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Figure 1. Map showing the location of former and active tern colonies in MD and VA.

conducted (Boettcher 2006). As such, only nest
counts for 2004 and 2005 are presented here for all
colonies in VA.

Chick counts at colonies in NC, VA and MD are
based on banding totals for each colony each year. Be-
cause Royal Terns typically lay one-egg clutches, chick
banding data were used as a second estimator of breed-
ing population size (i.e., each chick banded is the
equivalent of one breeding pair). Colonies were visited
1-3 times beginning in late June through early August
to trap and band all chicks in créches. These efforts re-
sulted in an estimated >95% success in capturing all
chicks at most colonies in most years. In some instanc-
es, not all chicks could be captured prior to fledging
due to inability to access the colony or presence of oth-
er nesting species that are sensitive to disturbance
(e.g., American Oystercatchers, Black Skimmers).
These chick counts also underestimate or overestimate
total nest counts each year when nest losses occur from
storms or other events after the annual census, or
when natural losses of chicks to predators or other fac-
tors occur prior to banding. In addition, the presence
of multi-egg nests may affect counts, if two or more
chicks fledge per nest, but nests with >1 egg are usually
limited in frequency at the colonies (<4% at Fisher-
man Island in 2004; Boettcher 2006) and have never
been studied to determine fledging success. It is un-
likely, then, that the presence of multi-egg nests has a
significant effect on chick production based on band-
ing totals presented here.

Statistics

Total numbers of nests counted and chicks banded
are summarized by state. Although complete nest
counts were conducted at all VA colonies in 2004 and
2005, the only year that can be compared here to the
chick banding data is 2004 because not all chicks were
banded at all colonies in 2005. Annual variation in these
counts was analyzed by Chi-square with Yate’s correction
with df = 1 and P < 0.05. Pairwise correlations of nest
and chick numbers were used to test similarities in pop-
ulation trends among the states. All tests were complet-
ed with JMP IN software (ver. 3.2.6).

RESULTS

Royal Tern nest counts were not complet-
ed for each State in each year and thus rep-
resent an incomplete dataset that precludes
detailed comparisons within and among the
Mid-Atlantic States (Table 1 and Fig. 3). Six
count years are shared between NC and MD,
but do not correlate (r = -0.40, df = 5, P =
0.43). Only one census year is shared be-
tween NC and VA and is not statistically com-
parable.
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Figure 2. Map showing the location of former and active tern colonies in NC.

Royal Tern chick counts (Table 1) show
significant annual variation within each
state, and with all data combined (1977-
2004, x* > 1830, df = 1, P < 0.001). The high-
est total count of chicks occurred in 1984;
peak counts since that time have gradually
declined until the late 1990s, then began to
increase once more (Fig. 4). Twenty-eight
chick counts are shared between NC and VA
and are positively correlated (r = 0.70, P <
0.001) while 19 counts shared between NC
and MD are negatively correlated (r =-0.457,
P = 0.049); 18 counts shared between MD
and VA also are negatively correlated (r =
0.60, P = 0.0083).

Sandwich Tern nest counts also vary signif-
icantly by year in NC (1983-2004, * > 1660, df
=12, P <0.001), as do chick counts in NC and
VA (19772005, x* > 2087, df = 25 for both
states, P < 0.001) (Table 2). Total chick counts
reached their highest point in 1990, but chick
production appears more cyclic in this species

with peak counts also occurring in the mid-
1980s, 1993, 1999, 2000, and 2002 (Fig. 4).
Royal and Sandwich Tern chick counts in NC
are not correlated (r=0.25, P > 0.23).

DISCUSSION

Little historical data are available on tern
numbers in the mid-Atlantic States prior to the
1970s. In MD, Therres et al. (1978) reported
Royal Tern numbers peaking at 1160 breeding
pairs in 1976, or 3-4X the number found in the
state today. In NC, Parnell and Soots (1978) es-
timated a minimum number of 35,334 Royal
Tern and 254 Sandwich Tern nests in 1973. If
accurate, this estimate is over three times that
for Royal Terns recorded in recent years. Con-
versely, Pearson et al. (1942) estimated 5400
nests of Royal Terns in the Pamlico Sound (see
Fig. 2) in 1939 (Parnell et al. 1997), or far fewer
than are found there today at Big Foot and Is-
land L/M.
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Table 1. Annual census data on number of Royal Tern
nests and total number of chicks banded (in parenthe-
ses) by state in the mid-Atlantic region, 1975-2005.

Year NC VA MD
1975 (825)
1976 (897)
1977 9755 (13978) (4298) (5)
1978 (11337) (2719)

1979 (9509) (4087)

1980 (13085) (4511) (2)
1981 (8639) (3250) (146)
1982 (14130) (4480)

1983 17029 (17268) (5087)

1984 (17653) (5365)

1985 (16265) (5888)

1986 (14771) (6026)

1987 (14626) (5986)

1988 11954 (10177) (3850)

1989 (13450) (6210) 40

1990 (15676) (4316) 21 (16)
1991 (13208) (2609) 7(2)
1992 (12074) (8527) 100 (97)
1993 14611 (14499) (4379) 276 (336)
1994 (12597) (4107) 307 (441)
1995 14150 (12990) (2659) 307 (219)
1996 (8624) (2605) (365)
1997 10991 (9647) (1872) 384 (673)
1998 (10897) (3159) (460)
1999 12519 (11583) (1739) 518 (491)
2000 (11399) (2262) 644 (529)
2001 10877 (10489) (2143) 526 (537)
2002 (10016) (2698) (685)
2003 (11558) (~1823) (474)
2004 13524 (11431) 3303 (3276) 625 (576)
2005 (8168) 3512 350 (209)

Though annual censuses of Royal Tern
nests and chicks vary considerably from year
to year in the mid-Atlantic region, the overall
31-year trend indicates that a population de-
cline (as reflected by nest counts and chick
production) occurred from the mid 1980s to
late 1990s. This trend is similar to a negative
trend in nest counts in South Carolina (SC)
over the same period (Jodice ¢t al. 2007). Ma-
ness and Emslie (2001) calculated ten-year
averages of chick counts in NC since 1977
and concluded that the population had de-
clined statewide by approximately 13% over
the past decade. Moreover, the correlation
of chick counts between the two States with
the longest database (NC and VA) indicates
this population trend was occurring at a re-
gional level. Causes for this trend are com-
plex and probably relate to local (e.g., pred-
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Figure 3. Total number of Royal Tern nests censused at
all colonies in MD, VA, and NG, 1977-2005.
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ators, vegetational succession) and regional
(e.g., annual variation in marine and estua-
rine productivity, droughts) disturbances
that are both natural and human-caused.
However, in recent years, the Royal Tern cen-
sus data indicate that the populations are in-
creasing again and have partially recovered
from declines suffered in the prior decade.
Thus, it is important to monitor regional
population trends of this species in the fu-
ture to detect any other declines.
Interestingly, despite being an obligate
co-nester, the population trend for Sandwich
Terns in the mid-Atlantic region does not fol-
low the same pattern as that of the Royal
Terns and is again similar to results of nest
counts in SC (Jodice et al. 2007). This differ-
ence may relate to differing diets and forag-
ing behavior between the two species.
McGinnis and Emslie (2001), for example,
found that Sandwich Terns fed more inshore
than within the estuaries as compared to the
Royal Tern. Although both species feed on
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Figure 4. Total number of Royal and Sandwich Tern
chicks banded at all colonies in MD, VA and NC, 1975-
2004. Sandwich Tern counts for 1978-1979 have been
omitted, as are counts for both species in 2005, due to
incomplete counts in VA that year.
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Table 2. Annual census data on number of Sandwich
Tern nests and total number of chicks banded (in paren-
theses) by state in the mid-Atlantic region, 1976-2005.

Year NC VA MD
1976 (1)
1977 (1190)

1978

1979

1980 (1871) (22)
1981 (1290) (1)
1982 (1590) (4)
1983 1850 (2114) (147)
1984 (2839) (68)
1985 (2905) (20)
1986 (2314) (11)
1987 (1884) (47)
1988 1199 (2380) (22)
1989 (2594) (112)
1990 (2972) (90)
1991 (2552) (15)
1992 (1860) (6)
1993 2700 (2966) (19)
1994 (2089) (1) (1)
1995 2905 (2340) (1)
1996 (2509) 0)
1997 2766 (2298) (5)
1998 (2252) (68)
1999 2425 (1939) (15)
2000 (3041) (13)
2001 2487 (2465) (0)
2002 (2805) (6)
2003 (2246) (2)
2004 2635 (2541) (227)
2005 (2127) 323

anchovy, herring, and other forage fish, their
stable isotope ratios from eggshell also indi-
cate significant differences in diet (McGinn-
is and Emslie 2001). In addition, data pre-
sented here show that population trends in
Sandwich Terns are more cyclic than in Roy-
al Terns and may be related to similar cycles
in marine productivity, fish stocks, or other
variables, but additional data are needed.
Disturbances most likely affecting tern
populations in the mid-Atlantic States in-
clude dramatic changes to breeding habitat
from vegetational succession, habitat lost to
erosion and sea level rise (Brinker et al
2007), annual changes in marine and estua-
rine food supplies, and climatic factors such
as natural storm and storm-surge events. In
addition, the impact of expanding human
populations and terrestrial and avian preda-

tors also are affecting tern numbers at specif-
ic colonies (see Erwin et al. 2001).

Dredged material islands have a long his-
tory as nesting sites for terns and other colo-
nial waterbirds (Soots and Parnell 1975; Par-
nell and Soots 1978; Parnell ¢ al. 1997). In
the mid-Atlantic region, these islands have
been of primary importance in increasing
and maintaining tern numbers and produc-
tivity since the 1930s. Unfortunately, many of
these islands were created prior to annual
tern censuses in each State, so their immedi-
ate impact on tern populations is unknown.
In MD, construction of a navigation channel
from the Ocean City inlet south to Chincote-
ague Bay in the 1930s created 33 sand is-
lands. These islands were used by breeding
Royal Terns from the 1950s through the mid
1970s. Erosion, possibly exacerbated by sea
level rise, has claimed most of the islands
and in 2005 only four remained. Moreover,
sand renourishment, a necessary process to
stop vegetative succession and maintain suit-
able open sandy habitat for nesting terns,
has not been completed at regular and con-
sistent intervals on dredged material islands
in either NC or MD, nor are adequate
records kept by the various Federal and State
agencies involved when the process has been
implemented. Thus, it is not possible to cor-
relate fluctuations in tern numbers with
changes in habitat status based on island his-
tory. Anecdotal observations strongly indi-
cate, however, that unchecked vegetational
succession will cause terns to decline and
eventually abandon an island. This has hap-
pened on the four dredged material islands
that remain in MD coastal bays.

If abandonment is followed by renourish-
ment, nesting terns will return. For example,
New Dump, NC, had declining Royal Tern
numbers at various times over the past five-
ten years as the area became increasingly
vegetated. After serving as a major colony
site in 1981-1983, the island was abandoned
by Royal Terns largely due to encroaching
vegetation. When fresh sand was deposited
in the early 2000s, the site was recolonized
and produced over 3000 chicks in 2003, but
declined to only 13 in 2006 as vegetation
once again took over. Furthermore, Tomkins
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Island, SC, a new dredged material island
created in 2004, was immediately colonized
by breeding terns in 2005 (Jodice et al. 2007).
Although additional study and better
records are needed at all other dredged ma-
terial islands, habitat management of these
islands is a vital step in reducing and then re-
versing the decline in tern numbers that has
occurred in the past.

Natural barrier islands are the most im-
portant breeding sites for terns in VA where
they support the majority of the state’s nest-
ing population. However, a notable shift in
island selection began in 2003 when a small
colony of late-nesting terns successfully colo-
nized Wreck Island. A large colony of ap-
proximately of 1500 breeding pairs of Royal
Terns formed on Wreck Island in 2004
(Boettcher 2006) and was followed by the
movement of all barrier island breeding
pairs to Wreck in 2005. Prior to 2004, nesting
activity on this island was extremely rare, per-
haps due to the presence of mammalian
predators and a lack of suitable habitat.
Since the initiation of intensive predator
trapping efforts on the southern barrier is-
lands (e.g., Ship Shoal, Myrtle and Smith Is-
lands) in 1998, quadruped predators have
been largely absent from Wreck Island
(Dueser et al. 2005). In addition, Hurricane
Isabel, which struck the mid-Atlantic in 2003,
flattened long-standing shell piles on the is-
land and created expansive sandy wash-overs
favored by Royal Terns and other beach nest-
ing species.

