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Ó ïòèö áåç ÿðêî âûðàæåííûõ ïðèçíàêîâ
ïîëîâîãî äèìîðôèçìà â îêðàñêå îïåðåíèÿ
è ðàçìåðàõ òåëà àêóñòè÷åñêèé êàíàë ìîæåò
èñïîëüçîâàòüñÿ äëÿ áîëåå íàäåæíîãî îïðå-
äåëåíèÿ ïîëîâîé ïðèíàäëåæíîñòè. Â ñâÿçè ñ
ýòèì ó íåêîòîðûõ âèäîâ â çâóêîïðîèçâîäÿ-
ùåì àïïàðàòå ðàçâèâàþòñÿ ïîëîñïåöèôè÷-
íûå äîïîëíèòåëüíûå ìîðôîëîãè÷åñêèå îá-
ðàçîâàíèÿ, òàêèå êàê òðàõåàëüíûå áóëëû ó
ìíîãèõ âèäîâ ãóñåîáðàçíûõ (Johnsgard, 1961;
Lockner, Youngren, 1976; Livezey, 1995) èëè
óäëèíåíèå òðàõåè ó ïîëóëàï÷àòîãî ãóñÿ
(Anseranas semipalmatus),  ïàñòóøêîâîãî æó-
ðàâëÿ (Aramus guarauna), êðàñíîãî ãîêêî
(Nothocrax urumutum), òðóáÿùåé ðàéñêîé
ïòèöû (Phonygammus keraudrennii), äåâÿòè
ïðåäñòàâèòåëåé ðîäà ÷à÷àëàêà (Ortalis sp.) è
òð¸õ ïðåäñòàâèòåëåé ðîäà ìàíóêîäèÿ (Manu-
codia sp.) (Fitch, 1999). Òàêèå äîïîëíèòåëü-
íûå îáðàçîâàíèÿ, êàê ïðàâèëî, âûçûâàþò
î÷åíü ñèëüíûå ìåæïîëîâûå ðàçëè÷èÿ â ÷àñ-
òîòíûõ õàðàêòåðèñòèêàõ ãîëîñà, êàê, ê ïðè-
ìåðó, ó áåëîëèöûõ ñâèñòÿùèõ óòîê
Dendrocygna viduata (Volodin et al., 2005).

Îäíàêî ó ìíîãèõ ìîíîìîðôíûõ âèäîâ
ïîëîâîé äèìîðôèçì â êðèêàõ îïðåäåëÿþò-
ñÿ òîëüêî íåáîëüøèìè ðàçëè÷èÿìè â ðàç-
ìåðàõ çâóêîïðîèçâîäÿùåãî àïïàðàòà ñàì-
öîâ è ñàìîê (Miller, 1934, Ballintijn, ten
Cate, 1997). Ðàçëè÷èÿ â ëèíåéíûõ ðàçìåðàõ
è ìàññå ìåæäó ïîëàìè ñâÿçàíû ñ ðàçëè÷è-
ÿìè â ðàçìåðàõ è ìàññå âèáðèðóþùèõ
ñòðóêòóð ñèðèíêñà (íèæíåé ãîðòàíè) �
ëàáèé è òèìïàíàëüíûõ ìåìáðàí, è áîëåå
êðóïíûå ñèðèíêñû ïðîèçâîäÿò áîëåå íèç-
êèå ïî ÷àñòîòå çâóêè (Wurdinger, 1970). Ó

òåõ âèäîâ, ó êîòîðûõ ñàìöû êðóïíåå, îíè
ïðîèçâîäÿò çâóêè ñ áîëåå íèçêèìè îñíîâ-
íûìè ÷àñòîòàìè, ÷åì ñàìêè, ê ïðèìåðó �
ñåâåðîàìåðèêàíñêàÿ ñîâêà Otus asio (Cava-
nagh, Ritchison, 1987), ÷åðíîøåéíàÿ ïîãàí-
êà Podiceps nigricollis (Nuechterlein, Buitron,
1992), êîëü÷àòàÿ ãîðëèöà Streptopelia decaoc-
to (Ballintijn, ten Cate, 1997), îðàíæåâîêëþ-
âûé ôðóêòîâûé ãîëóáü Ptilinopus iozonus
(Baptista, Gaunt, 1997), ìðàìîðíûé áåëîíîã
Podargus ocellatus (Smith, Jones, 1997), äëèí-
íîêðûëûå ïîïóãàè ðîäà Poicephalus (Venuto
et al., 2001) è ïòåíöû ñåðîãî ãóñÿ Anser an-
ser (ten Thoren, Bergmann, 1987). Íàîáîðîò,
ó âèäîâ ïòèö ñ îáðàòíûì ïîëîâûì äèìîð-
ôèçìîì â ðàçìåðàõ êðèêè ñàìöîâ îáû÷íî
èìåþò áîëåå âûñîêèå îñíîâíûå ÷àñòîòû, ê
ïðèìåðó, � ó áåëîõâîñòîãî êàíþêà Buteo
albicaudatus (Farquhar, 1993) è ñåâåðíîé êà-
÷óðêè Oceanodroma leucorhoa (Taoka et al.,
1989). Îäíàêî ðàçìåðû òåëà íå âñåãäà îòðà-
æàþò ðàçìåðû ñèðèíêñà, ïîñêîëüêó ñàìêè
íåñêîëüêèõ âèäîâ ñîâ êðóïíåå ñàìöîâ, íî
èìåþò ìåíüøèå ñèðèíêñû è áîëåå âûñîêî-
÷àñòîòíûå âîêàëèçàöèè (Miller, 1934).

