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ABSTRACT
Echo Lake located at the North end of Flathead Lake has one 

the largest Large mouth bass.Micropterus salmoides. populations in 
Western Montana. From May through August of 1987, several 
specific aspects of the fishery were studied. These included: 
exploitation, recruitment, harvest pressure, macro and micro 
habitats, and movement.

Echo Lake was found to support a thriving population of 
largemouth bass . Recruitment is high despite greatly fluctuating 
water levels. Angler pressure is high and decreases the number of 
larger (>306mm) fish, /artificial structure has been added to 
supplement the lack of natural structure by the Western Montana 
Bass Society. This artificial structure was determined to be effective 
for prey fish and therefore advantageous to large mouth bass. The 
type of artificial structure may not be effective and a change is 
suggested herein. As a result of this study an attempt to better 
manage the fishery has been initiated. This includes regulation 
changes.
These management practices should improve the Echo Lake fishery 
and serve as a model for other warm water fisheries in the division.
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INTRODUCTION AND LITERATURE REVIEW

Echo Lake is a 721.4 acre lake near the northern end of Flathead Lake. 

Two other small lakes are connected to Echo Lake by a shallow channel. These 

are Abbot Lake and Peterson Lake making the total fishery 872.3 acres. The 

maximum depth of the fishery is 77 ft. The inflow comes from Echo Creek at the 

northeast end of the lake. During high water periods another creek, Krause 

Creek, also flows into the northeast end of the lake. Most of the inflow comes 

from underground springs. There is no stream exiting the fishery. The soil 

consists mainly of glacial moraine, gravel and mud. The annual rainfall in the 

watershed is 15.93 in based on 30-yr average from 1957-1987 compiled by 

the National Weather Service. This information is available from the Kalispell 

office of the National Weather Service. Ice covers the lake for approximately 4 

mo of the year.

The average change in the water level is approximately 6 in. This 

change affects the spawning of largemouth bass. Weeds and additional 

structure in high water create ideal spawning (Miller et al. 1971). Echo Lake 

usually reaches full pool in July (Fig. 1). The water chemistry for the lake is 

outlined in Table 1.
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Table 1 Water Chemistry Echo Lake 1975-1980

Date Dissolved
Oxygen

(ppm)

Alkaline

(ppm)

pH

3/5/75 surface-7.7 0/176 7.8

2/3/71 surface-9.8 0/141 7.8

5/12/80 0/219 7.45

Disolved Oxygen measured by standard electrode method.
Alkaline property is shown in ppm and seen to increase this is determined

standard water analysis.
pH is determined by digital reading on water surface

The large mouth bass is the principle warm water predatory fish in the 

United States. Therefore it is of considerable ecological importance. Numerous 

studies have been conducted on its life history characteristics.

The bass is often found in open water and sometimes at considerable 

depths, but most of its activities are associated with the shoreline. Population 

densities of 50 to 100 adult fish per acre represent a "strong" bass population. 

Fish densities above 100 fish per acre begin to show stunted populations. 

These populations become stunted and the probability of 20-25cm fish 

increase(Prather, 1951).

Feeding

The bass exhibit two types of feeding behavior (Emig, 1966). In the first 

type, which is motivated by "hunger," before feeding the bass goes through a 

series of preparatory movements that involve a rocking motion of the body and
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flaring the gill covers. When bass exhibit this type of behavior prey fish show a 

instinctive escape response. The second type of feeding behavior is reflex-like.

• Lewis (1963) reported that bass held in tanks with minnows present would

instantly "strike" and usually consume a minnow thrown into the tank. Even 

when the bass had recently eaten the "strike" response was seen. Response of 

bass to the fishermen's lure may often be of this type of feeding behavior.

Bass are not continuous feeders. When bass are collected by 

electrofishing approximately 50 percent of the stomachs are empty(Zweiacker 

,1972). Lewis (1974) reported that a bass that has eaten does not 

characteristically eat again for approximately 40 hr.

Growth

The growth rate of bass is variable. At the end of one yr a largemouth 

bass may be 5-25 cm long. This depends on food supply, length of growing 

season, and genetic makeup(Anderson,1976).

Longevity

Since fish do not stop growing, longevity influences their ultimate size. 

Aging bass by counting the number of annulli on the scales is an approximation 

at best and becomes progressively more difficult as the fish get older. The 

scale method proved 80 percent accurate in a group of Alabama bass of known 

age (Prather, 1967).

