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Abstract

Sixteen measures of variation in survival and reproduction of yellow-bellied marmots (Marmota flaviventris)
were correlated with 15 measures of weather. Colony size, survival, and litter size were the life-history traits most affected
by weather factors. Precipitation, length of the growing season, and length of winter are the major weather factors
affecting reproduction and survival. No measure of temperature was significantly correlated with life-history variables.
Generation length, degree of iteroparity, percentage malernal survival, percentage young survival, and percentage year-
ling survival were not significantly correlated with any weather factor. We suggest that weather factors that affect the
general body condition of marmots are especially important.

Key-words: Weather, survival, reproduction, precipitation, length of winter. length of growing season.

Pesome

Hlecmuadyame ocobennocmen  bGuonozuu uw  pasmHoxcenus ycenmobpioxux cypxos (Marmota flaviventris)
koppenupyiom ¢ 13 noxkazamenamu nozodvl. Pasmep KOIOHUY, GBIFCUBAEMOCT U PAIMED 6BIEOOKA UCRLIMBIEAIOM HA cebe
Haubonee cunbHoe 6RUAHUE No200KbIX hakmopos. Ocadku, OMuUMeNbHOCMbs Ce30HA Geemayuu U APOOOANCUMENbHOCTE
JUMHE20 Nepuoda REAAIOMCA 20ABHbIMU  Pakmopamu noe200vl, STUAIOUWUMU HA PASMHONCEHUE U  BbIICUBAEMOCHTD.
Temnepamypa docmosepHo He Koppeaupyem ¢ 0cobeHHOCmAMY JCu3HEnH020 yukna. Qucno 2enepayuti, neemoprocmo podog,
APOYEHM MAMEPUHCKOU GBINCUBAEMOCINY, RPOYEHm OemCKOU GbINCURACMOCMU U NDOYEHM GbINCUSAEMOCMU 20006UKOE
O0CMOBEPHO He CEA3AHBL HU ¢ OOHUM U3 (hoKkmopos nozodsl. Mel ycmanosunu, ymo nozodnele YeRogus 0COBEHHO CUrbHO
GAUAIOM Ha obujee cOCMOoAHUE MENd CYPKOE.
Knwoueeble cn106a: nozoda, evidcueaemocms, penpoovKmMuGHOCMb, _0CadKl, OMUMEALHOCH  3UMHES0 nepuoodd,

Qﬂﬂm&-‘leOC!.ﬂb BE2EMAYUORROZ0 nepumja_

Résumeé

Les corrélations entre seize mesures de a variation de Ia survie et de [a reproduction chez les marmottes & ventre jaune
(Marmota flaviventris) er quinze mesures climatiques ont été calculées. La taille de Ia colonie, a survie et Ia taille des portées sont les
traits d’histoire de vie les pius affectés par les facteurs climatiques. Les précipitations, la durée de [a période de croissance et 13 durde
de Phiver sont les principaux facteurs climatiques affectant la reproduction et ja survie. Aucune mesure de température ne présente
une corrélation significative avec les variables d’histoire de vie. Aucune corrélation significative n’a été mise en évidence entre [3
durée des générations, le degré d’téroparité, le pourcentage de survie maternel, le pourcentage de survie des jeunes et fe
pourcentage de survie des animaux d’un an et les différents facteurs climatiques. Nous suggérons que les facteurs climatiques
affectant la condition corporelle générale des marmottes sont particuliérement importants.

Mots-clés : Climat, survie, reproduction, précipitation, durée de I'hiver, durée de /3 saison de crofssance
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Introduction

From 1962-1986, numbers of yellow-bellied marmots (Marmota flaviventris) in our study area ranged
from 44 to 133, regulation of marmot populations is primarily density-dependent and extrinsic (Schwartz et al.
1998). Marmots hibernate to avoid a prolonged season of food shortage or unavailability. During their active
season they not only must reproduce but also accumulate energy in the form of body fat for use during
hibernation and the following spring before food becomes available. The length of time available for body fat
gain or utilization varies with the length of winter and the associated snow cover (Armitage & Downhower
1974, Bibikow 1996, Armitage & Blumstein 1997). Precipitation also is important. In summers of drought,
marmots may hibernate in poor condition and die overwinter (Armitage 1994, Bibikov 1996). Thus, available
evidence suggests that weather can affect survival and reproduction in marmots.

We examine the relationship between weather factors and life-history traits of yellow-bellied marmots
living in the Upper East River Valley, Gunnison County, Colorado, USA.

Methods

Eight weather factors were used. For temperature, precipitation, growing season, and length of winter,
two or more measures were used, which resulted in 15 measures of weather (Table 1). Weather data were
obtained for Crested Butte, Colorado, about 10 km from our study area (U.S. Weather Bureau, 1962-1986). We
used weather data from the current year; i.e., the effects of weather in one year on life-history traits in that same
year, and weather data from the previous year; i.e., the effects of weather in one year on life-history traits in the
following year, in order to test for lag effects (Fig. 1). All measures of weather were arranged from low (or
early) to high (or late).

Table 1.

Weather factors used in the analysis of the correlations between weather and reproduction
and survivorship of yellow-bellied marmots.

Temperature, °C The mean and variance of the average temperature and the deviation from long-term
average temperature from April to October each year.

Precipitation The mean and variance of the average monthly precipitation for 12 months (October
through September) and the total precipitation for the same period (Fig. 1).

Last Snowfall The Julian date of the last snowfall of any amount in the spring (Fig. 1).

Last Snowcover The Julian date of the last snowcover of one inch in the spring (Fig. 1).

First Snowfall The Julian date of the first snowfall of any amount in the autumn (Fig. 1).

First Snowcover The Julian date on which at least 1 inch of snowcover occurred in the autumn (Fig. 1).
Growing Season Two measures of the length of the growing season were used: (I) the number of days
between the last snowfall in the spring until the first snowfall in the autumn; (If) the
number of days between the last snowcover in the spring until the first snowcover in
the autumn (Fig. 1).

Length of Winter Two measures were used: (I) the number of days between the first snowfall in the
autumn and the last snowfall in the spring; (Il) the number of days between the first
snowcover in the autumn until the last snowcover in the spring (Fig. 1).

Nine life-history traits were used to provide 16 measures of variation in survival and reproduction
(Table 2). Three measures of survival, percentage of young surviving, percentage of yearlings (animals one-
year-old) surviving, and the ratio of adult survival to juvenile survival, were not correlated with any weather
factor and are not included in Table 2. All data were obtained from the demographic records maintained since
1962 (Armitage 1991). All life-history variables were arranged from low to high.

Univariate correlations between weather variables and life history factors were calculated using the
Biomedical Data Processing program (BMDP) IR (Dixon 1988). Stepwise multiple correlations were
calculated for each life history factor as the dependent variable and all weather factors as independent variables
using BMDP program 2R (Dixon 1988). In the process of stepping the best correlation is first found, than the
next best and the next, until other factors no longer have statistical significance. All correlations are combined
to produce a mulitiple R, the total correlation of all significant factors. If two independent variables are highly
correlated, such as the mean and variance of precipitation (r = 0.692), the best correlation is selected and the
other is no longer considered since they are both deemed to have the same information content.

346



HOLARCTIC MARMOTS AS A FACTOR OF BIODIVERSITY
0.A. Schwartz, K.B. Armitage CORRELATION BETWEEN WEATHER FACTORS ...

Table 2.
Life-history traits (survivorship and reproduction) used in the correlations
between weather factors and life-history traits.
Colony Size The mean number (and variance) of animals alive of all ages and sexes in each
colony trapped that year.
Total Survival The percentage of all colony animals that reappeared the following year
Adult Survival The percentage of those animals aged two or older that reappeared the following
year.
Maternal Survival The percentage of females that weaned litters that reappeared the following year.

