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Summary 
 

Habitat fragmentation and urbanization are ubiquitous threats to mammals, forcing species to 

either become locally extinct or to adapt.  The challenge for species to adapt is great, partly 

because of the wide disparity between the quickness of these anthropogenic forces and the rate at 

which species can adapt through evolutionary processes.  Yet some species are adapting to 

fragmented, potentially novel, urban landscapes.  Until now however, our ability to investigate 

species responses to these threats remained practically infeasible, due to the technological 

limitations of monitoring free-ranging animals.  However, the field of movement ecology is 

spurring interest in these questions, driving rapid technological improvements in biotelemetry 

methods, offering biologists unprecedented opportunities.  I capitalized on these opportunities 

during my dissertation work and investigated a species whose responses to habitat fragmentation 

apparently varies greatly across its geographic range, hoping to explore hypotheses concerning 

the ecological and behavioral responses of a carnivore to these anthropogenic forces. 

 This dissertation is an attempt to better understand the behavior and ecology of fishers 

(Pekania pennanti) that have recently colonized the previously considered inhospitable, semi-

urban landscape surrounding Albany, New York, USA.  Within this dissertation, I compare the 

species historic, most-contracted, and current geographic range, and show that fishers have re-

colonized much of their historical eastern range, (including suburban landscapes within the 

Northeastern United States), yet remain in isolated fragments within their historic western range 

(Chapter 2). Understanding how this species can successfully colonize a suburban landscape, but 

remain threated elsewhere, motivated the field-based portion of this dissertation. 

 I hypothesized that fishers in my study area have adapted their behaviors (e.g., the timing 

of their activity and their movement-habitat patterns) in response to human activities.  To test 
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these hypotheses, I captured and fitted 33 free-ranging fishers across a habitat fragmentation 

continuum during three winter field seasons. I deployed state-of-the-art GPS-tracking collars, 

equipped with tri-axial accelerometers and remote downloading capabilities and managed these 

recorded data via movebank.org.  It was necessary to develop a novel system for collecting the 

temporal and spatial high-resolution data that would be required to test this hypothesis.  Our 

accelerometer-informed GPS-fix attempt schedule (described in Chapter 3) achieved great 

success in both extending the deployment duration of our GPS-tracking collars while 

simultaneously recording more locations, ultimately yielding more realistic fisher movement 

tracks. 

 It appears that these fishers are facilitating their survival within this semi-urban landscape 

through adjustments in the timing of their activity and their movement patterns.  Our 

accelerometers yielded activity data (i.e., overall dynamic body acceleration) that suggests that 

these fishers are nocturnal and are avoiding automobile traffic volume peaks by ceasing their 

activity earlier when these peaks occur earlier in the morning.  Fishers also appear less selective 

in their habitat requirements here than reported in the literature, utilizing all forest cover types 

available to them rather than particular forest characteristics.  However, my study animals rarely 

utilized only one forest patch, due to their small area, and instead crossed roads and other 

features nightly to move between multiple forest patches.  From my model of fisher behavior, it 

appears that fishers are utilizing movement corridors to move between these patches.  

Unfortunately however, two popular approaches for identifying potential corridors (i.e., least-

cost path analysis and circuit theory) poorly predicted the location of these corridors.  Further, an 

independent set of animal movement data, derived from camera trap detections, validated my 

model predictions and confirmed that the other two models performed relatively poorly. 
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 In summary, the work presented within this dissertation tells an encouraging story of 

persistence and resourcefulness, offering hope for the conservation of imperiled wildlife.  The 

fisher has been thought to be highly, negatively impacted by human activities and landscape 

disturbance, yet their recent colonization of suburban areas suggests the contrary.  I am confident 

that the results of future efforts similar to those outlined here will be vital to conservation efforts.  

Given the rate and ubiquity of threats to wildlife, we must improve our understanding of how 

some species are coping with these threats so that we can identify the traits that allow them to do 

so. 
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Zusammenfassung 
 

Habitatfragmentierung und Verstädterung sind allgegenwärtige Bedrohungen für Säugetiere, die 

lokal aussterben, wenn sie sich nicht anpassen können. Die Herausforderung für die Arten ist 

jedoch enorm, unter anderem aufgrund der zeitlichen Diskrepanz zwischen der Schnelligkeit, der 

anthropogenen Umweltveränderungsprozessen und der Geschwindigkeit, mit der sich Arten 

evolutiv verändern.  Dennoch gibt es Arten, denen es gelingt, sich an fragmentierte und teilweise 

völlig neuartige städtische Landschaften anpassen. Bisher war es fast unmöglich zu beobachten, 

wie Arten auf diese Gefahren reagieren, da technische Schwierigkeiten die Beobachtung 

freilebender Tiere kaum gestatteten. Der Bereich der Movement Ecology verstärkt jedoch das 

Interesse an diesen Fragestellungen. wodurch eine schnelle technologische Entwicklung 

biotelemetrischer Methoden angestoßen wurde, die Biologen noch nicht dagewesene 

Möglichkeiten eröffnen. Die Untersuchung einer Art, die eine breite Reaktionsnorm auf 

veränderte Landschaftsformen zeigt, sollte geeignete Rahmenbedingungen bieten, die die 

Überprüfung von Hypothesen zur ökologischen und verhaltensbiologischen Reaktion wilder 

Arten auf solche anthropogenen Veränderungen erlaubt. 

Diese Arbeit stellt einen Beitrag dar, die ökologischen- und Verhaltensanpassungen von 

Fischmardern (Pekania pennanti) besser zu verstehen, die es den Tieren ermöglicht haben, eine 

Gegend zu besiedeln, in der sie bisher nicht vorgekommen sind, nämlich die semi-urbane 

Landschaft um Albany im Bundesstaat New York, USA. In dieser Arbeit habe ich die historische 

und aktuelle geografische Verbreitung quantifiziert und belege, dass, obwohl Fischmarder fast 

ihr gesamtes östliches Verbreitungsgebiet inklusive der sub-urbanen Landschaften in den 

nordöstlichen Vereinigten Staaten re-kolonisiert haben, ihre Vorkommen in ihrem historischen 

westlichen Verbreitungsgebiet auf isolierte Fragmente beschränkt sind. Die Frage, warum diese 
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Art in einigen Gebieten gefährdet bleibt, obwohl sie in anderen Regionen erfolgreich die 

Vorstädte kolonisiert, war Grundlage für den auf Feldarbeiten basierenden Teil dieser 

Dissertation. 

Ich habe in meiner Untersuchung die Hypothese aufgestellt, dass Fischmarder ihr 

Verhalten (also z.B. ihre Aktivitätszeiten und ihr Bewegungsmuster) an die menschliche Umwelt 

angepasst haben. Um diese Hypothese zu überprüfen, habe ich im Laufe von drei Wintern 33 

wilde Fischmarder in unterschiedlich gestörten Landschaften gefangen. Die Tiere wurden mit 

modernen GPS-Halsbändern ausgestattet. Dieses neuartige, für diese Untersuchung entwickelte 

System kann zeitlich und räumlich sehr hochaufgelöste Daten speichern, die zu der Überprüfung 

der Hypothese notwendig sind. Die Halsbänder können auch die Beschleunigung in drei Achsen 

aufnehmen und können aus einiger Entfernung ausgelesen werden. Die Daten wurden auf der 

online-Plattform Movebank.org ausgewertet. Die beschleunigungsabhängige Aufzeichnung von 

GPS-Positionen (siehe Kapitel 3) hat erfolgreich dazu beigetragen, die Lebenszeit der GPS-

Halsbänder zu verlängern und dabei mehr Positionen aufzunehmen, was dazu geführt hat, ein 

realistischeres Bild der Bewegungsmuster von Fischmardern zu erhalten. 

