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Bat emergence and swarming surveys at 4 western Maryland caves 

Joshua B. Johnson1 and J. Edward Gates 

Appalachian Laboratory; University of Maryland Center for Environmental Science 

(UMCES), 301 Braddock Road, Fmstburg, Maryland 21532 

Abstract.—-Caves are an important habitat component for many bat species as 
breeding sites during spring and fall and roost sites during all seasons, especially 
winter. Historically in western Maryland, few caves have been used by endangered 
Indiana myotis (.Myotis sodalis) and rare eastern small footed myotis (M leibii). We 
conducted bat surveys at 4 eaves in western Maryland during spring emergence 2004 
and 2005, and fall swarming 2004 to determine overall bat activity and presence of 
endangered and rare bats. We captured 1,236 bats including 19 big brown bats 
(Eptesicus fuscus), 3 eastern small footed myotis, 470 little brown myotis (M. 
lucifugus), 575 northern myotis (M. septentrionalis), and 169 eastern pipistrelles 
(.Pipistrellus subflavus). We observed 1 eastern small footed myotis roosting at night at 
Crabtree Mine. Greises Cave consistently had higher bat activity than all other 
surveyed caves combined. Our survey results are consistent with previous research 
and indicate that, eastern small footed myotis hibernate in some western Maryland 
caves, but are relatively rare compared to other cavernicolous bat species. It is unlikely 
that.there are significant numbers of hibernating Indiana myotis in these caves based 
on our survey data and historic records. 

Introduction 

Caves serve numerous important functions for bats. Some bat species hibernate 
in caves to conserve energy during winter when food resources (i.e., insects) are low 
(Barbour and Davis 1969). Most caves likely have their highest bat occupancy in 
winter (Gates et al 1984). During spring, bats emerge from hibernation, varying in 
exit times and patterns (Cope and Humphrey 1977; Gates et al. 1984). Relatively few 
bats in eastern North America roost in caves during summer months (June-August) 
and those that do commonly are males (Hall and Brenner 1968; Johnson et al. 2003). 
Female bats, with the exception of Virginia big-eared bats (Corynorhinus townsendii 
virginianus) and gray myotis (Myotis g rise seem), typically do not use caves as 
summer maternity roost sites (Barbour and Davis 1969). In late summer and early fall, 
bats arrive at cave entrances and exhibit a swarming behavior that is thought to fulfill 
life history aspects, such as mate selection, breeding, and hibemacula selection 
(Fenton 1969; Cope and Humphrey 1977; Schowalter 1980). 

In Maryland, 10 bat species have been documented, including big brown bats 
(Eptesicus fuscus), silver-haired bats (Lasionycteris noctivagans), eastern red bats 
CLasiurus borealis), hoary bats (L cine re us), eastern small-footed myotis (Myotis 
leibii), little brown myotis (M. lucifugus), northern myotis (M. septentrionalis), 
Indiana, myotis (M. sodalis), evening bats (Nycticeius burner alls), and eastern pipist¬ 
relles (Pipistrellus subflavus; Paradise 1969). Of these, big brown bats, eastern 

1 jjolmson@al.umces.edu 

1 



J. B. Johnson, et al. 

small-footed myotis, little brown myotis, northern myotis, Indiana myotis, and eastern 

pipistrelles are most likely to use caves, and have been documented at Maryland caves 

at various times of the year (Gates et al. 1984; Griffith and Gates 1985; Raesly and 

Gates 1987; Marsh 1998). Although it is unclear if endangered Indiana myotis have 

been documented using western Maryland caves as hibernacula, past fall swarming 

surveys have resulted in few Indiana myotis captures. Moreover, Indiana myotis have 

been documented at only a few Maryland caves (Crabtree Cave, Crabtree Mine, 

Greises Cave, John Friend Cave, and Round Top Mines). Eastern small-footed myotis 

are rarely encountered during hibernacula surveys in western Maryland and relatively 

few have been captured during spring and fall swarming surveys compared to more 

common species, including little brown myotis, northern myotis, and eastern pipist¬ 

relles (Gates et al. 1984; Raesly and Gates 1987; Marsh 1998; D. Feller, Maryland 

Department of Natural Resources, personal communication). However, eastern small¬ 

footed myotis have been documented at 10 Maryland caves, mines, and tunnels (Gates 

et al. 1984, Marsh 1998, D. Feller, Maryland Department of Natural Resources, 

personal communication). Although major hibernacula in Maryland are surveyed 

regularly by the Maryland Department of Natural Resources, spring emergence and 

fall swarming surveys have not been conducted at several historically important caves 

since the mid-1990s. Our objective was to document bat activity at caves in western 

Maryland during spring emergence and fall swarming. 

Study Area and Methods 

We conducted bat surveys at caves in western Maryland including Crabtree 

Cave, Greises Cave, John Friend Cave, and Round Top Mine No. 4. These caves 

historically have been used by Indiana myotis and eastern small-footed myotis and 

represent 2.7% of Maryland’s known caves. The karst geology predominately found in 

Allegany, Garrett, and Washington counties contains 89% of Maryland’s known caves 

(Franz and Slifer 1976). Crabtree Cave and John Friend Cave are in the Appalachian 

Plateau physiographic province in Garrett County. Crabtree Cave is the largest cave in 

Maryland and contains >1,280 m of passage. Its entrance is 0.7 X 1.0 m and protected 

by a large angle-iron gate. John Friend Cave has >400 m of passage. Its entrance is in 

a small sink, approximately 3.5 m deep and 5 m in diameter, which leads to the gated 

horizontal entrance, approximately 1.5 X 2.5 m. Greises Cave is in the Ridge and 

Valley physiographic province in Allegany County and contains >75 m of passage. A 

small slope leads to the 2.4 X 3.0 m horizontal entrance, which is unprotected. Round 

Top Mine No. 4 is in the Ridge and Valley physiographic province in Washington 

County. It is a natural limestone cave that was enlarged by mining during the 1800s 

and early 1900s and contains >150 m of passage (Franz and Slifer 1976). An angle 

iron gate protects the 2.0 X 5.0 m entrance. 