Non-maternal Survival The percentage of adult females that failed to wean a litter that reappeared the
following year.

Juvenile Survival The percentage of animals aged one or younger that reappeared the following
year.

Maternity The percentage of animals aged two or older that weaned litters.

Litter Size The mean and variance of the number of individuals per litter for all litters that
were weaned and captured.

Generation Length Defined as T = Zx1x my/Zhk my (Zammuto and Millar 1985).

Degree of Iteroparity DI =Zl, my log I my (Zammuto and Millar 1985).

Mean Age at Maturity The average age of breeding females aged two and three in that year.

Results and discussion
Univariate correlations

For univariate correlations for the current year, mean and variance in colony size were negatively
correlated with last snowcover and positively correlated with first snowcover and growing season II (Table 3).
These correlations indicate that colony size is larger the earlier snowcover disappears in the spring and the later
snowcover begins in the autumn. Furthermore, the longer the time period between the last snowcover in the
spring and the first snowcover in the autumn; i.e., the length of the growing season, the larger is the colony
size. Age at maturity was negatively correlated with first snowcover. This relationship suggests that the early
onset of winter retards the development of maturity such that females first breed at an older age. This
relationship is not possible as it requires the onset of winter in the fall to act back on events in the previous
spring. However, first snow cover is positively correlated with growing season I. A longer growing season
would permit younger females to breed as a longer growing season is associated with an earlier spring.

Table 3.

Univariate correlation coefficients, r (p), between weather factors and life-history traits for current
year (values in italics) and lag (weather from previous year) year (values in bold). S? = variance.

| Precipitation * | LastSnowcover | First Snowcover | Growing Season i
Colony Size:
Mean 0.43 (0.04) -0.52 (0.01) 0.47 (0.02) 0.60 (0.001)
2 0.50 (0.01) 20.66 (0.001) 0.44 (0.03) 0.67 (0.001)
Total Survival 0.52 (0.01) -0.41 (0.04)
Litter Size S* -0.50 {0.01) 0.53 (0.01)
_638 at Maturity -0.44 (0.04)

For univariate correlations for the previous year (lag effect), colony size was positively correlated with
the variance in precipitation. Because the variance in precipitation is positively correlated (r = 0.63) with mean
precipitation, the relationship between colony size and precipitation in the previous year suggests that high
precipitation enhances the general condition of animals so that they survive better and should also increase
reproduction which leads to larger colony size in the next year. This interpretation is supported by the positive
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correlation between total survival and first snowcover and the negative correlation between total survival and
growing season II (Table 3). The later the first snowcover, the better the condition of the marmots, which
carries over into the next summer and enhances their survival the following winter. By contrast, a short
growing season in one year reduces the condition of the animals, which means that they survive in poorer
condition and have decreased survivorship the following winter. Finally, the variance in litter size is negatively
correlated with last snowcover and positively correlated with growing season II (Table 3). Litter sizes are more
variable the earlier the last snowcover and the longer the growing season. Earlier last snowcover and longer
growing season should permit more females to reach reproductive condition the following year and condition
of females should also vary. Females in poorer condition should produce smaller litters whereas females in
good condition should produce larger litters, thus increasing the variance in litter size.

Some of the life-history traits were correlated (Table 4). In general, the various measures of survival
were correlated, which suggests that weather factors that affect survival do not discriminate among age classes.
Degree of iteroparity was negatively correlated with adult survival; when adult survival is high, fewer females
repeat reproduction. Mean age of maturity was negatively correlated with colony size and maternity. Larger
colony size in one year is associated with a lower age of maturity the next year and a higher proportion of
females breeding one year results in a reduced mean age of maturity the following year. These relationships
indicate that when conditions favor large colony size and high reproduction in one year, the good conditions
result in increased maturity such that more younger animals reproduce the following year.

Multiple correlation analysis: current year's weather

Mean colony size was positively correlated with the variance in precipitation and growing season I1
(Table 5). The variance in colony size was also positively correlated with growing season II. Colony size is
larger when precipitation is greater and the growing season is longer.

Total survival was positively related to growing season I and T and to winter length 11. Total survival is
greater when the growing season is longer. A longer growing season allows marmots to gain mass and to enter
winter in good condition. It is not clear why a long winter should enhance survival unless the snowcover
provides insulation that prevents cold temperatures from reaching the hibernaculum and increasing metabolic
rate, which could cause a depletion of fat reserves and death by starvation. Juvenile survival was positively
correlated with mean precipitation and first snowfall. Juvenile survival was greater the higher the precipitation
and the later the first snowfall. High precipitation should enhance the quality of forage and late snowfall should
provide more time for growth; therefore, time to utilize quality forage should result in animals entering
hibernation in good condition.

Maternal survival was not correlated with any measure of weather, but non-maternal survival was
positively correlated with first snowfall. The later snowfall occurred, the more likely a non-reproductive adult
female would survive. This difference between maternal and non-maternal survival suggests that individual
quality has a critical role in survival and reproduction. A high quality female can both reproduce and survive,
whereas, a low quality female cannot reproduce and is less likely to survive unless she has a lengthy period for
fattening.

Maternity was positively related to winter length I; more females successfully wean litters when winters
are longer. This relationship could have two causes. Long winter may reduce energy use by maintaining
favorable conditions for hibernation or the late snow may increase plant productivity and thus reduce energy
stress after emergence.

Mean litter size was positively correlated with growing season II and the variance in litter size was
negatively correlated with last snowfall. Litter sizes were larger when the growing season was longer. Growing
season II was negatively correlated (r = -0.9) with last snowcover; thus, a longer growing season was
associated with an ecarlier disappearance of snow, which permits early growth of vegetation that provides
energy and nutrients for reproduction. When snowfall occurs later in the spring, litter size is less variable.
Probably lower quality females cannot reproduce under those conditions. But when last snowfall occurs earlier,
lower quality females also reproduce, but probably produce smaller litters than high quality females and hence
variance in litter size increases.

Mean age at maturity was negatively correlated with the variance in precipitation and the time of first
snowcover (Table 5). Mean age at maturity is younger when the variance in precipitation is greater and when
first snowcover is later. More younger animals may mature when conditions are favorable in the spring. High
precipitation, which occurs when the variance is greater, and a longer growing season, which is associated with
late snowcover, as late snowcover is associated with an earlier spring, provide more resources following
emergence. These resources enable younger animals to reproduce, thus lowering the mean age at maturity. As
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described above under univariate analyses, the relationship between mean age at maturity and the time of first
snowcover probably represents a relationship between time of first snowcover and length of growing season.

Table 4.
Correlation between life-history variables, r (p). Italics = current year; bold = lag year.
Total Juvenile Degree of Colony Size Maternity
Survival Survival Iteroparity
Total Survival 0.83 (0.001)
0.82 (0.001)
Adult Survival 0.54 (0.004) 0.49 (0.01) -0.48
0.044 (0.03) (0.05)
Mean Age at Maturity -0.45 (0.03) -0.47
(0.02)

Multiple correlation analysis: previous year’'s weather

Mean colony size was positively correlated with mean precipitation and first snowfall and negatively
correlated with winter length II (Table 5). Colony size was greater the following year when precipitation was
high, first snowfall was late, and winter length was short. These conditions favor the survival of animals. The
variance in colony size was positively correlated with the variance in precipitation, last snowcover, first
snowfall, winter length I and negatively correlated with winter length II. Variance in colony size was larger
when variance in precipitation was larger, when last snowcover was later, when first snowfall was later, when
winter length 1 was longer and when winter length 1T was shorter. The weather factors probably affect body
condition and animals with variable body condition are more variable in their survivorship.