Es hat sich herausgestellt, dass Fischmarder in den sub-urbanen Landschaften überleben, 

indem sie ihre Aktivitätszeiten und Bewegungsmuster anpassen. Die Daten unsere 

Beschleunigungsmesser legen nahe, dass diese Fischmarder nachtaktiv sind und auf die 

Stoßzeiten des automobilen Verkehrs und des damit verbundenen Lärms reagieren. Auch 

scheinen sie hier weniger wählerisch zu sein, was ihre Habitatsansprüche angeht. Anders als in 

der Literatur dargestellt, da sie alle und nicht nur einige ausgewählte Waldtypen nutzen. Jedoch 

haben die von mir untersuchten Tiere aufgrund der geringen Größe nur selten eines, sondern oft 

mehrere Waldgebiete genutzt, indem sie sich nachts zwischen den Waldfragmenten bewegt 
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haben. Um die Verbindung zwischen diesen Gebieten zu untersuchen erstellte ich ein 

Computermodell, dass darauf schließen lässt, dass die Fischmarder zwischen den Waldinseln 

bestimmte Korridore nutzen. Die zwei gängigen Berechnungsmodelle zur Identifizierung 

möglicher Korridore, (Least-cost Path Analysis und Circuit Theorie), haben jedoch die 

Positionen der Fischmarder nur sehr ungenügend berechnet. Mein Modell wurde hingegen 

zusätzlich von unabhängig erhobenen Bewegungsdaten, die aus automatischen Kamerafallen 

berechnet wurden, bekräftigt und bestätigte, dass die anderen beiden Modelle sich nur als sehr 

bedingt geeignet erwiesen. 

Zusammenfassend kann man sage, dass die hier vorgestellten Ergebnisse eine 

ermutigende Geschichte von Beständigkeit und Anpassungsfähigkeit erzählen, die Anlass zur 

Hoffnung für den Schutz gefährdeter Tiere bietet. Die Verbreitung der Fischmarder war 

dramatisch zurückgegangen und es wurde angenommen, dass diese Art durch menschliche 

Aktivitäten und Landschaftsveränderungen extrem negativ beeinflusst wird. Die aktuelle 

Besiedelung vorstädtischer Gebiete durch diese Art legt jedoch das Gegenteil nahe. Ich bin 

sicher, dass die Ergebnisse zukünftiger Untersuchungen ähnlich der hier vorgestellten Arbeit 

wesentlich für Schutzmaßnahmen sein werden. In Anbetracht der allgegenwärtigen und 

vielfältigen Bedrohung der Tierwelt müssen wir die Perspektive der Tiere berücksichtigen und 

einen Paradigmenwechsel im Naturschutz anstreben, der die Komplexität des individuellen 

Verhaltens mit einbezieht und diese Komplexitäten  im Naturschutz berücksichtigt.  
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Chapter 1 
 

 

General introduction 
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BACKGROUND and INTRODUCITON  

Human activities often affect substantial changes across ecosystems, pushing resident species 

toward extinction or forcing them to adapt (Wilcox and Murphy 1985; Saunders et al. 1991; 

Turner 1996; Fahrig 1997, 2003).  Habitat fragmentation is especially threatening to native 

wildlife species, particularly when it leads to the conversion of natural landscapes into a matrix 

of less suitable habitat patches; i.e., urbanization (McKinney 2002).   Whereas many cannot 

(McKinney 2002), some species are indeed able to adapt to these anthropogenic changes, either 

because of a pre-adaptation, or through new, rapid evolutionary change (Henle et al. 2004; 

Prange et al. 2004; Fischer and Lindenmayer 2007; Harveson et al. 2007; Gehrt et al. 2010). 

These anthropogenic threats have temporal and spatial components: human activities 

affect changes in the spatial configuration of the landscape and these activities occur at 

predictable times within a 24-hour period (McKinney 2002, Longcore and Rich 2004; Beier 

2006; Shochat et al. 2006).  Thus, animals facing these threats must adapt their movement 

behaviors and the timing of their activities.  For example, coyotes (Canis latrans) have adjusted 

the timing of their activities to avoid peak human activity periods and utilize a wide range of 

available land cover types, allowing them to successfully colonize suburban and urban 

landscapes across their geographic range (McClennen et al. 2001).  However, our understanding 

of whether other species have similarly adapted their behaviors is limited, as only very recently 

have biologists been able to accurately quantify these behavioral adaptations of free-ranging 

individual. 

Fortunately, the emerging field of Movement Ecology (Nathan et al. 2008) is spurring the 

miniaturization and complexity of biotelemetry technology, and new analytical tools for 

identifying behaviors of free-ranging animals (Nathan et al. 2012) and for discerning animal 
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behavior using movement data-based models (Fauchald and Tveraa 2003; Morales et al. 2004; 

Jonsen et al. 2005; Gurarie et al. 2009; Kranstauber et al. 2012).   As a result, the amount of 

animal movement data is rapidly increasing and being made available to both quantify animal 

responses to habitat fragmentation and urbanization and to test model predictions of their 

responses (Wikelski et al. 2007; Wikelski and Kays 2012).  These movement models, coupled 

with improved spatial and temporal resolution of GPS-derived animal movement data (e.g., 

Brown et al. 2012), are improving our understanding of the mechanistic links between animal 

behavior, space use, and survival in dynamic environments (Morales et al. 2010; Smouse et al. 

2010; BartoŒ et al. 2012; Buchmann et al. 2012).  Given these technological and analytical 

advancements and the well-established threats of habitat fragmentation and urbanization to 

biodiversity, investigating wildlife species responses to these threats is both timely and necessary 

for successful conservation efforts. 

 Investigating the response of a once rare carnivore species to these threats may be 

exceptionally fruitful, especially when this carnivore demonstrates a wide disparity in its 

conservation status across its native range.  Fishers (Pekania pennanti Erxleben 1777, formerly 

Martes pennanti) initially faired poorly in human dominated landscapes and went extinct in 

many parts of their range across North America (Powell 1993).  They have subsequently 

expanded their range across most of their eastern range, including colonizing semi-urban areas of 

New York (LaPoint et al. 2013), but remain threatened across most of their western geographic 

range (Lewis et al. 2012).  Understanding the ecology and behavior of fishers within the semi-

urban areas of New York is the goal of this dissertation. 

 

STUDY SPECIES AND AREA 
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The fisher is a medium-sized (females 2.0ï2.5 kg; males 3.5ï5.5 kg) member of the Mustelidae 

family native to the northern forests of North America (Powell 1993) (Figure 1).  They are semi-

arboreal generalist predators (Powell 1993; see Chapter 2).  Little is known about their activity 

patterns and behavior, but they are presumably active throughout the 24-hour period (Weir and 

Corbould 2007).  Fishers were once considered habitat specialists that required mature forests 

(Buskirk and Powell 1994), but more recent work suggests that fishers are less specialized in 

their forest-habitat requirements than previously thought (LaPoint et al. 2013). 

