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Abstract
We analyzed natal dispersal characteristics for 79 red wolves in the first long-term
dispersal analysis for this species. Variables analyzed included straight-line dis-
persal distance, duration, timing, age, direction, and evidence of natal habitat
preference induction of dispersers. We compared these values during a time when
the population was increasing (1990–1998) to a period when the numbers had
leveled off (1999–2007) and stabilized. We found no difference in average dispersal
distance, duration or age between the two periods, and no gender bias in these
characteristics. Yearlings/adults dispersed shorter distances (29.5 km) than pups
(42.5 km) from 1999 to 2007 and decreased their dispersal distances during this
period. After 1999, dispersals occurred 11 months of the year (compared with
7 months in 1990–1998), and the peak in pup dispersal timing shifted from Decem-
ber to January. The peak in dispersal timing was also significantly later for pups
than yearlings/adults in 1999–2007. Dispersal direction was not random and there
was a preference for a westward dispersal direction, attributed to the avoidance of
water and a preference for agriculture. Natal habitat preference induction was also
evident in dispersers during both time periods.

Introduction

The United States Fish and Wildlife Service (USFWS) listed
the red wolf (Canis rufus) as an endangered species in 1967 and
a formal recovery program for the species began in 1973
(USFWS, 1989). By that time, however, the wolf had already
been extirpated from most of its range (McCarley & Carley,
1979). Only one wild population of red wolves currently exists,
reintroduced in 1987 to the Alligator River National Wildlife
Refuge (ARNWR) and Pocosin Lakes National Wildlife
Refuge (PLNWR) on the Albemarle Peninsula in northeast-
ern North Carolina (Fig. 1). The population has varied
between 114 and 130 individuals during 1997–2009 calendar
year counts (USFWS, 2009).

In wolf populations, dispersal is the primary means by
which the population expands its range (Blanco & Cortes,
2007). Wolf dispersal is influenced by a variety of factors,
including social organization (Hamilton, 1964; Greenwood,
1980) or colonization opportunities (Fritts & Mech, 1981) and
is a response to competition for food and mates (Boyd &
Pletscher, 1999). Two types of dispersal are recognized in
wolves. Natal dispersal is the movement of an individual from
its natal group to its first breeding group, while breeding dis-
persal is movement between consecutive breeding groups by
an adult breeder (Gese & Mech, 1991; Boyd & Pletscher, 1999;
Blanco & Cortes, 2007). Factors affecting dispersal in yearling
gray wolves include density of intraspecific competitors,

access to mates and access to resources (Boyd & Pletscher,
1999). There is also evidence that dispersing canids are influ-
enced by their natal habitat type and settle in areas with
similar habitat types (Geffen, Anderson & Wayne, 2004; Pilot
et al., 2006; Musiani et al., 2007; Sacks et al., 2008), known as
natal habitat preference induction (NHPI) (Davis & Stamps,
2004).

Only one prior study has been conducted regarding disper-
sal behavior in red wolves; Phillips, Henry & Kelly (2003)
examined 18 dispersing red wolves from 1987 to 1994 during
the first 8 years of the reintroduction. This small study
revealed a lack of sex bias among dispersers and an average
dispersal age of 27 � 9 months for males and 23 � 10 months
for females. The study documented early dispersal of pups
following the disruption of social bonds between the adults
and the pups. Red wolf dispersals occurred from September to
March, peaking between November and February. Dispersal
duration averaged 9 days (range = 1–44 days) and average
dispersal distance was 36 � 22 km for males and 45 � 58 km
for females. Most of the wolves dispersed in southward or
westward directions and settled in new, unoccupied areas.

