Chapter 1

THE MARTES COMPLEX: A MONOPHYLETIC
CLADE THAT SHARES MANY LIFE-HISTORY
TRAITS AND CONSERVATION CHALLENGES

Gilbert PROULX and Keith B, AUBRY

Abstract: Recent phylogenetic, phylogeographic, and morphometric studies have
established the genetic affinities of the American marten (Martes americana),
Pacific marten (M. cauring), Buropean pine marten (M. martes), stone (beech,
house) marten (M. foina), Japanese marten (M. melampus), yellow-throated marten
{M. flavigula), Nilgiri marten (M. gwatkinsii), sable (M. zibelling), fisher (Pekania
pennanti), wolverine (Gulo gulo), end tayra (Eira barbard). In this chapter, we
evaluate the extent to which species in the Martes Complex share ecological
adaptations and biclogical traits, and how such commonalities may be used for
the conservation of species. Historical bicgeography and recent research findings
have shown that landscape connectivity was essential for species in the Martes
Complex to avoid habitat isolation, and to maintain genetic connectivity through
dispersal. Most species in the Martes Complex are asseciated with forests with
high basal areas and large-diameter trees that provide complex vertical and
horizontal structure, including snags and decaying trees, high volumes of fallen
deadwood, and a well-developed understory. Denning and resting sites for
species in the Marfes Complex consist of tree cavities in large dead or live trees,
hollow logs, tock crevices, burrows of other animals, and buildings. All species
have a rclatively broad food niche, which varies seasonally and annually
depending on environmental conditions and food availability. Most species are
polygamous, but the yellow-throated and Nilgiri martens are monogamous, and
the tayra is likely promiscuous. They have a well-defined breeding season except
for the subtropical and tropical tayra and yellow-threated marten, which have at
least 2 oesiruses/year. With the exception of the tayra, all exhibit delayed
implantation of the blastocyst. Habitat loss and fragmentation, which may be
cansed by climate change, is the major threat endangering the persistence of
species in the Martes Complex. The development of a conservation program to
counteract habitat loss must first aim at the retention of landscapes with a
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network of corridors interconnecting forest mosaics. These mosaics will provide
species in the Martes Complex with forest stands, woodlots, and hedgerows
containing complex vertical or horizontal structure that provide protection from
predation and extreme temperatures, a diversified and abundant prey base, and
secure denning and resting structures that provide thermoregulatory benefits and
security for mothers and their young. A comprehensive evaluation of the
ecological similarities among these species will require additional research.

INTRODUCTION

Recent phylogenetic, phylogeographic, and morphometric studies have
provided compelling evidence that taxonomic revisions are needed to the
genus Martes to resolve several long-standing issues. Numerous authors
(e.g., Hosoda et al. 2000; Fulton and Strobeck 2006; Koepfli et al. 2008;
Sato et al. 2012) have demonstrated that the genus Martes was para-
phyletic with respect to the fisher (previously M. pennanti), and several
recommended elevating the subgenus Pekania to generic status and
reclassifying the fisher as Pekania pennanti (Koepfli et al. 2008; Sato et al.
2012). Recent publications on fishers in the primary literature (e.g.,
Aubry et al. 2013; Schwartz et al. 2013; Proulx and Dickson 2014) and in
a recent update of the standard taxonomic checklist of North American
mammals (Bradley et al. 2014) indicate that the scientific community has
accepted this revision. In addition, the results of recent genetic studies on
martens in North America raised long-standing questions about the
appropriateness of recognizing only 1 species of marten in North
America (the American marten [M. americana]; Carr and Hicks 1997;
Stone and Cook 2002; Small et al. 2003). However, a recent synthesis of
the taxonomic status of North American martens (Dawson and Cook
2012), using both morphometric and genetic data, showed that marten
populations in southwestern North America (primarily the western
contiguous United States and portions of coastal British Columbia)
should be reclassified as the Pacific marten (M. caurina), while all other
populations in North America should still be considered American
martens. Recent journal publications (Moriarty and Epps 2015; Pauli et al.
2015), as well as the check list of North American mammals (Bradley et
al. 2014), have also incorporated this taxonomic revision.

It is now understood that the genera Martes, Pekania, Gulo, and Eira
belong to a monophyletic clade that reflects evolutionary divergence at
the subfamily level (Hosoda et al. 2000; Fulton and Strobeck 2006;
Kocepfli et al. 2008; Sato et al. 2012). Wozencraft (1993) included these
genera within the subfamily Mustelinae (which also included weasels
and badgers, among others), but it is now clear that this subfamily is
paraphyletic and also needs taxonomic revision (Sato 2016). Fulton and
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stone martens), and subtropical and tropical forests (yellow-throated,
Japanese, and Nilgiri martens; tayra).

With the exception of the stone marten, all species in the Martes
Complex are threatened to some degree by habitat loss (Proulx et al.
2004) and range fragmentation from climate change (Carroll 2007). Also,
many species in the Martes Complex are at tisk from habitat degradation
(Proulx et al. 2004), including the European pine marten in several
European countiries; sable in China; Nilgiri marten in India; Japanese
marten in Japan; American and Pacific martens in some Canadian
provinces and American states; fisher in the Pacific coastal states;
wolverine in Scandinavia (Persson et al. 2009) and the contiguous United
States (U.S. Fish and Wildlife Service 2013); and tayra in some regions of
Brazil (de Oliveira 2009).

