
Grand Lake Management Plan 
 
Background 
Grand Lake O’ The Cherokees is a 46,500 acre reservoir located in Delaware, Mayes, and 
Ottawa counties in northeast Oklahoma (Figure 1).  The lake is owned and operated by the 
Grand River Dam Authority (GRDA), an agency of the State of Oklahoma.  GRDA operates the 
Pensacola Project (including Grand Lake) under authorization granted in their 1992 license 
issued by the Federal Energy Regulatory Commission (FERC).  Grand Lake was created by the 
completion of the Pensacola Dam in 1940, which impounded approximately 53 miles of the 
Grand River System.  The watershed consists of approximately 10,000 square miles of runoff 
that originate in, and flow across multiple states including Arkansas, Kansas, Missouri, and 
Oklahoma.  The eastern portion of the Grand Lake watershed is made up of the Ozark Plateau.  
The western portion of the watershed is indicative of the Prairie Plains.  Grand Lake’s substrate 
is comprised of limestone, sandstone, chert, and shale. Table 1 contains a list of physical and 
chemical characteristics of Grand Lake. 
 
GRDA manages Grand Lake elevations in accordance with Article 401 of the 1996 license 
amendment issued by FERC.  The FERC license defines a rule curve or seasonal lake level plan 
for Grand Lake as follows: 

May 1 – Raise elevation from 742 to 744 feet PD 
Jun 1 – Elevation 744 feet PD 
Aug 1 – Lower elevation from 744 to 743 feet 
Aug 16 – Lower elevation from 743 to 741 
Sep 1 – Elevation at 741 feet PD 
Oct 16 – Raise elevation from 741 to 742 feet PD 
Nov 1 – Elevation at 742 feet PD 

Pensacola Datum (PD) is 1.07 feet lower than National Geodetic Vertical Datum, 
which is a national standard for measuring elevations above sea level. 

 
While elevations outlined in Article 401 are target elevations, Grand Lake can fluctuate greatly 
due to flood control and hydropower concerns.  Since the 1996 rule curve amendment, Grand 
Lake has fluctuated between 740.5 to 755 feet PD, with five to seven foot deviations from the 
rule curve being fairly common.  Average daily elevations for Grand Lake are presented in 
Figure 2.  Grand Lake is part of the Arkansas River Basin system of flood control and 
navigation.  The United States Army Corps of Engineers (USACOE) has flood control authority 
when the lake reaches the top of the conservation pool.  The flood control pool is between 
elevations 745 and 755 feet PD. 
 
GRDA is currently in the process of developing a shoreline management plan and updating the 
recreation management plan for Grand Lake.  These plans are expected to be finalized in 2009.  
Draft copies of these documents can be viewed at http://www.grda.com/Water/SMP/smp.html. 
 
 
Habitat 
Shoreline habitat in Grand Lake is primarily comprised of rock and gravel.  Additional habitat 
includes man-made structures such as rip-rap, brush piles, and boat docks.  Very little aquatic 
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vegetation or standing timber exists within the lake.  Aquatic vegetation plantings were initiated 
in 2004 with the goal of determining what plants could be successfully established.  This 
program was a cooperative effort between the ODWC, Oklahoma Water Resources Board 
(OWRB), Lewisville Aquatic Ecosystems Research Facility and GRDA.  A total of 10 founder 
colonies and 12 acres of aquatic plants have been established and maintained.  Evaluation of 
these sites is still ongoing.  A report on this program can be found at 
http://www.owrb.ok.gov/studies/reports/reports_pdf/GrandLakeRevegProject2007.pdf. 
The ODWC has established and maintained 13 brush piles on Grand Lake.  Locations of the 
brush piles can be found on the Department’s Interactive Digital Wildlife Atlas at 
http://www.wildlifedepartment.com/wmas2.htm.   
 
Water Quality 
Grand Lake is classified as a eutrophic reservoir with high primary productivity.  Water quality 
data collected through the OWRB as part of their Beneficial Use Monitoring Program (BUMP) 
classifies Grand Lake as supporting or partially supporting the outlined Fish and Wildlife 
Propagation (FWP) beneficial uses.  The complete BUMP report for Grand Lake can be viewed 
at http://www.owrb.ok.gov/quality/monitoring/bump/pdf_bump/Current/Lakes/grand.pdf.  A 
brief overview of several water quality parameters is included below.    
 
Thermal and Chemical Stratification 
The upper portion of Grand Lake (Elk River Arm to Twin Bridges) is well mixed during the fall, 
winter, and spring. During the summer, up to 43% of the water column will have D.O. values 
less than 2.0 mg/l. At mid-lake (Elk River Arm downward, including Horse Creek Cove and the 
Honey Creek Arm), thermal stratification is not present during the fall and winter. The water 
column during the spring is weakly stratified. Stratification during the summer is more evident 
with anoxic conditions present for 22-47% of the water column. The lower lake (Horse Creek 
Cove to Pensacola Dam) is not stratified during the winter, and weakly stratified during the fall 
and spring. Stratification during the summer is more evident with anoxic conditions present for 
47-62% of the water column. All D.O. values meet the Oklahoma Water Quality Standards, 
partially supporting assigned FWP beneficial use. The thermocline will normally form in June at 
30-40 feet below the surface.  
 
Productivity 
A trophic state index (TSI), using Carlson's TSI (chlorophyll-a), was calculated to measure the 
lake’s productivity. The average TSI was 59, classifying the lake as eutrophic, indicative of 
variable oxygen concentrations, nutrient rich conditions, and limited benthic species diversity. 
This value is similar to that calculated in 2004 (TSI=57) and 2001 (TSI=59), placing the lake 
within the same trophic category. Chlorophyll-a values varied by site and season at Grand Lake. 
The TSI values ranged from oligotrophic (2%) to hypereutrophic (33%), although most values 
were in the mesotrophic (21%) or eutrophic categories (44%). The lowest TSI average was at the 
lower end of the lake and the most productive sites were in the tributary arms, Honey Creek and 
Spring/Neosho River arm.  
 
Conductivity 
Specific conductivity ranged from 264 µS/cm to 374 µS/cm, indicating low to moderate 
concentrations of ionized salts in Grand Lake.  



pH 
The pH values ranged from 7.07 to 8.68 representing a neutral to slightly alkaline system. All 
values are within the acceptable range, supporting the beneficial use based on pH.  
 
Tailrace 
Anoxic water from beneath the chemocline is released downstream into the tailrace during 
generation. Low D.O. values are typical below most hydropower dams in Oklahoma. Grand 
River Dam Authority is currently working with the Tennessee Valley Authority and other 
appropriate resource agencies to prevent any negative impacts to aquatic communities in the 
tailrace. 
 
 
Fishery 
The major sportfish in Grand Lake include largemouth bass, spotted bass, white bass, hybrid 
striped bass, white crappie, black crappie, blue catfish, channel catfish, flathead catfish, and 
paddlefish.  The primary forage species include threadfin and gizzard shad.  Special fishing 
regulations which apply to Grand Lake, all tributaries upstream to the state line, and below 
Pensacola Dam downstream to the SH 82 bridge include: 1) all species of black bass have a 
minimum size limit of 14 inches and a creel limit of six combined per day; 2) all crappie have a 
minimum size limit of 10 inches and a creel limit of 15 per day; 3) striped bass hybrids and/or 
white bass have a creel limit of 20 combined per day, of which only five may be 20 inches or 
longer.   
 
 The fish stocking history for Grand Lake is included in Table 2.   
 
Black Bass 
Grand Lake is one of the best black bass lakes in the state and region.  Tournament results for 
Grand Lake are summarized in Table 3.  Grand Lake contains three species of black bass; 
largemouth bass (Micropterus salmoides), spotted bass (M. punctulatus), and smallmouth bass 
(M. dolomieu).   
 
Largemouth Bass 
The largemouth bass is the dominant black bass species in Grand Lake.  Catch rates and size 
structure of largemouth bass are included in Table 4 and Figures 3 and 4, respectfully.  
Largemouth bass from Grand Lake were tested for Largemouth Bass Virus (LMBV) from 2000 
through 2003.  These results indicated that approximately one-third of the population carried 
LMBV.  LMBV test results from Grand Lake are listed in Table 5.  Fish kills resulting from 
LMBV were never confirmed at Grand Lake; however fishing success did decline from 2000 to 
2003.  Since 2003, the largemouth population has maintained consistently high recruitment and 
fishing success has remained above average.  Otoliths were collected from largemouth bass 
during the 2008 sample.  These otoliths will be evaluated to determine a baseline for age and 
growth in Grand Lake. 
 
Spotted Bass 
Spotted bass make up a small portion of the black bass population at Grand Lake.  Size structure 
of the spotted bass population is listed in Figures 5-6.  Otoliths were collected from spotted bass 



during the 2008 sample.  These otoliths will be evaluated to determine a baseline for age and 
growth in Grand Lake. 
 
Smallmouth Bass 
Smallmouth bass abundance in Grand Lake is unknown.  Few smallmouth are caught in the lake, 
with most of these reports coming from the upper reaches of the tributaries.  Smallmouth bass 
are native to the Grand Lake watershed. A genetic survey across the natural range of smallmouth 
bass conducted in the 1990s demonstrated that the native populations in eastern Oklahoma 
represent the two most divergent lineages of the species (referred to as the Ouachita and Neosho 
smallmouth basses).  The genetic uniqueness of these populations along with the desire to protect 
against contamination of their genetic diversity, led the ODWC to place a moratorium on the 
stocking of non-native smallmouth bass in watersheds containing these native strains.   
 
Temperate Bass 
White Bass  
White Bass (Morone chrysops) are an important portion of the Grand Lake recreational fishery.  
They are abundant in number and support numerous, year-round guides on Grand Lake.  White 
bass also create a popular spring fishery in the upper portions of Grand Lake and its tributaries 
during their spawning run.  Catch rates and size structure of the Grand Lake white bass fishery 
are included in Table 6 and Figures 7 and 8, respectfully.   
 
Hybrid Striped Bass 
Hybrid striped bass (F1: male Morone chrysops x female M. saxatilis) were first stocked in 
Grand Lake in 1981 and additional stocking records are included in Table 7.  Historically, 
stocking rates and frequency have not been at the desired levels to produce a quality hybrid 
striped bass fishery in Grand Lake.  However, years following increased stocking efforts have 
resulted in increased fishing success.  Hybrids also pass through the dam during hydropower and 
floodwater releases to create a recreational tailrace fishery below Pensacola Dam as well as other 
reservoirs and tailraces located downstream.  Hybrid striped bass reach large sizes within and 
below Grand Lake.  A former state record hybrid was caught in the Pensacola Dam tailrace (19.2 
lbs) while another was caught in the upper portion of the lake (22.2 lbs.).  Catch rates and size 
structure of the Grand Lake hybrid striped bass fishery are included in Table 7 and Figures 9 and 
10, respectfully.   
 
Crappie 
Grand Lake contains both white crappie (Pomoxis annularis) and black crappie (P. 
nigromaculatus).  White crappie is the more prevalent of the two species, accounting for 
approximately 95% of the population.  Over the past five years, the Grand Lake crappie 
population has declined due to several consecutive years of below average rainfall. Low inflows 
reduce the abundance of essential nutrients that drive plankton production. Young-of-the-year 
crappie feed on plankton until they reach approximately 5 inches long. The high inflows 
experienced in 2007, resulted in a relatively large year class of young crappie.  Crappie catch 
rates, growth rates, and size structure from fall 2007 trapnetting are presented in Tables 8 and 9 
and Figures 11, 12 and 13.  
 



The daily creel limit is 15, white and black crappie combined, with a 10-inch minimum length 
limit.   
 
Catfish 
Blue Catfish  
The development of the Grand Lake blue catfish (Ictalurus furcatus) fishery has steadily 
increased over the past 10 years.  Blue catfish have become an important and commonly sought 
after sportfish at Grand Lake.  The current blue catfish Grand Lake record was caught in 2008 
using rod and reel near Sailboat Bridge (43.0 lbs.).  Catch rates and size structure of the Grand 
Lake blue catfish fishery are included in Table 10 and Figures 14 and 15. 
 
Channel Catfish  
Channel Catfish (Ictalurus punctatus) are omnivorous, feeding on a wide variety of organic 
matter, dead and alive. Some of the more common foods are fish, mussels, snails, insects and 
crayfish. Catch rates and size structure of the Grand Lake channel catfish fishery are included in 
Table 11 and Figures 16 and 17. 
 
Flathead Catfish  
Adult Flathead Catfish (Pylodictis olivaris) are found near cover in larger pools and deep holes. 
They like old brushy tangles, submerged logs and undercut banks. Most are taken while 
trotlining, juglining, limblining or noodling. A former state record was caught from Grand Lake 
in 1968, using rod and reel near Big Hollow (44 lbs.).  Catch rates and size structure of the Grand 
Lake flathead catfish fishery are included in Table 12 and Figures 18 and 19. 
 
 
Paddlefish 
Paddlefish (Polyodon spathula) have a large historical range in Oklahoma. Grand Lake had 
population estimates for both 2003 and 2004 (n = 80,808 and n = 55,404, respectively). The 
spawning migration into Grand Lake’s tributaries congregates a large number of fish each year 
from March – April. Anglers can snag paddlefish over 50 lbs during this period. In the past, 
paddlefish in the Grand River System were also harvested by commercial fishermen.  The threat 
of overexploitation exists due to heavy fishing pressure and low recruitment. Paddlefish are 
susceptible to problems with habitat disruption, and low water dams. ODWC recently opened the 
Paddlefish Research and Processing Center (RPC) at Twin Bridges State Park to learn more 
about this valuable resource. The center was open during snagging season for anglers to have 
their fish safely cleaned and packaged free of charge. The RPC opened for the first time on 
February 20, 2008 and processed 4,221 paddlefish through April 30, 2008. Carcasses and 
remains from processed fish were recycled into heating oil. Biological data, including length and 
weight, dentary bones for age analysis, and gonad data was gathered from the fish brought to the 
RPC. A total of 147 paddlefish jaws were collected during the winters of 2003-2004 from netting 
mortalities (Sampling mortality was 4.04% during these two years; mortalities increase when 
water temperatures exceed 10°C). Both male and female age distribution show a spike at age 5 
(62% for male and 38% female). Thirty-three percent of males were age 6 or older, while 54% of 
females were age 8 or older (Tables 13 and 14, Figures 20 and 21). With the help of anglers, the 
ODWC was able to collect 4,221 paddlefish jaws during the 2008 spawning migration. An 
ultrasonic telemetry study was initiated during the winter of 2007 to identify migration routes 



and spawning areas that will need protection in the future. Success of spawning paddlefish in 
Grand Lake may affect the paddlefish populations in downstream impoundments. As angler 
interest grows and exploitation increases, it will be necessary to closely monitor paddlefish 
populations in Grand Lake. Catch rates and size structure of the Grand Lake paddlefish fishery 
are included in Figure 22.  ODWC is currently working with the U.S. Fish and Wildlife Service 
to obtain 2,000 juvenile paddlefish each year.  These fish will be marked with coded wire tags, 
indicating the year in which they are stocked.  These stockings will be valuable in determining 
known age fish from the Grand Lake population.  Fish brought to the RPC will be scanned for 
the presence of coded wire tags in the future.   
 
Shad 
Gizzard Shad 
Gizzard Shad (Dorosoma cepedianum) provide forage for most game species. The species is 
often used by anglers as bait for other fish species. Catch rates and size structure of the Grand 
Lake gizzard shad fishery are included in Table 15 and Figures 23 and 24. 

 
Threadfin Shad 
Threadfin Shad (Dorosoma petenense) are quite temperature sensitive, with die-offs reported at 
temperatures below 45°F. They have been introduced as forage fish in Grand Lake. Adults are 
considerably smaller than gizzard shad adults, rarely exceeding 6 inches in length. The species is 
often used by anglers as bait for other fish species. Catch rates and size structure of the Grand 
Lake threadfin shad fishery are included in Table 16 and Figures 25 and 26. 
 
Fish Consumption Advisories 
Fish consumption advisories are issued by the Oklahoma Department of Environmental Quality 
(ODEQ) and can be viewed at www.deq.state.ok.us/mainlinks/press.htm.  The most recent 
advisory at the time of this document was issued on March 12, 2008.  That advisory cautioned 
against the exposure to lead from consumption of fish from waters impacted by the Tar Creek 
Superfund site and the Tri-State Mining District. 
A 2007 study conducted by ODEQ titled “Fish Tissue Metals Analysis in the Tri-State Mining 
Area Follow-up Study” can be viewed at www.deq.state.ok.us/csdnew/2007TCFishReport.pdf 
 
 
Threats to the Fishery 
 
Aquatic Nuisance Species 
Zebra Mussels 
Adult zebra mussels (Dreissena polymorphawere) first confirmed in Grand Lake in February of 
2005 at the Disney State Park boat ramp.  An additional confirmed zebra mussel was found in 
Ketchum Cove in July of 2006.  Since this time, no other reports of zebra mussels have been 
confirmed at Grand Lake.  Zebra mussels will continue to be a threat to Grand Lake and the 
entire Grand River Watershed.  Monitoring of zebra mussels in Grand Lake should be 
coordinated with efforts of GRDA and other appropriate agencies and universities.     
 