The purpose of this study was to determine red wolf natal
dispersal distance, duration, timing, age, direction and evi-
dence of natal habitat preference for 79 dispersers using very
high frequency (VHF) collar location data collected by the
USFWS from 1990 to 2007. This study is the first long-term
analysis of red wolf natal dispersal and establishes dispersal

Journal of Zoology
Journal of Zoology. Print ISSN 0952-8369

266 Journal of Zoology 286 (2012) 266–276 © 2011 The Authors. Journal of Zoology © 2011 The Zoological Society of London



characteristics for red wolves. There is evidence that after
growing steadily since 1987, the population stabilized after
1999 (Sparkman et al., 2010) and the red wolf management
area has reached its functional carrying capacity (USFWS,
2007). We divided this study into two periods (1990–1998 and
1999–2007), reflecting these different stages (Sparkman et al.,
2010). We hypothesized that average dispersal distance, dura-
tion and age would be greater during 1999–2007 compared
with 1990–1998 because of the increased population and fewer
unoccupied areas available to settle. We hypothesized that
timing of dispersal would match the results reported in Phil-
lips et al. (2003) and be similar to results for the more thor-
oughly studied gray wolves, because this variable is related to
factors associated with the mating season (Mech & Boitani,
2003) and should not change with population size. We
hypothesized that dispersal direction would be random
because there were few barriers immediately adjacent to the
established wolf groups that would prohibit dispersal. In

accordance with other canid studies and NHPI, we hypoth-
esized that land use/land cover (LULC) type in a disperser’s
natal home range would be similar to the LULC in the settled
home range.

Materials and methods
The red wolf management area encompassed approximately
688 000 ha in five counties on the Albemarle Peninsula in
northeastern North Carolina (Fig. 1). This area includes the
ARNWR and PLNWR, and private lands (USFWS, 2007).
We created LULC maps of the Albemarle Peninsula for each
year of the study using Landsat TM satellite 30-m images
acquired from the U.S. Geological Survey (USGS, 2011) and
classified LULC into five categories using a combination of
maximum likelihood supervised classification methods in
ENVI remote sensing software (ITT, 2010) and heads-up digi-
tizing. Classification accuracy was >85% for all years. LULC

Figure 1 Red wolf management area on the Albemarle Peninsula, North Carolina. Black triangles represent locations of natal home ranges for
dispersers from 1990–2007.
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was classified as urban, forest, scrub/shrub, agriculture, and
wetlands.

We also analyzed habitat conditions for the red wolves in
the study area based on area in agriculture and white-tailed
deer population estimates. Agriculture is a preferred LULC
type of red wolves (Hinton & Chamberlain, 2010, Karlin &
Chadwick, 2011) and white-tailed deer are a primary prey of
the wolves (Phillips et al., 2003). We determined acreage of the
study area in agriculture in 5-year estimates from 1987 to 2007
using the U. S. Department of Agriculture, Census of Agri-
culture (USDA, 2010) and used the number of white-tailed
deer harvested in the study area from the North Carolina
Wildlife Resources Commission (NCWRC) Deer Harvest Sta-
tistics by County (NCWRC, 2010) as a proxy for deer popu-
lation (Evans, Grafton & McConnell, 1999). The agriculture
census data showed little change in agricultural area from
1987 to 1997, an increase during 1997–2002, and then a
decrease from 2002 to 2007 to below 1987 levels. The number
of white-tailed deer harvested in the study area was stable
during the study, averaging 6754 per year from 1990 to 1998
and 6986 per year from 1999 to 2007; regulations regarding
hunting of antlered and antlerless deer were also relatively
consistent since the early 1990s (NCWRC, 2010). While a red
wolf habitat suitability study is necessary to characterize con-
ditions on the Albemarle Peninsula, these two relative meas-
urements suggest conditions were similar between the two
periods.

Red wolves have been monitored since their reintroduction
in 1987 using VHF radio telemetry collars by USFWS biolo-
gists (USFWS, 2007). VHF telemetry location data was avail-
able for a total of 347 individual wolves from 1990 to 2007 and
we examined these data for natal dispersal events. We classi-
fied a wolf as a natal disperser if it permanently left its natal
group (Boyd & Pletscher, 1999). We only included successful
dispersers and not wolves that died or lost radio contact while
dispersing, because either event may have resulted in biased
smaller estimates. The available data showed no dispersal
events from 1987 to 1989. The natal dispersers were catego-
rized in two groups for analysis: pups (<12 months old) or
yearlings/adults (�12 months old) (Blanco & Cortes, 2007);
yearlings and adults were combined because of small sample
sizes in the adult category (n = 3).

