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EXECUTIVE SUMMARY 
 
This is the fourth in a series of reports on the status of endangered biota and of environmental 
quality in Cave Springs Cave (CSC), Benton County, Arkansas (Brown et al., 1998; Graening 
and Brown, 1999, 2000), funded by the Arkansas Natural Heritage Commission (ANHC).  As a 
result of these studies, Cave Springs Cave is now one of the most thoroughly studied cave 
ecosystems in Arkansas.  This series of studies has spawned a renewed interest in cave 
ecosystems and their vulnerable condition.  There are now many projects focusing upon the 
documentation of subterranean biodiversity and its protection.  Partners include the Arkansas 
Game and Fish Commission, US National Park Service, US Forest Service, US Fish and Wildlife 
Service, Arkansas Department of Environmental Quality, The Nature Conservancy, and the 
Departments of Biological Sciences and Geosciences at the University of Arkansas.  Two studies 
are particularly germane to this Natural Area: Graening et al. (2001) compared the fauna, water 
and sediment quality at CSC to 63 other caves in the State; and Graening and Brown (in 
progress) are comparing the ecosystem dynamics and pollution effects elucidated in these studies 
of CSC to three other priority caves in Benton County.  Thus, ANHC’s investment of resources 
in the study and protection of this Natural Area have been quite effective, and this investment is 
being leveraged to benefit other endangered species’ habitats. 
 
Very few long-term data sets exist for North American caves, and this seriously limits 
knowledgeable management of them.  Cave Springs Cave should continue to be monitored to 
help fill this void and to enable successful management of its unusual biota and their habitat.  But 
monitoring is only the first step - successful management sometimes requires taking bold actions 
to protect these natural resources.  Our management recommendations at the end of this report 
outline the actions we feel need to be initiated now.  Bacteria and some nutrient and metal 
concentrations chronically exceed Regulation 2 maximum contaminant levels and regional 
background levels.  It is imperative to reduce the pollution input from septic leachates and land-
applied manures in the CSC groundwater basin, especially if sensitive species, such as cave 
amphipods (Stygobromus ozarkensis, State Species of Concern) are to persist in this Natural 
Area.  Despite the degraded water quality, the Ozark Cavefish population appears to be stable or 
increasing. 
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INTRODUCTION 
 
Ozark Cavefish 
Ozark cavefish, Amblyopsis rosae, are among the most rare and endangered animals in the 
world, and the majority of them live in Cave Springs Cave (CSC), Benton County, Arkansas.  
Surveys of this and other cavefish sites throughout the Springfield Plateau region of Arkansas, 
Missouri, and Oklahoma, show CSC to be their most important refuge (Brown and Willis, 1984; 
Willis and Brown, 1985; Brown and Todd, 1987; USFWS 1989).    About 15-25 cavefish are 
usually found in a trip through Logan Cave, about 15 km west of this site (Brown and Willis, 
1984; Brown, 1996), which is the second largest deme.  In the remaining 15-20 caves where 
Ozark cavefish have been recently seen, no more than 5 fish may be seen during a visit and the 
norm is much less.  Based on its rarity, special habitat requirements, limited reproductive 
potential, and declining numbers, it has been declared "threatened" by the US Congress (Federal 
Register November 1, 1984: 49 FR 43965).  CSC is also an important refuge for endangered gray 
bats, Myotis grisescens, State-listed amphipods (Stygobromus ozarkensis) and isopods 
(Caecidotea stiladactyla), and other biota that deserve protection as components of an extremely 
diverse and vulnerable ecosystem of the Ozark karst ecoregion.  We have been monitoring the 
environmental quality of the habitat and censusing the cavefish population for the ANHC under 
contracts since 1998 (Brown et al., 1998; Graening and Brown, 1999, 2000).  The project for 
year 2000-2001 has been a continuation of these activities, and is a final chapter in this series of 
studies. 

 
While the CSC cavefish population seems to be increasing since the cave and the species have 
been protected, the last four years of population censuses have varied considerably (102 to 166).  
The quality of the water in the cave appears to have significantly declined in recent years and 
this threatens the survival of the cavefish and other stygobites that share the environment.  Thus, 
it is important that studies of the environmental quality and monitoring of the cavefish 
population continue as outlined in the recovery plan (USFWS, 1989).  We have made 
considerable progress with analysis of Cave Spring Cave’s recharge zone.  The geographical 
information system (GIS) of the recharge zone will provide the ANHC and other agencies with a 
valuable management tool for determining the impact of different land uses at sites throughout 
this basin as rapid growth continues in this area of the state.   
  
