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Abstract 
The Moses Lake Project consists of 3 phases.  Phase 1 is the assessment of all currently 
available physical and biological information, the collection of baseline biological data, 
the formulation of testable hypotheses, and the development of a detailed study plan to 
test the hypotheses.  Phase 2 is dedicated to the implementation of the study plan 
including data collection, hypotheses testing, and the formulation of a management plan. 
Phase 3 of the project is the implementation of the management plan, monitoring and 
evaluation of the implemented recommendations.   
 
The project intends to restore the failed recreational fishery for panfish species (black 
crappie, bluegill and yellow perch) in Moses Lake as off site mitigation for lost 
recreational fishing opportunities for anadromous species in the upper Columbia River. 
 
This report summarizes the results of Phase 1 investigations and presents the study plan 
directed at initiating Phase 2 of the project. Phase 1of the project culminates with the 
formulation of testable hypotheses directed at investigating possible limiting factors to 
the production of panfish in Moses Lake.  The limiting factors to be investigated will 
include water quality, habitat quantity and quality, food limitations, competition, 
recruitment, predation, over harvest, environmental requirements, and the physical and 
chemical limitations of the system in relation to the fishes.   
 
Water quality parameters, such as temperature and dissolved oxygen, will be investigated 
to determine if they are limiting to fish survival and production.  Nutrient concentrations 
will be investigated to determine if they are limiting to primary production.  
Phytoplankton production, composition, and bio-volume will be investigated to estimate 
the amount of possible forage for secondary production.  Zooplankton and 
macroinvertebrate species composition, biomass and production will be established to 
determine the potential of the forage base, carrying capacity, and the probability for 
competitive interactions for various planktivorous and insectivorous fishes. Available 
habitat will be quantified and qualified by investigating habitat type, habitat complexity, 
habitat use and competition for habitat.  Predator-prey interactions between piscivores 
and prey-fish will be quantified through diet analysis.  Bioenergetics modeling will be 
used to provide quantitative estimates of the fishes’ consumptive demands for 
comparison to forage supplies in relation to competitive interactions and the impact of 
predation on prey fish abundance.  Finally, fish harvest by anglers will be quantified to 
estimate if over-harvest is limiting desired fish population levels in Moses Lake.   
 
Identified limiting factors will be ranked to determine which have the greatest impact on 
the fishery, and a management plan that best addresses the limiters to the desired 
population structure in Moses Lake will be developed.  Finally, implementation of the 
management plan, monitoring and evaluation of the implemented recommendations will 
complete the project.   
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Introduction 
 
The Moses Lake Project consists of 3 phases.  Phase 1 is the assessment of all currently 
available physical and biological information, the collection of baseline biological data, 
the formulation of testable hypotheses, and the development of a detailed study plan to 
test the hypotheses.  Phase 2 is dedicated to the implementation of the study plan 
including data collection, hypotheses testing, and the formulation of a management plan. 
Phase 3 of the project is the implementation of the management plan, monitoring and 
evaluation of the implemented recommendations.   
 
The project intends to restore the failed recreational fishery for panfish species (black 
crappie, bluegill and yellow perch) in Moses Lake as off site mitigation for lost 
recreational fishing opportunities for anadromous species in the upper Columbia River. 
  
During the 1950s to the late 1970’s Moses Lake was the premier fishery for resident fish 
species in central Washington, initially for black crappie (Pomoxis nigromaculatus), 
bluegill sunfish (Lepomis macrochirus), largemouth bass (Micropterus salmoides), and 
yellow perch (Perca flavescens) and in later years for rainbow trout (Oncorhynchus 
mykiss).  Beginning in the late 1970's and throughout the 1980's, these fisheries 
experienced a long and steady decline.  The decline of this fishery was probably due to a 
number of events, some of which have been postulated as changes in species 
composition, over-harvest, and changing habitat conditions.  The individual impacts and 
interactions of these events were less well understood.  In the past, the lack of both 
manpower and proper equipment had slowed efforts to evaluate these impacts and 
identify measures designed to reverse current trends.   
 
Moses Lake and its watershed has been the subject of four major water quality and water 
control projects since 1977.  The four major projects include a series of dilution water 
releases from the United States Bureau of Reclamation East Low canal made since 1977, 
elimination of direct sewage effluent discharge from the City of Moses Lake in 1984, a 
major non-point pollution source control program known as the Moses Lake Clean Lake 
Project which took place in the late 1980’s, and a Moses Lake area monitoring project in 
1991-1992 and 1997. These water quality programs provided information on nutrient 
concentrations and loadings to Moses Lake and focused on methods to improve water 
clarity and reduce nuisance algae growths. Analysis of the data collected from these 
projects indicated that physical parameters for water quality, such as temperature and 
dissolved oxygen, do not appear to be limiting to panfish recruitment, nutrient 
concentrations have remained relatively static, chlorophyll-a concentrations and secchi 
disk depth readings have gone down, and dilution flows have steadily increased since the 
initiation of the dilution project in 1977. 
 
Surveys by the Washington Department of Fish and Wildlife, both creel and biological, 
indicated major shifts in the assemblage of harvestable fishes in Moses Lake.   
Creel surveys were conducted in 1974, 1983, 1991, and 1996.  These creel surveys have 
documented the shift in harvest of fish in Moses Lake from panfish to walleye 
(Stizostedion vitreum vitreum).  The creel survey conducted in 1974 indicated that the 
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indicated major shifts in the assemblage ofharvestable fishes in Moses Lake.
Creel surveys were conducted in 1974, 1983, 1991, and 1996. These creel surveys have
documented the shift in harvest of fish in Moses Lake from panfish to walleye
(Stizostedion vitreum vitreum). The creel survey conducted in 1974 indicated that the



predominant fish harvested were black crappie and bluegill sunfish.  This harvest trend 
continued through the 1980’s.  By 1983, walleye were detected in the fishery for the first 
time.  Panfish continued to dominant the harvest, but yellow perch rather than black 
crappie or bluegill sunfish were the most numerous fish harvested.  By 1991 the creel 
survey indicated the dominant warmwater fish harvested was walleye and harvest rates 
for panfish were at a recorded all time low.   The most recent creel survey conducted in 
1996 indicated that there has been a small rebound in harvest of panfish, with yellow 
perch as the most numerous in harvest, but the dominant fish in the harvest was still 
walleye. 
 
Biological surveys were conducted on Moses Lake in 1978 and 1988.  The 1978 and 
1988 surveys gathered information detailing the species composition and abundance of 
fish species in Moses Lake. The 1978 survey indicated the population was dominated by 
largemouth bass and panfish.  By 1988 the species composition had shifted to a 
population dominated by walleye, brown bullhead (Ameirus nebulosus) and common 
carp (Cyprinus carpio).    
 
Baseline biological data were collected for spring and fall 1993 to 1998 and spring 1999.  
The baseline biological surveys collected information that was used to determined length 
at age and relative weights for all warmwater fish present in Moses Lake.  The length at 
age and relative weight data indicated that growth and condition for all warmwater fish 
present in the Moses Lake was variable by species possibly indicating some predation or 
competition problems.  Panfish exhibited growth rates and relative that exceeded the 
statewide average  and national standards for all size classes.  This could have possibly 
indicated low density populations that were obtaining forage easily.  Predators, 
specifically walleye and smallmouth bass, exhibited growth rates that were consistent or 
slightly lower than the statewide averages for Washington State.  In concert with these 
findings was the fact that both of these predators exhibited low relative weights in 
comparison to national standards.  This may have indicated that there was low-density 
forage and high-density predators or possibly competition for the existing forage within 
Moses Lake. 
 
Additional baseline biological information was collected during fall of 1999 and spring of 
2000.  This information was collected by Moses Lake Project staff, and was collected 
using the Washington Department of Fish and Wildlife standardized warmwater fish 
sampling strategy.  These data were used to develop general warmwater indices and as 
comparative data to all other information that has been collected.  Comparisons and the 
indices indicated that the species composition in number was dominated by yellow perch, 
but walleye were the dominant warmwater fish by biomass and common carp dominated 
the entire fish population in biomass.  The warmwater fish population in Moses Lake was 
predator dominated.  Growth and condition for warmwater fish were variable.  Black 
crappie and bluegill sunfish had low-density populations, and the recruitment of panfish 
may be limited by competition or predation. 
 
Based on the conclusions drawn from the analysis of the historical and current 
information (Phase 1), the Washington Department of Fish and Wildlife (WDFW) has 
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proposed to restore the fishery through the systematic investigation of the individual 
aspects of the current situation. Limiting factors to be investigated include water quality, 
nutrient concentrations, habitat availability, food limitations, competition, predation and 
over harvest.  Environmental conditions will be linked to the fishes habitat use to 
understand the physical and chemical limitations of the system. Water quality parameters 
will be collected to determine if at any time monthly, seasonal or annual deviations from 
specific life stage requirements will be limiting to panfish production.   
 
Information regarding monthly nutrient concentrations will be used to determine 
phytoplankton bloom species composition and timing and chlorophyll-a concentrations.  
Phytoplankton bio-volume, composition and production will be estimated to determine 
the availability of preferred forage at critical times in panfish life histories and seasonal 
density.  Zooplankton and macroinvertebrate biomass, species composition and 
production will be estimated to establish the potential of the forage base, carrying 
capacity, and competitive interactions for various planktivorous and insectivorous fishes. 
 
Habitat complexity will be determined before and after the fall drawdown and spring fill 
up to assess impacts to panfish production.  Following drawdown, littoral habitat is 
dewatered and may force panfish into areas devoid of complex habitat possibly rendering 
panfish more susceptible to predation.  Habitat utilization by panfish will be assessed and 
compared to preferred habitat.  The possible impacts of drawdown or fill up limiting the 
use of optimum habitat by panfish will be estimated.  Competition interactions for 
preferred habitat will be quantified.  Drawdown and fill up may limit the amount of 
habitat available to panfish.  Densities of fish exceeding the amount of habitat available 
may limit the amount of panfish capable of recruiting to the Moses Lake recreational 
fishery.  
  
Diet electivity and selectivity in conjunction with stomach fullness will be used to 
estimate interspecific or intraspecific competition that may be limiting to panfish 
production.  This information will be quantified in concert with the secondary 
productivity surveys.  Predator prey interactions between piscivores and prey-fish will be 
quantified through diet analysis.  Bioenergetics modeling will be used to provide 
quantitative estimates of fish consumptive demand to compare to forage supply.  
Population estimates and estimates of productivity per species will be established and 
panfish harvest will be quantified to determine if over-harvest is limiting panfish 
production in Moses Lake.   
 
Identified limiting factors will be ranked to determine which have the greatest impacts on 
the fishery, and a priority based management plan that best addresses the limiters to 
panfish production in Moses Lake will be developed.  Finally, Phase 3, the 
implementation of the management plan and monitoring and evaluation of the 
implemented recommendations will complete the project.  
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 Figure 1 Map of Moses Lake, inflowing tributaries, outlets, adjoining reservoirs, and the 
surrounding area.  Included in the map are the 4 sections, and the 400 meter transects that were used 
for the fall 1999 and spring 2000 baseline biological surveys.  The 4 sections were used for the study 
design for Phase 2 of the project. 
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Description of Study Area 
 
Moses Lake is the third largest natural lake in Washington and represents an invaluable 
asset for wildlife and fisheries propagation and recreational interest; see Figure 1 (Zook 
1978).  Native fish present in Moses Lake include: largescale sucker (Catostomus 
macrocheilus), longnose sucker (Catostomus catostomus), peamouth (Mylocheilus 
caurinus), and northern pikeminnow (Ptychocheilus oregonensis).  Common carp, which 
have dominated the lake for the past 90 years, were first introduced to the lake when 
flood waters breached the outlet of the lake connecting it to the Columbia River in 1904 
(Groves 1950).  Gamefish species present in the lake include: black crappie, bluegill  
sunfish, yellow perch, pumpkinseed sunfish (Lepomis gibbosus), walleye, largemouth 
bass, smallmouth bass (Micropterus dolomieui), rainbow trout and lake whitefish 
(Coregonus clupeaformis).  Sixteen species of fish are known to currently occupy Moses 
Lake.     
 
Moses Lake is located centrally within the Columbia Plateau region.  The lake covers a 
maximum of 6,800 acres (10.6 square miles), inundates 51.9 kilometers of shoreline, and 
is 16.75 kilometers long (Table 1). Tributaries to Moses Lake encompass approximately 
2,041 square kilometers, principally within the Crab creek drainage (Bain 1993).  The 
source of Crab Creek begins in Lincoln County near Davenport and the drainage area is 
approximately 1700 square kilometers.  Crab Creek enters Moses Lake at Parker Horn. 
The longest part of the lake is fed by a spring fed tributary, Rocky Ford Creek.  The 
source of this creek is a series of springs located about 4.2 kilometers east of Ephrata 
(Brown and Caldwell 1978).  Following the development of the Columbia Basin 
Irrigation Project in the early 1950’s, surface and subsurface runoff entering Moses Lake 
increased substantially.  

Table 1 Physical characteristics of Moses Lake.  

Area (acres) Max. Depth Mean Depth  Drainage (sq km) 
6800 11.6 m 5.8m 2567 km 

Volume (ac-ft) Shoreline (km) Altitude (m abv msl) Lat.           Long. 
131000 51.9  317 47 03 47        119 19 08 

 
The climate of Moses Lake is semiarid to arid with hot, dry summers and moderately 
cold winters.  The Cascade Mountain range, approximately 58 kilometers to the west of 
Moses Lake, acts as a precipitation barrier and funnels hot dry air in the summer and cold 
arctic air into the Columbia Basin in the winter.  Average temperatures are 32° C in July 
and –5.5°C in January.  Annual precipitation ranges from 15cm to 25cm a year with an 
annual snowfall in the Basin of 20cm to 25cm (Embrey and Block 1992). Ice Cover on 
Moses Lake is inconsistent in forming and rarely persists for extended periods of time 
due to the moderately cold winters. 
    
The Columbia Plateau formed between 6 and 16.5 million years ago by the extrusion of 
basalt lava from northwest trending vents located in the central and southeast parts of the 
Plateau (Drost 1990).  Tectonic action warped the region into a broad synclinal basin 
with several subbasins. Parts of the Plateau, as well as the basins, have been covered by 
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Pleistocene aged loess, a wind deposited silt.  Caliche, a cement-like calcium carbonate 
deposit, underlies the loess in vast regions of the Columbia Plateau (Embrey and Block 
1992).  Moses Lake was most likely formed by natural aeolian processes of drifting sand 
and loess that dammed Crab Creek (Groves 1950).  
 
The lake had no historical surface outlet until 1904 when floods channelized the aeolian 
processes formed dam, lowering the lake 2.4 to 3 meters (Groves 1950). In an attempt to 
restore the lake to historical water levels an earthen dam located on the southern end of 
the lake was built in 1909 (Groves 1950).  This dam eventually failed and was rebuilt by 
the Moses Lake Irrigation District in 1929. The dam was rebuilt to use the lake as storage 
for late winter runoff as a source of irrigation water (Groves 1950). The Moses Lake 
hydrological regime was again altered by the construction of the Columbia Basin 
Reclamation Project.  Moses Lake was connected to the Columbia Basin Reclamation 
Project in the 1950's.  Water was pumped from the Columbia River above Grand Coulee 
Dam into Banks Lake and diverted by a series of canals and wasteways to Moses Lake.  
The Bureau of Reclamation built a second dam structure on the southern end of Moses 
Lake to obtain more efficient control of Moses Lake water levels and most specifically 
outflow of irrigation water to Potholes Reservoir.  The second dam structure was 
constructed in 1963 (Brown and Caldwell 1978).  The two aforementioned dam 
structures are still in existence and are currently used to fluctuate water storage levels on 
Moses Lake.  Moses Lake water levels are regulated on an annual basis with fall 
drawdown and spring fill up.  Drawdown generally occurs during late October and is 
refilled by early April.  The lake level fluctuates between 315.5 meters and 317.5 meters.  
  
The water level of Moses Lake is controlled by two entities, the Moses Lake Irrigation 
District and the Bureau of Reclamation.  Only a limited amount of water is withdrawn 
from Moses Lake for the purpose of irrigation because only residents within the Moses 
Lake Irrigation and Rehabilitation District have withdrawal rights from Moses Lake itself 
(Brown and Caldwell 1978). 
 
The area currently known as the City of Moses Lake was originally called Neppel.  In 
1938, the town of Neppel was incorporated, and the name of the town and the lake were 
changed to Moses Lake in honor of Chief Moses of the Nez Perce Tribe.  At the time of 
incorporation the population of Moses Lake was approximately 300 and agriculture was 
the primary industry surrounding the lake.  Today the population of Moses Lake is 
14,190.   The City of Moses Lake has occupied the south central part of the lake, and 
there has been significant shoreline development. Because Moses Lake was utilized for a 
large portion of the year, it was both economically and socially important to the local 
residents. Recreation is viewed as an industry, and a critical element to the 
Comprehensive Plan for the City of Moses Lake. 
 
Historical and Current Management 
 
Historically, harvest restriction and fish supplementation of warmwater fish in Moses 
Lake was limited.  Bag and size limits for panfish, bass, and walleye were not 
implemented until recent times.  

Pleistocene aged loess, a wind deposited silt. Caliche, a cement-like calcium carbonate
deposit, underlies the loess in vast regions of the Columbia Plateau (Embrey and Block
1992). Moses Lake was most likely formed by natural aeolian processes of drifting sand
and loess that dammed Crab Creek (Groves 1950).

The lake had no historical surface outlet until 1904 when floods channelized the aeolian
processes formed dam, lowering the lake 2.4 to 3 meters (Groves 1950). In an attempt to
restore the lake to historical water levels an earthen dam located on the southern end of
the lake was built in 1909 (Groves 1950). This dam eventually failed and was rebuilt by
the Moses Lake Irrigation District in 1929. The dam was rebuilt to use the lake as storage
for late winter runoff as a source of irrigation water (Groves 1950). The Moses Lake
hydrological regime was again altered by the construction of the Columbia Basin
Reclamation Project. Moses Lake was connected to the Columbia Basin Reclamation
Project in the 1950's. Water was pumped from the Columbia River above Grand Coulee
Dam into Banks Lake and diverted by a series of canals and wasteways to Moses Lake.
The Bureau of Reclamation built a second dam structure on the southern end of Moses
Lake to obtain more efficient control ofMoses Lake water levels and most specifically
outflow of irrigation water to Potholes Reservoir. The second dam structure was
constructed in 1963 (Brown and Caldwell 1978). The two aforementioned dam
structures are still in existence and are currently used to fluctuate water storage levels on
Moses Lake. Moses Lake water levels are regulated on an annual basis with fall
drawdown and spring fill up. Drawdown generally occurs during late October and is
refilled by early April. The lake level fluctuates between 315.5 meters and 317.5 meters.

The water level ofMoses Lake is controlled by two entities, the Moses Lake Irrigation
District and the Bureau ofReclamation. Only a limited amount ofwater is withdrawn
fiom Moses Lake for the purpose of irrigation because only residents within the Moses
Lake Irrigation and Rehabilitation District have withdrawal rights from Moses Lake itself
(Brown and Caldwell 1978).

The area currently known as the City of Moses Lake was originally called Neppel. In
1938, the town ofNeppel was incorporated, and the name ofthe town and the lake were
changed to Moses Lake in honor of Chief Moses of the Nez Perce Tribe. At the time of
incorporation the population of Moses Lake was approximately 300 and agriculture was
the primary industry surrounding the lake. Today the population ofMoses Lake is
14,190. The City of Moses Lake has occupied the south central part of the lake, and
there has been significant shoreline development. Because Moses Lake was utilized for a
large portion of the year, it was both economically and socially important to the local
residents. Recreation is viewed as an industry, and a critical element to the
Comprehensive Plan for the City of Moses Lake.

Historical and Current Management

Historically, harvest restriction and fish supplementation ofwarrnwater fish in Moses
Lake was limited. Bag and size limits for panfish, bass, and walleye were not
implemented until recent times.



 
Current regulations for Moses Lake are: 

a. Moses lake is a year round fishery for all fish present in the lake. 
b. bluegill: 8” minimum, 5 fish daily limit. 
c. black crappie: 10” minimum, 5 fish daily limit. 
d. largemouth and smallmouth bass: 5 fish daily limit, 3 bass over 15 inches. 
e. walleye: 18” minimum size, 5 fish daily limit, Only one fish over 24 inches. 
f. rainbow trout: 5 fish daily limit, no size restriction. 
g. lake whitefish: 15 fish daily limit, no size restriction. 
h. All other fish present in the lake have no specific regulations for harvest. 

  
Supplementation of fish populations has been a traditional management tool utilized to 
provide for fish harvest in Moses Lake.  Many different types of fish have been stocked 
into Moses Lake.  In spite of some large scale stocking strategies, few species have 
developed harvestable fisheries.   
 
Warmwater fish supplementation has had an extensive history in Moses Lake (Table 2).  
WDFW has designed, organized and participated in two warmwater fish supplementation 
programs in the last 5 years.  Walleye spawning and incubation has been a program on 
Moses Lake since the mid 1990’s.  This program was in conjunction with the Moses Lake 
Walleye Club.  The program collected up to 2 million walleye eggs for incubation and 
rearing in a WDFW hatchery facility.  These fish were used primarily for stocking in 
Eastern Washington lakes to initiate or supplement walleye fisheries.  Additionally, in 
exchange for walleye eggs from Moses Lake walleye some of the reared walleye were 
stocked back into Moses Lake even though biological and harvest data (Tables 8 and 9) 
had not indicated that walleye required supplementation in Moses Lake.  The amount of 
juvenile walleye sampled in the lake indicated that natural reproduction far exceeded the 
number of walleye needed to keep up with current angler harvest. As a result 
supplementation of walleye was suspended in Moses Lake.  Those walleye supplemented 
in the past into Moses Lake were 2 to 3 inch fry, and based on the total amount stocked 
into the lake, were assumed to have recruited negligible numbers of fish to the 
recreational fishery. 
  
The second warmwater supplementation program was for black crappie in Moses Lake, 
with the intent of increasing recruitment of black crappie into the Moses Lake fish 
population.  This program was in its fifth year of implementation in 2001.  An 80 acre 
section of the lake was closed at a small bridge using slatted gates to separate it from the 
main body of the lake.  Each spring the 80 acre exclosure was stocked with between 1000 
and 2000 adult spawner crappie. The black crappie were released early enough in the 
spring that they spawned in the exclosure, producing young-of –the-year that would rear 
in the exclosure for the entire growing season. Each fall during drawdown the exclosure 
gates were removed.  The exclosure was virtually dewatered and most fish in the 
exclosure were pulled out into the main body of the lake. The gates were then replaced in 
the spring prior to lake fill up not allowing unwanted fish species to re-establish 
themselves in the exclosure area.  Some fish remained behind following drawdown 
species such as, yellow perch, bluegill sunfish and walleye were collected following 

Current regulations for Moses Lake are:
a. Moses lake is a year round fishery for all fish present in the lake.
b. bluegill: 8” minimum, 5 fish daily limit.

black crappie: 10” minimum, 5 fish daily limit.
largemouth and smalhnouth bass: 5 fish daily limit, 3 bass over 15 inches.
walleye: 18” minimum size, 5 fish daily limit, Only one fish over 24 inches.
rainbow trout: 5 fish daily limit, no size restriction.
lake whitefish: 15 fish daily limit, no size restriction.
All other fish present in the lake have no specific regulations for harvest.FO
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Supplementation of fish populations has been a traditional management tool utilized to
provide for fish harvest in Moses Lake. Many different types of fish have been stocked
into Moses Lake. In spite of some large scale stocking strategies, few species have
developed harvestable fisheries.

Warmwater fish supplementation has had an extensive history in Moses Lake (Table 2).
WDFW has designed, organized and participated in two warmwater fish supplementation
programs in the last 5 years. Walleye spawning and incubation has been a program on
Moses Lake since the mid 1990’s. This program was in conjunction with the Moses Lake
Walleye Club. The program collected up to 2 million walleye eggs for incubation and
rearing in a WDFW hatchery facility. These fish were used primarily for stocking in
Eastern Washington lakes to initiate or supplement walleye fisheries. Additionally, in
exchange for walleye eggs from Moses Lake walleye some of the reared walleye were
stocked back into Moses Lake even though biological and harvest data (Tables 8 and 9)
had not indicated that walleye required supplementation in Moses Lake. The amount of
juvenile walleye sampled in the lake indicated that natural reproduction far exceeded the
number ofwalleye needed to keep up with current angler harvest. As a result
supplementation of walleye was suspended in Moses Lake. Those walleye supplemented
in the past into Moses Lake were 2 to 3 inch fry, and based on the total amount stocked
into the lake, were assumed to have recruited negligible numbers of fish to the
recreational fishery.

The second warrnwater supplementation program was for black crappie in Moses Lake,
with the intent of increasing recruitment ofblack crappie into the Moses Lake fish
population. This program was in its fifih year of implementation in 2001. An 80 acre
section of the lake was closed at a small bridge using slatted gates to separate it fiom the
main body of the lake. Each spring the 80 acre exclosure was stocked with between 1000
and 2000 adult spawner crappie. The black crappie were released early enough in the
spring that they spawned in the exclosure, producing young—of—the-year that would rear
in the exclosure for the entire growing season. Each fall during drawdown the exclosure
gates were removed. The exclosure was virtually dewatered and most fish in the
exclosure were pulled out into the main body of the lake. The gates were then replaced in
the spring prior to lake fill up not allowing unwanted fish species to re- establish
themselves in the exclosure area. Some fish remained behind following drawdown
species such as, yellow perch, bluegill sunfish and walleye were collected following



drawdown indicating that not all predators or competitors were removed from the 
exclosure.  However, common carp prior to the project occurred in high densities in this 
area and following implementation of the exclosure carp occurred at a density much 
lower than the rest of the lake.  The assumption behind the program was because the 
exclosure was devoid of almost all other fish species the black crappie produced would 
be in an environment free from predation, competition or disturbance.    
 
Little has been done to document the programs efficacy.  Surveys conducted during fall 
1999 and fall of 2000 were directed at determining the total amount of black crappie 
young-of-the-year that were produced in the exclosure.  In fall of 1999 a mark and 
recapture was conducted to determine the amount of young-of-the-year black crappie that 
were present in the exclosure.  A rough estimate was made of approximately 10,000 
young-of-the-year crappie.  This same procedure was again done in fall of 2000.  Rather 
than just mark each young-of-the-year black crappie each fish collected received a coded 
wire tag that would be recovered from the fish later as they recruited to the Moses lake 
population and fishery.  This would allow for an estimate of total contribution of black 
crappie from the exclosure to the overall lake population, and act as a ground truthing 
method for black crappie population estimates by using the proportion of fish collected 
with coded wire tags in comparison to those collected without.  The proportion could 
then be expanded to estimate total population of black crappie.  The fall 2000 effort was 
stymied by the fact that few young-of-the-year black crappie were collected in the 
exclosure indicating poor production for the year.  However, yellow perch, bluegill 
sunfish and walleye production in the exclosure appeared to be high.  This may be an 
indicator that competition plays an integral role in black crappie production.  This project 
has been monitored for crappie production since it’s inception.  Each year variable 
production has been recorded within the exclosure.  This may be a microcosm of Moses 
Lake or production by virtue of isolation may not reflect what occurs in the main body of 
the lake.  Regardless, the Moses Lake Project has encouraged the continuation of the 
program as to not disturb the current fish production cycle for panfish, and to provide 
another method to estimate black crappie populations in Moses Lake.  Interrupting the 
program might disturb hypotheses testing and the current lake study.  Current baseline 
biological information has not confirmed or denied that the program was producing more 
recruited black crappie  
 
Rainbow trout have the longest and largest history of stocking in Moses Lake (Table 2).  
Cutthroat trout (Oncorhynchus clarki lewisi and Oncorhynchus clarki bouvieri), rainbow 
trout, coho (Oncorhychus kisutch), brown trout (Salmo trutta), and atlantic salmon 
(Salmo salar) were periodically stocked in Moses Lake beginning in 1916, but the lake 
was generally considered unsuitable for trout until 1968.  Surface and subsurface water 
inputs from the Columbia Basin Irrigation Project increased water quality sufficiently for 
Moses Lake to support trout (Zook 1978).  The large scale stockings that took place 
following 1968 were fry plants and were successful in producing large popular trout 
fisheries, by the late 1980’s fry planting of trout was no longer a viable method of 
supplementation, and resulted in a failed trout fishery.  This was possibly the result of 
predation and is consistent with the timing of the emergence of a highly dense walleye 
fishery and population in Moses Lake.  To overcome the inability of rainbow trout to 

drawdown indicating that not all predators or competitors were removed fiom the
exclosure. However, common carp prior to the project occurred in high densities in this
area and following implementation of the exclosure carp occurred at a density much
lower than the rest of the lake. The assumption behind the program was because the
exclosure was devoid of almost all other fish species the black crappie produced would
be in an environment free fiom predation, competition or disturbance.

Little has been done to document the programs efficacy. Surveys conducted during fall
1999 and fall of 2000 were directed at determining the total amount ofblack crappie
young-of—the-year that were produced in the exclosure. In fall of 1999 a mark and
recapture was conducted to determine the amount of young-of—the-year black crappie that
were present in the exclosure. A rough estimate was made of approximately 10,000
young-of—the-year crappie. This same procedure was again done in fall of 2000. Rather
than just mark each young-of—the-year black crappie each fish collected received a coded
wire tag that would be recovered from the fish later as they recruited to the Moses lake
population and fishery. This would allow for an estimate of total contribution ofblack
crappie from the exclosure to the overall lake population, and act as a ground truthing
method for black crappie population estimates by using the proportion of fish collected
with coded wire tags in comparison to those collected without. The proportion could
then be expanded to estimate total population ofblack crappie. The fall 2000 effort was
stymied by the fact that few young-of—the-year black crappie were collected in the
exclosure indicating poor production for the year. However, yellow perch, bluegill
sunfish and walleye production in the exclosure appeared to be high. This may be an
indicator that competition plays an integral role in black crappie production. This project
has been monitored for crappie production since it’s inception. Each year variable
production has been recorded within the exclosure. This may be a microcosm of Moses
Lake or production by virtue of isolation may not reflect what occurs in the main body of
the lake. Regardless, the Moses Lake Project has encouraged the continuation of the
program as to not disturb the current fish production cycle for panfish, and to provide
another method to estimate black crappie populations in Moses Lake. Interrupting the
program might disturb hypotheses testing and the current lake study. Current baseline
biological information has not confirmed or denied that the program was producing more
recruited black crappie

Rainbow trout have the longest and largest history of stocking in Moses Lake (Table 2).
Cutthroat trout (Oncorhynchus clarki lewisi and Oncorhynchus clarki bouvieri), rainbow
trout, coho (Oncorhychus kisutch), brown trout (Salmo trutta), and atlantic salmon
(Salmo salar) were periodically stocked in Moses Lake beginning in 1916, but the lake
was generally considered unsuitable for trout until 1968. Surface and subsurface water
inputs from the Columbia Basin Irrigation Project increased water quality sufficiently for
Moses Lake to support trout (Zook 1978). The large scale stockings that took place
following 1968 were fiy plants and were successful in producing large popular trout
fisheries, by the late 1980’s fry planting of trout was no longer a viable method of
supplementation, and resulted in a failed trout fishery. This was possibly the result of
predation and is consistent with the timing of the emergence of a highly dense walleye
fishery and population in Moses Lake. To overcome the inability of rainbow trout to



recruit to the fishery in the mid 1990’s a net pen program to rear rainbow to a size where 
they were capable of avoiding predation was started.  This program has proven to be so 
successful, and popular with local anglers, that it continues on an annual basis. 
Approximately 50,000 to 80,000 rainbow trout were reared in net pens from October to 
May, at which time they were released into the lake.  This program was similar to the net 
pen programs conducted on Lake Roosevelt, Banks Lake and Potholes Reservoir.  This 
net pen program was not funded by Bonneville Power Administration mitigation funding, 
but rather was independently funded by WDFW and other sources.  The potential impacts 
of rainbow trout in relation to predation, prey or competition needs to be addressed and 
will be included in the hypotheses testing and study plan for this project. 
 

Table 2 Washington Department of Fish and Wildlife stocking records for Moses Lake from 1968 to 
1999 including species and number stocked.  Size of fish stocked is not presented in this table. 

 

 

 

Year Rainbow trout Coho Atlantic Salmon White crappie BlackCrappie Largemouth Bass Bluegill Walleye
1968 72,100
1969 33,035
1970 87,830 24,500
1971 56,208
1972 65,355
1973 172,572
1974 79,199
1975 97,230 6,006
1976 223,666
1977 127,892
1978 153,222
1979 170,954
1980 200,710
1981 244,191
1982 213,616
1983 250,836
1984 394,803
1985 367,927
1986 199,997
1987 200,000
1988 207,496
1989 164,901 5,309 2,700
1990 188,939
1991 174,879
1992 112,208
1993 81,169
1994 205,249 15
1995 93,976 221
1996 83,016 1,817 105,154
1997 156,917 853 3,410 358,346
1998 125,957 1,498 121,000
1999 30,707 90,000

recruit to the fishery in the mid 1990’s a net pen program to rear rainbow to a size where
they were capable of avoiding predation was started. This program has proven to be so
successful, and popular with local anglers, that it continues on an annual basis.
Approximately 50,000 to 80,000 rainbow trout were reared in net pens from October to
May, at which time they were released into the lake. This program was similar to the net
pen programs conducted on Lake Roosevelt, Banks Lake and Potholes Reservoir. This
net pen program was not funded by Bonneville Power Administration mitigation fiinding,
but rather was independently funded by WDFW and other sources. The potential impacts
of rainbow trout in relation to predation, prey or competition needs to be addressed and
will be included in the hypotheses testing and study plan for this project.

Table 2 Washington Department of Fish and Wildlife stocking records for Moses Lake from 1968 to
1999 including species and number stocked. Size of fish stocked is not presented in this table.



Methods 
 
Methodology for the Collection of Historical Baseline Water Quality Studies and 
Aquatic Plant and Macrophyte Surveys 
 
Historical water quality data collected by Brown and Caldwell (1977) and Welch et al 
(1989) was compiled and used to address, mean seasonal temperature, dissolved oxygen 
(DO), total nitrogen, total phosphorus, chlorophyll-a, secchi disk, pH and annual dilution 
discharge.  Water quality information collected during summer 2000 by the Washington 
Department of Ecology (WDOE), in conjunction with the Moses Lake Project addressed 
temperature, DO, pH and conductivity.  Only a portion of this DOE data has been 
reported and additional information is still in process with DOE and was not available for 
this document.  Specific methods of water quality collection done by WDOE are listed in 
the methods section of this document.  The water quality information that will be 
collected for the duration of this project will be consistent with the WDOE sampling 
protocol.  Additionally, several other water quality projects have been undertaken on 
Moses Lake.  These studies have been cited in this proposal.  For specific methods of 
collection for water quality information, these documents should be referenced.  
 
The specific methods of collection for the aquatic plant and macrophyte survey can be 
obtained by contacting the Washington Department of Ecology.  
 
Methodology for the Collection of Baseline Water Quality Information Collected by 
Washington Department of Ecology During Summer 2000 
 
The following is a basic work plan for monitoring of Moses Lake during the summer of 
2000 by Ecology’s Environmental Monitoring and Trends (EMT) section. The goals for 
the project include 
 
♦ Support WDFW monitoring requirements  (evaluate primary production and nutrient 

status) 
♦ Routine post-restoration monitoring, in accordance with 303(d) requirements 
♦ Pre-TMDL (summer, 2001) baseline data collection  
♦ Maintain EMTs Lake Water Quality Assessment program 
 
Objectives: 
The objectives are to  
1) Conduct a standard water quality assessment of Moses Lake, 
2) Evaluate the vertical distribution of chlorophyll and nutrients at one deep site, and 
3) Evaluate post-growing season chlorophyll concentrations at two sites. 
 
Schedule: 
Most samples will be collected monthly from June through September 2000.  My 
tentative schedule is to sample Moses Lake on June 28, July 26, August 30, and 
September 27.  WDFW Moses Lake Project staff may collect additional samples 
(chlorophyll) monthly for eight more months. All samples described here will be 

Methods

Methodology for the Collection of Historical Baseline Water Quality Studies and
Aquatic Plant and Macrophyte Surveys

Historical water quality data collected by Brown and Caldwell (1977) and Welch et al
(1989) was compiled and used to address, mean seasonal temperature, dissolved oxygen
(DO), total nitrogen, total phosphorus, chlorophyll- a, secchi disk, pH and annual dilution
discharge. Water quality information collected during summer 2000 by the Washington
Department of Ecology WDOE), in conjunction with the Moses Lake Project addressed
temperature, DO, pH and conductivity. Only a portion of this DOE data has been
reported and additional information is still in process with DOE and was not available for
this document. Specific methods ofwater quality collection done by WDOE are listed in
the methods section of this document. The water quality information that will be
collected for the duration of this project will be consistent with the WDOE sampling
protocol. Additionally, several other water quality projects have been undertaken on
Moses Lake. These studies have been cited in this proposal. For specific methods of
collection for water quality information, these documents should be referenced.

The specific methods of collection for the aquatic plant and macrophyte survey can be
obtained by contacting the Washington Department of Ecology.

Methodology for the Collection of Baseline Water Quality Information Collected by
Washington Department of Ecology During Summer 2000

The following is a basic work plan for monitoring of Moses Lake during the summer of
2000 by Ecology’s Environmental Monitoring and Trends (EMT) section. The goals for
the project include

9 Support WDFW monitoring requirements (evaluate primary production and nutrient
status)

9 Routine post- restoration monitoring, in accordance with 303(d) requirements
9 Pre-TMDL (summer, 2001) baseline data collection
9 Maintain EMTs Lake Water Quality Assessment program

Objectives:
The objectives are to
1) Conduct a standard water quality assessment of Moses Lake,
2) Evaluate the vertical distribution of chlorophyll and nutrients at one deep site, and
3) Evaluate post-growing season chlorophyll concentrations at two sites.