Movement

The most popular method of studying bass movement is to capture the 

fish, tag, release, and recapture them, then calculate the distance between 

release and recapture. These studies give varying results. Pollard (1974) 

found that the majority of bass moved 1.1 km. Ina study by Choate (1970), 

bass averaged 1.6 km movement between captures. Averages tell little about

4



actual movement. These variations in distances could be explained by the 

presence of two populations of bass, one that "wanders" and one that stays in a 

given area (Carlander, 1973). This hypothesis is also in question. Since 

movement is affected by temperature. Gablehouse (1980) found that at 

temperatures above 27°C and below 10°C, movement decreases.

Spawning

The largemouth bass prepare a nest. In the spring when temperature 

reach 15-24°C (Kramer et al.,1962). Sexual maturity in females occurs at 

approximately 25cm. For males maturity develops at a somewhat smaller size. 

Thus the longer growing season in the southern U.S. may result in bass 

spawning in their second year, whereas in the northern U.S. bass are more 

likely to require 3 or 4 years before they spawn (Mraz et al., 1961).

Males select the nest site, usually in warm sheltered water. The nest 

contains between 5000-43,000 eggs (Miller and Krammer, 1971). We can 

assume that the eggs from one nest do not necessarily represent the total eggs 

from one bass. The male protects the nest and aerates the eggs. Males will 

"mouth" a fish, crayfish, or artificial bait and move it out of the nest. The male 

does not eat while guarding the eggs (Clepper, 1975). Removal of the male 

bass from the nest by angling results in complete mortality of the eggs, and in 

such cases newly hatched larvae are also lost to predation. Ordinarily an 

uninjured released male bass will return to his nest (Krammer and Smith,

1962).

Echo Lake

Echo Lake is one of the few lakes in Montana that supports a successful 

largemouth bass population and fishery. Largemouth bass are not endemic to 

Montana. These fisheries were started and maintained by private citizens. With

5



Montana. These fisheries were started and maintained by private citizens. With 

the development of Bass fishing clubs and societies, and the increased

• recreational pressure, the Montana State Fish Wildlife and Parks has begun to

take an active role in warm water fish management. This is particularity true in 

Echo Lake where, in the public's view, a steady decrease in the warm water 

fishing has taken place. Therefore, a study of the lake seemed in order. I grew 

up on Echo Lake and was excited to undertake this study.

Scott Rumsey, a biologist with the Montana State Fish Wildlife and Parks 

supervised. The methods and objectives of the study are listed below.

Methods and Objectives

Methods:
1. Mark Fish
2. Creel Census
3. Snorkeling
4. Seining

Objectives:
1. Explotation Rates
2. Pressure and Harvest
3. Macro/Micro Habitats
4. Movements
5. Food Habitats
6. Age and Growth

The fishery supports populations of Largemouth Bass (Micropterus 

salmoides), Perch (Perea FlaueseenskTrout (SalmonidaekBlueGill (Lepomis 

macrochirus). Northern Pike fEsox lucius) and other species. All of these 

species have been planted. The exact date of the planting by unknown persons 

is not known. The predominant nonfish prey species is the crayfish. The study 

began in May of 1987 and was completed in August of 1987.

•

6



MATERIALS AND METHODS

A list of materials is given below.

MATERIALS
Snorkel 
Mask 
Fns 
Dry Suit
24ft. Crestline Boat
25hp. Evenrude Outboard Motor
Clipboard
"Rite-in-the-rain” Grid Paper
Pencils
Towel
Red Florescent Plastic Ribbon 
6in. Metal Spikes
Thermometer [Standard Degrees Celsius]
100m Light String 
5oz. Lead Weight 
2m Ruler 
2m 2/4
Model Mark Ii Ss Floy Tagging Gun 
Fd 67 Red Floy Tags
LMB Provided By Wt. Mt. Bass Masters Tournaments
Homs 5lb Platform Scale
Fish Measuring Board
Tape Measure, Fabric Type
Collection Envelopes
Acetate Strips
Carver Lab Press
Probes
Microfiche Reader With 3 Lenses: 22x, 42x, 72x 
Ruler [Mm]
Interview Sheet
Fish Wildlife And Parks; Hat, Shirt And Name Tag. 
Etoh 1 Liter
20,250ml Collection Bottles 
Filet Knife
10ft. 1/8 In. Mesh Seine 
30 Quart Cooler 
Scalpel
Dissecting Scope 
Watch Glass
1/10 G Scale [Standard Balence Type]
Ruler [Mm]
IBM Computer System with Data Base III+ program
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Exploitation Rates

Exploitation rates were accessed by shocking, catch and release 

marking and creel census.