Table 5.

Statistically significant partial correlation coefficients (p <0.05) and multiple R for a muitiple
correlation analysis between weather variables and life-history traits for yellow-bellied marmots.
Italics = current year, bold = previous (lag) year.

o Last Last First First Growing Winter .
Precipitation | gpow. | Snow- | Snow- Snow- Seasons Length Multiple
Mean| S° fall | cover fall cover [ [ "
Colony Size:
Mean| 0.54 0.77 0.57 0.68 -0.54 0.89 | 0.90
S* 0.76 0.51 0.56 0.75 0.55 | -0.75 0.75 | 0.97
Survival
Total 0.6 0.55 0.64, 0.86 | 0.64
0.64
Adult] -0.51 -0.50 0.67
Juvenile| 0.62 0.56 0.76
Non- 0.81 0.81
maternal
Maternity | 0.65 0.48 0.48 | 0.65
Litter Size
Mean 0.58 0.55 0.55| 0.58
g’ -0.52 | -0.56 0.52 | 0.56
Mean Age -0.51 0.52 0.68 | 0.52
at Maturity -0.52

Adult survival was negatively related to mean precipitation and growing season II. High precipitation
and a long growing season the previous year were associated with a lower percentage of adult survival during
the winter of the following year. The mechanism of this lag effect is not clear.

Maternity was positively correlated with mean precipitation (Table 5); high rainfall in one year was
associated with a high percentage of reproductive females the following year. Precipitation is associated with
good conditions for gain in mass and females in good condition are more likely to reproduce.
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Mean litter size was positively correlated with the variance in precipitation. This relationship suggests
that when conditions were favorable the previous summer, females could produce larger litters. The variance in
litter size was inversely correlated with last snowcover the previous year. The length of the previous summer
probably affects the number of females reproducing. Marginal females can reproduce which increases the
variance in litter size.

The mean age at maturity was negatively correlated with the variance in precipitation the previous year
(Table 5). Because the variance in precipitation is correlated with mean precipitation, high variance in
precipitation is associated with a good growing season and enables more females to reach reproductive
maturity. Hence, younger females reproduce the following year and mean age at maturity is lower.

Summary and Conclusions

No measure of temperature was significantly correlated with life-history variables when either the
current year or the previous year was considered. Generation length, degree of iteroparity, percentage maternal
survival, percentage young survival, and percentage yearling survival were not significantly correlated with any
weather factor in any of the analyses. In the multiple correlation analyses, adult survival was not correlated
with any weather factor when the current year was considered and juvenile survival and non-maternal survival
were not correlated with any weather factor when lag effects; i.e., the previous year, were considered.

Colony size, survival, and litter size were the life-history traits most affected by weather factors. This
analysis indicates that precipitation, length of the growing season, and length of winter are the major weather
factors affecting reproduction and survival. Interpretation of the way that weather factors affect life-history
traits suggests that those that affect the condition of the animals are especially important and that weather
factors that influence how long marmots must rely on their condition for survival and reproduction are also

critical.
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Fig. 1. Diagram of the weather factors used in the analysis of the relationship between weather variables and life-history traits of
yellow-bellied marmofs. Solid bar represents the active period (May through August) of marmots for which the life-history
traits were measured. Dashed line represents the time period for which the weather factor was measured. First and last
snowfall and first and last snowcover are represented as dates of occurrence.

Puc. 1. fuazpamma chakmopoe no20dbl, UCMONb3yeMbIX 8 aHANU3e 83aUMOOITHOWEHUS MEXDy M02p080 U ocofeHHOCMAMUY
XKU3HEHHO20 YUKNIA Y XKeNmoGploXux cypkos. 3akpawerHas nosocka npedcmaensem akmueHbid nepuod (c mas no
aseycim) cypKos, 8 npedesiax Komopoao Bbinu MofydeHbl daHHbie 0 XUIHeHHOM Yurne. [TyHKMUPHas NUHUS - epemMs, 3a
Komopoe usmepeHbi ghakmopkl nozodbl. (lepebiil u nocredHul cHezonad u nepeblil U NOCIEOHUL CHeXHbID NOKpoe
npedcmasneHbl coomeemcmeyowuMy damamu.
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Translated into Russian by A A. Nikol'skii
lNepeeod Ha pycckuil A3bik A.A. HUKONLCKO20

BeegeHue

C 1962 no 1986 rr. yHcneHHOCTL *enTobpioxux cypkoB (Marmota flaviventris) Ha y4acTke, rie Mbl
MpOBOANNH HabmoaeHHs, H3MeHsIack oT 44 1o 133; perynupoBaHue NONyNaLMH CYPKOB CBA33HO MpeXIe BCEero
¢ NMAOTHOCTEIO M BHeIIHUMH (akTopamu (Schwartz et al., 1998). Cypku 3aneraioT B CHAYKY, 4T06bI U3bekKaTh
NPOMOMKHTENBHOIO Ce30Ha HEeN0CTaTKa KOpMa WIM €ro OTCYTCTBMS. BO BpeMs [epHola akTHBHOCTH OHM He
TOJMIBKO Pa3’MHOXKAIOTCH, HO TAKKe HAKATUIMBAIOT JHEPTHIO B (OpPME KUpa, KOTOPLIH HCNONL3YIOT BO BpeMs
CMAYKH W MOCNETyIOIeH BECHBl, MOKa KOPM HE CTaHeT AOCTyneH. ITpofomkuTensHOCTh BPEMEHH, B KOTOpOe
MCIIOMb3YETCA HAKOTUIEHHDBIH JKUP, 3aBHCHT OT IPOAOIKHTENBHOCTH 3UMbl M CBA3aHO CO CHEXHBIM NMOKPOBOM
(Armitage, Downhower, 1974; Bibikov, 1996; Armitage, Blumstein, 1997). Ocaaku Takike BakHbl, B
3aCYUUTUBOE JIETO CYPKH MOI'YT YXOJMTh B CIIAYKY B MJIOXOM COCTOAHMH M HE MepexkuTh 3uMy (Armitage, 1994;
Bibikov, 1996). TaknuM 00pa3oM MOKa3aHO, 4YTO MOTOAA MOXET BIMATH HA BEDKMBAGMOCTH W PasMHOKEHHE Y
CYPKOB.

Msl npoBepHIH CBA3L MEXIY MOTOMHBIMH YCAOBHAMH M OCOOCHHOCTAMM JKH3HEHHOrO LMKIA Y
KenTOOPIOXHX CYPKOB, HaceNdiomMX BepxoBbe AomuHbl Mct Pusep (Upper East River Valley), rpadcreo
I"annucon, Konopano, CHIA.

