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CHAPTER 1
RECENT DESTRIBUTION AND POPULATION CHARACTERISTICS OF
AMERICAN MARTEN IN NEW HAMPSHIRE
Abstract
To document the recent distribution of American marten (Martes americana) in
New Hampshire, and to provide a preliminarily assessment of population status, I
compiled occurrence records and created a database that will be used to track marten
populations in the future. Current distribution was estimated by mapping 157
occurrence records (1980-2004) and summarizing them in Geographic Information
Systems (GIS) by ecological subsection. These records included visual observations,
snow tracks, road kill, trapper captures, live-trapping locations, and other miscellaneous
locations such as a camera survey point and a mud track. Biological data were
collected from live-trapped, road-killed, and incidentally captured marten. According
to this information, marten in New Hampshire are now found throughout the White
Mountains north to Pittsburg, with the highest relative abundance in Pittsburg. The
recent expansion in the range of martens includes reproducing females, but a sex ratio
highly biased towards males in some areas suggests that dispersing individuals inhabit
much of the range. The methods and results reported here can be used to aid in tracking
marten distribution and status in New Hampshire in the future, and provide the
framework needed to determine when the population has recovered.

1

Introduction
Regional Distribution
Historically, American marten (Martes americana) populations were distributed
throughout the coniferous forests of eastern North America (Figure 1.1), but excessive
trapping and habitat loss during the late 19th and early 20th century resulted in regional
extirpations of marten populations (Gibilisco 1994). Marten in many areas recolonized
naturally, some recolonized through translocations, and others remain extirpated
(Powell et al. 2003). For example, marten populations have recovered and are trapped
under protective regulations for their valuable fur throughout Maine, Quebec, northern
New Brunswick, and the Adirondacks of New York (Ray 2000). Yet in places in the
Northeast such as New Hampshire, Vermont, and Nova Scotia, marten populations are
protected and have remained scarce or even absent, despite reintroduction attempts that
have had varied success (Slough 1994, Ray 2000, Moruzzi et al. 2003; Figure 1.1). At
their distributional edge, such as in Maine, New Hampshire and Vermont, unstable
populations are often a result of habitat alteration and fragmentation of forested
environments (Chapter 2; Gibilisco 1994). Monitoring the distribution and abundance
of marten in these areas can provide insight into the extent and degree of habitat
alteration and fragmentation effects not only for marten, but for a variety of other forest
dependent wildlife species, as well.
Historical Distribution in New Hampshire
American marten in New Hampshire were once considered “quite common in
Colonial times except along the sea coast” (Silver 1957). Historical records indicate
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Figure 1.1 The approximate historical distribution of marten in the northeastern
portion of North America (Map A), based on Gibilisco (1994) and historic
regional information (Silver 1957), and their approximate current distribution
(Map B), based on data provided by the Northeast Furbearer Resource Technical
Committee and recently collected regional information.

3

marten were traded as far south as Bedford (present day Manchester), in Hillsboro
County in 1754 (Figure 1.2). Yet virtually all information concerning the distribution
of marten before extensive land clearing comes from Coos County (Figure 1.2), where
marten were trapped through the first third of the 20th century (Silver 1957).
Furthermore, according to these accounts, marten were next to the beaver (Castor
canadensis) in economic importance (Silver 1957). For example, some trapper
accounts state that a “month spent in the fall by an experienced trapper would often
secure a hundred or more” marten pelts (Silver 1957).
During the early 1900s, New Hampshire’s American marten population declined
dramatically due to the cumulative effects of unregulated trapping, the conversion of
forest to farmland, and the rapid deforestation of the landscape due to logging (Silver
1957). In an attempt to protect the remaining population, the New Hampshire
legislature eliminated marten trapping statewide in 1935 (Silver 1957).
Marten continued to remain scarce through the 1970s despite two reintroduction
attempts. The first occurred in 1953 when two marten (1 M, 1 F) from Ontario were
released in The Second College Grant in northeast New Hampshire (Silver 1957; Figure
1.2). There were no surveys or other attempts to evaluate the success or failure of this
reintroduction. Then in 1975 the United States Forest Service (USFS) attempted a
second reintroduction. Twenty-nine marten (20 M, 9 F) were acquired from Piscataquis
County, Maine and released on the west side of the Wild River in Shelburne, New
Hampshire (Figure 1.2; E. Soutiere and M.W. Coulter, Interim Report: Reintroduction
of marten to the White Mountain National Forest, New Hampshire, 1975). At this time
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Figure 1.2. Location of various sites in Maine and New Hampshire identified in
the text.
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no marten were thought to exist along the eastern border of New Hampshire or in the
bordering area of Maine (J. Lanier, New Hampshire Fish and Game, pers. commun.).
The result of this reintroduction is also unknown due to limited amount of follow-up
information collected on the released marten (J. Lanier, New Hampshire Fish and
Game, pers. commun.).
Before 1979, reports of marten sightings or sign were very uncommon in New
Hampshire. As a result, American marten were one of the first species added to the
state’s newly adopted (1979) State Endangered Species Conservation Act (RSA 212-A).
Recent Distribution and Status in New Hampshire
Since the early 1980s, evidence of marten presence has been observed in towns
throughout northern New Hampshire (W. Staats, New Hampshire Fish and Game, pers.
commun.). Moreover, within the last twenty years, based on tracks and sightings, the
northeastern border of New Hampshire has been an epicenter of marten activity. Since
the early 1990s, biologists conducted searches for marten sign during the winter as time
permitted (W. Staats, New Hampshire Fish and Game pers. commun.). Yet despite
these efforts, marten population status and distribution in New Hampshire remains
poorly understood. As a result, the objective of this study was to document recent
occurrence, distribution, relative abundance, and status of martens in New Hampshire.
Study Area
Marten occurrence and general distribution were assessed throughout New
Hampshire (Figure 1.3). Statewide, there are large latitudinal and elevational gradients,
which provide a wide variety of natural communities including boreal forest in the north

6

Figure 1.3. Ecological subsections (Keys et al. 1995) of New Hampshire.
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and coastal dunes in the southeast (DeGraaf and Yamasaki 2001). Mount Washington,
the tallest peak in New Hampshire and the Northeast at 1915 m (6288 ft), is located
near the center of the northern half of the state and is surrounded by numerous other
peaks >1000 m (3000 ft; Figure 1.2). New Hampshire is about 306 km (190 miles) long
and 113 km (70 miles wide), and is about 86% forested.
The overall climate of the northern half of the state, my focal study area, is best
characterized by warm, wet summers and cold snowy winters. The mean annual
precipitation is 910 to 1,780 mm (36 to 70 in); and the total annual snowfall ranges
from 2,440 to 4,060 mm (96 to 160 in) both of which increase locally with elevation
(McNab and Avers 1994). The mean annual temperature varies between 3 to 7°C (37°F
to 44°F; McNab and Avers 1994). The average mean, minimum, and maximum
temperatures for this area in January are -11° C, -15° C, and -2° C, respectively (12° F,
5° F, and 29° F, respectively), with a maximum low of -9°C (–48° F) in the northern
most town of Pittsburg. The average mean, minimum and maximum temperatures for
this area in July are 18°C, 11°C, 27°C, respectively (65° F, 53° F, and 80° F,
respectively).
Low-lying valleys are covered by deciduous forests consisting of sugar maple
(Acer sacrum), yellow birch (Betula alleghaniensis), and American beech (Fagus
grandifolia), with eastern hemlock (Tsuga canadensis) scattered throughout. Lower
elevation mountain slopes and low lying valleys can also consist of a mix of spruce
(Picea spp.), fir (Abies spp.), maple, beech (Betula spp.), and birch. At higher
elevations pure stands of balsam fir (Abies balsamea) and red spruce (Picea rubens) are
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most common. Krummholz, defined as stunted deciduous or coniferous vegetation,
occurs just below tree line, is often found at the highest elevations.
Disturbance, specifically logging and the conversion of forest to agricultural
land, has dramatically affected the forest composition throughout New Hampshire.
Agriculture seems to have had the greatest impact on forested landscapes by changing
the cover type and soil structure over a wide range of sites (DeGraaf and Yamasaki
2001). Even today, the forests of New Hampshire show signs of being highly affected
by historic and current logging, especially of conifers (McNab and Avers 1994). This is
especially evident in northern New Hampshire, where >90% of the area is forested and
the landscape remains in large private ownerships which are actively managed for high
timber production.

Methods
Distribution Records (historical and recent)
Distribution data were collected and compiled into a single database to create a
known point-distribution map for marten in New Hampshire. The five primary sources
of data and their selection criteria are provided below:
1) Historical marten occurrence data: Historical New Hampshire Fish and Game
occurrence data (1980-2000) were compiled from “screened” (i.e., observations that
could not be verified from verbal description were not included) sighting and
observation records obtained from the state furbearer biologist.
2) Recent occurrence data (2000-2004): Recent occurrence data included observations
and track identification locations from state and federal natural resource agencies, as
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well as unpublished field notes and observations from agency biologists, fur
trappers, and foresters, and information received from screened observations from
the public. Since 2000, a special effort has been made to encourage reports of
martens in New Hampshire to be recorded and passed on to New Hampshire Fish
and Game. Occurrence records such as track identification were only included if the
tracking ability of the observer had been assessed and the ability to identify marten
tracks had been confirmed by a biologist or conservation officer, or sufficient
evidence of marten sign was presented.
3) Marten captured incidentally by fur trappers during the trapping seasons:
Information was collected from post-capture trapper interviews, including the set
type used when a marten was incidentally captured, any evidence of ear tags, and
the exact location of kill or capture.
4) Road kill information collected from marten recovered by New Hampshire Fish and
Game staff, and
5) Live-trapping data collected during two field seasons over 2 years (Chapter 2).
A live-trapping dataset was collected in the northern most portion of the study area by
placing a home-range-sized grid over a reclassified cover type map that had been
stratified to equally sample deciduous, coniferous, and mixed deciduous coniferous
cover types (Chapter 2). To maximize the number of cells that could be sampled, traps
were all placed along roads that were within randomly selected cells. Specific trapping
locations were selected based on natural topographic features such as elevation
gradients and proximity to water. Two traps were placed at each sampling location to
maximize the opportunity of capturing a marten.
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Record Database
From the collected occurrence data and live-trapping captures, a known pointdistribution database was then created in Microsoft Access (Microsoft Inc., Seattle,
WA) to track marten locations over time. For sampling and reporting purposes I
divided the state into ecological subsections as defined by Keys et al. (1995). Under
this classification system, New England is divided into three primary ecological
sections: 1) M212A or the White Mountain Section, 2) M212B or the New England
Piedmont section, and 3) M212C or the Green, Taconic, Berkshire Mountain Section.
Each section is further divided into subsections that represent specific features found
within each area. New Hampshire contains 10 major subsections within the three
Sections (Figure 1.3). The majority of this study concentrated on the three most
northern subsections within M212A (White Mountain Section), including the
Connecticut Lakes, Mahoosuc-Rangeley, and White Mountains subsections (Figure
1.3).
All records were mapped as latitude, longitude points to the nearest second. The
majority of the historic points (before 2000), were derived from hand drawn maps, with
≤152-m (500-foot) accuracy. Points collected after 2000 were collected at much finer
resolutions with ≥12-m (40-foot) accuracy.
Recorded historical marten captures and occurrences that could not be verified,
or did not have specific locations identified, were excluded from the database.
Therefore, the results presented herein are a sample (>85%) of identified records and
should not be considered an inventory of all marten records statewide.
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Population Structure
Population structure variables were recorded for each ecological subsection
where marten were documented; these include age (juveniles and subadults/adults) and
sex ratios, and evidence of breeding indicating local resident populations (Strickland et
al. 1982). Tooth sectioning and aging from cementum annuli were conducted
commercially (Matson’s Lab, Milltown, MT). Age categories included juveniles (<1
years old), non-breeding sub-adults (1-2 years old), and adults (>2 years old).
Body Morphology and Condition
A variety of body measurements that potentially could be used to assess
population health were summarized; these included standard body measurements and
weights of all individuals Weight and morphology information has been used
elsewhere (Henault and Renaud 1993) to assess the effects of different habitats on
overall body condition of marten. Henault and Renaud (1993) found that in Quebec
juvenile marten captured in >50% coniferous cover weighed significantly more than
those captured >75% deciduous cover. Also, Cobb (2000) found that marten residing in
conifer-dominated landscapes had higher body fat than those from mixed forests with a
strong deciduous component, suggesting a means to evaluate habitat quality. Therefore,
I compared age- and sex-specific marten weight and body length ratios to provide an
index to body condition (because no data to provide an index of body fat were
collected) and thus an indication of habitat quality.

12

Assessment of relative abundance
Catch per Unit Effort (CPUE) was calculated as the number of individuals per
100 trap-nights, a trap-night being equal to one trap set for 1 night, assuming that each
trap night was an independent event (i.e., 10 trap-nights = 10 traps set for 1 night = 1
trap set for 10 nights). To assess CPUE, a constant effort model was used to estimate
population abundance. According to Lancia et al. (1996), to prevent biased estimates of
abundance it is important to account for the assumptions of CPUE which are: 1) the
population is closed (i.e., there is no immigration or emigration which is usually met by
minimizing the time between capture periods), 2) all individuals have equal probability
of being captured, and 3) all removals/captures are known. CPUE estimates are
reported at the town, ecological subsection, and live-trapping line levels.
Results
The distribution information collected from 1980-2004 resulted in about 180
records, of which 157 (87%) were considered reliable documentation of marten
occurrence in New Hampshire. Observations were of many different types (Table 1.1).
Records were also confined to three northern ecological subsections (Table 1.1, Figure
1.4). The Connecticut Lakes ecological subsection contained 57% of the collected
records whereas the Mahoosuc-Rangeley and White Mountains ecological subsections
contained 27% and 16%, respectively. Furthermore, 10% of the occurrence records
were made before 1999 (Figure 1.4), whereas 90% were documented after 2000 (Table
1.1; Figure 1.5).
Overall, the mean and median age of male marten for the study was 2.5 and 2.5
years (range = 0.5 – 5.5, n = 47), and the mean and median for females was 2.2 and 1.8
13

years (range = 0.5 – 5.5, n = 6; Table 1.2). Mean and median ages in the various
subsections were generally similar to the overall age distribution, except the mean and
median age of female marten in the Connecticut Lakes subsection was 3.8 and 3.0 years
(range = 0.5-5.5, n = 30) whereas the mean and median age in the Mahoosuc-Rangeley
subsection was 0.5 and 0.5 (range = 0.5; n = 3; Table 1.2).
Evidence of reproduction from the collected occurrence records include 6
locations for female marten (3 in Connecticut Lakes, 3 in Mahoosuc-Rangeley
subsection; Table 1.2), two of which occurred during summer live-trapping session in
the Connecticut Lakes subsection, and were confirmed to be breeding according to age
(>2.0 years old) and the presence of enlarged or crusted teats, or if milk could be
expressed (Fuller 1999). Live-trapping (Chapter 2) also resulted in the identification of
juveniles (<1.0 years old), with 3 captured within the Connecticut Lakes ecological
subsection during 2003 (Table 1.2).
The ratio of females to juveniles was 0.67 to 1 for live-trapping vs. 0.06 to 1 for
trapper incidental captures (when calculating, all female marten <1.5 yrs old [subadults]
were included as juveniles, as opposed to breeding, females). I did not identify a
significant difference (Fisher’s Exact test; P = 0.12, n = 22) between the females to
juveniles’ ratio for live-trapping vs. incidental trapper captures.
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Figure 1.4 Overall distribution of confirmed marten observation/occurrence records in
New Hampshire (1980-2004).
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Table 1.1 Distribution records by ecological subsection and time period (1980-2004).
_____________________________________________________________________________________________
Connecticut Lakes
________________