Schedule:
Most samples will be collected monthly from June through September 2000. My
tentative schedule is to sample Moses Lake on June 28, July 26, August 30, and
September 27. WDFW Moses Lake Project staff may collect additional samples
(chlorophyll) monthly for eight more months. All samples described here will be



submitted to Ecology’s Manchester Environmental Laboratory for analysis, including 
those collected by WDFW staff. 
 
Stations: 
Four stations will be sampled (EMT’s station 3, which was east of the WDFW boat 
launch in Pelican Horn, will not be sampled):  

 
Station 1: Northeast of the State Park access, just inside Parker Horn. 
Station 2: Southeast of Connelly Park where the main lake turns south. 
Station 4: Northwest of State Park access, about 1 mile up main lake, near west bank. 
Station 5: The south end of the main lake, at the deep spot along west bank 

 
Parameters: 
 
Objective 1:  
 
The following parameters will be collected monthly for four months at four stations (16 
samples); nutrient samples will be composited from two strata (32 samples): 

• Profiles: Temperature, pH, conductivity, dissolved oxygen 
• Misc: GPS coordinates, Secchi Depth, observations 
• Epilimnion composite of turbidity, chlorophyll, total phosphorus, soluble reactive 

phosphorus, total nitrogen (persulfate digestion), ammonia nitrogen, 
nitrate+nitrite nitrogen (nuts5); hypolimnion composite of nuts5. 

•  
Objective 2: 
 
(12 additional nuts5; 12 additional chlorophyll) 

• 2 meter discrete samples for chlorophyll (to six meters) and 3 meter discrete 
samples for nuts5 (to bottom) at one deep station (all months) 

 
Objective 3: 
 
(16 additional chlorophyll) 

• Post-growing season chlorophyll samples at 2 stations monthly, October through 
May, 2001 (collected by WDFW) 

 
Methodology for the Collection of Creel Survey Information for 1974, 1983, 1991 
and 1996 
 
Creel surveys from 1974, 1983 and 1991 were conducted by the Washington Department 
of Game.  The 1996 creel survey was conducted by the Washington Department of Fish 
and Wildlife.  All creel surveys were conducted in similar fashion and have comparable 
data. These studies have been cited in this proposal.  For specific methods of collection 
for creel survey information, these documents should be referenced.  
  

submitted to Ecology’s Manchester Environmental Laboratory for analysis, including
those collected by WDFW staff.

Stations:
Four stations will be sampled (EMT’s station 3, which was east of the WDFW boat
launch in Pelican Horn, will not be sampled):

Station 1: Northeast of the State Park access, just inside Parker Horn.
Station 2: Southeast of Connelly Park where the main lake turns south.
Station 4: Northwest of State Park access, about 1 mile up main lake, near west bank.
Station 5: The south end of the main lake, at the deep spot along west bank

Parameters :

Objective 1:

The following parameters will be collected monthly for four months at four stations (16
samples); nutrient samples will be composited from two strata (32 samples):

0 Profiles: Temperature, pH, conductivity, dissolved oxygen
0 Misc: GPS coordinates, Secchi Depth, observations
0 Epilimnion composite of turbidity, chlorophyll, total phosphorus, soluble reactive

phosphorus, total nitrogen (persulfate digestion), ammonia nitrogen,
nitrate+nit1ite nitrogen (nuts5); hypolirnnion composite ofnuts5.

0

Objective 2:

(12 additional nuts5; 12 additional chlorophyll)
0 2 meter discrete samples for chlorophyll (to six meters) and 3 meter discrete

samples for nuts5 (to bottom) at one deep station (all months)

Objective 3:

( l 6 additional chlorophyll)
0 Post— growing season chlorophyll samples at 2 stations monthly, October through

May, 2001 (collected by WDFW)

Methodology for the Collection of Creel Survey Information for 1974, 1983, 1991
and 1996

Creel surveys from 1974, 1983 and 1991 were conducted by the Washington Department
of Game. The 1996 creel survey was conducted by the Washington Department of Fish
and Wildlife. All creel surveys were conducted in similar fashion and have comparable
data. These studies have been cited in this proposal. For specific methods of collection
for creel survey information, these documents should be referenced.



Methodology for the Collection of Baseline Biological Information from 1993 to 
Spring of 1999 
 
Baseline surveys were done with a 5.5 meter Smith-Root 5.0 GPP Electrofishing boat. 
Using DC current at 60-120 cycles/sec at 4 to 6 amps of power.  The electrofishing boat 
was propelled at a rate of less than .2meters/second following the shoreline of the lake 
maintaining a distance from shore that allowed for the inshore boom in its entirety to fish 
in the water. Water depth electrofished did not exceed 2 meters (Jeffrey Johnson 2000), 
and water transparency made it difficult to see fish that had been electroshocked at 
greater depths.   
 
Seven index areas were chosen along the lake. The index areas were spread throughout 
the lake taking into consideration species and habitat distribution. Sampling occurred 
during night hours to maximize the number of species and fish collected for the sample. 
Several studies have shown that nighttime electrofishing catches more species, larger 
fish, and greater number of fish than daytime electrofishing (Murphy and Willis 1996; 
Kirkland 1965; Sanderson 1960; Witt and Campbell 1959; Loeb 1958).  Sampling for 
baseline data occurred spring and fall 1993 to 1998 and spring 1999.  Each sample event 
in the index area had approximately 1000 to 3000 seconds of electrofishing effort. 
 
Each fish, with the exception of sculpin (Cottis spp.), was identified to species.  All fish 
were measured to the nearest millimeter and most were weighed to the nearest gram.  For 
some of the earlier years, scale samples were collected from most fish, and thereafter all 
larger fish. 
 
Methodology for the Collection of Baseline Biological Information for Fall 1999 and 
Spring 2000 
 
Moses Lake was surveyed by a standard WDFW methodology for warmwater sampling 
(Bonar et al 1999). The team conducted a fall survey October 1999 and a spring survey 
May 2000.  Surveys were conducted pre-drawdown in the fall and post-fill up in the 
spring.  Fish were captured using boat electrofishing (EB) and gill netting (GN).  The 
electrofishing unit consisted of a 5.5 m Smith-Root 5.0 GPP “shock boat” using a DC 
current of 120 cycles / sec -1 at 4 to 6 amps power.  Experimental gill nets (45.7 m long x 
2.4 m deep) were constructed of four sinking panels (two each at 7.6 m and 15.2 m long) 
of variable size (1.3, 1.9, 2.5, and 5.1 cm stretched mesh) monofilament.  
  
Sampling locations were selected by dividing the lake into four representative sections 
and the shoreline of each section into consecutively numbered transects of approximately 
400 meters.  Section 1 consisted of 51 transect, Section 2: 39 transects, Section 3: 53 
transects and Section 4: 50 transects.  The nine islands within the lake were not included 
among the sites.  The total amount of littoral area excluded from the survey by not 
sampling the islands was approximately 1.5 kilometers.  This was a negligible amount of 
shoreline and would not contribute any additional data from what was found in the non-
island littoral areas of the lake.  The locations sampled were determined randomly.  In 
each section, 15 sites were selected for electrofishing and 7-8 sites were selected for gill 

Methodology for the Collection of Baseline Biological Information from 1993 to
Spring of 1999

Baseline surveys were done with a 5.5 meter Smith-Root 5.0 GPP Electrofishing boat.
Using DC current at 60- 120 cycles/sec at 4 to 6 amps ofpower. The electrofishing boat
was propelled at a rate of less than .2meters/second following the shoreline of the lake
maintaining a distance from shore that allowed for the inshore boom in its entirety to fish
in the water. Water depth electrofished did not exceed 2 meters (Jeffrey Johnson 2000),
and water transparency made it difficult to see fish that had been electroshocked at
greater depths.

Seven index areas were chosen along the lake. The index areas were spread throughout
the lake taking into consideration species and habitat distribution. Sampling occurred
during night hours to maximize the number of species and fish collected for the sample.
Several studies have shown that nighttime electrofishing catches more species, larger
fish, and greater number of fish than daytime electrofishing (Murphy and Willis 1996;
Kirkland 1965; Sanderson 1960; Witt and Campbell 1959; Loeb 1958). Sampling for
baseline data occurred spring and fall 1993 to 1998 and spring 1999. Each sample event
in the index area had approximately 1000 to 3000 seconds of electrofishing effort.

Each fish, with the exception of sculpin (Cottz's spp.), was identified to species. All fish
were measured to the nearest millimeter and most were weighed to the nearest gram. For
some of the earlier years, scale samples were collected fiom most fish, and thereafter all
larger fish.

Methodology for the Collection of Baseline Biological Information for Fall 1999 and
Spring 2000

Moses Lake was surveyed by a standard WDFW methodology for warrnwater sampling
(Bonar et al 1999). The team conducted a fall survey October 1999 and a spring survey
May 2000. Surveys were conducted pre— drawdown in the fall and post-fill up in the
spring. Fish were captured using boat electrofishing (EB) and gill netting (GN). The
electrofishing unit consisted of a 5.5 m Srnith—Root 5.0 GPP “shock boat” using a DC
current of 120 cycles / sec -1 at 4 to 6 amps power. Experimental gill nets (45.7 m long x
2.4 m deep) were constructed of four sinking panels (two each at 7.6 m and 15.2 m long)
of variable size (1.3, 1.9, 2.5, and 5.1 cm stretched mesh) monofilament.

Sampling locations were selected by dividing the lake into four representative sections
and the shoreline of each section into consecutively numbered transects of approximately
400 meters. Section 1 consisted of 51 transect, Section 2: 39 transects, Section 3: 53
transects and Section 4: 50 transects. The nine islands within the lake were not included
among the sites. The total amount of littoral area excluded fiom the survey by not
sampling the islands was approximately 1.5 kilometers. This was a negligible amount of
shoreline and would not contribute any additional data from what was found in the non-
island littoral areas of the lake. The locations sampled were determined randomly. In
each section, 15 sites were selected for electrofishing and 7-8 sites were selected for gill



netting.  The section to be sampled rotated each night to insure whole lake coverage 
should inclement weather prevent further sampling.  Samples were standardized at a 2:1 
ratio of electrofishing to gill netting (2:1- 1200 seconds boat electrofishing: 24 gill net 
hours) to reduce fish capture size and number bias between gear types (Fletcher et al. 
1993, Bonar et al. 2000). 
 
 Electrofishing sampling was conducted during the evening hours.  Several studies have 
shown that nighttime electrofishing catches more species, larger fish, and greater number 
of fish than daytime electrofishing (Murphy and Willis 1996; Kirkland 1965; Sanderson 
1960; Witt and Campbell 1959; Loeb 1958).  While electrofishing the boat was navigated 
along the shoreline at a slow, consistent speed, allowing for full coverage as well as 
maximizing netter efficiency. The shoreline of the lake was followed maintaining a 
distance from shore that allowed for the inshore boom to fish directly in the water, and in 
depths that were effective and practical for electrofishing.  Shoreline areas with depths of 
less than or equal to 2 meters were targeted.  Electrofishing has been found to be 
ineffective in capturing fish in depths exceeding 2 meters (Jeffrey Johnson 2000).  
 
Gill nets were set overnight and placed perpendicular to the shoreline with the small 
mesh end attached onshore and the large mesh end anchored offshore.  Only one gill net 
was set per 400 m transect. 
 
Each fish captured was identified by species, measured for total length (TL, mm) and 
weighed (g).  This sample included young-of-year or small juveniles (TL < 100mm).  In 
the fall sample scales were collected to determine fish length at age.  Scale samples (up to 
five per 10mm length class) were mounted and pressed, and the fish aged according to 
Jearld (1983) and Fletcher et al. (1993).  Trout, carp, lake whitefish, northern 
pikeminnow, bullhead spp., cottis spp. and suckers were not aged.   
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was set per 400 m transect.

Each fish captured was identified by species, measured for total length (TL, mm) and
weighed (g). This sample included young— of—year or small juveniles (TL < 100mm). In
the fall sample scales were collected to determine fish length at age. Scale samples (up to
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pikeminnow, bullhead spp., cottis spp. and suckers were not aged.



Methods of Data Analysis  
 

Baseline Biological Information from 1993 to Spring of 1999 Data Analyses 
 
The Moses Lake Fisheries Restoration Project was unique in the sense that historical data 
was collected primarily with assistance from volunteers.  Prior to the formation of the 
Moses Lake Fisheries Restoration Project a WDFW district biologist utilized the help of 
volunteers to obtain necessary baseline data (Korth 1999).  When the Moses Lake project 
was brought online in 1999, data collection began immediately and was later analyzed 
along with the historical baseline data.  One of the concerns using previously collected 
data was the possibility of collection bias with regards to netting primarily larger fish by 
the WDFW volunteers, and the use of more than two netters.  Proper netting protocol 
demanded an unbiased approach with regards to netting shocked fish as developed in 
WDFW warmwater fish standardized sampling protocol.   
 
Statistical Analysis 

Analysis of variance with an alpha level of 0.05 was used to detect any differences in the 
length of fish captured during the spring and fall sample seasons of 1993 to 2000 (Zar 
1996).  The analysis was aimed at testing lengths for each species of fish between the 
years in which sampling occurred to detect differences of length in sampled fish over 
time.  Historical data were statistically analyzed to determine if there was an annual 
difference in the length of fish within species that were sampled during the 1993 to 1999 
spring and fall samples. This was done to detect a size bias or a trend in the size of fish 
captured in the baseline biological data. Analysis revealed that there was a significant 
difference in the mean length of fish captured in the baseline samples as compared to fish 
sampled in fall 1999 using the WDFW standardized sampling protocol. Because of this 
finding, recent historical data will not be used in generating the indices listed below.  
This information will still be used to develop length at age and relative weight indices.   
 
Baseline Biological Data Analysis 
 
Conventional Analysis and Sampling Indices 
 
Conventional analysis and indices were conducted calculating species composition, 
biomass, catch per unit effort (CPUE), length frequency histograms, proportional stock 
densities (PSD), length at age, and relative weight (Wr). Using spreadsheet macros 
developed by WDFW staff on Corel® Quattro Pro, the following analyses were 
performed on data collected during the fall 1999 and spring 2000 surveys. 

 
Species Composition and Biomass 
 
Species composition was the percentage of total count of individual species sampled 
compared to the total count of individuals sampled from the fish community of Moses 
Lake.  Species biomass was the percentage of total weight of individual species sampled 
compared to the total weight of the total individuals sampled from the fish community.  
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Baseline Biological Information from 1993 to Spring of 1999 Data Analyses

The Moses Lake Fisheries Restoration Project was unique in the sense that historical data
was collected primarily with assistance from volunteers. Prior to the formation of the
Moses Lake Fisheries Restoration Project a WDFW district biologist utilized the help of
volunteers to obtain necessary baseline data (Korth 1999). When the Moses Lake project
was brought online in 1999, data collection began immediately and was later analyzed
along with the historical baseline data. One of the concerns using previously collected
data was the possibility of collection bias with regards to netting primarily larger fish by
the WDFW volunteers, and the use of more than two netters. Proper netting protocol
demanded an unbiased approach with regards to netting shocked fish as developed in
WDFW warrnwater fish standardized sampling protocol.

Statistical Analysis

Analysis of variance with an alpha level of 0.05 was used to detect any differences in the
length of fish captured during the spring and fall sample seasons of 1993 to 2000 (Zar
1996). The analysis was aimed at testing lengths for each species of fish between the
years in which sampling occurred to detect differences of length in sampled fish over
time. Historical data were statistically analyzed to determine if there was an annual
difference in the length of fish within species that were sampled during the 1993 to 1999
spring and fall samples. This was done to detect a size bias or a trend in the size of fish
captured in the baseline biological data. Analysis revealed that there was a significant
difference in the mean length of fish captured in the baseline samples as compared to fish
sampled in fall 1999 using the WDFW standardized sampling protocol. Because of this
finding, recent historical data will not be used in generating the indices listed below.
This information will still be used to develop length at age and relative weight indices.

Baseline Biological Data Analysis

Conventional Analysis and Sampling Indices

Conventional analysis and indices were conducted calculating species composition,
biomass, catch per unit effort (CPUE), length frequency histograms, proportional stock
densities (PSD), length at age, and relative weight (Wt). Using spreadsheet macros
developed by WDFW staff on Corel® Quattro Pro, the following analyses were
performed on data collected during the fall 1999 and spring 2000 surveys.

Species Composition and Biomass

Species composition was the percentage of total count of individual species sampled
compared to the total count of individuals sampled fiom the fish community ofMoses
Lake. Species biomass was the percentage of total weight of individual species sampled
compared to the total weight of the total individuals sampled from the fish community.



Species composition and percent biomass were calculated separately for both 
electrofishing and gillnetting techniques and also pooled for the total species composition 
of all fish surveyed during each sampling season.  Calculations conducted separately for 
both techniques were used to illustrate the bias between sampling gears.  Pooling all the 
data for each sample season allowed for analysis of the entire spectrum of available fish.  
Young of year (YOY) were excluded from all analyses because mortality rates are high 
and unpredictable which could skew results. 

 
Catch Per Unit Effort 
 
Catch per unit effort (CPUE) was the calculation of the number of fish of all ages that are 
caught for a given effort and could be categorized as a unit of time or space (Hubert 
1983).  During surveys on Moses Lake, a unit effort for electrofishing and gillnetting was 
represented by 600 seconds and one overnight set (12 to 24 hours), respectively.  CPUE 
was calculated for each of the individual species for both electrofishing and gillnetting 
sampling methods.  Confidence intervals (CI) at 80% were determined for each species 
CPUE and by the method used to sample.  Each CI was calculated using the following 
formula: 

X ± (t α(n-1)) (s/√n) 
 

Where X was the mean CPUE, tα(n-1) was the t critical value at a prescribed alpha level for 
the appropriate degrees of freedom (n-1), and (s/√n) was the standard error of the mean 
CPUE.  Understanding the amount of time needed to catch a given number of fish was 
useful in developing future projects and determining future assemblage composition.     
 
Length and Age Frequency 
 
Length frequency histograms represented the percentage of each size class of fish 
sampled.  Percentages, rather than the number of fish sampled, were used for constructing 
length frequency histograms.   
 
Length-frequency histograms described the size structure of fishes within Moses Lake, 
and were useful predictors of future recruitment or year class mortality (Jearld 1983).  
Length frequencies were determined separately for both gillnetting and electrofishing 
methods to determine differences in the size and/or species selectivity of each method.  
Length frequency histograms excluded young-of-the-year fishes.  
 
Age frequency histograms represented the distribution of sampled fish based on age.  
Percentages, rather than the number of fish sampled, were used for constructing age 
frequency histogram because it is better for comparative reasons.  Each age group was 
separated based on the minimum and maximum size at age as determined from the results 
of calculations using Lee’s regression.  Age frequency histograms were constructed for 
black crappie, bluegill sunfish, largemouth bass, smallmouth bass, walleye and yellow 
perch from fish sampled during the fall of 1999.  As with the length frequency 
histograms, young-of-the-year fishes were excluded.   
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Where Xwas the mean CPUE, ref"'1) was the t critical value at a prescribed alpha level for
the appropriate degrees of freedom (11-1), and (sh/1) was the standard error of the mean
CPUE. Understanding the amount of time needed to catch a given number of fish was
useful in developing future projects and determining future assemblage composition.

Length and Age Frequency

Length fiequency histograms represented the percentage of each size class of fish
sampled. Percentages, rather than the number of fish sampled, were used for constructing
length frequency histograms.

Length— frequency histograms described the size structure of fishes within Moses Lake,
and were useful predictors of fiiture recruitment or year class mortality (Jearld 1983).
Length frequencies were determined separately for both gillnetting and electrofishing
methods to determine differences in the size and/or species selectivity of each method.
Length frequency histograms excluded young-of—the-year fishes.

Age fiequency histograms represented the distribution of sampled fish based on age.
Percentages, rather than the number of fish sampled, were used for constructing age
fiequency histogram because it is better for comparative reasons. Each age group was
separated based on the minimum and maximum size at age as determined fiom the results
of calculations using Lee’s regression. Age frequency histograms were constructed for
black crappie, bluegill sunfish, largemouth bass, smallrnouth bass, walleye and yellow
perch from fish sampled during the fall of 1999. As with the length frequency
histograms, young-of-the-year fishes were excluded.



Proportional and Relative Stock Densities 
 
Proportional stock densities (PSD) were a tool for examining the balance of a population. 
Both PSD and RSD indices were useful tools for managers as predictors of the quality of 
the fishery (Divens 1988).  Proportional stock densities were an index of the proportion 
of quality size fish within the standing stock.  Fish were categorized as either a stock or 
quality size with regard to length as determined by Gabelhouse (1983, 1984). The 
formula used to calculate PSD was: 

 
PSD = (number ≥ minimum quality length fish / number ≥ minimum stock length) * 100 
 
Relative stock density indices were developed as a modification of PSD’s.  Gabelhouse 
(1983, 1984) expanded the former quality length into stock, quality, preferred, 
memorable and trophy lengths.  Sizes of fish in these categories were rated as a 
percentage of the world record for a particular fish.  RSD was calculated using the 
following formula: 

 
RSD = [(the number of fish ≥ specific length) / (number of fish ≥ stock length)] * 100  
    
Table 3 Proportional Stock Density (PSD) and Relative Stock Density (RSD) nationally standardized 
length categories.  Measurements are total length in millimeters for each category (Anderson and 
Neumann 1996).  
  

Species   Stock  Quality  Preferred Memorable Trophy 
black crappie 130 200 250 300 380 
bluegill sunfish 80 150 200 250 300 
largemouth bass 200 300 380 510 630 
smallmouth bass 180 280 350 430 510 
walleye 250 380 510 630 760 
yellow perch 130 200 250 300 380 
rainbow trout 250 400 500 650 800 
common carp 280 410 530 660 840 

 
Length at Age 
Length at age of fishes sampled from Moses Lake was determined using the direct 
proportion method (Jearld 1983) and the Lee’s modification of the direct proportional 
method (Carlander 1982).   All age determinations were based on reading scales; i.e. 
determining the location of the focus, the distance between the focus and each annuli, and 
the total number of annuli. Total length at annulus formation using the direct proportion 
method was calculated as: 

 
Ln=(A*TL)/S 

 
where A was the radius of the fish scale at age n, TL was the total length of the fish 
captured and S was the total radius of the scale at capture.  Whereas Lee’s modification 
was calculated as: 
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Species Stock Quality Preferred Memorable Trophy
black crappie 130 200 250 300 3 80
bluegill sunfish 80 150 200 250 300
largemouth bass 200 300 380 510 630
smallrnouth bass 180 280 350 430 510
walleye 250 380 510 630 760
yellow perch 130 200 250 300 3 80
rainbow trout 250 400 500 650 800
common carp 280 410 530 660 840

Length at Age
Length at age of fishes sampled from Moses Lake was determined using the direct
proportion method (Jearld 1983) and the Lee’s modification of the direct proportional
method (Carlander 1982). All age determinations were based on reading scales; i.e.
determining the location of the focus, the distance between the focus and each annuli, and
the total number of annuli. Total length at annulus formation using the direct proportion
method was calculated as:

Ln=(A*TL)/S
where A was the radius of the fish scale at age n, TL was the total length of the fish
captured and S was the total radius of the scale at capture. Whereas Lee’s modification
was calculated as:



Ln=a+A*(TL-a)/S 
 
where a was the species-specific standard intercept from a scale radius-fish length 
regression.   
 
For each species, the mean back-calculated length at age was presented for each year 
class as well as the overall mean length of each age class.  An 80% confidence interval 
was applied for all mean lengths.  The mean length for a given age was a useful 
comparative tool with respect to regional or statewide averages, between bodies of water 
and within a system during different times.   

    
Relative Weight Index 
 
Condition or relative weight index was used to analyze the weight of a given fish against 
the length specific national standard weight of a fish of the same length.  Relative weight 
is calculated as: 

 
Wr=(W/Ws) * 100 

 
where W was the weight of the fish in question and Ws was the national standard weight.  
A fish with a relative weight of 100 was in average condition with regards to the national 
average (Anderson and Gutreuter 1983).  Relative weights were useful indices for 
comparative analysis of fish within and between systems.  

Ln=a+A*(TL-a)/S

where a was the species— specific standard intercept from a scale radius-fish length
regression.

For each species, the mean back- calculated length at age was presented for each year
class as well as the overall mean length of each age class. An 80% confidence interval
was applied for all mean lengths. The mean length for a given age was a useful
comparative tool with respect to regional or statewide averages, between bodies of water
and within a system during different times.

Relative Weight Index

Condition or relative weight index was used to analyze the weight of a given fish against
the length specific national standard weight of a fish of the same length. Relative weight
is calculated as:

Wr=(W/Ws) * 100

where Wwas the weight of the fish in question and W5 was the national standard weight.
A fish with a relative weight of 100 was in average condition with regards to the national
average (Anderson and Gutreuter 1983). Relative weights were useful indices for
comparative analysis of fish within and between systems.



Results 
 
Historical Aquatic Macrophyte and Plant Survey 
 
A plant distribution and density survey was conducted to record plant species presence 
and density in Moses Lake (Table 4).  The survey indicated that most aquatic 
macrophytes were not present in high densities in any section of the lake.  Aquatic 
macrophyte densities and distribution were probably limited by bioturbation (common 
carp), and fall drawdown, that dewater and lead to desiccation of the macrophytes, 
preventing the establishment of dense complex macrophyte communities.  Sago 
pondweed (Potamogeton pectinatus) was given the highest distribution value (3), 
indicating that it was growing in large patches, co-dominant with other plants.  The 
remaining species of macrophytes identified were all given a value of 2, with exception 
of coontail: hornwort (Ceratophyllum demersum), which received a distribution value of 
1.   The most abundant shoreline plants were Bulrush (Scirpus spp.) and Reed 
canarygrass (Phalaris arundinacia), which were both assigned values of 3.  All other 
shoreline plants received distribution values of 2 or 1. 
  
Eurasian milfoil (Myriophyllum spicatum) had been reported in Moses Lake.  Only a 
small piece of a milfoil was found, not enough to conclude that it was Eurasian milfoil.  
Other plant species of concern identified on Moses Lake included purple loosestrife 
(Lythrum salicaria), common reed (Phragmites communis), and yellow flag iris (Iris 
pseudacorus).  Purple loosestrife is listed with the state as a class B noxious weed.  
Common reed and yellow flag iris are of concern, as they tend to be invasive. 
 
Low density macrophyte growth may indicate reduced productivity in the lake. It may 
also be an indication that common carp were increasing turbidity not allowing for plant 
colonization in deeper water or were disturbing plant beds not allowing for widespread 
colonization of plants.  Drawdown might have been contributing to the lack in plant 
density because during drawdown plants could be dewatered and desiccated preventing 
plant colonization.  Low density macrophytes limit the complexity of habitat for panfish 
to use for avoiding predation.  The survey indicates that very little dense macrophyte 
growth, or large macrophyte beds exist in Moses Lake.   
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Eurasian milfoil (Myriophyllum spicatum) had been reported in Moses Lake. Only a
small piece of a milfoil was found, not enough to conclude that it was Eurasian milfoil.
Other plant species of concern identified on Moses Lake included purple loosestrife
(Lythmm salicaria), common reed (Phragmites communis), and yellow flag iris (Iris
pseudacorus). Purple loosestrife is listed with the state as a class B noxious weed.
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to use for avoiding predation. The survey indicates that very little dense macrophyte
growth, or large macrophyte beds exist in Moses Lake.



Table 4 Summary and Distribution value of plants found in Moses Lake and along the shoreline of 
Moses Lake.  The Washington Department of Ecology July 15, 1998 conducted the survey. 

Scientific Name Common Name Distribution Value 
Carex sp. Sedge 1 
Ceratophyllum demersum Coontail: hornwort 1 
Iris pseudacorus Yellow flag 2 
Junchus sp. Rush 1 
Lythrum salicaria Purple Loosestrife 2 
Myriophyllum sp. Water milfoil 1 
Phalaris arundinacia Reed canarygrass 3 
Phragmites communis Common reed 2 
Potamogeton crispus Curly leaf pondweed 2 
Potamogeton illinoensus Illinois pondweed 2 
Potamogeton pectinatus Sago pondweed 3 
Potamogeton sp. (thin leaved) Thin leaved pondweed 2 
Scirpus sp. Bulrush 3 
Typha latifolia Common cat-tail 2 
 
Distribution Value Definitions: 
0  The value was not recorded (plant may not be submersed). 
1  Few plants in only one or a few locations.  
2  Few plants but with wide patchy distribution. 
3  Plants growing in large patches, co-dominant with other plants. 
4  Plants in nearly monospecific patches, dominant. 
5  Thick growth covering the substrate at the exclusion of other species. 
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Phalaris arundinacia Reed canarygrass 3
Phragmites communis Common reed 2
Potamogeton crispus Curly leaf pondweed 2
Potamogeton illinoensus Illinois pondweed 2
Potamogeton pectinatus Sago pondweed 3
Potamogeton sp. (thin leaved) Thin leaved pondweed 2
Scirpus sp. Bulrush 3
Typha latifolia Common cat-tail 2

Distribution Value Definitions:
0 The value was not recorded (plant may not be submersed).
1 Few plants in only one or a few locations.
2 Few plants but with Wide patchy distribution.
3 Plants growing in large patches, co-dominant with other plants.
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Historical Water Quality Surveys 
 
The aquatic environment of Moses Lake has been studied extensively since 1963. The 
studies focused on water quality restoration of Moses Lake to improve the lake’s 
aesthetics.  
Moses Lake was considered hypereutrophic.  Anecdotal stories indicated that the early 
settlers reported the algal blooms on Moses Lake appeared to be, “ So dense that one 
could drive a wagon across the lake without fear of getting wet” (Korth 2001). 
The Columbia plateau is naturally high in phosphorous, and the advent of irrigation and 
the subsequent use of fertilizers exacerbated high nutrient runoff into Moses Lake.  
Sylvester and Oglesby (1964) concluded that the excessive loading of phosphorus and 
nitrogen from the inflow of tributary streams and more recently the influence of treated 
sewage effluent caused the hypereutrophic condition of Moses Lake.  Carp within Moses 
Lake have been implicated as contributing to the internal phosphorus loading, as well as 
the lake’s high turbidity, through excretion and re-suspension of bottom sediments during 
feeding (Sylvester and Oglesby 1964). Sylvester and Oglesby recommended that low 
nutrient Columbia River water from the nearby East Low Canal be routed through Moses 
Lake to dilute and reduce nutrient concentrations (1964).    
 
Following the conclusions of Sylvester and Oglesby, Clinton Connelly, Director of the 
Moses Lake Irrigation District, commissioned a project to restore and maintain desirable 
water quality in Moses Lake.  Brown and Caldwell, consulting engineers from the 
University of Washington, were hired to design the Moses Lake Pilot Project.  Designs 
were developed to route dilution water from the Bureau of Reclamation’s East Low 
Canal into Parker Horn of Moses Lake.  The project was implemented and operational by 
March of 1977.  The dilution project continues to presently route dilution water through 
Moses Lake. 
  
Brown and Caldwell (1978) concluded that dramatic improvements in water transparency 
and algal growth were observed in Parker Horn and in the lower portion of Moses Lake 
as a result of the dilution process.  Visible improvements in water clarity and algal 
growth were more pronounced than were the nutrient concentration changes (Brown and 
Caldwell, 1978).  
 
In 1982, The Moses Lake Dilution: Phase II Project to improve water quality in Pelican 
Horn was initiated based on the success of the dilution facility in Parker horn.  Dilution 
did not work as effectively in this section of the lake.   Improvements in water quality 
were not realized until 1984 when high phosphorus loaded sewage effluent was diverted 
from the lake (Welch 1989). 
 
By 1985, additional water quality improvement projects were implemented.  The Moses 
Lake Clean Lake Project developed Best Management Practices (BMP’s).  The BMP’s 
recommended the construction of a settling pond to contain phosphorous lost via farming 
practices and from Rocky Ford Creek, which has naturally high phosphorous 
concentrations.  Additionally, the dam was intended to prevent carp from migrating into 

Historical Water Quality Surveys

The aquatic environment ofMoses Lake has been studied extensively since 1963. The
studies focused on water quality restoration of Moses Lake to improve the lake’s
aesthetics.
Moses Lake was considered hypereutrophic. Anecdotal stories indicated that the early
settlers reported the algal blooms on Moses Lake appeared to be, “ So dense that one
could drive a wagon across the lake without fear of getting wet” (Korth 2001).
The Columbia plateau is naturally high in phosphorous, and the advent of irrigation and
the subsequent use of fertilizers exacerbated high nutrient runoff into Moses Lake.
Sylvester and Oglesby (1964) concluded that the excessive loading ofphosphorus and
nitrogen fiom the inflow of tributary streams and more recently the influence of treated
sewage effluent caused the hypereutrophic condition of Moses Lake. Carp within Moses
Lake have been implicated as contributing to the internal phosphorus loading, as well as
the lake’s high turbidity, through excretion and re- suspension ofbottom sediments during
feeding (Sylvester and Oglesby 1964). Sylvester and Oglesby recommended that low
nutrient Columbia River water from the nearby East Low Canal be routed through Moses
Lake to dilute and reduce nutrient concentrations (1964).

Following the conclusions of Sylvester and Oglesby, Clinton Connelly, Director of the
Moses Lake Irrigation District, commissioned a project to restore and maintain desirable
water quality in Moses Lake. Brown and Caldwell, consulting engineers from the
University ofWashington, were hired to design the Moses Lake Pilot Project. Designs
were developed to route dilution water from the Bureau of Reclamation’s East Low
Canal into Parker Horn of Moses Lake. The project was implemented and operational by
March of 1977. The dilution project continues to presently route dilution water through
Moses Lake.

Brown and Caldwell (1978) concluded that dramatic improvements in water transparency
and algal growth were observed in Parker Horn and in the lower portion of Moses Lake
as a result of the dilution process. Visible improvements in water clarity and algal
growth were more pronounced than were the nutrient concentration changes (Brown and
Caldwell, 1978).

In 1982, The Moses Lake Dilution: Phase II Project to improve water quality in Pelican
Horn was initiated based on the success of the dilution facility in Parker horn. Dilution
did not work as effectively in this section of the lake. Improvements in water quality
were not realized until 1984 when high phosphorus loaded sewage effluent was diverted
from the lake (Welch 1989).

By 1985, additional water quality improvement projects were implemented. The Moses
Lake Clean Lake Project developed Best Management Practices (BMP’s). The BMP’s
recommended the construction of a settling pond to contain phosphorous lost via farming
practices and from Rocky Ford Creek, which has naturally high phosphorous
concentrations. Additionally, the dam was intended to prevent carp flom migrating into



Rocky Ford creek preventing them from disturbing sediments in the creek and/or re-
suspending nutrients that could have been carried to Moses Lake (Bain 1985).   
 
The techniques applied during the four major projects have resulted in improved water 
quality. Moses Lake was still considered eutrophic, but not hypereutrophic as before 
treatment (Welch et al., 1989).  This improvement in water quality had taken 
approximately twenty-five years to achieve.  During this time the impact to the fishery 
had mostly been ignored.  Bain states, “The District (Moses Lake Irrigation District) 
should continue to support fisheries enhancement programs.” (1990).  Additionally, 
Welch et al. (1983) states, “While the cause and effect relationships of algal changes and 
biotic factors, such as zooplankton, macrophytes, and fish, can only be speculated, it 
seems clear that a more thorough understanding of water quality dynamics both before 
and after pumping events requires that these factors be investigated in order to attribute 
the proper portion of the cause for algal control to dilution/flushing in Moses Lake…” 
 
Temperature 
 
The life associated with aquatic environments is actively regulated by water temperature.  
Fish, zooplankton, and benthic invertebrates are poikilotherms; therefore temperature 
affects their metabolic rate, growth rate and reproductive ability (McLellan 2000).  The 
fish most sensitive to temperature present in the Moses Lake fish population are rainbow 
trout.  Rainbow trout prefer temperatures less than 21°C and temperatures above 27°C 
are considered lethal (Wydoski and Whitney 1979).  Warmwater fish have a greater 
tolerance to temperature variance.  Bluegill sunfish, smallmouth bass, largemouth bass, 
and walleye have an upward range of at least 26°C.  Bluegill sunfish can tolerate water 
temperatures up to 29°C and the walleye’s range is even higher at 35°C (Wydoski and 
Whitney 1979).   
 
Mean seasonal temperatures were generally within the tolerances of rainbow trout.  
During the summer of 1963 the mean seasonal temperature was 28.8°C±14.6 and 
exceeded the tolerance of rainbow trout (Table 5).  The confidence interval size may have 
indicated that the seasonal temperatures were highly variable and possibly only reached 
lethal limits for short periods of time.   
 
The most recent temperature data were collected by the Department of Ecology from 
Moses Lake (Table 6). The data indicated that Moses Lake during summer 2000 began to 
stratify from three meters to the bottom of the lake at seven meters for the month of June. 
Surface temperature was 24.07 °C and the temperature at six meters was 19.51°C.   By 
July, the lake was stratified from five meters to the bottom.  Surface temperature for July 
was 24.34°C, and the temperature at five meters was 21.31°C.  In August the lake 
became isothermic the temperature at the surface of the lake was 21.84C°, and was 
21.57C° at 7 meters.  There was only a 0.33°C difference in temperature between top and 
bottom. 
 
