0.157 0.237  0.505 0.138
poczatkowa
Masa jaja34 ~ 0.227 0.088 -0.183 0.086 0.376 0.061  0.487 0.061
Grubos¢ 0.079 0.094 -0.058 0.103 -0.398 0.103  0.050 0.105
skorupy
Nie$nosé -0.129 0.124 0.257 0.122 -0.121 0.237  0.494 0.142
hodowlana
Masa jaja54 ~ 0.277 0.099 -0.203 0.090 0.297 0.064  0.437 0.065
Piskleta -0.024 0.151 -0.108 0.106 -0.373 0.154  0.242 0.092
wylezone

RIR - kury rasy Rhode Island Red, RIW — Rhode Island White

27



Dyskusja

Kury niesne jako zwierzeta spoteczne zyjg w wymagajgcym i ulegajgcym zmianom
srodowisku. Ptaki musza si¢ do niego dostosowywaé w dynamiczny sposob prezentujac
reakcje behawioralne, z ktérymi powigzane sa wartosci parametréw fizjologicznych [Weeks
i Nicol, 2006; Favati i in., 2014a; Kang i in., 2016]. Ocena profilu behawioralnego ptakow
pozwala okresli¢ strategie, jakie kury wykorzystuja do radzenia sobie w s$rodowisku
fermowym, co wyraznie wplywa na ich interakcje z otoczeniem, a dodatkowo moze mie¢
konsekwencje dla ich zycia spotecznego [Cockrem, 2007; Campbell i in., 2021]. Wiele
badan, w tym przeprowadzone badanie wtasne (P1) dowiodly, Zze zajmowany status
spoteczny w grupie jest waznym czynnikiem w funkcjonowaniu ptakow w $rodowisku
(Bhanja i Bhadauria, 2018; Wang i in., 2022), a réznice w prezentowanym zachowaniu
stanowig form¢ komunikacji odpowiadajacej za utrzymanie réwnowagi i stabilnosci w
grupie (Queiroz i Cromberg, 2006). Rozne pozycje W hierarchii spotecznej moga by¢
powiazane z r6znymi tendencjami behawioralnymi i/lub stanem hormonalnym [Cornawallis
i Birkhead, 2008; Favati i in., 2014b]. Badanie wptywu pozycji ptakow w strukturze stada
potwierdzito roéznice w poziomie noradrenaliny, serotoniny, dopaminy oraz sktadu
mikrobioty jelitowej (P1). Chociaz mechanizmy posredniczace w osi mikrobiota — jelita —
mozg, wptywajace na zachowanie nie sa w petni poznane, uznaje si¢, ze mikrobiota jelitowa
moze odgrywa¢ wazng rol¢ w modulacji zachowan spotecznych i afektywnych, w tym
agresji, eksploracji (dociekliwos$ci) oraz zachowan depresyjnych i lekowych [Villageliu i
Lyte, 2017; Bryden i in., 2021; Chen i in., 2021]. Wyniki uzyskane w badaniach wtasnych
(P1) wykazaty, ze ptaki, ktore zajmowaty wyzsza pozycj¢ W grupie, miaty nizsza liczbe E.
coli i bakterii Gram-dodatnich z rodzaju Clostridium. Moze to dowodzi¢, ze osobniki te nie
doswiadczyly stresu, a bariera przewodu pokarmowego prawdopodobnie nie zostata
naruszona. Inaczej wygladata sytuacja ptakoéw, ktorych pozycja zostala okreslona jako
neutralna. W ich przypadku wykazano wyzsza liczebno$¢ bakterii Clostridium. Mozna
wnioskowa¢, ze ptaki, ktoére nie sa pewne zajmowanej pozycji w grupie spolecznej |,
doswiadczaja wiekszego stresu, co z kolei ma niekorzystny wplyw na ich mikroflore. Dennis
[2016] wskazuje, ze noradrenalina (NE), adrenalina (EP), a takze dopamina (DE) i
serotonina (5-HT) moga by¢ odpowiedzialne za wzrost ilosci kilku gatunkow bakterii, w
tym Escherichia coli, Yersinia enterocolitica i Pseudomonas. Osobniki, u ktérych zachodza
zmiany w poziomie tych neuroprzekaznikdéw, stajg sie¢ podatne na pojawienie si¢ pewnych

mikroorganizméw, a tym samym sg w wiekszym stopniu narazone na problemy zdrowotne
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1 obnizong produktywno$¢. Noradrenalina i adrenalina odgrywaja wazna role¢ w utrzymaniu
rownowagi behawioralnej 1 fizjologicznej [Cheng i Fahey, 2009; Dennis, 2016].
Reaktywnos$¢ adrenergiczna, w tym reakcja EP i NE, jest $ciSle zwigzana ze stresem 1
zdolnoscig radzenia sobie z nim. Zwigkszony stres moze prowadzi¢ do zahamowania
wzrostu i wystgpowania zachowan szkodliwych, takich jak niewlasciwie ukierunkowane
dziobanie czy stereotypie [Dennis, 2016]. W przypadku kur neutralnych wykazano wyzszy
poziom noradrenaliny w stosunku do ptakéw dominujacych. Moze to dodatkowo wyjasniaé
roznice w sktadzie mikrobioty. Ptaki, ktore prezentowaly pozycje dominujaca albo
podporzadkowang, charakteryzowaty si¢ nizszym stezeniem noradrenaliny, co moze
wskazywa¢ na nizszy poziom stresu z powodu mozliwosci uwolnienia napigcia
emocjonalnego. Neutralne ptaki moglty w rzeczywisto$ci odczuwaé wigkszy dyskomfort, a
niezdolno$¢ do dziobania lub ucieczki mogta wynika¢ z konfliktu motywacyjnego, gdy ptak
nie byl w stanie podja¢ decyzji. Ponadto w badaniu wykazano réznice w poziomie dopaminy
I serotoniny, a jak wskazuje Karpinski i in. [2021], rownowaga neuroprzekaznikow stanowi
jeden z kluczowych czynnikow niezbednych do zapewnienia homeostazy. W poréwnaniu
do ptakéw atakujacych (dominujacych) i neutralnych kury uciekajace (podporzadkowane)
mialy wyzszy poziom dopaminy. Dopamina zwigksza motywacje i koncentracj¢ [Barron i
in., 2010], mozna zatozy¢, ze jej wyzszy poziom u ptakow uciekajgcych byt odpowiedzialny
za wysoka determinacj¢ do zmiany pozycji. Z kolei analiza poziomu serotoniny wykazata,
ze ptaki dominujace mialy wyzZszy poziom serotoniny, niz kury podporzadkowane.
Obnizone stezenie serotoniny (5-HT) jest zwigzane z agresja, dlatego tez jest ona uwazana
za glowny neuroprzekaznik odpowiedzialny za tego typu zachowania [De Boer i in., 2015].
Wyzszy poziom tego neuroprzekaznika u ptakow dominujacych moze sugerowaé, ze
do$wiadczatly one nizszego poziomu stresu ze wzglgdu na swoja pozycje w grupie. Pomiar
parametrow biologicznych (P1) potwierdzit, Ze dobrostan kur nie$nych jest uzalezniony od
zajmowanej pozycji w grupie.

Oceniajgc stres u kur niesnych najcze$ciej oznaczanym parametrem jest
kortykosteron. Jest to gtdéwny hormon stresu u ptakow promujacy zmiany w zachowaniu i
metabolizmie, ktore pomagaja osobnikom dostosowac si¢ do otoczenia [Cockrem, 2007,
Cockrem, 2013; Jain i in., 2019; Arndt i in., 2022]. W sytuacji, gdy kura doswiadcza stresu,
jego poziom wzrasta. Jednak zarowno w doswiadczeniu pierwszym, jak i drugim, nie
wykazano istotnych zmian tego parametru, mimo ze w obu przypadkach ptaki znajdowaty
si¢ w potencjalnie stresujacej sytuacji. Stwierdzony w badaniu brak zmiennos$ci w

odpowiedzi kortykosteronu moze sugerowaé, ze kury nie znajdowaty si¢ w stresujgcych
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warunkach (rézna gestos¢ obsady), ktére wymagatyby od nich konkurowania o zasoby.
Mogtoby si¢ wydawac, ze rézne gestosci nie miaty wplywu na poziom stresu w danym
momencie, ale niekoniecznie tak jest. Warto rOwniez zauwazy¢, ze brak zmian w poziomach
badanych hormonéw niekoniecznie musi wskazywa¢ na $rodowisko wolne od stresu.
Cockrem [2007] wskazuje, ze odpowiedzi na kortykosteron sa zwykle przedstawiane jako
srednie odpowiedzi grup ptakow. Istniejg jednak znaczne rdznice migdzy osobnikami we
wzorcu ich odpowiedzi na kortykosteron, a indywidualne odpowiedzi na kortykosteron
moga znacznie rozni¢ si¢ od sredniej odpowiedzi grupy ptakow.

Testosteron jest uznawany za najwazniejszy hormon przygotowujacy osobniki do
intensywnej rywalizacji spotecznej. Osobniki dominujace, u ktoérych oznacza si¢ najwyzsze
poziomy tego hormonu, wykazuja tendencje do bycia bardziej agresywnymi i
najprawdopodobniej odniosg sukces w rywalizacji [Queiroz i Cromberg, 2006]. Wyniki
badan wilasnych (P2) wykazaly znaczny spadek poziomu testosteronu we wszystkich
grupach w pordéwnaniu do poczatkowych pomiarow wykonanych pierwszego dnia
eksperymentu. Kury nioski przebywajace w malych grupach wykazuja zachowania
spoteczne podobne do zachowan ich dzikich przodkow, a organizacja spoteczna jest stabilna.
W stabilnych grupach struktura spoleczna ma tendencje¢ do stabilizowania si¢, aby uniknaé
kosztow 1 ryzyka zwigzanego ze zwigkszong 1 ciagla walka. Umozliwienie rozwoju 1
utrzymania stabilnych potaczen moze stworzy¢ pozytywne srodowisko spoteczne i poprawic¢
zdolno$¢ radzenia sobie z nowymi stresorami [Carvalho 1 in., 2018].

Wyniki zmodyfikowanego testu otwartego pola pozwolily na dalsza weryfikacje
badanych hipotez. Potwierdzono, ze gesto$¢ obsady jest istotnym czynnikiem modulujacym
zachowanie kur niesnych. Kury utrzymywane w grupach o rdznej gestosci obsady wykazaty
roznice w zachowaniach, takich jak lokomocja czy wykorzystanie elementow znajdujacych
si¢ w zagrodzie testowej. Wigksza przestrzen zyciowa (niska gesto$¢ obsady) w codziennym
utrzymaniu ksztattuje ptaki bardziej aktywne i zainteresowane nowymi elementami
srodowiska. Ptaki utrzymywane w zagrodach o wysokiej i standardowej gestoSci obsady
podczas testu poruszaly si¢ mniej, niz te trzymane w zagrodach o niskiej gestosci, u ktorych
dodatkowo stwierdzono wigksza czgstotliwo$¢ epizodow lokomocji. Autorzy innych badan
zaobserwowali podobng zaleznos¢ [Van der Eijk i in., 2022; Shynkaruk i in., 2023; Wan i
in., 2023]. Van der Eijk [2022] stwierdzil, ze przestrzen zyciowa wpltywa na poziom
aktywnosci, pobierania paszy i komfortu ptakow, co jest konsekwencjg dostepu do wolnej
przestrzeni, lepszej jakos$ci $ciotki 1 mozliwosci chodzenia. Ma to szczegdlne znaczenie dla

milodych, rozwijajacych si¢ ptakow [De Jong i in., 2022]. Ptaki, gdy majg zapewniong
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wieksza przestrzen zyciowa umozliwiajaca prezentowanie Szerszego repertuaru zachowan,
wykazuja wieksza ciekawos¢ do eksploracji srodowiska. | odwrotnie, gdy ptaki przebywaja
w $Srodowisku o wysokiej gestosci obsady, ich ruch w duzym stopniu jest ograniczony, a
zaspokojenie ich podstawowych potrzeb staje si¢ trudniejsze. Dlatego tez moga spedzac
mniej czasu na odkrywaniu nieznanych im $rodowisk, tak jak wykazano w
przeprowadzonym doswiadczeniu. Wydaje si¢, ze analiza czasu spgdzonego na
wykorzystaniu elementéw Srodowiska testowego w celu oceny wptywu gestosci obsady na
zachowanie kur nie$nych dostarcza istotnych informacji. Przeprowadzone testy
behawioralne wykazaty wigksza czgstotliwo$¢ korzystania z poidta, a takze dtuzszy czas
przeznaczony na konsumpcje wody przez ptaki z grupy o niskiej obsadzie w stosunku do
grupy o standardowej gestosci obsady. Co wigcej, stosunek czasu spedzonego na
wykorzystaniu elementow wzbogacajacych do czasu lokomocji byt nizszy u ptakow
utrzymywanych w zagrodach o niskiej i standardowej gestosci obsady w poréwnaniu do
osobnikow pochodzacych z zagrod o wysokiej obsadzie. Obserwacje te sugeruja, ze Wysoka
gesto$¢ obsady ogranicza réznorodnos¢ zachowan i eksploracji kur. Natomiast ptaki z
dwoch pozostatych grup (standardowa i niska gesto$¢ obsady) wykazywaly wigksza
potrzebe ruchu i doktadniej eksplorowaty swoje otoczenie. Moze to $wiadczy¢ o tym, ze
kury czuly si¢ pewniej i bardziej komfortowo w takich warunkach. Obserwacje te
potwierdzaja, ze wysokie zageszczenie ogranicza réznorodnos$¢ zachowan i eksploracje kur.

