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Introduction

It is well known to reindeer herders that the
reindeer grow slowly or lose weight in the winter,
and gain weight rapidly during summer (Skjen-
neberg 1965). This cyclic pattern is not dependent
on the seasonal changes in food quality and avail-
ability as it occurs also when a standard feed is
offered ad libitum throughout the year. The
annual weight cycle and accompanying cycles of
food intake and metabolic rate seem to be genetic
features shared by a number of northern ungu-
lates including cervids, sheep, muskox, chamois,
and one antelope, the saiga (French et al. 1956;
McEwan 1968; Wandeler & Huber 1969;
McEwan & Whitehead 1970; Bandy et al. 1970;
McEwan 1975; Knorre 1961; Abaturov et al.
1982). These cycles are probably adaptations,
partly to seasonal fluctuations in food quality and
quantity, and partly to the strains of reproduction.

The physiological regulation of the weight cycle
is not well known. In this paper, the possible
significance of endocrine factors is discussed.
Because our knowledge of the reindeer is often
scant or lacking, I shall also draw on results
obtained using other cervid species.

Characteristics of the annual cycle

Dependence on age and sex

With adequate nutrition, fawns of all cervid
species grow uninterrupted from birth, usually in

May or June, to October—-November when weight
gain declines. Weight changes during the winter
are dependent on nutrition (see p. 250) and on
the weight of the fawn at the beginning of the
winter. With adequate nutrition a small fawn can
gain more weight than a large one. Blaxter et al.
(1981) observed that the weight gain of red deer
fawns from 3 to 9 months of age was inversely
proportional to body weight at weaning.
Although the data were not presented, the same
appears to be true for white-tailed deer (Moen
1973:165) and moose (Knorre 1961). The weight
gain increases in both yearlings and older animals
in April or May. In some races of the widely
distributed Odocoileus hemionus (mule deer and
black-tailed deer), a slight weight gain in April
or May is often followed by a period of relative
constant weight in June and July, and most of the
weight gain in the summer occurs after mid-
summer (Bandy et al. 1970). Blaxter et al. (1974)
noted a regular transient decline in the weight
gain of the red deer in June and July. A similar
halt, or weight loss, in June and July was also
reported by Ryg & Jacobsen (1982a) in reindeer.
Because of the regular occurrence of the phenom-
enon, Blaxter et al. (1974) doubted that it was
due to excessive heat or insect harassment. A
transient halt in the weight gain in midsummer
may be a regular occurrence in cervids. It may
be physiologically regulated, as it appears from
the data of Ryg & Jacobsen (1982a) that weight
changes in midsummer were related to body
weight; the larger the initial body weight, the
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greater the weight loss (expressed as % of body
weight as well as in absolute terms). Another
halt, or weight loss, occurs during the rutting
season. The weight loss of rutting males usually
increases with increasing age (French et al. 1956;
Knorre 1961; McEwan 1968; Nordan et al. 1968;
Bandy et al. 1970; Ryg & Langvatn 1982). As
also noted by Nordan et al. (1968) this could be
due to the larger body weight of older animals,
since the weight loss of 13-year-old reindeer males
was related to body weight (Ryg & Jacobsen
1982a). Throughout the rest of the winter, the
body weight declines most in the older (and
heavier) males. It thus appears that weight
changes throughout the autumn and winter
(beginning with rut in the adults), and possibly
also during a short period in the summer are
related to the weight of the animal.

Food consumption in animals fed ad libitum
follows a pattern consistent with the changes in
body weight. Food intake is higher in the summer
than in the winter, and is especially low during
the rutting season. In late summer and autumn.
prior to the rut. food intake often reaches peak
values, especially in older males. Metabolic rates
are as much as 40% lower in the winter than in
the summer in white-tailed deer (Silver et al.
1969) and reindeer (Segal 1962; McEwan &
Whitehead 1970). In roe deer the differences were
smaller (Weiner 1977), and no seasonal differ-
ences were found in one red deer hind fed a
maintenance ration throughout the year (Brock-
way & Maloiy 1967).

