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ABSTRACT: North America’s crayfish fauna is diverse, ecologi-
cally important, and highly threatened. Unfortunately, up-to-date
information is scarce, hindering conservation and management
efforts. In Pennsylvania and nearby states, recent efforts allowed
us to determine the conservation status of several native crayfishes
and develop management strategies for those species. Due to rarity
and proximity to urban centers and introduced (exotic) crayfishes,
Cambarus (Puncticambarus) sp., an undescribed member of the
Cambarus acuminatus complex, is critically imperiled in Pennsyl-
vania and possibly range-wide. Orconectes limosus is more wide-
spread; however, recent population losses have been substantial,
especially in Pennsylvania and northern Maryland, where its range
has declined (retreated eastward) by greater than 200 km. Intro-
duced congeners likely played a major role in those losses. Although
extirpated from some areas, Cambarus bartonii bartonii remains
widespread and is not an immediate conservation concern. In light
of these findings, the role of barriers (e.g., dams), environmental
protection, educational programs, and regulations in preventing
crayfish invasions and conserving native crayfishes is discussed, and
management initiatives centered on those factors are presented. The
need for methods to eliminate exotics and monitor natives is high-
lighted. Although tailored to a specific regional fauna, these ideas
have broad applicability and would benefit many North American
crayfishes.

Conservaciéon y Manejo de Langostil-
las: Lecciones de Pennsylvania

RESUMEN: las langostillas de Norteamérica son di-
versas, ecolégicamente relevantes y considerablemente
amenazadas. Infortunadamente, a la fecha la infor-
macién es escasa lo cual dificulta su conservacién y
manejo. En Pennsylvania y estados aledafios, esfuerzos
recientes han permitido determinar el estado de conser-
vacién de varias langostillas autéctonas y desarrollar es-
trategias de manejo para las mismas. Debido a su rareza,
proximidad a centros urbanizados e introduccién de las
langostillas (fordneas), la especie Cambarus (Puncticam-
barus) sp., miembro desconocido del complejo Cambarus
acuminatus, se encuentra en peligro critico en Pennsyl-
vania y posiblemente también en el resto de su distri-
bucién. Orconectes limosus presenta una distribucién
mas amplia; sin embargo recientemente ha habido una
pérdida importante de sus poblaciones, particularmente
en Pennsylvania y al norte de Maryland, lugar donde su
distribucién se ha reducido (retrocediendo hacia el este)
en unos unos 200 km. Es muy posible que los congéneres
introducidos hayan jugando un papel predominante
en estas pérdidas. Cambarus bartonii bartonii, aunque
extirpada de algunas zonas, continda siendo de amplia
distribucién y no se encuentra en peligro inmediato en
términos de conservacién. A la luz de estos resultados, se
discute la importancia relativa que las barreras (presas),
proteccién ambiental, programas educativos y regulacio-
nes han tenido en cuanto a la prevencién de invasio-
nes y conservacién de langostillas nativas. Asf mismo se
presentan iniciativas de manejo centradas en dichos fac-
tores. Se resalta la necesidad de métodos para eliminar
especies exdticas y monitorear las nativas. Estas ideas,
aunque disefiadas para una fauna regional particular,
entrafian una aplicabilidad m4s amplia y beneficiarian
diversas langostillas Norteamericanas.

INTRODUCTION

North America is home to a diverse, ecologically impor-
tant crayfish fauna that is threatened by human activities (Mas-
ter et al. 1998; Wilcove et al. 1998; Lodge et al. 2000a; Taylor
et al. 2007). Until recently, the conservation and management
of those species has been a low priority for most state, federal,
and academic institutions. The recent publication of several
large-scale conservation assessments, which suggest that about
half of North America’s crayfishes are imperiled across all or
parts of their range (Taylor et al. 1996, 2007; Master et al. 1998,
2000), greatly increased awareness and interest in the group.
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Although more focused efforts in particular regions followed,
the accurate classification (e.g., vulnerable, secure) of many
species remains hampered by a lack of up-to-date distributional
and ecological information (Taylor et al. 2007; Simmons and
Fraley 2010). This is problematic because such classifications
often provide the basis for assigning conservation priorities at
the local and national levels (Possingham et al. 2002). Thus,
incorrect classifications may be costly, resulting in biodiversity
losses and wasted resources.

In Pennsylvania and nearby states, recent efforts com-
bined with historical data (Table 1) allowed us to accurately
classify most of eastern Pennsylvania’s native, surface-dwelling
crayfish species: (1) Cambarus bartonii bartonii; (2) Cambarus
(Puncticambarus) sp., an undescribed member of the Cambarus
acuminatus complex; and (3) Orconectes limosus. QOur ability
to assess changes in the crayfish fauna at individual sites and
across the landscape was a key element in this process. We also
developed a number of management strategies that should aid
in the conservation of those species.

Because Procambarus clarkii, Cambarus robustus, Orconectes
obscurus, Orconectes rusticus, and Orconectes virilis have been
introduced to eastern Pennsylvania and Procambarus acutus has
greatly expanded its range in the region as a result of human

activities (Bouchard et al. 2007; Lieb et al. 2007a, 2011), the

TABLE 1. Historical and contemporary crayfish studies that aided in the development of the con-
servation classifications (e.g., vulnerable, secure) and management strategies provided herein.
Studies are listed by state (United States) or province (Canada). “Statewide” refers to studies

that include most of the state; NPS=National Park Service, PA=Pennsylvania.

aim of many of these management strategies is to prevent ad-
ditional crayfish introductions. Successful prevention is of vital
importance because introduced (exotic) crayfishes are one of
the biggest threats to native crayfishes in North America and
elsewhere (Lodge et al. 2000a; Taylor 2002; Taylor et al. 2007).
Although stopping the spread of exotic crayfish is difficult once
they become widespread (Peters and Lodge 2009), the distribu-
tions of most introduced crayfishes in eastern Pennsylvania are
still limited (Bouchard et al. 2007; Lieb et al. 2007a, 2011).
Thus, in eastern Pennsylvania, as in much of North America,
there is still time to stop the spread of introduced crayfishes
and preserve the native stocks that remain. Although tailored
to a specific fauna, the management strategies presented here-
in have broad applicability and would likely benefit many of
North America’s crayfishes, as well as other aquatic inverte-
brate species of concern.