The management area has been monitored weekly from the
ground or aircraft using standard triangulation or homing
techniques (Mech, 1983) with a location accuracy of approxi-
mately 100–200 m for aerial tracking (Samuel & Fuller, 1996),
but not every wolf was located during each monitoring
session. Monitoring frequency was based on management
needs, such as re-capturing a particular wolf to service a collar
(USFWS pers. comm.). The average time interval between red
wolf locations was 16.1 days from 1990 to 2007; from 1990–
1998, location frequency averaged 8.4 and 25.8 days from
1999 to 2007. For dispersal distance, timing, age, direction,
and natal habitat preference, we further subset the data based
on sampling interval and included wolves with intervals
greater than 30 days only if the subsequent location obtained
revealed that the wolf was still in its natal group and dispersal
had not occurred.

We calculated dispersal distance as the straight-line dis-
tance between the center of the natal home range to the center
of the settled home range or where the disperser exhibited site
fidelity (Boyd & Pletscher, 1999; Maehr et al., 2002; Blanco &
Cortes, 2007). We did not use full dispersal paths for this
calculation because of the large variability in monitoring fre-
quency of the dispersers. The dispersers originated from 14
natal groups and home ranges for each group were calculated
every breeding year using the minimum convex polygon
(MCP) estimate (Powell, 2000). There is no established
minimum number of points necessary for calculating a MCP
(Seaman et al., 1999), but the estimated area may stabilize
with sample sizes greater than 40 (Arthur & Schwartz, 1999).
We included groups with at least 10 points (mean = 48, range
11–139) because we were not calculating home range area
using MCP but simply using this method to estimate the
center of home ranges. All home ranges, centroids of the home
ranges (Fig. 1), and distances between points were calculated
using the Hawth’s Tools Extension in ArcGIS 9.3 (Beyer,
2004).

Dispersal duration is the length of time over which the
dispersal event and settlement occurred (Blanco & Cortes,
2007) and 31 wolves were excluded from this calculation
because they were not located at least every 30 days after
dispersal from their natal group. The average sampling inter-
vals for the 48 remaining wolves was 4.1 and 9.4 days during
1990–1998 and 1999–2007, respectively. Timing of dispersal
was calculated as the month when the dispersal occurred. Age
at dispersal was calculated as the halfway point between the
date the wolf was last located in its natal home range and the
date it was first permanently located away from its natal range
(Boyd & Pletscher, 1999). Direction of dispersal was estimated
by measuring the azimuth formed between the center of the
natal home range and the center of the settled area, grouped
into four directional categories: (1) north = 315°–44°, (2) east
= 45°–134°, (3) south = 135°–224°, and (4) west = 225°–314°
(Boyd & Pletscher, 1999). We also examined the full dispersal
paths to determine if direction was influence by barriers (e.g.
water). Finally, we quantified the percentage of each LULC
type within the home ranges to determine if the wolves were
selecting to settle in habitat similar to their natal ranges.

The data was analyzed in JMP 8.0 statistical software (SAS
Institute Inc., Cary, NC, USA) using Mann–Whitney U-test
for quantitative group comparisons, Wilcoxon paired sample
sign test for the NHPI analysis, chi-squared test for categori-
cal observations, and when applicable, a Z-test to compare
our results to the 1987–1994 study (Phillips et al., 2003). A
P-value of <0.05 was considered statistically significant.

Results
A total of 79 natal dispersal events were recorded (41 males, 38
females) (Table 1). Straight-line natal dispersal distance aver-
aged 41.0 � 17.5 km from 1990 to 1998 and 34.4 � 21.6 km
from 1999 to 2007 and this difference was not significant
(Tables 1 and 2). We identified a significant decrease in
yearling/adult dispersal distances in 1999–2007 compared with
1990–1998 (Tables 1 and 2) and found from 1999 to 2007,
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yearlings/adults were dispersing shorter distances than pups.
We found no gender bias in dispersal distance during either
time period and no change in average straight-line dispersal
distance for either gender between the periods. Dispersal dis-
tances from 1990 to 2007 were also similar to the results
obtained from 1987 to 1994 (Phillips et al., 2003) (Tables 1
and 2).