Ó æóðàâëåé ñàìöû è ñàìêè òàêæå íå-
ðàçëè÷èìû ïî âíåøíåìó âèäó è ïîâåäå-
íèþ, îäíàêî âçðîñëûå ñàìöû îáû÷íî íå-
ñêîëüêî êðóïíåå ñàìîê (Ôëèíò, 1987; Ïî-
ñòåëüíûõ, Êàøåíöåâà, 2005). Äàííûå ïî
ïîëîâûì ðàçëè÷èÿì â âîêàëèçàöèè æóðàâ-
ëåé î÷åíü ñêóäíû. Äëÿ áðà÷íûõ äóýòîâ ðàç-
íûõ âèäîâ æóðàâëåé èçâåñòíî, ÷òî êðèêè
ñàìöîâ íèæå ïî ÷àñòîòå, ÷åì êðèêè ñàìîê
(Archibald, 1976; Swengel, 1996a). Äëÿ àìå-
ðèêàíñêîãî æóðàâëÿ (Grus americana) áûëî
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ïîêàçàíî, ÷òî îñíîâíàÿ ÷àñòîòà ñòîðîæå-
âûõ êðèêîâ ñàìöîâ äîñòîâåðíî íèæå è ñî-
ñòàâëÿåò 85% îò âåëè÷èíû îñíîâíîé ÷àñòî-
òû ñàìîê (Carlson, Trost, 1992). Ó ñòåðõà
(G. leucogeranus) òðåëåâûå êðèêè ñàìöîâ
òàêæå äîñòîâåðíî íèæå ïî ÷àñòîòå, ÷åì
êðèêè ñàìîê (Å.Â. Áðàãèíà, ëè÷í. ñîîáù.).
Äëÿ äâóõ ïîñëåäíèõ âèäîâ ìåæïîëîâûå ÷à-
ñòîòíûå ðàçëè÷èÿ â çâóêàõ äîñòàòî÷íû äëÿ
îïðåäåëåíèÿ ïîëà ñ âåðîÿòíîñòüþ ñâûøå
98%, ÷òî ïîçâîëÿåò íàäåæíî èäåíòèôèöè-
ðîâàòü ïîë êðè÷àùåé ïòèöû ïî ãîëîñó.

Îäíàêî ïðàêòè÷åñêè íåèçâåñòíî, êàê
ðàçâèâàþòñÿ ïîëîâûå ðàçëè÷èÿ â êðèêàõ
æóðàâëåé â îíòîãåíåçå è êàê îíè ñâÿçàíû
ñ ðàçëè÷èÿìè â ðàçìåðàõ è ìàññå ïòåíöîâ.
Òåì áîëåå, ÷òî â âîçðàñòå 8�10 ìåñÿöåâ ó
æóðàâëåé îáîèõ ïîëîâ ïðîèñõîäèò ëîìêà
ãîëîñà � ðåçêîå ñíèæåíèå îñíîâíîé ÷àñ-
òîòû êðèêîâ (Gebauer, Kaiser, 1998; Áðàãè-
íà, 2004). Ðàíåå áûëè ïîëó÷åíû äàííûå î
ñóùåñòâîâàíèè ïîëîâûõ ðàçëè÷èé â äâóõ
òèïàõ ñâèñòîâûõ êðèêîâ ó ïòåíöîâ ÿïîíñ-
êîãî æóðàâëÿ (G. japonensis), èçäàâàåìûõ
ñïîíòàííî, â òå÷åíèå àêóñòè÷åñêîãî âçàè-
ìîäåéñòâèÿ ñ ðîäèòåëÿìè èëè ñ çàìåíÿþ-
ùèìè èõ ëþäüìè (Êë¸íîâà è äð., 2004).
Ýòè òèïû çâóêîâ ìîãóò èçäàâàòüñÿ â äîñòà-
òî÷íî ðàçíîîáðàçíûõ ñèòóàöèÿõ, êîòîðûå,