 During the 19
th
 and early 20

th
 centuries, their range contracted northward following the 

Euro-American colonization of North America and the subsequent land conversion, timber, and 

fur harvesting, leaving fishers in isolated refugia scattered throughout the southern portion of 

their range (Powell 1993; Lewis et al. 2012).  By the early 20
th
 century however, agricultural 

abandonment increased and forest clearing eased, particularly within much of their northeastern 

range (Pimm and Askins 1995).  Across the United States, fisher trapping seasons were closed, 

first in Wisconsin (1921) and finally in California (1946), providing fishers with temporary relief 

from harvest (Powell 1993).  Fisher populations have since expanded their north-central and 

northeastern ranges southward, aided by successful translocations (Lewis et al. 2012) and have 

even begun colonizing suburban woodlands in parts of their southeastern range (LaPoint et al. 

2013).  Unfortunately however, fishers still have the fourth most contracted geographic range of 

all North American carnivores (Laliberte and Ripple 2004) and their southwestern populations 

have been petitioned for protection under the U.S. Endangered Species Act (Center for 

Biological Diversity 2008).  Fishers have been translocated 38 times throughout their range with 

much success (Lewis et al. 2012), yet the regional variation in fisher range expansion remains, 

sparking much discussion and debate among carnivore biologists. 
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              I studied fishers within two areas in eastern New York, USA (42°45 ᾳ N, 73Á51ᾳ E), to 

represent my wild (Rensselaer) and urban (Albany-Schenectady) study sites (Figure 2).  The wild 

site, the Rensselaer Plateau in central Rensselaer County, ranges in elevation from 200 ï 600 m 

and is predominantly forested (~85%) with typical northern hardwood and conifer trees species 

(e.g., eastern white pine Pinus strobus, eastern hemlock Tsuga canadensis, maples Acer rubrum 

and A. sacharum, oaks Quercus rubra and Q. alba, and paper birch Betula papyrifera).  The road 

density is relatively low (1.33 km/km
2
; Rensselaer County Bureau of Research and Information 

Services 2009) with a human population density of approximately 29.9/km
2 
(US Census 2012).  

Figure 1. Images of the study species, fishers (Pekania pennanti).  A sedated female (top left) and male (bottom 

left) and an alert male within a tree. 
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The urban site is a 350 km
2
 developed area between the cities of Albany and 

Schenectady, bounded by the Mohawk and Hudson Rivers to the north and east, and by 

Interstates 90 and 890 to the south and west.  The road density in the urban study area is nearly 

4x higher than the wild site (4.77 km/km
2
; New York State Office of Cyber Security and Critical 

Infrastructure Coordination 2005; US Census Bureau 2012), with little change in elevation (0 ï 

100 m; United States Geological Survey).  The area is characterized by residential and 

commercial land uses and is densely populated (438/km
2
; US Census 2012).  Work within this 

area focused on forested fragments and other natural areas, including the Albany Pine Bush 

Figure 2.  Map of the study area showing (A) the proximity of the ñurbanò and ñwildò study areas to each other, 

(B) a sample of the ñurbanò landscape near Albany, New York, USA, and (C) a sample of the ñwildò landscape 

near Grafton, New York, USA. 
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Preserve, but also more developed and managed areas such as golf courses and cemeteries. 

 

DISSERTATION OUTLINE  

The motivation behind this dissertation research is to better understand the ecology and behavior 

of fishers inhabiting the developed landscape near Albany, New York, USA.  I first quantified 

the fisherôs geographic range expansion and tested hypotheses related to the mesopredator 

release hypothesis via changes in predator species richness over time, fisher dietary patterns, and 

fisher body size (see Chapter 2).  This effort suggested that fishers in their eastern range 

(including my study area) have greatly expanded their range outward from refugia, and are 

possibly benefiting from a reduced predator community.  However, it is quite clear that other, 

undocumented factors may also facilitate their range expansion, particularly habitat suitability. 

I then focused my efforts on understanding when, where, and how fishers move by 

quantifying the daily activity patterns, habitat selection, and movement patterns of the fishers 

within my study areas.  To do so required three years of field work, principally involving the 

capture and handling fishers, deploying state-of-the-art global positioning system (GPS) tracking 

collars equipped with accelerometers (see Chapter 3 for more details), and conducting camera 

trap surveys.  However, because of the fragmented matrix of my urban study area and my desire 

to record between-patch movements of fishers, high spatial and temporal resolution movement 

data was clearly needed to achieve my objectives.  In order to obtain this data, we developed a 

novel program for a behaviorally-informed, dynamic GPS location-fix attempt schedule (see 

Chapter 3).  Simply, using the animalôs level of activity (measured via the onboard 

accelerometer), we were able to dictate how frequently our GPS tracking collars recorded the 

location of our animals: more active equals more frequently.  This new dynamic schedule nearly 
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doubled the battery life of our collars while simultaneously recording more locations during the 

fisherôs activity, ultimately yielding biologically relevant insights that may have otherwise been 

undetected. 

Chapter 4 describes the ówhenô component of fisher movements.  Using the raw 

recordings of the accelerometers of eleven individual fishers, I calculated their overall dynamic 

body acceleration (ODBA), and indicator of the level of activity of an individual.  From these 

data, I was able to determine that these fishers are nocturnal.  However, since fishers elsewhere 

in more ñnaturalò habitats are reportedly active throughout the 24-hour period, I hypothesized 

that these urban fishers have adapting their activity patterns to avoid human activities during the 

day.  Using automobile traffic volume data from the study area as a surrogate for human activity, 

I compared fisherôs onset and cessation of activity with traffic volume peaks on weekdays versus 

weekends.  Fisherôs appear to cease their activity according to the onset of the morning traffic 

volume peak, with the earlier traffic volume peak on weekdays resulting in fisherôs ceasing their 

activity earlier on weekdays than on weekends which have a delayed traffic volume peak.  As the 

traffic volumes of both weekdays and weekends end at approximately the same time, we did not 

see a difference in the onset of fisher activities between weekdays and weekends.  Further, 

fishers within the wild study area do not show these weekday-weekend patters, perhaps because 

of their overall lower traffic volumes, and these fishers also remain active into the day longer 

than the urban fishers.  These preliminary results suggest that the urban fishers are adapting to 

human activities by shifting the timing of their daily activities to avoid human activities. 

 The urban study is highly fragmented by roads and developments, often leaving potential 

fisher habitat (i.e., forests) in disconnected patches.  Understanding what land cover types 

constituted the home ranges of the fishers within the landscape sought and how they moved 
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among and between these habitat patches is the focus of Chapter 5.  I hypothesized that fishers 

selected for forest patches and that they connected the multiple forest patches that constitute their 

home ranges by utilizing corridors.  I first quantified each fisherôs habitat selection  and found 

that they prefer forested habitats as expected, but they were often forced to move between 

several forest patches in order to acquire sufficient resources.  I then developed a novel, simple 

model to identify corridors from animal behavior inferred from the movement data collected by 

the deployed GPS tracking collars.  Next, I used the habitat selection information to run two 

models commonly used to predict and identify (yet rarely verified) conservation corridors.  

Finally, using remote camera traps, I quantified the number of passes made by several animal 

groupings through each predicted corridor type: my model (the ñanimal-definedò corridor 

model), least-cost path analysis, and circuit theory.  Camera detection data suggested that the 

cost-based corridor models performed poorly in this landscape, whereas my model predicted 

corridors that received higher detection rates of every species grouping considered.  The results 

of this chapter highlight the need to both validate corridor model predictions and to incorporate 

animal behavior into existing corridor models. 