The existence of a popular rainbow trout fishery on Moses Lake could possibly indicate 
that the high water temperatures in Moses Lake did not negatively impact the trout 

Rocky Ford creek preventing them from disturbing sediments in the creek and/or re-
suspending nutrients that could have been carried to Moses Lake (Bain 1985).

The techniques applied during the four major projects have resulted in improved water
quality. Moses Lake was still considered eutrophic, but not hypereutrophic as before
treatment (Welch et al., 1989). This improvement in water quality had taken
approximately twenty—five years to achieve. During this time the impact to the fishery
had mostly been ignored. Bain states, “The District (Moses Lake Irrigation District)
should continue to support fisheries enhancement programs.” (1990). Additionally,
Welch et al. (1983) states, “While the cause and effect relationships of algal changes and
biotic factors, such as zooplankton, macrophytes, and fish, can only be speculated, it
seems clear that a more thorough understanding ofwater quality dynamics both before
and after pumping events requires that these factors be investigated in order to attribute
the proper portion of the cause for algal control to dilution/flushing in Moses Lake...”

Temperature

The life associated with aquatic environments is actively regulated by water temperature.
Fish, zooplankton, and benthic invertebrates are poikilotherms; therefore temperature
affects their metabolic rate, growth rate and reproductive ability (McLellan 2000). The
fish most sensitive to temperature present in the Moses Lake fish population are rainbow
trout. Rainbow trout prefer temperatures less than 21°C and temperatures above 27°C
are considered lethal (Wydoski and Whitney 1979). Warrnwater fish have a greater
tolerance to temperature variance. Bluegill sunfish, smallrnouth bass, largemouth bass,
and walleye have an upward range of at least 26°C. Bluegill sunfish can tolerate water
temperatures up to 29°C and the walleye’s range is even higher at 35°C (Wydoski and
Whitney 1979).

Mean seasonal temperatures were generally within the tolerances of rainbow trout.
During the summer of 1963 the mean seasonal temperature was 28.8°Ci14.6 and
exceeded the tolerance of rainbow trout (Table 5). The confidence interval size may have
indicated that the seasonal temperatures were highly variable and possibly only reached
lethal limits for short periods of time.

The most recent temperature data were collected by the Department of Ecology from
Moses Lake (Table 6). The data indicated that Moses Lake during summer 2000 began to
stratify fiom three meters to the bottom of the lake at seven meters for the month of June.
Surface temperature was 24.07 °C and the temperature at six meters was l9.51°C. By
July, the lake was stratified fiom five meters to the bottom. Surface temperature for July
was 24.34°C, and the temperature at five meters was 21.3l°C. In August the lake
became isotherrnic the temperature at the surface of the lake was 21.84C°, and was
21 .57C° at 7 meters. There was only a 033°C difference in temperature between top and
bottom.

The existence of a popular rainbow trout fishery on Moses Lake could possibly indicate
that the high water temperatures in Moses Lake did not negatively impact the trout



population, and that the more tolerant warmwater species would not be influenced 
negatively by water temperature.  However, subsurface springs resulting from increased 
irrigation in the basin and the input of cooler dilution water into the lake could provide 
thermal refugia from lethal temperatures.  As temperatures increase in Moses Lake 
panfish may begin to seek areas with thermal refuge from temperatures exceeding their 
comfort ranges.  Concentrations of panfish as a result of increased water temperatures 
may increase their susceptibility to predation.  Higher water temperatures dictate 
metabolic rates; with higher temperatures consumption of by both zooplanktivores and 
predators may be at or above production for the lake.  Over grazing or over predation 
may be controlling panfish production as a result of competition or predation. 
The decrease in water temperatures may have increased survival for rainbow trout, 
allowing for increased competition or predation on panfish.  Decreased water 
temperatures may also result in delayed spawn timing for panfish.  This could potentially 
reduce the size and fat stores of young-of-the-year panfish resulting in decreased over 
winter survival. 

population, and that the more tolerant warmwater species would not be influenced
negatively by water temperature. However, subsurface springs resulting fiom increased
irrigation in the basin and the input of cooler dilution water into the lake could provide
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allowing for increased competition or predation on panfish. Decreased water
temperatures may also result in delayed spawn timing for panfish. This could potentially
reduce the size and fat stores of young-of—the-year panfish resulting in decreased over
winter survival.



Table 5 Water quality seasonal means for 1963, winter 1964, 1977, 1982, 1986, 1987 and 1988.   
Parameters presented are temperature, dissolved oxygen, total phosphorous (Total P) and total 
nitrogen (Total N). Confidence intervals (CI) were calculated for 95%. Data was taken from 
Sylvester and Oglesby (1964) Brown and Caldwell (1978) and Welch et al. (1989).  

 Temperature  
C°°  

Dissolved Oxygen 
mg/l 

Total – P 
µµg/l 

Total N 
µµg/l 

 Mean CI n Mean CI n Mean CI n Mean CI n 

Spring 1963 13.4 3.3 11 7.6 1.6 4  0.3 8    

Summer 1963 28.8 14.6 28 7.9 1.0 26  0.1 24    
Fall 1963 9.1 7.8 7 9.2 2.7 7  1.2 4    
Winter 1964 2.5 5.5 3 19.4 9.4 3   0    
Winter 1977 5.1 0.2 32 13.0 0.4 29 58.4 18.2 29    
Spring 1977 12.3 0.4 360 9.4 0.3 319 73.8 5.3 351    
Summer 1977 21.3 0.4 180 7.9 0.6 120 118.6 11.3 177    
Fall 1977 14.5 0.4 39 7.4 0.6 20 84.4 10.1 40    
Winter 1982 5.3 0.1 14 11.1 6.8 5 138 72.7 16 1332.5 543 7 
Spring 1982 14.4 1.0 96 9.4 1.1 29 87.9 24.2 107 532.2 75.3 53 
Summer 1982 21.2 0.4 106 5.7 1.3 28 134.0 28.9 127 713 118.9 42 
Fall 1982 13.5 0.7 42 7.9 0.5 12 136.4 26.2 46    
Winter 1986 6.0 2.1 9 12.4 5.2 3 101.6 17.2 30 1182.2 252.7 18 
Spring 1986 16.7 0.9 129 1.9 1.3 24 71.1 6.7 188 583.6 159 65 
Summer 1986 20.0 0.4 131 6.9 1.5 23 76.5 11.4 192 684.5 293.1 31 
Fall 1986 13.7 1.2 30 10.4 1.0 5 86.0 13.7 27 1018.1 353.9 21 
Winter 1986 3.5 1.1 14    134.6 53.3 9 1696.7 821.3 9 
Spring 1987 13.2 0.8 101 8.0 1.3 20 61.6 7.3 168 746.9 292.4 33 
Summer 1987 21.0 1.1 103 5.8 1.9 22 88.2 10.0 149 882.4 404.9 36 
Fall 1987 11.2 2.0 36 6.8 4.4 4 98.9 14.5 41 595.8 546.2 5 
Winter 1987 6.6 1.3 19    104.6 35.3 18 1184.5 556.2 10 
Spring 1988 14.4 3.0 98 10.4 1.3 24 57.5 9.7 151 920.2 568.4 46 
Summer 1988 18.1 0.6 93 8.0 1.2 42 90.8 10.4 128 1098.1 489.9 41 
Fall 1988 13.0 2.0 6   0 113 82.8 6 7805.5 21471.8 4 
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nitrogen (Total N). Confidence intervals (CI) were calculated for 95%. Data was taken from
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Winter 1986 6.0 2.1 9 12.4 5.2 3 101.6 17.2 30 1182.2 252.7 18
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Summer 1986 20.0 0.4 131 6.9 1.5 23 76.5 11.4 192 684.5 293.1 31
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Spring 1987 13.2 0.8 101 8.0 1.3 20 61.6 7.3 168 746.9 292.4 33
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Table 6 Data collected by Washington Department of Ecology during June, July and August 2000.  
Temperature was measured in degrees Celsius, dissolved oxygen (DO) was measured in mg/l, pH was 
measured in units, and Conductivity was measured in MicroSiemens/cm. 

 
Dissolved Oxygen (DO) 
 
Fish require oxygen for metabolic functions.  The amount of DO within a body of water 
directly influences the ability of fish to survive.   As with temperature, rainbow trout are 
more sensitive to lower DO levels than warmwater species. The Environmental 
Protection Agency sets the DO requirement for rainbow trout at 4.0mg/l or greater, but 
Boyd (1990) sets the requirement at 2.5mg/l or greater.  Warmwater fish cannot survive 
less than 1mg/l and thrive in DO levels greater than 2.5mg/l (Boyd 1990).   
 
The lowest recorded seasonal mean for DO in Moses Lake was 1.9mg/l ±1.3 in spring of 
1986 (Table 5).  DO levels appeared to have fallen below preferred levels for panfish, but 
it appears to be an aberrant seasonal mean because there is not another seasonal mean 
that indicates as low a DO concentration.  Rainbow trout persist in Moses Lake through 
these periods of reduced DO and indicating that at least some portions of the lake have 
high enough concentrations of DO to allow for fish to persist.  
 
The most recent data collected for DO was collected by the Department of Ecology from 
Moses Lake (Table 6).  Profiles from the month of June indicated that DO was greater 
than 3 mg/l down to six meters, but at seven meters DO reduced to 0.25 mg/l.  This 
supported the temperature data illustrating that the lake was beginning to stratify.  By 
July, DO was greater than 9.0 mg/l down to four meters, but dropped 1.58 mg/l between 
four and five meters, 0.16 mg/l at six meters and 0.11 mg/l at seven meters.  This would 
support the conclusion drawn from the temperature data that the lake stratified in the 
month of July.  By August, DO levels were relatively static at a range from 6.78mg/l to 
5.65mg/l from the surface to six meters.  DO at seven meters was 0.97 mg/l.  In support 
of the temperature data, it would appear that the lake was not stratified in August.  
 
Reduced DO levels may decrease the amount of preferred habitat for panfish especially 
as the lake stratifies.  As a result this may concentrate panfish in areas making them more 
susceptible to predation and increasing competition for forage.  The overall reduction in 
habitat available in Moses Lake because of reduced DO levels would not appear to be 
limiting.  The mean depth of Moses Lake is shallower than the areas that have low DO 

Depth Temp DO pH Cond Depth Temp DO pH Cond Depth Temp DO pH Cond
0 24.07 12.4 9.0 245 0 24.3 12.2 9.2 224 0 21.8 6.8 8.9 278
1 23.91 12.4 9.0 247 1 24.4 12.2 9.3 224 1 21.8 6.5 8.9 278
2 23.34 12.3 9.0 251 2 24.3 12 9.3 224 2 21.8 6.3 8.9 280
3 20.46 9.4 8.9 246 3 24.1 10.9 9.2 225 3 21.7 5.8 8.9 280
4 20.31 8 8.8 251 4 24 10.9 9.2 226 4 21.7 5.8 8.9 282
5 20.05 6.6 8.7 266 5 23.4 9 9.1 238 5 21.7 5.7 8.9 281
6 19.51 3.6 8.4 276 6 21.3 1.6 8.4 261 6 21.7 5.7 8.9 279
7 18.77 0.25 8.1 274 6 20.8 0.16 8.2 270 6 21.7 5.7 8.9 280

7 20.2 0.11 8 278 7 21.5 0.97 8.5 285

AugustJulyJune

Table 6 Data collected by Washington Department of Ecology during June, July and August 2000.
Temperature was measured in degrees Celsius, dissolved oxygen (DO) was measured in mg/l, pH was
measured in units, and Conductivity was measured in MicroSiemens/cm.

June Ju ust

23.91 12.4 9.0 24.4 12.2 9.3
23.3412.3 9.0 24.3 12 9.3
20.46 9.4 8.9 24.1 10.9 9.2
20.31 8 8.8 24 10.9 9.2

Dissolved Oxygen (DO)

Fish require oxygen for metabolic functions. The amount ofDO within a body ofwater
directly influences the ability of fish to survive. As with temperature, rainbow trout are
more sensitive to lower DO levels than warmwater species. The Environmental
Protection Agency sets the DO requirement for rainbow trout at 4.0mg/l or greater, but
Boyd (1990) sets the requirement at 25l or greater. Warmwater fish cannot survive
less than 1mg/l and thrive in D0 levels greater than 25l (Boyd 1990).

The lowest recorded seasonal mean for D0 in Moses Lake was 19l i1.3 in spring of
1986 (Table 5). DO levels appeared to have fallen below preferred levels for panfish, but
it appears to be an aberrant seasonal mean because there is not another seasonal mean
that indicates as low a DO concentration. Rainbow trout persist in Moses Lake through
these periods of reduced DO and indicating that at least some portions of the lake have
high enough concentrations ofD0 to allow for fish to persist.

The most recent data collected for DO was collected by the Department of Ecology from
Moses Lake (Table 6). Profiles from the month of June indicated that DO was greater
than 3 mg/l down to six meters, but at seven meters DO reduced to 0.25 mg/l. This
supported the temperature data illustrating that the lake was beginning to stratify. By
July, DO was greater than 9.0 mg/l down to four meters, but dropped 1.58 mg/l between
four and five meters, 0.16 mg/l at six meters and 0.11 mg/l at seven meters. This would
support the conclusion drawn from the temperature data that the lake stratified in the
month of July. By August, DO levels were relatively static at a range fiom 6.78mg/l to
5.65mg/l from the surface to six meters. DO at seven meters was 0.97 mg/l. In support
of the temperature data, it would appear that the lake was not stratified in August.

Reduced DO levels may decrease the amount ofpreferred habitat for panfish especially
as the lake stratifies. As a result this may concentrate panfish in areas making them more
susceptible to predation and increasing competition for forage. The overall reduction in
habitat available in Moses Lake because of reduced DO levels would not appear to be
limiting. The mean depth of Moses Lake is shallower than the areas that have low DO



concentrations.  As a result it would appear that little to no area critical to fish production 
would potentially be affected by the lack of DO in some of the isolated deeper areas 
within Moses Lake.  
  
Nitrogen 
 
Nitrogen is usually not toxic in the quantities found in lakes and rivers up to 10mg/l or 
10000µg/l (Horne and Goldman 1994).  Moses Lake did not usually exceed this limit. 
The exception was fall of 1988.  Confidence intervals for fall 1988 indicated that nitrogen 
Levels could have exceeded the lethal limit for fish in Moses Lake. The highest recorded  
seasonal mean of total nitrogen occurred in fall 1988, 7805.5µg/l ±21,471.8. This mean 
and confidence interval were based on a small sample size, not accounting for variability 
of nitrogen concentration throughout the lake The lowest recorded seasonal mean of total 
nitrogen occurred in spring 1982, 532.2µg/l ± 75.3 (Table 5).     
 
The trend line for seasonal mean total nitrogen concentrations for Moses Lake indicated 
that the concentrations of total nitrogen might have increased from 1977 to 1988 (Figure 
2). The trend line equation indicated that the concentrations of total nitrogen were 
possibly increasing by 161.84µg/l per season sampled. This rate of increase could have 
been exacerbated by the fall 1988 seasonal mean of 7805.5µg/l ± 21,471.8.   
 
Phosphorus 
 
Phosphorus is essential for all living organisms.  Phosphorous is generally the limiting 
nutrient for growth and can cause proliferations of algal growth (McLellan 2000).  The 
amount of total phosphorus determines a lakes trophic status.  A lake such as Moses Lake 
with an annual mean greater than 25µg/l is considered eutrophic.  Moses Lake exceeds 
total phosphorus lake nutrient criterion established in Washington State water quality 
standards for surface water (Carrol et al 2000). The highest recorded seasonal mean for 
total phosphorous occurred in fall 1982, 136.4µg/l ± 26.2. The lowest recorded seasonal 
mean total phosphorous occurred in spring 1988, 57.5µg/l ± 9.7 (Table 5).   For every 
seasonal mean from 1977 to 1988, Moses Lake annual means exceeded the standard.  The 
major impacts on fish from high phosphorous concentrations are algal blooms that 
produce algal toxins.  Fish mortality can be the result of toxins produced by algal growth 
or oxygen depletion from die off and decomposition of these algae (Boyd 1990). 
   
A trend line for seasonal mean total phosphorous concentrations for Moses Lake 
indicated that the concentrations of total phosphorous might have decreased from 1977 to 
1988 (Figure 2). The trend line equation indicated that the concentrations of total 
phosphorous may have actually decreased by 0.23µg/l per season sampled.   
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would potentially be affected by the lack ofD0 in some of the isolated deeper areas
within Moses Lake.

Nitrogen

Nitrogen is usually not toxic in the quantities found in lakes and rivers up to 10mg/l or
10000ug/l (Horne and Goldman 1994). Moses Lake did not usually exceed this limit.
The exception was fall of 1988. Confidence intervals for fall 1988 indicated that nitrogen
Levels could have exceeded the lethal limit for fish in Moses Lake. The highest recorded
seasonal mean of total nitrogen occurred in fall 1988, 7805.5ug/l i21,471.8. This mean
and confidence interval were based on a small sample size, not accounting for variability
ofnitrogen concentration throughout the lake The lowest recorded seasonal mean of total
nitrogen occurred in spring 1982, 532.2ug/l i 75.3 (Table 5).

The trend line for seasonal mean total nitrogen concentrations for Moses Lake indicated
that the concentrations of total nitrogen might have increased fiom 1977 to 1988 (Figure
2). The trend line equation indicated that the concentrations of total nitrogen were
possibly increasing by 161.84ug/l per season sampled. This rate of increase could have
been exacerbated by the fall 1988 seasonal mean of 7805.5ug/l i 21,471 .8.

Phosphorus

Phosphorus is essential for all living organisms. Phosphorous is generally the limiting
nutrient for growth and can cause proliferations of algal growth (McLellan 2000). The
amount of total phosphorus determines a lakes trophic status. A lake such as Moses Lake
with an annual mean greater than 25ug/l is considered eutrophic. Moses Lake exceeds
total phosphorus lake nutrient criterion established in Washington State water quality
standards for surface water (Carrol et al 2000). The highest recorded seasonal mean for
total phosphorous occurred in fall 1982, 136.4ug/l i 26.2. The lowest recorded seasonal
mean total phosphorous occurred in spring 1988, 57.5ug/l i 9.7 (Table 5). For every
seasonal mean from 1977 to 1988, Moses Lake annual means exceeded the standard. The
major impacts on fish from high phosphorous concentrations are algal blooms that
produce algal toxins. Fish mortality can be the result of toxins produced by algal growth
or oxygen depletion fiom die off and decomposition of these algae (Boyd 1990).

A trend line for seasonal mean total phosphorous concentrations for Moses Lake
indicated that the concentrations oftotal phosphorous might have decreased fiom 1977 to
1988 (Figure 2). The trend line equation indicated that the concentrations of total
phosphorous may have actually decreased by 0.23ug/l per season sampled.



 

 
Figure 2 Seasonal mean concentrations of total nitrogen (Total n) and total phosphorous (Total P) 
from data collected during 1977 to 1988.  Concentrations of both total nitrogen and total 
phosphorous were measured in µµg/l. Data was taken from Brown and Caldwell (1978) and Welch et 
al. (1989). 
 
Chlorophyll-a 
 
Chlorophyll-a is one of the criteria to characterize a lakes trophic status.  A lake with a 
chlorophyll-a greater than 10 ìg/l is considered eutrophic and highly productive.  The 
chlorophyll-a measurements for Moses Lake exceeded the concentration standard for 
most samples.  However, spring samples in 1986,1987 and 1988 were below the standard 
for eutrophic lakes. The highest recorded seasonal mean for chlorophyll-a occurred in 
winter 1981-82, 60.7µg/l ± 12.2. The lowest recorded seasonal mean chlorophyll-a 
occurred in spring 1988, 4.6µg/l ± 0.8 (Table 7).    
 
The trend line equation for seasonal mean chlorophyll-a concentrations for Moses Lake 
for the years 1977 to 1988 indicated that the concentrations of chlorophyll-a decreased by 
2.02µg/l per season sampled. The R2 is 0.3716 indicating that the data was variable and 
might not accurately depict the trend.  Separating by season it would appear that 
chlorophyll-a production was not only decreasing overall, but was decreasing seasonally 
over the time represented in the Figure 3.  The reduction in chlorophyll-a productivity 
appears to be uniform for spring and fall samples.  Current chlorophyll-a information will 
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Figure 2 Seasonal me an concentrations of total nitrogen (Total n) and total phosphorous (Total P)
from data collected during 1977 to 1988. Concentrations of both total nitrogen and total
phosphorous were measured in pg/l. Data was taken from Brown and Caldwell (1978) and Welch et
a1. (1989).

Chlorophyll-a

Chlorophyll-a is one of the criteria to characterize a lakes trophic status. A lake with a
chlorophyll-a greater than 10 ig/l is considered eutrophic and highly productive. The
chlorophyll-a measurements for Moses Lake exceeded the concentration standard for
most samples. However, spring samples in 1986,1987 and 1988 were below the standard
for eutrophic lakes. The highest recorded seasonal mean for chlorophyll-a occurred in
winter 1981-82, 60.7ug/l i 12.2. The lowest recorded seasonal mean chlorophyll-a
occurred in spring 1988, 4.6ug/l i 0.8 (Table 7).

The trend line equation for seasonal mean chlorophyll-a concentrations for Moses Lake
for the years 1977 to 1988 indicated that the concentrations of chlorophyll-a decreased by
2.02ug/l per season sampled. The R2 is 0.3716 indicating that the data was variable and
might not accurately depict the trend. Separating by season it would appear that
chlorophyll-a production was not only decreasing overall, but was decreasing seasonally
over the time represented in the Figure 3. The reduction in chlorophyll-a productivity
appears to be uniform for spring and fall samples. Current chlorophyll-a information will
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be acquired to determine if productivity has continued to decrease in this manner.  This 
will be addressed in Phase 2 of the project.   
 
Secchi Disk 
 
Secchi disk measurements help to determine a lakes trophic status.  A lake with a 
transparency of less than 2 meters is considered to be eutrophic. Overall Moses Lake 
Secchi disk measurements were low and rarely exceeded the 2 meter standard. The 
highest recorded seasonal mean for secchi disk occurred in spring 1977, 4.1m ± 0.3. The 
lowest recorded seasonal mean chlorophyll-a occurred in spring 1988, 0.6 m ± 0.3 (Table 
7).    
 
The trend line for seasonal mean secchi disk measurements for Moses Lake indicated that 
the secchi disk depths decreased from 1977 to 1988 (Figure 4).  The trend line equation 
indicated that the secchi disk depths decreased by 0.12 m per season sampled. The R2 was 
0.2914, indicating that the data was variable and might not accurately depict the trend. 
 
pH 
 
A pH of 0-7 is considered acidic.  A pH of 7 is considered neutral, and a pH of 7-14 is 
considered alkaline.  Generally the accepted pH range for fish is 5 to 9.  For warmwater 
fish the range is 6.5 to 9.  A pH of 4 results in acid death, 4 to 5 in no reproduction, and 4 
to 6.5 in slow growth (Boyd 1990).  pH data indicated that the water in Moses Lake 
ranged from neutral to slightly alkaline (Table 7).  While Moses Lake was more alkaline, 
pH 7.5 to 9, it fell within the tolerance range for all fish species within the lake, and does 
not appear to affect reproduction, recruitment or growth.  The most recent pH data 
collected by the Department of Ecology from Moses Lake illustrated that pH values 
appeared to be consistent with what was collected in the 1977 to 1988 data. 
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will be addressed in Phase 2 of the project.

Secchi Disk

Secchi disk measurements help to determine a lakes trophic status. A lake with a
transparency of less than 2 meters is considered to be eutrophic. Overall Moses Lake
Secchi disk measurements were low and rarely exceeded the 2 meter standard. The
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fish the range is 6.5 to 9. A pH of 4 results in acid death, 4 to 5 in no reproduction, and 4
to 6.5 in slow growth (Boyd 1990). pH data indicated that the water in Moses Lake
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appeared to be consistent with what was collected in the 1977 to 1988 data.



Table 7 Water quality seasonal means for winter 1976, 1977, winter 1981, 1982, 1986, 1987 and 1988.   
Parameters presented are chlorophyll-a, secchi depth, and pH.  Confidence intervals (CI) were 
calculated for 95%. Data was taken from Brown and Caldwell (1978) and Welch et al. (1989). 

 
 Chlorophyll-a 

µµg/l 
Secchi Depth 

depth in meters 
pH 

 Mean CI n Mean CI n Mean CI n 
Winter 1976-77 59.4 18.2 16 2.1 0.8 15 8.7 0.1 31 
Spring 1977 27.4 4.1 196 4.1 0.3 134 8.5 0.0 320 
Summer 1977 45.2 7.5 98 3.7 0.4 72 8.6 0.1 180 
Fall 1977 31.0 7.7 24 3.9 0.4 16 8.7 0.1 39 
Winter 1981-82 60.7 12.2 16 1.3 1.9 5 8.5 0.2 14 
Spring 1982 11.5 2.7 103 1.7 0.4 41 8.1 0.2 95 
Summer 1982 23.4 3.8 121 1.1 0.2 47 8.5 0.1 163 
Fall 1982 37.2 13.0 48 1.0 0.2 21 8.1 0.1 59 
Winter 1985-86 31.4 10.0 12 .6 0.3 4 7.0 0.5 9 
Spring 1986 7.7 1.0 129 3.4 3.6 40 8.7 0.1 130 
Summer 1986 17.3 2.9 97 1.1 0.2 35 8.7 0.1 144 
Fall 1986 34.3 11.5 20 .8 0.2 6 8.7 0.1 21 
Spring 1987 6.6 1.1 122 1.3 0.2 28 Na  0 
Summer 1987 27.0 8.0 108 1.3 0.2 27 8.0 0.3 120 
Fall 1987 29.3 13.1 18 1.3 0.7 5 8.9 0.2 105 
Spring 1988 4.6 0.8 94 1.8 0.5 29 8.7 0.1 18 
Summer 1988 14.0 2.1 91 1.3 0.2 25 8.4 0.1 109 

 

Table 7 Water quality seasonal means for winter 1976, 1977, winter 1981, 1982, 1986, 1987 and 1988.
Parameters presented are chlorophyll-a, secchi depth, and pH. Confidence intervals (CI) were
calculated for 95%.Data was taken from Brown and Caldwell (1978) and Welch et al. (1989).

Chlorophyll-a Secchi Depth pH
ug/l depth in meters

Mean CI n Mean CI n Mean CI n
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Spring 1977 27.4 4.1 196 4.1 0.3 134 8.5 0.0 320
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Winter 1985-86 31.4 10.0 12 .6 0.3 4 7.0 0.5 9
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Fall 1986 34.3 11.5 20 .8 0.2 6 8.7 0.1 21
Spring 1987 6.6 1.1 122 1.3 0.2 28 Na 0
Summer 1987 27.0 8.0 108 1.3 0.2 27 8.0 0.3 120
Fall 1987 29.3 13.1 18 1.3 0.7 5 8.9 0.2 105
Spring 1988 4.6 0.8 94 1.8 0.5 29 8.7 0.1 18
Summer 1988 14.0 2.1 91 1.3 0.2 25 8.4 0.1 109



Figure 3 Seasonal mean concentrations of chlorophyll-a from data collected during 1977 to 1988.  
Concentrations of chlorophyll-a were measured in µµg/l. Data was taken from Brown and Caldwell 
(1978) and Welch et al (1989). 
 

Figure 4 Seasonal mean secchi disk depth readings from data collected during 1977 to 1988.  Secchi 
disk depth readings were measured in tenths of meters. Data was taken from Brown and Caldwell 
(1978) and Welch et al (1989). 
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Figure 3 Seasonal mean concentrations of chlorophyll-a from data collected during 1977 to 1988.
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Figure 4 Seasonal mean secchi disk depth readings from data collected during 1977 to 1988. Secchi
disk depth readings were measured in tenths of meters. Data was taken from Brown and Caldwell
(1978) and Welch et al (1989).



 
Dilution Releases 

Dilution for Moses Lake began as a demonstration in 1976.  The project was fully 
initiated in 1977.  In 1984, the cool summer precluded the dilution of Moses Lake.  The 
total amount of dilution water flowing through Moses Lake has been variable in release 
amounts (Figure 5).  A slight increasing trend in later years may indicate that the total 
amount of water released for dilution has increased.  Current information in regards to 
dilution will be addressed in Phase 2 of the project. 

Figure 5 Dilution water release in acre-feet for the years 1976 through 1992 for Moses Lake.  Data 
was taken from Bain 1993. 

 
Secondary Productivity 
 
Adequate information on secondary productivity, both zooplankton and 
macroinvertebrate production, is not be available from the historical information.  The 
impacts of the possible reduction of primary productivity, dilution, and drawdown on 
zooplankton and macroinvertebrate production in Moses Lake are not known.   If 
zooplankton and macroinvertebrate production are low, limited forage and competition 
for that forage, could affect the ability of panfish to recruit to the population.   
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Dilution Releases

Dilution for Moses Lake began as a demonstration in 1976. The project was fully
initiated in 1977. In 1984, the cool summer precluded the dilution of Moses Lake. The
total amount of dilution water flowing through Moses Lake has been variable in release
amounts (Figure 5). A slight increasing trend in later years may indicate that the total
amount ofwater released for dilution has increased. Current information in regards to
dilution will be addressed in Phase 2 of the project.
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Figure 5 Dilution water release in acre-feet for the years 1976 through 1992 for Moses Lake. Data
was taken from Rain 1993.

Secondary Productivity

Adequate information on secondary productivity, both zooplankton and
macroinvertebrate production, is not be available fiom the historical information. The
impacts of the possible reduction ofprimary productivity, dilution, and drawdown on
zooplankton and macroinvertebrate production in Moses Lake are not known. If
zooplankton and macroinvertebrate production are low, limited forage and competition
for that forage, could affect the ability ofpanfish to recruit to the population.



Drawdown and Dilution in Relation to Water Quality, Primary Productivity and 
Secondary Productivity 
 
Dilution and fall drawdown affect the amount of water flushed in and flowing out of 
Moses Lake (see discussion of drawdown on p. 7, and dilution on p. 38).    
 
Drawdown in Moses Lake is from the top of the water column.  Each October, 1.0 to 2.0 
meters of water are released from the surface of the lake.  This type of surface draw could 
potentially remove most of the primary and secondary productivity from the lake during 
critical pre-winter foraging times for panfish.  As a result, increased competition for 
limited food resources may affect the body mass and fat stores of young-of-the-year 
and/or recruited panfish, ultimately limiting panfish recruitment and production.     
 
Increased dilution input did not appear to significantly decrease nutrient concentrations, 
but dilution potentially reduced water retention times in the lake.  Decreased water 
retention time may have resulted in a reduction in seasonal mean concentrations of 
chlorophyll-a.  It appears that there might have been an inverse relationship between 
chlorophyll-a concentrations and dilution water input (Table 6, Figure 3, Figure 5).  
Reduced retention time may have reduced chlorophyll-a concentrations indicating that 
prior to peak production there was a decrease of useable forage densities for secondary 
production.  The reduction in forage for zooplankton may have resulted in reduced 
production of zooplankton affecting the forage available for panfish.  
 
The result could be seasonal differences in phytoplankton and zooplankton densities and 
distribution.  This could be reflected by reduced amounts of forage available to panfish 
limiting growth and development of body mass and fat stores critical for overwinter 
survival and production of young-of-the-year and recruited panfish.  In the end, decreased 
abundances or distribution of zooplankton may create inter or intraspecific competition 
for limited forage resources, or panfish might be forced to forage in pelagic areas devoid 
of habitat where they can avoid predation.  Panfish might be exposed to seasonal 
episodes of extreme predation.   
 
Water transparency appeared to have steadily reduced during the sampled period (Figure 
4).  This was contrary to the decline in chlorophyll-a concentrations (reductions in 
productivity should increase water transparency).  Possible explanations for the increase 
were the input of highly turbid water for dilution into Moses Lake via the irrigation canal 
system, and/or common carp abundance increased in the lake from 1977 to 1988.  
Commercial carp harvest dropped significantly just previous to or early in the sample 
period, and creel surveys documented that very little sport harvest of common carp 
occurred during this time.  This possible increase in common carp abundance could have 
resulted in higher rates of sediment and nutrient re-suspension, explaining why nutrient 
levels were not significantly reduced during the sample period.  Even though dilution, in 
theory, should have reduced the concentrations of nitrogen and phosphorous in the 
system, the re-suspension of sediments increased nitrogen and phosphorous 
concentrations, and the system remained static regardless of dilution efforts. 
  

Drawdown and Dilution in Relation to Water Quality, Primary Productivity and
Secondary Productivity

Dilution and fall drawdown affect the amount ofwater flushed in and flowing out of
Moses Lake (see discussion of drawdown on p. 7, and dilution on p. 38).

Drawdown in Moses Lake is fiom the top of the water column. Each October, 1.0 to 2.0
meters ofwater are released from the surface of the lake. This type of surface draw could
potentially remove most of the primary and secondary productivity from the lake during
critical pre—winter foraging times for panfish. As a result, increased competition for
limited food resources may affect the body mass and fat stores ofyoung-of-the-year
and/or recruited panfish, ultimately limiting panfish recruitment and production.

Increased dilution input did not appear to significantly decrease nutrient concentrations,
but dilution potentially reduced water retention times in the lake. Decreased water
retention time may have resulted in a reduction in seasonal mean concentrations of
chlorophyll— a. It appears that there might have been an inverse relationship between
chlorophyll-a concentrations and dilution water input (Table 6, Figure 3, Figure 5).
Reduced retention time may have reduced chlorophyll-a concentrations indicating that
prior to peak production there was a decrease ofuseable forage densities for secondary
production. The reduction in forage for zooplankton may have resulted in reduced
production of zooplankton affecting the forage available for panfish.

The result could be seasonal differences in phytoplankton and zooplankton densities and
distribution. This could be reflected by reduced amounts of forage available to panfish
limiting growth and development ofbody mass and fat stores critical for overwinter
survival and production ofyoung-of-the-year and recruited panfish. In the end, decreased
abundances or distribution of zooplankton may create inter or intraspecific competition
for limited forage resources, or panfish might be forced to forage in pelagic areas devoid
of habitat where they can avoid predation. Panfish might be exposed to seasonal
episodes of extreme predation.

Water transparency appeared to have steadily reduced during the sampled period (Figure
4). This was contrary to the decline in chlorophyll-a concentrations (reductions in
productivity should increase water transparency). Possible explanations for the increase
were the input ofhighly turbid water for dilution into Moses Lake via the irrigation canal
system, and/or common carp abundance increased in the lake fiom 1977 to 1988.
Commercial carp harvest dropped significantly just previous to or early in the sample
period, and creel surveys documented that very little sport harvest of common carp
occurred during this time. This possible increase in common carp abundance could have
resulted in higher rates of sediment and nutrient re— suspension, explaining why nutrient
levels were not significantly reduced during the sample period. Even though dilution, in
theory, should have reduced the concentrations of nitrogen and phosphorous in the
system, the re- suspension of sediments increased nitrogen and phosphorous
concentrations, and the system remained static regardless of dilution efforts.



To ascertain the current effect of dilution an drawdown on the system, current monthly 
and seasonal information on temperature, dissolved oxygen, secchi disk, pH, alkalinity 
turbidity, total dissolved solids, and conductivity.  Current seasonal primary and 
secondary productivity information needs to be collected including chlorophyll-a, 
phytoplankton, zooplankton and macroinvertebrates. In addition, dilution flow and 
general water quality parameters need to be collected from the dilution water inputs to 
determine if impacts to water quality occur before the water enters Moses Lake.   

Historical Creel Surveys 
Creel surveys dating back as far as 1974 were compiled to determine the change in 
species harvest and angler effort over time (Table 8). 
 
In 1974, the total number of fish harvested was 166,290 (Duff 1974).  Warmwater fish 
accounted for 96 percent of the fish harvested.  Black crappie comprised the largest 
portion of the harvest at 73 percent.  Bluegill sunfish accounted for 16 percent, followed 
by yellow perch at 4 percent, largemouth and smallmouth bass combined represented 2 
percent, and rainbow trout 4 percent.  The dominant warmwater predator harvested for 
the year was largemouth bass accounting for 1,795 fish.  Only 87 smallmouth bass were 
accounted for in the harvest. Largemouth and smallmouth harvest combined accounted 
for 1,882 fish.  Rainbow trout accounted for 7,033 fish.    
 
By 1983, the total number of fish harvested from Moses Lake was 169,269 (Jackson 
1983).  Warmwater fish accounted for 79 percent of the fish harvested.  Yellow perch 
represented 37 percent of the fish harvest, followed by black crappie at 23 percent, 
rainbow trout 21 percent, and bluegill sunfish 11 percent.  Yellow perch harvest 
markedly increased in comparison to 1974 from 6,257 fish to 62,409 fish.  Black crappie 
and bluegill sunfish still comprised a large percentage of the harvest.  Black crappie 
harvest was 121,109 in 1974; by 1983 harvest had reduced to 39,984.  Bluegill sunfish 
harvest reduced from 26,619 fish in 1974 to 18,742 fish in 1983.  This creel survey 
indicated a downward trend in the number and percentage of black crappie and bluegill 
sunfish caught by anglers in comparison to 1974.  Walleye were less than 1 percent of the 
harvest.  Walleye presence is significant because this is the first survey in which walleye 
were recorded in the fishery.  It is unknown whether the introduction of walleye was from 
illegal stocking, or if they entered Moses Lake from Lake Roosevelt and Banks Lake via 
the irrigation system. The dominant warmwater predator harvested for the year was 
largemouth bass.  Total harvest of largemouth bass and smallmouth bass increased in 
comparison to 1974, with a combined harvest of 4 percent.  Largemouth contributed 
5,905 fish and smallmouth accounted for 1578 fish. Rainbow trout harvest increased from 
7,033 fish in 1974 to 35,766 fish in 1983, and accounted for 21 percent of the fish 
harvested.  
 
