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FOREWORD

The Defense Waste Processing Facility (DWPF) was built on the Savannah River
Site (SRS) during the mid-1980's. The Savannah River Ecology Laboratory (SREL) has
completed 12 years of ecological studies related to the construction of the DWPF
complex. Prior to construction, the 600-acre site (S-Area) contained a Carolina bay
and the headwaters of a stream. Research conducted by the SREL has focused
primarily on four questions related to these wetlands: 1) Prior to construction, what
fauna and flora were present at the DWPF site and at similar, yet undisturbed,
alternative sites? 2) By comparing the Carolina bay at the DWPF site (Sun Bay) with
an undisturbed control Carolina bay (Rainbow Bay), what effect is construction
having on the organisms that inhabited the DWPF site? 3) By comparing control
streams with streams on the periphery of the DWPF site, what effect is construction
having on the peripheral streams? 4) How effective have efforts been to lessen the
impacts of construction, both with respect to erosion control measures and the

construction of “refuge ponds” as alternative breeding sites for amphibians that

formerly bred at Sun Bay?

Through the long-term census-taking of biota at the DWPF site and Rainbow
Bay, SREL has begun to evaluate the impact of construction on the biota and the
effectiveness of mitigation efforts. Similarly, the effects of erosion from the DWPF
site on the water quality of S-Area peripheral streams are being assessed. This
research provides supporting data relevant to the National Environmental Policy Act
(NEPA) of 1969, the Endangered Species Act of 1973, Executive Orders 11988
(Floodplain Management) and 11990 (Protection of Wetlands), and United States
Department of Energy (DOE) Guidelines for Compliance with Floodplain/Wetland

Environmental Review Requirements (10 CFR 1022).



I. INTRODUCTION AND OVERVIEW

David E. Scott and Joseph H.K. Pechmann

The Savannah River Ecology Laboratory initiated ecological studies related to
the construction of the DWPF on the SRS in FY-1979. Two areas have been used for
biological surveys and long-term monitoring: the DWPF construction site (S-Area),
and two control sites (Rainbow Bay and Tinker Creek). The Rainbow Bay study area
and S-Area are located within 5 km of each other on the SRS (Fig I-1), and both once
contained Carolina bays which were very similar ecologically (SREL 1980). One goal
of the SREL's faunal studies is to compare the natural variation in amphibian
populations at the Rainbow Bay control site to the variation observed at the human-
altered site (Sun Bay, formerly on the DWPF construction site). Amphibian
populations exhibit large year-to-year variation in population size and breeding
success (Vitt 1981, Vitt et al. 1982), thus long-term studies are necessary to separate
natural variation from variation due to human perturbations.

Pre-construction biological surveys included data on vegetation, birds,
mammals, amphibians, reptiles, fish, and several invertebrate groups (SREL 1979,
1980). No species on the Federal Endangered or Threatened lists were found on
either site, but several plants and animals of threatened or special-concern status in
South Carolina were present (SREL 1980, Vitt 1981).

DWPF construction began in FY-1984. Continuing studies are directed towards
assessing its impacts on the biota. Primary emphasis is being placed on evaluating

the effectiveness of mitigation measures undertaken by the DOE.
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SREL began baseline water quality monitoring on S-Area peripheral streams in
November 1982 (prior to construction) to quantify natural variation in water quality
parameters. Sampling has continued to the present on the streams that drain the
DWPF site (Upper Three Runs Creek, McQueen Branch, and Crouch Branch; Figure li-
1) and on a nearby, unimpacted blackwater stream, Tinker Creek. Erosion resulting
from DWPF construction potentially could affect the productivity and biotic diversity
of McQueen Branch, Crouch Branch, and Upper Three Runs Creek. Results of a
baseline survey of macroinvertebrates in these streams were reported in Pechmann
et al. (1984). Chapter |l of this report contains the FY-1989 and FY-1990 water
quality results, and an assessment of the effectiveness of erosion control measures
which have been implemented during the DWPF construction (U.S. DOE 1982).

In FY-1984, the DWPF construction eliminated Sun Bay in S-Area. Carolina bays
are extremely productive, natural wetlands (Sharitz and Gibbons 1982) which serve
as important breeding sites for many species of amphibians (Bennett et al. 1979,
Gibbo_ns and Semlitsch 1982, Sharitz and Gibbons 1982). Amphibians are the most
prevalent group of vertebrates on both the Rainbow Bay control site and the DWPF
site (SREL 1980). A major objective of the SREL studies has been to evaluate the
effects of the loss of Sun Bay on the breeding success of amphibians in S-Area
(Pechmann et al. 1985). In an experimental attempt to mitigate the loss of the
natural breeding habitat in S-Area (i.e., Sun Bay), four refuge ponds were
constructed. Only three of these are currently in operation, because of the loss of
one due to unanticipated construction activities. The effectiveness of the refuge
ponds as alternative breeding sites is discussed in Chapter lIl.

The long-term nature of the Rainbow Bay study (currently 12 years) has
allowed the natural variation in numbers of immigrating ‘breeding adults and of
emigrating juveniles at the control site to be documented. Hydroperiod, or the

number of days a site holds water during a year, is a critical determinant of



amphibian breeding success and persistence. Chapter IV addresses fluctuations in
amphibian populations for three salamander and one frog species, and discusses the

difficulty in distinguishing these natural fluctuations from human impacts.
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II..‘WATER QUALITY MONITORING OF PERIPHERAL STREAMS
Joanne H. McGregor and David E. Scott
INTRODUCTION

The Savannah River Ecology Laboratory initiated a water quality monitoring
program in November 1982 to assess the potential impact of the DWPF construction
activities on peripheral streams. Upper Three Runs (UTR) Creek, which receives S-
and Z-area drainage, is the only major stream on the Savannah River Site that has
not been impacted significantly by thermal discharge.

In FY- 1983 before construction began, baseline information was coliected on
the natural water quality characteristics of all streams that could be impacted: UTR
Creek, Crouch Branch, McQueen Branch, and Tinker Creek, a major upstream
tributary of UTR. Rough grading of the constructior site began on 15 September
1983 (Pechmann et al. 1984). Data gathered after ground-breaking through
September 1987 have been used to evaluate impacts during construction and the
initial effectiveness of erosion control measures Data collected from October 1987
to the present are used to assess post-construction stream recovery and the

continued effectiveness of erosion control measures.

METHODS
Site Selection
The four streams mentioned above are part of the DWPF watershed (Fig. 1I-1).
McQueen Branch is the principle drainage tributary from the construction area.
Crouch Branch receives the outflow from DWPF sediment basin 1. These tributaries
are the two primary streams leaving S- and H-area, and are the streams most likely to
be impacted by construction activity. Both Crouch Branch and McQueen Branch flow

into UTR Creek and impacts on them could potentially affect water quality in UTR
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Figure ll-1. DWPF Water Quality monitoring sites.




Creek. Tinker.Creek also flows into UTR just above the confluence of McQueen
Branch and UTR. Similar in size to UTR Creek, Tinker serves as an unimpacted control
stream within the watershed.

The SREL monitoring program previously focused on 10 sample sites in the
UTR watershed; however, only nine sites are sampled currently (Fig. I1-1). Two sites
are located on McQueen Branch. Site 3 is located approximately 2 km downstream
of the construction area, and site 4 is located on the south side of road F. A third site
on this Creek was sampled between November 1984 and September 1986 (Scott et
al. 1988). Site 7 is located on Crouch Branch at Road 4 approximately 122 m
downstream from the outflow of sedimentation basin 1. Site 7 was sampled twice in
FY-1982 and deactivated until FY-1986 after which it was sampled regularly. Sites 1
and 2 are located on UTR Creek below the confluence with McQueen Branch, and
two more sites (sites 6 and 8) are located on UTR Creek above this confluence. Two
sites (sites 5 and 9) are monitored on Tinker Creek upstream from the construction

area.

Sampling

From the second to the seventh year of sampling (November 1983 - September
1989), water quality monitoring was conducted monthly. During FY- 1983
(November 1982 - September 1983), sampling was conducted more frequently than
in later years and with an emphasis on sampling during and after rainfall for the
purpose of establishing existing water quality characteristics. Due to budgetary cuts,
monitoring ceased between October 1989 and February 1990; howzver, monthly
sampling resumed in March 1990. Thus, the first year (FY- 1983) includes data for 11
months and during the last year (FY- 1990) streams were sampled for seven months.

Water quality measures from the intervening years are based on 12 months.



SREL personnel measured the following water quality variables: total
suspended solids (TSS), percent ash, turbidity, and specific conductance. Total
suspended solids is a measure of the dry weight of nonfilterable residue in each
sample. Percent ash is a measure of the inorganic component of the TSS. The ratio
of inorganic to organic matter may change relative to the specific stream inputs, i.e.
leaf litter vs. erosion clays. Turbidity is based on measurements of refracted light
and indicates the relative amount of undissolved parﬁcles in a stream sample.
Specific conductance measures the ability of a sample to carry an electrical current
and depends mostly on the level of dissolved salts (ions) present in the water.
Stream profiles and flow measures were added to the routine sampling in October
1985 at three sites: 3 and 4 (McQueen Branch), and 9 (Tinker Creek).

Until February 1985, specific conductance was measured with a field
conductivity bridge. Samples since February 1985 were analyzed in the laboratory
using a Sybron PM-10CB conductivity bridge or an Orion Research Conductivity
Meter Model 101 (25 C). Turbidity was determined in the laboratory using a
nephelometer which measured in Nephelometric Turbidity Units (NTU) (reduced
sampling during the first year). Samples were analyzed for TSS and ash weight using
EPA approved methods (US EPA, 1983). A rain gauge was placed adjacent to the
DWPF construction site and monitored daily. Stream velacities (centimeters per
second) were measured using a Marsh-McBirney Portable Flow Meter.

In FY- 1986 four plots were established on McQueen Branch to inventory the
particle size composition and to observe composition changes over time. Based on
the analysis of 2 years of such data a recommendation to terminate that portion of

the DWPF monitoring project was made (Scott et al. 1988) and adopted.



_ Data Analysis

For the statistical analysis of the water quality data, sampling sites were
grouped into six watershed locations: the two McQueen Branch sites (3 and 4;
McQueen), the two Tinker Creek sites (5 and 9; Tinker), the two UTR Creek sites
above McQueen Branch (6 and 8; UTR- above), the UTR Creek site below McQueen
Branch (2; UTR- below), and the Crouch Branch site (7; Crouch). Genera! patterns
observed in the data suggested further grouping of data based on rainfall one day
prior to sampling. Data were grouped into three classes based on rainfall during the
previous day: rainfall = 0.1 cm (norain), 0.1 cm < rainfall = 1.0 cm (low rain), and
rainfall > 1.0 cm (high rain, see Scott et al. 1988). Data were also categorized based
on the stages of the construction project: before (FY- 1983), during (FY-1984 to FY-
1987), and after (FY-1988 to FY-1990) construction.

Analysis of variance (ANOVA) was used to assess the impact of DWPF
construction on S- and Z-area stream water quality. In order to decrease variance
and increase normality in the data, log transformations were performed on TSS,
turbidity, specific conductivity, TSS load per day per km?, and rainfall. The
transformations were made by adding 1.0 to each observation and then taking the
natural log of the sum. The transformed variables and percent ash measurements
were used in ANOVA models to test for effects of DWPF construction activities in
each rainfall class (no, low, and high rain).

Within the ANOVA models, a number of hypotheses were tested for each
rainfall class. For each water quality variable (e.g., log TSS), analyses determined
whether or not there was a significant location effect (i.e., Did the locations differ in
their level of a given variable averaged across all construction periods?), a significant
construction period effect (i.e., Did the construction periods differ in their level of a
given variable averaged across all locations?), and a significant location-by-

construction interaction (i.e., Did the variable levels at some locations respond

11



differently over the construction periods than at other locations?). This last test, the
test of a location-by-construction interaction, is the primary test of whether
construction activity has affected water quality in the DWPF peripheral streams.

This interaction test is depicted graphically in Figure 11-2. In the example, a
comparison of stream 1 vs. stream 2 reveals that stream 2 has higher levels of the
measured variable, but both streams respond the same over the three construction
periods, i.e., there is no location-by-construction interaction effect because the lines
are parallel. However, when stream 1 is compared to stream 3, stream response is
not the same during the construction periods; stream 3 increases more in the after
construction period than stream 1, i.e., there is an interaction effect because the
lines are not parallel.

Using the ANOVA models, specific comparisons were made between control
locations (UTR- above and Tinker) and impacted locations (McQueen, Crouch, UTR-
middle, and UTR- below). These tests (statistical contrasts) were limited to particular
comparisons of interest: UTR- above vs. UTR- middle, UTR- above vs. UTR- below,
Tinker vs. McQueen, and Tinker vs. Crouch. Comparisons were made over three time
intervals (before vs. after, before vs. during, and during vs. after construction). Data
were analyzed using SAS version 5.18 statistical package (SAS Institute Inc. 1985a, b).

Due to small sample sizes all Crouch Branch samples and ail turbidity samples
taken in the before-construction period were omitted from the statistical analysis.

In the following results and discussion section graphical representations of the
data accompany and illustrate statistical outcomes and trends. In addition,
Appendix A lists numeric summaries of the water quality data by fiscal year and

rainfall class.

-
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Figure I1-2. Log variable by construction period (ANOVA interaction test example

schematic representation).
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- RESULTS AND DISCUSSION
Introduction

Log TSS values for each location were plotted against iog rainfall levels one
day prior to sampling for each construction period (Fig. I1-3). These graphs illustrate
several points. First, levels of TSS increase as rainfall increases, for all locations across
all time periods. Second, 7SS levels are generally higher during (DC) and after (AC)
construction than before (BC) DWPF construction, even in the no rain class. These
observations hold for streams that receive drainage directly from S- and Z-areas
(Crouch Branch and McQueen Branch) as well as control locations (UTR- above and
Tinker Creek). In addition, the smaller streams were higher than the larger streams
in TSS irrespective of the construction period. Given these relationships, the
location-by-construction period interaction term was used to test the effect of DWPF
construction on stream water quality (as described in methods). Results of the
ANOVA contrasts are listed and discussed by stream, beginning with the primary
impact streams, McQueen Branch and Crouch Branch, and concluding with UTR

Creek.

McQueen Branch

Water quality variables (i.e. TSS, turbidity, specific conductance, and percent
ash) in McQueen Branch were compared to levels in the control stream, Tinker
Creek, (Fig. I1-4). Data from the BC period illustrate that TSS and turbidity levels rise
more sharply as rainfall increases and percent ash levels are higher overall in
McQueen Branch than in Tinker Creek. This difference is apparently a function of
stream order; as a smalier steam, McQueen Branch is “flashier.” The degree to
which the flashiness of McQueen Branch was influenced by DWPF construction

activity was assessed using the specific statistical contrast tests.

b
IS
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TSS: No rain -TSS levels rose moderately in Tinker Creek over the three construction
periods. Levelsin McQueen Branch were higher than the control BC, increased
significantly more DC (p = 0.0001), leaving AC levels significantly higher than BC
levels when compared to Tinker Creek (p = 0.005).

Low rain - TSS levels increased sharply over the three construction periods in
McQueen Branch compared to aslightincrease in Tinker;, however, no differences
were significant.

High rain - TSS leveis rose very slightly in Tinker Creek over the construction
periods, and more sharply in McQueen Branch, leaving AC levels significantly higher

than BC in McQueen Branch as compared to Tinker Creek (p = 0.01).

TURBIDITY: No Rain - Turbidity levels were higher BC and ACin McQuee?n Branch
than Tinker Creek. Both creeks showed increases DC; however McQueeﬁ Branch
rose more sharply and then decreased significantly more AC than Tinker Creek
(p =0.02).

Low and High rain - Tinker Creek shows virtually no increase in turbidity over
time, while McQueen Branch levels are higher AC than DC. Thischange in turbidity

is statistically non-significan;c when compared to Tinker.

SPECIFIC CONDUCTANCE: No rain - McQueen Branch specific conductance was

higher BC, fell significantly more than Tinker Creek DC (p =0.005), and was
significantly higher AC than BC when compared to Tinker Creek (p = 0.001).

Low and High rain - Specific conductance was higher BC in McQueen Branch
than in Tinker. Levels decreased DC and rose slightly ACin Tinker, while levels
increased moderately in McQueen Branch DC and AC. Levels AC were significantly
higher than BC in McQueen Branch when compared to Tinker (p = 0.002 Low rain;

p = 0.03 High rain).