Shocking was done in May of 1987. The purpose was to mark a number 

of fish from the 3-to-7 yr age class. Shocking was at night and depended on the 

fish being found in shallow (1-4m) water. In the spring of 1987 the water was 

unusually cold and low, the largemouth bass were in the deeper water 

and shocking was unsuccessful.

Catch and Release marking is essentially using traditional fishing as a

means of recruiting 5-to13-yr age class fish. The Western Montana division of

the Bass Masters Society was very helpful in supplying data. Western Montana

Bassmasters held tournaments on Echo Lake during the summer. I attended

and worked on three:

May 30-31, 1987 
June 21, 1987 
July 18-19, 1987

As in all Bass Masters Tournaments each boat is required to have a live well 

and the fishermen must follow catch and release practices only.

I toured the lake and marked the fish or, stationed myself at one site and 

processed the fish there.

The fish were first weighed (to the nearest 1/10 lb), and measured (to the 

nearest 1/4 in). Then a scale sample was taken from the region of the lateral 

line within the radius of the caudal fin. Next a tag was inserted behind the latter 

most dorsal fin with a tagging gun. The needle of the gun pierced between the 

rib cage, and a half turn locks the tag into position. The tag is given a slight tug 

to assure placement. The appropriate data was placed in an envelope
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containing scales from the fish. At the end of each tournament the scale 

envelopes were arranged according to size.

• Following the last tournament these scales were mounted on acetate

sheets and pressed using Carver Lab Press. The acetate impressions of the 

scale were placed back in the envelopes. These were analyzed using a 

microfiche reader. To read the scales a mm ruler was places at a 45° angle 

from the center. Distances to the annuli were then measured. Also, a distance 

to the edge of the scale was recorded.

Creel Census was used to conduct a random sampling. To estimate 

exploitation map coordinates of exact fishermen locations were recorded and 

fisherman were interviewed (form below).

*
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ECHO LAKE ANGLER REPORT FORM

Date:_______ Time:___
#:____

Launch Site:__________
(map code)

Angling:__shore __boat

Trip:__complete__ incomplete

Angling: Time:______TotaIHrs.:__

Species preference:__

Clerk:______ Interview

Current Location:_________
(map code)

Angler Origin:___________
county/state

LMB NP Other
i<£Cl
Released
Iola!

Years Fishing Echo Lake:______ Angling Method:________________

To reduce bass exploitation, the Department is considering more

restrictive regulations which may include:____a. Shortened season ___b.

Reduced limit ____c.minimum size limit ____d.Slot limit

Do you have a preference or

suggestion ?________________________________
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The creel census was taken at random times during the day, in the 

summer. It was very important to identify myself before approaching the 

fishermen. The proper attire (an official uniform) was necessary to obtain 

cooperation of the fishermen.

A typical interview proceeded as follows:

-cruise around the lake for potential interviewers
-approach said fisherman, identify myself and ask to approach
-ask for approval of fisherman interview
-ask to tag fish being releasing or remove stomach s of 

harvested fish

Macro/Micro Habitats

Macro habitat refers to the water levels of the lake and climatic 

conditions affecting largemouth bass habitat, i.e., thermocline development,and 

surface temperature.

Surface temperature can give a indication of the location of the 

thermocline. The actual thermocline was measured by taking temperature 

readings at various water depths. The deepest portion of the lake was chosen 

as this site. In Echo Lake this was located at map coordinates 9-L,Fig. 18 The 

thermocline is taken using a digital temperature gauge and a meter measuring 

tape. Temperature was taken in 0.5 degrees Celsius intervals.
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Micro Habitat for example: structure types, abundance of prey species, 

abundance of young largemouth bass are examined . These aspects were

• studied by snorkeling and seining.

In Echo Lake one of the problems which has been brought to the 

attention of the Department of Fish Wildlife and Parks is structure. The Western 

Montana Bass Society has planted structure on various sites throughout the 

lake. A number of artificial structure types are used. Since the Flathead Valley 

is one of the Christmas tree capitals of the United States, these trees were used 

for structure. The trees are weighted and sunk in various sites around the lake. 

As these deteriorate prey fish and largemouth bass are able to use these for 

cover. To study this aspect of the fishery a underwater study of the shoreline 

structures was undertaken.

Three locations around the lake (Fig. 18) were chosen for the following 

features:
-Presence of shelter, natural or artificial 
-Presence of largemouth bass and prey species 
-Water depth and clarity

These sites were visited at different time intervals throughout the day in 

the summer ( Table 4). After choosing the site a marker was positioned 3-5m 

from the shelter away from the shore. The marker consisted of a piece of red 

fluorescent ribbon attached to a metal spike which was positioned on the 

bottom. At each visit the boat was positioned on the shoreline approximately 

25 m from the observation point. Then by circumnavigating the structure and 

positioning the red marker fish were counted. Fish were distinguished as 

follows: less then and greater then 306mm (visual estimate), marked fish, and 

approximate density of the prey fish in the area. The time interval for the

12



counting was 5 min . All three sites were visited during 2-hr time period to 

assure equal conditions at each.

