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Summary. Seasonal changes in testicular and accessory gland weights, histological
testicular structures, fructose and citric acid concentrations in two accessory glands and
plasma testosterone levels were determined in adult male hedgehogs living in middle
western France.

Testicular activity started in winter (from December to February) during the last part
of the hibernation period. During this resumption period, testis weights as well as all the
testicular structural features (Leydig cell volume ; length, diameter and volume of semini-
ferous tubules) increased. These changes were correlated with similar variations in plasma
testosterone concentrations and accessory gland features (weight, fructose and citric acid
contents). However, maximal development of endocrine testicular function was reached
about one month before the completion of spermatogenesis and the maximal development
of androgen target organs. Testicular activity was high from February-March to August-
September, according to the year. After thespring peak corresponding tothe main breeding
period, a decrease in testicular activity was always noted in May-June. The values of the
testicular features then remained high or increased again and a second breeding period
always occurred. Finally, involution began at the end of summer but the endocrine function
of the testis decreased before the exocrine function. All the gonadal functions were depressed
from September to November. Our results show that in middle western France, one of the
southern-most countries characterized by a mild, temperate climate, the testis of Erinaceus
europaeus L. is activated earlier and the breeding season lasts longer than in any of the
other European countries cited in the literature.

Introduction.

The hedgehog (Erinaceus europaeus l_.), an hibernating mammal, has a fairly
wide distribution in Europe from the arctic circle to the40th north parallel. Hibernation
occurs during autumn and winter and ends at different times in the spring, depending
on the latitude and the climate (Finland, end of April : Kristoffersson and Soivio, 1967 ;
Sweden, end of March-beginning of April : Johansson and Senturia, 1972 ; Denmark,
April-May : Walhovd, 1973, 1975 ; England, April : Morris, 1973 ; Germany, March :
Herter, 1933 ; Switzerland, March-April : Berthoud, 1978 ; France, mid-February :



Saboureau, 1979). Previous studies on the reproductive cycle in male hedgehogs
(Marshall, 1911 ; Courrier, 1927 ; Allanson, 1934 ; Mombaerts, 1943 ; Girod and
Cure,1965 ; Saure, 1969) have been restricted to an analysis of testicular and accessory
gland weight or histological change. All these studies showed that the hedgehog
testis was quiescent in autumn under natural climatic conditions. Moreover, exocrine
and endocrine testicular functions are activated at the end of hibernation as in many
other hibernators (see review in Wimsatt, 1969). The time of the hedgehog breeding
season is related to the latitude, being earlier and longer in southern than in northern
countries (see review in Saure, 1969).

The earliest studies attempting to determine seasonal endocrine change used
indirect methods such as the measurement of fructose or citric acid contents in the

accessory glands (Mann, 1964). Mann (1963, 1964) studying the hedgehog showed
that fructose and citric acid were secreted in separate accessory glands but he did not
report any seasonal changes. Just recently, plasma testosterone concentrations have
been accurately determined in seasonally breeding wild mammals (see review in

Gustafson and Shemesh, 1976). In mammalian hibernators living under natural

conditions, androgen has only been reported in bats (Racey, 1974 ; Racey and Tam,
1974 ; Gustafson and Shemesh, 1976).

To our knowledge, no quantitative studies have been done on testicular features,
fructose or citric acid contents of accessory glands or on plasma testosterone level in
the hedgehog. The purpose of the present investigation is to correlate the seasonal

changes in these parameters in the hedgehog living in middle-western France. Such a
study poses the problem of ecoregulation of the annual gonadal cycle of an hibernator
widely distributed in Europe and living in a southern country.

Material and methods.

Animals. - Adult male hedgehogs were caught near the Chizé Forest (middle-
western France in the department of Deux-Sèvres ; latitude 46° 09’ N ; longitude
0! 24’ W). They were kept individually in 6 m2 surface-coated parks under natural
conditions of light, temperature and rainfall with food (commercial dog food [Canina,
Dusquesne-Purina] with chicken added) and water provided ad libitum.

In this study, the hedgehogs were used shortly after capture in the wild to reduce
the effects of stress (e.g., capture, transport) and captivity.