17



PERCENT ASH: No rain - Percent ash levels increased moderately in Tinker Creek

over the three construction periods. Levels in McQueer Branch were higher BC and
rose significantly more than Tinker Creek DC (p = 0.001). Levels AC remained higher
in McQueen Branch than in Tinker Creek.

Low rain - Percent ash levels increased in Tinker Creek DC and decreased
slightly AC. Levelsin McQueen Branch were higher than Tinker Creek over ail time
periods. Levels AC were significantly higher than BC in McQueen Branch when
compared with similar changes in Tinker Creek (p < 0.04).

High rain - Levels of percent ash in Tinker Creek decreased DC and increased
slightly AC. Levelsin McQueen Branch were higher BC and increased significantly DC

(p = 0.01). Levelsin McQueen AC were significantly higher than BC when compared
to Tinker (p = 0.03).

TSSLOAD: The log TSS load per day per km? is graphed against log rainfall for
Tinker site 9 and each site on McQueen Branch (sites 3 and 4; Fig. 11-5). No data is
available for the BC period.

No rain - TSS load for Tinker Creek rose moderately AC compared to levels DC.
Load levels in McQueen Branch were higher DC and then decreased significantly AC
when compared to Tinker Creek (p < 0.002 site 4; p = 0.01 site 3).

Low and High rain - TSS load in Tinker Creek and McQueen Branch decreased
from the DC to the AC period under low-rain conditions. Under high rain conditions
both creeks showed increases AC over the DC period. No changes in either group

were significant.

The results listed above provide evidence that McQueen Branch clearly has

been affected by DWPF construction-site runoff over the eight year sampling period.

18
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These effects are most evident in the TSS, specific conductance, and percent ash
variables. Based on the nature of McQueen Branch as a primary runoff stream
during periods of rainfall, erosion from the construction site would most likely
appear in the low and high rain classes. Accordingly, TSS, specific conductance and
percent ash levels were significantly higher than controls AC than BC for low- and
high- rain classes. During construction levels were also significantly higher than
controls in the no rain class. Rainfall prior to the 24 hours before sampling (the
period used to classify rainfall groups) may account for the increased levels of TSS
and percent ash in McQueen Branch for that rainfall class. Although levels remained
high AC, in some cases the water quality variables decreased significantly from the
DC to the AC periods. This decrease in TSS, TSS load, and turbidity might be
attributed to erosion control measures at the construction site or to decreased land
disturbances at the site as construction was completed. In either case some recovery

of the tributary is evident in the AC period.

CROUCH BRANCH
Crouch Branch is the second primary impact site below the DWPF construction
area. Like McQueen Branch, it is a small tributary that readily fills under high rainfall
conditions. Little datais avéilable for this site BC; however, DC and AC data are used
to test the location-by-construction period interaction between Crouch Branch and

Tinker Creek for each water quality variable (Fig. 11-6).

TSS: No rain - While Tinker Creek showed a slight increase DC to AC, Crouch Branch
TSS was considerably higher DC and decreased significantly AC when compared to
Tinker Creek (p = 0.0001). AC levels remained higher in Crouch Branch than in
Tinker Creek.

Low rain - Data showed a non-significant increase in Crouch Branch TSS AC

over DC levels; Tinker Creek levels rose only slightly.
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High rain - Tinker Creek TSS levels rose slightly from the DC to AC periods.
Crouch Branch had higher levels DC and rose significantly more AC than Tinker Creek
(p = 0.01).

TURBIDITY: Norain - Tinker Creek turbidity levels were relatively unchanged from
the DC to the AC period. Crouch Branch levels were considerably higher than Tinker
Creek DC and decreased significantly AC (p = 0.001).
Low rain - Turbidity in Crouch Branch increased AC from DC levels, while
Tinker Creek remained stable; however, the change was not statistically significant.
High rain - Once again Tinker Creek turbidity levels remained constant, while

Crouch Branch levels increased significantly in comparison (p -~ 0.02).

SPECIFIC CONDUCTANCE: No, Low, and High rain - Tinker Creek showed a slight

increase in specific conductance between the DC and AC periods. For the no- and
low- rain classes, Crouch Branch also showed an increase. Under high- rain
conditions Crouch Branch showed a slight decrease in specific conductance AC than

DC. No changes were statistically significant.

PERCENT ASH: No rain - Percent ash levels increased in Tinker between the DC and

AC periods. Crouch Branch decreased significantly AC from DC levels compared to
Tinker (p = 0.001).

Low rain - Tinker Creek showed relatively little change from DC to the AC
period, while Crouch Branch decreased AC. No change was significant.

High rain - Crouch Branch percent ash level was considerably higher DC than

Tinker Creek. Levelsin both creeks increased slightly AC from DC levels. Changes

were non-significant.
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Because few data are available for Crouch Branch before construction began,
and because Crouch Branch is the smallest stream in the DWPF watershed,
conclusions about overall changes in the stream are difficult to draw. However, the
data do provide considerable evidence that Crouch Branch has been affected
adversely by DWPF construction. First, for the high-rain class AC levels were
significantly higher than controls for TSS and turbidity. Secondly, DC and AC levels in
Crouch Branch are higher than every other sampled location in the watershed for
each parameter measured in every rain class. Thirdly, significant decreasesin TSS,
turbidity, and percent ash levels AC are evident in the no- rain class. Without the
erosion input that occurs with low and high rainfall, Crouch Branch appears to show
better water quality levels. Because it lies below a sedimentation basin, Crouch
Branch water quality is a good measure of the effectiveness of the basin’s
performance. Asthe basin fills with sediment it becomes less able to hold
construction area runoff under rainy conditions, and consequently highersilt levels
will occur in the stream below. The significantly elevated levels of TSS and turbidity

in Crouch Branch may reflect this condition.

Upper Three Runs Creek
A principle concern of this monitoring program is to assess the potential
impacts of DWPF construction on water quality in UTR Creek. Two contrast pairs
were made: UTR- above vs UTR- middle (effects below the McQueen Branch and
Tinker Creek confluences) and UTR- above vs UTR- below (effects below the

confluence of Crouch Branch) (Figs. 1I-7 and 11-8).

TSS: No and Low rain - Trends in the three UTR Creek locations were similar. TSS
levels rose DC and fell AC; however, UTR- middle and UTR- below levels were higher

than UTR- above levels for all periods. No changes were significant.
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High rain - UTR- above showed little change in TSS level over the three
construction periods. UTR- middle and -below showed a sharp decrease DCand a
sharp increase to AC levels higher than BC levels for each iocation. Changeswere

non-significant.

TURBIDITY: No and Low rain - All locations on UTR Creek showed a non-significant
decrease in turbidity AC from DC levels.

High rain - Turbidity levels increased sharply in UTR- middle and -below DC to
AC, while levels in UTR- above remained constant. This increase was also non-

significant.

SPECIFIC CONDUCTANCE: No and Low rain - For all locations or L 7R Creek, specific

conductance decreased BC to DC and increased slightly AC. Leveis AC were below

levels BC. No changes were statistically significant.

High rain - UTR- above and -below decreased from BC to DC and increased AC.

UTR- middle showed an increase DC followed by a decrease AC to BC levels. Again,

changes were non-significant.

PERCENT ASH

UTR- Middle: No rain - Both locations (UTR- above and UTR- middle) showed
increasing percent ash levels over the three periods. UTR- middle was higher BC and
UTR- above was higher AC. No changes were significant.

Low rain - Both UTR- above and -middle increased DC and decreased in
percent ash levels AC. Levels AC were higher DC than BC levels at both locations.

Changes were non-significant.
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High rain - While UTR- above decreased slightly DC and rose to slightly higher
than BC leves AC, UTR- middle decreased sharply DC and rose sharply to a

considerably higher AC percent ash level than BC. The increase was non-significant.

UTR Below: No rain - UTR- above and -below followed parallel patterns of increase
during the three periods.

Low rain - The two locations, UTR- above and below, increased DC and
decreased AC. Both ended with percent ash levels above BC levels.

High rain - UTR- above decreased slightly DC and rose only slightly AC. UTR
below increased significantly more DC (p = 0.03) and AC levels were significantly
higher (p = 0.003) than BC when compared to UTR- above.

The data collected over the eight years of this study show an increase in TSS,
turbidity, and percent ash ievels in UTR Creek; however, this increase can notbe
attributed to inputs from McQueen Branch and Crouch Branch alone. Comparisons
of UTR Creek above the construction site to two locations below did not provide
evidence that the S- and Z-area construction raised TSS or other parameter levels in
UTR Creek. One possible explanation for the observed decrease in water quality in
UTR Creek is the effects of additive inputs. Possible contributors to increased TSS
levels besides DWPF construction might be: increases in off-plant construction
activities upstream on UTR Creek, increases due to clogged road drainage, flash
flooding, or other unnoted disturbances along the creek drainage. A combination
of such activities in conjunction with the S- and Z-area input, may have contributed
to this alteration in water quality over time. For non-point pollutants, such as
erosion, multiple effects are difficult to identify and accurately assess; however,
based on this study, water quality in UTR Creek has not been significantly affected by

the construction site input from McQueen Branch or Crouch Branch.



- SUMMARY

FY- 1990 concludes eight years of water quality monitoring in the DWPF
watershed. Based on the data collected in that period several conclusions can be
drawn:

1. TSS levels at all locations have risen during the sample period and have
generally remained at higher levels than before construction began.

2. The small tributaries beiow the construction site, Crouch Branch and
McQueen Branch, have been significantly affected by erosion inputs since
construction began. In both cases effects are most clearly evident under low and
high rainfail conditions.

3. Statistical evidence over the eight year period does not reveal that the

DWPF construction-site runoff has impacted UTR Creek significa~ -,

CONCLUSION

In a 1986 article Kenneth L. Dickson, former president of the Society of
Environmental Toxicology and chemistry, suggested that rather than toxic chemicals,
non-point poliutants such as siltation are causing the greatest harm to the aquatic
environment (Dickson 1986). He states that one source of silt contamination arises
from “poor erosion control practices at construction sites.” Based on data from the
DWPF watershed samples between 1982 and 1990, it appears that although
extensive impact to UTR Creek has been minimized, elevated TSS and other
parameter levels continue to persist in tributaries below construction-site
sedimentation basins. Further attention to erosion control measures, such as

dredging clogged sediment basins, is recommended to improve conditions for these

aquatic tributaries.
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. REFUGE PONDS: AN EXPERIMENT IN MITIGATION
-'Joseph H. K. Pechmann, Ruth A. Estes and David E. Scott

INTRODUCTION

When the interests of development clash with the legal protection of wetlands,
an increasingly common compromise is to allow the draining and filling of wetlands
as long as artificial replacement wetlands are built for mitigation (Kusler and
Kentula, 1990). However, it remains an open question whether these artificial
wetlands are ecological equivalents of those that they replaced (Kentula et al,,
1992). Many wetlands are important amphibian breeding sites, and there is little
information on whether successful mitigation of this aspect is achieved.

A Carolina bay (Sun Bay) located on the DWPF site was cleared and filled during
FY-1984 as part of DWPF site preparation. Four artificial ponds were constructed on
the periphery of S-Area in an experimental attempt to mitigate the impact of the
DWPF construction. Colonization and succession of amphibians are being studied at
these “refuge ponds” in order to examine the responses of fauna to DWPF
construction, and to determine the potential of the ponds for mitigating these
impacts. Examination of colonization and succession in newly created or disturbed
habitats provides valuable information on ecosystem structure and function as well
as the responses of biota to disturbance (e.g. Odum 1969, Simberloff and Wilson
1969, Vitousek and Reiners 1975, Connell 1978, Paine and Levin 1981, Wilbur and
Alford 1985). The DWPF project has provided a unique opportunity to investigate
this phenomenon.

Amphibians comprised more than 95% of the total non-avian vertebrate fauna
at the DWPF site prior to construction (Vitt 1981). Most of the amphibian species
found there are primarily terrestrial but must migrate to aquatic habitats to breed.
Sun Bay was formerly used by amphibians for breeding and larval development, as

are many Carolina bays (Bennett et al. 1979, SREL 1980, Vitt 1981, Gibbons and
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Semlitsch 1982, Sharitz and Gibbons 1982). At least 13 species of amphibians bred at
Sun Bay (4 salamanders, 9 frogs or toads). Many amphibian species are philopatric,
i.e., they return to the same breeding site year after year (Twitty 1959, Shoop 1965,
Oldham 1967, Madison and Shoop 1970, Patterson 1978, Semlitsch 1981, Vitt 1981,
Vitt et al. 1982). The sensory mechanisms utilized by amphibians to locate their
breeding sites have been extensively studied (Twitty 1961, Oldham 1967, Landreth
and Ferguson 1967, Taylor and Adler 1973, Hershey and Forester 1979, McGregor
and Teska 1989), but remain poorly understood.

Some individuals of some species may migrate one km from their natal pond
(unpublished data); however, migration distances are species-specific.
Ambystomatid salamanders may not migrate as far from a pond as some newt
species (Semlitsch 1983b). Mean migration distances of ambystomatids are much less
than one km, and range from 47 - 252 m (Semlitsch 1983b).

It was clear that significant direct amphibian mortality would occur from DWPF
construction activities. However, the indirect effects of construction on the
amphibian community were uncertain. Would surviving individuals be able to locate
Sun Bay after it had been drained and filled,and the surrounding vegetation and
topography had been drasfically altered? If they did return, would they remain at
the former location of Sun Bay although the bay no longer existed? Or would they
migrate out in search of another breeding site? Do amphibians have the ability to
locate alternative breeding sites by means other than random encounters?

The purpose of this study is to determine whether the artificial refuge ponds
built on the periphery of the DWPF site can provide alternative breeding sites for
amphibians, thereby mitigating the loss of Sun Bay. These experimental ponds were
completed during the latter part of FY-1983. Amphibians moving to and from the
ponds are censused by means of terrestrial drift fence with pitfall traps. The former

site of Sun Bay is also being assessed for amphibian presence and abundance.
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The specific objectives of this study were, first, to examine how quickly, and to
what extent, these refuge ponds were colonized by breeding adult amphibians,
especially individuals marked at Sun Bay during SREL surveys there, and especially
species known to be philopatric to their home pond. It is well known that
amphibians will breed in human-made ponds under certain conditions, so the key
question here was what would happen under the conditions of construction. The
second objective was to determine if the refuge ponds we built provided adequate
habitat for successful breeding and juvenile recruitment, and, in the long run, if a
similar amphibian community became established at the refuge ponds compared to
that which was found at the former Sun Bay. Unfortunately, we could not do a
formal mathematical analysis of community similarity. Although we have 4 years of
pre-construrtion data from Sun Bay, it's not pre-disturbance data, because the pond
was partially drained for engineering surveys before we started work there, and this
changed the amphibian community (Vitt 1981, Vitt et al. 1982, Pechmann et al. 1984,
Scott et al. 1986).

The philosophy of the study was to simply create ponds, let them fill with
rainwater, and allow colonization and succession to take their course. We did not
attempt to mitigate any other aspects of the lost wetland other than its role as an
amphibian breeding site.

This report summarizes results to FY-1990, with emphasis on the FY-1989 and
FY-1990 results. Results from FY-1984 to FY-1988 have been reported previously
(Pechmann et al. 1984, Pechmann et al. 1985, Scott et al. 1986, 1988). Data are
compared to those collected from the Rainbow Bay control site during FY-1989 and

FY-1990 as well as in previous years.
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METHODS

Refuge Pond Design

Four refuge ponds (A, B, C, and D) were completed on 20 June 1983 on the
periphery of the DWPF construction site, 3 months before construction began (Fig.
I-1). Ponds were built between 300 m and 600 m from Sun Bay, which was as close
as permitted by DWPF construction plans (including Z-Area). When possible, sites
were chosen where water tended to collect naturally, as evidenced by the presence
of hydric plants such as mosses. A paved two-lane road lies between Sun Bay and
three of the refuge ponds and a powerline right-of-way containing a dirt road lies
between the bay and the fourth pond (Fig tlI-1). The effect of these barriers on
amphibian movements is unknown, but it was probably no greater than that of the
widespread clearing and grading from construction activities.