Retention Net  
Cavefish and other stygobionts occasionally wash out of caves into surface streams.  Graening 
has incidentally found three cavefish in the fish hatchery raceways downstream of Cave Springs 
Cave during the course of our studies there, although no planned effort to watch for them was 
involved.  Although these three were transported back into the cave, it is likely that others were 
lost in this manner.  It is quite certain that the white, blind cavefish would not survive for long in 
the clear, well-lit water with trout and other predatory fish present.  Some losses from cavefish 
populations in this manner may be natural, but even so, some effort to preserve them from this 
fate seems appropriate.  Besides, the resurgence for Cave Springs Cave, like many other cave 
springs, has been highly modified and this may have exacerbated the situation.  
 
The small dam constructed outside the cave has created what may be a hazard for the cavefish.  
The impounded water at the mouth of the cave flows fairly slowly, but when the water enters the 
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DISCUSSION 
 
Environmental Quality 
Total coliform densities and some nutrient and heavy metal concentrations continue to exceed 
Arkansas State water quality standards (Regulation 2) maximum contaminant levels (Arkansas 
Pollution Control and Ecology Commission, 1998).   Mean nutrient concentrations in CSC are 
higher than regional and national levels (Petersen et al., 1998; USGS 1999).  The mean nitrate 
concentration in CSC is more than double the background level for the Ozarks (Petersen et al., 
1998).  Stable isotope analyses have indicated septic leachate and land-applied manures as 
probable sources (Graening and Brown, 2000). 
  
Ozark Cavefish Population Dynamics 
Cavefish counts in Cave Springs Cave increased steadily from 1981 through 1995, but have 
fluctuated greatly since then.  We found only 106 fish in the cave in January 1998 using the same 
survey methods.  Later, in December 1998 we returned to repeat the survey and found 166 fish.  
In February 2000 only 102 fish were seen.  We are unable to fully explain the low counts, 
especially since high counts have followed each of them.  The fish seen during a survey do not 
represent the entire population but some fraction of it.  The cavefish can move in and out of the 
coarse rock substrate that forms the stream bottom in many areas.  Similar surveys in Logan 
Cave indicate that about one third to one half of the fish in that population are seen during each 
census (Means, 1993; Means and Johnson, 1995; Brown, 1996).  If something happened to the 
fish in the cave (chemical spill, illegal collection) just before our census in January 1998 this 
could explain the low counts.  Subsequently fish could have moved into the cave from areas 
inaccessible to us to repopulate the cave before we did the next census in December 1998.  The 
census in February 2000 was conducted during a period of very low water level.  It is not known 
whether this could affect the number in the cave stream.  The 2001 survey of cavefish was 
needed to help understand these population fluctuations, and it appears that the population is still 
increasing in numbers despite degraded water quality. 
 
Retention Net 
There seems to be no simple way to assess the effectiveness of the net across the cave mouth at 
keeping cavefish from being swept out through the sluice and waterfall.  Apparently, larger floats 
are needed to keep the net near the surface during the high flow events, and these have been 
added recently.  Suspending the seine net above the water might interfere with movements in and 
out of the cave by bats or other animals. 
 
The highest flows occurred during an unusual storm event; one with an interval probably greater 
than 25 years.  Weakly-swimming, larval fish can swim about 5-6 times their body length per 
second (10 mm length = 50-60 mm/sec; Armstrong and Brown, 1983; Brown and Armstrong, 
1984).  They could not escape impingement on the net at any but the slowest flows observed at 
the net.  No data could be found for swimming abilities of cavefish, but it is presumed that they 
can swim faster than larval fish.  When larvae, cavefish are supposedly retained in the buccal 
cavity (mouth) of their parent (Poulson, 1963).  Still, there is some concern that cavefish may 
become trapped against the net during high flow conditions.  Whether the potential for this fate is 
more hazardous than the potential for them being swept out of the cave to near certain death 
downstream is not known.  The study does indicate the need for some non-lethal studies of 
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cavefish swimming ability and associated behaviors, like avoidance of fast flows, and of crayfish 
predators.  The presence of very large numbers of crayfish at the mouth of the cave may be cause 
for concern.  Cavefish are probably easy prey of O. punctimanus and O. neglectus (Brown et al., 
1994).  The seine net may provide the crayfish an easier way to capture them, especially during 
the highest flows. 
 
