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Most temperate-zone species use photoperiod to coordinate breeding and ensure that offspring are
born during favourable conditions. Although photoperiodic influences on the reproductive axis have
been well characterized, the precise mechanisms by which photoperiodic information and other
seasonal cues are integrated to regulate reproductive function remain less well specified. Two recently
discovered neuropeptides, kisspeptin and gonadotropin-inhibitory hormone, have pronounced
opposing influences on reproductive function. This paper will review recent evidence for a role of
these peptides in seasonal reproduction and propose a theoretical framework by which these
novel regulatory peptides may serve to regulate seasonal breeding. Understanding the mechanisms regulating
appropriate changes in reproductive status will serve to advance a wide range of life science disciplines.
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1. INTRODUCTION

Understanding the mechanisms that regulate reproductive
function has important implications for diverse fields from
developmental biology, neuroscience and psychobiology
to behavioural ecology and evolution. This review will
focus on two recently identified neuropeptides, kisspeptin
and gonadotropin-inhibitory hormone (GnIH). A brief
overview of these peptides will be provided, followed by a
hypothetical framework that describes how these hor-
mones may function, both independently and in concert,
to regulate vertebrate reproduction, with a specific
emphasis placed on seasonal reproduction. The current
review is primarily focused on the proximate level of
analysis; however, the hope is that it will inform studies
focused on reproduction from an ultimate, evolutionary
perspective, by providing a mechanistic framework for
appropriate timing of reproduction.

Most animal species experience marked variations in
environmental conditions throughout the year. To maximize
reproductive success, many animals restrict breeding to a
given season when conditions are favourable (e.g. abundant
food, low thermoregulatory demands) for successful
rearing of offspring (Baker 1938; Bronson 1989) and
curtail breeding during unfavourable conditions enabling
greater energetic investment directed towards individual
survival (e.g. cellular maintenance, thermoregulation or
immune function; Demas & Nelson 1998; Demas 2004).

* Author for correspondence (tjigreive@indiana.edu).

Received 31 March 2008
Accepted 29 April 2008

The neuroendocrine pathway regulating reproductive
status is the hypothalamo—pituitary—gonadal (HPG) axis.
Reproductive activity is induced by the release of
hypothalamic gonadotropin-releasing hormone (GnRH),
and the subsequent release of pituitary gonadotropins,
luteinizing hormone (LLH) and follicle-stimulating hor-
mone (FSH). LH and FSH act on the gonads to induce
the production of sex steroids and gamete development.
Sex steroids, in turn, act on the brain to promote appro-
priate sexual behaviour.

Photoperiod (i.e. day length) acts as the major
environmental signal cuing favourable environmental
conditions for most temperate-zone seasonal breeders.
However, short-term environmental challenges may arise
(e.g. sudden winter storm in the late spring) and animals
must either maintain or alter HPG axis activity appro-
priately in response to both long-term (e.g. photoperiod)
and moment-to-moment changes in the environment
(Wingfield er al. 1998). The effects of photoperiod on
HPG axis activity have been well established in seasonal
breeders (for review see Dawson er al. (2001) and
Goldman (2001)); however, the neuroendocrine signals
relaying photoperiod and additional environmental signals
(e.g. food availability) to the HPG axis remain less well
understood (Wingfield 2008).

Recently, a class of peptides with a common Arg-
Phe-NH2 C-terminus (called RFamide peptides) has been
shown to affect reproductive neuroendocrine activity (for
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Figure 1. Phylogenetic tree of the RFamide peptide family. To date, five groups of the RFamide peptide family have been
documented: (i) NPFF (PQRFa) group, (ii)) PrRP group, (iii) GnIH (RFRP) group, (iv) kisspeptin (metastin) group, and
(v) QRFP (26RFa) group. GnlH and mammalian GnIH homologous peptides inhibit gonadotropin secretion and share a
common C-terminal LPXRFamide (X is L or Q) motif. By contrast, the newly identified neuropeptide kisspeptin (metastin) acts
to stimulate the reproductive axis. Mammalian kisspeptin possesses a C-terminal RFamide or RYamide motif. (See Ukena &

