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Executive Summary 
 
 A long-term study of the Striped Newt (Notophthalmus perstriatus) and Gopher 
Frog (Rana capito), two candidate species for federal threatened status, and ~25 other 
vertebrate animals has been underway for 12 years at 265 small, isolated water bodies 
(temporary, or ephemeral ponds) in the Munson Sandhills in southern Leon County, 
Florida.  The principal objectives of the study were to determine the life cycles, dispersal, 
and critical habitat utilization of these species.  The study has had two components: 1) 
monitoring by drift fence the immigration and emigration of animals in and out of Study 
Pond 1, and 2) periodically surveying 265 temporary ponds in the Munson Sandhills, 
especially 18 ponds in which the Striped Newt has been found. 
 
 This report deals with the aftermath of a long-term drought that began in the fifth 
year, 1999, and has continued to the present.  The effects of the drought have been so 
strong that many study ponds have been dry for long periods of time  (>16 months), and 
one of the principal study animals, the Striped Newt, has declined or disappeared from 
almost all of its breeding ponds.   During the report period (24 February 2004 – 31 March 
2006 with no-cost time extensions until 30 March 2007), water levels returned in Study 
Pond 1, but only 2 adult Striped Newts entered the pond in years 7 – 10.  In year 10, the 
drift fence was discontinued because of the possibility that the drift fence, itself, was 
hindering the normal migrations of pond animals.  Striped newts and other pond-utilizing 
animals were thereafter sought by dipnetting in Study Pond 1 and in most of the 265 
other ponds of the Munson Sandhills in years 11 and 12. 
 
 Only 3 adult Striped Newts from 2 of 18 known potential breeding ponds were 
found in the past 8 years, and none were taken during this time from Study Pond 1.  The 
Gopher Frog and all the other pond-utilizing vertebrates in the Munson Sandhills have 
bred in many ponds following the 1999-2000 drought—even though less severe drought 
conditions have persisted during the period of this report.  Only the Striped Newt seems 
not to have recovered.  Potential causes of the Striped Newt decline and recommend-
ations for habitat management and future study are made. 
 
 The opinions, findings, and conclusions expressed in this publication are those of 
the authors and not necessarily those of the State of Florida Department of 
Transportation. 
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Introduction 
 

The Coastal Plain of the southeastern U. S. once lay under the ocean (Murray 
1961, Thornbury 1965).  As sea levels receded, ancient sea beds became dry land--often 
composed of limestones--which were created over the eons by the accumulation of the 
shells and the hard parts of sea creatures. Rainwater works its way through vertical 
cracks, fissures, and bedding planes in limestone dissolving elaborate tunnels and 
passageways through which it flows back to the sea as circulating groundwater. 
Sandhills--deposits of deep sand that once lined ancient shorelines in the Coastal Plain--
often lie on top of limestones. Sandhill regions underlain by limestones are pitted with 
numerous depressions that form when the land collapses into the tunnels or gently sinks 
as the circulating groundwater slowly dissolves the surface of the limestone underneath 
the sandy overburden.  One important sandhill area lies in southern Leon County, Florida.  
It is called the Munson Sandhills and is part of the larger Woodville Karst Plain in Leon 
and adjacent Wakulla County (Swanson et al. 1992). 

 
All sandhills areas in the Coastal Plain are vegetated with a distinctive type of 

forest/grassland called the longleaf pine savannah (Means 1996a, Platt 1999).  Longleaf 
pine savanna, which also grew on clayhills and flatwoods, once occupied about 60% of 
the landscape of the Coastal Plain from east Texas to southern Virginia (Ware et al. 
1993), but today has been severely reduced to less than 2% of its original extent of 
~80,000,000 acres (Ware et al. 1993).  Because of its dominance on the landscape and 
antiquity (Means 2005), longleaf pine savanna is home to one of the largest diversities of 
vertebrate animals (212 species) in the United States and Canada (Means 2005), 
including 38 species that are specialists occurring exclusively or primarily in longleaf 
pine savannas.  

 
In such severely reduced and fragmented longleaf pine savanna remnants, the 

populations of many specialist species of the longleaf pine endemic fauna have, 
themselves, declined severely.  Among these animals are federally threatened species 
such as the red-cockaded woodpecker (Picoides borealis), eastern indigo snake 
(Drymarchon corais), and flatwoods salamander (Ambystoma cingulatum).  Many other 
species are declining severely and are likely to be candidates for federal listing, such as 
Bishop’s salamander (Ambystoma bishopi), gopher tortoise (Gopherus polyphemus), 
southern hognose snake (Heterodon simus), pine snake (Pituophis melanoleucus), red-
tailed skink (Eumeces egregius), Bachman’s sparrow (Aimophila aestivalis), Fox squirrel 
(Sciurus niger), and Florida mouse (Podomys floridanus). 

 
Two declining longleaf pine savanna species, the gopher frog (Rana capito) and 

striped newt (Notophthalmus perstriatus), are found in the Munson Sandhills at the 
northeastern corner of the Apalachicola National Forest, in Leon County, Florida (Means 
and Means 1998a, Means and Means 2003).  These two species, and 25 other vertebrates, 
not only require longleaf pine forest habitat in their terrestrial lives, but they obligately 
must also have small, isolated water bodies in which to breed and pass through the natal, 
aquatic stages of their lives (Moler and Franz 1987, Means 1990).  Moreover, these 
ponds must not be permanent water bodies, but must dry out periodically to kill off any  
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Fig. 1.—Study Pond #1, only about 60 feet in diameter, has produced during single emergences 50,000 
baby Spadefoot Toads (upper L), 5,000 Mole Salamanders (upper R), more than 1,000 of each newt 
(Striped top, Common below, lower L), 3,000 Gopher Frogs (lower R, hiding its eyes), and thousands more 
of 16 other species of salamanders and frogs that live in the longleaf pine uplands most of their lives.  
Temporary ponds are vitally important to upland vertebrate food webs in longleaf ecosystems.  
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fish that might colonize them.  They are called temporary or ephemeral ponds, and their 
importance in the overall longleaf pine sandhill communities is huge (Fig. 1).   

 
Unfortunately, the sandhills habitats of all these species are rapidly being 

converted to living space for humans.  The global distribution of the striped newt is small 
and restricted to the northern half of the Florida peninsula and parts of southern Georgia 
(Conant and Collins, 1998; Johnson 2002).  Dodd (1993) and Franz and Smith (1994) 
resurveyed all 162 historical localities for the striped newt in Georgia and Florida and 
concluded that the striped newt is presently known from only three general and widely 
separated locations in Georgia and from 27 ponds in Florida.  Based on the newt’s limited 
distribution and low number of breeding ponds in Georgia, Dodd (1993) recommended 
the “…initiation of immediate efforts to conserve and manage known striped newt 
breeding ponds.”  Franz and Smith (1994) found a similar paucity of recent records from 
Florida, which also strongly suggested a serious decline in the striped newt throughout its 
Florida range.  They concluded that “…this salamander is threatened throughout its 
geographic range and that there is sufficient evidence to warrant both state and federal 
listing.”   The Munson Sandhills/Woodville Karst Plain, containing more than half of the 
known Florida breeding ponds of the striped newt, may well be the most important refuge 
left in its global range (Means et al. 1994a,b; Means and Means 2003). 

 
 Likewise, the gopher frog is rare and declining throughout its geographic range, 
but does not appear to be so severely reduced in Florida as the striped newt.  Franz and 
Smith (1994) surveyed museum records, scientific literature, unpublished field notes, and 
conducted their own fieldwork establishing 259 sites in 45 counties for the gopher frog.  
The species was active in 79 of these sites, including only two historic sites.  Franz and 
Smith (1994) plotted only 6 localities on their range map for the gopher frog between the 
Apalachicola and Suwannee rivers in the Florida panhandle.  Half of these were in the 
Woodville Karst Plain on the Apalachicola National Forest and were also known to 
harbor the striped newt. 
 
 History of Temporary Pond Research in the Munson Sandhills and 
Woodville Karst Plain.--A long-term study of the vertebrate life of limesink ponds in 
the Munson Sandhills/Woodville Karst Plain has been running over a 41-year period 
beginning with >75 casual collecting visits to various ponds from 1966 to 1992, and then 
a series of systematic studies beginning in 1993 (Means 1966, 1999, 2001, 2004, 2006, 
Means and Means 1997, 1998a,b, 2005, Means and Printiss 1996, Means et al. 1994a,b). 
From 31 January 1993 to 3 August 1998, Means and his technicians dipnetted and 
measured the growth of Striped Newt larvae (and the larvae of other salamanders) from 
one special pond designated “Study Pond #1” on 307 separate occasions (Means et al. 
1994b and unpublished).  Then, to more fully understand the population dynamics of the 
Striped Newt, Gopher Frog, and 25 other species of amphibians and reptiles that utilize 
Study Pond #1, a 338-m (1100 feet) long drift fence was emplaced in the ground 
completely surrounding Study Pond #1 on 6 September 1995 and ran continuously for ten 
years until 05/11/05.  Its objective was to study the biology, immigration, and emigration 
of amphibians and reptiles in and out of Study Pond #1 in relation to rainfall and pond 
hydrology.  Results of some of this work are in published and unpublished reports 
(Means 1996b, 1999, 2001, Means and Means 1997, 1998a, 2003, Means and Printiss 
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1996, and Means et al. 1994a, b).  When the drift fence was terminated in its 10th year of 
uninterrupted operation, it had become the second longest running drift fence study after 
the famous 20-year Rainbow Bay project on the Savanna River Ecology Laboratory, 
Georgia (Semlitsch 1996).  
 
 The 12-year project was funded by a consortium of cooperating state, federal, and 
nonprofit NGO agencies (Table 1), beginning with the US Fish and Wildlife Service 
which initiated support for the project in January 1995 under Order No. 43910-5-0077.  
Drift-fencing research began at Study Pond #1 under a Challenge Cost-Share Agreement 
between Apalachicola National Forest and the Coastal Plains Institute and Land 
Conservancy from September 1995 to September 1997.  Next, the Florida Department of 
Transportation (FDOT) funded the project with two contracts to faculty members of the 
Department of Biological Science, Florida State University.  The first FDOT contract ran 
from 1997–2001.  Then the US Fish and Wildlife Service supported these studies under 
Order No. 1448-43910-2-M718A from July 2002 through June 2003.  The second FDOT 
contract covered the period from 24 February 2004 until 31 March 2006, with two no-
cost time extensions through 30 March 2007. The Coastal Plains Institute and Land 
Conservancy funded gaps in agency funding and miscellaneous aspects of the project 
including labor, transportation, laboratory, and office space from 1993 to 2007. 
 
             
Table 1.—Funding sources by year of the biology of amphibians and reptiles that utilize ponds in the 
Munson Sandhills and especially Study Pond #1 adjacent to U. S. Highway 319 south of Tallahassee, 
Florida.  Study years begin and terminate in the first week of September each year.    
 01/18/95 – 04/13/98 US Fish and Wildlife Service Order No. 43910-5-077. 
Year 1: 09/06/95 – 09/05/96 Challenge Cost-share Agreement between US Forest Service and 

Coastal Plains Institute and Land Conservancy. 
Year 2: 09/06/96 – 09/07/97 Challenge Cost-share Agreement between US Forest Service and 

Coastal Plains Institute and Land Conservancy. 
Year 3: 09/08/97 – 09/04/98 Florida Department of Transportation contract. 
Year 4:  09/07/98 – 09/05/99 Florida Department of Transportation contract. 
Year 5:  09/06/99 – 09/06/00 Florida Department of Transportation contract. 
Year 6:  09/08/00 – 09/07/01 Florida Department of Transportation contract. 
Year 7: 09/10/01 – 06/30/02 Coastal Plains Institute and Land Conservancy. 
 07/01/02 – 09/05/02 US Fish and Wildlife Service Order No. 1448-43910-2-M718A. 
Year 8:  09/07/02 – 6/30/03 US Fish and Wildlife Service Order No. 1448-43910-2-M718A. 
 07/01/03 – 09/08/03 Coastal Plains Institute and Land Conservancy. 
Year 9:  09/09/03 – 09/08/04 Florida Department of Transportation contract. 
Year 10: 09/09/04—05/11/05 Florida Department of Transportation contract. 
 05/12/05—09/06/05 Florida Department of Transportation contract. 
Year 11: 09/07/05—09/06/06 Florida Department of Transportation contract. 
Year 12: 09/07/06—03/31/07 Florida Department of Transportation contract. 
            

 
 

This is the final report to FDOT for OMNI Project 010562.  OMNI Project 
010562 began as FDOT contract # BD543, to have been completed on or before March 
31, 2006.  The FDOT funding was especially earmarked to monitor breeding ponds of the 
principal study animals (Striped Newt and Gopher Frog) through a severe regional 
drought that began in 1999.  Incredibly, the drought persisted through the original 
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completion date and, in spite of two no-cost time extensions, was still in full force nine 
months later as of 30 March 2007.   
 
 Under the funding from OMNI Project 010562, two study projects were to be 
carried out.  Project 1 was intended “to continue monitoring the population status of the 
wildlife that breeds in Study Pond #1 by means of the drift fence and dipnetting 
regimen,” which had been running there since 6 September 1995.  Both the Striped Newt 
and Gopher Frog had not bred in Study Pond #1 for several years through the period of 
the drought, and it was hoped to find them breeding in the pond when the drought broke.  
Project 2 was to learn the long-term effects of the 1999-2003 drought on the Striped 
Newt and Gopher Frog throughout all of the potential breeding ponds (n = 265) in the 
Munson Sandhills, searching for ponds in which larvae had not been found previously 
and re-checking known breeding ponds.   
 

This report provides the results of Projects 1 & 2 under OMNI Project 010562 for 
the time period of the contract, 24 February 2004 to 31 March 2007.  This report also 
gives overall conclusions about the significance and potential causes of the 12-year 
population fluctuations of the Striped Newt, Gopher Frog, and some other pond-utilizing 
vertebrates in the Munson Sandhills.  The effects of highways and roads on study animal 
populations are discussed and recommendations are given for future studies.  
 

 
Study Area 

 
The study area is a west-to-east trending belt of sandy hills in the southern portion 

of Leon County, Florida, and just south of the capital city of Tallahassee (Fig. 2).  The 
hills form a small physiographic region called the Munson Sand Hills, a subdivision of 
the larger Gulf Coastal Lowlands (Hendry and Sproul 1966).  They represent sands up to 
~35 ft (~10 m) deep capping limestones of the Pliocene Jackson Bluff Formation which 
overlie late Miocene limestones of the St. Marks Formation, very much the same geology 
as that of the adjacent Woodville Karst Plain.  The only distinction between the Munson 
Sand Hills and the Woodville Karst Plain is the depth of the sands and the fact that the 
deeper sands of the Munson Sand Hills are a more hilly terrain.   
 
 The deep sands of the Munson Sand Hills probably were deposited off the mouth 
of the ancient Ochlockonee River as a barrier island complex when sea levels were higher 
in the late Miocene or Pliocene (Hendry and Sproul 1966).  Relief in the Munson Sand 
Hills has been exaggerated by dissolution of the underlying limestones over the millenia 
since the sands were deposited.  For the purposes of this study, the Munson Sand Hills 
are divided into an eastern and a western portion (Fig. 2), using Woodville Highway (Fla. 
Rd. 363 on Fig. 2) as an arbitrary dividing line.  The eastern portion of the Munson Sand 
Hills narrows eastward and terminates at the St. Marks River.  The western portion of the 
Munson Sand Hills is about twice as large, depending upon how it is circumscribed.  For 
the purposes of this study, most of the fieldwork in the western half of the Munson Sand 
Hills was confined to land lying between Woodville Highway on the east and Springhill 
Road (Fla. Rd. 373 on Fig. 2) on the west.  The reason for this is that the portion of the 



9 

western Munson Sand Hills that lies northwest of Springhill Road is highly developed 
with homes, a regional airport, and slash pine plantations.  
 