We surveyed bats at Crabtree Cave, Greises Cave, and John Friend Cave during 

spring 2004 and 2005, and fall 2004. Due to logistical constraints, we surveyed bats 

only once at Round Top Mine No. 4 in fall 2004. We placed a harp trap (1 X 1 m; Bat 

Conservation and Management, Carlisle, Pennsylvania) in or adjacent to cave en¬ 

trances to capture bats entering or exiting the caves. The harp trap was completely 

surrounded with tarpaulin to prevent bats from bypassing the trap. Caves were trapped 
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between sunset and 0000 hours. We released captured bats immediately after record¬ 
ing species (Menzel et al. 2002), sex, reproductive condition (Racey 1988), weight and 
forearm length. Bat recaptures at caves or mines during fall swarming typically are 
<5% (Fenton 1969; Marsh 1998). 

Results 

During spring (mid ApnI-early May) 2004 and 2005, we surveyed bats at 
Crabtree Cave, John Friend Cave, and Greises Cave 3 times per year (18 nights total). 
During fall (mid-September-late-October) 2004, we surveyed bats at each cave 3 
times (9 nights total) with the exception of Round Top Mine No. 4, which we surveyed 
once in August 2004. We surveyed bats for a total of 126 hours among the 4 caves 
(Table 1). We captured 1,236 bats including big brown bats (n = 19) at 1 cave, eastern 
small-footed myotis (n = 3) at 2 caves, little brown myotis (n = 470) at 4 caves, 
northern myotis (n = 575) at 4 caves, and eastern pipistrelles (n = 169) at 4 caves 
(Table 2). Greises Cave consistently produced more bats per hour than any other cave 
(Table 1) and more bat captures than all other caves combined (Table 2). During spring 
at Greises Cave, we captured more northern myotis than eastern pipistrelles or little 
brown myotis. During fall, little brown myotis were the most commonly captured 
species at Greises Cave. We captured no rare or endangered bats at Greises Cave. At 
John Friend Cave, overall captures of little brown myotis, northern myotis, and eastern 
pipistrelles were similar in fall. However, northern myotis were the most commonly 
captured species during spring. We captured a male eastern small-footed myotis at 
John Friend Cave on 22 Sept 2004. At Crabtree Cave, the most commonly captured bat 
species during all survey periods was northern myotis. We captured a female eastern 
small-footed myotis at Crabtree Cave on 18 Apr 2004 and 5 Apr 2005. Round Top 
Mine No. 4 was the only cave where we captured big brown bats. No rare or 
endangered bats were captured at Round Top Mine No. 4. 

Sex ratios were more consistently male-biased during fall swarming than during 
spring emergence (Table 3). Overall, the maleifemale sex ratio during fall was 
2.24:1.00 and 0.95:1.00 during spring. This seasonal sex bias was characteristic of all 
species except northern myotis, which was male-biased during spring (1.89: LOO). 

Discussion 

Bat capture rates during this study typically were higher than in previous 
western Maryland bat surveys by Gates et al. (1984) and Marsh (1998). We captured 
9.8 bats per hour overall. Marsh (1998) captured 3.2 and 3.4 bats per hour in 1995 and 
1996, respectively. Gates et al. (1984) captured 6.3 bats per hour overall. It is difficult 
to determine if these differences represent real population changes or are a reflection 
of differences in survey protocol. Harp trap placement, trapping later into the night, 
and surveying additional caves may have influenced bat capture rates. Previous bat 
surveys were conducted at all caves we surveyed and at additional caves. Male-biased 
sex ratios documented in our study during fall are consistent with previous research 
conducted in western Maryland (Gates et al. 1984; Marsh 1998) and in other areas of 
North America (Hall and Brenner 1968; Cope and Humphrey 1977; Schowalter 1980). 
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Table 2. Bat captures at caves in western Maryland, 2004 and 2005. 

Location Date Species No. captures3 Male Female 

Crabtree Cave 4/15/2004 Myotis lucifugus 10 3 6 

Myotis septentrionalis 22 10 12 

4/18/2004 Myotis leibii 1 0 1 

Myotis lucifugus 18 4 14 

Myotis septentrionalis 38 28 10 

Pipistrellus subflavus 3 1 2 

5/5/2004 Myotis lucifugus 10 10 0 

Myotis septentrionalis 13 10 2 

Pipistrellus subflavus 10 1 8 

9/23/2004 Myotis lucifugus 11 10 1 

Myotis septentrionalis 30 22 8 

Pipistrellus subflavus 10 4 6 

10/7/2004 Myotis lucifugus 4 3 1 

Myotis septentrionalis 13 12 1 

Pipistrellus subflavus 3 3 0 

10/27/2004 Myotis septentrionalis 3 2 1 

4/5/2005 Myotis leibii 1 0 1 

Myotis lucifugus 8 2 6 

Myotis septentrionalis 46 27 19 

4/12/2005 Myotis lucifugus 6 3 3 

Myotis septentrionalis 21 11 10 

Pipistrellus subflavus 1 1 0 

4/21/2005 Myotis lucifugus 11 4 7 

Myotis septentrionalis 11 6 5 

Pipistrellus subflavus 5 0 5 

Greises Cave 4/16/2004 Myotis lucifugus 35 7 26 

Myotis septentrionalis 63 37 25 
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Table 2. Continued 

Location Date Species No. captures3 Male Female 

Greises Cave Pipistrellus subflavus 1 0 1 
(Continued) 

