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ABSTRACT 

Combined Sewer Overflows (CSOs) carry both sanitary sewage and storm-water 

runoff. When the carrying capacity of the system is exceeded some of the mixture of 

sewage and water may overflow from manholes and find its way into steams and other 

bodies of water in the surrounding drainage basin. This study looked at the amphibian 

fauna along a first-order stream in a CSO drainage basin of Clarksville, Tennessee and 

compared it with that of two other streams of similar size and character: l) another urban 

stream in an adjacent drainage of Clarksville that had separate sewage and storm-water 

systems and 2) a Tennessee ecoregion reference stream in a rural setting 20 km to the 

southeast. Sampling involved time constrained searches that were conducted in spring, 

summer and fall at three sample sites along each stream from October 2004 through July 

2006. Species richness of salamanders was lowest in the CSO drainage and highest in the 

reference stream, but no significant difference was detected between or among any of the 

sites. Frogs were absent in both of the urban streams, but were numerous in the reference 

stream, representing 6 species. Abundance of individuals ( excluding the frogs) was 

lowest in the CSO drainage, somewhat greater in the adjacent urban stream, and highest 

in the rural reference stream. Results indicate that amphibian abundance in an urban 

setting is lower in streams with CSOs than in those where sewage and storm water are 

conveyed separately. Also suggested is a richer and more abundant amphibian fauna in 

rural versus urban drainages. 
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CHAPTER I 

INTRODUCTION 

Most healthy freshwater ecosystems in temperate latitudes include a community 

of frogs and/or salamanders that interact with other biota as both predators and prey. 

Their abundance and diversity are usually highest in unpolluted aquatic habitats that are 

devoid of predatory fish . Amphibians are particularly important due to their ability to 

serve as indicator organisms that, by their presence or absence, help to determine the 

health of an aquatic ecosystem (Lannoo, 2005). 

This study evaluated the possible pollution threat to freshwater amphibians posed 

by a combined sewer overflow system. This was achieved by comparing selected abiotic 

and biotic features of two urban streams, one inside a watershed with a combined sewer 

overflow system and the other in an adjacent watershed with separate storm-water and 

sewage conveyance. Both were also compared to a rural reference stream away from any 

municipal sewage/storm-water system. Spec ies richness and relative abundance of 

amphibian (salamanders and frogs) populations in the two urban settings were compared 

with each other and with the reference stream. 

Background and Literature Review 

In order to better understand the premise of this study one must have a general 

comprehension of what a combined sewer system is, how it operates, and how it is 

regulated. Combined Sewer Systems (CSSs) were wastewater collection systems 

designed to carry sanitary sewage and storm-water (surface drainage from rainfall or 

snowmelt) in a single pipe to a treatment faci lity (U.S. Environmental Protection Agency, 

1995). CSSs convey domest ic, commercial, and industrial wastewater efficiently during 



dry weather, but in periods of heavy rainfall or snowmelt, total wastewater fl ows can 

exceed the capacity of the CSS. When this occurs, the CSS is des igned to overflow 

directly to surface water bodies such as streams, lakes, and rivers (U.S. Environmental 

Protection Agency, 1995). 

Regulation of water pollution in the United States began in 1972 with the passage 

of the Federal Water Pollution Control Act, which was further amended in 1977 when it 

became commonly known as the "Clean Water Act." This act was instrumental in the 

implementation of the National Pollution Discharge Elimination System (NPDES). The 

NPDES guidelines control water pollution by regulating it at the point source discharge. 

The United States Environmental Protection Agency (USEPA) is responsible for the 

regulation of point source discharge in the United States (33USC1251, 1972). 

The EPA's Combined Sewer Overflow Policy was published on April 19, 1994, 

with the aim of controlling Combined Sewer Overflows (CSOs). This was to be 

accomplished through the NPDES permit program. The NPDES program provides 

guidance to both municipalities, and State and Federal permitting authorities on how to 

meet the Clean Water Act's pollution control goals. Obtaining a permit is required for 

discharge under this program (U.S. Environmental Protection Agency, 2001 a). These 

permits ensure the development of a storm-water management plan that reduces pollutant 

discharge levels to the "Maximum Extent Practicable (MEP)" (U.S. Environmental 

Protection Agency, 2000). The management plans were required to: "identify major 

outfalls and pollutant loadings; detect and eliminate non-storm water discharges to the 

system; reduce pollutants in runoff from industrial , commercial, and residential areas; 
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and contro l stom1 water di scharges from new development and redeve lopment areas" 

(U.S. Environmental Protection Agency, 1996). 

The provisions of the NP DES were expanded in 1990 to include regulation of 

point source discharge of harmful storm-water into the waters of the United States (EPA, 

1996). Two phases of storm-water compliance were established requiring separate 

municipal storm and sewer water systems. Phase I applies to large and medium 

(populations greater than I 00,000) municipal storm water systems (MS4), and phase II, 

for small (populations less than I 00,000) MS4s. Phase I also required eleven categories 

of industrial activity to control damaging discharges (Appendix A). These industrial 

activities included construction that disturbed five or more acres of land (U.S. 

Environmental Protection Agency 1996). The requirements of Phase I and Phase II were 

identical except for timeline requirements, and went into effect in 1999 (U.S. 

Environmental Protection Agency, 2000). 

In 1994 the USEP A issued the CSO Control Policy, a comprehensive policy 

which aimed to control the release of pollutants by CSOs (U.S. Environmental Protection 

Agency, 1994). The policy "required municipalities to meet specific health and 

environmental objectives, allowed control efforts to be tailored to site specific actions, 

allowed phased implementation to accommodate the municipalities fiscal abilities, and 

developed CSO strategies that reflect site specific wet weather effects of outfalls" (U.S. 

Environmental Protection Agency 1994). Additionally, municipalities were required to 

meet "nine minimum controls" (Appendix B) before I January 1997 (U.S. Environmental 

Protection Agency 1995). 
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Complicati ons to the stom1-water management program occurred in citi es that 

operated CS s ( .S. Envi ronmental Protection Agency, 1994). These comp lica tions 

arose because the CSS collects sanitary sewage and stom, water in the same system. 

During periods of heavy rainfall or snowmelt the system becomes overwhelmed. Old 

systems of thi s nature are designed to allow sanitary sewage to mix with stom, water, 

which then exits the system prior to the publicly operated water treatment (POWT) 

faci lity (U.S. Environmental Protection Agency 2001b). This discharge of sewage and 

contaminated stonn water is called an outfall, and may enter waters of the United States. 