Bighead Carp 



Adult bighead carp (Hypophthalmichthys nobilis) have been confirmed in Grand Lake.  The most 
recent, confirmed bighead carp was snagged at Miami Park, in the Neosho River in May of 2008.  
Bighead carp are invasive fish that feed on plankton and compete for food with larval fishes and 
mussels.  Documenting Asian carp sightings will be critical to monitoring their expansion.     
 
Pacu 
Sightings of pacu occur in Grand Lake, however they are rare.  They are commonly 
misidentified as piranha, and occasionally receive unwarranted media attention.  Pacu are readily 
available from pet stores and are likely released into Grand Lake once they have outgrown their 
aquaria.  They are classified under a number of genera, but the most common species found in 
pet stores include the Black Pacu (Colossoma macropomumand) and the Red-bellied Pacu (C. 
brachypomum).  Pacu are native to South America and are not believed to survive the low 
temperatures experienced during winters in Oklahoma.  They are mainly herbivores, but will also 
eat small fish, insects, and meat on fishing lures. Their teeth, which may resemble human teeth, 
are used to cut through vegetation and crush seeds that fall into the water. Pacu and piranha are 
distinguished from each other by their teeth and jaw alignments; piranha have pointed, razor-
sharp teeth in a pronounced underbite, whereas pacu have square, straight teeth in a less severe 
underbite, or a slight overbite.  Pacu are not believed to pose a serious threat to native species at 
Grand Lake, however they do cause unwanted fear and concern from the general public.  
Documenting pacu sightings will be critical to monitoring their survival and population increase.     
 
Pollution 
Tar Creek Superfund Site and the Tri-State Mining District. 
The Tar Creek Superfund Site is a 40 square-mile site that is part of the Tri-State Mining 
District, which includes northeastern Oklahoma, southeastern Kansas, and southwestern 
Missouri. Specifically, the site includes the Old Picher Field lead and zinc mining area located in 
northeastern Ottawa County. The population in the surrounding area is approximately 19,556 
people. The Site consists of five mining cities, Picher, Cardin, Quapaw, Commerce, and North 
Miami, and other areas within Ottawa County. Mining occurred there from the early 20th 
Century until the 1960’s-1970’s. The milling process for lead and zinc ore produced waste mile 
tailings, also known as chat. Chat piles are located throughout the site. In addition to chat, 
another by-product of the mining operation is highly acidic mine water. The principal pollutants 
are lead, cadmium, and zinc. When the lead and zinc mines were abandoned, they began filling 
with water. In the late 1970’s, acid mine drainage containing high concentrations of heavy metals 
began discharging into Tar Creek from natural springs, boreholes, and open mine shafts.  Heavy 
metal contamination in this region has resulted in fish consumption advisories being issued by 
the ODEQ.  Information on fish consumption advisories is discussed in the previous section of 
this plan.  Efforts to monitor and evaluate heavy metal contamination at Grand Lake should be 
coordinated with the appropriate agencies and universities.     



Management Objectives 
Goals 
 Collect SSP trend data on the major sportfish and forage species.   
 Conduct creel survey to determine angling pressure, success, harvest, satisfaction, and 

regional economic impact of the fishery. 
 Protect and enhance aquatic habitat. 
 Work with GRDA and other appropriate agencies to improve water quality in the tailrace. 
 Work with GRDA and other appropriate entities to enhance boating and/or fishing access.   
 Conduct public outreach and solicit feedback regarding fisheries management issues. 
 Coordinate and assist with the documentation and monitoring of aquatic nuisance species. 
 Coordinate and assist with the monitoring and evaluation of heavy metal contamination. 

 
Strategies 
 
1. Sampling goals for the major sportfish and forage species will be as follows: 

a. Largemouth Bass - Conduct Standardized Sampling Protocol (SSP) spring 
electrofishing for largemouth bass every other year to determine catch rates by size 
groups and relative weights.  Age and growth data will be collected every three years.  
Bass tournament results will be monitored annually to evaluate overall trends.  
Largemouth bass will be tested for LMBV if it is believed to be the cause of a fish 
kill.    

b. Spotted Bass – Conduct SSP spring electrofishing for spotted bass every other year to 
determine catch rates by size groups and relative weights.  Age and growth data will 
be collected every three years. 

c. Smallmouth Bass – Conduct SSP spring electrofishing for smallmouth bass every 
other year to determine if a reservoir population exists, the catch rates by size groups 
and relative weights.  Tissue samples for genetic analysis and age and growth data 
will be obtained from each smallmouth bass collected. 

d. White Bass – Conduct SSP fall gillnetting for white bass every other year to 
determine catch rates by size groups and relative weights.   

e. Hybrid Striped Bass – Conduct SSP fall gillnetting for hybrid striped bass every other 
year to determine catch rates by size groups and relative weights.  Age and growth 
data will be obtained from each hybrid striped bass collected. 

f. White Crappie – Conduct SSP fall trapnetting for white crappie annually to determine 
catch rates by size groups and relative weights.  Age and growth data will be 
collected each year. 

g. Black Crappie – Conduct SSP fall trapnetting for black crappie annually to determine 
catch rates by size groups and relative weights.  Age and growth data will be 
collected each year. 

h. Blue Catfish – Conduct electrofishing surveys annually in accordance with findings 
from ongoing study to optimize sample size and timing.  Conduct SSP fall gillnetting 
for blue catfish every other year to determine catch rates by size groups and relative 
weights.   

i. Channel Catfish – Conduct SSP fall gillnetting for channel catfish every other year to 
determine catch rates by size groups and relative weights. 



j. Flathead Catfish – Conduct SSP fall gillnetting for flathead catfish every other year to 
determine catch rates by size groups and relative weights. 

k. Paddlefish – Conduct mark and recapture population estimate over a two year period.  
Utilize telemetry techniques to identify the migration routes and spawning sites of 
paddlefish in the Neosho and Spring Rivers.  Collect biological data annually at the 
Research and Processing Center.  Collect known age fish with coded wire tags for age 
and growth verification.  Conduct mail survey to paddlefish permit holders to 
determine angler attitudes, effort and harvest.   

l. Gizzard Shad – Conduct SSP fall gillnetting for gizzard shad every other year to 
determine catch rates by size groups. 

m. Threadfin Shad – Conduct SSP fall gillnetting for threadfin shad every other year to 
determine catch rates by size groups. 

 
2. Design, implement, and analyze a creel survey that will determine angling pressure, success, 

harvest, satisfaction, and regional economic impact of the fishery.  Every effort should be 
made to coordinate with GRDA to ensure both agencies’ needs are addressed, and effort is 
distributed appropriately between ODWC and GRDA.  This survey should begin in 2009. 

 
3. Aquatic habitat will be protected and enhanced in the following ways: 

a. Oppose habitat degradation and shoreline development that does not comply with the 
Grand Lake Shoreline Management Plan and does not require adequate mitigation.  
ODWC will propose adequate and reasonable mitigation measures when necessary.   

b. Maintain a minimum of eight (8) aquatic vegetation founder colonies.  Maintenance 
and evaluations of these sites will be conducted during the spring, summer, and fall of 
each year.  A final report on the feasibility of establishing aquatic vegetation in Grand 
Lake will be prepared at the conclusion of this lake management plan.   

c. Maintain twelve (12) brush piles utilizing natural and artificial materials.  Brush piles 
constructed of natural materials will be recharged at least twice during this lake 
management plan.  Brush piles constructed of artificial materials will be recharged 
once during this lake management plan.   

 
4. Monitor and assess water quality in the forebay and the tailrace of Pensacola Dam during the 

summer period annually.  Results from each year will be summarized, provided to GRDA 
and other appropriate resource agencies.  Continue to provide technical assistance to GRDA 
and other resource agencies with the goal of increasing water quality in the Grand Lake 
tailrace.   

 
5. Develop and/or maintain two (2) boating and fishing access projects at Grand Lake.  This 

will be accomplished through the solicitation of appropriate agencies and entities willing to 
cooperate on access development or maintenance.  A minimum of one (1) boating and 
fishing access project will be conducted annually with the City of Miami.   

 
6. Conduct one (1) public meeting per year to present agency efforts regarding fisheries 

management and solicit public feedback.   
 



7. Investigate and report all sightings of aquatic nuisance species to the ODWC Aquatic 
Nuisance Species biologist, GRDA, other resource agencies, and the media when 
appropriate.   

 
8. Coordinate the efforts of other agencies and assist, when requested, with the monitoring and 

evaluation of heavy metal contamination. 
 



Tables 



Table 1.  Physical and chemical characteristics of Grand Lake O’ The Cherokees. 
 
Operating Agencies: 
 Hydropower, Lake Patrol   Grand River Dam Authority 
 Flood Control     U.S. Army Corps of Engineers 
 
Impoundment Date     1940 
 
Surface Area      46,500 acres 
 
Shoreline      1,300 miles 
 
Shoreline Development Index    1.74 
 
Mean Depth      36 
 
Maximum Depth     140 
 
Water Exchange Rate     3.2 
 
Watershed      10,000 square miles 
 
Secchi Disk      36 inches 
 
Conductivity      264 to 374 µS/cm 
 
pH       7.07 to 8.68 
 
Carlson’s Trophic State Index (chlorophyll a) 59, Eutrophic 



Table 2.  Stocking Record for Grand Lake. 
 
Species                    N      Size(inches) 

 
Largemouth Bass 
 1974 (Florida)    11,000    Fry 
 1975 (Hybrid)    75,000    Fry 
 1975 (Florida)    1,500    Fingerlings 
 1981-83 (Florida)   269,938   1 1/2-3 
 1986 (Florida)    1,716    3 1/2-8 3/4 
 1989 (Florida)    1,258    4-6 1/2 
 1993 (Florida)    51,516    3 
 1994 (Florida)    34,710    2 1/2-3 
 1995 (Florida)    30,280    3 
 
Walleye 
 1968-72    2,968,487   Fry 
 1989     464,900   1 1/4 
 1990     324,755   1 1/4 
 2001     264,540   1 1/2 
  
Striped Bass 
 1973     2,700,000   Advanced Fry 
 1975-78    9,400,000   Advanced Fry 
 
Hybrid Striped Bass 
 1981-83    12,717,000   Advanced Fry 
 1982     232,000   1 1/2 
 1984-87    1,472,576   1-2 
 1989     122,300   1 1/4-1 1/2 
 1991     404,940   1-1 3/8 
 1994     3,780,000   Fry 
 1997     102,000   1 1/4 
 1998     98,000    1 3/4 
 2001     150,000   1 
 2005 (Reciprocal)   690,000   Fry 
 2007     104,960   1-2 
 
Threadfin Shad 
 1976     16,600    Spawning adults 
 2000     400    Spawning adults 
 



Table  3.  Grand Lake Tournament Results. Ranking of Lakes Statewide from which 10 or more Tournament Reports were Received. Ranked 
According to Quality Fishing Indicators.  Grand Lake Ranking listed in parentheses. 
                   

Year   

Number 
of 

Reports 

Total 
Number 

of 
Anglers 

Number 
of Bass 
Caught 

Number of 
Bass 

Weighed In 
per  8-Hour 

Day 
Bass/ 
Tourn 

Bass 
Weighed 
In/Angler 

Percent 
Successful 

Anglers 

Average 
Weight per 
Bass (lbs.) 

Number 
of Bass 

Weighing 
In Over 5 

lbs. 

Angler-
Hours 

per Bass 
Weighing 
In Over 5 

lbs. 

Number 
of Bass 

Weighing 
In Over 8 

lbs. 

Avg. 
Big 

Bass 

Avg. 1st 
Place 

Weight (lbs.) 
Overall 
Rank 

1994 47 2880 4723 1.5 (# 9) 100.5 1.6 72 (# 5) 2.8 (# 1) 215 (# 2) 4 8.5 19.2 (# 1) # 2 

1995 58 3043 5718 1.4 (# 6) 98.6 1.9 75 (# 5) 2.4 (# 7) 167 (# 2*) 0 7.8 17.6 (# 1) # 1 

1996 63 3902 6416 1.5 (# 6) 101.8 1.6 71 (# 6) 2.5 (# 7) 211 (# 6) 2 8.2 17.7 (# 1) # 2 

1997 69 4295 6377 1.0 (# 14) 92.4 1.5 74 (# 5) 2.8 (# 5) 334 (# 13) 3 8.9 18.2 (# 1) # 3* 

1998 53 3821 6308 1.0 (# 17) 119.0 1.7 70 (# 6) 2.6 (# 7) 244 (# 15) 2 9.1 17.3 (# 1) # 3 

1999 45 3718 6308 1.2 (# 12) 140.2 1.7 73 (# 4) 2.7 (# 4) 267 (# 16) 0 9.0 20.1 (# 1) # 4 

2000 49 4537 7147 1.2 (# 10) 145.9 1.6 76 (# 7) 2.5 (# 11) 142 (# 18) 1 8.3 17.5 (# 2) # 7 

2001 51 5363 7253 1.0 (# 12) 142.2 1.4 72 (# 3) 2.3 (# 7) 79 (# 13) 0 7.1 14.5 (# 2) # 4 

2002 45 4968 5041 0.7 (# 13) 112.0 1.0 64 (# 7) 2.4 (# 6) 64 (# 13) 0 7.1 13.2 (# 2) # 6 

2003 77 8986 7242 1.1 (# 18) 94.1 0.8 63 (# 12) 2.3 (# 9) 79 (# 21) 1 8.4 12.5 (# 7) # 15 

2004 38 6415 6738 1.1 (# 12) 177.3 1.1 63 (# 13) 2.5 (# 4) 185 (# 19) 0 7.8 9.7 (#15) # 15 

2005 56 5887 7339 1.7 (# 9) 131.1 1.2 69 (# 11) 2.3 (# 8) 133 (# 13) 2 9.9 13.2 (# 8) # 3 

2006 23 3508 4209 1.2 (# 16) 183.0 1.2 77 (# 5) 2.2 (# 12) 64 (# 19) 0 5.5 15.1 (# 2) # 12 

Avg 52 4717 6217 1.2 11.8 126.0 1.4 71 6.8 2.5 6.8 168 13.1 1 8.1 15.8 3.4 5.9 
             

*Values were tied with other lake(s) for that indicator.             
 



Table 4.  Total Number (No.), Catch Rates (C/f), and Relative Weights (Wr) by Size Groups of 
Largemouth Bass Collected by Spring Electrofishing from Grand Lake Reservoir.  Numbers in 
Parentheses Represent Acceptable C/f Values for a Quality Fishery.  Acceptable Wr Values are 
>90. 

      Total 
<7.9 In. 
<200 mm 

7.9–11.8 In. 
200-299mm 

>11.8 In. 
>300 mm 

>14 In. 
>356 mm 

      (>40) (15-45) (15-30) (>15) (>10) 
 

Year  No. C/f C/f   Wr  C/f Wr C/f Wr C/f Wr 

1996 300 100 15.3 93 15.7 95 69 104 41 105 

1998 286 95.3 8 104 22.3 102 65 102 43.3 103 

2000 290 145 13 98 33.5 94 98.5 96 55.5 95 

2001 279 223 30.4 92 58.4 93 134 96 99 95 

2002 286 114 14.4 95 28 96 72 104 48.5 105 

2003* 1013 168.8 45.3 93 48.5 96 79.8 103 45.8 105 

2005 731 121.8 20.8 103 27.3 100 74.8 98 37.5 98 
 
* Denotes Changed Electrofishing SSP                                                                    
 
 
Table 5.  Year, sample size, number of fish testing positive, and percent of the sample testing 
positive for Largemouth Bass Virus from Grand Lake.    
 

Year Sample size  No. Positive % Positive 

2000 38 14 37 

2001 36 12 33 

2002 36 10 28 

2003 36 12 33 
 



Table 6.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of White Bass Collected by Gill Netting from Grand Lake. 
 

         Total < 8 in. > 8 in. 8 – 12 in. > 12 in. 

 < 200 mm > 200 mm 200 – 299 
mm 

> 300 mm 

Year No. C/f C/f Wr C/f Wr C/f Wr C/f Wr      

1998 279 0.775 .056 90 0.719 93 0.231 95 0.489 92 

2000 192 0.533 .158 96 0.375 94 0.131 91 0.244 96 

2003 231 0.642 .056 92 0.586 94 0.217 94 0.369 94 

2007 139 0.4 0.1 118 0.3 102 0.1 110 0.3 100 
 
 
 
Table 7.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Hybrid Striped Bass Collected by Gill Netting from Grand Lake.  
 

         Total < 12 in. 12 – 20 in. > 20 in. 

 < 300 mm 300 – 499 mm > 500 mm 

Year No. C/f C/f Wr C/f Wr C/f Wr 

1998 0        

2000 2 0.006     0.006 92 

2003 1 0.003   0.003 91   

2007 4 0.013 0.010 88 0.003 92   
 



Table 8.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of All Crappie Collected by Trap Netting from Grand Lake. Numbers in Parentheses 
Represent Acceptable C/f Values for a Quality Fishery. 
 