4/19/2004 Myotis lucijugus 29 6 23 

Myotis septentrionalis 40 31 9 

Pipistrellus subflavus 4 1 3 

5/4/2004 Myotis lucijugus 30 19 11 

Myotis septentrionalis 7 6 1 

Pipistrellus subflavus 16 1 15 

9/13/2004 Myotis lucijugus 98 81 17 

Myotis septentrionalis 29 19 10 

Pipistrellus subflavus 18 9 9 

9/21/2004 Myotis lucijugus 37 29 8 

Myotis septentrionalis 18 5 13 

Pipistrellus subflavus 29 12 17 

10/26/2004 Myotis lucijugus 5 3 1 

Myotis septentrionalis 6 3 3 

4/4/2005 Myotis lucijugus 18 4 14 

Myotis septentrionalis 63 44 19 

Pipistrellus subflavus 1 1 0 

4/11/2005 Myotis lucijugus 38 10 28 

Myotis septentrionalis 51 29 22 

Pipistrellus subflavus 1 0 1 

4/19/2005 Myotis lucijugus 45 5 40 

Myotis septentrionalis 26 22 4 

Pipistrellus subflavus 13 1 12 

John Friend Cave 4/17/2004 Myotis lucijugus 14 6 8 

Myotis septentrionalis 17 3 14 

Pipistrellus subflavus 1 0 1 

4/20/2004 Myotis lucijugus 1 0 1 
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Table 2. Continued 

Location Date Species No. captures3 Male Female 

John Friend Cave 
(Continued) 

Myotis septentrionalis 7 5 2 

Pipistrellus subflavus 2 0 1 

4/28/2004 Myotis lucifugus 5 4 1 

Myotis septentrionalis 3 3 0 

Pipistrellus subflavus 16 2 14 

9/22/2004 Myotis leibii 1 1 0 

Myotis lucifugus 14 10 4 

Myotis septentrionalis 13 5 6 

Pipistrellus subflavus 18 10 8 

10/6/2004 Myotis lucifugus 5 5 0 

Myotis septentrionalis 1 1 0 

Pipistrellus subflavus 2 2 0 

10/28/2004 Myotis lucifugus 2 0 2 

4/6/2005 Myotis lucifugus 4 1 3 

Myotis septentrionalis 20 17 2 

4/14/2005 Myotis lucifugus 4 1 3 

Myotis septentrionalis 10 8 2 

5/4/2005 Myotis lucifugus 5 3 2 

Myotis septentrionalis 1 1 0 

Pipistrellus subflavus 5 0 5 

Round Top Mine No. 4 8/9/2004 Eptesicus fuscus 19 16 3 

Myotis lucifugus 3 3 0 

Myotis septentrionalis 3 1 2 

Pipistrellus subflavus 10 7 3 

Total Eptesicus fuscus 19 16 3 

Myotis leibii 3 1 2 

Myotis lucifugus 470 236 230 

Myotis septentrionalis 575 380 191 

Pipistrellus subflavus 169 56 111 

a Discrepancies in total number of bats captured and sum of males and females are due to bats 
escaping before determination of sex. 
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Our big brown bat capture data are consistent with Marsh’s (1998) findings in 

western Maryland. We captured big brown bats at Round Top Mine No. 4 in early 

August. The majority of big brown bats captured by Marsh (1998) were at the Round 

Top Mines and at Pinto Limestone Mines (Allegany County, Maryland) during July 

and August. Captures of female big brown bats indicate possible breeding activity 

occurring at the cave; female big brown bats typically do not use caves or mines 

during the summer maternity period (Kurta and Baker 1990). In Maryland, big brown 

bats typically hibernate in tunnels and limestone mines. However, occasionally a few 

are reported hibernating in caves, including Crabtree Cave, John Friend Cave, and 

Round Top Mines (Gates et al. 1984). 

Little brown myotis, northern myotis, and eastern pipistrelles were captured at 

all surveyed caves. All 3 species have been documented hibernating in Crabtree Cave, 

Greises Cave, and John Friend Cave (Gates et al. 1984; D. Feller, Maryland 

Department of Natural Resources, personal communication). Little brown myotis and 

eastern pipistrelles have been observed hibernating in Round Top Mine No. 4 (Gates et 

al. 1984). During summer, male little brown myotis, northern myotis, and eastern 

pipistrelles may use caves and mines as roosts (Hall and Brenner 1968; Johnson et al. 

2003). Female little brown myotis, northern myotis, and eastern pipistrelles typically 

do not roost in caves or mines during summer (Barbour and Davis 1969). 

Our survey results, along with past bat surveys conducted in Maryland, indicate 

eastern smalLfooted myotis are exceedingly rare compared to other cave-dwelling 

species in western Maryland. Previously, eastern small-footed myotis have been 

documented hibernating in Crabtree Mine, Devils Den Cave, Greises Cave, and 

Round Top Mine No. 2 Cave (Gates et al. 1984; D. Feller, Maryland Department of 

Natural Resources, personal communication). Crabtree Cave likely contains hibernat¬ 

ing eastern small-footed myotis, as evidenced by our spring captures and those of 

Gates et al. (1984). However, eastern smalLfooted myotis are difficult to census 

during hibernacula surveys because they hibernate in narrow crevices and under rock 

slabs (Best and Jennings 1977). Throughout their range, eastern smalLfooted myotis 

captures at caves or mines during summer are relatively uncommon compared to other 

cavernicolous bat species (Best and Jennings 1997; Johnson et al. 2003). During 

summer, eastern smalLfooted myotis roost in buildings, tunnels, under rock slabs, and 

in rock outcrops (Best and Jennings 1997). Eastern smalLfooted myotis have been 

observed roosting in rock outcrops in the High Rock area of Big Savage Mountain, 

Maryland, approximately 6 km from Crabtree Cave (D. Feller, Maryland Department 

of Natural Resources, personal communication). In late May 2005, a female eastern 

smalLfooted myotis was captured at New Germany State Park (Garrett County, 

Maryland), which is close to many rock outcrops (J. Johnson, unpublished data). The 

eastern smalLfooted myotis we serendipitously observed roosting at night in Crabtree 