We cannot be certain that cavefish, especially small ones, do not become impinged on the net by 
the force of the current by the fastest flow rates we measured in the vicinity of the net.  Cavefish 
are not normally observed where water is flowing more than 5-10 cm/sec.  If impingement 
occurs, the net would be a hazard to the cavefish during high flows, especially with the crayfish 
there.  It is more certain that being swept out of the cave through the sluice or waterfall is 
hazardous to them. 
 
Filling the pool at the mouth of the cave with large boulders, with ample interstitial spaces 
among them, would make the transition from slow to fast current speed more gradual and 
variable, providing the cavefish an opportunity to sense the increased current and avoid it.  
Whether they would do this or not is unknown.  The boulders would probably provide the O. 
punctimanus an excellent habitat, especially for ambushing prey (like cavefish).  So that situation 
would be unchanged.  Eventually the spaces between the boulders would become filled with fine 
sediments.  In that situation, with shallower water there, the crayfish would be more subject to 
predation by raccoons (Procyon lotor) and birds.  This discussion ends without a management 
recommendation, but for now the net has been left in place. 
 
 
Recharge Zone Susceptibility  
Brahana (1995) identified the major factors that determine pollution susceptibility in the Boone-
St. Joe aquifer: 
 

“In general, the absence of the Chattanooga Shale, the more pure a carbonate unit, the 
presence of karst features at land surface, the thinner the cover overlying a pure 
carbonate, the shallower the depth to the St. Joe Member of the Boone Formation, the 
closer the distance to a major fault, joint, or lineament, the closer the distance to a major 
spring, the closer the distance to the Eureka Springs escarpment, the more 
environmentally sensitive the area of the Springfield Plateau.” (Brahana, 1995) 

 
Dye tracing confirmed that photolineaments are karst conduits and that natural adsorption is low 
in the Cave Springs area (Aley, 1978).  Lineaments are defined according to Lattman (1958) as 
natural features (topographic, vegetative, or soil tonal alignments) identifiable on aerial 
photographs and at least one mile long (if less than one mile long, it is called a fracture trace).  
Straight cave passage orientation is correlated to photo-lineament orientation in Benton County 
and northwest Arkansas in general, which implies that straight cave passages form along fracture 
zones, which are expressed as photo-lineaments at the surface (Barlow and Ogden, 1979).  Willis 
(1978) and Ogden (1979) found significant relationships between high nitrate, sulfate, and 
chloride concentrations and wells on photo-lineaments in Benton County, and implicated the 
poor filtration of surface pollutants in these fracture zones as the cause.  Willis (1978) also found 
that the yield of wells near photo-lineaments was significantly higher than wells distant from 
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photo-lineaments.  Ogden (1979) determined the zone of influence of photo-lineaments (where 
surface pollutants were highly correlated to proximity to lineaments) to be up to 2000 feet for 
chloride and 250 feet for sulfate.  Williams (1991) defined critical areas for pollution of Cave 
Springs Cave as those areas that lie along intermittent stream segments, especially those 
segments that coincide with fracture traces and photo-lineaments.  All of the stream segments in 
William’s (1991) study coincide with fracture traces and photo-lineaments.  These studies 
suggest that these intermittent streams and other lineaments in the Cave Springs Cave recharge 
zone merit special protection.  For this reason, it is suggested that areas within 100 m of photo –
lineaments be identified as the highest pollution susceptibility zones in the CSC groundwater 
basin.  It is also suggested that protection or enforcement measures be directed foremost in these 
buffer zones.  It is also suggested that the Cave Springs Cave recharge zone be expanded to 
include those buffer zones that intersect the present recharge zone delineation because of the 
possible hydrologic connectivity with the surface near photo-lineaments. 
 
Hazardous Material Spill Modeling and Response 
The movement of water in the Boone-St. Joe aquifer occurs both as concentrated flow through 
conduits en route to resurgences and as diffuse flow through the aquifer under water table 
conditions (Ogden, 1979).  The Chattanooga shale acts as a lower perching boundary (aquiclude) 
for the Boone-St. Joe aquifer (Ogden, 1979).  Groundwater travel rates in the Cave Springs area 
range from 690 to 5640 ft/day (Aley, 1978).  In the recharge zone of Cave Springs Cave, Aley 
(1978) estimated the mean travel rates of injected dye (based upon straight line distances) of 
1,930 and 1,670 ft/day.  This gives hazardous material response teams very little time to respond 
to a release of hazardous material.  The spill model results demonstrate that the presence of 
lineaments has the potential to affect transport of pollutants to sensitive areas by possibly acting 
as conduits.  Use of this model could alert landowners to possible contamination and potentially 
aid clean-up efforts. 
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MANAGEMENT RECOMMENDATIONS 
 

1) Enforce the Arkansas Regulation 2 water quality standards for the streams in the recharge 
area (Cave Springs, Puppy Creek, Osage Creek, Cross Creek, and Spring Creek). 