METHODS
Assessing Changes at Individual Sites and across
the Landscape

Eleven sites in the Potomac and Susquehanna drainages of
Pennsylvania that historically supported O. limosus and/or C.
b. bartonii were resurveyed (Table 2). Nine were from Ortmann
(1906); two were from the United States National Museum,
Smithsonian Institution (USNM 46320 and 48413 [Conoy
Creek]; USNM 310622 [Penns Creek tributary]). USNM data
included catch numbers for each species; Ort-
mann’s data were presence/absence. In most cases,
historical site descriptions were limited to stream
and town names, and contemporary collections
were made as close to those towns as possible. The

exception was a site whose historical description

was “tributary of Penns Creek, two miles west of

Schoharie Creek drainage

State/province Coverage Source

Historical

Maryland Statewide Meredith and Schwartz 1960
Patapsco River drainage Schwartz et al. 1963

New York Statewide Crocker 1957

Pennsylvania Statewide Ortmann 1906
Statewide Bouchard et al. 2007°

West Virginia Northern part of the state Ortmann 1906

Contemporary

Maryland Statewide Kilian et al. 2010

New York Upper Susquehanna River drainage Kuhlmann and Hazelton 2007

Daniels 1998

North Carolina

Western part of the state

Simmons and Fraley 2010

Pennsylvania

Statewide with is on tern PA
NPS properties across the state

Valley Creek

Valley Creek

Southeastern part of the state
Southeastern part of the state

Bouchard et al. 2007
Lieb et al. 2007a

Lieb et al. 2007b

Lieb et al. 2008

Lieb and Bhattarai 2009
Lieb et al. 2011

West Virginia Statewide Jezerinac et al. 1995
Statewide Loughman et al. 2009
Statewide Loughman and Welsh 2010
Eastern Potomac River drainage Swecker et al. 2010

Ontario South-central part of the province Edwards et al. 2009

2Includes historical museum records.
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New Berlin.” Because the name of the stream was
unknown, we surveyed Sweitzers Run and Tusca-
rora Creek, the only major Penns Creek tributar-
ies located less than 4.8 km (3 miles) west of New
Berlin.

Contemporary collections included a thor-
ough search of multiple riffle-pool sequences and
all available habitat types, which is an effective
method for determining community composition
and compiling species lists for individual sites (see
Bouchard et al. 2007; Lieb et al. 2007a, 2011 for
additional details). Historical collection methods
are available from Ortmann (1906) or are un-
known (USNM data). Resampling efforts at O.
limosus and/or C. b. bartonii sites in the Delaware
basin of Pennsylvania and nearby states are de-
scribed elsewhere (Schwartz et al. 1963; Daniels
1998; Kuhlmann and Hazelton 2007; Loughman
et al. 2009; Kilian et al. 2010; Loughman and
Welsh 2010; Swecker et al. 2010; Lieb et al. 2011).
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TABLE 2. Historical and contemporary crayfish collections from resampled sites in the Susquehanna (S) and Potomac (P) River drain-
ages of Pennsylvania. Historical data were collected in 1912 (Conoy Creek), 1956 (Penns Creek tributary), or were taken from Ortmann
(1906), who did not provide collection dates for individual sites. Contemporary data were collected in 2006 and 2007. R=Raystown,
Br=Branch, Cr=Creek, R=River, Trib=Tributary, NA=Not available, bartonii=Cambarus bartonii bartonii, limosus=Orconectes limosus,
obscurus=0rconectes obscurus, rusticus=0rconectes rusticus, virilis=0rconectes virilis.

Stream Lat, Long Historical Contemporary
(drainage) County Nearby town (decimal ®) Species n Species n
Back Cr (P) Franklin Williamson 39.85422, -77.79622 limosus NA virilis 18
Conococheague Cr (P) Franklin Chambersburg 39.96102, -77.64832 bartonii NA bartonii 1
limosus NA obscurus 8
virilis 11
Conococheague Cr (P) Franklin Williamson 39.84675, -77.79425 limosus NA bartonii
obscurus 10
virilis 37
Bald Eagle Cr (S) Centre Milesburg 40.94309, -77.78700 bartonii NA obscurus 25
limosus NA
Conoy Cr (S) Lancaster Bainbridge 40.08473, -76.66097 bartonii 20 rusticus 82
Conodoquinet Cr (S) Cumberland West Fairview 40.25543, -76.92745 limosus NA rusticus 22
Fishing Cr (S) Columbia Bloomsburg 40.99537, -76.47353 limosus NA obscurus 26
Montour Cr (S) Perry Green Park 40.35842, -77.31798 bartonii NA obscurus 3
limosus NA rusticus 55
R Br Juniata R (S) Bedford Bedford 40.02013, -78.50278 limosus NA obscurus 7
Trib of Penns Cr (S) Union/Snyder New Berlin Two possibilities? limosus 1 bartonii 10°
obscurus 17°
rusticus 56"
Yellow Breeches Cr (S) | Cumberland/York | New Cumberland | 40.22395, -76.86070 | limosus NA rusticus 39

240.87208, -77.01345 (Sweitzers Run) or 40.86767, -77.00650 (Tuscarora Creek); see methods for further explanation.

"Total for Sweitzers Run and Tuscarora Creek.

Assessments of change at larger scales were possible be-
cause of the availability of contemporary and historical crayfish
data from a substantial part of the native ranges of C. b. barto-
nii, C. (P.) sp., and O. limosus (see Table 1 and range informa-
tion in Hobbs 1989; Jezerinac et al. 1995; Lieb et al. 2011).
Coverage of Pennsylvania, Maryland, and West Virginia was
especially complete, allowing a particularly clear picture of
change in those areas.

To illustrate change in Pennsylvania, maps showing his-
torical and contemporary crayfish distributions were created
(Figures 1-5). For O. limosus, historical data were collected
prior to 1957 and contemporary data were collected from 1984
to 2007 (no data available from 1957 to 1983). For O. obscu-
rus, historical data were collected prior to 1912 and contempo-
rary data were collected from 1965 to 2007 (no data available
from 1912 to 1964). For C. b. bartonii, the data were split ap-
proximately in half: historical data were collected prior to 1960
and contemporary data were collected from 1964 to 2006 (no
data available from 1960 to 1963). For recent invaders, only
contemporary data were available (O. rusticus: 1976 to 2006,
O. wirilis: 1986 to 2007). Some data could not be mapped be-
cause of incomplete site descriptions (e.g., only a county name
provided). Similar maps for Maryland were published by Kilian
et al. (2010).
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Conservation Classifications

Conservation classifications from published sources and
updated classifications developed for this study are provided in
Table 3. Published classifications are from the American Fish-
eries Society (AFS) Endangered Species Committee (Taylor et
al. 2007) and the National Heritage Network (NHN; Nature-
Serve 2010). Updated classifications relied heavily on range
extent, number of populations, changes at individual sites and
across landscapes, and threats to existing populations and were
based on criteria and classification definitions provided by

TABLE 3. Conservation classifications for several of eastern Pennsylvania’s na-
tive crayfishes. Abbreviations used: CS=Currently stable; G5, S5 (species clas-
sification) and T5 (subspecies classification)=Secure; S4=Apparently secure;
S3=Vulnerable; S1=Critically imperiled; NL=Not listed; AFS=American Fisher-
ies Society; NHN=National Heritage Network; C.=Cambarus; 0.=Or tes;
b.=bartonii; P.=Puncticambarus. Updated classifications were developed for
this study. An asterisk (*) indicates that more information is needed to update
the classification. See methods for further explanation of classification proce-
dures and sources.