Mine may have been using Crabtree Mine, Crabtree Cave, or other nearby caves, 

mines, or rock outcroppings as day roosts. Night roosts serve many functions 

including calling roosts for mating displays, perches for preying upon and consuming 

food, and as resting places between foraging bouts (Kunz 1982). Therefore, eastern 

smalLfooted myotis use of caves and mines in western Maryland may not be restricted 

to hibernation and summer day roosting. 
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Table 3. Sex ratio (male:female) of bats captured at caves in western Maryland, 2004 
and 2005. 

Cave Date Eptesicus 
fuscus 

Myotis 
lucifugus 

Myotis 
septentrionalis 

Pipistrellus 
subflavus 

All 
species3 

Crabtree Cave 4/15/2004 — 0.50:1.00 0.83:1.00 — 0.72:1.00 

4/18/2004 — 0.29:1.00 2.80:1.00 0.50:1.00 0.85:1.00 

5/5/2004 — 10.00:0.00 5.00:1.00 0.13:1.00 2.10:1.00 

9/23/2004 — 10.00:1.00 2.75:1.00 0.67:1.00 2.40:1.00 

10/7/2004 — 3.00:1.00 12.00:1.00 3.00:0.00 9.00:1.00 

10/27/2004 — — 2.00:1.00 — 2.00:1.00 

4/5/2005 — 0.33:1.00 1.42:1.00 — 1.12:1.00 

4/12/2005 — 1.00:1.00 1.10:1.00 1.00:0.00 1.15:0.00 

4/21/2005 — 0.57:1.00 1.20:1.00 0.00:5.00 0.59:1.00 

Subtotal — 1.03:1.00 1.90:1.00 0.48:1.00 1.38:1.00 

Greises Cave 4/16/2004 — 0.27:1.00 1.48:1.00 0.00:1.00 0.85:1.00 

4/19/2004 — 0.26:1.00 3.44:1.00 0.33:1.00 1.09:1.00 

5/4/2004 — 1.73:1.00 6.00:1.00 0.07:1.00 0.96:1.00 

9/13/2004 — 4.76:1.00 1.90:1.00 1.00:1.00 3.00:1.00 

9/21/2004 — 3.63:1.00 0.39:1.00 0.71:1.00 1.21:1.00 

10/26/2004 — 3.00:1.00 1.00:1.00 — 1.50:1.00 

4/4/2005 — 0.29:1.00 2.32:1.00 1.00:0.00 1.48:1.00 

4/11/2005 — 0.36:1.00 1.32:1.00 0.00:1.00 0.76:1.00 

4/19/2005 — 0.13:1.00 5.50:1.00 0.08:1.00 0.50:1.00 

Subtotal — 0.98:1.00 1.85:1.00 0.43:1.00 1.16:1.00 

John Friend 4/17/2004 _ 0.75:1.00 0.21:1.00 0.00:1.00 0.39:1.00 
Cave 

4/20/2004 — 0.00:1.00 2.50:1.00 0.00:1.00 1.25:1.00 

4/28/2004 — 4.00:1.00 3.00:1.00 0.14:1.00 0.60:1.00 

9/22/2004 — 2.50:1.00 0.83:1.00 1.25:1.00 1.44:1.00 

10/6/2004 — 5.00:0.00 1.00:0.00 2.00:0.00 8.00:0.00 

10/28/2004 — 0.00:2.00 — — 0.00:2.00 
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Table 3. Continued 

Cave Date Eptesicus 
fuscus 

Myotis 
lucifugus 

Myotis 
septentrionalis 

Pipistrellus 
subflavus 

All 
species3 

John Friend Cave 4/6/2005 0.33:1.00 8.50:1.00 ___ 3.60:1.00 
(Continued) 

4/14/2005 — 0.33:1.00 4.00:1.00 — 1.80:1.00 

5/4/2005 - 1.50:1.00 1.00:0.00 0.00:5.00 0.57:1.00 

Subtotal — 1.25:1.00 3.60:1.00 0.48:1.00 1.44:1.00 

Round Top 8/9/2004 5.33:1.00 3.00:1.00 0.50:1.00 2.33:1.00 3.38:1.00 
Mine No. 4 

Total 5.33:1.00 1.03:1.00 1.99:1.00 0.50:1.00 1.28:1.00 

a Includes Myotis leibii, 1 female captured at Crabtree Cave on 18 April 2004, 1 male captured at 
John Friend Cave on 22 September 2004, and 1 female captured at Crabtree Cave on 5 April 2005. 

Indiana myotis have been captured in small numbers at cave entrances during 

fall swarming in western Maryland, including Crabtree Cave, Crabtree Mine, Greises 

Cave, John Friend Cave, and Round Top Mines (Gates et al. 1984; Marsh 1998; D. 

Feller, Maryland Department of Natural Resources, personal communication). How¬ 

ever, it remains unclear if Indiana myotis are hibernating in Maryland caves. There are 

2 records of Indiana myotis at Round Top Mines, 1 in November and 1 in December 

(Gates et al. 1984). Indiana myotis have not been captured during spring emergence 

surveys in Maryland. The majority of Indiana myotis captures in Maryland have been 

in August, suggesting captured individuals likely were transients. It is unlikely that 

any of the caves we surveyed serve as significant Indiana myotis hibernacula. 