         Total <5" >5" >8" >10"     

         (>25) (>5) (10-40) (>10) (>4)      

Year No. C/f C/f Wr C/f Wr C/f Wr C/f Wr      

1999 367 18.4 0.8 104 17.5 92 16.8 101 8.4 101      

2001 286 11.4 0.5 93 11.0 89 9.7 90 5.2 90     

2003 429 20.4 0.3 83 20.1 98 19.3 98 13.4 96 

2007 175 4.2 2.6 109 1.8 104 1.3 104 0.9 101 
 
 

Table 9.  Mean length at Age of Crappie Collected by Trap Netting from Grand Lake. Numbers 
in Parentheses Represent Values for Acceptable Growth Rates. 
 
 Age 1 Age 2 Age 3 Age 4              

Year (> 6.3 in.) (> 7.9 in.) (> 8.9 in.) (> 9.8 in.) 

1990 7.2 9.9 10.4  

1991 8.4 9.6 10.9 12.6                

1992 7.2 10.0 11.7 8.3                

1993 7.3 9.6 11.4 13.2                

1995 7.7 9.7 12.1 12.3                

1996 7.7 9.9 10.4 13.2               

1997 8.6 10.2 11.4  

1998 8.4 10.3 11.4  

1999 8.8 10.7 12.3 12.5               

2001 8.1 10.2 11.2 11.9               

2003 8.0 10.7 12.0 12.6 

2007 9.6 11.8 12.5 14.2 
 



Table 10.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Blue Catfish Collected by Gill Netting from Grand Lake. 
 

         Total < 12 in. 12 – 16 in. > 12 in. > 16 in. 

 < 300 mm 200 - 399 
mm 

> 300 mm > 400 mm 

Year No. C/f C/f Wr C/f Wr C/f Wr C/f Wr      

1998 24 0.067 .019 114 0.028 111 0.047 106 0.031 109 

2000 18 0.050 .031 103 0.028 85 0.019 85 0.011 91 

2003 11 0.031 .003 92 0.008 85 0.028 92 0.022 86 

2007 26 0.072 .008 79 0.014 78 0.063 81 0.058 81 
 
 
Table 11.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Channel Catfish Collected by Gill Netting from Grand Lake.  
 

         Total < 12 in. 12 – 16 in. > 12 in. > 16 in. 

 < 300 mm 200 - 399 
mm 

> 300 mm > 400 mm 

Year No. C/f C/f Wr C/f Wr C/f Wr C/f Wr      

1998 113 0.314 .069 89 0.203 85 0.244 89 0.103 96 

2000 206 0.572 .333 86 0.383 82 0.239 85 0.117 91 

2003 118 0.328 .120 88 0.219 86 0.208 86 0.083 92 

2007 209 0.565 .240 87 0.461 85 0.325 84 0.075 88 
 



 
Table 12.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Flathead Catfish Collected by Gill Netting from Grand Lake.  
 

         Total > 12 in. > 20 in. > 24 in. > 28 in. 

 > 300 mm > 500 mm > 600 mm > 700 mm 

Year No. C/f C/f Wr C/f Wr C/f Wr C/f Wr      

1998 4 0.011 
0.00
6 120 0.003 118     

2000 5 0.014 
0.01
4 106 0.011 101 0.008 105 0.003 102 

2003 2 0.006 
0.00
6 103 0.006 103 0.003 101   

2007 2 0.006 
0.00
6 91 0.006 91     

 



Table 13.  Age and Length data for male aged paddlefish in Grand Lake 2004 
 
Age 
(Years) 

N 
 

Mean Length 
(mm) 

Length Group 
(mm) 

4 3 750.6 726-750 
5 34 818.8 801-825 
6 3 777.3 776-800 
7 2 945.5 926-950 
8 2 961 951-975 
9 6 1033.3 1026-150 
10 1 965 951-975 
11 0 ---- ---- 
12 0 ---- ---- 
13 0 ---- ---- 
14 1 1007 1001-1025 
15 0 ---- ---- 
16 0 ---- ---- 
17 0 ---- ---- 
18 1 1116 1101-1125 
19 0 ---- ---- 
 
 
Table 14.  Age and length data for female aged paddlefish in Grand Lake 2004 
 
Age 
(Years) 

N Mean Length 
(mm) 

Length Group 
(mm) 

4 3 789.6 776-800 
5 14 793.7 776-800 
6 0 ---- ---- 
7 0 ---- ---- 
8 5 1034.8 1026-1050 
9 5 1073.4 1051-1075 
10 3 1072 1051-1075 
11 1 1153 1151-1175 
12 2 1054.5 1051-1075 
13 1 1040 1026-1050 
14 0 ---- ---- 
15 2 1084 1076-1100 
16 0 ---- ---- 
17 0 ---- ---- 
18 0 ---- ---- 
19 1 1270 1251-1275 

 



Table 15.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Gizzard Shad Collected by Gill Netting from Grand Lake.  
 

Total < 6 in. > 6 in. 

 < 150 mm > 150 mm 

Year No. C/f C/f C/f 

2003 250 4.531 4.006 0.525 

2007 395 1.956 1.013 0.943 

 
 
Table 16.  Total Number (No.), Fish Per Net Night (C/f), and Relative Weights (Wr) by Size 
Groups of Threadfin Shad Collected by Gill Netting from Grand Lake.  
 

Total < 5 in. > 5 in. 

 < 125 mm > 125 mm 

Year No. C/f C/f C/f 

2003 150 4.989 4.989 . 

2007 444 8.051 7.842 0.209 



Figures 



 
 
Figure 1.  Map of Grand Lake and vicinity.   
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Figure 2.  Mean surface elevations for Grand Lake from 1997 through 2007, and target 
elevations as defined in Article 401 of the 1996 rule curve amendment.   
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Figure 3.  2005 Electrofishing at Grand Lake. Length Frequency Distribution for Largemouth 
Bass, N = 731. 
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Figure 4.  2008 Electrofishing at Grand Lake. Length Frequency Distribution for Largemouth 
Bass, N = 500. 
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Figure  5.  2005 Electrofishing at Grand Lake. Length Frequency Distribution for Spotted Bass, 
N = 58. 
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Figure  6.  2008 Electrofishing at Grand Lake. Length Frequency Distribution for Spotted Bass, 
N = 60. 
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Figure 7.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for White Bass, N = 
231. 
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Figure 8.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for White Bass, N = 
139. 
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Figure 9.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for Striped Bass 
Hybrids, N = 1. 
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Figure 10.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Striped Bass 
Hybrids, N = 4. 
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Figure  11.  2007 Trap Netting at Grand Lake. Sample Size by Age of White Crappie and Black 
Crappie from Otolith Data. 
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Figure 12.  2003 Trap Netting at Grand Lake. Length Frequency Distribution, All Crappie 
Combined, N = 429. 
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Figure 13.  2007 Trap Netting at Grand Lake. Length Frequency Distribution, All Crappie 
Combined, N = 175. 
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Figure 14.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for Blue Catfish, N 
= 11. 
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Figure 15.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Blue Catfish, N 
= 26. 
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Figure 16.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for Channel Catfish, 
N = 118. 
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Figure 17.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Channel Catfish, 
N = 209. 
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Figure 18.   2003 Gill Netting at Grand Lake. Length Frequency Distribution for Flathead 
Catfish, N = 2. 

0

10

20

30

40

50

60

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Length (Inches)

Pe
rc

en
t

 
Figure 19.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Flathead 
Catfish, N = 2. 



 
Figure 20.  Age distribution of male paddlefish collected from Grand Lake 2003 and 2004. 
 

Figure 21.  Age distribution of female paddlefish collected from Grand Lake 2003 and 2004 
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Figure 22.  A comparison of length frequencies of all paddlefish collected in Grand Lake from 
2003 and 2004. 
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Figure 23.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for Gizzard Shad, N 
= 250. 
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Figure 24.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Gizzard Shad, N 
= 395. 
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Figure 25.  2003 Gill Netting at Grand Lake. Length Frequency Distribution for Threadfin Shad, 
N = 150. 
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Figure 26.  2007 Gill Netting at Grand Lake. Length Frequency Distribution for Threadfin Shad, 
N = 444. 
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EFFECTS OF ACID MINE DRAINAGES FROM

TAR CREEK ON FISHES AND BENTHIC MACROINVERTEBRATES

IN GRAND LAKE, OKLAHOMA

L. R. Aggus, L. E. Vogele,

W. C. Rainwater, and D. I. Morais

ABSTRACT

Fish and benthos communities were sampled to determine the effects of

acid mine water discharges from Tar Creek on the aquatic biota of Grand Lake

and to describe the status of the fish community in the Grand Lake area.

Fish and benthos populations were severely stressed in Tar Creek, but

populations of fish in the. Neosho River showed no significant effect of

acid mine water pollution. Cove roteriorie samples in Grand Lake in 1982

yielded an average total fish standing crop of 465.3 pounds per acre.

This was near the long-term average of 444.8 pounds per acre for the lake,

and more than 2 times a national average based on data from 200 large U.S.

reservoirs.

Although heavy metals are highly concentrated in Tar Creek, the Neosho

River and Spring River also contribute large quantities of heavy metals

to the Grand Lake System. These major tributaries to Grand Lake have high

water hardness, which contributes to rapid precipitation of metals. Samples

of plankton and coarse particulate matter indicated that these materials

provided active sites for the uptake of heavy metals. Particulate matter

from the Neosho River and Spring River is rapidly precipitated in the upper

reaches of Grand Lake. These sediments provide a long-term sink for heavy

metals, effectively removing them from many biological processes. The

present level of heavy metals loading is not considered a serious threat

to fish and benthos communities in Grand Lake.
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Program, a fisheries-community survey was developed to identify impacts

of discharges from Tar Creek on the aquatic biota. Objectives of these

studies.were 1) to assess the status of existing fish and macroinvertebrate

communities; and 2) to address short-term and long-term biological effects

of metals from mine discharge on the Grand Lake aquatic community in

northeast Oklahoma.

SAMPLING LOCATIONS

Upper Grand Lake Area

Sampling on the upper Grand Lake area was designed to provide

comparisons of fish and benthic invertebrate abundance, distribution,

and physiological characteristics in Tar Creek and Fourmile Creek, a

morphologically similar stream not receiving heavy metals. In addition,

uplake reaches of Grand Lake in the Neosho River and Spring River arms

were sampled at several locations, extending downstream to approximately

one mile below the mouth of Ogeechee Bay on Grand Lake. Location of

sampling stations are shown in Figure 1..

Station 0, Neosho River above low-water dam at Miami,. Oklahoma

Located approximately 0.33 mile upstream of the highway 68-59 bridge

in Miami, downstream to the low-water dam at Miami (factors for converting

measurements from U. S. to metric are given in Appendix I). This site is

above the confluence of Tar Creek and the Neosho River. Maximum depth of

water was about 5 feet. Shorelines are steep and mostly of clay-silt

substrates. Woody vegetation was abundant along both shorelines.

Station 1, Neosho River below low-water dam at Miami, Oklahoma

Located <iown-stream of the low-water dam at Miami, Oklahoma, to
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approximately 0.5 mile above U. S. 44 bridge. The site is above the

confluence of Tar Creek. Maximum depth of water was about 8 feet. The

stream bed is a mixed gravel and sand substrate which was covered with

silt at the time of sampling. Shorelines were steep sided with abundant

stands of woody vegetation.

Station 2, Neosho River below Tar Creek

Located between 1.8 and 2.5 miles downstream from the mouth of Tar

Creek. Maximum depth of water was approximately 10 feet. The stream bed

is a mixture of clay, sand, and gravel, overlaid by silt for a depth of

two to three inches. One shoreline is steep sided with abundant woody

vegetation, while the other is a rock bluff.

Station 3, Neosho River at Conner's Bridge

From Conner's bridge downstream for a distance of approximately 0.75

mile (Mudeater Bend area). Maximum depth of water was 17 feet. The stream

bed was a clay-silt mixture of undetermined depth. Shorelines were steep.

One side of the stream channel was mud, and the other was broken rock.

Woody vegetation was abundant along the mud shoreline.

Station 4. Spring River above U. S. Highway 60 Bridge

From approximately 1.5 to 2.5 miles upstream of the U. S. Highway 60

bridge on Spring River. The streambed was a clay-silt mixture. One

shoreline was steep and rocky, and the other was a mud flat. Woody

vegetation was abundant along the steep shoreline.

Station 5, Grand River at Ogeechee Bay

Located 2 miles downstream from the U. S. Highway 60 bridge. This

station extends 0.5 mile below the mouth of the bay. Maximum-depth
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Woodard Hollow Cove

Located on the north side of Woodard Hollow, approximately midway

in the arm. The cove was blocked off at the mouth to include a surface

area of 1.5 acres. Mean and maximum depths were 12.5 and 25 feet,

respectively. The cove is narrow and steep-sided, and the shoreline

substrates are mostly angular chert.

Boy Scout Cove '

Located approximately 2.5 miles upstream from Paradise Point on the

Grand River arm of the lake. The 20-acre cove is adjacent to the Cherokee

Area Boy Scout Camp. The sample was collected in the back of the cove,

where a 2.9-acre area was blocked-off. Mean and maximum depths of this

site were 6.3 and 14.0 feet, respectively. Substrates include coarse

angular chert and shale"along the sides of the cove and silt in the

extreme back end of the cove.

Wildcat Hollow Cove

Located, approximately 1 mile downlake from Aspenwall Cove and

directly across from the mouth of Wilson's Point. The entire 1.9-acre

cove was sampled. Mean and maximum depths were 8.0 and 16.0 feet

respectively. Shoreline substrates are mostly angular chert, and there

were substantial quantities of driftwood in the cove.

METHODS AND MATERIALS

Field sampling procedures were designed to 1) determine if discharges

from Tar Creek are producing measurable effects on fish and invertebrate

communities in the Tar Creek area; 2) define the extent of the effect

outside the Tar Creek area; and 3) describe the current status of the

fish community in Grand Lake. Unfortunately, there is no
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which was connected to a Smith-Root Mark VI "brain box". A setting of

400 pulsed1 d.c. volts and 6 amps was used on all transects. A three-man

crew, consisting of a driver and two people to dip fish, shocked in a

downstream direction; the total time spent shocking was recorded for each

transect. Fish were placed in a live well supplied with fresh water.

When the transect was completed the fish were sorted to species, measured,

weighed, and released. If numerous fish of one species were collected, a

subsample was taken for lengths and weights, and total lengths were

obtained on the remainder.

Experimental gill netting

Three experimental multifilament nylon gill nets, 6 feet deep and

150 feet long, and consisting of six panels each 25 feet in length and

including mesh sizes of 1, 1.5, 2, 2.5, 3, and 3.5 inch mesh (bar measure)

were set perpendicular to the shore and were fished overnight at stations

1-5. The nets were set randomly as to whether the small-mesh or the large-

mesh panels were onshore or offshore. Fish were removed from the nets and

sorted to species, and individual lengths and weights were taken. Gills

were removed from up to 20 gizzard shad per sample site and were preserved

in 10% formalin. The nets were then reset at the next station downstream.

Gill samples were shipped to the Tulsa District Corps of Engineers where

they were examined for lesions on the gills.

Cove rotenone

Three coves in Grand Lake — Woodard Hollow (1.5 acre), Boy Scout

Cove (2.8 acres), and Wildcat Hollow (1.9 acres) — were sampled with

rotenone from September 8 to 17, 1982. In sampling, each cove was first

blocked-off with a 0.6 inch mesh net (bar measure) to prevent fish from

entering or leaving the cove. Scuba divers swam the lead lines to ensure
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magnifier-illuminator. Macroinvertebrates were identified to major taxa,

counted, and preserved in vials of 70% ethanol.

Plankton Sampling

Composite plankton samples were taken at station 1-5 on the Neosho

River and Spring River. An unmetered Miller sampler was fitted with a

No. 20 net (= 80 micron mesh) and towed at mid-depth to obtain a composite

sample of at least 10 mg wet weight from each station. Samples were stored

in ice and transferred to the Tulsa District, Corps of Engineers, where

analysis for heavy metals was conducted.

Statistical Procedures

Sampling of fish and benthic macroinvertebrates at stations on upper

Grand Lake (Tar Creek, Fourmile Creek, Neosho River, and Spring River) was

designed to detect differences in selected community attributes during a

single collection period. Three replicated samples were taken with each

type of gear at stations on Tar Creek, Fourmile Creek, the Neosho River,

and Spring River. We used the Statistical Analysis System (SAS) of Barr

et al. (1979) and conducted one-way analysis of variance to compare

population attributes as indicated by each gear type. When significant

differences were indicated at the a = 0.05 level, a Duncan's Multiple

Range test was used to compare means. In tests involving estimates of

abundance, the SAS-Rank procedure was applied to raw data. The previously

described statistical tests were then conducted on these transformed data.

RESULTS

Fish Community - Upper Grand Lake

Tar Creek and Fourmile Creek

As anticipated, the fish community in Tar Creek was severely reduced

compared to that of Fourmile Creek (Table 1). No fish were collected at
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Station 8, while 12 species were collected at Station 9. The forms present

at this station were present in relatively low densities, as the average catch

per seine haul was only 25.7 fish (common and scientific names of fishes used

in this report are listed in Appendix II).