Global Pennsylvania
Species AFS NHN Updated NHN Updated
C. b. bartonii CS G5T5 | G5T5 S5 S5
C. (P.) sp. NL NL * NL S1
0. limosus CcS G5 * S4 S3
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Figure 1. Map of eastern Pennsylvania with historical and contemporary Orconectes limosus collection sites. Sites from Ortmann (1906) are plotted
separately from the remaining historical data. From east to west, the Delaware, Susquehanna, and Potomac River drainages are delineated. For sim-
plicity, streams that flow directly into the Chesapeake Bay are included in the Susquehanna drainage. Historical O. limosus sites in the Susquehanna
and Potomac drainages that were resurveyed for crayfishes are circled; 0. limosus was not found at any of them. Because the Back and Conoco-
cheague Creek sites near the town of Williamson (Potomac drainage) are close together, their site markers overlap. See Table 2 and Methods for

additional details. Modified from Bouchard et al. (2007).
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Figure 2. Map of eastern Pennsylvania with historical and contemporary Orconectes obscurus collection sites. The Ortmann (1906) site is plotted
separately from the other historical site. From east to west, the Delaware, Susquehanna, and Potomac River drainages are delineated. For simplic-
ity, streams that flow directly into the Chesapeake Bay are included in the Susquehanna drainage. See Table 2 and Methods for additional details.

Modified from Bouchard et al. (2007).
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Figure 3. Map of eastern Pennsylvania with Orconectes rusticus collection sites. From east to west, the Delaware, Susquehanna, and Potomac River
drainages are delineated. For simplicity, streams that flow directly into the Chesapeake Bay are included in the Susquehanna drainage. See Table 2
and Methods for additional details. Modified from Bouchard et al. (2007).
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Figure 4. Map of eastern Pennsylvania with Orconectes virilis collection sites. From east to west, the Delaware, Susquehanna, and Potomac River
drainages are delineated. For simplicity, streams that flow directly into the Chesapeake Bay are included in the Susquehanna drainage. Because the
Back and Conococheague Creek sites near the town of Williamson (Potomac drainage) are close together, their site markers overlap. See Table 2
and Methods for additional details. Modified from Bouchard et al. (2007).
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Figure 5. Map of eastern Pennsylvania with historical and contemporary Cambarus bartonii bartonii collection sites. Sites from Ortmann (1906) are
plotted separately from the remaining historical data. From east to west, the Delaware, Susquehanna, and Potomac River drainages are delineated.
For simplicity, streams that flow directly into the Chesapeake Bay are included in the Susquehanna drainage. Historical C. b. bartonii sites in the
Susquehanna and Potomac drainages that were resurveyed for crayfishes are enclosed by circles; C. b. bartonii was not found at three of them. See
Table 2 and Methods for additional details. Modified from Bouchard et al. (2007).

NHN. Due to the availability of historical and contemporary
data, we were able to develop updated classifications for Penn-
sylvania (Table 3); those for Maryland and West Virginia are
provided elsewhere (Kilian et al. 2010; Loughman and Welsh
2010). An updated range-wide classification is provided for C.
b. bartonii. The range-wide status of O. limosus and C. (P.) sp.
is discussed; however, updated classifications at that scale await
the completion of additional taxonomic, genetic, and distribu-
tional studies.

CONSERVATION CLASSIFICATIONS
Cambarus (Puncticambarus) sp.

Cambarus (P.) sp. was recently discovered in Pennsylvania
and has an extremely limited distribution in the state (Boucha-
rd et al. 2007; Lieb et al. 2007b, 2008, 2011). More specifically,
the species is only known from 13 sites in a small area (ap-
proximately 220 km?) of southeastern (SE) Pennsylvania. Only
four streams (Crum, Darby, Pickering, and Valley creeks) are
known to support populations of C. (P.) sp. One of those popu-
lations (Valley Creek) was recently invaded by O. rusticus and
appears to be in decline; the others are located close to dense
populations of several exotic crayfishes, including O. rusticus

(Lieb and Bhattarai 2009; Lieb et al. 2011). All four popula-
tions are in a rapidly urbanizing area within approximately 30
km of one of North America’s largest cities (Philadelphia; Lieb
etal. 2011).

Outside of Pennsylvania, the C. acuminatus complex oc-
curs in central Maryland, Virginia, North Carolina, and South
Carolina (Meredith and Schwartz 1960; Taylor et al. 2007;
Kilian et al. 2010). C.(P.) sp. is not one of the described spe-
cies in the complex from North Carolina and South Carolina
(Lieb et al. 2008), where the complex is reasonably well known
(Cooper 2001, 2006; Cooper and Cooper 2003). Much less is
known to the north of the Carolinas, where additional taxo-
nomic, distributional, and possibly genetic work is needed to
determine whether members of the complex consist of one
widely distributed species or multiple species with more re-
stricted ranges.

Regardless, because historical collections from Pennsyl-
vania do not include the C. acuminatus complex (Ortmann
1906), C. (P.) sp. is either an introduced species or a recently
discovered native. Generally, the presence of a species where
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it was historically absent would suggest an introduction; how-
ever, historical data are not available for any of the sites where