Mahoosuc-Rangeley
_________________

White Mountains
_______________

Total
_______________

Observation type
1980-99 2000-04
1980-99 2000-04 1980-99 2000-04 1980-99 2000-04
_____________________________________________________________________________________________
Visual observation

1

6

1

8

0

6

2

20

Snow track

11

21

1

9

1

14

13

44

Road kill

0

0

0

1

0

1

0

2

Trapper captures

0

16

0

5

0

16

0

37

Live-trapping

0

34

0

3

0

0

0

37

Other
0
1
0
0
0
1
0
2
_____________________________________________________________________________________________
Total
12
78
2
26
1
38
15
142
_____________________________________________________________________________________________
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Figure 1.5. Historic marten occurrence in New Hampshire as identified by type of distribution record (1980-1999).
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Figure 1.6. Marten occurrence in New Hampshire as identified by type of distribution record (2000-2004).
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Table 1.2 Numbers of marten of various age and sex from ecological subsections of New Hampshire examined during 19802004.
___________________________________________________________________________________________
Connecticut Lakes
________________

Mahoosuc-Rangeley
_________________

White Mountains
_______________

Total
______________

Age
(yrs)
Females Males
Females
Males
Females
Males
Females Males
___________________________________________________________________________________________
Juveniles

<1.0

0

5

3

4

0

1

3

10

Sub-adults

1.5

0

7

0

5

0

1

0

13

Adults

2.5

0

1

0

2

0

0

0

3

3.5

2

11

0

1

0

0

2

12

4.5

0

2

0

1

0

0

0

3

5.5
1
4
0
1
0
1
1
6
___________________________________________________________________________________________
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The overall sex ratio for marten measured from live-trapping, road kills, and
incidental captures was 11 males to 1 female (Table 1.2). The ratio of live-trapped
animals (18 males to 1 female) was not significantly different (Fisher’s Exact Test; P =
0.39, n = 64) from the ratio of incidental captures (7 males to 1 female).
In New Hampshire, mean juvenile male marten weight was 615 gm (n = 4 range
= 544-680), vs. 780 gm (n = 5, range = 703-875) for subadult males and 839 gm (n =
26, range = 703-984) for adult males. Weight/total body length ratios for juvenile,
subadult, and adult male marten were 11.1 (range = 9.5-12.0, n = 9), 13.2 (range = 11.816.1, n = 10) and 13.8 (range = 9.1-17.3, n = 23), respectively, for the entire study area
(Table 1.3). Weight/total body length ratios for juvenile and adult female marten were
9.6 (range = 9.0-10.9, n = 3) and 11.1 (range = 10.5-11.8, n = 3) respectively (Table
1.4). Weight/total body length ratios for male marten between subsections were very
similar (Table 1.4).
Total live-trapping effort for marten in the Connecticut Lakes and MahoosucRangeley subsection was 4,095 trap nights. In the Connecticut Lakes subsection 86
individual locations were sampled using 172 traps. In the Mahoosuc-Rangeley
subsection 91 individual locations were sampled using 182 traps. The total trapping
effort for both sections was 177 locations using 354 traps. Traps that were closed
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Table 1.3 Age-specific morphological characteristics of female and male martens from ecological subsections of New Hampshire
examined during 1980-2004.
_________________________________________________________________________________________________________
Morphological
character

Age1

Sex

Connecticut Lakes
_________________

Mahoosuc-Rangeley
White Mountains
Total
_________________
________________ ________________

Mean

Mean

n

Range

n

Range

Mean

n

Range

Mean

n

Range

_______________________________________________________________________________________________________________________________________________

Weight (gm)

Juv

F
---507
3
476-567
---507
3
476-567
M
615
4
544-680
641
4
544-680
657
1
n/a
631
9
544-680
Sub-ad F
------------M
780
5
703-875
801
4
726-975
703
1
n/a
781
10
703-975
Ad
F
559
3
522-590
------559
3
522-590
M
839
18 726-984
826
5
544-862
---816
23
544-984
Juv
Total
F
---52.5 3
52-53
---52.5
3
52.0-53.0
length (cm)
M
56.2
4 52.1-59.1 58.2 4 57.3-59.5
53.5 1
n/a
56.8
9
52.1-59.5
Sub-ad F
------------M
59.5
5 57.0-61.0 58.9 5 56.0-60.5
57.0 1
n/a
59.0 11 56.0-61.0
Ad
F
50.5
3 48.0-54.0
------50.5
3
48.0-54.0
M
59.2
18 55.0-62.0 58.6 5 57.5-60.0
60.0 1
n/a
60.2 24 55.0-60.0
Juv
Tail length (cm)
F
---13.8 3 13.0-14.3
---13..8
3
13.0-14.3
M
15.5
4 14.2-16.5 16.7 4 16.2-17.2
14.2 1
n/a
15.9
9
14.2-17.2
Sub-ad F
------------M
16.3
5 15.5-17.0 16.1 5 15.4-16.8
16.9 1
n/a
16.3 11 15.4-17.0
Ad
F
13.8
3 13.0-14.3
------13.8
3
13.0-14.3
M
16.7
18 14.5-19.0 16.8 5 15.3-18.0
16.5 1
n/a
16.5 24 14.5-19.0
_________________________________________________________________________________________________________
1
Juv = juvenile (0.0-1.0 years old), Sub-ad = sub-adult (1.0-2.0 years old), and Ad = adult (>2.0 years old). Specific ages based on
cementum annuli estimates.
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Table 1.4 Age-specific weight vs. body length ratios of female and male martens from ecological subsections of New Hampshire
examined during 1980-2004.
_________________________________________________________________________________________________________
Morphological

Connecticut Lakes
_________________

Mahoosuc-Rangeley
White Mountains
_________________
________________

Total
________________

character
Age1 Sex
Mean n
Range
Mean n Range
Mean n Range
Mean n
Range
_________________________________________________________________________________________________________
Weight/body
Juv
length
F
---9.7
3
9.0-10.9
---9.6
3
9.0-10.9
ratio (gm/cm)
M
10.9
4
9.5-12.0
11.0 4
9.5-11.9
12.3 1
n/a
11.1
9
9.5-12.0
Sub-ad F
------------M
13.1
5 11.8-14.6 13.6 4 12.2-16.1
12.3 1
n/a
13.2 10 11.8-16.1
Ad
F
11.1
3 10.5-11.8
------11.1
3
10.5-11.8
M
14.2
18 12.4-16.9 14.1 5
9.1-14.7
---13.8 23
9.1-17.3
Weight/total length Juv
F
---13.6 3 12.7-15.1
---13.6
3
12.7-15.1
ratio (gm/cm)
M
15.1
4 13.0-17.0 15.4 4 13.6-16.6
16.7 1
n/a
15.4
9
13.0-17.0
Sub-ad F
------------M
18.1
5 16.0-20.3 14.9 4 17.0-21.7
17.5 1
n/a
16.6 10 16.0-21.7
Ad
F
15.2
3 14.7-16.2
------15.2
3
14.7-16.2
M
19.8
18 17.7-23.7 19.8 5 12.6-20.8
---18.6 23 12.6-23.7
_________________________________________________________________________________________________________
1
Juv = juvenile (0.0-1.0 years old), Sub-ad = sub-adult (1.0-2.0 years old), and Ad = adult (>2.0 years old). Specific ages based on
cementum annuli estimates.
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Table 1.5 Area (km2) and catch per unit effort (CPUE) for live-trapping and New Hampshire trapper data summarized by
ecological subsection (2000-2004).
_________________________________________________________________________________________________
Ecological
Subsection

Area
(km2)

LTCE1
Marten

CPUE2
LTCE
CPUE
NHTE3
CPUE
CPUE
LTCE
Fisher
LTCE
Marten/Fisher NHTE
NHTE
Marten
Fisher
Marten
Fisher
_________________________________________________________________________________________________
Connecticut Lakes

1,498

1,972.5

2.03

1,960.5

0.82

3,699

0.40

2.78

Mahoosuc-Rangeley

2,500

2,122.5

0.14

2,133.5

1.17

13,769

0.12

2.17

White Mountains

3,209

n/a

n/a

n/a

1,591

0.31

2.58

n/a

Total
7,207
4,095
1.05
4,094
1.00
19,059
0.19
2.33
_________________________________________________________________________________________________
1
(LTCE) = Live trapping Corrected Effort (effort calculated by subtracting ½ trap night for incidental captures and closed
traps).
2
(CPUE) = Catch per unit effort – captures per 100 trap-nights
3
(NHTE) = NH fisher trapper effort summarized according to subsection from 2000-2004
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during the night or were occupied by non-target species were counted as 0.5 trap nights
(Table 1.5). Catch per unit effort (CPUE) for live-trapped marten for both the
Connecticut Lakes and Mahoosuc-Rangeley subsection was 1.05 (Table 1.5). CPUE
for marten in the Connecticut Lakes subsection was 2.03 and 0.14 in the MahoosucRangeley subsection respectively (Table 1.5). Total live-trapping effort for fisher in the
Connecticut Lakes and Mahoosuc-Rangeley subsection was 4,094 trap nights (also
corrected for incidental captures and tripped traps). CPUE for live-trapped fisher was
0.82 and 1.17 for the Connecticut Lakes and Mahoosuc-Rangeley subsection
respectively (Table 1.5).
Discussion
Occurrence
The reported occurrence records were screened rigorously to provide a
conservative estimate of marten occurrence in New Hampshire. Anecdotal reports
came from as far south as Center Ossipee and Lempster Mountain in Sullivan County
(Figure 1.2), but could not be confirmed for this study due to the lack of verifiable
information on marten presence.
The documentation of marten distribution based solely on the results of
observations (i.e., reports from the public or directed searches in spruce-fir habitat or
high elevation areas by biologists) can be misleading. Live-trapping data (systematic
random sampling) indicated that marten densities and or abundance might be greater in
the Connecticut Lakes subsection (CPUE = 0.0203) than in the Mahoosuc-Rangeley
subsection (CPUE = 0.0014). This relationship would not be apparent if based on noncapture or incidental fisher trappers capture records only (n = 44 records Connecticut
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Lakes, n = 38 records Mahoosuc-Rangeley; Table 1.1). This relationship would also be
misleading if one examined only incidental trapper captures; the Connecticut Lakes
subsection had 16 incidental captures, as did the Mahoosuc-Rangeley subsection. To
help account for poor trapper reporting of incidental captures, informational letters were
sent to fisher trappers within known marten range, requesting all carcasses to be turned
in whole. Although there is no direct evidence, it is possible that not all incidental
marten captures are reported to the department (NH Fish and Game). Furthermore,
directed trapper effort in specific places may result in incidental captures being a poor
indication of marten distribution and abundance.
In addition, occurrence records were also documented in the White Mountains
subsection. The live-trapping portion of the study was not done within this subsection
due to time and access constraints. It is likely that the higher elevations of the White
Mountains also have higher numbers of marten, which should be examined using
alternate survey methods.
Population structure
Female marten have low reproductive potential compared to similar-sized
mammals because, although they obtain sexual maturity by 1 year of age, effective
breeding may not occur before 2 years of age; also there is potential extensive variation
in annual pregnancy and reproductive success rates for martens (Strickland and Douglas
1987, Buskirk and Ruggiero 1994, Powell et al 2003). Marten reproductive success
may change when prey populations decline, resulting in older age classes dominating
(Strickland and Douglas 1987, Thompson and Colgan 1987). As the remaining older
age class dies due to prey populations remaining low for extended periods of time,
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young animals make up a higher percentage of the population. As a result, the total
population size would continue to decrease (Powell 1994, Powell et al 2003).
The Maine Division of Inland Fisheries and Wildlife (MDIFW) does not collect
information on the age distribution of harvested marten, so no comparative data were
available. In addition, the New York Department of Environmental Conservation
(NYDEC) collects information on age distribution, but long-term estimates are not
expected to be completed until 2006 (P. Jensen, NYSDEC, Div of Fish, Wildlife and
Marine Resources, pers. commun.).
The Mahoosuc-Rangeley subsection resulted in the collection of 3 juvenile
females. Although this is not a sample size large enough to draw and conclusions, it
should be noted that younger age structures were reported in marten populations
inhabiting harvested landscapes compared to unharvested landscapes in Ontario
(Thompson 1994); however, higher trapping pressure in the landscape with forest
harvesting may have confounded those conclusions. Furthermore, in northern Maine,
resident males were younger in an industrial forest with and without trapping than
marten found in a forest preserve (Payer 1999). The age structure can also change if
juveniles are excluded from high quality habitat at high population densities (Brown
1986), thus forcing younger animals to select sub-optimal habitats (Hobbs and Hanley
1990). Changes in age and sex structure are often evident because marten experience
lower reproductive success in landscapes where marten are extensively harvested
(Thompson 1994) and where prey is limited (Thompson and Colgan 1987). Higher
sample sizes and further investigation of marten habitat use, especially female marten
habitat use and availability, would be needed to confirm or reject these conjectures.
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Caughley (1974) cautions that age ratios often result in vague information that
can lead to serious management mistakes, especially when they are examined without
proper information on demographics and the populations’ rate of increase. Many
agencies utilize age ratios as an indicator of population rate of increase, yet age ratios
cannot be interpreted without prior knowledge of population increases or decreases.
Therefore, age ratios may not be a valid measure for population monitoring (Caughley
1974). Strickland (1987) suggests an alternative approach that uses three age and sex
ratio indices for monitoring harvest intensity; this approach also can be used for basic
population monitoring. For example, in an unharvested population, as prey populations
increase, the juvenile age class makes up a larger than average proportion of the
population. Under the circumstances of a harvested population, Strickland et al. (1982)
recommends having a juvenile/mother ratio greater than fecundity, and juvenile/female
ratio greater than 3.
Sex ratios of unharvested marten populations are not well known because true
population sex ratios are very hard to determine, especially when only a small sample
size of the total population is available (Powell 1994). Yet the sex ratio of live-trapped
marten (18 males to 1 female) and NH fisher trapper incidental captures (7 males to 1
female) in New Hampshire was much higher than the ratio of 3:1 reported by New York
(P. Jensen, NYSDEC, Div of Fish, Wildlife and Marine Resources, pers. commun.).
The MDIFW does not collect information on the sex ratio of their marten population
(W. Jakubas, MDIFW, pers. commun.). Because New Hampshire’s population appears
to be skewed toward males, it should be examined further to identify potential
population structure problems that may result in low reproductive potential of the
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population. Furthermore, the skewed ratio toward males may indicate that New
Hampshire’s marten population is made up of dispersing individuals (Thompson 1994).
Male martens generally weigh 600 to 1,000 gm, but can weigh up to 1,400 gm,
whereas females generally weigh 400 to 700 gm, but can weigh up to 1,000 gm
(Buskirk and McDonald 1989). Males range from 50-70 cm in total length, whereas
females are 45-60 cm (Buskirk and McDonald 1989). Sampled male marten weighed
between 544 gm to 984 gm, and sampled female marten weighed between 476 gm to
590 gm. Total length for male marten ranged between 52 to 60 cm and 48 to 54 cm for
females (Table 1.3). Maine does not collect information on weight and body
measurement (W. Jakubas, MDIFW, pers. commun.), that could provide a comparison
(i.e., baseline) to assess New Hampshire’s marten condition, but overall, New
Hampshire marten do not seem in abnormally good or bad condition.

Relative abundance
Absolute densities of marten in Maine have been studied extensively.
According to Payer (1999), densities of resident marten greater than 1 year of age
averaged 0.6 marten/km2 (1.6 marten/mi2) in Baxter State Park, which is an
unharvested, untrapped forest preserve. Adjacent to Baxter, in industrial forest that was
extensively harvested but closed to fur trapping for several years, marten were found at
densities of 0.3 marten/km2 (0.8 marten/mi2). In yet another portion of industrial forest
that was open to trapping marten were found at densities of 0.2 marten/km2 (0.5
marten/mi2).