In 1991, total harvest of fish was 20,481 fish (Korth 1991).  Only 8,818 warmwater fish 
were harvested in the fishery.  This is a 94.5 percent reduction in warmwater fish harvest 
in comparison to 1974.    The creel survey illustrated that black crappie and bluegill 
sunfish harvest had declined to an all time recorded low.  Black crappie were not 
represented in the harvest and bluegill sunfish comprised only 1 percent.  The total 
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Historical Creel Surveys
Creel surveys dating back as far as 1974 were compiled to determine the change in
species harvest and angler effort over time (Table 8).

In 1974, the total number of fish harvested was 166,290 (Duff 1974). Warmwater fish
accounted for 96 percent of the fish harvested. Black crappie comprised the largest
portion of the harvest at 73 percent. Bluegill sunfish accounted for 16 percent, followed
by yellow perch at 4 percent, largemouth and smallmouth bass combined represented 2
percent, and rainbow trout 4 percent. The dominant warrnwater predator harvested for
the year was largemouth bass accounting for 1,795 fish. Only 87 smallmouth bass were
accounted for in the harvest. Largemouth and smallmouth harvest combined accounted
for 1,882 fish. Rainbow trout accounted for 7,033 fish.

By 1983, the total number of fish harvested from Moses Lake was 169,269 (Jackson
1983). Warrnwater fish accounted for 79 percent of the fish harvested. Yellow perch
represented 37 percent of the fish harvest, followed by black crappie at 23 percent,
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comparison to 1974, with a combined harvest of 4 percent. Largemouth contributed
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harvested.

In 1991, total harvest of fish was 20,481 fish (Korth 1991). Only 8,818 warrnwater fish
were harvested in the fishery. This is a 94.5 percent reduction in warrnwater fish harvest
in comparison to 1974. The creel survey illustrated that black crappie and bluegill
sunfish harvest had declined to an all time recorded low. Black crappie were not
represented in the harvest and bluegill sunfish comprised only 1 percent. The total



number of bluegill sunfish harvested in 1983 was 18,742; by 1991 only 275 bluegill 
sunfish were recorded in the survey.  Yellow perch also showed a decline in harvest as 
compared to the 1983 survey.  In 1983, 62,409 yellow perch were harvested; by 1991 
yellow perch only contributed 759 fish to the total harvest.  Largemouth bass and 
smallmouth bass harvest accounted for 8 percent of the harvest, or 1,488 fish.  For the 
first recorded time harvest of smallmouth bass, 1242 fish, was greater than largemouth 
bass, 246 fish.   Even though the percentage of bass harvested increased in comparison to 
1974 and 1983 there was a reduction in the total number of bass harvested. Only 1,588 
bass were harvested compared to 1,882 for 1974 and 7,483 for 1983.  The dominant 
warmwater predator harvested in the survey shifted from largemouth bass to walleye.  
Walleye harvest increased from 1 percent or 357 fish in 1983 to 12 percent or 2,484 fish 
in 1991.  Brown bullhead harvest increased to 16 percent in comparison to 2 percent in 
1974 and 1 percent in 1983.  The actual number of brown bullhead harvested did not 
change considerably between 1974, 1983 and 1991, but the proportional contribution of 
brown bullhead to the harvest is larger due to the reduced harvest of gamefish.  Rainbow 
trout harvest decreased to 11,663 fish, but accounted for 56 percent of the fishery 
 
The most recent creel survey done on Moses Lake was in 1996 (Donley 1999).  The total 
number of fish harvested continued to decline in comparison to past creel surveys.  A 
total of 13,148 fish were harvested for the survey.  Warmwater fish accounted for 95 
percent of the harvest, or 12,519 fish.  This is a 93 percent reduction in warmwater fish 
harvest as compared to 1974.  Black crappie were only 1 percent of the harvest and 
bluegill sunfish were 7.5 percent.  Harvest for these fish increased in comparison to 1991, 
but total numbers harvested did not return to the large historical numbers exhibited in 
1974 and 1983.  Yellow perch contributed to 23.5 percent of the harvest.  The total 
number of fish harvest was 3,089 substantially lower than the highest recorded harvest of 
yellow perch in 1983 of 62,409 fish.  Largemouth bass and smallmouth bass combined 
accounted for 12 percent of the harvest.  More smallmouth bass were harvested than 
largemouth bass.  Total numbers of smallmouth bass harvested was 1,075 and 498 for 
largemouth.  These harvest numbers are comparable to what was harvested in 1991.  The 
dominant warmwater predator harvested in 1996 was walleye.  Walleye contributed 
5,345 fish or 41 percent of the harvest for the survey.  Walleye harvest increased by 46 
percent in comparison to 1991.  Rainbow trout harvest declined in comparison to the 
1991 survey.  Brown bullhead accounted for 16 percent of the harvest.  Brown bullhead 
harvest reduced in comparison to 1974, 1983 and 1991.  Proportionally brown bullhead 
accounted for a large portion of the harvest due to the reduced harvest of gamefish.  Only 
5 percent, or 629 rainbow trout were represented in the survey.     
  
In 1974, angler effort was 163,012 hours.  The total number of angler trips was 53,796; 
fish harvest per hour was 1.02 with a fish per trip average of 3.08.  Shore fishing 
accounted for 95 percent of the angler effort, and 73 percent of the anglers were pursuing 
warmwater fish.   
 
By 1983, total hours of effort had increased to 375,250; total trips increased to 117,970, 
fish per hour reduced to 0.45, and fish per trip diminished to 1.36.  Shore fishing reduced 

number ofbluegill sunfish harvested in 1983 was 18,742; by 1991 only 275 bluegill
sunfish were recorded in the survey. Yellow perch also showed a decline in harvest as
compared to the 1983 survey. In 1983, 62,409 yellow perch were harvested; by 1991
yellow perch only contributed 759 fish to the total harvest. Largemouth bass and
smallmouth bass harvest accounted for 8 percent of the harvest, or 1,488 fish. For the
first recorded time harvest of smallmouth bass, 1242 fish, was greater than largemouth
bass, 246 fish. Even though the percentage ofbass harvested increased in comparison to
1974 and 1983 there was a reduction in the total number of bass harvested. Only 1,588
bass were harvested compared to 1,882 for 1974 and 7,483 for 1983. The dominant
warmwater predator harvested in the survey shifted from largemouth bass to walleye.
Walleye harvest increased from 1 percent or 357 fish in 1983 to 12 percent or 2,484 fish
in 1991. Brown bullhead harvest increased to 16 percent in comparison to 2 percent in
1974 and 1 percent in 1983. The actual number ofbrown bullhead harvested did not
change considerably between 1974, 1983 and 1991, but the proportional contribution of
brown bullhead to the harvest is larger due to the reduced harvest of gamefish. Rainbow
trout harvest decreased to 11,663 fish, but accounted for 56 percent of the fishery

The most recent creel survey done on Moses Lake was in 1996 (Donley 1999). The total
number of fish harvested continued to decline in comparison to past creel surveys. A
total of 13,148 fish were harvested for the survey. Warrnwater fish accounted for 95
percent of the harvest, or 12,519 fish. This is a 93 percent reduction in warmwater fish
harvest as compared to 1974. Black crappie were only 1 percent of the harvest and
bluegill sunfish were 7.5 percent. Harvest for these fish increased in comparison to 1991,
but total numbers harvested did not return to the large historical numbers exhibited in
1974 and 1983. Yellow perch contributed to 23.5 percent of the harvest. The total
number offish harvest was 3,089 substantially lower than the highest recorded harvest of
yellow perch in 1983 of 62,409 fish. Largemouth bass and smallmouth bass combined
accounted for 12 percent of the harvest. More smallmouth bass were harvested than
largemouth bass. Total numbers of smallmouth bass harvested was 1,075 and 498 for
largemouth. These harvest numbers are comparable to what was harvested in 1991. The
dominant warmwater predator harvested in 1996 was walleye. Walleye contributed
5,345 fish or 41 percent of the harvest for the survey. Walleye harvest increased by 46
percent in comparison to 1991. Rainbow trout harvest declined in comparison to the
1991 survey. Brown bullhead accounted for 16 percent of the harvest. Brown bullhead
harvest reduced in comparison to 1974, 1983 and 1991. Proportionally brown bullhead
accounted for a large portion of the harvest due to the reduced harvest of gamefish. Only
5 percent, or 629 rainbow trout were represented in the survey.

In 1974, angler effort was 163,012 hours. The total number of angler trips was 53,796;
fish harvest per hour was 1.02 with a fish per trip average of 3.08. Shore fishing
accounted for 95 percent of the angler effort, and 73 percent of the anglers were pursuing
warmwater fish.

By 1983, total hours of effort had increased to 375,250; total trips increased to 117,970,
fish per hour reduced to 0.45, and fish per trip diminished to 1.36. Shore fishing reduced



to 33 percent of the angler effort, and angler effort directed at warmwater fish went down 
to 59 percent.  
 
In 1991, total angler effort was 120,363 hours.  The total number of angler trips was 
42,668; fish per hour was 0.17, with a fish per trip average of 0.39.  In comparison to 
1974 and 1983, total effort and harvest declined.  There was a 68 percent reduction in 
angler effort comparing 1983 to 1991, and a 64 percent reduction in angler trips.  
Additionally, fish per hour and fish per trip declined proportionally.  Shore angling 
increased from 1983 to 40 percent.  Anglers targeting warmwater fish for harvest 
decreased in comparison to 1983 to 47 percent.   
 
In 1996, angler effort increased in comparison to 1991 to 132,350 hours of effort.  The 
total number angler trips was 42,180 a comparable amount to 1991, but was reduced 
substantially in comparison to 1974 and 1983.  Fish per hour was 0.1 and fish per trip 
was 0.31, the lowest numbers recorded in a creel survey.  Shore angling accounted for 25 
percent of the angler effort.  This was the lowest amount of shore anglers recorded in a 
creel survey.  The percentage of anglers pursuing warmwater fish increased to an all time 
recorded high of 92 percent. 
 
The harvest of panfish from Moses Lake reduced substantially since 1974.  The amount 
of harvest recorded may have indicated that overharvest contributed to the decline in the 
panfish population.  The harvest of fish has shifted from panfish to walleye.  This shift 
may have indicated that the fish population shifted from panfish dominated to walleye 
dominated.   In 1996, a small rebound in the harvest of panfish was exhibited.  This was 
the result of an increase in the number of yellow perch harvested.  This harvest was still 
miniscule in comparison to the numbers of panfish harvested in 1974 and 1983.  There 
was still a large disparity in the number of yellow perch harvested in comparison to 
walleye.    
 
The effort by anglers appeared to be relatively consistent regardless of the amount of fish 
captured per trip or per hour. This may have indicated that the fishery resources were 
under serious demand from the angling public of Washington. The type of angler, 
whether shore or angler, varied with the species dominant in the fishery.    
 
It has been communicated to members of the project that anglers miss “ the old days” of 
harvesting large numbers of panfish and would like to see the return of this type of 
recreational fishery (Meseberg 2000).  WDFW in response to the decline in panfish 
harvest, and under public pressure to do so, instituted harvest regulations in 1995 to 
conserve bluegill sunfish and black crappie populations (see p.8).  Harvest limits and size 
restrictions were directed at preventing harvest of these fish species prior to allowing 
them to reach spawning size.  The logic behind these regulations was to allow all bluegill 
sunfish and black crappie to spawn at least once prior to being subject to harvest.         

 

 

 

to 33 percent of the angler effort, and angler effort directed at warrnwater fish went down
to 59 percent.

In 1991, total angler effort was 120,363 hours. The total number of angler trips was
42,668; fish per hour was 0.17, with a fish per trip average of 0.39. In comparison to
1974 and 1983, total effort and harvest declined. There was a 68 percent reduction in
angler effort comparing 1983 to 1991, and a 64 percent reduction in angler trips.
Additionally, fish per hour and fish per trip declined proportionally. Shore angling
increased from 1983 to 40 percent. Anglers targeting wannwater fish for harvest
decreased in comparison to 1983 to 47 percent.

In 1996, angler effort increased in comparison to 1991 to 132,350 hours of effort. The
total number angler trips was 42,180 a comparable amount to 1991, but was reduced
substantially in comparison to 1974 and 1983. Fish per hour was 0.1 and fish per trip
was 0.31, the lowest numbers recorded in a creel survey. Shore angling accounted for 25
percent of the angler effort. This was the lowest amount of shore anglers recorded in a
creel survey. The percentage of anglers pursuing warrnwater fish increased to an all time
recorded high of 92 percent.

The harvest ofpanfish fiom Moses Lake reduced substantially since 1974. The amount
of harvest recorded may have indicated that overharvest contributed to the decline in the
panfish population. The harvest of fish has shifted fiom panfish to walleye. This shift
may have indicated that the fish population shifted fiom panfish dominated to walleye
dominated. In 1996, a small rebound in the harvest ofpanfish was exhibited. This was
the result of an increase in the number ofyellow perch harvested. This harvest was still
miniscule in comparison to the numbers ofpanfish harvested in 1974 and 1983. There
was still a large disparity in the number ofyellow perch harvested in comparison to
walleye.

The effort by anglers appeared to be relatively consistent regardless of the amount of fish
captured per trip or per hour. This may have indicated that the fishery resources were
under serious demand from the angling public ofWashington. The type of angler,
whether shore or angler, varied with the species dominant in the fishery.

It has been communicated to members of the project that anglers miss “ the old days” of
harvesting large numbers ofpanfish and would like to see the return of this type of
recreational fishery (Meseberg 2000). WDFW in response to the decline in panfish
harvest, and under public pressure to do so, instituted harvest regulations in 1995 to
conserve bluegill sunfish and black crappie populations (see p8). Harvest limits and size
restrictions were directed at preventing harvest of these fish species prior to allowing
them to reach spawning size. The logic behind these regulations was to allow all bluegill
sunfish and black crappie to spawn at least once prior to being subject to harvest.



 

Table 8 Creel survey information for 1974, 1983, 1991 and 1996 on Moses Lake. The 1974, 1983 and 
1991 creel surveys were conducted by the Washington Department of Game. The 1996 creel survey 
was conducted by the Washington Department of Fish and Wildlife. 

 

Species Composition 
Historical Species Composition 

Historical biological surveys were compiled to compare species composition from 1978, 
1988, and 1999 (Table 9).   
 
In 1978, 10 species of fish were collected on Moses Lake.  Panfish represented 79 
percent of the fish sampled in the population. Black crappie accounted for 16.3 percent, 
bluegill sunfish accounted for 31.9 percent, and yellow perch 31 percent. Largemouth 
bass represented 16.3 percent of the sample and smallmouth bass were present in limited 
numbers, 0.4 percent.  Warmwater predators combined represented 16.7 percent of the 
sampled population.    
 
Non–gamefish (e.g. brown bullhead, largescale sucker, and sculpin spp.) represented 2.1 
percent of the species composition.  Common carp made up 1.8 percent of the fish 
collected.  
 
By 1988, 14 species of fish were collected in Moses Lake.  Panfish constituted 42 percent 
of the fish sampled in the population.  Yellow perch accounted for 39.6 percent, black 
crappie 1.4 percent and bluegill sunfish 0.7 percent.  Black crappie relative abundance 
reduced in comparison to the 1978 survey from 16.3 percent to 1.4 percent, and bluegill 
sunfish relative abundance reduced from 31.9 percent to 0.7 percent.  Largemouth bass 

1974 1983 1991 1996
Total hours 163012 375250 120363 132350
Total trips 53796 117970 42668 42108
fish/hour 1.02 0.45 0.17 0.1
fish/trip 3.08 1.36 0.39 0.31
% boat 5 67 60 75
%shore 95 33 40 25
% trout 27 41 53 8
%warmwater 73 59 47 92
Species # Harvested % Total # Harvested % Total# Harvested % Total # Harvested% Total
brown bullhead 3420 2 2431 1 3382 16 1312 16
black crappie 121109 73 38984 23 0 0 237 1
bluegill 26619 16 18742 11 275 1 962 7.5
largemouth bass 1795 1 5905 3 346 2 498 4
rainbow trout 7033 4 35766 21 11663 56 629 5
smallmouth bass 87 <1 1578 1 1242 6 1075 8
walleye 0 0 357 <1 2484 12 5345 41
yellow perch 6257 4 62409 37 759 4 3089 23.5
Total Harvest 166290 169269 20841 13148

Table 8 Creel survey information for 1974, 1983, 1991 and 1996 on Moses Lake. The 1974, 1983 and
1991 creel surveys were conducted by the Washington Department of Game. The 1996 creel survey
was conducted by the Washington Department of Fish and Wildlife.

1974 1983 1991 1996
Total hours 163012 375250 120363 132350
Total trips 53796 117970 42668 42108
fish/hour 1.02 0.45 0.17 0.1
fish/trip 3.08 1 .36 0.39 0.31
% boat 5 67 60 75
%shore 95 33 40 25
% trout 27 41 53 8
%waTTM/ater 73 59 47 92
Species #HaNecled%Tdal #HaNeCted%Tolal#HarveGled%Tolal#HaNecled%Tolal
brown bullhead 3420 2 2431 1 3382 16 1312 16
black crappie 121 109 73 38984 23 0 0 237 1
bluegill 26619 16 18742 11 275 1 %2 7.5
largemoulh bass 1795 1 5905 3 346 2 498 4
rainbowtrout 7033 4 3566 21 11663 56 5
smallmoulh bass 87 <1 1578 1 1242 6 1075 8
walleye 0 0 357 <1 2484 12 5345 41
yellow perch 6257 4 62409 37 759 4 3089 23.5
Total Harvest 10.0 169269 20841 13148

Species Composition
Historical Species Composition

Historical biological surveys were compiled to compare species composition from 1978,
1988, and 1999 (Table 9).

In 1978, 10 species of fish were collected on Moses Lake. Panfish represented 79
percent of the fish sampled in the population. Black crappie accounted for 16.3 percent,
bluegill sunfish accounted for 31.9 percent, and yellow perch 31 percent. Largemouth
bass represented 16.3 percent of the sample and smallrnouth bass were present in limited
numbers, 0.4 percent. Warrnwater predators combined represented 16.7 percent of the
sampled population.

Non—gamefish (eg. brown bullhead, largescale sucker, and sculpin Spp.) represented 2.1
percent of the species composition. Common carp made up 1.8 percent of the fish
collected.

By 1988, 14 species of fish were collected in Moses Lake. Panfish constituted 42 percent
of the fish sampled in the population. Yellow perch accounted for 39.6 percent, black
crappie 1.4 percent and bluegill sunfish 0.7 percent. Black crappie relative abundance
reduced in comparison to the 1978 survey from 16.3 percent to 1.4 percent, and bluegill
sunfish relative abundance reduced from 31.9 percent to 0.7 percent. Largemouth bass



abundance reduced in comparison to 1978 from 16.3 percent to 0.1 percent in 1988.   
Smallmouth bass relative abundance increased in comparison to the 1978 survey from 0.4 
percent to 0.9 percent in 1988.  Walleye were sampled for the first time in a biological 
survey in Moses Lake.  Walleye accounted for 19.4 percent of the fish sampled in the 
survey. Lake whitefish made up 2.1 percent of the species composition and rainbow trout 
accounted for 5.7 percent.   
 
Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern 
pikeminnow and sculpin spp.) represented 21.3 percent of the fish sampled. The 
percentage of non-gamefish in the survey increased from 2.1 percent in 1978 to 21.3 
percent for 1988.  Common carp relative abundance accounted for 8.8 percent of the 
sample.  Common carp relative abundance increased in comparison to 1978 (1.8 percent).   
 
In 1999, 16 species of fish were collected in Moses Lake.  Panfish accounted for 68.4 
percent of the fish sampled in the population.  Yellow perch represented 42 percent of the 
fish sampled, black crappie 11.1 percent and bluegill 15.3 percent of the survey.  Yellow 
perch relative abundance was similar to other survey years.  Black crappie relative 
abundance increased compared to 1988 from 1.4 percent to 11.1 percent, and bluegill 
sunfish increased from 0.7 percent to 15.3 percent.  Largemouth bass accounted for 5.9 
percent and smallmouth bass was 5.1 percent.  This abundance of both bass species 
increased in comparison to 1988.  Largemouth bass relative abundances were lower than 
in the 1978 survey.  Walleye accounted for 11.5 percent of the surveyed population.  
Warmwater predators represented 22.5 percent of the species composition, and had a 
similar relative abundance in comparison to 1988. 
 
Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern 
pikeminnow and sculpin spp.) represented 4.1 percent of the fish sampled.  The 
abundance of common carp was 3 percent.  Common carp relative abundance was 
reduced in comparison to 1988, but was higher than the relative abundance presented in 
1978. 

It appears that the species composition of Moses Lake went through a shift in species 
domination.  The fish populations in Moses Lake shifted from a largemouth bass/panfish 
dominated population to a walleye dominated population.  This species shift occurred 
somewhere between the 1978 and the 1989 biological surveys.  Based on the 1983 creel 
survey only a negligible amount of walleye were captured by anglers (Table 8).  It is 
important to note that until 1983 walleye were not recorded in Moses Lake as part of the 
population.  It could be reasoned that this walleye population existed in the lake prior to 
1983.  As a result the walleye population increased and their numbers were not held in 
check by anglers.  This may have allowed them to over-predate on the available forage. 
By 1989, it would appear that the walleye population had established itself in such large 
numbers that their predatory impact had significantly reduced the amount of prey species 
present in the fishery.  Very few panfish, or gamefish, were sampled in the population. 
The most fecund fish and those most capable of avoiding predation were dominating the 
population.  The 1991 creel survey indicated that anglers found the fishery and may have 
had some impact on the walleye population (Table 8). Angling pressure on walleye may 
have finally limited the walleye numbers present in the lake.  Walleye harvest in the early 

abundance reduced in comparison to 1978 from 16.3 percent to 0.1 percent in 1988.
Smallmouth bass relative abundance increased in comparison to the 1978 survey fiom 0.4
percent to 0.9 percent in 1988. Walleye were sampled for the first time in a biological
survey in Moses Lake. Walleye accounted for 19.4 percent of the fish sampled in the
survey. Lake Whitefish made up 2.1 percent of the species composition and rainbow trout
accounted for 5.7 percent.

Non— gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern
pikeminnow and sculpin Spp.) represented 21.3 percent of the fish sampled. The
percentage of non- gamefish in the survey increased fiom 2.1 percent in 1978 to 21.3
percent for 1988. Common carp relative abundance accounted for 8.8 percent of the
sample. Common carp relative abundance increased in comparison to 1978 (1.8 percent).

In 1999, 16 species of fish were collected in Moses Lake. Panfish accounted for 68.4
percent of the fish sampled in the population. Yellow perch represented 42 percent of the
fish sampled, black crappie 11.1 percent and bluegill 15.3 percent of the survey. Yellow
perch relative abundance was similar to other survey years. Black crappie relative
abundance increased compared to 1988 fiom 1.4 percent to 11.1 percent, and bluegill
sunfish increased from 0.7 percent to 15.3 percent. Largemouth bass accounted for 5.9
percent and smallmouth bass was 5.1 percent. This abundance ofboth bass species
increased in comparison to 1988. Largemouth bass relative abundances were lower than
in the 1978 survey. Walleye accounted for 11.5 percent of the surveyed population.
Warmwater predators represented 22.5 percent of the species composition, and had a
similar relative abundance in comparison to 1988.

Non— gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern
pikeminnow and sculpin Spp.) represented 4.1 percent of the fish sampled. The
abundance of common carp was 3 percent. Common carp relative abundance was
reduced in comparison to 1988, but was higher than the relative abundance presented in
l 978.

It appears that the species composition of Moses Lake went through a shift in species
domination. The fish populations in Moses Lake shifted from a largemouth bass/panfish
dominated population to a walleye dominated population. This species shift occurred
somewhere between the 1978 and the 1989 biological surveys. Based on the 1983 creel
survey only a negligible amount ofwalleye were captured by anglers (Table 8). It is
important to note that until 1983 walleye were not recorded in Moses Lake as part of the
population. It could be reasoned that this walleye population existed in the lake prior to
1983. As a result the walleye population increased and their numbers were not held in
check by anglers. This may have allowed them to over-predate on the available forage.
By 1989, it would appear that the walleye population had established itself in such large
numbers that their predatory impact had significantly reduced the amount ofprey species
present in the fishery. Very few panfish, or gamefish, were sampled in the population.
The most fecund fish and those most capable of avoiding predation were dominating the
population. The 1991 creel survey indicated that anglers found the fishery and may have
had some impact on the walleye population (Table 8). Angling pressure on walleye may
have finally limited the walleye numbers present in the lake. Walleye harvest in the early



1990’s was immense.  It was not uncommon for WFDW employees to hear about or 
check walleye limits.  Also walleye in excess of 15 pounds were harvested by anglers 
(Meseberg 2000, Korth 2000).  The reduction in walleye numbers based on harvest in 
1991 and 1996 may have reduced the walleye population sufficiently to increase the 
recruitment of panfish and other gamefish.   This may account for the slight rebound in 
the fish population of Moses Lake that is illustrated by the harvest as recorded in the 
1996 creel survey and the fall 1999 biological survey (Tables 8 and 9).   

 

Table 9 Comparison of species composition from biological surveys conducted on Moses Lake during 
1978, 1989 and 1999. # represents the number of fish collected in the survey.  %n represents the 
percent of the total number of fish sampled for each given species collected in the survey. 

 
Fall 1999 and Spring 2000 Surveys 
 
During the 1999 survey 4,923 age 1+ and older fish were sampled (Table 10).  Panfish 
represented 67.3 percent of the fish sampled in the survey.  Yellow perch accounted for 
39.7 percent, black crappie 11.0 percent and bluegill 16.6 percent.  Walleye relative 
abundance was 13.0 percent, largemouth bass 5.2 percent and smallmouth bass 5.0 
percent.  Warmwater predators represented 23.2 percent of the species composition. Lake 
whitefish made up 0.2  percent of the sample, and rainbow trout contributed 0.9 percent. 
 
 Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern 
pikeminnow and sculpin spp.) represented 4.3 percent of the fish surveyed.  Common 
carp accounted for 3.1 percent of the fish surveyed. 
   
Biomass per fish species was calculated for the 1999 survey (Table 10). The total 
biomass collected for the sample was 1,525.4 kg.  Panfish biomass totaled 16.30 percent 
of the sample.  Yellow perch accounted for 10.2 percent, black crappie 2.4 percent, and 

Species Composition 
199919891978

TOTAL

(%n)(#)(%n)(#)(%n)(#)Type of Fish
11.15701.41016.3206black crappie
15.37870.7531.9402bluegill
3.216617.91351.418brown bullhead
0.010.000.00burbot
3.01558.8621.831carp
0.2112.1150.00lake whitefish
5.93040.1116.3206largemouth bass
0.150.320.11largescale sucker
0.6332.6180.00longnose sucker
0.170.110.00northern pike-minnow
0.150.000.22pumpkinseed sunfish
1.6805.7400.00rainbow trout
0.160.430.67sculpin
5.12600.960.45smallmouth bass

11.559119.41360.00walleye
42.0215539.627831.0390yellow perch

51367121268

1990’s was immense. It was not uncommon for WFDW employees to hear about or
check walleye limits. Also walleye in excess of 15 pounds were harvested by anglers
(Meseberg 2000, Korth 2000). The reduction in walleye numbers based on harvest in
1991 and 1996 may have reduced the walleye population sufficiently to increase the
recruitment ofpanfish and other gamefish. This may account for the slight rebound in
the fish population of Moses Lake that is illustrated by the harvest as recorded in the
1996 creel survey and the fall 1999 biological survey (Tables 8 and 9).

Table 9 Comparison of species composition from biological surveys conducted on Moses Lake during
1978, 1989 and 1999. # represents the number of fish collected in the survey. %n represents the
percent of the total number of fish sampled for each given species collected in the survey.

Species Composition
1978 1989 1999

Type of Fish (#) (%n) (#) (%n) (#) (%n)
black crappie 206 16.3 10 1.4 570 11.1
bluegill 402 31.9 5 0.7 787 15.3
brown bullhead 18 1.4 135 17.9 166 3.2
burbot 0 0.0 0 0.0 1 0.0
carp 31 1.8 62 8.8 155 3.0
lake Whitefish 0 0.0 15 2.1 11 0.2
largemouth bass 206 16.3 1 0.1 304 5.9
largescale sucker 1 0.1 2 0.3 5 0.1
Iongnose sucker 0 0.0 18 2.6 33 0.6
northern pike-minnow 0 0.0 1 0.1 7 0.1
pumpkinseed sunfish 2 0.2 0 0.0 5 0.1
rainbow trout 0 0.0 40 5.7 80 1.6
sculpin 7 0.6 3 0.4 6 0.1
smallmouth bass 5 0.4 6 0.9 260 5.1
walleye 0 0.0 136 19.4 591 11.5
yellow perch 390 31.0 278 39.6 2155 42.0

TOTAL 1268 712 5136

Fall 1999 and Spring 2000 Surveys

During the 1999 survey 4,923 age 1+ and older fish were sampled (Table 10). Panfish
represented 67.3 percent of the fish sampled in the survey. Yellow perch accounted for
39.7 percent, black crappie 11.0 percent and bluegill 16.6 percent. Walleye relative
abundance was 13.0 percent, largemouth bass 5.2 percent and smallmouth bass 5.0
percent. Warrnwater predators represented 23.2 percent of the species composition. Lake
Whitefish made up 0.2 percent of the sample, and rainbow trout contributed 0.9 percent.

Non—gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern
pikerninnow and sculpin spp.) represented 4.3 percent of the fish surveyed. Common
carp accounted for 3.1 percent of the fish surveyed.

Biomass per fish species was calculated for the 1999 survey (Table 10). The total
biomass collected for the sample was 1,525.4 kg. Panfish biomass totaled 16.30 percent
of the sample. Yellow perch accounted for 10.2 percent, black crappie 2.4 percent, and



bluegill 3.7 percent.  Walleye accounted for 29.4 percent of the biomass sampled, 
largemouth bass 3.4 percent, and smallmouth bass 2.8 percent. Predators made up 35.4 
percent of the biomass sampled from the fish population.  Lake whitefish and rainbow 
trout accounted for 4.9 percent of the biomass sampled. 
 
Non-game fish represented 5.8 percent, and common carp accounted for 37.5 percent of 
the biomass sampled.  Common carp had the highest combined biomass of all species in 
the survey.  
 
During the 2000 survey 3169 age 1+ and older fish were sampled (Table 11).  Panfish 
represented 34 percent of the fish sampled in the spring 2000 survey.  Yellow perch 
accounted for 26.9 percent, black crappie 3.5 percent and bluegill 3.6 percent. 
Predators represented 32.1 percent of the fish surveyed.  Walleye accounted for 18.4 
percent, largemouth bass 1.6 percent and smallmouth bass 12.1 percent.   
Rainbow trout contributed 2.7 percent of the fish sampled. 
  
Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern 
pikeminnow and sculpin spp.) represented 15.4 percent of the fish surveyed.  Common 
carp accounted for 15.7 percent of the fish surveyed. 
   
Biomass per fish species was calculated for the spring 2000 survey (Table 11). The total 
biomass collected for the sample was 2399.5 kg.  Panfish biomass totaled 3.6 percent of 
the sample.  Yellow perch accounted for 2.6 percent, black crappie 0.7 percent, and 
bluegill 0.3 percent.   
Predators made up 16.6 percent of the population.  Walleye accounted for 12.7 percent of 
the sample, largemouth bass 1.9 percent, and smallmouth bass 2.0 percent.  
Rainbow trout accounted for 2.1 percent of the biomass sampled. 
 
Non-game fish (e.g. brown bullhead, largescale sucker, longnose sucker, northern 
pikeminnow and sculpin spp.) represented 4.7 percent, and common carp accounted for 
73.1 percent of the biomass sampled. Common carp had the highest combined biomass of 
all species in the survey.  
 
The fall 1999 and spring 2000 species composition indicated that the dominant gamefish 
by biomass was walleye.  Total biomass for predators accounted for 35.4 percent of the 
fish biomass collected in fall 1999 and 16.6 percent for spring 2000. Panfish for the same 
surveys represented 16.3 percent and 3.6 percent respectively.  These proportions 
indicated that predator biomass was substantially higher than prey biomass, most 
specifically the compressed centrarchids.  Swingle’s Biomass Model (Swingle, 1960) 
calculated to develop prey to predator ratios for Moses Lake’s fish population further 
illustrated predator domination.  Swingle calculated ratios of prey to predator that 
represented a balanced fish population.  The ratios representing a “balanced population” 
ranged from 3.0 to 6.0.  Ratios for Moses Lake do not indicate that the population is 
balanced.  The ratio for fall 1999 was 0.50 excluding carp as a prey fish and 1.32 
including carp as a prey fish.  Ratios for spring 2000 were 0.20 excluding carp as a prey 
fish and 3.7 including carp as a prey fish.  Including carp as a prey fish is not practical as 

bluegill 3.7 percent. Walleye accounted for 29.4 percent of the biomass sampled,
largemouth bass 3.4 percent, and smallmouth bass 2.8 percent. Predators made up 35.4
percent of the biomass sampled fiom the fish population. Lake Whitefish and rainbow
trout accounted for 4.9 percent of the biomass sampled.

Non— game fish represented 5.8 percent, and common carp accounted for 37.5 percent of
the biomass sampled. Common carp had the highest combined biomass of all species in
the survey.

During the 2000 survey 3169 age 1+ and older fish were sampled (Table 11). Panfish
represented 34 percent of the fish sampled in the spring 2000 survey. Yellow perch
accounted for 26.9 percent, black crappie 3.5 percent and bluegill 3.6 percent.
Predators represented 32.1 percent of the fish surveyed. Walleye accounted for 18.4
percent, largemouth bass 1.6 percent and smalhnouth bass 12.1 percent.
Rainbow trout contributed 2.7 percent of the fish sampled.

Non— gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, northern
pikeminnow and sculpin spp.) represented 15.4 percent of the fish surveyed. Common
carp accounted for 15.7 percent of the fish surveyed.

Biomass per fish species was calculated for the spring 2000 survey (Table 11). The total
biomass collected for the sample was 2399.5 kg. Panfish biomass totaled 3.6 percent of
the sample. Yellow perch accounted for 2.6 percent, black crappie 0.7 percent, and
bluegill 0.3 percent.
Predators made up 16.6 percent of the population. Walleye accounted for 12.7 percent of
the sample, largemouth bass 1.9 percent, and smalhnouth bass 2.0 percent.
Rainbow trout accounted for 2.1 percent of the biomass sampled.

Non— game fish (e.g. brown bullhead, largescale sucker, longnose sucker, northern
pikeminnow and sculpin spp.) represented 4.7 percent, and common carp accounted for
73.1 percent of the biomass sampled. Common carp had the highest combined biomass of
all species in the survey.

The fall 1999 and spring 2000 species composition indicated that the dominant gamefish
by biomass was walleye. Total biomass for predators accounted for 35.4 percent of the
fish biomass collected in fall 1999 and 16.6 percent for spring 2000. Panfish for the same
surveys represented 16.3 percent and 3.6 percent respectively. These proportions
indicated that predator biomass was substantially higher than prey biomass, most
specifically the compressed centrarchids. Swingle’s Biomass Model (Swingle, 1960)
calculated to develop prey to predator ratios for Moses Lake’s fish population further
illustrated predator domination. Swingle calculated ratios ofprey to predator that
represented a balanced fish population. The ratios representing a “balanced population”
ranged from 3.0 to 6.0. Ratios for Moses Lake do not indicate that the population is
balanced. The ratio for fall 1999 was 0.50 excluding carp as a prey fish and 1.32
including carp as a prey fish. Ratios for spring 2000 were 0.20 excluding carp as a prey
fish and 3.7 including carp as a prey fish. Including carp as a prey fish is not practical as



they generally have fast growth rates precluding them from predation, and tend to occupy 
highly complex littoral habitat making it difficult for predators to forage on juvenile carp 
(Cooper, 1987). 
 
The most abundant fish by biomass and potentially in number in Moses Lake is common 
carp, deriving their relative abundance in total number is difficult because carp habits and 
their efficiency at avoiding capture make them difficult to sample (Cooper, 1987).  
Irrespective of these facts the dominant amount of biomass sampled for both fall 1999 
and spring 2000 was common carp (Tables 10 and 11).  Literature suggests that the 
presence of carp can decrease the number of game fishes through competition for habitat 
and forage, reduction in primary and secondary production, increased nutrient loading, 
and the resuspension of sediments (Cooper 1987).  All of these could potentially limit the 
production of panfish in Moses Lake.  The review of historical information indicates that 
carp and panfish occupied Moses Lake consecutively as early as 1908 and 1924, and 
since their introduction all of these species have flourished at one time or another.  In 
1950, black crappie and bluegill sunfish made up 74 percent of the harvest in Moses Lake 
(Groves, 1951).  During this same period it was reported that common carp were highly 
abundant in the lake and were affecting water quality and plant distribution through,  
“Constant rooting about in the vegetation, and causing high sediment suspension” 
(Groves, 1951).  During a creel survey in 1974 black crappie, bluegill sunfish and yellow 
perch constituted 93 percent of the fish harvest. During this same time period carp were 
present in large enough numbers to drive a sizable commercial fishery.  The amount of 
carp removed from Moses Lake on an annual basis was in the magnitude of  10 to 15 tons 
per year (Korth 2000). The commercial harvest of carp continued in Moses Lake for 
more than 10 years, and in that period the densities of carp were never reduced to the 
point where commercial harvest was not possible.  Rather commercial harvest was 
suspended on Moses Lake as the commercial value of carp was reduced as to render it 
unprofitable to continue harvesting them.  This suspension in commercial harvest may 
have allowed carp to establish a large enough population to reduce recruitment of panfish 
through forage and habitat competition, the reduction of primary and secondary 
productivity, or the increase in the resuspension of sediments and nutrients limiting water 
quality.  

they generally have fast growth rates precluding them from predation, and tend to occupy
highly complex littoral habitat making it difficult for predators to forage on juvenile carp
(Cooper, 1987).