Skeletal development has been less studied
than changes in body weight. Knorre (1961) found
that shoulder height and shoulder-to-ischium
length did not change appreciably between 6 and
12 months of age in moose calves kept in enclo-
sures with natural vegetation. From studies of
caribous shot at different times throughout the
year, Dauphiné (1976) found low rates of increase
in mandible, metatarsus and total body length,
and in shoulder height from December to May.
On the other hand, in reindeer calves fed ad
libitum, Ryg & Jacobsen (1982a) found that total
length and the iength of the lower jaw did not
increase from October to January, while both
total and jaw lengths increased steadily from Jan-
uary onwards. There was even a tendency to
slower growth in the summer than in the winter.
A similar pattern was noted in red deer fawns
shot at different seasons by Mitchell et al. (1976),
and in roe deer and chamois fawns by Wandeler

& Huber (1969). Mean jaw lengths and basilar
lengths did not change from October to Novem-
ber, but from February and the rest of the winter
jaw lengths increased. Basilar length was prac-
tically constant in yearling roe deer and chamois
from 12 months of age, i.e. from June-July in
their second summer of life.

Effects of nutrition

The appearance of the growth cycle is dependent
on the quality and quantity of available food.
Nordan et al. (1968) found no seasonal pattern
in one white-tailed buck fed 60% of ad libitum
intake throughout the year for two years. There
was no evident weight loss during the rut, and
weight gain continued uninterrupted throughout
the winters. The lack of weight loss during rut
could be due to the slow weight gain of this animal
in the summer, since weight loss during rut may
be size-related (see p. 249). The animal with a
reduced ration did not reach the same weight as
the 13-year-old bucks having free access to food,
and thus may not have reached a weight where
a loss during the rut normally occurs.

Food intake and weight changes in animals fed
ad libitum depends on the quality of the food. It
seems that, in wild and domestic ruminants alike,
the intake of natural foods is limited by the
capacity of the gastrointestinal system and the
passage rate of the food. In animals with similar
physiological status, the voluntary intake of
roughage is inversely related to gastrointestinal
turnover (Hjeljord et al. 1982; Milne et al. 1978).
The turnover rate, in turn, is related to the
maturity and degree of lignification of the plants.
So, the appetite and weight cycles seen in animals
on standard diets will be accentuated by the sea-
sonal changes in food quality. Also, hypertrophy
of the rumen, which occurs in the summer (Staa-
land et al. 1974; Mitchell et al. 1976) would allow
a greater intake for a certain turnover rate. In
red deer, intake of various roughages was greater
in the spring than in midwinter, although gas-
trointestinal turnover did not change systemati-
cally (Milne et al. 1978). Some metabolic control
of food intake probably also occurs. During the
winter, intake of lichen is higher in free-ranging
than in penned reindeer (Holleman et al. 1979),
and lactating red deer (Clutton-Brock et al. 1982)
and reindeer (White 1979) spend more time graz-
ing than non-lactating females.

Differences in patterns of skeletal development



(see p. 250) could be due to nutrition. Ryg &
Jacobsen (1982a) reported that the total length
increased slower during the winter in reindeer
calves with restricted ration than in, calves fed ad
libitum. On the other hand, skeletal growth from
October to January was equally retarded in rein-
deer calves fed ad libitum and with restricted
ration, and has been observed in free-ranging as
well as captive animals of other species (see p.
250). This growth retardation could be caused by
other than nutritional factors.

Effects of photoperiod

Cycles of food intake, weight gain, antler growth
and reproductive changes in red deer are
entrained by photoperiod (Pollock 1975). How-
ever, the cycles need not be entirely determined
by photoperiod. Goss (1969a, b; 1976) concluded,
from studies on antler development in Sika deer,
that an endogenous circannual rhythm exists that
can be entrained by either increasing or decreas-
ing day lengths. With certain artificial lighting
regimes, antler development lost its relation to
photoperiod and returned to a more or less 360
days cycle.