Prior to 2004, Fisherman Island was the
location of the most well-established Royal
Tern colonyin VA (Fig. 1) and was one of the
few sites that remained free of quadruped
predators until 1999 (Erwin ez al. 2001, Keiss
2001). In addition, predatory Herring Gulls
(Larus argentatus) and Great Black-backed
Gulls (Larus marinus) began nesting adja-
cent to this Royal Tern colony since at least
1982 (P. Denmon, pers. comm.). This com-
bined presence of mammalian and avian
predators may have led to the terns’ deser-
tion of Fisherman Island in 2005. Metomp-
kin Island was another barrier island in VA
where Royal Terns persisted for well over a
decade (Fig. 1) and subsequently deserted.

In 1977, the island appeared to be free of
mammalian predators; however, by 1998 it
was occupied by red foxes (Erwin et al. 2001)
and more recently by raccoons (Keiss 2001).

The only nesting in the MD portion of
the Chesapeake Bay occurred in 1989 (Rob-
bins and Blom 1996). Since then breeding
activity on Chesapeake Bay islands has been
intermittent, restricted to VA, and has com-
prised less than 50% of the VA population
(Boettcher 2006). Little is known on factors
influencing the birds’ use of the bay islands,
butsince the expansion of mammalian pred-
ators on the barrier islands, Royal Terns have
begun using the bay islands (Erwin et al
2001). Irregular occupation of the bay is-
lands by the terns may be further explained
as there are only a limited number of islands
available with suitable habitat and most of
these are shrinking in size and elevation be-
cause of erosion (Gary Costanzo, pers.
comm.). Despite the apparent precarious
nature of bay island nesting habitat, chick
banding data (Table 1) collected at these
sites suggest that in some years large tern col-
onies did experience high reproductive suc-
cess. This success provides sufficient justifica-
tion for engaging in habitat restoration ef-
forts to increase the suitability of existing
habitat and for creating dredged material is-
lands to further offset the loss of natural sites
in the Chesapeake Bay (Brinker e al. 2007).
The relatively low numbers of Royal Terns at
colonies in MD probably reflects the scarcity
and marginal condition of nesting sites
present at the northern limits of their breed-
ing ranges, rather than lack of suitable habi-
tat in general. These marginal conditions
are also reflected by the sudden drop in Roy-
al Tern numbers in that state in 1977 with
birds presumably moving to VA or NC to
breed. The negative correlation in Royal
Tern population trends between MD, NC
and VA probably represents movements of
breeding birds into MD when declines occur
in NC and VA and vice versa, perhaps in rela-
tion to regional trends in food supplies or
other factors.

Food resources are an important variable
in tracking changes in seabird populations
in many regions of the world. On the west
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coast of the United States, where cold-water
upwelling drives the marine food web and
productivity, seabirds are well-known indica-
tor species for annual variations in food
availability (e.g., Ainley and Boekelheide
1990). An upwelling index, based on physi-
cal oceanographic measurements, helps
track the intensity of upwelling in this region
and can be correlated with seabird produc-
tivity. However, the east coast lacks an up-
welling marine ecosystem and no such index
is available. Further, efforts to correlate tern
foraging behavior with Southeast Area Mon-
itoring and Assessment Program (SEAMAP)
fishery data have been complicated by in-
compatible fishery stocks data that are either
gathered during periods when terns are not
foraging, or in areas where the birds are not
known to feed (Aygen 2005).

Data on the foraging behavior of Royal
Terns in VA and NC now indicate that re-
gional trends in prey selection also charac-
terize this species, and that prey switching
from early to late season is a typical strategy
(Wambach and Emslie 2003; Aygen and
Emslie 2006). It is likely from these data that
anchovy (Anchoaspp.) could represent an in-
dicator species for the estuarine environ-
ment and tern productivity. However, the
only systematic forage fish data from
SEAMAP do not show any correlation with
tern population trends. Further research on
the interactions between tern species and
coastal fisheries is needed, especially using
more systematic survey methods that sample
anchovies in the same regions and times as
the terns occur.

Climatic factors also may be responsible
for small to dramatic changes in tern num-
bers at individual colonies or within an en-
tire coastal region. These factors may be
linked with marine/estuarine productivity
and foraging behavior of adults feeding
chicks as well. Storms and storm-surges occa-
sionally have been responsible for devastat-
ing impacts on terns and other colonial
waterbird colonies located on low-lying
beaches. When nests are lost in this manner,
terns may attempt renesting and therefore
lose synchronicity with other nests that sur-
vived the storm. These events, then, can af-

fect chick survival as well as nest counts that
are conducted at the same time each year.

El Nino Southern Oscillations (ENSO)
also affect marine productivity, especially on
the U.S. west coast. There are no data to in-
dicate that marine productivity along the At-
lantic seaboard also is negatively impacted in
ENSO years, nor is there a correlation in
monthly precipitation and average tempera-
tures in southeastern NC during these years
(Edgell 1999). Years following ENSO events
(La Nina), however, may cause abnormal cli-
mate patterns in this region. Edgell (1999)
found that seven of ten La Nina years coin-
cided with below normal precipitation and
above normal temperatures. It is likely that
the cyclic pattern of ENSO events does im-
pact tern productivity along the mid-Atlantic
seaboard, particularly during the La Nina
portion of the cycle, and is worthy of addi-
tional investigation.

In summary, analyses of population
trends from 1975-2005 in Royal and Sand-
wich Terns indicate that the former species
steadily declined in its colony size and chick
production from the mid-1980s to late 1990s
but appears to be increasing once again.
Sandwich Tern numbers have remained sta-
ble, although always at a level much lower
than those of its larger congener with some
small population cycles occurring every few
years. Furthermore, the rise and fall in Royal
Tern numbers over the study period appear
to be widespread along the mid-Atlantic sea-
board, at least from VA through SC where
the long-term data are most complete. Rea-
sons for this trend are varied and complex.
Greater impacts to Royal Terns probably re-
late to differences in diet and foraging be-
havior compared with the Sandwich Tern,
but factors affecting colony size, location
and chick survivorship also are likely respon-
sible.

The most immediate solution for prevent-
ing declines in Royal and Sandwich Terns is
habitat management. In NC, where most col-
onies are located on dredged material islands,
consistent vegetation removal and sand re-
plenishment of these islands is essential to
maintain proper nesting conditions favorable
to the terns. If these procedures are also fol-
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lowed at islands in MD and NC where terns
formerly bred, they would encourage colony
expansion and help boost tern numbers and
productivity. Dispersing the population with
more colony locations would also prevent
large declines in annual tern production
from storms or other events that can cause ex-
tensive nest loss at a single colony. Predator
management continues to be an important
strategy in maintaining healthy waterbird
populations on VA’s barrier islands.

Mid-Atlantic seaboard Royal and Sand-
wich Tern populations function without re-
gard to state boundaries. Along with im-
proved habitat management there is a need
for expanded coordinated regional monitor-
ing of all colonies. Past population monitor-
ing and productivity assessment protocols
differed between states and were conducted
on varying schedules. Analysis of the popula-
tion size data presented here was limited by
uncoordinated state approaches to popula-
tion monitoring and productivity assess-
ment. Implementing coordinated annual re-
gional population census and productivity
assessment should be included in conserva-
tion actions directed towards populations of
large Sterna terns in the mid-Atlantic. These
data will be essential to evaluating any habi-
tat management changes designed to im-
prove the sustainability of mid-Atlantic Royal
and Sandwich Tern populations.

At present, Royal and Sandwich Terns ex-
hibit widespread distribution and abun-
dance that have kept their populations at a
healthy size. It is therefore important to
maintain these populations at these levels by
following management recommendations
offered here. Only in this manner will these
species be protected from severe declines
that could cause them to become threatened
or in danger of local extinction, a situation
that would be much more difficult to rectify
than maintaining proper management pro-
cedures of populations at their current lev-
els.
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Project Title: Research and Surveys/Wildlife Diversity
Job No.: 561
Job Title: Partners in Flight
Principal Investigator: Brewer

Job Objective:

Cooperate in Neotropical migratory bird monitoring, management and
conservation efforts with state, federal, and private agencies through the
Partners in Flight network.

Activities/Findings:

Staff participated in conference calls September 15 and 19, 2008 and
attended meetings of the Northeast Partners in Flight (NEPIF) Working Group on
September 25, 2008 in Cape May, NJ and on April 8-9, 2009 in Rector, PA.
Monitoring goals of NEPIF are being addressed through the Northeast Coordinated
Bird Monitoring Partnership. Staff participated in monthly conference calls, a
September 22-24, 2008 meeting of this group in Cape May, NJ, and production of a
bird monitoring handbook for managers. Staff attended meetings of the Atlantic
Coast Joint Venture (ACJV) Nongame Technical Committee (formerly Integrated Bird
Conservation Committee) on July 20, 2008 in Princeton, NJ and on February 24, 2009
in Easton, MD and participated in conference calls July 18, 2008; August 12, 2008;
and January 15, 2009. The ACJV Nongame Technical Committee continues to be a
route for priority PIF projects to gain support from state wildlife directors
through the Atlantic Coast Joint Venture Management Board. Staff presented a
summary of NEPIF and ACJV Nongame Technical Committee contributions to bird
conservation at a meeting of the Northeast Wildlife Diversity Technical Committee
in W. Greenwich, Rl September 8-11, 2008. Staff attended a meeting of the
Appalachian Mountains Joint Venture Technical Committee August 19-20, 2008 in
Knoxville, TN and meetings of the Board October 6-8, 2008 in Abingdon, VA and May
5-6, 2009 in Morgantown, WV. A number of Partners in Flight priority species are
included as priorities in conservation planning for this Bird Conservation Region,
which recently received formal Joint Venture status.

Staff also served on the ACJV review panel to rank NAWCA grants in order to
assist with evaluating potential benefits to nongame migratory birds. The NAWCA
review panel met by conference call on September 18, 2008 and April 30, 2009.
Staff attended meetings of the Atlantic Flyway Council (AFC) Nongame Migratory
Bird Technical Section in Princeton, NJ July 21-25, 2008 and in Easton, MD
February 22-27, 2009. This group is charged with providing professional advice
and guidance to the Atlantic Flyway Council and USFWS for the sound regulation of
nongame migratory bird resources.

Gwen Brewer serves as the Vice Chair of the Northeast Partners in Flight
Working Group Steering Committee and as a member of the Appalachian Mountains
Joint Venture Board and the Northeast Coordinated Bird Monitoring Partnership
Steering Committee. She chairs and represents Northeast Partners in Flight on the
ACJV Nongame Technical Committee and represents the state on the AFC Nongame
Migratory Bird Technical Section.

Reasons for deviation (if any):

The Maryland Wildlife and Heritage Service (WHS) is currently planning an

all-bird effort to include Partners In Flight through the implementation of the



Wildlife Diversity Conservation Plan (State Wildlife Action Plan), upcoming
implementation of the BCR 30 plan, and implementation of Appalachian Mountains
Joint Venture and Atlantic Coast Joint Venture Strategic Plans. Both NEPIF and
SEPIF are revising their roles in light of expanded efforts for nongame migratory
birds. Participation in the BCR/JV all-bird efforts, and in developing region-
wide monitoring efforts (by Northeast and Southeast Partners in Flight and through
the Northeast Coordinated Bird Monitoring Partnership), all provide opportunities
to renew involvement.

The Nongame Migratory Bird Technical Section affords the opportunity to
contribute to PIF conservation and management goals by working with state and
federal partners on regulatory issues that affect nongame migratory birds.