28

Potential causes of decline and recolonization
According to anecdotal reports, marten distribution and abundance has
expanded extensively within the past twenty years. According to Silver (1957), the
marten decline resulted from extensive timber harvesting, the conversion of forest to
agricultural land and over trapping. By the 1960s old fields were reverting to forest,
there was no longer a trapping season for marten, and timber harvesting was becoming
more sustainable. Yet, marten in New Hampshire were still considered scarce if not
extirpated. Potential factors leading to the slowed recolonization of New Hampshire by
marten include: 1) depressed population size, 2) delays in forest maturation, 3) changes
in carnivore communities, and 4) climate change.
In New Hampshire, marten populations had already experienced dramatic
declines before 1935 when the Legislature closed the trapping season. Marten
populations surrounding New Hampshire also suffered from extremely low population
numbers. In Maine, by 1941 marten were considered extremely rare and were restricted
to the northern and northwestern areas of the state (Aldous and Mendall 1941). Yet
marten in Maine were able to overcome the low population sizes and increased
throughout the mid-1900s. The expansion resulted in marten recolonizing areas in
western and eastern Maine. The MDIFW enhanced the recolonization with a martentransplant program in the early 1980’s (W. Jakubas, MDIFW, pers. commun.). As a
result, marten are distributed throughout Maine except along the seacoast. In 1985, the
highest marten population estimate was in northwestern Maine (8,095; 0.39
marten/km2), followed by northeastern Maine bordering New Brunswick (1,403; 0.17
marten/km2) and western Maine bordering New Hampshire (624; 0.061 marten/km2).
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The area between the seacoast and northern WMU had a population estimate of (507;
0.02 marten/km2). Since 1985, according to trends in trapper success in Maine, marten
populations have remained fairly stable, and will continue to remain stable through
2010 (W. Jakubas, MDIFW, pers. commun.).
Maine has suggested that a statewide decline in the marten population is
possible due to a projected decrease in carrying capacity resulting from an increase in
forest fragmentation from timber harvesting operations (W. Jakubas, MDIFW, pers.
commun.). This population decline will only occur, however, if marten are currently at
carrying capacity within remaining suitable habitat. Due to a concern that long-line
trappers were over-trapping marten in Maine, a 25-marten harvest limit per season was
put in place in 1990. The lack of long-line trapping along the Maine/New Hampshire
border, and thus a population potentially at carrying capacity there, may have allowed
for additional marten dispersal into New Hampshire.
Today, marten in Vermont are considered endangered, despite a major
reintroduction effort in the southern portion of the Green Mountains (Moruzzi et al.
2003). During surveys conducted in 1997 and 1998 there was no evidence that marten
had established a viable population in Vermont (Moruzzi et al. 2003). It is possible that
dispersing marten from this reintroduction resulted in some of the unconfirmed marten
records reported in southwestern New Hampshire. In 2003 and 2004 marten occurrence
was documented in northeastern Vermont (K. Royar, VT Fish and Wildlife Department,
pers. commun.). These sightings were made within 12 km of New Hampshire and are
likely the result of individuals dispersing from New Hampshire.
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Marten populations to the north of New Hampshire in Canada (Figure 1.1) are
also considered moderate to low (H. Jolicoeur, Quebec Ministry of Natural Resources,
pers. commun.). An abundance of agricultural land likely limits marten dispersal and
may be limiting further population expansion of marten in northern New Hampshire
from Canada.
Habitat and Community Considerations
Timber harvesting has long been economically important to New Hampshire.
This is especially true in northern New Hampshire where > 80% of the land remains in
large private or conservation ownership parcels. During the late 1800s and early 1900s
timber harvesting concentrated on softwood for pulp. Softwood continued to provide
an important source of pulp through the early 1940s. By 1941, deciduous logs became
an increased part of timber harvests due to the increase in the number of roads available
for longer trucking seasons.
Extensive salvage harvesting of deciduous and coniferous stands resulted from
the hurricanes of 1938 and 1950 as well as the spruce budworm outbreak of 1973.

As

a result of the salvage logging there were some dramatic shifts in the amount of
coniferous cover. Historic coniferous stands regenerated to deciduous cover due to the
lack of established coniferous regeneration. Coniferous and mixed wood cover can be
very important to marten, especially during winter months (Raine 1983, Buskirk et al.
1988, Fuller 1999, Chapter 2). The compilation of all these factors may have limited
the recovery of marten in New Hampshire. Compiled with low population numbers and
a lack of suitable habitat, marten were never able to extensively recolonize New
Hampshire until larger habitat blocks became available. Over the past 40 years large
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blocks of forest have been conserved and are being managed to better provide for a
variety of wildlife species including marten. As marten habitat continues to improve
there may be a continued expansion of New Hampshire’s marten population.
Another potential factor contributing to the slow recolonization of New
Hampshire by marten would be an overall change in the carnivore communities.
Fishers (Martes pennanti) have been identified as a potential limiting factor for marten
(Krohn et al. 1995; Chapter 2). As fisher populations in New England have expanded
into highly disturbed (developed) habitats (Ray 2000), there may be competition
limiting further marten dispersal and colonization.
Lastly, climate change, which has resulted in decreased snow depths in winter,
may be pushing marten further north and into higher elevation habitats with more snow
(Chapter 2). Marten have specific morphologic features such as relatively large feet
compared to their overall body size and weight (Raine 1983), which gives them an
advantage in areas with deep snow. It is suspected that fisher populations may be more
limited than marten in areas with deep snow, due to being less adapted to such
conditions (Krohn et al 1995). Changes in snow depth and distribution over the past
100 years have been well documented and are discussed in Chapter 2.
Conclusions
According to the information collected for this study, the distribution of marten
in New Hampshire appears to be expanding both west and south. Distribution records
have been confirmed through the southern extent of the White Mountains subsection.
Unconfirmed reports imply that marten distribution has potential to extend even further
south into its historical range. Furthermore, documented marten occurrence is
32

spreading outside of New Hampshire into northeastern Vermont where marten were
considered extirpated. As the marten continues to colonize new habitat the question
then becomes what is the potential habitat for marten in New Hampshire, and to what
extent has that habitat been filled (Chapter 2).
The primary obstacle for marten recovery today will be providing habitat to
maintain densities and overall connectivity of marten populations. Promoting
sustainable forest management on lands, especially in areas that experience intense
forest management, will contribute extensively to the recovery of marten. Large land
holding still dominate the landscape in core marten habitat in New Hampshire. Yet, the
purpose of the working forest has shifted from providing wood for the local mill, to
investment groups looking to maximize their return on an investment by harvesting
timber. High real estate values and economic pressures have resulted in the need for
investment groups to seek higher returns on their investment. As a result, there is
mounting pressure on the forest resource and therefore wildlife habitat, especially
marten habitat. Finding ways to manage and/or conserve habitat for marten under these
circumstances will be important for marten recovery in New Hampshire.
Although marten recovery cannot be confirmed or denied based solely on this
study, it begins to provide managers with a better understanding of marten distribution.
With a better understanding of distribution managers are able to identify goals and
objectives to further marten recovery in New Hampshire. Overall the continued
expansion of marten populations in New Hampshire can be considered a success story
in conservation. A combination of land conservation (e.g., White Mountain National
Forest) as well as healthy populations in bordering states like Maine likely contributed
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greatly to marten population expansion in New Hampshire. Considering historical and
current land use practices will be extremely important as land use values change
throughout the primary distribution of marten in New Hampshire.
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CHAPTER 2
AN EVALUATION OF FACTORS POTENTIALLY AFFECTING AMERICAN
MARTEN DISTRIBUTION AND HABITAT AVAILABILITY IN
NORTHERN NEW HAMPSHIRE
Abstract
Four variables thought to be related to the probability of marten (Martes
americana) occurrence in New Hampshire were examined for the northern-most
Connecticut Lakes and Mahoosuc-Rangeley ecological subsections. Logistic regression
and AICc ranking was used to identify the variable or combination of variables that
would best predict the probability of marten occurrence. Variable AICc weights were
also examined to identify variables with the highest explanatory value, and a
multimodel approach was used when ∆AICc values <2. Model results for the livetrapping dataset were based on confirmed presence and a set of sampled absence data
points, whereas results for the occurrence records dataset were based on confirmed
occurrence locations and randomly selected absence locations. According to AICc
ranking, fisher trapper CPUE, population road density, and mean annual snowfall was
the best combination of variables to predict the probability of marten occurrence for
live-trapping. The live-trapping dataset also resulted in three models with a ∆AICc
value <2, so a multimodel probability of marten occurrence was also examined.
According to AICc ranking, mixed coniferous-deciduous and coniferous cover, and
mean annual snowfall was the best combination of variables to predict the probability of
marten occurrence for occurrence records. The occurrence record dataset also resulted
in six models with a ∆AICc value <2, so a multimodel probability of marten occurrence
was also examined. Probabilities of occurrence estimates were higher for live-trapping
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data as opposed to occurrence record data; as a result modeled marten habitat was very
extensive within the study area for the occurrence record data. It may be that marten
habitat based on the live-trapping dataset reveals areas most likely to be colonized first,
whereas the occurrence dataset suggests potential marten distribution. Caution should
be used when predicting probability of occurrence when using unsampled absence
locations.
Introduction
When modeling the probability of a species’ presence or absence, it is important
to consider the factors that affect its distribution and abundance, including abiotic (e.g.,
soil, weather) and biotic factors (e.g., plant-to-plant, plant-to-animal and animal-toanimal relationships; Landres et al. 1988). Furthermore, within each of these
relationships there are proximate and ultimate factors that affect the selection and use of
a particular area by any animal (Partridge 1978). In this respect, a proximate factor is
defined as a feature or cue that an animal uses to evaluate a site for use (Litvaitis et al.
1996), and an ultimate factor is defined as one that determines how successful an
animal is within a particular habitat. Ultimate factors can directly affect an individual
animal’s ability to reproduce, obtain food, and avoid predators (Litvaitis et al. 1996).
Often, it is the proximate factors that are used to assess trends in species habitat use,
distribution, and abundance, yet these are only our best guesses of what a species is
using to evaluate a site.
In Maine, researchers identified microhabitat characteristics such as complex
vertical and horizontal woody structure and prey density as factors contributing to
marten (Martes americana) distribution and abundance (Chapin et al. 1997, Potvin et
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al. 1999). As a result, models of marten distribution and/or habitat availability usually
require very fine-scale data. Time and monetary constraints often limit the amount of
microhabitat or fine-scale information that can be collected over large areas, thus
inhibiting the ability to model marten distribution over large areas. Similarly, marten
have also been identified as a species with strong habitat associations at the landscape
level because they usually do not establish a home range within habitats that have >3040% of the landscape in an early successional stage (Chapin et al 1998, Hargis et al
1999, and Payer 1999, Powell et al. 2003). Successional stage is a very dynamic
characteristic and can be very difficult to monitor and display at a landscape scale.
Modeling indirect, macro habitat features such as land cover type, or climatic
differences (based on topography or general climate data) may be more useful in
modeling potential marten distribution on a statewide scale.
Habitat factors vary temporally and at different scales, yet they may provide
useful insights into monitoring marten distribution and abundance. The objective of
this study was to examine and model several factors that may affect marten distribution
in northern New Hampshire. I hypothesized that specific coarse scale factors that may
be useful in modeling potential marten distribution in New Hampshire included: 1)
interspecific competition (e.g., with fishers [Martes pennanti]; Krohn et al. 1995), 2) the
type of land cover (e.g., mixed coniferous-deciduous and coniferous; Fuller 1999) 3)
land use (e.g., combination of road and human density; Hargis et al. 1999) and 4) mean
annual snowfall (Raine 1981).
Study Area
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The study area was located in the two northern most ecological subsections in
New Hampshire (Figure 2.1). The Connecticut Lakes subsection to the north, and the
Mahoosuc-Rangeley subsection to the south. Each of the subsections is part of the
greater White Mountain ecological section (M212A; Keys et al.1995). The montane
forests of the White Mountain ecological section are classified as being the transition
zone between the hardwood forests to the south and the boreal forest to the north. This
section is further characterized by the lack or infrequent nature of major disturbance
events. The White Mountain ecological section is also part of the largest remaining
“wild” forest in the East (10.5-million hectare [26-million acre] Northern Forest
extending from the coast of Maine into the Adirondacks of New York; Northern Forest
Alliance 2002). This region is >90% forested, with most of the remaining area made up
of isolated farms and small residential developments (Keys et al 1995).
The climate in the two northern most subsections is best characterized by warm,
wet summers and cold snowy winters. The mean annual precipitation is 910 to 1,780
mm (36 to 70 in); and the total annual snowfall ranges from 2,440 to 4,060 mm (96 to
160 in) which both increase locally with elevation (McNab and Avers 1994). The mean
annual temperature varies between 3 to 7°C (37°F to 44°F; McNab and Avers 1994).
The average mean, minimum, and maximum temperatures for this area in January are 11° C, -15° C, and -2° C, respectively (12° F, 5° F, and 29° F, respectively), with a
maximum low of -9°C (–48° F) in the northern most town of Pittsburg. The average
mean, minimum and maximum temperatures for this area in July are 18°C, 11°C, 27°C,
respectively (65° F, 53° F, and 80° F, respectively).
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Figure 2.1 Ecological subsections of study area. Shaded subsections represent
area sampled during live-trapping portion of study.
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Low-lying valleys are covered by deciduous forests consisting of sugar maple
(Acer sacrum), yellow birch (Betula alleghaniensis), and American beech (Fagus
grandifolia), with eastern hemlock (Tsuga canadensis) scattered throughout. Lower
elevation mountain slopes consist of a mix of spruce (Picea spp.), fir (Abies spp.),
maple, beech and birch. At higher elevations pure stands of balsam fir (Abies
balsamea) and red spruce (Picea rubens) can be found. Krummholz defined as either
stunted vegetation (deciduous or coniferous), which occurs just below tree line, is often
found at the highest elevations.
Specifically, the Connecticut Lakes subsection is represented by finer textured
soils at the very northern extent of two major river drainages the Connecticut and
Androscoggin. The Mahoosuc-Rangeley subsection is a transition zone between the
rugged topography and granite soils found in the White Mountains just to the south, and
the finer soils found in the Connecticut Lakes subsection to the north (Figure 2.1).