Combined sewer outfalls are capable of introducing an array of pollutants and 

pathogens into both lotic and lentic environments. Oxygen demanding chemicals are 

often included in these pollutants, which increase biochemical oxygen demand (BOD) 

while lowering the available oxygen in the water (SCR-PPP, 1998). This has been shown 

to cause fish kills during periods of high temperatures, affecting entire aquatic 

communities. Combined sewer outfalls have also been known to expel nitrogen to many 

watersheds throughout the United States (Puckett, 1994). High nitrogen concentration 

levels have been known to cause death and developmental anomalies in amphibians, and 

if high enough could have adverse effects throughout many watersheds in North America 

(Rouse et al. , 1999). A study looking at chronic exposure to high concentrations of 

nitrogen in three species of amphibians (Rana pretiosa, R. aurora, and R. boreas) 

revealed larvae with reduced feeding activity, less vigorous swimming ability, 

disequilibrium, paralysis, and death (Blaustein et al., 1999). 

Communities with CSSs are expected to develop long-tenn CSO control plans that 

wi ll ultimately provide for full compliance with the Clean Water Act. The emphasis of 
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these plans will be the attainment of water quality standards. CSO communities should 

begin developing these long-term control plans immediately with the ultimate goal of an 

expedient implementation. These plans should include "the characterization of the 

combined sewer system, monitoring the impacts of the CSO on local waterways, and 

discussing water quality and CSO control goals with the proper permitting and water 

quality authorities" (Data Source: http://cfpubl.epa.gov/npdes/cso/cpolicy.cfm). 

CSSs are remnants of this country's earl y infrastructure and so are typically found in 

older communities. CSSs serve roughl y 772 communities containing about 40 million 

people, including Clarksville, Tennessee. Most communities with CSSs (and therefore 

with CSOs) are located in the Northeast and Great Lakes regions, and the Pacific 

Northwest (Data Source: http://cfpub .epa.gov/npdes/cso/demo). In March 1990, the 

Tennessee Department of Environment and Conservati on (TDEC) issued an agreed order 

to Nashville, Tennessee requiring spec ific sewer line improvements, wastewater

treatment plant ex pans ions, and eliminati on of all non-pem1itted CSO discharges by the 

year 200 I (Thackston et al. 1999). These order were to have all metropolitan areas 

confo rm to the EPA's criteria fo r water quali ty ( .. Environmental Protection Agency, 

1976). 

Kemp and Spotila ( 1997) stated that pollution relea ed by CSOs adverse ly affects 

the hea lth of the receiving body of water. Thi was fu rther upported by Roch fort et al. 

(2000), claiming that urban source of wet-weather pollut ion such as storm water and 

combined sewer overflow can indeed contribute sign ificantly to the contaminants of 

receiving water. 
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Because of their life hi story, phys iology, abundance, and ubiquity, stream 

salamanders make the most likely biological indicators in small streams where they may 

rep lace fi sh as the top predators (Southerland et al. , 2004). It has been known for some 

time that stream salamanders are sensitive to environmental stressors such as 

contaminants, drought conditions, and floods (which may contain storm-water runoff) 

(Petranka, 1998; Com et al., 2003). Observing only fish and macroinvertebrates when 

concerned about water quality is simply not enough though. Under the provisions of the 

Clean Water Act the EPA recommends biological indicators from more than one 

organism group be used to develop biological criteria as part of water quality standards 

(U.S. Environmental Protection Agency, 1990). Southerland et al. (2004) compiled data 

necessary to create a stream salamander index of biotic integrity (SS-IBI) used to assess 

stream conditions in small (first-order) streams in the Non-Coastal Plain regions of 

Maryland. Even so, not much information is available concerning the impacts of sewage 

on stream salamander populations, and thus water quality. Thus comparing organisms 

sampled from sites potentially polluted with sewage with organisms from non-impacted 

sites may provide useful information on the possible effects of sewage pollution on water 

quality. This study intended to contribute data not only to support the use of stream 

salamanders as indicators of biological integrity in small streams, but to show a possible 

correlation between sewage pollution and amphibian health. In this process we hoped to 

produce data necessary to help enable the city of Clarksville, Tennessee to comply with 

current EPA standards by modifying its current Combined Sewer System. We also 

aimed to promote awareness of CSO pollution to the public. 
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CHAPTER 11 

MATERIALS AND METHODS 

Study Sites 

The study area included portions of three 1st order streams in Montgomery 

County, Tennessee (Fig. 1). Two of these streams are Gallows Hollow and Lime Kiln 

Hollow branches, both urban tributaries of the Cumberland River in Clarksville 
' 

Tennessee (Fig. 2) . The third, which served as a reference stream is an unnamed 
' 

tributary to Passenger Creek, located in the extreme eastern portion of the county (Fig. 1 ). 

All three streams fall under the provisions of Phase II of the Storm Water Management 

Program, under EPA guidelines. Both urban streams are near the northern limit of the 

EPA's Level IV ecoregion 71 f (Western Highland Rim), whereas the rural reference 

stream is at the southern limit of the Western Pennyroyal Karst ecoregion 71 e just to the 

north. 

Gallows Hollow Branch (36.52141°N, 87.36044°W to 36.52257°N, 87.35617°W) 

originates from seeps just east of the R.J. Corman railroad line and runs roughly parallel 

to it for a distance of about 1.5 km before emptying into the Cumberland River (Fig.2). 

Numerous commercial operations surround it to the north and a five-lane city street 

(Crossland Avenue) and residential area lie to the south. The stream is less than a meter 

wide for most of its length and only a few centimeters deep, though pools of deeper and 

wider dimensions may be encountered. The substrate is composed primarily of chert 

gravel and limestone rock (Fig.3), except for the 250-meter stretch that flows through 

Valley Brook Park near the stream's terminus (lower reach), which is composed 

primaril y of sand and large rip-rap rocks. There are two flow patterns present, slow-
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Figure 1. Location of the two urban drainages (Clarksville, Tennessee) and the rural 
reference drainage (1-24, Montgomery County, Tennessee). 
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Figure 2. Location of Gallows Hollow and Lime Kiln Hollow branches in Clarksville, 
Tennessee. (Source of base map: Topozone topographic maps at http://www.topozone .com). 
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Figure 3. Gallows Hollow Branch looking upstream (east) above Valley Brook Park. 
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shallow and faS t-shallow. Water almost never reaches the base of either the right or left 

banks, and sediment deposition is high. There is some evidence of erosion on both 

banks, though this does not seem to be dramatically affecting the stream. Channelization 

does not seem to be present, and there is a good deal of natural meandering. 

