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Offspring sex ratio in relation to body reserves in red decr
(Cervus elaphus)

By W.T. Fruick, San Carlos de Bantoche
1 Introduction

The debate continues; can mammals actually control sex ratio adaptively (HarDy, 1997)?
There are ambivalent data on factors that influence the offspring sex ratio in red deer fCervus
elaphus). and patterns of sex-ratio variation reported in the literature are often inconsislent
(HFwisoN el al., 1999). Intuitively. environmental conditions favoring a numeric responsc of
a population would be expected to result in mere female offspring due o their direct contri-
bution to the intrinsic growth rate of the population. Several cervid species exhibit this
response (ViRmME, 1983, [985). In contrast, under overt environmental conditions it is advan-
tageous te have more males because this lowers the intrinsic population growth rate and also
reduces local competition by providing mere dispersers, a commen trait among cervid males,
Red deer were infroduced Lo Pataponia in the 1920s and have reached high densities in areas
of the forest-steppe ceotone. This study is bascd on a singular extreme climatic event that
occurred in Patagonia during the spring to autumn of [998/99 and resulted in a natural exper-
iment. Some important attributes of this study include the absence of possible medium and
long term adaptive phenomena due to the punctual event and the temporal proximity of aver-
age, overt and favorable environmental conditions.

2 Study Area

The study area is located in the Nahuel Huapi National Reserve (409587 3. 717127 W), Argenti-
na. The topography is primarily mountainous with most features formed by glacial processes.
The dominant climate is temperate wilh most precipitation occurring between Apnl and
September. There is an abrupt precipitation gradient from west to cast due to the rain shadow
effect of the Andes which results in a strongly defined vegetation strueture and [Noristic com-
position. The study sites are between 980 and 1,200 m elevation and rcpresent the ecotone
between forests and steppe. Patches of [orests are characterized by false beech (Nothofagus
antarctica) and cypress (Ausirocedrus chilensis) at lower elevations and are replaced by decid-
uous lenga (Nathofagus pimilic) at higher clevations. Torest patches at Jower elevations alter-
nate with wet grasslands with abundant growth of herbaceous plants whereas at high ¢levalion
ihey arc replaced by grass-dominated steppe containing Stipa speciosa var. mdjor and Festu-
cu pallescens, with variable occurrence of brush species like Mulinum spinosum, Berberis spp.
and Colletia spinosissima. Riparian arcas also contain galleries of Lomatia hirsuta, Mayienus
hoaria and Schinus putagonicus trees,

3 Climatic Conditions

The extremely dry and hot spring/summer 1998-1999 has been referred to as the drought of
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the century in much of Patagonia, including Chile, A weather station al 41° 07 S, 71° 15 W,
at an elevation of 775 m, is considered representative ol the historic climatic conditions for
the arca (Meteorologia, INTA Estacidn EFA, Bariloche), and data collected rcgularly since

1981 were analyzed. ‘ )
Summer through winter 1998 was already substantially dry with only 320 mm of precipitation

compared to the average of 663 mm received during 1981-1997. This drought continued
through the following spring 1o autumn 1999, producing only 145 mm of precipitation as com-
parcd to the average ot 454 mm for 1981-1996. Furthermore, this dry period was accompanied
by below average humidity and very hol lemperatures, Hence, the patiern of the lemperature-
precipitation relationship was very different as comparcd to averages of the historic climatic
conditions for the past two decades {Fig.1). The substantially higher temperature in 1998-1999
resulted in an increased potential evapotranspiration ratc and the water Jeficit was cffectively
higher than would be indicated by the amounts of precipitation, Thus. afier correcting for these
temperature differences, the period of October 1998 1o April 1999 received only 17% of pre-
cipitation as compared (o the average of 1982-1997. Water stress was so intense thal there was
a high mortalily rate among evergreen conifers and broad-leafed trees of all age classes,
inchuding old growth trees (Nothofagus dombeyi).