Methods
Sampling for Marten
To systematically sample the study area for marten presence and absence, I
stratified different habitat types or land classes, and then randomly sampled (i.e., live
trapped) across each class utilizing a “home range” grid design (Gese 2001, Raphael
1994). Stratifying sampling has been shown to increase the usefulness and precision of
survey data (Gese 2001, Vaughan and Ormerod 2003). A conservative estimate of a
female marten home range during the summer (3-km2; Steventon and Major 1982,
DeGraaf and Yamasaki 2001) was utilized to help increase the chance of identifying
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marten presence, and the opportunity to trap multiple male marten overlapping the
range of one female (Raphael 1994). The 3-km2 grid size is also a compromise of grid
sizes used in similar studies of carnivore distribution (Zielinski and Kucera 1995,
Carroll et al. 1999).
I initially reclassified the 23-class land cover layer (Complex Systems Research
Center, UNH 2001) into five classes: deciduous, coniferous, mixed wood (deciduous
and coniferous), non-forested and open/other. I used this five-class categorization
because marten habitat associations elsewhere have been based on cover types that are
condensed into a common classification system used for basic management purposes
(e.g., Self and Kerns 2001).
Cover types in the Deciduous category included beech/oak (Fagus/Quercus),
birch/aspen (Betula/Populus) and other deciduous, and were classified as deciduous if
they had less than 25% coniferous basal area per acre (Justice et al. 2002). Cover types
in the Coniferous category included white/red pine (Pinus strobes/Pinus resinosa),
spruce/fir (Picea/Abies), hemlock (Tsuga), pitch pine (Pinus rigida), krummholz and
forested wetlands, and were classified as coniferous if they had greater than 65%
coniferous basal area per acre. Mixed deciduous/coniferous, an already identified
category, had more than 25% but less than 65% coniferous basal area per acre. Open
included other/cleared (e.g., clearcuts). Lastly, the Other category includes developed,
transportation, row crops, hay pasture, orchards, open water, non-forested wetlands,
tidal wetlands, disturbed, and sand dunes (Complex Systems Research Center, UNH
2001). The home-range-size grid was then overlaid in ArcGIS on the reclassified cover
type map. If a stratum was too rare (<15%) in the landscape, it was omitted because
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there wasn’t enough “cover” to make up the number of sampling blocks needed to
equally sample the strata across the landscape. Furthermore, because marten in the
Northeast are known to use a greater proportion of mature forest than other forest age
classes available in their home range (Katnik 1992, Phillips 1994) and are known to
avoid non-forested habitats (Soutiere 1979, Mowat et al. 2000) the “Other” category
was omitted from sampling. According to these stipulations, the sampling for the study
was limited to three categories: deciduous, coniferous, and mixed deciduous-coniferous
locations.
Each grid cell was classified as deciduous, coniferous, or mixed based on the
cover type that made up more of the cell than another type (>33%). Next, 10% of each
cover type was randomly selected. Strata were equally sampled to the greatest extent
possible to prevent biases of relative abundance due to marten tendency to use habitats
in disproportion to their abundance across a landscape (Phillips 1994). Each randomly
selected grid was field verified for cover type and accessibility. To maximize the
number of cells that could be sampled, traps were all placed along roads that were
within randomly selected cells. According to Robitallie and Aubry (2000), sampling
near roads is sufficient for presence/absence surveys. If a grid was omitted due to low
accessibility or improper cover type classification, the next randomly selected grid was
used as a replacement.
Live-trapping
Specific trapping locations were selected based on natural topographic features
such as elevation gradients and proximity to water. Marten preference for areas in close
proximity to water (mesic to hydric forest soils over xeric soils) has been demonstrated
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at several landscape scales (Buskirk and Ruggiero 1994, Lofroth 1993, Buskirk and
Powell 1994, and Krohn et al. 1997). As a result, a trap was placed in close proximity
to water and along natural travel routes such as gullies, ridges and draws when possible.
I also selected specific trap locations based on microhabitat structure attributes.
When possible, the live trap was placed on or near a leaning pole. If a leaning pole was
not available, the trap was placed on a down log, and if neither was available the trap
was placed on the ground. A single observer was used to identify all trap locations.
Descriptions of set location and types were also recorded in the daily trapping log. At
each sampling location two traps were set within 10 meters of one another to maximize
the potential of capturing a marten in the event of an incidental capture.
Traps remained closed until all sets had been identified. All traps were then
baited, scented and opened on the same day. According to Zielinski et al. (1994),
regardless of the length of survey or the number of stations in the survey, first
detections for marten will likely occur within 8.5 days for marten and 7.5 days for
fisher. As a result each trap remained at the identified trapping location for 13 set
nights (Zielinski et al. 1997, Carroll et al. 1999, and Moruzzi et al. 2002). Traps were
then shifted to new grid cells at the end of a 13-set-night period.
Tomahawk single door live traps (25 cm X 30 cm X 90 cm) were used at each
sampling location. Each trap was baited with sardines and scented with a lure of skunk
essence and Chanel No.5© perfume. Traps were then covered with pine boughs, moss
or other available natural insulation to minimize stress on captured marten.
Each trap was checked daily (IACUC protocol # 23-02-02R). I recorded the
status of the trap (open or closed), if bait was added or replaced, if the trap was re-
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scented, if a capture occurred, what was captured, and hypothesized sources of activity
based on sign such as scat or tracks around the trap. For each set day, weather and
volunteer observer information also was noted.

Animal Handling
Captured marten were restrained using a Tamarack holding cone and
immobilized with 15 to 26 mg/kg body weight (approximately 0.10 cc for females and
0.12 cc for males) of ketamine HCl (Hunter and Clark 1986, Phillips 1994, L. Mayo,
Newfoundland Division of Parks and Recreation, pers. commun.). Handling time for a
marten was no more than 30 minutes. Immobilizing drug was only administered via the
largest muscle mass on the outside of the rear leg (L. Mayo, Newfoundland Division of
Parks and Recreation, pers. commun.).
Once a marten had been immobilized, a hair follicle sample (e.g., 3-10 hairs)
was taken from the tail and frozen for future genetic analysis. Self-piercing ear tags
(Monel no. 1 Style 1005; National Band and Tag Co., Newport KY) were placed at the
base of each ear to individually identify marten. Ear tags were needed to identify
previously trapped individuals from newly trapped individuals because marten are
susceptible to multiple trappings (Raphael 1994). Ear tags also provided a method to
detect study animals that were incidentally trapped, directly observed, or road killed.
Although external tag loss, such as ear tags, can be common, they were used instead of
passive integrated transponder (PIT) tags due to the overall cost of the PIT tag
equipment (York and Fuller 1997). Also, recapture information was needed only
during the 13-day sampling period, in which ear tag loss would likely be low.
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Marten were weighed to the nearest 10 gm. Marten total body and tail length,
girth behind shoulders and around neck, hind leg and hind foot length, body condition
based on coat condition and parasite presence such as ticks were documented (L. Mayo,
Newfoundland Division of Parks and Recreation, pers. commun.). The sex of each
individual was determined via genital examination (Archibald and Jessup 1984).
Female marten with obvious swelled genitalia with pronounced reddish coloration were
noted as being sexually receptive (Gilbert 1988). Lactating females were noted and
recorded as breeding. Sexually active males were identified according to testicular size
and presence of external scrotum (Gilbert 1988). A first premolar (PM1) was extracted
from each individual and used to determine age via cementum annuli (Matson’s
Laboratory, Milltown Montana); cementum annuli analysis is the only known reliable
aging method for adult marten (Pool et al. 1994, Arthur et al. 1992, Strickland et al.
1982). On subsequent recaptures, tag numbers were recorded as well.
Marten were then returned to the trap with the door closed until fully recovered
from immobilization. Strawberry jam was provided to aid in marten recovery (Brown
1986). Investigators remained on site until the marten was fully recovered and able to
be released.
All incidental captures (non target captures) were immediately released and
noted in the daily log. Fisher captures were documented and compared to marten
captures during analysis.
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Marten Location Database
To aid in collecting “known-point” information for the statewide wildlifesighting database, and to facilitate analysis, a latitude/longitude point was collected at
each sampling location with a Global Positioning System (GPS). GPS point data were
then used to create and supplement another “known-point” distribution database (New
Hampshire Fish and Game’s element occurrence database) that is used to track all
threatened and endangered species, as well as species of concern. Sources of
occurrence/distribution records are described in Chapter 1. Point data were then
converted into a Geographic Information System (GIS) point layer (ArcGIS 9.0,
Environmental Systems Research Institute (ESRI), Redlands, California, USA).

Factors Potentially Affecting Marten Distribution
Fisher
Vaughan and Omerod (2003) found that including the potential distribution of
interacting species in a model could positively increase the predictive ability and
explanatory value of focal species observations. Under this premise, it has been
suggested that fisher potentially compete with marten, especially where limitations to
fisher populations are low. Krohn et al. (1995) specifically noted that age and
recruitment ratios differed significantly across areas where fisher and marten
distribution overlapped. In core marten habitat there was little to no fisher recruitment.
Similarly in core fisher habitat, marten recruitment was low, and marten found in those
areas were primarily juveniles (Krohn et al. 1995). Therefore, areas with high fisher
densities based on trapping data may have lower breeding marten densities.
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To examine this relationship, I summarized fisher captures, effort and catch per
unit effort (CPUE; captures per trapnight) for each town using New Hampshire trapper
mandatory journal submissions collected between 2000 and 2004. Fisher live-trapping
captures, effort and CPUE were also summarized for each town for comparison.

Land cover
In the Northeast, habitat characteristics important to marten are those that
produce complex horizontal and vertical structure which is associated with marten
access to prey (Sherburne and Bissonette 1994, Thompson and Curran 1995), denning
and resting sites (Buskirk 1984, Spencer 1987, Buskirk et al. 1989, Ruggiero et al.
1998), escape from predation (Hargis and McCullough 1984, Thompson 1994,
Hodgman et al. 1997) and thermoregulation (Buskirk et al. 1988, Buskirk et al. 1989).
Coarse scale variables that could impact the amount of horizontal and vertical
structure include the amount of mixed deciduous and coniferous cover, the amount of
non-forest or open cover. In the Northeast, for example, forest structure (e.g., canopy
closure) can vary greatly depending on the season. Specifically, canopy cover in
deciduous dominated stands shifts dramatically as deciduous trees loose their leaves in
the fall. Therefore, stands with a greater percentage of coniferous or mixed coniferousdeciduous cover may be especially important to marten during leaf off periods.
Mixed coniferous-deciduous and coniferous stands in the Northeast often
produce the greatest amounts of course woody debris (CWD). During winter months,
marten utilize the structure associated with CWD for access to subnivean resting sites
(Buskirk 1984, Spencer 1987, Buskirk et al. 1989, Ruggiero et al. 1998), for thermal
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protection (Taylor and Buskirk 1996), and access to prey (Sherburne and Bissonette
1994).
To assess land cover, I reclassified the New Hampshire Land cover 2001
assessment (Complex Systems Research Center, UNH 2001) into 4 categories
including:
1.) Mixed coniferous-deciduous and coniferous cover, including white/red pine,
spruce/fir, hemlock, pitch pine, mixed forest, alpine, and forested wetland
2.) Open, including open wetland, open water, tidal wetland, sand dunes, bed rock
vegetation, tundra, row crops, hay pasture, orchard and other cleared. The Open
classification was also supplemented with clear cut data (10-15 years old)
collected since the 2001 data layer was created and merged into the land cover
reclassification using the MOSAIC command in ArcView 9.0.
3.) Hardwood (areas <25% coniferous) including beech/oak, paper birch/aspen, and
other hardwoods and
4.) Residential/Commercial including residential and commercial, transportation and
disturbed.
Only the Mixed coniferous-deciduous and coniferous layer, and Open layer
were utilized in the land cover analysis. The resulting reclassification was different
from the live trapping sampling reclassification so that categories could be
supplemented with data, or examined separately during the analysis (e.g., populations
and road density incorporated with residential/commercial category; see below).
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Land use
Landscape use and composition such as overall connectivity and fragmentation
are considered important to marten distribution and abundance, as well (Hargis et al.
1999, Chapin et al. 1998). For example, according to Hargis et al. (1999), marten may
be nearly absent from landscapes having >25% non-forest cover, even with forest
connectivity still present (Hargis et al. 1999). Similarly, Chapin et al. (1998), and Payer
(1999) found that marten generally did not establish home ranges with >30-40% early
successional forest in an extensively clearcut landscape in Maine. Hargis et al. (1999)
also emphasized the importance of structural aspects of mature forests as well as
landscape patterns when conserving areas for marten. The size and distribution of
forest patches (trees over 6 m in height) have also been shown to be associated with
patch use by marten (Chapin et al. 1998). In the Northeast, stand structure is greatly
dependent on past timber management.
Marten are also less likely to be captured in areas in close proximity to open
areas, and in areas with increasing amounts of high contrast edge (Hargis et al. 1999).
Kurki et al. (1998) found that human induced changes in boreal landscapes have caused
changes in natural community structure. Specifically, in Finland, Kurki et al. (1998)
found that marten are a forest-dependent species, and are most likely unable to utilize
increased prey abundance associated with higher road and people densities. Similarly
Robitaille and Aubry (2001) found that marten densities have been shown to be lower
near dense road networks.
Areas associated with humans are likely to represent the most fragmented
habitats for marten due to the infrastructure associated with people (e.g., roads) and the
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non-forested habitats often surrounding areas with high population densities. Therefore
to assess land use/fragmentation, I supplemented the residential commercial
classification of the land cover dataset with a combination of population density (U.S.
Census 2000), and road density based on all digitally represented roads, class 1-6
throughout the study area. To assess population density, U.S. Census data was
displayed by the census block (finer scale than by town) and converted to a raster layer
at the 0.03-km2 resolution. To assess road density, all road layers were merged in
ArcView 9.0. The data layer was then converted to a raster layer at the 0.03-km2
resolution and combined using the MOSAIC command in ArcView 9.0. The final
road/population density was assessed using the DENSITY tool in Spatial Analyst. The
population road density layer was converted to a raster layer at the 0.03-km2 resolution
to match the original land cover dataset.

Snow
Snow depth and frequency has also been proposed as a factor affecting marten
distribution (Krohn et al. 1995, Raine 1981). Marten with their smaller body size than
fisher are specifically adapted as subnivean hunters and will utilize pockets created by
CWD to access areas beneath the snow (Raine 1981). Although soft, deep snow can be
energetically costly for both marten and fisher by increasing locomotor costs, thus
reducing activity (Wilbert et al. 2000, Raine 1983, Buskirk et al. 1988), snow cover can
also act as a thermal insulator by creating subnivean air pockets that produce midwinter
temperatures warmer than the above snow conditions (Taylor and Buskirk 1996). As a
result of specific adaptations as subnivean hunters, marten detection rates may be higher
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than fisher in areas with greater amounts of soft snow occurring more frequently (Krohn
et al. 1995). Marten adaptations also pertain on top of the snow. Due to their smaller
body size, and specially adapted feet to disperse their weight, marten are able to walk
on top of snow more readily than fisher (Raine 1983). For these reasons, it is suspected
that prolonged periods of deep snow would be more stressful to fishers than martens
(Krohn et al. 1995).
Snowfall data and GIS layers were developed using daily climate data from the
National Oceanic and Atmospheric Administration (NOAA) National Climatic Data
Center (NCDC) (C.Hoving, pers. commun.). Hoving (2001) developed the layer by
averaging yearly snowfall by decade (stations with >7 years of data were included)
which is equal to cm snowfall for November of year x through March of year x+1.
Multiple linear regressions were then used to develop the snowfall extrapolation for the
defined area with a 10-year mean snowfall as the dependent variable and elevation,
latitude, and longitude and the independent variables (Hoving 2001). Hoving (2001)
then use the resulting coefficients from the regression models and raster grids of
elevation, latitude, and longitude to map predicted snowfall in the Northeast at the 1km2 resolution (Hoving 2001).