In the last chapter of this dissertation I review the major findings of each chapter and 

provide a broader perspective of this work.  I discuss the limitations and conservation 

implications of my dissertation and offer suggestions for future research directions.  In particular, 

I emphasize the potential value of a more animal-centric perspective of movement ecology for 

conservation biology. 

  



29 
 

  



30 
 

  



31 
 

Chapter 2 
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ABSTRACT 

Today some eastern populations of fisher (Pekania pennanti) are making a strong comeback 

from historic range contractions, while other western populations continue to struggle.  Here we 

investigate whether expanding fisher populations are benefiting from reductions in their 

carnivore predator community, as predicted by the mesopredator release.  This hypothesis posits 

that local extinctions of the largest predators in an area ñreleaseò mesopredator populations from 

direct predation and competition, leading to an increase in their abundance, expansion of their 

range, and potentially shifts in their morphology and ecological niche.  We show that the fishers 

range expansion appears to be facilitated by reductions in their predator community, especially in 

their southeastern range.  Our meta-analysis of fisher diet also suggests that released fisher 

populations may benefit by complimenting their diverse diets with more large-bodied prey 

species, whereas range expansion appears limited by more specialized diets (e.g., northwestern 

populations) or those with diverse diets but which contain small amounts of large-bodied prey 

(e.g., populations along the Pacific coast).  Further, measurements of museum specimens suggest 

that individuals within released populations are evolving larger body size, which may help them 

hunt larger prey species that are expected to be more available in the absence of larger 

carnivores.  These three data sets all support the hypothesis that a reduced predator community is 

at least contributing to the geographic discrepancies in modern fishers range expansion.  We 

discuss additional data needed to further test these hypotheses and suggest avenues for future 

research.  The range expansion of the eastern fisher shows that protecting species and their 

refugia over time can allow them to adapt to changes in their environment, providing support for 

long-term conservation planning and hope for imperiled species. 
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INTRODUCTION  

Anthropogenic forces such as habitat fragmentation, habitat loss, over-exploitation, and direct 

persecution have resulted in severe range contractions of many apex predator species (Channell 

and Lomolino 2000; Gittleman et al. 2001; Laliberte and Ripple 2004; Hemerik et al. 2007).  

Their local extinction can have widespread and complex effects on their food webs and 

ecosystems (Estes et al. 2011), including allowing populations of smaller predators to increase 

(i.e., mesopredator release; Crooks and Soulé 1999; Prugh et al. 2009; Ritchie and Johnson 2009; 

Ripple et al. 2013).  In turn, the ñreleasedò mesopredators may benefit from reduced interspecific 

killings (Palomares and Caro 1999), reduced competition for prey (Polis et al. 1989), or from 

reduced habitat selectivity due to a lower ñfearò of predation (Laundr® et al. 2001), potentially 

allowing the mesopredator to expand its range.  However predicting the mesopredator release has 

been difficult because of numerous direct and indirect interactions and complexities within the 

ecosystem, and because mesopredators are likely also impacted by some of the same forces that 

lead to the reduction of the apex predators. 

 Fishers (Pekania pennanti) are mesopredators (females 2.0 ï 2.5 kg; males 3.5 ï 5.5 kg) 

native to the northern forests of North America (Powell 1993).  Their range contracted northward 

following the Euro-American colonization of North America and the subsequent land 

conversion, timber, and fur harvesting, leaving fishers in isolated refugia scattered throughout 

the southern portion of their range (Lewis et al. 2012).  By the early 20
th
 century however, 

agricultural lands were being abandoned and forest clearing eased within much of their 

northeastern range (Pimm and Askins 1995).  Across the United States, fisher trapping seasons 

were closed, first in Wisconsin (1921) and finally in California (1946), providing fishers with 

temporary relief from harvest (Powell 1993).  Fisher populations have since expanded their 
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north-central and northeastern ranges southward, aided by successful translocations (Lewis et al. 

2012) and have even begun colonizing suburban woodlands in parts of their southeastern range 

(LaPoint et al. 2013).  Unfortunately, however, fishers still have the fourth most contracted 

geographic range of all North American carnivores (Laliberte and Ripple 2004).  They remain 

threatened along the western coast of the United States, despite harvest bans and five 

translocation efforts (Lofroth et al. 2011; Lewis et al. 2012).  Fishers have been translocated 38 

times throughout their range with much success (Lewis et al. 2012), yet the regional variation in 

fisher range expansion remains, sparking much discussion and debate among carnivore 

biologists. Lewis et al. (2012) suggest that the success of a fisher translocation effort was 

partially predicted by whether the release occurred within the eastern or western range, and 

posited that predator-prey communities may be a contributing factor. 

 As a mesopredator, fishers themselves are at risk to being killed by larger carnivores, 

although records of adult fisher mortalities from predation events are rare.  A group of coyotes 

(Canis latrans) killed a fisher in Maine (Krohn et al. 1994).  In Montana, Roy (1991) 

documented eight fisher mortalities attributed to a diversity of fisher predators: three males to 

cougar (Puma concolor), one male and two females to coyote, one male to wolverine (Gulo 

gulo), and one female to lynx (Lynx canadensis).  A lynx in British Columbia killed an adult 

female fisher (Weir and Corbould 2008).  A fisher in Minnesota was killed by a female wolf (C. 

lupus), but was the only report of such an event known to the authors (Palacios and Mech 2011). 

Cougars and bobcat (L. rufus) have been documented as the most frequent natural mortality 

sources for male and female, respectively, fishers across the States of California, Oregon, and 

Washington (Wengert et al. in prep).  Interspecific killings are common but often undocumented 

among carnivores (Palomares and Caro 1999) and are important factors that affect community 
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structure (Donadio and Buskirk 2006).  Yet these killings are not without risks to the predator; 

indeed, fishers have been recorded killing lynx in Maine (Vashon et al. 2003).  As these 

predators have been known to kill fishers, despite the risks, their presence within the landscape 

should hinder fisher populations, either through direct mortality or through indirect effects, such 

as increased competition for resources. 

The regional variation in their range expansion makes the fisher an ideal study species to 

explore the factors that facilitate or hinder range expansion in carnivores.  In this paper we 

investigate whether expanding fisher populations are benefiting from a reduced potential 

carnivore predator community.  We first partitioned the fishersô geographic range into four 

regions and quantified each regions range expansion since their most contracted range.  We then 

quantified the overlap of the fishers current range with the historic and current ranges of six of 

their potential predators: bobcat, cougar, lynx, coyote, wolf, and wolverine.  If fishers have 

indeed experienced a release, theory suggests that they may also expand their ecological niche 

(Hutchinson 1957).  Fishers could do this by consuming a greater diversity of food items, 

especially larger-bodied prey (Moreno et al. 2006), thereby increasing their energy intake 

efficiency (Gittleman and Harvey 1982; Carbone et al. 2007).  Thus, we predicted that released 

fisher populations should have more diverse diets that also contain more large-bodied prey than 

fisher populations who have not experienced a release from their predators.  Additionally, larger 

fishers should be better suited for targeting larger-bodied prey, as these individuals can reduce 

their prey handling time (Powell 1979) and should be better suited to defend their cache from 

intra-specific competitors (Arnott and Elwood 2009).  Therefore, we investigated trends in fisher 

size (i.e., condylobasal length) across their range, predicting that the body size of released fisher 

populations should increase over time.  Here we test these hypotheses with available data and 
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highlight areas in need of additional study, aiming to help guide conservation practitioners 

working to re-establish the fisher and other carnivore species. 