The year following the drought conditions provided exccllent conditions for primury pro-
duction, The total amount ol precipitation conformed to the 1981-1997 average, however, the
summer of 200 received 11% more precipitation than the average of previous years. In addi-
tion, spring and summer monthly average tempceratures in 2000 were 1°C higher than the
L981-1997 average and together with good summcr rains resulted in high primary productiv-
ity.

4 Materials and Methods

L approached adult females by stalking and colleeted specimens at first sight without regard
for age or size (females >2 vears old) using 4 rifle. I noted the time. location and morphoine-
tric measurements (head, tail and total length; shoulder height; hind foot length; girth;
diastema) (MITCHEL et al., 1976), and determined the state of lactation. To measure Tal reserves
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and determine the reproductive and health swtus, [ performed standard neeropsies (WoOBESER
and SPRAKER, 19801, [ considered a female primiparous according to the physiognomy of the
uterus and udder. The (ormer are smaller, with 2 smoother surface, less vascularized, a thinner
utering wall and pinkish white color; the latter exhibit non-wrinkled smooth skin and smaller
teals. I measured rump fat, brisket fat, omental it and kidney fat (DAUPHINE, 1976; KISTNER
etal., [980; Austin, 1984; ANDERSON etal., 1990) and cxamined females without a fetus care-
fully to determine its cause. Parturition as a cause was readily indicated by the date of collec-
tion, the physiognomy and absence of gross pathology of uteri, and the state of the udder. |
determined the occurrence of abortions based on the enlarged size of uterd in pregnant females
(LanGyaTN, 1992a), the presence of placentitis (e.g. seropurulent exudate, separation of chori-
on from endometrium, edemalous chorion, necrosis), endometritis, or retained fotal mems-
branes (JonEs and Hunt, 1983). Abortions resulting from infections defay the involution of the
uterus, sometimes indefinitety, and thus are readily detected at a later time. Resarption was
defined as the occurrence of a dead embryo or fetus without indications of infectious disease.
I determined the lack of pregnancy based on the size and absence of pathology of (he utcrus,
the date of collection, and the absence of a corpus liuteum verum (CLV) (LANGVATN, 1992D).
Ovulation without conception results in eorpus luteum spurium {CLS), however MACTosCapl-
cally, it disappears within 30- 45 days (LaNGvaTn, 1992b). The pregnancy rates were com-
pared among years in the same study area: 1992-98 (1 = 88), 1999 (n = 50) and 2000 (m="70),

Herd composition counts throughout the study area were conducted during summer-autumn
from vantage points using 20-40x spotting scopes to classify animals as cither adult female,
calf or male. Population density was estimated from pellet groups along two permanent Lran-
sects 5 and 2.5 km long installed in 1994 in the study (circular plots, r = 2.5 m). The cenlers
of cach plot were spaced at 50 m and permancntly marked. After each reading, fecal pellets
were removed from all plots. Plots were evaluated twice per year in 1994 and 1995, and twice
per year since 1999. [ aged deer comparing tooth cruption and tooth wear patterns to a refer-
ence sct of known-aged jaws from | to 18 years obtained from deer (rom the same area. The
sct was prepared using cementum annuldi analysis (n = 99).

Fanalyzed the sex ratio using the nermal approximation of the binominal test (Zar 1996), |
compared means using the 2-sample T-test and analyzed frequencies using the Fisher’s exact
test (at o = 0.03).

5 Results

Population density
The standing crop of fecal pellet groups was (.61 groupshn2 (SE = 0.05) in 1994 and 0.63

gmupsfn12 (SE = 0.03) in 1999. This implies that Lhe deer density in 1994 remained cssential-
ly the same up to 1999 (or possibly increased stightly). However, whereas the deposition rate

for spring to autumn in 1994/95 was 0.96 grou s,’nlzs’ycar (SE = 0.009), it dropped to .74
p group ) P

groups/mzfycar (SE 0.009) from spring to autumn 1999/00. This indicates an overall pop-
ulation reduction of 23%. Mt supports frequent field observations of dead females during the
winter after the drought as well as during the following parturition period. For instance, on
several occasions dead females were found within a few meters of newborn calves.