Logistic Regression Models
Fisher trapper CPUE (2000-2004), percent mixed coniferous-deciduous and
coniferous, percent open cover, a crosswalk of human population and road density, and
mean annual snowfall (1980-90), were calculated for each live-trapping sampling
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location, as well as each occurrence record location (excluding live-trapping captures)
and a set of randomly selected absence points.
All variables and their combinations were included in a multiple logistic
regression model. Stepwise, forward, and backward regression were considered
inappropriate in this study because they 1) do not consider the increased probability of
Type I errors, 2) there would likely be an increase in Type I errors because of multiple
testing, 3) it would violate logic of hypothesis testing, and 4) it may result in variables
included in the model that really have no relationship or the exclusion of variables that
really shouldn’t be excluded (Quinn and Keough 2002). The all subset procedure is
limited by large numbers of models to be compared when there are many predictor
variables. Therefore, predictors were kept to a minimum.
Under the assumption that there are no “true models” that perfectly reflect full
reality, AIC model selection (AIC; Akaike 1973) was determined to be the best
approach for identifying the potential occurrence of marten within the study area.
Model based inference, such as AIC, is based on three principals: 1) simplicity and
parsimony such that model selection is a bias versus variance trade off. This means that
inference from models with too few parameters can be biased where as models having
too many parameters may have poor precision or identification of effects that are
spurious (Burnham and Anderson 2002). 2) The use of multiple working hypotheses
such that there is no null hypothesis, instead there are several well supported hypotheses
under examination. When identifying working hypotheses it is important to consider
the scientific context, and to minimize the number of models examined to those that are
considered to be most relevant (Burnham and Anderson 2002). 3) The strength of
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evidence such that it is important to examine the likelihood-based strength of evidence
for the selected models (Burnham and Anderson 2002).
AIC is a model ranking method that tries to identify which model would best
approximate reality given the data that has been recorded (i.e., minimize the loss of
information, and maximizing predictability). This is done by adding an Akaike
correction factor to the log-likelihood equation, and a second term to account for the
number of parameters in the model (Burnham and Anderson 2002, Anderson et al.
2000). AIC may also perform poorly if there are too many variables in relation to the
sample size. Therefore, Burnham and Anderson (2002) recommend using an additional
bias correction term or the AICc when the ratio of the sample size to variables (with
intercept and variance) is <40. The AICc values were calculated for all combinations of
the variables in this analysis. Models with similarly low AICc values were considered
the “best” fit (Quinn and Keough 2002).
The ∆AICc values were also calculated (∆AICci = AICci – AICcmin) because it is
not the absolute size of the AIC value, but the relative value that is important (Burnham
and Anderson 2002). The ∆AICci value is considered a measure of the information that
would be lost if the model gi is fitted rather than the best model, gmin. Models with
∆AICci values <2 have substantial support as being the best models. Models where
∆AICci values between 4 and 7 have considerable less support, and ∆AICci >10 have
essentially no support (Burnham and Anderson 2002).
Identified models were assessed for goodness-of-fit using the HosmerLemeshow P statistic (Hosmer and Lemeshow 2000) and an adjusted R2. The HosmerLemeshow P statistic provides an indication of the goodness-of-fit based on the distance
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of the fitted values to the data, and a summary of measures, which describe how
unsystematic they are relative to the error in the model (Hosmer and Lemeshow 2000).
A large value (close to 1) indicates a good fit between the logistic equation and the data
(Hosmer and Lemeshow 2000). The adjusted R2 value is a likelihood ratio index
analogous to the R2 in linear regression models and provides an indication of how well
the model predicts the probability of occurrence (Allison 1999).
Akaike weight values (wi) are provided to examine the evidence for the
selection of the best model. The weight value is the ratio of ∆AICci for each model
relative to the whole set of candidate models. Weight values were also calculated for
each parameter used in the models.
Weight values can also be used to calculate an evidence ratio (wj / wi), which
compares the weight of the “best” model and a competing model to determine to what
extent the best model is better than another. Although there is no “significance value”
for the ratio, a higher ratio results are considered an indication of better model selection
(Burnham and Anderson 2002).
When the “best” model has competitors for the top rank (e.g., ∆i <2, or evidence
ratios <2.7) a multimodel approach is recommended (Burnham and Anderson 2002).
This method uses all the information available from the entire set of models to make
inference by calculating a weighted average of the parameter estimates based on the
model uncertainty (i.e., Akaike weights). When using multimodel inference, the
predictor variable with the largest predictor weight, is estimated to be the most
important, and the variable with the smallest weight is estimated to be the least
important. Using the multimodel approach is particularly important when the second or
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third “best” model is supported nearly as well as the “best” model (Burnham and
Anderson 2002). Maps of the probability of marten occurrence were created for the
models with the lowest overall AICc as well as the multimodel.
Portions of the following results are based on male and female captures during
the live-trapping portion of this study. Ideally, female marten captures would have been
a better dataset to identify the probability of a reproducing marten population because
they represent the reproducing, resident portion of the population. Although males may
disperse further than females and likely represent the colonizing individuals of the
population (not necessarily resident) all individuals were pooled (male and females,
n=37), due to a small sample size of female marten (n=2). To help account for this,
trapping took place during the breeding season when males would have established
territories.

Results
Marten presence and absence
Marten presence according to live-trapping captures was concentrated along the
eastern border of New Hampshire with Maine in the Connecticut Lakes subsection
(Figure 2.2a). Similarly, occurrence records were most concentrated in the Eastern side
of the Connecticut Lakes subsection (Figure 2.2b). Marten live-trapping captures
decreased moving southward. There were only two live-trapping captures in the
northern portion of the Mahoosuc-Rangeley subsection (Figure 2.2a). Distribution of
occurrence records was spread throughout the Connecticut Lakes, Mahoosuc-Rangeley
and White Mountain subsections (Figure 2.2b).
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Figure 2.2a Summary of live-trapping captures for marten and fisher within the
sampled study area (shaded).
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Figure 2.2b Documented live-trapping captures and occurrence records of the
study area (shaded).
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Fisher
During marten live-trapping, fisher captures were also documented (Figure
2.2a). Within the Connecticut Lakes subsection 17 fisher were captured in 1,961 trap
nights, whereas there were 34 marten captures in 1,973 trap nights. Within the
Connecticut Lakes subsection there were also 4 points that caught both marten and
fisher (Table 2.1).
Within the Mahoosuc-Rangeley subsection, 25 fisher were captured in 2,134
trap nights, whereas there were only 3 marten captures in 2,133 trap nights. Throughout
the study area, 176 individual locations were sampled with a total of 42 fisher captures
and 37 marten captures in 4095 trap nights (Figure 2.2a).
For comparison, I also summarized fisher trapper CPUE for each town using
New Hampshire fisher trapper mandatory journal submissions collected between 2000
and 2004 (Figure 2.3). According to a weighted least squares regression based on
trapper effort, there was no significant relationship between New Hampshire fisher
trapper CPUE and my fisher live-trapping CPUE (P=0.2365). Therefore, fisher livetrapping data were excluded from the live-trapping analysis due to having low sampling
effort and being limited to two ecological subsections. New Hampshire fisher trapper
CPUE values were joined to a town boundary layer in ArcView 9.0 and converted to a
raster cover layer at a 0.03-km2 resolution.
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Table 2.1 Summary of fisher and marten live-trapping sampling locations during the summer of 2003 and 2004 in northern
New Hampshire.
___________________________________________________________________________________________________
Ecological
Fisher
No. Fisher Marten
No. Marten
Both Spp. No. Fisher/Marten
Neither
Subsection
Points1 Captured2
Points
Captured
Points
Captured
Spp. Points
___________________________________________________________________________________________________
Connecticut Lakes

12

13

19

28

4

4/6

51

Mahoosuc-Rangeley

19

25

2

3

0

0

70

Total
31
38
21
31
4
4/6
121
___________________________________________________________________________________________________
1) Points= sampling locations where species was captured
2) No. Captured= total captures for the specified number of sampling locations (includes recaptures and new animal
recaptures)
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Figure 2.3 Fisher trapper catch per unit effort (CPUE, 2000-2004) at the 0.03km2 resolution for the Connecticut Lakes and Mahoosuc-Rangeley ecological
subsections. Low fisher CPUE values represented by red and higher fisher
CPUE values represented by blue.
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Land cover
Mixed coniferous-deciduous and coniferous cover was extensive
throughout the study area (Figure 2.4). High elevation areas in the southern
portion of the study area had large patches of contiguous cover, while the
northern extent of the study area had a more uniform distribution across the
landscape.
Open cover was distributed throughout the study area (Figure 2.4). In the
Connecticut Lakes subsection cover was more contiguous between high and low
elevation areas, whereas in the Mahoosuc Rangeley subsection, contiguous mixed
coniferous-deciduous cover and coniferous cover were found primarily at higher
elevations. Open cover was concentrated in areas associated with human
population centers, as well as lower elevation areas highly accessible to timber
harvesting. Open cover in the Connecticut Lakes subsection was most abundant
in areas with extensive farming history, as well as some of the easily accessed
hydrology drainages. Open cover in the Mahoosuc-Rangeley subsection was
most abundant in highly populated areas and heavily logged larger land
ownerships (Figure 2.4).

Land use
Population and road density was highest in the Connecticut River Valley
(border between Vermont and New Hampshire), and along a southern section of
the Androscoggin River in the Mahoosuc-Rangeley subsection (Figure 2.5). All
remaining large ownerships had a population and road density value <5 per km2.
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Figure 2.4 mw and sw (mixed coniferous-deciduous and coniferous cover) and
open (clear cut, developed, open water, and open wetland) cover at the 0.03-km2
resolution for the Connecticut Lakes and Mahoosuc-Rangeley ecological
subsections. Data based on NH Landcover Assessment 2001.
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Figure 2.5 Combination of human population and road density at the 0.03-km2
resolution for the Connecticut Lakes and Mahoosuc-Rangeley ecological
subsections. Layer representing 2000 US Census data at the census block
resolution and all digitally represented New Hampshire roads (including all
private roads).
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Snow
Mean annual snowfall (1980-1990) was used in the logistic regression model
due to being the most recent dataset available. Changes in data collection and cost of
data made it difficult to obtain a layer for 1990-2000 (C.Hoving pers. communication).
Snow depths were greatest in the northern most section of the study area, and
were highest at the higher elevations found along the eastern border with Maine. Snow
depths in the Mahoosuc-Rangeley subsection were more variable with the highest
depths concentrated at higher elevations and lowest depths in the low-lying valleys
(Figure 2.6).

Logistic Regression Models
Parameters with a positive sign represent a positive association for the
probability of marten occurrence while negative coefficients represent non-association
(Table 2.2). When using the information-theoretic approach, Burnham and Anderson
(2002) stress the importance of examining models to make sure that they make
“biological sense”. Therefore, coefficient signs were examined and compared to
“expected” value as either positive or negative. All but the Mixed coniferousdeciduous and coniferous and Open cover layers had consistent sign values within and
between models. I expected to have a positive Mixed coniferous-deciduous and
coniferous association, and a negative Open cover association based on the current
literature. Yet, Mixed coniferous-deciduous and coniferous cover and Open cover,
when included in the same models, resulted in signs that were opposite of the expected
values. Open
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Figure 2.6 Predicted mean snowfall at the 1-km2 resolution for the Connecticut Lakes
and Mahoosuc-Rangeley ecological subsections (1980-1990). Significant variables
used to predict snowfall include elevation, latitude and longitude (Hoving 2001).
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Table 2.2 AICc values of multiple logistic regression performance for 10 models comparing 37, 3-km2 buffered confirmed presence
locations and 153, 3-km2 buffered sampled absence locations (n=190).
_________________________________________________________________________________________________________
Rank Model1
adjusted R2
P
AICc
∆AICc
weight
_________________________________________________________________________________________________________
1

fisher trapper (-), poprd (-), snow (+)2

0.5607

0.6227

112.99

0

0.497

2

poprd (-), snow (+)

0.5451

0.3474

113.19

0.20

0.312

3

mwsw (-), fisher trapper (-), poprd (-), snow (+)

0.5630

0.2974

114.90

2.00

0.191

4

fisher trapper (-), snow (+)

0.4665

0.1651

127.71

14.72

3.2*10-4

5

snow (+)

0.4413

0.0840

129.70

16.71

1.2*10-5

6

fisher trapper (-), mwsw (+), snow (+)

0.4665

0.0455

129.71

16.72

1.2*10-5

7

snow (+), mwsw (+)

0.4414

0.3671

131.78

18.79

4.1*10-5

8

mwsw (+), poprd (-)

0.3868

0.4720

140.53

27.54

5.2*10-7

9

poprd (-)

0.3636

0.0665

142.05

29.06

2.4*10-7

10

fisher trapper (-), mwsw (+), poprd (-)

0.3870

0.4300

142.60

29.61

1.8*10-7

_________________________________________________________________________________________________________
1
model types include: snow (mean annual snowfall), poprd (population road density), mwsw (mixed coniferous/deciduous and
coniferous), fisher trapper (fisher trapper CPUE)
2
(+) shows positive association, (-) shows negative association
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cover had the opposite value in all but two models which also included Mixed
coniferous-deciduous, and the Mixed coniferous-deciduous and coniferous layer was
opposite in all but two models where Open cover was also included. Allison (1999)
states that multicollinearity can result in wrong signs and therefore incorrect
conclusions about relationships between independent and dependent variables.
Therefore, to further examine the multicollinearity effects between the two cover layers
I utilized a rank correlation test, which is a non-parametric test that identifies if there is
a monotonic relationship (i.e., when an increase in one variable is associated with either
an increase or a decrease in the other variable), between two variables. According to
the test, there was a significant monotonic relationship between the variables (P<=0.01,
n=189). As a result, I chose to remove the Open cover layer from analysis to account
for the multicollinear effects.
Open cover was selected for removal because where it was included in a model
without Mixed coniferous-deciduous and coniferous cover, the sign was opposite of
what was expected. Conversely, where the Mixed coniferous-deciduous and coniferous
layer was included in a model without Open cover the expected sign was observed.
Furthermore, Open cover associated with human fragmentation and development are
accounted for within the land use layer (combination of human population and road
density). The Open layer also included what could be considered “non-detrimental”
cover such as open water, which likely makes up a portion of marten habitat.
Model fit was broken into three categories, the best fit (< 2 ∆AICc), intermediate
fit (2-10 ∆AICc) and poor fit (>10 ∆AICc). For the live-trapping dataset, “best” fit
models included 1) fisher trapper CPUE, population road density and snow and 2)
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population road density and snow and 3) the global model of Mixed coniferousdeciduous and coniferous, fisher trapper CPUE, population road density, and snow
(Table 2.2).
Mean annual snowfall was positively associated in 7 of the 10 models identified
by AICc values (Table 2.2). Marten were also negatively associated with population
and road density in 6 of the 10 models examined in the analysis (Table 2.2).
The Akaike weight ratio for the first model verses the second live-trapping
model was 1.6 and can be considered relatively weak support for the first model as
being the best model. The Akaike weight ratio for the first model verses the fourth
model in the live-trapping dataset was 1553, and as a result it can be considered strong
support that the first model was the best model selected under these circumstances.
Akaike weight values were also summed for each of the variables included in
the models. Snow had the greatest importance value (sum of all Akaike weights)
followed by population road density, fisher trapper and mixed coniferous-deciduous and
coniferous cover respectively (Table 2.3).
The live-trapping dataset had an intermediate P value (0.6227) indicating the
logistic equation was an intermediate fit to the data (Table 2.2). The adjusted R2 value
for the live-trapping data also reveals an intermediate ability of the model to predict the
probability of marten occurrence (Table 2.2).
The top model for live-trapping data correctly classified 85.5% of 190
respective data points (Table 2.4). Of the points predicted to have marten present,
34.5% were
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Table 2.3 Importance value of each variable according to AICc weights for 37, 3-km2
buffered live-trapping presence locations and 153, 3-km2 buffered sampled absence
locations used to predict the probability of marten occurrence in northern New
Hampshire.
_____________________________
Variable1

Live-trapping
Importance Value
_____________________________
snow
0.9999
poprd
0.9994
fisher trapper
0.6881
mwsw
0.1908
_____________________________
1

snow (mean annual snowfall), poprd (population road density), mwsw (mixed
coniferous/deciduous and coniferous), fisher trapper (fisher trapper CPUE)
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Table 2.4 Classification table values for 37, 3-km2 buffered live-trapping presence locations and 153, 3-km2 buffered confirmed
absence locations to predict the probability of marten occurrence.
_________________________________________________________________________________________________________
Rank Model
CCR
false +
false Sensitivity
Specificity
_________________________________________________________________________________________________________
1

fisher trapper (-), poprd (-), snow (+)

85.2

34.5

11.3

51.4

93.4

2

poprd (-),, snow (+)

84.7

33.3

12.7

43.2

94.7

3

mwsw (-), fisher trapper (-), poprd (-), snow (+)