 
2) Formally designate the cave stream an “Ecologically Sensitive Water Body” because it 

has federal and state listed endangered species, or upgrade the water body status to 
“Extraordinary Resource Water Body.” 

 
3) Phase out the application of confined animal waste in the cave’s recharge zone, especially 

in the sensitive areas indicated on the map on the accompanying compact disc. 
 
4) Revoke any existing permits and deny future permit applications to apply biosolids from 

municipal sewage treatment plants onto the recharge area. 
 
5) Apply the most stringent requirements for new septic systems in the recharge zone, and 

require the rehabilitation or upgrading of existing septic systems. 
 
6) Afford the cave entrance more protection from unauthorized visitation.  Specifically, 

refurbish the fence in front of the cave mouth and install electronic surveillance 
equipment. 

 
7) Acquire cooperative agreements, titles, or conservation easements of lands in sensitive 

areas in the cave recharge zone. 
 

8) Continue to monitor cavefish annually since the population may be experiencing large 
fluctuations. 

 
9) Contact Hazardous Material Response Teams in the area to alert them to sensitive areas, 

and form an emergency response plan in the event of a large spill similar to that 
experienced in Meramec Cavern in 1981. 

 
10) Continue to periodically monitor the chemical, bacterial, and physical water quality in the 

cave, including analysis of sediment or tissue metals (perhaps at 3 year intervals). 
 

11) Continuously monitor temperature in the air and water of the cave by annually 
downloading and examining data from the loggers we installed, and replacing loggers as 
necessary. 

 
12) Periodically remove as many surface crayfish as possible near the mouth of the cave. 

(perhaps annually). 
 

13) Fill the cave resurgence with boulders to the level of the bottom of the water wheel sluice 
back to the bottom of the seine net. 

 
14) Maintain the seine net in the mouth of the cave.   
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APPENDIX 
 

Metadata for GIS Datasets Obtained from GeoStor (http://www.cast.uark.edu/cast/geostor) 

 
Title Business Establishments (Arkansas Highway and Transportation Department, 2000) 

Abstract null 

Purpose null 

Data Type Point 

Datum NAD83 

Scale 0.0 

Resolution null 

Resolution Unit null 

West 0.0 

East 0.0 

North 0.0 

South 0.0 

Source Date null 

Beginning Date null 

End Date null 

Publication Date null 

Constraints null 

Graphic File null 

Graphic Format null 

Category Socioeconomic 

Theme Key Buildings, Business 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distribution List null 

Content null 

Data Creator Arkansas Highway and Transportation Department 

Metadata File Name null 

Search Size 50.0 

Statewide Flag 1 

Cover Table Name null 
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Title Chicken Houses (Arkansas Highway and Transportation Department, 2000) 

Abstract null 

Purpose null 

Data Type Point 

Datum NAD83 

Scale 0.0 

Resolution null 

Resolution Unit null 

West 0.0 

East 0.0 

North 0.0 

South 0.0 

Source Date null 

Beginning Date null 

End Date null 

Publication Date null 

Constraints null 

Graphic File null 

Graphic Format null 

Category Socioeconomic 

Theme Key Chicken Houses, Farming, Culture 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distribution List null 

Content null 

Data Creator Arkansas Highway and Transportation Department 

Metadata File Name null 

Search Size 150.0 

Statewide Flag 1 

Cover Table Name null 
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Title EPA Regulated Facilities, 1997 (Environmental Protection Agency, 1997) 

Abstract 

This data layer provides point locations of EPA-regulated facilities in the State of Arkansas. The 
point locations are derived from the following EPA program systems: Aerometric Information 
Retrieval System (AIRS), Permit Compliance System (PCS), Toxic Release Inventory System 
(TRIS), Comprehensive Environmental Response, Compensation, and Liability Information System 
(CERCLIS), Resource Conservation and Recovery Information System (RCRIS), National 
Compliance Database (NCDB), Federal Facility Information System (FFIS), PCB Handler Activity 
Data System (PADS), and Section Seven Tracking System (SSTS). 

Purpose This data layer is intended for use in state, regional, and local analyses. 