Seining at Station 6 on Fourmile Creek yielded 19 species of fish

and an average catch per seine haul.of 83.3 fish; Small bluegills were

most abundant. Only 10 species were captured at Station 7; however,

collections included large numbers of red shiners and ghost shiners which

were not present at Station 9 on Tar Creek. The average catch per seine

haul (249.3 fish) was about 10 times that of Station 9 on lower Tar Creek.

Neosho River and Spring River

Sampling in these major tributaries to Grand Lake permitted an evaluation

of effects of discharges from Tar Creek on the fish community in the upstream

reaches of Grand Lake. We were concerned with both acute and.chronic effects

of heavy metals. Under extreme conditions, populations of fish might be

reduced or eliminated completely. This would result in changes in species

composition, abundance, and species diversity. Chronic effects could aiter

physiological processes and result in fish being in poor condition; this

would ultimately influence length-weight distributions of certain species.

Species composition and abundance: Twenty-six species of fish were

collected by experimental gill netting and electroshocking at stations on the

Neosho River and Spring River. Twelve species occurred at all sites. The

total number of species collected at various stations ranged between 17 and

21, indicating that most taxa were found at more than one station (Table 2).

Electroshocking yielded the greater number of species, but did.not effectively

sample gars. Gill nets were not effective in sampling most centrarchids.

With the equal sampling effort applied at each station, we feel that the
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Table 3. Average number of each fish species captured per experimental gill net set at sampling locations on

the Neosho River, Grand River and Spring River, October 11-15, 1982. Values suffixed by the same

Species

Spotted gar
Longnose gar

Shortnose gar

Gizzayd shad—
Carp^'
River carpsucker
Smallmouth buffalo

Bigmouth buffalo
Shorthead redhorse

Channel catfish

Flathead catfish

White bass

White crappie

Freshwater drum

TOTAL

not airier signincant xy aL i.lie i* •• u.u j xeaa. Spring
Neosho River River

Station 1 Station 2 Station 3 Station 5 Station.4

^ •;'.' _ 12,0
- 13.7 10.0 -

- 1.0 4.5 1.0 -

5.3 b 5.7 b 1.5 c 15.3 a 20.7 a

1.0. b 4.3 a 3.3 a 5.0 a 2.0 b

3.3 3.7 3.3 3.7 .' 1.5
5.0 2.0 2.7 2.0 1.0'

1.0 1.0 - '.••-•

1.0 - - - . ' - •

2.0 2.0 2.0 2.0 2.0

1.0 1.0 1.5 1.0 2.0

2.0 3.0 1.0 2.0 1.0

1.0 1.0 1.0 2.5 1.0

1.5 3.3 3.5 2.3 1.3

23.1 b 41.7 a 35.3 a 36.8 a 44.5 a

1/
Means with the same letter superscript are not significantly different at a = 0.05.
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Table 4. Average number of species of fish captured by electroflshlng in 500-yard transects at fish sampling

stations on the Neosho River, Grand River, and Spring River, October 11-15, 1982. Values suffixed

by the same letter do not differ significantly at the a = 0.05 lead.

Neosho River

Spring
River

Species Station 0 Station 1 Station 2 Station 3 Station 5 Station 4 _

Spotted gar ./
Gizzard shady
Commbn carp-

0.3

160.7 a

28.7 a

River carpsucker 3.7

Smallmouth buffalo 5.0

Bigmouth buffalo 1.0

Channel catfish 0.7

Flathead catfish 1.3

White bass 1.7

Green sunfish 0.3

Warmouth -

Orangespotted sunfish - •

Bluegill 2.7

Longear sunfish 0.3

Redear sunfish - •

Spotted bass ...
Largemouth bass-

White crapple—

0.3

0.7 b

4.0 c

Black crapple -

Freshwater drum 8.3

Top minnows. -

Brook silverside 3.0

Logperch —

TOTAL 222.7

95.0 b 43.0 b 41.7 b 37.3 b 69.7 b

10.3 b 6.7 b,c 2.7 b,c - - 2.7 b,c
2.3 -.7 0.3 0.3 0.7

7.3 7.3 2.7 1.0 3.7

• - 1.0 -

3.0 5.3 3.7 1-7 3.3

0.3 0.3 0.3 - -

14.7 9.0 5.3 6.0 3.7

1.3 1.0 2.0 2.0 9.3

2.3 1.0 4.7 5.7 5.3

1.0 0.7 - - • -

14.6 26.0 63.3 60.7 61.3

•- 0.3 0.7 1.3 2.0

0.3 - 0.3. -;• -

1.3 '- 1.0 - 3.7

3.7 b 4.3 b 9.0 b 20.0 a,b 30.0 a

11.3 a,b,c 24.7 a,b ' 26.3 a 9.0 b,c 4.3 c

0.3 - - 0.3 -

7.3 1.3 0.3 3.0 2.0

- • - 0.3 - -

-. 0.3 0.3 0.3

.76.3 133.6 164.9 148.6 202.0

1/
Means with the same letter superscript are not significantly different at a = 0.05
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Figure 2. Shannon-Weaver index of species diversity of fishes collected

from sampling stations on the Neosho River and Spring River,

October 11-15, 1982. Results are from electroshocking (solid line)

and electroshocking plus experimental gillnetting (dashed line).
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relative conditions of gizzard shad, carp, white bass, bluegill, and white

crappie differed significantly between stations. Average relktive condition

values at stations 3, 4, and 5 were generally lower than those at upstream

locations. However, there were noteworthy exceptions among the various species,

For example, relative condition of both channel catfish and flathead catfish

was highest at Station 3 in contrast to that of other bottom-rfeeding fishes.

Gill analysis; gross examination of gills extracted from adult gizzard

shad during gill net sampling at stations 1 through 5 did not.reveal any

abnormalities which could be attributed to exposure to heavy metals.

Fish Community - Grand Lake !

Species Composition and Standing Crop of Fish

Cove samples have been collected from Grand Lake at irregular intervals

since 1949, and these data provided a basis for evaluating the 1982 cove

samples. We could, not detect definite trends in total standing crop (biomass)

as related to discharge from Tar Creek. The total unadjusted standing crop

of fish was 465.3 pounds per acre in 1982, compared to an average of 444.8

pounds per acre when all previous years of data were included (Table 6).

Gizzard shad, common carp, buffaloes, freshwater drum, and sunfishes made

up a substantial part of the total standing crop throughout the period.

Crops of common carp, smallmouth buffalo, sunfishes, and white crappie have

apparently increased since cove sampling began in 1949, however, these

increases in biomass have been gradual and probably reflect long-term

effects of reservoir aging.

Standing crops of gizzard shad were lower than expected in the cove

samples collected during 1982. Young shad were not collected in large

numbers from Boy Scout Cove and Wildcat Hollow Cove, although they were

abundant outside these sample areas. We consider the relatively low
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estimates of shad to be a reflection of a patchy distribution of the

young during late summer. (Raw data from cove-rotenone sampling are

included in Appendix III).

Prey/Predator Relations

An assessment of availability of-prey for piscivorous fishes provides

a valuable index to the general health of reservoir fish communities. We

used the Available Prey/Predator (AP/P) model of Jenkins and Morais (1976)

to define predator-prey relationships in individual coves and for the

entire lake. The (AP/P) model uses cove-rotenone .data to describe biomass

of prey available to predators of various sizes based on the mouth sizes

of predators. In determining the adequacy of prey, it is assumed that about

5 pounds of prey will be required annually to produce one pound of predator.

Using seasonal estimates of predator and prey production as presented by

Jenkins and Morais (1976), the biomass of prey required to maintain

predator biomass when samples are collected in mid-September would be

about 0.5 pounds of prey per pound of predator (at an available prey/predator

ratio of 0.5:1).

There was substantial variation in the total biomass of both available

prey and predators at the various sample sites (Figure 3). However,

standing crops of prey were deemed adequate to support all sizes of

predators. Standing crops of predators and available prey, when adjusted

for non-recovery of marked fish and differences in biomass of various fishes

between cove and open-water areas, averaged 116 and 367 pounds per acre,

respectively. Most of the predator biomass was composed of sport fishes

(crappies, catfishes, and black basses), while gizzard shad, sunfishes,

small crappies, and freshwater drum were the primary prey fishes. (Results

of the Available Prey/Predator analyses are summarized in Appendix IV.)
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Trophic Interactions

A measure of major modes of feeding provides valuable insights into

how a fish community assimilates various types of food and associated

pollutants. We applied the trophic model of Ploskey and Jenkins (1982)

to cove-sample data to identify major trophic pathways for fishes in

Grand Lake and to obtain estimates of fish production for non-recovery

of marked fish and differences in distribution of fishes between coves

and open-water areas. The model.projected average total standing crop

of fish to be 1,052 pounds per acre in Grand Lake (Table 7). Detritus-

and benthos- feeding fish (bottom feeders) were the dominant functional

groups in the reservoir. There was an estimated 624 pounds per acre of

bottom feeders, 268 pounds per acre of planktivbres (plant and zooplankton

feeders), 149 pounds per acre of piscivores, and only 9 pounds per acre of

surface-feeding fish in the lake. Adjusted total standing crops ranged from

434 pounds per acre in the Boy Scout Cove to 1,515 pounds per acre in Woodard

Hollow Cove. However, the percentages of standing crop supported by the

major food categories were remarkably similar in all study coves, indicating

that similar energy sources were being utilized by fishes at each sample

location. Estimated annual production of all fishes was 928 pounds per

acre or 88 percent of the total standing crop. (Results of the trophic

model analysis are presented in Appendix III.)

Heavy-Metals Budget

An estimate of quantity and rate of heavy metals assimilation by the

fish community in Grand Lake is important in determining the fate of heavy

metals entering the lake. We calculated average concentrations of heavy

metals in whole fish samples from collections made during 1980 and 1981 on
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Tar Creek, the Neosho River and Spring River (U. S. Fish and Wildlife Service,

unpublished). Data were obtained for bottom-feeding fishes and piscivores

(Table 8). Unfortunately, no information was available for plankton-feeding

fish. These fish were arbitrarily assigned heavy-metals concentrations

equal to those for bottom-feeding fish. Surface area of Grand Lake was

approximately 41,300 acres at the time of sampling. Using this area, the

annual estimates of fish production, and the concentrations of metals in

whole fish, the calculated annual budgets (pounds/year) were 5.8 for cadmium,

5.4 for chromium, 38.5 for lead, and 2,313.5 for zinc. These are based on an

annual production of 38 million pounds of fish for the entire lake.

Benthos Community - Upper -Grand Lake

Tar Creek and Fourmile Creek

Benthos sampling in Tar Creek and Fourmile Creek was designed to provide

a comparison of the invertebrate fauna of these morphologically similar

streams. Unfortunately, the area around Miami, Oklahoma was extremely dry

during.late summer of 1982; Fourmile Creek was reduced to a series of

intermittent pools, and the flow in Tar Creek was reduced to about 1.0 cfs.

In spite of a complete absence of riffle habitat in Fourmile Creek, we

collected 13 invertebrate taxa from the upstream Station 6 (Table 9). In

contrast, Station 8 in Tar Creek yielded only 5 species, and most were a

chironomid species of the Chironomus plumosus group. Abundance of

macroinvertebrates at Station 8 in Tar Creek was about 3 times that at

Station 6 on Fourmile Creek. This difference in invertebrate abundance

probably reflected the absence of fish in Tar Creek.
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Table 9. Average number of benthic macroinvertebrates per square meter

at sampling sites in Fourmile Creek and Tar Creek, Oklahoma,

October 19-20, 1982. Numbers are the average of 3 samples.

Fourmile Creek Tar Creek

Taxon Station 6 Station 7 Station 8 Station 9

Nematoda

Annelida

Oligocliaeta 1,174 307
Tubificidae . 7 .•'-'

Hirudinea •' 7"-'.-

Amphipoda
Talifridae 28

Insecta

Ephemeroptera
Baetidae 20

••;'-•' Unid. Ephemeroptera 7 •.'
Odonata

Coenagriidae 20

Cordulidae 47

Libellulidae

Hemiptera s .' '" •' •• '•

Hydrometridae
. Corixidae 460 213

Trichoptera
Hydroptilidae 13

Coleoptera
Haliplidae
Unid. Coleoptera 80

Diptera
Ceratopogonidae 54

.Ghironomidae . 80 13

Culicidae

Chaoborus sp. 80 53

Tabanidae 53

Unid. Diptera 13

Gastropoda
Physidae 54

Total Organisms 2,045 745
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Table 10. Average number of benthic macroinvertebrates per square meter at stations on the Neosho River,

and Spring River, Oklahoma, October 18-21, 1982. Values.suffixed by the same letter do not

differ significantly with a = 0.05 level.

Taxon

•'. , • Neosho River

Spring
River

Station 1 Station 2 Station 3 Station 5 Station 4

Annelida

Ollgochaeta1/
Tubificidae

0 293 c o 733 b 3,787 a
13

Insecta

Ephemeroptera
Hexagenia sp.j/ 107 a . 13 a 0 ;'••• o. -,. 27 a

1 Chironomidae1/ 0 147 a,b 13 b 333 a 160 a

1 Culicidae "l

Chaoborus sp._£/ 867 b,c 2,280 b 19,320 a 6,160 a 293 c

TOTAL 974 2,733 19,333 7,226 4,280



Table 11. Concentrations (mg/kg) of cadmium, lead and zinc in composited

plankton samples collected at stations 1-5 on the Neosho River

and Spring River, October 18-20, 1982.

Concentration (mfi/kg)

Station .- Cadmium Lead Zinc

1 2.96 2.0 33.0

2 17.40 115.6 91.7

3 20.92 " 120.9 84.2

3(Replicate >120.0 257.3 283.6

4 446.06 . 481.3 " 274.6

5 78.96 41.4 192.9
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overspread mud flats at stations 4 and 5, and brush habitat was more

restricted. A similar habitat preference was exhibited by bluegill, green

sunfish, warmouth, and longear sunfish. These forms were most numerous

along rocky shorelines, and therefore exhibited patchy distributions in

our sampling. This, in part, explains the large apparent differences

with no statistical significance in abundance between sampling stations.

Measures of relative condition of fish and gross examination of gill .

tissues were used to detect subtle physiological responses of certain

fishes to heavy metals contamination in the Neosho River and Spring River.

Lesions on gill tissues have proven useful as external indications of

chronic exposure to lead (Dortman and Whitworth 1969) and zinc (Burks

1976), and relative condition provides a measure of general health of fish.

We were unable to detect differences in either of these physiological

measures with respect to sampling location, however,- tissue analysis

indicated differences in heavy metals concentration in some fish.

Analysis of lead and zinc in tissues of fish collected at locations

in Tar Creek, in Neosho River, and Spring River by the Oklahoma Department

of Health during 1982 indicated that most fishes concentrated greater

quantities of lead and zinc in liver tissue than in filets (Tables 12 and

13). Concentrations of heavy metals in fish tissues were highly variable

between sampling locations and at different times of the year. In

general, detritivores (carp and river carpsucker) and planktivores

(gizzard shad) contained higher concentrations of lead and zinc than

predators (white crappie and white bass). This distribution of metals

in fish indicates that biomagnification of these materials through aigher

trophic levels is not significant in the fish community of Grand Lake.
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Table 13. Concencracions (in pares per million) of lead and zinc in fish fillets collected from Che upper Grand

Lake area during July, 1982 and (in parentheses) November, 1982 (information supplied by the Oklahoma

Department of Health).

Mouth of

Tar Creek

Neosho River Spring River Neosho River

Species
Above

Tar Creek

Below

Tar Creek

At

Hwy.10

At

Hvy.60
Ogeechee

Bay
Confluence of

Sycamore Creek

Lead

Carp < 1.0

(< 1.0)

< 1.0

(< 1.0)
< 1.0

(< 1.0)

< 1.0

(< 1.0) (< 1.0)

Unite crappie < 1.0 < 1.0

(< 1.0)
< 1.0

(< 1.0)
< 1.0

(< 1.0)
< 0.5

(< 1.0)

< 1.0

(< 1.0)

River carpsucker < 1.0

< 1.0

Channel catfish - <; 1.0

(< 1.0)

< 1.0

(< 1.0)

< 1.0

C< 1.0) (< 1.0) (< 1.0)
< 1.0

•(< 1.0); . (< 1.0)

Gizzard shad

(< 1.0)
< 1.0

(< 1.0)

< 1.0 < 1.0

Buffaloes

Longnose gar
White bass

Uarmouth < 1.0

< 1.0

< 1.0

. < 1.0

(< 1.0)

. • < 1.0

Zinc •• -

Carp 16.40

( 0.96)
10.20

(4.50)
8.90

(7.90)
7.70

(4.90) (13.40)

White crappie 7.05 8.05

(6.60)
6.40

(4.50)
7.70

(6.20)
8.80

(9.40)
8.20

( 5.80)

River carpsucker

Channel catfish

Gizzard shad

Buffaloes

Longnose gar

White bass

Uarmouth

4.30

( 4.50)

58.50

4.40

(10.50)
4.40

(3.90)

(5.10)

(3.20)

8.70

(.13.90)

12.70

4.50
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Increases in standing crops of carp, sunfishes, and white crappie which

have occurred since 1949 reflect natural aging of the lake

Assessing the long-term or future effects of continued heavy-metals

loading on aquatic communities requires an accurate measure of the total

quantity of metals entering Grand Lake, arid an understanding of the dis

tribution arid ultimate disposition of metals once they enter the system.