êàê ïðàâèëî, íå ñâÿçàíû ñ ñèëüíûì èñïó-
ãîì ïòåíöîâ. Â îòëè÷èå îò ýòîãî, îòëîâ è
óäåðæàíèå ïòåíöîâ â ðóêàõ âûçûâàë ó íèõ
ñèëüíûé äèñêîìôîðò, è ýòà ñèòóàöèÿ ñî-
ïðîâîæäàëàñü ïðàêòè÷åñêè íåïðåðûâíûìè
ãðîìêèìè êðèêàìè. Öåëüþ äàííîãî èññëå-
äîâàíèÿ áûëî èçó÷åíèå ïîëîâûõ ðàçëè÷èé
â ïàðàìåòðàõ ñâèñòîâûõ êðèêîâ, èçäàâàå-
ìûõ ïòåíöàìè ÿïîíñêîãî æóðàâëÿ â ñèòóà-
öèè äèñêîìôîðòà, è ñðàâíåíèå èõ ñ ðàç-
ëè÷èÿìè â ìàññå ïòåíöîâ.

Ìàòåðèàë è ìåòîäû

Â ðàáîòå áûëè èñïîëüçîâàíû êðèêè äå-
âÿòè ïòåíöîâ ÿïîíñêîãî æóðàâëÿ (òð¸õ
ñàìöîâ è øåñòè ñàìîê), çàïèñàííûõ â Ïè-
òîìíèêå ðåäêèõ âèäîâ æóðàâëåé Îêñêîãî
ãîñóäàðñòâåííîãî áèîñôåðíîãî çàïîâåäíè-
êà ëåòîì 2003 è 2004 ãã. Ñåìü èç äåâÿòè
ïòåíöîâ âîñïèòûâàëèñü ðîäèòåëÿìè â
áîëüøèõ âîëüåðàõ ïëîùàäüþ áîëåå 100 ì2;
äâà ïòåíöà âûðàùèâàëèñü ëþäüìè ðó÷íûì
ìåòîäîì (Êàøåíöåâà, Ðîçäèíà, 2002). Çà-
ïèñè çâóêîâ ïòåíöîâ â âîçðàñòå îò 20 äî 30
äíåé áûëè ñäåëàíû âî âðåìÿ îòëîâà è
óäåðæàíèÿ èõ â ðóêàõ â òå÷åíèå âçâåøèâà-
íèÿ è äðóãèõ çîîòåõíè÷åñêèõ ïðîöåäóð. Òà-
êàÿ ñèòóàöèÿ ÿâëÿëàñü äëÿ ïòåíöîâ äèñ-

Ðèñ. 1
Íà ñïåêòðîãðàììå ïîêàçàíû èçìåðÿåìûå ïàðàìåòðû êðèêà: F_beg � íà÷àëüíàÿ ÷àñòîòà; F_max �
ìàêñèìàëüíàÿ ÷àñòîòà; F_end � êîíå÷íàÿ ÷àñòîòà; F_peak � äîìèíàíòíàÿ ÷àñòîòà; Dur_all � äëè-
òåëüíîñòü âñåãî êðèêà; Dur1 � äëèòåëüíîñòü îò íà÷àëà äî òî÷êè ìàêñèìàëüíîé ÷àñòîòû êðèêà; Dur2
� äëèòåëüíîñòü îò òî÷êè ìàêñèìàëüíîé ÷àñòîòû äî êîíöà êðèêà.
Fig. 1
The spectrogram illustrates call measurements: F_beg � initial frequency; F_max � maximum frequency; F_end
� final frequency; F_peak � frequency of maximum amplitude; Dur_all � overall duration; Dur1 � duration
from the beginning of a call to the point of maximum frequency; Dur2 � duration from the point of maximum
frequency to the end of a call.



107

ÏÎËÎÂÛÅ ÐÀÇËÈ×Èß Â ÑÂÈÑÒÎÂÛÕ ÊÐÈÊÀÕ Ó ÏÒÅÍÖÎÂ ßÏÎÍÑÊÎÃÎ ÆÓÐÀÂËß

êîìôîðòíîé, â ðåçóëüòàòå ÷åãî îíè íåïðå-
ðûâíî èçäàâàëè ãðîìêèå è îáû÷íî äîâîëü-
íî ñòåðåîòèïíûå ñâèñòîâûå êðèêè (ðèñ. 1).
Ñòðóêòóðà ýòèõ êðèêîâ ñîîòâåòñòâîâàëà
ñòðóêòóðå ñâèñòîâ òèïà 1, îïèñàííûõ ðà-
íåå (Êë¸íîâà è äð., 2004).

