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ABSTRACT

A comprehensive survey of Connecticut's rivers and streams
was done over a seven year period between 1988 and 1994. The
objectives of this study were: development of trout stocking
models to optimize allocation of hatchery fish, compilation of a
database which will allow timely and- accurate completion of
envifonmental permitting and reviews, quantification of the
state's coldwater and warmwater stream resources, development of
models to accurately predict speciles composition and biomass in
Connecticut streams;-and dissemination of this information to the
general public. This report presents our technical analysis of
the data collected during this survey. This anaiysis will be
used as the basis for a statewide trout management plan to be
developed and presented to the public during 1996-97.

Data on fish populations, physical habitat and water
chemistry were collected from 978 sites on 800 streams. These
samples covered 98.3 km or roughly 0.9% of the total length of
perennial streams in Connecticut. Invertebrate populations were
assessed by collecting 4,141 samples from 855 sites. Fishing
effort, catch and socioeconomic value were determined by doing 85
angler surveys on 53 streams.

We estimate that wild trout inhabit 6,500 km of streams in
Connecticut. These waters contain a minimum of 2.9 million wild
trout of which 88% are brook trout and 12% are brown trout.
Trout populations with balanced age distribution and high
densities are most common in the northwest portion of the state.
The average carrying capacity of trout in unimpacted Connecticut
streams was found to be 55 kg/ha (0-186kg/ha). Hatchery trout
comprised 14.6% of all trout sampled and accounted for 35% of the
total number of harvestable size trout present in midsummer.
Fifty-six fish species were collected during the survey (Appendix
A), including the first ever record of longnose sucker

(Catostomus catostomus) in Connecticut.
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Data from 34 stable smallmouth bass populations were
analyzed. In general, smallmouth bass inhabited the larger
warmer streams of the State. Length-at-age ranged widely and did
not appear to be related to density. Bass exhibited slow growth
and, on”average, did not reach 280mm (10 inches) until age six.
Fluctuations in year-class strength appeared to be related to
environmental variables (high flows and low temperatures reduced
survival of young bass).

Invertebrates from seven phyla, 17 orders and 74 families
were identified. Comparisons of invertebrate numbers and blomass
with trout population characteristics did not produce any
significant relationships.

Predicted standing crop values from HQI (Habitat Quality
Index) and WNHF (Wild, Nontrout, Habitat, and Fertility) models
did not correlate well with measured standing crop. The
evaluation of +these models pointed out the need to develop
separate models for brook trout and brown trout.

The best models developed from our data predicted biomass of
brown trout (R2 = 0.85) and numbers of brook trout/km (R2 =

0.52). The brown trout model, which i1s based on deep water,
cover and temperature variables, is only applicable to streams
having a somewhat restricted range of values. The best brook

trout model, which was based on width, depth, velocity and
substrate variables, was more widely applicable.

Angler effort in Connecticut streams ranged from
undetectable in most nonstocked streams to a high of 7,576 angler
hours/km in the Salmon River Fly-Fishing-Only aresa. Effort in
streams managed under statewide regulations and stocked with
adult sized trout ranged from 100-6,552 angler hours/km.
Predictive equations were developed that allow accurate
estimation of angler utilization based on stocking density (R2 =
0.84).

The hours of fishing provided per trout stocked was highest
in Trout Management Areas (2.8 hrs per trout stocked), followed

by Fly Fishing Only Areas (2.0), stocked streams managed under

gstatewide regulations (1.6), and streams stocked with yearling
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brook trout (0.5). Angler use of Connecticut's only Wild Trout
Management Area was comparable to an average yearling-stocked
stream but withdut the cost of stocking.

Anglers caught approximately 81% of all trout stocked in
streams'hnder statewide regulation. Hatchery brown trout made up
the majority of the catch. Wild trout contributed 5.5% of the
catch in those streams with wild trout populations; however, this
resulted in the harvest of up to 66% (mean = 40.6%) of all wild
trout larger than six inches. Trout Management Areas had higher
catch rates than other areas because reduced creel limits or
catch-and-release regulations resulted in stocked trout being
caught two or more times on average (return-to-the angler >
200%).