84.1

38.7

11.4

51.4

92.1

_________________________________________________________________________________________________________
CCR = percent classified correctly
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predicted as absent locations, and of the points predicted to have marten absent, 11.3%
had marten predicted as being present. Sensitivity, or the proportion of presences that
were predicted as presences, and specificity, or the proportion of absences that were
predicted as absences, were also reported (Table 2.4).
The probability of marten occurrence according to live-trapping data was
mapped using parameter estimates and the logit equation of mean annual snowfall,
population road density and fisher trapper CPUE (Table 2.5, Figure 2.7). The habitat
with the highest probability of occurrence of marten based on the identified model was
at the very northeastern extent of New Hampshire (Figure 2.7). According to the
maps, marten habitat also has high potential at higher elevations throughout the
Mahoosuc-Rangeley subsection (Figure 2.7).
The live-trapping dataset had three models with a ∆AIC < 2 resulting in a
competition between the top models as the “best” model for predicting marten
occurrence (Table 2.2). Therefore, I utilized multimodel inference to create the final
map of marten occurrence based on the live-trapping dataset (Figure 2.8).
For the occurrence record dataset, the top models according to AICc values
(∆AICc < 2) were: 1) mixed coniferous-deciduous and coniferous cover and snow 2)
fisher trapper CPUE, mixed coniferous-deciduous and coniferous cover and snow
3) snow 4) snow and population road density 5) fisher trapper CPUE, and snow and 6)
the global model of population road density, fisher trapper CPUE, mixed coniferousdeciduous and coniferous and snow (Table 2.6).
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Table 2.5 Parameter estimates and odds ratios for the top model selected by AICc for live-trapping presence and absence locations.
________________________________________________________________________________________________________
95% Confidence Intervals
Parameter
_______________________
Variable
Estimate
SE
Wald Χ2
P
Odds Ratio
Wald
________________________________________________________________________________________________________
fisher trapper (-), poprd (-), snow (+)
Intercept

-14.1331

3.0587

21.3501

<0.001

fisher trapper

-3.1139

2.0055

2.4107

0.120

1.075

<0.001 - 2.26

snow

0.0509

0.0113

20.3288

<0.001

1.057

1.03 - 1.08

poprd

-0.8363

0.3215

6.7651

0.009

0.373

0.23 - 0.81

_______________________________________________________________________________________________________
1
parameters include: snow (mean annual snowfall), poprd (crosswalk of population road density, fisher trapper (fisher trapper CPUE)
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Figure 2.7 Probability of marten occurrence in northern New Hampshire using a
logistic regression equation of mean annual snowfall population road density and fisher
trapper CPUE based on 37 confirmed live-trapping presence locations and 157 livetrapping confirmed absence locations.
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Figure 2.8 Probability of marten occurrence in northern New Hampshire using a
multimodel logistic regression equation of mean annual snowfall, fisher trapper CPUE,
population road density and mixed deciduous-coniferous and coniferous cover which
was developed from 37 confirmed live-trapping locations and 157 sampled absence
locations.
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Table 2.6 AICc values of multiple logistic regression performance for 10 models comparing 97, 3-km2 buffered occurrence record
presence locations and 97, 3-km2 buffered random absence locations (n=194).
_____________________________________________________________________________________________________
Rank Model1
adjusted R2
P
AICc
∆AICc
weight
_____________________________________________________________________________________________________
1

mwsw (+), snow (+)2

0.2038

0.5804

242.98

0

0.270

2

fisher trapper (-), mwsw (+), snow (+)

0.2103

0.4504

243.96

0.98

0.165

3

snow (+)

0.1853

0.7213

244.05

1.06

0.159

4

snow (+), poprd (-)

0.1947

0.2531

244.53

1.54

0.125

5

fisher trapper (-), snow (+)

0.1930

0.3727

244.82

1.84

0.108

6

poprd (-), fisher trapper (-), mwsw (+), snow (+)

0.2167

0.4358

245.00

2.00

0.099

7

fisher trapper (-), poprd (-), snow (+)

0.1999

0.6348

245.76

2.78

0.067

8

mwsw (+), poprd (-)

0.1532

0.3044

251.47

8.49

0.004

9

poprd (-), fisher trapper (-), mwsw (+)

0.1595

0.3703

252.55

9.57

0.002

10

mwsw (+)

0.1047

0.0569

257.20

14.22

0.0002

________________________________________________________________________________________________________________________________________________________
1

model types include: snow (mean annual snowfall), poprd (population road density), mwsw (mixed coniferous/deciduous and
coniferous), fisher trapper (fisher trapper CPUE)
2

(+) shows positive association, (-) shows negative association
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Marten were positively associated with the mean annual snowfall and mixed
coniferous-deciduous and coniferous data layers in 7 of the 10 models and 6 of the 10
models, respectively (Table 2.6). Marten were also negatively associated with
population and road density, and with fisher trapper CPUE in 5 of the 10 models and 5
of the 10 models examined, respectively.
The Akaike weight ratio for the first model verses the second occurrence record
model was 1.6 and was also considered relatively weak support for the first model as
being the best model. The Akaike weight ratio for the first model verses the fourth
model in the live-trapping dataset was 1350, and as a result it was considered strong
support that the first model was the best model selected under these circumstances.
Akaike weight values were also summed for each of the variables included in
the occurrence record models. Snow also had the greatest importance value in the
occurrence record model, followed by mixed coniferous-deciduous and coniferous,
fisher trapper CPUE, and population road density respectively (Table 2.7).
The occurrence record dataset had an intermediate Hosmer-Lemeshow P
statistic (0.5804) indicating the logistic equation was an intermediate fit to the data
(Table 2.6). According to the adjusted R2 value for the occurrence record data the
model had an intermediate to poor ability of the model to predict the probability of
marten occurrence (Table 2.6).
The top model for occurrence data points correctly classified 65.5% of 194
respective data points (Table 2.8). Of the points predicted to have marten present,
32.6% were absent and of the points predicted to have marten absent, 36.1% had marten
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Table 2.7 Importance value of each variable according to AICc weights for 97, 3-km2
buffered occurrence record presence locations and 97, 3-km2 buffered random absence
locations used to produce a model predicting the probability of marten occurrence in
northern New Hampshire.
_________________________________
Variable1

occurrence records
Importance Values
_________________________________
snow
0.9932
mwsw
0.5411
fisher trapper
0.4418
poprd
0.2972
_________________________________
1

snow (mean annual snowfall), poprd (population road density), mwsw (mixed
coniferous-deciduous and coniferous), fisher trapper (fisher trapper CPUE)
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Table 2.8 Classification table values for 97, 3-km2 buffered occurrence record presence locations and 97, 3-km2 buffered random
absence locations to predict the probability of marten occurrence.
_________________________________________________________________________________________________________
Rank Model
CCR1
false +
false Sensitivity
Specificity
_________________________________________________________________________________________________________
1

mwsw (+), snow (+)

65.5

32.6

36.1

59.8

71.1

2

fisher trapper (-), mwsw (+), snow (+)

67.5

31.5

33.3

64.9

70.1

3

snow (+)

67.0

31.9

34.0

63.9

70.1

______________________________________________________________________________________________________________________________________________________________
1

CCR = correct classification rate
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present. Sensitivity, or the proportion of presences that were predicted as presences,
and specificity, or the proportion of absences that were predicted as absences, were
reasonable (Table 2.8).
The probability of marten occurrence was mapped according to occurrence data
using parameter estimates and the logit equation of mean annual snowfall and mixed
coniferous-deciduous and coniferous cover (Table 2.9, Figure 2.8). The habitat with the
highest probability of occurrence was again most widely distributed at the very northern
tip of New Hampshire, with the probability extending further south and widespread into
the higher elevations in the Mahoosuc-Rangeley subsection.
The occurrence record dataset also resulted in multiple models with ∆AIC < 2
(Table 2.6). Therefore, I used multimodel inference to create the final map of marten
occurrence based on the occurrence record dataset as well (Figure 2.10).

Comparison of Datasets
Ideally, the occurrence dataset could have been used to validate or compare the
results from the live-trapping dataset, yet the results would be incomparable because the
inference is conditional on the data used to build the model (Burnham and Anderson
2002). The live-trapping dataset produced a map predicting the probability of marten
occurrence for live-trapping and the occurrence dataset produced a model of marten
occurrence for occurrence record mapping.
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Table 2.9 Parameter estimates and odds ratios for the top model selected by AICc for 97 occurrence records and 97 randomly selected
absence locations (n=194).
________________________________________________________________________________________________________
95% Confidence Intervals
Parameter
_______________________
Variable1
Estimate
SE
Wald Χ2
P
Odds Ratio
Wald
________________________________________________________________________________________________________
mwsw (+), snow (+)
Intercept

-5.7079

1.2451

21.0166

<0.001

mwsw

0.0144

0.0082

3.0943

0.079

1.015

0.998 - 1.031

snow

0.0190

0.0050

14.7617

0.001

1.019

1.009 - 1.029

_______________________________________________________________________________________________________
1

parameters include: snow (mean annual snowfall), mwsw (mixed coniferous/deciduous and coniferous forest cover)
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Figure 2.9 Probability of marten occurrence in northern New Hampshire using a
logistic regression equation of mean annual snowfall and mixed coniferous-deciduous
and coniferous land cover based on 97 confirmed occurrence records and 97 randomly
selected absence points.
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Figure 2.10 Probability of marten occurrence in northern New Hampshire using a
multimodel logistic regression equation of mean annual snowfall, fisher trapper CPUE,
population road density and mixed deciduous-coniferous and coniferous cover
developed from 97 confirmed occurrence locations and 97 random absence locations.
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It is still useful to examine the relationship between the occurrence record
dataset and the final multimodel live-trapping map of potential marten occurrence
(Figure 2.11) and the relationship between the live-trapping dataset and the final
occurrence record map of potential marten occurrence (Figure 2.12). The resulting
maps appear similar and can further help in identifying areas important for marten in
New Hampshire.
Discussion
Predicting the probability of marten occurrence utilizing different sources of
data can vary greatly depending on the type of analysis used to examine occurrence.
Currently, marten are recolonizing New Hampshire, and as a result it is likely that the
live-trapping probability of occurrence map is a very conservative estimate of marten
distribution. Conversely, when utilizing a dataset of collected occurrence records and
randomly selected absence points, the resulting map of probability of marten occurrence
is likely a more general representation.
According to the multimodel live-trapping probability of occurrence map,
marten have colonized what could be considered core marten habitat (Figure 2.8). Yet,
based on this model, marten populations may be isolated. The multimodel for the
occurrence record data possibly incorporates habitats less likely to be occupied by
marten, yet displays connecting habitat between core marten occurrence areas (Figure
2.10). The resulting maps of marten probability of occurrence show the potential
connectivity between states and potential linkages for future recolonization and
recovery of marten in the northeast.
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Figure 2.11 Live-trapping multimodel results compared to occurrence record point
distribution.
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Figure 2.12 Occurrence record multimodel results compared to live-trapping point
distribution.
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Fisher
Fisher CPUE for fisher trappers was an intermediate predictor of marten
presence or absence in New Hampshire for both datasets (Table 2.3, Table 2.7).
Collecting more accurate data on fisher distribution and abundance could increase the
importance of this variable in the model if collected in a more systematic or potentially
finer scale resolution. For example, fisher trapper data could be supplemented with
more systematically collected data (e.g., track transect data) to further supplement and
examine the relationships between fisher and marten distribution and abundance. The
relationship between marten and fisher has been identified in the literature (Krohn et al.
1995), yet at what degree and the actual type of interaction driving that relationship is
not well understood. Further investigation into the relationships between the two
species could provide and important management tool for a managing agency like New
Hampshire Fish and Game.
Land cover
In the Pacific Northwest, marten are associated with mature, closed-canopy,
late-successional, conifer-dominated forests (Thompson 1988, Bateman et al. 1988,
Thompson 1991, Buskirk and Ruggiero 1994, Buskirk and Powell 1994, Thompson and
Colgan 1994) whereas in the Northeast, marten are found in a variety of forest types
and age structures including forests dominated by mid successional, mixed coniferousdeciduous and deciduous stands (Soutiere 1979, Steventon and Major 1982, Katnik
1992, Chapin et al. 1997, Payer 1999), as well as partially harvested stands (Soutiere
1979, Steventon and Major 1982, Fuller 1999). A potential explanation for this
relationship is that complex horizontal and vertical structure, such as course woody
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debris (CWD), is often most abundant in mixed coniferous-deciduous stands in northern
New Hampshire (unpublished data, Dartmouth College Grant, Connecticut Lakes
Natural Area), yet levels are fairly similar between stand types. Conversely, in the
Pacific Northwest, CWD levels are much higher in older coniferous dominated stands,
likely contributing to the exclusive use of those stands by marten. Moreover, the age
structure of forest found in the Pacific Northwest differs greatly than those found in the
Northeast. Coniferous forests of the Pacific Northwest take much longer to mature and
are comprised of tree species that are very long lived. Conversely, in the Northeast,
trees are shorter lived and often have a diverse mixture of species within the same
stand. Based on the probability of occurrence maps it is likely that higher elevations
and ridgelines may be especially important for marten in New Hampshire. Increased
vertical and horizontal structure is likely most abundant and wide spread at higher
elevations due to decreased access to timber harvesting, soil conditions, and extreme
climatic conditions. This is especially true in central New Hampshire where the
combination of the highest snow depths, lowest population and road densities, and
lower fisher densities are likely found only at higher elevations.
Land use
Road and human population density turned out to be an important variable in
both models (Table 2.3, Table 2.7). Road and human population density is low in
virtually all of the study area, except in the concentrated smaller towns found primarily
in the Connecticut River Valley and small section of the Androscoggin River. New
Hampshire is the fastest growing state in the northeast (6% increase each year). Road
and human associated development continues to fragment the landscape. Yet according
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to these models, low human and road density is an important factor in determining the
probability of marten occurrence. Even with the low human and road densities found
within the study area, there were two road kill marten recovered. As a result these data
may suggest that marten may be limited by increasing road and human population
densities.
It is also important to consider the impacts of timber harvesting on marten
populations. Research on marten habitat in the Northeast has historically concentrated
on the effects of clearcut timber harvesting on marten distribution and abundance
(Soutiere 1979, Steventon and Major 1982, Frederickson 1990, Katnik 1992, Thompson
1994, Chapin et al. 1998). Results from this research found that clearcutting does not
retain sufficient stand structure such as canopy closure, basal areas and mean tree
heights that are important for marten escape cover (Wolff 1980) nor does it provide
important structural features needed for life history requirements immediately after
harvesting (e.g., cavity trees with denning locations, Buskirk and Ruggerio 1994, Payer
1999). Selection against regenerating clearcuts may also result from reduced smaller
prey abundance despite higher snowshoe hares (Lepus americanus) densities
(Lachowski 1997, Fuller 1999, Homyack 2003). For example, Lachowski (1997),
found that summer densities of deer mice (Peromyscus maniculatus) and red-backed
voles (Clethrionomys gapperi) were lowest in regenerating clearcuts in northern Maine.
Recently, more emphasis has been placed on examining the impacts of partial
harvesting on marten habitat as silvicultural practices in many northeastern states shift
from clearcutting to partial harvest (Fuller 1999). Early studies that evaluated the
response of marten to partial harvesting found that marten did not reduce their use of
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partially harvested areas. Later research examined the response of marten to partial
harvesting in landscapes with a previous history of extensive even-aged management
and found that maintaining basal areas >18 m2/ha in live trees and snags (mean tree
height ≥ 9.0 m, ≥ 7.6 cm dbh) is sufficient to maintain habitat for marten (Payer and
Harrison 1999, Fuller 1999). The size and position of partial harvests on the landscape
are also important factors to consider. Habitat selection by marten can be highly
affected by the area of suitable habitat on the landscape and overall population isolation
(Fuller 1999, Chapin et al. 1998).
Snow
Krohn et al. (1995) examined the relationship among fishers, snow, and martens
in Maine and found that marten were more likely to be found in areas that averaged ≥48
cm of snowfall per month in December through March. To compare the results from
Krohn et al.’s (1999) analysis, I multiplied the ≥48 cm per month by 4 to identify an
estimate of mean annual snowfall that would potentially identify marten occurrence in
New Hampshire. The result was an average of 192 cm, which fell on the low end of the
areas identified as having a high probability of marten occurrence according to the livetrapping dataset. If the mean monthly snowfall was extrapolated out to 5 months, the
average was 240, which is just under half the mean annual snowfall, and was still below
the levels identified through the live-trapping logistic regression model (>270 cm
identified as having a high probability of marten occurrence in the live-trapping model).
Snow was an important factor in both the live-trapping dataset and the
occurrence record dataset. Yet, in New Hampshire, it is suspected that climate change
has caused a 0.7 º F increase in mean annual temperature, which is 2-3 times the
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national average (Climate Change Research Center 1998). As a result of increasing
temperatures, there has been a decrease in the duration, extent, and depth of snow cover
(Huntington and Hodgkins 2004). Furthermore, increasing temperatures have resulted
in the temperate deciduous forests moving further north (IPCC 1996). Both the
decrease in annual snow distribution and depths, as well as the loss of the boreal forest
species due to deciduous forests expanding northward could have extensive impacts on
marten habitat in New Hampshire.