Ïîë ïòåíöîâ áûë îïðåäåëåí ãåíåòè÷åñ-
êè � ìåòîäîì PCR-àìïëèôèêàöèè ÄÍÊ
(Griffiths et al., 1998), ïðàéìåðàìè Ð2 è Ð8,
ñïåöèôè÷íûìè äëÿ ïîëîâûõ õðîìîñîì
ïòèö. Îïðåäåëåíèå ïîëà áûëî ïðîâåäåíî
íåçàâèñèìî â äâóõ ëàáîðàòîðèÿõ: ëàáîðàòî-
ðèè èñêóññòâåííîãî ðàçìíîæåíèÿ æèâîò-
íûõ Ìîñêîâñêîãî çîîïàðêà (Î.Í. Íåñòåðåí-
êî) è â Êàáèíåòå ìåòîäîâ ìîëåêóëÿðíîé
äèàãíîñòèêè Èíñòèòóòà ïðîáëåì ýêîëîãèè
è ýâîëþöèè èì. À.Í. Ñåâåðöîâà (Ì.Â. Õîëî-
äîâà è À.Â. Êë¸íîâà). Âçâåøèâàíèå ïòåíöîâ
ïðîèçâîäèëè ñîòðóäíèêè ïèòîìíèêà íà
ýëåêòðîííûõ âåñàõ ñ òî÷íîñòüþ äî 1 ã.

Äëÿ çàïèñè êðèêîâ èñïîëüçîâàëè ìàã-
íèòîôîí Àãèäåëü-302Ñ ñ äèíàìè÷åñêèì
ìèêðîôîíîì Tesla-AMD-411N è ìàãíèòî-
ôîí Marantz PMD-222 ñ êîíäåíñàòîðíûì
ìèêðîôîíîì Sennheizer K6-ME67. Îáå
àêóñòè÷åñêèõ ñèñòåìû ïîçâîëÿëè êà÷å-
ñòâåííî çàïèñûâàòü çâóêè â äèàïàçîíå îò
50 Ãö äî 12 êÃö. Ðàññòîÿíèå îò ìèêðîôîíà
äî êëþâà ïòåíöà âî âðåìÿ çàïèñè îáû÷íî
íå ïðåâûøàëî 1�1.5 ì, çàïèñü îñóùåñòâëÿ-
ëè â ïîìåùåíèè.

Äëÿ ñïåêòðîãðàôè÷åñêîãî àíàëèçà çâó-
êîâ èñïîëüçîâàëè êîìïüþòåðíóþ ïðîãðàì-
ìó Avisoft-SASLab Pro v. 4.2 ( R. Specht).
Çâóêè áûëè îöèôðîâàíû ñ ÷àñòîòîé äèñê-
ðåòèçàöèè 22.05 êÃö. Äëÿ ïðåäîòâðàùåíèÿ
àëèàçèíãà è ïîâûøåíèÿ ðàçðåøåíèÿ ïî
÷àñòîòå ïðè èçìåðåíèè ñâèñòîâûõ ñèãíàëîâ
÷àñòîòó äèñêðåòèçàöèè çàòåì ïîíèæàëè äî

11.025 êÃö. Äëÿ ðàñ÷¸òà ñïåêòðîãðàìì èñ-
ïîëüçîâàëè ñëåäóþùèå ïàðàìåòðû: îêíî
Õýììèíãà, äëèíà Áûñòðîãî Ïðåîáðàçîâà-
íèÿ Ôóðüå (FFT-length) 512 òî÷åê, ïåðå-
êðûâàíèå ïî ÷àñòîòíîé îñè (frame) 50%,
ïåðåêðûâàíèå ïî âðåìåííîé îñè (overlap)
93.75%. Ýòî îáåñïå÷èâàëî ðàçðåøåíèå ïî
÷àñòîòå â 21 Ãö è ðàçðåøåíèå ïî âðåìåíè
â 2.9 ìñ.

Äëÿ àíàëèçà ñòðóêòóðû êðèêîâ îò êàæ-
äîãî ïòåíöà ñëó÷àéíûì îáðàçîì áûëî îòî-
áðàíî îò 18 äî 20 ñâèñòîâ. Âñåãî áûëî ïðî-
àíàëèçèðîâàíî 178 êðèêîâ. Íà ñïåêòðî-
ãðàììå ñâèñòîâûõ êðèêîâ ïðè äèñêîìôîð-
òå èçìåðÿëè 4 ÷àñòîòíûõ ïàðàìåòðà (íà-
÷àëüíóþ ÷àñòîòó F_beg; ìàêñèìàëüíóþ ÷à-
ñòîòó F_max; êîíå÷íóþ ÷àñòîòó F_end; äî-
ìèíàíòíóþ ÷àñòîòó F_peak) è 3 âðåìåííûõ
ïàðàìåòðà (îáùóþ äëèòåëüíîñòü Dur_all;
äëèòåëüíîñòü îò íà÷àëà äî òî÷êè ìàêñè-
ìàëüíîé ÷àñòîòû êðèêà Dur1; äëèòåëüíîñòü
îò òî÷êè ìàêñèìàëüíîé ÷àñòîòû äî êîíöà
êðèêà Dur2) (ðèñ. 1).