Dispersal duration averaged 35.5 � 25.4 days from 1990 to
1998 and 37.1 � 33.3 days from 1999 to 2007, but this increase
was not significant (Tables 1 and 2). We found no significant
change in pup or yearling/adult dispersal durations between
the two periods or between groups within each time period.
We found no gender bias in duration and no significant
change in average duration for either gender between the two
periods. Durations calculated during both time periods were
significantly greater than the results from 1987 to 1994 (Phil-
lips et al., 2003) (Tables 1 and 2).

Dispersals occurred 7 months of the year (September–
April) during 1990–1998 and increased to 11 months (August–
June) during 1999–2007 (Fig. 2a). We compared number of
dispersals occurring from September to March (Phillips et al.,
2003) and there was a decline in the proportion of dispersal
events during this period between the two periods (Tables 1
and 2). We also found a significant change in pup dispersal
timing between 1990–1998 and 1999–2007, and in between
pups and yearling/adults during 1999–2007. During 1990–
1998, the peak of pup dispersal occurred in December and in

1999–2007, shifted to January. From 1999 to 2007, pups dis-
persed mostly during January–March, while yearlings dis-
persed mainly in December–January (Fig. 2a). As seen in
Table 1, the results obtained from 1990 to 1998 are relatively
consistent with the estimates from the earlier study (Phillips
et al., 2003); however, the proportion of dispersers from
September–March in 1999–2007 was significantly less than the
results from 1987 to 1994 (Table 2).

Dispersal age averaged 15.9 � 7.3 months old from 1990 to
1998 and 15.3 � 5.0 months old from 1999 to 2007 (Tables 1
and 2). We found a significant increase in pup dispersal age
but not in yearling/adult dispersal age between the two
periods. We found no gender bias and no significant change in
average dispersal age for either gender between the periods.
Average dispersal ages calculated during both periods for
males, but only from 1999 to 2007 for females, were signifi-
cantly younger than the 1987–1994 results (Phillips et al.,
2003) (Tables 1 and 2). Dispersal age had a bimodal distribu-
tion for both time periods, with a peak in dispersers aged
8–9 months and 16–17 months during 1990–1998 and a peak
ages 8–9 months and 20–21 months during 1999–2007
(Fig. 2b).

The straight-line direction of dispersal was not random
during either time period. From 1990 to 1998, there was a
strong preference for westward dispersal (77.8%) and there
were no eastward dispersals. From 1999 to 2007, the majority
of dispersers still traveled westward (52.5%), but dispersers

Table 1 Average dispersal distance, duration, timing and age of natal red wolf dispersers on the Albemarle Peninsula, NC from 1990–2007

Average straight-line natal dispersal distance (km)

1987–1994 (n = 18) (Phillips et al., 2003) 1990–1998 1999–2007
Pups n/a 35.4 + 17.4 (n = 7) 42.5 + 27.1 (n = 23)
Yearlings/adults n/a 44.6 + 17.3 (n = 11) 29.5 + 16.0 (n = 38)
Male 36 � 22 43.8 + 21.3 (n = 11) 36.6 + 27.0 (n = 30)
Female 45 � 58 36.7 + 8.4 (n = 7) 32.3 + 14.9 (n = 31)
All wolves n/a 41.0 + 17.5 (n = 18) 34.4 + 21.6 (n = 61)

Dispersal duration (days)

1987–1994 (n = 12) (Phillips et al., 2003) 1990–1998 1999–2007
Pups n/a 52.0 + 26.4 (n = 5) 54.5 + 50.3 (n = 11)
Yearlings/adults n/a 21.8 + 15.3 (n = 6) 29.8 + 20.0 (n = 26)
Male n/a 38.2 + 29.2 (n = 5) 29.0 + 19.0 (n = 20)
Female n/a 33.3 + 24.4 (n = 6) 48.4 + 44.4 (n = 16)
All wolves 9 � 13 35.5 + 25.4 (n = 11) 37.1 + 33.3 (n = 37)
Range: all wolves 1–44 7–75 6–193