 

METHODS 

Fisher range regional divisions 

We divided the fishers current geographic range (Lewis et al. 2012) into four regions whose 

boundaries were delineated based on ecoregions (U.S. Environmental Protection Agency 2010), 

genetics (Hall 1981; Drew et al. 2003), and probable range discontinuities (Lewis et al. 2012) 

(Figure 1).  The Pacific region includes fisher populations within California and Oregon, 

corresponding to the probable subspecies (P. pennanti pacifica) range within the northwestern 

forested mountains ecoregion, but does not include data from the reintroduced population within 

northwestern Washington nor the ongoing translocations occurring in the northern Sierra 

Mountains of California, as the amount of time since individuals were released in these areas is 

insufficient to determine their re-establishment.  The Northwest region includes fishers within 

western Montana and northern Idaho, and extends to the northern and westernmost extent of 

their current range and ends at the easternmost extent of the northwestern northern forests.  The 

Central region includes the fishers range east of the Northwest region boundary and ends within 

Ontario at a probable range discontinuity during the species most contracted range (Lewis et al. 

2012), including the states of Minnesota, Michigan, and Wisconsin.  The Eastern region includes 

areas to the east of the Central region to the Atlantic Coast and southward along the Appalachian 

Mountains to West Virginia and including the satellite population within Tennessee. 
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Predator range overlap 

We compared the percent overlap of the current fisher geographic range with the historic and 

current geographic ranges of their documented carnivore predators: bobcat, lynx, cougar, coyote, 

wolf, and wolverine. We digitized the current fisher range from Lewis et al. (2012) using ArcGIS 

(version 10.1; Environmental Systems Research Institute 2012).  For the predator historic range 

maps, we used the same ranges as did Laliberte and Ripple (2004) and Prugh et al. (2009) which 

were based on field observations from the 18
th
 and 19

th
 century (Hall and Kelson 1959).  We 

used shapefiles available from the IUCN (2012) as our source for predator current ranges.  To 

quantify changes in the predator community, we first calculated the proportion of overlap of the 

fishers current range with each predators historic range and each predators current range.  We 

also mapped the change in species richness over time by subtracting the current predator species 

richness from the historic to visualize the changes experienced by fishers.  All spatial analyses 

were conducted using packages for program R (R Core Team 2013, version 3.0.1) packages 

maptools (vers. 0.8-25; Bivand and Lewin-Koh 2013), PBSmapping (vers. 2.66.53; Schnute 

2013), raster (vers. 2.1-49; Hijmans 2013), sp (vers. 1.0-11; Pebesma and Bivand 2005), and 

rgeos (vers. 0.2-19; Bivand and Rundel 2013). 

 

Fisher diet 

The disappearance of larger carnivores should allow fisher populations to capitalize on the prey 

species that are now more available due to reduced competition with larger carnivores, 

particularly large-bodied prey (McKinney and Lockwood 1999; Gehring and Swihart 2003; 

Bowman et al. 2006; Prugh et al. 2009; Clavel et al. 2010; Hüner and Peter 2012).  Thus, we 

hypothesized that the diets of fisher populations experiencing a mesopredator release should 
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contain greater proportions of larger-bodied prey items (i.e., mammals with mass >1 kg) within 

their diets than those populations that have not experienced a release.  To test this hypothesis we 

quantified the diversity and the generality of fisher diets and compared the proportion of larger-

bodied prey within their diets. 

We conducted a literature survey, yielding 20 published studies, theses, and agency 

reports, including the 12 studies previously reviewed by Martin (1994) (Table 1).  We quantified 

diet diversity using the Shannon-Weiner diversity index (Hǋ) (Zar 1996) on the full list of diet 

components identified within the study.  The surveyed diet studies varied in their method for 

reporting fisher diet composition, thus to calculate Hǋ, we standardized fisher diet compositions 

by calculating the % occurrence (%Oi) (i.e., the number of samples that contained food item i, 

divided by the total number of occurrences of all food items; as recommended by van Dijk et al. 

2007) from either the raw data presented in the study, or when the % frequency (%Fi) (i.e., the 

number of times food item i was present divided by the total number of analyzed samples) was 

reported, by converting %Fi to %Oi by dividing Fi by the sum of frequencies for all food items.  

Because the studies also varied in the level of specificity of their food item identification (i.e., 

several studies attempted to identify diet components to the species level; e.g., Golightly et al. 

2006, whereas others reported less specific categories; e.g., Powell 1977), we reclassified diet 

components into thirteen food item categories: insectivores, mice and voles (including bats and 

Ochotona spp.), tree squirrels (including Arborimus spp.), ground squirrels (excluding species 

with mass > 1 kg, e.g., woodchuck Marmota monax), rabbits (including Sylvilagus spp. and 

Lepus spp.), porcupine, carnivores, other large mammals (including food items listed as 

ñcarrionò, beaver Castor canadensis, muskrat Ondatra zibethicus, Odocoileus spp., moose Alces  
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alces, reindeer Rangifer tarandus,, elk Cervus canadensis, and woodchuck), bird (including 

eggs), herptiles, insects, fruit, and vegetation (Table 1).  We excluded items listed as ñunknownò, 

ñremainderò, ñotherò, ñrockò, or ñtrace materialsò.  We then calculated the diet diversity of each 

study using these reduced food item categories (Hǋred) as described above and draw our 

conclusions from these values.  The Shapiro-Wilk normality test suggested that Hǋred was not 

normally distributed, so we used Wilcoxon rank sum tests to statistically compare diet diversity 

between regions. 

We calculated Kendallôs coefficient of concordance (W) on the reduced food item 

categories to quantify the variability of food item contributions to the fisherôs diet and also to 

investigate whether these contributions varied between and within regions (Legendre 2005).  To 

estimate Kendallôs W, food items (rows) are arranged by study (columns) and each food item is 

ranked by their proportion within each study.  These rankings are then summed for each food 

item (row) and the variance of these ranking sums was estimated.  For example, if the food item 

rankings are consistent across all studies, then the variance of the ranking sums (i.e., W) will be 

high, suggesting the diet is specialized.  As W approaches 0, the food item rankings across diet 

studies approach dissimilarity (food item rankings are variable; i.e., opportunist or generalist 

diet), and as W approaches 1, the food item rankings become more similar (i.e., specialized diet) 

(Legendre 2005). 

 

Fisher body size 

We measured condylobasal length data on museum specimens across North America to 

investigate whether fisher body size has changed since their most contracted range.  Earlier work 

suggested that fisher skull size varies geographically, with the Pacific and the Eastern 
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populations having the smallest skulls (Hagmeier 1959).  However, data from more recent 

specimens were required to test our hypotheses.  Condylobasal length is a commonly used body 

size metric since it is invariant with body condition and age in adults, and is associated with low 

measurement error (Meiri et al. 2005; Meiri et al. 2009).  Condylobasal length measurements 

were taken by natural history museum staff or the authors using digital calipers to 0.1 mm 

precision.  We only included sexed, adult (i.e., fused cranial sutures), wild caught specimens 

with locality data resolution to at least the township, but typically much more specific (see 

Appendix).  For female specimens, we excluded individuals with condylobasal lengths greater 

than the 95% confidence interval, and for males we excluded condylobasal lengths that were less 

than the 5% confidence interval, under the assumption that these individuals may have been 

incorrectly sexed.  We used a generalized linear model to determine whether fisher skull lengths 

have changed over time.  We ran these models per sex for each region separately, with no 

interaction terms and an alpha of 0.05, and assumed skull lengths had a Gaussian distribution.  