Each pond is circular, approximately 16 m in diameter, and has a maximum
depth of approximately 1 m. This is 200m? area each or 800 for 4 ponds. The
wetland they replaced was 10,000m?, so this should be viewed as an experimental
“pilot project”, not mitigation per se.

Ponds were originally lined with hard-packed clay so they would collect and
hold rainwater. Carolina bays are underlaid by an impervious clay lens (Bryant and
McCracken 1964; Schalles 1979), and typically receive no water input other than rain
(Sharitz and Gibbons 1982). Refuge pond water retention was poor during FY-1984
in spite of high rainfall (Pechmann et al. 1984). To rectify this problem fish-grade
plastic (CPE) pond liners were installed on 19 November 1984. An overflow pipe was
also installed in each pond. After installation of these liners the refuge ponds
became permanent ponds. Because the plastic liners initially provided an inert
substrate, leaf litter was added to the ponds during February and March 1985. These

leaves supplied cover, nutrients, and organic matter for biota.
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At the request of DOE, Refuge Pond C (Fig. IlI-1) was dismantied on 7 June 1985
to accommodate expansion of tne planned Z-Area.

Refuge Ponds A and B were each pumped to one-third of their normal depth
from 28-29 September 1987 (Pond A from 63 cm to 22 cm, Pond B from 89 cm to 29
cm). Both ponds were dried completely by pumping and hand bailing from 19
October 1987 to 22 October 1987, then allowed to refill with rain beginning 27
October 1987. These manipulations were an attempt to make the hydrologic cycle

of these ponds more similar to those of Rainbow Bay and the former Sun Bay.

Sampling Techniques

Amphibian populations were monitored using terrestriai drift fences with
pitfail traps (Fig. 1I-2; SREL 1980, Gibbons and Seinlitsch 1982). A drift fence with
pitfall traps was constructed encircling each refuge pond on 20-21 June 1983. Traps
were checked daily and all animals released on the opposite side of the fence, the
presumed direction of movement. Data on each amphibian captured were recorded
and the mejority marked by toe-clipping (see Appendix C for common names).
Amphibian populations at the Rainbow Bay control site were rnonitored in a similar
fashion (See Chapter IV for other analyses of these data). By using this technique,
the numbers of adults that entered a site to breed, as well as the numbers of
juveniles and adults that emigrated from a site, were measured. The drift fence
technique works much better for some species than for others. Practically all
ambystomatiu salamanders are captured, for example, but some salamanders and
many treefrogs climb over the fence and some frogs can jump over it. For most
species, however, large numbers of juveniles are captured by the drift fence, as

juveniles are less adept at fence trespass.
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Drift fences with pitfall traps were also used to monitor amphibian breeding
migrations to the former site of Sun Bay. Four-liter pitfall traps were employed at all
Sun Bay fences instead of the 40-liter traps used elsewhere to facilitate rapid
removal in the event of interference with construction. During FY-1984, one
temporary 50-m drift fence on the northwest side was used to sample Sun Bay from
13 December 1983 to 11 May 1984. Two temporary 50-m fences were erected during
FY-1985 on 17 December 1984: one on the northwest side of the former bay, and
the other on the northeast. These remained in place until 3 July 1985. During FY-
1986 the former site of Sun Bay was sampled in the same manner asin FY-1985. Both
the northwest and the northeast fence were rebuilt on 21 November 1985. The
fence on the northwest side remained in place until August 29, 1986, when it was
removed because of DWPF construction activities. The fence on the northeast side
remained in place and was used for sampling throughout FY-1986 and during FY-
1987 through 16 September 1987. The Sun Bay site was not sampled after FY-1987
because captures of amphibians at Sun Bay had dwindled to near zero by that time.
Differences among sampling methods cloud among-year comparisons of amphibian
populations at Sun Bay, but were unavoidable due to the extensive construction
activities.

In addition to the drift fences, amphibians at Sun Bay were sampled with
minnow traps during FY-1984 before the site was completely drained. Minnow traps

were also used to sample the refuge ponds from 10 January 1987 to 15 April 1987.

RESULTS

Biotic Environment

Vegetation succession has occurred at all the refuge ponds, and the old-field
grasses and forbs that originally colonized the bare area around each pond are
being replaced with pine trees. There are annual blooms of filamentous green aigae

in the ponds. Emergent sedges {Scirpus cyperinus) have taken root in the shallow
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water along the shores. Aquatic insects, including large predaceous Odonata
nymphs, are common in the ponds. Crows, sandpipers, and other birds often feed in

the water around the edges of the ponds.

Frogs and Toads

Some species of frogs and toads colonized the refuge ponds almost
immediately, and have continued to be present in fair numbers during their
breeding seasons every year of the study (Table (lI-1). These included Bufo terrestris,
Hyla crucifer, Gastrophryne carolinensis, and Rana utricularia. Smaller numbers of
adults of 9 other species have been captured at the ponds during their breeding
seasons. These numbers must be judged keeping in mind that capture efficiencies
are low for Acris gryllus and all adult Rana and Hyla, because many Acris and Rana
jump over the drift fence and many Hyla climb over it. The most extreme example of
this is Hyla gratiosa. Adults of this species have never been captured at the drift
fences even though they have bred at all 3 remaining ponds every year since 1985
(Table 11I-2). More Scaphiopus hobrooki, B. quercicus, H. femoralis, H. chrysoscelis,
Pseudacris nigrita, and R. clamitans were captured in the first part of the study than
the latter part, and the reverse was true for A. gryllus.

Only 7 juvenile Hyla chrysoscelis and 1 juvenile Hyla femoralis metamorphosed
and emigrated from the refuge ponds in FY-1984 (see Table V-8 in Pechmann et al.
1984). Observations indicated that the low juvenile recruitment was due in part to
the fact that the ponds dried frequently during FY-1984, killing any tadpoles that
were present. Substantial production of frog and toad juveniles began in FY-1985
following installation of the pond liners. The highest number of frog and toad
juveniles was produced in FY-1985 and the nest highest in FY-1988, with FY-1989 and
FY-1990 both being average years (Table (11-2).

Through FY-1990 8 species of frogs and toads have produced at least some

] . sy

juveniles at the refuge ponds (Tabie iii-2). Bufo terresiris, Hyia (Pseudacrisj crucifer,



Table llI-1.  Number of adult amphibians captured entering the refuge ponds during
their breeding season from FY-1984 to FY-1990 (total for all four ponds).

Species 1984 1985 1986 1987 1988 1989 1990

Salamanders

Ambystoma talpoideum 6 2 62 59 33 81 204
Ambystoma tigrinum 0 0 1 1 0 1 1
Notophthalmus viridescens 3 0 9 8 5 6 36
Eurycea quadridigitata 1 1 0 0 0 0 0
Frogs and Toads

Scaphiopus holbrooki 18 11 7 12 5 2 1
Bufo terrestris 34 156 161 53 62 58 62
Bufo quercicus 4 0 0 0 0 0 0
Acris gryllus 0 0 0 0 0 3 9
Hyla crucifer .17 27 121 5 28 38 27
Hyla femoralis 1 1 0 0 0 0 0
Hyla chrysoscelis/versicolor 3 2 1 3 0 0 0
Pseudacris nigrita 0 2 2 0 0 0 0
Pseudacris ornata 4 4 6 0 10 5 0
Gastrophryne carolinensis 68 69 36 34 29 46 22
Rana catesbeiana 1 0 1 0 0 0 1
Rana clamitans 13 5 7 0 0 1 1

Rana utricularia 24 14 98 20 21 19 8
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H. gratiosa, and Rana utricularia have been relatively successful at the ponds,
whereas R. catesbeiana and P. ornata have produced only a few juveniles. Hyla
chrysoscelis was successful primarily at the beginning of the study, as nearly all of its
juvenile production was in FY-1985. In contrast, Acris gryllus was most successful in
the latter part of the study. No juvenile Acris were produced until FY-1987, but since
then Acris has produced a cohort every year.

There were large differences among ponds in the number of juveniles
produced of each species (Table 1li-2). For example, more than twice as many Rana
utricularia have come from Pond B than from Pond A, and there have been only a
few from Pond D. On the other hand, most Bufo terrestris and Acris gryllus juveniles

have been produced at Pond D.

Salamanders

FY-1986 was the first year that there was any appreciable colonization of the
refuge ponds by salamanders. Numbers of adult Notophthalmus viridescens and,
especially, Ambystoma talpoideum that entered the refuge ponds during their FY-
1986 breeding seasons were much higher than in any previous year (Table Ili-1).
These higher numbers of adults generally persisted from FY-1987 to FY-1989, and
numbers increased sharply again in FY-1990 (Table lil-1). About half of the
Ambystoma talpoideum caught at the refuge ponds during the first 4 years of the
study had been marked at Sun Bay during SREL surveys prior to construction. By the
last year of the study, most of the Ambystoma talpoideum breeding at the refuge

ponds were ones that had been born at them, with nearly all returning to their

individual home pond.
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Juvenile salamanders were not produced at the refuge ponds until FY-1986
(Table 111-2), the first year of extensive colonization by adult salamanders (Table I11-1).
Several hundred metamorphosed salamanders were produced each year from FY-
1987 to FY-1990 (Table ilI-2), but only two species of salamanders have produced
juveniles at the ponds to date: the mole salamander, Ambystoma talpoideum, and
the red-spotted newt, Notophthalmus viridescens.

If a site does not dry, mole salamander and red-spotted newt larvae can forego
metamorphosis and become paedomorphic, that is, remain in the pond and become
sexually mature while retaining the larval body form (Semlitsch 1984). Minnow
trapping during FY-1987 confirmed that some individuals of both these species
follow this life history path at the refuge ponds (Table 11I-3). Some of the
paedomorphic mole salamanders, including a number of those captured in the
minnow traps during FY-1987, metamorphosed and emigrated from the ponds
following their first reproduction. Overwintering larvae cannot be distinguished
from paedomorphic individuals except by dissection, but it is likely that many of the
individuals caught in the aquatic traps or that emigrated immediately following the
breeding season were sexually mature. A. talpoideum that metamorphosed and
emigrated from 1 January.to mid-May were included with the previous year’s
juvenile totals in Table llI-2, even though they were a mix of overwintering juveniles
and former paedomorphs. The numbers of these included in each total appears in
parentheses.

Over tiie course of time Pond A became strictly a Notophthalmus pond in terms
of salamanders (Table lil-2). Only a few A. talpoideum juveniles came from there, all
during the first two years of salamander breeding. The reverse happened at Pond B,
and Pond D is the only one at which both species now coexist. As near as we can tell,
these differences among ponds resuited from the stochastic effects of initial
colonization. More Notophthalmus than A. talpoideum bred in Pond A initially,

while the opposite happened in Pond B. Apparently a sufficient number of both

X2 2 AR~ A L =
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Table lI-3. Paedomorphic and formerly paedomorphic salamanders captured at

..the DWPF refuge ponds during FY-1987. Number of individuals

captured in aquatic funnel traps from 10 January-15 April 1987,

number of those captured in aquatic traps that later metamorphosed

and emigrated, and number of individuals first captured when they
metamorphosed and emigrated (total for all three ponds).

Aquatic Recapture First capture
Species traps emigrants emigrants
Ambystoma talpoideum 39 15 64
Notophthalmus viridescens 40 0 0
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Sun Bay and Rainbow Bay

Pre-construction data for Sun Bay was presented in SREL (1980), Vitt (1981), Vitt
et al. (1982), Pechmann et al. (1984), and Scott et al. (1986). Many more adult
amphibians were captured at Sun bay during their breeding seasons in FY-1984, the
year it was drained, than in any subsequent year (Table 11i-4). In FY-1987, the last
year Sun Bay was sampled, only 2 were captured.

More adult salamanders were caught at Sun Bay (Table ill-4) than at the refuge
ponds (Table llI-1) during FY-1984, despite the less efficient sampling at Sun Bay.
More salamanders were caught at the refuge ponds than at Sun Bay in every
subsequent year that Sun Bay was monitored, although numbers are not directly
comparable because sampling effort was greater at the refuge ponds. More frogs
and toads of all species except Pseudacris ornata were caught at the refuge ponds
than at Sun Bay each year that both locations were monitored, but again, sampling
effort differed (Tables Ill-1 and |l1-4).

Numbers and diversity of amphibians at the Rainbow Bay control site have
generally exceeded those at the refuge ponds. Drift fence captures at Rainbow Bay
during FY-1989 and FY-1990 are shown in Table 111-5, and Rainbow data are discussed
further in Chapter IV. Juvenile production at Rainbow Bay in FY-1989 and FY-1990
was reduced by early pond drying due to drought (Table 1iI-5, Chapter IV), whereas

the refuge ponds did not dry during this time because of their pond liners.

DISCUSSION
During FY-1984, the first complete year of our study and of DWPF construction,
salamanders continued to return to Sun Bay despite the ongoing construction. The
few adult salamanders that entered the refuge ponds during FY-1984 left within a
few days (Pechmann et al. 1984). During FY-1985 only one adult salamander was
caught at the former site of Sun Bay, and three at the refuge ponds. Lack of

opportunities to migrate due to low rainfall during FY-1985 probably contributed to
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Tablelll-4. Number of adult amphibians captured during their breeding season at
the former site of Sun Bay from FY-1984 to FY-1987.

Species 1984 1985 1986 1987

Salamanders

Ambystoma talpoideum 32 1 9 1
Ambystoma opacum 1 0 0 0
Notophthalmus viridescens 17 0 0 0
Frogs and Toads
Scaphiopus holbrooki 8 1 3 0
Bufo terrestris 9 6 0 0
Hyla crucifer 6 1 0 0
Pseudacris ornata 10 0 0 0
Gastrophryne carolinensis 2 4 0 0
Rana clamitans 2 0 0 0
Rana utricularia 12 0 1 1




Table 1II-5. Movement of all species of amphibians captured (original and recaptured) in drift
fences with pitfall traps at Rainbow Bay during FY-1989 and FY-1990. No juveniles of
any species were produced in FY-1989.

1989 1990
Immigrating Immigrating
Adults Adults
Species Male Female Juveniles Male Female Juveniles
Salamanders
Ambystoma talpoideum 234 227 0 558 681 0
Ambystoma opacum 785 450 0 608 594 201
Ambystoma tigrinum 0 0 0 10 10 0
Notophthalmus viridescens 473 607 0 389 725 0
Plethodon glutinosus 2 8 0 60 42 2
Eurycea bislineata 0 0 0 2 1 0
Eurycea quadridigitata 15 14 0 10 3 0
Frogs and Toads
Scaphiopus holbrooki 8 0 0 129 38 3456
Bufo terrestris 52 23 0 46 22 1
Acris gryllus 1 0 0 1 0 0
Hyla chrysoscelis/versicolor 2 0 0 0 0 0
Hyla crucifer 43 41 0 57 92 1
Pseudacris nigrita 1 4 0 1 0 0
Pseudacris ornata 29 13 0 160 104 13
Gastrophryne carolinensis 82 89 0 27 51 2596
Rana catesbeiana 0 0 0 0 0 0
Rana clamitans 1 1 0 0 2 0
Rana utricularia 1 1 0 21 7 0
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the low number of captures both at these sites and at the Rainbow Bay control site
(Pechmann et al. 1985, Pechmann and Semlitsch 1986).

Although much of FY-1986 was also comparatively dry, heavy rains during late
November and early December provided salamanders with adequate opportunities
to migrate to breeding sites. Record numbers of three salamander species entered
Rainbow Bay during FY-1986. Large numbers of two of these species, Ambystoma
talpoideum and Notophthalmus viridescens, also entered the refuge ponds.
Ambystoma talpoideum and N. viridescens normally return to breed at the site
where they were born (Semlitsch 1981, D. E. Gill, personal communication).
Apparently some individuals of these species responded to the elimination of Sun
Bay and other disturbances from construction by migrating to the refuge ponds
rather than returning to Sun Bay. Ambystoma talpoideum populations philopatric
to the individual refuge ponds have now been established from the Sun Bay
populations.

Preliminary results indicate that the refuge ponds provide adequate
salamander breeding habitat. Both A. talpoideum and N. viridescens have bred in
the refuge ponds since FY-1986, and at least some of their larvae successfully
developed through metamqrphosis each year. The presence of paedomorphic adults
provides additional evidence that the refuge ponds provide favorable habitat for
salamanders.