The most abundant fish by biomass and potentially in number in Moses Lake is common
carp, deriving their relative abundance in total number is difficult because carp habits and
their efficiency at avoiding capture make them difficult to sample (Cooper, 1987).
Irrespective of these facts the dominant amount ofbiomass sampled for both fall 1999
and spring 2000 was common carp (Tables 10 and 11). Literature suggests that the
presence of carp can decrease the number of game fishes through competition for habitat
and forage, reduction in primary and secondary production, increased nutrient loading,
and the resuspension of sediments (Cooper 1987). All of these could potentially limit the
production ofpanfish in Moses Lake. The review ofhistorical information indicates that
carp and panfish occupied Moses Lake consecutively as early as 1908 and 1924, and
since their introduction all of these species have flourished at one time or another. In
1950, black crappie and bluegill sunfish made up 74 percent of the harvest in Moses Lake
(Groves, 1951). During this same period it was reported that common carp were highly
abundant in the lake and were affecting water quality and plant distribution through,
“Constant rooting about in the vegetation, and causing high sediment suspension”
(Groves, 1951). During a creel survey in 1974 black crappie, bluegill sunfish and yellow
perch constituted 93 percent of the fish harvest. During this same time period carp were
present in large enough numbers to drive a sizable commercial fishery. The amount of
carp removed from Moses Lake on an annual basis was in the magnitude of 10 to 15 tons
per year (Korth 2000). The commercial harvest of carp continued in Moses Lake for
more than 10 years, and in that period the densities of carp were never reduced to the
point where commercial harvest was not possible. Rather commercial harvest was
suspended on Moses Lake as the commercial value of carp was reduced as to render it
unprofitable to continue harvesting them. This suspension in commercial harvest may
have allowed carp to establish a large enough population to reduce recruitment ofpanfish
through forage and habitat competition, the reduction ofprimary and secondary
productivity, or the increase in the resuspension of sediments and nutrients limiting water
quality.



Table 10 Species composition (excluding young of the year) by weight (kg), percent of total weight, 
total number of each species sampled, percentage of each species in sample, and minimum and 
maximum sized fish for each species sampled during the fall 1999 survey of Moses Lake. 

 

Table 11 Species composition (excluding young of the year) by weight (kg), percent of total weight, 
total number of each species sampled, percentage of each species in sample, and minimum and 
maximum sized fish for each species sampled during the spring 2000 survey of Moses Lake. 

 
 Fall 99 Young-of-the-year vs. Spring 2000 Age 1+ Comparison 
 
Young-of-the-year fish collected during fall 1999 and age1+ fish collected during spring 
2000 were compiled to compare the differences in the number and biomass collected for 
both samples (Table 12) 
  

Species Composition
Species 

TOTALS

MaxMin(%n)(#)(%W)(kg)
34210111.05432.436.8black crappie
3006616.68173.756.4bluegill
34111139.7195510.2155.5yellow perch
124910.150.00.1pumpkinseed sunfish
5011165.22583.451.7largemouth bass
3761175.02452.842.7smallmouth bass
79619113.064229.4449.1walleye
5013060.9743.655.2rainbow trout
5542210.2111.015.3lake whitefish
409573.41663.147.6brown bullhead
5285280.010.10.9burbot
114450.160.0030.0sculpin
5822730.150.57.8largescale sucker
5211050.7332.232.9longnose sucker
2501730.170.040.6northern pike-minnow
845713.115537.5572.7carp

49231525.4

Species Composition
Species 

TOTALS

MaxMin(%n)(#)(%W)(kg)
382883.51100.716.6black crappie
210303.61130.38.1bluegill
2767927.58532.661.5yellow perch
1211000.130.00.1pumpkinseed sunfish
521901.7521.944.5largemouth bass
4065612.33832.046.8smallmouth bass
7416918.858312.7304.6walleye
5022361.6862.149.5rainbow trout
443634.61433.788.0brown bullhead
146528.52650.082.00sculpin
5703620.270.410.3largescale sucker
4841420.260.24.8longnose sucker
86034516.149973.41754.1carp

31032391.0

Table 10 Species composition (excluding young of the year) by weight (kg), percent of total weight,
total number of each species sampled, percentage of each species in sample, and minimum and
maximum sized fish for each species sampled during the fall 1999 survey of Moses Lake.

Species Composition
Species (kg) (%W) (#) (%n) Min Max
black crappie 36.8 2.4 543 11.0 101 342
bluegill 56.4 3.7 817 16.6 66 300
yellow perch 155.5 10.2 1955 39.7 111 341
pumpkinseed sunfish 0.1 0.0 5 0.1 91 124
largemouth bass 51.7 3.4 258 5.2 116 501
smallmouth bass 42.7 2.8 245 5.0 117 376
walleye 449.1 29.4 642 13.0 191 796
rainbow trout 55.2 3.6 74 0.9 306 501
lake Whitefish 15.3 1.0 11 0.2 221 554
brown bullhead 47.6 3.1 166 3.4 57 409
burbot 0.9 0.1 1 0.0 528 528
sculpin 0.0 0.003 6 0.1 45 114
largescale sucker 7.8 0.5 5 0.1 273 582
longnose sucker 32.9 2.2 33 0.7 105 521
northern pike-minnow 0.6 0.04 7 0.1 173 250
carp 572.7 37.5 155 3.1 71 845
TOTALS 1525.4 4923

Table 1 1 Species composition (excluding young of the year) by weight (kg), percent of total weight,
total number of each species sampled, percentage of each species in sample, and minimum and
maximum sized fish for each species sampled during the spring 2000 survey of Moses Lake.

Species Composition
Species (kg) (%W) (#) (%n) Min Max
black crappie 16.6 0.7 110 3.5 88 382
bluegill 8.1 0.3 113 3.6 30 210
yellow perch 61.5 2.6 853 27.5 79 276
pumpkinseed sunfish 0.1 0.0 3 0.1 100 121
largemouth bass 44.5 1.9 52 1.7 90 521
smallmouth bass 46.8 2.0 383 12.3 56 406
walleye 304.6 12.7 583 18.8 69 741
rainbow trout 49.5 2.1 86 1 .6 236 502
brown bullhead 88.0 3.7 143 4.6 63 443
sculpin 2.00 0.08 265 8.5 52 146
largescale sucker 10.3 0.4 7 0.2 362 570
longnose sucker 4.8 0.2 6 0.2 142 484
carp 1754.1 73.4 499 16.1 345 860
TOTALS 2391.0 3103

Fall 99 Young-of—the -year vs. Spring 2000 Age 1+ Comparison

Young— of—the-year fish collected during fall 1999 and age1+ fish collected during spring
2000 were compiled to compare the differences in the number and biomass collected for
both samples (Table 12)



During the fall 1999 survey 5,508 age 0+ fish were sampled.  Panfish represented 72.9 
percent of the age 0+ fish collected. Yellow perch accounted for 61.4 percent of the age 
0+fish collected, bluegill sunfish represented 8.8 percent, and black crappie were 2.5 
percent of the age 0+ fish sampled.  Warmwater predators accounted for 37.1 percent of 
the age 0+ fish sampled.  Walleye accounted for 16.3 percent of the age 0+ fish collected, 
largemouth bass represented 9.4 percent and smallmouth bass accounted for 1.4 percent 
of the age 0+ fish sampled. 
 
During the spring 2000 survey 921 age 1+ fish were collected.  Panfish represented 51.3 
percent of the age 1+ fish collected. Yellow perch accounted for 25.5 percent of the age 
0+ fish collected, bluegill sunfish represented 4.13 percent, and black crappie were 2.8 
percent of the age 1+ fish sampled.  Warmwater predators accounted for 49.7 percent of 
the age 1+ fish sampled.  Walleye accounted for 32.5 percent of the age 1+ fish collected, 
largemouth bass represented 0.43 percent and smallmouth bass accounted for 15.74 
percent of the age 1+ fish sampled. 
       
It appears that large year classes of young-of-the-year fish were sampled during fall 1999.  
This may indicate that spawning and incubation was not limited for any species.  By 
spring of 2000 there was an 83 percent reduction in the relative abundance of the year 
class sample in fall of 1999.  Of the fish sample in spring of 2000, panfish Age 1+ 
relative abundance reduced by 89.3 percent and warmwater predators relative abundance 
reduced by 70 percent. 
 
Production of large year classes of fish could potentially be limiting to panfish 
recruitment. Competition for forage at early life stages may limit the panfish’s ability to 
attain the body mass and/or fat stores to overwinter successfully.  Based on comparisons 
between the fall 1999 and spring 2000 data proportionally more juvenile walleye and 
yellow perch were recruited to the population than black crappie and bluegill sunfish.  
Earlier spawning fish such as walleye and yellow perch may produce large crops of age 
0+ fish that emerge earlier than black crappie and bluegill fry and are cropping off 
zooplankton production prior to the emergence of these competing panfish species. 
 
Warmwater predator’s relative abundance reduction was lower than the panfish 
indicating that predators may recruit at higher numbers than panfish. Walleye growth 
rates in Moses Lake were sufficient for walleye to grow to greater than 150 mm in length.  
At this length walleye are assumed  to be recruited to piscivory (Carlander, 1967).  It is 
possible that a large year class of walleye by early fall of their first growing season could 
predate heavily upon young-of-the-year panfish.  This type of predation could affect the 
ability of panfish to recruit to the population.  

It is understood that using this comparison is limited because there is seasonal bias in 
collecting these species.  For example the marked increase in the capture of smallmouth 
bass from fall to spring (Table 12).  However, the large reduction in the numbers of 
panfish in comparing fall to spring may possibly indicate that there is a potential limiter 
to recruitment that requires investigation. 

 

During the fall 1999 survey 5,508 age 0+ fish were sampled. Panfish represented 72.9
percent of the age 0+ fish collected. Yellow perch accounted for 61.4 percent of the age
0+fish collected, bluegill sunfish represented 8.8 percent, and black crappie were 2.5
percent of the age 0+ fish sampled. Warmwater predators accounted for 37.1 percent of
the age 0+ fish sampled. Walleye accounted for 16.3 percent of the age 0+ fish collected,
largemouth bass represented 9.4 percent and smallmouth bass accounted for 1.4 percent
of the age 0+ fish sampled.

During the spring 2000 survey 921 age 1+ fish were collected. Panfish represented 51.3
percent of the age 1+ fish collected. Yellow perch accounted for 25.5 percent of the age
0+ fish collected, bluegill sunfish represented 4.13 percent, and black crappie were 2.8
percent of the age 1+ fish sampled. Warmwater predators accounted for 49.7 percent of
the age 1+ fish sampled. Walleye accounted for 32.5 percent of the age 1+ fish collected,
largemouth bass represented 0.43 percent and smallmouth bass accounted for 15.74
percent of the age 1+ fish sampled.

It appears that large year classes of young-of—the-year fish were sampled during fall 1999.
This may indicate that spawning and incubation was not limited for any species. By
spring of 2000 there was an 83 percent reduction in the relative abundance of the year
class sample in fall of 1999. Of the fish sample in spring of 2000, panfish Age 1+
relative abundance reduced by 89.3 percent and warmwater predators relative abundance
reduced by 70 percent.

Production of large year classes of fish could potentially be limiting to panfish
recruitment. Competition for forage at early life stages may limit the panfish’s ability to
attain the body mass and/or fit stores to overwinter successfully. Based on comparisons
between the fall 1999 and spring 2000 data proportionally more juvenile walleye and
yellow perch were recruited to the population than black crappie and bluegill sunfish.
Earlier spawning fish such as walleye and yellow perch may produce large crops of age
0+ fish that emerge earlier than black crappie and bluegill fly and are cropping off
zooplankton production prior to the emergence of these competing panfish species.

Warrnwater predator’s relative abundance reduction was lower than the panfish
indicating that predators may recruit at higher numbers than panfish. Walleye growth
rates in Moses Lake were sufficient for walleye to grow to greater than 150 mm in length.
At this length walleye are assumed to be recruited to piscivory (Carlander, 1967). It is
possible that a large year class ofwalleye by early fall of their first growing season could
predate heavily upon young-of—the-year panfish. This type ofpredation could affect the
ability of panfish to recruit to the population.

It is understood that using this comparison is limited because there is seasonal bias in
collecting these species. For example the marked increase in the capture of smallmouth
bass from fall to spring (Table 12). However, the large reduction in the numbers of
panfish in comparing fall to spring may possibly indicate that there is a potential limiter
to recruitment that requires investigation.



Table 12 Species composition for young-of-the-year collected during the fall 1999 survey and age 1+ 
fish collected during the spring 2000 survey by weight (kg), percent of total weight, total number of 
each species sampled, percentage of each species in sample, and minimum and maximum sized fish 
for each species sampled. 

 
Catch Per Unit Effort 
 
Fall 1999 and Spring 2000 Surveys   
 
CPUE was calculated for each gear type used in the fall 1999 survey (Table 13). 
Electrofishing CPUE for black crappie was 14.2, 71.49 for bluegill and 86.43 for yellow 
perch. Electrofishing CPUE for largemouth bass was 6.52, 15.83 for smallmouth bass, 
and 15.65 for walleye.  Non-gamefish (e.g. brown bullhead, largescale sucker, longnose 
sucker, northern pikeminnow, and sculpin) CPUE combined was 8.48.  Common carp 
electrofishing CPUE was 7.25.  Rainbow trout electrofishing CPUE was 3.86, and lake 
whitefish did not appear in the electrofishing sample.  Electrofishing was more effective 
at capturing all fish species. 
 
Gill net CPUE for black crappie was 0.54, 0.0 for bluegill, and 1.96 for yellow perch.  
Gill net CPUE for largemouth bass was 0, 0.14 for smallmouth bass, and 0.86 for 
walleye.  Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, 
northern pikeminnow, and sculpin)  gill net CPUE combined was 0.75.  Common carp 
gill net CPUE was 0.25.  Rainbow trout gill net CPUE was 0.43, and lake whitefish was 
0.14. 
 
CPUE was calculated for each gear type used in the spring 2000 survey (Table 14). 
Electrofishing CPUE for black crappie was 3.63, 5.15 for bluegill and 2.56 for yellow 
perch. Electrofishing CPUE for largemouth bass was 2.25, 9.65 for smallmouth bass, and 
3.18 for walleye.  Non-gamefish (e.g. brown bullhead, largescale sucker, longnose 
sucker, northern pikeminnow, and sculpin spp.) CPUE combined was 20.35.  Sculpin 
spp. accounted for a CPUE of  13.74.  Common carp electrofishing CPUE was 5.62.  
Rainbow trout electrofishing CPUE was 2.17, and lake whitefish did not appear in the 
electrofishing sample.  Electrofishing was more effective at capturing all fish species 
except walleye. 
 
Gill net CPUE for black crappie was 0.13, 0.0 for bluegill, and 6.03 for yellow perch.  
Gill net CPUE for largemouth bass was 0, 0.14 for smallmouth bass, and 6.13 for 
walleye.  Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker, 
northern pikeminnow, and sculpin) gill net CPUE combined was 1.86.  Common carp gill 

Spring 2000Fall 1999
Species MaxMin(%n)(#)(%W)(kg)MaxMin(%n)(#)(%W)(kg)

125882.82262.030.53100612.451352.121.70black crappie
110304.13381.380.3665138.814851.361.08bluegill
1427944.4140925.476.701105561.37340047.1637.67yellow perch
160900.4340.320.09115599.375168.706.95largemouth bass
1805615.7414510.892.90115701.40771.210.96smallmouth bass
2666932.4629959.9215.701906916.2589539.4431.51walleye

92126.28550879.9TOTALS

Table 12 Species composition for young-of—the—year collected during the fall 1999 survey and age 1+
fish collected during the spring 2000 survey by weight (kg), percent of total weight, total number of
each species sampled, percentage of each species in sample, and minimum and maximum sized fish
for each species sampled.

Fall 1999 Spring 2000
Species (kg) (%W) (#) (%n) Min Max (kg) (%W) (#) (%n) I Min Max
black crappie 1.70 2.12 135 2.45 61 100 0.53 2.03 26 2.82 88 125
bluegill 1.08 1.36 485 8.81 13 65 0.36 1.38 38 4.13 30 110
yellow perch 37.67 47.16 3400 61.37 55 110 6.70 25.47 409 44.41 79 142
largemouth bass 6.95 8.70 516 9.37 59 115 0.09 0.32 4 0.43 90 160
smallmouth bass 0.96 1.21 77 1.40 70 115 2.90 10.89 145 15.74 56 180
walleye 31.51 39.44 895 16.25 69 190 15.70 59.92 299 32.46 69 266
TOTALS 79.9 5508 26.28 921

Catch Per Unit Effort

Fall 1999 and Spring 2000 Surveys

CPUE was calculated for each gear type used in the fall 1999 survey (Table 13).
Electrofishing CPUE for black crappie was 14.2, 71.49 for bluegill and 86.43 for yellow
perch. Electrofishing CPUE for largemouth bass was 6.52, 15.83 for smallrnouth bass,
and 15.65 for walleye. Non— gamefish (e.g. brown bullhead, largescale sucker, longnose
sucker, northern pikeminnow, and sculpin) CPUE combined was 8.48. Common carp
electrofishing CPUE was 7.25. Rainbow trout electrofishing CPUE was 3.86, and lake
Whitefish did not appear in the electrofishing sample. Electrofishing was more effective
at capturing all fish species.

Gill net CPUE for black crappie was 0.54, 0.0 for bluegill, and 1.96 for yellow perch.
Gill net CPUE for largemouth bass was 0, 0.14 for smallrnouth bass, and 0.86 for
walleye. Non-gamefish (e.g. brown bullhead, largescale sucker, longnose sucker,
northern pikeminnow, and sculpin) gill net CPUE combined was 0.75. Common carp
gill net CPUE was 0.25. Rainbow trout gill net CPUE was 0.43, and lake Whitefish was
0. l 4.

CPUE was calculated for each gear type used in the spring 2000 survey (Table 14).
Electrofishing CPUE for black crappie was 3.63, 5.15 for bluegill and 2.56 for yellow
perch. Electrofishing CPUE for largemouth bass was 2.25, 9.65 for smallrnouth bass, and
3.18 for walleye. Non—gamefish (e.g. brown bullhead, largescale sucker, longnose
sucker, northern pikeminnow, and sculpin spp.) CPUE combined was 20.35. Sculpin
spp. accounted for a CPUE of 13.74. Common carp electrofishing CPUE was 5.62.
Rainbow trout electrofishing CPUE was 2.17, and lake Whitefish did not appear in the
electrofishing sample. Electrofishing was more effective at capturing all fish species
except walleye.

Gill net CPUE for black crappie was 0.13, 0.0 for bluegill, and 6.03 for yellow perch.
Gill net CPUE for largemouth bass was 0, 0.14 for smallrnouth bass, and 6.13 for
walleye. Non- gamefish (e.g. brown bullhead, largescale sucker, longnose sucker,
northern pikeminnow, and sculpin) gill net CPUE combined was 1.86. Common carp gill



net CPUE was 4.47.  Rainbow trout gill net CPUE was 1.93.  Gill nets were more 
effective at capturing walleye than electrofishing. 
 
Comparing CPUE for fall 1999 to  spring 2000 data indicated that panfish abundance 
between seasons reduced.  This could be explained due to seasonal bias in sampling, but  
could also point to the fact that there is a limiter to panfish recruitment.   

Table 13 Mean catch per unit effort by species and gear type, including 80 percent confidence 
intervals for the fall 1999 survey. 

 

Table 14 Mean catch per unit effort by species and gear type, including 80 percent confidence 
intervals for the spring 2000 survey of Moses Lake (Grant County).  

  
 

Gill NetsElectrofishing

Species
nights

GN
CI
GN

night
# / GN

Sites
Shock

CI
EB

hour
# /

280.360.54622.8114.2black crappie
28006210.171.49bluegill
280.540.71622.186.16brown bullhead
2800620.120.1burbot
280.20.25621.517.25carp
280.180.146200lake whitefish
2800621.656.52largemouth bass
2800620.390.39largescalesucker
280.050.04620.681.16longnose sucker
2800620.170.19northern pike-minnow
2800620.210.29pumpkinseed sunfish
280.310.43621.323.86rainbow trout
2800620.420.58sculpin
280.140.14623.8215.83smallmouth bass
280.550.86622.5715.65walleye
281.231.966222.786.43yellow perch

Gill NetsElectrofishing

Species
GN nightsGN CI# / GN nightShock SitesEB CI# / hour

300.100.13601.503.63Black Crappie
300.000.00601.695.15Bluegill
300.371.50602.326.61Brown bullhead 
300.784.47602.515.62Carp
300.000.00600.892.25Largemouth Bass
300.100.13600.000.00Longnose Sucker
300.110.20600.000.00Largescale Sucker
300.781.93600.962.17Rainbow Trout
300.000.00605.0413.74Sculpin
300.110.17603.239.65Smallmouth Bass
300.896.13601.043.18Walleye
300.040.03600.962.56Yellow bullhead
301.686.03605.5613.60Yellow Perch

net CPUE was 4.47. Rainbow trout gill net CPUE was 1.93. Gill nets were more
effective at capturing walleye than electrofishjng.

Comparing CPUE for fall 1999 to spring 2000 data indicated that panfish abundance
between seasons reduced. This could be explained due to seasonal bias in sampling, but
could also point to the fact that there is a limiter to panfish recruitment.
Table 13 Mean catch per unit effort by species and gear type, including 80 percent confidence
intervals for the fall 1999 survey.

Electrofishing Gill Nets
#/ EB Shock # l GN GN GN

hour Cl Sites night Cl nights
Species

black crappie 14.2 2.81 62 0.54 0.36 28
bluegill 71.49 10.1 62 0 0 28
brown bullhead 6.16 2.18 62 0.71 0.54 28
burbot 0.1 0.12 62 0 0 28
carp 7.25 1.51 62 0.25 0.2 28
lake Whitefish 0 0 62 0.14 0.18 28
largemouth bass 6.52 1.65 62 0 0 28
largescalesucker 0.39 0.39 62 0 0 28
longnose sucker 1.16 0.68 62 0.04 0.05 28
northern pike-minnow 0.19 0.17 62 0 0 28
pumpkinseed sunfish 0.29 0.21 62 0 0 28
rainbow trout 3.86 1.32 62 0.43 0.31 28
sculpin 0.58 0.42 62 0 0 28
smallmouth bass 15.83 3.82 62 0.14 0.14 28
walleye 15.65 2.57 62 0.86 0.55 28
yellow perch 86.43 22.7 62 1.96 1.23 28

Table 14 Mean catch per unit effort by species and gear type, including 80 percent confidence
intervals for the spring 2000 survey of Moses Lake (Grant County).

Electrofishing Gill Nets
#l hour EB Cl Shock Sites # / GN night GN Cl GN nights

Species
Black Crappie 3.63 1.50 60 0.13 0.10 30
Bluegill 5.15 1.69 60 0.00 0.00 30
Brown bullhead 6.61 2.32 60 1.50 0.37 30
Carp 5.62 2.51 60 4.47 0.78 30
Largemouth Bass 2.25 0.89 60 0.00 0.00 30
Longnose Sucker 0.00 0.00 60 0.13 0.10 30
Largescale Sucker 0.00 0.00 60 0.20 0.11 30
Rainbow Trout 2.17 0.96 60 1.93 0.78 30
Sculpin 13.74 5.04 60 0.00 0.00 30
Smallmouth Bass 9.65 3.23 60 0.17 0.11 30
Walleye 3.18 1.04 60 6.13 0.89 30
Yellow bullhead 2.56 0.96 60 0.03 0.04 30
Yellow Perch 13.60 5.56 60 6.03 1.68 30



Stock Density Indices 
 
Fall 1999 and Spring 2000 Surveys 
 
Proportional Stock Densities (PSD), and Relative Stock Densities (RSD) were calculated 
per species of fish collected for electrofishing and gill netting during the fall 1999 and 
spring 2000 surveys (Tables 15 and 16). 
 
Satisfactory numbers of stock length fish were sampled for all warmwater species.  
Anderson (1980) recommended that at least 100 stock length or greater fish needed to be 
collected per species before PSD’s or RSD’s were meaningful.  Electrofishing captured 
more stock length fish than gill nets.  The large number of fish collected resulted in 
narrow confidence limits making interpretation with confidence possible. 
 
Black crappie and bluegill sunfish exhibited populations that were low density with most 
of the individuals sampled represented as stock size.  Not enough stock size fish were 
sampled, for either of these species, to make any decisions on the proportional make-up 
of their populations. The fact that very few stock size fish were captured may have 
indicated that the black crappie and bluegill sunfish population was low in numbers. The 
PSD’s possibly illustrated that the black crappie and bluegill sunfish populations offered 
a low density mediocre fishery for stock size fish.  
  
Yellow perch exhibited a higher density population with a large number fish represented 
as stock size.  Yellow perch PSD’s for electrofishing were 46 for fall 1999 and 70 for 
spring 2000.  PSD’s for gill netting were 61 for fall 1999 and 91 for spring 2000.  Very 
few yellow perch regardless of gear type were represented in the RSD categories of 
preferred, or memorable.  No trophy sized yellow perch were sampled. 
Based on the information gathered it would appear that yellow perch offered a high 
density fishery for fair sized fish with a few larger individuals in the harvest.  
 
Too few stock size largemouth bass were sampled to make any interpretations on the 
fishery.  The fact that very few stock size fish were captured may have indicated that the 
largemouth population is small and provided a limited fishery. 
 
Smallmouth caught with electrofishing gear had PSD’s of 18 for fish caught in fall 1999 
and 17 in spring 2000.  Very few smallmouth bass regardless of gear type were 
represented in the RSD categories of preferred, or memorable.  No trophy sized 
smallmouth bass were sampled. Based on the information gathered it would appear that 
smallmouth bass offered a low density fishery for fair sized fish with a few larger 
individuals in the harvest.  
 
Walleye exhibited high density populations with a large number of stock size fish 
captured.  Walleye caught with electrofishing gear had PSD’s of 40 for fish caught in fall 
1999 and 51 in spring 2000.  Walleye capture with gill nets had PSD’s of 85 for fall 1999 
and 77 for spring 2000.  A high proportion of walleye captured with gill netting appeared 
in the preferred category, 85 for fall 1999 and 77 for spring 2000.  Only a few fish were 

Stock Density Indices

Fall 1999 and Spring 2000 Surveys

Proportional Stock Densities (PSD), and Relative Stock Densities (RSD) were calculated
per species of fish collected for electrofishing and gill netting during the fall 1999 and
spring 2000 surveys (Tables 15 and 16).

Satisfactory numbers of stock length fish were sampled for all warmwater species.
Anderson (1980) recommended that at least 100 stock length or greater fish needed to be
collected per species before PSD’s or RSD’s were meaningful. Electrofishing captured
more stock length fish than gill nets. The large number of fish collected resulted in
narrow confidence limits making interpretation with confidence possible.

Black crappie and bluegill sunfish exhibited populations that were low density with most
of the individuals sampled represented as stock size. Not enough stock size fish were
sampled, for either of these species, to make any decisions on the proportional make-up
of their populations. The fact that very few stock size fish were captured may have
indicated that the black crappie and bluegill sunfish population was low in numbers. The
PSD’s possibly illustrated that the black crappie and bluegill sunfish populations offered
a low density mediocre fishery for stock size fish.

Yellow perch exhibited a higher density population with a large number fish represented
as stock size. Yellow perch PSD’s for electrofishing were 46 for fall 1999 and 70 for
spring 2000. PSD’s for gill netting were 61 for fall 1999 and 91 for spring 2000. Very
few yellow perch regardless of gear type were represented in the RSD categories of
preferred, or memorable. No trophy sized yellow perch were sampled.
Based on the information gathered it would appear that yellow perch offered a high
density fishery for fair sized fish with a few larger individuals in the harvest.

Too few stock size largemouth bass were sampled to make any interpretations on the
fishery. The fact that very few stock size fish were captured may have indicated that the
largemouth population is small and provided a limited fishery.

Smallmouth caught with electrofishing gear had PSD’s of 18 for fish caught in fall 1999
and 17 in spring 2000. Very few smallrnouth bass regardless of gear type were
represented in the RSD categories of preferred, or memorable. No trophy sized
smallrnouth bass were sampled. Based on the information gathered it would appear that
smalhnouth bass offered a low density fishery for fair sized fish with a few larger
individuals in the harvest.

Walleye exhibited high density populations with a large number of stock size fish
captured. Walleye caught with electrofishing gear had PSD’s of40 for fish caught in fall
1999 and 51 in spring 2000. Walleye capture with gill nets had PSD’s of 85 for fall 1999
and 77 for spring 2000. A high proportion ofwalleye captured with gill netting appeared
in the preferred category, 85 for fall 1999 and 77 for spring 2000. Only a few fish were



represented in the memorable categories.  Based on the data gathered walleye appeared to 
offer a high-density fishery for fair to larger sized fish. 
 
Rainbow trout are release from net pens on an annual basis.  The PSD’s for these fish 
indicate that the majority of fish captured in the sample are first year release fish.  
Carryover for rainbow trout appears to be limited based on this information.  The 
carryover rate in fall 1999 appeared to be greater than in spring 2000. 
 
The best fishery represented in the PSD’s and RSD’s was common carp.  The proportions 
present indicate that carp would provide a high density large sized fish fishery.  This kind 
of carp fishery would be the envy of the european piscatorial world. 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

represented in the memorable categories. Based on the data gathered walleye appeared to
offer a high— density fishery for fair to larger sized fish.

Rainbow trout are release fiom net pens on an annual basis. The PSD’s for these fish
indicate that the majority of fish captured in the sample are first year release fish.
Carryover for rainbow trout appears to be limited based on this information. The
carryover rate in fall 1999 appeared to be greater than in spring 2000.

The best fishery represented in the PSD’s and RSD’s was common carp. The proportions
present indicate that carp would provide a high density large sized fish fishery. This kind
of carp fishery would be the envy of the european piscatorial world.



Table 15 Proportional and relative stock density indices for warmwater fish, rainbow trout and 
common carp collected during fall 1999.  RSD-P represents preferred, RSD-M represents 
memorable, and RSD_T represents trophy.  Confidence intervals (CI) were calculated for each 
category at 80 percent. 

Electrofishing 

Species # Stock Length PSD PSD CI RSD-P  RSD CI RSD-M  RSD CI RSD-T  RSD CI 

Black Crappie 150  44  5  5  2  2  1  0  0  
Bluegill 799  43  2  3  1  0  0  0  0  
Carp 79  92  4  63  7  49  7  1  2  
Largemouth Bass 70  39  7  17  6  0  0  0  0  
Rainbow Trout 44  16  7  0  0  0  0  0  0  
Smallmouth Bass 231  18  3  2  1  0  0  0  0  
Walleye 196  40  4  12  3  2  1  0  0  
Yellow Perch 921  46  2  1  0  0  0  0  0  

Gill Netting 

Species # Stock Length PSD PSD CI RSD-P RSD CI RSD-M RSD CI RSD-T RSD CI 

Black Crappie 56  48  9  9  5  0  0  0  0  
Carp 75  91  4  69  7  41  7  0  0  
Rainbow Trout 36  31  10  6  5  0  0  0  0  
Smallmouth Bass 6  0  0  0  0  0  0  0  0  
Walleye 241  85  3  37  4  5  2  0  1  
Yellow Perch 448  61  30  1  0  0  0  0  0  

Table 16 Proportional and relative stock density indices for warmwater fish, rainbow trout and 
common carp collected during Spring 2000.  RSD-P represents preferred, RSD-M represents 
memorable, and RSD_T represents trophy.  Confidence intervals (CI) were calculated for each 
category at 80 percent. 

Electrofishing 

Species # Stock Length PSD PSD CI RSD-P  RSD CI RSD-M  RSD CI RSD-T  RSD CI 

Black Crappie 80  54  7  10  4  8  4  4  3  
Bluegill  84  52  7  5  3  0  0  0  0  
Carp 365  98  1  62  3  40  3  1  1  
Largemouth Bass 48  65  9  38  9  4  4  0  0  
Pumpkinseed Sunfish 3  0  0  0  0  0  0  0  0  
Rainbow Trout 26  23  11  8  7  0  0  0  0  
Smallmouth Bass 235  17  3  3  1  0  0  0  0  
Walleye 104  51  6  13  4  1  1  0  0  
Yellow Perch 279  70  4  3  1  0  0  0  0  

Gill Netting 

Species # Stock Length PSD PSD CI RSD-P RSD CI RSD-M RSD CI RSD-T RSD CI 

Black Crappie 4  75  28  0  0  0  0  0  0  
Carp 134  99  1  69  5  37  5  0  0  
Rainbow Trout 58  33  8  0  0  0  0  0  0  
Smallmouth Bass 5  20  23  20  23  0  0  0  0  
Walleye 184  77  4  44  5  4  2  0  0  
Yellow Perch 181  91  3  2  1  0  0  0  0  

Table 15 Proportional and relative stock density indices for warmwater fish, rainbow trout and
common carp collected during fall 1999. RSD-P represents preferred, RSD-M represents
memorable, and RSD_T represents trophy. Confidence intervals (CI) were calculated for each
category at 80 percent.

Electrofishing
Species # Stock Length PSD PSD Cl RSD-P RSD Cl RSD-M RSD Cl RSD-T RSD Cl

Black Crappie 150 44 5 5 2 2 1 0 0
Bluegill 799 43 2 3 1 0 0 0 0
Carp 79 92 4 63 7 49 7 1 2
Largemouth Bass 70 39 7 17 6 0 0 0 0
Rainbow Trout 44 16 7 0 0 0 0 0 0
Smallmouth Bass 231 18 3 2 1 0 0 0 0
Walleye 196 40 4 12 3 2 1 0 0
Yellow Perch 921 46 2 1 0 0 0 0 0

Gill Netting
Species # Stock Length PSD PSD Cl RSD-P RSD Cl RSD-M RSD Cl RSD-T RSD Cl

Black Crappie 56 48 9 9 5 0 0 0 0
Carp 75 91 4 69 7 41 7 0 0
Rainbow Trout 36 31 10 6 5 0 0 0 0
Smallmouth Bass 6 0 0 0 0 0 0 0 0
Walleye 241 85 3 37 4 5 2 0 1
Yellow Perch 448 61 30 1 0 0 0 0 0

Table 16 Proportional and relative stock density indices for warmwater fish, rainbow trout and
common carp collected during Spring 2000. RSD-P represents preferred, RSD-M represents
memorable, and RSD_T represents trophy. Confidence intervals (CI) were calculated for each
category at 80 percent.

Electrofishing
Species # Stock Length PSD PSD Cl RSD-P RSD Cl RSD-M RSD Cl RSD-T RSD Cl

Black Crappie 80 54 7 10 4 8 4 4 3
Bluegill 84 52 7 5 3 0 0 0 0
Carp 365 98 1 62 3 40 3 1 1
Largemouth Bass 48 65 9 38 9 4 4 0 0
Pumpkinseed Sunfish 3 0 0 0 0 0 0 0 0
Rainbow Trout 26 23 11 8 7 0 0 0 0
Smallmouth Bass 235 17 3 3 1 0 0 0 0
Walleye 104 51 6 13 4 1 1 0 0
Yellow Perch 279 70 4 3 1 0 0 0 0

Gill Netting
Species # Stock Length PSD PSD Cl RSD-P RSD Cl RSD-M RSD Cl RSD-T RSD Cl

Black Crappie 4 75 28 0 0 0 0 0 0
Carp 134 99 1 69 5 37 5 0 0
Rainbow Trout 58 33 8 0 0 0 0 0 0
Smallmouth Bass 5 20 23 20 23 0 0 0 0
Walleye 184 77 4 44 5 4 2 0 0
Yellow Perch 181 91 3 2 1 0 0 0 0



 

Species Accounts 
 
Black Crappie 
 
Scales collected from black crappie permitted the development of a length at age table via 
back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 17).  Comparisons of both indicated that length at age 
exceeded the state average. 
 
Relative weights for black crappie collected in fall 1999 and spring 2000 indicated that 
conditions of fish were above the national average for black crappie.  There was a 
downward trend in condition as the age of the black crappie increased.  However, even 
older black crappie had relative weights that were above or close to the national average 
(Figures 6 and 7).  Historical fall data beginning with 1993 and ending with 1999 was 
analyzed and the mean relative weights calculated for each year.  Mean relative weights 
from 1993-99 remained above the national average and possibly indicated an upward 
trend (Figure 8). However, R2 values for the assigned trend line were poor signifying an 
inefficient model prediction.   
 
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  During 
the fall 1999 survey 150 and 56 black crappie were captured using electrofishing and 
gillnetting techniques, respectively (Figure 9).  During the spring 2000 survey 80 and 4 
black crappie were captured electrofishing and gillnetting techniques, respectively 
(Figure 10).  A two sample, two tailed t-test at an alpha level of 0.05 was used to 
determine whether or not there was a significant difference in length of fish captured 
between the two gear types.  There was no significant difference in the length of black 
crappie that were captured during the 1999 fall survey (df=697, P= 0.15) nor during the 
spring 2000 survey (df=108, P= 0.67).  Young-of-the-year fish were included in the 
analysis.  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys (Figures 11 and 12).  During the fall 
1999 sample, age one fish represented the largest percent frequency of black crappie 
caught.  However, during the spring 2000 survey black crappie between the size of 160 
mm and 220 mm represented the largest percentage of the sample.  
 