Tsutsui 2005; Tsutsui & Ukena 2006; Osugi ez al. 2006).

reviews see Kriegsfeld 2006; Tsutsui & Ukena 2006).
This class of peptides was initially shown to influence a
number of physiological processes in invertebrates (Price &
Greenberg 1977). More recently, several classes of
RFamides have been isolated in vertebrates (figure 1);
these peptides exert influence on a variety of physiological
processes such as food intake, pain perception and
endocrine activity (Tsutsui & Ukena 2006; Zajac &
Mollereau 2006). Importantly for the study of reproduc-
tion, two of these RFamides, kisspeptin (also known as
metastin) and GnIH (also known as RFamide-related
peptide, RFRP), have emerged as major regulators of
HPG axis activity (for reviews see Kriegsfeld 2006;
Tsutsui & Ukena 2006).

Kisspeptin, the peptide encoded by the KiSS-I
gene, plays an important role in the development and
upregulation of the reproductive system (de Roux er al.
2003; Funes ez al. 2003; Seminara et al. 2003), whereas
GnIH has been reported to play an important role in
regulating reproduction by downregulating release of
pituitary gonadotropins via actions on the HPG axis
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(Tsutsui ez al. 2000; Ciccone et al. 2004; Osugi et al. 2004;
Bentley er al. 20065b; Kriegsfeld ez al. 2006; Ubuka ez al.
2006; Johnson ez al. 2007). The distinct opposing roles
played by these two peptides, along with associated
changes in the predicted direction following photo-
periodic manipulations (described below), suggest that
these peptides may provide key modulatory input
necessary for precise control of reproductive activity in
seasonal breeders.

2. KISSPEPTIN ACTIONS ON THE HPG AXIS

Although only recently characterized, a great deal of
progress has been made in uncovering the mechanisms
through which kisspeptin acts to stimulate the reproduc-
tive axis. Kisspeptin neurons are distributed across several
tissues (reviewed in Kauffman et al. 2007a), but
importantly for reproduction, they are localized to at
least two discrete regions in the hypothalamus in rodents,
the anteroventral periventricular (AVPV) and arcuate
(ARC) nuclei (reviewed in Smith & Clarke 2007).
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Neurons from these nuclei send projections to the medial
preoptic area (POA), a brain region containing GnRH cell
bodies (Hahn & Coen 2006), although it is not yet known
whether kisspeptin neurons specifically contribute to these
projections. The receptor for kisspeptin, G-protein-
coupled receptor 54 (GPR54), has been localized to a
majority of GnRH neurons (Irwig er al. 2004; Messager
et al. 2005; Quaynor ez al. 2007) and a number of lines of
evidence indicate that kisspeptin produces its effects via
actions on GnRH neurons (reviewed in Smith & Clarke
2007). Despite the apparent presence of GPR54 in the
pituitary gland (Kotani ez al. 2001; Muir ez al. 2001),
examination of the effects of kisspeptin on gonadotropin
release in pituitary cells ¢ vitro has yielded equivocal
results (Matsui et al. 2004; Thompson ez al. 2004; Navarro
et al. 2005; Gutierrez-Pascual et al. 2007), whereas i vivo
examination of the effects of kisspeptin on the pituitary has
failed to elicit gonadotropin release when the receptor for
GnRH is blocked pharmacologically (Gottsch ez al. 2004;
Irwig er al. 2004; Shahab ez al. 2005; Plant er al. 2006;
Mason et al. 2007b). These data suggest a direct action of
kisspeptin at the level of the hypothalamus, with a limited
or no role in regulating HPG axis activity at the level of
the pituitary.