Several species of frogs and toads had colonized the refuge ponds during the
first two years of the study (Pechmann et al. 1984, Pechmann et al. 1985). These
anuran species may be less philopatric than the salamander species that formerly
bred at Sun Bay (personal observations), although differences in speed of travel,
response to construction, and other factors might also have contributed to their
more rapid colonization.

Lack of seasonal pond drying at the refuge ponds may have reduced or
eliminated colonization and juvenile production by some species, and promoted itin

others. Pseudacris ornata seem to prefer to breed in newly-filled temporary ponds,
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and therefore may not have colonized the refuge ponds extensively. Lack of pond
drying may have hindered their reproductive success as well as that of Scaphiopus
holbrooki and Gastrophyne carolinensis, which also usually breed in newly-filled
ponds. The largest total numbers of frog and toad juveniles produced were in FY-
1985, the year that the liners were installed and the ponds began to hold water for
more than short periods, and FY-1988, the year that two of them were artificially
dried. Drying reduces the numbers of insect and salamander predators, and may
increase nutrients by allowing soil oxidation. On the other hand, Acris gryllus
prefers more permanent ponds and became more common at the refuge ponds than
at Rainbow Bay, which usually dries seasonally.

Refuge ponds should have a hydrologic cycle similar to that of the original
breeding site for maximal success. Ponds that hold water for a shorter or longer
period of time each year on the average, or dry more or less frequently than the
breeding site they replaced, might support a different amphibian community and a
lower density and diversity of amphibians (Scott et al. 1986). Our experience with
the DWPF refuge ponds has demonstrated that building a perched water table
system such as that found in Carolina bays (Schalles 1979) i< not an easy task. The
original pond design did not hold water well enough, but adding pond liners turned
them into permanent ponds. Future mitigation efforts should include attempts to
mimic more carefully the natural wetiand system through construction of larger
ponds, alteration of pond depth and configuration, and experimentation with other
types of drainage mechanisms. Such approaches must be coupled with continued
surveillance of amphibian colonization patterns, as well as the physical and
hydrologi~. aspects of the ponds, in order to evaluate the success of this type of
mitigation.

The refuge pond concept appears to have much potential for mitigating the
loss or degradation of amphibian breeding habitat on the SRS as well as at other
locations. However, results to date indicate that they may provide only partial

mitigation. Several species of amphibians that were formerly common at Sun Bay
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have not yet successfully colonized the refuge ponds, notably Ambystoma opacum
and Ambystoma tigrinum (Semlitsch 1983a). Breeding population sizes at Sun Bay of
these two unsuccessful salamander species were less than 100, compared to over
1000 for the successful salamanders, so we think that the probability that surviving
individuals would find and use the refuge ponds was simply much !ower. A few
Ambystoma tigrinum were caught at the refuge ponds, but we never got a male and
a female in the same pond at the same time. If mitigation was being undertaken
primarily for the benefit of a rare or endangered species, our results suggest that
there is no guarantee that they would become established in the new habitat.

Finally, community structure diverged among the three replicate ponds,
probably in part due to chance historical effects during initial colonization. Thus,
chance alone may result in the establishment of a different amphibian community in
artificial wetlands than that which was found in the one they replaced.

Building replacement wetlands as mitigation for the elimination or
degradation of natural wetlands is required in many areas under certain conditions.
However, there are very little data to indicate whether or not this is a useful exercise.
Studies such as ours will be useful to the Department of Energy as well as other

groups in planning how to better manage wetland ecosystems and minimize the

impacts of man upon them.
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IV. Declining Amphibian Populations: The Problem of Separating Human Impacts

from Natural Fluctuations

Joseph H. K. Pechmann, David E. Scott, Raymond D. Semlitsch*,
Janalee P. Caldwell*, Laurie J. Vitt*, and J. Whitfield Gibbons

INTRODUCTION

Evaluation of the reported declines of amphibian populations, some possibly to
extinction (1), has been hampered by the dearth of long-term census data on
amphibians. Conclusions of Naticnal Research Council workshop participants about
the status of amphibian populations (1) were based primarily on numerous
anecdotal observations. These observations have convinced many that there is a
general decline worldwide, although not all species and regions appear to be
affected (1, 2). In many individual cases, however, it may be difficult to distinguish

declines resulting from human activities from natural pepulation fluctuations

*Consulting authors: Raymond D. Semlitsch - Zoologisches Institut der Universitat
Zurich, Winterthurerstrasse 190, CH-8057, Zurich, Switzerland.

Laurie J. Vitt and Janalee P. Caldwell - Oklahoma Museum of Natural History and
Department of Zoology, University of Oklahoma, Norman, OK 73019.
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without long-term data on the natural variation in both real and apparent catchable
population sizes (2).

We have monitored amphibian populations at one ephemeral pond, Rainbow
Bay, continuously for the past 12 years, the period during which most of the
reported declines occurred (1). Although data from any one site cannot be
extrapolated to other sites, Rainbow Bay nonetheless provides an important test site
for the amphibian decline question because of the extensive data available. The
study illustrates how misinterpretations could be made at other locations with less

complete data, and the importance of knowing natural population dynamics to

interpret human impacts.

STUDY SITE AND METHODS

Rainbow Bay is a Carolina bay (3, 4) located on the U.S. Department of Energy's
780-km? Savannah River Site (4) in the upper coastal plain sandhills region in South
Carolina. The pond is approximately 1 ha with a maximum water depth of 1.04 m
and usually fills during the winter and dries each spring or summer (5). Rainbow Bay
and the adjacent terrestrial habitats were protected from most human impacts
during our 12-year study, but were altered in the past (6). Anthropogenic factors
have been implicated in many of the reported declines and extinctions of amphibian
populations, yet others have occurred in protected, seemingly pristine areas (1).
Thus, Rainbow Bay's current protected status does not make it an exception with
respect to its potential for amphibian declines.

Amphibians migrating to and from the pond have been censused since 21
September 1978 with use of a terrestrial drift fence with pitfall traps that completely
surrounds the pond (7). Traps are checked daily, and data to 31 August 1990 are
reported here. Upon capture, all amphibians are identified, marked by clipping toes,

and released on the opposite side of the fence from where captured.
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Five species of salamanders and 11 species of frogs and toads are known to
have bred a'g Rainbow Bay (5). We report data for Ambystoma opacum (marbled
salamander), A. talpoideum (mole salamander), A. tigri tum tigrinum (eastern tiger
salamander), and Pseudacris ornata (ornate chorus frog) These species were chosen
because demographic interpretation of the drift fence data is most straightforward
for them (8). The four are primarily terrestrial and fossorial except for the aquatic
larval stage (9). Reproductive A. opacum migrate to breeding ponds from
September to November, whereas breeding migrations of the other three species
occur primarily from November to March. Adults spend a few days to weeks at the
pond before returning to terrestrial habitats {(10). Juveniles metamorphose and
emigrate from the pond during the following spring and summer. Age at first
reproduction varies considerably, but some individuals of all four species reproduce
atone yearofage {11, 12, 13).

These species usually return to their natal pond to breed, i.e., they are
philopatric {13, 14). Four smaller breeding sites occur within 1 km of Rainbow Bay,
and low rates of dispersal connect populations of these species to form
metapooulations (15). Immigration and emigration are usually minor components
of the population dynamics of these philopatric species, but may be important in
long-term persistence (15).

Because individuals of the four species cannot trespass the drift fence, this
technique provides a nearly complete census of breeding adults and juvenile
recruitment. Terrestrial immatures and adults that skip breeding are not censused,
however. Breeding populations had approximately 1:1 or male-biased sex ratios
each year; therefore, only data for females are presented. We tested for evidence of

adecline in numbers of breeding females or of metamorphosing juveniles.
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) RESULTS

Female breeding population sizes fluctuated over three orders of magnitude
among years, and juvenile recruitment over five (Fig. IV-1). Each species was
common in some years but uncommon or absent in others. Year-to-year variation
and short-term trends make it difficult to discern long-term trends. Breeding
populations declined over some time periods, but increased over others (Fig. IV-1).
Fluctuations in breeding population sizes were not significantly correlated among
species (16).

Breeding population sizes vary more than adult population sizes. Adults
migrate to ponds only during warm night rains within their breeding season and
may skip breeding in years of low rainfall (13, 17). For example, breeding
populations of A. talpoideum, A. tigrinum, and P. ornata were reduced in the driest
years (1981, 1985, 1988, 1989; Figs. IV-1, IV-2A), relative to years that immediately
preceded or followed them, except for P. ornata in 1980 (Fig. IV-1; 11). We used
breeding season rainfall as a covariate to remove rainfall-related variance, and
tested for partial rank correlations of female breeding population sizes with year,
i.e., for trends over time (Fig. IV-1). T he only significant partial correlation with year
was for A. opacum, and this correlation was positive. No female A. opacum were
present the first 2 years, and only two during the third, but 594 females bred in 1990
(Fig. IV-1C). There was a significant correlation between the number of breeding

females and rainfall for A. talpoideum and A. tigrinum (Figs. IV-1, IV-2A).
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FIGURE LEGEND

Fig. IV-1. Female breeding population sizes (solid bars, left ordinates) and numbers
of metamorphosing juveniles (crosshatched bars, right ordinates) at Rainbow Bay
each year. Females that entered the pond from September to December were
counted with the following calendar year because they contributed to the following
year's cohort of juveniles. Kendall's partial rank correlation between the number of
breeding females and year, correcting for breeding season rainfall (Fig. IV-2A), was
calculated to test for population trends over time: A. opacum, tau-b = 0.85, P <
0.002; A. talpoideum, tau-b = 0.17, P = 0.46; A. tigrinum, tau-b = -0.40, P = 0.12;
P. ornata, tau-b = -0.16, P = 0.47; P values were calculated from the quantile
estimates of S. Maghsoodloo [/. Statist. Comput. Simul. 8, 155 (1975)], n = 11 for A.
opacum, n = 12 for others. Data for 1979 were eliminated for A. opacum because
rainfall data were incomplete. Kendall's rank correlations between the number of
breeding females and breeding season rainfall were: A. opacum, tau-b = 0.16,P =
0.48; A. talpoideum, tau-b = 0.52, P = 0.02; A. tigrinum, tau-b = 0.47, P = 0.03, P.
ornata, tau-b = 0.27,P = 0.22; n = 11 for A. opacum, n = 12 for others. Year and
breeding season rainfall were not significantly correlated; Kendall's rank
correlation: A. opacum, tad-b = -0.24, P = 0.31, n = 11, other species (Fig. IV-2A),
tau-b = -0.21,P =0.34,n = 12.
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Fig. IV-2A. Rainfall at Rainbow Bay during the November to March breeding
migration season of A. talpoideum, A. tigrinum, and P. ornata (solid bars, left
ordinate), with November and December included in the following calendar year,
and the number of days Rainbow Bay contained standing water each calendar year
until first drying (open bars, right ordinate). Rainfall and pond hydroperiod were

significantly correlated; Kendall's rank correlation: tau-b = 0.70, P = 0.002.

IV-2B. Rainfall at Blackville, SC, located 35 km east-northeast of Rainbow
Bay, from November to March as in IV-2A, 1931 to 1990 (compiled from data
provided by NOAA, National Climatic Data Center, Asheville, NC).



saason rainfall (mm)
g 8

=

Breeding

SFELELESELHS
Year

Figure IV-2A and 28B.

)]
N



Juvenile_recruitment of all species was episodic; thousands metamorphosed in
some years, few or none in others (Fig. IV-1). Recruitment per female was
significantly positively carrelated among species for four of six pairwise comparisons
(18). Successful recruitment characterized the first 6 years of the study, whereas
recruitment failures were far more frequent from 1985 to 1990. From 1979 to 1984,
one complete recruitment failure occurred for P. ornata (11), with two nearly
complete failures for A. tigrinum and one for A. talpoideum. In contrast, during the
last 6 years A. talpoideum and A. tigrinum had no recruitment in 5 years, and A.
opacum and P. ornata had none in 3 years.

Drought was largely responsible for these recruitment failures. Except for
1980, failures occurred in the 6 years in which Rainbow Bay held water for the fewest
number of days, five of which were in the last 6 years (Figs. IV-1 and IV-2A). In 1985
and 1989, the pond dried before any larvae had reached the minimum size for
metamorphosis (19), and in 1988 the pond never filled. Evaluation of partial
correlations between juvenile recruitment and year, to assess trends over time after
correcting for pond hydroperiod and the number of breeding females, was
precluded by correlations among the predictor variables (20). Consequently, we
calculated simple rank correlations between per capita recruitment and year for
each species. Only A. talpoideum showed a significant correlation, which was
negative, indicating a decline (22). These simple correlations are not very
informative, however, because of the confounding correlations and the large
number of zero recruitment years, which had tie ranks.

Pond hydroperiod was positively correlated with the breeding population sizes
of A. talpoideum, A. tigrinum, and P. ornata (23). These correlations suggest one
reason that these populations have persisted through frequent drought-related
recruitment failures. Breeding can be costly in terms of decreased adult survival (11,

13, 24). In dry years, females risk the mortality associated with breeding, yet all
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larvae perish from early pond drying. Selection may favor a tendency to breed in
wet years, with rainfall serving as one predictive cue related to pond hydroperiod.
Female breeding population sizes of A. talpoideum and A. tigrinum were correlated
with breeding season rainfall (Figs. IV-1, IV-2A), which in turn was correlated with
hydroperiod (Fig. IV-2A). In addition to the potential for selection, lack of rainfall
may reduce opportunities to migrate to breeding sites (17) and to forage, decreasing

energy stores available for egg production.

DISCUSSION

We conclude that there have been no declines in these four populations at
Rainbow Bay that cannot readily be explained as natural fluctuations related in part
to drought. Although one climate model predicts that increases in atmospheric
greenhouse gases will result in decreased rainfall in the southeastern United States
(25), we are not aware of any evidence that the droughts during our study had an
anthropogenic cause. Data from a nearby site show that similar dry periods have
occurred in the past, notably in the 1930's (Fig. IV-2B). Our results do suggest that
amphibian populations may be useful bioindicators of possible global climate
changes.

The fluctuations in our study populations were not controlled only by rainfall,
as predation, competition, disturbance (including drought), and other factors may
also influence the dynamics of amphibian populations (26, 27). For example, larvae
are more likely to attain the minimum size for metamorphosis before a pond dries if
larval densities are low or are reduced by predation (27). Intraspecific density-
dependence alone may cause wild or even chaotic population fluctuations in
amphibians, because of their high intrinsic rate of increase and the time lag between

recruitment and maturity (28). Population dynamics can be affected by factors in
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both the aquatic and terrestrial stages of the life cycle, but little is known about
factors affecting the terrestrial stage of pond breeding amphibians (29).

Our data illustrate some cautionary tales for evaluating declines in amphibian
populations. Many short-term or two-point subsets of our data easily might have
been interpreted as human-caused declines, whereas those same data were
interpreted as natural fluctuations in the context of the complete data set. For
example, the 30-fold decrease from 1983 to 1989 in the number of breeding female
P. ornata appears different by itself than following the general increase from 1980
to 1983 (Fig. IV-1D). Large populations may be more likely to be noticed or used by
researchers. Anecdotal data therefore may be biased towards observing peak
populations that eventually will decline, rather than the reverse.

Alternatively, one easily might mistake a true human-caused population
decline as a natural fluctuation, or natural fluctuations might mask a decline. For
example, if an unknown human impact had reduced juvenile recruitment at
Rainbow Bay over the last six years, we might not have detected it because of the
drought related decrease and high variance among years. The persistence of
populations despite frequent natural recruitment failures does not necessarily imply
that they would persist in the event of similar human caused mortality. Also, natural
fluctuations and anthropogenic effects acting together could result in local
extinction more easily than either alone. Habitat fragmentation may make
populations less resilient to natural downturns, for example.

The observation that animal population sizes, and especially juvenile
recruitment, can fluctuate by orders of magnitude is not new. The extent to which
amphibian populations can fluctuate has not been well documented, however
Hairston (30) concluded that fluctuations in salamander numbers are minor

compared to other groups of animals. This conclusion may have resulted from the

fact that researchers have not followed a variety of salamander populaticns for a
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sufficient time. Hairston cites Rainbow Bay data for A. tigrinum for 1979 to 1982
(24), and for A. talpoideurn from 1979 to 1984 (21). The additional data reported
here increase the variation in breeding female A. tigrinum from a factor of 5.5- to
90-fold, and that in breeding female A. ta/lpoideum from 12.4- to 30-fold. Only part
of this variation is in actual population sizes, because adults can skip breeding years.
If the annual variation in our data were due primarily to adults that skipped
breeding then our data would show that a putative decline could represent nothing
more than a catchability artifact. Many amphibian species can be observed easily
only at their breeding site, so this problem of interpretation may be a common one.