Angler expenditures had a net economic impact of $21.80 to
$45.78 for each day of trout fishing in Connecticut. The average
angler places an additional value (consumer surplus) of
approximately $20.00 per angler-day on fishing trips. A total of
$4.9-$10.0 million in net economic impact, and $4.1-$8.4 million
in consumer surplus, is generated each spring by the State's
trout stocking in Connecticut streams. The benefit/cost ratio
for stocking in streams exceeded 10:1 in waters stocked with
yearling or adult sized trout, and exceeded 20:1 in Trout

Management Areas and Fly Fishing Only Areas.
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1.0 Introduction:

This is the final project report for Federal Aid in Sport
Fish Restoration project F66-R, a comprehensive survey of the
streams and rivers of the state of Connecticut by the Department
of Environmental Protection (DEP) Fisheries Division. This
report will summarize the information collected from 1988 through
spring 1994. buring an eight year period, 800 streams at 978
sites were sampled to collect physical, chemical and biological
data (Figure 1). A total of 85 angler surveys were done on 53
rivers to obtain information on fishing effort, catch and
socioeconomic value. Two or more samples were collected on seven
streams to collect information from areas having different
management regulations and covering different time periods (early
spring, spring and fall).

The objectives of this study include: development of trout
stocking models to optimize allocation of hatchery fish,
compilation of a database which will allow timely and accurate
completion of environmental permitting and reviews,
identification and quantification of the state's coldwater and
warmwater stream resources, development of models to accurately
predict species composition and biomass in Connecticut streams,
and dissemination of this information to the general public in a
useful and comprehensible form. Data from this study will be
used as the basis for a statewide trout management plan to be
developed during 1996-97.

The state of Connecticut has 8 major hydrological basins
(Table 1, Figure 2). Two of these basins, the Pawcatuck River
and Hudson River basins, form only a small percentage of our
stream resources (1.0% and 0.3% respectively). Three of the
basins form major south flowing drainages within the state,
culminating in large 5th and 6th order rivers: the Connecticut
River (6th), Housatonic River (5th) and Thames River (6th). The

three coastal basins are groups of parallel coastal streams that

drain directly into Long Island Sound. Each of the coastal

basins 1ls separated from one another by one of 'the large rivers

(Figure 2).



Table 1.,~Number of sample sites with physical data and population
samples, total stream kilometers, basin area in Connecticut, and
density of sample sites within each basin. Percentage of total stream

kilometers in ().

Number Kilometers Pensity of Samples

Basin Name of Sites of Streanms Area(kmz) (km of stream/site)

Pawcatuck River 17 183 74 10.8
(1.0)

Eastern Coastal 43 667 . 380 15.5
: ‘ (3.8)

Thames River 287 4,737 3,810 16.5

(26.7) .

Connecticut River 206 4,602 4,310 22.3
(25.9)

Central Coastal 62 1,734 532 27.9
(9.8)

Housatonic River 294 4,284 5,042 14.5
(24.1)

Western Coastal 62 1,488 584 24.0
(8.4)

Hudson River 6 58 49 | 9.6
(0.3)

Total 978 17,753 18.1
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2.0 Methads:
2.1 Resource Identification:
The locations of all stocking sites in the study area were

identified from stocking maps marked by state Conservation

Officers. Public access areas were l1dentified froﬁ the
Connecticut DEP Property Map.

All surface waters within the bounds of the state were
located on 1:24,000 scale USGS topographic maps and transposed on

to single mat, 0.3 mil. mylar overlays. Vellum copies of the

original overlays were made and used for field checks.

visual estimates of the width and depth of each stream were
made at all accessible stream crossings. Where possible,
information on ownership and access was obtained prior to further
data collection.

Stream sections and subsections were identified and coded by
overlaying the vellum maps onto corresponding maps of the

"Natural Drainage Basins in Connecticut" (State of Connecticut

Department of Environmental Protection, Natural Resources Center,
UsSGSs, 1981). Stream sections and subsections were assigned
unique sequential codes based on an extension of a numbering

sequence developed by the Natural Resources Center and used on
Each drainage basin number

Any area

the drainage basin maps (Figure 3).
defines an area of a drainage basin called a "Polygon".
which has a permanent stream was defined as a separate pelygon,
and anytime a stream joined another stream or river resulting in

a change in flow volume a new polygon was defined.
A list of streams and stream subsections, by stream code,

with associated reference information, was generated using RBASE

for DOS. The information specific to each polygon includes:

stream name, length, width, township, topographic map name,

stream features (dams, swamps, postings, and channelizing),




stocking status, drainage area, and water quality rating based on
- DEP, Water Management Unit's Water Quality Classification maps.