Both Kiss-1 and GPR54 mRNAs have been localized to
the ovaries and the testes of rodents (Kotani er al. 2001;
Ohtaki et al. 2001; Terao et al. 2004; Castellano et al.
2006a), and a functional kisspeptin—-GPR54 system may
provide a mechanism for local regulation of reproductive
status at the level of the gonads, although this is at present
only speculative.

3. GONADOTROPIN-INHIBITORY HORMONE
ACTIONS ON THE HPG AXIS

GnlIH received its name owing to its inhibitory actions on
pituitary gonadotropin release in avian species (Tsutsui
et al. 2000). More recent evidence indicates that similar
mechanisms of pituitary control exist across mammals
(Clarke ez al. in review). GnIH cell bodies are primarily
localized to the paraventricular nucleus (PVN) in birds
(e.g. sparrows, quail and starlings; Tsutsui ez al. 2000;
Ubuka ez al. 2003, 2008; Ukena ez al. 2003; Osugi et al.
2004) and the dorsomedial nucleus of the hypothalamus
(DMH) in rodents (Kriegsfeld er al. 2006; Johnson ez al.
2007). Fibres, presumably from the cell bodies localized in
the PVN (birds) and DMH (rodents), extend to the
median eminence and the hypothalamus, and caudally
through the brain to at least the brain stem (reviewed in
Bentley ez al. 2006a). The GnlH receptor is a G-protein-
coupled receptor (Yin ez al. 2005) and mRNA for this
peptide has been localized to the hypothalamus (both
GnRH-I and -II neurons), pituitary, testes and epididy-
mides in quail and the testes, ovaries and oviduct in
European starlings (Yin er al. 2005; Bentley et al. 2008;
Ubuka et al. 2008) as well as to gonadotropes in the quail
pituitary (V. S. Chowdhury, T. Ubuka, G. E. Bentley and
K. Tsutsui 2008, unpublished data). These data,
combined with functional studies, indicate that, like
kisspeptin, GnIH is able to alter activity of the HPG
axis via direct actions on GnRH neurons (Bentley ez al.
2003, 2008; Kriegsfeld er al. 2006; Ubuka ez al. 2008).
Unlike kisspeptin, GnIH is also able to alter pituitary
gonadotropin release directly (Tsutsui er al. 2000;
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Osugi er al. 2004). The functional role of GnlIH
and its receptor in the gonads remains uncertain (Bentley
et al. 2008).

4. KISSPEPTIN AND GNIH AS NEUROENDOCRINE
INTEGRATORS OF PHOTOPERIODIC CUES

(a) Photoperiodic influences on Risspeptin

In seasonally breeding rodents, specifically Siberian
(Phodopus sungorus) and Syrian hamsters (Mesocricetus
auratus), photoperiod-driven changes in reproduction are
associated with marked changes in both KiSS-/ mRNA
(Syrian hamster) and kisspeptin (Siberian hamster) in the
brain (Revel er al. 2006; Greives et al. 2007; Mason et al.
2007b). Additionally, acute administration of exogenous
kisspeptin stimulates the HPG axis in all seasonally
breeding mammals studied to date (Messager et al.
2005; Revel er al. 2006; Caraty et al. 2007; Greives et al.
2007; Mason ez al. 2007b); however the effect of prolonged
kisspeptin treatment on the HPG axis appears inconsist-
ent. In Siberian hamsters, six weeks of daily kisspeptin
injections were unable to alter gonadal state (Greives et al.
2008), and continuous Kkisspeptin (i.e. four weeks)
administration to Siberian hamsters with regressed gonads
held in ‘winter-like’ photoperiod did not lead to an
elevation of LH or gonadal recrudescence (Greives et al.
2008). In one account using male Syrian hamsters,
continuous release of kisspeptin across four weeks induced
gonadal recrudescence in animals with regressed repro-
ductive systems (Revel ez al. 2006). The data from Syrian
hamsters are at odds with findings in mature rats and
rhesus monkeys where continuous kisspeptin exposure
caused desensitization of GnRH neurons and testicular
degeneration (Seminara er al. 2006; Thompson et al.
2006; Ramaswamy et al. 2007; Roa er al. 2008). Further,
in anoestrous sheep, continuous Kkisspeptin infusion
initially elevated GnRH and LH levels, but after 2 h the
concentrations of these molecules displayed a continuous
decline (Messager et al. 2005), and after 48 hours of
infusion, LH levels did not differ from those of vehicle-
treated sheep (Caraty et al. 2007). Based on these findings,
we hypothesize that chronic kisspeptin treatment may
desensitize GnRH neurons in hamsters, as has been
suggested by previous studies in rats and monkeys
(Seminara et al. 2006; Thompson et al. 2006). The
cause of the differential response to prolonged kisspeptin
exposure observed in Syrian hamsters compared with
other mammalian species is not known but may be the
result of different dosage regimes or routes of adminis-
tration. A more likely alternative is that a fundamental
difference between species exists (e.g. site of melatonin
action, see below), and further investigating the response
to prolonged kisspeptin may provide a unique opportunity
to investigate evolutionary patterns leading to differences
in response to this peptide.