Reproductive rates
The pregnancy rate of adult femaies was 98% in 1992-98 (¢ - 88), then dropped to 56% lol-
lowing the drought (n = 50), and rebounded (o 100% in 2000 (7 = 70). There were no cases of
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reabserption, abortions, CLV or CLS in non-pregnant females following the drought. Also, no
yearlings were found pregnant. only 77% (= 13) of 2 year-olds conceived, and females older
than 3 years conccived at a rate of merely 51% in 1999 (2 = 35) (FLURCK, 2001a).

Relative foraging pressure

During the summer-auturmn of 1992, 58 calves per 100 females (7 1,242) were counted. As
the pregnancy rate among adult [emales was nearly 100%, and assuming that 15% of the
females were subadults (yearlings) with a fow probability of having been pregnant, this indi-
cates a loss of about 33% calves during the neonatal period, Luctating females have a 2-3 times
higher forage consumption rate as compared to barrcn females. Thus, in terms of forage con-
sumption, a 1992 summer population of 100 femules can be described as consisting ol 13 bar-
ren yearlings, 29 barren adult females and 58 x 2.5 = 145 *barren” adult females, making 4 total
of [87 barren female equivalents. In contrast, the suminer population following the drought
had a very distinct composition and only 30 calves per 100 [emale (r = 472) were counted,
corroborating the preceding pregnancy rate of only 56% among adult females. Thus, in terms
of forage consumption, the 1999 summcr population of 100 females can be deseribed as 13
barren yearlings, 53 barren adult females and 34 x 2.5 — 85 “barren’ adull females, making a
total of 151 barren female cquivalents, However, as about 23% of the females died during the
winter and parturition period following the drought, this summer population consisted ol about
116 barren female equivalents. Therefore, the pressure on the swmmer range in 2000 with
above-average primary productivity was only about 62% as compared to previous years,

Badv condition

Femalcs were severely undernourished after the drought. Of several fat reserves evaluated,
they were very low for all females (n = 52), reaching on average only 0.1 mm of rump fat, 0.44
mm of brisket fax. and 0.28% of omental fat, irrespective of reproductive stalus. The kidney
fat index (fat mass/kidney mass) in aulumn/winter 1992-1997 (= 33) was 58.7 (SE - 0.4),
whereus in autumn/winter after the drought (# = 523 it was 0.1 (SE = 0.66). In contrasl, in
autumniwinter of 2000 (4 = 48) the index was 80.3 (SE = 0.5) (T'ig. 2).
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Scveral biological parameters measured after the drought were similar 1n pregnant and non-
pregnant

females. Chest girths as an index to body size ranged from 108 to 136 cm (£ = 0.31), and
the median ages of 5.6 (SE = (L61) years in pregnant (¢ = 28) and 7.6 (SE = 1.0) years in
non-pregnant femalcs (2 = 22) were also similar (/= 0.08).

Fetal sex ratio

Afier the drought. females were at cxtremely low levels of body condition during breeding and
al the borderline where coneeption can still occur (FLUECK, 2001a). The fetal sex ratio (1 = 69)
was 46% males during 1992-98, whereas after the drought it was 71% males (7 = 28) (2-tailcd
normal appreximation: 0.02 < P < 0.05 ). Mothers with female or male fetuses averaged 6.7
and 5.2 years, respectively (P = 0.14). Of the primiparous females (2.5 years old), 90% had
male fetuses. the following age class had all femalc fetuses, the middle age class (4-8 vears
0id) had all males, and elder females had equally male or lemale fetuscs. The extremely good
conditions during spring/summer of 199%/00 resulicd in a subsequent fetal sex ratio of 39%
males (n = 70). However, primiparous females had all female fetuses, the lollowing age class
had equally male and femalc fetuses, the middle age class had 62% females, and older females
had 86% female fetuses.