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ïðîâåäåíà ñ
ïîìîùüþ ïàêåòà ñòàòèñòè÷åñêèõ ïðîãðàìì
STATISTICA, âåðñèÿ 5.0 (StatSoft, Inc).
Äëÿ âûÿâëåíèÿ ïîëîâûõ ðàçëè÷èé èñïîëü-
çîâàëè îäíîôàêòîðíûé äèñïåðñèîííûé
(ANOVA) è ïîøàãîâûé äèñêðèìèíàíòíûé
àíàëèçû. Äëÿ ðàñ÷¸òà ñëó÷àéíûõ âåëè÷èí
ïðàâèëüíîãî ïðè÷èñëåíèÿ ïðè äèñêðèìè-
íàíòíîì àíàëèçå áûëà ïðèìåíåíà ïðîöå-
äóðà ðàíäîìèçàöèè (Solow, 1990), êîòîðàÿ
ïîçâîëÿåò ó÷åñòü, ÷òî íåêîòîðûå âêëþ÷åí-
íûå â äèñêðèìèíàíòíûé àíàëèç ïàðàìåò-
ðû ìîãóò áûòü íå âïîëíå íåçàâèñèìû. Äëÿ
ýòîãî ñîçäàëè äâå ðàíäîìèçàöèîííûå
ãðóïïû, â êàæäóþ èç êîòîðûõ âêëþ÷èëè
ðàâíîå êîëè÷åñòâî ñëó÷àéíûì îáðàçîì

Òàáëèöà 1
Table 1

Çíà÷åíèÿ (ñðåäíåå ± SD) ìàññû òåëà è ïàðàìåòðîâ êðèêîâ ñàìöîâ è ñàìîê ïòåíöîâ ÿïîíñêî-
ãî æóðàâëÿ è ðåçóëüòàòû ñðàâíåíèÿ ìåæäó ïîëàìè ñ ïîìîùüþ îäíîôàêòîðíîãî äèñïåðñèîí-
íîãî àíàëèçà (ANOVA)
Values (mean ± SD) of body weight and call parameters in Red-crowned Crane chicks and results
of ANOVA analysis at sexual differences

×èñëî
êðèêîâ
Number
of calls

Ìàññà òåëà, ã
Body weight,

g

Ïàðàìåòðû êðèêîâ / Call parameters

F_beg F_max F_end F_peak Dur1 Dur2 Dur_all

êÃö / kHz ìñ / ms
ñàìöû / males

60 1682±584 2.38±0.19 3.37±0.37 2.33±0.23 3.07±0.19 193±34 45±13 238±40
ñàìêè / females

118 1217±360 2.51±0.09 3.56±0.37 2.43±0.13 3.16±0.27 179±28 42±12 221±29
F-îòíîøåíèå / F-ratio

42.9 45.8 11.4 13.2 5.2 9 1.9 10.4
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 íä / ns <0.001
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îòîáðàííûõ êðèêîâ îò êàæäîãî ïîëà. Çàòåì
áûë ïðîâåäåí äèñêðèìèíàíòíûé àíàëèç íà
âåðîÿòíîñòü ïðàâèëüíîãî ïðè÷èñëåíèÿ
êðèêîâ ê ðàíäîìèçàöèîííûì ãðóïïàì, è
åãî ðåçóëüòàò áûë ïðèíÿò çà ñëó÷àéíóþ âå-
ëè÷èíó. Ñðàâíåíèå ôàêòè÷åñêîé è ñëó÷àé-
íîé âåëè÷èí ïðàâèëüíîãî ïðè÷èñëåíèÿ
êðèêîâ ïðîâîäèëè ñ ïîìîùüþ 2 × 2 cc2 òå-
ñòà (Çàéöåâ, 1973). Äëÿ âûÿâëåíèÿ ñâÿçè
ìåæäó êîëè÷åñòâåííûìè õàðàêòåðèñòèêàìè
êðèêîâ è ìàññîé ïòåíöà íà äåíü çàïèñè
êðèêîâ ðàññ÷èòûâàëè êîýôôèöèåíò êîððå-
ëÿöèè Ïèðñîíà.