Normal Format: 4300032R150100

Polygon Coding Components

Subregional Stream
Major Basin Basin Order Subreach
1 1 1 1
[} 1 ] ]
4 00 2 01
3 03 R15 00
1 1 i i
1 1 i 1
Regional Drainage Reach Stream
Basin Branch

Figure 3.-Polygon Coding System, an extension of DEP
Natural Resources Center Stream Classification System.

All streams were characterized by habitat type,
longitudinally, from the confluence with the next higher order
stream to the headwaters. Habitat types were defined based on
stream gradient' (the percentage rise over run; 0-3% meadow, 3-8%
upland, >8% plunge pool) and stream alteration (impoundment,

channelization, underground culverts). Length of each habitat
gsection was measured with a planimeter and recorded sequentially
on a stream kilometer basis. All dams and waterfalls were

identified and their locations recorded by stream kilometer.

2.2 8Site Selection:

Approximately 90-150 sample sites were sampled during each
year in which normal flow regimes prevailed. Additional sites
sampled whenever flow conditions allowed for extended
Sites were selected based on the following criteria.

were
sampling.

A) Mandatory Sites:
1) One sample assigned to the dominant habitat type in each

subregional drainage basin;



2) One sample site to a representative segment of each
stocked stream (unless already included in priority 1

sites):;
3) One sample to each creel survey location not covered by

‘priority 1 or 2 sites.

B) Optional Sites:

4) Additional sites were assigned to the dominant stream of
each subregional drainage basin as required to adeqguately
assess the variability between significantly differing
habitat types (e.g. upland vs. channelized meadow):;

5) Using the list of all stream polygons sorted by widths, a
random selection of sample sites was made within each
stream size group (1-1.5 m, 1.6-3.0 m, 3.1-6.0 m, 6.1-9.0
m, and >9.0 m wide) until all sites were allocated.

all

some

Applying these priorities, we attempted to sample
streams with existing or potential fishery value. However,

of our largest rivers cannot be sampled using the methodology

employed in this study. Small streams (width 1-1.5 m) are

numerous in most of the state's major drainage basins and are
typically inhabited by brook trout (Salvelinus fontinalis).
Despite the potential £fishery value of these brooks it was
logistically impossible to sample all of them., After being
visually inspected and categorized, they were subsampled as
described in #5 above.

Each selected sample site was visually inspected to jdentify
any previously undetected sampling problems (i.e. postings).
where necessary, landowners were contacted for permission to
Stream width was measured at each site to help in

sample.
All streams were inspected and sites

planning manpower needs.
selected during the period beginning with the end of the previous

field season (October) and prior to April 15 of the next year.




2.3 Invertebrate Collections:
Aquatic invertebrates were collected between June 15 and

October 15 during 1988, and between May 15 and June 9 in
subsequent years (during this time insect biomass and diversity
were near peak levels). Samples were collected from
representative riffle areas, centrally located within each sample
site. S

Samples were collected using a 0.065 m’ Surber sampler with
1.02 mm mesh bag. Five samples were taken from a riffle area,
starting close to the left bank, spacing the samples
equidistantly from left to right and moving diagonally upstream.
Exact placement of the frame was contingent on the ability to
obtain a good seal with the substrate. The substrate within the
frame was stirred to a depth of 2-4 om. All adhering
invertebrates were dislodged into the collection net by brushing
with a scrub brush. The net was dipped into the stream several
times to wash insects into the collection bag. The bag was then
slowly inverted and all insects and small bits of detritus
removed with forceps and placed into screw cap glass jars
containing 70% ethanol. Additional ethanol was added to
completely cover the sample material, and a label identifying the
site and sample number was placed into each jar.

Samples were taken to the lab and all debris and detritus
removed. Invertebrates were sorted, identified, and enumerated.
A blotted wet weight per family was recorded for each sample.
Mean number and weight by family, and total invertebrate number
and weight were calculated for each site. All numbers were

calculated on a square meter basis.

2.4 Low Flow Data Collection:
The majority of field data collection was done during the

normal low flow period between June 15 and October 1. Sampling
was delayed during periods of abnormally high runoff, and was

resumed when conditions returned to normal.




2.4.1 Site set up:
The location of each sample site was recorded, usually as a

street reference and a distance from major physical landmark

(e.g. located at intersection of Rtes. 20 and 195 in Windham, 50

m above bridge).
A block net (6 mm mesh) was placed at the downstream end of

the sample site in an area which allowed bank to bank coverage
with a good bottom seal, and where the net was not overwhelmed by
Bridge pool areas were avoided when placing the
width and velocity prevented

water current.
block net. In some large streams,
the use of block nets.