The Valleybrook Park reach is very open and is dominated primarily by stream

side herbaceous plants such as white snakeroot and rattlesnake weed (beefsteak plant), 

though the occasional maple, magnolia, sycamore, and weeping willow are present. The 

middle and upper reaches are bordered mostly by a second-growth hardwood forest 

composed of black locust, box elder, maple, redbud with a thick understory of privet and 

bush honeysuckle. At the terminus of the upper reach the stream banks become quite 

inundated by the invasive Japanese Kudzu plant (see Appendix C for complete list of 

plant species collected along Gallows Hollow Branch). 

Lime Kiln Hollow Branch (36 .5 1445°N, 87.36224°W to 36.5 1627° , 87.3 5575°W) 

drains the basin adjacent to and just east of the Gallows Hollow Basin. It is located in a 

res idential area where some lawns stretch down to the stream edge, though most houses 

present are situated just beyond short ye t dense riparian vegetation (Fig.4). A 

considerably mature second growth forest of oaks, elms, poplars, and hickories are 

present, though privet and bush honeysuckle seem to dominate and surround the mowed 

residential lawns (see Appendix D for complete li st of plant species collected at Lime 

Kiln Hollow Branch). Two streets cross perpendicular to the stream, Charlotte Street 

near the upstream ( east) end of the study area and Barker Street approximately in the 

middle of the study area. The stream bed is composed of a mixture of sand, gravel, and 

bbl d db fi dl·n1ent (fi o 4) Two main flow patterns are represented 
co e surroun e y me se e · · 



Figure 4. Lime Kiln Hollow Branch looking upstream (east) at point below Barker Street. 
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including slow-shall ow and fa t shallow. Sediment deposition is somewhat high and 

water rare ly reaches the base of both the lower right bank and the lower left bank without 

channel substrate exposure. Channelization, however, appears to be absent here and the 

stream exhibits a normal flow regime. The occurrence of riffles is relatively frequent and 

natural meandering produces many bends. The north bank is very stable with little to no 

undercutting, while there is evidence of erosion along several reaches of the south bank. 

In the upper reach of the stream a sanitary sewer line can be seen running parallel to the 

stream. In addition, the stream is crossed by two IO" sewer lines, one just downstream 

from the Charlotte Street crossing and the other immediately above the Barker Street 

crossing. The sewer line in this watershed is a separate sewer system and the stream 

receives urban storm water runoff only. 

The unnamed tributary to Passenger Creek (36.46863°N, 87.12951°W to 

36.46853°N, 87.13051 °W) is located in the Red River drainage basin just south of 

Interstate Highway 24 near the Montgomery-Robertson County line in the extreme 

eastern portion of Montgomery County (Fig. 5). This stream has a natural channel with 

substrate composed of fine sediment, sand, gravel , cobble, and exposed limestone 

bedrock (Fig. 6). Pools, runs, and riffles are present throughout the section studied, 

except during periods of low rainfall when the upper reach dries up leaving only a few 

isolated pools. Sediment deposition is moderately low here with some sand bars 

· hr h t B th banks are mostly stable though a few undercut areas are occumng t oug ou . o ' 

d h d d forest borders the stream's south bank and includes present. A well develope ar woo 

· I I alnut sycamore, cedar, paw-paw, and ironwood, such tree species as oak, map e, e m, w , 

.d t s and shrubs such as privet, knotweed, coralberry, while a narrow zone of dec1 uous ree 
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Figure 5. Location of the section of a tributary to Passenger Creek examined in this study in 
relation to topographic features, roads, and county boundaries. (Source of base map: Topozone 
topographic maps at http://www.topozone.com). 
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Figure 6. Tributary to Passenger Creek looking upstream just east of Interstate 24. 
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and hydrangea are found between it and open fields to th h ( A d. E c e nort see ppen 1x 1or 

complete list of plant species collected at the tributary t p c k) o assenger ree . 

Sampling Protocol and Procedure 

Three comparable I-km reaches were selected from each stream for study. 

During each sampling episode, each of the three stream reaches were searched for 15 

minutes by two persons working upstream from three predetermined starting points. 

Starting points for each time-constrained search remained the same throughout the study 

and were located at Om, 333 m and 666 m from the downstream end of each 1-km reach. 

Figure 7 shows the location of stream reaches and starting points (designated lower, 

middle and upper) for time constrained searches along Gallows Hollow Branch and Lime 

Kiln Hollow Branch, and Figure 8 depicts the same information for the tributary to 

Passenger Creek. Table 1 gives the latitude/longitude coordinates of the starting points 

for each timed constrained search along all three stream reaches. 

Time-constrained searches were conducted along each stream in spring (late May 

or early June), summer (late July or early August) , and fall (late September or early 

October) . Gallows Hollow and Lime Kiln Hollow branches were surveyed on the same 

day and the tributary to Passenger Creek was sampled on the following day if at all 

possible. The order of days in which these streams were ampled was also alternated 

· h ) d t·me-related sarnplin° bias (Table 2). every samplmg season to e p re uce any I o 

D · h · t ·ned search the two researchers proceeded upstream turning unng eac time-cons ra1 . , 

· d I the edge of the water looking for cover objects (principally rocks) m an a ong 

- tu d they were secured in zip-lock bags labeled 
amphibians . As animals were cap re , 

· led (e g Gallows Hollow, lower) . When 
according to the stream and reach bemg samp · · 
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Figure 7. Locations of starting points for time-constrained searches (red stars) along the 
stretches (highlighted in blue) of Gallows Hollow and Lime Kiln Hollow branches selected for 
study as depicted on the USGS Clarksville, Tennessee topographic quadrangle, scale 1 :25,000. 
(Source of base map: Topozone topographic maps at http://www.topozone.com). 
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Figure 8. Locations of starting points for time-constrained searches (red stars) along the stretch 
(highlighted in blue) of a tributary to Passenger Creek selected for study as depicted on the USGS 
Clarksville, Tennessee topographic quadrangle, scale 1:25 ,000. (Source of base map: Topozone 
topographic maps at http://www.topozone.com) . 
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Table 1. Latitude and longitude coordinates (decimal degrees) of beginning points for 
time-constrained searches along streams selected for study. 