However, the numerous unexamined abandoned coal mines in western Maryland may 

serve as fall swarming sites and/or hibernacula for Indiana myotis. Several Priority 3 

(occupied by <500 individuals) Indiana myotis hibernacula exist in neighboring 

counties in Pennsylvania and West Virginia (Clawson 2002). Indiana myotis tracked 

via radio-telemetry from a hibernaculum in Blair County, Pennsylvania, migrated to 

Carroll County, Maryland, in spring 2005 (D. Limpert, Maryland Department of 

Natural Resources, personal communication). However, it is unclear if these bats 

established maternity colonies in Maryland. 

Bats exiting hibernation in spring may not return to their hibernaculum until the 

following fall (Hall and Brenner 1968; Gates et al. 1984). However, Cope and 

Humphrey (1977) observed swarming behavior exhibited by female Indiana myotis at 

their hibernaculum in spring. Chances of capturing exiting bats, particularly at caves 

where very few individuals of rare or endangered species might hibernate, may be 

unlikely. Although it is likely that bats captured at cave entrances during spring 

emergence hibernated in the respective caves, it is not inconceivable that they were 

transients (Myers 1964). Indiana myotis have not been captured at Maryland caves 

during spring emergence, but they are known to emerge from hibernation from 

mid-March through May in other parts of their range (Cope and Humphrey 1977; 

Hobson and Holland 1995; W. M. Ford, USDA Forest Service, personal communica- 
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tion). During spring in western Maryland, eastern small-footed myotis have been 

captured as early as mid-March and as late as mid-May. Bats may be more likely to 

hibernate at caves where they are captured during spring emergence than during fall 

swarming, although this has not been examined extensively. During fall swarming, 

bats can visit a cave many times (Fenton 1969; Marsh 1998), thus increasing the 

chance of capture. However, complete turnover in individuals captured on consecutive 

nights has been observed (Barbour and Davis 1969; Fenton 1969). Moreover, bats may 

not roost during the day in caves at which they were captured. In Canada, Fenton 

(1969) found that little brown myotis captured at one cave during fall swarming 

hibernated at a second cave >800 km away, although many hibernated within 160 km. 

During fall swarming in Maryland, Indiana myotis have been captured from early 

August to early December. Eastern small-footed myotis are thought to be among the 

last bat species to enter hibernation (Best and Jennings 1997). During fall, eastern 

small-footed myotis have been captured in Maryland from early July to mid October, 

with the majority of captures recorded in August. 
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Abstract.—Inventory work conducted at Eastern Neck National Wildlife Ref¬ 
uge, Rock Hall, Maryland from April to September 2003 found 17 species of 
Dytiscidae and 25 species of Hydrophilidae. This represents 22.4% of the Maryland 
fauna. The most unusual find was the woodland pool specialist Agabetes acuductus 

Harris (Dytiscidae), a candidate for endangered species in Maryland. 

Introduction 

Beetles from a number of families are found in aquatic habitats. In North 
America alone there are ten different families in which both larvae and adults of nearly 
all species are aquatic, three in which at least one stage is aquatic, and two in which the 
larvae occur in water or in the underwater parts of plants and the adults are 
semiaquatic. Members of these families all live in fresh, saline, and mineral inland 
waters. Species of five other families live in the intertidal zone of ocean beaches. In 
addition, there are many species which burrow in wet mud and sand or hunt and hide 
under debris and stones at the water’s edge. 

The majority of water beetles prefer shallow water, where they hide among 
aquatic plants and underwater debris near the shore. Few species occur in deep water 
and none are found inhabiting the open ocean. 

Members of the family Dytiscidae are found in lentic and lotic habitats. They are 
extremely well-adapted to aquatic life. Many are strong swimmers. Dytisids are 
predators and scavengers as larvae and adults. Larger species often feed on fish, 
anuran larvae or other small vertebrates. Smaller species are effective predators on 
invertebrates, especially mosquito larvae. Many species are good fliers and are able to 
quickly colonize new bodies of water or disperse when their habitat dries up (Wilson 
1923). 

Oviposition occurs terrestrially usually in either moss or debris or in cracks in 
wood. There are three larval instars and each is aquatic. Larvae, as well as adults, must 
surface for oxygen though there is circumstantial evidence that some species do not 
need to surface; the larvae of Coptotomus have abdominal gills. Pupation generally 
occurs on the land near the water in a small earthen cell (Wilson 1923). 

The North American dytiscid fauna of 475 species is well studied (Larson et al. 
2000). There are 84 species reported from Maryland (Staines 1986a). 

Members of the family Hydrophilidae are mainly aquatic but the subfamily 
Sphaeridiinae is terrestrial and lives in animal dung, fungi, and decaying plant 
material. Aquatic species are found in stagnant pools, littoral areas of lakes and ponds, 
shallow quiet water of streams, and springs. Aquatic hydrophilids are predaceous as 

1 stainesc@si.edu 
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larvae; adults are predaceous on snails or other small invertebrates, omnivorous or 

phytophagous. A number of aquatic species are important predators of mosquito 

larvae. Hydrophilus triangularis Say has been reported as a pest in fish hatcheries. 

The 225 North American hydrophilids are fairly well known (Van Tassell 2001). 

There are 103 species reported from Maryland (Staines 1986b). Of these, 75 are 

aquatic and 28 terrestrial. 

Eastern Neck National Wildlife Refuge in Rock Hall, Maryland (39°0149'N, 

76°1341W) is a 2285 acre Chesapeake Bay island at the mouth of the Chester River. 

Habitats include 1000 acres of brackish tidal marsh, 600 acres of cropland, 500 acres 

of forest, and 40 acres of open water impoundments. Here we report on a survey of the 

dytiscid and hydrophilid beetles of Eastern Neck National Wildlife Refuge. 