 

 
 
Fig. 2.  Map of the Study Area, Munson Sandhills south ofTallahassee, Florida, showing 
the 265 temporary ponds (open circles) of this study. 
 

 
Methods and Materials 

 
 Project 1, Study Pond #1.—Study Pond #1 is a classic limesink depression, a 
gently inclined basin with slopes of < 5˚ leading to two small, circular potholes in the 
center (Fig. 3).  It is located on the west side of U. S. Highway 319 about 0.2 mi. south of 
its junction with Florida Road 61 in the NW1/4 of the SW1/4 of Section 35, T1S, R1W in 
the Apalachicola National Forest (see Means et al. 1994a).    The basin is aligned in a 
NE-SW direction with the slightly larger of the two potholes to the NE (Pothole #1).  The 
vegetation in the depression is largely governed by fluctuating water levels, so that the 
treeless part of the basin is about 1100 feet (338 M) in circumference.  The area of a 
circle with such a circumference is about 0.9 ha.  The treeless portion of the limesink 
depression is approximately circular, or slightly oblong in the NE-SW direction (Fig. 3).  
Its area is probably only slightly less than 0.9 ha, or about 0.8 ha.  The soil along the 
upper margin of the basin is bare sand or the ground is only sparsely vegetated with 



10 

different zones of low, sparse groundcover consisting of tennis-ball-sized clumps Small’s 
Bogbutton (Lachnocaulon minus), scattered clumps of broomsedge (Andropogon sp.), 
ans assorted other herbs. 
 
 

 
Fig. 3.  Aerial photograph of Study Pond #1 on the west side of US Highway 319.  Note 
the two potholes aligned SW-NE. 
 
 
 The two potholes in the center of the depression hold water long enough to have 
deep beds of peat and support wetland vegetation.  In Pothole #1 no hard substrate was 
detected by pushing a 2-m rod into the peat.  Most significantly, a zone of buttonbush 
(Cephalanthus occidentalis) surrounds both potholes, downslope of which the gradient 
steepens slightly and where both potholes are open-water for several months after filling.  
However, when water levels are stable for several months, smartweed (Polygonum 
hydropiperoides) can be seen choking the surface around the edges of the open-water 
zones of both ponds.  When the potholes have held water for several months, one or two 
submersed species float to just under the water’s surface in the deeper parts of the ponds.  
The pond edge rises and recedes though the buttonbush zone, so that the diameter of the 
fluctuating pond edges is too dynamic to assign a meaningful measure.  However, the 
edge of the buttonbush zone has been quite stable over the past decade, so it was used to 
estimate the average size of the potholes.  Pothole #1 (NE) is 240 ft (74 m) in 



11 

circumference, or about 0.04 ha in area. Pothole #2 (SW) is 200 ft (m) in circumference, 
or about 0.03 ha in area. 
 

The inner edges of the two potholes lie ~27 ft (8.3 m) apart and are separated by a 
low, sandy ridge that is ~4.5 ft (1.4 m) above the bed of Pothole #1, and ~3.5 ft (1.1 m) 
above the bed of Pothole #2.  This means that Pothole #2 is ~12 inches (0.3 m) higher 
than the bed of Pothole #1, which is born out when the ponds dry down because Pothole 
#2 dries first and Pothole #1 has a substantially longer hydroperiod. 

 
The northeast, north, northwest, and southwest sides of the drift fence face a zone 

of 20-50 yards of gently rising terrain with a mesic forest of longleaf pines and a dense 
shrubby growth of Vaccinium arboreum and V. darrowi.  Beyond, the land rises more 
steeply into a second-growth longleaf pine/wiregrass/turkey oak sandhill habitat, the 
pines having been clear-cut in the 1930s.  The southeast side of the drift fence lies 
adjacent to a major two-lane federal highway.  Until 2004, a narrow forested zone about 
30 feet (9 m) wide separated the limesink depression from the grassy road shoulder. After 
2004, the highway was widened and a three-foot-high, vertical, concrete barrier was 
placed parallel with the road.  A 20-foot wide strip of mowed road shoulder lies between 
the concrete barrier and the 30-feet wide forested strip. 
 

An approximate 1,000-ft long drift fence was buried on edge about 10 cm in the 
ground around the inside of the limesink depression of Study Pond #1. The fencing was 
the standard black plastic silt-fence used to prevent sedimentation in wetlands during 
road construction, about 36 inches high and supported by 1"X 1" upright wooden rods to 
which it is tacked.  Thirty-three pairs of 5-gallon plastic buckets were buried flush with 
the ground surface on each side of the fence about every 30 feet (10 m).  A unique 
number was spray painted over each bucket so that immigrating individuals dropped into 
odd-numbered buckets and emigrating individuals dropped into even-numbered ones. 
 
 Weather data were monitored with a min-max thermometer and a rain gage placed 
within 20 feet of the fence.  Water depth of Pothole #1 in the middle of the limesink 
depression was monitored by driving a white, one-inch diameter, PVC pipe into the 
deepest part of the pond, and measuring the water column above the top of the pond-
bottom sediments.  The PVC pipe was graduated with bold black centimeter marks for 
viewing from a distance.  Later, in 2002, a standard 2-meter tall, graduated (in cm) gage 
was placed next to the old PVC-pipe gage. 
 
 Drift fence buckets were checked for animals every two days throughout the year 
except that if heavy rains fell the fence was checked daily.  All animals (especially the 
amphibians and reptiles) were removed from each bucket and released on the opposite 
side of the fence, under the assumption that an animal had been moving in that direction 
when intercepted by the bucket into which it fell.  Four to six inches of water were 
maintained in the buckets to aid the amphibians and reptiles in resisting desiccation. 
 
 The drift fence was operated for ten years until 11 May 2005 when it was decided 
to remove the drift fence to insure that it was not responsible for severely reduced Striped 
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Newt and Common Newt immigration.  Following the drift fence removal, newt and 
other pond-inhabiting vertebrates were monitored over the next two years by dipnetting. 
 

Project 2, Sampling 265 Ponds.--Following methodology established in Means 
et al. (1994a,b), ponds were found by inspecting USGS topographic quadrangles and 
Florida Department of Transportation aerial photographs, then reached by means of a 
four-wheel drive vehicle or on foot.  Some ponds were discovered by simple field 
reconaissance.  Ponds were sampled in a standard fashion by 50 to 200 sweeps of a 24 X 
46-cm dipnet (1 mm X 1 mm mesh) until we sampled and measured either ten newts or 
made 50 or more sweeps of the dipnet.  Some ponds were seined using a 4' X 10' net with 
1/4-inch mesh.   
 
 Tail length and snout-vent length (snout to the posterior angle of the vent) of live 
newts and larvae were measured in the field with a clear plastic ruler to the nearest mm, 
and in preserved specimens in the laboratory by means of a Helios dial caliper to the 
nearest 0.1 mm.  Larvae were preserved within about two hours in 10% formalin. 
 
 
 

Results—Project 1 
 

12-year Rainfall and Pond Depth Trends.—Means (2001) reported that Study 
Pond #1 was never dry in the first three years (1995-1998) of drift fence operation.  In the 
spring of 1999, the pond went dry and remained dry for 16 months until September 2000 
(Fig. 4, 5).  Over the next year (the sixth year, 2000-2001), Study Pond #1 dried out 
completely three times after three short bouts of filling, but filled quickly following 
heavy rains at the end of the reporting period in August 2001 (Fig. 6).  For the next 4 
years (2001-2005), the pond went dry briefly in late summer of 2002 but retained water 
until May 2006.  During this period of continuous water, breeding activity of all the 
animals utilizing Study Pond 1 was expected to resume (Fig 6).  Unfortunately, the 
breeding activity of two species, the Striped Newt and Common Newt, did not recover 
following the 16-month dry period (Table 2).  The drift fence was removed and drift-
fencing operations were ceased in the 10th year.  This was done in case the drift fence 
operation, itself, was responsible for reduced newt immigration. In years 11 and 12 
(2005-2007), Study Pond 1 retained water throughout 2005 (Fig. 6) but went dry in May 
of 2006 and remained dry until late December 2006. 

 
Following the removal of the drift fence, Study Pond 1 went dry again in the 

spring of 2006 and remained dry for 7-8 months until the end of Project 1 in December 
2006.  A rainfall deficit has been recorded at the Tallahassee Airport for six of the past 8 
years, beginning with the 16-month drought of 1999 (Figs. 5,6).  This is the longest and 
most severe drought ever recorded in the local area since records have been kept dating 
from the late 1800s. 
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October 1994     December 1999 

   
September 2003    August 2006 
Figure 4.  Study Pond #1 showing extremes of its hydrological cycle.  The high water level of October 
1994 followed the passage of 3 tropical storms and produced the highest water levels in rivers, lakes, and 
ponds in local recorded history. 
 
 
 
             
Table 2.  Observations of water levels in Study Ponds in years 11 - 12 (2005-2007).  
Date Pond water level 
02/23/05 SP 1, nearly dry, pond only 20’ X 25’, 30 cm deep; DBM-3232 
05/7-06/08/05 Dipnet all newt ponds, Study Pond 1: 20 cm, water levels average, RCM 
02/01-03/15/06 Dipnet 285 ponds survey; water levels average at first, going down fast in March 
03/14/06  SP 1, 90 cm, predaceous odonate larvae hugely abundant, no tadpoles 
04/29/06  SP 6 going dry—very low! DBM-3307 
05/06  A severe dry period begins in April; many ponds dry by the end of the May 
07/6-7/06 Dipnet all newt ponds: most are dry! DBM-3318 to -3335 
07/07/06  SP 1 bone dry, was dry for ~ 1 mo previously; DBM-3326 
08/01/06  SP 1 bone dry; shoved pole 2 m down, no sandy bottom; DBM-3338 
08/1-2/06 Dipnet all newt ponds: most bone dry 
01/27/07  SP 1, 90 cm, Rana capito tads present; DBM-3379 
03/12-03/14/07 Dipnet all newt ponds: water at average levels, but going down 
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Fig. 5.  Water depth of Study Pond 1, first 5 years (1995-2000). 
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Fig. 6.  Water depth of Study Pond 1, second 5 years (2000-2005). 
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Fig.7.—Rainfall trends for 
Tallahassee, FL, 2000 – 2006, 
produced by the US National 
Weather Service.  Overall, for the 
7-year period, the region has 
experienced a severe rainfall 
deficit (brown area under the 
accumulated normal lines) 
compared with 1961-1999. 



17 

 Status of the Striped Newt, Gopher Frog, and Other Vertebrates in Study 
Pond #1.—Prior to erecting the drift fence around Study Pond #1, adults, larvae, or 
neotenes of the Striped Newt were dipnetted 96 times in 121 attempts between 1966 and 
8 September 1995, when the drift fence began operation.  During the three-year period of 
this report, 24 Febuary 2004 to 30 March 2007, only one Striped Newt was intercepted 
going in to the pond by the drift fence (Appendix I) or by dipnetting during 5 of 7 
attempts at favorable times of the year—when the pond held water (Table 3).  Striped 
Newt larvae are easily dipnetted from Study Pond 1 beginning in April and, if water 
remains in the pond, through the following April as neotenes before they metamorphose 
(Means et al. 1994).  The Striped Newt has not been observed at Study Pond 1 since 
2004, in spite of a good hydroperiod in 2005.  Dipnetting in 2006 and midwinter of 2007 
did not turn up any adults or larvae.  Because only 7 adults and no larvae or metamorphs 
were recorded in the past 8 years, the species would seem to be extirpated from study 
Pond 1. 
 
 On the other hand, other species have been making a comeback since 1999-2000.  
The Mole Salamander, Leopard Frog, and Gopher Frog bred in Study Pond 1 following 
heavy rains in late December 2006 and early January 2007 (Table 4).  Three Common 
Newt gravid females were dipnetted, but no Striped Newts.  It is possible that these 
species will be able to make it to metamorphosis by the end of April, 2007, but there has 
been almost no rainfall in the six weeks following the rains that filled Study Pond 1.  
Moreover, April and May are normally a period of low rainfall.  If the lack of rain 
continues, the reproduction of these species for 2007 will be unsuccessful.   
 
 
 
             
Table 3.  Total numbers of individuals during immigration into (IN) and emigration 
(OUT) of Study Pond #1, by year from 1995 - 2005, for selected species of amphibians.    
 

Year Ambystoma Notophthalmus Notophthalmus 
 talpoideum perstriatus viridescens 

 IN OUT IN OUT IN OUT
1:  1995-1996 595 6376 73 168 111 536
2:  1996-1997 718 556 91 10 149 26
3:  1997-1998 675 690 77 419 55 467
4:  1998-1999 29 323 79 1106 241 2547
5:  1999-2000 1 0 0 0 17 0
6:  2000-2001 543 171 5 0 16 11
7:  2001-2002 34 36 1 0 1 1
8:  2002-2003 26 122 0 0 15 8
9:  2003-2004 38 480 1 3 13 13
10: 2004-2005 34 18 0 0 4 15
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Table 4.  Amphibian presence in Study Pond 1 during dipnetting surveys after closure of 
the drift fence, 05/1/05 – 03/31/07.         
Species 5/17/05 2/15/06 3/14/06 7/07/06 8/01/06 1/27/07 3/12/07 
Ambystoma talpoideum 0 0 0 dry dry 0 10s 
Notophthalmus perstriatus 0 0 0 “ “ 0 0 
Notophthalmus viridescens 0 4 15 “ “ 0 3 
Pseudacris ornata 0 0 0 “ “ 0 1 
Rana capito 0 0 0 “ “ 10s 100s 
Rana sphenocephala 10s 0 0 “ “ 100s 1000s 
             
 
 
 
 Discussion, Project 1, Study Pond 1.—For 6 years following the drying of Study 
Pond 1 in May 1999, no breeding of the Striped Newt took place (Table 3).  Likewise, 
although 1-17 Common Newts went into Study Pond 1 during these years, only adults 
emerged again and no larvae were produced (Table 3).  In the following two years, no 
Striped Newts were dipnetted from Study Pond 1.  However, one breeding adult and 15 
neotenic Common Newts were dipnetted, which is evidence that the Common Newt 
successfully bred in the previous year, February and March, 2005. 
 
  Another salamander, the Mole Salamander (Ambystoma talpoideum), did not 
produce larvae in years 5, 6 and 7 but did produce metamorphs in years 8 and 9 (Table 3).  
No larvae were dipnetted in years 10 and 11, but it is probable that the Mole Salamander 
had a successful emergence of metamorphs in 2005 following closure of the drift fence 
on May 11th in spite of no larvae having been dipnetted on 17 May 2005 (Table 4).  
Likewise, no Mole Salamander larvae were dipnetted on 2/15/06 and 03/14/06, a rather 
strange result considering that there was water in the pond.  Interestingly, following the 
nine-month drought in 2006, young Mole Salamander larvae appeared less than two 
months later following heavy rains that filled the pond in late December and early 
January.  The Mole Salamander is the most productive and successful salamander in the 
Munson Sandhills (Tables 3, 5). 
 