Timing of dispersals

Months 1987–1994 (n = 18) (Phillips et al., 2003) 1990–1998 1999–2007
September–March 100% 94.4% (n = 17) 75.4% (n = 46)
November–February 72% 61.1% (n = 11) 55.7% (n = 34)

Average dispersal age (months)

1987–1994 (n = 18) (Phillips et al., 2003) 1990–1998 1999–2007
Pups n/a 8.6 + 1.4 (n = 7) 9.9 + 1.1 (n = 23)
Yearlings/adults n/a 20.5 + 5.4 (n = 11) 18.5 + 3.4 (n = 38)
Male 27 � 8 16.2 + 7.3 (n = 11) 15.4 + 5.1 (n = 29)
Female 23 � 10 15.4 + 8.0 (n = 7) 15.0 + 5.1 (n = 31)
All wolves n/a 15.9 + 7.3 (n = 18) 15.3 + 5.0 (n = 61)
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also traveled in all other directions (Table 3). Only two wolves
dispersed to the west beyond the five county management
area (Fig. 3). The full dispersal paths in 1990–1998 do not
show any wolves adjusting their path after encountering
the edge of the Peninsula (Fig. 4). The 1999–2007 full dis-
persal paths, however, show some evidence of dispersers
encountering the edge of the Peninsula in the southern and
southwestern part of the study area and subsequently adjust-
ing their dispersal path.

The major (comprising >50%) LULC type of natal and
settled home ranges was agriculture during 1990–1998

(Table 4) and a significant number of wolves (71% of pups and
82% of yearling/adults) settled an area dominated by the same
LULC type as their natal home range (Z = 1.87, P = 0.03). Of
these, 61% were dispersers from agricultural areas that settled
in agricultural areas. During 1999–2007, the trend of settling
in habitat similar to the natal range was also present (Z = 2.43,
P = 0.01); however, the dominance of agriculture in both natal
and settled home ranges weakened. Wetlands (20%) and
agriculture/wetland mixes (16%) comprised greater amounts
of the LULC types of the settled areas compared with the
earlier time period (Table 4).

Table 2 Statistical results of average dispersal distance, duration, timing, and age of natal dispersers on the Albemarle Peninsula, NC from
1990–2007

1990–1998 1999–2007

Average red wolf straight-line natal dispersal distance
Pups U = 0.59, P = 0.56
Yearlings/adults U = 2.62, P = 0.009
Pups versus yearlings/adults U = 1.27, P = 0.20 U = 2.16, P = 0.03
Male U = 1.18, P = 0.24
Female U = 1.09, P = 0.27
Male versus female U = 0.45, P = 0.65 U = 0.27, P = 0.79
Male versus Phillips et al. (2003) Z = 0.78, P = 0.45 Z = 0.07, P = 0.95
Female versus Phillips et al. (2003) Z = 0.37, P = 0.71 Z = 1.14, P = 0.26
All wolves U = 1.75, P = 0.08

Dispersal duration
Pups U = 0.45, P = 0.61
Yearlings/adults U = 0.82, P = 0.41
Pups versus yearlings/adults U = 1.83, P = 0.07 U = 1.81, P = 0.07
Male U = 0.61, P = 0.54
Female U = 0.70, P = 0.48
Male versus female U = 0.0, P = 1.0 U = 1.64, P = 0.10
All wolves U = 0.0, P = 1.0
All wolves versus Phillips et al. (2003) U = 3.2, P = 0.004 U = 2.8, P = 0.007

Timing of dispersals
Pups c2 = 21.0, P = 0.0008
Yearlings/adults c2 = 10.9, P = 0.37
Pups versus yearlings/adults c2 = 12.5, P = 0.05 c2 = 28.4, P = 0.002
Male c2 = 8.6, P = 0.38
Female c2 = 11.9, P = 0.22
Male versus female c2 = 5.2, P = 0.51 c2 = 11.4, P = 0.33
All wolves c2 = 17.4, P = 0.07
September–March Z = 1.8, P = 0.04
September–March versus Phillips et al. (2003) Z = 1.0, P = 0.16 Z = 1.6, P = 0.01
November–February Z = 0.40, P = 0.34
November–February versus Phillips et al. (2003) Z = 0.71, P = 0.24 Z = 1.3, P = 0.11