Due to phylogenetic niche congervatism, closely related species tend
to be similar ecologically (Losos 2008; Burns and Strauss 2011). However,
no attempt has been made to identify commonalities in the ecological
relations or life-history traits of the species in this phylogenetic clade.
Such information could be extremely valuable for developing
conservation programs that address common threats to the persistence of
their popuiations. In this chapter, we evaluate the extent to which specics
in the Martes Complex share ecological adaptations and life history traits,
and discuss how such commonalities could be used to improve efforts to
conserve their populations.

LIFE-HISTORY TRAITS
Habitat associations at regional and landscape scales

The true martens (subgenus Martes; Hughes 2012) and the fisher
(subgenus Pekania) occur exclusively in north-temperate boreal and
montane regions (see maps in Proulx et al, 2004; Dawson and Cook
2012), whereas the yellow-throated marten (subgenus Charronia) occupies
a wide variety of regions, including temperate, fropical, subalpine, and
alpine environments (Appel and Khatiwada 2014). The Nilgirxi marten
(subgenus Charronia) and tayra occur in fropical and subtropical environ-
ments (see maps in Proulx et al. 2004; Cuarén et al. 2008), whereas
wolverines primarily occupy tundra and boreal forests in the far north,
and subalpine and alpine environments in temperate regions (Abramov
et al. 2009). Despite intra- and inter-specific variation in the habitat types
they use, all species in the Marfes Complex are forest dwellers; i.e., they
need the cover and protection of trees and the habitat conditions they
provide during their daily activities or during particular phenological
periods (Table 1.1).
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REPRODUCTION

Our understanding of the population biology of Martes Complex species
is limited because they occur at low densitics and have secretive
behaviours; consequently, many have not been the subject of rigorous
study (Aubry et al. 2012). Neverthelcss, there are many similarities. Most
species in the Martes Complex occupy temperate regions, are nocturnal
and solitary in their activities, have a polygamous mating system, exhibit
intrasexual territoriality, have a well-defined breeding season with
delayed implantation of the blastocyst, average litter sizes ranging from
2-4, and parental care provided by the female without help from the
male (Table 1.2). For temperate species, delayed implantation results in
parturition occurring during the spring when environmental conditions
are most favourable for raising young, and shifts the mating season away
from the winter to a time when males are more mobile and can find
receptive females (Lariviere and Jennings 2009).

The Japanese marten, yellow-throated marten, Nilgiri marten, and
tayra provide the only exceptions to thesc patterns, and are the only
members of the Martes Complex that occupy tropical or subtropical
regions. The reproductive ecology and territorial behaviour of Japanese
martens are unknown. Yellow-throated and Nilgiri martens are diurnal
and monogamous, and tayras are largely diurnal and are promiscuous
breeders with multiple estruses each year, and they do not exhibit
delayed implantation. Thus, seasonality in climatic conditions exerts a
strong influence on reproductive and behavioural strategies among
members of the Martes Complex.

CONSERVATION OF THE MARTES COMPLEX

Species in the Martes Complex share many life-history traits along an
ecological spectrum. At one end of the spectrum is the wolverine, which
is largely intolerant of human disturbance and infrastructures (May et al.
2006), requires large, undisturbed areas (Copeland and Whitman 2003},
and depends on persistent spring snow cover for denning and successful
reproduction {Copeland et al. 2010). At the other end is the stone marten,
which is synanthropic, and uses the broadest range of habitats, including
steppes, rocky areas, forests, and urbanized landscapes (Virgds et al.
2012). All other species in the Martes Complex fall somewhere between
these extremes. Some species are allopatric (e.g., American and European
martens), and others are sympatric (e.g., fisher, American marten, and
wolverine; European pine and stone martens). Regardless of their
position along this ecological spectrum, or overlap in their distributions,
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reserves) must be protected over the long term to ensure the growth and
recovery of their populations (e.g., Buskirk et al. 2012).

The success (dispersal, survival, and settling) of populations of
American martens (Johnson et al. 2009), fishers (Proulx and Dickson
2014}, wolverines (Schwartz et al. 2009), and European pine martens
(Broekhuizen 2006) are highly dependent on adequate connectivity
within the landscapes they occupy, and it is probably true for other
species in the Martes Complex. To provide for the integrity of
populations and habitats over Hime, especially in light of potential threats
to boreal species from global climate change, it may be most expedient to
develop landscape management plans for an array of species where key
habitats are identified and conserved for species in the Maries Complex
and for species with similar ecological needs (e.g., Proulx 2005; Marcot
and Raphael 2012).

CONCLUSIONS

In this chapter, we showed that there are enough similarities among
preferred habitats for martens, fishers, wolverines, and tayras to identify
common habitat features for the development of conservation programs
that will provide benefits to members of the Martes Complex at multiple
spatial scales. Due to these commonalities, biologists working on species
in the Marfes Complex would benefit from increased interactions (e.g.,
participating in international symposia convened by the Martes Working
Group) to facilitate the development of collaborative efforts to conserve
these species (Proulx and Aubry 2014). For example, a conservation
strategy aiined at improving dispersal rates for 1 or more species of
marten, would likely provide benefits to other species in the Maries
Complex.

Understanding phylogenetic relationships among species in the
Maries Complex took decades of work, and more studies are needed to
fully understand those relationships. A comprehensive evaluation of the
ecological similarities among these species will also require additional
research. In particular, new studies on the tayra, yellow-throated marten,
and Nilgiri marten will be needed to identify similarities in their
behaviour and population dynamics in natural and human-altered
ecosystems in tropical and subtropical regions. Finally, there is a need for
additional research on the distributional ecology of species in the Martes
Complex in relation to life-history traits, to better understand their
habitat requiremnents, intraguild competition, and predation risk in
various landscapes and habitat types. We hope that the ideas contained
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