Stream name and reach Latitude Longitude 
Gallows Hollow Branch 

Lower 36 .521389 87 .360833 
Middle 36 .521944 87 .357222 
Upper 36.523056 87 .355278 

Lime Kiln Hollow 
Lower 36.514444 87.362222 
Middle 36 .515556 87.360000 
Upper 36 .515556 87 .356667 

Tributary to Passenger Cr. 
Lower 36 .468889 87.129444 
Middle 36.467500 87 .132778 

Upper 36.466667 87.135278 
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Table 2. Seasons and dates over a two-year period during which sampling for 
amphibians was conducted at study streams . The asterisk(*) indicates bodies of water 
located in a CSO drainage. 

Stream 
Gallows 
Hollow Lime Kiln Trib. to 

Season Branch* Hollow Branch Passenger Cr. 

Fall 2004 4 Oct 4 Oct 5 Oct 

Spring 2005 JO May I0May 11 May 

Summer 2005 29 Jul 29 Jul I Aug 

Fall 2005 10 Oct 11 Oct 14 Oct 

Spring 2006 24 May 24 May 23 May 

Summer 2006 25 Jul 25 Jul 26 Jul 
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time ex pired and the search was over for a given reach th · 
1 , e anima s ( except voucher 

specimens) were released where they were captured aft th "" II · d er e 10 owmg ata were 

recorded for each individual amphibian captured· spec· ("f d · bl . 1es name, sex I etermma e 

from external features) , life stage (e.g., larva, metamorph, juvenile, or adult), 

reproductive-state (also if reflected externally), and microhabitat (e.g. , under rock just 

above water at edge ofriffle). 

The following abiotic data were recorded during each sampling session: date, 

time start and finish, names of person(s) taking samples, general weather conditions, 

previous day's general weather, air temperature, water temperature, and pH of water. In 

the lab, all data were entered into a Microsoft Excel Worksheet for management and 

analysis. The occurrence of each amphibian species was recorded at each sampling site, 

and voucher specimens were brought back to the lab, fixed in 10% formalin then 

transferred to 40% isopropanol before being accessioned into the Austin Peay State 

University Museum of Zoology. 

Statistical Analyses 

Beyond running the usual descriptive statistics (means, modes, medians, standard 

deviations, and standard errors), a variety of inferential tests were employed when 

1 · h d t A · 1 ""actor Analysis of Variance (ANOY A) was the test chosen ana yzmg t e a a. smg e 1, 

to compare the grand means of air temperature, water temperature and pH at the three 

. 1 d t compare the means of snout-vent lengths of E. 
streams. This test was a so use o 

Th Chi Square Test for Goodness of Fit was used 
cirrigera, present in all three streams. e 

. . . .fi t difference among the ratios of the numbers of 
to determme 1f there was a s1gn1 1can 

. h hree streams versus those expected. The alpha 
individual amphibians observed at t e t 
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\eve \ for s ignificance for all tests was set at 0 .05 . Both the single factor ANOVA and Chi 

Square Test for Goodness of Fit were retrieved by utilizing the data analysis package in 

the Microsoft Excel program. 
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Abiotic Data 

CHAPTER III 

RESULTS 

Abiotic data collected at the three st d . 
reams urmg the study are summarized in 

Table 3. Mean temperatures and pH at the three t fl 
s reams uctuated from sample to 

sample (Figs. 9, I 0, and 11 ), although water temperature at G II H II a ows o ow Branch was 

noticeably higher during the last two sample sess·o Th 1 ns. e grand mean water 

temperature at Gallows Hollow Branch was the highest d th ·b , an e tn utary to Passenger 

Creek exhibited the lowest grand mean pH No signi·fica t · t · h • n var1a 10n, owever, was 

detected among the overall means for any of the a biotic variables measured at the study 

streams (single factor ANOV A- air temperature: F = 0.17, p = 0.98 ; water temperature: F 

= 0.18, P = 0.85); pH: F = 2.08, P = 0.16). 

Amphibian Diversity 

Salamanders were found in a ll three drainages , but varied in the numbers of 

species and individuals . Two spec ies were found in Ga llows Hollow Branch, and four 

species in both Lime Kiln Hollow Branch and the tributary to Pa enger Creek (Tab le 4). 

Of the four species present, only the Two-lined Salamander (Eurycea cirrigera) was 

found in all three streams. The combined number of individuals encountered in each 

stream during the study is shown in Figure 12. Gallows Hollow Branch (within the CSO 

drainage) had the fewest animals (salamanders only), Lime Kiln Hollow Branch (in the 

neighboring drainage next to the CSO) had many more an imals (sa lamanders on ly) , and 

the tributary to Passenger Creek ( outside the city of Clarksvill e in rural Montgomery 

County) had the most animals (both frogs and salamanders). An analysis of the 
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Table 3. Means for ab iotic variables measured during each amphibian sampling session 
at each stream, dunng a study of the water quality inside and outside the Gallows Hollow 
drainage basin, October 2004 through July 2006. A dash(-) in a cell indicates missing 
data. 

Gallows Lime Kiln 
Hollow Branch Hollow Branch Trib. to Passenger Creek Air Water Air Water Air Water 

Sample temp temp temp temp temp temp 
Session (C) (C) pH (C) (C) pH (C) (C) pH 
Oct 
2004 15.0 13 .7 6.93 20.3 14.0 7.10 11.0 13.0 6.74 
May 
2005 20.7 15.0 7.76 25 .0 15.9 7.77 24.7 15.0 7.18 
Jul 
2005 23 .7 20.0 7.90 26.0 20.0 7.80 26.8 22.5 7.75 
Oct 
2005 16.7 14.3 7.70 15.3 15 .7 - 22.0 17.0 7.20 
May 
2006 25.5 20.7 7.90 20.3 15.7 8.00 21.7 14.7 7.70 
Jul 
2006 28.3 24.7 7.70 25 .7 20.3 7.80 26.7 20.5 7.20 
Grand 
Mean 21.7 18. 1 7.65 22 .1 16.9 7.69 22.2 17. 1 7.30 
(± SD) (±5.16) (±4.11 ) (±0.36) (±4.23) (±2.59) (±0.34) (±5 .89) (±3.68) (±0.38) 
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Table 4. Coun ts of individual amphibians by species recorded at each stream during each sampling sess ion. Fractions in the salamander 
po rtion of the tabl e indicate the numbers of larvae (I) over post metamorphs (pm) in each sample. 