Ðåçóëüòàòû

Îäíîôàêòîðíûé äèñïåðñèîííûé àíà-
ëèç (ANOVA) ïîêàçàë âûñîêî äîñòîâåð-
íûå ðàçëè÷èÿ ìåæäó ïîëàìè äëÿ çíà÷åíèé
áîëüøèíñòâà ïàðàìåòðîâ çâóêîâ; íå áûëî
âûÿâëåíî ïîëîâûõ ðàçëè÷èé òîëüêî â çíà-
÷åíèÿõ äëèòåëüíîñòè Dur2 (òàáë. 1). Èç òàá-
ëèöû âèäíî, ÷òî çíà÷åíèÿ âñåõ ÷àñòîòíûõ
ïàðàìåòðîâ â êðèêàõ ñàìîê áûëè âûøå,
÷åì â êðèêàõ ñàìöîâ. Íàèáîëåå âûðàæåí-
íûå ðàçëè÷èÿ îáíàðóæåíû â çíà÷åíèÿõ íà-
÷àëüíîé ÷àñòîòû êðèêà (F_beg), íàèìåíåå

Ðèñ. 2
Ðàçëè÷èÿ â çíà÷åíèÿõ ìàññû òåëà è íà÷àëüíîé ÷àñòîòû êðèêà (F_beg) ó ñàìöîâ (1) è ñàìîê (2) ïòåí-
öîâ ÿïîíñêîãî æóðàâëÿ. Öåíòðàëüíàÿ òî÷êà � ñðåäíåå çíà÷åíèå, ïðÿìîóãîëüíèê � SD,  âåðòèêàëüíàÿ
ëèíèÿ � ïðåäåëû.
Fig. 2
Differences in values of body weight and initial call frequency (F_beg) between male (1) and female (2) Red-
crowned Crane chicks. Central points show mean values, boxes � SD values, and vertical � limits.

Òàáëèöà 2
Table 2

Ïðè÷èñëåíèå êðèêîâ ïòåíöîâ ÿïîíñêîãî æóðàâëÿ ê ñîîòâåòñòâóþùåìó ïîëó íà îñíîâå ïîøà-
ãîâîãî äèñêðèìèíàíòíîãî àíàëèçà è ïðîöåäóðû ðàíäîìèçàöèè
Assignment of Red-crowned Crane chick calls to correct sex based on discriminant analysis and
randomization procedure

Ïîë
Sex

Äèñêðèìèíàíòíûé àíàëèç
Discriminant analysis

Ðàíäîìèçàöèîííàÿ ïðîöåäóðà
 Randomization procedure

×èñëî êðèêîâ
Number  of calls

 % ïðàâèëüíîãî
ïðè÷èñëåíèÿ

Correct assignment, %

×èñëî êðèêîâ
Number  of calls

% ïðàâèëüíîãî
ïðè÷èñëåíèÿ

Correct assignment, %
Ñàìöû / Males 60 63.3 89 59.6

Ñàìêè / Females 118 92.4 89 58.4
Âñåãî / Total 178 82.6 178 59.0
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çàìåòíûå � â çíà÷åíèÿõ äîìèíàíòíîé ÷àñ-
òîòû (F_peak). Ìàññà ñàìîê áûë äîñòîâåð-
íî íèæå, ÷åì ìàññà ñàìöîâ (òàáë. 1). Îäíà-
êî, íåñìîòðÿ íà äîñòîâåðíûå ðàçëè÷èÿ,
íàáëþäàëèñü çíà÷èòåëüíûå ïåðåêðûâàíèÿ
êàê ìåæäó çíà÷åíèÿìè ÷àñòîòíûõ õàðàêòå-
ðèñòèê êðèêîâ, òàê è ìåæäó âåëè÷èíàìè
ìàññû ñàìöîâ è ñàìîê (ðèñ. 2).

Ðåçóëüòàòû ïîøàãîâîãî äèñêðèìèíàíò-
íîãî àíàëèçà ïðåäñòàâëåíû â òàáëèöå 2.
Âèäíî, ÷òî ïðîöåíò ïðàâèëüíîãî ïðè÷èñëå-
íèÿ êðèêîâ äîñòàòî÷íî âûñîê äëÿ îáîèõ
ïîëîâ è â ñðåäíåì ñîñòàâëÿåò 82.6%, ÷òî
äîñòîâåðíî ïðåâûøàåò ñëó÷àéíóþ âåëè÷èíó
(59.0%), ðàññ÷èòàííóþ ñ ïîìîùüþ ïðîöå-
äóðû ðàíäîìèçàöèè (2 × 2 cc2 òåñò, df = 1,
p < 0.001). Íàèáîëåå çíà÷èìûìè äëÿ ðàçäå-
ëåíèÿ êðèêîâ ìåæäó ïîëàìè îêàçàëèñü íà-
÷àëüíàÿ è êîíå÷íàÿ ÷àñòîòû êðèêîâ (F_beg,
F_end) è äëèòåëüíîñòü îò íà÷àëà äî ÷àñòîò-
íîãî ìàêñèìóìà êðèêà (Dur1).