 When the 2006 nine-month drought broke in late December and early January 
2007, the Gopher and Leopard frogs bred and their larvae were dipetted in abundance in 
late January and mid-March (Table 4).  
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Results, Project 2 
 
Status of Striped Newt, Gopher Frog, other Vertebrates in the Munson 

Sandhills.—Seven species of winter-breeding amphibians have larvae that remain in 
ponds for many months, provided that the ponds retain water (Table 5).  Other winter-
breeders were not included because they are less likely to be sampled; they can climb out 
of the drift fence (e.g. Spring Peeper) or spend most of their lives close to the pond edge 
(e.g. Florida Chorus Frog). 

 
From 153 ponds sampled between 1995 and 2007, seven species were 

encountered according to the following ranking: Leopard Frog (114), Ornate Chorus Frog 
(86), Mole Salamander (72), Gopher Frog (49), Common Newt (34), Dwarf Salamander 
(28), Striped Newt (18).  All of the Striped Newt occurrences were found before the 
severe drought of 1999-2000.  In hundreds of person-hours of sampling after the drought, 
especially targeting the 18 ponds in which they had previously been recorded, the Striped 
Newt was found only three times, twice in Study Pond 6 (03/14/06, 01/27/07), and once 
in Study Pond 37 (03/21/06).  And while dipnetting Study Pond 1, in which successful 
recruitment had taken place in the first four years of the 10-year drift fencing operation 
(Table 3), not a single adult or larva was taken.  This is in contrast with the Common 
Newt, whose presence in Study Pond 1 has recently recovered somewhat.  On 03/14/06, 
15 neotenes and adults were dipnetted.  The neotenes indicated that a successful breeding 
had taken place a year earlier in March-April, 2005, and that sexually mature adults (both 
neotenes and aquatic-stage adults) had been present during the normal breeding season in 
2006.  Unfortunately, Study Pond 1 went dry again for six months from June-December, 
2006, so that any larvae produced in 2006 probably would have died.  
 

 
Table 5.—Use of Ponds by Selected Winter-breeding Amphibians in the Munson Sandhills.  An X indicates that the 
species was recorded at least once in the pond, and most often, as larvae.  Numbers are for convenience as a running 
sequence of the ponds utilized by each species. 
               
Pond  Striped Common Gopher Leopard Ornate Mole Dwarf 
Number Newt Newt Frog Frog Chorus Frog SalamanderSalamander      
 1 X X X X X X X  
 2  X X X X X    
 3 X X X X X X  
 4  X  X X X X   
 5  X X X  X X   
 6 X X X X X X X   

7    X X X X 
 9  X   X X   
 11    X  X  
 12   X X  X 
 13   X X X X  
 14   X X  X X   
 15   X X X X X 
 16 X  X X X X  
 17   X X X  X   
 18 X  X X X  X 
 19     X     
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Pond  Striped Common Gopher Leopard Ornate Mole Dwarf 
Number Newt Newt Frog Frog Chorus Frog SalamanderSalamander      
CONTINUED 
 20 X X X X X X X 
 21   X X X 
 22   X X X   
 24   X X X X X 
 25   X X X X X  
 26 X X X X X X  
 27  X  X X   
 28  X  X  X  
 29  X X X X X  
 30   X X X X  
 33 X   X  X 
 36    X X 
 37 X X X X X X X 
 38    X X X 
 39     X 
 40    X X X X 
 41 X   X X 
 42 X  X X X X 
 43   X X  X X 
 45   X X  X 
 46  X   X X X 
 47     X 
 48 X X X X X X  
 50 X X X X X X X 
 51  X X X X X X 
 52  X X X X X X    
 53   X X 
 54 X  X X X X 
 55   X X 
 56   X X  X 
 57     X  X  
 58    X X X 
 59     X 
 60 X X X X X X 
 62     X 
 64   X X X 

 66     X 
 67  X  X X 

70     X 
71X X X X X X 

 73  X X X X X X 
 74   X 
 75  X X  X X X X 
 81  X  X 
 83  X  X 
 85     X 
 87    X X  X 

88     X 
89    X X X 
91   X X X 
95  X         
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Pond Striped Common Gopher Leopard Ornate Mole Dwarf 
Number Newt Newt Frog Frog Chorus Frog SalamanderSalamander      
CONTINUED 

98    X       
100    X X 
105    X  X 
108    X  X 
109    X  X 
117    X  X 
121     X 
124    X 
128     X 
129    X X X 
131  X   X  
134     X X   
135    X 
136    X X 
137     X 
138    X X 
139     X 
141    X  X X 
142   X X  X 
143    X 
145    X 
147     X 
148     X 
149    X 
156     X 
158    X 
167     X 
169     X 
170    X X 
172    X X 
177     X X 
 178   X X   X 
 181    X X 
182     X 
183    X 
184   X X  X 
186  X  X X  
187   X X  X 
188   X X  X 
190    X  
191  X  X 
 192    X 
193    X 
194    X 
195    X 
196  X X X 
198  X 
199    X X  X 
200     X 
201   X X  X 
202    X       
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Pond Striped Common Gopher Leopard Ornate Mole Dwarf 
Number Newt Newt Frog Frog Chorus Frog SalamanderSalamander      
CONTINUED 

203   X X  X 
204    X 
205    X 
207     X X X 
208    X  X 
209  X  X  X 
211    X   X 
212      X 
213    X 
216    X 
218    X 
219    X X X 
220     X 
221    X X X 
228    X  X X 
232    X   X 
238    X 
239     X 
244     X 
246    X  X 
247     X X 
248     X 
249    X 
250  X 
251   X X X X 
252    X X 
253  X  X X X 
260    X  X 
263    X 
264    X X X 
265    X 
266   X   X 
267      X 
272      X    
∑∑ = 
153  18 34 49 114 86 72 28   
 
 
 

Discussion, Project 2.—The drought of 1999, followed by a long-term, persistent 
drought over the next 8 years, has affected the Striped Newt throughout the Munson 
Sandhills.  Larvae of the Striped Newt, the best indicators of successful breeding (but not 
of successful recruitment into the terrestrial population), have not been found after 1999 
in any of the 18 known ponds in which adults or larvae were found prior to the drought.  
Moreover, only a few adults have been found in any of the 18 ponds during the breeding 
season when adults are found in ponds. 
 
 Pond-breeding amphibians are well known for erratic breeding (Pechmann et al. 
1991) but dipnetting of temporary ponds in the past two years has revealed that all the 
other species have been recovering from the drought (Table 4).  The Gopher Frog, 
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especially, seems to have bred successfully, even recently.  But the most significant result 
of this study is not being able to document any breeding of the Striped Newt, or even to 
find any adults in breeding ponds.  Eight years is a long time for animals not to breed, 
even in ephemeral environments such as temporary ponds. 
 

 
Overall Discussion 

 
By the very ephemeral nature of their natal habitats, temporary pond-breeding 

vertebrates must be able to survive droughts.  None of the 26 or more species that utilize 
the temporary ponds of the Munson Sandhills are aquatic throughout their lives.  In fact, 
most of them spend, by far, the longest periods of their lives living in the adjacent 
longleaf pine uplands.  Longevity, then, becomes a very important life history 
characteristic of these animals (Table 6).  Most of the temporary-pond-breeding 
vertebrates of the Munson Sandhills do, indeed, live a long time.  This is necessary to 
survive the long periods of unsuitable pond conditions.  It is, after all, only necessary to 
get one offspring into the next generation in order to perpetuate the genes of one 
individual.  Whether it takes one year or 20 makes little difference in the long term. 

 
Following the severe drought of 1999-2000, all of the species known to breed in 

Munson Sandhills ponds and in Study Pond 1, with the exception of the Striped Newt, 
were found to have had successful breeding episodes when water was present in their 
normal breeding seasons.  The Striped Newt, however, has not been found to breed in any 
of the 18 ponds in which it has been found over the years in the Munson Sandhills, even 
when aquatic conditions were favorable after the severe drought.  In fact, only three adult 
specimens have been found in just two of those ponds.  The lack of recovery of breeding 
activity in the Striped Newt cannot be due to a short life span.  Snider and Bowler (1992) 
recorded one Striped Newt that lived almost 13 years in captivity (Table 6) and Linda 
LaClaire (personal communication) has kept a Striped Newt for 16 years.  Among all the 
animals using temporary ponds in the Munson Sandhills, why has the Striped Newt, 
alone, not recovered?  Some possible causes of the decline are discussed below. 
 

 
             
Table 6.  Longevity in captivity of some of the amphibians and reptiles that inhabit 
temporary ponds in the Munson Sandhills, from Snider and Bowler 1992.    
Species years  mo 
Ambystoma talpoideum 3 7 
Some other ambystomatids 20 6 
Notophthalmus perstriatus 12 11 
Notophthalmus viridescens 9 5 
Some plethodontids  15-20 
Pseudacris species 2-4 
Rana capito 9 1 
Rana pipiens 6 0 
Scaphiopus holbrookii 12 4 
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Ecological succession as a possible cause of Striped Newt decline.--Study Pond 

#1 has been observed for more than 35 years and some dramatic changes have been noted 
in the limesink depression vegetation (Fig. 8).  In 1970, the pond basin was dominated by 
grasses and forbs, with no woody component inside the 0.8-ha littoral zone (Fig. 8).  As 
time progressed, slash pines and buttonbush (Cephalanthus occidentalis) slowly 
encroached into the basin.  By 2007 the buttonbush zone had become a thick woody 
shrub zone around the normal water’s edge of the two potholes.  What impediments to 
movement or other effects the buttonbush shrubbery might have on the Striped Newt, if 
any, is unknown.  The Common Newt also did not recruit new metamorphs into the adult 
population in the six years following the severe drought, but more adults moved in and 
out of the pond than the Striped Newt.  Also, the Common Newt bred successfully in 
Study Pond 1 in the spring of 2005 because neotenes were dipnetted in March 2006.  
However, while neotenes might have been present in the pond, metamorphs might not 
have been able to emigrate from the pond into the longleaf pine uplands.  Unfortunately, 
with the drift fence out of operation, there was no way to monitor the emigration of 
metamorphs.  

 
The ecological succession that has taken place in Study Pond 1 basin was strictly 

due to the absence of fire sweeping through it.  Buttonbush is highly sensitive to fire, 
which kills the plant when the duff at the base of it is burned.  Likewise, young slash 
pines are killed by fires.  Although at least 2 prescribed burns were done in the longleaf 
pine uplands adjacent to Study Pond 1 during the 10 years of drift fence operation, the 
fires did not sweep down into the basin.  This was because efforts were made to prevent 
the silt screen drift fence from burning up. 
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Nov. 1970     June 1989 

  
July 1996     April 1998 

  
December 2004    January 2007 
 
Figure 8.  37-year photographic record of Study Pond #1 showing invasion of buttonbush, Cephalanthus 
occidentalis, due to the absence of fire.  The upper left image (November 1970) was photographed to the 
NW from the SE side of Pothole #1.  All other images were taken towards the SW from the NE side of 
Pothole #1; note the standing dead liveoak tree in the background.  The white PVC pipe in middle of 
Pothole #1 is a water depth gage. 
 

Ecological succession has been taking place in the adjacent longleaf pine uplands, 
as well.  The frequency of prescribed burns in these uplands (5+ years) is longer than the 
natural fire return frequency of 1-3 years (Means 1996a, Platt 1999).  In the longleaf pine 
forest, turkey oak and other woody plants have increased in the midstory, shading the 
ground and changing the ecological conditions of the groundcover.  This has been going 
on for a long time, since the clearcutting of the original old-growth longleaf pines in the 
1930s.  The prescribe burning regime that has been applied to the uplands surrounding 
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Study Pond 1 has been inadequate for restoring the open grassland savanna that once 
dominated the Munson Sandhills.  One or two prescribe burns per decade since the 1930s 
has not been sufficient to restore the grassland aspect, and has allowed a hardwood 
midstory to develop.  How this might have affected the Striped Newt and other 
vertebrates that live in the local sandhills is unknown.  However, since both the 
ecological conditions of the pond basin and of the adjacent uplands have been slowly 
changing, ecological succession must be considered as a potential cause of Striped Newt 
decline.  

 
The reduced fire-return interval over the years has enabled hardwoods (oaks, 

sweetgum, tree sparkleberry) to increase their presence, especially in the first 100+ feet 
of the tree zone surrounding the upper pond basin.  The ecology of this zone has changed 
more dramatically than that of either the pond basin or the more distant uplands.  This 
zone, once an open, grassy savanna, has become choked with hardwoods and the ground 
is now heavily shaded and deep in decomposing leaf litter.  We do not know where most 
of the efts and terrestrial phases of the Striped Newt spend most of their lives, but if it is 
in this zone, then the dramatic ecological changes that have been taking place in it may 
be the principal reason for the Striped Newt decline. 

 
 Littoral zone destruction by off-road vehicles.—In the 12 years since the 
overall project began, impacts to breeding ponds have increased dramatically.  The 
littoral zone is critically important habitat to the Striped Newt and many pond-utilizing 
vertebrates because it is the shallow water at the edge of ponds where most primary 
productivity takes place.  The shallow water is warmer there and most of the pond 
invertebrates are concentrated there with tadpoles.  It is in the shallow waters of 
temporary ponds where adults and larvae of the Striped Newt are mostly found, probably 
because that is where the prey of these carnivores is concentrated.  Pond water levels are 
highly dynamic in response to local rainfall, or its absence, with the result that the critical 
littoral zone moves upslope and downslope as the volume of water in ponds waxes and 
wanes.  Fig. 9 shows the healthy, vegetated littoral zone of Study Pond 1, and contrasts 
that with the bare soil conditions created by off-road vehicles (ORVs)(Fig. 9, 10).  When 
the critical aquatic habitat of the Striped Newt lies over the bare sand, there is no cover 
for larvae or their invertebrate prey, making them vulnerable to wading birds.  Little 
macrophyte primary productivity occurs in the shallow water over bare sand and the 
absence of rooted vegetation and presence of white sand makes insolation more severe.  
As a result, the critical habitat for the Striped Newt and other animals of temporary ponds 
in the Munson Sandhills has been severely impacted by ORV use. 
 
 Fortunately for assessing ORV impacts, but unfortunately for pond-breeding 
animals, study ponds are photographed on most survey rounds.  Fig. 11 demonstrates 
how ORV presence in the littoral zone of Study Pond 6, the most important Striped Newt 
pond, has converted a healthy littoral zone with high primary productivity to a barren, 
sandy beach unsuitable for the Striped Newt.  Likewise, ORV impacts have been severe 
in Study Pond 3 (Fig. 12).  The impacts can be so severe that, in smaller, shallower 
ponds, the entire pond bottom can be obliterated (Fig. 13).  There can be no doubt that 
ORV presence in temporary ponds in the Munson Sandhills is damaging to the critical 
aquatic habitat of the Striped Newts and ecologically negative overall, to the entire pond  



27 

 
 

 
 
Fig. 9.—Littoral zone of an undisturbed pond (Study Pond #1, top) versus ORV-impacted 
pond (Study Pond #4, below) on the Apalachicola National Forest during dry season.  
Vegetation of the fluctuating littoral zone is the critical habitat of pond larvae. 
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Fig. 10.--Aerial views of temporary ponds south of Tallahassee on Apalachicola National 
Forest.  Littoral zone impacted by ORV traffic.  Both photos taken November 1990.  
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Fig. 11.—Study Pond #6.  Top photographed in May 1993, showing valuable littoral 
zone habitat of one of the best natural pond breeding habitats known for the Striped Newt 
and Gopher Frog.  Middle = same view 5 years later in May 1998 with first ORV 
impacts.  Bottom = same view in Feb. 2004 showing physical damage and nearly 
complete destruction of plants in the ecologically important littoral zone.  Photos © D. B. 
Means. 
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Fig. 12.--Study Pond #3 (borrow pit) west of U. S. Hwy 319, a breeding pond of the 
Striped Newt and Gopher Frog.  Top image taken May 1993 before severe ORV impacts.  
Bottom image taken February 2003, ten years later, showing ORV physical damage and 
loss of plant life in the important littoral zone.  Person in top image stands where tire sits 
in bottom image. 
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Fig. 13.—Study Pond 26 showing massive ORV impacts in Apalachicola National 
Forest, April 1999.  This is a proven breeding pond of the Striped Newt and Gopher Frog. 
 