Wspotczesne zarzadzanie dobrostanem zwierzat coraz cze$ciej skupia si¢ na
dopasowaniu srodowiska do potrzeb zwierzat [Arndt i in., 2022]. Dostosowanie srodowiska
hodowlanego w taki sposob, aby zapewni¢ dobrostan kazdemu osobnikowi jest niemozliwe.
W takim wypadku, zasadne jest podjecie proby wyselekcjonowania osobnikéw o cechach
osobowosci odpowiednich do warunkéw hodowlanych, tzn. dobrze adaptujacych sig
[Mench, 1992; Craig i Swanson, 1994; Jones, 1996; Cheng, 2010]. Wyniki trzeciego badania
(P3) wskazuja, ze profil behawioralny ptakow jest w duzej mierze determinowany
wplywami addytywnymi. Zmienno$¢ genetyczna znacznie przekraczajaca 20% catkowitej
zmiennosci fenotypowej jest niewatpliwie odpowiednim parametrem do uwzglgdnienia w
kryterium selekcyjnym. Wykazano skuteczno$¢ selekcji ukierunkowanej na cechy o
nizszym wspoétczynniku odziedziczalno$ci, np. cechy reprodukcyjne [Rozempolska —
Rucinska i in., 2008; Rozempolska — Rucinska i in., 2009]. Jednoczesnie stwierdzono, ze
zmienno$¢ genetyczna profilu proaktywnego/reaktywnego jest wyzsza, niz w przypadku
oceny pojedynczych reakcji. Jak sugeruje Cockrem [2005], ptaki proaktywne mogg odnosic¢

wickszy sukces w niezmiennych/przewidywalnych warunkach, podczas gdy ptaki o
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reaktywnej osobowosci beda lepiej sobie radzi¢ w zmiennych/nieprzewidywalnych
warunkach. Wydaje si¢ zatem, ze ptaki o proaktywnym typie osobowosci wykazujace
okreslone reakcje niezaleznie od tego, czy uciekaja, czy zblizaja si¢ do obiektu, powinny
by¢ preferowane do hodowli klatkowej. Jak wskazujg inni autorzy [Cockrem, 2005; Brown
I in., 2022], ptaki o takiej osobowosci majg obnizony poziom stresu, co jest bardzo wazne w
hodowli kur niosek. Na podstawie wynikow innych badan [Cockrem, 2007; 2013] mozna
sadzi¢, ze kury proaktywne (reagujace ucieczky) miaty nizszy poziom stresu niz ptaki
reaktywne, nawet jesli moglty doswiadczy¢ negatywnych emocji, w przeciwienstwie do
ptakoéw zblizajacych si¢. Reakcja ucieczki pozwala zwierzgciu kontrolowaé srodowisko;
dlatego jest czynnikiem redukujacym stres [Inglis, 2000] i niekoniecznie zwigksza poziom
hormonéw stresu. Warto zauwazy¢, ze reakcje zwierzecia wskazujace na emocje strachu nie
sg wyraznymi wskaznikami aktywacji osi HPA [Cockrem, 2007]. Ptaki, ktore w
przeprowadzonym doswiadczeniu zostaty sklasyfikowane jako reaktywne, nie byly w stanie
podja¢ decyzji. Ich reakcje wskazuja na konflikt motywacji (,,podejécie-ucieczka”) i
prawdopodobnie nabyta bezradno$¢, silny strach blokujacy zdolno$¢ do reagowania lub
niezdolno$¢ do oceny sytuacji i podjecia decyzji (brak ruchu i bezruch). Teorig, ze kury
wykazujace konflikt motywacyjny moga doswiadcza¢ silnego stresu, potwierdzaja wyniki
badan, ktore wykazaly, ze reakcja ,,podejsScie-ucieczka” byta silnie genetycznie skorelowana
pozytywnie z reakcjami ucieczki i negatywnie z reakcjami podejscia [Rozempolska —
Rucinska i in., 2017]. W zwiazku z tym dwa przeciwstawne systemy emocjonalne s3
stymulowane w przypadku braku okreslonej decyzji [Choi i in., 2019], co moze wywotaé
silny stres [Meehan i Mench, 2007].

W dos$wiadczeniu przeprowadzonym na kurach ras Rhode Island White (RIW) i
Rhode Island Red (RIR) analizowano rowniez korelacje genetyczne miedzy cechami
uzytkowymi a profilem behawioralnym ptakow. Korelacje te roznity sig¢ nie tylko sita, ale
takze kierunkiem zaleznos$ci, w zaleznosci od rasy. Moze to by¢ prawdopodobnie zwigzane
z linia matczyng kur RIR i linig ojcowska RIW, ktore sa poddane nieco innej presji
selekcyjnej dla poszczegolnych cech. Roznice w kierunkach korelacji genetycznych w obu
rasach moga wynika¢ z selekcji posredniej. Istotne znaczenie odgrywaja powiazania
genetyczne pomiedzy profilem behawioralnym ptakéw a poziomem wylggowosci. Cechy
reprodukcyjne charakteryzuja si¢ niskg odziedziczalno$cig [Almeida i in., 2017; Wen i in.,
2022], a stres jest niewatpliwie czynnikiem zaktocajacym reprodukceje u réznych gatunkow
zwierzat [Ericsson i in., 2014; Van Marle-Koster i Visser, 2021]. W badaniu wtasnym profil

reaktywny byt skorelowany negatywnie z liczbg wyklutych pisklat 1 pozytywnie z profilem
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proaktywnym. Co wazne, te zaleznosci stwierdzono tylko u rasy RIW. Jednoczesnie
wskutek biatego upierzenia kur tej rasy sa bardziej pobudliwe niz ptaki o barwnym
upierzeniu (RIR) [ Fraisse i Cockrem, 2006; Uitdehaag i in., 2008; Nordquist i in., 2011].
Kierunek korelacji genetycznych wskazuje, ze wybdr ptakow proaktywnych moze
przyczynia¢ si¢ do wzrostu wartosci hodowlanej kur w przypadku takich cech, jak poziom
wylegowosci 1 liczba zniesionych jaj. Jednoczesnie wysokie ujemne korelacje miedzy
profilem reaktywnym 1 proaktywnym mogg ulatwia¢ selekcje w kierunku profilu
proaktywnego. Wysokie ujemne wspotczynniki korelacji wskazuja, ze reakcje behawioralne
sg powigzane z dwoma réznymi obwodami neurohormonalnymi [Forkman i in., 2007].
Niniejsze badanie nie wykazato korelacji miedzy fenotypowym poziomem cech uzytkowych
a profilem behawioralnym. Moze to mie¢ ogromne znaczenie dla oceny dobrostanu kur
niosek. Jednym z argumentoéw potwierdzajacych wysoki poziom dobrostanu zwierzat jest
wysoka warto$¢ uzytkowa [Muir i in., 2014]. Jednakze niniejsze wyniki moga wskazywac,
ze wydajnos¢ nie musi by¢ wskaznikiem dobrostanu. Niezaleznie od profilu osobowosci,

kury nie r6znity si¢ pod wzgledem poziomu wydajnosci.
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Podsumowanie

1.

Brak ustalonej pozycji w grupie moze pehnic role stresora spotecznego dla kur niosek.
Ptaki okreslone jako neutralne i podporzadkowane prawdopodobnie miaty silniejsza
motywacj¢ i potrzebe ,,poprawienia” swojej pozycji, co potwierdzity wyniki poziomu
neuroprzekaznikow.

Nie udalo si¢ jednoznacznie stwierdzi¢, czy wyzszy poziom stresu wystgpuje U kur
dominujacych czy podporzadkowanych, ale wyniki st¢zenia dopaminy, serotoniny,
noradrenaliny i sktadu mikrobioty jelitowej sugeruja, ze zajmowanie nizSzej pozycji w
grupie jest bardziej niekorzystne.

Gestos¢ obsady jest czynnikiem, ktory odgrywa istotna role w ksztalttowaniu zachowan
kur nie$nych. Przy czym zwigkszonej zmienno$ci zachowan mozna oczekiwaé w
przypadku ptakoéw utrzymywanych przy niskiej obsadzie.

Wspotczynnik odziedziczalnos$ci profilu behawioralnego jest dobrym predyktorem
skutecznej selekcji majacej na celu modyfikacje zachowania ptakéw na poziomie
addytywnym. Wydaje si¢, ze ptaki proaktywne, wykazujace silne reakcje behawioralne
I zdolne do podejmowania decyzji zgodnie ze swoja motywacja, powinny by¢
pozadanym typem osobowosci w warunkach fermowych.

Korelacje genetyczne migdzy profilem behawioralnym a cechami uzytkowymi rowniez
wydaja si¢ potwierdzaé, ze proaktywne ptaki powinny by¢ preferowane do hodowli.
Nalezy jednak wziag¢ pod uwage, ze powigzania genetyczne migdzy tymi cechami moga
zaleze¢ od kierunku selekcji.

Niezaleznie od r6znic w zachowaniu proaktywnych/reaktywnych kur, wartos¢ uzytkowa
tych ptakdw nie zmienia si¢, co moze fatwo prowadzi¢ do btednych wnioskow, ze
osobowos¢ ptakow nie jest wazng cechg w zakresie hodowli 1 nie jest zwigzana z

poziomem stresu
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Whnioski

1. Profil behawioralny mozna wykorzystywa¢ do zmian zachowania kur na poziomie
addytywnym. Jednak niezbe¢dna jest ocena powigzan genetycznych pomiedzy profilem
a cechami uzytkowymi.

2. Wydajno$¢ kur, czyli fenotypowa warto$¢ cech uzytkowych nie powinna stanowi¢ o
ocenie dobrostanu ptakow, a w szczego6lnosci o dobrostanie emocjonalnym ptakow.

3. W chowie fermowym nalezy dazy¢ do stabilizacji warunkow utrzymania, poniewaz

szeroko rozumiane zmiany $rodowiska zaburzaja homeostaze¢ organizmu.
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Introduction

Lublin 20-950, Poland

ABSTRACT. The level of stress is undoubtedly related to the position occupied
by an individual in a social group. Research shows that this relationship is
complex and can be ambiguous. The study involved 53-week-old 80 Green-
legged Partridge hens kept in four independent identical boxes divided by
opaque partitions, 20 individuals each. Behaviour was recorded for the following
activities: pecking and flight. Behavioural observations began when four flocks
were established with combined birds (day 1, 2, 3). Subsequent observations
were carried out after the flock structure was established (day 14, 15, 16).
Counting was conducted for 8 h/day, 4 h in the morning (6:00-10:00), and 4 h
in the afternoon (14:00-18:00). Stress level was assessed using physiological
indicators such as steroid hormone levels (serotonin, dopamine, noradrenaline,
and adrenaline), corticosterone level and intestinal microflora composition.
Changes in group structure were observed and only a small percentage remained
constant in terms of belonging to a dominant, subordinate or neutral group.
Significant differences in hormone levels were found between birds belonging to
the above groups. The results indicated that the lack of an established position
in the group structure was a social stressor for laying hens.

Chickens acquire social behaviour from each
other by learning to identify visual and auditory stimu-

Domestic hens are social birds living naturally
in a defined territory in groups composed of males
and females (Quieroz and Cromberg, 2006). When
kept in small flocks, laying hens exhibit behaviour
similar to their wild ancestors when environmen-
tal conditions allow it (Campderrich et al., 2016;
Carvahlo et al., 2018; Kozak et al., 2019). Behav-
ioural disorders resulting from social stress can be
observed in the case of excessive density (Cheng
et al., 2002).

li (Wang et al., 2022). The flock structure is hierarchi-
cal with male dominance over hens, and the hierarchy
determined by the pecking order. The competition
is authoritarian in nature, implying dominance of
the strongest individuals (Quieroz and Cromberg,
2006). Since behavioural synchronization occurs in
social animals, resources should depend on the size
and density of the flock (Du et al., 2022). Otherwise,
a struggle for resources can ensue, which can already
be observed in one-week-old chickens when food
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is restricted (Quieroz and Cromberg, 2006; Wang
et al., 2022). Dominance-subordination interac-
tions, maintained by means of aggressive behav-
iour, contribute to maintaining stability in the
group (Bhanja and Bhadauria, 2018; Wang et al.,
2022). Social relationships between members of
a poultry group in which one (subordinate) avoids
confrontation with another (dominant) are called
the dominance hierarchy. Aggression is usu-
ally rare in a small and stable poultry group, be-
cause subordinates avoid dominants whenever
possible (Shimmura et al., 2007). Aggression is
directed primarily towards individuals with a lower
social status or with specific phenotypic traits, e.g.
low body weight or small comb size (Campderrich
et al., 2016). The addition of unfamiliar hens to the
flock disrupts the hierarchy, which needs to be re-
established. Consequently, social disruption has
been indicated as one of the greatest stressors for
hens (Fahey and Cheng, 2008; Matur et al., 2015).
In response to a social stressor, a reaction involv-
ing the release of glucocorticoids along with hor-
mones secreted by the sympathetic nervous system
is triggered. Long-term stress has a negative impact
on reproduction and can reduce the performance of
laying hens, which in turn results in economic losses
(Matur et al., 2015; Carvahlo et al., 2018).