Recommendations for continuation of the job:

This job should be continued since Partners in Flight is a continuing
effort. In addition, WHS plays an important part as the lead state agency and
represents the state on the Northeast and Southeast Working Groups, Appalachian
Mountains JV, and their Steering Committees. Representation on behalf of
Northeast Partners in Flight for the Nongame Bird Technical Committee contributes
to the all-bird conservation goal of the Atlantic Coast Joint Venture. Further
monitoring projects are being planned by Partners in Flight through the Northeast
Bird Monitoring Partnership, and participation by Maryland is needed to complete
data collection for the region. Participation on the Atlantic Flyway Council
Nongame Migratory Bird Technical Section allows the state to work with federal and
other state representatives in a regulatory arena for nongame migratory bird
conservation.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 562
Job Title: Monitor Peregrine Falcon Population
Principal Investigator: Therres

Job Objective:

To assist the U.S. Fish and Wildlife Service in collecting population
parameters necessary to monitor the status of the post-delisted nesting peregrine
falcon population. Parameters to include number of breeding pairs, nesting
success, and productivity.

Activities/Findings:

Assisted the U.S. Fish and Wildlife Service endangered species biologist
with surveying many of the known peregrine falcon eyries for nesting activity from
April through July.

No surveys of cliff sites along the Potomac or Susquehanna Rivers were
planned or conducted during this period.

Reasons for deviation (if any):
None.

Recommendations for continuation of the job:
This job should be continued to document the population status of this
former endangered species in accordance with the post-delisting monitoring plan.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 570
Job Title: Monitor Barn Owl Population
Principal Investigator: Smith

Job Objective:

To collect population parameters necessary to determine the status of
Maryland®s barn owl population. Parameters will include nest site occupancy,
nesting success and productivity.

Activities/Findings:

This report of activities associated with barn owl conservation in Maryland
includes the period July 1, 2008 to June 30, 2009. A single nest box (#25) was
checked on April 24, 2009 at Hazard Island, Fairmount Wildlife Management Area,
Somerset County. A pair of adult barn owls was present in the box, and the female
was incubating 6 eggs. We resurveyed this nest box on May 5, 2009. Only the
female, 4 eggs and 2 recently hatched chicks were present. The female was
captured, banded, and then returned to the nest box without flushing. The keel
and pelvis of a dead adult-sized barn owl were found on the ground outside the
nest box. We then conducted a cursory survey of the sites of other former barn
owl nest boxes in nearby areas, most notably Teague Creek. Four additional nest
boxes (#s 23, 24, 26, 27) resided on these sites in past years, however only 4x4
support posts remained for all boxes except the occupied box (#25) on Hazard
Island. Box #25 is in the lee of the island, so it is not directly exposed to the
prevailing westerly winds and the open bay (Tangier Sound).

Reasons for deviations (if any):
Only a cursory survey was conducted of a small area of Somerset County in
2009 due to reduced staffing levels and more urgent priorities.

Recommendations for the continuance of job:

Periodic monitoring of barn owl nest box use and productivity should be
continued. A continuing effort needs to be made to replace destroyed or
deteriorating nest boxes. An inventory of box condition is greatly needed.
Adequate staffing needs should be addressed to accomplish these goals.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 571
Job Title: Conduct Small Mammal Surveys
Principal Investigator: Feller

Job Objective:
To assess the population status of select species of small mammals in
Maryland.

Activities/Findings:

Activities this year focused upon bat populations due to developing events
in the Northeast concerning White Nose Syndrome (WNS). Departing from previous
protocol, all important bat hibernacula were monitored this year in response to
reports of positive WNS hibernacula well within cave bat migration distances at
caves iIn West Virginia and Pennsylvania. The reported absence of Indiana bat
(Myotis sodalis) in previous years in Maryland bat hibernacula monitoring and the
possibility of detecting WNS justified a departure from Indiana bat protocol of
alternate year monitoring of sites. Regardless, effort, personnel and area
surveyed have remained remarkably consistent during this long-term effort, with 14
years of data available for some sites. Five hibernacula were surveyed in
February 2009, including 1 abandoned railroad tunnel, 7 abandoned limestone mines,
and 3 caves (Table 1). We observed 1,417 bats of 5 species in hibernacula,
dominated by little brown bats (Myotis lucifugus) and eastern tricolor bat
(Perimyotis subflavus). Overall, numbers were near or above historic highs for
all sites. No federal listed species were encountered again this year, however,
the state endangered small-footed bat (M. leibii) was observed in Crabtree Mine
and in Indigo Tunnel. Observations of M. leibii at these sites has been sporadic
over the years, but is suspected to be a regular inhabitant of both sites though
as they often roost inconspicuously in deep crevices.

The installation of bat friendly gates to control human access has been
remarkably successful at both Crabtree and John Friend caves. Post-gating
hibernacula counts now average more than twice that of pre-gating census. Though
vandalism is problematic, persistent monitoring and repair has retained gate
effectiveness. Repairs were made to the Crabtree Cave gate this year, which was
temporarily breached by vandals. In further support of the negative effects of
human visitation is the doubling of the Griese Cave bat population in 3 years,
undoubtedly a direct result of closure to recreational access by the landowner 3
years ago.

Technical assistance has been given to the continuing study of bat use at
Stickpile, Kessler, and Indigo Tunnels. Not only do the abandoned railroad
tunnels serve as hibernacula to more than 1,600 bats representing 6 species, it is
also one the largest eastern small-footed bat hibernacula (Myotis leibii)
rangewide. Other hibernating species include big brown bats (Eptesicus fuscus),
eastern tricolor, silver-haired bats (Lasionycteris noctivagans), little brown
bats, and northern long-eared myotis (M. septentrionalis). The federally
endangered Indiana bat (M. sodalis) has been captured during fall swarming at
Indigo tunnel and may hibernate at this site.

In response to the outbreak and spread of WNS in the northeast, staff
attended the U.S. Fish and Wildlife Service sponsored WNS Meetings and have
participated regularly in WNS State/Federal agency conference calls. Sampling



protocols and other WNS information have been disseminated to bat researchers
working in Maryland. The few caves in Maryland that have controllable access and
serve as critical bat hibernacula have been temporarily closed to recreational
caving as a precaution to prevent the possible spread of WNS.

Reasons for deviation (if any):
None.

Recommendations for continuation of job:

This project should be continued to expand our knowledge and understanding
of select small mammal populations with a focus on rare species. Hibernating bat
monitoring intensity will be increased in the upcoming year to include assistance
with fall swarm trapping studies at Indigo tunnel and expansion of winter
hibernacula census efforts for WNS detection Maryland caves/mines.

Table 1. Numbers of bats found during hibernacula surveys in 2009.

Location Date PESU MYLU MYLE MYSE M. sp. EPFU Bat sp. Total
Crabtree 2-16-09 136 200 0 4 0 0 2 342
Cave

Crabtree 2-16-09 0 1 1 1 0 9 0] 12
Mine

John Friend 2-21-09 98 141 0 7 0 0 0 246
Cave

Roundtop 2-27-09 119 244 0 0 0 34 1 398
Mines (6)

Greises Cave 2-25-09 44 246 0 1 0 3 0 294
Indigo 2-19-09 37 2 2 0 0 84 0 125
Tunnel

Totals 434 834 3 13 0 130 3 1417
PESU = eastern tricolor bat (Perimyotis subflavus)

MYLE = small footed bat (Myotis leibii)

MYLU = little brown bat (Myotis lucifugus)

MYSE = long-eared bat (Myotis septentrionalis)

M. sp. = unidentified Myotis species
EPFU big brown bat (Eptesicus fuscus)



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 572
Job Title: Conduct Nongame Bird Surveys
Principal Investigator: McCann/Brewer

Job Objective:
To assess the population status of select species of nongame birds in
Maryland.

Activities/Findings:

Staff organized and participated in a regional nightjar (Whip-poor-will,
Chuck-wills-widow and Common Nighthawk) monitoring program in May and June 2009.
Eight nocturnal survey routes were completed by a single observer and 7 routes
were completed by double observers in Maryland through the efforts of staff and
volunteers. Data were collected in 8 counties and 13 routes represented repeat
surveys of routes covered in 2008. Survey routes consisted of 10 points located 1
mile apart. At each point, data were collected on the calling of individual
nightjars over a 6-minute period. Data collection took place only under
conditions of at least 50% moon face illumination, moon above the horizon, clear
skies, and wind speed less than 8 mph. Data are being summarized and analyzed by
state biologists and for the northeast region by New Hampshire Audubon staff
through a small grant from the Northeast Coordinated Bird Monitoring Partnership
effort. These data will be used to track population trends, examine habitat
correlates, and identify areas where these species may be relatively abundant.

Staff participated in a regional, spatially-balanced sampling design study
of Golden-winged Warbler in June 2009. Ten points were surveyed In western
Maryland using the passive point count/audio playback protocol developed through
previous pilot surveys. Habitat data were collected at each point according to
the study protocol. Only 2 Blue-winged Warblers were detected at survey points
this year. Data will be used by the Cornell Lab of Ornithology and partners to
develop an occupancy-based model for predicting regional population trends.

Reasons for deviations (if any):
None. Surveys for other select nongame birds were not planned during this
reporting period.

Recommendations for the continuance of job:
This job should be continued.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 575
Job Title: Monitor Delmarva Fox Squirrel Population
Principal Investigator: Therres

Job Objective:
To assess the population status of the Delmarva fox squirrel in Maryland.

Activities/Findings:

No live-trapping at the LeCompte WMA benchmark site was conducted in the
spring of 2009.

Locations of sightings and other incidental observations of Delmarva fox
squirrels were recorded as new information became available. Location information
was provided to the U.S. Fish and Wildlife Service’s Chesapeake Bay Field Office
for inclusion in the Delmarva fox squirrel database and occupied habitat maps.

Staff provided advice to the Delmarva fox squirrel biologist with the U.S.
Fish and Wildlife Service in the Chesapeake Bay Field Office for the development
of a monitoring plan for the Delmarva fox squirrel. Staff met with the Service
biologist on several occasions and reviewed draft monitoring protocols and plans.

Staff attended the May 2009 Delmarva Fox Squirrel Recovery Team meeting.

Reasons for deviations (if any):
No live-trapping at the LeCompte WMA benchmark site was conducted due to
budgetary issues.

Recommendations for the continuance of job:

This job should be continued as long as the Delmarva fox squirrel is listed
as an endangered species. Also, continued participation on the Delmarva Fox
Squirrel Recovery Team justifies the continuation of this job.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 576
Job Title: Monitor Nesting Northern Goshawks
Principal Investigator: Brinker

Job Objective:
To document the breeding efforts and success of goshawks in Maryland and to
determine the movement patterns of nesting adult goshawks.

Activities/Findings:

This report of activities associated with northern goshawk (Accipiter
gentilis) monitoring in Maryland covers the period from July 2008 through June
2009.

To solicit additional observations and/or reports of northern goshawk nests,
the information poster produced during 2003 was again distributed to land managers
in Garrett and Allegany counties during the spring of 2009. Land managers were
asked to display the poster on public information boards throughout state parks,
forests and wildlife management areas. The poster was designed to solicit
information on sightings of goshawks that might be useful in locating additional
nesting territories from campers, fishermen, hikers, hunters and other
recreationists using public lands.

All recently active (post 2000) goshawk nest territories were monitored for
breeding activity. Early season dawn calling surveys (Dewey et al. 2003) were
conducted at 3 sites during late March 2009. No courting adults were detected.

At all sites, potential habitat within 500 meters of the 2001-2006 nest locations
was searched for active nests. No Leads to possible new goshawk nest sites turned
up during 2009.

The reproductive success of northern goshawk pairs monitored in Maryland
since 2001 is summarized in Table 1.

No Maryland adults were fitted with platform transmitter terminals (PTTs)
during 2009.

Reasons for deviations (if any):
None.

Recommendations for the continuance of job:

The reproductive monitoring portion of this job should be continued on an
annual basis until such time that goshawks are considered secure and down listed
or removed from the Maryland list of threatened and endangered species. Satellite
monitoring of adults should continue until adequate knowledge of breeding and non
breeding season movements and habitat use is obtained. Movement information is
most useful for evaluating landscape scale habitat requirements for goshawk
breeding and wintering needs in the central Appalachian Mountains.



Table 1. Maryland northern goshawk nesting and productivity, 2001-2009.