6 Discussion

The interplay of the environmental conditions with the population and reproductive dynamics
of red deer resulied in 3 very distinct settings separated by only one year cach. Specifically, a
well-performing population expericnced a period of years with average climatic conditions
which was followed by a severe drought. Deer were not able Lo build up body reserves before
rutting and the pregnancy rate was reduced by nearly 50%. This was likely due to failure of
ovulation becausc there were no signs corpus luteum verum nor spurium. Due to the extreme-
ly low bedy reserves, an estimated 23% of the female population subsumed during the fol-
lowing winter and parturition perieds. The following spring and summer conditions were
above normal in terms of precipitation and temperature resulting in high primary produclivi-
ty. lowever, there were less deer due to the drought-related incrcase in mortality, and there
were alsa 55% less lactating fomales, and hence, the browsing pressure was reduced by about
62%. Conseguently, body conditions measured in the loliowing autumn were the highest on
record since meniloring began in 1992,

The severc drought of 1998/99 reduced the reproductive rate of adult deer substantially
(FLUECK, 2001a), and skewed the sex ratio of fctuses heavily towards males (FLUECK, 2001h).
The factor determining conception most likely is body condition with respect to fat reserves
during the rut (FLurck, 1994), The preponderance ol primiparous females among pregnant
animals after the drought can be explained because they had not been pregnant before and
{herefore, were in better condition allowing ovulation to occur cven under these severe envi-
ronmental conditions. As they were on the borderline of bedy condition allowing ovulation
and their actual reserves were completely depleted at necropsy, these lemales represent ani-
mals of extremely low body condition. Contrary to several studies concluding that red deer
females of better condition carry principally male fetuses (CLUTTON-BROCK et al., 1986,
KonLMany, 1999 Kruuk et al., 1999), 1 show the opposite. The biascd felal sex ratio duc ta
overt environmental conditions reported here was not a result of potential sex-biased fetal
mortality as suggested by Kruuk et al. (1999) becausce there were no signs ol reabsorptions or
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abortions. Rather, the extreme climatic conditions of only one season precipitated an unusual-
lv strong response, but opposite to the predictions by TRIVERS and WILLARD (1973) that only
females in good condition should produce morc mafe offspring. Significantly, the superb con-
ditions in the following vear resulted in a distinctly female biased sex ratio, also in contrast to
predictions by TRIVERS and WILLARD (1973). As the pregnancy rate was 100%, differential
fetal mortality as an adaptive mechanism (Kruux et al,, 1999) can be excluded.

The temporal proximity of scveral average years and a severc drought followed by an
above-avcrage year shows clearly that the effect on the population with respect to changes in
oftspring sex ratios was immediate and contrary to several other reports. In particular, due to
the imminent chronology of events, the obscrved changes were unlikely related to changes
within the female population, such as changes in age structure or dominance rclationships.
Rather, a conclusive relationship to energy reserves during breeding cmerged as the underly-
ing principle affecting the offspring sex ratios.
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Summary

Red deer (Cervus elaphus) introduced to Patagonia have reached high densitics in forest-
steppe ecotones and have been monitored since 1992, Scvere drought conditions prevailed
during spring to autumn of 1998/99, followed by a spring-summer (2000) with above average
moisture and temperatures, resubting in high primary productivity. At the same time and duc
ta the previous drought, there were less deer and fewer females with calves, resulting in the
highest recorded level of physical condition of females. | compared olfspring sex ratios of red
deer during an average period (1992-98), a drought year (1999), and an above-average year
(2000).

Adult females collected and examined during winter 1999 (# = 50) revealed a pregnancy
rate of 56% as compared to 98% in 1992-9% (5 = 88), or 100% in 2000 (n = 70). Body fat
reserves in 1999 were severcly depleted in most animals, irrespective of reproductive status;
there were no signs of resorptions or abortions. The fetal sex ratio (n = 69) was 46% males
during 1992-98, 71% males after the drought, and 39% males in 2000, Primiparous 2-ycar old
females had 90% male and 100% femalc fetuses in 1999 and 2000, respectively. Mothers with
female or male fetuses averaged 6.7 and 5.2 years, respectively (P = 0,14).