Methods 

Aquatic beetles were collected by three methods. A standard aquatic net was 

used along pool margins as well as in deeper or more interior sections of the pool. The 

“floatation” method involved stirring and agitating the submerged leaf litter along the 

pool margin by hand and holding it submerged for about a minute, causing beetles to 

float to the surface where they were easily visible and could be captured with a 

fine-mesh net. This is very effective for the smaller species. Finally, black lights were 

used to capture numerous species. Inventories were conducted from 22 Apr to 20 Sept 

2004. Voucher specimens have been placed in the collections of Eastern Neck 

National Wildlife Refuge and National Museum of Natural History, Smithsonian 

Institution. 

Results 

A total of 17 species of Dytiscidae and 25 species of Hydrophilidae were found. 

In the following listing of species each entry contains general habitat description for 

the species, endangerment status in Maryland and at the federal level, and details of 

specific collection locations on the island. 

Dytiscidae 

Agabetes acuductus (Harris) is a woodland pool specialist (Spangler and 

Gordon 1973) and is a candidate for threatened or endangered status in Maryland 

(Anonymous 2003); adults are sometimes taken at lights. A single specimen was taken 

at black light near Headquarters Pond. 

Agabus gagates Aube is most commonly found in woodland pools as well as 

beaver ponds, flooded pastures, and stream margins; adults are taken at lights (Michael 

and Matta 1977). A single specimen was taken at black light along Duck Inn Trail. 

Celina slossoni Mutchler is found in temporary pools; adults are attracted to 

lights (Young 1979). This species was common at black light at Boxes Point, GTR 2, 

and GTR 3. 

Copelatus glyphicus (Say) is abundant in temporary pools; adults are commonly 

taken at lights (Spangler 1962). This species was abundant at black light throughout 

the island. 
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Coptotomus longulus LeConte occurs in just about any type of pool or pond 

(Hilsenhoff 1980). This species was common near Ingleside Recreation Area. 

Cybister fimbriolatus Say prefers the deeper water of ponds and ditches but is 

also found in shallower water; adults are attracted to light (Michael and Matta 1977). A 

single specimen was taken at black light along Ingleside Road. 

Hydaticus bimarginatus (Say) is found in woodland pools and thickly vegetated 

ditches (Roughley and Pengelly 1981). This species was common throughout the 

island. 

Hygrotus nubilis (LeConte) is collected in a variety of aquatic habitats, 

including dense emergent grasses and rushes along the margins of small pools, pools 

in gravel pits, and ponds; primarily a summer species, most specimens are collected 

after June (Larson et al. 2000). This species was abundant throughout the island. 

Laccophilus fasciatus rufus Melsheimer is most commonly found in exposed, 

muddy or silt bottom temporary ponds; it is a pioneer species found in newly formed 

aquatic habitats (Zimmerman 1970). This species was common throughout the island. 

Liodessus affinis (Say) is found in ditches; adults are attracted to light (Larson 

and Roughley 1990). A single specimen was taken at black light near Refuge 

Headquarters. 

Liodessus flavicollis (LeConte) is found in submerged mats of algae and aquatic 

plants (Larson and Roughley 1990). This species was common in Headquarters Pond. 

Matus bicarinatus (Say) is found in ponds and streams (Young 1953). A single 

specimen was taken at black light near GTR 2. 

Neoporus clypealis (Sharp) is a generalist, found in almost any aquatic habitat; 

adults are attracted to lights (Hilsenhoff 1995). A single specimen was taken at black 

light near Refuge Headquarters. 

Rhantus calidus (Fabricius) is found in woodland pools, open grassy marshes, 

ponds, and muddy pools at stream margins (Zimmerman and Smith 1973). This 

species was common in the Maintenance Area Pond. 

Thermonectus basillaris (Harris) is most commonly found in temporary pools 

with clear water and no vegetation; it is considered a pioneer species; adults are 

attracted to lights (Michael and Matta 1977). This species was common throughout the 

island. 

Uvarus granarius (Aube) is found on mats of vegetation along shallow bodies 

of water; they are especially common in woodland pools and bogs (Larson et al. 2000). 

A single specimen was taken at black light in Ingleside Recreation Area. 

Uvarus lacustris (Say) is often common in small muddy or clay bottomed pools 

and in shallow, sun-warmed water along the edges of large ponds (Larson et al. 2000). 

This species was common in vernal pools along Headquarters Road. 

Hydrophilidae 
Berosus exiguus Say is found in the margins of rainwater pools and other 

temporary situations but it not commonly found (Van Tassell 1966). This species was 

abundant near Refuge Headquarters, Boxes Point, and Duck Inn Trail. 

Berosus infuscatus LeConte is the commonest species in the area and is found 

in a wide variety of pools and ponds (Van Tassell 1966). This species was abundant 

throughout the island. 
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Berosus peregrinus (Herbst) prefers quiet water along streams or ditches but 

can be occasionally found in temporary pools (Van Tassell 1966). Two specimens were 

taken in vernal pools at Boxes Point and Wildlife Trail. 

Cercyon analis (Paykull) is found on carrion, in fungi, and in compost piles; 

adults are attracted to lights (Smetana 1978). A single specimen was taken at black 

light at Boxes Point. 

Cercyon praetextatus (Say) is found on carrion and dung; adults are attracted to 

lights (Smetana 1974). A single specimen was taken at black light at Refuge 

Headquarters. 

Cercyon pygmaeus (Illiger) is found in dung, fungi, carrion, and compost piles; 

adults are attracted to lights (Smetana 1978). A single specimen was taken at black 

light at Ingleside Recreational Area. 