Year Territories Active ﬁi;ﬂif Successful Chicks Jgk?%ﬁ?g;
Checked? Territories " Pairs (%) Produced .
Monitored Pair
2001 0 1 0 ? ? -
2002 1 2 1 1 (100) 3 3.0
2003 2 2 2 2 (100) 4 2.0
2004 3 3 3 0 0 0 0
2005 3 1 1 1 (100) 2 2.0
2006 3 1 1 1 (100) 3 3.0
2007 3 0 0 0 ) 0 0
2008 3 0 0 0 ) 0 0
2009 3 0 0 0 ) 0 0
Total 32 - 8 5 (63) 12 2.4

'Recent territories, those from prior to 2000 are excluded.
2Total number of territories documented since 2000.



JOB PERFORMANCE REPORT
State: Maryland
Project Title: Research and Surveys/Wildlife Diversity
Job No.: 690
Job Title: Monitor Allegheny Woodrat Populations
Principal Investigator: Feller

Job Objective:

Continue to assess the distribution, population trends, viability, and
conservation needs of the Allegheny woodrat (Neotoma floridana), which is
disappearing from known historic sites in Maryland.

Activities/Findings:

Five selected woodrat populations were monitored through mark-recapture live
trapping while scat and midden indices were collected at an additional 2 sites
(Tables 1 and 2). Monitoring efforts this year covered approximately 6% of
Maryland®"s woodrat sites (extant and extirpated). Overall, Maryland®"s woodrat
population has dramatically decreased since the 1980s. Declines earlier than 1970
have been suggested, although no quantitative data is available to substantiate
those claims. Currently, most woodrat sites in Maryland are extirpated, and most
occupied sites remain sparsely inhabited. A more detailed analysis of long term
woodrat population monitoring was completed in 2007 and published last year
(Mengak, M.T., C.M. Butchkowski, D.J. Feller, and S_.A. Johnson. Lessons from long-
term monitoring of woodrat populations. Pages 109-132 in J. D. Peles and J.
Wright, eds. The Allegheny Woodrat: Ecology, Conservation, and Management of a
Threatened Species, Springer, New York, NY). Included is a compilation of
Allegheny woodrat research conducted in Maryland from 1990 to 2006, with data
obtained from 938 woodrat captures during 5,114 trapnights at 27 sites and 275
periodic latrine/midden index surveys conducted at 108 sites. The analysis
concluded that population declines have been significant with only 33 of 108
documented sites still extant and an average site extirpation rate of 1.5% per
year. Woodrat population densities at long-term monitoring sites declined
dramatically over the course of study. Recent capture rates are generally less
than 33% of long-term averages and peak populations at most sites occurred more
than 10 years ago. The loss of woodrats from western Garrett, Montgomery, and
nearly all of Frederick County has caused a considerable range contraction within
the state.

Monitoring at long term mark-recapture and latrine/midden indice sites this
year followed similar trends. Populations are mostly at moderate to very low
levels. The Allegheny woodrat may be extirpated in the Blue Ridge physiographic
province in Maryland. Surveys of 2 remaining sites are needed for final
determination of woodrat occupancy in this region.

Determination of woodrat population trends is a complex task. As indicated
by data in Table 2, woodrats function as a metapopulation where some sites may
temporarily become extirpated and subsequently recolonized-or not. Intensive
long-term monitoring is required to decipher population trends under these
conditions, comparing extirpation/recolonization rates and identifying trends in
distribution, particularly range contraction. Monitoring in Maryland has
accomplished this and clearly demonstrates there is a measurable and significant
decline of this species” presence in the state.

Occupied sites in Maryland have become increasingly isolated by development,



both residential and commercial, with particular note to upcoming impacts from
proposed windpower development projects. Windpower poses a unique threat to ridge
crest rock outcrop communities, the most extensive habitat available to woodrats
in Maryland. Previously these sites were subjected primarily to negative impacts
associated with sporadic and localized logging, but windpower development will
dramatically increase permanent forest/rock habitat loss due to construction of
significantly wider roads connecting large permanent openings around turbine
locations. On narrow ridges, windpower projects can impact the entire ridge
crest, which threatens the best existing habitat left in Maryland. Wind turbine
construction projects have been proposed on both private and public lands.

Timber harvests on private lands, gypsy moth induced oak mortality, and
other factors affecting mast production are other probable causes of woodrat
decline.

Given the status of the Allegheny woodrat in Maryland, and knowledge of the
species status elsewhere in its range, it would be prudent for the USFWS to review
this species for federal listing as threatened or endangered.

Reasons for deviations (if any):
None

Recommendations for the continuance of job:

This job should be continued to document the status of the Allegheny woodrat
in Maryland. Located near the leading edge of woodrat decline and at the center
of its range, Maryland holds a key position to determining the species national
status. A more intensive monitoring effort is needed to update the status of many
of the 75 extirpated and 33 extant sites documented in Maryland. Continued
monitoring will provide further insights into woodrat population dynamics, though
more collection of site specific information on mast production and the occurrence
of raccoon roundworm within these sites is needed to evaluate these possible
causative factors.



Table 1. Allegheny woodrat population estimates at long-term live trap monitoring sites in Maryland.?

Location Year 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996

Allegany County

Fort Hill Quarry 0 0 2 0 0 0 1 0 0 2 1 1 0 1
Fort Hill NNW 2 0 0 0 0 3 1 4 3 4 4 3 3 3
Dans Rock 6 8 6 6 5 3 0 4 4 7 2 3 2 10

Garrett County

High Rock 5 2 1 1 2 2 14 14 9 2 2 0 22 16
Frederick County

Fishing Creek 0 - 0 - 1 - 5 1 3 5 9 7 - 11

Abe Mill Mt. - 1 - 1 - 4 0 1 1 2 3 - 7 -

® Lincoln\Peterson Index (population estimate)

"-" indicates site not live-trap monitored that year



Table 2.

Woodrat scat/midden monitoring sites in Maryland - 2009

Current Status Woodrat
Location Status History Density
Washington County
Roundtop Mines Extirpated
1987 — Extirpated
2002 — Extant Low
2004 - Extant Low
2005 — Extant Low
2007 — Extirpated
2009 - Extirpated
Garrett County
Crabtree Cave Extirpated
1988 to 2002 - Extirpated
2003 — Extant Very Low
2004 - Extirpated
2007 - Extirpated
2008 - Extirpated
2009 - Extirpated
John Friend Cave
Extirpated
1991 to 2009 - Extirpated
River Hill
Extirpated 2009 — Extirpated

*Woodrat presence or absence
reliable in spring and summer.

as determined by scat/midden surveys

least
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Chapter 7
Lessons from Long-Term Monitoring
of Woodrat Populations

Michael T. Mengak, Calvin M. Butchkoski, Daniel J. Feller,
and Scott A. Johnson :

Introduction

The historic range of the Allegheny woodrat Neotoma magister extended from
Connecticut west to Indiana and south along the Appalachian Mountains to north-
east Alabama (Wright Chapter 1). The Allegheny woodrat was initially listed as
a Category II species under the Endangered Species Act of 1973 by the US Fish
and Wildlife Service (Federal Register 1989). While Category II designations are
no longer used by regulatory agencies, the Allegheny woodrat remains imperiled
throughout its geographic range (Wright Chapter 1).

Allegheny woodrat habitat consists of caves, cliffs, talus fields, rock outcrops,
or other rocky substrate having crevices sufficient in number and depth to accom-
modate woodrats (Ford et al. 2006). By the very nature of this habitat, potential
woodrat sites are widely distributed across the landscape. The intervening habitat
matrix is a fragmented patchwork of forest and human modified elements. Woodrats
exist across this matrix as isolated clusters. This metapopulation arrangement places
woodrats and other similarly distributed species at an increased risk for extinction
of regional populations (Hanski and Gilpin 1991). Thus, an effective monitoring
program aimed at rapidly detecting declines in population size or distribution of
population clusters is crucial if management activities are to be undertaken in time
to prevent total loss of clusters or the species itself.

Status checks of woodrat locations can be divided into monitoring programs and
inventory or survey studies. The goal of a monitoring program is, or should be,
to detect changes in the magnitude and direction (increase or decrease) in average
numbers of animals at several sites over a well-defined time period (Thompson et al.
1998). Inventory or survey studies, by contrast, provide spot-checks for the activity
of woodrats at sites across the species range, once or at long temporal intervals.
Each will yield different information, and the two may work best in combination.

M.T. Mengak
Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602
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‘Sampling of rare species, such as the Allegheny woodrat, entails special prob-
lems (Thompson 2004). While presence is easily confirmed with the capture of at
least one individual, absence can only be deduced after repeated attempts to locate
a woodrat result in failure. Time and budget constraints determine the number of
repeated attempts a program can make in a single area of potential habitat before
categorizing that area as unoccupied.

Accessibility of cliffs, caves, and talus/rock debris is another challenge. Private
landowners may not support endangered or rare species surveys. Public lands may
lack roads or trails that also make access difficult. Selection of sites for long-term
monitoring (LTM) may be based on access (determined by legal, time, and monetary
constraints) and not due to considerations of statistical randomness. Questions of
extensive versus intensive sampling will vex the investigators seeking to balance
experimental design with real-world constraints of time and money that can be
devoted to sampling.

A metapopulation may be defined as a collection of local populations linked
by dispersal (Hanski and Gilpin 1991). Although the Allegheny woodrat exhibits a
metapopulation structure (Wood Chapter 3), the question of how to define a local
population is left to individual investigators. Some population site limits are easy
to define, such as a cave and its entrance, but others are more arbitrarily delineated
boulder fields and scattered rock piles. A priori knowledge of woodrat movements
from one rock field to another is often lacking, and thus what seems like distinct rock
fields may actually be a single continuous area of habitat. Allowing the rock outcrop
or cliff to define the extent of the population may be practical, but could give a
different outcome compared to letting the animals define the population boundaries.
However, the latter can only accurately occur with radiotelemetry (expensive) or
genetic sampling (a posteriori).

Sampling protocols for point (cave), linear (cliff lines), and area (boulder fields)
habitat may differ based on study objectives. Occurrence will be determined by
simple presence or absence, but more complicated metrics, such as abundance or
density, will require site-specific sampling protocols. There is no substitute for an
actual capture to determine occurrence, but given constraints of time and money,
indirect measures of occurrence may prove useful in locating potential sites for more
intensive study. Indirect measures include visual surveys for feces, middens, or
nests. These measures should only be used to evaluate trends in populations if vali-
dated by other independent means. Resampling should be frequent enough to detect
the trends in population status and recolonization of formerly occupied habitat.
Additional data collected by monitoring or surveys should include, at a minimum,

information on weight, sex, relative age, and overall health of the animals. Ancillary
information could include ectoparasites and tissue for genetic analysis, feces for
food habitats studies, and site observations of food caches and latrines. Surrounding
landscape characteristics can be gathered from ground surveys or remotely sensed
data sources. A global positioning system and geographic information system (GIS)
should be used to record and interpret data.

Beyond the basic ground rules, monitoring practices for a species of concern
can take various forms. Here, we review ongoing monitoring and survey programs

of Allegheny woodrats from Pennsylvania, Indiana, Maryland, and Virginia. 1hese
states have the longest history of monitoring woodrat populations and serve as
models for monitoring programs. Insight gained through these monitoring programs
has greatly advanced our knowledge of woodrat biology and ecology.

Pennsylvania Program

Acting on anecdotal cases that suggested the Allegheny woodrat was disappearing
from some of its historic range in Pennsylvania, a network of mammalogists initi-
ated a live-trapping program at several sites across the state in 1982. Trapping was
done in mid-September through mid-October under favorable weather conditions
with 40 live traps on two consecutive nights. Live-trapping protocols for Penn-
sylvania, as well as for the other states’ programs described i this chapter, used
16-ga wire mesh Tomahawk live-traps (Models 102 and 201) baited with sliced
apples or with rolled oats and peanut butter. Captures were ear-tagged, weighed,
and reproductive condition noted. Although the raw data from the first year of this
effort unfortunately did not survive, the standardized protocol that was developed,
the increased knowledge of woodrat habitat, and the summary results of trapping
convinced the Pennsylvania Game Commission that a more coordinated program
was needed.