Changing day lengths could affect food intake
by an influence on the daily activity pattern.
Eriksson et al. (1981) reported that feeding
activity of reindeer fed ad libitum throughout the
year was determined by an interaction between
photoperiod and an ultradian activity rhythm.
Food consumption varied in accordance with the
seasonal changes in the activity pattern. Thus it
is possible that seasonal changes in food con-
sumption to some degree is brought about by
behavioral changes that are not related to energy
requirements or gastrointestinal function. Knorre
(1961) reported that moose calves gained less
weight in excessively warm summers. Under such
conditions, they were relatively inactive during
the day, and did not increase their nightly food
intake sufficiently to compensate for the reduced
foraging time during the day. However, the
annual food intake cycle cannot be explained
completely by this effect. Some investigations
have shown that the food intake is maintained or
even increased during the shortening days in the
late summer (Nordan et al. 1968; McEwan 1975;
Ryg & Jacobsen 1982a, b). Even if total feeding
time were restrained within an ultradian rhythm,
the amount of food taken during each eating
period can change, and this may cause deviations
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from a direct correlation between total eating
time and total food consumption (Arnold 1981).
There is also evidence that total grazing time can
change in response to increased energy demand
or decreased instantaneous intake (see p. 250;
White 1979).

Endocrine correlates of the annual
cycle

The gonads

A relationship between the weight cycle and gon-
adal activity has been noted in many investiga-
tions. The pronounced weight loss in the autumn
coincides with rutting behaviour and increasing
testosterone levels (McEwan 1975; Ryg & Jacob-
sen 1982b). Cessation of weight gain in red deer
in the autumn was age-dependent; older animals
coming into rut earlier also stopped gaining
weight earlier than younger animals (Ryg &
Langvatn 1982). The weight loss during rut is also
greatest in older animals, although this may be
an effect of size rather than age (see p. 250). Sex
differences are also evident, the weight fluctua-
tions are less pronounced in females than in males
(Nordan et al. 1968). In addition, the course of
depletion of fat stores is sex specific. Dauphiné
(1976) found that most of the subcutaneous,
perirena! and abdominal fat disappeared during
the rut in adult male caribou, whereas pregnant
females lost most fat during the last half of preg-
nancy. Similar patterns were observed in red deer
(Mitchell et al. 1976). The relationship between
the weight, food intake and reproductive cycles
persists when the photoperiod is manipulated
(Pollock 1975). All these observations suggest an
effect of gonadal factors on the weight pattern,
or that the neuroendocrine mechanisms regulat-
ing the reproductive cycle also influence the
growth and fattening cycles.

The thyroid gland

It has been suggested repeatedly that the thyroid
gland is involved in the regulation of seasonal
changes in the metabolic rate (Silver et al. 1969;
Seal et al. 1972; Ringberg et al. 1978). Hoffman
& Robinson (1966) found that the follicular epi-
thelium of the thyroid of white-tailed deer was
higher in the summer than in the winter; similar
results were obtained in roe deer (Panti¢ & Stosi¢
1966) and red deer (Panti¢ & Stogi¢ 1966; Eickhoff
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1957). In contrast, Graflin (1942) found no sea-
sonal variations in the histological picture of
white-tailed deer shot at intervals throughout the
year. Biochemically, the rate of thyroxine (T4)
secretion has been measured by estimating T4
concentrations in plasma, and disappearance
rates of radioactively labelled T4. By this method,
Yousef & Luick (1971) found no significant dif-
ferences in T4 turnover in caribou between the
months January, April, and August. This does
not contradict the hisotological observations,
since from the histological pictures, the greatest
changes in activity occur in May and June.
Compatible with most of the histological find-
ings, seasonal variations in plasma T4 levels, with
highest levels in the early summer, have been
reported in captive and free-ranging Norwegian
reindeer (Ringberg et al. 1978; Ryg & Jacobsen
1982a), in free-ranging Svalbard reindeer (Ring-
berg 1979) and in captive moose (Ryg 1982).
Similar seasonal variations were found in white-
tailed deer by Oelschlaeger et al. (1980), but not
by Bubenik & Bubenik (1978), although in the
latter investigation, there tended to be a transient
increase in T4 levels in the spring or early summer.
In male red deer. Ryg & Langvatn (1982) found
no consistent seasonal differences in T4 levels.
In male and female roe deer, and in one adult
male Svalbard reindeer, levels were highsest in
December. but there were transient increases in
June or July, and a nadir in September (Barth
& Horn 1980; Nilssen & Ringberg 1980). Also
in yearling mainland reindeer, T4 levels tended
to rise in the late autumn, after a transient
decrease in September (Ryg & Jacobsen 1982a).
Thus, although there are considerable variations
in the reported seasonal patterns there tend to
be two peaks in T4 levels — one in the early
summer and one in the early winter. Some dif-
ferences could be attributed to the effects of dif-
ferent nutrition. Restricted food intake over long
periods depressed T4 levels in reindeer (Ryg &
Jacobsen 1982a) and white-tailed deer (Seal et al.
1972). T4 levels were lower in March than in
August in free-ranging Svalbard reindeer, but not
in a captive animal fed ad libitum (Nilssen &
Ringberg 1980). On the other hand, Ryg &
Jacobsen (1982a) found that T4 levels in yearling
reindeer increased in the spring in animals with
a restricted diet, and concluded that changes in
T4 levels are at least partly seasonally determined.
T4 is much less active than its metabolite triio-
dothyronine (T3), and possibly T4 is primarily a