Coarse vs. Fine Scale Data
Fine scale habitat variables that have been identified as important for marten
(e.g., CWD and prey) ideally should be included in the model. Yet fine scale data is
much harder to collect and map for such an analysis. Areas with extensive CWD
provide subnivean resting and access points which can be important to marten because
they have high metabolic demands which are especially high during winter months due
to being unable to store large quantities of body fat, and fur that does not insulate them
particularly well (Buskirk et al. 1988, Harlow 1994, Buskirk 1983, Scholander et al.
1950).
Changes in population growth rates of marten have also been positively
correlated with population densities of a variety of marten prey species (Fryxell et al
1999). In the Northeast, snowshoe hares (Lepus americanus), in have been shown to be
an important prey species for marten (Soutiere 1979, Zielinski et al. 1983, Raine 1987,
Strickland and Douglas 1987, Thompson and Colgan 1987, Martin 1994, Lachowski
1997, Potvin et al. 2000). Cumberland et al. (2001) used minimum caloric estimates to
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compare the importance of small mammals in marten diets. Through that analysis,
snowshoe hares, grouse (Bonasa umbellus) and squirrels (Tamiasciurus hudsonicus,
Glaucomys sabrinus) comprised approximately 95% of the total calories consumed.
These results suggest that large prey should be considered important for marten. As a
result, large prey species may be a good way to monitor populations based on prey
abundance.
Data Resolution
The resolutions of the datasets used to produce these results were different.
Although the fisher trapper CPUE dataset had a raster value of 0.03-km2, the original
data was summarized at the town resolution. Mean annual snowfall was mapped at 1km2 resolution, mixed coniferous-deciduous and coniferous cover at 0.03-km2
resolution and the population road density layer was a combination of census block and
roads, yet was mapped at 0.03-km2 resolution to match previous layers. Although the
coarsest scale was likely at the town level for the fisher trapper CPUE, mean annual
snowfall at 1-km2 resolution was the resulting raster resolution for the finalized
probability maps. Mean annual snowfall had the highest importance value for both
datasets, and therefore is the resolution that the results were reported in.

Conclusions
Based on the results from both datasets, changes in the climate may result in
range reducing impacts for marten due to decreased snowfall and associated habitats
and cover. As marten populations continue to expand and recolonize historical habitat
in New Hampshire, they may find themselves limited to habitats further north and at
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higher elevations due to the changes associated with climate change and human
population growth. Identifying these relationships and restrictions will be important in
determining potential marten colonization and recovery objectives. This is especially
true in places like New Hampshire where marten remain on the list of threatened
species, yet due to habitat restrictions, may not recolonize their historic distribution due
to the retraction of their historical habitat.
At a more local level, northern New Hampshire is still primarily composed of
large public and private land ownerships. These results emphasize the importance of
not only maintaining these ownerships, but also working with the landowners to help
maintain marten habitat across the landscape.
It is also important to note not only that these models are dynamic in that they
can evolve and change over time as new information becomes available, but also the
importance of considering on the ground characteristics. The models can be used to
identify broad areas that may provide suitable marten habitat based on the variables
examined in the model, but on the ground characteristics and variability is just as
important.
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CHAPTER 3
POTENTIAL PROBABILITY OF MARTEN OCCURRENCE IN NEW HAMPSHIRE
Abstract
Two logistic regression models used to identify the probability of marten
occurrence were extrapolated for the entire state of New Hampshire to help identify the
potential distribution of marten. As expected, the highest probability of marten
occurrence was in the three northern most ecological subsections, particularly at higher
elevations corresponding to greater snow depths and decreased human road and
population density. Marten occurrence could be extremely limited in southern portions
of the state where mean annual snowfall levels are lower; and extremely limited by
increasing habitat fragmentation due to development pressures.
Introduction
In 2002, in order to make the best use of the State Wildlife Grants program, the
U.S. Congress challenged each state with developing a Comprehensive Wildlife
Conservation Strategy. This process will provide a foundation for future wildlife
conservation by synthesizing and coordinating information not only statewide, but also
regionally or even nationally. As part of this process New Hampshire selected
approximately 20 critical wildlife habitats and 109 wildlife species to be addressed in
the Strategy. For each species and habitat a “profile” was developed to summarize
abundance, distribution, threats, research and inventory needs and conservation
strategies.
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Marten were selected as a focal species for the Comprehensive Wildlife
Conservation Strategy due to their threatened status in New Hampshire and because
they have been identified as an ideal “umbrella” species. An umbrella species is a plant
or animal with habitat needs that represent a diverse array of other plan or animal
species and their habitat needs (Landres et al. 1988). Marten are considered an ideal
species due to their large spatial requirements (marten have the largest per body unit),
because they are forest habitat restricted, area sensitive, relatively rare, sensitive to
disturbance, and have been shown to have strong habitat selection at the landscape scale
(Hepinstall and Harrison 2002). In Maine, approximately 75% of forest-specialist and
80% of forest-generalists vertebrates would benefit at some level from efforts to
conserve marten habitat. New Hampshire forest dependent vertebrates would likely
benefit in the same ways.
To fulfill the requirements of the Comprehensive Wildlife Conservation
Strategy, results from a systematic assessment of marten occurrence in northern New
Hampshire (Chapter 2) were used to identify the potential occurrence of marten
throughout New Hampshire. I used two logistic regression models: the first was based
on known presence locations and sampled absence locations from live-trapping, and the
second was based on known presence occurrence locations and random absence
location data. Variables examined in the regression included fisher distribution, land
cover, land use and snow distribution (Chapter 2) to identify potential marten habitat
statewide (Carroll et al. 1999).

Study Area
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New Hampshire is located centrally in the Northeast, United States (Figure 3.1).
Statewide there are large latitudinal and elevational gradients, which provide a wide
variety of diversity including boreal forest characteristics to the north and sand dunes
along the coast in the southeast (DeGraaf and Yamasaki 2001). New Hampshire is
approximately 86% forested, and has numerous large lakes and rivers. Some of the
most important industries in New Hampshire are supported by natural resources
including timber production and tourism.
Warm wet summers and cold snowy winters best characterize the area; the
growing season averages 110 to 160 days (McNab and Avers 1994). Fire, hurricanes,
and ice storms are the most common natural disturbances in the region. The
composition of the present-day forests on a landscape scale has been heavily influenced
by agriculture dating back to the colonial period. Subsequent farm abandonment and
selective logging continue to shape the landscape today (McNab and Avers 1994).

Methods
A live-trapping dataset was collected in the northern portion of the study
area by placing a home-range-sized grid over a reclassified cover type map that had
been stratified to equally sample deciduous, coniferous, and mixed deciduousconiferous cover types (Chapter 2). To maximize the number of cells that could be
sampled, traps were all placed along roads that were within randomly selected cells.
Specific trapping locations were selected based on natural topographic features such as
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Figure 3.1 Ecological subsections (Keys et al. 1995) of New Hampshire.
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elevation gradients and proximity to water. Two traps were placed at each sampling
location to maximize the opportunity of capturing a marten.
Distribution data were collected and compiled into a single state maintained
marten occurrence dataset (Chapter 1). At each identified location a latitude/longitude
point was recorded or collected using a Global Positioning System (GPS). Sources of
occurrence data included 1) direct observations, 2) confirmed track locations, 3)
incidentally captured marten by fur trappers, 4) road kill marten, and 5) live-trapped
marten.
Four coarse scale variables and their combinations that were considered related
to marten occurrence (snow depth, forest cover, land use, and relative fisher abundance)
were examined within the live-trapping study area using multiple logistic regression.
The resulting models were ranked using adjusted Akaike’s Information Criterion values
(AICc; Akaike 1973, Burnham and Anderson 2002). ∆AICc values (∆i = AICi – AICmin)
were calculated to account for the arbitrary constants associated with the calculated
AICc value and to allow for a quick “strength of evidence” in comparison and ranking
of the candidate models (Burnham and Anderson 2002). Models with a AICc value <2
were considered the best-fit models. The identified models were assess for goodnessof-fit using the Hosmer-Lemeshow P statistic (Hosmer and Lemeshow 2000) and
adjusted R2, which is a likelihood ratio index analogous to the R2 in linear regression
models (Allison 1999). When the best model has competitors for the top rank (e.g., ∆i
<2, or evidence ratios <2.7) a multimodel approach is recommended (Burnham and
Anderson 2002). Therefore, for both datasets, the weighted average of the estimates

108

based on the model uncertainty (i.e., Akaike weights), or the multimodel values, were
calculated and used to map potential marten occurrence statewide.
Results
The live-trapping and occurrence record dataset both required a multimodel
approach. Mean annual snowfall, an integration of human population and road density,
NH fisher trapper CPUE, and the percentage of mixed coniferous-deciduous and
coniferous cover were integrated by using a weighted average for each parameter across
all the models examined. Mean annual snowfall had the greatest importance value for
both datasets according to the sum of the Akaike weights (live-trapping snow = 0.9999,
occurrence record snow = 0.9932; Chapter 2).
To assess the potential distribution of marten statewide the multimodels were
extrapolated to the rest of New Hampshire using the same logit equations developed for
each dataset. According to the live-trapping dataset, the probability of marten
occurrence is virtually all contained with in the three most northern ecological
subsections (Figure 3.2). Large areas were identified in the Connecticut Lakes
ecological subsection, and within the White Mountains subsection (Figure 3.2).
Elevation was a primary variable used to map mean annual snowfall (Hoving 2001),
and human population and road densities were lowest at higher elevations. As a result,
high elevation areas were identified as high probability of occurrence areas, especially
further to the south.
According to the occurrence records dataset, mean annual snowfall and mixed
coniferous-deciduous and coniferous cover were the highest ranked variable in
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Figure 3.2 Probability of marten occurrence in New Hampshire using a multimodel
logistic regression equation of mean annual snowfall, fisher trapper CPUE, population
road density and mixed deciduous-coniferous and coniferous cover which was
developed from 37 confirmed live-trapping locations and 157 sampled absence location
in northern New Hampshire.
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identifying the probability of marten occurrence (Figure 3.3). Again, the three northern
most ecological subsections had the greatest snowfall as well as mixed coniferousdeciduous and coniferous cover, and highest probability of occurrence. Subsections
further south contained more area with intermediate probability of occurrence than that
in the live-trapping model (Figure 3.3).
Discussion
Building a model of probability of occurrence for threatened or endangered
species can be especially useful to identify areas where such populations are likely to
colonize or expand into historical areas. A good understanding of the mechanisms that
may be driving broad scale patterns of occupancy is also useful in evaluating limiting
factors that could influence future distribution as well as recovery efforts. Logistic
regression has been used to model and map fisher habitat and marten habitat, as well as
interactions between the two species (Krohn et al. 1995, Krohn et al. 1997, Carroll
2005). Carroll (2005) examined regional scale marten distribution and population
viability and similarly found that snow fall and road density were important factors in
defining marten occurrence. Many of these models utilizing logistic regression are
based on datasets that may not be fully representative of the population (i.e., confirmed
presence information but completely random absence locations). The dataset used in
this analysis is unique in that there was a confirmed presence and a sampled absence
dataset (live-trapping) that could be compared to a confirmed presence yet randomly
selected absence dataset.
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Figure 3.3 Probability of marten occurrence in New Hampshire using a
multimodel logistic regression equation of mean annual snowfall, fisher trapper
CPUE, population road density and mixed deciduous-coniferous and coniferous
cover developed from 97 confirmed occurrence locations and 97 random
absence location in northern New Hampshire.
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Conclusions
New Hampshire is one of the fastest growing states in the Northeast. Mounting
development pressures, and continued fragmentation of wildlife habitats makes
identifying areas important to threatened and endangered species very important in their
conservation. According to the identified model, marten are found in the northern most
portion of the state where development pressures may not be as great. Fortunately a
large percentage of conservation land is found in areas with the highest probability of
marten occurrence, yet the model provides the opportunity to identify the best ways of
linking high probability areas.
The live-trapping dataset provided and field verified presence/absence database
that could be used to assess the ability of tracking occurrence records alone in
identifying areas with high probabilities of marten occurrence. Knowing areas with
high probability of occurrence will make justifying and identifying habitats to connect
those core areas easier and more accurate.
The identified models also show that tracking species occurrence based on
sighting records can be a good way of tracking potential distribution, and possibly even
mapping probability of occurrence based on the collected data. Similarly, this process
shows how state maintained data could be used to assess species distribution and
occurrence. Specifically, supplementing and or further adapting the fisher trapper
database to address marten management could be especially useful. For example, data
could be collected at a finer resolution for areas identified as having a high probability
of marten occurrence.
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From the analysis of course scale factors thought to be impacting marten
distribution statewide, we can begin to further understand and examine fine scale
factors that may be limiting their distribution. Compiling and answering these
questions should ultimately drive the management actions taken to conserve marten in
New Hampshire and identify ways to down or even delist marten in the future.
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CHAPTER 4
MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS
Introduction
While identifying potential areas with high probability of marten occurrence
based on course scale factors is useful, on the ground management objectives and
guiding tools are important to maximizing the actual amount of marten habitat on a
landscape. The following recommendations have been compiled from the literature and
are meant to provide a brief outline for marten management in New Hampshire.
Without more specific information on objectives based on different stand types it is
difficult to make specific recommendations. Therefore, the guidelines provided here
are preliminary estimates of stand characteristics considered important for marten.