Average red wolf natal dispersal age
Pups U = 2.4, P = 0.02
Yearlings/adults U = 0.13, P = 0.90
Male U = 0.26, P = 0.80
Female U = 0.68, P = 0.50
Male versus female U = 0.32, P = 0.75 U = 0.27, P = 0.78
Male versus Phillips et al. (2003) U = 2.9, P = 0.01 U = 4.8, P = 0.0003
Female versus Phillips et al. (2003) U = 1.7, P = 0.12 U = 3.4, P = 0.002
All wolves U = 0.58, P = 0.56

Bolded entries indicate significant comparisons.
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Discussion

The red wolf population increased during the 1990s follow-
ing the reintroduction of 63 wolves from 1987 to 1994
(Phillips et al., 2003) and leveled off after approximately
1999 (Sparkman et al., 2010). Although there was no signifi-
cant change in average dispersal distances between the two
periods for all wolves, yearlings/adults decreased their dis-
persal distances and were dispersing significantly shorter dis-
tances than pups in 1999–2007. The decrease may be
attributed to the older dispersers familiarity with the local
area and ability to perceive local opportunities (Mech &

Boitani, 2003). This may have been particularly true if areas
with LULC similar to the natal sites were unavailable, and
wolves had to settle in new LULC types, as in 1999–2007.
The older dispersers may have more quickly accepted these
local opportunities of new LULC types, leading to a
decrease in dispersal distances, if they were more familiar
with them because of extraterritorial forays with group
members. In gray wolves, younger dispersers often travel
greater distances than older dispersers because of their unfa-
miliarity with the local area or feeling less secure after
leaving their natal group (Mech & Boitani, 2003). This same
effect may be evident in the red wolf.

Figure 2 (a) Percentage of dispersing red
wolves grouped by age showing a shift in
peak dispersal age during 1999–2007 for mul-
tiple age groups; and (b) Percentage of dis-
persing red wolves grouped by month
showing the increase in number of months
dispersals occurred during 1999–2007.
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Table 3 Direction traveled by red wolf natal dispersers on the Albemarle Peninsula, NC from 1990–2007

Dispersal direction

N S E W

1990–1998
Male 18.2% (n = 2) 18.2% (n = 2) 0% (n = 0) 63.6% (n = 7)
Female 0% (n = 0) 0% (n = 0) 0% (n = 0) 100% (n = 7)
All wolves 11.1% (n = 2) 11.1% (n = 2) 0% (n = 0) 77.8% (n = 14)*,***

1999–2007
Male 23.3% (n = 7) 20.0% (n = 6) 6.7% (n = 2) 50.0% (n = 15)
Female 16.1% (n = 5) 25.8% (n = 8) 3.2% (n = 1) 54.8% (n = 17)
All wolves 19.7% (n = 12) 23.0% (n = 14) 4.9% (n = 3) 52.5% (n = 32)**,***

1990–2007
Male 22.0% (n = 9) 19.5% (n = 8) 4.9% (n = 2) 53.7% (n = 22)
Female 13.2% (n = 5) 21.1% (n = 8) 2.6% (n = 1) 63.2% (n = 24)
All wolves 17.7% (n = 14) 20.3% (n = 16) 3.8% (n = 3) 58.2% (n = 46)

*c2 = 16.0, P < 0.001; **c2 = 29.0, P < 0.0001, ***1990–1998 compared with 1999–2007: c2 = 4.0, P = 0.27.
Bolded entries indicate significant comparisons.