With the help of Scott Rumsey, samples of younger fish (less than 

100mm) were harvested by seining. The only method we found successful for 

capturing these fish was as follows.

-Proceeded to a shallow bay water depth 4 m or less (area £, Fig. 18).
-have a 4x1 Oft. 1/8in. seine ready, i.e., laid out on shore next to sample 

area
-wade through the sample area stirring up the water
-sweep the seine through immediately, keeping the bottom tight
-deposit contents of seine on shore
-collect the fish throwing out unwanted species

The harvested fish were immediately placed in a cooler and then taken 

back to the lab for work up. Note: No ethyl alcohol should be used on fish 

being analyzed for scales, the ethyl alcohol will cause denaturation of the 

scale proteins and subsequent softening of the scale. The fish were weighed, 

measured, and scale samples analyzed (see age and growth section). 

(Stomach'Siwere then analyzed under a dissecting scope. Stomach contents 

were identified and recorded. Insects were distinguish as such but not as 

individual species. Crayfish and fish species were distinguished.

Movement

These data were compiled from tag returns. Any marked fish that was 

recaptured could be plotted for movement. Assuming that the correct 

information was taken by the fishermen in a few years a good record of 

largemouth bass movement will be available. Signs were posted at strategic 

locations throughout the lake instructing fishermen what to do with marked fish.

In habitats such as rivers distance up or down stream is measured in 

km(Emig, 1966). For lakes however, the distances are given in a compass 

direction from the point of release. This vector is therefore not as reliable

CORETTE LIBRARY 
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because fish do not travel in straight lines. Also land structures must be taken 

into account and the vectorial distances adjusted.

Most fish were released at the same site, the Farmers Union Camp 

Ground (Fig. 18). This was where a permanent check station was set up, 

therefore release was quick and easy.

Food Habitats

From fisherman's creels, the harvested fish's stomach s were removed 

for food habitat data. Once removed the stomach was placed into a 250-ml 

collection bottles. To this ethanol was added and the contents were labeled 

and stored for later observation. The partially digested fish were visually 

identified and recorded. Also the number of fish with empty stomach s was 

recorded.

Age and Growth

Data provided with the help of the tournament fishing were subjected to 

statistical computer analysis. The acetate impressions of the scales were 

read. The magnified distance from the scale origin to the annuli and the scale 

margin was measured along the anterior field to the nearest mm. Body length- 

scale radius relationship equations and back calculations of lengths at each 

annulus for each age group were done on the Data base 3 plus.

A third degree polynomial, where total length is a function of the linear 

quadratic and cubic expression of scale radius, was used to estimate the body 

length-scale radius relationship(Ricker, 1958). Standard analysis of variance
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techniques indicated that the relationship of body length-scale radius is best 

represented by the linear function. In this respect, the addition of the quadratic

< and cubic terms accounts for little of the variation.

The equation used to calculate the length-weight relationships was

log W=log (a +b) log L, Where W is the weight in g and L is the length in mm.
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RESULTS

Exploitation Rates

Table 2. Summary of the 1987 Echo Lake Western Montana Bass Masters 
tournaments

(Data supplied by the Western Montana Bass Masters Society, unpublished)

Date Fisherman Total Fish Fish >12" Hours Fish/
fisherman

Hours/
fish

5/30,31 20 144 53 480 7.2 3.3
6/21 15 79 34 135 5.3 1.7

7/18,19* 91 354 99 2093 3.9 5.9

‘Western Montana Bass Masters State Tournament

Since the tournaments were divided by approximately 1-mo intervals the data 

for the bass marked was also be divided in the same way. Forty-one 

largemouth bass from 1986 tournaments were not tagged, but scales and 

lengths were collected from these fish. This gives a small sample to compare 

my 1987 results to.

Table 3. Time and number of fishermen interviewed at Echo Lake 1987

Date Time Fishermen
5-31 07:00-10:00 7
6-13 09:00-13:00 8
6-25 07:00-12:00 11
7-5 09:00-16:00 2
7-8 09:00-16:00 7

7-10 21:00-24:00 8
7-30 13:00-17:00 2

16



Table 4. Summary of fisherman interview answers from 41 total interviews

Regulation Changes:

Slot Limit 
Minimum size 
Reduce Limit 
Shorten Season

Fish Harvested:

Largemouth bass 
Northern Pike

Fishing Method:

Spin 27
Trolling 10

Catch Rate Per Hour:

Hours
Fish

20.80
19

23
5
2
30

Released Kept

53 12
3 7

17



Macro/Micro Habitat

Macro habitats the thermocline for Echo Lake is located at 

approximately 8 m (Fig. 2). This fluctuates with the subsequent fluctuation in 

temperature.