The level of stress is undoubtedly related to the
position occupied by an individual in a social group,
but as research shows, this is not a clear correla-
tion. There is a complex relationship between the
stability of the in-group structure, as well as the role
played by the dominant and subordinated individual
in the group (Wang et al., 2022). Increased activity
of the hypothalamic-pituitary-adrenal axis (HPA)
may be a consequence of subordination or represent
a cost associated with dominance (Bortolotti et al.,
2008). Interestingly, elevated stress hormone levels
were observed in both dominant and subordinate
birds (Carvahlo et al., 2018). A chronically activat-
ed stress response appears to be a low-rank indicator
in many animal species. However, there are numer-
ous other species in which social subordination is
not associated with an overreaction to stress. A low-
er position in the group is not necessarily associ-
ated with the presence of physical or psychological
stressors. Moreover, group instability and the need
to re-establish the hierarchy may be more stressful
for dominant individuals (Kotrschal et al., 1998).

We assumed that by assessing the levels of se-
lected stress-related indicators, we would evaluate
whether being a group leader or being a subordinate

individual was more stressful for the hens. The aim
of the study was to analyse the relationship between
social position in the group and the stress level in
laying hens, as determined by various biological in-
dices.

Material and methods

Ethical statement

All experimental procedures were approved by
the 2nd Local Ethics Committee for Animal Studies
at the University of Life Sciences in Lublin, Poland
(Approval no. 69/2017 of 28 September 2017).

Animals and housing

Before the study, the birds were examined by
a veterinarian to confirm that their health status
would not affect the results.

The research material consisted of 80 Green-
legged Partridge hens, aged 53 weeks, kept at the
Educational Research Centre in Lublin. The birds
were provided with constant access to a complete
diet and water in accordance with standard require-
ments for poultry rearing. Four independent iden-
tical boxes were divided by opaque partitions and
each box was equipped with drip drinkers, a feed-
ing tube, and nests lined with straw litter. The hens
were maintained under a 16 h light/8 h darkness
schedule. The birds were randomly allocated to one
of four groups kept in the same farm building in
boxes, 20 hens each, which ensured identical rear-
ing conditions. The composition of each group did
not change throughout the experiment. The den-
sity of birds in each box was 0.3 m*hen. For focal
sampling, all 20 birds in a group were individually
tagged on the wing. To record the hens’ behaviour,
a camera was mounted above covering the entire
area of each cage. Stress level were assessed using
physiological indicators such as steroid hormone
level, corticosterone level and intestinal microflora
composition.

Behavioural observation

Observations of the hens’ behaviour at the time
of grouping were used to assess group position. It
is at this time when the hens’ behavioural reactions
are most vivid and easy to observe. Behaviour was
recorded for the pecking and flight activities. Ag-
gressive pecking included the head of the recipient,
and excluded both severe feather pecking (forceful
pecks, sometimes with feather pulling, and recipi-
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ent bird moving away) and gentle feather pecking
(cautious pecks, not resulting in feather pulling and
usually without reaction from the recipient bird)
(Shimmura et al., 2008). Flight was defined as an in-
stinctive physiological response to a threatening sit-
uation that prepared a bird to flee from another one.
Based on behavioural analysis, the hen’s position in
the group was classified as dominant (pecking had
a higher frequency than flight), subordinate (fleeing
had a higher frequency than pecking) or neutral (no
pecking or flight). Counting was conducted sepa-
rately for each hen during the first and last 3 days,
and the results were summed for each period. The
position of the hen was determined independently
in the first study period (first 3 days after grouping)
and in the last period (last 3 days). Behavioural ob-
servations began when four flocks were established
(days 1, 2, 3), and subsequent observations were
carried out after the flock structure was established
(days 14, 15, 16). Counting was conducted for 8 h/
day, 4 h in the morning (6:00-10:00), and 4 h in the
afternoon (14:00-18:00). Analysis of all recordings
was carried out by one observer.

Experimental procedures and sample
collection

Concentrations of serotonin, dopamine, nor-
epinephrine and adrenaline steroid hormones were
measured to assess stress levels. To determine the
level of hormones, blood was collected from the
wing vein from all birds on day 14. Directly after
sample collection, blood was aliquoted and trans-
ferred into tubes containing EDTA (MEDLAB-
PRODUCTS, Sp. z o0.0., Raszyn, Poland) as an
anticoagulant. Blood samples were centrifuged
for 10 min at 3000 g (MPW-260R, MPW MED.
INSTRUMENTS, Warsaw, Poland) and plasma
was stored at —80 °C until analysis. Quantitative
determination of plasma serotonin levels was per-
formed using the Eagle Biosciences Serotonin
ELISA Assay Kit (catalog no.: SER39-K01; Eagle
Biosciences, Inc., Nashua, NH, USA). Plasma lev-
els of hormones (adrenaline, noradrenaline and do-
pamine) were determined using CAT ELISA assays
(enzyme immunoassays for adrenaline, noradrena-
line and dopamine quantification) in accordance
with the manufacturer’s procedure (DLD Diagnos-
tika GMBH — catalog no.: EA603/288; Eagle Bio-
sciences, Inc., Nashua, NH, USA). Determinations
were performed using an Elisa reader (Sunrise™,
Tecan Trading AG, Minnedorf, Switzerland) and
the absorbance was read at 450 nm.

Next, the level of corticosterone in the feathers
was determined using the method modified by
Bortolotti et al. (2008). The second primary feather
was collected from the left wing of each bird for
analysis. Corticosterone levels were determined
by immunoenzymatic assay using the Chicken
CORT (Corticosterone) ELISA Kit (Biorbyt
Ltd, Cambridge, United Kingdom) according to
the manufacturer’s procedure. At the end of the
study, the birds were slaughtered for commercial
purposes.

The composition of the intestinal microflora was
also considered as a factor related to hormone levels,
indirectly shaping the behaviour of individuals
(Wlazto et al. 2021a; b). Intestinal contents from
three sections of the gastrointestinal tract: small
intestine, caecum, and large intestine were collected
to sterile containers from each hen and transported in
thermal bags to the laboratory. Samples of the birds’
intestinal contents were homogenised, and 20 g of
material was weighed and placed in containers with
Ringer’s solution (BTL Industries Ltd, Warsaw,
Poland). Ten-fold dilutions were then prepared in
Ringer’s solution and plated onto prepared Petri
dishes with the appropriate microbial medium
(Table 1). Each sample was plated in triplicate. After
incubation, colonies were counted using a Scan 300
counter (Interscience Laboratories, Saint Nom la
Bretéche, France) and the abundance of each type
was determined, expressed as the number of colony-
forming units per g of intestinal content (CFU/g).

Statistical analyses

The recorded indices did not show a normal
distribution, hence, the data were subjected to
a rank transformation. Multiple comparisons with
the Bonferroni correction of estimates of differences
in the examined traits between the breeds were
analysed in univariate models, taking into account
the effect of the group to which the hen was assigned
(attacking, fleeing, neutral). The number of the pen,
in which the hens were kept was not a significant
factor and was therefore excluded from the
analyses. The GLIMMIX procedure (SAS Institute,
2018) was applied to evaluate the significance of
differences between the study groups.

Results

More than 57% of the birds that mainly exhib-
ited pecking behaviour on the day of the establish-
ment of new flocks (day 1) showed the same response
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Table 1. Microbiological assays

Parameter

Microbiological medium

Incubation

Total number of mesophilic aerobic bacteria Agar medium

Total number of fungi

Total number of coliform bacteria

Total number of Escherichia coli

Total number of Cloristidium perfringens

Sabouraud agar medium

Endo LES agar medium

mFC agar medium

Tryptose-sulphite-cycloserine

Incubation for 48 h at 37 °C in accordance with
PN EN ISO 4833 2

Incubation for 5-7 d at 25 °C in accordance with
PN SO 21527-1/2

Incubation for 24 h at 37 °C in accordance with
PN-ISO 4832:2007

Incubation for 18-24 h at 44 °C in accordance with
PN-ISO-16649-2

Incubation for 48 h at 37 °C in anaerobic conditions

(TSC) medium using the GasPak Plus system (Anaerobic System
Envelopes with Palladium Catalyst, BD BBL) in
accordance with PN-EN ISO 7937
Number of lactic acid bacteria of the genus Lactobacillus MRS agar medium Incubation for 3-5 d at 30 °C

Salmonella presence

Buffered peptone water Rappa-
port-Vassiliadis, XLD medium

Incubation for 24 h at 37 °C; final identification was
carried out using biochemical tests and polyvalent
sera in accordance with PN-EN ISO 6579:2003/
A1:2007P

PN EN ISO 4833 2 - ISO 4833-2:2013 specifies a horizontal method for counting microorganisms that are able to grow and form colonies on the
surface of a solid medium after aerobic incubation at 30 °C; PN ISO 21527-1/2 specifies a horizontal method for determining yeast and mould
counts; PN-ISO-16649-2 specifies a horizontal method for determining the count of beta-glucuronidase-positive Escherichia coli; PN-EN ISO
6579:2003/A1:2007P specifies a horizontal detection method for Salmonella spp.

after flock hierarchy was established (day 14). Over
38% of the hens, whose primary behaviour was flight
changed their strategy and showed aggressive be-
haviour. The behaviour of exactly the same percent-
age of hens changed to neutral. After establishing the
hierarchy, almost 60% of neutral hens began to show
aggression, and only less than 17% remained neutral
(Table 2).

The behaviour of the hens was assessed by
recording the number of pecks and flee attempts.
Analysis of the hens’ behaviour after establishment
of the hierarchy (day 14) showed that more than
half of the birds classified as attackers (51.3%)
exhibited aggressive behaviour on the first day
of social structure formation. Hens that initially
avoided conflicts constituted only 18% of the

Table 2. Behavioural changes during flock hierarchy establishment
Behaviour

Percentage, %

Day 1 Day 14

Attack Attack 571
Flight 20.0
Neutral 22.9

Flight Attack 38.7
Flight 22.6
Neutral 38.7

Neutral Attack 58.3
Flight 25.0
Neutral 16.7

group of aggressive hens. Birds showing primarily
flight responses at the beginning of hierarchy
establishment employed both pecking and flight
strategies. Birds that initially tried to remain neutral
accounted for the lowest percentage. Particularly
noteworthy was the group of neutral hens, which on
day 1 constituted only 9%, and most of them, i.e.
nearly 55%, demonstrated mainly the flight reaction
(Table 3).

The mean levels of neurotransmitters (adrena-
line, dopamine, noradrenaline, and serotonin), intes-
tinal microflora composition (funglog, mesophlog,
lactobaclog, colilog, ecolilog, clostridlog), and cor-
ticosterone levels are presented in Table 4. Statisti-
cally significant differences between the means are
presented in Tables 5 and 6.

Table 3. Percentage of hens after hierarchy establishment relative to
their behaviour on day 1

gz;anour Day 1 Percentage, %
Attack Attack 51.3
Flight 30.8
Neutral 18.0
Flight Attack 41.2
Flight 41.2
Neutral 17.7
Neutral Attack 36.4
Flight 54.6
Neutral 9.1
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Table 4. Mean levels of the analysed indicators relative to the social status of hens

Parameter Day 14 Mean StdErr Lower Upper
Adrenaline, ng/ml A 0.46 0.06 0.34 0.59
F 0.42 0.10 0.23 0.62
N 0.44 0.09 0.26 0.63
Dopamine, ng/ml A 3.21 1.1 0.99 5.42
F 1.54 1.78 -2.01 5.09
N 8.96 1.66 5.64 12.28
Noradrenaline, ng/ml A 0.60 0.19 0.22 0.98
F 1.65 0.31 1.03 2.26
N 0.88 0.29 0.30 1.45
Serotonin, ng/ml A 117.60 2.98 111.65 123.55
F 115.35 4.71 105.94 124.76
N 98.81 4.38 90.06 107.55
Corticosterone A 3.51 0.49 2.53 4.49
F 4.64 0.79 3.07 6.21
N 3.66 0.74 218 5.15
Total number of fungi log CFU/g A 2.93 0.13 2.68 3.18
F 2.64 0.20 2.24 3.03
N 2.78 0.19 2.41 3.15
Total number of mesophilic aerobic A 7.41 0.07 727 7.55
bacteria log CFU/g F 7.31 0.11 7.08 7.53
N 7.37 0.1 7.16 7.58
LAB log CFU/g A 7.26 0.10 7.06 7.46
F 7.16 0.16 6.84 7.48
N 7.32 0.15 7.02 7.62
Total number of coliform bacteria log A 5.69 0.12 5.44 5.94
CFUlg F 5.70 0.20 5.30 6.09
N 5.54 0.18 518 5.91
Total number of Escherichia coli log A 5.67 0.13 5.41 592
CFU/lg F 5.64 0.20 5.24 6.05
N 5.67 0.19 5.30 6.05
Total number of Clostridium perfringens A 5.94 0.12 5.70 6.18
log CFU/g F 6.16 0.19 5.79 6.54
N 6,01 0.18 5.65 6.36

laying hen behaviour: A — attack, F - flight, N — neutral; StdErr — standard error, CFU — colony-forming unit, LAB — Lactobacillus