Whereas the brain areas in which kisspeptin expression
is observed are consistent across many rodent species, the
direction of change in kisspeptin expression in response to
changing photoperiod differs across taxa. In Siberian
hamsters, immunohistochemistry reveals greater AVPV
kisspeptin immunoreactivity in animals held in reproduc-
tively stimulating long days compared with reproductively
inhibitory short days (figure 2). By contrast, kisspeptin
immunoreactivity in the ARC is relatively low in long
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Figure 2. Kisspeptin and GnlIH response to photoperiod.
Photoperiod alters kisspeptin immunoreactivity in Siberian
hamsters, with (a(i)) long-day housed animals displaying
significantly more kisspeptin-ir cells in the anteroventral
periventricular nucleus compared with (a(ii)) short-day
housed animals. Photoperiod also alters GnIH in
the dorsomedial hypothalamus of Syrian hamsters with
(b(ii)) short-day housed animals displaying significantly
fewer GnIH-ir neurons, compared with (b(i)) long-day
housed animals. (Adapted from Greives ez al. (2007) and
Mason et al. (2007a)).

days, while being significantly greater in short days
(Greives et al. 2007; Mason er al. 2007b). In Syrian
hamsters, however, ARC KiSS-I mRNA increases in
hamsters held in stimulatory long days and decreases in
non-reproductive hamsters; KiSS-1 expression was not
observed in the AVPV (Revel ez al. 2006), a region where
kisspeptin is seen in other rodent species (Smith ez al.
2005; Greives er al. 2007; Kauffman er al. 20075). It
remains unclear what role kisspeptin neurons in each of
these nuclei play in regulating HPG axis responses. It will
be important to deduce not only the relative role these
areas of the brain play in regulating reproduction, but also
to understand how they respond to neuroendocrine
signals relaying environmental (e.g. photoperiod) and
internal information (e.g. melatonin, sex steroids; Smith
et al. 2005). Discerning how and why differences in
expression and action of similar mechanisms among
seasonally breeding species arise may help us understand
how certain selective pressures drive divergent patterns of
regulatory mechanisms across a wide range of habitats and
breeding pressures.

Photoperiodic (i.e. day length) information in mam-
mals is coded into a biochemical signal via melatonin, an
indoleamine hormone released from the pineal primarily
during darkness. The duration of melatonin secretion
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serves as a physiological signal for day length and is
responsible for alteration of HPG axis activity in
photoperiodic mammals (Carter & Goldman 1983;
Bartness er al. 1993). Observed photoperiod-induced
changes in the kisspeptin system, combined with evidence
that pinealectomy alters KiSS-1 expression (Revel ez al.
2006), suggest responsiveness of the kisspeptin system to
melatonin; however, in the absence of additional data, this
idea is speculative at present. Interestingly, the sites of
melatonin action responsible for alteration of reproductive
status differ in the Syrian and Siberian hamster brains
(Goldman 2001), and uncovering the relationship
between kisspeptin and melatonin in these species
may help to understand not only the observed differences
in responses to kisspeptin and its expression patterns in
response to photoperiod, but also uncover common
themes for how actions of the same molecule may diverge
across species.