Streams 

Gallows Hollow Branch Lime Kiln Hollow Branch Trib . to Passen6cr Creek 

" "' "' '° 8 "' '° " "' "' '° 0 

8 
0 '° 8 "' 

0 '° ~ 
0 

~ 8 '° 0 0 0 0 8 ~ 0 0 0 

~ 
0 0 0 0 ~ 0 N 0 N g N 0 g N 0 g N g N 0 0 N 

"' N N 

"' N N 

"' N "' "' "' N -;; 
.D 15 15 

0 i ~ 0 i ~ :, 8 i ~ 0 i ~ :, 0 i ~ 8 i ~ :, 0 
Taxon 

Vl Vl Vl f-

Salamande rs 

/Je.nm,gna thus 
CfJllllll l i 0 0 0 0 0 0 0 0 2/0 0 0/2 0/\ 0 2/3 2/\ 0 0/30 0/30 0/\ 3 0135 0/3 1 2/ 149 4/\ 52 

£1, ,·ycec1 
cirrigt'ra 0 0/ 1 0/2 0/22 0 0/4 0/29 2/9 0/1 0 0/22 0/38 9/20 0/ 17 11/107 2/0 0/6 0 015 0 0 2/ 11 1.1/ 14 7 
Euryn•u 
ftmgiu wda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/2 0 0 0 0/2 0/2 
Euryc.·t'a 
luc ifugo 0 310 1/0 0 0 0 4/0 0 0 0 0 0 0 0 0 0 0 0 0/3 0 0/3 4/.1 

Ew-yceu S f> . 
0 0 0 0 0 0 0 0 4/0 310 7/0 6/0 410 24/0 0 0 0 0 0 0 0 24/0 

Plt'l lwdun 
d,,r.wl is 0 0 0 0 0 0 0 0 0/1 0 0 0 0 0/1 0 0 0 0 0 0 0 0/1 

Tola ls (I/pm) 0 3/ 1 1/2 0/22 0 014 4/29 2/9 6/1 1 3/22 7/40 15/2 1 4/1 7 37/111 4/1 0 0/36 0/32 0/ 18 0/38 0/3 1 4/ 165 45/305 

Tola ls (all 
indiv id ua ls ) 0 4 3 22 0 4 3.1 II 17 25 47 36 2 1 148 14 36 32 18 38 31 169 350 

Frogs 

Buji, ji,wleri 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 

Pseudacris 
cruc.: ilt'r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 I I 

Pseuducris 
leriurum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 I I 

Runu 
clumituns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 0 4 5 4 4 40 40 

Ranu pulustris 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 2 I 0 8 8 

Rw1u 
.,·phem,cephulu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 5 8 8 

Totals 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28 3 6 7 5 II 60 60 

Gra nd Totals 0 4 3 22 0 4 33 II 17 25 47 36 21 148 42 39 38 25 43 42 229 410 
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Figure 12. Numbers of salamanders (larvae and adults combined) captured over the course of the 

study at each stream. 
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distribution of abundance revealed a significant d . . 
eviation from a ratio of I: I: I (Chi 

Square Test for Goodness of Fit- X2 = 91 86 df - 2 p 
· ' - ' < 0.00 I, alpha level of 0.05), 

which is the expected ratio if each stream were eq 11 . 
ua Y suited for salamander populations. 

Further analysis reveals that the ratio of observed vers d 
us expecte numbers of 

salamanders between both urban drainages (Gallows Hollo B h d L. • 
w ranc an 1me Kiln 

Hollow Branch) also deviate significantly (X2 = 73 .07 df = I p < o 00I) h h , , . , w ereas t e 

ratio for Lime Kiln Hollow Branch versus the tributary to Passenger Creek (both outside 

the CSO influence) does not (X
2 

= 1.39, df = I, P > 0.10). Means of the snout-vent 

lengths of the post-metamorphic Eurycea cirrigera from each of the three streams were 

not significantly different (F (2,138) = 2.50, P = 0.086), though there were many more 

individuals present in the Lime Kiln Hollow Branch than either of the other . 

Frogs were found only in the tributary to Pas enger Creek the tream in rural 

eastern Montgomery County (Table 4). Sixty indi idual repre enting i pecie were 

captured overall. The most abundant specie wa the Green Frog (Rana lamitan ) which 

accounted for 66.66% ( 40/60) of the total while the outhea tern horu Frog 

(Pseudacris feriarum) and Spring Peeper (Pseudacri crncifer) were the le t common 

d " h Other pecie pre ent m mall species with only one specimen represente 1or eac • 

numbers were the Pickerel Frog (R . palustris) , Southern Leopard Frog (R. 

sphenocephala), and the Fowler ' s Toad (Bufofowleri). 
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CHAPTER IV 

DISCUSSION 

Abiotic data such as water temperature · t 
' air emperature and pH often play an 

important role in the life cycle of amphibians (Du d T . 
nson an rav1s, 1991 ). They are 

important in body temperature regulation and hence d • 
repro uctJve success/fitness. This 

study, however, documented no significant differences 1·n th b. · · bl e a 1ot1c vana es measured 

and concluded, therefore, that these factors were not af:fiecti·ng th b f · d. ·d 1 e num ers o m 1v1 ua s 

residing at the three study sites. 

Amphibian populations differed significantly between the three streams based on 

numbers of individuals. Gallows Hollow Branch (urban drainage within the CSO basin), 

produced the least number of individuals with 33, representing two species (both 

salamanders). Lime Kiln Hollow Branch (adjacent urban drainage outside the CSO 

basin) had 148 individuals and four species (all salamanders). Not surprisingly, the 

tributary to Passenger Creek (rural reference stream) proved to be the most productive 

with 229 individuals and 12 species (6 salamanders and 6 frogs) . The remainder of this 

paper will attempt to explore the possibilities as to why this phenomenon may have 

occurred. 