The male-hiased and femalc-biased offspring raties in 1999 and 2000 contrast other ICpotrts
that only females in best condition tend to have male-biased oflspring. The temporal proxim-
ity of average years, a drought followed by an above-average year shows that changes in off-
spring sex ratios were immediate. In particular, due to the imminent chronology of events, the
observed changes were unlikely related to changes within the female population, such as
changes in age structurc or dominance relationships. Rather, a conclusive relationship 1o encr-
gy reserves during hreeding emerged as the underlying principle affecting the offspring sex
ratios.
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Zusammenfassung

Geschlechierverhilltnis der Nachkommen im Verkdltnis zu den Kdrperreserven beini

Rothirsch (Cervus elaphus)
Dic in Patagonien eingebiirgerten Rothirsche haben im Wald/Steppe-Okoton hohe Dichten
erreicht und werden seit 1992 untersucht. Von Trithjahr bis Herbst 1998/99 herrschie eine
schwere Diirre, gefolgt von Giberdurchschnittlich hohen Niedersehlagen und Temperaturen im
Friihjahr und Semmer 2000, die zu eincr hohen Primérproduktion fiihrten. Gleichzeitig und
bedingt durch die voraus gepangenc Diirre gab es weniger Individuen und weniger Weibchen
mit Kélbern. In der Folge wurde dic hochste Kérperkondition der weiblichen Tiere festgestellt.
Verglichen wurde das CGieschlechterverhiittnis der Nachkommen wihrend cines durchschnit-
tlichen Zeitraums (1992-98), cines Diirrejahres (1999) und cines {iberdurchschnittlichen
Jahres (20001,

Die im Winter 1999 gesammelten und untersuchten adulten Weibchen (n = 50)
wiesen eine Trichtigkcitsrate von 56% auf, verglichen mit 98% im Zeitraum 1992-98 (i = 88)
und 100% im Jahr 2000 (n = 70). lm Jahre 1999 warcn, unabhiingig vom Reprodukticnssta-
tus, die Kérperfett-Rescrven der meisten Tiere stark verringert; es (anden sich keine Anzcichen
fiir Fetenresorptionen oder Aborte. lm Zeitraum 1992-98 waren 46% der Feten (n = 69)
minnlichen Geschlechts, nach der Diirre 71% (= 28) und im Jahr 2000 39%; (n = 70), Ersl-
gebirende 2jihrige Weibchen hatlen 1999 zu 90% minnliche Feten, im Jahre 2000 zu 100%
weibliche Feten. Das Durchschnittsalter der Miitter mit weiblichen Feten betrug 6,7, dasjenige
der Weibchen mit ménnlichen Feten 5,2 Jahre (P =(.14).

Die zum ménnlichen bsw. zum weiblichen Geschlecht verschobenen Geschlechter-
verhiltnisse der Nachkommmen in den Jahren 1999 bzw. 2000 stehen im Gegensatz zu Bericht-
en. nach dencn nur Weibchen in bester kérperlicher Verfassung mehr ménnlichen Nachwuchs
produzieren. Dic zeitliche Nihe von durchschnittlichen Jahren, einem Diirrejahr und einem
{iberdurchschnittlichen Jahr belegen, dass dic Verinderungen im Geschlechterverhiltnis der
Nachkommen unmitielbar erfolaten. Wegen der Chrenelogie der Ercignisse ist es
anwahrscheinlich, dass die festgesteliten Anderungen im Geschlechterverhiltnis zu Verdn-
derungen im Weibchenbestand, wie zum Beispiel veridnderter Altersstruktur oder gednderten
Dominanzverhilmissen, in Bezichung gesctzt werden kdnnen. Vielmehr ergab sich eine
schliissige Bezichung zu den Enerpiereserven withrend der Fortpflanzung als bestimmender
Faktor fiir das Geschlechterverhiltnis der Nachkommen,

Schitisselwérter:  Korperkondition, Cervus  elaphus, Umweltbedingungen, fetales
Geschlechterverhiltnis, Reproduktion
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