 
 
ecosystem.  In 1994, 27 of 100 ponds were found to be damaged by off-road vehicles, 
including 3 of 18 Striped Newt ponds (Means et al. 1994b).  By 2006, ORV impacts had 
been recorded for nearly every pond.  In addition to a growing metropolitan human 
population in the nearby City of Tallahassee, demand for ORV riding areas increased 
tremendously in the 1990s when St. Joe Paper Company, the largest private landowner in 
Florida, rented out its lands to hunt clubs which immediately put locked chains across all 
access roads and posted the lands against any trespass.   
 
 
 Disease pathogens.—Dramatic declines in amphibian populations have been the 
subject of much attention in the scientific literature for nearly two decades (Blaustein and 
Wake 1990, Lannoo 2005).  Most of the declines have involved frogs and, although many 
declines are due to habitat loss or overexploitation, other, unidentified processes threaten 
almost 50% of the rapidly declining species (Stuart et al.  2004).  Declines due to 
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unidentified processes are called “enigmatic amphibian declines” because no obvious 
causative agent has been recognized.  One of the most pernicious potential causes is 
disease pathogens, some of which have been identified recently as viruses, bacteria, and 
especially a chytrid fungus (Daszak et al. 1999, 2003). Mass mortality and population 
declines due to chytridiomycosis have been reported from North, South, and Central 
America, Australia, Europe, New Zealand, and Africa (Daszak 2003).  Until the 
conclusion of this FDOT contract, there was little reason to expect that an enigmatic 
decline has taken place in the Striped Newt because catastrophic reproductive failure is 
common in pond breeding salamanders (Taylor et al. 2005).  However, the 12-year study 
clearly demonstrated that in the first four years when water was present in Study Pond 1, 
the Striped Newt bred every year and successfully brought off metamorphs, and yet in the 
past 8 years there has been no evidence that reproduction has taken place in any of 18 
potential breeding ponds.  While some amphibian declines elsewhere in the southeastern 
US have been attributed to climate and not chytridiomycosis (Daszak et al. 2005), others 
are as yet unexplained (Dodd 1998, Means and Travis 2007).  It would seem better to err 
on the side of caution and assume that something unusual is happening to the Striped 
Newt…that it is experiencing an enigmatic decline, the cause of which urgently needs 
determination.   
 
 Striped Newt decline may have been underway for decades.—Mention must 
be made of the possibility that the Striped Newt has been declining in the western part of 
its range for a long time.  A number of facts can be marshaled in support of this 
hypothesis.  First, is the present-day apparent isolation of the Munson Sandhills 
populations.  Although Striped Newt temporary ponds suitable for breeding exist in the 
Gulf Coastal Lowlands east of the Munson Sandhills, no surviving Striped Newt 
populations are known east of the Munson Sandhills.  To the south, suitable breeding 
ponds exist between the Munson Sandhills and the Gulf of Mexico because Campbell and 
Christman (1982) collected specimens by drift fences around ponds on the Panacea Unit 
of the St. Marks National Wildlife Refuge.  Also, Paul Moler (personal communication) 
in 1971 found an eft of a Striped Newt crossing FH-13, a road in Wakulla County 
between the St. Marks NWR and Munson Sandhills sites.  Despite drift fencing efforts 
made by herpetologists to re-confirm the presence of these populations in the past decade 
(Ken Dodd, unpublished), no Striped Newts have been found in either place again.   
 
 A disjunct population recently has been recorded in the Dougherty Plain of SW 
Georgia (LaClaire et al. 1995).  It would seem reasonable that the Munson Sandhills 
populations could have been connected with the SW Georgia populations among 
breeding ponds in the Tallahassee Red Hills/Tifton Uplands.  As a test of this hypothesis, 
the striped Newt once did exist the Tallahassee Red Hills (Means and Means 1998).  The 
species was collected from a suitable pond in northern Leon County in 1971, but the pond 
was deepened and fish introduced into it, thus eliminating the Striped Newt (Means and 
Means 1998).  Other records exist in museum collections from water bodies along 
Meridian Road north of Tallahassee and from Lake Miccosukee, both in the Red Hills.  
Since these records have not been reconfirmed, they are considered in doubt. 
 
 There are obvious reasons why the Striped Newt may be extirpated from at least 
two of these areas.  East of the Munson Sandhills, the newt’s longleaf pine terrestrial 
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habitat has been long ago converted to slash pine or sand pine plantations and completely 
rendered unsuitable for the salamander (Means and Means 1998, Means 2005).  North of 
the Munson Sandhills, the same is true except that the agent of habitat destruction is 
agriculture, urban development, and suburban expansion of the City of Tallahassee.  
South of the Munson Sandhills, the upland habitat is second-growth longleaf pine 
savanna on both the Apalachicola National Forest and the St. Marks National Wildlife 
Refuge.  Just as one would not expect the Munson Sandhills population of the Striped 
Newt to decline because its longleaf pine habitat is present, similar longleaf pine habitat 
persists on the St. Marks National Wildlife Refuge and in flatwoods along FH-13, which 
is in the Apalachicola National Forest just as where the newt has been recorded in 18 
ponds in the Munson Sandhills.  Although the longleaf pine ecosystem may be present in 
these places, it might not be in the ecological condition favored by the newt. 
 
 Aside from a disease pathogen, the one explanation that fits all these situations is 
habitat loss and alteration or degradation.  In the western Munson Sandhills, where the 
longleaf pine ecosystem still exists, one would expect the Striped Newt to persist as does 
the Common Newt, Gopher Frog, and other pond-breeding amphibians.  Unless a disease 
is responsible, the only other potential cause for its decline in what appears to be suitable 
habitat is that the habitat is becoming unsuitable.  The Striped Newt could be extremely 
sensitive to slow ecological changes that have occurred—and are occurring—in response 
to an altered fire regime. 
 
 
 

Recommendations 
 
 Because the 18 ponds in the Munson Sandhills from which the Striped Newt has 
been recorded are one of, if not the largest known, potentially connected, metapopulation 
of the Striped Newt, it is imperative that these ponds continue to be monitored for Striped 
Newt survival and reproduction.  Aquatic stage, breeding adults have been found in 
December through April and larvae are normally found from April through November 
(Means et al. 1994a).  Neotenes are found in ponds from November through April.  A 
monitoring regime utilizing dipnetting should include sampling for breeding adults and 
neotenes in January – April, then a vigorous dipnetting survey for larvae in April – July.  
This depends, of course, on whether ponds have water.   
 
 Another very important and urgent study should be conducted to assess the 
presence of a chytrid fungus or other disease pathogens in museum specimens, and in 
living specimens.   
 
 The US Forest Service should make it a high priority to prescribe burn the 
longleaf pine uplands of the Munson Sandhills, especially around the 18 known Striped 
Newt ponds, on a short fire-return interval of one to three years.  This should be instituted 
immediately and continued indefinitely in order to suppress the turkey oak/blackjack 
oak/bluejack oak hardwood midstory that has grown up in the longleaf pine uplands and 
the hardwood trees that are growing up around the upper margins of temporary ponds 
(including sand liveoak, water oak, laurel oak, sweetgum, tree sparkleberry, and others).  
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It is also important to insure that the pond basins be prescribe burned to eliminate woody 
species such as young pines, buttonbush, and hypericums and return the basins to a 
herbaceous flora.  
 
 A study to determine exactly where in the uplands the efts and adult metamorphed 
newts spend most of their time is crucial to understanding whether it is the upland 
component of the life history (Marsh and Trenham 2001) that is the Achilles heel in the 
survival of the Munson Sandhills metapopulation.  This would be true if most of the 
Striped Newts lived in the zone of the first ring of forest vegetation around ponds, a ring 
of moister soils that hardwoods are changing from a groundcover dominated by a rich 
and open, herbaceous flora to one choked with dead litter and heavily shaded. 
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Study Pond #1, Year 1:  Vertebrates trapped in drift fence buckets over a one-year period, 9/6/1995 -  9/5/1996.  IN-migration data on left, OUT-migration on 
right.  Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; 
Eq=Eurycea quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne 
carolinensis, narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus 
ocularis, little grass frog; Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green 
treefrog; Rcp=Rana capito, gopher frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus 
odoratus, stinkpot; Dr=Dierochelys reticularia, chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, 
garter snake; Nf=Nerodia fasciata, banded water snake. 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
1995  
9/6     0-1 1-0  6-0     85-8 2-1 1-2 3-0    0-1        
9/7      4-7  12-0 2-0    6-0       1-2  0-1       
9/8 0-1    1-0 5-22  10-18           0-1 0-3       
9/9 0-18 0-1 0-2   7-8  4-49          1-2  1-3 1-0       
9/11 1-4 0-3 0-2   23-2            2-0  0-1  0-1 1-0  1-0 0-1  
9/12 0-1  0-1   3-3  5-5      0-1           0-2 
9/14 2-36 0-2 0-7  1-1   2-10 1-0         1-3   2-0       
9/15 1-19 0-3 0-9  0-1   0-6 0-1         1-0   2-1     0-1  
9/16 2-3 0-1 0-4   3-2  2-1 2-0      0-1           0-2 
9/18 1-94 0-5 0-14  1-0 0-2  0-17 0-1         3-2 1-0 1-0 5-1       
9/20 2-7 0-4 0-6  1-1 1-0  5-0 3-0         1-0 1-0  2-3     0-1  
9/22 4-9 1-6 0-2  3-0 5-0  3-0 1-0     0-1       1-0       
9/24 1-26 0-4 0-7 1-0 1-2 0-1  3-4      0-1      0-1      0-1  
9/26 2-4 0-1      1-2                    
9/27 0-29 0-1 0-2   1-0  2-10          0-1   5-0        
9/29 2-5 0-3 0-3  1-0 2-0              1-1 2-0    2-0   
10/2 0-7 0-1    0-1              0-2        
10/4 1-154 0-1 0-2   1-2  1-0 0-1           0-1  0-1      
10/5 1-127 0-4 0-6  0-1 1-1  0-7 0-1        0-1 3-1  1-1 2-0  0-1  0-1 0-1  
10/7 3-5 0-7 0-7   1-0   1-0                   
10/9 0-6 1-0   0-1 2-0   3-0 
10-11 4-344 0-5 0-3  3-1 1-4  1-0            0-1 1-1   0-1  0-3  
10-13 9-18 0-7 0-3  1-0 1-0  0-1                  0-1  
10-15 3-164 0-9 0-16     0-5          1-0  2-2 1-0     3-0  
10-17 7-9 1-2 0-3     1-0 1-0            0-1 
10-19 3-7 0-1 0-2   1-0  0-1                 0-1 
10-21 1-9     2-0   13-0 2-0   1-0       0-1        
10-23 0-2 0-1 1-1      1-0                   
10-25 1-1  3-0     1-0 1-0                   
10-27 2-2 1-0       2-0             0-1      
10-29 3-587 0-5 0-22 1-0 2-0 0-3  0-2  0-1          0-2 1-0       
10-31 10-4 2-0 1-0   1-0 