Fluctuations in breeding population sizes at Rainbow Bay were not
synchronous among species. Elsewhere, declining and stable species have been
observed to co occur, and sometimes are related phylogenetically (1). Together,
these observations suggest that using "indicator species" to assess amphibian
declines must be done carefully. In contrast, per capita recruitment was generally
synchronous among species at Rainbow Bay; recruitment increased in wet years.
This suggests that population increases or decreases may represent natural
fluctuations even when several species show similar trends.

Ambystoma opacum was not present at Rainbow Bay during the first 2 years of
the study (Fig. IV-1C). The regrowth of forests around Rainbow Bay over the last 37
years (6) may have permitted recent colonization or recolonization by A. opacum, a
woodland species. Alternatively, A. opacum occurred at Rainbow Bay in the recent
past, but reached a nadir as our study began, similar to A. tigrinum in 1988 and 1989.
At the extreme, local extinction may have occurred at this nadir, necessitating
recolonization from another pond.

Harte and Hoffman (31) provided some of the few published data on the
amphibian decline available for comparison with our results. A Colorado population

of A. tigrinum nebuiosum was censused from 1982 to 1988. During this period, the
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adult population declined while juvenile recruitment was episodic. These data bear
a striking resemblance to our data for the eastern subspecies over the same time
period (Fig. iV-1B). Harte and Hoffman noted that their census data could be
indicative of either natural fluctuations or egg mortality resulting from
anthropogenic acidification of ponds during snowmelt, and they presented
experimental evidence for the latter hypothesis (31).

The pH of Rainbow Bay was not measured until 1987; 1987 to 1991 pH
measurements varied from 5.3 to 6.1 (32), which is within the range that Harte and
Hoffman observed egg mortality in A. t. nebulosum. Itis unlikely, however, that the
population dynamics of A. t. tigrinum at Rainbow Bay were pH related. Carolina
bays are naturally acidic (median pH = 4.6, n = 49sites), in part because of dissolved
organic acids, and there has been no long-term decrease in pH at two Savannah
River Site bays sampled several times over the time period of our study (4, 33). We
have not observed high mortality or pH-related developmental abnormalities
described by Harte and Hoffman in A. t. tigrinum eggs at ponds with pH values
similar to Rainbow Bay's. There is also no seasonal snow melt to cause episodic
acidification at Rainbow Bay.

We conclude that there is no evidence that the declines in amphibian
populations observed in other locations have occurred in populations at Rainbow
Bay. Factors responsible for amphibian declines or extinctions elsewhere may not
have affected this relatively protected site. Understanding of the causes of declines
may be enhanced as much by a clear determination of which populations are not
affected as which are. Our data strongly support previous admonitions that it may
be difficult to distinguish natural population fluctuations from human caused
declines (2) and underscore the need for replicated long-term surveys at numerous

sites to separate the many confounding factors (1, 34).
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APPENDIX A
DWPF Water Quality Data

FY-1983 to FY-1990

(summarized by rainfall class and location)
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STDERROR MAXIMUM  MINIMUM
VARIABLE .  MEAN OF MEAN VALUE VALUE N
------------------------- NO RAINFALL FY-1983 UTR CK ABOVE --ceeceecesmsareammmenseneras
TSS 3.42 0.24 7.20 1.53 33
LTSS 1.44 0.05 210 0.93 33
TURB 6.00 2.00 8.00 4.00 2
LTURB 1.90 0.29 2.20 1.61 2
PTSASH 44.18 1.53 56.56 12.60 33
SCOND 26.44 1.04 35.29 15.25 26
LSCOND 3.29 0.04 3.59 2.79 26
------------------------- NORAINFALL FY-1983  TINKER CK c-esceecmrmresecmramecenceas
Tss 3.82 0.36 11.14 1.81 31
LTSS 1.51 0.06 2.50 1.03 31
TURB 1.00 1.00 1.00 3
LTURB 0.69 0.69 0.69 1
PTSASH 42.54 1.52 52.30 19.40 30
SCOND 49.55 2.04 68.64 32.81 25
LSCOND 3.90 0.04 424 3.52 25
---------- -NORAINFALL FY-1983  MCQUEENBR =c-eecemeeer

TSS 5.38 0.31 8.56 337 22
LTSS 1.83 0.05 2.26 1.47 22
TURB 5.00 0.00 5.00 5.00 2
LTURB 1.79 0.00 1.79 1.79 2
PTSASH 58.64 1.75 69.86 3411 22
SCOND 58.89 3.90 81.59 3238 15
LSCOND 4.06 0.07 4.21 351 15
reemeeeanemeemeaceee= NO RAINFALL  FY-1983  UTRCKMID, =seecesmemcamacemcmsanneees
TSS 404 0.42 8.58 2.02 17
LTSS 1.57 0.07 2.26 1.11 17
TURB 5.00 5.00 5.00 1
LTURB 1.79 1.79 1.79 1
PTSASH 47.39 1.13 52.67 36.60 15
SCOND 36.50 1.99 46.17 2311 13
LSCOND 3.61 0.06 3.85 318 13
. NO RAINFALL FY-1983 CROUCH BR  =escmsememrecmsmmamamenaccns
TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND
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STD ERROR  MAXIMUM MINIMUM

VARIABLE .  MEAN OF MEAN VALUE VALUE N
S NO RAINFALL FY-1983 UTR BR BELOW sceccmmramescencmceceacens
TSS 4.10 0.49 9.02 0.89 17
LTSS 156 0.09 230 0.64 17
TURB 5.00 5.00 5.00 1
LTURB 1.79 1.79 1.79 1
PTSASH 45.73 233 55.47 15.09 16
SCOND 36.60 2.05 47.33 2396 14
LSCOND 3.61 0.06 388 322 14
R NO RAINFALL FY-1984  UTR CK ABOVE «eseresecrmemsmermesememeneas
TS 3.14 0.31 6.35 1.79 20
LTSS 1.37 0.07 1.99 1,02 20
TURB 2.87 0.41 7.00 1.00 18
LTURB 127 0.09 2.08 0.69 18
PTSASH 3931 1.49 49.48 24.25 18
SCOND 13.14 219 3048 126 20
LSCOND 239 017 3.45 0.81 20
: NO RAINFALL FY-1984  TINKER CK -emecescmrascmrmermemmensacen
TSS 3.50 0.43 6.65 1.32 18
LTSS 1.43 0.09 2.04 0.84 18
TURB 4.62 1.54 27,00 1.00 16
LTURB 1.48 0.15 333 0.69 16
PTSASH 39.32 2.11 54.40 24.20 16
SCOND 13.96 2.10 3134 1,54 18
LSCOND 2.48 018 3.48 0.93 18
------------------------- NO RAINFALL FY-1984  MCQUEEN BR » -
TSS 2769 11.26 233.82 2.74 20
LTSS 275 0.22 5.46 1.32 20
TURB 41.67 2135 390.00 1.00 18
LTURB 2.66 034 5.97 0.69 18
PTSASH 7251 1.70 8502 58.12 18
SCOND 36.30 14.28 305.50 6.02 20
LSCOND 3.20 0.16 5.73 195 20
----- NO RAINFALL FY-1984  UTRCKMID. <scescecen-

TSS 4.77 0.84 9.52 2.01 10
LTSS 1.67 0.14 235 1.10 10
TURB 378 0.87 9.00 0.00 9
LTURB 1.40 0.23 230 0.00 9
PTSASH 45.02 215 53 11 38.71 9
SCOND 12.74 3.49 4018 1.50 10
LSCOND 2.52 0.24 3.72 0.91 10
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STD ERROR  MAXIMUM MINIMUM

VARIABLE .  MEAN OF MEAN VALUE VALUE N
NORAINFALL FY-1984  CROUCH BR -ceecereesemeememermeemenens
TS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

<~ NORAINFALL FY-1984 UTR BR BELOW --seneeeemessmmememennenne
Tss 4.95 0.75 8.82 2.86 10
LTSS 1.72 0.12 2.28 1.35 10
TURB 4.01 0.53 7.00 1.00 9
LTURB 1.56 0.12 208 0.69 9
PTSASH 42.90 277 58.28 34.38 9
SCOND 14.85 222 2932 1.49 10
LSCOND 2.62 0.21 3.41 0.91 10

cee-- NORAINFALL FY-1985 UTR CK ABOVE ---
TsS 6.83 1.57 24.90 1.30 16
LTSS 1.83 0.17 325 0383 16
TURB 3.43 0.63 11.50 1.50 16
LTURB 1.40 0.11 253 092 16
PTSASH 42.55 3.45 57.00 12.87 16
SCOND 19.71 1.64 39.37 11.85 15
LSCOND 3.00 0.07 3.70 255 15
NORAINFALL FY-1985  TINKER CK N

TSS 684 1.40 27.60 1.40 19
LTSS 1.86 0.14 335 0.88 19
TURB 3.72 0.54 10.80 1.20 19
LTURB 1.45 0.10 2.47 079 19
PTSASH 48.20 1.71 59.00 32.77 19
SCOND 25.97 2.41 34.97 5.93 14
LSCOND 321 0.13 358 194 14
NORAINFALL FY-1985  MCQUEEN BR =ce-eem-
TSS 8.13 0.83 12.18 470 11
LTSS 217 0.09 258 1.74 11
TURB 12.43 277 32.00 5.20 11
LTURB 2.44 0.16 3.50 1.82 11
PTSASH 69.84 1.62 7930 60.73 11
SCOND 58.18 8.88 121.23 22.73 10
LSCOND 3.99 0.14 4.81 317 10

76



---- NO RAINFALL FY-1985

VARIABLE - MEAN
TSS 6.49
LTSS 1.94
TURB 3.92
LTURB 1.55
PTSASH 48.33
SCOND 19.45
LSCOND 3.01
TSS 35.00
LTSS 3.34
TURB 79.77
LTURB 4.06
PTSASH 85.43
SCOND 75.26
LSCOND 4.36
1SS 5.79
LTSS 1.86
TURB 421
LTURB 1.60
PTSASH 50.19
SCOND 20.79
LSCOND 3.07
TSS 8.93
LTSS 2.01
TURB 403
LTURB 1.45
PTSASH 54.76
SCOND 16.99
LSCOND 2.89
TSS 6.37
LTSS 1.82
TURB 3.22
LTURB 1.36
PTSASH 50.28
SCOND 33.21
LSCOND 3.53

STD ERROR

OF MEAN

NO RAINFALL FY-1985

0.99
0.13
0.53
0.10
3.14
0.84
0.05

17.71
0.48
45.59
0.57
1.50
8.21
0.1

NO RAINFALL FY-1985

NO RAINFALL FY-1986

2.39
0.16
0.96
0.12
1.21
0.39
0.02

NO RAINFALL FY-1986

1.38
0.14
0.49
0.10

1.
1.
0.

) - O

A,

(o X o }Ve]

[V
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MAXIMUM
VALUE

UTR CK MID.

12.00
2.64
6.90
2.07

57.00

21.93
3.13

CROUCH BR

70.00
4.26
170.00
5.14
88.40
92.26
4.54

UTR BR BELOW

9.50
2.35
7.80
2.17
58.00
24.87
3.25

UTR CK ABOVE

43.90
3.80
19.00
2.99
66.70
20.30
3.06

TINKER CK

25.60

3.28

9.70
2.37
56.70

41.70

3.75

MINIMUM
VALUE N
2.60 10
1.28 10
2.10 10
1.13 10
25.09 10
13.76 9
2.69 9
12.80 3
2.62 3
23.30 3
3.19 3
83.60 3
63.83 3
417 3
3.10 10
1.41 10
2.60 10
1.28 10
43.80 10
14.90 9
2.77 9
2.90 18
1.36 18
1.30 18
0.83 18
44.80 18
14.40 18
2.73 18
2.20 17
1.16 17
0.90 17
0.64 17
30.30 17
26.70 17
3.32 17



W

STDERROR MAXIMUM MINIMUM
VARIABLE _ MEAN OF MEAN VALUE VALUE N

- NO RAINFALL FY-1986 MCQUEEN BR  --eecevcccemccamnnnccacnnnnns

TSS 16.02 3.57 35.50 5.10 9
LTSS 2.67 0.20 3.60 1.81 9
TURB 19.89 6.20 56.00 6.40 9
LTURB 2.71 0.28 4.04 2.00 9
PTSASH 78.86 2.37 89.00 65.70 9
SCOND 85.50 9.91 133.20 54.00 9
LSCOND 4.41 0.11 4.90 4.01 9
- NO RAINFALL FY-1986 UTRCKMID. e-secmcoccsmcmmomcceanncnnnn.
TSS 8.33 2.09 19.20 3.10 8
LTSS 2.07 0.21 3.01 1.41 8
TURB 4.72 1.17 13.00 1.40 9
LTURB 1.61 0.18 2.64 0.88 9
PTSASH 55.48 2.68 68.40 44 .40 8
SCOND 23.82 1.00 30.00 20.80 9
LSCOND 3.21 0.04 3.43 3.08 9
NO RAINFALL FY-1986 CROUCH BR
TSS 105.13 27.51 217.10 16.10 9
LTSS 4.28 0.34 5.38 2.84 9
TURB 177.28 46.07 365.00 19.00 9
LTURB 4.79 0.35 5.90 2.99 9
PTSASH 86.40 1.67 90.00 76.40 9
SCOND 97.33 4.85 125.20 76.70 9
LSCOND 458 0.05 484 435 9
----- NO RAINFALL FY-1986 UTRBRBELOW ---e-ececccemcccecccnncnnan..
TSS 7.04 1.33 14.30 3.30 9
LTSS 1.99 0.15 2.73 1.46 9
TURB 4.60 1.09 12.00 2.20 9
LTURB 1.61 0.16 2.56 1.16 S
PTSAS!! 54.24 2.59 72.10 45.30 9
SCOND 24.68 1.24 33.20 21.70 9
LSCOND 3.24 0.04 3.53 3.12 9
NO RAINFALL £Y-1987 UTR CK ABOVE

TSS 5.00 0.61 7.80 3.20 8
LTSS 1.76 0.10 2.17 1.44 8
TURB 2.70 0.77 7.30 0.90 8
LTURB 1.19 0.18 2.12 0.64 8
PTSASH 52.68 1.67 61.50 45.50 8
SCOND 16.85 0.93 21.70 14.60 8
LSCOND 2.87 0.05 3.12 2.75 8
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STD ERROR
VARIABLE MEAN OF MEAN
NO RAINFALL FY-1987
TSS 4.36 0.45
LTSS 1.65 0.08
TURB 2.21 0.29
LTURB 1.14 0.10
PTSASH 51.21 1.90
SCOND 28.86 1.55
LSCOND 3.39 0.05
= NO RAINFALL FY-1987
TSS 11.13 2.36
LTSS 2.37 0.19
TURB 14.13 4.86
LTURB 2.41 0.28
PTSASH 80.60 1.96
SCOND 68.90 6.73
LSCOND 4.21 0.10
NO RAINFALL FY-1987
TSS 5.20 0.74
LTSS 1.80 0.12
TURB 2.98 0.89
LTURB 1.31 0.22
PTSASH 57.38 1.42
SCOND 22.60 1.07
LSCOND 3.16 0.05
----- NO RAINFALL FY-1987
TSS 91.50 50.12
LTSS 3.91 0.96
TURB 179.50 95.58
LTURB 444 1.1
PTSASH 86.17 4.29
SCOND 96.57 3.44
LSCOND 4.58 0.04
NO RAINFALL FY-1087
TSS 7.75 2.72
LTSS 2.05 0.26
TURB 3.60 1.10
LTURB 1.43 0.25
PTSASH 55.57 4.07
SCOND 23.05 0.74
LSCOND 3.18 0.03
79