Recommendations and Implications
Landscape and stand structure
Stand features that have been identified to provide forest structure important to
marten (Payer and Harrison 2003, Fuller 1999) include:
1) >30-50% canopy closure
2) >14 to 18 m2/ha (60 to 80 ft2/ac) of basal area
3) trees > 9m (30 ft) tall with > 7.6 cm dbh
4) retain snags greater than 18” in diameter
5) maximize the amount of CWD
Marten also have well-established landscape requirements, as well requirements
for having connectivity between habitat patches (Hargis et al. 1999, Chapin et al. 1998,
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Payer 1999). Landscape features that have been identified as being important for
marten include:
1) < 25% of the landscape in non-forest cover
2) < 30 to 40% of the forested landscape in early successional forest stages (as
defined by the requirements listed above)
Considering both landscape and stand level characteristics would be important
when developing management recommendations for landowners. Furthermore, the type
of management to recommend will be influenced by landowner goals and may differ
significantly between small landowners and large landowners. The structure
requirements above are a compilation of requirements that have been developed through
the literature, and therefore may be slightly different depending on the location and site
variability found in New Hampshire.
From the above information, there are some generalizations that can be used to
make management recommendations for marten habitat. While this information is a
helpful guide, it is difficult for managers to make specific basal area and stand height
recommendations by stand type. For example, Fuller (1999) found that mixed
coniferous-deciduous stand with at least 27% coniferous cover and at least 13 m2/ha (57
ft2/ac) was still utilized by marten. While this may provide useful information for
making management decisions in mixed wood stands it may not be as helpful in making
decisions in pure hardwood or softwood stands.
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Management strategies using uneven-age forestry techniques
Over time uneven-age forest management may better provide the structural
features marten require. Uneven aged forest management will also allow a greater
percentage of the landscape to remain in marten habitat over a longer period of time.
Maintaining the stand features providing adequate marten cover should be easily
attained through single tree and group selection techniques.
Although uneven-aged forestry techniques like provide adequate marten cover
over time there has been some research done on ways to increase the structural
complexity of managed stands. For example, in Northern hardwood and mixed wood
forests, Structural Complexity Enhancement (SCE) is a term that is used to describe
uneven management techniques that may be used to promote the structural features
found in late successional or old growth stands (Keeton 2004). The objective of SCE is
to produce managed forest stands that have more structural complexity such as multilayered canopies, elevated amounts of large snags and downed course woody debris
(CWD), increased variability in horizontal density, and increased large diameter size
classes within the remaining basal area of a stand (Keeton 2004).
Specific silvicultural techniques that can be used to produce a multi-layered
canopy include using single tree selection utilizing a target diameter distribution,
releasing advanced regeneration, and establishing a new cohort. To elevate large snag
densities selected medium to large sized, low vigor trees can be girdled. Methods used
to elevate downed CWD densities and volume includes felling and leaving or pulling
over and leaving selected trees. Methods used to increase variable horizontal density
include harvesting trees clustered around “release trees” and variable density marking.
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Methods to re-allocate basal area to larger diameter classes include implementing a
rotated sigmoid diameter distribution curve, maintaining high target basal areas (34
m2/ha) and maximizing the target tree size to 90 cm dbh. Methods used to accelerate
growth in the largest trees would include fully releasing or partially releasing the
crowns of the largest and healthiest trees (Keeton 2004).
Management strategies using even-age forestry techniques
The use of even-age management will not maintain the structural features that
marten require on any given acre over time; therefore it is important to consider how
these structural features are changing on the landscape over time. A good example of
how this can be accomplished is the Shifting Mosaic Project recently utilized by
Manomet (Hagan 2005) in Maine. The Shifting Mosaic Project is an integration of
ecological and economic goals on private timberlands in Maine to help maintain
biodiversity. A multi-disciplinary scientific team set these goals. The shifting mosaic
model provides a predefined shift of stand conditions across the landscape over time, in
a manner that provides the ability for plants and animals to persist. The model is
specifically based on 1) species habitat requirements 2) species area requirements and
3) species dispersal capabilities. Marten are often considered an ideal candidate to base
this type of management on because of their “umbrella” species qualities.
The use of a GIS database to track stand types and silvicultural practices
temporally and spatially could be particularly useful for managers utilizing even aged
management. This will enable the manager to track stands that have the potential to
provide important structural features, plan harvests in a sequence to ensure the
continued availability of these structural features, and plan harvests in a manner that
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will maintain connectivity across the landscape. Having this data available may
provide an opportunity to link management strategies across ownerships and therefore
further enhancing marten habitat on the landscape level.

Large landowner implications and concerns
Depending on property size, large landowners have the ability to manage for
marten habitat at the stand and landscape levels. This gives the flexibility to utilize
uneven aged and/or even aged techniques to maintain marten habitat. Large landowners
also provide the best opportunity to implement a model like the Shifting Mosaic
Project. Large landowners could also be important sources of stand level information
due to management practices and documentation in GIS.

Small landowner implications and concerns
Typically small landowners do not have the ability to manage at the landscape
scale. This limits their capabilities to manage for connectivity between habitats
temporally and spatially. As a result uneven aged management may best provide for
marten habitat needs when working with small landowners.
If the landowner desires to practice even aged management on their property the
best approach to maintain marten habitat may be through the use of extended rotations.
Extended rotations would allow stand structural features to persist over a longer period
of time in a specific portion of the property. The longer rotation will also provide the
opportunity to produce more CWD, and snags.
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Current marten management and conservation strategies
In New Hampshire, through the large landowner assistance program and NHFG,
specific recommendations have been made to provide habitat for marten. Specifically a
High Elevation Memorandum of Understanding (MOU) was created to maintain
important structural and habitat characteristics found above 2700 ft in elevation.
Habitat corridors have also been identified to try and provide connectivity between the
higher elevation patches. Recently 171,000 acres in the northern most portion of New
Hampshire was conserved. Special Management Areas (SMAs) were identified through
that process and in many instances will be managed to benefit marten. New Hampshire
also has specific zoning ordinances for Unorganized Towns, which allow for specific
management activities to aid in protecting marten habitat.

Strategies for incorporating probability-mapping results
High elevation areas were identified by both datasets as being areas with the
highest probability of marten occurrence. Forest composition and structure guidelines
under the High Elevation MOU require that at least 60% of the area remain in forested
stands with an average DBH measuring 4” or greater. Specifically, softwood stands
within this component of the Management Area should have a stocking of at least 21
m2/ha (90 ft2/acre). Hardwood stands within the Management Area should have a
stocking of at least 14 m2/ha (60 ft2/acre). Furthermore, 10% of the area is prohibited
from any timber harvesting. No more than 30% of an area at any given time should be
in stands averaging < 4” DBH or with a stocking less than 21 m2/ha (90 ft2/acre) for
softwood and 14 m2/ha (60 ft2/acre) for hardwood. Forest structure guidelines outlined
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by the MOU will likely provide forest structure qualities preferred by marten, but
overall landscape composition goals may not be met under this MOU. Under the
current High Elevation MOU there are no considerations for habitat surrounding high
elevation locations. Therefore, without providing sufficient cover around high
elevation areas and between high elevation patches, marten occurrence will likely be
limited.
The probability of occurrence maps should be used to identify potential habitat
linkages where marten habitat goals can be established. Where and when opportunities
arise, marten habitat structure goals and management prescriptions should be
institutionalized at the voluntary level through forest management guidelines such as
Best Management Practices (BMPs), and Good Forestry in The Granite State, or even
formalized through Conservation Easements or agreements such as those established on
the Connecticut Lakes Timber Company property.

Coarse vs. fine scale variables
All the variables examined in this analysis were coarse scale features that could
be mapped over a very large area. Extensive amounts of work have been done which
identify fine scale characteristics that are important to marten. Identifying and
coordinating ways to collect and map fine scale data could be extremely useful in this
type of analysis. Collecting data on CWD in the Northeast has recently become a factor
that landowners are considering when collecting forest inventory data.
Incorporating stand management history into a database that can be used to track
stand characteristics over time could provide important information on fine scale habitat
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management for marten. For example as some of the larger landowners begin to collect
and map management over time in a GIS, management prescriptions and timing
incorporated in those databases could be used to provide a method of quantifying the
amount of habitat available for marten within and between ownerships. Similarly,
incorporating prey data into stand management and history data could also provide and
important information that could be used to examine marten occurrence and habitat
suitability over time.
Maintaining good relations with New Hampshire trappers will be important in
collecting distribution and incidental capture information, as well as providing an
avenue to try different trapping techniques to minimize captures. Working with the
trappers to obtain input on the success or failure of specific management actions that
could be used to avoid incidental mortality of marten, especially in areas with high
probability of occurrence will be important.
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APPENDIX A
STUDY DESIGN CONCERNS
Some of the study design flaws and limitations included accessibility constraints
due to lack of roads to certain areas, especially higher elevations. Sampling across a
large area required that road access be well developed and maintained to allow access
into remote areas that may take longer to get into.
Similarly, due to time and access constraints, traps were placed along roads
within the randomly selected homerange size blocks. As a result, the study design is
not truly random. Therefore, live-trapping data is only an approximation of marten
distribution in New Hampshire. More remote locations, especially at higher elevations,
again likely have resident marten, yet they were not sampled in this study due to the
lack of road access.
Ideally this study would have provided some indication of population size. The
use of mark recapture methods may have provided a very rough estimate, but would
have required a much more concentrated trapping effort in places known to have
marten. Similarly, trapping in those areas would have required a fairly large dataset to
produce an estimate that could be considered close to the true population size.
Overall the random selection of sampling points likely represented a good cross
section of cover important to marten, but an obvious limitation to this approach was
differing sampling distribution densities between the two subsections and a lack of
sampling points at higher elevations (above 2500 ft). Incorporating sampling density in
the sampling design could easily correct such a flaw, yet access to higher elevation
areas would require more roads or more time to check more remote trapping locations.
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Using alternative methods (e.g., track transects or camera station surveys) in more
remote areas is likely the better option.
Interestingly, mean annual snowfall was the best predictor of marten occurrence
for both datasets, yet all the live-trapping data were collected during summer months.
At first it may seem as though this could be a limitation in that you are not sampling the
population while the variable you are examining would be impacting the population.
Yet, if the marten captured during live-trapping were residents with established
territories, the impact of the relationship was likely minimal.
Documenting and monitoring incidental captures provides insights into the
distribution of marten. Ensuring that all incidental captures are reported and collected
was and will be important in monitoring the further expansion and distribution of the
population. Although efforts were taken to try and ensure that all captures were
reported (e.g., letters to fisher trappers requesting information), it is likely that some
captures go unreported. Identifying ways to minimize captures as well and unreported
captures will be important to monitoring the status of marten in New Hampshire.
The data layers created to represent the variables of interests were created
utilizing different sources of data at different resolutions. Specifically, the mean annual
snow depth was at the 1-km2 resolution whereas the other three variables were at the
0.03-km2 resolution. The affects this may have had on analysis are unknown.
Important to note is the fact that a high probability of occurrence does not imply
that it is habitat selected or preferred by marten. It simply provides an indication of the
places where marten were likely to be live-trapped. Areas with high capture rates could
have been peripheral habitats with dispersing individuals. Similarly, it would have been
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best to utilize a dataset of female marten alone, or even adult marten alone, yet the
sample size would have been too small for analysis.
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APPENDIX B
SUMMARY TABLE OF MARTEN CAPTURES
Ecological Subsection

ID #

Tag #

Sex

Connecticut Lakes

87

305, 306

F

Connecticut Lakes

1300

349, 350

Connecticut Lakes

59

Mahoosuc-Rangeley

Capture Year

season

age

2003

summer

3.0

521.6

F

2003

summer

3.0

589.7

trapper

F

2001

winter

5.5

567.0

60

trapper

F

2001

winter

0.5

567.0

Mahoosuc-Rangeley

78

trapper

F

2003

winter

0.5

476.3

Mahoosuc-Rangeley

79

trapper

F

2003

winter

0.5

476.3

Connecticut Lakes

1572

367, 368

M

2003

summer

0.0

680.4

Connecticut Lakes

1617

369, 370

M

2003

summer

0.0

576.1

Connecticut Lakes

1368

live trap

M

2003

summer

0.0

n/a

Connecticut Lakes

293

trapper

M

2004

winter

0.5

657.7

Connecticut Lakes

294

trapper

M

2004

winter

0.5

544.3

Connecticut Lakes

64

trapper

M

2001

winter

1.5

n/a

Connecticut Lakes

65

trapper

M

2001

winter

1.5

n/a

Connecticut Lakes

238

313, 314

M

2003

summer

2.0

861.8

Connecticut Lakes

782

333, 334

M

2003

summer

2.0

721.2

Connecticut Lakes

877

341, 342

M

2003

summer

2.0

875.4

Connecticut Lakes

1251

343, 344

M

2003

summer

2.0

703.1

Connecticut Lakes

1438

361, 362

M

2003

summer

2.0

739.4
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weight (gms)

Ecological Subsection

ID #

Tag #

Sex

Connecticut Lakes

57

trapper

M

Connecticut Lakes

684

331, 332

Connecticut Lakes

28

Connecticut Lakes

Capture Year

season

age

2001

winter

2.5

748.4

M

2003

summer

3.0

725.7

303, 304

M

2003

summer

3.0

952.5

636

327, 328

M

2003

summer

3.0

907.2

Connecticut Lakes

815

335, 336

M

2003

summer

3.0

780.2

Connecticut Lakes

850

339, 340

M

2003

summer

3.0

884.5

Connecticut Lakes

1252

345, 346

M

2003

summer

3.0

861.8

Connecticut Lakes

1311

351, 352

M

2003

summer

3.0

984.3

Connecticut Lakes

1359

355, 356

M

2003

summer

3.0

748.4

Connecticut Lakes

1455

363, 364

M

2003

summer

3.0

898.1

Connecticut Lakes

1548

365, 366

M

2003

summer

3.0

780.2

Connecticut Lakes

58

trapper

M

2001

winter

3.5

793.8

Connecticut Lakes

224

311, 312

M

2003

summer

4.0

957.1

Connecticut Lakes

1412

359, 360

M

2003

summer

4.0

793.8

Connecticut Lakes

390

315, 317

M

2003

summer

5.0

725.7

Connecticut Lakes

473

319, 320

M

2003

summer

5.0

861.8

Connecticut Lakes

481

321, 322

M

2003

summer

5.0

748.4

Connecticut Lakes

52

trapper

M

2001

winter

5.5

952.5
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weight (gms)

Ecological Subsection

ID #

Tag #

Sex

Connecticut Lakes

548

323, 324

M

Connecticut Lakes

646

329, 330

Connecticut Lakes

197

Connecticut Lakes

Capture Year

season

age

2003

summer

n/a

703.1

M

2003

summer

n/a

780.2

309, 310

M

2003

summer

n/a

952.5

15

301, 302

M

2003

summer

n/a

861.8

Connecticut Lakes

183

307, 308

M

2003

summer

n/a

861.8

Connecticut Lakes

843

337, 338

M

2003

summer

n/a

771.1

Connecticut Lakes

1273

347, 348

M

2003

summer

n/a

952.5

Connecticut Lakes

1337

353, 354

M

2003

summer

n/a

884.5

Connecticut Lakes

73

trapper

M

2002

winter

0.0

n/a

Connecticut Lakes

74

trapper

M

2002

winter

0.0

n/a

Connecticut Lakes

555

325, 326

M

2003

summer

A

861.8

Mahoosuc-Rangeley

289

trapper

M

2004

winter

0.5

657.7

Mahoosuc-Rangeley

63

trapper

M

2001

winter

0.5

680.4

Mahoosuc-Rangeley

75

trapper

M

2003

winter

0.5

680.4

Mahoosuc-Rangeley

292

trapper

M

2004

winter

0.5

544.3

Mahoosuc-Rangeley

53

trapper

M

2001

winter

1.5

771.1

Mahoosuc-Rangeley

288

trapper

M

2004

winter

1.5

726.0

Mahoosuc-Rangeley

62

trapper

M

2001

winter

1.5

730.3
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weight (gms)

Ecological Subsection

ID #

Tag #

Sex

Mahoosuc-Rangeley

2599

401, 401

M

Mahoosuc-Rangeley

n/a

road kill

Mahoosuc-Rangeley

54

Mahoosuc-Rangeley

Capture Year

season

age

2004

summer

2.0

975.2

M

2004

summer

2.0

n/a

trapper

M

2001

winter

2.5

811.9

76

trapper

M

2003

winter

2.5

748.4

Mahoosuc-Rangeley

55

trapper

M

2001

winter

3.5

861.8

Mahoosuc-Rangeley

290

trapper

M

2004

winter

4.5

544.3

Mahoosuc-Rangeley

61

trapper

M

2001

winter

5.5

821.0

Mahoosuc-Rangeley

56

trapper

M

2001

winter

0.0

n/a

Mahoosuc-Rangeley

3784

403, 403

M

2004

summer

n/a

1020.6

Mahoosuc-Rangeley

2707

402, 402

M

2004

summer

n/a

975.2

White Mountains

291

trapper

M

2004

winter

0.5

657.7

White Mountains

77

trapper

M

2003

winter

1.5

703.1

White Mountains

51

trapper

M

2001

winter

5.5

n/a

White Mountains

50

trapper

M

2000

winter

n/a

n/a

White Mountains

66

trapper

M

2001

winter

n/a

n/a
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