Appendix I 

42 

11-2 4-4 1-0 0-2   0-2               1-0     0-2  
11-4 17-47 0-6 0-46  1-0 3-0  0-2  1-0           1-0       
11-6 1-8  1-10       1-0 
11-8 13-612 0-8 1-46  2-3   1-0  1-2        0-1  0-2      0-1  
11-12 2-2  0-17               1-0          
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
11-14 0-2 0-2 1-0 
11-16   1-0 
11-19 2-1 2-0        3-0                  
11-21 7-205 0-4 0-26  1-0    1-0 2-0                0-1  
11-23 41-3 1-0 1-0       0-1 
11-25 4-60 0-1 1-12       1-0 
11-27 0-1  0-2                         
11-29 6-1542 1-8 6-66  1-1 0-2    1-4               0-1 0-1  
12-2 15-15  0-4       0-1                  
12-4 2-5 1-1                          
12-7 8-177 0-8 5-55  1-3 0-1    3-0         0-1 2-2      0-1  
12-10 29-427 5-1 12-11       5-0         0-1         
12-12 25-2  1-0  
12-14 12-14  0-1                   0-1 
12-17 2-13 0-2 1-4       1-1        1-0   1-0       
12-18 2-5  7-0       1-1           0-1       
12-21 14-616 4-4 1-14  3-5 0-2    6-4        5-2   0-2 
12-27 36-9         1-1        0-1 
12-30 3-0 
1996 
1-1 16-166 3-0 7-12  2-2 1-0    9-0        3-1 
1-3 50-189 10-1 20-2  1-1     2-4       2-0 18-2   0-1 0-1    0-1 
1-6 13-15 0-2 0-8       0-1       0-1 0-7          
1-7 14-43 8-0 3-0       9-0        2-0 
1-10 0-5  0-1               0-1 
1-14 0-5         0-2 
1-16  
1-18 
1-20 4-33 2-2 3-3       3-3 
1-22 6-2  0-1 
1-24   1-1  0-1 
1-27 1-4     0-1    0-1 
1-30 0-1 
2-1 1-1  0-2   1-0    2-1           1-0 
2-3 6-24 1-3 1-5       6-11        6-2   2-0       
2-5 5-5  0-1       1-4        1-6 
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2-7 0-1 0-1                1-1 
2-9 2-1 1-2 0-1       5-1 
2-11 3-0  1-0       2-0        2-0        1-0 
2-13   0-1       2-0        0-1 
2-15 2-6 0-1        1-6        0-1          
2-17 1-2        1-0 1-1 
2-19 2-0        1-0 1-1          1-0 
2-21 8-30 1-0 3-6  1-0     2-2       1-0 9-1  1-0        
2-23 3-10 1-2 2-3  1-0     2-5        3-4  13-1 1-0       
2-25 1-2 0-1 1-1  1-1   0-1 1-0 0-5       0-1 4-3  4-0      3-0  
2-27 2-0 1-0   1-0    1-0 0-2        1-0  4-0        
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
2-29 2-14 0-2 0-4  19-1 2-1    3-6        1-12  1-2 1-0 
3-2 7-8 1-0 4-3  0-6     3-2        6-0   1-0 
3-5 0-2                   1-0        
3-7 0-2  0-1  1-8 5-1   0-1 0-3          4-0 1-0       
3-10 2-5     1-2    2-0 
3-13 1-1         1-0          1-0 1-0       
3-15                    1-0 
3-18 5-46  4-0  12-4 4-3    1-4 0-1      2-0 6-9 0-1 7-0 1-0   2-0?  1-0  
3-20 2-6 1-1 2-2  0-7 8-2    5-1 0-1      0-1 6-0  1-2 0-1 
3-22 2-0    1-0 0-4   2-0 1-0        0-2          
3-25 2-1  0-1      0-1  0-1       2-0          
3-26 4-23 0-1 2-3  1-0 0-1   1-0 1-3        4-1 
3-28 10-22 1-0 4-0  5-1 5-0  3-1 0-1 2-1       1-0 1-1  5-1 1-0   1-0 
4-1 51-16 19-0 6-2  0-3 1-5  3-0  5-3 2-0      2-1 8-2  6-3 1-0 2-0  5-0  2-0  
4-3 2-13       0-1  0-2        2-1  1-2  0-2      
4-6 0-6 1-0      1-0  1-2          1-1  1-0  2-0    
4-7 3-50 0-1        2-0          0-1  1-0      
4-9 2-0  0-1      1-0  0-1                 
4-11         1-0                 0-1 
4-14 2-3 1-0   2-0 0-2  14-0 1-0 0-4          0-1  1-1      
4-16 4-18  1-0   3-1  3-4 1-0         1-1  2-1  1-0  1-0    
4-18 0-4     0-1   1-0         1-0  1-1  1-0 
4-20 0-1     1-0   1-0           1-0        
4-22 3-2       1-0 2-0           1-0      0-1  
4-24 2-1    1-0 2-0  18-0 3-0         0-1  1-0      0-1  
4-26 0-2       7-0            1-0      1-0  
4-29 3-3    0-1  2-0 1-0            3-1  1-0      
4-30 0-54    6-4 2-7 2-0 2-5  0-1       3-0 5-5  1-0 1-0 1-0    1-1  
5-2 3-2       2-0 1-0         1-0          
5-4 0-2    1-2 1-1 1-0 6-1         0-2   0-1        
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5-7 0-2     2-1  14-2 1-0           4-0  2-1  1-0  0-1  
5-9 2-1     1-0 2-0 4-0 3-0             2-1  1-0?    
5-11 1-4    1-0  1-0 5-1            0-1        
5-13 4-1      1-0 6-0            0-1  1-0      
5-15 1-0       2-0                    
5-17 1-2     1-1  4-0       0-1             
5-19 3-3       8-4 3-0            1-0       
5-21 1-1     1-0  14-0            2-0        
5-23 2-0       5-4            1-1  0-2      
5-25 1-3     1-2  15-1            3-0  0-3      
5-27 4-2     1-0  10-3              0-1    0-1  
5-29 1-22  1-1   1-2 0-1 0-33  0-1          0-1        
5-31 0-1     2-1 0-1 0-16          1-1  0-1 
6-2  0-1    1-0 1-0 4-2             1-0    0-1   
6-4 1-0    1-0 3-0  5-2 
6-6 1-3     1-0 0-1 3-3       0-1   1-0          
6-8  0-1    2-4 1-0 6-5                    
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
6-10 1-6    1-0 0-1  1-4                 0-1   
6-12     0-1   10-1 
6-14 0-2     1-0  2-8            0-1    0-1  0-1  
6-16 0-2 0-2   1-1 1-0  15-8          2-0  0-3 0-4 0-1      
6-18 0-3 0-1      5-9          0-1    0-1      
6-20 0-1     0-3 5-16 20-6          1-1       1-0   
6-22 0-2 0-2    2-0 1-4 18-15          3-0    0-1   2-0   
6-25 0-1 0-1     0-1 9-15 3-0         2-0    1-1   0-1 0-3  
6-26 0-1     1-0 1-0 2-2   
6-28  0-1 0-3   1-1 3-0 13-10          1-0  0-1 
6-30  0-2      0-6              0-1   
7-2 0-1     1-0 0-1 6-8          1-1              
7-4 1-0     1-0  20-5             0-2   0-1  1-8 
7-6   0-3  0-1 1-0  3-16          1-2  0-2 0-3   0-1  2-0 
7-8  0-1 1-1   0-1  7-3 0-2         2-1  0-1    0-1  1-1 
7-10   0-2   0-1  5-7 0-1         2-0       1-2 1-0 
7-12 0-1  0-1    1-0 4-12          0-2  0-1 0-2  
7-14  0-2      2-5          1-1 
7-18       0-1 1-3          0-2   0-1    0-1  0-1Pf 
7-20   0-1     0-5 0-1         1-1         0-1Pf 
7-22        3-5 1-0         1-1        0-1 0-2Pf 
7-24  0-6 0-3     7-0 0-1           0-1     1-0 0-1 
7-27  0-10 0-10    2-0 31-5 0-2         3-1  1-0  0-1  0-2  0-1 
7-29  0-2 0-1  1-0   0-33 1-1                 0-2 
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7-31       1-0 3-1 2-1         0-1        0-2 
8-2  0-2 0-1    0-1 14-5  
8-5   0-2     8-10          2-0 
8-8  0-1 0-1     29-5                   1-0Pf 
8-10        6-17          1-1  1-0 
8-12        1-4 1-1         1-1        0-5 
8-14        2-2          1-1       0-1 0-3 
8-16        0-3          0-1   1-0    0-1 1-8 
8-18  1-0    3-0  1-4          1-0       1-0 0-5 
8-20       1-0 7-2                  1-1 
8-22       1-0 12-6 1-0                 1-3 
8-26   0-1    0-2 12-4                 1-0  0-1Pf 
8-28 1-0      0-2 1-12          2-0       0-1 
8-30       4-1 34-9 0-1         2-1  1-0 2-0    1-0 1-0 
9-1   1-0     12-7          3-0  3-0 2-0 
9-3     1-0  5-0 11-0          0-1  2-0 3-0 3-0 
9-5  0-1   1-0  0-2 3-8 0-1         9-0  3-0  1-0    3-0 2-0Pf 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf  
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Study Pond #1, Year 2:  Vertebrates trapped in drift fence buckets over a one-year period, 9/6/1996 -  9/7/1997.  IN-migration data on left, OUT-migration on right.  Species are 
At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea quadridigitata, dwarf salamander; 
Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, narrowmouth toad; Ag=Acris gryllus, cricket frog; 
Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, 
barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; 
Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, 
pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-Pseudemys floridana; Ap=Agkistrodon piscivorus, cottonmouth; Cs=Chelydra serpentina. 
snapping turtle; Sp=Seminatrix pygaea, swamp snake.. 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
1996 
9-7     1-0   3-7          3-2  0-1 1-0      0-1 
9-9       0-1 5-13 0-1           0-1 1-0 
9-10  0-1     0-1 0-1              0-3    0-1   
9-13  0-1     1-0 0-4 6-0             0-1    0-1 
9-15        1-0 2-7                0-2 
9-17        0-2          0-1  0-3     1-0 
9-19        0-2 0-1         1-1       1-0 
9-21 
9-23 
9-25         1-0 1-0        1-0  0-1 
9-27                  0-1       1-0 
9-30       0-1 0-1  0-1        0-4  0-1  0-2 
10-1     1-0             4-0 
10-3 
10-5                         1-0 
10-7         1-2         1-0 
10-9  16-0 13-0  23-0    0-2        34-0 10-0  4-0 1-0 
10-11  19-0 2-1  0-6    0-1         5-0 
10-13   1-0               0-1 
10-15   2-0  1-0    1-0        0-3 
10-17 
10-19                    1-0 
10-24 
10-27         1-0 
10-29          2-0 
10-31        1-0  2-0       1-0 
11-2 
11-4 
11-6 
11-8     0-2  0-1          0-4 0-1       0-1 
11-10 
11-12 
11-14                 1-0 
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11-16 
11-18 
11-20     1-0     0-1 
11-22 3-0  4-0     0-1  2-0       0-1 
11-24   1-0  0-1     0-1       1-3 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf   Ap Cs Sp 
11-26 29-0  9-0       1-1       0-2 1-2 
11-29 4-13  3-3       0-1 
12-2 21-2  10-5  0-1     1-1       0-1 0-2  0-1 
12-4 4-0  6-0       1-0        1-0 
12-6 16-0  11-0 
12-8 188-0  6-0  0-5     1-1       1-0 2-0 
12-10 11-0 1-0 1-0 
12-12 8-17 1-0 13-1       3-1   1-0     1-0 
12-14 101-4 12-0 5-0       1-2        0-1  0-1 
12-16 3-0 2-0 1-1       1-0 
12-19 57-13 1-0 1-1  0-2     5-0        1-0 
12-21 1-20  3-0 
12-23 1-1 0-2 1-1       1-0 
12-26 28-6  3-1  0-1     1-1 
12-28 1-3  8-1  0-1 
12-30 1-0 2-0 4-2                   1-0 
1997 
1-2 2-0  10-2    0-1   1-0               1-0 
1-4 0-2 4-4 
1-6 0-1  2-0 
1-8 0-44  2-2       0-4 
1-10 142-67 1-0 4-0  0-1     4-0 
1-12 1-2 
1-14 
1-16 25-17  2-0  1-0    2-0 5-0 
1-18 1-0  0-1 
1-20   1-0 
1-22   0-2       1-0 
1-24   1-0 
1-25 0-53 2-0 1-0  1-1     4-3          0-1 
1-27   0-1 
1-29 0-1  3-0       1-1 
1-30 1-5 1-0 2-0 
2-1 1-0 
2-3  3-0 2-0       0-1 
2-5         1-0 1-0 0-1           1-0 
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2-8 0-8  
2-10 0-1 
2-12 
2-14 14-111  1-0  7-4     2-0        7-4 
2-15 31-2 4-0 2-0  0-5     2-1       7-0    1-0 
2-17  5-0 1-0       1-0       0-1     2-0 
2-19  4-0 1-0        2-0       1-0 
2-21  1-0    1-0     1-0      1-0   2-0  2-0 
2-24 7-45 2-0 1-0  2-3    0-1 0-1       3-1   5-0  1-0 
2-26 8-0 2-0 1-0       1-0 
2-28  3-0 2-0  1-0 1-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
3-2 0-1 1-0   0-1  1-0          0-1   2-0  2-0 
3-4 0-12        1-0        0-5   2-0 
3-6 1-18         0-1       1-2   1-0  1-0    1-0 
3-8 0-2  
3-10 0-1        1-0             1-0 
3-12                 1-0 
3-14 0-31    0-1  1-0          0-3 0-1  1-0  1-0 
3-16 1-1       1-0  0-1        1-0 
3-17     1-1 1-0  1-0 1-0 0-1        1-0  7-1 1-0    1-0 
3-18 1-9       1-0            1-0 
3-20 0-5                 0-1 
3-21 1-3    2-0               1-0     0-1 
3-24  
3-26                      1-0 
3-28 0-2     2-0           0-1 
3-30 0-1      1-0          0-1 0-1  2-0  0-1 
4-1 0-12                 1-3    0-1 
4-3 0-1                 2-0 
4-5        1-0 
4-7 0-2     2-0  4-0          0-8 
4-9         1-0         2-0 
4-11        0-1 
4-12 2-5    1-0 1-0  2-0          1-19m  0-3 
4-13                  15-0 
4-15                  1-2 
4-17                  1-0 
4-20        1-0          0-1    0-1 
4-22      1-0            1-23    0-1 
4-23 0-4     2-1           0-9m 6-77m  2-1 
4-25 0-1  0-1   0-1  0-1         1-0 76-1 