prohormone for T3 (Bernal et al. 1981). Seasonal
variations in T3 concentrations in plasma, with
highest levels in the summer, have been reported
in male reindeer (Ryg & Jacobsen 1982a), red
deer (Ryg & Langvatn 1982), moose (Ryg 1982),
and white-tailed deer (Oelschlaeger et al. 1980).
In white-tailed does, highest T3 levels were found
in May, but thereafter the levels declined, reach-
ing minimal values in August (Bahnak et al.
1981). Ryg & Jacobsen (1981, 1982a) found that
the seasonal changes in T3 levels could to a large
extent be explained by changing food intake. No
increase occurred in the spring when food was
restricted, and changes in T3 levels could be
induced by alterations in food intake. Some sup-
port for this idea was also given by studies on
moose (Ryg 1982). In contrast, Westra & Hudson
(1981) found that T3 levels in wapiti calves
decreased in the spring, although food intake
increased. Nilssen (pers. comm.) found that
short-time fasting depressed T3 levels in Svalbard
reindeer, but not in mainland Norwegian rein-
deer. I have no explanation for these differences.
In addition to the amount of food eaten, food
quality can influence the T3 levels. Seal et al.
(1978) found that T3 levels in white-tailed deer
were lowest in animals given a diet with low
energy content. Finally, it cannot be excluded
that in some species, seasonally determined
changes in the thyroid secretion rate and T4 levels
contribute to the changes in T3 levels, and so
anticipate changes in T3 production caused by
food quality and quantity. The lowering of the
metabolic rate of reindeer in the winter is possibly
secondary to the lowering of food intake (Nilssen
et al. 1982; Nilssen pers. comm.). Ryg (1983)
suggested that the metabolic changes could be
mediated by the effect of nutrition on T3 levels.
However, Nilssen et al. (1982) and Nilssen (pers.
comm.) found that T3 levels were generally
poorly correlated with metabolic rates, and so T3
cannot be the only regulator involved.

Endocrine pancreas and insulin-like activity

Seal et al. (1978) reported that the composition
of the feed affected insulin levels in white-tailed
deer; high energy content of the diet caused
increased insulin levels as compared with a
medium-energy diet. Surprisingly, glucagon was
unaffected by either protein or energy content of
the diet; possibly effects of handling obscured any
nutritional effects. To my knowledge, there are



no reports of seasonal changes of insulin or glu-
cagon levels in cervids.

Ringberg et al. (1978) found that somatomedin
levels of free-ranging reindeer were higher in
February than in July and August. This was
interpreted in the light of the insulin-like effects
of somatomedin. High levels in winter could pre-
vent excessive lipolysis, and might be a mech-
anism for economizing with energy resources.
However, this interpretation is complicated by
the effect of energy intake on insulin levels (Seal
et al. 1978). Reduced energy intake during winter
will possibly depress insulin levels, and it is dif-
ficult to predict how the total insulin-like activity
in plasma will change during the year. Somato-
medin stimulates specifically the growth of car-
tilage and participates in the regulation of skeletal
growth (Raisz & Kream 1981). Ryg & Jacobsen
(1982a) observed that mandible length in yearling
reindeer started to increase in January, and that
the rate of increase tended to decline during sum-
mer. This corresponds fairly well with the higher
somatomedin levels in February as compared with
July and August.