C. (P.) sp. is found (Ortmann 1906; Lieb et al. 2011).

Some authors cite the presence of disjunct distributions as
evidence for crayfish introductions (Bouchard 1976b; Crock-
er 1979; Jezerinac et al. 1995). Although the distribution of
the C. acuminatus complex is clearly disjunct, with popula-
tions in Pennsylvania separated from those in Maryland by
approximately 125 km (Meredith and Schwartz 1960; Kilian
et al. 2010; Lieb et al. 2011), introductions are probably not
the cause. First, members of the C. acuminatus complex (acu-
minatus species) are not typically introduced outside of their
native ranges (Hobbs et al. 1989; Rodriguez and Suarez 2001;
Taylor et al. 2007), probably because they are generally not
sold as bait or through biological warehouses. Second, natu-
rally adjacent but disjunct ranges have been documented for
other Puncticambarus species in eastern North America (Hobbs
1969). Third, it is possible that additional populations of the
C. acuminatus complex once occurred in northern Maryland
and southern Pennsylvania but that anthropogenic disturbanc-
es, such as crayfish introductions and urbanization, led to their
elimination, resulting in the disjunct distribution currently ob-
served. This is especially likely along the 1-95 corridor from
Washington, D.C. to Philadelphia, which is highly degraded
and infested with exotic crayfishes (see Bouchard et al. 2007;
Elmore and Kaushal 2008; Lieb et al. 2011). Such a scenario
is similar to that suspected for another Puncticambarus species,
Cambarus veteranus, which was believed to occur in two dis-
junct clusters of sites (one in West Virginia and one near the
border of Virginia and Kentucky) due, at least partly, to the
adverse effects of coal mining in intervening areas (Jezerinac et
al. 1995). Finally, it is possible that in Pennsylvania and Mary-
land the range of the C. acuminatus complex is naturally dis-
junct but the degree of separation between clusters of sites has
been exaggerated by extirpations in intervening areas.

Given these possibilities, the most likely scenario is that
one or more species in the acuminatus complex once occupied
a wider range in Maryland and Pennsylvania (although their
distributions may have always been restricted as is common
for species of Puncticambarus; Hobbs 1969, 1989) but that hu-
man activities reduced the range of the complex to two relic
groups of populations. Therefore, C. (P.) sp. is likely native to
Pennsylvania and has a very limited distribution in the state.
The absence of C. (P.) sp. from the historical record is not
surprising given that past surveys did not include some parts of
SE Pennsylvania (Ortmann 1906). Thus, although historical
surveys were sufficient to characterize the distribution of wide-
spread species such as O. limosus and C. b. bartonii, very rare
ones such as C. (P.) sp. could have been missed.

Due to rarity and proximity to urban centers and exotic
crayfishes, C. (P.) sp. is clearly imperiled in Pennsylvania (Ta-

ble 3) and in need of conservation attention. In other states,
crayfishes with similarly restricted ranges (known from 9 to 27
sites) often garner conservation attention ( Taylor and Schuster
2004; Westhoff et al. 2006; Eversole and Welch 2010), and
a number of species of conservation concern in Pennsylvania
have wider distributions and are less threatened than C. (P.)
sp. (see Felbaum et al. 1995). Although undescribed, the lack
of a specific epithet should not prevent C. (P.) sp. from being a
conservation priority (see Bouchard 1976a; Harris 1990; Jelks
et al. 2008; and others, which included undescribed species in
lists of imperiled crayfishes and fishes).

If the acuminatus species in Pennsylvania is different from
those to the south, then range-wide conservation attention
and inclusion on lists of globally imperiled species (e.g., AFS,
NHN) may be warranted, as has already been done for two acu-
minatus species (Cambarus hystricosus, Cambarus johni) known
from approximately 25 to 55 locations (Cooper and Cooper
2003; Cooper 2006; Taylor et al. 2007; Simmons and Fraley
2010). Even if the Pennsylvania acuminatus species occurs
elsewhere, such actions may be justified if Pennsylvania popu-
lations exhibit adaptations not present to the south, making
them important for maintaining the genetic variability of the
species (see Hamr 1998 for similar discussions regarding Can-
ada’s crayfishes and Hunter and Hutchinson 1994 and Lesica
and Allendorf 1995 for more general discussions of the value
of peripheral populations). Additionally, given the restricted
distribution of the C. acuminatus complex in Maryland (less
than 10 occurrences since 1989 and less than 30 overall; see
Figure 4 in Kilian et al. 2010), even if the species in Pennsylva-
nia is the same as that in Maryland, broader scale actions may
be warranted. Overall, C. (P.) sp. is probably one of the most
endangered aquatic species in the state and possibly in eastern
North America (if its range is limited to Pennsylvania) and,
without management action, faces an uncertain future.

Orconectes limosus

Although O. limosus records exist for a large swath of the
Atlantic drainage of eastern North America (Virginia north-
ward to Canada; Ortmann 1906; Crocker 1957, 1979; Francois
1959; Meredith and Schwartz 1960; Hobbs 1989; McAlpine
et al. 1991; Jezerinac et al. 1995; Lambert et al. 2007), recent
large-scale surveys indicate that the species has been extirpat-
ed from a substantial part of its former range. For example, in
Pennsylvania, the range of O. limosus has declined (retreated
eastward) by approximately 225 km and the species has nearly
been eliminated from the Susquehanna and Potomac basins
(Figure 1; Bouchard et al. 2007). Resampling efforts at or near
historical sites in those basins yielded hundreds of introduced
congeners but no O. limosus (Table 2; Table 1 in Bouchard
et al. 2007). Except for the presence of O. limosus in a few
tributaries of the North Branch Potomac River, similar range
reductions have occurred in northern Maryland (Kilian et al.
2010). The prevalence of introduced congeners in areas that

Fisheries ¢ voL 36 No 10 ¢ octoBer 2011 ¢ WWW.FISHERIES.ORG 495



—
—
o
N
o}
Q
[@]
B
O
N
N~
o
~
o
®
5
-
S
8
=)
8
3
g
(]
c
5
@)

Photo Spread 1. Densities of Orconectes rusticus (shown in all three pictures) are often extremely high in invaded systems such as the
Susquehanna River in Pennsylvania (lower left and upper). Photos by K. Kelly (lower left and upper) and D. Lieb and P. Mooney (lower right).
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Jones (left) and D. Funk (right).

Photo Spread 2. Cambarus bartonii bartonii (left) and Orconectes limosus (right) are native to eastern Pennsylvania. Photos by C. Swecker and T.

N o

Photo Spread 3. Cambarus (Puncticambarus) sp., an undescribed member of the Cambarus acuminatus complex, has an extremely limited distribu-

tion in Pennsylvania. Photos by J. Fetzner.

lost populations of O. limosus suggests that crayfish introduc-
tions likely played a major role in those losses (Figures 1-4,

Table 2; Bouchard et al. 2007; Kilian et al. 2010), although

other factors may have also been important.