Methods. - Experiments carried out over several years determined the following
features : weight of genital organs, fructose and citric acid contents of genital acces-
sory glands, plasma testosterone concentration and histological characteristics of the
testis.

1. From 1969 to 1975. The interval between each sacrifice varied greatly from one
to several months, depending on capture, season and year (table 1). The animals
were anaesthetized with ether and killed by decapitation. The testes, epididymides,
accessory glands (seminal vesicle, internal and external prostates called « A », « B »
and « C » glands, respectively, according to Mombaerts nomenclature, 1943) (fig. 1)
were rapidly removed, weighed and frozen at -25 °C.





The fructose content of the « A » glands was determined by the method of Lindner
and Mann (1960). After the glands were ground with 80 p. 100 ethanol and centrifuged,
the supernatant was evaporated to dryness. The residue was taken up in water and
purified with appropriate quantities of 5 p. 100 S04Zn and 0.3 N, Ba(OH)2 adjusted
to the weight of the gland and the limits of the standard curve. The staining was
revealed using the method of Roe (1934) described by Mann (1964) ; intensity was
measured with a spectrophotometer (SAFAS).

The citric acid of the « B » glands was determined according to the method of
Lindner and Mann (1960). The glands were ground with 15 p. 100 trichloracetic acid
and centrifuged. After conversion to pentabromacetone, the citric acid in an aliquot
of the supernatant was measured by colorimetric determination with a spectropho-
tometer (SAFAS).

As the seasonal variations were remarkably reproducible from year to year, we
pooled the data gathered each month to obtain a better general view of the annual
patterns.

2. During 1975. The seasonal profiles of testis volume and peripheral plasma
testosterone levels were studied in 9 to 15 wild adult male hedgehogs per month.
The animals were anaesthetized with Fluothane (ICI Pharma) but not killed. Blood
was withdrawn from the jugular vein into heparinized tubes and centrifuged. Plasma
from each sample was divided into several aliquots and immediately stored at-25 °C
until assay.

At the same time, the testes which remained intraabdominal were measured in situ
after laparotomy (lenght : I ; width : w ; thickness : t) with callipers to the nearest

0.1 mm. The assimilation of the testis to a spheroid (Setchell and Waites, 1964) gave us
a good estimate of its volume, calculated by the formula :

Plasma testosterone (T) was measured by radioimmunoassay using a testosterone
RIA kit (Biomerieux, Fr.). In this assay, 5 «-dihydrotestosterone (DHT) was the only
hormone which could interfere ; DHT cross-reactivity for the antiserum supplied
with the Biomerieux kit was 45 p. 100. Consequently, the assay of a sample containing
both T and DHT gave total T concentration plus 45 p. 100 of the DHT concentration.
Moreover, a previous study in the hedgehog showed that the ratio DHT/T was always
< 5 p. 100 (table 2). So, assay of the total (T + DHT) effectively represented total testos-



terone concentration since the errors due to DHT interference was less than the inhe-
rent errors of the assay. 100 >1 of [3H]-testosterone were added to each aliquot of
plasma (0.1 ml during the activity period and 0.3 ml during the resting period) and
to two counting vials for recovery. The testosterone was then extracted twice with
5 ml diethyl ether. After transfer into a tube, the ether layer was dried under nitrogen.
One to 0.5 ml of buffer was then added and the tube vortexed gently for 30 sec to
bring the testosterone into solution. A 0.5 to 0.2-ml aliquot was added to a counting vial
to estimate recovery, and a duplicate 0.1 ml was put into a test tube for radioimmuno-
assay without chromatography. Duplicate standards were prepared by adding 0, 15.6,
31.2, 62.5, 125, 250, 500, 1 000 pg of testosterone. 100 ,1 of testosterone antiserum with
immunoabsorbant (immunoabsorbant cellulosic-antitestosterone-3-(0-carboxymethyl)-
oxime serum albumin bovine) and 100 !,I of [3H]-testosterone (AS 117 mCi/mg) were
added into all the tubes which were then incubated at + 37 °C for 30 min and for one

night at + 4 °C. They were centrifuged at + 4 °C for 10 min and 0.5-ml aliquots of the
supernatant were added to the counting vials. After the vials were counted on a liquid
scintillation counter, a computer (Digital PDP 11-40) with an appropriate program
gave us the standard curve and the result for the unknown samples corrected for
recovery and dilution expressed in ng/ml.