MAXIMUM  MINIMUM
VALUE VALUE N
LT Yol e —
6.10 2.80 8
1.96 1.34 8
3.40 1.00 8
1.48 0.69 8
58.30 42.90 8
35.50 24.30 8
3.59 3.23 8
MCQUEEN BR =--mesmmeennmes -
22.00 4.30 8
3.14 1.67 8
40.50 3.20 8
3.73 1.44 8
85.00 70.00 8
101.50 45.90 8
4.63 3.85 8
UTR CK MID. S— .
6.80 3.70 4
2.05 1.55 4
5.40 1.30 4
1.86 0.83 4
60.00 54.10 4
24.70 20.10 4
3.25 3.05 4
(0 ]V [alx I : 1 JES——
180.20 6.70 3
5.20 2.04 3
350.00 8.50 3
5.86 2.25 3
90.80 77.60 3
102.40 90.50 3
4.64 4.52 3
UTR BR BELOW -
15.90 4.70 4
2.83 1.74 4
6.10 1.60 4
1.96 0.96 4
63.50 50.00 3
25.10 21.60 4
3.26 3.12 a



STDERROR  MAXIMUM  MINIMUM
VARIABLE _  MEAN OF MEAN VALUE VALUE N
------ NO RAINFALL FY-1988  UTR CK ABOVE --ereeeesermmemeeaneannnes
TSS 4.27 0.86 7.90 2.10 6
LTSS 1.60 0.16 2.19 1.13 6
TURB 1.37 0.23 2.20 0.70 6
LTURB 0.84 0.10 1.16 0.53 6
PTSASH 53.30 1.40 57.40 47.60 6
SCOND 14.70 0.33 16.10 14.00 6
LSCOND 2.75 0.02 2.84 2.71 6

------ NO RAINFALL FY-1988  TINKER CK reeeeeemeemmmemmesmeennnnns

TSS 7.82 2.30 17.50 2.50 6
LTSS 2.01 0.25 2.92 1.25 6
TURB 2.63 0.59 4.50 0.80 6
LTURB 1.21 0.18 1.70 0.59 6
PTSASH 57.08 2.99 71.70 52.00 6
SCOND 31.82 1.53 36.10 27.70 6
LSCOND 3.49 0.05 3.61 3.36 6
------------------------- NORAINFALL FY-1988 MCQUEEN BR .-

TSS 5.80 1.36 10.30 2.10 6
LTSS 1.82 0.20 2.42 1.13 6
TURB 6.90 3.02 21.10 1.70 6
LTURB 1.77 0.32 3.09 0.99 6
PTSASH 75.37 3.14 85.40 66.70 6
SCOND 137.72 46.21 349.00 58.10 6
LSCOND 4.71 0.28 5.86 4.08 6
------------------------- NORAINFALL FY-1988 UTRCKMID. =reeeeccmcescseecmssnneesnnes
TSS 5.73 1.27 7.60 3.30 3
LTSS 1.87 0.21 2.15 1.46 3
TURB 2.00 0.51 2.70 1.00 3
LTURB 1.07 0.19 1.31 0.69 3
PTSASH 48.07 7.38 55.60 33.30 3
SCOND 20.80 1.07 22.90 19.40 3
LSCOND 3.08 0.05 3.17 3.01 3
------------------------ NORAINFALL FY-1988 CROUCH BR . .

TSS 13.60 4.17 18.40 5.30 3
LTSS 2.57 0.36 2.97 1.84 3
TURB 21.37 8.64 36.00 6.10 3
LTURB 2.90 0.49 3.61 1.96 3
PTSASH 78.10 2.42 81.90 73.60 3
SCOND 106.30 12.23 120.00 81.90 3
LSCOND 4.66 0.12 4.80 4.42 3

P A
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STD ERROR MAXIMUM MINIMUM

VARIABLE . MEAN OF MEAN VALUE VALUE N
- NO RAINFALL FY-1988 UTRBRBELOW -oceeeccmmcccmancaaaneeeee
TSS 543 0.87 6.50 3.70 3
LTSS 1.84 0.15 2.01 1.55 3
TURB 1.90 0.47 2.60 1.00 3
LTURB 1.04 0.18 1.28 0.69 3
PTSASH 53.80 2.66 57.40 48.60 3
SCOND 21.47 1.08 23.50 19.80 3
LSCOND 3.1 0.05 3.20 3.03 3

-eeeemueee- NO RAINFALL  FY-1989 UTRCKABOVE ---- -
TSS 3.60 0.43 4.50 2.10

6
LTSS 1.50 0.10 1.70 1.13 6
TURB 0.73 0.26 2.00 0.32 6
LTURB 0.50 0.13 1.10 0.28 6
PTSASH 49.87 1.7 57.50 46.50 6
SCOND 14.92 0.33 16.40 14.20 6
LSCOND 2.77 0.02 2.86 2.72 6
meeemeeseseceesseccasane NO RAINFALL FY-1989 TINKER CK  caemceuecsmamnccnaaananaeee
TSS 5.67 1.63 12.50 1.90 6
LTSS 1.76 0.23 2.60 1.06 6
TURB 1.63 0.55 3.30 0.38 6
LTURB 0.85 0.21 1.46 0.32 6
PTSASH 52.52 2.48 60.00 43.2 6
SCOND 30.68 1.44 34.80 27.10 6
LSCOND 3.45 0.05 3.58 334 6
------------------------- NO RAINFALL FY-1989  MCQUEEN BR -=-=o-cemccmcemnemacaacaneee
TSS 5.25 1.13 9.10 2.60 6
LTSS 1.75 C.18 2.31 1.28 6
TURB 6.90 2.41 18.00 2.00 6
LTURB 1.87 0.27 294 1.10 6
PTSASH 76.90 2.04 83.50 73.00 6
SCOND 92.83 24.14 180.00 41.20 6
LSCOND 4.39 0.24 5.20 3.74 6

NO RAINFALL  FY-1989  UTR CKMID. - -

TSS 423 0.94 6.00 2.80 3
LTSS 1.62 0.18 1.95 1.34 3
TURB 1.07 0.57 2.20 0.40 3
LTURB 0.66 0.26 1.16 0.34 3
PTSASH 53.03 0.67 53.80 51.70 3
SCOND 22.17 1.62 25.40 20.50 3
LSCOND 3.14 0.07 3.27 3.07 3
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STD ERROR
VARIABLE .  MEAN OF MEAN
NO RAINFALL FY-1989
Tss 32.93 14.33
LTSS 3.22 0.63
TURB 66.63 30.87
LTURB 3.73 0.84
PTSASH 86.13 1.88
SCOND 99.60 433
LSCOND 4.61 0.04
...... -NORAINFALL FY-1989
Tss 5.33 1.39
LTSS 1.79 0.25
TURB 1.48 0.92
LTURB 0.78 0.34
PTSASH 58.80 3.05
SCOND 23.17 172
LSCOND 318 0.07
-~ NORAINFALL  FY-1990
Tss 4.85 0.49
LTSS 1.75 0.09
TURB 1.03 0.19
LTURB 0.69 009
PTSASH 55.92 1.24
SCOND 15.30 0.35
LSCOND 279 0.02
R NO RAINFALL  FY-1990
TSs 993 0.93
LTSS 237 0.09
TURB 232 0.32
LTURB 117 0.13
PTSASH 52.18 2.74
SCOND 32.28 172
LSCOND 3.50 0.05
....................... NORAINFALL  FY-1990
TS 3.92 0.48
LTSS 1.57 0.09
TURB 3.02 0.31
LTURB 1.38 0.08
PTSASH 7558 1.75
SCOND 54.82 4.54
LSCOND 401 0.08
82

MAXIMUM MINIMUM

VALUE VALUE N

CROUCH BR  -e--ssecmssscmcemecenenneee
55.40 6.30 3
4.03 1.99 3
110.00 6.90 3
4.71 2.07 3
88.80 82.50 3
107.00 92.00 3
4.68 4.53 3

UTR BRBELOW =-snememmcmseseencmmmnenaeae
7.40 2.70 3
2.13 1.31 3
3.30 0.43 3
1.46 0.36 3
64.90 55.60 3
26.60 21.30 3
3.32 3.10 3
UTR CK ABOVE
6.40 3.30 6
2.00 1.46 6
1.60 0.52 6
0.96 0.42 6
60.90 52.40 6
16.40 14.40 6
2.86 2.73 6
LR [NT 4 Y o —————
12.20 6.40 6
2.58 2.00 6
2.80 0.72 6
1.34 0.54 6
56.70 39.30 6
39.30 27.70 6
3.70 3.36 6
MCQUEENBR ----

5.90 2.50 6
1.93 1.25 6
4.20 2.00 6
"1.65 1.10 6
81.80 70.50 6
75.10 45.40 6
4.33 3.84 6



1T

l«
A Y

il

J [ ‘.«;\,\N.

STD ERROR  MAXIMUM MINIMUM

VARIABLE - MEAN OF MEAN VALUE VALUE N

--NORAINFALL FY-1990 UTRCKMID. =eme-socccmememsenmonooncnans
TSS 6.87 0.44 7.40 6.00 3
LTSS 2.06 0.06 2.12 1.95 3
TURB 1.68 0.42 2.20 0.84 3
LTURB 0.96 0.17 1.16 0.61 3
PTSASH 55.13 1.51 58.10 53.20 3
SCOND 20.73 0.63 21.60 19.50 3
LSCOND 3.08 0.03 3.12 3.02 3
------------------------- NO RAINFALL FY-1990 CROUCH BR ----see-ccocommcmonennnannne-
TSS 27.00 15.82 58.50 8.70 3
LTSS 3.02 0.55 4.09 2.27 3
TURB 29.97 14.76 55.00 3.90 3
LTURB 3.02 0.74 4.02 1.59 3
PTSASH 74.13 5.48 80.30 63.20 3
SCOND 130.63 42.14 212.00 70.90 3
LSCOND 478 0.32 5.36 4.26 3

—e-n -NORAINFALL FY-1990 UTRBRBELOW ---eecoceeccnmoomencacnnnoan-
TSS 8.47 1.82 12.10 6.60 3
LTSS 2.21 0.18 2.57 2.03 3
TURB 1.26 0.47 2.20 0. 3
LTURB 0.78 0.20 1.16 0.54 3
PTSASH 57.23 0.67 58.50 56.20 3
SCOND 21.77 0.54 22.40 20.70 3
LSCOND 3.12 0.02 3.15 3.08 3
------------------------- LOW RAINFALL FY-1983 UTR CK ABOVE -----eneecmcmomemnennoocacess
TSS 4.85 0.4 6.97 2.86 10
LTSS 1.74 0.07 2.08 1.35 10
TURB -- - -- - 0
LTURB -- -- -- -- 0
PTSASH 47.73 5.67 72.64 15.38 8
SCOND 23.84 3.06 34.49 14.19 8
LSCOND 3.16 0.13 3.57 2.72 8
LOW RAINFALL FY-1983 TINKER CK -
TSS 5.20 0.63 7.41 2.45 8
LTSS 1.78 0.11 2.13 1.24 8
TURB - -- -- - 0
LTURB - - - -~ 0
PTSASH 42.14 3.16 54.67 30.42 7
SCOND 38.99 498 57.31 19.61 7
LSCOND 3.64 0.14 4.07 3.03 7
83



STD ERROR
VARIABLE MEAN OF MEAN
LOW RAINFALL  FY-1983
TSS 6.93 0.75
LTSS 2.04 0.10
TURB . -
LTURB - .
PTSASH 61.00 3.19
SCOND 50.07 5.96
LSCOND 391 0.11
------------------------- LOW RAINFALL  FY-1983
TS 6.16 0.76
LTSS 1.94 0.11
TURB . -
LTURB . .
PTSASH 43.81 3.16
SCOND 33.02 3.60
LSCOND 351 0.10
LOWRAINFALL  FY-1983
TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND
------------------------- LOW RAINFALL
TSS 615 0.73
LTSS 194 0.11
TURB - -
LTURB - .
PTSASH 44.41 1.73
SCOND 32.64 4.63
LSCOND 3.49 0.13
: -- LOW RAINFALL
TSS 6.30 0.37
LTSS 1.99 0.05
TURB 3.45 0.85
LTURB 1.47 0.19
PTSASH 4392 0.07
SCOND 12.88 0.25
LSCOND 2,63 002
84

FY-1983 UTRBRBELOW

FY-1984 UTR CKABOVE ---

MAXIMUM
VALUE

MCQUEEN BR

8.97
2.30

69.10
70.36
427

UTR CK MID.

8.02
2.20

49.73
42.26
377

CROUCH BR

8.02
2.20

49.35
4.
3.82

6.66
2.04
4.30
1.67
43.99
13.13
2.65

MINIMUM

VALUE

5.93
1.94
2.60
1.28
43.84
12.62
2.61

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

NNNNNNN

®



VARIABLE -

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

SCOND

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

STD ERROR MAXIMUM

MEAN OF MEAN VALUE
LOW RAINFALL FY-1984  TINKER CK

9.47 0.73 10.19

2.35 0.07 2.42

5.10 0.50 5.60

1.80 0.08 1.89
47.48 2.86 50.34
17.59 496 22.54

2.89 0.27 3.16
LOW RAINFALL  FY-1984 MCQUEEN BR
16.91 0.27 17.18

2.89 0.02 2.90
19.00 1.00 20.00

2.99 0.05 3.04
69.40 0.89 70.28
22.68 443 27.12

3.15 0.19 3.34
LOW RAINFALL FY-1984 UTR CKMID.
10.51 -- 10.51

244 -- 2.44

5.20 - 5.20

1.82 - 1.82
52.33 - 52.33

6.51 - 6.51

2.02 - 2.02

FY-1984 CROUCHBR

LOW RAINFALL

LOW RAINFALL

9.64
2.36
5.80
1.92
52.28
5.40
1.86

FY-1984 UTRBRBELOW

- 9.64
-- 2.36
- 5.80
-- 1.92
-- 52.28
- 5.40
1.86

85

MINIMUM
VALUE N

10.51 1
244 1
5.20 1
1.82 1

52.33 1

1
1

9.64 1
2.36 1
5.80 1
1.92 1
52.28 1
5.40 1
1.86 1



STD ERROR
VARIABLE MEAN OF MEAN
LOW RAINFALL FY-1985
Tss 4.73 0.92
LTSS 172 018
TURB 3.80 0.42
LTURB 1.56 0.09
PTSASH 65.47 8.29
SCOND 17.86 0.49
LSCOND 294 0.03
------------------------- LOWRAINFALL  FY-1985
TSS 6.90 1.51
LTSS 2.00 023
TURB 4.43 032
LTURB 1.69 0.06
PTSASH 61.40 9.23
SCOND 32.93 2.08
LSCOND 3,52 0.06
i LOW RAINFALL  FY-1985
TSS 34.75 18.75
LTSS 3.42 0,58
TURB 33,60 11.60
LTURB 348 035
PTSASH 75.65 375
SCOND 68.55 2514
LSCOND 4.17 038
------------------------- LOW RAINFALL FY-1985
TSS 705 2.15
LTSS 2.05 0.27
TURB 4.70 0.70
LTURB 1.73 0.12
PTSASH 64.35 13.25
SCOND 20.46 073
LSCOND 3.07 0.03
- LOWRAINFALL  FY-1985
TSS 65.30 -

LTSS 419 .

TURB 158.00 -
LTURB 5.07 .
PTSASH 86.70 -

SCOND 78.71 .
LSCOND 4.38 -

86

MAXIMUM
VALUE

UTR CK ABOVE

5.70
1.90
4.40
1.69
75.90
19.15
3.00

TINKER CK

10.10
2.41
5.30
1.84

86.20

36.84
3.63

MCQUEEN BR

53.50
4.00
45.20
3.83
79.40
93.69
455

UTR CK MID.

