
Changes in plasma DHEA, testosterone (T) and 17-B-oestradiol (E2) levels were examined in domestic
geese of both sexes in the fall and winter. The levels of steroid hormones were determined in blood plas-
ma by means of radio-immunoassay (RIA). A so-called second (autumn) cycle was induced in geese via
a dark-room preparation and natural keeping conditions. The plasma levels of DHEA showed a minor
peak at onset of the autumn breeding and a major one prior to the more intense spring reproduction in
both sexes. The seasonal curves of plasma DHEA appeared fairly similar in ganders and layers and with-
out considerable differences between the absolute values. In ganders, plasma DHEA peaks preceded the
elevations in T levels in the fall and spring alike. With layers, in turn, the autumn and spring peaks of
plasma DHEA appeared after the peaks in E2 levels. With ganders, the concentration of plasma T seemed
to predominate between the two androgens throughout the experimental period. With layers, in turn, the
concentration of DHEA surpassed the level of plasma E2 at the time of the peak periods and other times
during the study, as well. In domestic geese, DHEA is probably involved in the autumn physiological
processes and the induction of reproduction during fall and early spring periods, alike.
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INTRODUCTION

Biochemistry and endocrinological effects of steroid dehydro-epiandosterone
(DHEA) have primarily been dealt with in human-clinical aspects as well as in mam-
mals [5, 13, 16]. DHEA is primarily synthetised in the adrenal cortex but the gonads
also have a considerable secretion activity. Secretion is of circadian and seasonal
nature [6, 7, 8].

We know but little about the production of free and possible conjugated forms of
DHEA and its physiological role in birds though its biosynthesis seems likely in
testes, [25] ovaries [15, 20] and in the inter-renal substance [22], alike. More recent-
ly, DHEA has been identified as an important neural steroid that can be demonstrat-
ed in different regions of avian brain [26, 27]. DHEA is produced by theca interna of
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the avian ovary from progestagenes produced by granulosa cells [29]. In birds,
DHEA is likely bound to the progesterone receptors that means different circum-
stances compared to mammals [21]. Apart from reproduction, DHEA has likely an
influencing effect on singing, as a behavioural form, and on the formation of territo-
rial aggression in the fall and winter [23, 24, 28].

Little literary data is available concerning the role of DHEA in the seasonility of
birds. With the Great Bustard, an independent seasonal secretion of DHEA and
testosterone has been demonstrated, that could be related to the changes in the dis-
play behaviour [1, 2]. With starlings, appearances of the late-summer-autumn singing
together with a considerable elevated plasma DHEA level have suggested that this
androgen may be involved in the formation of the autumn sexual behavioural forms
[19]. Published data refer exclusively to male birds and we know nothing about a
possible role of DHEA in layers. The aim of this paper was to reveal whether DHEA
may have any sort of role to play in the formation and course of the autumn and
spring production cycles in domestic geese of both sexes.

MATERIALS AND METHODS

The experiments were carried out on the grey Landais goose flock of the Babat
Goose Breeding Centre in the period between mid-August and early-February. Geese
were kept on deep litter in goose houses provided with runs. Feed and water were
provided at free access. The flock was divided into two groups comprising 24 gan-
ders and 100 layers each. Geese in group 1 were prepared for the second (autumn)
production cycle via dark-room keeping. Namely, plucking was followed by a 5-
week active resting then a dark-room preparation (0.1 lux per m2) commenced at
late-June and lasted for 4 and 6 weeks with ganders and layers, respectively. Geese
in group 2 were kept under natural illumination during the summer period. From 17
of August, geese in each group were kept under an illumination 12 L–12 D, using a
sex-ratio of 1 : 4. The egg production period commenced from mid-September and
lasted till early-February, while increases appeared in egg-laying in the spring.

Blood was taken from the wing vein of 30 geese per group in the morning hours,
at weekly then at monthly intervals. The blood samples of approximately 5 ml were
collected in tubes containing 1% EDTA solution. Plasma was separated by a 20
minute centrifugation (3000 rpm per min). Plasma samples were then stored in
Eppendorf-tubes at –20 °C until the analysis for steroids.

Concentrations of the steroid hormones were determined by means of radio-
immunoassay (RIA) after a triplicate extraction in diethyl-ether. RIA of testosterone
(T) and 17-B-oestradiol (E2) was performed according to Jallageas’s [9] method and
Mikhail and colleges’ [12] method, respectively, using 200 μl blood plasma extract.
RIA of DHEA was performed according to Fehér & Poteczin’s (personal communi-
cation) method using 100 μl blood plasma extract.