With this technique, the recovery rate was nearly 100 p. 100 (95-100 p. 100). The
sensitivity, determined as the smallest detectable quantity of hormone, was about
100 pg per tube. For testosterone of the same plasma pool assayed the same day or at
different times, the precision of this method using intra-assay variability was 4 p.100
and using inter-assay variability, 10 p. 100. The accuracy of the radioimmunoassay
was determined by adding different testosterone concentrations to the same plasma
pool (table 3).

3. From October 1978 to October 1979. Every month, 3 to 7 animals were killed after
Fluothane anaesthesia for histological study of the testis and, at the same time, blood
was collected for assay as previously. The testes were taken and weighed ; the right
testis was fixed in Bouin-Holland fluid, embedded in paraffin wax and then cut into
8-!,m sections. The nuclei were stained by means of Feulgen reaction (15-min HCI
hydrolysis at + 60 °C), and the cytoplasm and basement membrane of the semini-
ferous tubules were stained with blue alcian in acid medium (Hochereau-de Reviers,
1970).



The seminiferous tubule diameters were measured with an ocular micrometer

on 20 round tubule cross-sections per testis. The relative volumes of the seminiferous

tubules, intertubular tissue and Leydig cells of a single testis were measured with a
25-point ocular integrator (Hennig, 1957) on 20 microscopic fields. The total volume
of seminiferous tubules and the total volume of Leydig cells were calculated from rela-
tive volume and testicular weight. Seminiferous tubule length was calculated from the
above data by the formula of Attal and Courot (1963) :

Seminiferous tubule length h = 
Total volume of seminiferous tubules x 4 

.Seminiferous tu u e engt = 
7t x (seminiferous tubule diameter) 2 .

Statistical analysis. -All the data were expressed as means ± the standard error
(SEM), and statistical comparison between the means were evaluated using the analysis
of variance (F-test).

Results.

Seasonal weight variation in male genital organs.
1. Testis weight. - Between 1969 and 1975, testis weight showed (fig. 2) marked

seasonal variation with two distinct periods :
- from January to September : testis weight was high (means = 3.3 to 4.2 g), and
maximal values were observed in March, April and May as well as in August. However,
in July there was a significant decrease in these values (April vs July : P < 0.01) ;



- from October to December : testis weight was minimal (means = 1.7 to 2.3 g)
with the lowest values in November.

The increase in testis weight started in winter (December and January) and invo-
lution in early autumn (September). During these periods, the testes showed great
individual variations. The percentage of increase in testis weight from seasonal rest to
breeding season was about 200 p.100.

2. Epididymis weight.&horbar;The weight of the epididymis (fig. 2) was very similar
to the profile of testis weight. Epididymal weight was maximal from January to Sep-
tember (means = 0.61 to 0.80 g) and minimal from October to December

(means = 0.34 to 0.48 g).
3. Accessory gland weight. - Seasonal changes in the weight of the three pairs

of accessory glands, i.e. « A », « B » and « C » glands (fig. 2), were strictly synchro-
nized.

From October to January, the weights of the three pairs of accessory glands were
minimal (« A » gland means = 2.2 to 5.3 g ; « B » gland means = 0.5 to 1.1 g ; « C »
gland means = 0.8 to 1.8 g). The glands were flat, quiescent, small and did not secrete.

In February, the accessory glands swelled rapidly with large individual variations.
They were well vascularized and secretion products appeared in large quantities.

From March to August, accessory gland weights were very high, being multiplied
by a coefficient from 10 to 20. All the glands were hypertrophied with large amounts of
secretion. During this period of maximal sexual activity, we observed :
- from March to May : a first activity period with the highest accessory gland weights
(« A » glands = 18.7 to 19.8 g ; « B » glands = 4.5 to 5.7 g ; « C » glands = 4.8 to
6.1 g) ;
- in June and July : a highly significant decrease (April vs June or July : P < 0.01)
as compared with the former activity period (« A » glands = 12.4 to 10.9 g « B »
glands = 3.4 to 2.8 g ; « C » glands = 4.2 to 3.1 g) ;
- in August : a’ slight but regular increase (« A» glands = 12.5 g ; « B»

glands = 3.7 g ; « C » glands = 4.7 g) which was not significant as compared to June
or July ;
- in September : the weights of the accessory glands decreased slowly, the glands
regressing in size but still showing residual secretions.