The length of the sample site was determined by stream width

measured at the downstream block net as follows: 0-1.5% m wide

(50 m long); 1.5-3.0 m wide (100 m long); and >3.0 m wide (150 m
long). The length of a sample site was always at least 10 times
the width, and wherever possible at least two pool/riffle

combinations were included.
Sample sites were marked off into ten equidistant units

using surveying flags. Care was taken to minimize disturbance of

the substrate and water column while marking off subsample units.
A block net was installed at the upstream end of the sample site.
The exact length of a site was sometimes modified to ensure a

suitable area for placement of the upstream block net.
In large streams where the use of block nets was impossible,
data were collected from a length of stream approximately ten

times the stream width. In 1988 mark-recapture methods were used

to produce population data on all sport fish species (see section
2.4.3). Shorter sections (five times the stream width) located
just upstream and downstream of the mark-recapture site were used

to collect data on forage species and to control for emigration

of marked sport fish. In subsequent years single-pass samples

were collected in larger streams where block nets could not be

set. Mark-recapture efforts were abandoned due to difficulties

with handling mortality, and suspicion of biased results.



2.4.2 Physical-chemical information collection:

While marking off the subsample units, a sequential record
was made of all pool and riffle lengths to the nearest 0.1 m.
Runs were included with riffles and glides were included with
pools. This information was used to calculate a pool/riffile
length ratio and total number of pools and riffles within the
sample site.

Based on observations made while marking the site, three
subjective estimates were made. Total length of cover was
estimated and expressed using length of cover as a percentage of
the total stream section length. A subjective estimate of
overhead canopy coverage was expressed as a percentage, with no
canopy as zero and complete shade as 100%. An estimate of
fishing pressure based on evidence of fishing activities at the
site was rated on a 0 to 3 scale: 0) no fishing, 1) light fishing
(believed to be <500 hrs/ha/year), 2) moderate fishing (believed
to be 500-1,250 hrs/ha/year), 3) heavy fishing (believed to be
>1,250 hrs/ha/year).

Water chemistry data were obtained at sample flags one, five
and nine {(e.g. 10, 50 and 90 meters from the bottom net in a 100
meter section). At each water chemistry flag a 500 ml water
sample was collected for alkalinity analysis. A plastic bottle
was plunged into the water top first and then inverted and
filled. This prevented material in the surface film from
influencing the sample results. The pH was measured to the
nearest 0.1 pH unit with a pH meter. A Nester 8500 portable
dissolved oxygen meter was used to measure dissolved oxygen
concentrations to the nearest 0.1 ppm. Conductivity was measured
in umhos with a YSI Model 33 S-C~-T conductivity meter.
Conductivities were standardized to 25°C prior to data analysis.
The pH meter was calibrated with pH 7 and pH 10 standard
solutions on a daily basis as per the manufacturers' standard
The dissolved oxygen meter was calibrated at each

procedure.
sample site to compensate for the effect of changes in elevation.
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Water color was described as one of the following: 1light
dark amber, brown, dark brown, milky, clear, green, red,
blue, or gray. Turbidity was assigned one of the following
values: none, slight (some material visible in the water

moderate (turbidity 1limits visibility into the water
or heavy (visibility limited to

amber,

column),
column to no more than 50 cm),

the top 5-10 cm).
The stream's width was measured at each subsample flag to

the nearest 0.1 m. The total wetted distance perpendicular to

the flow was measured including undercut areas. Any dry areas
were subtracted from the width and any objects or boulders with
significant flow under them were included in the width. Stream
depths were measured along the width transect line to the nearest
cm at the left bank, 1/4, 1/2 and 3/4 of the stream width.
Substrate type was determined at every meter along the
transect line formed by the width measurement. During initial
training a 0.06 m’ quadrat frame was used with the left edge
lined up on the meter mark, the dominant substrate type was
determined as in Table 2 (from Platts et al. 1983). Substrate
types were determined at all width transects. - A subjective
estimate of the percent embeddedness of the dominant substrate by

sand and silt (<4.7 mm diameter, ratings 1 and 2) was made for

each substrate sample.

Table 2.-Substrate types and sizes from Platts et al. (1983).