MeToabl

Bbiy Henons30BaHel BoceMb (HakTopoB noroakl. J[ns TeMneparyphl, BIaKHOCTH, MIEPHOAA BETETALMH U
MPONOMKHTENTRHOCTH 31Mbl Mbl HCTIONIL3OBAJIM JIBa WK Oonee NoKasaTelel, B pe3y.JbTaTe BCETO MONYYeHO 15
nokaszareneid noroabl (tabn. 1). Jausste o noroge noayuens! A Kpectua botot (Crested Butte), Konopano,
METEOCTaHIMM, PAcIONOKEeHHOW Ha paccToanun okono 10 kM oT yyacTka, rae Mpl Habmonanu 3a cypkamu (U.S.
Weather Burea, 1962-1986). Msl ucnons30Bainy gaHHsIe O YIOro/ie 32 TeKYLHH roa; TO eCTh, aHAIM3MPOBAIA
BIIMAHHE MOTOMABI 3a OQMH rOJl HA OCOOEHHOCTH XXM3HEHHOrO UMKIA B 3TOM K€ IOy, M JaHHbIE O TOrojie 3a
NpeAblAYLIMi IO/, TO €CTh, BBIACHAMM BJIHAHHE MOrOJBlI 3@ ONMH rOJ Ha OCOBEHHOCTH MM3HEHHOro LHMKIa
CYPKOB B CHEIyIOLIeM roxy. DTO Aeianock Jns Toro, urobsl ouernts 3ddekt nocreneiicraus (puc. 1). Bee
noxasaresH noroas! ObIIH PaHKHPOBAHBI OT HU3KUX (MJIM PAHHHUX) N0 BHICOKMX (MM NO3/IHUX).

Tabnuuya 1.

dakTopbl NOroAbl, MCNONb3yeMble B aHanv3e Koppensumm Mexay norogoi, penpoayKTMBHOCTLIO
W BbRKMBEEMOCTBHD H(E.I'ITOﬁpPOXOI'O CypKa.

Temnepartypa, C.

CpefHsis, BapanHca cpeaHei TeMnepa ypbl i OTKMIOHEHUE OT AONTOBPEMEHHOM cCpeaHeit
TEMNepaTypbl C anpens [0 oKTAGPs kaxaoro roaa.

CHEXHbIA NOKPOB

BnaxHocTb CpegHss n BapuaHca cpegHeMeca4HON BNaxkHOCTM 3a 12 mecaues (c okTabps no
cenTabps) 1 0bwas BnaxHOCTL 3a TOT xe nepuog (puc. 1).

Mocnegxuin [ara nocnegHero cHera 8 niwbom konn4yecTse BecHOM No KOnNUaHckomy KaneHgapto

cHeronag (puc. 1).

MocnegHui [ata nocnenHero CHEXHOro NokpoBsa rnyGuHon B 0guH A10AM BeCHON no KOnuaHckoMy

CHEXXHbI NOKPOB kaneHngapio (puc. 1).

Mepebiit Mepsbiit cHeronag e niobom konuuecTse no KOnmaHckomy kanewaapio BecHoi (puc. 1).

cHeronag

MNepabiv [Hata no KOnuaHckomy KaneHaapio OCEHbIO NMEPBOIO CHEXHOIO NOKPOBA TONLUHON B

oauH aonm (puc, 1).

BereTauvoHHbIA
Ce30H

Bbinu nonyyeHs! ABa 3HAYEHUA ANWTENbLHOCTA BEreTauMoHHOro ce3oHa: (1) 4ueno axen

Mexy NoCNeAHUM CHeronagomM BECHO 40 Nepeoro cHeronaga ocexsio; (1) yucno aHei
MEXAY NocneaHMM CHEXHbIM NOKPOBOM BECHOW [0 NEPBOro CHEXHOMo NOKPOBa OCEHbIO
(puc. 1).

MpoponmxuTens-
HOCTb 3UMbI

Bbinu vicnone3osakkl ABa nokasatens: (1) Yncno axeld Mexay nepebiM CHeronaaom
OCeHbIO W nocneaHuM cHeronagom secHow; (1) uncno gHen Mexay nepebiM CHEronaaom
OCEHbLIO 10 NOCNEeaHero CHeronaaa secHou (puc. 1)
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BbUTH MCNONB30BaHbl JIEBATH OCODCHHOCTEN XM3IHEHHOTO NMKna, 4ToObl BRIAENUTH 16 nokasarenei
H3MEHEHHA BHDKUBAEMOCTH H penpoaykTHBHOCTH (rabn. 2). TpH nokasarend BbLKMBAEMOCTH - [POLEHT
BLIKHBAEMOCTH MOJIOABIX, IIPOLEHT BEUKUBIIHX FOAOBHKOB (KHBOTHBEIE B BO3pacTe OJHOTO roja) ¥ OTHOLUIEHHE
BBIKMBAEMOCTH B3POC/IBIX K BRIKHBAGMOCTH MOJIOJIBIX - HE KOPPENHMPYIOT HU ¢ OJHHM M3 (AaKTOPOB [OTOABI H
N03TOMY He BKITIOUeHn! B Tabmuiy 2. Bce faHHble MONyyeHbl Ha OCHOBaHMM AeMorpaduueckux Tabiut,
cocTaBisieMblX, HauuHag ¢ 1962 r. (Armitage, 1991). Bce nepeMeHHbIe paH)XXUPOBAHB! OT HU3KUX K BHICOKHM.

Tabnuua 2.
OcoBeHHOCTY XU3HEHHOrO LUMKNa (BbDKUBAEMOCTb W PENpPOAYKTUBHOCTb), MCNOMb3yemble

B KOppenauuoHHOM aHanuae npu yCTaHOBnEHU'IM CBA3W Mexay cpal{ropamu noroabl
1 0COBEHHOCTAMM XU3HEHHOrO UuMKna.

PasmMep konoHuu CpepHee B KONOHWMA YUCNO (M BapyaHCa) XUBOTHLIX BCEX BO3PacToB Y NONOB,
OTNOBMEHHbIX B 3TOM roay

Ofwasn MpoueHT BCeX XKNUBOTHbLIX B KONOHWM, BbilUEALIMX (U3 CNSAYKK) B CNEAYIOWEM roay

BbIKWBAEMOCTb

BbixuBaemoCTb BbhKuBaeMOCTb B3pocnbiX [POLEHT KUBOTHLIX B BO3PACTe ABYX NET U cTaplue,

B3pPOCSIbIX BblLUEALIMX B CNEeAyIOLLEM rogy.

MaTepuHckan MpoLeHT CaMoK, BLIKOPMUBLLKMX MOMOALIX, BbilUEALUKX B CNeayOLEM roay

BbIKUBAEMOCTb

Hemartepuxckasn [MpoUeHT B3pOCALIX CamMOK, He CYMEBLUMX BbIKOPMWUTL MONOAAX, BbllUeALunX B

BbIKMBAEMOCTb cnepywLllem roay.

BeikuBaemocTb MpOUEHT XMBOTHbBIX HEe CTapiue OJHOro roAa, BhilUeAnX B CNeayouiem rogy

MOMOABIX

MaTepuHCTBO TTPOLIEHT XMBOTHBIX HE MONOXE ABYX NIET, BbIKOPMUBLUMX MOMOAbLIX

Pazmep BoiBOAKa CpegHas 1 BapuaHca Yncna ocobeit Ha BbIBOAOK 4118 BCEX BbIBOAKOB, KOTOpbIE
ObINK BLIKOPMNEHbI ¥ OT/IOBNEHDI

YpoBeHb reHepaunn Onpeaenserca kak T = £x1, mJ/Zl my (Zammuto and Millar, 1985)

CreneHb poAcTsa DI =Zl, my log lx myx (Zammuto, Millar, 1985)