Seasonal changes in accessory gland weights paralleled testicular weights,
except in winter (January-February) ; during preparation for the breeding season,
they were out of phase : testicular weights increased a month or two earlier than
accessory gland weights. Moreover, the accessory glands showed a marked decrease
in June and July and a trend to a second maximum in August.

Seasonal changes in fructose and citric acid in two accessory glands.

In the hedgehog, fructose and citric acid, identified as normal constituents of the
accessory glands, were secreted in separate glands, i.e. fructose in «A» glands and
citric acid in « B » glands. The profiles of the two secretions reflected the testicular
endocrine function, so we described them simultaneously (fig. 3) :



- from October to January : fructose (50 to 700 !,g/g in « A » glands) and citric acid
(90 to 100 [J.g!g in « B » glands) showed the lowest concentrations which were often
trace values ;
- from March to August : fructose (4 600 to 6 000 [J.g!g in « A » glands) and citric
acid (470 to 750 !.g/g in « B » glands) showed high values in all animals. During this
period corresponding to the breeding season, when the data were expressed as concen-
trations, two maxima (April and August) were clearly separated by a regular decrease
in May-June ; on the other hand, when the data were expressed as the contents of
paired glands, the profile was similar to that previously described for the weights of
these accessory glands ;
- from September : fructose and citric acid concentrations regularly decreased,
reaching the lowest values in October.

Seasonal changes in the weight and the content of fructose or citric acid in « A »
glands and « B» glands, respectively, showed a similar trend. During the period of
maximal activity, two peaks were clearly observed, indicating that testicular endo-
crine secretion was continuous but fluctuating in intensity.

Seasonal changes in testis.volume and plasma testosterone level.

1. Testis volume. - Annual changes in testis volume (fig. 4) were similar to the
variations in testis weight previously described. However, the decrease of testis volume
in June was not statistically significant.



2. Plasma testosterone level. - Plasma testosterone in adult male hedgehogs
recently taken from their natural environment showed a seasonal change (fig. 4) :
- from October to December : plasma testosterone levels were the lowest of the
year (October : 0.56 ! 0.05 ng/ml ; November : 1.02 ! 0.15 ng/ml ; December :
1.54 ! 0.36 ng/ml) ;
- in January : plasma testosterone concentrations (4.52:!: 1.59 ng/ml) increased
significantly (November vs January : P < 0.05) ;
- from February to April : plasma testosterone reached maximal levels

(9.75 -1- 2.6 ng/ml to 14.11 ! 2.55 ng/ml) with a peak in April ;
- in May : plasma testosterone decreased significantly (April vs May : P < 0.05)
and stayed at a mid-level until July (June : 5.23 ! 0.78 ngjml ; July : 5.88 ! 0.80 ng/
ml ; April vs June or July : P < 0.01) ;
- in August : there was a second testosterone peak (9.30 = 1.46 ng/ml ; June vs
August : P < 0.05) comparable in intensity to the first peak observed in spring but
shorter ;
- at the end of summer in September : plasma testosterone levels decreased rapidly
(2.23 ! 0.72 ng/ml) and significantly (August vs September : P < 0.01).

The endocrine testis function thus starts again in the hedgehog between December
and January before the hibernation period has ended. The maximal testosterone levels
show a biphasic pattern with an important spring peak and a shorter but regular
summer peak ; these two peaks correspond to the two rutting periods observed in

middle-western France.

Histological study of the testis (October 1978 to October 1979).