Appendix I 

49 

4-27 0-3     7-0 4-0 1-0         1-59 4-239  3-0 
4-28 0-2    1-0 4-4 32-0 6-2         4-5 0-4  4-0  1-0 
4-30  3-0 1-0  0-1  42-0           2-0 
5-2       11-3          1-0     1-0 
5-4       10-0             1-0     1-0 
5-6       5-0 1-0         0-2 
5-8       2-1 2-0         0-4 1-1 
5-10       3-2 3-0 
5-12      1-0 2-0 
5-14 1-0     1-2  5-0         0-18 1-4 
5-16      1-1 1-18 4-1         1-109 0-28    1-0 
5-18      0-1 1-0          6-0 
5-20 0-1      1-9 0-1 0-1   0-1     0-150 0-224  0-1 
5-22       1-1          1-5 3-7  0-1 
5-24     1-0 2-0 101-1 8-0 0-1        0-2 0-1  1-1  1-0 
5-25  1-0    1-2 37-28 8-0         0-8 0-1  1-0 
5-26       25-13 7-0         0-5 1-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
5-28       10-8 1-1            1-1 
5-30      0-1 0-3 5-1         0-10 2-2    1-0 
6-1     0-1 1-0 1-5 3-0 0-1        1-0   0-1 
6-3      0-1 1-0 2-0         0-8        1-0  1-0 
6-5 0-1      0-7 01         1-26 0-9 
6-7       1-2 0-1 0-2        0-2 0-1 
6-9         1-0        0-1 
6-11       1-0 3-0 1-0        0-28 0-1  2-0        1-0   
6-12     1-0  2-3 5-1         0-8 0-4    1-0 
6-14      1-0 13-9 42-13              1-0 
6-16       3-1 7-3 1-0        0-10 1-0 
6-18    0-1   0-1 14-6 0-5        0-1 0-2   1-0 
6-20       2-1 7-0 0-2         1-0  1-0 
6-23       1-1 19-4 0-1        0-20 1-21  1-0      0-1  
6-26       3-4 22-7 0-2        0-1 3-0  0-1  1-0 
6-28       1-1 9-5 0-2         1-1 
6-30       0-2 8-8 0-1        0-7 2-21  2-0 
7-2       0-1 18-5 0-2        0-13 3-18  1-0  1-0 
7-4       4-0 8-5          1-2 
7-6      2-0  1-6 
7-8 1-0   0-1  1-1 0-2 2-2     0-1     0-3 
7-9      1-0            1-0 
7-11      3-1 0-1 3-2     1-0 0-1   0-2 1-1 
7-14      1-0  2-0 1-0           1-0 
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7-17      0-2   0-1         0-1 
7-19 
7-21      3-0 2-0 13-7         0-1 1-0  0-1 1-1 
7-23       1-0 0-2            1-0  1-0 
7-28       1-2 1-2 0-2        0-2 1-0  3-1 
7-31        0-2 0-1         1-0  2-0 
8-1      0-2  1-2 0-1         2-3  1-1 
8-3       1-2 
8-5       5-0 1-0          0-1  2-0      0-2 
8-7       1-1 2-1          2-1        1-0 
8-9      2-0 2-0 
8-11       0-2          0-1 1-3        1-0 
8-13                 0-1 0-2           1-0   
8-15 
8-17        0-1          0-2 
8-19  0-1e      2-4     0-1    0-2 0-6 
8-21      2-0           0-4 1-2 
8-25        0-1 
8-27      3-0  2-1         1-1 
8-29      0-1  0-30m              2-0 
9-1  0-1m    0-1 0-1 0-19m          1-4    1-0 
9-3  0-1m      5-1         0-1 1-0 
9-6    2-0  1-1  4-2 2-0    0-1     3-1            0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
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Study Pond #1, Year 3:  Vertebrates trapped in drift fence buckets over a one-year period, 9/8/1997 -  9/4/1998.  IN-migration data on left, OUT-migration on right.  
Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea 
quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, 
narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; 
Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher 
frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, 
chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-
Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
1997 
9-8      1-1  13m-1     2-0     1-0 
9-11      3-0  21m-2     2-0     0-2        0-1 
9-14      1-2  8-3     1-2 0-1    1-3        1-0 
9-16  0-5m      1-20m     1-5m     1-10m  
9-18      1-0  24-1     0-1 
9-19  0-1  1-0    15-0  
9-22        16-2          0-2 
9-24  0-3  1-0   1-0 10-2 1-0     0-1    0-1 
9-25      0-1 0-1 6-3          1-0 
9-26  0-15      0-3 0-1         1-2   0-1 
9-29  0-6  1-0    7-1 3-0    1-0 0-1 
10-1  0-1  2-0   1-0 17-1 1-0    0-1 0-3 
10-4  1-0  2-0  1-0  17-0     1-0 
10-6  1-1  2-0    5-0 1-0    1-0 
10-8 2-0 6-5 0-1   2-0  5-2     1-0 
10-11    1-0    8-0      0-1 
10-14  0-2      3-0          0-3 0-2 
10-15      1-0  7-1  1-0   1-0     2-1 1-0 
10-17      1-0  6-0       1-0 
10-19        1-0 
10-21        1-0 
10-23        4-0 1-0 
10-26  0-71 0-3  1-0  0-3 0-3 0-1          0-1 0-1 0-1 0-9 
10-27  0-41 0-17  1-0 1-1 0-2 0-1 2-1         4-1   0-1 0-1 
10-29  1-1 1-14 1-0    0-1 1-0         1-0   1-0 
10-31  1-3 1-8    0-1  0-1          1-0 0-1 
11-1 1-5 0-32 0-36   0-2 0-1  1-2         14-4 1-0 1-0 
11-3  1-13 0-34  0-1  1-1  2-1         6-2 1-0 
11-5  1-0 0-4     0-1 1-0          1-0 
11-7 1-2 2-7 2-13 1-0 
11-9   0-1 
11-12   0-3           0-1        1-0 
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11-13 24-8 0-9 1-24  0-1   0-3          7-1  0-1 
11-14 1-2 0-10 1-24  1-1 1-0  0-3 3-0         12-4 6-0   0-1 
11-17  3-3 1-8               2-0 
11-19 1-0  0-2     1-0 0-1 
11-21  3-0 0-3                   0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
11-24 1-0 1-0 1-0     1-5            0-1  0-5 
11-27  1-0 0-1      1-0 
11-30 20-9 3-6 5-10  1-0 0-1  0-3 0-2         1-0 2-0 0-4  0-1 
12-2 0-1 1-0 1-5                 0-1 
12-4 9-0  3-6  0-1 
12-6 2-0 0-1 0-4 
12-9 44-0  0-2      0-1 1-0 
12-10 3-3 0-1 2-6    0-1            1-0 
12-12 1-0  3-1               1-0  0-1  0-1    0-1 
12-14 4-0 
12-16 2-1 
12-18  
12-22 4-2 0-2 1-0  0-1 0-1 0-1  1-0     1-0    2-0  0-4 0-1 0-1 
12-24 26-4 0-6 2-2    0-1   2-1        3-1 1-0 0-3 0-1 
12-27 42-4 0-2 3-2     0-1  1-0        2-1 0-1 
12-29 1-0 1-0                1-0 
1998 
1-1         0-1 
1-4  1-1 1-0                1-0 
1-6  2-0 1-0     1-0 1-1 0-1        1-0  1-0 0-1 0-1 
1-7 4-23 1-4 1-2   1-0  0-1 1-2 0-1        0-2  0-1  1-0 
1-8 28-4    9-0 3-1 0-1  0-4 1-0       1-0 3-1  1-0 
1-12 4-3  1-1   0-2            1-1 
1-14 11-1 1-2        2-1        2-1 
1-15 29-4 0-1 1-0  0-5    0-1 2-0        4-1 
1-19 39-2 1-0 2-0       0-1        1-0 
1-21 0-2 1-0 1-0      2-0 
1-23 41-14 1-0 0-1  0-1     3-0        3-0 
1-26 3-3 4-0 2-0      0-1 1-1        2-1 
1-27 14-5  1-0       0-1 
1-30 3-1 1-0       1-0 
2-3 126-53 6-0   3-2 1-0 0-1   10-0       12-0 5-0  1-0 
2-4 23-15 10-0 4-0  0-2    1-0 3-1       2-3 7-0 
2-6 1-2 1-0        0-1        0-1 
2-9 0-1  1-0      0-1 
2-11 0-1 1-1 1-0       1-0       1-0 
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2-13 0-2 4-0       0-1 0-1        2-0 
2-16 12-81 1-0      0-1 1-0 0-3       3-0 6-2  0-1 
2-17 35-28    0-2 0-1   2-0 1-0       11-4 11-4  2-2 
2-20 10-14 3-0        1-2       2-1 6-0 
2-23 37-24 2-0 2-0       1-1       0-3 1-0 
2-25 2-3        1-0         0-1 
2-27 9-95 2-0       2-1 0-3       1-6 5-10 1-0 3-0 
3-2 2-9     2-0 2-0  5-2 0-1       2-1 6-0  1-0     0-1 1-0 
3-4 0-2        1-1         1-0 
3-6 2-50       4-0 1-0        0-3 
3-8 9-39 1-1 1-0  3-0 0-2 0-1  2-2        2-7 1-6  1-0 1-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
3-9 12-9    30-3 3-0  0-2 0-1        7-1 5-5 2-1 2-0  2-0 
3-11 3-1 1-0  0-1 1-26 1-1  0-1 0-1          1-0 
3-14     1-3    1-0    1-0 
3-16  1-0    0-1   2-0         2-2 
3-19 3-33 1-0 2-0  0-6 11-1  0-2 0-5        0-4 3-4 1-0 1-0  1-0 
3-20 3-10  1-0  1-2 0-5  0-1         0-1 2-3    1-0 
3-22 2-2                 0-1    1-0 
3-23    0-1    0-2          0-1 
3-24 1-1     0-1              1-0  1-0 
3-27 0-7     3-1  1-0            1-0  3-0 
3-30 0-12     2-4  2-6 1-0        0-3   2-0  5-0 
4-1 7-6     2-1  2-1         3-1   2-0  3-0 
4-3 1-6     1-1  0-1 1-1        0-2 0-7  1-0  1-0 
4-6 1-5     1-1  0-1 1-0        0-1 1-1    1-0 
4-8 1-33    0-1 2-1  0-4 0-1         1-7 0-1 1-0 0-1 
4-10 1-7    1-0 0-1  0-1 1-0         1-2 
4-13         1-0 
4-15 0-1  
4-17 1-3       3-0          0-3  1-0 
4-20 0-17        1-0           0-1 1-0 0-3 
4-22 0-1       1-0         1-0 
4-24         0-1  
4-27       2-0   1-0       1-0 
4-29      1-0   1-0 0-2 
5-1      0-1    0-1          1-1 
5-4 0-2     1-0  1-0  0-4   1-0       1-1 1-0 
5-6 1-0      1-0 4-0          0-1  1-0 
5-8 1-3     3-1  2-0  0-1          1-0 
5-11 2-2       1-0            0-1  1-0 
5-13        1-0            1-0 
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5-15 0-1       5-0  0-1 1-0               0-1 
5-18      0-1  4-0  0-2          0-2      1-0 
5-20 1-0       3-0          0-3 
5-22 0-1       1-1         1-0 1-0 
5-25        3-1      1-0    0-9 
5-27       1-0 3-0         1-0 5-3        0-1 
5-29        1-2      0-1    1-4 
6-1        3-0         0-3 1-12 
6-3        2-0      0-1   1-1         0-1 
6-5 1-0       5-0         1-5 0-2  1-0 
6-8 0-1      0-2 2-1 3-1  1-0      0-1 
6-10      1-1 0-1  1-0      1-0  0-6 0-1    1-0 
6-12 0-1      1-0 1-0         1-14 0-4   1-0 
6-15       1-0 2-0     1-0 1-0   0-1 
6-17        5-0      2-0   0-2 
6-19  0-4 0-2   1-0  1-82  0-1       0-9 3-57 
6-22  0-4 0-1    0-1 24-3 8-0        1-1 4-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
6-24  1-4 1-1  1-0 0-1 1-0 0-35 1-6        0-2 2-44    0-1 
6-26 0-1 0-12 0-1    3-0 0-1 1-3           0-1  0-2     0-1 
6-29  0-13 0-14 1-1   2-1 5-4 1-14     1-1    0-4 
7-1  0-2 1-2    1-0 1-1 2-1         0-1 
7-3  0-5 0-5 1-0    2-0 0-4         0-10 
7-6   0-1    2-0               0-1 
7-8   2-0     2-0          0-1    0-2 
7-10 0-1 0-12 0-30    1-0 1-0         0-2 0-34  0-3  0-1 
7-13  0-15 0-18     1-5         0-1 3-1  0-1      0-2 
7-14  0-11 0-15   0-1 80-7 12-0 0-1         0-6    0-1 
7-16  0-19 1-46 0-2  0-1 21-56 6-7 0-2         0-3  1-1 
7-18  0-4 0-10 0-1   0-9 0-5 0-2        1-0 0-1        1-0 
7-20  1-12 0-11    1-7           2-8  0-1      1-1 
7-22 0-1 0-3 0-5               4-0  1-0 
7-24  0-16 0-22    0-2 1-1          0-10 
7-27  0-12 0-14    0-2 1-0 0-3             1-0 
7-29  1-6 0-11    2-1 3-4 0-1        0-2 0-11  1-1      0-1 
7-31  0-3 0-7 0-1   1-3 6-2 0-2         1-3  0-1 2-0 2-0 
8-3  0-1 0-1   1-0 0-1 0-3 0-1           1-0 
8-5   0-1   1-0  0-4                 0-1 0-1 
8-7     
8-10  0-1 0-3    0-1 0-1          1-1 
8-13  0-1 0-1    0-1 1-1 1-0         1-0  0-1 1-0 1-0    1-0 
8-15  0-2 0-1   1-0   0-1         0-1 
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8-17  0-1                1-2 
8-19  0-2      1-0          0-2        1-0 
8-21  0-3      0-1          0-2 
8-24                  2-0  
8-26      2-0 1-0                  0-1 0-1 
8-28       1-0 0-1 
8-31  0-1  2-1    1-0 
9-4  0-3   14-0 1-0  0-1          1-0  2-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
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Study Pond #1, Year 4:  Vertebrates trapped in drift fence buckets over a one-year period, 9/7/1998 -  9/5/1999.  IN-migration data on left, OUT-migration on right.  
Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea 
quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, 
narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; 
Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher 
frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, 
chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-
Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
1998 
9-7  1-0   1-1 0-1  0-1          5-6 0-1   1-0 
9-9  0-1                3-2        0-1 
9-11  0-1 0-1                 1-0      1-1 
9-14                    1-0 
9-16                    1-0      0-1 
9-18                  0-4  
9-21  0-22 0-1  0-1  0-1           2-0  0-1 
9-23  0-14 0-2                  0-1 
9-25  0-5                0-1        1-0 
9-28  0-17  
9-30  2-43 0-1                 0-1 
10-2  1-52 2-4              0-2   0-1      0-1 
10-5  0-140 0-11              0-1   1-0 
10-7  0-61 0-12              0-1 0-1 
10-9  1-31 0-6              1-0 
10-12  0-14 0-7 
10-14  2-2 0-2 
10-16  0-2 0-1 
10-19  0-4                0-1 
10-21  0-1                    1-0 
10-23  0-1  
10-26   0-1   
10-28   0-1  
10-30   1-0  
11-2  0-1  
11-4  0-1 0-6               0-6    0-1 
11-6   0-2   
11-9                  0-1  
11-11  0-10 0-15               1-3 
11-13  0-301 0-583 
11-16 0-6 1-113 5-298 0-1              0-3 
11-18 0-1 59-69139-717              0-2 
11-20  0-15 1-170 
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11-23 0-3 0-3 1-75               0-1 
11-25 1-3 0-18 0-25               1-1 
11-27 0-1 0-2 0-36              1-0 0-1 
11-30 0-1  0-3              1-0 0-1 
12-2   0-4  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
12-4  0-2 0-5               1-0  
12-7   0-1  
12-9 0-1 0-1 0-5 
12-11 0-2 0-1 1-23   1-0 
12-14 0-2 0-16 1-79              1-3 
12-16 0-1 0-1 0-12              0-1 
12-18  0-2 0-1 
12-21  1-1 1-4              1-0     0-1 
12-23  0-2 0-4 
12-25 0-37 0-29 0-158              0-1 
12-28 0-8 0-11 1-6 
12-30 1-2 0-5 0-6                   0-1 
1999 
1-1 
1-4 2-14 0-7 0-1               0-1 
1-6 3-4 0-2 0-2 
1-8 0-11 0-1 0-2               0-1  0-1 
1-11 0-5 0-2 0-4                 0-1 
1-13 2-3 0-3 0-1                 0-1  0-1 
1-15 2-2  0-5 
1-18 0-2 0-1 0-1                 0-1      1-0 0-1 
1-20 0-2 1-5 
1-27 1-6  0-2 
1-29 1-1  1-0               0-1  0-1 
2-1 0-2  1-1               0-1 
2-3   1-1       1-0 
2-5 1-0 0-1   1-0             0-2 
2-8  
2-10 0-1       0-1 
2-12        1-0            0-1  0-2 
2-15                  0-1  
2-17 0-1                 0-1 
2-19 0-32 0-3 0-18  1-0             1-1  0-1 
2-22 0-13 1-5                  0-1 
2-24 0-7 0-1 0-5 
2-26 0-1  
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3-1 0-6  0-3               0-1 0-1   0-1 
3-3 2-6 0-1 0-2 
3-5  0-1 0-1 
3-8 0-2 0-14 0-27 
3-0 0-2 1-7 3-54 
3-12 0-4 0-4 0-22 
3-15 1-104 0-7 0-21  0-1 1-0            0-1  1-2 
3-19 3-10 0-1 1-6               1-0        1-0 
3-22 4-1  2-1   1-0 
3-24 0-2  0-2 
3-26 3-3 0-3 2-2     1-0          0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
3-29 2-3 0-2 2-2     1-0 
3-31 0-1 2-0 1-1    1-0 
4-2  0-1 0-1 
4-10  2-7 1-17     4-0 0-1  1-0         0-9 0-6 1-5   0-2 0-1 0-1   0-5 
4-16  0-2 0-9                 1-5 0-3 0-3 
4-19  1-0 1-3   1-0              1-1 
4-21   1-2                 0-1 0-1 
4-23                   0-1   0-1 
4-26        1-0            1-2 
4-28                    0-1  
4-30 0-3 0-2 1-15     0-1            0-5 0-3 1-0    0-1 
5-3  0-2 0-9      0-4 
5-5   0-1                 0-1 
5-7 0-1  0-13                 2-1 
5-10  0-1  
5-12                     0-1  
5-14   0-1    0-1             1-2 0-1 
5-17                    1-0  
5-19  
5-21 
5-24                         0-1  
5-26  
5-28                    1-1  1-0 
5-31        2-0 1-0 
6-2      2-0              1-1 0-1 
6-4   0-1                 0-1  0-1 
6-7     1-0    0-1           3-1  0-1 
6-9        0-2            1-1 
6-14        2-1            0-4 0-2 
6-16        1-0            0-1 
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6-18        2-2            1-0 
6-21        3-1             1-0 
6-23        1-0  
6-25      0-3  0-1 
6-28      3-0 2-0 4-0 
6-30       4-0 6-0            1-0 
7-2        2-3            2-1 
7-5        3-3            3-1 0-1 
7-7        4-8  
7-9        1-1            0-2 
7-12        1-2            0-1 
7-14        3-0  
7-16      1-0  1-1 
7-19        0-1  
7-21      1-0              1-1 0-1 
7-23        0-5 0-1           0-1 
7-26        0-4  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
7-28        0-3            0-1      0-1 
7-30        0-1                 1-0 
8-2        1-2            0-1     0-1 
8-4        2-1  
8-6 
8-9       0-1 0-28 
8-11       0-1 0-5 
8-13       0-1 0-11 
8-16        0-3  
8-18       0-2 2-1 
8-20        0-4                  1-0 
2-23       0-1 1-0 
8-25 
8-27   
8-30      1-0  0-1 
9-1 
9-3        1-0   
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
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Study Pond #1, Year 5:  Vertebrates trapped in drift fence buckets over a one-year period, 9/6/1999 -  9/6/2000.  IN-migration data on left, OUT-migration on right.  
Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea 
quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, 
narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; 
Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher 
frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, 
chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-
Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
1999 
9-6        0-1  
9-8        1-0  
9-10       0-1 0-9 
9-13        1-0 
9-15        1-0  
9-17  
9-20        0-2  
9-22        0-1  
9-24 
9-27        0-1  
9-29  
10-1 
10-4        0-1  
10-6 
10-8 
10-11        0-2  
10-13  
10-15 
10-18 
10-20 
10-22 
10-25 
10-27 
10-29 
11-1 
11-3 
11- 5 
11-8 
11-10 
11-12 
11-15                    1-0  
11-17 
11-19 
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11-22 
11-24 
11-26 
11-29 
12-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
12-3 
12-6 
12-8 
12-10 
12-13 
12-15     1-1  
12-17 
12-20   1-0  0-1 
12-22   6-0  
12-24   2-0  
12-27 
12-31 
2000 
1-3   1-0  
1-5 1-0  4-0 
1-7 
1-10     1-0  
1-12     1-0  
1-14   1-0  1-0 
1-17 
1-19 
1-21 
1-24     1-0  
1-26 
1-28 
1-31   1-0  
2-2 
2-4 
2-7 
2-9 
2-11   1-0  
2-14     6-2    1-0 
2-16     2-0               1-0 
2-18 
2-21     3-0  
2-23 
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2-25 
2-28 
3-1 
3-3 
3-6 
3-8 
3-10                    0-1 0-1 0-1 
3-15                     1-0  
3-17     1-0  
3-20     6-0               0-2  0-1 
3-24 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
3-27 
3-29 
3-31      1-0  
4-3 
4-5 
4-7                      0-2  
4-10 
4-12 
4-14 
4-17 
4-19 
4-21 
4-24                         1-0  
4-26 
4-28 
5-1 
5-3 
5-5 
5-8 
5-10 
5-12 
5-15                    0-5  0-2 
5-17      1-0  
5-24 
5-26      1-0  
5-29 
5-31 
6-2 
6-5 
6-7 
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6-9 
6-12 
6-14 
6-16 
6-21 
6-23      2-0  
6-26      2-0 1-0  0-1           0-1 
6-28        0-2  
6-30      2-0 1-0           1-0 
7-3      4-0  
7-5 
7-7      1-0  
7-10      2-0 5-0 
7-12      1-0 3-0 
7-14      1-0 2-1 
7-17 
7-19 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
7-21                    2-0  
7-24      1-1  0-1            1-0 
7-26     1-0   1-2 
7-28        0-1  
7-31 
8-2      0-1 1-0 0-2 
8-4      1-0 1-0 1-0            0-1 
8-7      1-0 1-1 1-0              1-0 
8-9      0-1  1-0 
8-11     1-0 1-0 1-0 
8-14      2-0  
8-16      7-0  2-0 
8-18        2-1  
8-21      1-0  1-2              0-1 
8-23      1-0  0-1 
8-25        0-2  
8-28      0-1  
9-1     4-4  
9-4     6-0  
9-6     81-3               1-0 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap Cs Sp 
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Study Pond #1, Year 6:  Vertebrates trapped in drift fence buckets over a one-year period, 9/8/2000 -  9/?/2001.  IN-migration data on left, OUT-migration on 
right.  Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; 
Eq=Eurycea quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne 
carolinensis, narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus 
ocularis, little grass frog; Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green 
treefrog; Rcp=Rana capito, gopher frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus 
odoratus, stinkpot; Dr=Dierochelys reticularia, chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, 
garter snake; Nf=Nerodia fasciata, banded water snake; Pf-Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
2000 
9-8     23-42 1-1              2-0 
9-11     0-22 0-4  0-1 
9-13     0-13 3-0     
9-15     0-8  
9-18     1-13 11-0 1-0 3-6 
9-20     0-2 0-1  0-2 
9-22     54-8               2-0 
9-25     73-135            0-1   3-0  1-0 
9-27     0-7  
9-29     3-52 1-0              1-0 
10-2     1-9               0-1 
10-4      1-0  2-0 
10-9     1-1  
10-11     0-1                 1-0 
10-13 
10-16 
10-18 
10-20 
10-23 
10-26 
10-27      0-1  
10-30     0-2593  
11-1     290-2680  
11-3     553-2031  
11-6     210-460  
11-8     251-7546  
11-10 1-0    2873-20400 
11-11   0-1  260-437 
11-13     526-174  
11-14 20-0  4-0  389-11490-2  1-2 
11-15 5-0    110-366 
11-17 37-1    148-985 
11-20 1-1  1-0  0-36 
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11-22   1-0  
11-24     0-2  
11-27 52-0    9-463 1-7  0-1          0-1 
11-29 5-0    0-1             1-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
12-1 1-0  
12-4 
12-8 
12-11 6-1    8-92             0-1    0-1 
12-13   2-0   0-20            2-0  
12-15 2-2  1-0   0-11             1-0 0-1 
12-18 3-6    1-3 
12-20 0-3                   0-1 
12-22 1-0  
12-29 8-4  1-0  0-3 0-1            1-0 
2001 
1-1 
1-3 0-2  
1-5 
1-8                  1-1  
1-10 
1-12 0-2  
1-15 
1-17 
1-19   0-1               2-0  
1-22 0-19    2-1 1-0            1-0 
1-24 0-4  
1-26 0-1                 1-0 
1-29 1-0  
1-31 1-2                 0-2  
2-2 0-1  
2-5 0-3  0-1  0-1             0-2  
2-7 0-1  
2-9     0-1  
2-12   1-0  
2-14 0-1                 1-0  
2-16 0-2       1-0          1-2  0-1 
2-19 0-8    0-1             1-0 
2-21 3-21  2-1  1-0 1-1            1-1 0-1 
2-23 0-14  1-3     0-1          0-3 
2-26 0-6                 0-1 
2-28 0-13  0-1  0-1 0-4  0-1            2-2 
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3-2 0-9  0-1  2-0 0-1 1-0           0-1 
3-5 1-3     1-0 
3-7 
3-9 
3-12 1-1     0-1            1-0 
3-14 3-0  
3-16 2-2                0-1 0-1  0-1  1-0  
3-19 12-0  
3-21 20-2 2-0               1-0   1-0 
3-23 5-0                1-0  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
3-26 3-0 2-0 
3-28 1-0  1-0 
3-30 3-2  1-1    0-2 
4-2 0-7     1-0 
4-4 0-4     3-8           0-1   1-0  1-0 
4-6 0-4 
4-9 0-3     0-3           0-2   1-0 
4-11 0-1    2-0 1-1              1-0  
4-16 0-2                   1-0 
4-18 0-1 
4-20      0-1 
4-23 0-1  
4-25     1-0   2-0 
4-27     1-0 0-1 
4-30   0-1 
5-2 0-1     1-0              0-1 
5-4        2-0 
5-7                      1-0 
5-9        3-0 
5-11      1-0  2-0 
5-14      2-0            1-0 
5-16      1-0  1-0         0-1 
5-18                    1-1 
5-23        0-2              0-1 
5-30 1-0 
6-1 0-1                 1-1  0-1 
6-4        1-0          0-2 
6-6        2-0          0-2 
6-8        0-4          1-2 
6-11        1-0 
6-13     35-13 6-7 2-2 2-1          6-1  2-0  2-0 