9.20
2.32
5.40
1.86
77.60
21.19
3.10

CROUCH BR

65.30
4.19
158.00
5.07
86.70
78.71
4.38

MINIMUM
VALUE

51.10
19.73
3.03

65.30
4.19
158.00
5.07
86.70
78.71
4.38

@



STD ERROR

VARIABLE MEAN
----- LOW RAINFALL
TSS 6.55
LTSS 1.96
TURB 5.75
LTURB 1.89
PTSASH 62.75
SCOND 24.74
LSCOND 3.25
LOW RAINFALL
TS 10.10
LTSS 2.41
TURB 5.90
LTURB 1.92
PTSASH 57.00
SCOND 15.75
LSCOND 2.82
------------------------- LOW RAINFALL
TSS 12.50
LTSS 258
TURB 4.75
LTURB 1.75
PTSASH 50.80
SCOND 30.40
LSCOND 3.45
— -- LOW RAINFALL
TSS 46.40
LTSS 3.86
TURB 79.00
LTURB 4.38
PTSASH 88.40
SCOND 66.60
LSCOND 4.21
LOW RAINFALL
TSS 13.90
LTSS 2.70
TURB 5.10
LTURB 1.81
PTSASH 54.70
SCOND 22.10
LSCOND 314

OF MEAN
FY-1985 UTRBRBELOW

2.25
0.31
1.25
0.19
11.65
1.05
0.04

FY-1986 UTRCKABOVE

0.30
0.03
0.90
0.13
2.20
0.15
0.01

FY-1986
0

~~00O0Ww
RO =N =
oowunw

0.05

FY-1986 MCQUEEN BR

FY-1986

87

MAXIMUM
VALUE

8.80
2.28
7.00
2.08
74.40
25.79
3.29

10.40
243
6.80
2.05

59.20

15.90
2.83

TINKER CK

15.60
2.81
4.90
1.77

52.60

32.00
3.50

46.40
3.86
79.00
4.38
38.40
66.60
4.21

UTR CKMID.

13.90
2.70
5.10
1.81

54.70

22.10
3.14

MINIMUM

VALUE

13.90
2.70
5.10
1.81

54.70

22.10
3.14



VARIABLE

STDERROR MAXIMUM MINIMUM

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

TSS
LTSS
TURB
LTURSB
PTSASH
SCOND
LSCOND

TSS

LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND

MEAN OF MEAN VALUE VALUE N
LOWRAINFALL  FY-1986 CROUCH BR seeceeemerssrmemsememesenes
62.50 . 62.50 62.50 1

415 . 415 415 1
110.00 - 110.00 110,00 1
471 . 471 471 1
86.20 - 86.20 86.20 1
104,60 N 104.60 104.60 1
466 - 4.66 466 1
LOWRAINFALL  FY-1986 UTR BR BELOW -sceeceemmeaecneece
14.80 - 14.80 14.80 1
276 - 276 276 1
5.70 - 5.70 5.70 1
1.90 - 1.90 1.90 1
54.10 . 54.10 54.10 1
2250 . 32.50 2250 1
316 . 3.6 316 1
LOW RAINFALL FY-1987 UTR CK ABOVE -esemeremeen-
5.95 0.75 8.80 3.10 8
1.89 0.12 2.28 141 8
236 025 3.40 1.20 8
119 0.08 1.48 0.79 8
53.51 1.63 59.60 4520 8
15.49 0.39 17.20 13.90 8
2.80 0.02 2,90 2.70 8
LOWRAINFALL  FY-1987 TINKER CK  seescseesseescmemememseamens
813 1.52 15.00 2.10 8
2,09 0.20 277 113 8
274 0.28 3.90 1,50 8
130 0.08 1.59 0.92 8
50.23 0.96 54.70 46.90 8
2838 1.29 35.70 24.40 8
3.37 0.04 3.60 323 8

LOWRAINFALL  FY-1987 MCQUEEN BR

28.67 12.24 95.10 6.80 7

2.95 037 457 2.05 7

4581 2271 165.00 4.40 7

3.06 052 5.11 169 7

84 46 315 97.20 75.30 7

64.83 7.92 93.10 39.80 7

414 0.13 454 371 7
88




VARIABLE

STD ERROR

MEAN

TSS 8.13
LTSS 2.15
TURB 333
LTURB 1.43
PTSASH 55.65
SCOND 22.35
LSCOND 3.15
LOW RAINFALL
TSS 43.23
LTSS 3.55
TURB 81.00
LTURB 4.14
PTSASH 87.33
SCOND 89.20
LSCOND 4.48
------------------------- LOW RAINFALL
TSS 8.45
LTSS 2.19
TURB 3.55
LTURB 1.47
PTSASH 58.65
SCOND 22.30
LSCOND 3.15
-- --------- LOW RAINFALL
TSS 451
LTSS 1.69
TURB 2.00
LTURB 1.07
PTSASH 55.64
SCOND 15.94
LSCOND 2.83
--- LOW RAINFALL
1SS 5.49
LTSS 1.81
TURB 2.10
LTURB 1.12
PTSASH 52.25
SCOND 30.48
LSCOND 3.44

OF MEAN
“-en LOW RAINFALL

FY-1987

=000 =

77
21
.66
15
33
1.08
0.05
FY-1987

15.74
0.42

31.75

0.44
2.24
9.94
0.12

FY-1987 UTRBRBELOW

1.64
0.21
0.81
0.16
0.57
1.05
0.04

FY-1988 UTR CK ABOVE

0.40
0.07
0.30
0.09
1.57
0.60
0.03

FY-1988

0.78
0.14
0.19
0.06
0.85
1.34
0.04

89

MAXIMUM
VALUE

UTR CK MID.

12.00
2.56
5.10
1.81

57.40

25.20
3.27

CROUCH BR

80.70
4.40
165.00
5.11

92.90

108.60
4.70

11.50
2.53
5.90
1.93

59.50

25.40
3.27

6.70
2.04
3.90
1.59
64.20
19.40
3.02

TINKER CK

8.40
2.24
2.90
1.36
55.50
37.40
3.65

MINIMUM

VALUE

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

N N N Y N

N N N

N
—-O

~N S
WoOhRO =~
WN =0
ooooogoo

©0 00 00 00 00 00 0O



STD ERROR MAXIMUM MINIMUM
VARIABLE - MEAN OF MEAN VALUE VALUE N
LOW RAINFALL  FY-1988 MCQUEENBR -----ececmmcemmmncccnnannn.
TSS 87.18 41.82 331.20 4.80 8
LTSS 3.63 0.51 5.81 1.76 8
TURB 128.86 61.45 495.00 3.20 8
LTURB 3.89 0.59 6.21 1.44 8
PTSASH 85.91 1.48 91.10 79.20 8
SCOND 192.93 58.20 510.00 50.30 8
LSCOND 495 0.30 6.24 3.94 8
------------------------- LOW RAINFALL FY-1988 UTR CK MID.
TSS 5.38 0.51 6.70 4.30 4
LTSS 1.84 0.08 2.04 1.67 4
TURB 2.58 0.50 4.00 1.70 4
LTURB 1.25 0.13 1.61 0.99 4
PTSASH 57.05 244 64.20 53.50 4
SCOND 22.13 0.53 23.70 21.50 4
LSCOND 3.14 0.02 3.21 3.1 4
LOW RAINFALL  FY-1988 CROUCHBR
TSS 96.50 35.53 167.50 8.40 4
LTSS 415 0.66 5.13 224 4
TURB 175.65 66.18 300.00 8.60 4
LTURB 460 0.80 571 2.26 4
PTSASH 88.45 1.73 90.70 83.30 4
SCOND 117.60 5.41 127.00 102.00 4
LSCOND 477 0.05 4.85 463 4
LOW RAINFALL FY-1988 UTRBRBELOW -
TSS 5.55 0.54 6.70 4.10 4
LTSS 1.87 0.09 2.04 1.63 4
TURB 2.58 0.45 3.70 1.80 4
LTURB 1.25 0.12 1.55 1.03 4
PTSASH 59.10 1.56 62.70 56.10 4
SCOND 2293 0.43 24.20 22.30 4
LSCOND 3.17 0.02 3.23 ~.15 4
LOW RAINFALL FY-1989 UTR CK ABOVE a=-
TSS 3FC 0.38 5.90 2.30 8
LTSS v 20 0.08 1.93 1.19 8
TURB £.59 0.12 1.40 0.36 8
LTURB - 0.45 0.06 0.88 0.31 8
PTSASH 52.21 0.92 56.90 48.50 8
SCOND 16.15 0.29 17.20 15.10 8
LSCOND 2.84 002 2.90 2.78 8
90



FY-1989 MCQUEEN BR

FY-1989 UTRBRBELOW

STD ERROR
VARIABLE - MEAN OF MEAN
--e- - LOW RAINFALL FY-1989
TSS 8.23 3.51
LTSS 194 0.24
TURB 5.41 4.38
LTURB 1.01 0.39
PTSASH 52.94 2.03
SCOND 33.33 1.15
LSCOND 3.53 0.03
- LOW RAINFALL
TSS 23.78 7.01
LTSS 2.91 0.31
TURB 40.80 12.11
LTURB 3.35 0.37
PTSASH 85.01 1.42
SCOND 60.84 2.36
LSCOND 4.12 0.04
--e LOW RAINFALL FY-1989
TSS 4.55 0.81
LTSS 1.68 0.14
TURB 1.12 0.56
LTURB 0.66 0.23
PTSASH 52.88 2.52
SCOND 23.48 0.45
LSCOND 3.20 0.02
--- LOW RAINFALL  FY-1989
TSS 79.73 39.19
LTSS 3.95 0.57
TURB 148.75 70.35
LTURB 4.58 0.56
PTSASH 86.48 2.53
SCOND 116.75 7.51
LSCOND 4.76 0.06
LOW RAINFALL
TSS 493 0.68
LTSS 1.76 0.12
TURB 1.39 0.77
LTURB 0.74 0.27
PTSASH 57.03 1.66
SCOND 24.18 0.45
LSCOND 3.23 0.02

91

MAXIMUM
VALUE

TINKER CK

32.50
3.51
36.00
3.61
61.50
37.50
3.65

64.10
418
110.00
4.71
88.50
75.70
434

UTR CK MID.

6.90
2.07
2.80
1.34
59.60
24.60
3.24

CROUCH BR

183.20
5.22
330.00
5.80
90.80
135.00
491

6.60
2.03
3.70
1.55
61.90
25.00
3.26

MINIMUM
VALUE

N D
WOHOO =W
HbOWWH N
oooa\wgo

1.61
4.00
1.61
76.10
53.50
4.00

00 G0 00 00 00 00 00

©0 00 00 00 0

oW
LBNOWBABN
233

N &
WNNO
NOO M-

bbbk

16.60
2.87
31.00
3.47
80.80
103.00
4.64

N N N Y S

3.30
1.46

0.41
54.60
23.30

3.19

ahbbREE



STD ERROR  MAXIMUM MINIMUM

VARIABLE . MEAN OF MEAN VALUE VALUE N
- LOW RAINFALL FY-1990 UTR CK ABOVE --seeecccnnucannnnnncnnnanna
TSS 6.48 0.92 9.20 3.50 6
LTSS 1.97 0.13 2.32 1.50 6
TURB 1.20 0.30 2.20 0.41 6
LTURB 0.74 0.14 1.16 0.34 6
PTSASH 54.88 0.91 57.00 51.30 6
SCOND 15.48 0.19 16.10 14.80 6
LSCOND 2.80 0.01 2.84 2.76 6

LOW RAINFALL FY-1990 TINKER CK

TSS 12.55 3.07 25.20 4.00 6
LTSS 2.47 0.24 3.26 1.61 6
TURB 2.54 0.63 4.30 0.73 6
LTURB 1.17 0.24 1.67 0.55 6
PTSASH 52.88 1.35 56.50 48.10 6
SCOND 34.47 1.58 39.90 29.50 6
LSCOND 3.56 0.04 3.7 3.42 6
LOW RAINFALL  FY-1990 MCQUEENBR ---------
TSS 5.97 1.54 13.10 2.80 6
LTSS 1.84 0.19 2.64 1.34 6
TURB 3.64 1.02 7.70 0.91 6
LTURB 1.41 0.22 2.16 0.65 6
PTSASH 74.80 2.65 83.70 67.50 6
SCOND 58.18 3.25 67.30 46.50 6
LSCOND 4.07 0.06 4.22 3.86 6
“eeeeens LOW RAINFALL FY-1990 UTR CKMID.
TSS 7.73 1.54 9.70 4.70 3
LTSS 2.13 0.20 2.37 1.74 3
TURB 1.31 0.65 2.60 0.47 3
LTURB 0.76 0.27 1.28 0.39 3
PTSASH 52.03 3.27 55.30 45.50 3
SCOND 20.53 0.26 21.00 20.10 3
LSCOND 3.07 0.01 3.09 3.05 3
LOW RAINFALL  FY-1990 CROUCHBR
TSS 15.57 2.11 18.80 11.60 3
LTSS 2.79 0.13 2.99 2.53 3
TURB 21.57 6.54 30.00 8.70 3
LTURB 3.00 0.37 3.43 2.27 3
PTSASH 69.30 2.95 75.00 65.10 3
SCOND 74.70 14.00 102.00 55.70 3
LSCOND 4.29 0.18 463 4.04 3
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STD ERROR

VARIABLE .  MEAN
......................... LOW RAINFALL
TSS 7.67
LTSS 2.10
TURB 1.68
LTURB 0.93
PTSASH 55.33
SCOND 21.87
LSCOND 3.13
HIGH RAINFALL
TSS 9.36
LTSS 225
TURB -
LTURB -
PTSASH 53.04
SCOND 2915
LSCOND 3.40
HIGH RAINFALL
TSS 11.15
LTSS 2.39
TURB -
LTURB -
PTSASH 52.00
SCOND 44.37
LSCOND 381
. - HIGH RAINFALL
TSS 50.04
LTSS 3.81
TURB -
LTURB -
PTSASH 76.81
SCOND 51.28
LSCOND 3.94
HIGH RAINFALL
TSS 28.59
LTSS 3.01
TURB -
LTURB -
PTSASH 63.25
SCOND 34.80
LSCOND 3.56

OF MEAN

MAXIMUM

VALUE

FY-1990 UTRBR BELOW

1.85
0.25
0.57
0.25
1.19
0.50
0.02

FY-1983

1.62
0.13

074
162
0.05

FY-1983

2.10
0.16

4.96
1.05
0.02

FY-1983

16.31
0.38

3.06
6.23
011
FY-1983

12.81
0.43

427
3.19
G.10

93

9.90
2.39
240
1.22
57.30
22.60
3.16

UTR CK ABOVE

22.20
3.14

57.07
37.09
364

TINKER CK

21.79
3.13

90.54
48.26
3.90

MCQUEEN BR

114.97
4.75

82.34
63.57
417

UTR CK MID.