More focused efforts in the Patapsco drainage of Maryland,
the upper Susquehanna drainage of New York, the Potomac
drainage of West Virginia, and the lower Delaware drainage of
Pennsylvania also documented the frequent replacement of O.
limosus by introduced congeners (Schwartz et al. 1963; Kuhl-
mann and Hazelton 2007; Loughman et al. 2009; Loughman and
Welsh 2010; Swecker et al. 2010; Lieb et al. 2011). Because the
lower Delaware drainage of Pennsylvania and nearby areas are
an important reservoir of genetic variability for O. limosus (Fili-
povi et al. 2011), extirpations from that area may have implica-
tions for the long-term viability and conservation status of O.
limosus in the state and the region (see Ehrlich and Daily 1993;
Fetzner and Crandall 2002; and Luck et al. 2003 for discussions

of the importance of genetic variability to species persistence).

These findings prompted Bouchard et al. (2007) to spec-
ulate that O. limosus may eventually be eliminated from the
Piedmont of Pennsylvania and Maryland, persisting only in
the Coastal Plain where it may be better able to compete with
introduced crayfishes. Unfortunately, Pennsylvania’s Coastal
Plain is small, densely populated, and extensively modified
(Bouchard et al. 2007), with additional alterations likely.
Maryland’s Coastal Plain is larger and less populated but also
has a substantial human footprint (King et al. 2005; Utz et al.
2010), which will undoubtedly increase as the region’s popula-
tion centers, including Washington, D.C., and Baltimore, con-
tinue to expand.

Although recent losses have been substantial, it is impor-
tant to note that some of the populations that have been lost
from the mid-Atlantic may not have been native to begin with
(see Ortmann 1906 and Bouchard et al. 2007 for discussions
of the potential influence of man-made canals on O. limosus
dispersal). Nonetheless, given the magnitude of the losses and
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the threats that O. limosus faces, the populations that remain
in Pennsylvania and Maryland have significant conservation
value at the state and regional levels.

This is ironic given that O. limosus has been introduced to
Europe and Canada and has rapidly expanded its range, often
at the expense of native crayfishes (Hamr 1998; Lambert et al.
2007; Taylor et al. 2007). As a result, O. limosus is viewed as a
pest across much of its nonnative range (Hamr 2002; Filipova
etal. 2011). Nonetheless, the conservation of native O. limosus
is warranted because introduced populations lack the genetic
diversity that is present in native stocks (Filipova et al. 2011).

Thus, although O. limosus is listed as globally secure/
stable by AFS and NHN (Table 3), recent findings indicate
that native stocks may not be as safe as previously thought.
In Pennsylvania, range reductions and the threat posed by
exotic crayfishes prompted us to downgrade O. limosus from
apparently secure to vulnerable (Table 3). In West Virginia,
O. limosus is listed as critically imperiled and may have been
eliminated from the state by exotic crayfish (Loughman and
Welsh 2010; Swecker et al. 2010). In Maryland, O. limosus is
listed as demonstrably secure, but the species is threatened by
exotic crayfish, and significant range reductions have occurred
in recent years (Kilian et al. 2010). Additional surveys along
with genetic work are needed to update the status of O. limosus
in other regions and across its range. Overall, this assessment
suggests that management intervention is likely needed to en-
sure the continued existence of O. limosus in Pennsylvania and
possibly elsewhere in its native range and illustrates the impor-
tance of periodically reevaluating the status of native crayfishes
(even widespread ones).

Cambarus b. bartonii

Although the range of C. b. bartonii has remained rela-
tively stable over the past century in Pennsylvania and Mary-
land (Figure 5; Bouchard et al. 2007; Kilian et al. 2010; Lieb
et al. 2011), the species has been replaced by introduced cray-
fishes at some locations in those states and New York (Table 2;
Schwartz et al. 1963; Daniels 1998; Kuhlmann and Hazelton
2007). Additionally, C. b. bartonii may be negatively affected
by nonnative O. wirilis in eastern West Virginia (Swecker et
al. 2010) and is in serious decline in parts of Ontario, Canada,
although introduced crayfishes are not the cause (Edwards et

al. 2009).

Given this information and the continued expansion of
introduced crayfishes in eastern North America, additional
losses appear likely. Fortunately, because C. b. bartonii is widely
distributed in eastern North America from Canada southward
to Georgia and is still common in many areas (Hobbs 1989;
Bouchard et al. 2007; Kilian et al. 2010; Loughman and Welsh
2010; Simmons and Fraley 2010), these losses do not pose an

immediate threat to the species. However, it is possible that
extirpations may eventually reduce the genetic variability and
long-term viability of C. b. bartonii in some areas. Although
such concerns are often expressed for species with restricted
ranges and small population sizes, even widespread crayfish spe-
cies can suffer substantial reductions in genetic variability due
to anthropogenic disturbances (Buhay and Crandall 2005).
Nonetheless, because resources are limited, it is important to
emphasize that C. b. bartonii is not an immediate conservati-
on concern regionally or globally (Table 3; Kilian et al. 2010;
Loughman and Welsh 2010; Simmons and Fraley 2010).

MANAGEMENT NEEDS AND IMPLICATIONS

Given the imperiled status of C. (P.) sp. and O. limosus
in Pennsylvania and elsewhere, efforts to prevent crayfish in-
troductions and preserve the habitat and water quality at sites
that support those species should be a management priority. In
subsequent sections, we describe regulatory, educational, and
conservation initiatives, which should aid in this regard. We
also discuss the need for methods to safely eradicate introduced
crayfishes; however, the successful development of such meth-
ods will not eliminate the need for policies aimed at preventing
introductions, which should remain the first line of defense.
Although most specific examples are from Pennsylvania, the
general concepts and management strategies that are provid-
ed have broad applicability and would likely benefit many of
North America’s crayfishes, as well as other aquatic inverte-
brate species of concern.