CpenHuy Bo3pacT Cpeaxnii BO3pacT, pasMHOXaI0WMUXCA CamoK, 3pEnocTv AOCTUTLNX K 3TOMY roay

nonoBou OBYX v TPEX ner

YacTHas KOppenAnus Mexay NepeMEeHHbIMH Toroibl H GakTopaMu MU3IHEHHOTO LMK PAacCUMThbiBaach
¢ uenonp3oBanueM CTaTHCTHIECKOTO HUOMeIHIMHCKOTO naketa nporpamMM (BMDP), moayns 1R (Dixon, 1988).
MHoxecTBeHHast koppensinia Gbla paccumMTada Uil Kaxaoro (aktopa XU3HEHHOTO IMKIAa KAk 3aBHCHMas
nepeMeHHas, a BCe (PaKTOPBI TMOTOMbI PAacCMATPHBANMCh B KayeCTBE HE3aBUCHMBIX MEPEMEHHBIX, IS
OUEHHBaHHA Mcronk3oBaH makera BMDP, mogyas 2R (Dixon, 1988). B mpouecce noiiaroporo oLeHHWBaHUsA
KOPPEJIALMH YYUTBIBAIK CTATHCTHUECKYIO BEPOATHOCTE. OOBENHHANM Bee KOPPENILUHU C TEM, YTOOBI NOMYYHTE
obnmit  KO3(PHUUHEHT MHOKECTBEHHOM KoppelsuMH R OTHOCHTENBLHO BCEX CTATMCTHMYECKH 3HAUAMBIX
takropos. Eciu ABe He3aBHCHMBIE NEPEMEHHBIE OKa3bIBAIMCh TECHO CBA3aHLI My coboli, Takue, HaNpuUMep,
KaK cpeJHasa W BapHaHca BiaxHoCTH (r = 0.692), To BeiGupany Gonee BLICOKYIO KOPPENALHMIO, @ OCTAILHLIE HOKa
HE paccMaTpHBAIH, TaK Kak Te M ApYyrye UMEIOT OJMH H TOT Ke WH(HOPMAIIHOHHBIA KOHTEKCT.

Pesynbrathl M 06cyxaeHune
Yacmras koppenayus

ITo cocrosnmo Ha TEKYINHH oL CpPeaHAs U BapHaHCa pasMmepa KONOHHH 0OPaTHO CBA3aHbI CO CHEXHBIM
NOKPOBOM R IMOJIONHTENBHO C nepnbm CHETOM H CE30HOM BCrcTallHH 11 ('1'36}1. 3) OTH cBA3H MOKa3biBaOT, 4TO
pasmep KOJIOHHHA GDHBII}E%, €CJIH BECHOM CHEXHBIA [MOKPOB CTaMBAET paHBIIE, & OCEHLIO JIOXKHTCH TNO3InHEe.
Kpome Toro, Gonee MpoAQIKHTENABHBIN MEPHO MEXITY MOCHENHHM CHEXHBIM [OKPOBOM BECHOH W MEPBhIM
OCEHBIO, TO €CTh, PACTAHYThIH MEPHOJ BEreTalMK KOppenupyeT ¢ GonbliuM pasmepom Kononuu. Hacrymnenue
[10JI0BO#H 3penoCcTH OTPULATENIBHO CBA3AaHO C MCPBBIM CHEXHLIM TIOKPOBOM. JTa cBA3L NOATBEPIKAAET, YTO
paHHee HACTYIUICHHE 3AMBI TOPMO3HWT pa3BUTHE 110JIOBO# 3pPENOCTH, TaK 4YTO CAMKH BIICPBLIE MPHCTYTIAOT K
PasMHOMEHHIO B Bonee cTapimieM BO3pacTe. Takas KOppenAlHuA HEBO3MOXHAE, KOrja 3TO0 3aBUCHT OT
HAcTYIUICHHA 3HMbl OCEHBIC, OTAANICHHO BJTHAA HA XapaKTep npeﬂbmymeii BECHEIL. OEH&KO, UﬂpBbIﬁ CHEXHBIH
MOKPOB NONCKHTENEHO KOPPENTUpPYET ¢ Ce30HOM BereTaumu [ IlpodoikuTenbHbIH BereTauMOHHLIA NepHo
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JIOJDKEH J1aTh BO3MOXHOCTh Donee MOJOALIM CaMKaM Pa3sMHOMXHTECH, €CJIH NMPOJOJIKUTENLHOCTD BEMETAUHOHHTO
nepuona cesf3aHa ¢ paHHUM HACTYIINEHUEM BECHBI.

Tabnuua 3.

KoahuuueHTsl YacTHOW koppensauuu, r(p), Mexay gakropamu norofbl 1 0oCobeHHoCTAMU
KU3HEHHOTO UMKNa B TEKYLLEM roay (0BbiurbIv LWpKUMdT) U roguyHoe nocnegeictene (nar) (noropa 3a
npeabiayLwmii rog) (kupHbii WpudT). S-KBaapaT = BapvaHca.

Ocapgku MNocnegnun MepBELIit CHEXHBINW Mepuog
CHEXHbIN NOKPOB NoOKpoB Beretauum ||
Paamep KonoHuu
CpeaHee | 0.43 (0.04) -0.52 (0.01) 0.47 (0.02) 0.60 (0.001)
S° | 0.50 (0.01) -0.66 (0.001) 0.44 (0.03) 0.67 (0.001)
Obujan BLIKMBAEMOCTb 0.52 (0.01) -0.41 (0.04)
Paamep BbiBogka S* -0.50 (0.01) 0.53 (0.01)
BoapacT nonosown 3penoctn -0.44 (0.04)

Jlna cayuas npeapiayiero roga (nar-adgexr, a¢pdexr nocneneHcTeHs) pasMep KOJOHHA KOPPEAHPOBa C
papuancoil ocagkos. Tak kak BapuaHca OCaIKOB NOJIOKHTENLHO Koppesnuposaia (r = 0.63) co cpenneii ocankos,
B3aMMOCBA3b MEXKAY CPEAHHM pa3sMepoOM KOJOHHMM W OCajJkaMH B [IPEABIAYWEM TOAY NOATBEPIKAAET, 4TO
BbICOKAA BAAXHOCTb yIydlaeT ofLiee COCTOSHHE KMBOTHBIX, TAK YTO Y HHX NOBBIUIAETCA BLUKMBAEMOCTD, @
TaKkKe YBENHIHBAETCA PelpOLyKTHBHOCTD, YTO JIPHBOMNT K YBEJIMUEHHIO PasMepa KOJIOHHH B CIEAYIOIEM TOY.
3Ta MATEPNPETALMA MOATBEPKAAETCA MONOKMUTEABHOH CBA3LIO MEXAY OOLIEH BHLUKMBAEMOCTBIO M NEPBHLIM
CHEXHbIM MOKPOBOM M OTpHIATENbHOH Koppenauued mexay oOwed BbKMBAEMOCTBIO M BEreTAUMOHHBIM
nepuoaoM II (tabn. 3). bonee no3nHU# NEpBrIK CHEr, KOPPEIHPYET C JIYYIIMM COCTOSHHEM CYPKOB, B KOTOPOM
OHH OKa3kIBalOTCs HAa CAEAYHOLUEE NETO, H NOBLIMIEHHEM HX BEDKHBAaEMOCTH B NOCHEAYIOULYIO 3UMY. Hal’]pOTHB,
KOPOTKHHA BereTallMOHHBIH NEPUO YXYAWAET COCTOAHME KHBOTHBIX, YTO O3HAYAET, YTO K CIIELYIOMEH 3HME OHH
MpUAYT B XYMIIMX YCHOBHAX M [IOHM3AT BbIKMBaeMOCTh. HakoHell, BapHaHca pa3Mepa BeIBOJIKa 00GpaTHO
KOPpeAUpYET C TMOCHEHNM CHEXHBIM TTOKPOBOM H MOJNOKUTENLHO ¢ ce30HOM Beretauuyu 1l (tabn. 3). Pamep
BbIBOAKA Bojiee H3MEHYMB B CJy4ae PaHHEro TOC/EJHETO CHEXHOro Nnoxpopa B 0olee NPORONKHTENLHOTO
BEreTallMOHHOTO Mepuoja. bonee paHHee cHerotasHue W Ooliee NPOHOIKMTENbHBIH BEreTalldOHHBIH TepHOLl
MOJKHEI O3BOJIMTH DOJNBIIEMY YHCTY CAMOK JOCTHYb PEMPOAYKTHBHOIO COCTOSHHA B CHELYIOLIEM rogy H B
COOTBETCTBMHM C STHM J[O/DKHO W3MEHHTCA COCTOAHME caMOK. CaMKH B TUIUXOM COCTOSIHMH JIOJDKHBI
[POM3BOIUTE MEHBIINE BLIBOAKH, B TO BPEMA KaK CAMKM B XOPOLIEM COCTOSHMM JOHKHB NPOH3BOIAMTE bonee
KpYITHBIE BBIBOJIKH, TakuM 00pa3om yBenniHBas BapMaHCy pa3zMepa BEIBOJIKA.