The significance of differences between mean values was evaluated by two-sam-
ple t-test (Microsoft Excel).
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Table 1
Plasma dehydro-epiandrosterone levels in domestic geese (x±s, pg/ml)

Natural Natural Dark keeping Dark keeping 

x s n x s n x s n x s n

17.08.2000 109.28** 16.94 10 113.34 48.38 8 51.89 20.76 10 69.22 33.17 16

24.08.2000 36.79** 27.99 6 69.09** 40.49 12 67.11* 32.57 10 67.29** 47.97 14

14.09.2000 209.96* 119.17 9 317.77** 156.65 22 205.26* 138.5 10 279.59** 99.16 22

20.09.2000 426.93** 248.27 11 360.55* 267.54 15 346.38 281.2 12 463.96* 261.99 19

28.09.2000 161.27** 85.57 10 295.99* 193.72 15 393.81 228.29 11 265.37* 204.42 11

12.10.2000 385.29** 162.18 13 502.25* 256.84 21 471.41 177.79 13 414.77 139.75 19

23.11.2000 306.67 119.91 11 327.02** 135.46 18 593.32** 332.25 11 391.83** 219.62 15

13.12.2000 211.5 110.89 9 229.61** 74.6 24 221.83** 98.1 11 235.12** 97.29 22

18.01.2001 693.29* 529.64 8 816.18** 198.61 8 1133.38** 182.21 10 982.6** 473.59 12

25.01.2001 640.25 199.36 7 695.4 228.18 11 698.35** 133.84 9 467.48** 209.78 8

08.02.2001 348.97* 270.12 12 644.8 443.36 17 261.44** 179.89 9 417.6 254.88 20

*<0.05, **<0.01 indicate the significant differences.
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RESULTS

We could demonstrate DHEA in considerable concentrations in the plasma of gan-
ders (70–1000 pg per ml) and layers (100–800 pg per ml), as well. The mean values
for plasma DHEA were comparable between the two sexes.

Plasma DHEA showed a definite seasonal variation that was fairly similar in both
sexes of geese during the studied period (Table 1). The seasonal curve of plasma
DHEA was characterised by a minor peak between late-September and mid-October.
The increase in DHEA concentration was significant (p < 0.01) between 24 August
and 12 October both in males and females. In the winter and early spring a major
annual peak occurring between mid-January and early-February.

The autumn peak of plasma DHEA, appearing in ganders (418–460 pg per ml) and
layers (434–461 pg per ml), coincided with the autumn reactivating of reproduction
(i.e., commencement of copulation activity and egg production). The autumn repro-
duction period was established spontaneously among geese kept under natural con-
ditions. However, among geese kept in the dark, the cease of the photo-refractory-
state of the low intensity light was also involved in this phenomenon.

Changes in the plasma levels of DHEA and testosterone, and the ratios of these
two androgens were compared to the egg production curve among geese prepared in
the dark and under natural conditions, respectively. Plasma T level showed a peak in

Fig. 1. Seasonal changes of DHEA and T plasma levels in ganders kept in natural environment during
the fall and the early spring reproduction. A minor autumnal DHEA peak coincides with the sexual

reactivation. *p < 0.05; **p < 0.01
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Fig. 2. Seasonal changes of DHEA and T plasma levels in dark kept ganders during the fall and the early
spring reproduction. A minor autumnal DHEA peak coincides with the sexual reactivation.

*p < 0.05; **p < 0.0

Fig. 3. Seasonal changes of DHEA and E2 plasma levels in female geese kept in natural environment
during the fall and the early spring reproduction. A minor autumnal DHEA peak coincides with the

sexual reactivation. *p < 0.05; **p < 0.01
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Fig. 4. Seasonal changes of DHEA and E2 plasma levels in dark kept female geese during the fall and
the early spring reproduction. A minor autumnal DHEA peak coincides with the sexual reactivation.

*p < 0.05; **p < 0.01

Fig. 5. Seasonal changes of DHEA plasma levels in ganders and female geese kept in natural environ-
ment during the fall and the early spring reproduction. An autumnal increase of DHEA concentrations

typical both in males and females. *p < 0.05; **p < 0.01



August in each group prior to the peak of plasma DHEA appearing between late-
September and mid-October.

The high T-levels appearing in ganders prior to reproduction could be related with
the growing phase of new feathers in the prenuptial moult. Compared to this, DHEA
appeared with a certain phase lag in each group when lower T levels occurred in the
plasma. The subsequent increase in T level introducing the autumn reproduction
cycle appeared after the peak of DHEA (Fig. 1).