The vast majority of studies to date on the kisspeptin
system have been in mammals. More recently, investi-
gations into non-mammalian species have uncovered a
functional kisspeptin—GPR54 system in fish (Kanda ez al.
2008; van Aerle er al. 2008); however, preliminary
attempts to uncover a functional kisspeptin-GPR54
system in birds have thus far proved to be relatively
unfruitful (O’Brien et al. 2005; S. E. Schrock, L. ]J.
Kriegsfeld, G. E. Demas and E. D. Ketterson 2007,
unpublished data). Overcoming the challenges associated
with developing species-specific investigative tools (e.g.
antibodies) will be necessary to enable comparative
studies of this peptide.

(b) Photoperiodic influences on GnlH

GnlIH, like kisspeptin, displays changes in the pattern of
expression of mRNA and peptide in response to changing
photoperiod and reproductive status in seasonally breed-
ing birds. Female song sparrows display increased GnIH
immunoreactivity when becoming photorefractory to
long days (i.e. termination of the breeding season; Bentley
et al. 2003). Although the role of melatonin in regulating
mammalian seasonal reproduction has long been known
(Bartness et al. 1993), traditionally it was not thought to
play an active role in avian reproductive cycles (Dawson
et al. 2001). Contrary to this traditional view, a recent
finding reported that administration of melatonin alters
GnlIH content in quail (Ubuka et al. 2005), while a
separate study of castrated white leghorn roosters receiving
injections of relatively high doses of melatonin displayed
up to 70% reductions in plasma LH (Rozenboim ez al.
2002). These findings suggest a potential mode for
melatonin to modulate the avian HPG axis indirectly
through the GnIH system.

Mammalian GnIH (RFRP) has been identified and
localized to the DMH in the seasonally breeding Syrian
hamster (Kriegsfeld er al. 2006). The DMH is a site of
high-density melatonin binding and this brain region is
critical for appropriate gonadal involution in response to
short-day photoperiods (Maywood er al. 1996). Thus,
localization to the DMH indicates the possibility that
photoperiod may play a key role in altering GnlH
expression. Only very recently has the response of
GnlIH to photoperiod manipulation been investigated in
mammals. Both Syrian and Siberian hamsters display
significant changes in GnlIH-like content in response
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to photoperiod manipulation (Mason er al. 2007a;
Revel et al. 2008). Given its role in inhibiting HPG
activity, it was expected that inhibitory (i.e. short-day)
photoperiods would stimulate an upregulation of GnIH in
the DMH. However, in these studies GnIH-like immuno-
reactivity and gene expression in rodents were lower in
animals held on short-day photoperiods (Mason ez al.
2007a; Revel et al. 2008; figure 2). Further investigations
aimed at uncovering the role mammalian DMH GnIH
neurons play in the regulation of the HPG activity, as well
as the temporal pattern of GnIH expression in response to
short-day photoperiods, are needed.

5. KISSPEPTIN AND GniH: A YIN-YANG
RELATIONSHIP?

The opposing effects of these peptides in seasonally
breeding species suggest that they may interact to provide
a mechanism to coordinate reproductive responses
precisely to environmental variables, although other
peptides are likely to be involved in this process as well.
In temperate environments, increasing day length pro-
vides an initial predictive cue, indicating a higher
probability of favourable environmental conditions
(Wingfield 1980, 1983; Wingfield & Farner 1993).
However, local environmental conditions may vary from
year to year, thus necessitating the use of additional cues
to fine-tune the exact timing of mating (Wingfield er al.
1992; Wingfield & Farner 1993; Perfito er al. 2004). The
potential ability for kisspeptin and GnIH to respond to
multiple relevant stimuli and exert influence at multiple
levels of the HPG axis offers an exciting prospect to
provide a mechanism for more precise control or
modulation of the timing of breeding (figure 3).