Crayfish Ban

Because introduced crayfishes occur in a number of water
bodies in Pennsylvania (Bouchard et al. 2007; Lieb et al. 2007a,
2011) and are available from bait shops, biological warehouses,
pet stores, live food vendors, and aquaculture facilities, which
are, at best, loosely regulated, it would be difficult to prevent
additional introductions in Pennsylvania without further regu-
lations and their enforcement (see Lodge et al. 2000a, 2000b;
Burkholder and Wallace 2001; and DiStefano et al. 2009). Al-
though O. rusticus has been tightly regulated since 2005 and
cannot be possessed, sold, transported, or cultured within the
state (58 Pa Code § 71.6.d 2008; Pennsylvania Fish and Boat
Commission [PFBC] 2009), other introduced crayfishes (P.
acutus, C. robustus, O. obscurus, O. wirilis) are unregulated and
can be purchased from commercial dealers or collected from
invaded water bodies and released legally into the state’s wa-
ters. Additionally, although P. clarkii cannot be propagated in
flow-through systems or introduced into Pennsylvania waters
(PFBC 2009), the species is cultured in parts of Pennsylva-
nia and can be possessed, sold, and transported legally within
the state. This situation is not unusual because many places
in North America do not strictly regulate all of their intro-
duced or potentially introduced crayfish species (DiStefano et
al. 2009; Peters and Lodge 2009).
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Strict regulations that only apply to a few species will not
prevent crayfish introductions in most areas. Extending exist-
ing bans to other species would be hard to enforce because
most natural resource managers and conservation officers have
difficulty identifying crayfish (Lodge et al. 2000b; Peters and
Lodge 2009). For this reason, banning the possession, sale,
transportation, and culture of all native and nonnative cray-
fishes in Pennsylvania and elsewhere (a complete ban) is war-
ranted. Such a ban would make it illegal to use live crayfish as
bait as recommended by Lodge et al. (2000b) and DiStefano
et al. (2009) and as is already the case in Wisconsin, Virginia,
and parts of Maryland and Canada (Taylor et al. 2007; DiSte-
fano et al. 2009; Maryland Department of Natural Resources
[MDDNR] 2009). The Wisconsin ban, enacted in 1983, re-
ceived nearly universal approval from the public (comments
5:1 in favor of it), “caused no unusual controversy, and has not
caused any apparent harm to Wisconsin’s important fishing in-
dustry” (Lodge et al. 2000b:23). Due to our outreach efforts,
including at least 13 articles in the popular media (newspapers,
magazines, Internet) since 2004, and those of the Pennsylvania
Sea Grant, residents of Pennsylvania are becoming increas-
ingly aware of the threat that introduced crayfishes pose and
would likely support a crayfish ban. Qutreach efforts are also
underway elsewhere (DiStefano et al. 2009; Kilian et al. 2010),
increasing the likelihood that a complete ban would be sup-
ported by the public.

Ideally, the complete ban would apply to all water bodies;
however, it may be possible to permit the use of crayfish as bait
in selected locations that are already infested with introduced
crayfish (a partial ban). Such a measure would maintain a ban
on the sale, transportation, and culture of crayfish but allow an-
glers to collect and fish with crayfish at some infested locations
(exempt sites). Because some noncompliance may occur (DiS-
tefano et al. 2009), exempt sites should not be in the vicinity
of imperiled crayfish. For example, substantial reaches of the
Schuylkill River in Pennsylvania are completely dominated by
introduced O. rusticus (Lieb et al. 2011) and would, in theory,
qualify for exempt status. However, because those reaches are
in the vicinity one of Pennsylvania’s rarest crayfish (C. (P.)
sp-; Lieb et al. 2011), they should not be exempt. Locations
that have never been surveyed for crayfishes or have not been
surveyed recently should also not be exempt. Although not risk
free, a partial ban would provide recreational opportunities for
anglers that use crayfish as bait while still reducing the chance
of introductions.

Some will likely argue that anglers should be allowed to
collect and fish with crayfish wherever they choose (not just
at exempt sites), as long as crayfish are not moved from place
to place. However, such a measure—which makes sense in
theory and would allow crayfish to be possessed but not sold,
transported, or cultured—would be difficult to enforce. This is
because unless an individual is caught transporting, selling, or

culturing crayfish it would be impossible to determine whether
a violation had occurred. In contrast, a complete or partial
ban would be much easier to enforce because anglers would ei-
ther not be allowed to use crayfish as bait anywhere (complete
ban) or would only be permitted to use them in certain waters
(partial ban). Under a complete or partial ban, the job of law
enforcement would be to prevent anglers from using crayfish
as bait in restricted waters, which is much easier than trying
to determine whether crayfish are being transported between
sites.

Education and Outreach

Although education and outreach programs targeting
policy makers and the general public are vitally important in
preventing crayfish introductions (Lodge et al. 2000b; Hamr
2002; Taylor 2002), until recently there was little up-to-date
information to dispense in many areas, including Pennsylva-
nia. Nonetheless, when this information became available in
Pennsylvania, the state’s regulatory agencies moved quickly,
enacting a ban on O. rusticus in 2005, within approximately
a year of being informed of the extent of the infestation. The
general public has proven equally as responsive, providing cray-
fish specimens, helping to detect new invasions (also noted by
Lodge et al. 2006), and urging the passage of additional regula-
tory measures to prevent introductions.

To date, most outreach efforts in Pennsylvania have been
restricted to articles in the popular media, invasive species
workshops, and presentations at scientific and management
meetings. Although productive, the effectiveness of those ef-
forts could be increased by targeting vulnerable areas (water-
sheds that support imperiled species and/or are at risk of in-
vasion) and potential sources of exotics including bait shops,
biological warehouses, pet stores, live food vendors, and aqua-
culture facilities (see Burkholder and Wallace 2001; Puth and
Allen 2004; Keller et al. 2008; DiStefano et al. 2009). Town
hall style gatherings in vulnerable areas and attempts to edu-
cate anglers and others who contact crayfish would likely ex-
tend current efforts to a different subset of the public.

The placement of warning signs along water bodies that
support imperiled crayfish such as C. (P.) sp. and O. limosus (to
prevent introductions) and along heavily infested waterways
(to prevent the transfer of exotics elsewhere) would probably
slow the spread of exotics, particularly in heavily fished areas.
To decrease costs, signs could be strategically placed at boat
launches and other popular access points.

Role of Dams, Temperature, and Nutrients
Although the susceptibility of individual sites to crayfish
invasions is potentially influenced by a number of factors (Ker-
shner and Lodge 1995; Light 2003; Usio et al. 2006; Phillips
et al. 2009; Capinha and Anastacio 2011), in this section, we
focus on dams, temperature, and nutrients because they appear
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to be important for one of Pennsylvania’s rarest crayfish (C.
(P.) sp.; Lieb and Bhattarai 2009; Lieb et al. 2011) and have

the potential to influence invasions in many areas.

The ecological benefits of dam removal have been thor-
oughly discussed in the scientific literature and are a major rea-
son for the recent surge in removal projects; however, the nega-
tive effects of such removals have received much less attention
and are typically limited to the downstream transport of sedi-
ments, nutrients, and toxic materials and the upstream move-
ment of introduced fish (Bednarek 2001; Bushaw-Newton et
al. 2002; Hart et al. 2002; Poff and Hart 2002; Stanley and
Doyle 2003). Because dams can block the dispersal of crayfish
(Meyer et al. 2007), their removal may facilitate crayfish inva-
sions in some systems, with the potential for negative effects on
native communities. Despite this possibility, the potential for
such effects is rarely discussed in the scientific literature (but
see Kerby et al. 2005; Bubb et al. 2008), or empirically tested,
and is typically not considered by regulatory agencies charged
with managing dam removals.