Cercyon roseni Knisch is associated with Carex swamps and wet moss; adults 

have also been collected in leaf litter and debris; they are attracted to lights (Smetana 

1978). This species was common at black light at Refuge Headquarters. 

Enochrus cinctus (Say) is commonly collected in very shallow woodland 

temporary pools with abundant rotting vegetation (Gunderson 1978). This species was 

abundant on the northern half of the island. 

Enochrus consortus Green is not common but found in pools with a layer of 

debris on the bottom (Gunderson 1978). This species was abundant at black light 

along Wildlife Trail. 

Enochrus ochraceus (Melsheimer) is a widespread and locally abundant 

species; they are sometimes collected in large numbers in any weedy or debris clogged 

shallow water (Gunderson 1978). A single specimen was taken at black light along 

Wildlife Trail. 

Enochrus perplexus (LeConte) is common in temporary pools of various types; 

it flies readily when taken from water (Gunderson 1978). This species was common 

throughout the island. 

Enochrus pygmaeus nebulosus Say is found in quiet waters with rotting leaves 

and other plant debris (Gunderson 1978). This species was common throughout the 

island. 

Helocombus bifidus (LeConte) is found in streams, ditches, woodland pools, 

and edges of lakes; adults are attracted to lights (Perkins and Spangler 1981). Two 

specimens were collected- one in a vernal pool at Bogles Wharf and the second at 

black light at GTR 2. 

Hydrobius tumidus LeConte is found in woodland ponds with rotting vegeta¬ 

tion (Matta 1974). A single specimen was taken in a vernal pool along Wildlife Trail. 

Hydrochara obtusata (Say) adults commonly come to lights (Smetana 1980). 

This species was abundant at black light at Boxes Point and along Wildlife Trail. 

Hydrochara soror Smetana is found on ponds, streams, and ditches; adults 

commonly come to lights (Smetana 1980). This species was abundant throughout the 

island. 

Hydrochus excavatum LeConte is a coastal plain species which is found in a 

variety of pools, ponds, and streams; adults are attracted to lights (Heilman 1975). A 

single specimen was taken at black light at Boxes Point. 
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Hydrochus neosquamifer Smetana is found in pools and ponds; adults are attracted to 

lights (Smetana 1988). This species was common at black light at Boxes Point. 

Hydrochus sp. Heilman (1975) revised this genus but never published the 

dissertation. Makhan (1994, 1995, 2001, 2002) has described a number of Heilman’s 

species. However, Makhan’s descriptions and illustrations are of such poor quality that 

specimens can not be assigned to a species. A single specimen was taken at black light 

at Boxes Point. 

Hydrophilus ovatus (Gemminger and Harold) is usually found in deep water 

with considerable vegetation; uncommonly collected; except at black light (Wilson 

1923). This species was uncommon but taken at black light throughout the island. 

Hydrophilus triangularis Say is found in large, deep ponds; adults are attracted 

to light (Wilson 1923). This species was common at black light along Ingleside Road 

and Wildlife Trail. 

Paracymus subcupreus (Say) is found in a wide variety of aquatic habitats but 

prefers shallow, standing water with abundant organic matter (Wooldridge 1966). A 

single specimen was taken at black light at Boxes Point. 

Tropisternus blatchleyi d’Orchymont seems to prefer shallow pools and ponds 

but may be found in any quiet water habitat; adults are attracted to lights (Matta 1974). 

This species was common at black light throughout the island. 

Tropisternus lateralis nimbalis (Say) is very common and can be found in 

shallow standing water; it prefers areas with dense rooted vegetation and may occur in 

running water if the vegetation at the margin is thick enough adults are attracted to 

lights (Matta 1974). This species was abundant at black light throughout the island. 

Tropisternus striolatus LeConte is found in shallow standing water with other 

Tropisternus species; adults are attracted to lights (Matta 1974). This species was 

common at black light throughout the island. 

Discussion 

The 17 species of Dytiscidae and 25 species of Hydrophilidae represent 22.4% 

of the known Maryland fauna. This indicates a diverse and healthy water beetle fauna 

for Eastern Neck National Wildlife Refuge. Only Agabetes acuductus is considered 

rare but many of the other species have not been previously reported from Kent 

County. The data from this project has been archived with the Refuge and will 

hopefully be the foundation of continued monitoring activity to track any changes in 

populations and species composition. 
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First Records of the Rock Vole (Microtus chrotorrhinus) in Maryland 
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Abstract.-Two specimens of the rock vole, Microtus chrotorrhinus were 

trapped on the Hoye Crest of Backbone Mountain in Garrett County, Maryland. 

Another specimen trapped in Garrett County in 1987 is also documented. This is the 

first report of the rock vole from Maryland. 

Introduction 

The rock vole, or yellownose vole, Microtus chrotorrhinus (Miller, 1894) has a 

distribution from Labrador westward across Canada to Minnesota and southward at 

higher elevations through the New England states to Tennessee and North Carolina 

(Hall, 1981). Populations in the southern extent of the range are fragmented and 

appear isolated. No published records of the rock vole exist for the state of Maryland 

(Paradiso, 1969) and the species is listed as “endangered” under Maryland’s State 

Endangered Species Law (Code of Maryland Regulations 08.02.12). In adjacent states 

there are numerous records from West Virginia and Pennsylvania but only three sites 

in Virginia have been identified where the rock vole exists (Orrock et al., 1999). 

Typical habitat for the rock vole is a talus slope with moss-covered rocks (Kirkland 

and Jannett, 1982). This restricted habitat may be limited in the southern unglaciated 

Appalachians and hence, accounts for the fragmented distribution of populations. 

Here we report on one museum specimen and a second collection of two individuals 

during a study of the ectoparasite communities of mammals from western Maryland. 