We searched for non-normality in the residuals and used Cookôs distance (D) to verify that no 

specimens had undue influence on the final model (i.e., specimens with potential measurement 

error) (Zar 1996). 

 

RESULTS 

Overall, fishers have extended since their most contracted range by 57%, but the amount of 

range expansion varies between regions.  Encouragingly, fishers in the Eastern and Central 

regions have increased their geographic ranges by 119% and 46%, respectively, although they do 

not yet fully occupy their historic ranges (Figure 1).  Less encouraging however, fishers in the 

Pacific and Northwestern regions have expanded their ranges by 15% and 18%, respectively 
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(Figure 1).  Fishers have also experienced changes in both the members of and overlap with their 

predator community (Figure 1).  These changes match the predictions of the mesopredator 

release.  The expanding Eastern fisher populations have experienced a 34% reduction in their 

predator species overlap, including the complete loss of cougar and wolverine and large range 

overlap reductions in both lynx and wolf (Figure 1).  The Central region has also experienced a 

25% reduction in their predator range overlap, with reductions again in both cougar and 

wolverine (Figure 1).  Fishers within the Northwest region however, have experienced a 6% 

increase in their predator co-occurrence with only small reductions in their overlap with lynx and 

wolverine that may correspond with their relatively small amount of range expansion.  Changes 

in the Pacific fisher predator community (29% reduction) are not consistent with the 

mesopredator release hypothesis however.  Pacific fishers have experienced the complete loss of 

lynx, wolf, and wolverine, but continue to have complete overlap with bobcat, cougar, and 

coyote (Figure 1). 

 Two diet studies (i.e., Kuehn 1989 and Roy 1991) were excluded from our analyses 

because they did not report values from which we could calculate % occurrence.  We were not 

able to replicate the Hǋ values reported by Martin (1994), but our Hǋ values were positively 

correlated with those reported by Martin (1994) (rs = 0.74, P = 0.008) and our Hǋred and Hǋ 

estimates were also correlated (rs = 0.74, P < 0.001).  For the remaining 18 diet studies, we found 

no significant differences in Hǋred between fisher population regions (Wilcoxon tests; P > 0.3) 

nor in their variances (F-test of variance; P > 0.176).  Fishers are generalist predators across their 

range (W = 0.314), but the diversity of and the prominent food items within vary between regions 

(Table 1).  Eastern fishers have the most diverse diet and appear to compliment this diversity by 

specializing (W = 0.528) on mammalian food items, particularly ñlarge mammalsò.  Central  
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fishers have the least diverse diet, however it also contains the most large prey items.  

Northwestern fishers have specialized diets (W = 0.719) and appear to rely on four of the reduced 

food item categories, with only two of these categories being larger-bodied prey species.  Pacific 

fishers appear to have diverse and unspecialized diets (Hǋred = 2.272, W = 0.4014), but consume 

the least amount of larger-bodied prey items, instead relying heavily on insects and vegetation. 

Condylobasal lengths for male fishers are 14% larger than those for females (n = 162, 

116.15 mm, SD. = 3.55 mm, and n = 181, 99.37 mm, SD = 2.64 mm, respectively) (Appendix 

S1).  As predicted, Eastern fisher body size has increased since the late 19
th
 century (Figure 2).  

Northwest female skull lengths however have decreased over the last century (Figure 2).  Both of 

these results are predicted if the populations have either experienced a mesopredator release 

(Eastern fishers) or an increase in the co-occurrence of larger predators (Northwestern fishers).  

However, we found no significant patterns for Central and Pacific fishers and for Northwest 

male fishers.  Although the general linear model suggested Pacific male fisher skulls have 

increased in length (Figure 2), we consider this result spurious as we were only able to measure 

three specimens collected since 1930 from this area. 

 

DISCUSSION 

The fishers range expansion varies geographically with most expansions occurring southward, 

especially in their eastern ranges, while their western populations have expanded far less.  The 

fisherôs predator community has also changed in both composition and area of co-occurrence 

during this time.  The limited range expansion of the Pacific fishers does not match our 

predictions, despite reductions in their predator community, bans on their harvest, and five  
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Figure 2. General linear model results showing changes in fisher skull (condylobasal) length over time.  

Sample sizes (n), model estimates (est.), standard error (SE) and P-values (P) indicated, with significant (P < 

0.05; solid) and non-significant (dashed) trend lines. 
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translocation efforts.  However, the fishers range expansion in the Eastern and Central regions 

appears coincident with reductions in the predator species richness and with reduced predator co- 

occurrence, particularly within the southern extents of these regions, thus supporting our 

predictions.  Further, the relatively small amount of range expansion experienced by the 

Northwestern fishers may support our predictions as these fishers currently have more range 

overlap with their predator community than before.  Thus, it appears that reductions in the 

predator community are facilitating fisher population range expansion, particularly within the 

southern extents of the Central and Eastern regions. 

 Released mesopredators are able to widen their dietary niche, allowing them to capitalize 

on the now relatively more available food items, particularly large-bodied prey species (Moreno 

et al. 2006).  Consuming these larger-bodied prey species can facilitate range expansion for 

fisher as these species provide more energy per unit of effort (Powell 1979) and can be cached 

for future gains meals (Kuehn 1989; Powell 1993; Bowman et al. 2006; Hüner and Peter 2012).  

This is especially advantageous for dietary generalist, such as fishers, that are able to add large-

bodied prey species to their already general diets (McKinney and Lockwood 1999; Gehring and 

Swihart 2003; Prugh et al. 2009; Clavel et al. 2010).  The reduced predator community in the 

Eastern region may be especially beneficial to the fishers in this region as they consume a 

complimentary balance of food item diversity and larger-bodied prey, particularly rabbits and 

other ñlarge mammalsò.  Fishers elsewhere may be more restricted by their diets, as they are 

either more specialized or contain only small amounts of larger-bodied prey species.  

 A mesopredator release can also affect body size or skull length increases in the 

ñreleasedò species (Dayan and Simberloff 1994; Simberloff et al. 2000) as these larger 

individuals can more efficiently kill larger prey species (Powell 1979) and are more able to 
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defend their cache from inter- and intra-specific competitors (Arnott and Elwood 2009).  

Supporting this, the size of the released Eastern fishers has increased over time.  Interestingly, 

the skull size of female Northwestern fishers (who have experienced an increase in predator 

overlap), has decreased significantly; Northwestern male fishers show a similar but non-

significant negative trend (P = 0.083).  We believe these results are authentic and are not an 

artifact of translocation efforts because the source population and destination for most 

translocations (15 of the 17 Eastern and 5 of the 7 Northwestern translocations) were from within 

the same region (Lewis et al. 2012).  Unfortunately, our interpretation from the Pacific fishers is 

limited due to the low number of recently collected specimens available to us, and we strongly 

encourage the continued deposition of specimens to natural history museum collections. 