1. Morphology. - The study of the characteristic phases of seasonal gonad
activity is illustrated in Plate I (figs. 1-4).

a) Resting period (Pl. I, fig. 1). In autumn, the interstitial tissue had regressed
(Leydig cells aggregated in blocks with little cytoplasm ; minimum-sized nuclei) ;
the seminiferous tubules had a minimal diameter (160 to 170 [Lm) and contained only
primary spermatocytes.





b) Resumption period (Pl. I, fig. 2). From the end of December to February, the
interstitial tissue was well developed (Leydig cells with large amount of cytoplasm and
round nuclei) ;the seminiferous tubules increased greatly in size (180 to 210 [4m) and
showed intense spermatogenesis with numerous spermatids and sometimes sperma-
tozoa. During these two months, there were great individual variations from wholly
inactivated to wholly activated testis.

c) Breeding season (Pi. I, fig. 3). In spring and the beginning of summer, the
interstitial tissue reached its maximal size and all the seminiferous tubules (200 to
230 flm) contained mature spermatozoa.

d) Regression period (PI. I, fig. 4). In the late summer, the interstitial tissue decrea-
sed significantly in size, but some Leydig cell areas were still large ; spermatogenesis
began to decrease but the tubules (170 to 200 flm) still contained numerous mature
spermatozoa. As in January-February, there were large individual variations.

2. Seasonal variation in several structural characteristics.

a) Seminiferous tubules.

- Changes in total volume. The total volume of the seminiferous tubules (fig. 5) reached
a maximum in spring, then decreased until September. The increase started in autumn
(October vs December : P < 0.05). The highest level was reached from February
to May (November vs February : P < 0.01). After a first decrease in June (May vs
June : P < 0.01), we observed a plateau in July and August and another decrease in
September (July vs September : P < 0.01).

These changes were well correlated with the testis weight (fig. 5) which showed a
clearly marked seasonal profile characterized by low values from September to
November and high values from February to August during the period of this study
(1978-1979).



- Changes in diameter. The seminiferous tubule diameters (fig. 6) were maximal in

spring, then decreased ; the minima were reached in September. The diameters
increased from December to March (November vs March : P < 0.01). The maxima
occurred from March to May. After a first decrease in June (May vs June : P < 0.05), a
plateau was reached in July and August and involution occurred in September (July
vs September : p < 0.01).

- Changes in length. Seminiferous tubule length (fig. 6) increased as early as Novem-
ber, reached a maximum from December to February (October vs December,

February : P < 0.05), then decreased and reached a minimum in June, August and
September (February vs June, August, September : P < 0.05).

b) Interstitial tissue. The total Leydig cell volume (fig. 7) increased from December
to April (November vs April : P < 0.01). The values remained high from February
to July and decreased in August (July vs August : P < 0.05). Involution was maximal in
September, October and November.



During the same period (October 1978-October 1979), these changes paralleled
the plasma testosterone concentrations (fig. 7) which were low in autumn and high
from February to July.

Discussion.

The present results show that the highest testicular weight occurs when the semini-
ferous tubule diameter (which reflects spermatogenetic activity) and plasmo. testoste-
rone level are maximal. The same correlations have been previously noted in the
mole (Racey, 1978). Gonadal weight variations reflect changes in seminiferous tubule
volume ; these variations are due to the remarkable flexibility of the tubule which can
alter its diameter and length. On the other hand, the interstitial tissue is little related to
testis weight since the Leydig cell-seminiferous tubule volume ratio is 1 : 10.

During the resumption period (from December to February), all the testicular

structural features (Leydig cell volume ; length, diameter and volume of seminiferous
tubules) and plasma testosterone concentration begin to increase simultaneously.
An interval of about one month was noted between maximal Leydig cell volume,

plasma testosterone level, seminiferous tubule length (February) and maximal semini-
ferous tubule diameter (March). The hormono-dependent contractility (Hovatta, 1972)
of myoid cells in the wall of the seminiferous tubules (Hermo, Lalli and Clermont,
1977 ; Bustos-Obregon and Holstein, 1973) may explain why maximal elongation
occurs prior to maximal diameter. Furthermore, it was shown by autoradiographic
technique that about one month elapses between the beginning of spermatogonial
division and the completion of spermiogenesis (Dutourné, in preparation). From
these results, the interval between maximal length and maximal diameter may be
partly understood. During this period, the gradual increase in Leydig cell volume is

probably due to nuclear and cytoplasmic hypertrophy, as in the hamster (Vendrely,
Guerillot and Da Lage, 1972) and the red deer (Hochereau-de Reviers and Lincoln,
1978). All the features studied show high values from February to May. Thus, testis
weight as well as volume, length and diameter of the seminiferous tubules shows a first
significant decrease in June (compared with the peak), followed by slight changes
from June to August with involution occuring between August and September. Elevated
values for Leydig cell volume and plasma testosterone (fig. 7) were noted from
February to July in spite of a diminution in May-June, while involution started in July
or August, depending on the year. Therefore, the endocrine function begins to regress
in the testis before the exocrine function.