Estimates of heavy-metals loadings are available for Tar Creek, the Neosho

River and Spring River. The Oklahoma Water Resources Board has c.-i leuI.-it cd

metals loading rates (pounds/day) for Tar Creek based upon data collected '

between January, 1981 and August, 1982. Average daily loading one mile

above the.mouth of Tar Creek based upon an average flow of 24.4 mgd, was 6.1

pounds of cadmium, 8.1 pounds of lead and 8,347 pounds of zinc. No chromium

was detected. This compares to an average daily loading at the mouth of

Tar .Creek, based upon an annual average flow of 32.4 mgd, of 2.0 pounds of

cadmium and 1,468 pounds of zinc. NO lead or chromium was detected. The

Neosho River and Spring River also contribute large quantities of heavy metals

in the Grand Lake system. Combined daily loadings from the Neosho River

and Spring River averaged 48.86 pounds of cadmium, .381.1 pounds of chromium,

359.2 pounds of lead, and 6,020 pounds of zinc during the period 1977 to

1979 (data supplied by U.S. Geological Survey). In spite of a smaller

average flow, the Spring River provided about 40 percent of the average an

nual water inflow of the two tributaries, but 64 percent of cadmium,

36 percent of chromium, 49 percent of lead, and 92 percent of zinc con

tributed by the two major tributaries. Sampling of heavy metals in the

Neosho River and Spring River has continued since 1980. At the time

this report was prepared, discharge measurements needed to compute metal

budgets were not available. Concentrations of lead and zinc from these

samples varied somewhat from the values reported herein. However, they

generally substantiate the relative loadings from the two major tribu

taries.
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uplake area.of Grand Lake is shallow, and any change in reservoir operation

which stabilizes water levels could dramatically increase growth of

aquatic macrophytes and patterns of heavy-metals cycling.

Plankton samples from the Neosho River and Spring River indicated

that plankton and associated coarse particulate matter provide an important

pathway for the uptake of heavy metals in the Grand Lake System. Algae

have been identified as important components in concentrating heavy metals"

(Jackson 1978, Proctor and Sinha 1978, and others). Organic and inorganic

particles also provide important mechanisms for the uptake of heavy metals -

owing to the presence of carbonates, hydroxides, and organic lignins in

solutions. Waters of the Neosho River and Spring River are hard (150-300 ppm

CaC03), and both streams contain high dissolved solids and particulate loads.

These conditions of high alkalinity also foster rapid precipitation of heavy-

metals (Jennett and Foil 1979).

Extensive sedimentation occurs along the reaches of the Neosho River

and Spring River in the headwaters of Grand Lake. Sediment samples

collected by the Oklahoma Department of Health during 1982 from locations

in Tar Creek, the Neosho River, and Spring River indicated that large

quantities of cadmium, chromium, lead, and zinc are.present in sediments

from the upper reaches of Grand Lake (Table 14). The accumulation of

heavy metals were highest in Tar Creek and in the Spring River where the

greatest quantities of metals enter the reservoir. There is a decrease

in the concentration of heavy metals downlake from the confluence of the

Spring River which suggests that a large percentage of sedimentation

occurs in the extreme uplake regions.

Because of the rapid sedimentation, Grand Lake serves as a long-term

sink for heavy metals. Studies in the new lead belt in southeast Missouri
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indicate that reservoirs in that area (Wappapello and Clearwater) also

serve as long-term sinks for heavy metals (Proctor and Sinha 1978; and

Wixon et al. 1978). Both lakes are considered imperfect sinks because

of periodic resuspension of sediments during flooding. In this respect,

Grand Lake should be much more efficient, as the mean annual water

retention time is 0.32 years as opposed to 0.03 and 0.06 years for

Clearwater Lake and Lake Wappapello, respectively. .

The ultimate fate of heavy metals, once they are deposited in

sediments, is of concern with respect to long-term effects on aquatic

communities. Under conditions of high natural water hardness as occurs

in Grand Lake, heavy metals are chemically stable. If sediments remain

in place and continue to be covered by new material, the metals bound to

these substrates should be effectively removed from most biological processes.

Recycling of heavy metals by benthic macroinvertebrates can be

significant in lakes where large numbers of burrowing or filter-feeding

forms such as midges or tubificids occur (Nicholas and Thomas 1978; Stern

and Grant 1981). Substantial numbers of oligochaetes were collected at

Station 4, but burrowing macroinvertebrates were generally, sparce. Benthos

samples from the Neosho River and Spring River contained large numbers of

larval Chaoborus sp. These forms inhabit the mud-water interface during

daytime and migrate into the water column at night to feed. Recycling of

metals in sediments by these macroinvertebrates is therefore limited in

Grand Lake.

Periodic flooding of the Neosho River and Spring River produces strong

currents for several miles downstream into the lake, and, as demonstrated

by Benoit et al. (1968), resuspension of large amounts of sediments during

flooding could redistribute sediments for a considerable distance downstream

• -44-
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3) Species composition and standing crops of fish in Grand Lake also showed,

no effects of heavy metals pollution; Average standing crop of fish (444.8

pounds per acre) is more than twice the National average for similar re

servoirs based on a sample of 200 large U.S. reservoirs.

4) Although Tar Creek provides a concentrated" source of heavy metals, the

Neosho River and Spring River also contribute large quantities of metals.

The Spring River loads larger quantities of lead and zinc into Grand Lake

than the Neosho River.

5) Plankton and associated coarse particulate matter from samples in the

Neosho River and Spring River contained high concentrations of heavy metals.

Waters of these rivers are hard, and this contributes to rapid sedimenta

tion. These sediments provide an effective long-term sink for heavy metals.

6) Heavy metals will continue to accumulate in sediments. We do not con

sider these to be dangerous to fish and other aquatic communities in

Grand Lake at present. However, periodic monitoring of water quality,

sediments and aquatic communities should be continued to better evaluate

long-term biological effects.
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APPENDIX I

CONVERSION FACTORS, U.S. TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this paper can be converted
to metric (SI) units as follows: ,

Multiply

inches

feet

miles

yards

acres

acres

pounds

pounds per acre

_§y_

25.4

0.3048

1.609344

0.9144

0.40468

0.0040468

453.5923

1.120851

-50-

To Obtain

•millimeters

meters

kilometers

meters

hectares

square kilometers

grams

kilograms per hectare



APPENDIX III

NUMBERS AND POUNDS PER ACRE OF FISHES COLLECTED BY

INCH CLASS COVE ROTENONE SAMPLING ON GRAND LAKE, OK,

SEPTEMBER 1982.

-52-
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AVAILABLE PREY-PREDATOR R&ATIONSHIP. JENKINS. R. H.. AND D. I. HORAKT 1977.
8. STNILDLIFE SERVICE, 101 W. ROCK STREET, FAYETTEVIlLE, ARKANSAS 72711.
PERCENT RECAPTURE ADJUSTMENTS BASED ON PREDATOR STOCKING EVALUATION, GRINSTEAD
ET AL, 1978.

COVE-OPEN HATER ADJUSTHENTS BASED ON DOUGLAS LAKE ROTENONE STUDY, HAYNE ET AL,
1968.

THE MODEL PRINTS THE FOLLOHINCs

1. CUMULATIVE BIOHASS OF ALL PREDATORS (SPRED) BY INCH CLASS.

2. CUMULATIVE BIOMASS OF ALL PREY (SPREY) AND VARIOUS SPECIES AVAILABLE TO
PREDATORS HAVING A HOUTH SIZE EQUIVALENT TO A LARGEMOUTH BASS OF THE INCH
CLASS IN THE LEFT-MOST COLUMN.

3. CUMULATIVE BIOMASS OF VARIOUS PREDATOR SPECIES BY INCH CLASS.

4. APP RATIO = SPRET/SPRED.

5 C-RATIO = COMPETITION RATIO IS THE RATIO OF THE BIOMASS OF AVAILABLE PREY
AT VARIOUS SIZES TO THE BIOHASS OF ALL PREDATORS IN THAT SIZE CLASSrAND
LARGER IT INCLUDES ALL PREDATORS UHICH CAN THEORETICALLY COHPqETOR A
PARTICULAR SZE OF PREY. C-RATIO LESS THAN 1 INDICATE THAT THE BIOMASS
OF POTENTIAL PREDATORS EXCEEDS THAT OF POTENTIAL PREY.

'--'••''?JW&n0",

r

C



0K.GRAND.SC0UT.82 -— PREY - ->

1 INCH SPRED SPREY GSHADt TSHAD SUNF UBASS BBASS CARP CATF CRAPP m CATO YPER DART DRUM

2 l.ll 1 1.65 0.00 0.0 0.53 0.0 0.00 0.0 0.08 (.00 (.84 (.0 0.0 (.80 (.00
3

WtVVfl W•WW

0.09 \\ 1.73 0.00 0.0 1.31 0.0 0.00 0.0 0.23 0.04 0.10 0.0 0.0 8.02 (.01
4

V • V 9 fj f *• G • # W

0.35 6.19 2,50 0.0 1.88 0.00 0.05 0.0 0.53 0.07 0.10 0.00 8.8 0.61 0.44

5 0.84 14.35 7.37 0.0 3.07 0.01 0.14 0.0 0.69 0.80 0.10 0.00 0.0 0.91 1.25

6 1.16 24.75 12.06 8.0 4.30 0.03 0.27 0.0 0.72 1.57 0.10 0.01 0.0 0.91 4.79
7 6.17 37.45 16.65 0.0 6.28 0.06 0.58 0.0 0.80 2.00 0.18 8.81 0.8 0.91 10.06

8 9.21 44.59 18.19 0.0 9.01 0.06 0.79 0.0 1.54 2.11 0.10 0.03 0.8 0.91 11.86
. , 9 12.81 50.00 18.47 0.0 11.73 0.06 0.82 0.0 3.40 2.23 0.10 0.04 8.8 0.91 12.24

10 21.66 57.90 18.92 0.0 14.19 0.06 0.82 0.02 4.84 2.44 0.10 0.04 8.0 0.91 15.56

11 26.07 66.39 19.41 0.0 16.66 0.06 0.82 0.05 6.11 2.65 8.10 0.04 0.0 0.91 19.58

12 28.19 74.06 22.37 0.0 18.18 0.06 0.82 0.05 7.24 3.39 (.10 0.06 0.0 0.91 20.87

13 31.64 82.37 25.61 0.0 19.10 8.06 0.82 0.05 9.28 4.47 0.10 0.09 0.0 0.91 21.88

14 38.15 106.10 42.43 0.0 19.88 0.06 0.82 0.05 11.83 5.38 0.10 0.11 0.0 0.91 24.53

15 41.181 125.96 57.88 0.0 19.88 0.06 0.82 0.05 12.97 5.33 0.10 0.15 0.0 8.91 27.76

16 41.18^ 138.11 60.75 0.0 19.88 0.06 .0.82 0.85 13.62 5.38 0.10 0.31 0.0 0.91 36.22

17 41.183 148.27 63.12 0.0 . 19.88 0.06 0.82 8.05 13.62 5.38 0.10 0.46 0.0 0.91 43.87

18 41.18** 152.99 63.42 0.0 19.88 0.06 0.82 0.05 13.62 5.38 0.10 0.58 0.8 0.91 48.17

19
M 9 • • W 4 Wh» t 9 r

41.18- 156.45 63.62 8.0 19.88 0.06 0.82 0.18 13.62 5.3B 8.10 0.66 .0.8 0.91 51.21

26 41.18* 156.90 63.62 8.0 19.88 0.06 0.82 0.62 13.62 5.38 (.10 0.66 0.8 0.91 51.21
l' 21 4I.1B> 157.28 63.62 0.0 19.88 0.06 0.82 1.01 13.62 5.38 0.10 0.66 8.0 8.91 51.21
1

22 41.18V 157.58 63.62 0.0 19.88 0.06 0.82 1.31 13.62 5.38 0.10 0.66 0.0 8.91 51.21
ro

23 41.181 158.06 63.62 0.0 19.83 0.06 0.82 1.79 13.62 5.38 (.10 0.66 0.8 0.91 51.21
i

24 41.19(7158.73 63.62 8.0 19.88 0.06 0.82 2.46 13.62 * 5.38 (.10 0.66 8.0 0.91 51.21

25 41.191 159.01 63.62 0.0 19.88 0.06 0.82 2.74 13.62 5.38 0.10 0.66 0.0 0.91 51.21

26 4t.19M59.01l 63.62 0.0 19.88 0.06 0.82 2.74 13.62 5.38 0.10 0.66 0.0 0.91 51.21

27 41. W 159.48 63.62 0.0 19.88 8.06 0.82 3.21 13.62 5.38 0.10 •0.66 0.0 0.91 51.21

: 28 41. m 162.51 63.62 0.8 19.88 0.06 0.82 6.24 13.62 5.38 0.10 0.66 0.0 0.91 •51.21.

-PREDATORS-—
ESOX GAR

•)
UALL TBASS CRAPPIE BOUF FCAT OCAT UBASS STBASS SKIPJ BBASS AP/P RATIO C-RINCH ATIO

2 0.0 0.0 0.0 8.0 0.8 0.0 0.6 0.0 8.0 0.0 0.0 0.00 390.64 0.(2

3 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.(2 0,0 0.0 0.08 18.72 0.04

4 0.0 0.0 0.0 0.06 0.0 0.0 0.0 0.0 (.06 (.( 0.8 0.28 17.93 0.15
'. 5 0.0 0.0 0.0 0.06 0.0 0.0 0.0 (.0 0.06 0.0 8.8 0.78 17.11 0.35

I 0.0 0.0 0.0 0.06 0.28 0.0 0.0 8.0 0.(6 0.0 8.0 0.82 21.32 0.61

7 0.0 0.91 0.0 0.06 4.37 0.0 0.0 0.0 0.86 0.0 8.8 0.82 6.(7 0.94

B 0.0 1.03 0.0 0.06 7.29 0.0 0.0 0.0 0.06 0,0 0.8 0.82 4.84 1.27
9 0.0 1.03 0.0 0.06 10.53 0.0 0.0 0.0 0.(6 0.0 8.0 1.18 3.90 1.56

10 0.0 1.03 0.0 8.06 12.95 0.0 0.0 6.43 0.86 0.0 0.0 1.18 2.67 2.(4

11 0.0 1.03 0.0 0.06 13.33 0.0 0.0 18.47 0.06 0.0 0.0 1.18 2.55 3.4(

12 0.0 1.03 0.0 0.06 13.33 0.0 0.0 12.58 0.06 (.( 0.0 1.18 2.63 4.98

13 0.0 1.03 0.0 0.06 13.33 0.0 0.19 15.85 0.86 0.0 0.0 1.18 2.60 6.34

14 0.0 1.03 0.0 (.86 13.33 0.0 0.79 20.65 0.(6 (.t 0.0 2.29 2.78 11.12

15 0.0 1.03 0.0 (.06 13.33 1.0 0.79 23,63 (.(6 0.0 0.0 2.29 3.06 41.53

OK.GRAND.SCOUT.82

V STOP
•END
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mbmrara Bdurnmma?r«»
USlJffiTlCCORRECTIONS OF GRINSTEAD ET AL. (1978). • •
MFmrarw IN THE tOVE-OPEN UATER DISTRIBUTIONS OF FISH UEREAdSbTOBY THEDOUGLASUKE CORRECTIONS (JENKINS AND MORAIS 1976),
ASDERIVED FROM HAYNE ET AL.<1968).
THE MODEL PRINTS THE FOLLOUINC OUTPUT:

A) COL. 1- THE BIOMASS OF YOUNG-OF-THE-YEAR FISH (YOY), FISH ) YOY, AND THE
STraLSI0^7S- THEHoSoF TOY FISH, FISH )YOY. AND THE TOTAL BIOMASS OF
EALjUAXOn/AS SUPPORTED^ PLANTS. K^ITUS. BpH6s, ZOOPLANKTON,

^S^W^A^SoVASA GROUPS •ff™TBiSs!DilSAAaSDING TO THE AVERAGE ANNUAL DIET OF THE .
YOYI rStS'tHE PERCENT COMPOSITION OF YOY BIOMASS IN THE TOTAL.
Fffl EXAMPLE TOY! AT THE BOTTOM OF COL. 5 REFERS TO THE
pSmffff *OY BIOMASS^N THE TOTAL BIOMASS OF ZOOPLANKTIVORES. ^ •
COMPZ REFERSTO THEPHCENT OF THE TOTAL BIOMASS SUPPORTED BY EACH OF THE
SIX FOODS.