HekoTopbie 0CODEHHOCTH >XH3HEHHOTO LUKIAa ObLiM CBA3aHbE MeXAy coboii (Tabn. 4). B ocHoBHOM
CKOPPENHPOBAHLL Pa3jiMuHbIe MOKa3aTeNld BLDKUBAEMOCTH, MOATBEPIKIas, U9TO TMOToiHble (GAKTOPhI, KOTOpbIE
BAMAIOT Ha BLDKHBAEMOCTb, HC pa3jiMyaloTcs MEXAY BO3PacTHeIMM kilaccamy. CTeneHb CrnocobHOCTH K
BOCITPOM3BOACTBY OblIa OTPHLATENLHO CBA3AHA C BbKHBAEMOCTHIO B3POCTIBIX; KOTAA BHIKMBAEMOCTH B3POCTIBIX
OKa3biBANACh BBICOKOH, K PasMHOXKECHMIO NPUCTYNANO MeHbllee YHcno camok. CpenaHuil Bo3pacT MojNoBOH
spenocti ObUT OTPULIATENBHO CBA3aH € Pa3sMEpOM KOJIOHHH W MaTepuHCTBOM. Bonblini pa3sMep KOJNOHWM B
JIAaHHOM TOAY cB3aH ¢ BoJee HU3KHMM BO3PacTOM MaTEPHHCTBA B CicAyoumeM H Oosiee BbICOKOH Nonei CaMokK,
NPUCTYNMBIWIMX K Pa3MHOKEHHIO B JaHHOM TOAY, YTO NPUBOJWT K COKPAIUEHHID CPEHEro BO3pacTa
MaTEpHHCTBA Ha CHAEAYIONNI roj. 3TH B3aMMOOTHOUIEHHS TIOKA3biBalOT, YTO, KOrda YCJIOBHs OJAronpHATHEL,
pasMep KOJIOHHH BO3pacTaeT W TakkKe BO3PACcTaeT BOCMPOM3BOACTBO B IaHHOM TOJly, XOPOILHE YCHOBHS
NpUBOAAT K Dojlee paHHeMY NOJIOBOMY CO3PEBAHMIO, B PE3YJbTAaTe YEro B CAEAYIOLIEM ToAy Pa3MHOXKAKTCA
Gonee MOJIObIE KHBOTHBIE,

MuoxecmeaeHHas Koppensyus: nozoda mekyujezo 2oda

Cpennuit pasmep KoJIOHUWH ObII ITOJIOXHUTEIBHO CBS3aH C BAPHAHCOMN BIa)XXHOCTH H CE30HOM BereTauqy Il
(Tabus1. 5). BapuaHca pazMepa KONMOHMM OblNia TakKe MOJIOKHUTENBLHO CBA3aHA ¢ ce30HOM Bereraumu I1. Paimep
KOJIOHWH BO3PACTAET, KOra BO3PAcTaeT RNIAKHOCTh, a BereTalua Honee npoaoKHTeNbHA.

Ob6luas BbDKHBaEMOCTh ObLTa NONOXMTENLHO CBf3aHa ¢ ce3oHom Beretauun 1 u I w c
nponomkuTensHOCTEI0  3umbl 1l OOmas  BeDKMBAaEMOCTh — BO3pacTana, KOTAa  YBEJTHYMBANach
MPONOIKITENRHOCTE BereTalnk. bonee MPONOMKUTENIbHAA BEreTALMS NAET BO3MOXKHOCTL CypKaM HapallvBaTh
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Maccy Tena ¥ YXOIHTL B JUMHIOI) CMIAYKY B XOpOMoIeM COCTOAHHH. He ACHO, MOYEMY Oonee HpGﬂOﬂ}!(HTBHbHM
3UMa A0JIKHA yBCHH‘{HBaTI: BBIKHBAEMOCTL, €CIIH HE Gy.qc'r HNOCTATOYHBLIM H30.F]prt0m}lﬁ CIIOH CHEXHOI'0
noKpoea, KOTOphIﬁ NPENATCTBYET MNPOHHKHOBEHHIO XOJ‘IO}IHGI'& ‘mMUepaTypb! B [‘l!CS,HOByK) KaMepy H
ysenumsaer CKQPOCTB Meraﬁo.rmma, KOTOpL!i'{ MOMXKeT CTarh ﬂpH‘{HHOﬂ HCTOUIEHHA 3allacoB Hmpa H CMEDPTH oT
HCTOMECHUSA. BrIKHBaeMOCTh MOJOOLIX TIONOXHTENBHO r:oppe.nupoaana Cco CpeﬂHEﬁ OCankKor # NEPBLIM
CHCWHBIM MOKPOBOM. BE»I)KHB&CMOCTL MOJOOBIX 5I:III3 BbINIE, KOorjaa ocCaikH BO3paCTa.ﬂH H [1034HEee JTOXKHnCca
ﬂepﬂ‘b!ﬁ CHET. Bricokaa BNaXXHOCTh JOITKHA yBCJIH'—IHBaTb Ka4yecTBO KOpmMa, a I’I03]1‘1IH§§ CHEWHBIN ﬁOKpOB =
!‘IpOI[O.Ti}KHTeJIbHOCTb BpEMeHH BETCTALIMH, KpOMe TOTO, Bpt‘,Mﬁ KAYECTBEHHOI'O IIHTAHHA OOJIKHO NPHBOIHTE K
TOMY, YTO XWBOTHBIE YXOIAT B CIIAYKY B xopomeM COCTOAHHH.

Tabnuua 4.

Koppensauus mexay nepemMeHHbiMyU 0COBEHHOCTAMU XKU3HEHHOTO UnKna, r (p).
OB6bIYHbIFA LWPUMT = TEKYLUWIA roA; XUpPHbIA = roguyHoe nocnegeicteue (lag year).