Micro habitat- Comparisons of artificial and natural cover can be made 

from comparing sites fi,6, and 5. Natural cover was preferred over 

artificial for fish less than and greater than, 306mm. Prey fish were 

more prevalent at site Q.

Seining resulted in the capture of 28 fish ranging form 17-198 

mm. The stomach contents were distinguished when possible (table 

8). A frequency histogram of these seined fish shows recruitment of 

age classes 0-2 (Fig. 3).
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Depth (m) Depth (r

°c
Fig. 2. Echo Lake Temperature Profile 29 July,1987
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Variable! LENGTH

Sample size
Average
Median
Mode
Geometric mean 
Variance
Standard deviation
Standard error
Minimum
Max i mum
Range
Lower quartile 
Upper quartile 
Interquartile range 
Skewness
Standardized skewness 
Kurtosis
Standardized kurtosis

28
71.9643
80.5
87
61.5266

1434.63
37.8765
7.15798

17
190
173

32
93
61
0.758984
1.63959
1.9247
2.07892

Fig. 3. Largemouth Frequnecy Histogram from Seining August 29,1987.
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Table 5. Comparisons of structure types by snorkeling

Date Time Location LMB>12 LMB<12 Prey

6/4/87 10:00 Q 5 4 Y
6/4/87 10:45 a 1 3 Y
6/4/87 11 ;15 8 2 5 N

6/13/87 13:00 n 1 13 Y
6/13/87 13:30 a 0 2 N
6/13/87 14:00 8 2 7 N

6/25/87 09:00 Q 4 11 Y
6/25/87 09:30 a 0 6 N
6/25/87 10:00 8 3 10 Y

7/4/87 14:00 Q 0 4 Y
7/4/87 14:30 a 3 0 N
7/4/87 15:00 8 0 6 N

7/10/87 20:00 Q 3 15 Y
7/10/87 20:30 a 2 7 Y
7/10/87 21:00 8 6 12 Y

7/18/87 18:00 n 0 2 Y
7/18/87 18:30 a 1 1 N
7/18/87 19:00 8 0 3 N

LMB- largemouth bass 
Locations Q83 correspond Fig. 18.
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Movement

• Out of 178 marked fish, 13 were recaptured between 5/87 and 12/87.

From these returns only three had location data sufficient for the plotting of 

movement.

Table 6. Movement of recaptured fish from 1987

fish release recapture meters of released kept
tag number area area movement

08449 3-K 3-I 300 a/
08668 11-D 8-C 450 a/
08443 3-K 3-k 50 a/

Food Habitats

Twenty-three largemouth bass were sampled from fisherman creels and 

my own fishing. Twelve had food in their stomachs. Blue gill was the most 

predominant prey species (Fig. 4).

a
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17.86%

21.43%

Fig. 4. Largemouth bass Stomach Contents

46.43%

Stomach empty 

Blue Gill 

2] Crawfish 

Perch

□ Largemouth bass

23



Age and Growth

Samples of 178 records from 1987 and 41 records from 1986 made a 

• total sample size of 219 fish. These two records were analyzed statistically and

compared.

Histograms of all the 1987 data, and each month corresponding to the 

Bass Masters Tournaments, are provided in Fig. 5-8. The size of the fish 

increased from the May-July tournaments. The frequency histograms for the 

1986 data, and the whole sample size are found in Fig. 9. Calculated on each 

figure are variables corresponding to the data on the figure.

Regression analysis was completed on the two groups of data using two 

model as shown in Fig. 10-14. The Linear and Multiplicative Models differ in 

the way they calculate the lower portion of the curve(Pollard, 1974). The Linear 

Model does not take into account the fact that scale formation does not 

correspond to the beginning of the largemouth bass's life. Instead scale 

formation begins at approximately 17mm. The multiplicative model creates a 

hedge factor for this short span when no scales are being formed. To find which 

one of these methods is best, a sample of the raw data is interpolated onto the 

graphs. When this was completed it was found that the Linear Regression 

provided the best fit.