In our theoretical model, kisspeptin might respond to a
shortening melatonin signal associated with lengthening
photoperiods (Bartness ez al. 1993; Revel ezt al. 2006),
stimulating the HPG axis via activation of GnRH neurons.
However, in the event of inclement weather or a sudden
reduction in resources, reproduction may be inhibited or
delayed (e.g. Wingfield 1985a,b). Here, GnIH may
temporarily override the activation of the HPG axis
through inhibitory actions at the level of the pituitary
and/or GnRH neurons (figure 3). Although the functional
roles of kisspeptin and GnIH at the level of the gonads are
as of yet unknown, they may provide an additional level
of regulatory control on reproductive physiology in
response to environmental signals altering circulating
(i.e. endocrine) or local (i.e. paracrine) secretion of these
peptides. Uncovering how these peptidergic systems
respond moment to moment to relevant signals at
multiple levels in the HPG axis will further elucidate
their role in allowing for precisely timed reproductive
events (Wingfield 2008).

6. FUTURE DIRECTIONS

While considerable progress has been made in elucidating
the roles that kisspeptin and GnIH play in reproduction, our
understanding of their role in seasonal reproduction is in its
infancy. Non-photoperiodic cues that vary seasonally
(i.e. supplementary cues), such as food availability (Bronson
1989) and/or energy stores, may play an important role in
fine-tuning the expression and interaction of these peptides
(as described previously); however, the effects of these cues
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Figure 3. Hypothetical model of kisspeptin and GnIH action.
In this model, we hypothesize that the production of
kisspeptin and GnlIH in the brain is altered in response to
relevant environmental cues. Evidence indicates that photo-
periodic cues act on the system via changes in melatonin
signalling. Hormonal signals of energy reserves, such as
leptin, also appear able to alter these molecules. In a
hypothetical scenario, in favourable environments kisspeptin
has a stimulatory effect on GnRH neurons leading to the
release of GnRH and an upregulation of the HPG axis, while
in unfavourable conditions GnIH would downregulate the
HPG axis at the level of GnRH neurons and/or the level of the
pituitary. In addition both kisspeptin and GnIH may alter
reproductive functionality at the level of the gonads via
endocrine and/or paracrine actions.

have not yet been investigated in a seasonal context. The
kisspeptin system in non-seasonal laboratory rodents is
altered in response to changes in energetic resources (e.g.
fasting) or signals of energy availability (e.g. leptin;
Castellano ez al. 2005, 20065; Smith er al. 2006; Luque
et al. 2007). Recent evidence suggests that GnIH may
interact with the ingestive system in chickens and rats, with
injections of GnIH leading to a significant increase in feeding
behaviour (Tachibana ez al. 2005; Johnson ez al. 2007). Thus,
it is likely that seasonal breeders respond not only to
photoperiodic cues, but also to supplementary cues that
allow for adjustments of the kisspeptin and GnIH systems in
response to real-time changes in energy availability.
Additionally, these data suggest the intriguing idea that
RFamides may be able to transmit information of ‘repro-
ductive status’ to systems controlling other seasonally
relevant, non-reproductive behaviours such as food intake
and energy metabolism. One recent report suggests no
observable change in hypothalamic GnIH content in
response to moderate food restriction in broiler breeder
hens (Ciccone er al. 2007); however, the lack of observable
changes in this study should be interpreted with caution, as
these animals have experienced artificial selection under
ideal food conditions. Investigations aimed at uncovering
the effects of food and other environmental cues (e.g.
temperature, water availability) in non-domesticated animals
will provide insights into the potential interactions
between these cues and GnIH and kisspeptin.
Temperate-zone animals with longer gestation/incuba-
tion periods than those of rodents or birds also must
time periods of fertility to facilitate offspring birth in
the favourable conditions of spring/early summer. For
example, seasonally breeding sheep, with a considerably
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longer gestation period compared with rodents, initiate
reproductive behaviours and fertility during short days
(e.g. autumn and winter; reviewed in Malpaux ez al. 2001).
Recent studies in ovariectomized sheep indicate an
association between the short-day reproductive season
and kisspeptin expression, with an increase of KiSS-1
mRNA in the ARC from the transition from long-day
photoperiods to fertile short-day photoperiods; a similar,
but non-significant, increase was observed in the POA
(Smith ez al. 2007). Additionally, kisspeptin infusion
initially activates the HPG axis in female acyclic sheep,
inducing ovulation; however, exposure to kisspeptin in
these sheep over a prolonged period downregulates the
HPG axis (i.e. LH levels return to baseline; Caraty ez al.
2007). The role GnIH plays in short-day breeders has not
yet been investigated.