Substrate Type Rating Size

Si1lt and Fine Sand <0.83 mm
Coarse Sand 0.83-4.7 mm
Gravel 4.7-76.0 mm
Cobble 76.0-304.0 mm

305.0-609.0 mm
>609.0 mm

-

Small Boulders
Large Boulders

~N OO W

Bedrock
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Instream cover was quantified by identifying individual
habitat pieces and assigning each piece to a habitat category.
The criteria and types of categories where selected based on
Bowlby and Roff (1986), Platts et al. (1983), Scarnecchia and
Bergersen (1987) and Wesche et al. (1987). The categories used
were: rock, undercut bank, overhanging plant material, 1logs
(snags), deep water, turbulence, and artificial material. The
length of each piece of habitat was measured along its long axis,
and width was measured perpendicular to the long axis.

Stream structures must meet certain reqguirements to qualify
as cover. All cover must have a minimum undercut/overhang of 9
cm and be in water having a minimum depth of 15 cm. Overhanging
plants must be within 30 cm of the water surface. Deep water
habitat must have a minimum depth of 45 cm, and turbulence must
cause enough disturbance to hide a 20 cm fish in water at least
15 cm deep.

A crown densiometer was used to measure the canopy at five
transects. Measurements were made at the water surface at mid-
channel and the data expressed as a percentage.

Streams influenced by agricultural runoff were designated as
"agricultural® based on information found on topographic maps,
visual appearance of the site and knowledge of the area. This
category included heavy fertilization by golf courses and some
heavily maintained residential areas. Sample sites located below
a dam or lake were recorded as such, so as to assess the impact
of lake fish species which may be transitory within these areas.

At approximately 12:00 noon, air and water temperatures were
measured to the nearest degree Celsius at the midpoint of the
sample site. Maximum air and water temperatures were determined
for as many sample sites as possible during summer heat waves.

The bedrock type for each sample site was determined from
the DEP Natural Resources Center's Connecticut Natural Resources

Atlas Series: Bedrock Geological Map.
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Flow stability was rated on a four point scale: 0 =

intermittent; 1 = fluctuating flows, possibly drying up once
every five to ten years; 2 = fluctuating flows with no history of
no-flow periods; 3 = flows do not fluctuate much more than 50%

from average daily flows. Stability of flow for each stream was
determined subjectively from visual observation and using any

available historic information.
Average stream velocity and discharge were measured by one

of two methods: 1) Marsh McBirney digital flow meter, or 2) a
salt dilution technique. With the flow meter, flow was measured
along a transect perpendicular to the direction of stream flow.
Flow velocity, water depth and distance from the left bank were

measured wherever depth or velocity visibly changed. The
velocity reading was recorded to the nearest 0.01 m/sec, depth to
the nearest cm and width to the nearest 0.1 m. The flow meter

requires a minimum of 9 cm of depth to operate. The depths at
which the velocity readings were taken follow suggested USGS
guidelines: at 0.5 of the water column where total depth is 9-10
cm; and at 0.6 of the water column depth from the surface where
total depth is 11~76 cm. For depths greater than 76 cm two
readings were taken, one at 0.2 and one at 0.8 of the water
depth. The calculations follow USGS guidelines as outlined in
Platts et al. (1983).

The salt dilution method (Allen 1924, and John 1978) was
used to estimate mean velocity and discharge wherever channel

morphology and depth precluded use of the flow meter (i.e.
shallow water, etc.). A 40-100 m reach of stream was selected,
excluding large standing pools, and three baseline conductivity
readings were taken. A measured quantity of brine solution was
then added to the upstream end of the area. Concentration of the
brine solution was approximately 226 grams of salt for each
estimated cfs of flow volume. Conductivity was recorded at one
minute intervals following the release of the brine. The time
elapsed prior to the first change in conductivity from baseline
was noted as was the time reqguired to reach the highest

conductivity reading.
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2.4.3 Population estimation:

Fish popuiation gize was estimated at each sample site by
either the Zippin removal method (zippin 1958) or the Petersen
mark-recapture method (Everhart and Youngs 1981). The Zippin
method was used in all streams where it was possible to place
block nets at the upstream and downstream ends of the sample
site. In large streams where the stream's width (over 25 m wide)
or large flow volume made it impossible to use block nets, mark-
recapture was used (1988 only) or single-pass relative abundance
data were collected. Mark recapture sampling was discontinued
after the first year due to the excessive handling time required
to mark such a large numbers and variety of fish. Many of the
small cyprinid species were intolerant of this type of handling
making accurate population estimation impossible.