 

 

 

 

 

Species Accounts

Black Crappie

Scales collected from black crappie permitted the development of a length at age table via
back- calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 17). Comparisons ofboth indicated that length at age
exceeded the state average.

Relative weights for black crappie collected in fall 1999 and spring 2000 indicated that
conditions of fish were above the national average for black crappie. There was a
downward trend in condition as the age of the black crappie increased. However, even
older black crappie had relative weights that were above or close to the national average
(Figures 6 and 7). Historical fall data beginning with 1993 and ending with 1999 was
analyzed and the mean relative weights calculated for each year. Mean relative weights
from 1993-99 remained above the national average and possibly indicated an upward
trend (Figure 8). However, R2 values for the assigned trend line were poor signifying an
inefficient model prediction.

Length frequency histograms separating the electrofishing and gill netting capture
techniques were constructed to visually detect any bias between sampling gears. During
the fall 1999 survey 150 and 56 black crappie were captured using electrofishing and
gilhietting techniques, respectively (Figure 9). During the spring 2000 survey 80 and 4
black crappie were captured electrofishing and gillnetting techniques, respectively
(Figure 10). A two sample, two tailed t—test at an alpha level of 0.05 was used to
determine whether or not there was a significant difference in length of fish captured
between the two gear types. There was no significant difference in the length ofblack
crappie that were captured during the 1999 fall survey (dfi697, P= 0.15) nor during the
spring 2000 survey (dfilOS, P= 0.67). Young-of-the-year fish were included in the
analysis.

Combining gear types permitted the development of a complete length fiequency
histogram for fall 1999 and spring 2000 surveys (Figures 11 and 12). During the fall
1999 sample, age one fish represented the largest percent frequency of black crappie
caught. However, during the spring 2000 survey black crappie between the size of 160
mm and 220 mm represented the largest percentage of the sample.



 

 

Table 17 Length at age of black crappie collected during fall 1999.  Bolded values are weighted mean 
back-calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent 
confidence intervals were calculated for each Lee Modification mean length at annulus. 

 

Figure 6 Relationship between total length and relative weight (Wr) of black crappie, excluding 
young of the year, compared to the national standard, collected fall 1999. 
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Table 17 Length at age of black crappie collected during fall 1999. Bolded values are weighted mean
back-calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993). 80 percent
confidence intervals were calculated for each Lee Modification mean length at annulus.

Mean Total Length(mm)at Age
Year Class # Fish 1 Cl 2 CI 3 Cl 4 Cl 5 CI 6 Cl

1998 3 104
3 110 4

1997 8 63 122
8 85 10 131 12

1996 18 87 134 177
18 107 5 145 5 181 5

1995 9 60 118 178 225
9 87 8 137 7 188 11 228 16

1994 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1993 1 57 132 161 255 294 318
1 86 0 154 0 180 0 264 0 299 0 321 0

Direct proportion overall mean 74 126 172 240 294 318
irect proportion state avg. 46 111 157 183 220 254

Lee's weighted mean 97 140 183 232 299 321
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Figure 6 Relationship between total length and relative weight (Wr) of black crappie, excluding
young of the year, compared to the national standard, collected fall 1999.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Relationship between total length and relative weight (Wr) of black crappie compared to the 
national standard, collected spring 2000. 

 

Figure 8 Comparison of mean relative weights, including trend line equation and R2 value, for black 
crappie collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals and 
error bars are presented.  
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Figure 7 Relationship between total length and relative weight (Wr) of black crappie compared to the
national standard, collected spring 2000.
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Figure 8 Comparison of mean relative weights, including trend line equation and R2 value, for black
crappie collected during surveys conducted fall 1993 to fall 1999. 95% confidence intervals and
error bars are presented.



Figure 9 Length frequency distribution of black crappie, excluding young-of-the-year, sampled using 
electrofishing (EB) and gill netting (GN) for fall 1999. 
 

Figure 10 Length frequency distribution of black crappie sampled using electrofishing (EB) and gill 
netting (GN) for spring 2000. 
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Figure 9 Length frequency distribution of black crappie, excluding young-of-the-year, sampled using
electrofishing (EB) and gill netting (GN) for fall 1999.
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Figure 10 Length frequency distribution of black crappie sampled using electrofishing (EB) and gill
netting (GN) for spring 2000.



 
 

Figure 11 Length frequency distribution for black crappie with all gear types combined, including all 
fish sampled during the fall 1999 survey. 

Figure 12 Length frequency distribution for black crappie with all gear types combined, including all 
fish sampled during the spring 2000 survey. 
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Figure 1 1 Length frequency distribution for black crappie with all gear types combined, including all
fish sampled during the fall 1999 survey.
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fish sampled during the spring 2000 survey.



 
 
Bluegill Sunfish 
 
Scales collected from bluegill sunfish permitted the development of a length at age table 
via back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 18). Comparisons of both indicated that length at age exceeded 
the state average.   
 
Relative weights for bluegill sunfish collected in fall 1999 and spring 2000 indicated that 
conditions of fish were above the national average.  During the fall of 1999 survey there 
appeared to be an upward trend in relative weights as length increased (Figure 13).  The 
spring 2000 sample indicated that relative weights were maintained above the national 
average at virtually all lengths of bluegill sampled (Figure 14). Historical fall data 
beginning with 1993 and ending with 1999 was analyzed and the mean relative weights 
calculated for each year.  Mean relative weights from 1993 to 1999 remained above the 
national average and possibly indicated an upward trend (Figure 15). However, R2 values 
for the assigned trend line were poor signifying an inefficient model prediction.  
 
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  Gear 
bias was evident when sampling for bluegill sunfish because none were captured in 
gillnets, hence the lack of statistical analysis between gillnetting and electrofishing 
regarding a comparison of lengths.  During the 1999 survey 799 bluegill were captured 
via electrofishing (Figure16).  As for the 2000 survey 84 bluegill sunfish were captured 
by means of electrofishing (Figure 17).  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys.  Combined length frequency histograms 
for the fall 1999 survey (Figure 18) and the spring 2000 survey (Figure 17) yielded no 
apparent patterns.  This was most likely due to the capability of bluegill to have multiple 
broods within one spawning season.  
 

 

 

 

 

 

 

 

 
 
 

Bluegill Sunfish

Scales collected from bluegill sunfish permitted the development of a length at age table
via back— calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 18). Comparisons ofboth indicated that length at age exceeded
the state average.

Relative weights for bluegill sunfish collected in fall 1999 and spring 2000 indicated that
conditions of fish were above the national average. During the fall of 1999 survey there
appeared to be an upward trend in relative weights as length increased (Figure 13). The
spring 2000 sample indicated that relative weights were maintained above the national
average at virtually all lengths ofbluegill sampled (Figure 14). Historical fall data
beginning with 1993 and ending with 1999 was analyzed and the mean relative weights
calculated for each year. Mean relative weights from 1993 to 1999 remained above the
national average and possibly indicated an upward trend (Figure 15). However, R2 values
for the assigned trend line were poor signifying an inefficient model prediction.

Length frequency histograms separating the electrofishing and gill netting capture
techniques were constructed to visually detect any bias between sampling gears. Gear
bias was evident when sampling for bluegill sunfish because none were captured in
gillnets, hence the lack of statistical analysis between gillnetting and electrofishing
regarding a comparison of lengths. During the 1999 survey 799 bluegill were captured
via electrofishing (Figurel6). As for the 2000 survey 84 bluegill sunfish were captured
by means of electrofishing (Figure 17).

Combining gear types permitted the development of a complete length fiequency
histogram for fall 1999 and spring 2000 surveys. Combined length fiequency histograms
for the fall 1999 survey (Figure 18) and the spring 2000 survey (Figure 17) yielded no
apparent patterns. This was most likely due to the capability ofbluegill to have multiple
broods within one spawning season.



Table 18 Length at age of bluegill sunfish collected during fall 1999.  Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent 
confidence intervals were calculated for each Lee Modification mean length at annulus. 

 

Figure 13 Relationship between total length and relative weight (Wr) of bluegill sunfish, excluding 
young of the year, compared to the national standard, collected fall 1999. 
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Table 18 Length at age of bluegill sunfish collected during fall 1999. Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993). 80 percent
confidence intervals were calculated for each Lee Modification mean length at annulus.

Mean Total Length(mm)at Age
YearCIass #Fish 1 Cl 2 CI 3 CI 4 Cl 5 CI 6 Cl

1998 8 42
8 55 9

1997 10 44 113
10 58 7 117 10

1996 31 48 97 137
31 62 3 105 4 140 3

1995 14 56 103 133 161
14 70 9 112 9 139 9 163 11

1994 3 40 93 134 165 185
3 56 18 104 21 141 16 169 35 186 11

1993 2 42 93 131 179 214 230
2 59 27 105 17 140 19 184 118 216 29 230 65

Direct Proportion Overall Mean 45 100 134 168 199 230
Lee's Weighted Mean 62 108 139 166 198 230
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Figure 13 Relationship between total length and relative weight (Wr) of bluegill sunfish, excluding
young of the year, compared to the national standard, collected fall 1999.



 

Figure 14 Relationship between total length and relative weight (Wr) of bluegill sunfish compared to 
the national standard, collected spring 2000. 

Figure 15 Comparison of mean relative weights, including trend line equation and R2 value, for 
bluegill sunfish collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals 
and error bars are presented.  
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Figure 14 Relationship between total length and relative weight (Wr) of bluegill sunfish compared to
the national standard, collected spring 2000.
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Figure 15 Comparison of mean relative weights, including trend line equation and R2 value, for
bluegill sunfish collected during surveys conducted fall 1993 to fall 1999. 95% confidence intervals
and error bars are presented.



Figure 16 Length frequency distribution for bluegill sunfish, excluding young of the year, sampled 
using electrofishing (EB) for fall 1999. 

 

Figure 17 Length frequency distribution for bluegill sunfish sampled using electrofishing (EB), and 
length frequency for bluegill sunfish, with all gear types combined, including all fish sampled during 
the spring 2000 survey. 
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Figure 16 Length frequency distribution for bluegill sunfish, excluding young of the year, sampled
using electrofishing (EB) for fall 1999.
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Figure 17 Length frequency distribution for bluegill sunfish sampled using electrofishing (EB), and
length frequency for bluegill sunfish, with all gear types combined, including all fish sampled during
the spring 2000 survey.



Figure 18 Length frequency distribution for bluegill sunfish with all gear types combined, including 
all fish sampled during the fall 1999 survey. 
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Figure 18 Length frequency distribution for bluegill sunfish with all gear types combined, including
all fish sampled during the fall 1999 survey.



Largemouth Bass 
 
Scales collected from largemouth bass permitted the development of a length at age table 
via back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 19). Comparisons of both indicated that length at age exceeded 
the state average.   
 
Relative weights for largemouth bass collected in fall 1999 and spring 2000 indicated that 
conditions of fish were above the national average.  During the fall of 1999 the majority 
of fish sampled fell above the national average (Figure 19).  As for the spring 2000 
sample, relative weights appeared to increase as length increased (Figure 20). Historical 
fall data beginning with 1993 and ending with 1999 was analyzed and the mean relative 
weights calculated for each year.  Mean relative weights excluding fall of 1993 data 
remained above the national average and showed an upward trend albeit variable (Figure 
21).  However, R2 values for the assigned trend line were poor signifying an inefficient 
model prediction.   
 
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  A gear 
bias was noticed due to the lack of largemouth bass captured in gillnets for both the 1999 
and 2000 surveys.  During the 1999 survey 91 largemouth bass were captured using 
electrofishing methods (Figure 22).  During the 2000 survey 48 largemouth bass were 
captured by means of electrofishing (Figure 23).  No statistical analysis was performed 
due to the absence of largemouth bass caught in gillnets.  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys.  The length frequency histogram for the 
fall 1999 data resembled a typical distribution with the largest percentage of fish captured 
coming from the smallest size classes of largemouth bass within the population (Figure 
24).  During the spring 2000 survey largemouth bass within the 280mm class represented 
the largest percentage of fish sampled (Figure 23).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Largemouth Bass

Scales collected fiom largemouth bass permitted the development of a length at age table
via back— calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 19). Comparisons ofboth indicated that length at age exceeded
the state average.

Relative weights for largemouth bass collected in fall 1999 and spring 2000 indicated that
conditions of fish were above the national average. During the fall of 1999 the majority
of fish sampled fell above the national average (Figure 19). As for the spring 2000
sample, relative weights appeared to increase as length increased (Figure 20). Historical
fall data beginning with 1993 and ending with 1999 was analyzed and the mean relative
weights calculated for each year. Mean relative weights excluding fall of 1993 data
remained above the national average and showed an upward trend albeit variable (Figure
21). However, R2 values for the assigned trend line were poor signifying an inefficient
model prediction.

Length fiequency histograms separating the electrofishing and gill netting capture
techniques were constructed to visually detect any bias between sampling gears. A gear
bias was noticed due to the lack of largemouth bass captured in gillnets for both the 1999
and 2000 surveys. During the 1999 survey 91 largemouth bass were captured using
electrofishing methods (Figure 22). During the 2000 survey 48 largemouth bass were
captured by means of electrofishing (Figure 23). No statistical analysis was performed
due to the absence of largemouth bass caught in gillnets.

Combining gear types permitted the development of a complete length fiequency
histogram for fall 1999 and spring 2000 surveys. The length frequency histogram for the
fall 1999 data resembled a typical distribution with the largest percentage of fish captured
coming from the smallest size classes of largemouth bass within the population (Figure
24). During the spring 2000 survey largemouth bass within the 280mm class represented
the largest percentage of fish sampled (Figure 23).



 

Table 19 Length at age of largemouth bass collected during fall 1999.  Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent 
confidence intervals were calculated for each Lee Modification mean length at annulus. 

 
 

 
Figure 19 Relationship between total length and relative weight (Wr) of largemouth bass, excluding 
young of the year, compared to the national standard, collected fall 1999. 
 
 
 
 
 
 
 
 

50 

75 

100 

125 

150 

R
el

at
iv

e 
W

ei
gh

t (
W

r)

150 200 250 300 350 400 450 500 550 600 
Length (mm)

n=40

Mean Total Length(mm)at Age

Direct proportion overall mean
Direct proportion E. WA. avg.
Lee's weighted mean

CI6CI5CI4CI3CI2CI1# FishYear Class
98141998

410314
1378131997

3814215923
23818611591996

172401919281279
301246176100141995

243032025211186911414
44237731523713421994

9944312338112732240247461482
3803442832381679011993

0382034802900247017901061

380393320259181103
35130024918913669
382411312253187113

Table 19 Length at age of largemouth bass collected during fall 1999. Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993). 80 percent
confidence intervals were calculated for each Lee Modification mean length at annulus.
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Figure 19 Relationship between total length and relative weight (Wr) of largemouth bass, excluding
young of the year, compared to the national standard, collected fall 1999.

Mean Total Length(mm)at Age
Year Class # Fish 1 Cl 2 Cl 3 Cl 4 Cl 5 CI 6 Cl

1998 14 98
14 103 4

1997 3 81 137
3 92 15 142 38

1996 9 115 186 238
9 127 8 192 19 240 17

1995 14 100 176 246 301
14 114 9 186 11 252 20 303 24

1994 2 134 237 315 377 442
2 148 46 247 40 322 127 381 123 443 99

1993 1 90 167 238 283 344 380
1 106 0 179 0 247 0 290 0 348 0 382 0

Direct proportion overall mean 103 181 259 320 393 380
Direct proportion E. WA. avg. 69 136 189 249 300 351
Lee's weighted mean 113 187 253 312 411 382
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Figure 20 Relationship between total length and relative weight (Wr) of largemouth bass compared 
to the national standard, collected spring 2000. 

 
 

Figure 21 Comparison of mean relative weights, including trend line equation and R2 value, from 
largemouth bass collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals 
and error bars are presented.  
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Figure 20 Relationship between total length and relative weight (Wr) of largemouth bass compared
to the national standard, collected spring 2000.
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Figure 2 1 Comparison of mean relative weights, including trend line equation and R2 value, from
largemouth bass collected during surveys conducted fall 1993 to fall 1999. 95% confidence intervals
and error bars are presented.



 
 
 

Figure 22 Length frequency distribution for largemouth bass, excluding young of the year, sampled 
using electrofishing (EB) during the fall 1999 survey.   

 

Figure 23 Length frequency distribution for largemouth bass sampled using electrofishing (EB), and 
length frequency for largemouth bass, with all gear types combined, including all fish sampled 
during the spring 2000 survey. 
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Figure 22 Length frequency distribution for largemouth bass, excluding young of the year, sampled
using electrofishing (EB) during the fall 1999 survey.
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Figure 23 Length frequency distribution for largemouth bass sampled using electrofishing (EB), and
length frequency for largemouth bass, with all gear types combined, including all fish sampled
during the spring 2000 survey.



 

Figure 24 Length frequency distribution for largemouth bass, with all gear types combined, 
including all fish sampled during the fall 1999 survey. 
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Figure 24 Length frequency distribution for largemouth bass, with all gear types combined,
including all fish sampled during the fall 1999 survey.



Smallmouth Bass 
 
Scales collected from smallmouth bass permitted the development of a length at age table 
via back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 20).  Comparisons of both indicated that length at age 
exceeded the state average.  
 
Relative weights for smallmouth bass collected in fall 1999 and spring 2000 indicated 
that conditions of fish were below the national average.  The majority of smallmouth bass 
in Moses Lake collected during the fall of 1999 were in poor condition and below the 
national average regarding relative weight (Figure 25).  During the spring 2000 sample, 
relative weights appeared to decrease in relation to size increase (Figure 26). Historical 
fall data beginning with 1993 and ending with 1999 was analyzed and the mean relative 
weights calculated for each year.  Mean relative weights for fall 1994 to 1996 were above 
the national average.  However, mean relative weights for the years 1993, 1997 and 1998 
were below the average (Figure 27).  R2 values for the assigned trend line were very poor 
signifying an inefficient model prediction.   
   
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  The 
majority of smallmouth bass sampled were captured via electrofishing techniques.  
During the 1999 survey 241 and 7 smallmouth bass were captured using electrofishing 
and gillnetting techniques, respectively (Figure 28).  During the 2000 survey 235 and 5 
smallmouth bass were captured using electrofishing gillnetting methods, respectively 
(Figure 29).  A two sample, two tailed t-test at an alpha level of 0.05 was used to 
determine whether or not there was a significant difference in length of fish captured 
between the two gear types.  There was no significant difference between gillnetting and 
electrofishing regarding the length of fish caught during the fall 1999 survey (df=330, 
P=0.86) and the spring 2000 survey (df=381, P=0.07).  Young-of-the-year fish were 
included in the analysis.  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys.  The size class of 200mm represented 
the largest percentage of fish captured during the fall 1999 (Figure 30).  During the spring 
2000 survey smallmouth bass within the 90mm class represented the largest percentage 
of fish sampled (Figure 31).  
 

 

 

 

Smallmouth Bass

Scales collected from smallmouth bass permitted the development of a length at age table
via back— calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 20). Comparisons ofboth indicated that length at age
exceeded the state average.

Relative weights for smallmouth bass collected in fall 1999 and spring 2000 indicated
that conditions of fish were below the national average. The majority of smalhnouth bass
in Moses Lake collected during the fall of 1999 were in poor condition and below the
national average regarding relative weight (Figure 25). During the spring 2000 sample,
relative weights appeared to decrease in relation to size increase (Figure 26). Historical
fall data beginning with 1993 and ending with 1999 was analyzed and the mean relative
weights calculated for each year. Mean relative weights for fall 1994 to 1996 were above
the national average. However, mean relative weights for the years 1993, 1997 and 1998
were below the average (Figure 27). R2 values for the assigned trend line were very poor
signifying an inefficient model prediction.

Length frequency histograms separating the electrofishing and gill netting capture
techniques were constructed to visually detect any bias between sampling gears. The
majority of smallmouth bass sampled were captured via electrofishing techniques.
During the 1999 survey 241 and 7 smallmouth bass were captured using electrofishing
and gillnetting techniques, respectively (Figure 28). During the 2000 survey 235 and 5
smallmouth bass were captured using electrofishing gillnetting methods, respectively
(Figure 29). A two sample, two tailed t—test at an alpha level of 0.05 was used to
detennine whether or not there was a significant difference in length of fish captured
between the two gear types. There was no significant difference between gilhietting and
electrofishing regarding the length of fish caught during the fall 1999 survey (dfi330,
P=0.86) and the spring 2000 survey (dfi381, P=0.07). Young-of—the-year fish were
included in the analysis.

Combining gear types permitted the development of a complete length fiequency
histogram for fall 1999 and spring 2000 surveys. The size class of 200mm represented
the largest percentage of fish captured during the fall 1999 (Figure 30). During the spring
2000 survey smalhnouth bass within the 90mm class represented the largest percentage
of fish sampled (Figure 31).



Table 20 Length at age of smallmouth bass collected during fall 1999.  Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent 
confidence intervals were calculated for each Lee Modification mean length at annulus. 

 

 

 

Figure 25 Relationship between total length and relative weight (Wr) of smallmouth bass, excluding 
young of the year, compared to the national standard, collected fall 1999. 
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Table 20 Length at age of smallmouth bass collected during fall 1999. Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993). 80 percent
confidence intervals were calculated for each Lee Modification mean length at annulus.

Mean Total Length(mm)at Age
Year Class # Fish 1 CI 2 CI 3 CI 4 CI

1998 2 116
2 126 24

1997 20 100 176
20 118 5 181 8

1996 24 92 171 225
24 114 5 183 11 229 12

1995 6 86 157 206 252
6 110 11 173 23 217 30 257 31

Direct proportion overall mean 98 168 215 252
Direct proportion state avg. 70 146 212 268
Lee's weighted mean 116 181 227 257
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Figure 25 Relationship between total length and relative weight (Wr) of smallmouth bass, excluding
young of the year, compared to the national standard, collected fall 1999.



 

Figure 26 Relationship between total length and relative weight (Wr) of smallmouth bass compared 
to the national standard, collected spring 2000. 

 

Figure 27 Comparison of mean relative weights, including trend line equation and R2 value, from 
smallmouth bass collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals 
and error bars are presented.  
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Figure 26 Relationship between total length and relative weight (Wr) 0f smallmouth bass compared
to the national standard, collected spring 2000.
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Figure 27 Comparison of mean relative weights, including trend line equation and R2 value, from
smallmouth bass collected during surveys conducted fall 1993 to fall 1999. 95% confidence intervals
and error bars are presented.



 
 
 
 

Figure 28 Length frequency distribution for smallmouth bass, excluding young of the year, sampled 
using electrofishing (EB) and gill netting (GN) for fall 1999. 

 

 Figure 29 Length frequency distribution for smallmouth bass, excluding young of the year, sampled 
using electrofishing (EB) and gill netting (GN) for spring 2000. 
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Figure 28 Length frequency distribution for smallmouth bass, excluding young of the year, sampled
using electrofishing (EB) and gill netting (GN) for fall 1999.
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Figure 29 Length frequency distribution for smallmouth bass, excluding young of the year, sampled
using electrofishing (EB) and gill netting (GN) for spring 2000.



Figure 30 Length frequency distribution for smallmouth bass, with all gear types combined, 
including all fish sampled during the fall 1999 survey. 
 

 

Figure 31 Length frequency distribution for smallmouth bass, with all gear types combined, 
including all fish sampled during the spring 2000 survey. 
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Figure 30 Length frequency distribution for smallmouth bass, with all gear types combined,
including all fish sampled during the fall 1999 survey.
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Figure 3 1 Length frequency distribution for smallmouth bass, with all gear types combined,
including all fish sampled during the spring 2000 survey.



Walleye 
 
Scales collected from walleye permitted the development of a length at age table via 
back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 21).  Comparisons of both indicated that length at age 
exceeded the state average.  
 
Relative weights for walleye collected in fall 1999 and spring 2000 indicated that 
conditions of fish were below the national average.  The majority of walleye in Moses 
Lake collected during the fall of 1999 were below the national average regarding relative 
weight.  As length increased the relative weight or condition of walleye decreased (Figure 
32).  During the spring 2000 sample, relative weights appeared to decrease in relation to 
size increase (Figure 33). Historical fall data beginning with 1993 and ending with 1999 
were analyzed and the mean relative weights calculated for each year.  Walleye fell 
below the national average regarding relative weights for all years sampled.  However, 
there does appear to be an upward trend in relative weights (Figure34).  R2 values for the 
assigned trend line were very poor signifying an inefficient model prediction.      
 
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  During 
the 1999 survey 162 and 184 walleye were captured using electrofishing and gillnetting 
techniques, respectively (Figure 35).  During the 2000 survey 383 and 2000 walleye were 
captured using electrofishing and gillnetting methods, respectively (Figure 36).  A two 
sample, two tailed t-test at an alpha level of 0.05 was used to determine whether or not 
there was a significant difference in length of fish captured between the two gear types.    
There was a significant difference between gillnetting and electrofishing regarding the 
length of fish caught during the fall 1999 survey (df=1560, P=4.4E-203) and the spring 
2000 survey (df=580, P=1.4E-75).  Young-of-the-year fish were included in the analysis.  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys.  During the fall 1999 survey the 
160mm-size class represent the largest percentage of walleye sampled (Figure 37).  The 
170mm-size class represented the largest percentage of walleye sampled during the 
spring 2000 survey (Figure 38).     
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Scales collected fiom walleye permitted the development of a length at age table via
back- calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 21). Comparisons ofboth indicated that length at age
exceeded the state average.

Relative weights for walleye collected in fall 1999 and spring 2000 indicated that
conditions of fish were below the national average. The majority ofwalleye in Moses
Lake collected during the fall of 1999 were below the national average regarding relative
weight. As length increased the relative weight or condition ofwalleye decreased (Figure
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size increase (Figure 33). Historical fall data beginning with 1993 and ending with 1999
were analyzed and the mean relative weights calculated for each year. Walleye fell
below the national average regarding relative weights for all years sampled. However,
there does appear to be an upward trend in relative weights (Figure34). R2 values for the
assigned trend line were very poor signifying an inefficient model prediction.

Length frequency histograms separating the electrofishing and gill netting capture
techniques were constructed to visually detect any bias between sampling gears. During
the 1999 survey 162 and 184 walleye were captured using electrofishing and gillnetting
techniques, respectively (Figure 35). During the 2000 survey 383 and 2000 walleye were
captured using electrofishing and gilhietting methods, respectively (Figure 36). A two
sample, two tailed t- test at an alpha level of 0.05 was used to determine whether or not
there was a significant difference in length of fish captured between the two gear types.
There was a significant difference between gillnetting and electrofishing regarding the
length of fish caught during the fall 1999 survey (dfi1560, P=4.4E—203) and the spring
2000 survey (df=5 80, P=1 .4E—75). Young-of-the-year fish were included in the analysis.

Combining gear types permitted the development of a complete length fiequency
histogram for fall 1999 and spring 2000 surveys. During the fall 1999 survey the
160mm— size class represent the largest percentage of walleye sampled (Figure 37). The
170mm— size class represented the largest percentage ofwalleye sampled during the
spring 2000 survey (Figure 38).



Table 21 Length at age of walleye collected during fall 1999.  Bolded values are mean back-calculated 
lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-calculated 
lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent confidence 
intervals were calculated for each Lee Modification mean length at annulus.      

 

 

 
Figure 32 Relationship between total length and relative weight (Wr) of walleye, excluding young of 
the year, compared to the national standard, collected fall 1999. 
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Table 21 Length at age of walleye collected during fall 1999. Bolded values are mean back-calculated
lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-calculated
lengths at annulus using the direct proportion method (Fletcher et al. 1993). 80 percent confidence
intervals were calculated for each Lee Modification mean length at annulus.
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Figure 32 Relationship between total length and relative weight (Wr) of walleye, excluding young of
the year, compared to the national standard, collected fall 1999.
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Figure 33 Relationship between total length and relative weight (Wr) of walleye, excluding young of 
the year, compared to the national standard, collected spring 2000. 

 

Figure 34 Comparison of mean relative weights, including trend line equation and R2 value, from 
walleye collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals and error 
bars are presented.  
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Figure 33 Relationship between total length and relative weight (Wr) of walleye, excluding young of
the year, compared to the national standard, collected spring 2000.
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Figure 34 Comparison of mean relative weights, including trend line equation and R2 value, from
walleye collected during surveys conducted fall 1993 to fall 1999. 95% confidence intervals and error
bars are presented.



Figure 35 Length frequency distribution for walleye, excluding young of the year, sampled using 
electrofishing (EB) and gill netting (GN) for fall 1999. 
 

Figure 36 Length frequency distribution for walleye sampled using electrofishing (EB) and gill 
netting (GN) for spring 2000. 
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Figure 35 Length frequency distribution for walleye, excluding young of the year, sampled using
electrofishing (EB) and gill netting (GN) for fall 1999.
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netting (GN) for spring 2000.



Figure 37 Length frequency distribution for walleye, with all gear types combined, including all fish 
sampled during the fall 1999 survey. 

 

Figure 38 Length frequency distribution for walleye, with all gear types combined, including all fish 
sampled during the spring 2000 survey. 
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Figure 37 Length frequency distribution for walleye, with all gear types combined, including all fish
sampled during the fall 1999 survey.
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Yellow Perch 
 
Scales collected from yellow perch permitted the development of a length at age table via 
back-calculation using Lee’s modification and the direct proportion methods of aging.  
Means were developed for direct proportion and weighted means were developed for 
Lee’s modification (Table 22).  Comparisons of both indicated that length at age 
exceeded the state average. 
 
Relative weights for yellow perch collected in fall 1999 and spring 2000 indicated that 
conditions of fish were below the national average.  The majority of yellow perch in 
Moses Lake collected during the fall of 1999 were below the national average regarding 
relative weight.  As length increased the relative weight or condition of yellow perch 
decreased (Figure 39).  However, during the spring 2000 sample, relative weights 
appeared to be distributed evenly about the national average (Figure 40). Historical fall 
data beginning with 1993 and ending with 1999 was analyzed and the mean relative 
weights calculated for each year.  Throughout all the years surveyed the relative weights 
of yellow perch fell below the national average (Figure 41).  R2 values for the assigned 
trend line were very poor signifying an inefficient model prediction.      
   
 
Length frequency histograms separating the electrofishing and gill netting capture 
techniques were constructed to visually detect any bias between sampling gears.  Twice 
as many fish were caught via electrofishing methods compared to gillnetting methods 
during the fall of 1999.  However, larger yellow perch were generally caught in gillnets 
compared to electrofishing methods (Figure 42).  Considerably less yellow perch were 
caught during the spring 2000 sample.  Electrofishing and gillnetting resulted in the 
capture of 279 and 181 yellow perch, respectively.  Interestingly, gillnetting caught larger 
yellow perch than electrofishing techniques (Figure 43).  A two sample, two tailed t-test 
at an alpha level of 0.05 was used to determine whether or not there was a significant 
difference in length of fish captured between the two gear types.  There was a significant 
difference between gillnetting and electrofishing regarding the length of fish caught 
during the fall 1999 survey (df=5560, P=1.2E-241) and the spring 2000 survey (df=851, 
P=1.15E-45).  Young-of-the-year fish were included in the analysis.  
 
Combining gear types permitted the development of a complete length frequency 
histogram for fall 1999 and spring 2000 surveys.  During the 1999 fall survey the 100mm 
size class accounted for over 30% of the yellow perch captured (Figure 44).  The 100mm 
size class during the spring 2000 survey also represented the largest percentage of yellow 
perch sampled (Figure 45).   
 

Yellow Perch

Scales collected from yellow perch permitted the development of a length at age table via
back- calculation using Lee’s modification and the direct proportion methods of aging.
Means were developed for direct proportion and weighted means were developed for
Lee’s modification (Table 22). Comparisons ofboth indicated that length at age
exceeded the state average.
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conditions of fish were below the national average. The majority ofyellow perch in
Moses Lake collected during the fall of 1999 were below the national average regarding
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data beginning with 1993 and ending with 1999 was analyzed and the mean relative
weights calculated for each year. Throughout all the years surveyed the relative weights
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histogram for fall 1999 and spring 2000 surveys. During the 1999 fall survey the 100mm
size class accounted for over 30% 0f the yellow perch captured (Figure 44). The 100mm
size class during the spring 2000 survey also represented the largest percentage ofyellow
perch sampled (Figure 45).



Table 22 Length at age of yellow perch collected during fall 1999.  Bolded values are mean back-
calculated lengths using Lee’s modification (Carlander 1982). Unbolded values are mean back-
calculated lengths at annulus using the direct proportion method (Fletcher et al. 1993).  80 percent 
confidence intervals were calculated for each Lee Modification mean length at annulus. 

 

Figure 39 Relationship between total length and relative weight (Wr) of yellow perch, excluding 
young of the year, compared to the national standard, collected fall 1999. 
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Table 22 Length at age of yellow perch collected during fall 1999. Bolded values are mean back-
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Figure 39 Relationship between total length and relative weight (Wr) of yellow perch, excluding
young of the year, compared to the national standard, collected fall 1999.



 

Figure 40 Relationship between total length and relative weight (Wr) of yellow perch, excluding 
young of the year, compared to the national standard, collected spring 2000. 

Figure 41 Comparison of mean relative weights, including trend line equation and R2 value, from 
yellow perch collected during surveys conducted fall 1993 to fall 1999.  95% confidence intervals and 
error bars are presented.  
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young of the year, compared to the national standard, collected spring 2000.
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Figure 42 Length frequency distribution for yellow perch, excluding young of the year, sampled 
using electrofishing (EB) and gill netting (GN) for fall 1999. 
 
 

Figure 43 Length frequency distribution for yellow perch, excluding young of the year, sampled 
using electrofishing (EB) and gill netting (GN) for spring 2000. 
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Figure 42 Length frequency distribution for yellow perch, excluding young of the year, sampled
using electrofishing (EB) and gill netting (GN) for fall 1999.
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Figure 44 Length frequency distribution for yellow perch, with all gear types combined, including all 
fish sampled during the fall 1999 survey. 

Figure 45 Length frequency distribution for yellow perch, with all gear types combined, including all 
fish sampled during the spring 2000 survey. 

 
 

0 

5 

10 

15 

20 

25 

30 

35 

Pe
rc

en
t F

re
qu

en
cy

30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390
Length (mm)

n=5564

0 

5 

10 

15 

20 

Pe
rc

en
t F

re
qu

en
cy

30 40 50 60 70 80 90 100110120130140150160170180190200210220230240250260270280290
Length (mm)

n=854

Pe
rce

nt
Fr

eq
ue

nc
y

—~
—~

N
N

w
w

o
01

o
01

o
01

01a ++++++ A
110 130 150 170 190 210 230 250 270 290 310 330 350 370 390

Length (mm)

- n=5564

Figure 44 Length frequency distribution for yellow perch, with all gear types combined, including all
fish sampled during the fall 1999 survey.
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fish sampled during the spring 2000 survey.



Discussion 
 
The data and results obtained from Phase 1 of the Moses Lake Project provided a basic 
understanding of Moses Lake and the fishery therein.  In and of itself, this information 
was not adequate to discern the cause and effect relationships necessary to formulate 
management actions intended to achieve desirable fish populations, nor was Phase 1 
meant to elucidate the more complicated aspects of this system.  The Phase 1 information 
suggested the hypotheses most pertinent to understanding these relationships.  Historical 
baseline information related to the chemical, physical, and biological conditions in Moses 
lake, in conjunction with the preliminary baseline data, was also used in the design of 
studies for the collection of data that would best address the hypotheses and ultimately 
answer the questions regarding the decline in panfish production within Moses Lake. 
 
Moses Lake has been a dynamic system that has changed substantially over the last 20 
years regarding the richness and abundance of fish species within its community.  As 
with any community, changes in species composition also altered species interactions, 
and directly and indirectly affected the flow of energy through all dimensions of the 
trophic web (Vanni et al. 1997; Carpenter 1988).  Understanding these interactions will 
aid the investigators and managers in restoring and managing the Moses Lake fisheries.        
 
The original causes for the decline in panfish within Moses Lake, specifically black 
crappie and bluegill sunfish, remains unknown.  However, historical WDFW creel studies 
have documented a dramatic decrease in the harvest of panfish within Moses Lake (Duff 
1974; Jackson 1983; Korth 1991; Donley 1999).  Biological surveys throughout the 
1990’s and Moses lake Project surveys conducted during the fall of 1999 and the spring 
of 2000 confirmed the decrease in abundance of panfish within Moses Lake. 
 
During the decline of panfish, the aesthetic value of water quality has improved in Moses 
Lake.  This was most likely due to the dilution facility that pumped clean Columbia River 
water into Moses Lake.  Although nutrient levels and chlorophyll-a concentrations have 
decreased slightly or remained static, water clarity decreased.  The cause of the reduction 
in water clarity may have been due to an overabundance of carp.  With the reduction in 
water clarity, the depth of the effective euphotic zone would have also decreased, 
potentially reducing the amount of primary productivity in the lake.  A loss of primary 
productivity may have affected grazers, such as zooplankton, and reduced secondary 
productivity.  Decreased zooplankton production may have decreased the amount of 
available prey for panfish and ultimately panfish recruitment.  Additional water quality 
and primary and secondary productivity information is necessary to determine whether 
physical or chemical limitations to the recruitment of panfish in Moses Lake exist. 
 
The effects of drawdown on the availability of aquatic habitat of Moses Lake have not 
been studied. A common problem confronted when managing fisheries within reservoirs 
is the seasonal de-watering of the wetted basin because the littoral zones are an important 
habitat for some or all life history stages of many fishes (Beauchamp et al. 1994).   
Drawdowns decrease the amount of wetted shoreline that may once have been utilized by 
fish. Hence, many species may be forced to occupy sub-optimal habitat.  Ontogenetic 
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water clarity, the depth of the effective euphotic zone would have also decreased,
potentially reducing the amount ofprimary productivity in the lake. A loss ofprimary
productivity may have affected grazers, such as zooplankton, and reduced secondary
productivity. Decreased zooplankton production may have decreased the amount of
available prey for panfish and ultimately panfish recruitment. Additional water quality
and primary and secondary productivity information is necessary to determine whether
physical or chemical limitations to the recruitment ofpanfish in Moses Lake exist.