ESTIMATES OF PRODUCTION AND CONSUMPTION OF FUNCTIONAL GROUPS OFFISH ARE
mabp irtmp MM3IST CROP DATA AND A NEU UNPUBLISHED MODa DEVELOPED AT NRRP. •A^A?PROdS BY FUNCTIONAL GROUPS OF FISH UAS ESTIMATED BY MULTIPLYING THE
SpSiRTnMASSnF AF^TIONAL GROUP DURING THE GROWING SEASON BY ADAILY
WMOUORATIO (P/BMTIoTaND BT THE NUMBER OF DAYS IN THE GROUING SEASON
(SKrEFDAYS) MEAN BIOMASS DURING THE GROWING SEASON UAS CALCULATED
USTNC REGRESSION EQUATIONSTHAT RELATE MEAN BIOHASS TO AUGUST BIOMASS.
SSly mmm rates were assumemo be 0.0233 for yoy fish and mmiu for
nw l i«F 1 THESE RATES^RESPONdVaNNUAL P/B RATIOS OF 5.0 AND 0.9,RES^ECTIvL?; FOR FISH S ARESHVOIR UITH AGROUING SEASON OF 215 DAYS.
umi&i rfBiCdMPTtnN BY FlfflCTTONAL GROUPS OF FISH UAS ESTIMATED BY HULTI-
PnESc S^PRODUCTIONEStSStcS BY COEFFICIENTS OF FOOD CONVERSION
(CfflKlON/ PRODUCTION) FOR YOY AND OLDER FISH. COEFFICIENTS WERESTO«SuNTTORDIFFERENCES^ THE CALORIC CONTENTS OF THE
Symajm FOODS CONSUMED AS ARESULT, FISH EATING PLANTS AND DETRITUSARE L^E™EHr^fls8v^!^im^=TM FISH ARE ASSUMED TOTnifABOUT L5 TINES MORE Emfflf^DER FISH IN CONVERTING FOODS TO
FLESHL ANNUAL MAINTENANCE RATIONS ARE CALCULATED AS 1 I OF THE IEAN
BIOHASS OF FISH IN EACH FUNCTIONAL GROUP AND ARE INCLUDED IN THE ESTIMATES
OF ANNUAL CONSUMPTION.

PRIMARY PRODUCTION REQUIRED UAS CALCULATED FROM AREGRESSION EQUATION THAT

KdKw BYTHAN aSa^/B RATIO FOR WLTIVOaiNEBWTHOS).

^uffnK^OFZ^^ , .„
T^ffftMSlOlSsSOF PREY FISH REQUIRED IS CALCULATED BY DIVIDING THETHE EST1HATES0F ANNUAL COiMqN Of FISH BIOMASS BY THE P/B RATIOS
FOB YOY AND OLDER PISCIVORES.
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> YOY
TOTAL

YOY
> YOY
TOTAL

YOY
) YOY
TOTAL

YOY
> YOY
TOTAL

TOTAL YOY
TOTAL )YOY
TOTAL CROP

YOY
COMP

41.447
43.267

2.788
125.832
128.546

8.589
157.132
165.721

0.0
(.258
(.250

59.536
1148.241
1207.777

4.929
1(0.000

0.0
0.0

0.068
0.455
8.523

8.8
1.571
1.571

0.0
8.003
0.003

4.810
120.515
125.325

3.838
10.377

8.0
0.8

0.8
3.320
3.320

0.25B
9.428
9.686

(.0
0.005
0.005

B.690
249.478
258.168

3.366
21.375

11.191
11.755

0.731
43.693
44.424

5.926
108.421
114.347

0.0
0.230
0.230

23.241
412.251
435.492

5.337
36.057

0.1
0.819

1.679
19.406
21.185

2.4(5
6.285
B.69(

(.0
0.012
0.012

20.568
169.774
190.342

10.886
15.760

29.428
29.846

(.162
57.700
57.863

(.0
31.426
31.426

0.0
0.0
0.0

1.409
181.875
183.2B4

0.769
15.175

ANNUAL PRODUCTION OF FUNCTIONAL GROUPS OF FISHES
SPECIES TOTAL CROP PLttT DETRITUS BENTHOS ZOOPLANKTON FISH
TOTAL YOY 141.187 9.649 15.732 64.819 44.28Z 4.342
TOTAL >YOY 872.659 114.415 296.063 264.547 105.961 84.736
TOTAL CROP 1013.846 124.065 311.796 329.366 150.243 89.078

ANNUAL CONSUMPTION BY FUNCTIONAL CROUPS (LBS/AC)
TOTAL YOY 507.757 48.528 77.547 222.277. 138.567 13.284
TOTAL )YOY 6952.367 1076.525 2750.188 1848.898 689.692 541.371
TOTAL CROP 7468.121 1125.053 2827.656 2071.175 828.259 554.655

PHYTOPLANKTON PRODUCTION = 3086.123 MG CARB0N/H«2/DAY

MEAN ANNUAL RATE = 4.1-180 G C/M»»2/YR (OLIGOTROPHY),
104-310 (HESOTROPHIC), AND -
300-640 (EUTROPHIC)

MEAN MONTHLY BIOMASS OF BENTHOS REQUIRED= 3.482 G/H*«2 DRY UT. OR LBS/ACRE NET WEIGHT 460.261

RANGE OF MEAN DRY HEIGHT = 0.12-2.3 G/H«*2 IN 12 RESERVOIRS. (PLOSKEY AND JENKINS, 1982.)

MEAN MONTHLY BIOMASS OF ZOOPLANKTON REQUIRED = 69.636 MG/H»«3 DRY UT.

MEAN DRY UT. OF ZOOPLANKTON IN DEGRAY LAKE, AR. RANGED FROM 15 TO .24 HG/H»»3 (12 HONTH MEAN) IN 1976, 1977, AND 1978.
THE HIGHEST VALUES OCCURRED IN SPRING (UP TO 71 HG*»3).
THE LOUEST OCCURRED IN LATE SUHHER (AS LOU AS .68 HG/H»»3).

BIOMASS OF PREY FISH REQUIRED= 603.577 LBS/ACRE

STOP I
kEND -

«GO

648.886 G C/H»»2/YR

0.829
0.847

0.068
1.258
1.326

0.1
0.0
0.0

0.0
0.0
0.0

0.818
14.347
15.165

5.394
1.256

26 CRAPPIES

28 FRESHWATER DRUM

30 DARTERS I LOG PERCH

FUNCTIONAL GROUPS

TERRES. INVERT.
2.361 FUNCTIONAL GROUPS
6.937
9.298

7.555 FUNCTIONAL GROUPS
45.775
53.330
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YOY
> YOY
TOTAL

YOY
> YOY
TOTAL

YOY
> YOY
TOTAL

TOTAL YOY
TOTAL >YOY
TOTAL CROP

YOY I
CDHP I

2.214
25.395
27.68?

11.588
48.845
52.432

1.088
8.904
0.912

42.239
391.964
434.283

9.728
100.088

8.855
8.863
8.119

0.0
0.408
0.408

0.000
0.009
0.009

3.235
53.896
56.331

5.743
12.974

0.0
0.699
0.699

(.348
2.451
2.798

0.000
0.018
0.018

7.188
183.833
111.020

6.474
25.569

0.598
8.761
9.359

7.996
28.183
36.178

0.007
0.832
0.839

15.246
135.438
158.684

10.118
34.704

1.373
3.489
4.861

3.245
1.634
4.878

0.000
0.045
8.846

15.682
45.476
61.157

25.642
14.085

8.133
12.138
12.263

0.8
8.169
8.169

8.8
8.8
(.8

0.498
52.495
52.993

0.940
12.205

ANNUAL PRODUCTION OF FUNCTIONAL GROUPS OF FISHES
SPECIES TOTAL CROP PLANT DETRITUS BENTHOS ZOOPLANKTON FISH
TOTAL YOY 98.449 6.490 13.013 42.522 33.762 1.536
TOTAL )YOY 314.169 50.409 123.221 86.912 28.383 24.457
TOTAL CROP 412.618 56.899 136.234 129.434 62.145. 25.993

ANNUAL CONSUMPTION BY FUNCTIONAL GROUPS (LBS/AC)
TOTAL YOY 356.547 32.640
TOTAL )YOY 2572.494 474.29
TOTAL CROP 2929.041 506.931

PHYTOPLANKTON PRODUCTION = 1799.527 MG CARB0N/M*«2/DAY

MEAN ANNUAL RATE = 4.1-180 GC/HH2/YR (OLIGOTROPHIC),
104-310 (HESOTROPHIC), AND
300-640 (EUTROPHIC)

MEAN MONTHLY BIOHASS OF BENTHOS REQUIRED^ 1.266 G/H»»2 DRY UT. OR LBS/ACRE VET HEIGHT

RANGE OF MEAN DRY HEIGHT = 0.12-2.3 G/M»»2 IN 12 RESERVOIRS. (PLOSKEY AND JENKINS, 1982.)

HEAN MONTHLY BIOMASS OF ZOOPLANKTON REQUIRED = 24.414 HG/M«3 DRY UT.

MEAN DRY UT. OF ZOOPLANKTON IN DEGRAY LAKE, AR, RANGED FROM 15 TO 24 HC/H*»3 (12 MONTH MEAN) IN 1976, 1977, AND 1978.
THE HIGHEST VALUES OCCURRED IN SPRING (UP TO 71 MG»«3).
THE LOUEST OCCURRED IN LATE SUHHER (AS LOU AS .68 HG/H*»3).

BIOHASS OF PREY FISH REQUIRED- 174.383 LBS/ACRE

<L»3/HW

64.144
1144.593
1208.736

145.814
607.422
753.236

377.901 G C/M**2/YR

156:256
160.954

STANDING CROP OF FISH IN OK.GRAND.HOOD.82 POUNDS/ACRE
1 2 3 4 5 6

SPECIES TOTAL CROP PLANT DETRITUS BENTHOS ZOOPLANKTON FISH
YOY 13.776 2.066 4.822 0.413 6.475 ... 0.0

> YOY 239.720 62.327 153.421 11.986 11.986 8.8
TOTAL 253.497 64.394 158.243 12.399 18.461 8.0

0.055
0.254
0.309

0.0
0.0
0.0

0.0
0.0
0.8

0.390
1.627
2.018

19.343
8.465

26 CRAPPIES

28 FRESHWATER DRUM

30 DARTERS tUOG PERCH

FUNCTIONAL GROUPS

TERRES. INVERT.
1.127 FUNCTIONAL GROUPS
0.787
1.913

Lf
8:796

FUNCTIONAL GROUPS

167.386

TERRES. INVERT,
0.0 3 GIZZARD SHAD
0.0
0.8
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TOTAL

TOTAL YOY
TOTAL )YOY
TOTAL CROP

YOY
COMP

1.168

75.467
1439.772
1515.239

4.981
100.000

0.012

4.357
136.343
140.700

3.097
9.286

0.023

5.325
414.770
420.094

1.268
27.725

ANNUAL PRODUCTION OF FUNCTIONAL GROUPS OF FISHES
SPECIES TOTAL CROP PLANT DETRITUS
TOTAL YOY 190.707 8.741 9.641
TOTAL >YOY 1150.002 129.442 492.220
TOTAL CROP 1340.708 138.183 501.860

ANNUAL CONSUMPTION BY FUNCTIONAL CROUPS (LBS/AC)
TOTAL YOY 1022.665 43.960 47.520
TOTAL )YOY 11930.871 1217.909 4572.187
TOTAL CROP 12953.535 1261.868 4619.707

PHYTOPLANKTON PRODUCTION = 3649.474 MG CARB0N/M»«2/DAY 766.389 GC/H«2/YR

HEAN ANNUAL RATE = 4.1-180 G C/H«2/YR (OLIGOTROPHIC),
104-310 (HESOTROPHIC), AND
300-640 (EUTROPHIC)

MEAN MONTHLY BIOHASS OF BENTHOS REQUIRED* 4.129 G/H««2 DRY UT. OR LBS/ACRE WET HEIGHT 545.797

RANGE OF MEAN DRY UEI6HT = 0.12-2.3 G/M««2 IN 12 RESERVOIRS. (PLOSKEY AND JENKINS, 1982.)

MEAN MONTHLY BIOHASS OF ZOOPLANKTON REQUIRED = 83.662 HG/H»*3 DRY UT.

MEAN DRY UT. OF ZOOPLANKTON IN DEGRAY LAKE, AR. RANGED FROM 15 TO 24 MG/H««3 (12 MONTH HEAN) IN 1976, 1977, AND 1978.
THE HIGHEST VALUES OCCURRED IN SPRING (UP TO 71 HG»*3).
THE LOUEST OCCURRED IN LATE SUMMER (AS LOU AS .68 MG/H*»3).

1.075

42.362
457.300
499.662

8.478
32.976

BENTHOS
118.149
293.455
411.604

405.153
2050.935
2456.088

0.058

18.922
213.571
232.493

8.139
15.344

ZOOPLANKTON
40.73B
133.296
174.035

127.477
867.615
995.092

0.0

2.279
210.926
213.205

1.069
14.071

FISH
7.025
98.271
105.296

21.490
627.844
649.334

0.0

FUNCTIONAL GROUPS2.222
6.P62
9.0B4

24.458
0.599

TERRES. INVERT.
6.414 FUNCTIONAL GROUPS
3.318
9.731

20.519 FUNCTIONAL GROUPS
21.893
42.412

BIOMASS OF PREY FISH REQUIRED* 701.202 LBS/ACRE

STANDING CROP OF FISH IN 0K.GRAND.82
1 2

SPECIES TOTAL CROP PLANT
YOY 0.061 0.0

> YOY 1.490 0.0
TOTAL 1.550 0.0

3
DETRITUS

0.0
0.0
0.0

POUNDS/ACRE
4 5

BENTHOS ZOOPLANKTON
0.001 .0.0
0.0 0.0
0.081 0.0

6
FISH

0.060
. 1.490

1.550

7
TERRES. INVERT.

0.0 1 GARS
0.0
0.0

YOY
> YOY
TOTAL

18.881
120.336
139.216

2.832
31.287
34.119

6.608
77.015
83.623

0.566
6.017
6.583

8.874
6.017

14.891

0.0
0.0
0.0

0.0 3 GIZZARD SHAD
0.0
0.8

YOY
> YOY
TOTAL

0.0
170.413
170.413

0.0
35.787
35.787

0.0
66.461
66.461

0.0
51.124
51.124

0.8
15.337
15.337

0.0
1.704
1.704

8.0 9 CARP 6 GOLDFISH
0.8
8.8

YOY
) YOY

0.024
0,0

0.002
0.0

0.002
0.0

0,011
0.6

0.008
.8.0 :

1.0
0.0

0.000 10 MINNOWS
0.0
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TOTAL YOY
TOTAL >YOY
TOTAL CROP

YOY I
COHP Z

59.081
993.315

1052.396

5.614
100.000

4.134
103.318
107.452

3.847
10.210

7.068
256.026
263.094

2.686
25.000

26.950
334.990
361.939

7.446
34.392

18.391
142.938
161.329

11.480
15.330

1.395
148.431
149.826

0.931
14.237

ANNUAL PRODUCTION OF FUNCTIONAL GROUPS OF FISHES
SPECIES TOTAL CROP PLANT DETRITUS BENTHOS ZOOPLANKTON FISH
TOTAL YOY 143.448 8.293 12.795 75.163 39.594 4.302
TOTAL )YOY 778.937 98.089 303.B34 214.968 89.212 69.154
TOTAL CROP 922.385 106.382 316.629 290.131 428.806 73.456

ANNUAL CONSUMPTION BY FUNCTIONAL CROUPS (LBS/AC)
TOTAL YOY 1532.806 41.708 63.070 257.748 123.896 13.160
TOTAL )YOY 18225.227 922.910 2822.291 1502.390 580.675 441.820
TOTAL CROP 19758.031 964.618 2885.361 1760.138 704.572 454.979

1.143
7.612
8.755

13.058
0.B32

FUNCTIONAL GROUPS

TERRES. INVERT.
3.380 FUNCTIONAL GROUPS
3.688
6.981

16.559 FUNCTIONAL GROUPS
24.286

PHYTOPLANKTON PRODUCTION = 2915.931 KG CARB0N/HW2/DAY 612.345 G C/H«»2/YR

MEAN ANNUAL RATE = 4.1-188 C C/H«»2/YR (OLIGOTROPHIC),
104-310 (HESOTROPHIC), AND
300-640 (EUTROPHIC)

MEAN MONTHLY BIOHASS OF BENTHOS REQUIRED* 2.959 G/M«2DRY UT. OR LBS/ACRE HET HEIGHT 391.142

RANGE OF MEAN DRY HEIGHT * 0.12-2.3 C/H»*2 IN 12 RESERVOIRS. (PLOSKEY AND JENKINS, 1982.)

MEAN MONTHLY BIOMASS OF ZOOPLANKTON REQUIRED = 59.237 MG/M»*3 DRY HT.

MEAN DRY UT. OF ZOOPLANKTON IN DEGRAY LAKE, AR. RANGED FROH 15 TO 24 HG/M««3 (12 MONTH HEAN) IN 1976, 1977, AND 1978.
THE HIGHEST VALUES OCCURRED IN SPRING (UP TO 71 MG*»3).
THE LOUEST OCCURRED IN LATE SUHHER (AS LOU AS .68 HG/HH3).