Âñå ÷àñòîòíûå ïàðàìåòðû êðèêîâ îòðè-
öàòåëüíî êîððåëèðîâàëè ñ ìàññîé ïòåí-
öîâ, îäíàêî òîëüêî äëÿ äîìèíàíòíîé ÷àñ-
òîòû (F_peak) êîððåëÿöèÿ áûëà äîñòîâåð-
íîé (òàáë. 3). Áûëà òàêæå îáíàðóæåíà äîñ-
òîâåðíàÿ ïîëîæèòåëüíàÿ êîððåëÿöèÿ ìàñ-
ñû ñ äëèòåëüíîñòüþ îò íà÷àëà äî ÷àñòîò-
íîãî ìàêñèìóìà êðèêà (Dur1).

Îáñóæäåíèå

Èç ïîëó÷åííûõ ðåçóëüòàòîâ ñëåäóåò,
÷òî ó ïòåíöîâ ÿïîíñêîãî æóðàâëÿ â âîçðàñ-
òå ïðèìåðíî îäíîãî ìåñÿöà ïîÿâëÿåòñÿ
òåíäåíöèÿ ê ïðîÿâëåíèþ ïîëîâûõ ðàçëè-
÷èé êàê â ðàçìåðàõ òåëà, òàê è â êîëè÷å-
ñòâåííûõ õàðàêòåðèñòèêàõ ñâèñòîâûõ êðè-
êîâ ïðè äèñêîìôîðòå. Ñàìêè âåñÿò â ñðåä-
íåì ìåíüøå, ÷åì ñàìöû, è èõ êðèêè ïî
÷àñòîòíûì õàðàêòåðèñòèêàì âûøå, ÷åì
êðèêè ñàìöîâ. Îäíàêî çíà÷åíèÿ âñåõ àíà-
ëèçèðóåìûõ ïàðàìåòðîâ ñóùåñòâåííî ïåðå-
êðûâàþòñÿ ìåæäó ïîëàìè, ÷òî ïðåïÿòñòâó-
åò íàäåæíîìó îïðåäåëåíèþ ïîëîâîé ïðè-

íàäëåæíîñòè ïòåíöîâ â äàííîì âîçðàñòå
êàê ïî ãîëîñó, òàê è ïî ìàññå.

Íàáëþäàåìûå ïîëîâûå ðàçëè÷èÿ êàê â
ðàçìåðàõ, òàê è â ÷àñòîòíûõ õàðàêòåðèñòè-
êàõ êðèêîâ ó ïòåíöîâ âûðàæåíû çíà÷è-
òåëüíî ñëàáåå, ÷åì ó âçðîñëûõ æóðàâëåé
(Archibald, 1976; Carlson, Trost, 1992). Íà-
ìè îáíàðóæåíà äîñòîâåðíàÿ îòðèöàòåëüíàÿ
êîððåëÿöèÿ ìåæäó ìàññîé ïòåíöîâ è äî-
ìèíàíòíîé ÷àñòîòîé ñâèñòîâûõ êðèêîâ ïðè
äèñêîìôîðòå. Ïîýòîìó ìîæíî ïðåäïîëî-
æèòü, ÷òî ñòàíîâëåíèå ïîëîâûõ ðàçëè÷èé â
ãîëîñå ìîëîäûõ æóðàâëåé áóäåò ñâÿçàíî ñî
ñòàíîâëåíèåì äèôôåðåíöèàöèè ìåæäó ïî-
ëàìè â ìàññå è ðàçìåðàõ òåëà, êîòîðàÿ íà-
ñòóïàåò â áîëåå ïîçäíåì âîçðàñòå. Òàê, äëÿ
ïòåíöîâ ÿïîíñêîãî æóðàâëÿ áûëî ïîêàçà-
íî, ÷òî îò ðîæäåíèÿ äî 15-ãî äíÿ îáà ïîëà
íàáèðàþò ìàññó ñèíõðîííî, ïîñëå ÷åãî íà-
÷èíàåòñÿ ðàñõîæäåíèå êðèâûõ ðîñòà ìàññû.
Â âîçðàñòå 110 äíåé ñàìöû â ñðåäíåì íà
400 ã òÿæåëåå ñàìîê, òîãäà êàê ñðåäè ïî-
ëîâîçðåëûõ æóðàâëåé ñðåäíÿÿ ðàçíèöà â
ìàññå ñîñòàâëÿåò 1.5 êã (Ïîñòåëüíûõ, Êà-
øåíöåâà, 2005). Ñõîäíûå äàííûå áûëè ïî-
ëó÷åíû â äðóãîé ðàáîòå, ïîñâÿùåííîé
ìîðôîìåòðè÷åñêîìó îïðåäåëåíèþ ïîëà ó
òð¸õ-÷åòûð¸õìåñÿ÷íûõ ïòåíöîâ ÿïîíñêîãî
æóðàâëÿ (Àíäðîíîâà, Êàñòðèêèí, 2002), è
â èññëåäîâàíèè ðîñòà è ðàçâèòèÿ ñòåðõà
(Ò.À. Êàøåíöåâà, ëè÷í. ñîîáù.).