The effects of drawdown on the availability of aquatic habitat of Moses Lake have not
been studied. A common problem confronted when managing fisheries within reservoirs
is the seasonal de—watering of the wetted basin because the littoral zones are an important
habitat for some or all life history stages ofmany fishes (Beauchamp et al. 1994).
Drawdowns decrease the amount ofwetted shoreline that may once have been utilized by
fish. Hence, many species may be forced to occupy sub-optimal habitat. Ontogenetic



changes including food requirements, behavior, and an organism’s size will ultimately 
shift the habitat requirements of many aquatic organisms to and from littoral habitats 
(Leis and Fox 1996).  A study of Kansas reservoirs indicated that anthropogenic 
drawdown had deleterious affects on densities of all ages of largemouth bass by 
decreasing the amount of available vegetative habitat (Willis 1986).  The effect of 
drawdowns and the reduction of littoral habitat greatly impacts the survival of small 
forage fishes due to the loss of refuge from predators (Paller 1997).  Draw down may 
increase prey vulnerability by decreasing habitat complexity, which increases visual 
detection of prey by predators (Savino and Stein 1982).  Habitat complexity also 
decreases as depth increases due to the reduction in primary productivity below the 
euphotic zone (Beauchamp et al.  1994).  Therefore, as the water level recedes, the 
clearer, deeper homogenous habitat becomes the littoral habitat.   
 
Schriver et al. showed that an increase in vegetation density greatly altered the 
phytoplankton, zooplankton and fish communities within an experimental enclosure 
(1995).    Complex habitat such as aquatic vegetation or rocky substrate offers refuge for 
not only fishes but also acts as a substrate to promote macro- and microinvertebrate 
growth. Increased invertebrate production will ultimately increase food availability for 
fishes.  Consequently, there is a bottom up effect regarding habitat complexity as related 
to modeling the food web in the aquatic community.  Intermediate levels of macrophyte 
density appear to stimulate the highest level of species richness, survival and fitness 
within the fish assemblage utilizing the habitat (Kilgore et al. 1989; Miranda and Pugh 
1997).  The lack of macrophytes, or an overabundance of macrophytes, creates a habitat 
that is homogeneous in nature, which does not stimulate aquatic community health.  
 
Ideally, habitat should resemble a mosaic pattern offering a variety of spatial niches that 
can be utilized as optimal habitat by the species of the community.  Such habitat is often 
located in the littoral zones of a lake. Inappropriate densities of habitat can actually 
increase the likelihood of predation (Bettoli et al. 1992).  Overall, it can be assumed that 
drawdowns affect habitat complexity and may directly or indirectly affect the biota 
within Moses Lake.  
 
Length at age of black crappie and bluegill sunfish were above the Washington statewide 
average.  Likewise, their relative weights were above the national average.  Therefore, 
the growth and health of individual recruited black crappie and bluegill sunfish were 
probably not impaired, but rather their ability to recruit as a population was negatively 
impacted. Predation by other species may have reduced the numbers of panfish within 
Moses Lake and in turn reduced intraspecific and/or interspecific competition amongst 
black crappie and bluegill sunfish.  However, interspecific competition for space and 
resources within Moses Lake with other species may have contributed to the declining 
numbers of panfish.  Competition may be qualified as temporal or spatial and may be 
direct or indirect between varieties of species.   Phase 1 data suggested that perch were 
very abundant in Moses Lake.  Competition for food and space may be present at various 
stages of life between species.  Although panfish and yellow perch, excluding young-of-
the-year, all had relative weights that fell around and above the national average, the 
possibility of perch depressing the abundance of panfish exists.  Because yellow perch 
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spawn prior to panfish populations and are highly fecund, young-of-the-year yellow 
perch may out-compete young-of-the-year black crappie and bluegill sunfish by virtue of 
an earlier emergence time.  Walleye, too, have a similar reproductive strategy.  
Additionally, common carp are a highly fecund fish that could produce enormous 
amounts of young-of-the-year that could be competing with young-of-the-year panfish 
for forage during critical early life history stages.   
 
Length at age and relative weights for all predatory warmwater fish (walleye, smallmouth 
bass, and largemouth bass) were comparable to statewide averages, and in the case of 
walleye, to distribution wide averages.  As walleye and smallmouth bass relative weights 
decreased as the fish increased in size. This could indicate over-predation and 
interspecific or intraspecific competition among walleye and smallmouth bass. The 
overall reduction in panfish abundance may have reduced the prey base sufficiently to 
negatively affect the condition of larger predators, specifically walleye and smallmouth 
bass, within Moses Lake.  Therefore, food could be limiting which translates into slower 
growth and/or lower relative weights. (Wege and Anderson 1978; Murphy et al. 1991; 
Marwitz and Hubert 1997). Such limitations can and do occur within reservoirs 
(Schneidervin and Hubert 1987; Griffith 1988; Persson and Grenberg 1990; Tabor et al. 
1996).  More specifically, there is often an inverse relationship regarding the abundance 
of walleye and panfish, specifically black crappie (Carline, 1981).   
 
Upon introduction to Moses Lake, walleye numbers apparently increased rapidly.  There 
were no evolutionary checks which controlled population growth.  An overabundance of 
walleye within Moses Lake may have contributed substantially to the decline in black 
crappie by means of extreme levels of predation.  This is often the case when a non-
native predator is introduced to a system.  The inflated numbers of walleye may increase 
intraspecific competition and in turn decrease the relative weights of walleye.   
 
Largemouth bass did not exhibit the same growth or relative weight trend.  This might 
occur because largemouth bass were more littorally keyed, potentially avoiding overlap 
in foraging areas with the other two predatory species. The densities of largemouth bass 
also appeared to be low which could preclude intraspecific competition for forage.  
  
Predators such as largemouth and smallmouth bass have co-evolved with bluegill sunfish 
and black crappie and, in some instances, rely heavily upon them as a food source  
(Boxrucker 1987; Howic and O’Brien 1983; Ross et al. 1995).  However, many other 
factors may influence the balance of these populations, and, if other prey is available, 
predation on decreased panfish numbers may inhibit a return to their abundance. 
 
The data collected during the fall 1999 and 2000 spring survey suggested an 
overabundance of carp within Moses Lake.  It has been well documented that common 
carp can greatly decrease the abundance of desirable gamefish (Rach et al. 1994; Marking 
1992; Cooper 1987).  Carp may retain much  of a system’s limited nutrients in biomass.  
They can also increase turbidity, which decreases primary productivity, denigrates water 
quality, and suppresses macrophyte growth (Lougheed et al. 1998).  In Moses Lake, carp 
potentially occupy much of the same habitat as adult and juvenile panfish, which may 
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increase interspecific competition for forage, and ultimately displace the panfish to sub-
optimal habitat.  Occupying sub-optimal habitat may increase the risk of predation or 
mortality due to lack of forage or lethal water conditions.  However, it should be noted 
that carp and panfish have at times sympatrically existed in abundance in Moses Lake.  
 
WDFW continues to promote carp as a gamefish, and bowfishing tournaments occur 
annually on Moses Lake.  Commercial harvest is encouraged; however, markets have 
been depressed or erratic.  The eradication of common carp from Moses Lake is not 
feasible, and even control of the carp population through other means would require 
immense and varied resources.  The decision to commit the resources to pursue control 
measures would require nearly irrefutable evidence that carp were the over-riding 
obstacle to panfish production in Moses Lake.   
 
A complete and systematic investigation of all the impacts to Moses Lake specific to 
common carp is beyond the scope of the project.  However, it will be possible to infer the 
impacts common carp have on Moses Lake through the investigations that the project is 
proposing.  Previously collected data indicates that common carp make up a large 
proportion of the fish population in Moses Lake based both on number and biomass.  
Through bioenergetics modeling, the flow of energy through the biotic system will be 
ascertained.  For example, if turbidity is limiting the primary productivity, in turn limiting 
secondary productivity, the impacts of common carp through bioturbation could be 
inferred.  Should secondary productivity in critical panfish habitat be limited and carp 
densities found to be high in these same areas, competition for with common carp for 
forage could be inferred.   Thus, the issue of carp as a limiter to panfish production will 
be identified in one or more aspects of the study through the process of elimination.    
 
In summary, several possibilities that may have attributed to the decline in panfish have 
been identified.  At this stage of the Moses Lake Project, no one factor can be attributed 
to the decline in panfish.  The most likely scenario is a combination of factors resulting in 
a negative synergistic effect that has substantially decreased the panfish abundance.  To 
investigate the possible agents of decline, the Moses Lake Fisheries Restoration Project 
proposes to collect data that will address predation, competition, macroinvertebrate, 
zooplankton, and phytoplankton abundance, habitat quantification, and water quality 
within Moses Lake.  The project will continue to employ an adaptive approach to the 
study of Moses Lake.  As areas of the study that require less or more intense investigation 
to test hypotheses or develop new hypotheses are recognized, they will be incorporated or 
eliminated as the project progresses. 
 
Based on the information compiled and analyzed from Phase 1, the Moses Lake Project 
made these final conclusions: 
 

A. Historical water quality information did not indicate that water quality 
parameters, most specifically temperature and dissolved oxygen, were limiting to 
panfish production in Moses Lake.  Sufficient amounts of current water quality 
data have not been collected to detect if parameters are currently within 
acceptable limits for panfish production. 
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B. Historical water quality information was inadequate to determine whether nutrient 

levels were sufficient to derive primary productivity, and in turn secondary 
productivity capable of providing adequate forage to fish.  Chlorophyll-a, 
phytoplankton and zooplankton densities and volumes need to be investigated to 
determine if productivity is limiting the recruitment of panfish in Moses Lake. 

 
C. The impacts of dilution, drawdown, and fill up on primary and secondary 

productivity are not well documented. Chlorophyll-a, phytoplankton and 
zooplankton densities and volumes need to be investigated to determine if 
productivity is limiting the recruitment of panfish in Moses Lake. 

 
D. Limited amounts of information on habitat quality and quantity existed in relation 

to Moses Lake.  Further information in regards to available habitat, habitat 
complexity, the impact of common carp on habitat, the impact of urban 
development on habitat, and the impact of drawdown and fill-up on habitat needs 
to be accumulated. 

 
E. Historical creel surveys indicated that angler harvest has shifted from panfish 

dominated to walleye dominated.  Historical creel and biological surveys, and 
recent biological surveys indicate that a species shift from a prey dominated to a 
predator dominated population has occurred in the last two decades.  Densities of 
predators to prey indicated that the fish population was not “balanced”. Current 
baseline biological surveys indicated that juvenile panfish were not recruiting in 
consistent or large numbers. Total abundances of panfish were well below what 
had been surveyed in historical baseline biological surveys. 

 
F. Current baseline biological surveys indicate that warmwater fish growth and 

condition is within expected parameters.  Panfish exhibited growth rates well 
above statewide averages. Current baseline biological data indicated that 
predator’s growth and relative weights might have revealed that competition for 
forage was limiting for walleye and smallmouth bass. This may illustrate that 
densities of predators in Moses Lake is affecting the panfish population through 
over predation.  In support of this, low-density largemouth bass populations do 
not reflect the growth or condition of walleye and smallmouth bass.  Largemouth 
bass have different habitat requirements; the partitioning of largemouth bass into 
different habitats would preclude them from competition possibly explaining the 
better growth rates and relative weights. 

 
G. Current baseline biological surveys indicated that the dominant fish in biomass 

was common carp.  Common carp could potentially limit water quality, habitat 
quality and quantity, primary and secondary productivity and fish production. 

 
 
Based on the conclusions drawn from the analysis of the historical and current 
information (Phase 1), the Washington Department of Fish and Wildlife (WDFW) has 
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proposed to restore the fishery through the systematic investigation of the individual 
aspects of the current situation. Limiting factors to be investigated include water quality, 
nutrient concentrations, habitat availability, food limitations, competition, predation and 
over harvest.  Environmental conditions will be linked to the fishes habitat use to 
understand the physical and chemical limitations of the system.  
 
Water quality parameters will be collected to determine if at any time monthly, seasonal 
or annual deviations from specific life stage requirements will be limiting to panfish 
production.  Information regarding monthly nutrient concentrations will be used to 
determine phytoplankton bloom species composition and timing and chlorophyll-a 
concentrations.  Phytoplankton bio-volume, composition and production will be 
estimated to determine the availability of preferred forage at critical times in panfish life 
histories and seasonal density.  Zooplankton and macroinvertebrate biomass, species 
composition and production will be estimated to establish the potential of the forage base, 
carrying capacity, and competitive interactions for various planktivorous and 
insectivorous fishes. 
 
Habitat complexity will be determined before and after the fall drawdown and spring fill 
up to assess impacts to panfish production.  Following drawdown, littoral habitat is 
dewatered and may force panfish into areas devoid of complex habitat possibly rendering 
panfish more susceptible to predation.  Habitat utilization by panfish will be assessed and 
compared to preferred habitat.  The possible impacts of drawdown or fill up limiting the 
use of optimum habitat by panfish will be estimated.  Competition interactions for 
preferred habitat will be quantified.  Drawdown and fill up may limit the amount of 
habitat available to panfish.  Densities of fish exceeding the amount of habitat available 
may limit the amount of panfish capable of recruiting to the Moses Lake recreational 
fishery.  
  
Diet electivity and selectivity in conjunction with stomach fullness will be used to 
estimate interspecific or intraspecific competition that may be limiting to panfish 
production.  This information will be quantified in concert with the secondary 
productivity surveys.  Predator prey interactions between piscivores and prey-fish will be 
quantified through diet analysis.  Bioenergetics modeling will be used to provide 
quantitative estimates of fish consumptive demand to compare to forage supply.  
Population estimates and estimates of productivity per species will be established and 
panfish harvest will be quantified to determine if over-harvest is limiting panfish 
production in Moses Lake.   
 
Identified limiting factors will be ranked to determine which have the greatest impacts on 
the fishery, and a priority based management plan that best addresses the limiters to 
panfish production in Moses Lake will be developed.  Finally, Phase 3, the 
implementation of the management plan and monitoring and evaluation of the 
implemented recommendations will complete the project. 
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Study Plan Goals, Objectives, Tasks and Methods 
 
Overall Objective: Maintain and enhance a balanced productive warmwater recreational 
fishery to near historical records in Moses Lake, with emphasis on maximizing the 
recreational panfish fishery.  Further refinement of this objective to specific abundance 
goals, harvest, and angler effort will require continued data collection to understand the 
biological interactions and carrying capacity of the system.  This overall objective will be 
achieved through a series of studies that seek to determine the limiting factors for various 
fish species (or groups of species).  Management recommendations will be provided to 
the Washington Department of Fish and Wildlife and Bonneville Power Administration 
regarding potential changes to harvest, slot limit, stocking numbers and timing, habitat 
enhancement, fish removal projects or other recommendations to increase and maintain 
the Moses Lake fishery.  
 
Phase 1:  
 
Objectives and tasks for Phase 1 were accomplished by September of 2000 (see Section 
e. Project History).  Phase 1 was culminated with the development of testable hypotheses 
directed at determining the limiters to panfish recruitment in Moses Lake.  These 
hypotheses will be tested in Phase 2 of the Moses Lake Project.  Below are the objectives 
and tasks for Phase 2 and Phase 3.  
 
Phase 2: 

GOAL:  Determine what factors limit the recruitment of panfish to the Moses Lake 
recreational fishery. 
 
Objective 1:  Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by current water quality or habitat conditions. 
 
Task 1-a: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by water quality. 
 
Ho1: Recruitment of panfish is not limited by temperature.  
 
Ho2: Recruitment of panfish is not limited by dissolved oxygen. 
 
Ho3: Recruitment of panfish is not limited by pH. 
 
Ho4: Recruitment of panfish is not limited by Alkalinity. 
 
Ho5: Recruitment of panfish is not limited by Turbidity. 
 
Ho6: Recruitment of panfish is not limited by phosphorous concentrations. 
 
Ho7: Recruitment of panfish is not limited by nitrogen concentrations. 
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achieved through a series of studies that seek to determine the limiting factors for various
fish species (or groups of species). Management recommendations will be provided to
the Washington Department ofFish and Wildlife and Bonneville Power Administration
regarding potential changes to harvest, slot limit, stocking numbers and timing, habitat
enhancement, fish removal projects or other recommendations to increase and maintain
the Moses Lake fishery.

Phase 1:

Objectives and tasks for Phase 1 were accomplished by September of 2000 (see Section
e. Project History). Phase 1 was culminated with the development of testable hypotheses
directed at determining the limiters to panfish recruitment in Moses Lake. These
hypotheses will be tested in Phase 2 of the Moses Lake Project. Below are the objectives
and tasks for Phase 2 and Phase 3.

Phase 2:

GOAL: Determine what factors limit the recruitment ofpanfish to the Moses Lake
recreational fishery.

Objective 1: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by current water quality or habitat conditions.

Task 1-a: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by water quality.

H01: Recruitment ofpanfish is not limited by temperature.

H02: Recruitment ofpanfish is not limited by dissolved oxygen.

H03: Recruitment ofpanfish is not limited by pH.

H04: Recruitment ofpanfish is not limited by Alkalinity.

H05: Recruitment ofpanfish is not limited by Turbidity.

H06: Recruitment ofpanfish is not limited by phosphorous concentrations.

H07: Recruitment ofpanfish is not limited by nitrogen concentrations.



 
Justification: 
 
Historical water quality information did not indicate that water quality parameters 
deviated from what was required for the production of panfish on a regular basis (see 
water quality p. 26).  Only on rare occasions, and usually in isolated areas of the lake, did 
water quality parameters indicate that physical conditions within the lake could have been 
limiting to panfish production.  However, rainbow trout, which are known to require 
higher standards of water quality than panfish, have thrived in Moses Lake in the last few 
decades.  Rainbow trout can be viewed as the “canary in the coal mine” for Moses Lake.  
The assumption can be made that if these fish make it through all seasons in the lake, 
there should be little overall impact on warmwater fish.   
 
Seasonal, monthly and weekly deviations could play roles in limiting the production or 
recruitment of panfish to the population.  Low temperatures, low dissolved oxygen, 
increased pH, alkalinity or turbidity during critical spawning and incubation periods 
could substantially reduce the ability of panfish to reproduce effectively in Moses Lake.  
Likewise, microenvironments inhospitable to rearing or recruited panfish may exist 
periodically, especially during hydrologic changes or times of ice cover.   
 
Water quality parameters will be collected to track deviations in water quality that may 
affect growth, condition, reproduction, or survival of panfish. This information will be 
linked to the habitat surveys, species tolerances and bioenergetics modeling (fish 
metabolic rates, growth and condition) to test whether water quality conditions impact 
survival, incubation success, growth rates, condition, competition, or predation.  Water 
quality could influence spawning incubation success or early survival for panfish.  As a 
result few to no panfish could be produced on an annual basis.  Additionally, poor water 
quality may concentrate fish in areas where they can persist.  These concentrations may 
draw panfish out of refuge areas, making them more susceptible to competition or 
predation. Fish density information gathered during habitat assessment, diet study, and 
population assessment will be used to examine if enough juvenile panfish are appearing 
in the sample to indicate adequate spawning and incubation success.  If juvenile panfish 
are abundant in the fall samples, it could be assumed that spawning success was 
adequate. 
 
The input of spring fill up and dilution water could potentially limit the amount of 
nutrients available for primary production in Moses Lake.  Historical and current nutrient 
concentration information will be examined to test whether enough nutrients are available 
during critical bloom times to provide for adequate amounts of primary productivity in 
Moses Lake.  Chlorophyll-a and phytoplankton information will be linked with 
phosphorous and nitrogen concentrations to determine if adequate amounts of nutrients 
are available to produce adequate primary productivity and, in turn, secondary 
productivity to support the fish population of Moses Lake.  Nutrient concentrations and 
chlorophyll-a indices from historic data will be compared to current information on these 
parameters to test if primary productivity has dropped as a possible result of reduced 
nutrient concentrations.  This could indicate that lower density panfish populations are a 

Justification:

Historical water quality information did not indicate that water quality parameters
deviated from what was required for the production ofpanfish on a regular basis (see
water quality p. 26). Only on rare occasions, and usually in isolated areas of the lake, did
water quality parameters indicate that physical conditions within the lake could have been
limiting to panfish production. However, rainbow trout, which are known to require
higher standards ofwater quality than panfish, have thrived in Moses Lake in the last few
decades. Rainbow trout can be viewed as the “canary in the coal mine” for Moses Lake.
The assumption can be made that if these fish make it through all seasons in the lake,
there should be little overall impact on warmwater fish.

Seasonal, monthly and weekly deviations could play roles in limiting the production or
recruitment ofpanfish to the population. Low temperatures, low dissolved oxygen,
increased pH, alkalinity or turbidity during critical spawning and incubation periods
could substantially reduce the ability ofpanfish to reproduce effectively in Moses Lake.
Likewise, microenvironments inhospitable to rearing or recruited panfish may exist
periodically, especially during hydrologic changes or times of ice cover.

Water quality parameters will be collected to track deviations in water quality that may
affect growth, condition, reproduction, or survival ofpanfish. This information will be
linked to the habitat surveys, species tolerances and bioenergetics modeling (fish
metabolic rates, growth and condition) to test whether water quality conditions impact
survival, incubation success, growth rates, condition, competition, or predation. Water
quality could influence spawning incubation success or early survival for panfish. As a
result few to no panfish could be produced on an annual basis. Additionally, poor water
quality may concentrate fish in areas where they can persist. These concentrations may
draw panfish out of refiige areas, making them more susceptible to competition or
predation. Fish density information gathered during habitat assessment, diet study, and
population assessment will be used to examine if enough juvenile panfish are appealing
in the sample to indicate adequate spawning and incubation success. Ifjuvenile panfish
are abundant in the fall samples, it could be assumed that spawning success was
adequate.

The input of spring fill up and dilution water could potentially limit the amount of
nutrients available for primary production in Moses Lake. Historical and current nutrient
concentration information will be examined to test whether enough nutrients are available
during critical bloom times to provide for adequate amounts ofprimary productivity in
Moses Lake. Chlorophyll-a and phytoplankton information will be linked with
phosphorous and nitrogen concentrations to determine if adequate amounts ofnutrients
are available to produce adequate primary productivity and, in turn, secondary
productivity to support the fish population of Moses Lake. Nutrient concentrations and
chlorophyll-a indices from historic data will be compared to current information on these
parameters to test ifprimary productivity has dropped as a possible result of reduced
nutrient concentrations. This could indicate that lower density panfish populations are a



result of reduced productivity and carrying capacity, in turn due to dilution and/or 
flushing. 
 
Method 1-a: 
 
The Washington Department of Ecology conducted water quality sampling and analysis 
monthly for April through September of 2000 (WDOE methods p. 19).  Data such as 
temperature, chlorophyll-a concentrations and nutrient composition were measured 
throughout the strata of Moses Lake.  Sampling occurred within four sections of the lake 
(Figure 1).  Specific site locations were determined and sampling occurred at that these 
sites for each sample period.   
 
Data sharing with the DOE regarding Total Maximum Daily Load surveys will continue.  
Shared information will include monthly temperature, DO, pH, turbidity, conductivity, 
and alkalinity, nutrient loads, both nitrogen and phosphorous, chlorophyll-a and 
phytoplankton information for each section of the lake. 
 
The Moses Lake Project will continue monthly collection of temperature, DO, pH, 
turbidity, conductivity, and alkalinity for the duration of the project using a Hydrolab,  
and the WDOE collection design and designated collection sites. Timing for sampling 
can be reviewed in Table 23. 
 
Thermographs will be deployed in two sections of Moses Lake and will record 
temperatures every two meters from substrate to surface.  One thermograph station will 
be placed in Section 3 in 36 feet of water; the other will be placed in Section 1 in 34 feet 
of water (Figure 1).  Each thermograph will be set to record temperature data once a day, 
which will permit the detection and time of thermocline formation.  This information is 
critical for bioenergetics modeling, for which a key requirement is understanding the 
fish’s thermal experience.   
 
Task 1-b: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by spawning habitat. 
 
Ho8: Recruitment of panfish is not limited by quantity of spawning habitat. 
 
Ho9: Recruitment of panfish is not limited by quality of spawning habitat. 
 
Task 1-c: Test if the recruitment of panfish to the Moses Lake recreational fishery is                                                                                                                                                                                                                                                               
limited by rearing habitat.   
 
Ho10: Recruitment of panfish is not limited by quantity of rearing habitat. 
 
Ho11: Recruitment of panfish is not limited by quality of rearing habitat. 
 
 
 

result of reduced productivity and carrying capacity, in turn due to dilution and/or
flushing.

Method l-a:

The Washington Department ofEcology conducted water quality sampling and analysis
monthly for April through September of 2000 (WDOE methods p. 19). Data such as
temperature, chlorophyll-a concentrations and nutrient composition were measured
throughout the strata of Moses Lake. Sampling occurred within four sections of the lake
(Figure 1). Specific site locations were determined and sampling occurred at that these
sites for each sample period.

Data sharing with the DOE regarding Total Maximum Daily Load surveys will continue.
Shared information will include monthly temperature, DO, pH, turbidity, conductivity,
and alkalinity, nutrient loads, both nitrogen and phosphorous, chlorophyll-a and
phytoplankton information for each section of the lake.

The Moses Lake Project will continue monthly collection of temperature, DO, pH,
turbidity, conductivity, and alkalinity for the duration of the project using a Hydrolab®,
and the WDOE collection design and designated collection sites. Timing for sampling
can be reviewed in Table 23.

Thermographs will be deployed in two sections of Moses Lake and will record
temperatures every two meters from substrate to surface. One therrnograph station will
be placed in Section 3 in 36 feet ofwater; the other will be placed in Section 1 in 34 feet
ofwater (Figure 1). Each thermograph will be set to record temperature data once a day,
which will permit the detection and time of therrnocline formation. This information is
critical for bioenergetics modeling, for which a key requirement is understanding the
fish’s thermal experience.

Task 1-b: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by spawning habitat.

H08: Recruitment ofpanfish is not limited by quantity of spawning habitat.

H09: Recruitment ofpanfish is not limited by quality of spawning habitat.

Task 1-c: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by rearing habitat.

H010: Recruitment ofpanfish is not limited by quantity of rearing habitat.

H011: Recruitment ofpanfish is not limited by quality of rearing habitat.



Justification: 
 
The total amount of habitat available for spawning panfish in Moses Lake is not known.  
If critical spawning habitat is limited in total area in the lake, there may be competition 
and interactions that limit the production of panfish as a result. 
 
The amount of spawning habitat will be quantified and compared to a population estimate 
to determine if production is limited by spawning habitat quantity.  Interspecific 
competition for the spawning habitat will be quantified to determine if this limits panfish 
production.  Fish distribution and habitat occupation is a portion of the methodology for 
the habitat assessment.  The diet study and population assessment will record where and 
when fish are collected, species and the densities of each species collected in each habitat 
type.  This information will be combined to determine what is the favored habitat for 
each species of concern and whether there is competition for this type of habitat with 
other species observed in the sample. 
 
Fill-up and dilution of Moses Lake are consistent factors in the lake’s hydrologic regime.  
The disturbance of spawning behavior or habitat by virtue of hydrologic manipulation is 
not well documented. The fill up and dilution in-flow of water during critical spring 
spawning may keep the lake at artificially lower temperatures in certain sectors of the 
lake.  This artificially cooler temperature may preclude the later spawning fish such as 
bluegill and black crappie from spawning early enough to produce young-of-the-year 
capable of recruiting through the winter months, or artificially cooler temperatures limit 
the amount of available spawning habitat for late spawners, exacerbating competition for 
limited optimum spawning habitat.  Fish distribution and spawning activity will be noted 
during monthly diet sampling, population assessment sampling and habitat assessment 
surveys.  Comparison to accepted literature and bioenergetics modeling will be used to 
assess whether body mass and condition of juvenile panfish is adequate to provide for 
overwinter survival regardless of spawn timing.    
 
The drawdown hydrologic regime of Moses Lake could limit the amount and location of 
rearing areas for panfish, especially during late fall through early spring.  Fall drawdown 
dewaters much of the complex littoral habitat available to panfish.  The lack of complex 
habitat available after fall drawdown could be limiting to the amount of critical rearing 
areas for panfish in late fall and winter.  The habitat assessment methodology will 
quantify the total amount of habitat available for rearing pre and post drawdown.  The 
diet study will test if rearing area reduction following drawdown exposes panfish to 
higher rates of predation and will track the distribution of fish.  Primary and secondary 
productivity surveys pre and post drawdown will determine if forage distribution is 
influencing the distribution of fish or is limiting growth and/or condition.  
  
In concert with these possible limiters, carp are known to inhabit some of the littoral 
areas of Moses Lake.  Dense habitation by common carp may reduce or preclude these 
areas as viable spawning sites for panfish species through turbation of nests, nest 
predation or disturbance. Carp could also preclude panfish form critical rearing areas 
through reducing littoral productivity or creating enough disturbance to force rearing 

Justification:

The total amount ofhabitat available for spawning panfish in Moses Lake is not known.
If critical spawning habitat is limited in total area in the lake, there may be competition
and interactions that limit the production ofpanfish as a result.

The amount of spawning habitat will be quantified and compared to a population estimate
to determine ifproduction is limited by spawning habitat quantity. Interspecific
competition for the spawning habitat will be quantified to determine if this limits panfish
production. Fish distribution and habitat occupation is a portion of the methodology for
the habitat assessment. The diet study and population assessment will record where and
when fish are collected, species and the densities of each species collected in each habitat
type. This information will be combined to determine what is the favored habitat for
each species of concern and whether there is competition for this type ofhabitat with
other species observed in the sample.

Fill-up and dilution of Moses Lake are consistent factors in the lake’s hydrologic regime.
The disturbance of spawning behavior or habitat by virtue ofhydrologic manipulation is
not well documented. The fill up and dilution in-flow ofwater during critical spring
spawning may keep the lake at artificially lower temperatures in certain sectors of the
lake. This artificially cooler temperature may preclude the later spawning fish such as
bluegill and black crappie from spawning early enough to produce young-of—the-year
capable of recruiting through the winter months, or artificially cooler temperatures limit
the amount of available spawning habitat for late spawners, exacerbating competition for
limited optimum spawning habitat. Fish distribution and spawning activity will be noted
during monthly diet sampling, population assessment sampling and habitat assessment
surveys. Comparison to accepted literature and bioenergetics modeling will be used to
assess whether body mass and condition ofjuvenile panfish is adequate to provide for
overwinter survival regardless of spawn timing.

The drawdown hydrologic regime ofMoses Lake could limit the amount and location of
rearing areas for panfish, especially during late fall through early spring. Fall drawdown
dewaters much of the complex littoral habitat available to panfish. The lack of complex
habitat available after fall drawdown could be limiting to the amount of critical rearing
areas for panfish in late fall and winter. The habitat assessment methodology will
quantify the total amount ofhabitat available for rearing pre and post drawdown. The
diet study will test if rearing area reduction following drawdown exposes panfish to
higher rates ofpredation and will track the distribution of fish. Primary and secondary
productivity surveys pre and post drawdown will determine if forage distribution is
influencing the distribution of fish or is limiting growth and/or condition.

In concert with these possible limiters, carp are known to inhabit some of the littoral
areas of Moses Lake. Dense habitation by common carp may reduce or preclude these
areas as viable spawning sites for panfish species through turbation ofnests, nest
predation or disturbance. Carp could also preclude panfish form critical rearing areas
through reducing littoral productivity or creating enough disturbance to force rearing



panfish to relocate to other areas of the lake that are not as favorable.  During the Spring 
2000 baseline biological survey, few panfish were found in areas densely inhabited by 
carp.  Areas with high densities of common carp will be surveyed during the diet study 
and population assessment samples, and the densities of carp and other species of interest 
will be recorded.  Based on the amount of area sampled, the total area that is affected by 
carp can be compared with the total available area for spawning and rearing panfish to 
test if carp are excluding species of interest from the significant amounts of habitat in 
Moses Lake. 
 
Shoreline development on Moses Lake has steadily increased over the past few decades.  
The total amount of development and the impact to spawning and rearing panfish is not 
understood.  The habitat assessment will quantify the total amount of development and 
the habitat available or lost in those developed areas.  This will be done by comparing an 
historical shoreline development surveys done in 1991 to a current survey to detail the 
loss of shoreline habitat over the last ten plus years.  The total impact of development and 
the potential for limiting panfish production by virtue of shoreline habitat loss has not 
been investigated. 
 
Methods 1-b and 1-c:  
 
Habitat Assessment 

 
At high water Moses Lake has 60.5 miles of shoreline and considerably less at low water.  
Consequently there may be a sharp change in available habitat between the low and high 
water seasons.  The objective of this portion of the project is to determine the type and 
amount of available habitat in the littoral zone of Moses Lake during both high and low 
water periods. 
Below in tabular format, are the classifications to be used in categorizing the littoral zone. 
 
*Shoreline Development: 

1. agricultural 
2. industrial/business 
3. residential 
4. undisturbed 
5. Bulkhead  

a. Presence or absence: If  “present”, length of affected area in meters 
 

*A total number of meters of shoreline that is occupied with each one of these categories 
will be established.  This will be compared to a similar survey done in 1991 by the 
Bureau of Reclamation to track changes and/or habitat loss since the last survey. 
  
Shoreline vegetation: vegetation that is growing on or adjacent to the shoreline.  

1. tree 
2. shrub 
3. reed/bulrush 
4. grass/forbes 

panfish to relocate to other areas of the lake that are not as favorable. During the Spring
2000 baseline biological survey, few panfish were found in areas densely inhabited by
carp. Areas with high densities of common carp will be surveyed during the diet study
and population assessment samples, and the densities of carp and other species of interest
will be recorded. Based on the amount of area sampled, the total area that is affected by
carp can be compared with the total available area for spawning and rearing panfish to
test if carp are excluding species of interest from the significant amounts ofhabitat in
Moses Lake.

Shoreline development on Moses Lake has steadily increased over the past few decades.
The total amount of development and the impact to spawning and rearing panfish is not
understood. The habitat assessment will quantify the total amount of development and
the habitat available or lost in those developed areas. This will be done by comparing an
historical shoreline development surveys done in 1991 to a current survey to detail the
loss of shoreline habitat over the last ten plus years. The total impact of development and
the potential for limiting panfish production by virtue of shoreline habitat loss has not
been investigated.

Methods 1-b and l-c:

Habitat Assessment

At high water Moses Lake has 60.5 miles of shoreline and considerably less at low water.
Consequently there may be a sharp change in available habitat between the low and high
water seasons. The objective of this portion of the project is to determine the type and
amount of available habitat in the littoral zone ofMoses Lake during both high and low
water periods.
Below in tabular format, are the classifications to be used in categorizing the littoral zone.

*Shoreline Development:
1. agricultural
2. industrial/business
3. residential
4. undisturbed
5. Bulkhead

a. Presence or absence: If “present”, length of affected area in meters

*A total number ofmeters of shoreline that is occupied with each one of these categories
will be established. This will be compared to a similar survey done in 1991 by the
Bureau ofReclamation to track changes and/or habitat loss since the last survey.

Shoreline vegetation: vegetation that is growing on or adjacent to the shoreline.
1. tree
2. shrub
3. reed/bulrush
4 grass/forbes



5. sparse vegetation 
6. exposed soil or bedrock (none) 
7. Total linear meters of shoreline occupied by the dominant shoreline vegetation or 

lack thereof. 
 

Submerged Aquatic macrophytes:  aquatic macrophytes visible along the shoreline and 
offshore.  Break the assessment into offshore macrophytes and near shore macrophytes. 

1. present yes or no.   
2. dominant species 
3. density: high, medium, low 
4. Total number of square meters occupied by the dominant submerged aquatic 

macrophyte. 
 

Substrate type: substrate type that is visible from shoreline to end of visibility in the 
water. 

1. silt 
2. sand 
3. gravel:  less than 4 inches in diameter 
4. cobble:  4 to 12 inches in diameter 
5. boulder:  greater than 12 inches in diameter 
6. bedrock 
7. Total number of linear meters along the shoreline dominated by the substrate 

type. 
 
Fish presence: 

1. Detail any spawning activity noted during survey 
2. Detail any fish observed, species and approximate number of individuals 

 
The entire shoreline of Moses Lake will be examined and the habitat type recorded twice, 
once during fool pool and once following drawdown, to record the differences in 
available habitat between the two hydrologic scenarios.  During diet study sampling and 
population estimate sampling data detailing fish capture rates, and distribution will be 
taken.  
 
The aforementioned information will be used to develop GIS coverage maps detailing 
habitat types, fish density and fish distribution to detect trends in habitat use during 
different times of the year, and thus habitat types can be quantified.  This will be useful to 
infer potential areas of habitat competition or critical habitat for panfish rearing or 
reproduction.    
 
This portion of the study will be relatively time consuming and depending on conditions 
should take two to three weeks of field time.  Habitat assessments will be done in July 
and October of 2000. Timing for sampling periods can be reviewed in Table 23. 
 
Objective 2: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by trophic interactions. 

.U‘ sparse vegetation
exposed soil or bedrock (none)

7. Total linear meters of shoreline occupied by the dominant shoreline vegetation or
lack thereof.

.0

Submerged Aquatic macrophytes: aquatic macrophytes visible along the shoreline and
offshore. Break the assessment into offshore macrophytes and near shore macrophytes.

