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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 crèches. 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.

Figure 1. Map showing the location of former and active tern colonies in MD and VA.
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Royal Tern chick counts (Table 1) show
significant annual variation within each
state, and with all data combined (1977-
2004,

 

χ2 > 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, 

 

χ2 > 1660, df
= 12, P < 0.001), as do chick counts in NC and
VA (1977-2005,

 

χ2 > 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.

Figure 2. Map showing the location of former and active tern colonies in NC. 
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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 et 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-

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

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) (3527) 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)

Figure 3. Total number of Royal Tern nests censused at
all colonies in MD, VA, and NC, 1977-2005. 

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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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 et 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

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
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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 colony in VA (Fig. 1) and was one of the
few sites that remained free of quadruped
predators until 1999 (Erwin et 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,
but since 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 et 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 (Anchoa spp.) 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 Niño 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 Niña), however, may cause abnormal cli-
mate patterns in this region. Edgell (1999)
found that seven of ten La Niña 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 Niña
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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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, RI 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 in 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. 
 
L
 
ocation     Date      PESU   MYLU   MYLE  MYSE  M. sp.   EPFU  Bat sp. Total   

Crabtree 
Cave 

2-16-09 136 200 0 4 0 0 2 342

 
Crabtree 
Mine 

 
2-16-09 

 
0 1 1 1 0 9

 
0 12

 
John Friend 
Cave  
 
Roundtop 
Mines (6) 
 

 
2-21-09 
 
 
2-27-09 
 

 
98 
 
 

119 
 

141

244

0

0

7

0

0

0

0

34

 
0 
 
 
1 
 

246

398
 

Greises Cave 
 
 
Indigo 
Tunnel 
 
 

2-25-09 
 
 
2-19-09 

44 
 
 

37 

246
 

2

0

2

1

0

0

0

3

84

0 
 
 
0 

294

125

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

b Objective:   

 
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 
Checked1 

Active 
Territories

Active 
Pairs 

Monitored 

Successful 
Pairs (%) 

Chicks 
Produced 

Fledged/ 
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 
2008 

3 
3 

0 
0 

0 
0 

0   (0) 
0   (0) 

0 
0 

0 
0 

2009 3 0 0 0   (0) 0 0 
       

Total 32 - 8 5  (63) 12 2.4 

 
1Recent 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. a 
 
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     - 
 
 
a 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 as determined by scat/midden surveys least 
reliable in spring and summer.  

 






