During the resting period (from September to November) testis exocrine activity
does not cease entirely since a few meioticdivisionsareseen (primaryspermatocytes in
leptotene or pachytene phase). This is in opposition to many other seasonal breeders
such as the mole (Allanson, 1963), roebuck (Short and Mann, 1966), ferret (Ishidci,
1968), red-deer (Lincoln, 1971), stoat (Gulamhusein and Tam, 1974), polecat, marten,
stone-marten (Audy, 1976) and red fox (Joffre, 1976) in which spermatogenesis regres-
ses almost completely.

In the hedgehog, these testicular histological parameters show activation during
the winter hibernation period with a more rapid development of the interstitial tissue



than of spermatogenesis, while in late summer the interstitial tissue involutes before
spermatogenesis. During the breeding season, the development of these two para-
meters is synchronized in March, while in June the size of the seminiferous tubules
decreases.

To our knowledge, this paper reports for the first time a year-round correlation
of hedgehog testis weight and histology, accessory gland weight and biochemistry
as well as peripheral testosterone concentration. As testis weight, whose maximum
is twice as much as its minimum, accessory gland weight also undergoes marked
seasonal fluctuation (Allanson, 1934 ; Scure, 1969 ; Saboureau and Peyre, 1970).
Moreover, the determination of fructose and citric acid contents in hedgehog accessory
glands, which are related to the concentrations of circulating androgens (Lindner and
Mann, 1960), are good criteria for testing the accuracy of periods of maximal activity
and quiescence. The present data complete previous results (Saboureau and Peyre,
1970) and show that the seasonal profiles of accessory gland weight and of fructose
(« A » glands) and citric acid (« B » glands) contents are closely correlated. Moreover,
these substances reach maximal values during the observed periods of rut and show
clearly a biphasic pattern of sexual activity. The determination of plasma testosterone
contributes to our knowledge of the seasonal endocrine activity rhythm of the testis.
Individual levels of peripheral testosterone exhibit a wide range : from 0.4 to 1.0 ng/ml
during the resting period and 10 to 14 ng/ml during maximal sexual activity with
values sometimes higher than 20 ng/ml. These values agree with previous studies on
captive hedgehogs (Saboureau and Boissin, 1978a, b). There is no data on annual
testosterone levels in hibernators (Racey, 1974 ; Racey and Tam, 1974 ; Gustafson
and Shemesh, 1976), except in bats. The high testosterone levels before and during
hibernation in bats are difficult to compare with those of the hedgehog in which the
testosterone concentrations peak every year between February-April and July-August.
These peaks are in phase with the two periods of rut observed every year in middle-
western France (Saboureau, 1979). A regular decrease of testicular activity in June,
as previously shown by the fructose or citric acid contents in accessory glands, is

confirmed by the determination of plasma testosterone levels. This biphasic pattern
of annual testosterone secretion is also found in many mammalian or avian species :
stoat (Gulamhusein and Tam, 1974), badger (Maurel, Joffre and Boissin, 1977), roe-
buck (Sempéré, 1978), ferret (Boissin-Agasse and Boissin, 1979), duck (Garnier and
Attal, 1970 ; Garnier, 1972 ; Assenmacher, 1974). According to the hypothesis of
Assenmacher (1974), this biphasic pattern of the testicular endocrine cycle would be
controlled by an hypothetical endogenous « circasemestrial clock ».