Materials and Methods 

On 22 December 1987, employees of the Natural Heritage Program of the 

Maryland Department of Natural Resources (Ed Thompson and Scott Bates) set 50 

Victor Pro snap traps baited with a mixture of peanut butter, dried grits and anise oil 

approximately 15 m from the North Prong of Lostland Run (a first order stream in the 

Potomac River drainage) at an elevation of 762 m (2500 feet). On 6 September 2003 a 

trapline of 42 Sherman live traps and 8 Museum Special snap traps was established for 

one night. Traps were set next to fallen logs, and among moss and lichen covered rocks 

on the trail just south and north of the Hoye Crest summit (elevation 1013 m), 

Backbone Mountain, Garrett County, Maryland. All traps were baited with peanut 

butter and rolled oats. Two weeks later, on 20 September 2003, the same area was 

trapped again for a single night this time using 60 Museum Special and 28 Sherman 

traps again baited with a mixture of peanut butter and oats. Animals captured alive 

during the 2003 trapping effort were brushed over a white pan to collect ectoparasites 
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and were then identified, sexed, and released. Dead animals were individually placed 

into clean plastic bags, which were placed on ice and brought to the laboratory. All 

animals were processed for ectoparasites and representatives of all species were 

measured, weighed, and prepared as standard museum study skins with cleaned skull. 

Mammal names follow Kays and Wilson (2002). 

Results and Discussion 

Trapping during 1987 yielded a single specimen of M. chrotorrhinus that was 

subsequently deposited in the Carnegie Museum of Natural History (CMNH catalog 

number 103535), but the capture had not been reported in the scientific literature, to 

date. The capture site was among moss covered sandstone boulders under a canopy of 

yellow birch, Betula alleghaniensis, and hemlock, Tsuga canadensis. The trap was 

approximately 56 cm below the surface. The site is approximately 15 m from the 

North Prong of Lostland Run (a first order stream in the Potomac River drainage) at an 

elevation of 762 m. Water could be heard flowing under the boulders. A dense stand of 

hemlock occurs adjacent to the capture site along the stream. Other trees occurring 

within the boulder field include red oak, Quercus rubra, chestnut oak, Q. montana, 

black birch, Betula lenta, and red maple, Acer rubrum. The boulder habitat occupies 

an area of approximately 0.5 hectares. The CMNH collection also contains 9 

Pennsylvania and 19 West Virginia rock vole specimens. 

A subadult female rock vole weighing 32.6g was collected in a Museum Special 

trap on 6 September 2003. Standard external measurements were total length, 147 mm; 

tail, 40 mm; hind foot, 20 mm; ear, 13 mm. On 27 September 2003 a second specimen 

was caught in a Museum Special, an adult female weighing 40.8g with corresponding 

external measurements of total length, 145 mm; tail, 40 mm; hind foot, 20 mm; ear, 12 

mm. Study skins and skulls are deposited in the collections at Northern Virginia 

Community College as accession numbers 8201 and 8202. Both specimens were 

collected from the same general area about 50 m south of the Hoye Crest marker. The 

collection site was among boulders, some of which were moss covered, on an 

east-facing slope within 50 m of the West Virginia boundary. The forest in the area of 

capture is a northern hardwood type which was not specifically analyzed for its 

component species. However, some of the species present included red oak, Quercus 

rubra, striped maple, Acer pennsylvanicum, American basswood, Tilia americana, 

cherry, Prunus sp., and American beech, Fagus grandifolia. No conifers were present. 

Some areas of the forest understory were extensively covered by ferns and there was 

considerable leaf litter on the forest floor. 

The adult rock vole had a lesion in the inguinal region of the abdomen that 

appeared to be the wound left by a recently emerged botfly (Cuterebridae) larva. 

Botflies have been reported from the rock vole in the Great Smoky Mountain National 

Park (Komarek and Komarek, 1938) and in New York (Martin, 1972) but were not 

identified to species in those studies. No ectoparasites were found on the two voles we 

collected, although several species of fleas and mites regularly occur on rock voles 

(Martin, 1972). 

Other small mammals collected in the same area were southern red-backed vole 

(Clethrionomys gapperi), (13); North American deermouse (Peromyscus manicula- 
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tus), (10); and northern short-tailed shrew (Blarina brevicauda), (1). Orrock and 

Pagels (2003) found C. gapped to be the best indicator of habitat likely to support rock 

voles. Other investigators have reported southern red-backed voles to be ecological 

associates of the rock-vole (Kirkland and Jannett 1982, Handley and Pagels 1991, 

Linzey 1998). 

Microtus chrotorrhinus is known from fossil remains found in caves in the- 

adjoining states of West Virginia, Pennsylvania, and Virginia bet not from Maryland 

(Zakrzewski 1985). There are also extant populations of the rock vole in these 

adjoining states. Orrock and Pagels (2003) sampled 349 sites in Virginia of which 59 

were deemed to have habitat suitable for rock voles because of the presence of yellow 

birch (.Betula alleghaniensis). Among these 59 sites they found rock voles at three. The 

work of Orrock and Pagels (2003) is the most extensive to date to identify habitat 

requirements for M. chrotorrhinus. 

The literature on the food of rock voles was summarized recently by Linzey 

(1998). In all reports cited, vegetation was the sole food type found. We examined the 

stomach contents of the 2 rock voles from Backbone Mountain using dissecting and 

compound microscopes. No insect or other invertebrate animal items were detected. 

The stomachs were negative for lichens and mosses but contained highly macerated 

green material containing parenchyma, tr ache id, and vessel cells from unidentified 

angiosperms. 

Since 1987, the Natural Heritage Program has discovered several additional 

sites for the rock vole in Maryland. All of them are restricted to higher elevations of 

Garrett County. Detailed information on these capture sites are to be included in a 

forthcoming publication. 
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