Figure 3 Red wolf straight-line dispersal paths on the Albemarle Peninsula, North Carolina. Gray lines and arrows represent dispersers from
1990–1998 and black lines and arrows represent dispersers from 1999–2007.
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Dispersal duration was similar among all groups and
to results obtained for gray wolves in high wolf density
and agricultural areas (Fritts & Mech, 1981; Gese & Mech,
1991; Blanco & Cortes, 2007), but much greater than the
ranges reported by Phillips et al. (2003). We suspect the
1987–1994 population results give insight into the earliest
conditions of the population during a unique and very low
density period. As the population increased, unoccupied
areas became less available and the time required for dispers-
ers to settle changed accordingly (Fritts & Mech, 1981;
Messier, 1985; Gese & Mech, 1991). Dispersal duration did
not change after the population stabilized, suggesting these
values represent dispersal duration for red wolves in high-
density populations and potentially saturated habitat
(USFWS, 2007).

The timing of dispersal shifted between the two periods,
although the sampling frequency must be considered for this

Figure 4 Red wolf full dispersal paths on the
Albemarle Peninsula, North Carolina from
1990–1998 and 1999–2007. Black lines repre-
sent path and arrows represent direction.
Note that due to large variability in monitoring
frequency of dispersers, these full dispersal
paths were only used to infer dispersal direc-
tion.

Table 4 Percentage of natal dispersers home range areas dominated
by each LULC type on the Albemarle Peninsula, NC from 1990–2007

1990–1998 1999–2007

LULC type Natal
home
range

Settled
home
range

Natal
home
range

Settled
home
range

Urban 0.0 0.0 0.0 0.0
Forest 5.6 11.1 0.0 3.3
Scrub/shrub 0.0 0.0 0.0 0.0
Agriculture 61.1 55.6 54.8 44.3
Wetland 22.2 27.8 18.0 19.7
Agriculture/wetland mix 11.1 5.6 21.3 16.4
Agriculture/wetland/forest mix 0.0 0.0 4.9 8.2
Agriculture/forest mix 0.0 0.0 0.0 6.6
Wetland/forest mix 0.0 0.0 0.0 1.6

LULC, land use/land cover.
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variable. Dispersal events increased from 7 to 11 months of
the year between the two periods. The increase may be due to
the saturated conditions in the management area (USFWS,
2007), which could lead to increased aggression over food year
round (Mech & Boitani, 2003), increased social group disrup-
tion events [e.g. displacement of a parent by an unrelated wolf
(Phillips et al., 2003)], or increased social aggression related to
breeding opportunities (Mech & Boitani, 2003). If the trend of
nearly year-round dispersals continues, this supports that the
area is saturated, leading to competition for resources. Also,
the timing of the greatest percentage of pup dispersal shifted
from December to January. The sampling frequency from
1999 to 2007, however, was greater than during 1990–1998,
which could have caused lower accuracy in the dispersal date
and therefore dispersal timing. While the population was
increasing, pups and yearlings/adults dispersed at similar
times, but after the population stabilized, most pup dispersals
occurred later than the yearlings/adults. Studies of gray
wolves have found that while dispersal occurs throughout the
year, pups dispersing in their first year primarily disperse from
January to May and adults and yearlings disperse in the
autumn and early spring (Gese & Mech, 1991; Mech &
Boitani, 2003). These are periods of increased aggression in
wolves because of social competition related to breeding and
food resources (Mech & Boitani, 2003). The change in pups
and yearlings/adults dispersal timing in 1999–2007 may indi-
cate that as resources were less available and social competi-
tion increased, the yearling and adult wolves still with their
natal group are the first to disperse, while the pups are allowed
to remain for a few more months. Without direct observations
or a significant number of corresponding observations of
group members, we cannot determine if the yearlings/adults
received more aggression from their group and therefore dis-
persed earlier, or selected to disperse and maximize their own
opportunities.

Average dispersal age was similar during the study, but the
age at which pups dispersed increased in 1999–2007. Dispersal
age is influenced by many of the same factors as timing,
mainly food abundance and competition within packs (Boyd
& Pletscher, 1999; Mech & Boitani, 2003). When food is more
abundant, gray wolves may delay dispersal (Ballard et al.,
1997) leading to an increase in dispersal age. We determined
that the amount of area in agriculture from 1987 to 1992 was
fairly consistent and because the red wolf population was low
and food availability presumably high, this led to delayed
dispersal and the older ages in the early study (Phillips et al.,
2003). As agriculture decreased (2002–2007) (USDA, 2010),
abundance and distribution of prey likely changed. Although
the white-tailed deer harvest estimates were stable, the
decrease in agriculture may have caused other prey items such
as raccoons, rabbits and rodents in the agricultural areas (Lee,
Clark & Funderburg, 1982; Phillips et al., 2003) to change in
abundance and distribution. These changes during a time of
increasing wolf population may have caused the earlier dis-
persal ages in our study. As with dispersal duration, our
results may represent average red wolf dispersal age under
current stable population conditions, unlike during the first
few years of the reintroduction (Phillips et al., 2003). There