Land use and cover changes accompanying urbanization impacts natural 

. (F lk 2004) The observed higher number of ecosystems at multiple spatial scales au er, · 

. b fi ce stream (Lime Kiln Hollow amphibians (salamanders) found m the ur an re eren 

. G 11 Hollow Branch), may have resulted 
Branch) as compared to the CSO drainage ( a ows 

F. t there is a reach of Gallows Hollow 
from one or a combination of several factors . us , 

k that has been highly modified by 
Branch where it flows through Valley Brook Par 
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human activity. In this area most of the stream's natural b h 
su Strate as been replaced with 

limestone rip-rap and the shoreline vegetation and surround · • d 
mg 1orest remove . This type 

of change in stream geomorphology can dramatically degrade the habitat for stream-side 

amphibians. For example, Gamradt and Kats (1997) documented the Joss of habitat 

suitable for oviposition by stream-breeding California newts due to erosion from previous 

fire. Second, during dryer periods of the year in Valley Brook Park, water di appears 

completely when it reaches the point where rip-rap ha replaced the natura l ub trate. 

This creates drought conditions that could limit reproducti e ucce of man amphibian 

that require water to breed. Lastly, a manhole located on the lope ju t above the park at 

the lower reach has contributed ewage o erllo, to the tream in the p t a a re ult of 

heavy rains . There is rea on to belie e that thi e age ha ntributed t th 

degradation of the habitat at the park end of the draina e. P llut i n nta in d in 

enriches the stream and introduce bacteria and to i into th , at r I ntiall 

p adverse ly affecting organi m Ii ing and drinkin fr m the tream 

Concerning the ab ence of frog in b th f the ur an trearn . ne r m re 

. h b. th t I pre en! in the ru ral en ir nm nt limiting factors present m the urban a 11a1 a are n 

. . , I f 1· iting fa I r that ma rrnght be responsible. One examp e o a 1m in lved i an 

increased amount of noise pollution a 

humans in and around the cit y. un and 

iated \! ith a hi1?.her pulati n den it f 

ch ru behavi r. Thi i im inference, such as traffic, affected anuran 
rt.an t in that 

. I u ed in lek reprodu ti\'e trateg, I attra I 
chorus behavior in anurans 1s common 

. Hi g_hwa noi e 
I to reprodu 11ve u e . mates, which in tum directly corre ate 
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Polluti on, therefore, may adverse ly affect th . e reproductive success of some species of 

anurans through interference of chorus behav · IOL 

Both urban streams (Gallows Hollow B h . 
ranc and Limekiln Hollow Branch) are 

bordered and crossed by frequently utilized street 1 s. ones et al. (2000) stated that "at the 

landscape scale, certain definable geometric interact" - 1 -ions mvo vmg peak flows (floods) 

and debris flows (rapid movements of soil sediment and 1 d d , , arge woo own steep stream 

channels) are influenced by the arrangement of the road netwo k I t· h r re a 1ve to t e stream 

network." They go on to discuss how this may influence the rates and patterns of 

survival and recovery of disturbed patches in stream networks, affecting ecosystem 

resilience. When an ecosystem's resilience is altered, all animals in that ecosystem are 

affected. Baker et al. (2004) stated that urban development creates more impervious 

surfaces causing streams to be "flashy". Flashiness is a decrease in the lag time of peak 

flow levels of stream water during a storm event. This flood event is capable of washing 

away amphibian communities, as well as their food and habitat. Because base flow levels 

return more rapidly, the water does not have efficient time to seap back down to the water 

column (http: //www.epa.gov/owow/nps/urbanize/report.html). This typically results in a 

lower base level flow, another factor possibly affecting amphibian larval success. 

Discrediting the hypothesis that noise pollution from city streets is partially 

responsible for the absence of frogs in the two urban streams is the fact that lnterState 

highway 24 (1-24) crosses the rural reference stream (tributary to Passenger Creek) a 

. . d D pite the rural setting, I-24 is a 
short distance from where samphng occurre · es 

. f; . 1 loud and constant noise pollution. 
frequently traveled highway which produces a air Y 

. . . s (fro s included) are not devoid of such 
So, the rural reference stream and its inhabitant g 
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man-made acousti c interference either. M 
ore research will be needed before a 

connecti on can be made between the noise poll f 
u ion and reduced amphibian abundance 

in urban versus rural streams. 

Another possible factor contributing to th b . 
e a sence of frogs m the urban 

watersheds might be an increased amount of run-off II f . 
po u ion resultmg from precipitation 

over a more impervious area surrounding the stream (i e st t k ' 1 . . ree s, par mg ots, mowed 

lawns, etc .). During periods of heavy precipitation, both the urban drainages are 

inundated with urban runoff containing such pollutants as oil gasoli·n I c: rt ·1· , e, awn 1e 1 1zer, 

road salt, and sulfur from acid rain. The impact of this unfiltered storm water and its 

pollutants may have significant affects on the stream's herpetofauna. For instance, 

studies have found reduced salamander species richness and abundance at streams with 

higher impervious surface area in the surrounding basin (Boward et al., 1999). 

It could be argued, however, that this too may not be a primary cause as to why 

there was an absence of frogs in the urban drainages. Although there is riparian 

vegetation present along the banks of the tributary to Passenger Creek in my study area to 

the north, it is enveloped by agricultural fields, another type of impervious surface. 

Compared to natural grasslands, agricultural fields are far more impervious in nature and 

have the tendency to facilitate run-off of fertilizers and pesticides containing such 

pollutants as ammonia, phosphorus and nitrogen resulting in a loss of biodiversity 

(Carpenter et al., 1998). Atrazine, the most widely used pesticide in the United States, 

. . . . ltural runoff (Storrs and K.iesecker, 
can be present at several parts per milhon m agncu 

. . I affected this study can be seen by 
2004 ). An example of how this may have direct Y 

. . 1 lower survival rate for amphibian 
Storrs and Kiesecker (2004), who found a significant Y 
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tadpo les ex posed to atrazine at early and lated 
1 eve opmental stages. The tributary to 

Passenger Creek was deemed the reference stream fi h. . . 
or t is study pnmanly due to its 

comparable size and geomorphology but due to th . 
' e agriculturally modified surrounding 

environment, this stream may not contain an amph ·b · i": • 1 1311 iauna typical of a pristine first 

order rural reference stream. Despite the impervious nature of these fields , however, they 

are sure to absorb more water than urban pavement. 

It should also not be overlooked that in addition to the typical urban run-off 

pollution Gallows Hollow Branch drainage receives sanitary sewage overflow, and 

during events of heavy precipitation may receive untreated sewage discharged from 

manholes. This can be harmful to the receiving body of water as wastewater has been 

known to contain such harmful elements as unionized ammonia and pathogenic micro

organisms (probably thriving on the organic matter present), which contribute to a 

decrease in dissolved oxygen (Rauch et al., 1998), a necessity for stream-dwelling 

amphibian larva (Wassersug and Seibert, 1975). However, because frogs were absent in 

both urban drainages, sewage contamination carinot be the sole cause for this phenomena. 