The onset of the hedgehog breeding season in Europe varies greatly with the
latitude from north to south (see review in Saure, 1969). In Finland (Suomalainen,
1953 ; Saure, 1969) and Poland (Skowron and Zajaczek, 1947) the testis is activated
later than in south European countries (Herter, 1938 ; Schutz, 1954, 1956 ; Marshall,
1911 ; Allanson, 1934 ; Saboureau and Peyre, 1970), and testicular activity is brief
with only one breeding period per year in July (Saure, 1969). On the contrary, in

middle-western France, one of the southern-most countries, testicular activity begins
the earliest and lasts the longest, so there are two regular breeding periods.

The temporal relations between testicular activity and hibernation in hibernating
mammals have been studied extensively (see review in Wimsatt, 1969). In the hed-



gehog, testicular inactivity appears in autumn and corresponds to the beginning of
hibernation (Saboureau, Laurent and Boissin, 1979), but testicular renewal starts

during the last part of the hibernation period. This anticipated preparation during the
winter for the spring breeding period has been shown in many other hibernators (see
review in Wimsatt, 1969) and in the bear which is not a true hibernator (Mc Millin et
at., 1976). Some data show that neuroendrocrine activity appears during hibernation.
In the hedgehog, the activation of pituitary cells producing LH and FSH starts as early
as January (Girod and Cure, 1965) ; in the garden dormouse, appreciable increasing
amounts of LRH are observed in the median eminence during hibernation (Richoux
and Dubois, 1976). Secretion pulses seem to occur during spontaneous arousal (Dus-
sart and Richoux, 1973), and consequently the increased activity may be either facili-
tated by or dependent on increased spontaneous arousals occurring atthattime (Racey,
1974). Popovic (1960) states that the gonadal activation does not hinder the continua-
tion of hibernation, while Hoffman (1964) thinks that hibernation is inconsistent with
increased plasma LH levels. According to Pengelley and Asmundson (1974), spring
arousals might be endogenous events caused by external conditions and so become
synchronized with those conditions. Thus, endocrine recrudescence of the testis may
be an endogenous process in the hedgehog as in the hamster (Smit-Vis and Akker-
man-Bellaart, 1967 ; Reiter, 1968, 1972 ; Hoffmann, 1973, 1978). However, environ-
mental factors may modulate this phenomenon. In such a case, long days or increase in
temperature and/or food availability may speed up the process of recrudescence.
For instance, the sudden rise in ambient temperature noted in December 1978 could
account for the significant increase of plasma testosterone concentration observed
(fig. 7).

Therefore, further experiments are needed to determine if there is an endogenous
rhythm and/or what environmental factor alone or association of factors is most

important in testicular regulation in the hedgehog.
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Résumé. Les variations saisonnières du poids des testicules et des glandes annexes, des
concentrations en fructose (vésicule séminale : glande A) et en acide citrique (prostate
interne : glande B) et de la testostéronémie ont été déterminées chez le Hérisson mâle
adulte vivant dans le Centre Ouest de la France. L’évolution des structures histologiques
testiculaires (volume des cellules de Leydig ; longueur, diamètre et volume des tubes
séminifères) a été également considérée.

La reprise des activités endocrine et exocrine du testicule est située durant l’hiver
(entre les mois de décembre et février) tandis que l’animal hiberne. La testostéronémie
des valeurs élevées, voisines du maximum annuel, dès le mois de février, un mois environ
avant la fin des processus spermatogénétiques ou du développement maximal des glandes
annexes. L’activité testiculaire est importante de la fin de l’hiver (février-mars) à la fin
de l’été (août-septembre). Après le pic printanier qui correspond à la période principale



de reproduction, on observe, constamment, une diminution de l’activité testiculaire au cours
des mois de mai ou juin. La reprise estivale du fonctionnement gonadique est plus ou moins
importante selon les années ; celle-ci est concomitante de la seconde période de reproduc-
tion. Au cours de l’involution testiculaire, la diminution de l’activité endocrine précède
celle de la fonction exocrine. De septembre à novembre, le repos sexuel est complet.

La comparaison de nos résultats à ceux fournis par la littérature montre que le Héris-
son vivant dans le Centre Ouest de la France, une des régions les plus méridionales de la
distribution géographique de l’espèce, présente l’activation du fonctionnement testiculaire
la plus précoce et la plus longue période de reproduction.
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