The hypophysis

Seasonal changes in parameters related to hypo-
physial activity have been reported in a number
of cervid species. Hoffman & Robinson (1966)
reported that the weight of the hypophysis relative
to body weight in male white-tailed deer was
minimal in January and February, and maximal
in May and June. This agrees with what Stosi¢
and Panti¢ (1966) and Lincoln (1971) found in
red deer stags. Stodi¢ and Panti¢ also found his-
tological changes in the hypophysis; acidophilic
(secreting growth hormone and prolactin) and
basophilic (secreting thyrotropin and gonadotro-
phins) cells were smaller in the winter than in the
summer and contained less granules, indicating
less secretory activity. In male mule deer, cyto-
plasmic and nuclear areas of acidophils were min-
imal in the winter (Nicolls 1971). In contrast to
other studies, large nuclear areas were also found
in the autumn (21 September to 20 December).
Schulte et al. (1980, 1981b), using immunocyto-
chemical staining to identify prolactin and growth
hormone producing cells in white-tailed deer,
found that the cellular volume density of prolac-
totrophs increased in the summer, probably
caused by hypertrophy of the cells. There were
no seasonal changes in the cytology of somato-

Regulation of annual weight cycles in reindeer 253

trophs, but a transient 50% reduction of volume
density took place in April and May.

Consistent with the histological observations,
seasonal changes in serum prolactin concentra-
tions, with highest levels in the summer, have
been reported in male white-tailed deer (Mirarchi
et al. 1978; Schulte et al. 1981a) and red deer
(Suttie 1980). Thus, secretion of prolactin follows
roughly the same seasonal pattern as weight and
food intake. Like the growth cycle, prolactin
secretion is controlled by changes in day length
(Brown et al. 1979), and the increase of prolactin
levels in the spring in red deer is not dependent
on increased food intake, as it occurs also in
animals fed a restricted diet (Suttie 1980). These
observations suggest that prolactin may be
involved in the control of food intake and growth
in cervids. This has also been suggested for other
ruminants; Forbes et al. (1979) found increased
weight gain and prolactin levels in sheep, in
response to longer days, whereas growth hor-
mone, insulin and thyroxine concentrations were
unaffected by day length as such.

The apparent involution of somatotrophs in the
late winter is in strong contrast to measurements
of growth hormone in serum. Elevated levels of
growth hormone in April or May have been
reported in white-tailed deer (Bubenik et al.
1975), moose (Ryg 1982), red deer (Ryg &
Langvatn 1982), Norwegian reindeer (Ryg &
Jacobsen 1982a), and Svalbard reindeer (Ring-
berg 1979), that is, high growth hormone levels
are found in a period when the histological picture
indicates low activity. There seems to be little
correlation between growth hormone levels and
increased weight gain, since growth hormone
levels are mostly low during the summer.

Effects of manipulation with
endocrine cycles

The hypophyseo-gonadal axis

Since the reproductive and growth cycles are
closely related, under both natural and controlled
photoperiods, it would be reasonable to suggest
a causal relationship. West & Nordan (1976)
found that methallibure, a non-steroidal drug sup-
pressing gonadotrophin secretion, inhibited food
intake and weight gain of male black-tailed deer.
However, as also observed by the authors, the
effect may have been directly on the central mech-
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anisms controlling food intake, and not via gon-
adotrophins and gonadal factors.

Castration abolished the seasonal cycles of food
intake and weight in one adult male black-tailed
deer (McEwan 1975). In contrast, cyclic patterns
were evident in castrated male reindeer (Ryg &
Jacobsen 1972b), red deer (Brown et al. 1979),
and moose (Knorre 1961; Ryg 1982). In reindeer,
the patterns were modified; the food intake of
the castrates was lower than in the intact animals
in late summer, and the pronounced weight loss
seen in the intact animals from late September
to the middle of October did not occur in the
castrates. From these data, Ryg & Jacobsen
(1982b) suggested that at least two components
may be invoived in the control of cyclic weight
and food intake in male cervids, one related to
testicular activity, and one non-gonadal. The con-
tributions of these components may vary between
species and age groups.

Prolactin and thyroid hormones

Ryg & Jacobsen (1982c) found that treatment of
yearling male reindeer with either thyroid hor-
mones or prolactin resulted in increased food
intake. The effects on body weight were opposite;
prolactin caused increased weight gain relative to
controls, whereas thyroid hormones caused
decreased gain. or weight loss. The results were
taken as evidence that prolactin could be an
endocrine link between changing day lengths and
cyclic weight gain. This agrees with the suggestion
of Suttie (1980). that increased food intake of red
deer in the spring was caused by increasing
prolactin levels. However, Suttie found a lag of
about ten weeks between increasing prolactin and
increasing food intake, whereas Ryg & Jacobsen
found that the effect of prolactin treatment was
evident two days after the start of the treatment.