In comparison to the attacking (dominant) and
neutral hens, the fleeing (subordinate) birds had
higher dopamine and lower serotonin levels. Neutral
hens had higher noradrenaline levels than pecking
individuals (Table 5). Initially neutral birds, which
changed their strategy into fleeing after establishing
the hierarchy, showed higher dopamine and lower
serotonin and noradrenaline levels (Table 6). This
was recorded in 25% of hens (Table 2). Almost 40%
of hens that represented the fleeing type during the

hierarchy setting, but whose social position changed
to the dominant type, had lower levels of dopamine
and noradrenaline and higher levels of serotonin. High
serotonin and low noradrenaline and dopamine levels
were determined in the blood of initially fleeing hens
that retained this strategy (23%) or became neutral
(39%) after the new social structure was established.
Initially attacking birds that became subordinate
(20%) or neutral (23%) after 14 days showed lower
dopamine and norepinephrine levels and higher
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Table 5. Estimators of differences in neurotransmitter levels relative to social status

Neurotransmitters  Behaviour Estimate StdErr Probt Lower Upper
Dopamine A F -5.76 2.00 0.005 -9.75 -1.76
N F -7.43 244 0.003 -12.29 -2.57
Serotonin A F 18.80 5.30 0.001 8.22 29.38
N F 16.54 6.44 0.012 3.69 29.39
Noradrenaline A N -1.05 0.36 0.005 -1.77 -0.32

laying hen behaviour: A — attack, F - flight; N — neutral, StdErr — standard error, Probt — probability

Table 6. Estimators of differences in selected indicators relative to social status of birds; standard error, significance of differences, and confidence

interval
Parameter gzgiv_'c;ir Estimate  StdErr Probt Lower Upper
Dopamine A A N F -17.90 3.93 0.000 -25.74 -10.07
A N N F -19.69 429 0.000 -28.26 -11.12
A F N F -19.43 438 0.000 -28.16 -10.70
N A N F -16.51 4.38 0.000 -25.25 -7.78
N N N F -20.15 5.79 0.001 -31.71 -8.60
N F F A 20.11 4.09 0.000 11.95 28.28
N F F N 19.70 4,09 0.000 11.53 27.87
N F F F 17.83 4.38 0.000 9.10 26.56
Noradrenaline A A N N -2.61 0.81 0.002 -4.23 -0.99
A N N N -2.60 0.86 0.004 -4.33 -0.88
A F N N -2.64 0.88 0.004 -4.39 -0.89
N A N N -2.49 0.88 0.006 -4.24 -0.75
N N N F 2.32 1.00 0.023 0.33 4.31
N N F A 2.59 0.84 0.003 0.93 4.26
N N F N 1.96 0.84 0.022 0.29 3.62
N N F F 1.91 0.88 0.033 0.16 3.66
Serotonin A A N F 4929  10.38 0.000 28.57 70.02
A N N F 50.62  11.31 0.000 28.04 73.21
A F N F 52.71 11.53 0.000 29.68 75.73
N A N F 52.79  11.53 0.000 29.77 75.81
N N N F 53.35 15.25 0.001 22.90 83.81
N F F A -51.41 10.88 0.000 -73.14 -29.68
N F F N -42.75  10.88 0.000 -64.48 -21.02
N F F F -4440 1153 0.000 -67.42 -21.37
Total number of Escherichia coli A A N A -0.61 0.32 0.058 -1.25 0.02
Total number of Clostridium per- A A F A 0.50 0.25 0.050 0.00 1.01
fringens A N F A 079 031 0.014 0.16 1.41
N A F A 0.88 0.33 0.009 0.23 1.53
F A F N -0.66 0.29 0.024 -1.23 -0.09

StdErr — standard error, Probt — probability

serotonin concentrations (Tables 2, 6). Analysis
of the intestinal microflora composition revealed
significantly higher Escherichia coli counts in hens
that were assessed as neutral on day 1 but attacked
other hens on day 14. The abundance of these
bacteria was lower in hens classified as dominant
on day 1 and day 14. Lower levels of Gram-

positive bacteria of the genus Clostridium were
determined in the initially fleeing hens which
became dominant during hierarchy establishment.
In contrast,a significantly higher level of Clostridium
bacteria was determined in fleeing birds which
remained neutral after establishing the social
structure in the flock (Table 6).
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Discussion

Many studies have shown that social hierarchy is
an important factor in the adaptation of an individual
in a group (Bhanja and Bhadauria, 2018; Wang et al.,
2022). Differences in behaviour are a form of com-
munication that helps maintain balance and stability
in the group (Queiroz and Cromberg, 2006). Our re-
search has shown that flock structure is maintained
through threatening or attacking behaviour, which is
replaced by demonstrations of dominance and sub-
mission once structure is established. Therefore, hens
were classified as dominant (pecking had a higher fre-
quency than flight), submissive (fleeing had a higher
frequency than pecking) and neutral (no pecking or
flight) based on their behaviour.

Endocrine balance, reflected in the level of neu-
rotransmitters, is the key factor necessary to ensure
homeostasis (Karpinski et al., 2021). Differences
were shown in the concentration of dopamine (DA)
and dopaminergic receptors in dominant and subordi-
nate hens (Cheng et al., 2002), which was confirmed
by the present results. In comparison to the attacking
(dominant) and neutral birds, the fleeing (subordi-
nate) hens had higher levels of dopamine. As indi-
cated by Favati et al. (2013) and Cheng and Fahley
(2009), changes in dopamine and corticosteroid
concentrations could stimulate harmful behaviours
or result in the inability to cope with environmental
stress. Therefore, it could be assumed that the domi-
nant hens experienced higher levels of stress, which
was probably due to the need to demonstrate their
dominance. Analysis of DA levels and behaviour
showed that the fleeing birds had a higher concen-
tration of dopamine, which may have suggested that
their behaviour was more impulsive than that of the
other hens. The subordinate (fleeing) birds also ex-
hibited aggressive behaviour in certain situations that
depended on the confronted hen. Since these birds
tried not only to flee but also to fight, their reactivity
may have been high, as evidenced by higher blood
dopamine levels compared to other hens. Since dopa-
mine increases motivation and concentration, it could
be assumed that its higher level in the fleeing birds
was responsible for the high determination of birds
to change their position. Therefore, it seemed that the
fleeing birds showed the greatest need to change their
position in the group.

It is widely believed that serotonin (5-HT) is the
major neurotransmitter responsible for aggression.
Reduced concentrations of 5-HT are associated with
aggression; thus, it is considered a modulator of this
type of behaviour (de Boer et al., 2015). In the central

nervous system, serotonin is also involved in modu-
lating stress responses, including social and envi-
ronmental adaptation (Cheng and Fahey, 2009). The
present analysis of serotonin levels in hens revealed
that dominant birds had higher serotonin levels than
subordinate hens. This could suggest that the emotion
of anger/rage was not a motivator for such behaviour
as pecking the other individual. Higher levels of this
neurotransmitter in dominant birds could suggest that
they experienced a lower level of stress because of
their position in the group. Compared to the other
hens, the fleeing birds had lower levels of serotonin,
which is specifically involved in psychological com-
fort levels (increased fearfulness). Simultaneously,
lower serotonin levels may contribute to increased
dopamine concentration. The comparison of dopa-
mine and serotonin levels with the strategy adopted
by the birds yielded very interesting results. Higher
dopamine and lower serotonin levels could indicate
depression in birds. This could be related to their low-
er (subordinate) position after establishing the hierar-
chy compared to their initial (neutral) position. These
birds lived in a state of constant alertness and showed
symptoms of emotional arousal. In turn, lower dopa-
mine and higher serotonin levels suggested a lower
degree of arousal, accompanied by an elevated mood
in laying hens. This was observed in initially fleeing
birds that later became dominant.

Noradrenaline and adrenaline play an important
role in maintaining behavioural and physiological
balance (Cheng and Fahey, 2009; Dennis, 2016).
Higher noradrenaline levels in neutral birds compared
to pecking birds could mean that a lack of response
did not indicate a lack of stress. Birds that responded
with flight or pecking were characterised by lower
concentration of noradrenaline, which could indi-
cate lower levels of stress due to the opportunity to
release emotional tension. Neutral birds could in fact
experience greater discomfort, and the inability to
peck or flee could result from a motivational conflict
when the bird was unable to make a decision. Dif-
ferences in behavioural patterns between dominant
and subordinate individuals result not only from the
different functioning of the neuroendocrine system,
but also genetic factors, environmental conditions
during the development, and previous experiences of
birds (Cheng et al., 2002; Fahey and Cheng, 2008;
Rozempolska-Rucinska, 2020).

There is ample evidence of the significant im-
pact of the gut microbiota composition on physi-
cal and mental health (Villageliu and Lyte, 2017;
Bryden et al., 2021). The barrier of the gastroin-
testinal system limits the negative effects of stress-
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ors, among others, by maintaining the correct pH or
bacteriocin production (Truszczynski and Pejsak,
2012). In the present study, there were differences in
the abundance of bacteria of the genus Clostridium
and E. coli. Truszczynski and Pejsak (2012) reported
that a prolonged stress response decreased the cellu-
lar response in birds, which could result in infections
due to increased sensitivity to certain microorgan-
isms, especially conditionally pathogenic organisms
such as E. coli. Our results showed that birds that
ranked higher after structure establishment had lower
counts of E. coli and Gram-positive bacteria of the
genus Clostridium. This suggested that due to their
high rank, the birds did not experience stress, thus
it was likely that their digestive tract barrier was not
compromised, and the birds were not exposed to in-
fections. The situation was different for birds that
occupied a neutral position after the hierarchy was
established, as they showed higher abundance of
Clostridium bacteria. It can be concluded that birds
whose position is uncertain experience more stress,
which in turn has an adverse effect on their micro-
flora. Such individuals become susceptible to certain
microorganisms and are more likely to develop health
problems and reduced productivity.

Summarizing the research results, it could be
concluded that birds of different social position dif-
fered in the level of catecholamine neurotransmitters
and microflora composition. The relationships be-
tween these indicators were associated with animal
behaviour. Importantly, environmental and social ef-
fects also played a significant role in the ultimate type
of behaviour. It is difficult to clearly define the role
of these substances at the moment, and therefore re-
search must be continued.

Conclusions

The results indicated that the lack of an
established position in the group structure was
a social stressor for laying hens. Hens with an
undetermined position in the group, defined as
neutral and subordinate hens, could have a strong
motivation and need to re-establish their position,
which was crucial for their emotional well-being.
Subordinate birds appeared to be very impulsive as
evidenced by dopamine levels. Thus, they seemed
to show the greatest need to change position in the
group. At this stage of the research, it is not yet
possible to conclusively answer whether higher level
of stress occur in dominant or subordinate birds, but
the results have suggested that higher stress levels
are associated with lower group position.
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Simple Summary: The presence of stressors is common in hens. Stocking density seems
to play a special role in poultry production. Changes in stocking density are reflected in
behavioural and physiological traits. The present study aimed to investigate the effects
of stocking density on the behavioural and physiological traits of laying hens. The study
hypothesized that stocking density could affect the behaviour of hens, with the expectation
that hens in the low-stocking-density group would be more active and interested in the
test environment. In addition, higher stocking densities were expected to create a more
stressful environment, which would be reflected in blood parameters. Birds kept at low
densities showed the greatest variety in behaviour, as well as the most frequent and longest
locomotion. There were no differences between groups in terms of stress hormone scores.
All groups showed a significant decrease in testosterone levels compared to the control
group. The changes observed in the birds’ behaviour indicate the possible effect of stocking
density on their welfare. When hens are free to move around and explore their environment,
they exhibit a wider range of behaviours in a new location.

Abstract: This study analysed stocking density as a major stress factor for laying hens
and assessed its impact on selected behavioural and physiological traits of the birds. The
study population included 142 birds of the Green-legged Partridge breed (12 males and
132 females). The birds were randomly assigned to three experimental groups of standard,
low, and high stocking density, and a modified open-field test was conducted to assess
their behavioural traits. The following blood parameters were analysed: corticosterone,
cortisol, and testosterone. The behavioural test results demonstrated an impact of stocking
density on laying hens’ behaviour. The birds kept at a low density exhibited the greatest
diversity in behaviour as well as the most frequent and longest locomotion. There were
no differences between the groups in terms of stress hormone results. All groups showed
a significant decrease in testosterone levels compared to the control. This may suggest
that, despite differences in stocking, the structure was established quickly, resulting in
decreased competition and, consequently, a positive impact on the birds. When kept in
lower-stocking-density groups with a stable structure, birds are less competitive; this stable
structure improves their well-being to a greater extent than the stocking density.