Beginning in 1987, four long-term monitoring sites were trapped yearly through
the mid-1990s (Fig. 7.1). At one site, Wolford Gap, defoliation by gypsy moth
(Lymantria dispar) was observed in the first year, with severe tree mortality noted
in 1990. This site was supplemented with acorns from both red and white oaks
(Quercus spp.) and a 50/50 mixture of oats and wheat, three times each year in fall,
winter, and spring from 1988 to 1993. By 1990, the Pennsylvania Game Commis-
sion established a primary objective to complete an inventory of active woodrat sites
statewide. To accomplish this task, survey priorities changed from labor-intensive
live-trapping to visual identification of woodrat sign (Hassinger and Dunn 1990).

In line with this objective, investigators have developed operational definitions
and a code manual (Butchkoski 2006) to enable teams to accomplish the visual
surveys. Based on live-trapping experience, a habitat site is defined as an area of
more-or-less contiguous surface rock, with no break in coverage greater than 200
‘m that contains one or more activity centers. Activity centers are defined as an area
30 m in diameter, that is centered on signs of fresh or old activity (toilet areas or
midden caches) in surface rock (Hassinger et al. Chapter 8). The inhabitants of each
habitat site were termed a subpopulation (Hunter 1996). In a visual assay, surveyors
located habitat sites and then scored and recorded woodrat toilet areas and food
caches. Toilet areas were categorized as fresh (intact, dark-colored, shiny) or old
(disintegrated, gray, dull). Food caches also were categorized as fresh (intact, green,
succulent) or old (disintegrated, faded, dried-out, fragile). In line with the experi-
ence from trapped sites, when fresh sign was found the habitat site was designated
“active;” when only old sign was found the site was scored as “inactive.”
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Fig. 7.1 Number of Allegheny woodrats (Neotoma magister) live-trapped at four Pennsylvania
long-term monitoring sites: Askon Hollow Cave (Fayette County), Waggoner’s Gap (Cumber-
land/Perry County), and Sweet Root and Wolford Gap (Bedford County). Food supplements for
Wolford Gap site shown; supplements ended April 1993

Potential activity centers (suitable rocky habitat where no woodrat sign was
found) were also recorded for future reference. Data collected from additional
habitat sites included geographic location, habitat site size (length and width of
rocky habitat), surface rock characteristics, topography, and vegetation. Data were
then incorporated into a Microsoft® Access database and GIS (ESRI®/ArcMap,
Environmental Systems Research Institute Inc.). '

A second level of definitions was applied once the sites were mapped. Pennsyl-
vania biologists defined a metapopulation area as an assemblage of habitat sites
where migration from one subpopulation to at least some others is possible, at a
distance of up to 2km. The subpopulations seem to be able to exchange individ-
uals and recolonize habitat sites that have recently become vacant. Operationally,
topographically related habitat sites separated from the nearest metapopulation area
by at least 10km of habitat not suitable to woodrats or a significant barrier to
dispersal (e.g., a river or farmed valley) were grouped together. Finally, a conser-
vation management area (CMA) was defined as a set of physiographically related
metapopulation areas that can feasibly be managed with a defined strategy. A CMA
represents an economy of scale; different metapopulation areas within a CMA are
likely to be impacted similarly by regional threats and public land management.
Typically, in Pennsylvania, a CMA is a mountain complex or river drainage. Future
management planning will be focused at the CMA level. :

Trapping records from the long-term sites (Fig. 7.1) illustrate subpopulations
winking out (Askon Hollow Cave) and numbers of individuals fiuctuating from
year to year. At Wolford Gap, the site with supplemental feeding, the popula-
tion remained relatively stable, despite defoliation and tree mortality, until feeding
ceased. Although the Wolford Gap site information is somewhat anecdotal, this is
the only known case where a subpopulation received supplemental feeding, and the
numbers suggested that there was a positive response. Sample size is too small to
determine whether feeding decreased mortality or increased reproduction or immi-
gration into the site. However, this case does point to the need for stable food
resources on a site or, more importantly, within a metapopulation.

The program of visual site surveys (sometimes complemented by trapping)
covered much of the state by 2000. Since that time, additional surveys have filled in
details, and many sites have been resurveyed. The authors acknowledge that visual
surveys cannot confirm the presence or absence of a woodrat at a site. Rather,
the surveys indicate sites that may currently be occupied by woodrats or were
historically occupied. From 1982 to 2006, Pennsylvania biologists have conducted
1,255 surveys at 802 habitat sites (including appropriate habitat where no evidence
of current or previous occupation was found). Surveyors have found evidence of
current or former woodrat occupation at 443 (55.2%) of these sites; 246 (55.5%)
were scored as active, and 197 were categorized as no longer active.

@ Active, Fresh Sign (N=245)
A Inactive, Historic (N=48)

[ active (N=31)
o Binactive (=48)

Legend
Habitat sites (N=440) Metapopulations (N=79)  Conservation Management Areas (N=23)
Status Status Status

e

o Inactive, Old Sign Present (N=147)

Fig. 7.2 Allegheny woodrat (Neotoma magister) surveys and landscape groupings used in Penn-
sylvania with labeled Conservation Management Areas (CMA)




pauipauon OI woodrats trom habitat sites, metapopulations, and CMAs
all have been documented in Pennsylvania (Fig. 7.2). Although extirpation of a
subpopulation is cause for concern, it is not uncommon for habitat sites to become
vacant and then be recolonized while the metapopulation area (group of habitat sites)
remains active. Thus, extirpation at a habitat site is not a reliable indicator of overall
population decline. Therefore, in Pennsylvania the focus for analysis has shifted to
documenting occupation at the metapopulation level (Fig. 7.2). We have no documen-
tation of entire inactive metapopulations becoming recolonized. The same is true with
the recolonization of CMAs, and 9 of the 23 CMA s are currently categorized as extir-
pated. The BLEA CMA (most eastern) is the most recent known extirpation, with the
last habitat site becoming inactive during the fall/winter of 2003/2004 (Fig. 7.2). This
CMA is being monitored continually. The ALRT CMA (most western) likely became
extirpated between 1990 and 1991, given the large amount of old sign observedin April

of 1992. Based on museum records and preserved sign in protected areas, the other .

seven CMAs were likely extirpated over 20 years ago. At least four CMAs (ALFW,
CEMT, NEMT, and SAMT) have few and relatively small active metapopulations and
may be considered threatened with extirpation (Fig. 7.2). Quite clearly, the Allegheny
woodrat is in decline in Pennsylvania.

The incorporation of distribution data into GIS has allowed a rough model of the
statewide distribution of woodrat habitat to be produced. Spatial data for the model
were obtained from Pennsylvania’s Spatial Data Access Website (http://www.pasda.
psu.edu). Core habitat was modeled using land cover, slope, and surface geology
found within 300 m of known active sites. This yielded a core habitat characteriza-
tion consisting of a land cover of forest and slope of >10° on 20 surface geological
formations in Pennsylvania (Butchkoski 2003, 2006). A map using this definition of
appropriate habitat throughout the state demonstrates the linear, fragmented nature
of the rare rocky habitat carrently known to be available to woodrats in Pennsylvania
(Fig. 7.3). ‘

The modeled area (ha) of active habitat, with some reasonable assumptions
about woodrat density, has allowed us to estimate the total number of Allegheny
woodrats in Pennsylvania. Using the number of apparent occupied den areas docu-
mented on active-habitat polygons for each CMA (known sites/ha by CMA), and the
density of five animals per 45 ha (high-density estimate) or 300 ha (low-density esti-
mate) of active habitat resulted in a statewide population estimate of approximately
1,500-10,000 Allegheny woodrats. Currently, the estimate is a coarse one, but this
figure is one that can be refined, and at the low end definitely emphasizes the rarity
of the species on a landscape scale.

The visual survey technique used in Pennsylvania has been successful in satis-
fying our primary objective of inventorying the current range of woodrats in the
state, given the large spatial distribution and rugged landscape this species uses.
A bonus has been the identification of long-extirpated habitat sites where old sign
has been found in protected locations, such as caves or deep rock crevices, with
the caveat that with this method we are not able to say when the last inhabitants
disappeared. A large number of data points also is valuable for identifying habitat
characteristics, range trends, and connectivity or fragmentation that will be useful
in managing the species on a landscape scale.

Fig. 7.3 Rocky habitat currently estimated in use by Allegheny woodrats (Neotoma magister) in
Pennsylvania. Shading depicts the rocky habitat at or near currently known active woodrat habitat
sites in Pennsylvania and was extracted from a statewide habitat model created using surface
geology (rock type) used by woodrats in forest cover on a > 10° slope. The figure also emphasizes
the woodrat’s dependence on geologic features (ridges and gorges) with a linear distribution

Coupled with the use of GIS, our surveys allow researchers to ask questions stuch
as: How much fragmentation can a population tolerate on the habitat site, metapopu-
lation, and CMA? What influence do food resources have on reproduction, dispersal.
and recolonization? Do woodrats use landscape characteristics for dispersal? What
are the potential barriers to dispersal? Our biggest information gaps at this point
are data delineating microhabitat characteristics, behavior, and reproductive biology
that would suggest mechanisms for large-scale patterns. These can be addressed in
the future by the carefully designed manipulative studies at a more local scale.

Maryland Program

In 1990, as a response to reported population declines in northeastern states, Mary-
land’s Department of Natural Resources Natural Heritage Program staff initiated an
intensive survey to determine the status, distribution, and current population trends
of the Allegheny woodrat. This effort included long-term population monitoring
at six sites and intensive surveys of potential habitat across the state (Feller et al.
1994). For the long-term monitoring study, live-trapping methods were initially
employed at four sites in 1990, and continued annually from July through September
to minimize disruption of parturition and rearing of young. Biennial trapping was
added at an additional two sites, with an overall term of 15-17 years for the six
long-term sites. Sites encompassed a variety of habitats including limestone bluffs



. -and quarries, ridge crest sandstone, and streamside metamorphic outcrops, selected
to include at Jeast one site in each of the four counties still occupied by woodrats.

Methods for live-trapping generally followed the protocol used by other states.
Methods were modified slightly to conform to local habitat characteristics, but
remained constant at each site. Ten to 35 (X =24) Tomahawk live traps baited with
peanut butter and oats were placed (ca. 10-20 m apart) in protected overhangs, and
adjacent to latrines or middens when possible. Marked trap locations at each site
provided sampling consistency over time. Sex, mass, and reproductive condition
was recorded for each capture prior to ear tattoo application and release.

A second effort was aimed at inventorying the distribution and abundance of
woodrats throughout the state. Potential habitat in the form of caves, rock outcrops,
cliffs, and large talus was identified throughout the state using topographic/geologic
maps, leaf-off aerial photographs, museum records, publications, and knowledge of
DNR field staff and others. The vast majority of ridge crests and steep areas in the
woodrat’s historic range were traversed by foot. In addition to revisiting all historic
sites, field surveys documented woodrat sign at an additional 62 sites (Feller et al.
1994). A site was defined as a single or cluster of habitat islands occurring within
a linear distance of <1km and with no intervening barriers to dispersal, such as
rivers, improved roads, clearings, or development (Lay and Baker 1938). Some of
the visual survey sites (n = 21) were live-trapped at least once. In conjunction with
the long-term sites, these trap sessions yielded 938 captures of 530 woodrats in 5114
trap-nights at 27 sites.

‘The vast amount of potential woodrat habitat identified from survey work, along
with budget restrictions, required a more efficient alternative to live-trapping to
determine site status and in estimating population size. A unique feature of the
Maryland surveys was the development of quantitative latrine and midden surveys.
These surveys permitted the assessment of presence/absence without the need for
live-trapping. Fresh scats were defined by either a soft moist texture or black shiny
exterior and were classified as old if dry with a dull, deteriorated exterior appear-
ance. Based on visual observations, scat appearance transformed from fresh to old
within a two-month period, the rate appearing to be influenced by temperature,
humidity, and degree of exposure to weather. Fresh middens contained green vege-
tation, fresh cuttings, or recently acquired mast, while old middens had only dried
vegetation, sticks, or empty nut hulls. Middens (or caches) constructed by woodrats
have unique characteristics (Poole 1940), allowing them to be easily distinguished
from those made by other animals.