Obwasn BoikuBae- CreneHb Pazmep MarepuH-
Bohxkueae- MOCThb NOBTOPHLIX KONOHUM cTBO
MOCTb MOnoAbIX poaos
Ob6Llas BLIKUBAEMOCTb 0.83 (0.001)
0.82 (0.001)
BbXMBAEMOCTL MONOALIX 0.54 (0.004) 0.49 (0.01) -0.48 (0.05)
0.044 (0.03)
CpegHui Bo3pacT -0.45(0.03) | -0.47 (0.02)
MaTepuHCTBa

MarepiHCKas BBDKMBAEMOCTh HE CBA3aHA HM C OMHMM U3 (DAKTOPOB MOrOfbl, HO HEMaTEPHHCKAs
BBKHBAEMOCTb KOPPEIMPYET C nepBhiM CHeroM. B criyyae Gonee I103HEro CHEXHOrO NOKPOBa, BEPOATHEE
BBIKHBAEMOCTh HEPA3MHOKAIOIIHXCA B3POCHLIX CAMOK, 3TO pas/iMuue MeXkIy MaTepHHCKON W HEMaTepHHCKON
BLDKHBAEMOCTERIO IIOATBEPIKAAET, YTO MHAWBHAYaNbHbIC KAYECTBA HIPAIOT PEINAIOLIYIO POJlb B BHIXKHBAEMOCTH H
BOCIPOM3BOACTBE. BBHICOKOKAUECTBEHHAA CaMKa MOMXET KaK pasMHOMAThCA, TaK M BbDKHTH, HAMPOTHB,
HHM3KOKaYeCTBEHHAs caMka HE MOXET Pa3MHOKAThCA, 4 €€ BBUKHBAEMOCTh MEHEC BCPOATHA, €CNH OHA
JUIMTENbHEIH MepHO/ HE OTKapMJiNBaJiack.

MaTepHHCTBO [ONOKHTENLHO CBA3AHO € TPOJIOMKUTENLHOCTRIO 3uMbl [, camku 6Gonee yCHemso
BHIKAPMI/IMBAIOT BHIBOJOK, Korza suma Oonee npofo/okuTensHa. DTa CBA3b BO3MOMKHA B JIBYX CHydasX.
IlndrensHas 3¥Ma MOXET COKpallaTh JHEPTHIO, UCMONB3YEMYIO Ha MOMIEPKAHHe COOTBETCBYIOMMX KOHAMIHA
WA CIAYKH MM MO3AHMI CHEr MOMET MOXKET YBENHUMTh NpPOAYKTHBHOCTL pacTeHui u Takum obpaiom
COKPATHTh €HEpreTHYeCKHH CTpece Mocie BRIXONa U3 CIIAUKH,

Cpennuit pa3Mep BIBOIKA NOJNIOKHTENLHO CBA3aH C CE30HOM BereTauru I1, a Bapuarca pasmepa BhIBOJIKA
OTPHIATENFHO CBA3aHa C NPOAOJIAKMTENBHOCTHIO CHEXHOro NokpoBa. PasMep BmiBoaka Obul Gojiblie, Korjia
YANMHANCA BEreTalMOHHBIH mnepuon. Bereraunonusld mepuoj Il oTpuuarensio ceazan (r = -0.9) ¢
NPOAOIIKHTE/IBHOCTBIO CHEXXHOTO MOKPOBA; TakiM 00pa3oM, Gosee JUTHTENbHBIH BereTalMOHHBIH 11epHOJ CBA3AH
¢ Gonee paHHUM CXONOM CHEra, 4To CIIOCOOCTBYeT paHHEH BEreTallvHy, a CIeI0BATE/ILHO U 3aMacanmio SHEPIHY U
MUTATEIILHEILIX BEMIECTB U1 BOCOPOM3BOJACTBA. B ciyyae cHEromagoB TMO3gHEH BECHOM, pasMep BLIBOAKOB
MeHbIle MeHAncA. BepoATHo camki 6oJiee HU3KOTC Ka4eCTBAa He MOTYT Pa3MHOXaThCd B Takux yciosuax. Ho
KOT/la CHEr CTauBaeT paHbllle, ITH CAMKH Takke pasMHOKAIOTCA, HO MX NPOLYKTHBHOCTHO BEPOATHO HIDKE, YeM
BLICOKOKAYECTBEHHBIX CAMOK, B PE3YJIbTaTe BO3PACTAET BAPHAHCA pa3Mepa BLIBO/IKA.

Cpennuii BO3pacT 10IOBOH 3pPENOCTH OTPHLATENLHO KOPPEIHPYET C BAapHAHCON OCAAKOB M BPEMEHEM
TepBOTO CHEXHOTO NoKpoBa (Tabn. 5). Cpeanwit BO3pacT MOJOBOMN 3PENOCTH MEHBILE, KOT/Ia BAPHAHCA OCAJKOB
yBeJIHUMBaeTCH, MEPBLIH CHer noxwrcs nosfHee. bonee Mosonble XHUBOTHBIE MOTYT BCTYMaTh B TOJIOBYIO
3penock B ciydae OnaronmpuATHBIX YCNOBHH BecHbl. OOunbHble ocamki (Gonbluas Bapuanca) M Hosee
[POIOIDKHTENBHEI TIEPHO BEreTalHH, CBA3AHHBIA ¢ MOCHEIHWUM CHEIOM, KOTAA TOCHERHMII CHET CBA3aH C
Goiee paHHe# BecHOH, obecrieduBaiOT GONBIUMMH pecypcaMM U TIOCHEAVIOUIETO BBIXOAA M3 CHAYKH. JTH
pecypchl HeoBxoauMbl OoJee MONOABIM >KMBOTHBIM UL Pa3MHOXKEHMS, IOHMXKAS CPeJHHIl BO3PACT MONOBOI
spenoctd. Kak 6BUIO CKa3aHO BHIIIE Mpu OOCY)XNEHUM YACTHOW KOPPENAUMH, B3aUMOOTHOLIEHHE MEXTY
CpefHHM BO3PacTOM HACTYIUIGHHMA NOJIOBOH 3PENOCTH M BPEMEHEM [E€PBOrO CHEXHOTO IOKPOBA, BEPOSTHO
OTpa)aeT B3aWMOOTHOIIEHHE MeXIYy BPEMEHEM [epPBOTO CHEXKHOIO NOKPOBA M MPOAOIDKHTENLHOCTBIO CE30HA
BETETALMH.
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Tabnuua 5.

CratucT4eckn 3HavyumMblid koadhdpulueHT YacTHon koppenauun (p < 0.05) u mHoxecTseHHoW R
mexay dakropamu noroasl U 0COBEHHOCTAMM XKUIHEHHOMO LIMKNA Y enToBpHoXnX CypKOB.
Kypcus = TEKYLUIA TOA, XUPHBIA = Nnpeabiaywui (nocneaewnctsue, lag) roa.

Mocne- | MNep- Mep- Mepuoa Mpogomkutens- | Koadhduum-
Ocaaku I:ﬂige' AHUP Bbiil Bbii BereTaumu HOCTh 3MMbI EHT MHOXeCT-
CHEX- CHe- CHEX- BEHKHOW
Cpe- | gt joHero- Hbl ro- HbIA I 1l I 1 KOppenALm
AHee naa NoKpoB naa NoKpoB
Pasmep KonoHuW
Cpeanee| 0.54 | 0.77 0.57 0.69 -0.54 0.89| 0.90
s’ 0.76 0.51 0.56 0.75 0.55 -0.75 0.75| 0.97
BbkuBaeMocTb
Obuwan 0.6 0.55 0.64, 0.86| 0.64
0.64
Bapocneix| -0.51 -0.50 0.67
Monogbix| 0.62 0.56 0.76
Hemare- 0.81 0.81
puHCKan
Marepun- | 0.65 0.48 0.48| 0.65
CTBO
Pa3mMep BblBOAKE
CpeaHee 0.58 0.55 0.55| 0.58
s* -0.52 | -0.56 0.52| 0.56
Cpeanvid -0.51 0.52 0.68( 0.52
BO3pacT
nonoeow -0.52
3penocTu