Data Type Point 

Datum NAD83 

Scale 100000.0 

Resolution null 

Res. Unit null 

West -94.65 

East -89.6 

North 36.5 

South 33.0 

Source Date 1998-11-30 

Begin Date null 

End Date null 

Pub. Date 1998-11-30 

Constraints Acknowledgement of the US EPA would be appreciated. 

Graphic File null 

Graph. Format null 

Category Socioeconomic, Miscellaneous 

Theme Key Health, EPA, Environmental Protection Agency, Regulated Sites 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distrib. List null 

Content United States Environmental Protection Agency 401 M Street SW Washington, D.C. 20460 
nsdi@epamail.epa.gov 

Data Creator Environmental Protection Agency 

Metadata File 
Name 

null 

Search Size 50.0 

Statewide Flag 1 

Cover Table 
Name 

null 

 



 

 33 
 

Title Farm Units or Dwellings (Arkansas Highway and Transportation Department, 2000) 

Abstract null 

Purpose null 

Data Type Point 

Datum NAD83 

Scale 0.0 

Resolution null 

Resolution Unit null 

West 0.0 

East 0.0 

North 0.0 

South 0.0 

Source Date null 

Beginning Date null 

End Date null 

Publication Date null 

Constraints null 

Graphic File null 

Graphic Format null 

Category Socioeconomic, Infrastructure 

Theme Key Buildings, Houses, Dwellings, Culture 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distribution List null 

Content null 

Data Creator Arkansas Highway and Transportation Department 

Metadata File Name null 

Search Size 15.0 

Statewide Flag 1 

Cover Table Name null 
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Title Roads, All (Arkansas Highway and Transportation Department) 

Abstract null 

Purpose null 

Data Type Line 

Datum NAD83 

Scale 0.0 

Resolution null 

Resolution Unit null 

West 0.0 

East 0.0 

North 0.0 

South 0.0 

Source Date null 

Beginning Date null 

End Date null 

Publication Date null 

Constraints null 

Graphic File null 

Graphic Format null 

Category Infrastructure 

Theme Key Roads, Streets, Highways, Transportation 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distribution List null 

Content null 

Data Creator Arkansas Highway and Transportation Department 

Metadata File Name null 

Search Size 0.0 

Statewide Flag 0 

Cover Table Name null 
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Title Sewage Disposal Ponds (USGS 100K DLG) 

Abstract 

This file contains sewage disposal pond locations derived from 1:100,000-scale ("intermediate-
scale") Digital Line Graph data created by the USGS. Coverage is of the entire State of Arkansas. 
Digital line graph (DLG) data are digital representations of cartographic information. DLG's of map 
features are converted to digital form from maps and related sources. Intermediate-scale DLG data 
are derived from USGS 1:100,000-scale 30- by 60-minute quadrangle maps. If these maps are not 
available, Bureau of Land Management planimetric maps at a scale of 1:100,000 are used. Data was 
imported into the ESRI software product ArcInfo 7.1.1 to create topology and then brought into 
ArcView 3.2 to assign attributes. 

Purpose 

DLG's depict information about geographic features on or near the surface of the Earth, terrain, and 
political and administrative units. These data were collected as part of the National Mapping 
Program. It is the intention of the Arkansas State Land Information Board to facilitate the 
dissemination of the 1:100,000-scale Digital Line Graphs. 

Data Type null 

Datum NAD83 

Scale 100000.0 

Resolution null 

Resolution Unit null 

West 0.0 

East 0.0 

North 0.0 

South 0.0 

Beginning Date null 

End Date null 

Constraints None. Acknowledgement of the US Geological Survey and the Arkansas State Land Information 
Board would be appreciated in products derived from these data. 

Graphic File null 

Graphic Format Null 

Category Infrastructure 

Theme Key Sewage, Sewer, Utilities 

Place Key United States, Arkansas 

Project Name SWAG 

Data Format null 

File Size 0.0 

Distribution null 

Distrib. List null 

Content Earth Science Information Center, USGS, 507 National Center Reston, VA USA 20192 

Data Creator United States Geological Survey or another mapping agency in cooperation with USGS. 

Metadata File 
Name 

null 

Search Size 350.0 

Statewide Flag 1 
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Table of potential pollution point sources in the Cave Springs Cave groundwater basin 
identified in this study.  
 