A correlation of fresh latrine counts and live-trapping results conducted simul-
taneously at 13 localities (n = 33) over three seasons (spring, summer, and fall)
showed fresh latrine counts in fall to be the best indicator of woodrat density
(#* = 0.80, n = 6). Summer (#2 = 0.72, n = 14) and spring (* = 0.59, n = 13) indices
were less reliable. Generally, an average of 2.1 fresh latrines was found for every
woodrat captured. Very low woodrat densities at sites, particularly at shale barrens
or other rock structures with limited deep crevice access, could give false negative
results from scat surveys alone. This occurred at a proportion of sites during all three
seasons and was most prevalent in summer (25%), and least in fall (17%). Presence

of freshly cached vegetation in middens can reduce false negative determinations of
current woodrat occupancy in the fall of the year. Using the quantitative scat and
midden protocol, quantity and relative age (fresh or old) of woodrat latrines and
middens were recorded during 265 intensive field surveys that investigated every
accessible crevice, cave, and overhang.

At the six long-term sites, 3,478 trap-nights yielded 637 captures of 304 woodrats.
Intensive trapping during the first year showed 25% of all marked animals absent
from the original site within six months of initial capture. Rarely did a missing
woodrat appear at an adjacent site or in a subsequent year, suggesting the absence
was due to mortality. Long-term data showed a 37% recapture rate of woodrats
during the second consecutive night of the two-night monitoring effort, while only
15% were recaptured the following year. Two male woodrats survived > 5 years; this
exceeds previously published reports for longevity in Allegheny woodrats (Mengak
2000, Mengak et al. 2002).

Lincoln-Peterson population estimates varied from 1 to 24 (X = 5) woodrats/site,
with peaks reached at all sites in the early to mid-1990s. Current (2006) popula-
tion estimates of 1-6 (X = 1.5) woodrats/site demonstrated the reduced abundance
of woodrats at all monitoring sites. Each of the six monitoring sites was reduced
to zero or one woodrat at least once since the late 1990s and was subsequently
recolonized, presumably by immigrants from nearby sites, as is characteristic in a
metapopulation.

The statewide survey (visual inspection plus trapping) identified 108 sites that
woodrats have occupied at some time in Maryland. These included historic records,
sites at which only old sign was found, and active sites with fresh sign. Between
1990 and 2006, only 50 (46%) of the 108 survey sites had current sign of woodrat
activity (either fresh scats or fresh midden contents). This suggests a recent and
severe woodrat population decline throughout Maryland. Since most of the sites
were identified prior to 1993, declines were well underway prior to the start of the
1990 survey. Distribution of all 108 sites, historic and recently documented, shows a
concentration in western counties (Fig. 7.4). Nearly 90% of Maryland woodrat den
sites were within fractured sandstone or metamorphic rock that forms cliffs, smaller
vertical outcrops, or large (>1 m) talus, though most frequently a combination of
two or more rock forms occur at any one site. The remainders are shale barren
outcrops, caves (Franz and Slifer 1971), mines, tunnels, and very rarely unoccu-
pied buildings in remote settings. Den sites are integrated within an eastern decid-
uous forest community most frequently dominated or codominated by one or more
oak species at present time. As evidenced by the presence cf American chestnut
(Castanea dentata) saplings at all Maryland woodrat sites, this species was likely
an important canopy component prior to infection by blight (Cryphonectria
parasitica). Statewide range remained similar to that as described earlier by Paradiso
(1969), exceptions being first occurrence records in the Blue Ridge physiographic
province and a failure to find any sign of woodrat habitation in the Piedmont
(Fig. 7.4).

When results of live-trapping and periodically repeated latrine index surveys
were combined, a reliable woodrat occupancy history over the course of the
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Fig. 7.4 Allegheny woodrat (Neotoma magister) survey sites in Maryland and Virginia. “Active”

apd “extirpated” designations refer to status of woodrat population in the most recent survey at the
site since 1990

17-year study (1990-2006) was obtained for 62 of the 108 documented woodrat
sites. These sites were termed “reference sites” because of high confidence in
their status. Included were 229 periodic latrine index surveys ranging from 2 to
22 (X = 3.8) surveys/site, conducted at 1-16 year intervals and bolstered by 134
live-trapping surveys at 27 of the 62 monitoring locations. Nineteen (31%) of these
reference sites were scored as active for all or nearly all surveys, and 23 (37%) sites
remained extirpated over the study period. The remaining 20 (32%) sites experi-
enced status changes during the 17-year study. Two (3%) initially extirpated sites
were subsequently recolonized, and 18 (29%) sites became extirpated and were not
recolonized. At sites extirpated and not recolonized, increasing scat deterioration, as
indicated by scat pellet surface deterioration, lower numbers of identifiable pellets
within latrines, and ultimately fewer latrines were successively recorded.

Two case studies demonstrate the fate of extirpated sites, one with subsequent
recolonization from the metapopulation matrix and the second occurring in an other-
wise extirpated metapopulation. The first case study—demonstrating the extirpation
of a site with subsequent recolonization—occurred at High Rock (Garrett County).
With a complete seasonal to annual mark-recapture population history since 1990,
this site was known to support the largest woodrat population in Maryland. Within
the Savage River State Forest “wildland,” High Rock is actually part of a larger
site/metapopulation complex (Big Savage Mt. South) consisting of 3 km of discon-
tinuous sandstone cliff/boulder ridge crest habitat at nearly 910 m elevation and
several smaller scattered outcrops on the adjacent slopes. None of the 13 subsites
comprising Big Savage Mt. South, including High Rock, are separated by more than
1km, but most are >500 m apart. Mature red and white oaks, including Maryland’s
largest tract of old growth forest, dominate the area.

High Rock consistently supported 10-24 woodrats (based on 70 trap-nights of
effort) until July 1998, when the population was found to be extirpated following a
record peak population in 1997. Though all subsites of the Big Savage

metapopulation had supported active woodrat populations in all previous surveys, a
scat/midden survey in 1998 at nine subsites failed to find any recent sign of woodrat
habitation. In fact, the most remote and extensive subsite, Heartline Heights. had
50 old latrines and 15 middens without any fresh material in September 1998.
While the actual cause of woodrat decline is not definitively known, a complete
failure of oak mast production was noted in the region during the fall of 1997 and
may have contributed to the decline. Subsequently, in July 1999, two males were
captured at High Rock, confirming that woodrats had survived or were undetected

. at scat/midden survey sites or at one of the four small unsurveyed subsites. One

male survived to 2000, and with a single immigrant female, successfully produced
two offspring in 2001. Woodrat numbers increased to 14 by 2002, possibly supple-
mented by additional immigration, until a devastating ice scorm in the fall of 2003
killed or severely damaged virtually all large oaks on or near the ridge crest. From
2003 to 2006 only one or two male woodrats have been captured at High Rock.
South slope and off crest sites in the metapopulation have recovered to a greater
degree as evidenced by rebounding scat and midden indices. Recovery of High
Rock and other ridge crest subsites is expected to be slow and woodrats may not
reach previous densities for several decades if oak mast production is the limiting
factor. Under adverse climatic conditions and resulting habitat degradation over a
significant proportion of Big Savage South, Allegheny wocdrats have managed to
survive as a metapopulation within the protected forest and rock outcrop matrix.

The second case study—demonstrating the final extirpation in a meta-
population—occurred at Vansickles Rock (Garrett County). Vansickles Rock, a
300-m long mid-slope sandstone cliff above the Youghiogheny River also was first
live-trapped in 1990. Vansickles Rock supported a dense woodrat population with
19 (spring), 11 (summer), and 8 (fall) captures (based on 50 trap-nights of effort),
reflecting a decline through the seasons, and a pattern of decline also observed at
High Rock and three other sites that year. Live-trapping in spring 1991 resulted in no
captures, marking the loss of the last subpopulation of woodrats in the Youghiogheny
River valley metapopulation, an area that once supported nearly half of all known
Maryland woodrat subpopulations. Situated in a narrow protected band of forest,
cliffs and smaller outcrops are scattered along an 18 km stretch on both sides of the
high gradient river. Although a state designation of “wild and scenic” implies adegree
of wilderness and ecological integrity, the narrow corridor is bordered by agricul-
tural fields, reclaimed strip mines, and rapidly expanding residential development.
Poorly regulated timber harvesting also occurs within the “wild and scenic” boundary.
Isolated from West Virginia sites to the west, Pennsylvania sites to the north, and other
Maryland sites to the south and east by residential development, numerous roads, and
large agricultural fields, this metapopulation area has not bezn repopulated since its
extirpation in 1991, and future recolonization is unlikely.

Following extirpation of woodrats over the winter or early spring of 1990-1991 at
Vansickles Rock, latrines and midden index surveys recorded the rate of degradation
over a period of 11 years. The initial survey was conducted while the site supported
a population of eight woodrats during the fall of 1990, with five subsequent surveys
1-5 years apart. Latrines decayed linearly with 30% of original latrines identifiable



as woodrat sign 11 years later. Uneven deterioration of middens was partially
attributable to cache size and composition where woody items and nut shells greatly

, extended the period of detectability. Caches of only herbaceous vegetation were
quickly lost in the first two years. Direct exposure to weather deteriorated latrines
and middens rapidly, with decade-old sign persisting only within the deepest dry
crevices and overhangs.

The downward trend of the Allegheny woodrat in Maryland is evident in survey
and long-term monitoring data. Only 33 of 108 documented woodrat sites were
found to be active when last monitored between 1990 and 2006. A 26% net loss
of 62 reference sites over the 17-year study period indicates an average rate of
site extirpation of 1.05% per year. Woodrat density at long-term monitoring sites
dramatically declined. Recent capture rates are less than 33% of long-term averages
and peak populations at most sites occurred over 10 years ago. The extirpation of
woodrat subpopulations in the Youghiogheny River Valley in western Maryland and
others in the Potomac Gorge area through the northernmost extent of the southern
Blue Ridge physiographic province to the east has resulted in a longitudinal range
contraction in the state (Fig. 7.4). Occupied sites are concentrated in the two most
heavily forested areas of the state, Allegany County and eastern Garrett County.
These areas will be targeted for conservation, though long-term viability is not
certain.

We did not formally analyze possible causative factors for the decline, but the
large amount of intensive field work gives us basis for comment on previously
proposed mechanisms. Raccoon roundworm (Baylisascaris procyonis), a known
cause of woodrat mortality (McGowan 1993), was present in 17.3% of raccoon
feces collected at Maryland woodrat sites. Roundworms were most prevalent in both
the Blue Ridge Province and Youghiogheny River Valley, areas suffering greatest
woodrat decline. A raccoon fecal sample collected at Vansickles Rock in 1993 tested
positive for raccoon roundworm, though five samples collected in the late 1990s
were negative. However, behavioral observations of 983 captured woodrats and four
brain necropsies of deceased individuals failed to detect raccoon roundworm infec-
tion. Additional research in woodrat mortality attributable to raccoon roundworm is
needed in areas of Maryland and surrounding states.

Failure of oak mast is a suspected cause of woodrat decline, and possibly only
a critical factor since the functional loss of the American chestnut (LoGiudice
Chapter 2). In Maryland, American chestnut saplings were observed at all woodrat
sites and cached nuts were found on several occasions. At Vansickles Rock, gypsy
moth infestation was exceptionally heavy in 1990, which eventually led to a varying
degree of localized oak mortality. Landscape-level fragmentation has been impli-
cated as both a direct and indirect cause of woodrat decline (Balcom and Yahner
1996, Ford et al. 2006), though detection through landscape analyses has been diffi-
cult. The greatest current threat to habitat is the development of ridge crests and
upper slopes by large-scale wind power projects on both private and public land. To
obtain scenic vistas, recent residential developments also have focused on these
areas, fragmenting the last remaining large contiguous tracts of privately owned
forest. More detailed information regarding fragmentation effects on woodrat popu-
lation viability is needed to reduce or eliminate impacts from such projects.