 Although our results are all correlational, all three analyses support the predictions of the 

mesopredator release hypothesis, and the details suggest some insightful patterns.  For example, 

coyote co-occur with fisher nearly completely, but do not appear to greatly hinder their 

populations given that both species have robust populations in the East (Kays et al. 2008).  

Cougar populations however, were extirpated from the eastern half of North America (Kays and 

Wilson 2010) yet co-occur with Pacific fisher completely, have expanded their Northwestern 

range, and are reportedly the most documented predator of adult male fishers along the Pacific 

coast (G.M. Wengert et al. in prep).  These killings are not well predicted by the species relative 

body sizes alone (Donadio and Buskirk 2006); however, cougars seem prone to interspecific 

killings across their range: hog-nosed skunk (Conepatus humboldtii; Johnson and Franklin 

1994), wolverine (Krebs et al. 2004), ocelot (Leopardus pardalis; Nuñez 1999), chulpeo fox 

(Pseudalopex culpaeus; Novaro 1997), chilla fox (Pseudalopex griseus; Yañez et al. 1986), and 

gray fox (Urocyon cinereoargenteus; Logan and Sweanor 2001). 
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FUTURE DIRECTIONS  

We expect that numerous drivers are affecting the range expansion of fishers.  For example, 

translocation efforts should facilitate their range expansion, yet a rigorous effort to explain why 

translocation efforts have been more successful in the east than in the west was inconclusive 

(Lewis et al. 2012).  Another consideration is the chronology and expansion of Euro-American 

settlements across North America, as fisher populations in their eastern range may be receiving a 

two-fold advantage from this temporal effect: more time for their forests to recover and mature 

following reduced timber harvesting and agricultural abandonment, and more time for the fishers 

themselves to adapt to human activities.  Other potential explanatory factors lack the data to be 

rigorously considered.  For example, comparing fisher habitat selection preferences across their 

range should be a priority, given the differences between the ecological landscape and current 

land management regimes (Pimm and Askins 1995; Lofroth et al. 2010).  However, doing so is 

currently unfeasible due to the variety of methods used to record fisher presence/absence and to 

quantify their habitat use and availability, and we encourage researchers to consider such issues 

in future studies.  Rodenticide poisoning is a threat to fishers in California (Gabriel et al. 2012), 

yet has not been reported elsewhere (Stone et al. 1999), but clearly warrants direct future 

investigation.  Fisher conservation efforts could also benefit from long-term population 

monitoring to determine survival estimates, and especially, mortality sources, and year-round 

diet studies that avoid seasonal diet composition biases.  Finally, and especially important given 

our results, studying interactions between fishers and their co-occurring carnivore species will 

provide direct information on potential mesopredator release effects, including food web 

dynamics, resource partitioning, behavioural responses, and predator-prey dynamics. 
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CONCLUSION 

Mesopredator increases often have negative impacts on their ecosystems (Crooks and Soulé 

1999; Prugh et al. 2009; Ritchie and Johnson 2009).  Here, however, we present an example of a 

once rare carnivore that is benefiting from the loss of its apex predators.  The range expansion of 

the eastern fisher is encouraging for conservation practitioners aiming to restore the fisher to its 

previous range and highlights the importance of protecting species and their refugia over time. 
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Appendix. Fisher specimens used in our body size analysis. 
region era institution catalog # sex latitude longitude CBL year 

Pacific historic Smithsonian 87080 F 40.90085 -121.5 99 1897 

Pacific historic Smithsonian 87081 F 40.80404 -121.632 100.1 1897 

Pacific historic Smithsonian A24025 F 39.68805 -123.483 96.8 1889 

Pacific historic Smithsonian 92113 F 46.07065 -121.521 103.04 1897 

Pacific historic Smithsonian 63908 F 46.07065 -121.521 96.9 1894 

Pacific historic Smithsonian 70541 F 46.07065 -121.521 100.66 1895 

Pacific historic Smithsonian 108213 F 46.07065 -121.521 100.76 1901 

Pacific historic Smithsonian 116481 F 46.07065 -121.521 96.45 1902 

Pacific historic Smithsonian 116653 F 47.40637 -123.141 100.26 1901 

Pacific historic Smithsonian 119957 F 47.42871 -123.367 102.82 1902 

Pacific historic Smithsonian 119959 F 47.42871 -123.367 104.68 1902 

Pacific historic Smithsonian 119960 F 47.42871 -123.367 100.53 1902 

Pacific historic Smithsonian 170606 F 47.40637 -123.141 98 1907 

Pacific historic Smithsonian 170607 F 47.40637 -123.141 103.9 1907 

Pacific historic Smithsonian 170610 F 47.40637 -123.141 102.03 1909 

Pacific historic Smithsonian 170611 F 47.40637 -123.141 99.42 1909 

Pacific historic Smithsonian 170612 F 47.40637 -123.141 100.31 1909 

Pacific historic Smithsonian 170613 F 47.40637 -123.141 101.15 1910 

Pacific historic Smithsonian 170614 F 47.40637 -123.141 99.88 1910 

Pacific historic Smithsonian 170615 F 47.40637 -123.141 96.2 1910 

Pacific historic Smithsonian 170616 F 47.40637 -123.141 100.89 1910 

Pacific historic Smithsonian 227118 F 40.56582 -122.908 99.2 1917 

Pacific historic Smithsonian 76615 F 46.07065 -121.521 100.75 1896 

Pacific historic Smithsonian 64759 F 46.07065 -121.521 98.88 1894 

Pacific historic Smithsonian 69972 F 46.07065 -121.521 100.05 1894 

Pacific historic Oregon State Uni. 1235 F 43.75014 -122.468 102.76 1913 

Pacific historic Smithsonian 76616 F 46.07065 -121.521 104.34 1895 

Pacific historic Smithsonian 87084 M 46.07065 -121.521 110.6 1897 

Pacific historic Smithsonian 51270 M 37.2049 -119.246 116.4 1893 

Pacific historic Smithsonian 52821 M 37.53688 -119.656 112.8 1893 

Pacific historic Smithsonian 81094 M 36.48093 -118.619 114.3 1895 

Pacific historic Smithsonian A30624 M 39.68805 -123.483 110.9 1889 

Pacific historic Smithsonian 58109 M 42.73623 -123.423 109.11 1894 

Pacific historic Smithsonian 64758 M 46.07065 -121.521 113.3 1894 

Pacific historic Smithsonian 14395 M 40.79089 -121.847 114.8 1884 

Pacific historic Smithsonian 24112 M 44.1722 -115.064 115 1890 

Pacific historic Smithsonian 70927 M 46.07065 -121.521 110.62 1895 

Pacific historic Smithsonian 70928 M 46.07065 -121.521 110.4 1895 

Pacific historic Smithsonian 77873 M 46.07065 -121.521 112.35 1896 

Pacific historic Smithsonian 81843 M 46.07065 -121.521 110.65 1896 

Pacific historic Smithsonian 81951 M 46.07065 -121.521 111.1 1896 
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Pacific historic Smithsonian 99457 M 46.07065 -121.521 117.5 1900 