Keywords: laying hens; stocking density; behaviour; stress hormones

1. Introduction

Rapid and unpredictable changes may have significant effects on survival and coping
ability. In order to survive, animals need to gain information about the environment [1,2].
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The concept of animal welfare developed by Ohl and van der Staay [3] states: “An indi-
vidual is in a positive welfare state when it is able to actively adapt to its living conditions
and to reach the state that it perceives as a positive” [4]. Adaptation to change may be
a variable trait and is likely to be influenced by conditions during an individual’s devel-
opment [1,2]. Adaptation is the ability of any living organism to survive and reproduce
successfully under the existing environment [5]. In a complex environment, birds must
adapt to changing circumstances (both negative and positive) [6-8]. There is a growing
research interest aimed at assessing personality, as it is important to understand how
and why animals differ in their reactions despite facing similar life conditions [9]. Some
birds have little or no response to stressors that evoke a relatively large response in other
birds [6]. If the changes are potentially harmful, the animals adapt to them by generating
appropriate reactions [6,7,10]. Diverse coping styles may;, to a certain extent, be attributed
to differences in stress hormone profiles. Proactive individuals have a more pronounced
sympathetic stress activation (flight or fight), whereas reactive individuals often respond to
a stressful situation with a higher level of parasympathetic stress activation (withdrawal re-
sponse) [11]. However, the expression of adaptive behaviour depends on a certain optimal
stress level [7]. Strong and/or prolonged stress weakens the activity of all physiological
structures responsible for the adaptation process [12].

The presence of stressors is common for hens, and birds are exposed to stressors
such as stocking density, temperature, food limitations, transport, and pollution [13]. The
first two are among the most important factors in the poultry industry [13-15]. However,
stocking density seems to play a special role [13,16,17]. Animal welfare largely depends
on the possibility of the animal exhibiting natural behaviour [18], which, in hens, is as-
sociated with sufficient living space [16,17]. Keeping too many birds per square meter
(m?) can seriously impact their welfare [19-21]. Changes in stocking density are reflected
in behavioural and physiological traits [13,22]. A restricted breeding environment can
significantly limit or even eliminate the manifestation of natural behaviour in hens [22].
When the space is overcrowded, it can lead to discomfort and anxiety, which can result
in changes in behaviour [21]. In such conditions, the laying hens” activity decreases [15],
their comfort behaviour is limited [23], and the use of cage elements is reduced, which
can lead to lower consumption of feed and water and result in injuries and diseases. Fur-
thermore, an increase in aggressive behaviour and pecking out feathers is observed [23].
In addition to changes in behaviour, there may be signs of physiological stress [15], such
as alterations in leukocyte [12] and corticosterone levels [13,22]. In birds, the main gluco-
corticoid is corticosterone. This hormone can affect multiple regulatory and behavioural
changes [23,24] that are thought to help birds to adjust to stressful situations [7]. Therefore,
stocking density is crucial in poultry management as it impacts welfare, productivity, and
economic viability [16,17,25]. Continuous improvement is essential in poultry production,
so it is important to implement standards that optimise the welfare of poultry. The rearing
environment can present poultry with a number of challenges that can lead to frustration.
Understanding these challenges makes it possible to adapt the environment to the needs of
the animals. This allows birds to control the environment to a certain point [26].

The continued study of stress in relation to stocking density is important. In research
and industry, the use of the Green-legged Partridge is becoming more common. Due
to increasing pressure from high-producing commodity hybrids, bird breeds with lower
productivity have lost ground. Due to the need to protect their often-unique characteristics,
some breeds were included in the Conservation of Genetic Resources (CYT) Programme.
One of the breeds protected is the Green-legged Partridge [27]. The Green-legged Partridge
is one of the oldest breeds of hen kept in Europe [28]. Due to the need to maintain
generational continuity in the primogenitor of this breed, intensive breeding work is not
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applied, but rather, work is undertaken to preserve the genotype [27]. This makes the
birds of this breed a valuable research material both for studies of the behaviour of hens
and their physiology [29] and of the quality of the raw materials obtained [28]. Although
they are not a typical commercial hybrid, their popularity is increasing due to their high
adaptability to extensive rearing and also the reduced cholesterol content of their egg
yolks [28]. Furthermore, due to their maintenance under conservative breeding conditions,
they have become an excellent model for behavioural studies as a reference for breeds and
lines undergoing intensive breeding work [29,30]. In addition, due to the qualities of the
eggs obtained from them, the popularity of this breed is steadily increasing, and selection
lines to be used as laying hens have already been produced.

This study aimed to investigate the effect of stocking density on certain behavioural
and physiological traits in laying hens. The study assumed that stocking density could
influence the behaviour of hens during the test, with hens in the low-stocking-density
group expected to be more active and interested in the test environment. Additionally,
higher stocking density was expected to create a more stressful environment, which would
be reflected in blood parameters.

2. Materials and Methods
2.1. Animals and Housing

The study was approved by the Local Ethics Committee for Animal Experiments
acting at the University of Life Sciences in Lublin, Poland (no. 69/2017).

The study population included 142 birds (12 males and 132 females) of the Green-
legged Partridge breed aged 45 weeks. The birds were randomly selected from four
separate flocks kept in the same building, in identical zoohygienic conditions, and they
were combined to make experimental flocks on the first day of the experiment. The birds
were divided into three experimental groups:

e  standard—kept at the standard stocking density for reproductive flocks (6 birds/m?),
e low—kept at a low stocking density (3 birds/m?)
e  high—kept at a high stocking density (9 birds/m?)

For experimental purposes, the groups of birds were kept for 21 days in pens with
dimensions of 2 m?, 1.5 m?, and 4 m?, respectively (4 replications in each; the total number
of experimental pens n = 12), equipped with automatic drinking and feeding lines. Each
box was equipped with nest boxes, with each box containing 4 individual nests. The
material for bedding the nests was hay. The area of the nest box was not included in
the usable area of the box. There were 12 birds in each pen (1 male and 11 females; this
sex ratio is typical of breeding herds). To avoid inflicting potential stress on the laying
hens related to the absence of a male in the group, it was decided to leave the roosters in
the experimental pens. The roosters were not assessed for physiological and behavioural
parameters. The birds had continuous access to water and a fodder mix suited to their age.
The birds were kept in a litter system (straw litter) with access to four individual nests per
pen. The lighting scheme typical of laying hens (16 h light: 8 h darkness) was followed
throughout the experiment, and the temperature was maintained at 20 °C. LED lighting
was used (4000 K, intensity 80 Ix).

2.2. Blood Samples

On the first day of the experiment (measurement labelled as control) and after 21 days
(measurements for various stocking densities labelled as low, standard, high) of keeping the
birds in experimental conditions, the corticosterone, cortisol, and testosterone levels were
measured by drawing blood from the wing vein to vacuum tubes with an anticoagualant
K3-EDTA (MEDLAB-PRODUCTS, Ldt., Raszyn, Poland) from 12 randomly selected laying
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hens in each group (total number n = 36). After sampling, the tubes were placed on a
hematologic stirrer and centrifuged on a laboratory centrifuge for 10 min at 3000 rpm. Next,
serum was collected and taken for further analysis. The levels of testosterone [pg/mL],
cortisol [pg/mL], and corticosterone [pg/mL] were measured with commercial Enzyme-
Linked Immunosorbent Assay kits (ELISA kits, Qayee Biotechnology Co., Ltd., Shanghai,
China). The calibration curve preparation and the measurement procedure were in line with
the test kit producer’s guidance. The analysis was performed with 10 puL of serum, and each
sample was analysed in triplicate, with the result being the mean of the three measurements.
The results were read with the Biotek Synergy H1 microplate reader ((BioTek Instruments,
Inc., Winooski, VT, USA) at the wavelength of A = 450 nm.

2.3. Behavioural Test

Individual behavioural tests, based on that described by Kozak et al. [31], were con-
ducted on 12 randomly selected hens for each experimental group (standard n = 12; low
n =12; high n = 12; total number of hens tested during individual behavioural test 1 = 36).
The tests were conducted on two consecutive days (Days 21 and 22) between 8.00 a.m.
and 4.00 p.m. The impact of bird immobilisation during blood drawing on a behaviour
change was eliminated by the test being conducted only on birds from which samples had
not been taken. Moreover, the birds” access to fodder was not limited on the test day to
prevent the impact of this factor. The test pen was situated in the same building as the
experimental pens. However, it was placed in an adjoining room with identical lighting
and heating conditions. This prevented the birds from making eye or sound contact with
other individuals during the test. Elements unknown to birds were placed along the longer
walls of the test pen. They included a container that imitated a nest (A), a sandpit (B), a
container with commercial fodder (fodder adapted to the needs of laying hens, used in
breeding) (C), a container with enriched fodder (commercial fodder supplemented with
herbs) (D), and a drinking trough (E) (Figure 1).

2m
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Figure 1. Experimental pen with elements and camera; A—nest imitation; B—sandpit; C—commercial
fodder; D—enriched fodder; E—water trough; X—localisation of laying hens’ ‘start position’.

An experimenter known to the hens transferred the bird being tested directly from
the experimental pen to the test one (at its central point X). After the pen was closed, the
experimenter switched on the camera, exhibited a plate with the number of birds being
tested (No. 1-36), and subsequently left the room. The behaviour was recorded (660 s) with
a wide-angle camera (Xblitz MOVE 4K Plus, KGK Trend, Ltd., Krakéw, Poland) placed
behind the test pen. Due to the presence of some factors (the view of the experimenter
leaving the room, the sound of footsteps, and the closing door), which could have affected
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the bird’s reactions, the initial section of the recording was deleted. An analysis of the
recording lasting 600 s was performed in the BORIS (version 7.10.2., 2021) software, follow-
ing Table 1. The observer was blind to the density group of the birds observed in a given
recording.

Table 1. Behaviours assessed during the modified open field test.

Trait

Description

latency 1 [s]
latency 2 [s]
locomotion_t [s]
locomotion_f [freq.]

fodder 1_t [s]
fodder 1_f [freq.]
fodder 2_t [s]

fodder 2_f [freq.]
water_t [s]
water_f [freq.]
sandpit_t [s]
sandpit_f [freq.]

nest_t [s]
nest_f [freq.]

o2l

Latency time to start locomotion
Latency time to approach the random element
Total time spent on locomotion (laying hen takes a minimum of two steps)
Total number of repetitions of the locomotion episodes
Total time spent on feed intake/staying in direct proximity of the container filled
with commercial fodder
Total number of repetitions of the feed intake/staying in direct proximity to the
container filled with commercial fodder
Total time spent on feed intake/staying in direct proximity to the container filled
with enriched fodder
Total number of repetitions of feed intake/staying in direct proximity to the
container filled with enriched fodder
Total time spent on water intake/staying in direct proximity to the watering trough
Total number of repetitions of water intake/staying in direct proximity to the
watering trough
Total time spent dust bathing/staying in direct proximity to the sandpit
Total number of repetitions of dust bathing/staying in direct proximity to
the sandpit
Total time spent staying in the nest imitation/staying in direct proximity to the
nest imitation
Total number of repetitions of staying in the nest imitation/staying in direct
proximity to the nest imitation
The ratio of the average time spent at the elements in the test pen to the average time
of locomotion

2.4. Statistics

The normality of the distribution was checked using the Shapiro-Wilk test (PROC
UNIVARIATE procedure). Since the obtained data were not normally distributed, a non-
parametric analysis was used as the F-approximation of the Friedman test and the asso-
ciated rank-sum multiple comparison test [32]. The effects of the experimental groups
(standard density, low density, high density) were analysed with PROC GLIMMIX (SAS
software Statistical Analysis System, 9.4).

3. Results
3.1. The Impact of Stocking Density on Hen Behavioural Traits

The mean time [s] and frequency [freq.] of the behaviours under study that were
exhibited in each group are shown in Table 2. Significant inter-group differences were
shown for latency 2, locomotion_t, locomotion_f, water_t, water_f, and o2l (Table 1). The
medium time and frequency of the other attributes (fodder 1_t, fodder 1_f, fodder 2_t
fodder 2_f, sandpit_t, sandpit_f, water_f, nest_t, and nest_f) accounted only for a portion
part of overall activity during the test. Since the inter-group differences (Table S1) for these
attributes were not significant, they are not shown in Table 3.
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Table 2. Mean time in seconds and frequency [freq.] of behaviours evaluated during the behavioural
test.