BIOHASS OF PREY FISH REQUIRED* 493.050 LBS/ACRE

STOP
»END

«cn

. • j
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»IN PROGRESS
COKPILE = 0.28 SEC

ELECTRO-SHOCKER
TL 334
HT 120

SPOTTED GAR STATION 0 TRANSECU GRAWLAKE - TAR CREEK STUDY.

ELECTRO-SHOCKER
TL 174 2.34 153
UT 43 116 40

GIZZARD SHAD
172 169 217
43 42 99

179
56

STATION0 TRANSECT 1
175 238 166 176 223
53 83 48 48 104

GRAND LAKE - TAR CREEK STUDY.
173 293 161 126 208 231 172
52 226 36 .5* 02 78 46

183
52

160
43

171
44

120
11

128
22

113
12

TL
UT

188 176 139
10 56 22

196 175 166
74 58 0

95
8

110 130
0 0

110 113
0 8

125
0

100
0

108
0

96 105 86 122 147
0 0 0 0 0

108
0

189
3

173
8

146
0

151
6

88
0

TL
UT

189 165 94
0 0 0

170 ISO 116
0 0 0

171
0

96 172
0 0

116 163
0 8

113
8

102
0

190
0

172 106 127 120 125
8 8 0 0-0

118
8

166
0

172
8

109
0

101
8

91
0

TL

UT

120 127 103
8 8 0

181 119 122
0 0 0

104
0

113 179
0 0

193 1B5
0 0

98
0

113
0

111
8

9? l?s" 91 181 136
0 0 8 0 8

111
0

1?1
0

165
9

164
0

167
8

171
0

1

TL
UT

126 118 120
0 0 0

136 178 170
0 0 0

167
0

130 110
0 0

91 172
0 8

93
8

129
(

98
8

165 177 177 148 122
0 0 0 0 0

168
0

183
0

110
0

197
0

106
0

184
0

TL
UT

TL
WT

169 197 173
3 1 0

103 173 134
8 0 0

164 115 179
8 . 0 0

110 190 107
0 0 3

178
i

112
0

135 89
3 0

94 B2
0 8

112 179
0 3

101 85
0 0

227
, 3

105

8

183
3

175 219 E5 IBS 104 119
5 0 8 3 8

118
0

110
. 0

leu
G

153
9

91
' 8

181
8

ELECTRO-SHDCXER CARP STATION 0 TRM3ECT 1
TL 453 430 479 562 530 605 415 512 51? 523 4SB 579
UT 1135 1065 1544 2273 2134 3495 1135 1861 2513 2179 1413 2273

GRAND LAKE-TAR CREEK STUDY.
543 459 456 443 430 455 505
1937 1317 1453 I8LM013 1453 16SD

563 481
2724 155?

448 555 494 480
1271 2313 1498 1634

TL
UT

431 446 494
636 1271 1453 •

ELECTRO-SHOCKER
TL 362
UT 440

FLATHEAD CATFISH STATION 0 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

-

ELECTRO-SHOCKER
TL 112
l»T 16

FLECTM-SiWr.KER
TL 136 173 101
UT 44 -T54 23

WHITE BAS3

BLUEGILL
100 93 148
18 16 70

STATION 0 TRANSECT 1

STATION 0 TRANSECT 1

CS.W LAKE - TAR CREEK STUDY.

CEAHD LAKE - TAR CREEK STUDY.

ELECTRO-SISCilEJ
TL 470
UT !63i)

LHKEKOliTH BASS STATION 3 TJWiSECTl Ktti&LriXS --TAU .CREEK STUDY. •
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ELECTRO-SHOCKER
TL 9( 84 188
UT 6 6 8

ftECTRO-SHOCKER
TL 94
UT 8

ELECTRO-SHOCKER
TL 136 97
UT 58 6

ELECTRO-SHOCKER
TL 98
UT 6

ELECTRO-SHOCKER
TL 118
UT 12

ELECTRO-SHOCKER
TL 151 139
UT 34 24

ELECTRO-SHOCKER
TL 274 184 239
UT 218 66 160

"ELECTRO-SHOCKER
TL 324 294 250
UT 340 296 140

TL 111 116 HI
UT 12 12 9

TL 275 250 181
UT 8 0 0

UHITE BASS STATION I TRANSECT 2 GRAND LAKE - TM CREEK STUDY.

TL 115
HT 8

TL 196
HT 0

TL 171
HT 8 8

TL 125
HT 0

ELECTRO
TL 553
UT 2633

TL 451
UT 1180

ELECTRO-
TL 440

GREEN SUNFISH STATION 8 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

BLUEGILL STATION I TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

LONGEAR SUNFISH STATIONS TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

LARGEMOUTH BASS STATION 0 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

118 186
8 8

95 94
0 0

99 120
0

180 95
0 0

SHOCKER
514 548
1861 2315

421 398
930 756

SHOCKER.
342 390

UHITE CRAPPIE STATION I TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

FRESHWATER DRUM
284 268 285 265
244 220 276 218

GIZZARD SHAD
281 297 268 265
206 250 192 172

102 111 80 88
6 10 4 4

108 185 91 134
8 8 8 8

201 167 176 111
74 54 52 8

STATION 8 TRANSECT 2 GRAND LAKE -TAR CREEK STUDY.
163 194 244 243 218 120 147 121 208
68 80 142 140 124 20 32 18 114

STATION 8 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
212 195 261 288 234 234 246 312 348 248 211 121
98 74 160 68 118 118 136 288 396 128 88 18

113 238 171 281 111 184
8 110 42 78 8 II

107 107 220
I 0 0

111 128 116
0 0 0

95 220
0 0

116

126
0

100
0

94
0

CARP
475 475 530 555
8 0 16

408 277
880 260

SMALLMOUTH BUFFALO
389 418 409 358

110 82 1(9 99 86 94 1(5 93 114 114 99 137 125 276 189 173 189 235
8 6 0 8 0 8 0 8 8 18 8 0 184 54 44 56 128

128 215 184 131 91 226 171 182 211 96 246 237 233 281 191 182 184 161
0 0 0 8 ( 18 I 0 I I 0 I I ( 8 18

85 109 97 97 99 98 97 107 121 111 86 107 95 91 103 110 121 86
0 0 0 0 0 0 8 0 1 I I II I 0 III

130 127 108 89 95 91 99 100 120 101 117 110 100 134 114 94 97 76
0 0 I 0 88 1 0 8 8 I III I I II

181 180 103 125 111 130 184
0 8 0 0 0 0 8

189 120 114 109 95
1 10 0 0

90 91 136 128 168 128 166 84 114 115 117
I I I I I I 0 I I I I

STATION 6 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
460 415 800 461 491 351 521 506 547 626 453 586 491 438 481 515 419 489
0 0 6 0 0 544 0 1 12724 12711952 186111811816 I 988 I

STATION I TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
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aECTRO-SHOCKER
TL 165
UT 6

aECTRO-SHOCKER
TL 132 146
UT 22 32

ELECTRO-SHOCKER
TL 168 142 176
UT 48 38 4B

GILLNET
TL 258 262 245
UT 154 176 144

GILLNET
TL 351
UT 556

GILLNET
TL 475 427 487
UT 1317 872 782

GILLNET
TL 387 377 252
UT 896 818 213

LARCEHOUTH BASS

GILLNET
TL 331

UHITE CRAPPIE

FRESHWATER DRUM
120 168
16 54

GIZZARD SHAD
237
138

CARP

RIVER CARPSUCKER

SHALLHOUTH BUFFALO
366 445 467
658 1407 1453

CHANNEL CATFISH
282

UT 248 143

GILLNET
TL 364 400 329
UT 712 996 568

UHITE BASS
363
822

FRESHWATER DRUHGILLNET
TL 177
UT 56

ELECTRO-
TL 171
UT 52

TL 171
UT 0

TL 183
UT 0

TL 164
UT 0

TL 102
UT 0

TL 114
UT 0

156
40

SHOCKER
210 178
82 60

176 173
0 0

171 124
0 0

162 114

100 163
0 0

168 132
0 0

GIZZARD. SHAD
235 213 174 206

88 88 50 84

130 180 106 174
6 0 8 0

164 103 169 178
0 0 0 8

158 110 111 170
0 0 0 0

113 HI 85 108
00 0 0

108 136 129 174
0 0 6 8

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT! GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE * TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 2
172 211 161 289 179
54 90 44 88 52

118 161 199 131 160
0 0 0 8 0

133 189 136 125 146
6 8 0 6 I

181 121 108 170 175
0 0 0 0 0

122 160 119 174 18B
0 0 0 0 0

142 188 96 164 236
OOOO 0

GRAND LAKE - TAR CREEK STUDY.
171 172 211 202 189 241 167 180
48 46 86 80 56 124 44 0

175 128 129 178 212 95 127 200
0 8 6 0 0 0 0 6

165 185 129 183 126 113 178 124
6 6 0 0 0 0 0 8

135 125 148 95 103 1B2 183 110
0 0 0 0 8 6 I 6

176 148 95 98 162 194 112 116
8 8 8 8 0 80 0

207 162 191 156 174 173 231 188
0 0 0 6 8 0 6 8

TL 159 176 175 173 192 98 161 173 118 193 201 173 180 168 220 197 171 128 123

176 171 183 219 211
I 0 6 6 6

HI 166 119 162 175
I 0 1 6 8

167 178 115 66 155
I 10 11

116
1

121
8

105
0

174
8

98
8

119
0

181
8

103
0

177
0

174
6

173
1

208
0

118
6

163
8

97
1



i
00
to

HT 53

aECTRO-SHOCKER GIZZARD SHAD STATION 1 TRANSECT 3 GRAND UKE - TAR CREEK STUDY.
185 133 117 168 166 116 126 174 158 177 137 117 148 166 78 123 172 169 176 124 119 154 216 211
72 23 20 53 47 22 21 48 39 54 28 18 28 36 2 16 48 50 44 20 18 38 91 96ft •a

TL 132 127 187 177 162 193 138 167 286 187 162 173 159 125 127 120 125 119 126 123 146 118 119 126 125
UT 28 28 68 52 38 52 22 38 78 60 34 42 36 20 18 16 20 16 23 18 24 18 16 21 24

TL 123 126 162 128 124 127 141 146 113- 160 130 132 125 120 118 128
UT 18 20 38 18 18 20 32 32 12 40 24 24 24 21 18 18

aECTRO-SHOCKER CARP STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
TL 535 510 495 505 540 440 456 622 518 483 485 280 271 451 509 468 470 495 377 355 516
UT 1816 1683 1680 1816 2343 999 1135 2134 1725 1362 1498 260 256 1180 1987 1362 992 1453 662 572 1861

ELECTRO-SHOCKER
TL 317 407
UT 6 792

RIVER CARPSUCKER STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY,

ELECTRO-SHOCKER SMALLMOUTH BUFFALO STATION 1 TRANSECT 3 GRAND LAKE
TL 246 410 284 252 215 161 119 134 222 182 136
UT 182 980 334 220 132 53 19 35 158 12 30

TAR CREEK STUDY.

ELECTRO-SHOCKER CHANNEL CATFISH
TL 387 335 533 278 423 352 177
UT 216 250 1688 138 565 350 38

ELECTRO-SHOCKER
TL 215
UT 93

FLATHEAD CATFISH

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

ELECTRO-SHOCKER UHITE BASS STATION 1 TRANSECT 3 GRAND LAKE'- TAR CREEK STUDY.
TL 348 344 284 201 194 195 212 287 213 216 128 104 95 185 103 123 120 147 164 86 187 183 124 162 99
UT 568 536 314 118 9B 98 129 320 124 142 29 14 12 83 18 23 20 37 52 6 17 15 IB 16 15

TL ICO 94 86 103 83 90 174 106- 122 77 78 105 80
UT 12 12 19 14 8 11 63 18 20 6 6 14 4

ELECTRO-SHOCKER
TL 65 98 182
UT 7 17 16

ELECTRO-SHOCKER
TL 118 117 115
UT 27 38 34

aECTRO-SHOCKER
TL 63 62 48
UT 5 4 2

ELECTPO-SKOCKER
TL 142 110 161
UT 58 27 93

TL
UT

72
6

85
11

89
9

ELECTRO-SH3CKER
TL 104

GREEN SUNFISH
100
18

UARHOUTH
96 88
16 14

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

ORANGESPOTTED SUNFIS STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

BLUEGILL
132 126 123
53 44 38

58
2

REDEAR SUNFISH

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
136 99 98 129 105 118 115 148 94 157 108 107 157
50 18 16 39 24 34 28 74 17 92 23 26 92

STATION 1 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

85 183 104 114 127 125
16 20 20 28 44 48
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SMALLMOUTH BUFFALO STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

CHANNa CATFISH

UHITE BASS
196 165 103 73
110 60 10 6

GREEN SUNFISH

UARMOUTH

STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT! GRAND LAKE-TAR CREEK STUDY.

STATION 2 TRANSECT I GRAND LAKE - TAR CREEK STUDY.

aECTRO-SHOCKER
TL 265 265 296
UT 248 260 380

ELECTR0-5HCCKER
TL 345 410 388
UT 284 480 400

ELECTRO-SHOCKER
TL 180 80 161
UT 82 2 54

aECTRO-SHOCKER
TL 58
UT 2

ELECTRO-SHOCKER
TL 168
UT 100

ELECTRO-SHOCKER
TL 162 108 132
UT 88 20 46

ELECTRO-SHOCKER
TL 365 176 383
UT 744 70 410

ELECTRO-SHOCKER
TL 310 265 338
UT 450 270 440

GILLNET
TL 1198 682 1035
UT 52211680 2996

GILLNET
TL 592
UT 1044

GILLNET
TL 261 280 248
UT 156 206 136

GILLNET
TL 515 472 460
UT 1680 1226 1135

GILLNET
TL 407
UT 756

GILLNET
TL 516
UT 2452

GILLNET
TL 4S2
UT 1183

BLUEGILL STATION 2 TRANSECT I GRAND LAKE - TAR CREEK STUDY.
134 104 106 88 80 98 55 88
44 22 26 II 8 20 2 12

LARGEMOUTH BASS STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
130 75
38 5

UHITE CRAPPIE STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
350 155 302 228 230 150 222 150 155 270 146 140 210 140 143 75 71 242
618 40 382 160 164 36 152 40 40 332 32 32 110 31 3( 3 2 202

LOHGMOSEGAR " STATION 2 TRANSECT 1 GRAND LAKE -TAR CREEK STUDY.
1040 813 897 700 930
3269 1226 1771 999 2270

SHORTNOSE GAR STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

GIZZARD SHAD STATION 2 TRANSECT 1. GRAND LAKE - TAR CREEK STUDY.
259 273 168 166
152 200 44 46

CARP
492 490 463
1407 1453 1135

RIVER CARPSUCKER

STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

BIGHOUTH BUFFALO .STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY..