More research will be necessary before CSO's can be deemed as the direct cause for the 

low amphibian abundance in the Gallows Hollow Branch. 

Urban riparian corridors have a much different composition of flora when 

. · anthropogenic manipulation of compared to that of rural areas . As population mcreases, 

natural flora is sure to follow. One possible outcome of this may be a higher number of 

h d For example, Faulkner · . . d d an urban waters e . mvas1ve plant species present m an aroun 

. fr entation generally reduce 
(2004) stated "hydrologic changes caused by habitat agrn 

. invertebrates, amphibians, and birds with 
species richness and abundance of plants, macro 

34 



greater numbers of invas ives and exotics." This may su h 
ggest t at the urban development 

in and around the Gallows Hollow Branch basin is .bl . . 
a possi e determmmg factor for the 

hi gh number of invasive plant species. 

Different flora compositions house different 
O 

· 
rgamsms. They also have the 

ability to act as barriers, keeping pollutants out and useful · 
1 

d . 
mmera s an resources m. 

This barrier system can, and quite often does, protect the entire aquatic ecosystem. For 

example, vegetative buffer strips adjacent to water courses help to reduce contaminants 

such as nitrogen from entering surface waters (Rouse et al. , 1999). Recall that nitrogen is 

a major pollutant associated with combined sewage overflow. If the composition of the 

vegetative buffer zone is dramatically altered by such an event as urbanization, it is quite 

possible that the filtering properties of the buffer will also change. This could contribute 

to a higher influx of pollution concentrations such as nitrogen, a problem this stream may 

not be equipped to handle. How this may have impacted this study is difficult to 

determine due of the large number of possible contributing factors . 

Extensions of this study may include a more comprehensive strategy that would 

incorporate measuring dissolved oxygen and nitrate levels. This is important because 

· h d. ti affiect the larval behavior of dissolved oxygen levels have beens own to !fec Y 

amphibians (Wassersug and Seibert, 1975). Also, Solla et al. (200l ) claim that a higher 

. . 1 d ) may contribute to lower biochemical oxygen demand (less d1sso ve oxygen 

d I tion viability of amphibian reproductive success and ultimately reduce popu a 

. . h d can also enter bodies of water 
populations . Nitrogen pollut10n, on the other an , 

. lture runoff Rouse et al. 
hr f II t. n such as agncu t ough anthropogenic sources o po u 10 

beds in North America are high 
( 1999) stated that nitrate concentrations in some waters 
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enough to cause death and developmental anomalies in amphibians and impact other 

animals in aquatic ecosystems. 

It may al so be beneficial to extend the study area for each watershed/drainage. As 

our knowledge of habitat fragmentation impacts on aquatic ecosystems grows, it becomes 

more evident that we must look not only at riparian buffer zones, but examine with as 

much care as is necessary the entire watershed to better understand the influence a 

growing population and habitat destruction may have on aquatic ecosystems, including 

amphibian fauna (Willson and Dorcas, 2003). 
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APPENDIX A 

Eleven Categories for Storm Water Phase One C 
1
• 

omp 1ance (USEPA 2000) 

I . Category One (i): Facilities with effluent limitations 

2. Category Two (ii): Manufacturing 

3. Category Three (iii): Mineral Metal Oil and Gas 

4. Category Four (iv): Hazardous Waste, Treatment, or Disposal Facilities 

5. Category Five (v): Landfills 

6. Category Six (vi): Recycling Facilities 

7. Category Seven (vii): Steam Electric Plants 

8. Category Eight (viii): Transportation Facilities 

9. Category Nine (ix): Treatment Works 

IO. Category Ten (x): Construction Activity 

11 . Category Eleven (xi): Light Industrial Activity 
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APPENDIX B 

Nine Minimum Controls for Combined Sewer Overflows (USEPA 
1995

) 

I Proper operation and regular maintenance programs fior th 
· e sewer system and 

the CSOs 

2. Maximum use of the collection system for storage 

3. Review and modification of pretreatment requirements to assure CSO impacts 

are minimized 

4. Maximization of flow to the publicly owned treatment works for treatment 

5. Prohibition of CSOs during dry weather 

6. Control of solid and floatable materials in CSOs 

7. Pollution prevention 

8. Public notification to ensure that the public receives adequate notification of 

CSO occurrences and CSO impacts 

9. Monitoring to effectively characterize CSO impacts and the efficacy of CSO 

controls 
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APPENDIX C 

Riparian vegetation along the three sample stre 
B h am reaches (lo • 

Gallows Hollow ranc . An asterisk(*) denotes . . wer, middle, upper) of 
an invasive plant species. 

Species 
Sample Reach 

Beefsteak Plant (Perilla fru tescens) 
Lower Middle Uoner 

X X 
Black Locust (Robinia pseudoacacia) X 

Boxe lder (A cer nef[Undo) 
X 

Bush Honeysuckle (Lonicera morrowii) 
X X 
X X Butterweed (Senecio f! /abel/us) X 

Canadian Honewort (Cryptotaenia canadensis ) X 
Carya sp. X 
Curly Dock (Rumex crispus ) X X 
Dandelion (Taraxacum o(fic ina le) X 
Eastern Daisy Fleabane (Erif!eron annuus) X 
Eastern Redbud (Cerc is canadensis) X X 
European Pri vet (Lif!US!rum vulgare)* X X 
Great Ragweed (A mbrosia trifida) X X 
Ivy leaf Speedwell ( Veronica hederifolia) X 
Japanese Hedge Parsley ( Tori/is iaponica) X 
Japanese Knotweed (Poly f!onum cuspidatum ) X 
Kudzu (Pueraria montana) X 
Narrowleaf Plantain (Plantaf!O lanceolata) X X 
Partridge Pea ( Chamaecrista fasciculata) X X 

Polygonum sp. X 
Red Maple (A cer rubrum ) X X 

Rose of Sharon (Hibisc us syriacus) X X 

Senecio sp. X 
Smartweed (Po/yf!onum cespitosum) X X 

Southern Hackberry (Ce/t is laevif!ala) X 

Southern Magnolia (Mango!ia f!ra ndiflora) X 

Sugar Maple (Acer saccharum) X X 

Sycamore (P/a tanus occidentalis) X 

Tall Fescue (Festuca arundinacea) X 

Virgi nia Wild Rye (£/ymus virf!in icus ) X 

Weeping Willow (Salix babolonica) X 

White Snakeroot (Eupatorium ruf[osurn) X X X 

X X X 
Winter Creeper (Euony mus fortunei)* 
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APPENDIXD 

Riparian vegetation along the three stream reaches lowe . 
Limekiln Hollow Branch. An asterisk(*) denote (. r: middle, upper) of 

s an mvas1ve plant species. 