The pineal gland

The pineal gland is probably involved in the ability
to respond to photoperiod. In the seasonally
breeding Soay ram, the testicles can be brought
to repetitively develop and regress in response to
alternating 16-week periods of short days (8h
light: 16 h dark) and long days (16h light: 8h
dark). When the superior cervical ganglion was
removed, thereby removing all nervous input to
the pineal, the animals lost the ability to respond

to changes in photoperiod (Lincoln & Short
1980).

Recently, Bubenik (1983) reported that mela-
tonin administration to white-tailed bucks in the
early summer advanced the antler, molting and
reproductive cycles by several months. On the
other hand, Brown et al. (1978) found that pine-
alectomy of white-tailed deer did not overtly
affect weight, food intake or reproductive cycles
during the first year after pinealectomy. However,
pinealectomy of one juvenile buck delayed the
antler and molting cycles, indicating that the
pineal is important for the establishment of the
first cycle. Snyder et al. (1983) recently reported
that pinealectomy of white-tailed bucks delayed
antler growth and rubout, and delayed the sea-
sonal cycles of prolactin and testosterone, but did
not abolish any of these cycles. The authors sug-
gested that the pineal gland synchronizes a
circannual rhythm that is generated in another
part of the brain. This is similar to what Goss
(1969a, b, 1976) suggested for the effect of light
on the annual cycle of the Sika deer (see p. 251).

Endocrine regulation of the annual
cycle — summary

Regulation of food intake involves processing of
sensory, gastrointestinal, and metabolic stimuli
by the central nervous system. Hormonal control
could be effectuated on the signals, by affecting
gastrointestinal capacity, macromolecule syn-
thesis, or basal metabolic rate; or on the central
processing. for example by altering the central
sensitivity to signals. If central sensitivity became
extremely low, physiological control would be
functionally decoupled and could be replaced by
behavioral control, i.e. the amount of food eaten
would be determined by the rhythm of feeding
activity and would be unrelated to energy require-
ments. Eriksson et al. (1981) presented evidence
for a behavioral control of food intake in reindeer.
On the other hand, gastrointestinal and metabolic
control of intake is suggested by a number of
investigations (see pp. 249-250). Possibly the con-
tributions from the different modes of control
change during the year. If metabolic control is
less strict in the summer, overeating could result
in rapid growth in young animals, and fattening
in the adults. So, cyclic growth and fattening
could both be secondary to an appetite cycle.
Endocrine rhythms possibly related to the



annual cycle include (1) increased gonadotrophin
secretion and gonadal activity towards the end of
the growth season; (2) increased plasma levels of
growth hormone coinciding with the onset of
antler growth, skeletal growth under conditions
of restricted food supply, and onset of rapid weight
gain; (3) increased plasma levels of prolactin,
triiodothyronine and, in some species, thyroxine,
coinciding with the period of increased food
intake and rapid weight gain. Triiodothyronine
is primarily controlled by nutrition, whereas the
other endocrine rhythms are, at least partly, sea-
sonally determined. In red deer kept with arti-
ficially changing photoperiod with natural ampli-
tude but six-month period, changes in food intake
and weight could not be explained by changes in
the plasma levels of any single hormone (Brown
et al. 1979). This agrees with the suggestion that
hormonal control includes at least two compo-
nents, one related to gonadal activity, and one
non-gonadal. The non-gonadal component could
be a complex of hormones including prolactin
and, at least in some species, thyroxine. Seasonal
changes in metabolic rate may be secondary to
changes in food consumption, the control being
partly mediated through changing triiodothyron-
ine levels. It remains unknown if thyroxine has
functions that are not reflected in the levels of
circulating triiodothyronine.

The mechanisms controlling the annual endo-
crine cycles may involve both an endogenous,
circannual rhythm, and the interaction of pho-
toperiod with an endogenous, circadian clock (see
p. 251). There may be common elements in the
neuroendocrine regulation of the reproductive
cycle, the antler cycle, and the cycles of food
intake and weight.
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