These data suggest that barriers (dams, low tempera-
tures, low nutrients) are likely preventing or slowing ex-
otic crayfish from invading some sites in Pennsylvania
that support imperiled crayfish.

Continuing to ignore the potential influence of dams on
crayfish invasions could have serious consequences, particular-
ly for imperiled crayfishes. For example, in Pennsylvania, dams
are located downstream of most of the known populations of
an extremely rare crayfish (C. (P.) sp.) and may be protect-
ing them from invasion (especially by O. rusticus; Lieb et al.
2011). At a minimum, surveys should be conducted prior to
dam removal to ensure that removal will not facilitate the up-
stream migration of introduced crayfish. Ironically, dams that
are protecting upstream areas from invasion may need to be left
in place for conservation reasons. In areas prone to invasion,
dams located downstream of imperiled crayfish should probably
not be removed, regardless of whether exotics are present in
the system or not.

Low temperatures may also play a role in protecting some
uninvaded sites. For example, in Pennsylvania, water tempera-
tures at sites with populations of C. (P.) sp. (hereafter termed
C. (P.) sp. sites) are likely lower than that preferred by O. rus-
ticus, possibly delaying or preventing its establishment at those
sites (Lieb and Bhattarai 2009). Support for this possibility is
provided by Mundahl and Benton (1990), who determined
that O. rusticus growth was maximized at 26-28°C in labora-
tory experiments and predicted that the species would be most
successful in systems with average summer water temperatures
near that range. Stream surveys in Ohio, which indicated that
O. rusticus was more successful in warmer, downstream reaches

that remain above 20°C throughout the summer than in cooler
headwater areas (Jezerinac 1986; Mundahl and Benton 1990;
Thoma and Jezerinac 2000), appear to support their prediction.
Because temperatures at C. (P.) sp. sites are known or suspect-
ed to be lower than 20°C for substantial parts of the summer
(Steffy and Kilham 2006; Lieb and Bhattarai 2009), it is pos-
sible that O. rusticus has been slow to invade those sites, at
least partly, because relatively low temperatures afford resident
species a bioenergetic advantage over O. rusticus (see Momot
et al. 1988 for a similar example).

The recent discovery of O. rusticus at the Valley Creek C.
(P.) sp. sites suggests that, although not favored by O. rusti-
cus, low temperatures may not prevent invasions indefinitely.
The spread of O. rusticus into the northern United States and
Canada (Hamr 2002; Taylor et al. 2007; Phillips et al. 2009)
further indicates that low temperatures alone may not provide
a permanent barrier against invasion. It is also possible that,
in Valley Creek, recent temperature increases resulting from
urbanization (Steffy and Kilham 2006) have tipped the bio-
energetic balance in favor of O. rusticus. Mundahl and Ben-
ton (1990) and Whitledge and Rabeni (2002) voiced similar
concerns regarding the potential influence of habitat- and cli-
mate-driven changes in temperature on O. rusticus invasions in
Ohio and Missouri. Additional temperature increases in Valley
Creek and the other C. (P.) sp. sites are likely due to continued
urbanization (Steffy and Kilham 2006; Kaushal et al. 2010),
increasing regional groundwater temperatures (Eggleston et al.
1999), and climate change (see Mohseni et al. 1999; Chang
2003; Kaushal et al. 2010). Such increases may eventually re-
sult in thermal conditions in many areas, including the C. (P.)
sp. sites, which favor O. rusticus.

The relatively low nutrient status of the C. (P.) sp. sites
(oligo-mesotrophic; Lieb and Bhattarai 2009) is probably not
optimal for O. rusticus, which—due to its high metabolic rate,
high growth rate, and large size—tend to do best in productive
systems where nutrients are plentiful (Momot 1984; Momot et
al. 1988). However, continued urbanization of the Philadel-
phia suburbs will likely increase nutrient levels at the C. (P.)
sp. sites in the future (see Lenat and Crawford 1994; Carpenter
et al. 1998). Additionally, it has been predicted that, as atmo-
spheric CO, levels rise, SE Pennsylvania will become warmer
and wetter, further increasing nutrient loading from urbanizing
basins in the region (Chang 2004). Elevated nutrient levels
may increase the likelihood of future O. rusticus invasions at
the C. (P.) sp. sites and other locations that are not highly en-
riched, as appears to have already occurred in Ohio and West
Virginia (Jezerinac et al. 1995; Thoma and Jezerinac 2000).

These data suggest that barriers (dams, low temperatures,
low nutrients) are likely preventing or slowing exotic crayfish
from invading some sites in Pennsylvania that support imper-
iled crayfish. Unfortunately, dam removals and expected in-
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Photo Spread 4. Cambarus robustus (upper left), Orconectes obscurus (upper right), Orconectes rusticus (middle left), Orconectes virilis (middle
right), and Procambarus clarkii (lower right) have been introduced to eastern Pennsylvania, and Procambarus acutus (lower left) has greatly ex-
panded its range in the region as a result of human activities. Photos by C. Swecker and T. Jones (lower left, lower right), J. Fetzner (upper left, upper

right), M. Sell (middle left), and K. Crandall (middle right).

creases in water temperature and nutrient levels resulting from
climate change and urbanization may compromise or weaken
those barriers in the future. More generally, these findings high-
light the potentially important but often overlooked role that
physical and chemical barriers of natural and anthropogenic
origin play in preventing crayfish invasions. Ultimately, the
preservation of native crayfish in some heavily infested areas

may depend on management efforts that maintain, strengthen,
or expand existing barriers.

Eliminating Exotics

Although the negative effects of introduced crayfish are
well documented, little is known about how to eliminate them
from invaded waters. Chemical poisons are available; however,
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native crayfish are also killed (Gunderson 2008). Intensive
harvesting may reduce population sizes but is laborious and un-
likely to result in eradication (Hamr 1999; Holdich et al. 1999;
Freeman et al. 2010). In a Wisconsin lake, O. rusticus densi-
ties were dramatically reduced (although extirpation was not
achieved) using a combination of trapping and increased fish
predation (Hein et al. 2007). Unfortunately, the effort required
was substantial, and similar results in open systems (streams)
are not assured. Pheromone baits could potentially reduce this
effort by increasing trap efficiency (Holdich et al. 1999; Free-
man et al. 2010) but are still in the early stages of development
(Stebbing et al. 2003; Aquiloni and Gherardi 2010). These dif-
ficulties have led many authors (e.g., Lodge et al. 2000b; Hamr
2002; Gunderson 2008) to conclude that introduced crayfish
can best be controlled by preventing future introductions.