Trait Density Estimate SE Lower Upper
standard 221.94 61.83 96.14 347.74
latency 1 high 264.50 61.83 138.70 390.30
low 156.90 61.83 31.10 282.70
standard 349.40 59.12 229.12 469.68
latency 2 high 277.15 59.12 156.87 397.43
low 155.23 59.12 34.95 275.51
standard 33.50 15.67 1.61 65.38
locomotion_t high 24.50 15.67 —7.38 56.39
low 81.14 15.67 49.25 113.02
standard 8.25 2.61 2.93 13.57
locomotion_f high 7.08 2.61 1.77 12.40
low 14.83 2.61 9.52 20.15
standard 11.09 6.29 —-1.71 23.90
fodderl_t high 12.63 6.29 —0.18 25.43
low 10.29 6.29 —2.51 23.09
standard 1.75 1.39 —1.08 4.58
fodderl_f high 2.92 1.39 0.09 5.75
low 2.50 1.39 —0.33 5.33
standard 10.54 5.59 —0.82 21.91
fodder2_t high 9.08 5.59 —2.29 20.45
low 9.17 5.59 —2.20 20.53
standard 0.92 0.60 —0.31 2.14
fodder2_f high 1.00 0.60 —-0.23 2.23
low 1.67 0.60 0.44 2.89
standard 13.04 6.05 0.73 25.34
water_t high 20.38 6.05 8.07 32.68
low 36.58 6.05 24.27 48.88
standard 6.92 2.84 1.14 12.69
water_f high 10.83 2.84 5.06 16.61
low 15.67 2.84 9.89 21.44
standard 3.40 19.71 —36.71 43,51
sandpit_t high 40.33 19.71 0.22 80.44
low 4.62 19.71 —35.49 44.73
standard 0.17 0.55 —0.95 1.28
sandpit_f high 1.08 0.55 —0.03 2.20
low 1.08 0.55 —0.03 2.20
standard 1.52 291 —4.40 7.44
nest_t high 4.04 291 —1.88 9.96
low 5.01 291 —0.91 10.93
standard 0.08 0.45 —0.84 1.00
nest_f high 0.33 0.45 —0.59 1.25
low 0.83 0.45 —0.09 1.75
standard 1.27 1.05 —0.90 3.43
o2l high 4.69 1.05 2.52 6.85
low 1.20 0.95 —0.76 3.15

SE—standard error; lower—lower confidence interval; upper—upper confidence interval

Compared with those in the standard-stocking-density group (standard), birds in the
low-density group (low) needed much more time before they started to move towards any
element in the test pen (p = 0.027) (Table 3). The locomotion time was significantly shorter
for the birds in the standard- (p = 0.039) and high-stocking-density (p = 0.015) groups than
that observed in the birds in the low-stocking-density group. Moreover, birds in the latter
group initiated any locomotor activity significantly more frequently (p = 0.044) than those



Animals 2025, 15, 604

7 of 12

in the high-density group. Compared to the birds in the standard-density group, the birds
in the low-density group drank water for a longer time, stayed close to the drinking trough
more often (p = 0.010), and approached it more frequently (p = 0.036). The ratio of time
spent at enriching elements to the locomotion time for birds in the high-density group was
higher than that for the birds in the standard- (p = 0.030) and low-stocking-density (p =
0.021) groups.

Table 3. Estimators of differences in exhibition of selected behaviours by hens depending on the

stocking density.
Trait Density _Density Estimate SE p Lower Upper
latency 2 standard low 194.17 83.61 0.027 24.07 364.26
locomotion_t  standard low —47.64 22.16 0.039 —92.73 —2.55
locomotion_t high low —56.63 22.16 0.015 —101.72 —11.54
locomotion_f high low —7.75 3.69 0.044 —15.27 —0.23
water_t standard low —23.54 8.55 0.010 —40.94 —6.14
water_f standard low —8.75 4.01 0.036 —16.92 —0.58
o2l standard high —3.42 1.49 0.030 —6.48 —0.36
021 high low 3.49 1.42 0.021 0.57 6.40
SE—standard error; p—probability value; lower—lower confidence interval; upper—upper confidence interval.
3.2. The Impact of Stocking Density on Hen Physiological Traits
The mean levels of corticosterone [pq/mL], testosterone [pq/mL], and cortisol
[pq/mL] are shown in Figure 2. Significant differences were observed only for testos-
terone. The mean testosterone level was significantly lower in birds in all the groups (p =
0.022, p = 0.023, p = 0.046) compared with the control. However, no significant differences
were observed between birds in the low-, high-, and standard-stocking-density groups.
No significant differences were demonstrated for cortisol or corticosterone, either between
different density groups (low, standard, high) or compared to the pre-experiment levels
(control).
70.00 4.00 T
60.00 e 350 + 2220
3.00 +
50.00
250 +
1000 20.64
2.00 + 1.33a
30.00 M 10a
- 17.92a 150 1 [ [
2000 T 000 100 4
10.00 050 +
0.00 0.00 -
control low_  standard_  high_ control low_ standard_ high_
(A) (B)

Figure 2. Cont.
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Figure 2. (A) Mean concentration (LSM + SE) of corticosterone (pg/mL), (B) testosterone (pg/mL),
and (C) cortisol (pg/mL) in the hens’ blood before the experiment (control) and after three weeks
in various stocking density groups (low, standard, high). Means marked with different letters (a, b)
differ significantly at p < 0.05.

4. Discussion

The current study revealed that behaviour may indicate the effect of stocking density
on bird comfort. Hens are eager to explore their environment and display a wider range
of behaviours when they have access to more space. However, in order to evaluate the
welfare of laying hens, it is necessary to consider not only the measurement of behavioural
indicators but also physiological and physical indicators. Approaches to animal welfare
management are moving away from the concept of adapting the animal to its environ-
ment to the concept of adapting the environment to the animal through the planning of
appropriate conditions. This is partly related to the fact that external factors are much
easier to control and adjust than internal factors [4]. Continuous improvement toward the
implementation of the highest standards is a key element in the optimization of animal
welfare. Many factors that contribute to the welfare of laying hens affect the success of
the poultry industry [16]. According to Broom'’s concept of animal welfare [29], when the
coping capacity of the individual is exceeded, the result is poor welfare. However, this is a
major oversimplification; the modern definition of welfare considers much more than just
the ability to cope [4].

Corticosterone secretion increases when a bird perceives a stressor. This major gluco-
corticoid hormone in birds promotes changes in behaviour and metabolism that are thought
to help birds to adjust to stressful situations [4-7]. Assessing an individual’s perception
of its emotional state requires a holistic view and ideally combines physiological and be-
havioural measures. Physiological indicators of arousal or stress management, such as
glucocorticoid levels, can be valuable indicators of welfare [4]. The physiological response
to acute or chronic stress is examined routinely by measuring the level of corticosterone [22]
or cortisol as an indicator of hypothalamic—pituitary—adrenal (HPA) axis activity [33], al-
though classically, in bird studies, the parameter recorded is corticosterone. However, it
is also possible to analyse cortisol levels [33,34]. Despite the fact that stocking density is
considered to be one of the most stressful factors in animal production [13,14,17], this study
did not reveal significant differences in cortisol or corticosterone levels. It might seem that
different densities did not influence the level of stress at a given point in time, but this
is not necessarily the case. It is also noteworthy that a lack of change in the levels of the
examined hormones does not necessarily indicate a stress-free environment. Cockrem [7]
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points out that responses to corticosterone are usually presented in as average responses of
groups of birds. However, there is significant variation between individuals in the pattern
of their responses to corticosterone, and individual responses to corticosterone may differ
significantly from the average response of a group of birds. Our study focused on the mean
levels for the group and disregarded hens’ individual responses. The large standard errors
for the groups in the study indicate that the values for each bird varied widely. In fact, the
results might have been different if every hen had been assessed separately. Admittedly, in
our study, we focused on the results for the group and did not treat the birds individually,
but it is likely that the behaviour of the birds might have influenced the findings [35], so
it would be beneficial to consider individual assessment for future research. If we are to
strive to improve well-being, then we need to start paying attention to the individual and
not just the whole group.

When it comes to assessing behavioural indicators, the expression of normal behaviour
does not necessarily equate to good welfare [4]. Therefore, when assessing welfare, both
physiological and behavioural measurements should be taken into account, as they will
better represent the actual condition of the animal. Being social animals, laying hens live
in a complex and demanding environment [7]. Because of this, hens exhibit various ways
of coping with environmental changes [7,9], which are dynamic processes [4] that can
be attributed to a certain extent to differences in stress hormone profiles [11,23]. Kang
etal. [22] indicated that variable stocking density, the establishment of a hierarchy, and com-
petition lead to increased corticosterone secretion. It has been suggested that testosterone
is the most important hormone for preparing individuals for intense social competition.
Dominant individuals, who tend to be more aggressive, are most likely to be successful
in competition by better focusing attention on the target (e.g., food source). The highest
levels of testosterone are found in such birds [36]. The lack of variation in the corticosterone
response found here may suggest that the hens were not under stressful conditions that
would require them to compete for resources. This is supported by the significant decrease
in testosterone levels across all groups compared to the initial measurements taken on the
first day of the experiment. Laying hens kept in small groups, as in this experiment, exhibit
social behaviours similar to those of their wild ancestors, and the social organisation is
stable. In stable groups, the social structure tends to stabilise to avoid the costs and risks as-
sociated with increased and constant fighting. Enabling the development and maintenance
of stable connections can create a positive social environment and improve the ability to
cope with new stressors [37]. It seems that the examined hens were likely to accept the
leading role of the rooster and the structure of the group, which is why testosterone levels
were lower than in the control group [36]. Therefore, it is worth including this aspect in
future research. The hormones measured are an essential indicator to be taken into account
in research on the welfare of laying hens. However, it should be emphasized that assessing
welfare status requires multiple measurements over time, as this will reflect the dynamics
of an individual’s interaction with the environment. The number of measurements used
in our study is a limitation, as it only allowed us to determine the momentary state of the
animal. Nevertheless, the results are valuable as they provide an indication of urgent action
being taken to improve the condition.

Behaviour is an essential indicator of an animal’s welfare status, and it allows the
identification of changes [4]. Many authors [10,12,13,15,23] have indicated that stressors
can modify birds’ behaviour as well as changing their physiological traits. The behavioural
test results in hens revealed certain differences in behaviours such as locomotion or the
use of environmental elements. The effect of the stocking density is rather apparent in
the former. The birds in pens with both high and standard stocking densities moved less
than those kept at a lower density, which also moved more frequently. Other authors have
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observed similar effects [15,16,38]. Van der Eijk [38] found that living space impacts the
level of activity, feeding, and comfort of birds, which is a consequence of access to free
space, a better quality of litter, and the ability to walk. The presence of proper litter is one of
the most important factors and integral elements in ensuring a better environment for fast
and healthy growth [39]. This is of particular importance in young, developing birds [40].
One could argue that when birds live in a spacious area with low population density, they
have more freedom and curiosity to explore their surroundings. Conversely, when birds are
crowded together in a high-density environment, their movement is restricted, so meeting
their basic needs becomes more challenging. This is why they can tend to spend less time
exploring unfamiliar environments.

It seems worthwhile to include an analysis of the time spent on using elements of
the environment to assess the impact of stocking density, as this can be associated with
birds’ general motivation. This study demonstrated an increased frequency of instances
and time spent on water consumption by birds kept at a lower density than those in the
standard-density group. Moreover, the ratio of the time spent at enriching elements to
the locomotion time was lower in birds kept in the lowest- and standard-density pens
compared to those in the high-density pen. These observations suggest that high density
limits the variety of behaviours and exploration of hens. Unlike birds in the highest-density
group, those in the other two groups (the standard- and the low-density groups) exhibited
a greater need for movement and explored their environment more thoroughly. This may
show that hens felt more confident and comfortable in these conditions. These observations
suggest that high density limits the variety of behaviours and exploration of hens. Birds of
various breeds can show different behavioural and physiological responses to stimuli. The
fact that the hens were not seen to be interested in the elements in the test pen can indicate
that the breed under study has different preferences [41]. Interestingly, the standard-density
group, rather than the low-density group, needed much less time to approach any element,
s0, in theory, they were more willing to explore. According to the authors, such behaviour
can be attributed to increased motivation caused by competing for resources, which would
not necessarily indicate a positive affective state.

5. Conclusions

Our study led us to the conclusion that the behaviour observed in the study could
indicate the effect of stocking density on the birds” comfort. When hens are free to move
and explore their environment, they exhibit a wider range of behaviours in a new location.
However, the increased activity may be due to their desire to return to an environment
that satisfies their needs. Although the blood results obtained provided little support
for behavioural indicators, we want to emphasise that we need to take a comprehensive
approach when assessing welfare. In order to demonstrate a permanent deterioration
in animal welfare, numerous measurements of behavioural, physiological, and physical
indicators over a long period of time must be taken into account. It should be noted that
the responses of individual birds may differ significantly from the average response of a
group of birds. Therefore, the effectiveness of welfare interventions may be enhanced by
knowledge of individual behavioural and physiological response norms.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani15040604 /s1, Table S1: Estimators of differences in exhibiting
selected behaviours by hens depending on the stocking density.
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Summary

The aim of the study was to assess whether the personality profile of laying hens can be a selection criterion.
The analyses involved two breeds: Rhode Island White (RIW) and Rhode Island Red (RIR), reared in individual
cages. The behavioural profile of three generations of birds comprising 1333 RIW hens and 3180 RIR hens
was determined with the use of the novel object test (NOT). The following behaviours were recorded: escape,
avoidance-approach, immobility, and approach. Based on its reactions, the birds were assigned to: proactive
or reactive profile groups. The genetic parameters of the behavioural profile and the phenotypic and genetic
dependency between the behavioural profile and the performance traits were estimated. It was found that
estimates of the heritability coefficient for the behavioural profile can be a good predictor of effective selection
and modification of birds’ behaviour at the additive level. Proactive birds (intense behavioural response and
being able to make decisions) seem to represent the desirable personality type in farm conditions. The genetic
correlations between the personality profile and the performance traits also seem to confirm that the proactive

birds should be the preferable type.

Keywords: behavioural profile, genetic correlations, heritability, poultry

The level of stress and the welfare of laying hens
are important issues in science and practice related to
the poultry industry. This is associated not only with
the growing consumer awareness of the impact of
stress on the organism and the consequent welfare of
animals but also with its effect on the economic aspect
of production (45).