In Maryland, comprehensive survey coverage was possibe due to the small
geographic area which woodrats inhabit within the state. The ratz of decline found in
Maryland would not have been detectable with less intensive sampling. Other states
with greater areas and less monitoring effort could be experiencing similar declines
that are going undetected. With time and budget restraints, the effort in Maryland has
been somewhat opportunistic and less systematic than ideal. Werecognize a need for
more complete investigation of woodrat dispersal behavior, pctential barriers, and
metapopulation viability to provide natural resource managers the tools to make
better decisions during environmental review processes. Indices of annual mast
production from long-term mark-recapture monitoring sites could provide insight
to food related population dynamics. Annual monitoring of B. procyonis infection
rates and density of raccoon feces at long-term monitoring sites would determine
temporal trends and relative contribution to woodrat mortality.

Indiana Program

Indiana lies at the northwestern fringe of the current geogradhic distribution of
the Allegheny woodrat in the eastern United States (Hickie and Harrison 1930,
Wright Chapter 1). Although woodrat fossils are fairly widespread in caves in
Indiana (Richards 1987), the Allegheny woodrat currently has a greatly contracted
range limited to limestone escarpments bordering the Ohio River in Crawford
and Harrison Counties in extreme south-central Indiana. Accordingly, the Indiana
Department of Natural Resources (IDNR) listed the Allegheny woodrat as a state-
endangered species in 1984 due to its reduced geographic distri>ution.

In 1991, the IDNR initiated a live-trapping program to monifor the status, distri-
bution, and relative abundance of Allegheny woodrats in Indiana. Initial trapping
sites were those reported by Cudmore (1985) to have extant woodrat colonies, which
included 18 bluffs and two caves distributed along a 74-km stretch of the Ohio River
from Evans Landing in Harrison County downstream to Alton in Crawford County.
These sites correspond to the designation “historic sites” used by other states and
outlined in this chapter. The original site boundaries delineated by Cudmore (1983)
were retained, although woodrats move among adjacent sites that encompass one
contiguous cliff line (Johnson 2002). In such situations, individuals recaptured at
a second site in the same survey were assigned to their initial capture site. Three
previously undocumented sites (Noes Park Bluff, P.P. Pot Cave, Limekiln Hollow
Cave) reported by Johnson (2002) were incorporated into the monitoring program
after their initial discoveries in 1992 and 1993.

As the distribution of woodrats in Indiana is so limited, we did not distinguish
between long-term monitoring sites and snapshot survey sites as was done in Penn-
sylvania, Maryland, and Virginia, but instead had live-trapped at all sites (except
three bluff sites for which landowner permission was denied after the first survey)
periodically from 1991 to 2006. Trapping was generally coaducted from mid-
June through October to reduce possible disturbances during peak parturition and
pup-rearing periods (i.e., April and May; Cudmore 1983). Tais schedule was a
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An average of 8.8 (& 8.0) woodrats were captured at occupied sites. A single
woodrat was caught in each of 14 trapping sessions at six sites including three
small caves approximately 1km from the Ohio River. In contrast, four bluff sites
(Bull’s Point Bluff, Cold Friday Hollow Bluff, Shelterhouse #2 Bluff, South HCSF
Bluff) each yielded >15 woodrats in 14 of 23 (61%) trapping sessions. Most
(n = 351; 66%) of the woodrats captured in Indiana originated from these four sites
(Fig. 7.5).

We observed both long-term occupancy and local extirpations. Seven sites
produced >1 woodrat each time they were trapped (n = 42]. Monitoring efforts
to date have suggested local extirpations of woodrat colonies in Indiana at 13 of
20 sites (65%) that were occupied in the 1980s. The initial range-wide survey
in 1991-1992 found no woodrats at five sites that had harbored woodrats > 10
years earlier, including Horseshoe Bend Bluff, which had yielded 22 individuals
(Cudmore 1983). Although suitable rock structure remained, these sites lacked any
fresh woodrat sign and no animals were captured in 400 total trap-nights. Woodrats
were apparently extirpated from eight additional sites during our survey period.

Twelve of the 13 sites, from which woodrats were believed to be extirpated,
were revisited one or two times each to assess the species’ capacity to recolonize
formerly occupied habitats. Visits consisted of both site inspections for fresh sign
and live-trapping sessions. Several winter bat censuses were canducted in one cave.,
thus providing ample opportunities to document recolonization. Only two cases of
recolonization of formerly occupied sites were confirmed in Indiana. In September
2006, 15 woodrats (4 males, 11 females) were captured at Shelterhouse #2 Blutf,
approximately five years after the population was believed to have been extirpated.
Similarly, a young adult male recolonized Potato Run Cave between August 2005
and September 2006. This small cave has yielded only a single animal in four
previous surveys and was last known to be occupied by an adult female nearly four
years previously.

Multiple lines of evidence from monitoring efforts over the last 15 years suggest
a steady decline in Indiana’s remnant woodrat population. In 1993—-1994, woodrats
occupied 15 sites with a cumulative total of 135 individuals statewide. The following
three surveys spanning 11 years, however, showed local extirpations coupled with
rapidly diminishing relative abundance at active sites. By 2005, only 51 woodrats
were captured at 8 of 13 sites. Surveys in 2006 documented a 73% increase in
number of woodrats captured, but this apparent increase may have been partly arti-
fact, because trapping was conducted shortly after peak parturition and pup-rearing
periods. :

Although the limits to the species’ geographic range in Indiana have remained
largely unchanged for > 25 years, the distribution of Allegheny woodrats in Indiana
is characterized by small, spatially isolated populatons separated by
extended stretches of less suitable, unoccupied bluffs. Vacant habitats are often typi-
fied by marginal rock features that lack deep fissures, ledges, and crevices needed

for protection, food storage, and denning opportunities. In 2006, extant colonies
occupied approximately 7km of linear cliff face, less than 10% of the species’
recognized range limits in Indiana.



. Indiana has been unique among states with active monitoring programs wherein
most, if not all, known extant sites can be effectively surveyed within a single field
season. Allegheny woodrats are habitat specialists with strong affinities for cliffs,
outcrops, talus slopes, caves, and other rocky habitats in deciduous forested commu-
nities. In Indiana, such conditions are limited to linear segments of wooded bluff
habitats in portions of only two counties. Consequently, live-trapping surveys may
generate a more complete population estimate than in other regions of the species’
range where suitable habitats are widespread and perhaps less accessible.

Because Indiana’s monitoring program has employed a consistent protocol since
its inception, additional data beyond presence and relative abundance may be
gleaned from field surveys. For example, movement patterns, reproductive param-
eters, longevity, recapture rates, and simple estimates of survival are possible from
existing data. Optimal microhabitat attributes sought in den site selection can be
attained where particular crevices or fissures were consistently occupied by different
individuals. What is lacking from Indiana are concurrent data for independent vari-
ables that may explain trends in occupancy and population indices observed during
long-term monitoring programs. Habitat quality (e.g., species composition, extent
of fragmentation), food habits and food availability (e.g., cache contents, annual
hard mast production), incidence of B. procyonis in the environment (e.g., raccoon
latrine densities, infection rates), and dispersal behavior are examples of information
needed to better understand the mechanisms that influence Allegheny woodrats in
Indiana.

Virginia Program

Relatively little historical information exists for Allegheny woodrats in the southern
Appalachian region. Bailey (1946) and Handley and Patton (1947) listed Virginia
counties known to have woodrats, but more recent distribution had not been studied
before 1990. Beginning in 1989, we combined literature records of N. magister
with museum records for Virginia from the National Museum of Natural History
(Smithsonian Institution). We also contacted cavers from the VPI Cave Club in
Blacksburg, Virginia and obtained an informal list from a researcher at the Virginia
Commonwealth University (J. Pagels pers. comm.). These museum records, field
observations, and anecdotal reports formed the basis of a list of known woodrat
observations in Virginia. The sites on this list were designated as “historic sites” if
the observations were made prior to 1985 (i.e., five years prior to the beginning of
this study). Records from 1985 to 1990 were designated recent sites.

From the database, we plotted reported locations of N. magister in Virginia on
topographic maps. The sites were then visited and live-trapped to ascertain their
current occupancy status. Sites with inadequate location data were not visited.
Forest Service, National Park Service, and Virginia Department of Game and Inland
Fisheries personnel suggested additional sites. These sites were surveyed as funds
became available during the course of our 12 years of surveys. Personnel of these
agencies assisted in surveying for woodrats when possible.

Most sites were trapped only once throughout the study to document the statewide
distribution and occurrence (i.e., presence or absence) of woodrats, primarily on the
national forest. Nine sites (eight on national forest and one in Shenandoah National
Park) were trapped approximately annually in the fall, September-October (Mengak
2002b). These nine sites were designated as LTM sites. Sites that were trapped only
once or revisited infrequently were designated survey sites. Two LTM sites (Bath
County and Giles County) were trapped at approximately 60-day intervals (weather
permitting) from April 1996 to May 2000. All sites were trapped and treated iden-
tically; only the frequency of trapping differed between sites. Selection of LTM
sites was primarily based on accessibility, known current occurrence of woodrats,
historic occurrence of woodrats, and extent of the habitat and population.

Trapping effort generally involved setting 10-15 traps for one or two nights at
nearly all survey sites. Occasionally, as few as five traps were set at a survey site if
the area was too small to accommodate a greater number. At first, traps were set for
only one night, but later a second night of trapping was added if no animals were
caught on the first night. At the LTM sites trapped annually, including the two sites
trapped bimonthly, 40 traps were set for two nights. Occasionally, an LTM site was
trapped for three or four nights in order to validate the sampling procedure, but only
the first two nights of trapping were used in the analysis of population trends.

Sites were classified on the basis of trapping results as active (at least one woodrat
captured) and inactive (site trapped but no woodrats captured). All captured animals
from both survey sites and LTM sites were treated identically. Captured animals
were ear-tagged in both ears, weighed, sexed, examined for reproductive condi-
tion, ectoparasites, and overall body condition, and released at the point of capture.
Captured animals were aged based on a combination of weight (juveniles < 175 g,
subadults 176-225 g, adults > 225 g), pelage color, and reproductive condition
{palpation of fetuses; evidence of lactation-—bare, exposed teats or expression of
milk; scrotal testes).

Fieldwork at LTM sites began in October 1990 and ended in October 2001.
During the study, some LTM sites were discontinued from trapping and other LTM
sites were added, such that not all nine LTM sites were used in all 12 years of
the study. Once an LTM site was dropped from the study it was not trapped at a
later date. Sites were dropped or added based on shifting budget priorities, available
personnel, or site-specific objectives. Two of the nine LTM sites were trapped for
the entire 12 years.

Survey sites were trapped between June 1990 and August 2000. Trapping effort
at survey sites was not distributed evenly throughout the year, but some trapping
occurred in every month. Most trapping occurred in the spring (May-June) or fall
(September~October). A total of 189 sites were trapped; 22 (15.3%) were trapped
more than once to examine whether woodrat sites remain occupied or if the site is
unoccupied for a time.

We used several approaches to analyze the population size at LTM sites and
persistence at trapping sites. First, a catch-per-effort index (ratio of captures to
number of trap-nights'corrected for sprung traps) was calculated for each monitoring
site. Second, data from two nights of live-trapping events were used to compute



individuals were regularly trapped at this site. Six months later (April 1998) no

woodrats were captured. This situation persisted for three trap sessions in 1998 until
. a lone, unmarked male was captured in October 1998. The population began a slow
recovery to five individuals in May 2000 when all trapping ceased.

The second intensively trapped site was Star Chapel Cave in Bath County. This
site was trapped 30 times in 11 years including monthly in fall 1993 and every other
month for most of 1998 and 1999 (weather permitting). The population size was
generally low (i.e., 2-6 animals) but increased to 15 animals in June 1999 (Mengak
2002b). The fuctuation and collapse seen at Butt Mountain was not seen at Star
Chapel.

The data from survey sites added the spatial dimension of woodrat status in
Virginia. Survey sites were classified as woodrats present or absent. Presence-
absence surveys were analyzed with program PRESENCE (http://www.mbr-pwrc.
usgs.gov/software.html#a). This program estimates patch occupancy rates and
related parameters including an estimate of the probability of detecting a woodrat
at a site (MacKenzie et al. 2006). Output from the simulations was used to estimate
the mimber of sites needed to detect various levels in change in mean occupancy
rates (Parkinson et al. 1988) for future surveys.