Appendix I 

67 

6-15     0-4 4-10  3-2          42-1    1-0 
6-18     0-4 10-0  1-1          17-0    1-0 
6-20     1-0 22-1  2-0          52-0 2-0 
6-22     1-0 4-1  1-1          6-0 
6-25      2-2            13-0       0-1 
6-27      21-1  0-1          28-0 
6-29      27-1  1-0          6-0 
7-2      4-2  2-0          7-0 
7-4      2-4  0-1          5-1 
7-13      4-1 
7-16      1-0 
7-18      1-2            2-0 
7-20      0-1 
7-23      0-2                    1-0 
7-25     0-1 2-0 
7-27      1-1  2-0          2-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
7-30     0-1 0-1  0-1          1-0 
8-1                  1-1 
8-3                  2-0 
8-6      1-2 
8-8  1-0   6-8 13-22 2-7 14-7          7-3  1-0 
8-10     0-4 2-4 1-2 2-7          5-0           
8-13      0-3 1-1 7-22          1-1        1-0 
8-15     0-1 0-2 0-2 1-21       0-2   2-1  1-0 
8-17       2-1 4-41         1-0 5-0 
8-22      1-6  0-13          1-2 
8-24        0-5          0-1        1-0 
8-27      3-0            0-2        0-1 
8-29      1-0  1-0          2-0        1-0 
8-31      0-2  2-0          1-1 
9-3      0-4  0-2 
9-5      0-7  0-5          0-1 
9-7      0-10  0-5   
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
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Study Pond #1, Year 7:  Vertebrates trapped in drift fence buckets over a one-year period, 9/10/2001 -  8/30/2002.  IN-migration data on left, OUT-migration on 
right.  Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; 
Eq=Eurycea quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne 
carolinensis, narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus 
ocularis, little grass frog; Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green 
treefrog; Rcp=Rana capito, gopher frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus 
odoratus, stinkpot; Dr=Dierochelys reticularia, chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, 
garter snake; Nf=Nerodia fasciata, banded water snake; Pf-Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
2001 
9-10      0-4            0-5 
9-12 
9-14      1-0  0-2           
9-19      2-2 
9-21      1-1            1-1 
9-24                  0-2 
9-26              0-1m    1-6 
9-28      1-0        0-1m    1-0 
10-1              2-0m    1-0 
10-3      1-0        0-2m    1-0 
10-5      1-0  4-0      1-1m    0-2 
10-8      1-1  1-0      1-0m    4-5 
10-10              1-0m    6-0 
10-12      1-0            1-1 
10-15      0-2        1-0m    0-2 
10-17      1-0 
10-19      1-0            4-1  1-0 
10-22      1-2            1-0       1-0 
10-24      6-0            4-3 
10-26                  2-10 
10-29              2-0m    6-2 
10-31                  2-2 
11-2      0-1            1-0 
11-5      3-1   1-0         2-1 
11-7      1-0            3-1 
11-9                  5-3 
11-12              1-0    0-1 
11-14        6-0          2-0       0-1 
11-16                  1-1 
11-19        3-0      1-0 
11-21        7m-0 
11-23      0-1  0-2 
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11-26      0-2            0-1 
11-28      0-3            0-1 
11-30      0-2            0-1 
12-3 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
12-5      1-0 
12-7                  1-0 
12-10 
12-12 
12-14 0-2  0-1   1-1 
12-17 15-0     0-1            1-0 
12-19 2-0                 1-0 
12-21      0-1 
12-24   1-0 
12-26 
12-28 
12-31 
2002 
1-2 
1-4 
1-7                  0-2 
1-9 0-1                 0-1 
1-11 0-1 
1-14                  1-0 
1-16                  1-1 
1-18 1-0        1-0         0-1 
1-21      1-0            1-0 
1-23 1-0                 0-1  0-2 
1-25          0-1 
1-28 1-0 1-0        0-1        1-0  
1-30          1-0        2-0 
2-1        2-0          3-0 
2-4       1-0 1-0 3-0         0-1 
2-6      1-0 
2-8 0-1     1-0            1-3    0-1 
2-11 1-1      1-0           0-1 
2-15 0-1 
2-18      0-1  1-0          2-0 
2-20       1-0 1-0          0-1 
2-22 0-1     3-0  4-1          0-1       0-1 
2-25 0-1     0-2  0-1          1-0  0-1 
2-27         2-0 
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3-4 4-0    0-1 0-1            1-0 
3-6 1-0     1-1            0-1 
3-8      3-9 
3-11 3-1     42-5  2-0 1-0 
3-13 1-2     0-39  1-0          1-2 
3-15 2-3     0-3    0-1          0-1 
3-18      6-7  19m-0 0-1         0-1  1h-1  1-0 
3-20 0-4     1-5  2-0         0-1 0-2  0-1 
3-22 0-1     3-0  0-1          1-0 
3-25 0-10s     1-5  1-0          0-2  0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
3-27 1-2s     4-2  3-4          4-4 
3-29      0-2            3-1 
4-1 1-1     7-3  3-1 0-1         2-8 
4-3      0-3  0-3          0-4 
4-5     1-0 0-3           0-1 5-2 
4-8 0-1s     1-0           0-1 3-0 1-0 
4-10     2-0 1-0  8j-0          0-5 
4-12      2-0  8j-0          1-2 
4-15 0-1s     1-1            3-2 
4-17      0-2  0-6          0-2 
4-19      5-1  3-0          1-2  1-1 
4-22      2-4  0-2j          0-2  1-0 
4-24      2-0 1-0 7j-0 
4-26     0-1 0-1  1-2          0-1 
4-29     0-1 1-0 1-0 31j-0          0-1 0-1 
5-1      1-1  10j-0          1-1 
5-3        23j-1          0-1 
 
5-27      3-0  0-1          0-4 
5-29      1-0  1-1          2-1 
5-31      1-0  3-0          0-7 
 
6-10 0-1m    1-0 0-1 0-1 0-1          0-1  1-0  1-0   1-0 
6-12                  0-1 
6-14      2-0  0-2          0-3  0-1 
6-19     1-0   1-0          1-4m 
6-21      1-0 1-0 
6-24      0-1  0-2 
6-28      0-1            1-0 
7-1     0-1 3-0  0-1          1-0 
7-5 
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7-8      0-1 
7-10 
7-12 
7-15      1-0 
7-17      3-0 
7-19      0-2                    1-0 
7-22     1-0 2-0 
7-24 
7-26  
7-28      0-1  1-0 
7-31      0-1 
8-2 
8-5      0-1  1-0 
8-7 
8-9      1-0                    0-1    
8-12 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
8-14      0-1 
8-16      0-1 
8-19 
8-21 
8-23 
8-26      0-1  1-1 
8-28      1-0 
8-30  site prescribe burned on this date; fences burned up for 6 weeks 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
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Study Pond #1, Year 8.  Vertebrates trapped in drift fence buckets over a one-year period, 11/18/2002 -  09/05/2003.  IN-migration data on left, OUT-migration on right.  
Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea 
quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, 
narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; 
Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher 
frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, 
chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-
Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
2002 
11-18 
11-20 
11-22      1-0 
11-25 
11-27 
11-29 
12-2 
12-4 
12-6 1-0    1-1 1-0   3-0 0-1 
12-9 
12-11 2-0 
12-13 1-0  1-2       1-0 
12-16 
12-18 
12-20     0-2 0-2              0-1 
12-23 2-0    1-0 
 