Species 
Stream Reach 

Lower Middle Uooer American Elm ( Ulmus americana) X 
Aster sp. X 
Bearded Beggar Ticks (Bidens aristosa) X 
Beefsteak Plant (Perillafrutescens) 

X 
Black Cherry (Prunus serotina) X 
Black Oak (Quercus velutina) 

X 
Bush Honeysuckle (Lonicera morrowii) X X X 
Carya sp. X 
Christmas fern (Polystichum acrostichoides) X X 
Coralberry (Symphoricarpos orbiculatus) X X 
Crataef!US sp. X X X 
English Ivy (Hedera helix) X 
European Privet (Lif!ustrum vulf!are)* X 
Green Ash (Fraxinus pennsy lvanica) X 
Ground Ivy (Glechoma hederacea)* X 
Honey Locust ( Gleditsia triacanthos ) X 
MicrosteRium sp. X X 
Northern Red Oak (Quercus rubra) X 
Osage Orange (Madura pomifera) X X 
PawPaw (A s imina triloba) X 
Possum Haw (/lex decidua) X X 

Red Elm ( Ulm us ruber) X 

Richweed ( Collinsonia canadensis) X 

RoundleafGreenbrier (Smilax rotund1folia) X X 

Rubus sp. X 

Silver Maple (A cer saccharinum) X 

Smallspike False Nettle (Boehmeria cvlindrica) X 

Smartweed (PolyRonum cespitosum) X X 

Spicebush (Lindera benzoin) X 

Sugar Maple (A cer saccharum) X X X 

Sycamore (Platanus occidenta/is ) X X X 

Tulip Poplar (Liriodendron tulipifera) 
X X 

X X 
White Mulberry (Morus alba) X 

White Snakeroot (Eupatorium ruf!osum) X X 

Wild Grape ( Vi tis aestivalis ) 
X 

Winter Creeper (Euonymus fortunei)* X 

Wood Oats (Casmanthium latifolium) X 
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Appendix E 
Riparian vegetation along the three stream reach (I 

. C es ower middl reek. Tn butary to Passenger 
Species 

An asterisk(*, denotes .' · . e, upp 
an mvas1ve plant 

er) of the 
species. 

Stream Reach 

Alleghen y Sperge (Pachysandra {J rocumbens ) 
Lower 

X 
Middle Uooer 

American E lm ( Ulmus americana) X 
American Plum (Prunus americana) X 

Bearded Beggar Ticks (Bidens aristosa) X 
X Beefsteak Plant (Perilla frut escens) X X Bitternut Hickory (Carya cordiformis) X X 

Black Cherry (Prunus serotina) 
X 

Blac k Wa lnut (Ju£ lans nig ra) X 
Canadi an C learweed (Pi/ea p umila) 

X 
Chinkapin Oak ( Ouercus mueh/enber£ii ) 

X 
Chri stmas fem (Po /ystichum acrostichoides) X 
Common Blue Vio let (Vio la sororia) X 
Coralberry (Symphoricar{Jos orbiculatus) X 
Cumberl and Mock Orange (Philade/phus 
hirsutus) X 
Curlytop Knotweed (Poly£onum lapathifolium) X 
Dutchman 's Pipe (A ristolochia macro{Jhvlla) X X X 
Eas tern Wahoo (Euony mus atropurpurous)• X 
European Pri vet (li£ ustrum vul£are)• X X 
Hairy White Aste r (As ter pilosus) X 
Iro nwood (Carpinus carolin iana) X 
Limes to ne W ild Pe tunia (Ruellia strepem) X X 
Multifl ora Rose (Rosa multifl ora)• X 

Nepalese Browntop (Microste£ium l'imineum )• X 

No rthern Red Oak (Ouercus rubra) X X 

PawPaw (Asimina triloba) X 

No rthern Red Oak (Quercus rubra) 

Red Elm ( Ulmus ruber) X X 

Red Cedar (Jun ip erus virginiana) X 

Red Map le (A cer ruhrum) X 

Round lea f G ree nbri e r (Smilm: rotundifo/io) X X 

Saw Greenbri e r (Smilar bona-no.i:) 
X 

Smart weed (Po li -gonum cespitosum) X X X 

Southern Hackberry ( Ce/tis /ael'i£ata) 
X 
X 

Sugar Maple (A cer saccharum ) X X 
X 

Swamp Ches tnut Oak (Quercus mic/1011.r:ii) X 
Sycamore (Platanus occidentalis) X 

Wallrue (Asp lenium ruta-muraria) X 

White Crown beard ( Verbesina 1'ir£inica) X 
X X 

White Oak (Ouercus alba) 
X X X 

White Snakeroo t (Eupatorium ru£o.rnm) 
X 

Wild Hydra ngea (Hi ·dran.eea arborescens) 
X 

X 
Wood Oats (Casman th ium /arifo/ium) 
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APPENDIX F 

Clarksville Gas and Water Department Project 
Field Data Sheet for Streams 

Page I of_ 
Stream Name Date Observer(s) Vehicle ----- ~- ---------- ---

M, End Tota l Time start_ Time End_ Total Mi start __ _ 

Current Wea
th

er: None , Li ght, Moderate , Heavy; Rain , Snow Precipitation: 
Sky: Clear, Panl y Cloudy, Mo tl y 

1 d Overcast 
C ou y, Wind : Calm, Light, Moderate , G usty, Strong 

No tes: _____________________________ -

Prev ious . Wea ther ( last 24 hours) _________________________ ~ 

---- ---- -- -------- ------------------ --

S Air emp.: _ _ End · T ater Temp.: __ pH: __ Site Code _ __ Time ta rt -- - -- (\\ !er le 

Rec Rc.:pro VL 
No S.r_.:ci.:s 1\_!,!C Sex Cond. (mm ) ~ licro lfab1lll l RCffW'-S 

-

-
-
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