1. present yes or no.
2. dominant species
3. density: high, medium, low
4 Total number of square meters occupied by the dominant submerged aquatic

macrophyte.

Substrate type: substrate type that is visible from shoreline to end ofvisibility in the
water.

1. silt
2. sand
3. gravel: less than 4 inches in diameter
4. cobble: 4 to 12 inches in diameter
5. boulder: greater than 12 inches in diameter
6. bedrock
7. Total number of linear meters along the shoreline dominated by the substrate

type.

Fish presence:
1. Detail any spawning activity noted during survey
2. Detail any fish observed, species and approximate number of individuals

The entire shoreline ofMoses Lake will be examined and the habitat type recorded twice,
once during fool pool and once following drawdown, to record the differences in
available habitat between the two hydrologic scenarios. During diet study sampling and
population estimate sampling data detailing fish capture rates, and distribution will be
taken.

The aforementioned information will be used to develop GIS coverage maps detailing
habitat types, fish density and fish distribution to detect trends in habitat use during
different times of the year, and thus habitat types can be quantified. This will be useful to
infer potential areas ofhabitat competition or critical habitat for panfish rearing or
reproduction.

This portion of the study will be relatively time consuming and depending on conditions
should take two to three weeks of field time. Habitat assessments will be done in July
and October of 2000. Timing for sampling periods can be reviewed in Table 23.

Objective 2: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by trophic interactions.



 
Task 2-a: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by primary productivity. 
 
Ho12: Recruitment of panfish is not limited by primary productivity. 
 
Justification: 
 
Production of phytoplankton may be interrupted or inadequate as a result of fall 
drawdown, spring fill up, dilution water input or reduced nutrient loading. Top-draw fall 
drawdown may remove a large portion of the primary productivity in the lake.  As a 
result, the amount of forage available for secondary production may be limited.  Both 
spring fill up and dilution water inputs may reduce water temperature affecting the timing 
of phytoplankton blooms reducing the amount of forage available for secondary 
production.  In addition to these effects, the input of water for spring fill up and dilution 
could reduce the nutrient concentrations by diluting or flushing the nutrients in Moses 
Lake, reducing the overall production of forage for secondary production.   
 
Primary productivity in Moses Lake will be measured to determine the density, 
composition, and bio-volume of forage available for secondary productivity in Moses 
Lake.  The density, composition, and bio-volume of phytoplankton will be linked with 
the density, species composition, and biomass of secondary productivity to determine if 
the proper type and amount of forage is available during critical production times for 
secondary productivity. 
  
Task 2-b: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by secondary productivity.  
   
Ho13: Recruitment of panfish is not limited by secondary productivity. 
 
Justification: 
 
Secondary productivity will be measured to determine what density, species composition, 
and estimated biomass is available as forage for fish in Moses Lake.  Estimates of 
secondary productivity will be linked to fish competition indices and bioenergetics 
modeling to determine if there are any marked disruptions in production reflected in this 
stage of fish production. 
 
Fall drawdown of Moses Lake is a top draw removal of water from the lake.  This type of 
water withdrawal may result in the removal of a portion of the secondary productivity 
from the lake.  Density, species composition, and biomass of zooplankton will be 
sampled just prior to and just post drawdown.  This will be used to determine if there was 
a total loss in estimated biomass pre and post drawdown.  This loss of secondary 
productivity may limit forage for panfish preventing juvenile fish from obtaining enough 
forage to reach critical body mass and fat stores to successfully overwinter. If production 

Task 2-a: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by primary productivity.

H012: Recruitment ofpanfish is not limited by primary productivity.

Justification:

Production ofphytoplankton may be interrupted or inadequate as a result of fall
drawdown, spring fill up, dilution water input or reduced nutrient loading. Top- draw fall
drawdown may remove a large portion of the primary productivity in the lake. As a
result, the amount of forage available for secondary production may be limited. Both
spring fill up and dilution water inputs may reduce water temperature affecting the timing
ofphytoplankton blooms reducing the amount of forage available for secondary
production. In addition to these effects, the input ofwater for spring fill up and dilution
could reduce the nutrient concentrations by diluting or flushing the nutrients in Moses
Lake, reducing the overall production of forage for secondary production.

Primary productivity in Moses Lake will be measured to determine the density,
composition, and bio-volume of forage available for secondary productivity in Moses
Lake. The density, composition, and bio-volume ofphytoplankton will be linked with
the density, species composition, and biomass of secondary productivity to determine if
the proper type and amount of forage is available during critical production times for
secondary productivity.

Task 2-b: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by secondary productivity.

H013: Recruitment ofpanfish is not limited by secondary productivity.

Justification:

Secondary productivity will be measured to determine what density, species composition,
and estimated biomass is available as forage for fish in Moses Lake. Estimates of
secondary productivity will be linked to fish competition indices and bioenergetics
modeling to determine if there are any marked disruptions in production reflected in this
stage of fish production.

Fall drawdown ofMoses Lake is a top draw removal ofwater from the lake. This type of
water withdrawal may result in the removal of a portion of the secondary productivity
from the lake. Density, species composition, and biomass of zooplankton will be
sampled just prior to and just post drawdown. This will be used to determine if there was
a total loss in estimated biomass pre and post drawdown. This loss of secondary
productivity may limit forage for panfish preventing juvenile fish from obtaining enough
forage to reach critical body mass and fat stores to successfully overwinter. Ifproduction



is limited competition for forage with earlier spawned juvenile fish such as walleye and 
yellow perch could limit the amount of forage available to later spawned juvenile panfish. 
Additionally, secondary productivity may be significantly reduced in density, creating 
competition for limited resources and/or forcing panfish to leave complex habitat in 
search of forage which would in turn expose them to higher rates of predation.   
 
High density carp populations occupying littoral areas may reduce the overall 
productivity of the littoral areas.  In concert with the habitat information collected, the 
total amount of habitat for rearing available to juvenile fish and the amount of estimated 
productivity for these areas would be ascertained.  This will be compared to diet analysis 
to determine whether productivity exists in littoral areas to support rearing panfish.  Diet 
studies may also indicate that juvenile panfish are regularly, seasonally, or never forced 
to forage for low density forage outside of complex littoral habitats making them more 
susceptible to predation and therefore increasing the amount of predation on panfish in 
Moses Lake. 
 
Method 2-a and 2-b: 
 
Phytoplankton and Zooplankton Sampling 
 
Beginning in April 2001, the Moses Lake Project will collect phytoplankton samples on a 
seasonal basis, and zooplankton samples on a monthly basis.  The months for collection 
of phytoplankton samples will be April, July, October and January.  In the event that the 
lake is ice covered, the winter sample will be taken when the ice cover recedes, but no 
later than early March.  The samples will be taken in triplicate for each of the four lake 
sections (Figure 1 and Table 23).  
 
The euphotic zone will be determined by multiplying a secchi disk measurement by three.  
Once the euphotic zone is determined, an integrated core sampler will be inserted to the 
bottom of the euphotic zone and a sample of the entire column will be taken.  This 
sample will be placed in a 20,000 ml bottle and stirred to evenly distribute the 
phytoplankton sampled.  A 1000 ml bottle of phytoplankton will be taken from this 
container for processing (USEPA 1998).   
 
A total of 12 samples will be taken during each sample period.  The samples will be 
processed by a contracted limnologist to determine composition, density, and bio-volume 
of phytoplankton within Moses Lake.  
 
Monitoring the phytoplankton abundance will permit the detection of any changes over 
seasons, and/or lake sections.  Analysis of the phytoplankton data will include a Chi2 to 
test whether or not a change in abundance is significant.  An analysis of variance 
(ANOVA) will be conducted to determine if there is a significant difference in the 
abundance of the various genera sampled during each season. 
 
Zooplankton samples will also investigate the possible differences in pelagic and littoral 
zone productivity.  Pelagic zooplankton samples will be collected using a Clarke-Bumpus 

is limited competition for forage with earlier spawned juvenile fish such as walleye and
yellow perch could limit the amount of forage available to later spawned juvenile panfish.
Additionally, secondary productivity may be significantly reduced in density, creating
competition for limited resources and/or forcing panfish to leave complex habitat in
search of forage which would in turn expose them to higher rates ofpredation.

High density carp populations occupying littoral areas may reduce the overall
productivity of the littoral areas. In concert with the habitat information collected, the
total amount of habitat for rearing available to juvenile fish and the amount of estimated
productivity for these areas would be ascertained. This will be compared to diet analysis
to determine whether productivity exists in littoral areas to support rearing panfish. Diet
studies may also indicate that juvenile panfish are regularly, seasonally, or never forced
to forage for low density forage outside of complex littoral habitats making them more
susceptible to predation and therefore increasing the amount ofpredation on panfish in
Moses Lake.
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ofphytoplankton samples will be April, July, October and January. In the event that the
lake is ice covered, the winter sample will be taken when the ice cover recedes, but no
later than early March. The samples will be taken in triplicate for each of the four lake
sections (Figure 1 and Table 23).

The euphotic zone will be determined by multiplying a secchi disk measurement by three.
Once the euphotic zone is determined, an integrated core sampler will be inserted to the
bottom of the euphotic zone and a sample of the entire column will be taken. This
sample will be placed in a 20,000 ml bottle and stirred to evenly distribute the
phytoplankton sampled. A 1000 ml bottle ofphytoplankton will be taken from this
container for processing (USEPA 1998).

A total of 12 samples will be taken during each sample period. The samples will be
processed by a contracted lirnnologist to determine composition, density, and bio-volume
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Monitoring the phytoplankton abundance will permit the detection of any changes over
seasons, and/or lake sections. Analysis of the phytoplankton data will include a Chi2 to
test whether or not a change in abundance is significant. An analysis of variance
(ANOVA) will be conducted to determine if there is a significant difference in the
abundance of the various genera sampled during each season.

Zooplankton samples will also investigate the possible differences in pelagic and littoral
zone productivity. Pelagic zooplankton samples will be collected using a Clarke—Burnpus



plankton sampler.  Vertical plankton tows will be conducted from substrate to surface.  
Sampling the entire water column will reduce the probability of missing zooplankton that 
migrate vertically (De Stasio 1993).    Littoral zooplankton samples will be taken at the 
same time as the pelagic samples.  The samples will be taken using a 265-micron D-net.  
The D-net will be run along the shoreline area.  
 
To calculate the number of zooplankton for a given volume of water passed through the 
sampling device.  The volume of water sampled will be calculated using the following 
formula:  
 
V=D*A 
 
Where D is the distance traveled, and A is the area of the opening of the sampling device. 
 
The total density of zooplankton (Dz) will be calculated using the following equation: 
  
Dz=n/V 
 
Where n is the number of zooplankton and V is the volume of water sampled.   
 
At the end of each tow, zooplankton samples will be preserved in Lugol’s solution and 
held in whirl packs to be processed at a later date.  During each sampling event a total of 
12 pelagic and 12 littoral samples will be taken.  Processing will be done by a contracted 
limnologist.  Zooplankton samples will be processed to determine species composition, 
density, and estimated biomass. 
 
Monitoring the zooplankton abundance will permit the detection of any changes over 
months, seasons, and/or lake sections.  Analysis of this data will include a Chi2 to test 
whether or not a change in abundance is significant.  An analysis of variance (ANOVA) 
will be used to investigate whether significant differences exist in the abundance of the 
various genera sampled during each season. This data will be incorporated into the 
bioenergetics model to determine total consumption of prey items in Moses Lake.  
 
Macroinvertebrate Sampling  
 
Beginning in April 2001, the Moses Lake Project will collect littoral and benthic 
macroinvertebrate samples on a seasonal basis.  The months for collection of samples 
will be April, July, October and January.  In the event that the lake is ice covered the 
winter sample will be taken when the ice cover recedes, but no later than early March.  
The samples will be taken in triplicate for each of the four lake sections mentioned above 
(Figure 1 and Table 23).  
 
Benthic macroinvertebrate samples will be taken using a Ponar dredge.  Two transects 
with two benthic samples will be collected from a cross section of the lake (USEPA 
1998).  In each of the four sections of the lake littoral macroinvertebrate samples will be 
taken using 0.5-meter diameter and length substrate baskets, with native substrates 
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enclosed.  Two baskets will be deployed for each of the four sections in the lake and left 
in place for three months upon which time they will be removed and macroinvertebrates 
collected. 
      
During each season a total of 16 samples will be collected for Moses Lake. 
Samples will immediately be sorted and preserved in alcohol and at a later date 
identified.  The samples will be processed by a contracted aquatic entomologist to 
determine species composition, species density, estimated biomass, and for littoral 
samples colonization rates.   
    
Analysis of macroinvertebrate data will include a Chi2 to test whether or not a change in 
abundance is significant.  An analysis of variance (ANOVA) will be conducted to 
determine if there is a significant difference in the abundance of the various genera 
sampled during each season. This data will be incorporated into the bioenergetics model 
to determine total consumption of prey items in Moses Lake. 
 
Task 2-c: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by competition.  
 
Ho14: Recruitment of panfish is not limited by interspecific competition for forage. 
 
Ho15: Recruitment of panfish is not limited by intraspecific competition for forage. 
 
Justification: 
 
Total available forage for prey and predator fish in Moses Lake is not known.  Yearly, 
seasonal, or monthly limitations in production of forage could alter competitive 
interactions between fish species in Moses Lake and affect recruitment of panfish to the 
Moses Lake recreational fishery. The diet study, electivity, and selectivity indices will be 
linked to the secondary productivity samples to determine if there is possibly a limitation 
in the amount of secondary productivity available to fish in Moses Lake.  If high densities 
of preferred forage items are present in the sample, gut fullness for planktivores and 
insectivores is high, and the condition of sampled fish is high, it would indicate that 
limitations in secondary productivity do not exist.  Population estimates will be utilized to 
determine the total amount of prey fish available as forage for predators.  This will be 
linked with the diet information to determine if predator consumption exceeds prey 
production, indicating probable competition for prey items between predators.  The 
bioenergetics model will be linked with all of the aforementioned information to 
determine if consumption exceeds production indicating increased probabilities of 
negative competitive interactions affecting panfish recruitment.  
 
As previously discussed, fall drawdown of Moses Lake is a top draw removal of water 
from the lake.  This type of water withdrawal may result in the removal of a portion of 
the secondary productivity from the lake.  This loss of secondary productivity may limit 
forage for panfish resulting in competition for limited available forage.  As a result of 
competition for limited forage juvenile panfish may be prevented from obtaining enough 
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production, indicating probable competition for prey items between predators. The
bioenergetics model will be linked with all of the aforementioned information to
determine if consumption exceeds production indicating increased probabilities of
negative competitive interactions affecting panfish recruitment.

As previously discussed, fall drawdown of Moses Lake is a top draw removal of water
fiom the lake. This type ofwater withdrawal may result in the removal of a portion of
the secondary productivity from the lake. This loss of secondary productivity may limit
forage for panfish resulting in competition for limited available forage. As a result of
competition for limited forage juvenile panfish may be prevented from obtaining enough



forage to reach critical body mass and fat stores to successfully overwinter, or recruited 
panfish may not acquire enough forage to support their metabolic requirements, resulting 
in death.   
 
Spring fill up or Dilution may result in reduced primary productivity that could result in 
reduced zooplankton production during critical spring months following the emergence 
of panfish larvae. The reduction in secondary production may have results similar to that 
discussed above, thus affecting the recruitment of panfish to the Moses lake recreational 
fishery.  Spring fill up may artificially influence water temperatures in the lake delaying 
spawn timing for panfish. As a result earlier spawning fish could emerge sooner and have 
a competitive advantage for the available forage in Moses Lake.  If production is limited, 
competition for forage with earlier spawned juvenile fish such as walleye and yellow 
perch could limit the amount of forage available to later spawned juvenile panfish. 
 
Fall drawdown, spring fill up, and dilution may force panfish in to suboptimal habitat to 
find forage as a result these fish may be more susceptible to predation.  The densities of 
predators in Moses Lake is high and competition for forage and/or over consumption of 
prey fish could result in negative competitive interactions between predators affecting the 
recruitment of panfish to the Moses Lake recreational fishery.    
  
Task 2-d: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by predation. 
    
Ho16: Recruitment of panfish is not limited by predation. 
 
Justification: 
 
The current and historical data indicated that the fish population of Moses Lake has a 
dense warmwater predator population.  Over predation reducing panfish recruitment may 
be the result of predator densities that are too high and are tapping the carrying capacity 
of the forage fish in the Moses Lake fish population. Using the bioenergetics model 
linked with the diet study and the population estimate, the project will investigate the 
amount, size, and species of fish consumed, and the species and size of the consumer.  
Bioenergetics will be used to determine if consumption of prey fish is greater than the 
amount of prey fish potentially produced, and if predation on each given species of 
panfish is ultimately limiting their recruitment to the Moses Lake recreational fishery. 
 
Fall drawdown of the lake dewaters most of the complex littoral habitat.  As a result, 
panfish may be forced to occupy suboptimal habitat making them more susceptible to 
predation.  Spring fill up and dilution may in turn reduce or limit secondary productivity 
forcing fish to leave complex littoral habitat in search of forage, also rendering them 
more susceptible to predation.  The result of these factors will be investigated using the 
aforementioned tactics.   
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Method 2-c and2-d: 
 
Diet study/ Fish Stomach Content 

Monthly surveys for fish diet samples will be conducted on Moses Lake starting in 
October of 2000 and will be collected until November of 2002.  Fish will be collected 
during daylight and night hours using boat electrofishing, gill netting and angling.  Using 
multiple gear types will eliminate gear sampling bias and allow for the collection of 
multiple species and size classes of fish.  Fish will be sampled from randomly selected 
areas within each of the four lake sections (Figure 1).  
 
Three individuals for each age group, young of year, juvenile and adult will be collected 
from each of the four Moses Lake sections.  For each species a total of 36 individuals will 
be sampled monthly within Moses Lake for night and day samples.  A total of 72 fish will 
be sampled each month from the species of interest.  Samples will be collected from 
species of interest such as walleye, black crappie, bluegill sunfish, yellow perch, small 
mouth bass, largemouth bass and rainbow trout.  All other fish will be secondary species 
of interest.  The sample size for secondary species will not exceed a maximum of 20 
individual fish sampled per month.  
  
Stomach contents will be collected via gastric lavage methods. Upon capture, a fish’s 
stomach will be pumped using a modified handheld pesticide sprayer with an elongated 
hose that is inserted into the stomach orally.  Once in place water pressure will be 
pumped into the subject fish emptying the contents into a tray.  The fish will then be 
released and the contents preserved in 95% alcohol to be identified at a later date. The 
method of gastric evacuation (GR) has been used successfully on a variety of sizes and 
species of fish (Singh-Renton and Bromley 1996; Ruggerone 1989; Brown 1995; Hartleb 
and Moring 1995).  It is important that stomach contents are removed rapidly from 
captured fish as soon as possible to prevent the loss of food items via digestion or 
regurgitation due to increased stress levels.  Therefore, gill nets will need to be checked 
hourly, fish removed and contents preserved. 
 
Stomach contents will be identified to order for macroinvertebrates, order for 
zooplankton and to species for fish whenever possible.  Zooplankton and 
macroinvertebrate size and wet weight will be measured, for each individual, from each 
order detected in the sample.  Contents will be identified using Pennack’s key, freshwater 
invertebrates of the United States (1989) for invertebrates and Wydoski and Whitney’s 
Inland Fishes of Washington Key for fish (1979) as well as a WDFW generated bone 
key.  
 
With the stomach contents of individual fish collected and identified, further 
determination of the percentage of food items for each individual species will be 
compiled.  This could be achieved using percentage method (Marreo and Lopez-Rojas 
1995).  Further analysis will include parametric tests, such as the t and ANOVA.  Tests 
will be conducted to determine differences between species and monthly changes within 
species.  A correlation between the zooplankton and macroinvertebrate data and diet data 
will be performed.  Some studies point to a positive correlation between zooplankton 
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abundance and fish diets (Bremigan and Stein 1994), other studies do not (Westerlund et 
al. 1998).  This data will be incorporated into the bioenergetics model to determine total 
consumption of prey items in Moses Lake. 
 
Reproductive Studies 

 
Reproductive studies will be done on Moses Lake to determine the sex ratio of spawning 
fish within Moses Lake. Data collected from spawning fish will allow for the 
development of a ratio of body weight with and without gonads (GSI). This information 
will also be applied to the Wisconsin 3 bioenergetics model to quantify a one-time 
seasonal weight loss associated with spawning.  Finally, we will determine the age at 
spawning maturation for species of interest. The species of interest for these activities are 
black crappie, bluegill sunfish, yellow perch, largemouth bass, smallmouth bass and 
walleye. 
 
Fish will be collected and sacrificed via electrofishing, gill netting and trap netting, as 
well as, asking anglers to volunteer fish from their creel.  Data collected will include 
scale samples, length and weight of fish with and without gonads, weight of gonads, and 
sexual identification.  The WDFW fish-aging lab in Olympia, Washington will age 
scales, and other calcified structures, collected from Moses Lake.  
 
Population Estimate 
 
The population estimate will not be implemented until April of 2002.  Presented here are 
the basic methods in preparation for continuing this portion of the project.  Continued 
consultation with a WDFW biometrician will lead to final methods prior to 
implementation of this portion of the project. 
 
There are a variety of models and methods that can be used to estimate the population of 
fish within Moses Lake.  However, before a model can be selected, several assumptions 
must be met.  All tags or marks must remain or be detectable on the fish.  Regardless of 
the technique or the model used to capture fish, the procedure of marking fish will be 
static.  All fish will receive a caudal hole clip whereas walleye and bass will receive an 
additional Floy® tag to be place on the left side adjacent to the dorsal fin.  The goal of 
inserting a tag in this region is to increase the probability of tag retention.  Pterygiophores 
the structures located within the body of the fish become spines or fin rays outside of the 
body.  These structures will serve as an anchor for the tags once inserted into the fish.  
Because it is not financially feasible to tag every fish captured with Floy® tags, the 
additional caudal clip will be employed.  If fish are being recaptured with only the caudal 
clip remaining then a retention rate can be calculated.  Due to continual fin growth, clips 
may fill in over time.  Prior to selecting a population model, an investigator must first 
determine whether or not the system in question is open or closed.  For example a closed 
model such as the Lincoln-Peterson Model that requires no additions or emigration of 
fish may not be valid for a system such as Moses Lake.  With the influence of Crab Creek 
flowing into Moses Lake and two outlets at the south end, there could be a substantial 
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loss or addition of fish, making Moses Lake a perfect candidate for the application of an 
open model. 
 
An open model such as the Jolly-Seber Model that is robust enough to accommodate 
immigration and emigration of fishes is probably the best model for Moses Lake.  Jolly-
Seber open population models require multiple mark and recapture events with a 
minimum of three of each.  However, sampling may be continual and may consist of a 
variety of techniques necessary to capture fish as long as three of the mark and recapture 
events are extensive.  During the three extensive surveys, multiple WDFW boats will be 
used to ensure a good marking and recapturing event.  Two other events that will take 
place on Moses Lake are the Walleye Tournament in June and the Bass tournament in 
July.  At each of the tournaments, fish that are marked will be recorded and fish without a 
mark will be marked.  Analysis will employ a software package called Jolly® (Pollock et 
al. 1989).  The analysis will also allow for a running population estimate to be calculated 
after each entry into the database.  
    
Prior to marking any fish, an estimate regarding the number of fish necessary to tag must 
first be made.  Following the formula from Beard et al. (1997), we were able to calculate 
a walleye population estimate from the 1996 creel data.  The formula used was 

A/(C*S)=B 
Where A is the angler catch rate per hour, C is the constant as derived by Beard (.018) 
and S is the total surface acreage of the lake.  The estimated population of walleye in 
Moses Lake (B) is 52,800.  Based on CPUE data and proportional estimating, it can be 
assumed that smallmouth bass have a similar population size.  
 
Hightower and Gilbert (1984) stated that in populations greater than 10,000 fish at least 
5% of the individuals should be marked for a successful recapture event.  Therefore, 2600 
walleye and smallmouth bass need to be marked prior to the initiation of recapture 
events.  Based on a CPUE mean of 9.5 for walleye and 12.5 for smallmouth bass, 
approximately 275 hours of electrofishing will need to be done to mark the minimum 
number of fish.  Two to six boats will be used during each of the mark and recapture  
events. 
 
Objective 3:  Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by angling exploitation. 
 
Task 3-a: Test if the recruitment of panfish to the Moses Lake recreational fishery is 
limited by angling exploitation. 
. 
Ho17: Recruitment of panfish to the Moses Lake recreational fishery is not limited by 
angling exploitation. 
 
Justification: 

A recent creel survey detailing monthly harvest by species and angler effort has not been 
conducted since 1996.  A 12 month creel survey will be conducted to determine the 
impacts of harvest on panfish populations.  The creel survey and the population estimate 

loss or addition of fish, making Moses Lake a perfect candidate for the application of an
open model.

An open model such as the Jolly- Seber Model that is robust enough to accommodate
immigration and emigration of fishes is probably the best model for Moses Lake. Jolly-
Seber open population models require multiple mark and recapture events with a
minimum of three of each. However, sampling may be continual and may consist of a
variety of techniques necessary to capture fish as long as three of the mark and recapture
events are extensive. During the three extensive surveys, multiple WDFW boats will be
used to ensure a good marking and recapturing event. Two other events that will take
place on Moses Lake are the Walleye Tournament in June and the Bass tournament in
July. At each of the tournaments, fish that are marked will be recorded and fish without a
mark will be marked. Analysis will employ a software package called Jolly® (Pollock et
a1. 1989). The analysis will also allow for a running population estimate to be calculated
after each entry into the database.

Prior to marking any fish, an estimate regarding the number of fish necessary to tag must
first be made. Following the formula fiom Beard et a1. (1997), we were able to calculate
a walleye population estimate fiom the 1996 creel data. The formula used was

A/(C* S)=B
Where A is the angler catch rate per hour, C is the constant as derived by Beard (.018)
and S is the total surface acreage of the lake. The estimated population ofwalleye in
Moses Lake (B) is 52,800. Based on CPUE data and proportional estimating, it can be
assumed that smallmouth bass have a similar population size.

Hightower and Gilbert (1984) stated that in populations greater than 10,000 fish at least
5% of the individuals should be marked for a successful recapture event. Therefore, 2600
walleye and smallmouth bass need to be marked prior to the initiation of recapture
events. Based on a CPUE mean of 9.5 for walleye and 12.5 for smallmouth bass,
approximately 275 hours of electrofishing will need to be done to mark the minimum
number of fish. Two to six boats will be used during each of the mark and recapture
events.

Objective 3: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by angling exploitation.

Task 3-a: Test if the recruitment ofpanfish to the Moses Lake recreational fishery is
limited by angling exploitation.

H017: Recruitment ofpanfish to the Moses Lake recreational fishery is not limited by
angling exploitation.

Justification:

A recent creel survey detailing monthly harvest by species and angler effort has not been
conducted since 1996. A 12 month creel survey will be conducted to determine the
impacts of harvest on panfish populations. The creel survey and the population estimate



will be linked to determine the percent of the panfish population, and the size and age 
distribution of panfish harvested on an annual basis.  Information from the bioenergetics 
model detailing trophic interactions in concert with the creel information, and the 
population assessment information will be incorporated into the Fisheries Analysis 
Simulation Tools (F.A.S.T.) model to develop harvest regulations to maximize and 
protect the panfish fishery in Moses Lake.   
 
Method 3-a:  
 
Four large creel surveys were conducted during 1974-1975, and 1983, 1991, and 1996-97 
(Duff 1976; Jackson 1985; Korth 1992, Donley et al 1999).  All consisted of questioning 
boat and shore anglers to determine the number and species of fish caught, and the 
amount of time spent fishing. The size of Moses Lake and the number of accesses 
required expansion of the interview data.  
 
Moses Lake is 6,800 acres and has multiple accesses, which hinders an absolute creel 
survey (Bain 1987).  Hence it is neither economically or logistically feasible to strictly 
adhere to either a roving or access point creel design.  An access point creel survey 
requires a clerk to remain at an access and interview anglers as they leave (Hayne 1991).  
Due to the multiple access sites on Moses Lake this is not a practical method.  When a 
clerk moves through a fishery following a prescribed route and interviews anglers this is 
called a roving creel survey (Robson 1991).  Within this survey type, there are several 
dimensional parameters such as time and distance and random start time, which are 
quantified and used in calculating the creel estimate.  For large bodies of water, such as 
Moses Lake, the bus stop survey method may be the most applicable.  This survey 
requires the clerk to move along a predefined route, interview anglers for a set amount of 
time, and then move to the next site (Hahn et al.  2000).  For the purposes of the Moses 
Lake Fisheries Restoration Project, much of the same protocol will be used as in previous 
surveys.  Consistency of protocol will allow for comparative analysis between different 
sampling dates.  The three main components that are consistent for the previous and 
future creel surveys are index counts, creel data, and effort (Korth 2000).  The methods 
described in the following text are the survey protocol to be used on Moses Lake. 
  
Angler Harvest and Effort Sampling 
• Interviews will be conducted on four weekdays and four weekend/holidays per 

month.   
• Each day will be divided into two sample periods.  Each sample period is one half of 

the total daylight for the day.   
• Ideally a minimum of 10 complete angler trips is required per day. 
 
Expansion Methods 
• Index counts will be conducted twice during each creel-surveying period: Once 

during the half of the shift and once during the second half of the shift.  Index times 
will be randomly selected.  Below is a list of index sampling sites that will be adhered 
to.  

will be linked to determine the percent of the panfish population, and the size and age
distribution ofpanfish harvested on an annual basis. Information from the bioenergetics
model detailing trophic interactions in concert with the creel information, and the
population assessment information will be incorporated into the Fisheries Analysis
Simulation Tools (F.A.S.T.) model to develop harvest regulations to maximize and
protect the panfish fishery in Moses Lake.

Method 3-a:
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(Duff 1976; Jackson 1985; Korth 1992, Donley et al 1999). All consisted of questioning
boat and shore anglers to determine the number and species of fish caught, and the
amount of time spent fishing. The size of Moses Lake and the number of accesses
required expansion of the interview data.

Moses Lake is 6,800 acres and has multiple accesses, which hinders an absolute creel
survey (Bain 1987). Hence it is neither economically or logistically feasible to strictly
adhere to either a roving or access point creel design. An access point creel survey
requires a clerk to remain at an access and interview anglers as they leave (Hayne 1991).
Due to the multiple access sites on Moses Lake this is not a practical method. When a
clerk moves through a fishery following a prescribed route and interviews anglers this is
called a roving creel survey (Robson 1991). Within this survey type, there are several
dimensional parameters such as time and distance and random start time, which are
quantified and used in calculating the creel estimate. For large bodies ofwater, such as
Moses Lake, the bus stop survey method may be the most applicable. This survey
requires the clerk to move along a predefined route, interview anglers for a set amount of
time, and then move to the next site (Hahn et al. 2000). For the purposes of the Moses
Lake Fisheries Restoration Project, much of the same protocol will be used as in previous
surveys. Consistency ofprotocol will allow for comparative analysis between different
sampling dates. The three main components that are consistent for the previous and
future creel surveys are index counts, creel data, and effort (Korth 2000). The methods
described in the following text are the survey protocol to be used on Moses Lake.

Angler Harvest and Effort Sampling
0 Interviews will be conducted on four weekdays and four weekend/holidays per

month.
0 Each day will be divided into two sample periods. Each sample period is one half of

the total daylight for the day.
0 Ideally a minimum of 10 complete angler trips is required per day.

Expansion Methods
0 Index counts will be conducted twice during each creel— surveying period: Once

during the half of the shift and once during the second half of the shift. Index times
will be randomly selected. Below is a list of index sampling sites that will be adhered
to.



• Total counts will be conducted twice a month (one week day and one weekend) via 
an aircraft.  Counts will not be done simultaneously with interviews. Total count days 
will be randomly selected. 

• Total counts will be done in conjunction with additional index counts. 
• All types of recreation watercraft and activities will be counted and separated into 

either fishing or other types of activities. 
 
The selection of angler interview days, eight hour sampling periods within each day, time 
of index and day and time for total counts will be randomized with the following 
qualifications: 
• Sampling periods will be divided evenly between morning and afternoon periods for 

both weekday and weekend strata within a given month. 
• Sampling periods will occur only once each weekend and once each week. 
• Index counts during any single angler interview day will be at least two hours apart. 
• Scheduled survey periods, which are missed due to unavoidable circumstances, will 

shift to the next available day or time within a given month.   
 
 Index Sites.  Moses Lake 
1. Airman’s Beach- Located off of highway 17.  Boat, shore and vehicle counts. 
2. Cascade Valley- Located on Valley Rd. within Lewis Horn.  Boat, shore and vehicle 

counts.   
3. Moses Lake Park (formerly state park)- Located off of I-90 exit 174.  Shore and 

vehicle.  Shore anglers on I-90 Bridge will be included within this site.   
4. Penisula Drive Boat ramp- Located on the west side of  Pelican Horn.  Shore 

(minimal), and vehicle.   
5. Alder St. Bridge- Shore.   
 
Data from each creel survey will be collected using the WDFW angler survey form.  Data 
collected will include: 
1. Party size. 
2. Time checked or finished. 
3. Determine age of party members. 
4. Hours fished. 
5. Satisfied or dissatisfied with trip. 
6. Angler type: boat, shore, and float tube, ice. 
7. Gear type: lure, bait, flies. 
8. Species caught:  Abbreviations will be consistent with state protocol. 
9. Number and species of fish kept. 
10. Number and species of fish released 
11. Length (mm) 
12. Counts:  The number of boats and shore anglers fishing. 
Compiling total count, and data from the assigned index sites will permit the expansion 
of total anglers at any given time. 

 
Other data collected will include air and water temperatures, barometric pressure and 
current weather conditions (raining, clear, cloudy, windy).  If anglers are cooperative, 

0 Total counts will be conducted twice a month (one week day and one weekend) via
an aircraft. Counts will not be done simultaneously with interviews. Total count days
will be randomly selected.

0 Total counts will be done in conjunction with additional index counts.
0 All types of recreation watercraft and activities will be counted and separated into

either fishing or other types of activities.

The selection of angler interview days, eight hour sampling periods within each day, time
of index and day and time for total counts will be randomized with the following
qualifications:
0 Sampling periods will be divided evenly between morning and afternoon periods for

both weekday and weekend strata within a given month.
0 Sampling periods will occur only once each weekend and once each week.

Index counts during any single angler interview day will be at least two hours apart.
Scheduled survey periods, which are missed due to unavoidable circumstances, will
shift to the next available day or time within a given month.

Index Sites. Moses Lake
1. Airman’s Beach— Located offofhighway 17. Boat, shore and vehicle counts.
2. Cascade Valley— Located on Valley Rd. within Lewis Horn. Boat, shore and vehicle

counts.
3. Moses Lake Park (formerly state park)- Located off of I—90 exit 174. Shore and

vehicle. Shore anglers on I— 90 Bridge will be included within this site.
4. Penisula Drive Boat ramp- Located on the west side of Pelican Horn. Shore

(minimal), and vehicle.
5. Alder St. Bridge- Shore.

Data fiom each creel survey will be collected using the WDFW angler survey form. Data
collected will include:

Party size.
Time checked or finished.
Determine age ofparty members.
Hours fished.
Satisfied or dissatisfied with trip.
Angler type: boat, shore, and float tube, ice.
Gear type: lure, bait, flies.
Species caught: Abbreviations will be consistent with state protocol.

9. Number and species of fish kept.
10. Number and species of fish released
1 1. length (mm)
12. Counts: The number ofboats and shore anglers fishing.
Compiling total count, and data fiom the assigned index sites will permit the expansion
of total anglers at any given time.
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Other data collected will include air and water temperatures, barometric pressure and
current weather conditions (raining, clear, cloudy, windy). If anglers are cooperative,



scale samples, lengths and weights will be collected from fish that are kept which in turn 
will permit the development of a length and age frequency for angled fish. 
 
Creel and expansion data will permit such calculations as how many fish of which 
species are caught per a given amount of time by boat and shore anglers, (the total 
number of fish harvested and the total effort that was expended in doing so).   With this 
data, managers will receive an accurate census of the current status of angling on Moses 
Lake and combined with relevant data mitigation measures may be employed if it is 
deemed necessary.    
 
The proposed start date for this creel survey is the 1st of April 2001.  We are estimating 
that the proposed study will occupy approximately 20 days per month, leaving one to 
three days for miscellaneous tasks such as data entry, maintenance and or assisting the 
Moses Lake Project Staff with a variety of tasks.   
 
PHASE 3: 
 
Objective 5: Develop, implement and monitor and evaluate management plan. 
 
Task 5-a:  Using the information collected in Phase 2, test and prove or disprove the 
proposed hypotheses.  Following hypotheses testing, the project will provide 
management recommendations intended to maximize the production and harvest of the 
panfish fishery in Moses Lake. 
 
Task 5-b:  Implement the management recommendations. 
 
Task 5-c:  Monitor and evaluate the efficacy of the proposed and implemented 
management plan. 

 

 

 

 

 

 

 

 

 

scale samples, lengths and weights will be collected from fish that are kept which in turn
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Table 23  A brief summary of the monthly schedule to be followed during FY-2001 for the Moses 
Lake Project.  Listed are the studies within the project design that will require blocks of time 
throughout the year.  Water quality, zooplankton, phytoplankton and macroinvertebrate data will be 
collected concurrently. 

 Water Quality Zooplankton Phytoplankton Macroinvert. Diet Habitat Creel 
Jan X X X X X  X 
Feb X X   X  X 
Mar X X   X  X 
Apr X X X X X  X 
May X X   X  X 
Jun X X   X  X 
Jul X X X X X X X 

Aug X X   X  X 
Sep X X   X  X 
Oct X X X X X X X 
Nov X X   X  X 
Dec X X   X  X 
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