was no gender bias in dispersal age, similar to many gray wolf
studies (Ballard, Whitman & Gardner, 1987; Boyd et al., 1995;
Mech & Boitani, 2003; Blanco & Cortes, 2007).

We hypothesized that dispersal direction would be random
because unoccupied areas were present in all directions on the
Peninsula. Although the management area is bounded by
water, dispersal distances and the locations of natal groups
were such that wolves should not have been influenced to
travel west simply because of the presence of water. The obser-
vations suggest, however, that the presence of wetland areas
along the periphery of the Peninsula, combined with the water
borders, presented a barrier to wolf dispersal. This is sup-
ported by the lack of home ranges near the edges of the
Peninsula in wetland habitat and the paths traveled by dis-
persers, which avoided much of the periphery wetland areas
(Fig. 4). There were no locations, however, that suggested
wolves made repeated approaches to the edge of the Peninsula
and turned around because of water. Rather, the wetland
areas particularly in the eastern and southern parts of the
study area were avoided and the wolves therefore had little
choice but to disperse west. Additionally, the presence of agri-
culture in the study area may have had an influence on disper-
sal direction. This is supported by our finding that in 1990–
1998, the majority of home ranges contained agriculture as the
dominant LULC type. Wetlands and forest are considered less
preferred red wolf habitat (Hinton & Chamberlain, 2010) and
prey availability is scarce in the managed timber areas but
higher in agriculture (Lee et al., 1982, Noffsinger et al., 1984
in Phillips et al., 2003). Therefore, the availability of higher-
quality habitat with sufficient prey, particularly in the western
part of the study area, may have been influencing dispersal
direction. This was clear from 1990 to 1998 and decreased
slightly in 1999–2007, likely because of an increased number
of established wolf packs to the west. The preference for agri-
culture in home ranges also declined during 1999–2007, with
only 30% of dispersers leaving and settling in an agricultural
area. In 15% of the remaining cases, the natal home range was
dominated by agriculture but the dispersers settled in an agri-
cultural mix (e.g. 50% agriculture and 50% wetland). The
increase in mixed LULC types seen in the home ranges from
1999 to 2007 compared with 1990–1998 (Table 4) suggests
that as the population increased, wolves were using areas with
multiple LULC types possibly because of increased competi-
tion over access to preferred resources such as agriculture. The
wolves may have stopped at the western boundary of the
management area because large areas of wetlands and
managed timber are found in this area, as well as major roads
and developed areas (Fig. 1). Studies of gray wolf dispersal
show that direction is influenced by habitat type, topography,
wolf density and human density (Mech & Boitani, 2003). In
our study, wolf dispersal direction seemed to be influenced by
habitat type: avoidance of wetlands and water and a prefer-
ence for agricultural lands.

This study offers the first long-term, comprehensive analy-
sis of red wolf natal dispersal characteristics. While the favo-
rable habitat on the Albemarle Peninsula may be saturated
(USFWS, 2007), average dispersal age and distance are not
significantly changing in response. The most notable findings
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in natal dispersal characteristics were the decrease in yearlings/
adults dispersal distance and the shift in dispersal timing,
which both occurred after the population stabilized, and the
evidence of NHPI in both time periods. It is important to note
that our results provide an understanding of red wolf natal
dispersal characteristics during a period of changing condi-
tions. The results from 1999 to 2007 may show dispersal char-
acteristics in a stable, established red wolf population, which
has never been possible because of the eradication of red
wolves in the wild by the 1970s prior to any long-term scien-
tific studies (McCarley & Carley, 1979).
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