It is well known that intensive selection targeted at
increasing the performance value poses many problems
and reduces the welfare of birds (11). Importantly, the
performance traits of laying hens are genetically cor-
related with personality traits, e.g. fearfulness, curios-
ity, or aggressiveness (35, 37). Breeding work aimed
solely at enhancement of performance traits may lead
to modification of behaviour through indirect selec-
tion. Unfortunately, behavioural changes are highly
unfavourable in many cases (11, 31). Our previous
research has shown that the level of genetic variability
in fearfulness- or curiosity-related behaviours may al-
low selection targeted at modification of hens’ behav-
iour. However, our results did not solve the problem
of assessment of hens’ personality and the possibility
of using this indicator for breeding. The use of the
proposed “pecking” or “no pecking” indicator (35, 37)

in the selection process facilitates observations during
tests and ensures an appropriate level of additive vari-
ability allowing the selection criterion to be modified.
Concurrently, this indicator is highly correlated with
other reactions: positively with curiosity-related behav-
iours and negatively with fear-indicating behaviours.
However, as shown in other studies, excessive curiosity
and motivation may lead to an intensification of un-
desirable behaviours of laying hens, e.g. pterophagy
(3, 14, 17). Therefore, selection targeted at increasing
the level of curiosity may improve the welfare of birds
through reduction of their fearfulness on the one hand,
but may also lead to an increase in aggressiveness and/
or emergence of pterophagy on the other hand (39).
Furthermore, in a poor farm environment, curiosity
may expose birds to stress if they cannot satisfy their
natural need to explore the surroundings (20, 24, 33,
39). This prompted the need to search for indicators
of'birds’ personality that could be used in the selection
model. Such indicators must meet appropriate criteria.
The most important element is the appropriate level of
genetic variability, as it determines the effectiveness of
breeding. The next step should consist in assessment
of the relationship between a selected personality trait
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and performance traits so that the breeding model could
place appropriate emphasis on traits that constitute
the selection criterion. A final and equally important
criterion is the ease of measurement of the trait. Birds
are kept in individual cages on breeding farms, which
is a prerequisite for the assessment of the performance
and additive value. Hence, the possibility of using
various behavioural tests to assess birds’ personality
is highly limited, but the novel object test (NOT) can
definitely be employed (35, 37).

At this point, the emphasis on the high importance
of development of an appropriate behavioural indica-
tor that could be included in the selection criterion
should be explained. Currently, many activities are
being undertaken to improve the welfare of farm ani-
mals. However, most of these activities are focused on
changes in breeding conditions, e.g. the introduction
of environmental enrichments. Such solutions are
undoubtedly necessary, but research has shown dif-
ferences in the environmental requirements between
species, breeds, and individual animals (20, 33, 34).
It is impossible to adapt the breeding environment so
that it can ensure the welfare of each individual; ad-
ditionally, the potential modifications are limited by
economic considerations. Nevertheless, an attempt
can be made to select individuals with personality
traits matching the breeding conditions. Already in
the 1990s, scientists postulated genetic selection and
additive-level changes in hens’ behaviour as one of the
useful tools (9, 19, 25). These solutions would help to
adjust the birds’ temperament to the breeding condi-
tions through reduction of excessive fear and aggres-
sion, thereby ensuring a low level of stress (19). This
seems to be simple, but there are still problems with the
practical application. First, the use of genetic selection
tools is only possible after reliable identification of the
temperament and emotional profile of hens (15, 19, 35,
41). Second, as already mentioned, the assessment of
birds’ personality on breeding farms is highly limited.
Therefore, the inclusion of personality in the model of
assessment of the additive value of animals is still an
open question. The best possible solutions that will
ultimately improve the welfare of laying hens are still
to be discovered.

Certainly, the use of only one behavioural test for
assessment does not fully determine birds’ personal-
ity, which comprises consistent profiles of behavioural
reactions to a number of stimuli (8). Therefore, it will
be appropriate to use the term “personality profile”
to imply that the test does not definitively define the
personality of the hen, but indicates a trend in its
personality.

Given the possible behavioural reactions of laying
hens in the NOT assessment shown in our previous
research (35, 37), the present study was focused on
determination of the “personality profile”, as in the
study conducted by Cockrem (8), where proactive
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and reactive personalities related to the level of stress
were distinguished. Birds with proactive personality
were characterized by relatively active behavioural
responses and relatively low levels of corticosterone
responses to stress, whereas birds with reactive per-
sonality exhibited passive behavioural responses and
high levels of corticosterone responses (8).

The aim of the study was to answer the question
whether the personality profile of laying hens can be
a selection criterion for birds. Another question was
whether the heritability coefficient in the case of the
proactive/reactive profile will be high enough to expect
further behavioural changes in hens and whether there
are genetic links between the personality profile and
the performance of laying hens that may influence the
direction of selection.

Material and methods

Animals and housing. The analyses involved two hen
breeds: Rhode Island White (RIW) and Rhode Island Red
(RIR) kept in separate cages. The birds were kept in an arti-
ficially lit windowless building equipped with a mechani-
cal ventilation system. The cages were equipped with drip
drinkers and a mechanical feed distribution system. The
birds were subject to standard veterinary surveillance. The
farm keepers carried out individual control of performance
traits, i.e. body weight in the 18" week of age of the laying
hens, the age of sexual maturity of the birds recorded at the
time of laying the first egg (MA), average egg weight from
the weekly collection in the 34" (EW34) and 54" (EW54)
week of age, the initial laying rate, i.e. the number of eggs
laid during the first 15 weeks of laying (IP), non-destructive
assessment of shell thickness (ST), laying performance,
i.e. the number of eggs laid during 54 weeks (BL), and the
number of hatched chicks (HC). The performance data used
in the analyses were taken from the farm documentation and
were not determined in this experiment. The analyses were
based on information on the performance of 5 generations
comprising 22,258 individuals of the RIR line and 10,531
of the RIW line. The mating system employed on the farm
minimised the degree of relatedness between the birds.
The maximum inbreeding of subsequent generations was
estimated at 15% and involved only 0.18% of the entire
population, while 99.5% of the birds exhibited inbreeding
that did not exceed 5%.

Behavioural test. The novel object test (NOT) was per-
formed every four cages to prevent hens kept in the adjacent
cages from becoming familiar with the object beforehand.
The behavioural test was conducted in three consecutive
generations, and the behaviour of 4513 birds in total, i.e.
1333 Rhode Island White birds and 3180 Rhode Island Red
hens, was assessed. Only female birds were included in the
experiment, and the difference in the numbers between the
lines was associated with the number of birds kept on the
farm, where the RIR is the maternal lineage and the RIW
is the paternal lineage.

In the NOT trial, an innovative method for data recording
and collection was employed with the use of an electronic
recorder equipped with:
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— an object required to
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Tab. 1. Frequency of behaviour, assessment system, and classification according to the per-

carry out the NOT experi- sonality profile (PP)
ment: a rod with a colourful, Frequency
shiny tip, which was shown Reaction Behaviour during the test PP rR | AW
to the birds as a novel object. The bird rom the obiect o th 6 end of th
o e bird escapes from the object, moves to the opposite end of the
The rod had an additional Escape cage, tries to leave the cage, and shows an active attitude signalling 46.95 | 31.21
blockage that ensured the the desire to escape from the object Proactive
same d1stanqe at which 'the ) The bird shows interest and approaches the object, touches the object 9.20 | 13.68
object was introduced into p with its beak, or observes the object at a very close distance : :
each cage, i.e. 1 cm from the The bird stays in one place and does not move clearly in any direction
cage wall. Thus, the test was No decision | ©F €hanges its body position relative to the object, turning sometimes 664 | 9.96
standardised and there were towards and sometimes away from the object, but does not make any Reaci : :
no differences that could have specific decision eactive
exerted an impact on hens’ AF The bird does not move and remains at the same distance and in the
reactions. mmobility | came direction to the object as at the time of noticing the object %21 | 45.15
— an HD42 barcode scan-

ner, which facilitated im- Tab. 2. Factors in the calculation models for the analysed traits
mediate identification of the Trait | oo, | Performance traits: | . | ., g | Behavioural | Personality
examined object based on in- Factor w BW, MA, ST, EW ’ reaction’ profile?
dividual bird barcodes placed | year of hatching x subsequentset | F X X X X
on the cages. "

. Year of reproduction F X X X

The behaviour was re- i

corded in real time during Number of laid eggs ¢ X
the Novel Object Test (NOT). | Number of inspection days c X
The behaviour of the birds | Additive effect of the individual A X X X X X

was assessed in a binary
system, where 0 meant the
absence of the reaction and
1 denoted the presence of the
reaction. Such reactions as
escape, avoidance-approach
(no decision), immobility, and approach were recorded.
The technical device used in the experiment allowed very
quick assessment of birds’ behaviour.

The test lasted 30 seconds, during which the experi-
menter observed the hen’s behaviour and entered a specific
number assigned to a specific sequence of behaviour on the
device’s keyboard. The duration of the specific behaviour
exhibited by the bird was recorded as well. After the test,
the data were transferred to the computer database; they did
not require further processing and were directly used for
statistical analyses. The test was always performed by the
same person. Frequency of behaviour, assessment system,
and classification according to the personality profile (PP)
are presented in Table 1.

The classification into proactive and reactive birds was
based on the information provided by Cockrem (8). Birds
exhibiting quick specific reactions, irrespective of whether
they involved an escape or an approach, were regarded as
proactive in the initial assessment. Hens that were unable
to respond to the object actively were defined as reactive.

Statistics. Models for estimation of variance and covari-
ance were developed based on the significance of the fixed
environmental effects, which were first verified using gen-
eral linear models for fixed models (procedure GLIMMIX)
in SAS 9.4 software (SAS Institute, Cary, NC, USA). Mean
comparisons were performed using the LSMEANS state-
ment with the Tukey-Kramer adjustment for all significant
effects. Factors included in the mathematical models are
presented in Table 2.

Explanations: 'behavioural reaction: escape, approach, immobility, no decision; *type: A —random,
linked to the relationship matrix, F — fixed, C — regression; *personality profile: proactive, reactive;
performance traits: BW —body weight, MA — the age of sexual maturity of the birds recorded at the
time of laying the first egg, ST — non-destructive assessment of shell thickness, EW — average egg
weight, HC — the number of hatched chicks, IP — initial laying performance, BL — breeding laying

The pedigree was 6 generations deep (including 5 gen-
erations of laying performance recording and 3 generations
of'behaviour recording). The estimation of the (co)variance
components of the behavioural traits was performed with
the GIBBSF90+ software from the BLUPF90 package (27,
40), which accounted for the discrete character of the behav-
ioural profile denotation. Three hundred thousand samples
were obtained, with 100,000 discarded as burn-in, follow-
ing the graphical inspection using POSTGIBBS90 of the
posterior chain and the inspection of the effective sample
size of the parameter of interest.

Results and discussion

The genetic parameters of the personality profile
ranged from 0.23 to 0.29 and were analogous in both
breeds, while the heritability of the individual reac-
tions, which serves as the basis for the classification
of the birds to a specific profile, ranged from 0.1 to
0.23 in RIR and from 0.12 to 0.31 in RIW. Although
the heritability estimates for the personality profile
and the specific behavioural responses did not differ
significantly, the standard errors were lower for the
profile than those estimated for the specific responses.
The genetic variability of the behavioural responses
differed between the breeds. In the case of the RIR
breed, the highest level of genetic variability was found
for the escape reaction (0.23 £ 0.07) and the lowest
level was estimated for the no-decision behaviour
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Tab. 3. Heritability coefficients (h?) and standard error (SE)
of the personality profile (PP) and behavioural reactions in
the RIR breed
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Tab. 4. Heritability coefficients (h?) and standard error (SE)
of the personality profile (PP) and behavioural reactions in
the RIW breed

PP h? SE Reaction h? SE PP h? SE Reaction h? SE
No decision 0.10 0.08 No decision 0.31 0.13
Reactive 0.24 0.03 Reactive 0.23 0.03
Immobility 0.11 0.06 Immobility 0.13 0.06
Approach 0.17 0.09 Approach 0.21 0.10
Proactive 0.29 0.03 Proactive 0.29 0.04
Escape 0.23 0.07 Escape 0.12 0.07

(0.10 = 0.08). In turn, the opposite was found in the
RIW breed, where the highest genetic variability was
estimated for the no-decision reaction (0.31 +0.13) and
the lowest value was estimated for the escape reaction
(0.12+0.07) (Tab. 3, 4).