Ïî-âèäèìîìó, ïîëîâûå ðàçëè÷èÿ â ãî-
ëîñå âçðîñëûõ æóðàâëåé îáëåã÷àþò èì ïî-
ëîâóþ èäåíòèôèêàöèþ ïðåäïîëàãàåìûõ
ïàðòí¸ðîâ, ÷òî ñïîñîáñòâóåò îáðàçîâàíèþ
íîðìàëüíûõ ãåòåðîñåêñóàëüíûõ ïàð. ×òî êà-
ñàåòñÿ ìàëåíüêèõ ïòåíöîâ, òî, ïîñêîëüêó
æóðàâëè ñòðîãî ìîíîãàìíû è îáà ïàðòí¸ðà
âíîñÿò ïðèìåðíî ðàâíûé ðîäèòåëüñêèé
âêëàä â âîñïèòàíèå ñâîèõ ïòåíöîâ (íåñóò
ïðèìåðíî îäèíàêîâûå çàòðàòû íà èõ âûðà-
ùèâàíèå), òî ýâîëþöèîííî íå äîëæíî
áûëî âîçíèêíóòü ïðåäïîñûëîê äëÿ ïðåä-
ïî÷òèòåëüíîé çàáîòû î ïòåíöå òîãî èëè
äðóãîãî ïîëà ñî ñòîðîíû ðîäèòåëåé. Ïîýòî-

Òàáëèöà 3
Table 3

Êîýôôèöèåíòû êîððåëÿöèè Ïèðñîíà ìàññû òåëà è ñðåäíèõ çíà÷åíèé ïàðàìåòðîâ êðèêîâ
äåâÿòè ïòåíöîâ ÿïîíñêîãî æóðàâëÿ
Pearson correlation coefficients between body weight and mean values of call parameters in nine
Red-crowned Crane chicks

Ïàðàìåòðû êðèêîâ / Call parameters
F_beg F_max F_end F_peak Dur1 Dur2 Dur_all

Kîýôôèöèåíò
êîððåëÿöèè / rp

�0.12 �0.32 �0.12 �0.69 0.72 �0.22 0.58

p-level íä / ns íä / ns íä / ns p<0.05 p<0.05 íä / ns íä / ns
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ìó âçðîñëûì æóðàâëÿì, ñêîðåå âñåãî, íå
âàæíî çíàòü, êàêîãî ïîëà ïòåíöû â èõ âû-
âîäêå, ÷òîáû óòî÷íÿòü ñâîé ðîäèòåëüñêèé
âêëàä â çàâèñèìîñòè îò ïîëà ïòåíöà. Ìîëî-
äûå æóðàâëè íà÷èíàþò îáðàçîâûâàòü ïàðû
íå ðàíåå, êàê ïî çàâåðøåíèè ïåðâîé çè-
ìîâêè (Swengel, 1996b), ïîýòîìó ìîæíî
ïðåäïîëîæèòü, ÷òî ñòàíîâëåíèå ïîëîâûõ
ðàçëè÷èé â êðèêàõ ïðèõîäèòñÿ íà áîëåå
ïîçäíèé ýòàï îíòîãåíåçà ìîëîäûõ æóðàâ-
ëåé è ïðîèñõîäèò óæå ïîñëå ôîðìèðîâà-
íèÿ íèçêî÷àñòîòíîãî ãîëîñà, õàðàêòåðíîãî
äëÿ âçðîñëîãî æóðàâëÿ.
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Summary

There are obvious sex differences in calls and body weight of adult cranes of different spe-
cies: the smaller females often produce more high-frequency calls than larger males. However,
crane chick calls were not studied in this relation to date. In this paper we studied sexual diffe-
rences in piping calls of nine Red-crowned Crane chicks (7 of them were parent-raised,  2 were
human-raised), and confronted them with their body weights. We recorded calls during sche-
duled chick capture and weighing; both procedures were unpleasant for chicks and evoked dis-
comfort. We analysed piping calls under  discomfort from 3 male and 6 female chicks. The
chicks were sexed independently by two genetic laboratories. We measured 4 frequency and 3
temporal parameters for each call (totally 178 calls). ANOVA showed significant differences in
most call parameters and in body weights: male were heavier (average values 1682 g, n = 3
males, and 1217 g, n = 6 females, p<0.01), and frequency characteristics of their calls were
lower (for example, average values of initial frequency were 2.38 kHz for males, and 2.51 kHz
for females, p<0.01). However, samples of call parameter and body weight values overlapped
considerable between sexes. Discriminant stepwise analysis showed 82.6% correct assignment to
sex, that did exceed significantly the random value 59%, counted with randomization pro-
cedure. Pearson correlation coefficients showed significant negative correlation between body
weight and peak frequency values. Thus, sexual differences, reported for adult cranes, appear in
crane chicks early in the age, however, they are not well-expressed and may rise later at the
beginning of independent life.
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