Pacific historic Smithsonian 99652 M 46.07065 -121.521 116.58 1900 

Pacific historic Smithsonian 107624 M 46.07065 -121.521 108.9 1901 

Pacific historic Smithsonian 116480 M 46.07065 -121.521 114.22 1902 

Pacific historic Smithsonian 116766 M 46.07065 -121.521 113.95 1902 

Pacific historic Smithsonian 119958 M 47.42871 -123.367 117.5 1902 

Pacific historic Smithsonian 119961 M 47.42871 -123.367 113.44 1902 

Pacific historic Smithsonian 170608 M 47.40637 -123.141 112.65 1907 

Pacific historic Smithsonian 170609 M 47.40637 -123.141 110.72 1907 

Pacific historic Smithsonian 171002 M 37.74333 -119.576 112.2 1911 

Pacific historic Smithsonian 227117 M 40.09979 -123.243 112.1 1917 

Pacific historic Smithsonian 243790 M 46.42935 -121.973 115.36 1923 

Pacific historic Smithsonian 44148 M 37.2049 -119.246 112.3 1892 

Pacific historic Oregon State Uni. 1236 M 43.75014 -122.468 114.77 1913 

Pacific recent Burke Museum 37530 F 47.09382 -122.277 99.79 1990 

Pacific recent Burke Museum 60013 F 42.8782 -122.614 103.97 1996 

Pacific recent Burke Museum 60016 F 42.909 -122.494 100.7 1997 

Pacific recent Burke Museum 80877 F 42.9181 -122.392 104.66 1999 

Pacific recent Burke Museum 80878 F 42.9181 -122.413 98.4 2000 

Pacific recent Burke Museum 81058 F 42.6136 -122.452 100.84 2001 

Pacific recent Burke Museum 80874 F 42.9327 -122.422 106.06 1998 

Pacific recent MVZ Berkley 185230 F 37.652 -119.702 98.23 1993 

Pacific recent MVZ Berkley 186281 F 36.12153 -118.651 94.06 1996 

Pacific recent MVZ Berkley 186283 F 36.14346 -118.615 99.75 1996 

Pacific recent Burke Museum 60014 M 42.5356 -122.101 119.39 1997 

Pacific recent Burke Museum 81034 M 42.7876 -122.57 123.48 2001 

Pacific recent Burke Museum 77855 M 42.9327 -122.413 122.4 1998 

Northwest historic Smithsonian 180159 F 56.59937 -124.633 102 1912 

Northwest historic Smithsonian 180161 F 56.59937 -124.633 101 1912 

Northwest historic Smithsonian A47981 F 54.53674 -124.507 101.8 1892 

Northwest historic Smithsonian 53846 F 54.53674 -124.507 103.8 1893 

Northwest historic Smithsonian 53847 F 54.53674 -124.507 102 1893 

Northwest historic Smithsonian 53848 F 54.53674 -124.507 100.7 1893 

Northwest historic Smithsonian 71071 F 54.53674 -124.507 102 1893 

Northwest historic Smithsonian 203785 F 55.70652 -126.245 99.4 1913 

Northwest historic Smithsonian 203786 F 55.70652 -126.245 101.4 1913 

Northwest historic Smithsonian 203787 F 55.70652 -126.245 100.7 1913 

Northwest historic Smithsonian 56955 F 54.53674 -124.507 100.3 1893 

Northwest historic Smithsonian 56956 F 54.53674 -124.507 102.2 1893 

Northwest historic Smithsonian 56957 F 54.53674 -124.507 98.4 1893 

Northwest historic Smithsonian 56958 F 54.53674 -124.507 102.1 1893 

Northwest historic Smithsonian 56959 F 54.53674 -124.507 99 1893 

Northwest historic Smithsonian 56960 F 54.53674 -124.507 99.4 1893 
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Northwest historic Smithsonian 71061 F 54.53674 -124.507 104.1 1893 

Northwest historic Smithsonian 71062 F 54.53674 -124.507 103.8 1893 

Northwest historic Smithsonian 71063 F 54.53674 -124.507 102.2 1893 

Northwest historic Smithsonian 71064 F 54.53674 -124.507 103.1 1893 

Northwest historic Smithsonian 71068 F 54.53674 -124.507 99.9 1893 

Northwest historic Smithsonian 71069 F 54.53674 -124.507 98.2 1893 

Northwest historic Smithsonian 180162 F 56.59937 -124.633 102 1912 

Northwest historic Smithsonian A   44502 F 54.53674 -124.507 101.3 1891 

Northwest historic Smithsonian A   44504 F 54.53674 -124.507 99 1891 

Northwest historic Smithsonian A   44506 F 54.53674 -124.507 98.4 1891 

Northwest historic Smithsonian A   44523 F 54.53674 -124.507 100.6 1891 

Northwest historic Smithsonian A   47871 F 54.53674 -124.507 96.7 1892 

Northwest historic Smithsonian 53844 F 54.53674 -124.507 101.8 1893 

Northwest historic Smithsonian A   44524 F 54.53674 -124.507 103 1891 

Northwest historic Smithsonian A   47881 F 54.53674 -124.507 101.6 1892 

Northwest historic Smithsonian A   44497 M 54.53674 -124.507 112.2 1891 

Northwest historic Smithsonian A   47872 M 54.53674 -124.507 117.2 1892 

Northwest historic Smithsonian 180160 M 56.59937 -124.633 112.1 1912 

Northwest historic Smithsonian 53842 M 54.53674 -124.507 118.6 1893 

Northwest historic Smithsonian 53843 M 54.53674 -124.507 119.1 1893 

Northwest historic Smithsonian 53845 M 54.53674 -124.507 120.8 1893 

Northwest historic Smithsonian 56951 M 54.53674 -124.507 119.5 1893 

Northwest historic Smithsonian 56952 M 54.53674 -124.507 121.7 1893 

Northwest historic Smithsonian 56954 M 54.53674 -124.507 114.3 1893 

Northwest historic Smithsonian 180158 M 56.59937 -124.633 116.5 1912 

Northwest historic Smithsonian 71065 M 54.53674 -124.507 120.3 1893 

Northwest historic Smithsonian 71066 M 54.53674 -124.507 118.1 1893 

Northwest historic Smithsonian 71067 M 54.53674 -124.507 119.8 1893 

Northwest historic Smithsonian 71070 M 54.53674 -124.507 115.8 1893 

Northwest historic Smithsonian 77144 M 54.53674 -124.507 121.3 1895 

Northwest historic Smithsonian 77145 M 54.53674 -124.507 117.3 1895 

Northwest historic Smithsonian 203782 M 55.70652 -126.245 119.1 1913 

Northwest historic Smithsonian 203783 M 55.70652 -126.245 111.1 1913 

Northwest historic Smithsonian A   44496 M 54.53674 -124.507 121.6 1891 

Northwest historic Smithsonian A   44498 M 54.53674 -124.507 116.3 1891 

Northwest historic Smithsonian A   44499 M 54.53674 -124.507 117 1891 

Northwest historic Smithsonian A   44500 M 54.53674 -124.507 113.5 1891 

Northwest historic Smithsonian A   44501 M 54.53674 -124.507 113.2 1891 

Northwest historic Smithsonian A   44525 M 54.53674 -124.507 121 1891 

Northwest historic Smithsonian A   44526 M 54.53674 -124.507 112.8 1891 

Northwest historic Smithsonian A   44527 M 54.53674 -124.507 121.8 1891 

Northwest historic Smithsonian A   47874 M 54.53674 -124.507 113.1 1892 

Northwest historic Smithsonian A   47875 M 54.53674 -124.507 118.6 1892 






























































































































































































