Non-seasonal breeders (i.e. flexibly breeding species)
must also ensure that reproduction occurs during
favourable times. In these animals, swift and precise
alteration of the HPG axis may be beneficial. Investi-
gations of kisspeptin and GnIH in these species may yield
insights into the versatility and flexibility these peptides
may provide to allow for non-seasonal breeding. Recently,
it has been reported that in the flexibly breeding Rufous-
winged sparrow, exogenous GnlH is unable to reduce LH
levels during the breeding period associated with the
monsoons of the Sonoran desert (Deviche ez al. 2006).
Exploring the possible role kisspeptin may play in this and
similar species both during the breeding and non-breeding
periods may help clarify the relationship between GnIH
and kisspeptin.

Lastly, the sexes of the same species may differ in the
maintenance or activation of reproductive behaviour and
physiology (e.g. Beery et al. 2007) and provide a unique
avenue for investigation of these peptides within the same
species. Female Siberian hamsters, unlike males, fail to
elevate LH levels in response to exogenous kisspeptin
when housed in inhibitory short-day photoperiods
(Mason et al. 2007b; figure 4); females in this species
must carry offspring to term and provide unaided care
(Wynne-Edwards 1995). In this instance, GnIH may act
to provide a sex-specific mechanism as a ‘fail-safe’ switch,
ensuring avoidance of the energetic cost associated with
activation of the HPG axis in response to kisspeptin and
avert a potential mistimed pregnancy, although currently
this idea remains highly speculative. Thus far, sex
differences in GnIH have not been reported, and future
research will be needed to adequately test these and other
hypotheses.

7. CONCLUSION

Although many insights have been gained in the few years
since the discovery of kisspeptin and GnIH, many
questions remain unanswered. Both peptides appear to
respond to a variety of environmental signals; however, it is
unknown whether these peptides respond similarly or
whether one peptide is affected more robustly than the
other in response to these cues. Studies conducted under
controlled laboratory and semi-naturalistic environments,
combined with field investigations, will be needed to gain a
greater understanding of the role that these peptides play
in regulating ecologically relevant reproductive responses.
In addition, comparative investigations focusing on the
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Figure 4. Sex differences in kisspeptin responses. (a) Circula-
ting levels of LHs are elevated in long-day housed male and
female Siberian hamsters after the administration of kisspeptin.
(b) Following kisspeptin injection, short-day housed (non-
reproductive) male Siberian hamsters significantly elevate
circulating LH levels, while short-day housed (non-reproduc-
tive) female Siberian hamsters fail to display a significant
elevation in circulating levels of LH, indicating potential sex
differences (Adapted from Greives ez al. (2007) and Mason ez al.
(2007b)). White bar, baseline LH; black bar, post-injection LH.

natural history, ecology and environmental factors affect-
ing a wide range of vertebrates will be necessary to uncover
the ability of kisspeptin and GnIH to enable appropriate
alterations of reproductive status in animals occupying
divergent habitats. Substantial opportunities exist to
examine how evolution has shaped these systems or how
variation in these systems may have allowed selection
pressures to shape the neural mechanisms driving
reproduction in disparate habitats.
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