Among layers prepared under natural conditions or in the dark, plasma E2 and
DHEA concentrations increased with a similar tendency at the onset of egg produc-
tion. Layers differed from ganders in as much as their DHEA levels were higher than
the levels of the oestrogen. Following the autumn increase, the concentration of plas-
ma DHEA proved higher than the plasma E2 level at any time of measurements (Figs
3–4).

In the late winter, very high plasma DHEA concentrations appeared in ganders
and layers alike, producing a seasonal peak. This DHEA peak preceded the T peak
in ganders prepared either under natural conditions or in the dark (Figs 1–2). In goose
layers the DHEA peak appearing in late-winter was considerably higher than the
peak in E2, and in this case it appeared after the peak in E2. Consequently, the quan-
titative relations also differed between the two steroids (Figs 3–4).

The comparison presented above revealed no significant difference between the
two sexes of geese and even between the two keeping technologies in respect of the
changes in plasma DHEA concentrations. With goose groups prepared under natural
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Fig. 6. Seasonal changes of DHEA plasma levels in dark kept ganders and female geese during the fall
and the early spring reproduction. An autumnal increase of DHEA concentrations typical both in males

and females. *p < 0.05; **p < 0.01
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conditions and in the dark, a minor autumn peak appeared that coincided with or lit-
tle preceded the autumn peak in egg production. At late-winter, DHEA peaks also
coincided but here they definitely preceded the late-winter (spring) peak in egg pro-
duction (Figs 5–6).

DISCUSSION

In birds occurring in temperate and cold zone and displaying a definite seasonality,
the spring and summer events of the life cycle can be specified well and their regu-
lation is well known [3, 4, 14]. In the autumn period, in turn, partial reactivating of
sexual activity (courting behaviour of males, recurrence of singing resembling the
spring song, aggression, even copulation, occasionally) frequently occurs following
the post- and prenuptial moults. In domesticated species newer breeding cycle can be
induced or it may appear spontaneously in this period. There is a considerable
increase in plasma sexual steroid levels at this time [10]. In wild birds, in turn, the
plasma levels of sexual steroids are low in the autumn period [17, 18, 23]. The ques-
tion is what kind of hormonal background can create those behavioural patterns iden-
tical with the breeding season during the autumn period? Our recent studies have
suggested that concentrations of DHEA were elevated in plasma and faeces of the
mallard duck [11], the great bustard [1, 2], and the starling [19] following the late-
summer moults.

In the present experiment we did detect changes in plasma DHEA levels of
domestic geese during a longer period and compared with the changes in plasma
testosterone (ganders) and 17-B-oestradiol (layers) concentrations. The experimental
design enabled us to study a provoked and a natural autumn reproduction cycle,
respectively. With ganders, very low summer levels were followed by significant
increases in plasma concentration of DHEA simultaneously, or after a certain lag
with the levels of plasma testosterone, at the onset of reproduction. These data sug-
gest that the commencement of sexual activity and its background in behavioural-
physiology could be associated with the increases in DHEA level. With layers, plas-
ma DHEA levels increased to a similar extent at the time of autumn sexual reacti-
vating, which again supported the possible role of this androgen in the induction of
the reproduction cycle. The second seasonal peak of DHEA appeared in ganders as
well layers in late-winter, just prior to the onset of the spring cycle. With goose lay-
ers, the increase in oestrogen levels introducing the reproduction period preceded the
formation of the DHEA peaks in the autumn and spring alike. It could be stated that
plasma DHEA levels varied parallelly in ganders and layers with fairly comparable
absolute values. We postulate therefore that androgen DHEA exerts its effect practi-
cally in the same manner in both sexes.

This effect is manifested rather via the overall metabolism and regulation of
behaviour than in the regulation of the steroid-genetic part processes. The autumn
and spring increase in plasma DHEA levels may suggest a certain similarity between
the evolvement of the sexual cycle in geese and the events of early human puberty



[13, 16]. The increase in the hormone level may have a role to play in the activation
of the hypothalamo-gonadotroph system and in the formation of the characteristic
behavioural changes introducing the period, as well.

With domestic geese, unlike other avian species (starling, bustard and song spar-
row), the autumn reactivating attributable to increases in plasma DHEA implies not
only behavioural-physiologic changes but may also introduce changes closely resem-
bling the spring reproduction cycle.
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