MHoxecmeeHHas Koppenayus: no2oda npedbidyuie2o 200a

Cpeanuil pa3Mep KOJIOHHH TOJIOKHUTEILHO KOPPEJHPOBaN CO CpejlHeH 0CaAKOB H TEPBLIM CHETONAAOM H
OTPHLATENBHO - C MPOAODKUTENRHOCTbIO 3uMbl 1T (Tabin. 5). Pasmep xononuuu 611 Gonbiue B CAERYIOMEM TOAY,
koraa ocankoB Gbito Gonblue, nepBeiif CHer MO3jHEE, a JUIMTEJIbHOCTh 3HMMbl KOpode. O3TH yCjloBHSA
OnaronpHATHs! [UIS BBKMBAEMOCTH MMBOTHbIX. BapuaHca pasmepa KOJIOHMH NOJNOXKUTENLHO KOPpEIHpoBana ¢
BAPHAHCOW OCAAKOB, NMPONAOIKHTENLHOCTEIO CHEXXHOTO NOKPOBA, NEPBBIM CHETONAAOM, MPOROJIKMTENLHOCTBIO
3uMbl | ¥ OTpHUATENBHO - C NPOAOMIKUTENLHOCTLIO 3uMBI 1. Bapuanca pasmepa xononuu Obliia 6Gonsiuei, xorna
YBEJIMYMBANACh BapvaHCa OCAAKOB, TMOCKEAHMI CHEr [MO3[Hee, TNepBulil cHeromaa mnosaHee, Oonee
npookuTenbHa 3uMa | u kopoye 3uMa I1. [ToroiRele (akTOphl BEPOATHO BJAHMAIOT HA COCTOAHME Teja CYPKOB U
Y KHBOTHBIX ¢ H3MEHYMBBIM COCTOSIHUEM Tena DoJjiee M3MEHUYHBA BEIKMBAEMOCTh.

BokMBaeMOCTh B3pOCibIX o0paTHO koppenuposala cO cpefHel ocajkoB M ce30HOM Berertauuu [l
O6unpHsle OCAJIKW M JUIMTENbLHBIH Ce30H BereTalMy B NpedbidylleM rofy Owuim cBs3aHbl c Oojiee HHU3KUM
MPOLEHTOM BBDKUBAEMOCTH B3POCHLIX 3MMOi clieayionero roja. Mexanusm 3Toro nociefaedcTBus (Jara) He
ACEH.

MarepuHCTBO MOJNIOKHTENBHO KOPpENHpoBalo €O cpejHeH ocaakos (rabn. 5); oOuilbHble n0kaW B
TEKYILEM rOfy CBs3aHbl ¢ BBICOKMM ITPOLIEHTOM PEMpOAYKTHBHOCTH CaMOK chejyroltero rofa. Qcaaxy cBa3aHb!
C XOpOWHMH YCAOBHAMM [UII pOCIa Macchl, @ YMWTAHHLIE CaMKH C Oonbluel BePOATHOCTHIO OymyT
pa3MHOKATHCHL.

CpenHss pazMepa BbIBOAKA NOMOKUTENLHO CBA3aHa C BapHAHCOH ocafikoB. Ta CBA3b MOATBEPXKIALT, YTO
GnaronpUATHbIE YCIOBHA NPEIBIAYLIErO JeTa Croco0CTBYIOT TOMY, YTO CAMKH NPOM3BOAAT OONBIINE BBIBOIKH.
Bapuanca pasmepa BhIBOAKa 00paTHO KOppeaHpYET C TMOCAEAHMM CHErOM B [PEdBIAYLIEM TOAY.
[poAOIDKHTENEHOCTE MPENbIAYILEro JIeTa BEPOSTHO BJIMAET HA YMCICHHOCTH pPa3sMHOXKAIOIMMXCA caMok. B
pa3MHOXEHHEe MOIYT BCTYNaTh oTcTaloumpe (marginal) caMKy, KOTOpBIC BHOCAT BKJaj B YBEJIHYEHHE BapHaHChI
pasMepa BBIBOJIKA.

CpenHuii BO3pacT MONOBOI 3peNocTh 00paTHO BOPPENMPYET ¢ BAPHAHCON OCANKOB B MPEIblIYILEM roiy
(tabn. 5). Tak kak BapHaHca 0CaKOB KOPPEIUPYET CO CPEHEH 0CANKOB, BbICOKAS BapalHCca 0Ca/IKOB CBA3aHA ¢
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XOpOUIMM Ce30HOM BeEretalMyl W JacT BO3MOKHOCTB GOHBHJCM)( YHCY CaMOK JOCTH4b PENpPOUAYKTHBHOrO
coctosnus. Otcro/a CNelyeT, 4To B CIEAYIOWEM IOy pasMHOXKATCA Gonee MoNIOIBIE CAMKH, a cpe,umiﬁ BO3pacT
NoJaoBOH 3peJIOCTH NMOHU3NTCA.

PesloMe U 3aKnO4YeHue

Hu 0auMH H3 TioKazarenei TCMI'IEpaTypb[ HDCTOBCPHO He CBsA3aH ¢ OCODEHHOCTAMH XU3IHEHHOIO HHKIIa
CYPKOB HM B TEKYILHH roll, HH B NpenblAyuMil. YPOBeHb reHepalluy, CTeNeHb POACTBA, NPOLEHT MAaTEPHHCKOH
BBIKHBAEMOCTH H IIPOLEHT BBUKMBAEMOCTH MOJOALIX AOCTOREPHO HE CBA3AHBI HH C KakMM H3 NOTOJHLIX
Q)BI{TOPOB B .1'1}060!\-1 aapuau're aHanviza. MHOXKecTBEHHAd KOppCHHLlHS HE HOD.TBEp,[ll'IJ]a CBH3Zb MOKIY
BBIAHBAEMOCTEIO B3POCIIBIX H JHOﬁb!M H3 tl)aKTOPOB [oroast B Tf:KyulCM I"O,L[y, d BBIAKHBAEMOCTh MOJOIBIX H
HeMaTCpHHCKaA BBIKHWBAEMOCTE HE Koppennpy}()'r HH C OIHHM M3 (l}aKT{)pOB norojasl, Kak 3¢¢€KT
rIOCJIc,{leﬁC‘I'BHﬂ, OTHOCHTENILHO IIpE:H,I:II.{y mWEero roga.

Paamcp KOJMIOHWH, BEDKHBaeMOCTE H pa.mep BEIBOJKA 60.!188 BOILBEp}Ke Hbl BJIHAHHIO ITOTOJHBIX QJEKTOPOB.
l—[DKaSEHO, UTO OCaiKH, HpOJIOJT)KﬂTeHLHOCTb BETETAILIMOHHOTO NEPHOAA W NMPOHOIKHTENBHOCTE 3MMbI ARIAKOTCA
rMmaBHBIMH tban:ropamu noroasl, BNUAKILIHMH Ha peH]JOJlYKTHBHOCTL H BLIDKHBAeMOCTb. Hﬂ'repnpe'rauus TOIO,
KAk q)ax'ropb; 110rojisl BIHAHOT Ha OCOGCHH(}CTH HHIHEHHOTO LHMEKNAa CYPKOB MNOATBEPMIAET, HYTO BIHAHMIO
OCOGQHHO CHIBHO n(mnepnceﬂo COCTOAHHE MHKHMBOTHBRIX H 4YTO OT AJIMTEIIBHOCTH BO3BBﬁCTBHﬁ 3ABHCHT
BEIKHBAEMOCTE XKUBOTHEIX H HX peﬂpOﬂyK‘I‘HBHOCTB.

bnarogapHocTH
Ota pabota 6sina eeirofHeHa B buonornyeckoii Jlaboparopun Cramuctsix I'op, Konopazo, # 4acTHYHO
nojuiepkana rpaiTom Harmonansuoro Haydsoro gonna n rpantom OAS Vuusepcutera CepepHas Aiiosa.
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