FLATHEAD CATFISH STATION 2 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
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TL 7i4
UT 1362

GILLNET
TL 252 353
UT 128 406

GIZZARD SHAD

GILLNET CARP
TL 497 478 472 466
UT 1634 1317 1226 1453

GILLNET
TL 387
UT 776

RIVER CARPSUCKER

GILLNET
TL 262
UT 238

SMALLMOUTH BUFFALO

GILLNET
TL 375 372
UT 858 802

383
878

UHITE BASS

GILLNET
TL 300
UT 426

UHITE CRAPPIE

GILLNET
TL 248 175
WT 166 60

167
16

FRESHWATER DRUM

ELECTRO-SHOCKER GIZZARD SHAD
TL 120 161 189 185 166 215 196
UT 20 42 58 62 43 90 70

TL 118 110
UT 19 10

ELECTRO-SHOCKER CARP
TL 412 460 450 461 433 372 450
UT 817 1135 1226 1180 1090 620 1098

ELECTRO-SHOCKER
TL 409 395
UT 746 732

RIVER CARPSUCKER

ELECTRO-SHOCKER SHALLHOUTH BUFFALO
TL 455 332 276 232 330 308 355
UT 1453 340. 2B2 296 514 408 584

ELECTRO-SHOCKER CHANHEL CATFISH
TL 342 351 380 335 280 348 270
UT 289 300 414 254 159 296 138

ELECTRO-SHOCKER WHITE CASS
TL 338 275 272 283 199 257 260
UT 672 280 276 110 90 224 218

ELECTRO-SHOCKER
TL 73 36

GREEN SUKFISH

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
194 170 260 1B8 178 191 163 116 121 177 125 158 170 163 162 182 114 138
70 48 150 52 52 76 46 18 16 52 21 34 48 44 42 56 15 21

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
258 267 172 135 262 290
249 250 63 34 233 336

STATION 2 TRANSECT 3 GRAND LAKE .- TAR CREEK STUDY.
438 256
499 123

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
285 2B2 245 200 68 78 105
116 300 200 112 2 3 12

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
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GILLNET
TL 447 392
UT 672 428

GILLNET
TL 615
UT 3133

CHANNEL CATFISH

FLATHEAD CATFISH

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 2 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.GILLNET FRESHWATER DRUM
TL 276 264 287 176
UT 152 196 86 54

aECTRO-SHOCKER GIZZARD SHAD
TL 104 110 77 86 77 209 196
WT 6 14 3 5 4 84 80

aECTRO-SHOCKER CARP
TL 444 365 5(1 428
UT 1008 644 1589 1078

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
217 172 114 105 93 127
96 48 14 12 4 16

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

aECTRO-SHOCKER
TL 295
UT 348

ELECTRO-SHOCKER
TL 301 236
UT 174 98

SMALLMOUTH BUFFALO STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

CHANNEL CATFISH

ELECTRO-SHOCKER UHITE BASS
TL 94 50 110 128 108
UT 6 6 14 12 5

aECTRO-SHOCKER GREEN SUNFISH
TL 131 83 86 71 85
UT 16 8 10 6 12

ELECTRO-SHOCKER UARMOUTH
TL 104 185 116 152 113 112 84
UT 28 20 28 72 28 28 10

ELECTRO-SHOCKER -.BLUEGILL
TL 113 133 95 137 122 94 122
UT 30 44 13 43 36 14 36

TL 118 105 83 112 83 96 155
UT 32 20 10 26 10 12 80

TL 109 118 133 76 105 109 188
UT 20 16 40 4 16 22 20

TL 91 95 120 120 84 100 95
HT'.. 14 16 28 32 8 16 14

ELECTRO-SHOCKER
TL 83 89
UT 8 10

ELECTRO-SHOCKER
TL 115
UT 26

LONGEAR SUNFISH

REDEAR SUNFISH

StATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
91 . •

" 18 '

STATION 3 TRANSECT 1 .GRAND LAKE rTAR CREEK STUDY. ;4. • ,,.•„.
114 93 129 90 91 112 117 122 94 91 168 165 149 113 131 98 128 131
28 14 34 12 13 26 30 32 16 14 72 84 66 28 42 12 36 42

87 104 166 110 92 93 86 105 109 81 141 81 165 141 85 138 113 121
8 18 84 24 12 12 10 16 18 6 28 4 74 56 6 46 24 32

92 99 155 112 137 1(8 85 90 93 111 161 167 48 185 116 163 76 118
12 14 58 24 48 20 8 10 12 24 76 22 1 20 24 28 8 22

110 84 95 103 108
24 8 8 20 22

StATION 3 TRANSECT I GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY,

:i

j



TL 242
UT 232

ELECTRO-SHOCKER
TL 54
UT I

ELECTRO-SHOCKER
TL 122 120
HT 16 16

ELECTRO-SHOCKER
TL 116
UT 32

ELECTRO-SHOCKER
TL 161 172 95
UT 91 92 16

TL 58 76 75
UT 0 0 6

ELECTRO-SHOCKER

ft''B; °l 81
ELECTRO-SHOCKER
TL 275 231 286
UT 394 168 354

TL 219 80
8g UT 124

KILLIFISHES^TOPHINNO STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

UHITE BASS STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

UARMOUTH STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

BLUEGILL STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
121 71 91 96 134 98 87 81 122 158 99 88 74 HI 112 116 81 116 111 136 151 44
28 4 II II 48 12 8 6 38 52 16 18 6 54 16 22 8 18 18 48 61 I

52 38
18

LARGEMOUTH BASS

62
WHITE CRAPPIE

! «8.1 *.-» ft '31 -'8 «• illM WV III «8 -S.iB SI '31 '8 'S '8

STATIONS TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

FRESHWATER DRUM STATION 3 TRANSECT 2 GRAND LAKE -TAR CREEK STUDY,aECTRO-SHOCKER
TL 96
UT 5

GILLNET
TL 1154 1005 1275
UT 6492 3360 7264

LONGNOSE GAR STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
1067 930 935 824 1065 975 1132 785 894
4449 2633 2270 1816 3223 3269 4949 1317 2361

GILLNET
TL 182
UT 58

GILLNET
TL 564 497
UT 2179 1680

GILLNET
TL 428 416 416
UT 883 868 836

GILLNET
TL 541
UT 2315

GILLNET
TL 520
UT 2815

GIZZARD SHAD

CARP

RIVER CARPSUCKER
421 425 .
856 922

STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 2 GRAND LAKE -TAR CREEK STUDY.

STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

SMALLMOUTH BUFFALO STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

BIGHOUTH BUFFALO STATION 3 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

it

.j" . j'

i



i
VO

to

I

HT I I

ELECTRO-SHOCKER
TL 369 518 436
UT 744 2270 1271

aECTRO-SHOCKER
TL 246 261 155
UT 216 280 36

TL 256 132 125
UT I I I

GILLNET
a 1325 1265 1165
UT 8853 6356 5312

GILLNET
TL 678 710 785
UT 1098 1589 1544

GILLNET
TL 342 407
UT 406 666

GILLNET
TL 488 498 457
UT 1226 1090 1226

GILLNET
TL 466 442 400
UT 996 978 768

GILLNET
TL 432 447 453
UT 1180 1453 1271

GILLNET
TL 648 408
UT 3223 680

GILLNET
TL 280
UT 360

aECTRO-SHOCKER
TL 158 146 131
UT 36 32 28

ELECTRO-SHOCKER
TL 525 531 469
UT 2134 1907 1437

ELECTRO-SHOCKER
TL 378 381
UT 638 600

ELECTRO-SHOCKER
TL 239
UT 130

lilt I I II I I I I 0 8 0 6

LARGEMOUTH BASS
403 235 361 282
1135 170 740 356

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
115 93 76
12 6 1

WHITE CRAPPIE
210 165 141
120 58 46

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
240 128 148 267 155 275 264 291 231 235 161 175 214
206 20 28 256 36 322 296 386 164 174 I I I

128
I

143
I

144
I

152
I

154 133
0

134
0

99
I

91
I

125
I

141
I

76
I

129
1

LONGNOSE GAR STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
1175 1255 933 1102 838 1010 998 997 1060 977 930 761 935 1128
5312 7264 2769 4994 1589 2951 2724 2815 3768 2679 2724 1144 2497 3632

SHORTNOSE GAR
651
1180

GIZZARD SHAD

CARP
478 485
1498 1453

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

RIVER CARPSUCKER . STATION 3 TRANSECTS GRAND LAKE-TAR CREEK STUDY.

SHALLHOUTH BUFFALO
465 393 465
1271 842 1680

FLATHEAD CATFISH

UHITE CRAPPIE

STATIONS TRANSECTS GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 3 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

GIZZARD SHAD STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
140 150 139 145 110 126 134 141 140 146 158 176 141 149 136
28 32 28 32 12 18 22 28 28 32 44 46 26 30 20

CARP
46B 534
1589 2179

RIVER CARPSUCKER

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT! GRAND LAKE - TAR CREEKSTUDY.

SMALLMOUTH BUFFALO STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

171 131 161 165 143 216

)
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VO
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I

HT I

ELECTRO-SHOCKER
TL 351
UT 484

GILLNET
TL 441 462 451
UT 358 370 371

GILLNET

ft 33! B 'Jl
CIUNET
TL 371 395
UT 56( 700

GILLNET
TL 662 312
UT 2633 214

GILLNET

ft
GILLNET

ft2'

FRESHWATER DRUM

SPOTTED GAR
583 498 .452 578
818 580 394 808

GIZZARD SHAD

\n m % i
RIVER CARPSUCKER

CHANNEL CATFISH

WHITE BASS

FRESHUATER DRUH

ELECTRO-SHOCKER
TL 214 186 139
UT 104 60 21

TL 114 102 118
UT 12 8 16

TL 81 90 129
UT 8 0 6

GIZZARD SHAD
182 193 229 171
52 66 102 52

121 104 95 89
16 8 0 8

152 117 98 115
8 0

TL 118
HT 6

88 128
0 0

104 119 104 111
6 6 8 0

UHITE BASS
115 136 101 120
6 8 6 8

BLUEGILL

ELECTRO-SHOCKER
TL 146 102 89
UT 24 8 4

ELECTRO-SHOCKER
TL 178 105 131
UT 114 18 8

ELECTRO-SHOCKER
TL 81 84 89
UT 0 0 8

GILLNET
TL 710 725 620
UT 1816 1907 1188

GILLNET

LARCEHOUTH BASS
79 89 95 81
3 9 8 6

SPOTTED GAR
560 468 580 635
772 342 808 1044

GIZZARD SHAD

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.
18 541 567 628 698 630 638 766 706
22 844 680 1044 1317 1186 1135 2361 1407

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

"A i h "a 2»«-'a «a'§j
STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT i GRAND LAKE -.TAR CREEK STUDY.

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 1 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
220 115 195 202 210 215 225 195 179 185 144 132 139 126 111 130 111 114
184 18 84 92 188 110 72 58 36 28 22 21 II 21 12 16

107 135 91 110 115 111 181 108 103 180 118 117 115 92 114 114 111 112
6 0 6 0 8 10 8 0 I I I 6 I I I I I I

121 120 124 112 95 185 108 127 105 106 IK 167 110 114 116 117 119 111
0 0 0 0 0 0 8 0 0 6 6 6 0 8 6 8 6 8

121 106 116 10B 97 95 122 82 1(5 1(2
6 I 8 0 I I 0 I 6 I

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
74 71 82
8 0 0

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
418
292

STATION 4 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

•-_-':
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I

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECTS GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
114 116 96 75 121 72 178 154 145 120 104 169 56 114 153 87 121 93
20 0 6 8 I I 1(1 70 58 34 till 8 I It

77 B6 71 94 82 55 83 48 44 43 57 86 40 161 65 46 43 56
0 II 6 8 6 11 8 6 8 8 6 II I I I

TL 116 93
HT I 8

ELECTRO-SHOCKER GREEN SUNFISH
TL 133
HI I

aECTRO-SHOCKER UARMOUTH
TL 113 56
UT I I

aECTRO-SHOCKER BLUEGILL
TL 159 125 154 166 153 112 91
UT 86 34 76 94 56 24 8

TL 95 89 121 52 88 119 98
UT 0 8 6 8 0 I 8

TL 79
UT I

ELECTRO-SHOCKER LARGEMOUTH BASS
TL 245 470 365 251 358 295 258
UT 208 1771 770 248 632 302 218

TL 185 171 219 119 98 96 77
UT 1 66 124 0 0 68

aECTRO-SHOCKER UHITE CRAPPIE
TL 386 254 315 232 301 271 272
UT 450 253 518 155 428 346 294

aECTRO-SHOCKER FRESHWATER DRUM
TL 155 209 156 145 110
UT 36 104 58 28 8

GILUO . SPOTTED GAR
TL 648 609 667 576 504 580 745
UT 1188 1044 1362 890 530 890 1907

GILLNET
TL 805
UT 2452

SHORTNOSE GAR

GIULNET GIZZARD SHAD
TL 247 277 251 188 184 272 178
UT 128 170 138 50 50 162 46

GILLNET
TL 429
UT 1271

SHALLHOUTH BUFFALO

GILLHET
TL 180
UT 43

CHANNEL CATFISH

GILLNET
TL 366
UT 762

UHITE BASS

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
215 261 258 230 271 377 254 241 238 261 275 230 240 231 236 85 124 275
139 248 280 176 244 934 244 176 174 281 328 148 176 168 188 6 26 286

74 78 113 156 36 188 86 78 96 115 87 126 93 78 69 163
8 6 8 8 0 6 6 8 II I t II II

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
225 159 171 155 137
148 50 52 48 0

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
593 750 738 825 440
908 2225 2088 3178 298

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
242 176 182 178 226 170
120 42 47 44 94 39

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 4 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
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00
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TL 276 436 355 266
UT 144 688 318 134

ELECTRO-SHOCKER UHITE BASS
TL 89 95 105 91 81 106 187
UT 4 6 6 0 0 11 12

aECTRO-SHCCKER GREEN SUNFISH
TL 96 100 112 106 121 108
WT 0 0 28 28 32 20

ELECTRO-SHOCKER UARMOUTH
TL 85 90 86 64 48 106 104
UT 0 0 0 8 8 28 18

ELECTRO-SHOCKER BLUEGILL
TL 97 83 185 189 128 116 186
UT 8 8 8 6 0 0 8

TL HI 122 116
UT 0 32 8

B8 91 89 87
8 0 8 6

TL 61 89 93 82 163 84 93
UT 6 8 6 6 0 6 8

TL 83 92 84 84 55 101 104
UT 8 8 0 6 8 6 6

TL 137 101 110 93 119 107 109
UT 66 14 15 12 34 20 21

TL 103 78 85 92 101
UT 6 0 0 0 0

ELECTRO-SHOCKER LOHGEAR SUNFISH
TL 74 76 78 86
UT 0 0 4 8

aECTRO-SHOCKER LARGEMOUTH BASS
TL 93 256 151 142 183 111 200
UT 4 244 44 33 76 16 100

TL 234 245 235 358 221 218 242
UT 164 200 168 750 154 140 170

ELECTRO-SHOCKER UHITE CRAPPIE
TL 82 305 254 265 219 231 215
UT 0 460 260 284 160 174 142

ELECTRO-SHOCKER
TL 200
HT 93

ELECTRO-SHOCKER
TL 94
UT 6

ELECTRO-SHOCKER
TL 115
UT 16

BLACK CRAPPIE

LOCPERCH

FRESHWATER DRUH

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
99 100 165 90 100 385 312 213 189

6 6 60 12 6 728-368 132 88

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
91 80 50 170
14 8 6 104

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
101 88 94 79 60 114 94 106 91 93 81 111 73 83 94 73 98 92

8 6 0 6 0 6 8 8 6 8 6 8 0 I II II

103 118 97 65 119 181 125 117 111 124 101 129 93 85 97 82 82 59
6 6 0 6 32 18 32 28 22 30 14 34 0 8 0 I 6 0

80 190 187 105 118 86 78 52 83 92 87 75 72 111 112 118 96 85
4 12 24 24 22 6 8 6 8 6 6 6 8 23 24 24 14 6

117 114 96 169 103 148 186 141 178 76 127 129 93 127 88 82 94 131
28 0 0 92 18 60 112 56 92 4 40 44 7 36 10 8 18 46

96 114 111 110 103 183 97 81 78 96 84 156 79 94 82 53 B3 74
18 26 24 24 18 18 16 8 4 8 7 68 0 0 0 0 8 0

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
227 243 188 220 280 214 258 266 241 336 458 224 330 315 428 429 234 242
150 196 90 148 304 114 252 264 204 586 1453 160 584 466 1188 1186 174 224

215 197 310 331 260 245 251 245
132 114 480 408 252 210 232 198

STATION 5 TRANSECT 2 GRAND LAKE
231 261 139 221 119 201 179
160 232 30 130 16 120 56

TAR CREEK STUDY.

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 2 GRAND LAKE - TAR CREEK STUDY.
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TL 126 89 112
UT 32 16 26

aECTRO-SHOCKER
TL 96 119 118
UT 14 18 16

TL 86 156 76
UT 6 8 6

ELECTRO-SHOCKER
TL 323 266 255
UT 478 272 212

ELECTRIHSHOCKER
TL 267 242 289
UT 280 226 399

aECTRO-SHOCKER
TL 250, 182 98
UT 169 18 18

GILLNET
TL 408 325 266
UT 658 364 136

GILLNET

ft

40
6

BLUEGILL
94 165 166 133
I 0 8 8

103 82 86 50
0 I 6 6

LARGEMOUTH BASS
191 108 371 371
1 8 881 872

UHITE CRAPPIE
69 262 252 275
6 256 244 296

FRESHWATER DRUM
120 199 117 104
16 12 28 12

GIZZARD SHAD

8. ill 351 M
CARP ,

ft,Mi$
GILLNET
TL 415 407 418
UT 856 786 857

GILLNET
TL 386 418
UT 413 512

GILLHET
TL 490
UT 1180

GILLNET
TL 418 251
UT 1844 212

GILLNET

ft "fl
GILLNET
TL 232 112
ut no

EXEC =
rEHD

«GO

185
32

1.75 SEC

'u^

m ml
RIVER CARPSUCKER
422
B68

CHANNEL CATFISH

FLATHEAD CATFISH

WHITE BASS

UHITE CRAPPIE

FRESHWATER DRUH

STATION 5 TRANSECT 3 GRAND LAKE-TAR CREEK STUDY.
85 90 55 48 55 117 75 87 48 75 60 48 68 166° 161 B9 88 78

6 6 0.1 8 6 I 6 8 6 6 8 III III

58 56 56
8 6 6

STATION 5 TRANSECT 3' GRAND LAKE - TAR CREEK STUDY.
324 254 240 154
520 236 184 48

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
251
220

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
185
18

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY*
235 359 355 278 292
129 433 445 321 202

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY,

STATION 5 TRANSECT 3 GRAND LAKE-TAR CREEK STUDY.

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.

STATIONS TRANSECT 3 GRAND LAKE-TAR CREEK STUDY.

STATION 5 TRANSECT 3 GRAND LAKE - TAR CREEK STUDY.
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