In this study, we identified 253 sites as potential woodrat habitat. Forty-four
(17.4%) were historic sites with records dating from as early as 1896 (Potomac
River, 16 km above Washington, D.C.; USNM Number 086450). The rest (82.6%)
were added during the study. Of the 44 historic sites, 14 (31.8%) were active at the
time of trapping. Of the recently added sites, 105 (50.2%) were active at the time
of trapping or observation (Mengak 2002b). Therefore, trapping data or reliable

observations (from mammalogists, USFS, or DGIF biologists) are available for 191
(75.5%) of the 253 sites identified in this study. Of these sites, 119 (62.3%) were
occupied by at least one Allegheny woodrat on the date of trapping or observation
(Mengak 2002b).

Of the 145 survey sites that we trapped in this study, 22 (15.3%) were trapped
more than once. This allowed us to examine whether woodrat sites remain occupied
or if the site is unoccupied for a time—*“local extinction” in the terminology of
conservation biologists (Meffe and Carroll “1997). Nine survey sites were trapped
twice. Of these nine sites, one (Chimney Run) was not occupied on either trapping
occasion and four were occupied on only one occasion. Of the 10 sites trapped three
times, only six were occupied on all three occasions. Of three sites trapped four
times, one was occupied twice and two were occupied three of the four times they
were trapped (Mengak 2002b).

We used survey site data and the number of individuals captured at each site
in Program PRESENCE to estimate a detection probability and to determine the
sample size needed to detect a change in site occupancy rates. The average
simulation-based estimate of site occupancy was 85.5% compared to the observed
site occupancy of 64.1% (Mengak 2002b). The minimum sample size needed to
observe a change in the number of sites occupied would be 27 sites in order to detect
2 10% change in mean occupancy rates with the error rates set at 0.05 and 0.1 for
Type I and Type 1I errors, respectively. Changing the error rates and the minimum

\

detectable c;hange in mean occupancy levels increases or decreases the sample size
(Mengak 2002b).

One clear pattern from both the long-term and survey data is that local popula-
tions of Allegheny woodrats are small. Four measures of population abundance were
available~—actual number of woodrats caught, catch per 10 trap-nights, Lincoln-
Peterson estimator, and CAPTURE output. As expected, results from each of these
measures were in close agreement. Further, each measure revealed that the overall
abundance of woodrats at an LTM site was low (i.e., captures varied between 0
and 20). .

While the geographically large distribution of woodrats across Virginia is not
in doubt, their long-term survival prospects are not certain. They occur in isolated
locations with few individuals per location and commonly disappear from individual
locations. Even sites with relative large populations (i.e., several LTM sites) declined
to zero within a short time. Low abundance of woodrats at LTM sites (presumably
the most extensive habitat available, hence their inclusion as an LTM site) along
with the geographically separated nature of survey sites which often contained only
one or two individuals, clearly indicates the sparse nature of woodrat distribution. It
appears that woodrats in the Ridge and Valley and Blue Ridge Provinces of .V1rginia
are functioning as isolated subpopulations and the entire woodrat complex is acting
as a metapopulation.

Conservation and Management of Declining Species

The Allegheny woodrat monitoring and surveying programs in these four model
states indicate a range of approaches and emphases in the monitoring of this species.
Pennsylvania’s program has put most effort into developing a standardized visual
survey protocol that can be used, in conjunction with GIS mapping habitat d.ata,
to analyze spatial factors responsible for the decline of the species. The deﬁnitlons
and protocols formalized into a field manual in Pennsylvania (Butchkoski 2006)
can be incorporated into training workshops for foresters, biologists, and other
personnel, and can be used throughout the woodrat’s range for standardized data
collection. The GIS database has been important in several ways. [t has allowed a
continually improving delineation of woodrat metapopulation complexes ig Penn-
sylvania and more informed planning for what areas to survey or resurvey in each
field season. GIS also makes possible timely communication with agencies involved
in environmental impact assessment. To some degree, GIS has allowed testing of
hypotheses about habitat quality, mast supply, and distribution of habitat sites in
relation to population status, and in aiding the planning of management sites and
buffer zones (Hassinger et al. Chapter 8). To achieve its survey goals, Pennsylvania
curtailed its long-term monitoring program, but data from repeat surveys of some
sites have demonstrated extirpations and recolonizations as have been observed
elsewhere. ‘
The program sponsored by Maryland, an intensive combination of live-trapping
and visual surveys, gives a comprehensive picture of woodrat populations in a
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Fig. 7.6 Mean (+2SE) number of woodrats (Neotoma magister) caught at long—terrp monitoring
(LTM) sites in Virginia from 1990 to 2001. The number of sites trapped each year varied from four
sites to nine sites

the Lincoln-Peterson estimate of population size at each L™ monitoying §ite for
each trap session (Thompson et al. 1998). The expanse of the mc.)rfitormg site (ba)
was not determined, so no estimates of density are available. Additional population
modeling and analysis was conducted for LTM sites, where 10 or more woodrats
were captured during the annual fall monitoring. Closed population modejls from
Program CAPTURE (http://www.mbr—pwrc.usgs.gov/software.html#a; Otis .et al.
1978, White et al. 1982) were used to estimate population size, confidence inter-
vals, and probability of capture. At all the nine LTM site.s, the annual number of
captures fluctuated, often moving from highest to lowest in one to two years. The
total number of woodrats captured at an LTM site during the annual fall monitoring
varied from a high of 20 individuals to a low of zero (Fig. 7.6).

The actual number of captures and recaptures was used to calcula.te three popula-
tion estimators at the long-term monitoring sites. Two of these, the Lincoln-Peterson
index and the catch-per-effort index, were closely correlated (72 = 0.987 for B‘u’tt
Mountain; 0.945 for Star Chapel; 0.947 for Rocky Mountain; 9.991 for Devil’s
Marbleyard; 0.938 for Elizabeth Furnace; 0.943 for Bluff’s Trail; 0.705 for The
Stacks: and 0.462 for Sulphur Springs Gap; Fig. 7.7). These \.fal\.les suggest that the
monitoring protocol was very successful in catching the majority of the woodrats
present at the site. .

The third population estimator, an estimate and 95% cgnf:xdf:nce interval, was
appropriate when the absolute number of captures was >10 1n.dlv1duals. Seven L'TM
observations fit the criteria. Our analysis revealed that the estimated \yoodrat popu-
lation size varied from 15 to 20 individuals again agreeing closely with number of
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Fig. 7.7 Relationship between numbers of Allegheny woodrats (Neotoma magister) caught at long-
term monitoring (LTM) sites in Virginia, 1990-2001, and Lincoln-Pzterson population estimate for
the site based on analysis of mark-recapture data. The number of siles monitored each year varied
from four sites to nine sites. All trapping was conducted between mid-September and mid-October
in each year

actual captures. The 95% confidence intervals ranged from 11 to 33 individuals.
Only at Butt Mountain in 1990 did the actual catch exceed the population estimate.
Confidence interval estimates were generally narrow except at The Stacks in 1997
and Star Chapel Cave in 2000. In both cases, 12 individual woodrats were caught
in two nights of trapping but only four and three woodrats were recaptured on the
second night at The Stacks and Star Chapel Cave, respectively. This resulted in the
high standard error estimates and wide confidence intervas.

At an individual LTM site, populations fluctuated widely from year to year, but
there appeared to be no consistency from site to site in the timing of high or low
capture indexes. Woodrat populations showed a declining trend at Butt Mountain.
Devil’s Marbleyard, and The Stacks. The trend was increesing at Star Chapel Cave
largely on the strength of the 2000 sample year. The overall trend in abundance was
flat or declining at the other LTM sites (Mengak 2002b). The regression coefficient
(”* = 0.67) was significant (p = 0.012) only at Devils Marbleyard. The sites are
scattered across the state; Butt Mountain, The Stacks, and Star Chapel Cave are in
the Valley and Ridge Province while Devil’s Marbleyard is in the Blue Ridge.

Two LTM sites were trapped at times other than the annual monitoring periods.
Butt Mountain, Giles County was trapped 24 times over 11 years including 3-4
times per year from 1996 to 1999. The Butt Mountain population fluctuated from a
high population in 1990 to a low in 1991 followed by anotaer high in 1996 through
1997 and a total collapse in 1998 (Mengak 2002b). Of particular interest is the
period 1996-1998. During the period, the population was a: its highest level for two
years and completely disappeared in a span of six months. In 1997, 32 different



relatively small state. The strength of the Maryland program has been its emphasis
on developing interpretable data from visual observation. The time-course studies
of breakdown of food-cache middens and latrines allow for more accurate scoring
of extirpated sites, and the calibration of latrine counts with trapping results enables
a semiquantitative population estimate from visual surveys.

The intensive census effort sponsored by Indiana on its few remaining woodrat
sites amounts to a virtual annual enumeration of Allegheny woodrats in that state,
along with detailed location information. There is valuable potential in these data
for comparing the details of demography of successful sites with declining ones, or
for defining the likelihood of recovery after a down year. There are also instances
of individuals dispersing among sites that may give insight into the conditions that
lead to recolonization. ,

Monitoring and survey studies in Pennsylvania, Maryland, and Indiana were
initiated after the Allegheny woodrat had already been designated a threatened
(Pennsylvania) or endangered (Maryland and Indiana) species. Their potential for
contrasting stable or improving populations with declining populations is therefore
limited. Virginia is in a special position, in that N. magister has not been designated a
species of special concern in that state. Some of the long-term data from the Virginia
program support the idea that the species is secure there, but data from some sites
indicate decline, and the statewide surveys show an ominous trend of disappearance
particularly from northern counties. Virginia data demonstrate the importance of
understanding demography and natural history in healthy populations in order to
interpret decline and disappearance. The Virginia program’s emphasis on statistical
modeling and interpretation helps to detect which differences are real and which are
insignificant fluctuations. Taken together, studies in these four states point out that
although live-trapping identifies the majority of animals, it is still a sample rather
than a census, and some sites that appear to be empty of woodrats may still be occu-
pied. Repeated samples are necessary to track recolonization or to give managers
confidence in designating a site as inactive or unoccupied.

The question of live-trapping versus less labor-intensive (and potentially disrup-
tive) assessment methods has come up in all four programs. Virginia and Indiana
have strongly maintained the perspective that only live-trapping (despite the
uncertainty in declaring a site unoccupied if no individuals are captured) can give a
truly definitive indication of woodrat occurrence. Maryland and Pennsylvania have
implemented nontrapping survey techniques with the conviction that the resulting
data, with suitable caveats, can answer carefully defined questions. To meld the two
approaches, calibration is crucial. For example, live-trapping at a set of sites visu-
ally classed as active could provide valuable information about the validity of the
Pennsylvania surveys. Similar activities in Maryland help increase the confidence
in visual survey data.

All four states have made adjustments in their trapping and survey protocol as
work has progressed, and all admit shortcomings. None has consistently quanti-
fied the possible causative factors (forest cover, raccoon roundworm presence, food
availability, etc.) that have been hypothesized to account for woodrat population
declines, with the result that tests of the hypotheses have been limited with these
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data. We recommend that collection of systematic, quantitative data on such factors
be a part of the planning for long-term or survey efforts. Sites for long-term studies
tended to some extent to be sites of convenience, or sites chosen for probable persis-
tence through time. We recommend that future long-term studies should be planned
carefully to include designs that will yield a maximum of information, including
some sites which are under threat and sites (like Wolford Gap in Pennsylvania) for
which special management efforts are being made.

Although any program for conservation of a declining species must be tailored to
the region and resources available, we urge communication and cooperation among
agencies and researchers to maximize the usefulness of the data gathered. In the
programs described in this chapter, differences in terminology, protocols, and anal-
ysis have resulted in data incomparability at times among the four states, even within
a research network that is relatively connected. Workshops, manuals, and database
planning take time, but can pay off in the long run in reducing wasted effort and
making results more available.

In summary, lessons learned from long-term studies of the Allegheny woodrat
could not have been learned with shorter duration projects. The issue of sign surveys
versus actually capturing an animal continues to cause debatz among investigators.
The peed to balance data requirements with the harsh realities of limited time and
monetary resources is an important factor in deciding how to structure a moni-
toring program. The lesson from Virginia is that when effort is expended on species
thought to be secure, some unsettling patterns may appear.
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