 

Latitude Longitude Location Note
36.265120 -94.226320 4 poultry houses, not active, EPE = 24 ft; NAD27, Garmin III Plus GPS
36.267470 -94.224170 2 poultry houses, not active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.269330 -94.224050 3 poultry houses, active, EPE =18 ft; NAD27, Garmin III Plus GPS
36.270370 -94.218260 1 poultry house, not active, EPE =16 ft; NAD27, Garmin III Plus GPS
36.270020 -94.207470 3 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.265770 -94.194610 3 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.259260 -94.203190 3 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.254330 -94.208500 3 poultry houses, active, EPE = 13 ft; NAD27, Garmin III Plus GPS
36.248540 -94.214180 2 poultry houses, active, EPE = 17 ft; NAD27, Garmin III Plus GPS
36.251240 -94.222070 2 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.258680 -94.231910 Fuel tanks, gas station, EPE = 18 ft; NAD27, Garmin III Plus GPS
36.264690 -94.231610 Fuel tanks, gas station, EPE = 19 ft; NAD27, Garmin III Plus GPS
36.274160 -94.227460 3 poultry houses, active, EPE = 18 ft; NAD27, Garmin III Plus GPS
36.246400 -94.238750 Fuel tanks, Creeks Golf course, EPE = 18 ft; NAD27, Garmin III Plus GPS
36.227320 -94.181270 Quarry, McClinton Anchor, EPE = 18 ft; NAD27, Garmin III Plus GPS
36.231810 -94.188750 6 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.236800 -94.191280 10 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.240120 -94.190850 1 poultry house, active, EPE =15 ft; NAD27, Garmin III Plus GPS
36.240810 -94.194840 10 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.240480 -94.179560 4 poultry houses, active, EPE = 23 ft; NAD27, Garmin III Plus GPS
36.236040 -94.164380 4 poultry houses, active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.234310 -94.168720 2 poultry houses, active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.241250 -94.167100 2 poultry houses, active, EPE = 32 ft; NAD27, Garmin III Plus GPS
36.242470 -94.163890 2 poultry houses, active, EPE = 30 ft; NAD27, Garmin III Plus GPS
36.267300 -94.172340 3 poultry houses, active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.268680 -94.166500 4 poultry houses, active, EPE = 16 ft; NAD27, Garmin III Plus GPS
36.265480 -94.160480 3 poultry houses, active, EPE = 15 ft; NAD27, Garmin III Plus GPS
36.255360 -94.172510 2 poultry houses, not active, EPE = 21 ft; NAD27, Garmin III Plus GPS
36.259190 -94.172450 Fuel tank, farm, acitve, EPE = 23 ft; NAD27, Garmin III Plus GPS
36.279810 -94.171750 Performance Salvage, EPE = 23 ft; NAD27, Garmin III Plus GPS
36.294450 -94.171400 1 poultry house, not active, EPE = 20 ft; NAD27, Garmin III Plus GPS
36.299050 -94.171240 2 poultry houses, not active, EPE = 20 ft; NAD27, Garmin III Plus GPS
36.302010 -94.174160 2 poultry houses, not active, EPE = 21 ft; NAD27, Garmin III Plus GPS
36.302370 -94.186940 2 poultry houses, active, EPE = 19 ft; NAD27, Garmin III Plus GPS
36.231890 -94.217870 3 poultry houses, active, EPE = 22 ft; NAD27, Garmin III Plus GPS
36.226880 -94.212650 Fuel tank, farm, acitve, EPE = 23 ft; NAD27, Garmin III Plus GPS
36.224270 -94.209070 3 poultry houses, active, EPE = 24 ft; NAD27, Garmin III Plus GPS
36.215350 -94.203770 3 poultry houses, not active, EPE = 26 ft; NAD27, Garmin III Plus GPS
36.208300 -94.200460 2 poultry houses, active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.204670 -94.209500 Fuel tank, cattle operation, EPE = 20 ft; NAD27, Garmin III Plus GPS
36.204650 -94.206440 2 poultry houses, active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.219600 -94.218530 2 poultry houses, active, EPE = 13 ft; NAD27, Garmin III Plus GPS
36.219590 -94.220820 1 poultry house, not active, EPE = 14 ft; NAD27, Garmin III Plus GPS
36.219600 -94.221310 1 poultry house, active, EPE = 20 ft; NAD27, Garmin III Plus GPS
36.223000 -94.222720 8 poultry houses, active, EPE = 13 ft; NAD27, Garmin III Plus GPS
36.223180 -94.219640 4 poultry houses, active, EPE = 12 ft; NAD27, Garmin III Plus GPS