Sampling was done with either Coffelt BP-4 dual electrode
packpack electrofishing gear or a Coffelt VVP-2 stream shocker
with 3 m electrodes. Prior to starting a shocking run the wind,
weather, and precipitation were recorded along with output
voltage, amperage, and pulse frequency. Each shocking pass
consisted of one run upstream through the sample site. The
length of time required for the first pass was recorded and
subsequent passes were timed to maintain a consistent level of
effort. One to four netters collected the stunned fish which
were then transported to an adjacent stream section and
processed. Inflated sample estimates caused by chance encounters
with large numbers of young-of-the-year fish prompted us not to

include centrarchids below 4.5 cm and cyprinids and catastomids

below 3.5 cm in length in population calculations. Usually three
passes were made for the Zippin method, but if after three passes
the dominant species present had not declined at least 30% from
the initial pass then a fourth or fifth pass was added as needed.

At sites with very few fish {less than ten on the second pass),
sometimes only two passes were adequate to calculate an accurate

population estimate.
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All fish collected on the first pass for mark-recapture
sites were measured, marked (caudal fin clips), and enumerated by
species. The fish were then released evenly throughout the

sample area and any dead individuals collected and subtracted

from the number of marked fish. A one hour readjustment period

(Petersen and Cederholm 1984) was allowed prior to beginning the

recapture pass. All fish caught during this pass were enumerated

by species, and presence Or absence of a fin clip was noted.

Fish were identified and the first 100 individuals of each
species were measured to the nearest centimeter.. All subsequent
individuals were tallied by species. Scale samples were taken
from all gamefish for the first two individuals measured in each
1 em size class over 9 cm (brook trout, Salvelinus fontinalis;

brown trout, Salmo trutta; rainbow trout, oncorhynchus mykiss;

Atlantic salmo, Salmo salar; largemouth bass, Micropterus

salmoides; smallmouth bass, Micropterus dolomieu; rock bass,
Ambloplites rupestris; chain pickerel, EsSOX niger; and sunfish,
Lepomis spp.). Scale samples were taken from above the lateral
line for all soft-rayed fish, and behind the point of the
pectoral fin for spiny-rayed fish. .These fish were measured to
the nearest millimeter total length. Up to eight representative
specimens of each species were preserved in 10% formalin for
independent confirmation of identification by ichthyologist,
Wwalter R. Whitworth, PhD., University of Connecticut, Department
of Natural Resources.

The tabulated length frequency data for each trout
population were used to separate young-of-the-year (Yoy), Age 1,
and adult fish. 1In many cases the separations in age groups were
obvious from the size distribution. In cases where the size

range seemed extreme, or where there was no clear split in age

groups, scale samples were checked and fish were assigned to age
groups proportional to the frequency distribution. In samples
where stocked and wild trout could not be separated by obvious
visible cues, scales were checked for hatchery or wild growth
Age 1 and younger fish were assumed to be of wild

patterns.
ailable stocking information indicated otherwise.

origin unless av
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All scales were mounted between two glass slides or acetate
impressions were made-on a roller press. Ages were determined by
visual inspection of scale images from a trisimplex scale

projector or microfiche reader.
Biomass estimates for each site were generated using the

length frequency data and species specific length/weight
relationships. The length/weight relationships were developed
using the weight, in grams, of fish from several sample sites.
In cases where the specimens were small (less than 8 cm), group
weights of fish within a centimeter class were used to produce an
average centimeter class weight for that species.

Crayfish and mussel/clam abundance was determined by visual
observation during sampling procedures. The site wasgrated on a

three point scale: 0 = not present; 1 = present in low numbers; 2

= abundant.

2.5 Laboratory Procedures:

Water samples were brought back to the lab to measure
alkalinity. A potentiometric titration (APHA 1971) was used to
analyze the three samples of water from each site. A 100 ml
sample was measured in a graduated cylinder and added to a beaker
which had been rinsed with sample water. A digital microburette
with 0.02 N HCl was used to titrate to pH 4.5 and pH 4.2 end
points. If less than 1.0 ml total titrant was uéed, the process
was repeated using a 200 ml sample. All glassware was rinsed
twice with distilled water and then with a small amount of the

sample water. Alkalinity was calculated using the following
formula:

Alk = (2C-D)} * N * 50,000 (1)

Vol

where Alk = Alkalinity (mg/ml as CaCOS)

C = 4,2 pH titration volume

D = 4.5 pH titration volume

N = 0.02 titrant Normality

Vol = sample volume in ml
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