Next calculations of the distances to each annuli was compiled using 

NOMOGRAPH calculations (Table 7). NOMOGRAPH calculations take each 

age class of fish and shows: the number of fish found in each, the average fish 

length of the age class, the number of cirrculi to the first annulus(when 

possible), and the average distance to each annulus. Then by comparing the 

interval length between the average of all the annular distances an average
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interval length can be calculated. This number is independent of the age of the 

fish and shows how much growth accumulates annually.
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40

Length (inches) of LMB

Variable: DzMAUCTH. LENGTH, DsJUNLCTH. LENGTH, 1>: JULLCTH. LGTH

Sample size 287
Average 12.5874
Median 13.2
Mode 14.5
Geometric mein 11.801
Variance 11.7298
Standard deviation 3.42488
Standard error 0.202184
Minimum 1.2
Max i mum 20
Kange 18.8
Lower quartile 11.5
Upper quartile 14.5
Interquartile range 3
Skewness -1.25248
Standardized skewness -8.68224
Kurtosis 1.9995
Standardized kurtosis 8.91443

• Fig. 5. Largemouth bass Frequency for 287 records from all 1987 Echo Lake
marking
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Length (inches) of LMB

Variable: LENGTH

Sample size 89
Average 12.0562
Median 11.5
Mode 9
Geometric mean 11.6979
Variance 8.59601
Standard deviation 2.9319
Standard error 0.31078
Minimum 5
Max i mum 20
Range 15
Louer quarti 1 e 9.5
Upper quartile 14.25
Interquartile range 4.75
Skeuness 0.258593
Standardized skeuness 0.995945 
Kurtosis -0.567273
Standardized kurtosis -1.0924

Fig. 6. Largemouth bass Frequency for 89 records from May 1987 Echo Lake
marking
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Length (inches) of LMB

Variable: LENGTH

Sample size 93
Average 13.7803
Median 13.75
Mode 12
Geometric mean 13.6677
Variance 3.25276
Standard deviation 1.80354
Standard error 0.187018
Minimum 10
Max i mum 18.75
Range 3.75
Louer quarti le 12.25
Upper quartile 14.7
Interquartile range 2.45
Skeuness 0.636083
Standardized skeuness 2.50426
Kurtosis 0.122864
Standardized kurtosis 0.241858

Fig. 7. Largemouth bass Frequency for 93 records from June 1987 Echo Lake
• marking
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Length (inches) of LMB

Variable: LGTH

Sample size 105
Average 11.931
He di an 13.3
Mode 14.5
Geometric mean 10.4391
Variance 20.2206
Standard deviation 4.49673
Standard error 0.438836
Minimum 1.2
Maximum 18.8
Kange 17.6
Lower quartile 12
Upper quarti1e 14.5
Interquartile range 2.5
Skewness -1.22329
Standardized skewness -5.11739
Kurtosis 0.371842
Standardized kurtosis 0.777764

Fig. 8. Largemouth bass Frequency for 105 records from July 1987 Echo Lake
marking
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Variables lcth

Sample size 41
Average 13.4854
Medi an 13
Mode 12.2
Geometric mean 13.040b
Variance 11.6773
Standard deviation 3.4172
Standard error 0.533678
Mini mum 7.3
Max i num IS.5
iange 12.2
Lower quarti1e 11.5
Upper marti le 16.5
Inter,uarti1e range 5
Skewness 0.0215365
Standardized skewness O.O562978
kurtosi s -0.89584
Standardized kurtosis -1.17089

Fig. 9. Largemouth bass Frequency for 41 records from all 1986 Echo Lake
marking
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Length (inches) of LMB
Regression Analysis - Multiplicative model; i = aXAb

Dependent variable: D:LGEDGE36.EDGE,D:EC Independent variable: D:LGEDGE86.LGTH.D:

Standard T Prob.
Parameter Estimate Error Value Level

Intercept* 3.03084 0.0538688 56.2633 0 
Slope 1.08765 0.0216731 50.1842 0 
* NOTE: The Intercept is equal to Log a.

Analysis of Variance

Source
Mode I
Error

Sum of Squares 
43.7220 
3.71513

Df
1

214

Mean Square 
43.7220

.01736

F-Ratio
2518.4570

Prob. Level 
.00000

Total (Corr.) 47.43720 215

Correlation Coefficient = 0.360043 R-squared = 92.17 percent
Stnd. Error of Est. = 0.13176

Fig. 10. Regression Analysis of 218 records from 1986-1987 marking by
Multiplicative Model

‘Distance measured from the center of the scale to the edge at a 45°.
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600

Length (inches) of LMB
Regression Analysis - Multiplicative model: Y = aXAb

Dependent variable: D:ECLGEDGE.EDGE Independent variable: D:ECLGEDGE.LGTH

Parameter Estimate
Standard

Error
T

Val ue
Prob.
Level

Intercept* 3.03117 0.048632 62.3238 
Slope 1.09087 0.0197495 55.2355 
* NOTE: The Intercept is equal to Log a.