The genetic correlations between the personality
profile and the performance traits of the laying hens
(Tab. 5) turned out to be different in both breeds. In
the RIR breed, the genetic correlation was high, with
a relatively low standard error between the profile
and the initial egg laying rate. It was negative for
birds assessed as reactive (—0.547 = 0.096) and posi-
tive for those identified as proactive (0.519 £ 0.059).
Relationships between the bird profile and the egg
laying rate were found in the RIW breed as well. The
genetic correlations between the initial laying rate and
the laying performance in the proactive profile were
0.505 (£ 0.138) and 0.494 (£ 0.142), respectively.
Noteworthy in the RIR breed was the correlation
between the personality profile and the egg weight
determined at weeks 33 and 54, which was 0.227
+ 0.088 and 0.277 £ 0.099, respectively, in the group
of the reactive birds and —0.183 £ 0.086 and —0.203
+ 0.090 in the case of the proactive hens. A high posi-
tive correlation between birds’ behaviour and the egg
weight was noted in the RIW breed. However, these
correlations were positive in the groups of both the
proactive and reactive birds (Tab. 5). The analysis of
the genetic correlations between the birds’ profile and
their performance traits revealed relationships between
reproduction traits, expressed by the number of hatched

Tab. 5. Genetic correlations (r,) and standard errors (se) between the personality profile and

the performance traits in the RIR and RIW breeds

chicks, in the RIW breed. A decrease in hatchability
was observed in the hens with the reactive profile
(r, = —0.373 £ 0.154), whereas the value of the pa-
rameter was expected to increase in the group of the
proactive birds (r, = 0.242 £ 0.092).

The estimated genetic correlations between the
personality profiles (reactive-proactive) showed high
negative relationships, i.e. —0.930 (£ 0.026) in the RIR
breed and —0.533 (= 0.080) in the RIW breed.

The level of the performance traits depending on the
personality profile was assessed in the present study
(Tab. 6, 7). There was no dependency between the
phenotypic level of the traits and the profile of the hens.

The present results indicate that the personality
profile of birds is largely determined by additive ef-
fects. Genetic variability substantially exceeding 20%
of the total phenotypic variability has undoubtedly
been proved as a suitable parameter to be included in
the selection criterion. The effectiveness of selection
targeted at traits with a lower heritability coefficient,
e.g. reproduction traits, has been demonstrated (36, 38).
Simultaneously, the genetic variability of the proactive/
reactive profile was found to be higher than in the case
of assessment of single reactions (Tab. 3, 4). However,
the question arises which type of hens’ personality
should be preferred in cage breeding. It has been sug-
gested that proactive animals are likely to be more
successful in unchanging environments than those with
reactive personality (2, 6, 7, 13). Conversely, the more
cautious style of reactive animals may ensure greater
success in a changing environment; therefore, there is
no optimal personality
that would be suitable

P e o to all circumstances. As
: : : . suggested by Cockrem
Reactive Proactive Reactive Proactive (6) proa ctive birds may

. 2
vl fy s fy se se fy se in general be more suc-
Body weight [g] -0.107 | 0.096 0141 | 0.074 | -0.007 | 0.155 0133 | 0.08 | cessfulinunchangingor
Sexual maturity [days] | 0.181 | 0.086 | -0.177 | 0.091 | -0.011 | 0.138 | -0.097 | 0.111 predictable conditions,
Initial laying rate [%] | -0.547 | 0.096 | 0519 | 0059 | -0.157 | 0.237 | 0505 | 0138 | Whereas birds with re-
Egg weight 34 [g] 0.227 | 0.088 | -0.183 | 0.086 | 0.376 | 0.061 | 0.487 | 0.061 %Ct“’e personaht;;‘ I’Vl,u
Shell thickness [mm] | 0.079 | 0.094 | -0.058 | 0.103 | -0.398 | 0.103 0.050 | 0.105 ¢ more successiu’ 1
i variable or unpredict-
Breeding laying [pes.] | -0.129 | 0.124 0.257 | 0122 | -0.121 | 0.237 049 | 012 | ue conditions. Hence,
Egg weight 54 [g] 0.277 | 0.099 | -0.203 | 0.090 0.207 | 0.064 0437 | 0065 | it may be proposed that
E#I';‘k"s"[’/“} hatohed | 5024 | 0451 | -0.108 | 0406 | -0.373 | 0154 | 0242 | o.pg2 | birds with the proactive
personality type exhib-
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Tab. 6. Estimates of differences in the level of performance traits depending on the person-

ality profile of the RIR hens

649

a neurotransmitter with an
important role in the feeling

Trait PP Estimate | StdErr | Estimate | StdErr | Probt | Lower | Upper | of pleasure (18, 32, 44).
s | 0 | 883 [ sso [ f o | e In the present study, hens
oay wel . . . =0. .
PR reantive | 1375.91 | 439 tr]?t efcaped from thg ?Otvlfl
. object were assigned to the
Sexual maturity proactive 149.97 0.45 d £ g_ bird
[days] _ 032 | 058 | 0581 | -0.81 | 145 | group of proactive birds.
reactive 149.66 | 0.3 This classification and the
itial lavi roactive 121.24 | 0.44 i '
I[E/"]Ial laying rate | P . 0.34 0.57 0549 | -0.77 1.46 assumption that these birds
o reactive 120.89 | 0.35 may have a lower level of
Egg weight 34 [g] prozciive 2999 | 015 026 | 019 | 0.166 | -0.64 | 0.11 stress than reactive hens
wel =u. o o =U. 0 1 1
QU WEIGESR 100 | eactive 6025 | 0.2 mlght b; challﬁnlged at ;hls
, oint. Nevertheless, they
i roactive 397.53 1.30 p . . >
e Hckness proac sono0 | g4 | V7 | 167 | 06 | 8s | 260 | were included in the pro-
reactive : : active group because they
i i roactive 225.47 0.7 hHi : ;
?reel;mg laying p . 022 | o091 | o813 | 200 | 157 exhlblted deﬁmtq apd quick
pes. reactive 225.69 | 0.57 reactions, which is in agree-
Egg weight 54 [g] prozciive o196 | 019 0.14 | 024 | 0.549 0.61 0.33 ment with the definition
wel =U. . . =U. .
OWEITERI 1 reactive 6211 | 0.15 proposed by Cockrem (6).
: The author does not claim
Number of hatched | Proactive 20.55 0.30 .
P -0.51 039 | 0194 | -1.27 0.26 that these reactions must
chicks [%] reactive 21.05 | 0.24 ; - i
be associated with positive

Tab. 7. Estimates of differences in the level of performance traits depending on the perso-

nality profile (PP) of the RIW hens

emotions; hence, it can be
assumed that birds show-

ing any immediate definite

Trait PP Estimate StdErr | Estimate | StdErr Probt Lower Upper . . .
, 0281 | 521 reaction will be assigned to
roactive . . :
Body weight [g] | |- 1428 | 7.86 | 0.069 |-20.70 | 1.14 | the proactive group. Based
reactive | 1507.09 | 5.86 on relevant knowledge and
i roactive 147.89 | 0.43 research results reported
Sexual maturity | P 073 | 064 | 0258 | -053 | 1.99 1P
[days] reactive 14717 | 0.8 by other authors, it may be
Inital laying rate | Proactive | 12401 | 04z |0 suggested that the escap-
[%] , -0. : . -1. - ing hens had a lower level
reactive 124.71 0.47 .
] 6140 | 018 of stress than the reactive
roactive . . .
Egg weight 34 [g] | @ 058 | 021 | 0006 | 047 | 100 | Dirds, even though they
reactive 60.81 0.16 may have experlenced
i roactive 38249 | 1.25 negative emotions, unlike
Shell thickness | B 358 | 1.87 | 0056 | -7.25 | 0.09 & DT
[mm] reactive 386.07 | 1.40 the approaching birds. The
Laying performance | Proactive | 222.37 | 0.68 0o | 102 | 0oz | 200 | 1o escape reaction allows the
[pcs.] , -0. . . 2. : animal to control the en-
reactive 222.46 0.76 . ..
] 6397 | 018 vironment; therefore, it is
roactive . . .
Egg weight54[g] | & . 063 | 026 | 0017 | 011 | 114 | astress-reducing factor(18)
reactive 63.34 | 0.20 and does not necessarily
roactive 2057 | 0.29 increase the level of stress
EI:kase[rvuI hatched | Pr0a® 007 | 044 | 0874 | 079 | 083 | o an
g reactive 2050 | 033 ormones. Noteworthy, ani-

iting definite reactions, regardless of whether they
escape or approach the object, should be preferred for
cage breeding. As reported by other researchers (2, 6),
birds with such a personality have a reduced level of
stress, which is highly important in breeding laying
hens. The reduced level of stress in birds that approach
and explore a novel object seems to be unquestionable,
especially given the observations and research carried
out in the 1960s and 1970s, showing that animals that
are able to prioritize satisfying their curiosity and
exploring new stimuli experience positive emotions
related to self-reward and secretion of dopamine, i.e.

mal’s reactions indicating
fear emotions are not clear indicators of the activation
of the HPA axis (8).

Birds that were classified as reactive in the present
study were unable to make a decision. Their reactions
indicate a conflict of motivation (‘approach-escape’)
and, possibly, acquired helplessness, strong fear block-
ing the ability to react, or the inability to assess the
situation and make a decision (lack of movement and
immobility). The theory that hens exhibiting motiva-
tional conflict may experience severe stress is sup-
ported by the results of our previous research, which
showed that the ‘approach-escape’ response was highly



genetically correlated positively with the escape reac-
tions and negatively with the approach responses (35).
Thus, two opposing emotional systems are stimulated
in the absence of a specific decision (5), which may
induce severe stress (23).

Immobility in hens experiencing intense fear is one
of the survival strategies (2, 29). This response has
been shown by other researchers as an indication of
very strong stress in animals (26, 29). Similarly, the
inability to make decisions together with the inability
to evaluate stimuli as threatening or not is associated
with increased stress indicators (4).

The genetic correlations between the performance
traits and the birds’ profile were analysed in this study
as well. These correlations varied not only in the
strength but also in the direction of the relationships,
depending on the breed. This may probably be related
to the maternal lineage of the RIR hens and the pater-
nal lineage of the RIW birds, which indicates varied
selection pressure on individual traits. The differences
in the correlations may result from indirect selection,
hence the frequently different directions of the correla-
tions in both breeds. The values obtained in this study
indicate that, when the personality profile serves as
a selection criterion, the relationships between traits
in each generation should be estimated in order to ad-
just the selection model properly. The assessment of
the correlation estimates highlighted the relationships
between hatchability and the profile of the RIW hens.
Reproduction traits are characterised by low herita-
bility (1, 43), and stress is undoubtedly a factor that
disturbs reproduction in various animal species (12,
22). In the present study, the reactive profile was cor-
related negatively with the number of hatched chicks
and positively with the proactive profile. Importantly,
these relationships were only found in the RIW breed,
as with its white plumage, it is more excitable than
colourfully feathered RIR hens (16, 30, 42).

Our previous research showed negative genetic
correlations between the performance of hens and the
temperament of hens classified as fearful (37). It was
suggested that hens should be assessed for fearfulness
in order to eliminate birds with such reactions not only
due to the potential reduction of their breeding value
in terms of their performance traits but also due to
the probably higher level of stress in such birds (35).
However, as suggested by other authors (10, 14), selec-
tion towards increased curiosity and reduced fear may
lead to aggression and enhanced pterophagy. Selection
based on the personality profile may be more beneficial.
The direction of the genetic correlations indicates that
the choice of proactive birds may contribute to the
maintenance of an appropriate level of performance
traits and an increase in the breeding value of hens
in the case of such parameters as hatchability or the
number of eggs. Concurrently, the high negative cor-
relations between the reactive and proactive profiles
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may facilitate selection towards the proactive profile.
The high negative correlation coefficients indicate that
the behavioural responses are associated with two dif-
ferent neurohormonal circuits (15).

The present study showed no correlations between
the phenotypic level of performance traits and the
personality profile. This may be extremely important
for the assessment of the welfare of laying hens. One
of the arguments proving high levels of animals’ wel-
fare is the high performance value (28). However, the
present results may indicate that performance does
not have to be an indicator of welfare. Regardless
of their personality profile, the hens did not differ in
terms of performance. The level of stress in each of
the profiles was not analysed in the present study;
nevertheless, based on research results reported by
other authors, there are no grounds to believe that dif-
ferent behavioural reactions in the same environment
are associated with different levels of stress (21, 33).
Performance-based assessment of welfare may be
appropriate in species that have been kept for several
years. However, hens are kept on breeding farms for
only a year and are simultaneously subject to the very
intensive years-long selection towards a high level
of performance traits. Therefore, birds can maintain
a high level of performance even when their personal-
ity is associated with elevated stress. This issue should
be further investigated, as the argument of the high
performance value, often presented by breeders as an
indicator of birds’ welfare, may turn out to be a false
assumption.

To sum up, it can be concluded that the NOT method
distinguishes hens with reactive and proactive personal-
ity profiles. The profile heritability coefficient is a good
predictor for effective selection aimed at modification
of birds’ behaviour at the additive level. It seems that
proactive birds showing strong behavioural reactions
and being able to make decisions in accordance with
their motivation should be the desirable personality
type in farm conditions. The genetic correlations be-
tween the personality profile and performance traits
also seem to confirm that proactive birds should be
preferred for breeding. However, it should be taken into
account that the genetic links between these traits may
depend on the direction of selection. Assessment of the
level of stress hormones in proactive and reactive birds
in a specific farm environment is advisable, as it may
confirm the appropriateness of the selection towards
the desirable proactive profile. Based on available data,
it can only be assumed that proactive hens experience
lower levels of stress. Importantly, regardless of the
differences in the behaviour of proactive/reactive hens,
the performance value of these birds does not change,
which may easily lead to erroneous conclusions that
the personality of birds is not an important trait in
terms of breeding and is not associated with the level
of stress.
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