73.74
431

75.96
39.69
3.71

MINIMUM
VALUE

NNOOoOOWVWY

wwooooo,m

ApUOOUVIWN



FY-1984 UTRCKABOVE

MAXIMUM
VALUE

CROUCH BR

UTR BR BELOW

105.70
4.67

78.03
38.17
3.67

8.34
2.23
9.70
2.37
58.03
21.65
3.12

FY-1984 TINKER CK

FY-1984 MCQUEEN BR

STD ERROR
VARIABLE . MEAN OF MEAN
HIG'! RAINFALL  FY-1983
TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND
HIGH RAINFALL FY-1983
TSS 39.01 18.60
LTSS 3.24 0.48
TURB - --
LTURB -- --
PTSASH 60.64 9.35
SCOND 34.19 2.50
LSCOND 3.55 0.08
HIGH RAINFALL
TSS 8.03 0.32
LTSS 2.20 0.03
TURB 7.55 2.15
LTURB 2.1 0.26
PTSASH 57.75 0.29
SCOND 19.47 2.18
LSCOND 3.01 0.1
- HIGH RAINFALL
TSS 11.34 8.42
LTSS 2.20 0.83
TURB 3.60 0.10
LTURB 1.53 0.02
PTSASH 48.79 12.49
SCOND 21.38 0.09
LSCOND 3.1 <0.01
HIGH RAINFALL
TSS 37.35 2.01
LTSS 3.65 0.05
TURB 54.00 8.00
LTURB 4.00 0.15
PTSASH 78.00 0.92
SCOND 23.52 1.69
LSCOND 3.20 0.07

94

19.76
3.03
3.70
1.5%

61.29

21.47
3N

39.36
3.70
62.00
4.14
78.91
25.21
3.27

MINIMUM
VALUE

N

NNONNNNNN

2.92

3.50
1.50
36.30
21.30
3.10

NNVNNODNNNN

35.34
3.59
46.00
3.85
77.08
21.83
3.13

NNNRNNNNODN

-



STDERROR MAXIMUM  MINIMUM
VARIABLE - MEAN OF MEAN VALUE VALUE N

- HIGH RAINFALL FY-1984 UTR CK MID. S

TSS 12.89 -~ 12.89 12.89 1
LTSS 2.63 -- 2.63 2.63 1
TURB 6.40 -- 6.40 6.40 1
LTURB 2.00 -- 2.00 2.00 1
PTSASH 28.16 - 28.16 28.16 1
SCOND 303.71 -- 303.71 303.71 1
LSCOND 5.72 - 5.72 5.72 1
HIGH RAINFALL  FY-1984 CROUCH BR “e-
TSS
LTSS
TURB
LTURB
PTSASH
SCOND
LSCOND
- HIGH RAINFALL FY-1984 UTR BR BELOW
TSS 9.82 - 9.82 9.82 1
LTSS 2.38 -- 2.38 2.38 1
TURB 6.90 - 6.90 6.90 1
LTURB 2.07 - 2.07 2.07 1
PTSASH 53.87 -- 53.87 53.87 1
SCOND 21.60 - 21.60 21.60 1
LSCOND 3.12 - 3.12 3.12 1
------ HIGH RAINFA.. FY-1986 UTRCK ABOVE -------- .-
TSS 14.30 6.96 35.10 6.10 4
LTSS 2.48 0.37 3.59 1.96 4
TURB 4.60 1.49 9.00 2.60 4
LTURB 1.63 0.23 2.30 1.28 4
PTSASH 52.75 1.43 55.00 48.60 4
SCOND 18.80 2.44 25.50 14.90 4
LSCOND 2.96 0.12 3.28 2.77 4
HIGH RAINFALL FY-1986 TINKER CK
TSS 9.73 1.94 14.90 5.80 4
LTSS 2.32 0.18 2.77 1.92 4
TURB 4.68 0.82 6.50 3.00 4
LTURB 1.70 0.15 2.01 1.39 4
PTSASH 51.13 1.21 53.40 47.70 4
SCOND 44.03 9.82 71.50 27.40 4
LSCOND 374 0.21 4.28 3.35 4

95



FY-1986 MCQUEENBR

FY-1986 UTR BRBELOW

FY-1987 UTRCK ABOVE

STD ERROR
VARIABLE MEAN OF MEAN
HIGH RAINFALL
TSS 32.45 6.55
LTSS 3.49 0.20
TURB 53.00 14.00
LTURB 3.95 0.27
PTSASH 85.45 3.25
SCOND 75.10 14.40
LSCOND 4.31 0.19
HIGH RAINFALL  FY-1986
TSS 17.70 7.90
LTSS 2.83 0.45
TURB 11.40 6.60
LTURB 2.35 0.59
PTSASH 55.95 1.85
SCOND 31.70 10.30
LSCOND 3.44 0.33
-- HIGH RAINFALL  FY-1986
TSS 59.35 34.45
LTSS 3.90 0.65
TURB 130.00 80.00
LTURB 464 0.71
PTSASH 88.75 0.45
SCOND 103.70 7.80
LSCOND 4.65 0.07
- HIGH RAINFALL
TSS 16.70 5.70
LTSS 2.82 0.33
TURB 11.55 7.45
LTURB 2.31 0.68
PTSASH 57.60 3.10
SCOND 30.35 5.95
LSCOND 343 0.19
HIGH RAINFALL
TSS 7.88 1.33
LTSS 2.11 0.14
TURB 3.41 0.52
LTURB 1.44 0.1
PTSASH 51.28 0.66
SCOND 16.15 0.54
LSCOND 2.84 0.03

96

MAXIMUM

VALUE

39.00
3.69
67.00
4.22
88.70
89.50
4.51

UTR CK MID.

25.60
3.28
18.00
2.94
57.80
42.00
3.76

CROUCH BR

93.80
4.55
210.00
5.35
89.20
111.50
4.72

22.40
3.15
19.00
2.99
60.70
36.30
3.62

15.90
2.83
6.50
2.01

54.80

18.30
2.96

MINIMUM
VALUE

25.90
3.29
39.00
3.69
82.20
60.70
412

NNNNNNNN

9.80
2.38
4.80
1.76
54.10
21.40
3.1

NNNNNNN

24.90
3.25
50.00
3.93
88.30
95.90
4.57

11.00
2.48
410
1.63

54.50

24.40
3.23

NMNNNNNNN

4.00
1.61
1.70
0.99
48.40
13.80
2.69

00 ©O 00 00 C0 00 QO

-



STD ERROR MAXIMUM MINIMUM
VARIABLE - MEAN OF MEAN VALUE VALUE N
HIGH RAINFALL FY-1987 TINKER CK  =cceecmccmcccmmannananncoce
TSS 13.71 3.88 34.20 4.20 7
LTSS 2.51 0.23 3.56 1.65 7
TURB 7.49 2.78 24.00 3.20 7
LTURB 1.94 0.22 3.22 1.44 7
PTSASH 51.99 1.25 58.20 49.10 7
SCOND 29.86 1.54 35.60 24.50 7
LSCOND 3.42 0.05 3.60 3.24 7
- HIGH RAINFALL  FY-1987 MCQUEEN BR - ==
TSS 256.04 75.18 655.00 54.00 8
LTSS 5.20 0.33 6.49 4.01 8
TURB 327.44 75.05 650.00 88.50 8
LTURB 5.56 0.28 6.48 4.49 8
PTSASH 89.70 0.96 93.20 85.40 8
SCOND 75.55 10.09 118.30 41.70 8
LSCOND 4.28 0.13 478 3.75 8
---- HIGH RAINFALL FY-1987 UTR CKMID.
TSS 14.65 5.16 29.10 5.20 4
LTSS 2.59 0.33 3.40 1.82 4
TURB 12.83 5.81 29.00 2.50 4
LTURB 2.34 0.45 3.40 1.25 4
PTSASH 63.05 3.74 71.30 55.80 4
SCOND 22.50 1.26 25.90 20.10 4
LSCOND 3.15 0.05 3.29 3.05 4
------- HIGH RAINFALL  FY-1987 CROUCHBR --e- -ee-
TSS 119.75 34.79 215.50 50.40 4
LTSS 4.67 0.30 5.38 3.94 4
TURB 216.75 60.07 390.60 97.00 4
LTURB 5.26 0.28 5.97 4.58 4
PTSASH 88.78 0.86 90.50 86.50 4
SCOND 110.55 9.58 127.20 84.30 4
LSCOND 4.70 0.09 4.85 4.45 4
HIGH RAINFALL FY-1987 UTRBRBELOW
TSS 20.15 6.48 36.80 6.60 4
LTSS 2.89 0.34 3.63 2.03 4
TURB 20.78 7.56 40.00 3.10 4
LTURB 2.80 0.49 3. 1.41 4
PTSASH 68.40 3.56 76.10 62.10 4
SCOND 23.73 1.26 26.30 20.60 4
LSCOND 3.20 0.05 3.31 3.07 4
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STD ERROR

VARIABLE .  MEAN
HIGH RAINFALL
Tss 13.34
LTSS 254
TURB 8.76
LTURB 2.04
PTSASH 58.07
SCOND 19.25
LSCOND 2.99
HIGH RAINFALL
TSS 24.28
LTSS 2.99
TURB 1434
LTURB 2.40
PTSASH 57.46
SCOND 36.80
LSCOND 3.59
HIGH RAINFALL
TSS 162.56
LTSS 4.86
TURB 237.30
LTURB 5.27
PTSASH 88.39
SCOND 101.16
LSCOND 4.40
<-eee- HIGH RAINFALL
TSS 3422
LTSS 338
TURB 40.92
LTURB 3.43
PTSASH 73.66
SCOND 30.18
LSCOND 3.42
HIGH RAINFALL
TSS 250.94
LTSS 5.45
TURB 430.00
LTURB 6.01
PTSASH 90.26
SCOND 108.32
LSCOND 467

OF MEAN

1.97
0.18
2.20
0.24
1.08
1.21
0.06

FY-1988 TINKER CK

4.44
0.27
4.05
0.29
2.55
3.54
0.10

FY-1988 MCQUEENBR

30.03
0.26
39.69
0.24
043
28.62
0.20

FY-1988

9.90
0.32
11.91
0.47
2.63
3.20
0.1

FY-1988

47.84
0.20
74.10
0.17
0.67
10.34
0.10

98

MAXIMUM
VALUE

FY-1988 UTR CK ABOVE

22.40
3.15
24.00
3.22
65.20
26.90
3.33

45.00
3.83
45.00
3.83
72.40
55.30
4.03

273.90
5.62
395.00
5.98
90.10
328.00
5.80

UTR CK MID.

66.90
4.22
74.00
4.32
78.90
38.40
3.67

CROUCH BR

398.30
5.99
670.00
6.51

92.60

128.50

4.86

MINIMUM

VALUE N
3.10 10
1.41 10
1.50 10
0.92 10
53.80 10
14.70 10
2.75 10
2.20 10
1.16 10
1.60 10
0.96 10
49.90 10
22.30 10
3.15 10
22.00 10
3.14 10
35.00 10
3.58 10
86.40 10
46.70 10
3.86 10
9.10 5
2.31 5
4.10 5
1.63 5
63.70 5
22.10 5
3.14 5
135.40 5
492 5
260.00 5
5.56 5
88.90 5
72.30 5
429 5



STD ERROR

VARIABLE . MEAN

HIGH RAINFALL
TSS 43.46
LTSS 3.63
TURB 50.88
LTURB 3.68
PTSASH 74.80
SCOND 32.50
LSCOND 3.49

....... HIGH RAINFALL

TSS 5.69
LTSS 1.87
TURB 2.39
LTURB 1.12
PTSASH 51.95
SCOND 16.89
LSCOND 2.88

HIGH RAINFALL
TSS 14.24
LTSS 2.54
TURB 4.52
LTURB 1.64
PTSASH 53.53
SCOND 30.99
LSCOND 3.46

HIGH RAINFALL
TSS 217.39 |
LTSS 5.16
TURB 254.00
LTURB 5.43
PTSASH 88.73
SCOND 54.99
LSCOND 3.98

HIGH RAINFALL
TSS 26.00
LTSS 2.87
TURB 31.90
LTURB 2.84
PTSASH 70.64
SCOND 25.48
LSCOND 3.27

OF MEAN

9.73
0.33
12.37
0.46
2.69
3.30
0.10

FY-1989 UTR CK ABOVE ---

0.55
0.09
0.47
0.16
1.51
0.57
0.03

FY-1989 TINKER CK

3.32
0.20
0.71
0.12
1.10
1.40
0.04

FY-1989 MCQUEENBR

62.32
0.20
49.38
0.14
0.84
5.90
0.09

FY-1989

13.14
0.44
16.27
0.62
5.40
1.20
0.04

99

MAXIMUM
VALUE

FY-1988 UTRBRBELOW

66.60
4.21
78.50
438
81.10
40.20
3.72

7.80
2.17
4.00
1.61
59.20
19.40
3.02

35.30
3.59
9.60
2.36

60.90

38.30
3.67

742.50
6.61
680.00
6.52
92.50
95.90
4.57

UTR CK MID.

76.00
434
89.00
4.50
82.90
28.70
339

MINIMUM
VALUE N

9.50 5
2.35 5
5.40 5
1.86 5
66.30 5
23.60 5
3.20 5
3.10 10
1.41 10
0.60 10
0.47 10
41.00 10
14.80 10
2.76 10
4.10 10
1.63 10
2.20 10
1.16 10
48.70 10
26.30 10
3.31 10
92.00 10
453 10
140.00 10
4.95 10
82.60 10
41.40 10
3.75 10
6.10 5
1.96 5
3.20 5
1.44 5
57.40 5
23.30 5
3.19 5



STDERROR MAXIMUM MINIMUM

VARIABLE .. MEAN OF MEAN VALUE VALUE N
HIGH RAINFALL  FY-1989 CROUCHBR e b LR
TSS 246.32 59.55 466.50 119.70 5
LTSS 5.41 0.22 6.15 4.79 5
TURB 362.00 58.77 560.00 210.00 5
LTURB 5.84 0.16 6.33 5.35 5
PTSASH 91.22 0.65 92.90 89.60 5
SCOND 91.32 11.19 126.00 63.40 S
LSCOND 4.50 0.12 484 417 5
HIGH RAINFALL FY-1989 UTR BR BELOW ------o-cuee- —emmmanen
TSS 39.16 17.33 93.60 5.50 5
LTSS 3.24 0.50 4.55 1.87 5
TURB 45.82 21.33 105.00 2.80 5
LTURB 3.19 0.64 4.66 1.34 5
PTSASH 75.04 5.12 85.00 * 56.40 5
SCOND 25.98 1.12 29.30 23.90 5
LSCOND 3.29 0.04 3.4 3.21 5

HIGH RAINFALL FY-1990 UTRCKABOVE
TSS 14.80 0.70 15.50 14.10

2
LTSS 2.76 0.04 2.80 2.71 2
TURB 3.55 0.15 3.70 3.40 2
LTURB 1.51 0.03 1.55 1.48 2
PTSASH 49.10 7.10 56.20 42.00 2
SCOND 21.60 3.50 25.10 18.10 2
LSCOND 3.1 0.16 3.26 295 2

---- HIGH RAINFALL FY-1990 TINKERCK  ---- - -

TSS 36.25 24.35 60.60 11.90 2
LTSS 3.34 0.78 4.12 2.56 2
TURB 9.05 0.75 9.80 8.30 2
LTURB 2.30 0.07 2.38 2.23 2
PTSASH 59.80 8.00 67.80 51.80 2
SCOND 33.85 5.45 39.30 28.40 2
LSCOND 3.54 0.16 3.70 3.38 2

HIGH RAINFALL  FY-1990 MCQUEENBR
TSS 571.10 250.70 821.80 320.40 2
LTSS 6.24 0.47 6.71 5.77 2
TURB 455.00 180.00 635.00 275.00 2
LTURB 6.04 0.42 6.46 5.62 2
PTSASH 89.15 0.25 89.40 88.90 2
SCOND 30.90 2.40 33.30 28.50 2
LSCOND 3.46 0.08 3.54 3.38 2
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STD ERROR

VARIABLE _ MEAN OF MEAN
HIGH RAINFALL FY-1990
TSS 40.20 --
LTSS 3.72 --
TURB 60.00 -
LTURB 4.11 --
PTSASH 81.80 -
SCOND 76.10 --
LSCOND 435 --
HIGH RAINFALL  FY-1990
TSS 401.00 --
LTSS 6.00 -
TURB 490.00 --
LTURB 6.20 --
PTSASH 91.30 --
SCOND 32.90 --
LSCOND 3.52 -
HIGH RAINFALL
TSS 180.30 --
LTSS 5.20 --
TURB 240.00 --
LTURB 5.48 --
PTSASH 90.20 --
SCOND 38.90 --
LSCOND 3.69 --

FY-1990 UTR BRBELOW
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MAXIMUM

VALUE
UTR CK MID.

40.20
3.72
60.00
411
81.80
76.10
435

CROUCH BR

401.00
6.00
490.00
6.20
91.30
32.90
3.52

180.30
5.20
240.00
5.48
90.20
38.90
3.69

MINIMUM
VALUE

40.20
3.72
60.00
4.1
81.80
76.10
4.35
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APPENDIX B

Amphibians Found at
Rainbow Bay, Sun Bay, and the Refuge Ponds
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Ambystoma opacum

A. talpoideum

A. t. tigrinum

Eurycea bislineata cirrigera
E. longicauda guttolineata
E. quadridigitata
Notophthalmus v. viridescens
Plethodon g. glutinosus
Pseudotriton m. montanus
P. ruber vioscai

Siren intermedia

Bufo terrestris

B. quercicus
Gastrophryne caiolinensis
Scaphiopus h. holbrooki

Hyla cinerea

H. femoralis

H. gratiosa

H.squirella

H. versicolor and/or chrysoscelis

Acris g. gryllus
Pseudacris crucifer
P.n. nigrita

P. ornata

Rana areolata capito
R. catesbeiana

R. c. clamitans

R. utricularia

Salamanders

Toads

Tree frog:

Other Frogs
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marbled salamander
mole salamander
eastern tiger salamander
southern two-lined salamander
three-lined salamander
dwarf salamander
red-spotted newt

slimy salamander
eastern mud salamander
southern red salamander
lesser siren

southern toad

oak toad

eastern narrow-mouthed toad
eastern spadefoot toad

green treefrog

pine woods treefrog
barkin? treefrog
squirrel treefrog
gray treefrog

southern cricket frog
northern spring peeper
southern chorus frog
ornate chorus frog
Carolina gopher frog
bullfrog

bronze frog

southern leopard frog