0
0

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio Prob. Level
Model 39.7395 1 39.7395 3050.9626 .00000
Error 2.25337 173 .01303

Total (Corr.) 41.99289 174

Correlation Coefficient = 0.9728 
Stnd. Error of Est. = 0.114128

P-squared = 94.63 percent

Fig. 11. Regression Analysis of 178 records from 1987 marking by

Multiplicative Model
‘Distance measured from the center of the scale to the adage-at a 45°.
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Length (inches) of LMB
Regression Analysis - Linear model: y = a+bX

Dependent variable: D:LGEDGE86.EDGE Independent variable: D:LGEDGE86.LGTH

Parameter
Standard

Estimate Error
T

Val ue
Prob.
Le.vel

Intercept 0.394409 40.4184 9.75316E-3 0.992264
Slope 25.5739 2.90751 8.79531 8.49574E-11

Analysis of Variance

Source
Model
Error

Sum of Squares 
305489.90 
153996.15

Df
1

39

Mean Square 
305489.90

3948.62

F-Ratio Prob. Level
77.37 .00000

Total (Corr. ) 459486.05 40

Correlation 
Stnd. Error

Coefficient = 0.315384 
o i £ £ t. = b 2. 8 3 8

R-squared = 66.49 percent

Fig. 12. Regression Analysis of 40 records from 1986 marking by Linear Model
•Distance measured from the center of the scale to the edge at a 45°.
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600

Regression Analysis ~ Multiplicative model-' Y = aXAb

Dependent variable: D:LGEDGE86. EDGE Independent variable: D:LGEDGE86.LGTH

Standard T Prob.
Parameter Estimate Error Val ue Level

Intercept* 2.90774 0.288431 10.0812 2.03393E-12
Slope 1.12204 0.111723 10.043 2.26574E-12
* NOTE: The Intercept is equal to Log a.

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio Prob. Level
Mode 1 3.61253 1 3.61253 100.86230 .00000
Error 1.396842 39 .035816

Total (Corr.) 5.009372 40

Correlation Coefficient = 0.849208 R-squared = 72.12 percent
Stnd. Error of Est. = 0.189252

Fig. 13. Regression Analysis of 40 records from 1986 marking by Multiplicative 
Model

‘Distance measured from the’center of the scale to the edge at a 45°.
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Length (inches) of LMB

Regression Analysis - Linear model: Y = a+bX

Dependent- vanable: D:LGEDGE36.EDGE,D:ECIndependent variable: D:LGEDGE36. LGTH, D:

Standard T Prob.
Parameter Estimate Error Val ue Level

Intercept -9.7914 10.2393 -0.956252 0.340024
Slope 26.9224 0.793116 33.9451 0

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio Prob. Level
Model 2068716.2 1 2063716.2 1152.3 .00000
Error 384203.17 214 1795.34

Total (Corr . ■ 2452919.3 215

Correlation Coefficient = 0.913351 R-squared = 84.34 percent
Stnd. Error of Est. = 42.3715

Fig. 14. Regression Analysis of 218 records from 1986-1987 marking by Linear 
Model

‘Distance measured from the center of the scale to the edge at a 45°.

35



Table 7. Summary of 178 records of largemouth bass from various ages from 
1987 marking were analyzed using NOMOGRAPH calculations.

Age # Ave. Missing # I 
Lgth.Annulus cir.l

1 II IV V VI VII VIII IX X XI XU XIII

0 4 36 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0
1 15 89 0 36 60 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 127 0 19 29 55 68 84 0 0 0 0 0 0 0 0 0
5 52 273 0 22 55 95 138 179 222 0 0 0 0 0 0 0 0
6 33 333 0 22 59 107 150 196 240 280 0 0 0 0 0 0 0
7 37 344 0 29 54 92 135 176 221 261 302 0 0 0 0 0 0
8 18 377 0 21 53 86 129 174 223 268 309 342 0 0 0 0 0
9 12 414 0 0 57 99 138 170 211 250 293 336 374 0 0 0 0
10 2 413 0 0 54 82 117 157 187 244 285 325 361 380 0 0 0
11 3 468 0 0 54 88 121 155 186 220 256 313 347 383 414 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 1 508 0 0 66 97 125 171 223 251 311 342 382 394 431 451 459