12-29   1-0  0-1             2-0 
2003 
1-1 6-0  2-0  0-1             12-2 
1-4   1-0               3-1 
1-9   1-0        0-1 
1-11 
 
1-19 
1-22 
1-26 
1-31        1-0  0-1        3-1 
2-2 
2-4 1-0                 0-7 
2-7                 1-0 6-4 
2003 
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2-9                  1-0 
2-16 0-2  1-0  1-0 1-0    calling        1-3 
 
2-27 0-3    20-1 3-1           7-0 1-2  2h-0 
2-28 0-1    0-14 9-0  1-1         3-0 3-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
3-1     0-1 0-7            1-0 
3-4 5-1  2-0  0-9 1-0           3-3s 2-1 
3-6 1-1  3-0  0-1 32-1  0-1          4-0  3h,1-1 1-0 
3-7 1-0    1-0 1-27  0-1         1-3s   3h,2-1h 1-0 
3-8      0-1            1-0 
3-10   1-0  0-3 2-4   1-0        2-2s+ 1-0    1-0 
3-14 0-3     13-1  1-0 1-0        2-3   3h-0 
3-17 0-3  1-0   1-12  0-1 0-1        1-3 0-5 
3-19 0-1     1-3  1-1          2-1    1-0 
3-21 1-0  1-0   17-3            1-0  3h-0 
3-24      2-1 1-4             2-0 
3-26  
3-28      3-0 1-0 1-0 
3-31 0-1     0-2 7-1 
4-2       2-0 1-0          0-1 
4-3      2-0 
4-7      5-1 5-0 1-3 
4-9      0-1  0-1          0-1 
4-11      1-2  1-2          0-5 
4-14        1-0          0-1 
4-16      2-1 0-1 1-0          2-2 
4-18      0-1  1-0          4-8 
4-21       1-2 2-1          6-29m  0-1 
4-23      0-1  3-0          7-35 
4-25       1-1 0-1          2-12m 
4-28                  4-9 
4-30      2-0            4-1 
5-2      0-2 3-1           0-115m 
5-5      1-2 2-0 1-0          0-3       0-1 
5-7       1-0 1-0          0-16m 
5-12      1-1            0-18m 
5-14      0-1  4-0          0-1 
5-16      2-0  2-0          0-34m 
5-17 0-1     1-7 0-3 0-1          2-80m 
5-19      4-1  1-0      0-1    49m-18  1-0 
5-21      0-1        0-2    49m-40m 
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5-23 0-1     3-3 26-0 52-0          40-120m 
5-26 0-1     0-1 3-5 10-2      0-1    78-10  0-1 
5-28      0-1 3-0 12-8          19-9  0-1 
5-30       2-1 13-3      2-2    10-0 
6-2 0-2     1-1 1-0 13-2         0-1m/15-136m 
6-4 0-2      0-1 15-1 1-5        0-3m/42-114m 
6-6 0-1     1-0 1-0 17-0         0-21m/19-66m  0-1 
6-7 1-20m    1-0 1-1 16-1 111-3         0-19m/0-120m 
6-8 0-8m     4-1 96-11/299-15         1-36 13-393 
6-9 0-5     1-4 25-36/94-62/0-3        1-59 59-97 
6-11 0-4     2-2 0-19 10-22         2-149 67-32 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
6-13 2-3     4-0 2-1 3-0      0-1   22-183/ 78-15 
6-14 1-9     1-2 1-6 8-7 0-4        63-255/64-726 
6-16 1-4      0-2 2-0         14-206/70-167    0-1 
6-18 0-13     1-0 1-2 16-9         12-258/24-243 
6-19 all buckets full of water 
6-20 0-19    1-0  65-0 30-0         2-144 20-92  
6-23 0-1    0-1  13-5 9-0         3-195 16-25        0-1 
6-25 0-1    1-0 1-0 1-0 0-4         11-146 13-0  1-0 
6-27      0-1 2-0          30-132 12-23 
6-30 0-6    0-1 1-1 1-3       0-1   29-194 1-224 
 
7-7 0-2     1-0 1-0 1-1         11-81 6-28 
7-9      1-0           0-57 25-11 
7-11 0-1                2-50 6-24 
7-14                 32-8 24-39       1-0 
7-16                 2-15 20-22  0-1     2j-0 
7-18                 0-20 3-46 
7-21        1-0         1-8 0-4       0-1 
7-23 0-1       1-0         0-4 0-24 
7-25 0-1                0-5 0-11 
7-28      1-0           0-6 7-7 
7-30                  2-1 
8-1        1-0         0-2 1-14m 
 
8-11 flooded buckets, water high             1-1 
8-13                 0-1 0-5 
8-15        1-0          1-2 
8-18 
8-20                  0-1 
2003 
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08-22 
8-25                  2-2        1-0 
8-27      1-0            1-1 
8-29                  0-1 
9-1        1-0 
9-3 
9-5                  0-2      
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
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Study Pond #1, Year 9:  Vertebrates trapped in drift fence buckets over a one-year period, 9/8/2003 -  9/8/2004.  IN-migration data on left, OUT-migration on 
right.  Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; 
Eq=Eurycea quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne 
carolinensis, narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus 
ocularis, little grass frog; Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green 
treefrog; Rcp=Rana capito, gopher frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus 
odoratus, stinkpot; Dr=Dierochelys reticularia, chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, 
garter snake; Nf=Nerodia fasciata, banded water snake; Pf-Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
2003 
9-8  
9-10 
9-12 
9-17 
9-19 
9-22 
9-24 
9-26 
9-29 
10-1 
10-3 
10-6 
10-8 0-1                 2-0      
10-10 
10-13 0-3 
10-15  
10-17 
10-20 0-1 
10-22  
10-24 
10-27 0-2 
10-29 0-6 
11-3                          1-0 
11-5 1-3                  1-0       0-1 5-0 
11-7                         1-0 1-1 
11-10                          0-2 
11-12                          1-0 
11-14                          1-0 
11-17                   3m-0      1-0   
11-19 0-3m     1-0           1-0 1-2  0-1      0-1 
11-21 0-2  
2003 
11-23 
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11-26                 0-1 
11-28 2-1     0-1 
12-1 1-0  1-0 
12-3 1-0 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
12-5 
12-8 
12-10 1-0          1-0       2-0 
12-12 1-0 
12-15 1-0 
12-17 
12-19 3-0 
12-22                  1-0 
12-24 3-5                 1-2 
12-26 
12-29 1-2 
12-31 2-1                 1-0        0-1 
2004 
1-2 
1-5 1-0 
1-7 
1-9                  1-0 1-0 
1-12 
1-14 
1-16 
1-19 0-2         1-0          0-1 
1-21 0-1 
1-23 
1-26                    0-5     0-1 
1-28                    0-2 
1-30 0-7  1-0               2-0  0-3     0-1 
2-2 2-4                 2-0  0-1 
2-4 2-4                        0-1 
2-6 0-5 
2-9 0-9                1-0 
2-13 0-35m         1-0       0-1 1-0 
2-11 1-55m         1-0 
2-15 5-96m        1-0 3-0        1-0 
2-16 0-2         1-0 
2-18 2-0         1-0 
2004 
2-20 0-2                 0-1 



Appendix I 

78 

2-23         6-1         1-0  2-0 
2-24 2-162m     1-0    0-7        1-1 
2-25 3-22m     6-0           2-0 8-0 0-1  1-0 
2-27 
3-1 0-15m     0-2    1-1       1-0 2-0 
3-3 2-2  1-0   1-1   4-0 2-0        0-1 2-0  0-1 
3-5 0-4a     2-3            2-0 2-0       1-0 
3-8 1-7a     0-2           1-0 1-0   1h-0 
3-10 0-9a     1-0               1h-0 
3-12 0-1                0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
3-15 1-3                   1-0  
3-17 0-18a     1-1 
3-19 0-2      1-0 0-1                  1-0 
3-22 0-2    0-1j   2j-0 2-0           1-0 
3-24 0-2         1-1 
3-26 1-1       8j-0  1-0        1-0  1-0 
3-29 1-2     0-1  4-1 0-2           2-0      1j-0 
3-31 0-35     0-2  22j-0  0-1       0-1 1-10 0-10 1-0 
 
4-16 0-6     1-0  1-0          0-7 1-0 
4-19 0-1     0-1  1-0 0-2         1-2 1-0  
4-21      1-0  2-0           0-1 
4-23 0-2     0-1  0-1 
4-26 0-2     2-0  14j-0 
4-28 0-1       3-0          1-0 0-1 0-1 
4-30 1-7     2-0             1-1 2-2 0-1 
5-3 0-10  0-3   9-2  0-1          0-2  1-0 

 
5-12 1-2  0-1   0-3  2-0          2-0 0-1 0-1 
5-17 0-1       0-1          1-13 3-7 0-2  0-1    0-1 
5-19 0-1                 3-8 1-0 
5-21        1-0          3-5 1-1 
5-24      1-0  7j-0          4-1 1-1       1-1j 
5-26        2-0          1-1 0-1 
5-28                  1-1        0-1j 
5-31        8-1            0-2 
6-2 0-2  0-5   0-1  3-4           0-1 0-2      1a-0 
6-4 0-1  1-2    2-0 1-0            0-3 
6-7   0-3   2-0 3-0 2-0           2-0      0-2a 
2004 
6-9      1-1 3-0 2-2 
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6-11      1-1 2-0 6-0            0-1     1-0 
6-14 0-1  1-0     4-0           1m-0 0-2 
6-16       72-1 65-0            1-0 
6-18       2-28 3-36           1-0 3-0     1-0 
6-21      1-0 3-3 6-18 
6-23      1-1 2-3 1-4 
6-25      9-4  3-1           1-0 
6-28   2-1   1-1 21-15 8-9            3-0 
6-30      0-3 2-15 22-27          1-0 1-1 2-0  
7-2      0-2 2-1 4-20          2-0  2-1 1-0 
7-5      0-1 1-2 2-0 
7-7       1-2 0-3 
7-9      1-0 0-1 2-1          1-0 
7-12      0-3  0-2                  0-2 
7-14      0-1 0-2 0-15           0-1       1-0 
7-16  1-3    1-1  0-3 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
7-19      0-1  3-1             0-1 
7-21      1-1  0-4             1-0     0-1 
7-23      1-1  0-1           0-1       1-2 
7-26   0-1   2-0  2-3                  0-1 
7-28      2-0  2-7 
7-30      0-1  0-1 
8-2                   0-1       0-2 
8-4                   0-2  1-0     1-0 
8-6        2-0                  1-0 
8-9        0-1 
8-11 
8-13 
8-16      1-0  0-1            0-1 
8-18                    0-1 0-1 
8-20      0-1 
8-23        0-1            0-1 
8-25      1-0 
8-27      0-1  0-1 
8-30        0-1 
9-1        0-6            1-0 
9-3        0-6 
9-6 
9-8        1-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
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Study Pond #1, Year 10:  Vertebrates trapped in drift fence buckets over a one-year period, 9/10/2004 -  5/11/2005.  IN-migration data on left, OUT-migration on right.  
Species are At=Ambystoma talpoideum, mole salamander; Np=Notophthalmus perstriatus, striped newt; Nv=Notophthalmus viridescens, common newt; Eq=Eurycea 
quadridigitata, dwarf salamander; Sh=Scaphiopus holbrooki, spadefoot; Bt=Bufo terrestris, southern toad; Bq=Bufo quercicus, oak toad; Gc=Gastrophryne carolinensis, 
narrowmouth toad; Ag=Acris gryllus, cricket frog; Po=Pseudacris ornata, ornate chorus frog; Pc=Pseudacris crucifer, spring peeper; Lo=Limnaoedus ocularis, little grass frog; 
Hf=Hyla femoralis, pinewoods treefrog; Hg=Hyla gratiosa, barking treefrog; Hs=Hyla squirella, squirrel treefrog; Hc=Hyla cinerea, green treefrog; Rcp=Rana capito, gopher 
frog; Ru=Rana utricularia, leopard frog; Rct=Rana catesbeiana, bullfrog; Ks=Kinosternon subrubrum, mud turtle; So=Sternotherus odoratus, stinkpot; Dr=Dierochelys reticularia, 
chicken turtle; Af=Apalone ferox, eastern softshell turtle; Ps=Pseudemys scripta, pond slider; Ts=Thamnophis sirtalis, garter snake; Nf=Nerodia fasciata, banded water snake; Pf-
Pseudemys floridana; Ap=Agkistrodon piscivorus; Cs=Chelydra serpentina; Sp=Seminatrix pygaea. 
 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
2004 
9-10        0-1 
9-13                   1-0 
9-15        2-0 
9-17      0-1  0-2 
9-20        0-1 
9-22   1-0 
9-24 
9-27      0-1  0-3          0-1        0-1 
9-29        0-2 
10-1        1-1 
10-4 
10-6                  2-1 
10-8                  2-0  
10-11        1-0          2-12 
10-13        1-0 
10-15   0-1 
10-18 
10-20   0-1 
10-22 
10-25   0-1               0-2 
10-27   0-1 
10-29 
11-1   0-2               1-1 
11-3 
11-5   1-0 
11-8   0-1 
11-10    
11-12                  1-0 
11-15   0-1               0-1  0-1 
11-17 
11-19 
11-21 
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11-24 
11-26 
11-28   0-1 
12-1                  1-0  0-1 
12-3 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
12-6 
12-8 4-0  0-1               2-0 
12-10 13-1  2-1  0-1 
12-13 2-0 
12-15 2-0                   0-2 
12-17 
12-20 
12-22 
12-24 4-0                 1-0 
12-26                  0-1 
12-27  
12-29 0-2 
12-31 
2005 
1-3 0-1  0-1 
1-5  
1-7                         0-1 
1-10 1-0 
1-12 0-1 
1-14 1-2 
1-17  
1-19 
1-21 
1-24 
1-26   0-1 
1-28 
1-31 0-1 
2-2  
2-4 
2-7 
2-9  
2-11 
2-14 
2-16 
2-18 
2-21 
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2-23 
2-25 0-5  0-1  3-0   1-1            1h-0 
2-27 
2-28 0-2neometa      1-0 1-0 1-0           1-1 
3-4 0-1a  
3-8 1-1a    3+ -0    1-0         0-2 
3-12 1-2s 
3-14 0-4m     2-0  2-0         1-1s 2g-0 
3-18                 1-0 
3-21 1-0  0-1 
3-23 1-0     2-0  3-0          0-1 
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
date At Np Nv Eq Sh Bt Bq Gc Ag Po Pc Lo Hf Hg Hs  Hc Rcp Ru Rct Ks  So Dr Af Ps Ts Nf Pf Ap  
3-25 0-2                   1-0 
3-28 1-0    2-0 2-0  1-0                 0-1j 1j-0 
3-30 
4-1 0-1    2-0               1-0 
4-4 3-0    1-0 
4-6  
4-8      1-0 
4-11  
4-13        1-0 
4-15  
4-18 0-1  
4-20 
4-22 
4-25 1-0       1-0 
4-27 0-1 
4-29     1-0 
5-2        0-1 
5-4 
5-6     1-0      
Drift fence burned on this date by USFS and not restored because I wanted to relax the drift fence pressure 
5-11          on the animals.  

 
 
 