Although we agree with this reasoning, additional intro-
ductions are likely unavoidable. As a result, the persistence of
certain native crayfishes (particularly those with limited ranges
such as C. (P.) sp.) may require the removal of exotics. Unfor-
tunately, species-specific treatments that eliminate introduced
crayfish with minimal effects on non-target species are current-
ly not available (Lodge et al. 2000b; Gunderson 2008; Freeman
et al. 2010). Their development should be possible; however,
because crayfish species vary in their responses to a variety of
substances (Hobbs and Hall 1974; Berrill et al. 1985; Eversole
and Seller 1996; Nystrom 2002; Wigginton and Birge 2007).
Additionally, because molting crayfish are especially sensitive
to toxicants (Wigginton and Birge 2007), it may be possible
in some situations to apply treatments when exotics are at the
peak of their molting cycle but natives are not to minimize
effects on non-target species. The release of sterilized males,
which has long been used to control insect pests (Myers et al.
2000) but has only recently been considered for crayfish (Hol-
dich et al. 1999; Aquiloni et al. 2009); endocrine disruptors,
which interfere with molting and reproductive processes in
crustaceans (Rodriguez et al. 2007; Mazurova et al. 2008); and
species-specific pathogens (Holdich et al. 1999; Davidson et al.
2010; Freeman et al. 2010) might also be effective for crayfish.

The objective of most treatment programs would be eradi-
cation, although for some abundant, highly fecund invaders
such as O. rusticus, population control may be more feasible
(Myers et al. 2000). Because introduced species are difficult
to eradicate if well established (Myers et al. 2000; Lodge et
al. 2006), watersheds that support imperiled crayfish should
be routinely monitored (at least once per year) to ensure that
invasions are detected quickly (see similar, albeit less specific,
recommendations in Lodge et al. 2006). Given that eradica-
tion/control programs require public support and can be con-
troversial, particularly if chemicals are used in populated areas,
such efforts should include outreach and public education ini-
tiatives (Myers et al. 2000; Genovesi 2005). Due to the pres-
ence of C. (P.) sp. and recent invasion by O. rusticus, Valley

Creek would be an obvious candidate for treatment. Eradica-
tion/control programs could be combined with restocking ef-
forts to restore native crayfishes to systems where they have
been extirpated.

Reducing Environmental Degradation
Anthropogenic disturbances and associated declines in
habitat and water quality are a serious threat to North Ameri-
ca’s native crayfishes (Wilcove et al. 1998; Guiasu 2002; Tay-
lor et al. 2007). Many of these disturbances can be related
directly or indirectly to landscape-scale changes associated
with agricultural and urban development. As a result, the pres-
ervation of native crayfish should include efforts to preserve
natural areas, particularly in the riparian zone (Burskey and
Simon 2010), and mitigate existing impacts. Riparian forests
may be of particular value because they reduce pollutant, sedi-
ment, and nutrient loading (Lowrance et al. 1984; Peterjohn
and Correll 1984; Pinho et al. 2008); lower water tempera-
ture (Burton and Likens 1973; Barton et al. 1985; Storey and
Cowley 1997); and provide refugia from flooding (in the form
of tree roots and woody debris; Smith et al. 1996; Parkyn and
Collier 2004), which would benefit crayfish communities di-
rectly via improved habitat and water quality and indirectly by
reducing the likelihood of crayfish invasions (see Role of Dams,
Temperature, and Nutrients). In Pennsylvania, such benefits
are particularly likely for C. (P.) sp. because it is typically found
in streams with relatively low temperatures and nutrients and
appears to be negatively affected by sedimentation and in-
troduced crayfish (Lieb et al. 2008, 2011; Lieb and Bhattarai
2009). Nonetheless, because the benefits of riparian forests are
not always apparent (particularly in highly developed areas;
Roy et al. 2005, 2006, 2007), their presence alone will not nec-
essarily assure the long-term survival of native crayfish.

In Pennsylvania, exceptional value (EV) status affords
surface waters protection under state law and mandates that
“water quality be maintained and protected” (25 Pa Code §
93.4a 2007). Surface waters qualify for EV status if they are
of “exceptional ecological significance,” defined as “important,
unique, or sensitive ecologically” (25 Pa Code § 93.1 2007).
Although surface waters that support imperiled crayfish such as
C. (P.) sp. and O. limosus appear to meet those criteria, most
are not classified as EV and need to be reevaluated (especially
those with C.(P.) sp.). More generally, whenever possible, im-
periled crayfish should be considered when surface waters are
classified and anti-degradation priorities are assigned.

Because urban areas support imperiled crayfish and are
crisscrossed by pipelines, railroads, and roadways that serve
as conduits for wastes and toxic materials, efforts to prevent
spilled materials from reaching imperiled crayfish are needed.
Those efforts should include the diversion of road runoff away
from populations of imperiled crayfish and the frequent inspec-
tion and maintenance of pipelines, railroads, and roadways
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that are in the vicinity of those populations. In Pennsylvania,
such safeguards are especially pertinent to C. (P.) sp. because
underground sewage conduits occur upstream of many C. (P.)
sp. sites (Ryan and Packman 2006). Further, some of the largest
and busiest highways and railroads in Pennsylvania are in the
vicinity of those sites and are a major supply route for chemi-
cals, fuels, and other toxic materials coming in and out of the
Philadelphia area. Therefore, spills in this region could have
serious consequences for C. (P.) sp. In recent years, at least two
substantial releases of diesel fuel from tanker trucks involved
in highway accidents have occurred downstream of C. (P.) sp.
sites (National Response Center 2002; Schaefer and Mastrull
2007). Given the continued expansion of urban areas in SE
Pennsylvania, future spills, including those upstream of C. (P.)
sp. sites, seem likely.

Additional Sampling

Because O. limosus and C. (P.) sp. are imperiled in Penn-
sylvania and elsewhere, efforts to better define their ranges and
monitor populations are needed. Range refinement will require
crayfish collections from watersheds that have not been sam-
pled recently and more sampling of drainages that currently
support C. (P.) sp. and O. limosus. Once their distributions
have been refined, range-wide monitoring programs can be de-
veloped. Efforts to quickly detect crayfish invasions and relate
population sizes to conditions at the reach scale (e.g., in stream
habitat) and basin scale (e.g., land use) should be included in
those programs. Regular monitoring should allow population
declines to be detected and causative factors identified, ulti-
mately providing the information needed to protect C. (P.)
sp. and O. limosus across their ranges. Initiatives of this type
should have widespread applicability, assisting efforts to con-
serve crayfish in a variety of settings.
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