Comb.178 0 26 56 96 138 179 224 265 300 337 369 384 418 451 459

Interval Length 40 42 41 45 41 45 37 32 

Average Interval Length 40.375
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DISCUSSION AND CONCLUSIONS

General Conclusions on the Echo Lake fishery:
—The lake supports a healthy largemouth bass population
—Some of the older age classes i.e. 11,12, 13, are being over harvested
—Natural cover is superior to the Artificial cover
—Fishermen feel that largemouth bass are over exploited during 

spawning season
—Fluctuating water levels lead to fluctuating largemouth bass 

populations

Creel census is not reliable for assessing the overall quality of a fishery 

(Gabelhouse, 1980). Instead we must have a measure which is consistent with 

largemouth bass fishing throughout the area ,i.e., Division 1 fisheries. For this 

measure the Western Montana Bass Society was chosen. These fishermen are 

experts at their craft, and fish a number of the fisheries in the area. By looking at 

the tournament results for the year 1987 some conclusions can be drawn.

Echo Lake has the highest fish/hour ratio of any warm water fishery in the 

area(Fig. 17). This suggests that the lake is a healthy fishery. One must take 

into consideration that these results are from highly skilled fishermen and are 

not catch rates typical for the general public.

The study indicates that the population of large fish is down and smaller 

fish are plentiful, i.e. greater or less then 306mm. Echo Lake has the highest 

rate of fish caught under 306mm of any of the other Division 1 lakes tested(Fig. 

16). Subsurface observation also reveal that smaller fish are a majority in the
* lake(Table 5).
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Fig. 16. Percentage fish <12in from various surrounding lakes

fish/hr

Fig. 17. Fish/hr from surrounding lakes

The extremely slow growth rate at Echo Lake is also a major contributing 

factor in the small numbers of older, greater then 1O-yr age class fish(Table 7). 

The 40mm scale growth related in the NOMOGRAPH translates into 

approximately 28mm length per year. This is, of course, an average and the
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older age classes grow at even lower rates. Therefore I recommended to the 

Department of Fish Wildlife and Parks that they should introduce a slot limit.

The fluctuation in the fishery is due to seasonal fluctuation in the snow 

pack. The lowlands surrounding the lake cause any flotations in water levels to 

be translated into large water fluctuations. A high water year for example, 1981, 

led to flooding of ter-restrial vegetation and increased the productivity of the 

water. This creates excellent cover and large areas of prime spawning 

grounds. Thus an increase in growth and recruitment follows. These 

differences in yearly classes of largemouth bass are uncontrolable but must 

also be taken into account when initiating new management plans.

The artificial cover, Christmas tree bundles, provide some structure; but it 

is not as effective as natural cover. The Christmas trees, at this point in their 

decomposition, do not provide places for the largemouth bass to hide while 

stalking their prey, although they do provides places near which largemouth 

bass can spawn and their young could inhabit these reef structures. It has been 

shown that mature largemouth bass were found in high profile reefs in water 

depths of 4-6m(Anderson, 1976). Further structure in Echo Lake should be 

placed at this depth and a new type of structure type employed.

The results of the creel census interview questions indicate the need for 

regulation changes on the lake. From the interviews the consensus to shorten 

the season was nearly unanimous. Excluding fishing during the spawning 

season, has been shown to be an effective means of improving recruitment and 

increasing the longevity of the older fish(Anderson 1976). Largemouth bass are 

most vulnerable during spawning when they are protecting their spawning
* beds.
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As a result of this study regulation changes have been made in an 

attempt to better manage the Echo Lake fishery. I have recommended to the 

Department of Fish Wildlife and Parks that a slot limit of 5 bass only 1 to exceed 

306mm be employed instead of the current 5 bass limit. Also a season closure 

effective May 1 through June 15 (catch and release only) should be initiated.

These new regulations will allow for a uninhibited spawning 

period and a increased recruitment of larger bass. In 5 years a similar study will 

be undertaken on the lake to measure the effectiveness of these regulation 

changes. If the changes are deemed beneficial, Echo Lake should be used as 

a model for other warmwater fisheries in the area.

In addition to regulation changes, Echo Lake needs more structure. The 

structure added so far is helpful, but could be increased one-hundred fold. 

Christmas trees do provide structure but largemouth bass could be better suited 

with structure type that provides more high profile areas, such as the roots that 

the Christmas tree could provide. These would better match the natural 

structure and deteriorate slower than the Christmas trees. The Christmas tree 

roots could be dragged onto the lake and weighted in the winter and would sink 

with the thaw.

At the present the recommendations to restrict fishing during spawning 

and to introduce a slot limit have been initiated.

<
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Fig. 18. Echo Lake Fishery

♦
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