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ABSTRACT

Biology, Reproductive Potential and the Impact of Fishing

Pressure on the Bluegill Fishery of Pelican Lake,
Uintah County, Utah
by
Bob D. Burdick, Master of Science
Utah State University, 1979
Major Professor: Dr. Richard S. Wydoski
Department: Wildlife Science

Certain aspects of the biology of two species of fish, bluegill

(Lepomis macrochirus) and largemouth bass (Micropterus salmoides),

and the assessment of fishing pressure upon the sport fishery of
Pelican Lake, Uintah County, Utah, a 680 ha warmwater lake, were
studied between April 1, 1976 and June 30, 1978. The growth rate of
bluegills (sexes combined) was fairly rapid; the mean back-calculated
total lengths from ages one through nine were 55, 112, 166, 194, 211,
229, 245, 256 and 259 mm. The growth of largemouth bass was 104,
194, 271, 316, 350, 405 and 416 mm total length for ages one through
seven for the combined sexes. Male bluegills matured earlier in life
than females. Bluegills spawned continually from the first of June
to the first of September, although the peak spawning occurred in
June of both years. Gonadal weight to body weight ratios (maturity

index) were greatest in the first of June for both male and female
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bluegills. Fecundity estimates ranged from 11,102 mature ova for an
age II bluegill to 46,281 mature ova for an age V bluegill. Fecundity
estimates for largemouth bass ranged from 4,810 mature ova for a II
year old to 31,719 mature ova for a V year old. Largemouth bass
spawned primarily in late May in 1976 and early June in 1977.

Angler use of the lake was estimated to be 10,054 angler days
fished in 1975, culminating a seven-year increase in use, with subse-
quent declines in angling to 3,001 angler days in 1976 and 5,027 in
1977. A significant winter fishery developed in 1978. Anglers
harvested an estimated 58,277, 44,918 and 22,469 bluegills and 5,791,
2,747 and 4,176 largemouth bass in 1975, 1976 and 1977, respectively.
Angler catch rates for bluegills in respective years were 1.520,
1.640 and 1.130 fish/hr and 0.204, 0.094 and 0.213 fish/hr for
largemouth bass. Bluegill age groups IV and V and largemouth bass
age group III composed the majority of angler harvested fish in 1976
and 1977. Age and size composition of angler harvested bluegills
indicated no statistically significant change between 1976 and 1977.
Bass harvested by anglers in 1977 were significantly greater in
weight than those harvested in 1976. The total annual mortality
determined from scale analyses of angler harvested fish was 59.9% for
bluegill and 71.6% for bass. A significant number of male bluegills
was harvested by anglers in June 1977, the period of peak nesting
activity. Anglers released 5,158 bluegills in 1977, of which an
estimated 11% (565) were lost to hooking mortality. Of various hook
sizes used to assess hooking mortality, number 8 regular shank hooks

yielded the highest total mortality (18%). The lowest hooking



mortality was with number 6 regular shank jig hooks (0%) and where
the leader was cut and the hook allowed to remain (0%). Higher
mortality of worm-hooked fish was attributed largely to anatomical
location of hooking. Of the total (19) bluegill mortalities, 63%
were hooked in the esophagus and 37% in the gill/gill arch.
Postwinter population sampiing in May 1977 indicated the esti-
mated standing crop weight was 40% less than the prewinter standing
crop weight in August 1976. A similar loss in standing crop (37%)
was noted in weight from August 1977 to June 1978. The greatest loss
in numbers was in young-of-the-year bluegill that suffered an
estimated 98% overwinter mortality. Midwinter water quality analyses

indicated that anoxic conditions occurred from 2.0 m below the ice to

XX

the bottom. An increase in hydrogen sulfide levels was also detected.

Recommendations for the fishery were (1) adjustment of the daily
bag limit for the bluegill sport fishery with fluctuations in angling
use; (2) continuation of a creel census from April 1 through July 31
similar to the design used in this study to annually assess angling
use, catch rates, total harvest and the size and age composition of
this harvest; (3) stomach analyses of potential predators to assess
the overwinter mortality of bluegills; (4) retainment of the current
bag limit on largemouth bass with future consideration of utilizing a
12-15-in (305-381 mm) total length limit to increase the numbers of
larger, older bass in the population; (5) nonrestrictive use of
terminal gear by anglers since hooking mortality of bluegills caught
and released by anglers in the summer of 1977 was insignificant;

(6) no size length restrictions on the bluegills retained by anglers;
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and (7) consideration of purchasing additional water storage from the

irrigation company.

(256 pages)



INTRODUCTION

Historical Background

Pelican Lake is a 680 ha, 2,089 ha m warmwater storage reservoir
located in southwestern Uintah County, eastern Utah (Figure 1). The
lake is privately operated by the Ouray Park Irrigation Company, which
utilizes the water for agricultural irrigation and stock watering

purposes.

The original stocking of largemouth bass (Micropterus salmoides

Lacepede) and bluegill sunfish (Lepomis macrochirus Rafinesque) was

made in 1954 by the Randlett Lions Club and Vernal Rod and Gun Club
(Utah State Division of Wildlife Resources [Utah DWR] 1970). The
actual numbers of these two fish species stocked at that time are
unknown and no subsequent stocking of other fish species is recorded.
Crayfish (Orconectes sp.) were introduced intc the lake in 1968 by
Utah DWR personnel in an attempt to control aquatic vegetation (Utah
DWR 1969).

Until 1966, the lake was primarily utilized for irrigation and
other agrarian practices. Between 1954 and 1966, Utah DWR personnel
reported that Pelican Lake was not being used extensively for fishing
(Utah DWR 1970). Prior to 1966, fishing pressure was probably low
because most of the shoreline was inaccessible to anglers, no boat
launching facilities were present and objectionable odors were produced

by decaying, aquatic vegetation in the summer months due to water
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Figure 1. Location of Pelican Lake, Uintah County, Utah.




drawdown for irrigation. Area residents, prior to 1966, described the
lake as a swampy mudhole giving off a "marshy odor" (Utah DWR 1969).
Initial fishery investigations of the lake with fish toxicants
were conducted in 1964 by Utah DWR biologists. Only two species,
largemouth bass and bluegill, were collected at that time. Other

species (channel catfish, Ictalurus punctatus Rafinesque; cutthroat

trout, Salmo clarki Richardson; green sunfish, Lepomis cyanellus

Rafinesque; and fathead minnow, Pimephales promelas Rafinesque) have

subsequently been reported in various netting and sampling investi-
gations (Crosby and Shipley 1976, Vernal, Utah, Personal communi-
cation). These other species may have been introduced via the Colorado
Park Irrigation Canal, a bypass diversion of the Whiterocks River that
supplies the lake, although introduction by bait fishermen cannot be
entirely ruled out. Annual winterkills of both bluegills and large-
mouth bass have been investigated following ice breakup in late March
and early April, but sufficient data are not available to estimate fish
lost to winterkill.

A conservation pool of 493 ha m was purchased in 1967 from the
irrigation company that expanded the lake and raised the previous
max imum water level of 2.44 m to over 4.90 m (Utah DWR 1969). The
inundation of additional land resulted in desirable fishing areas
becoming accessible to shore fishermen (Utah DWR 1969). The lake's
volume was increased from approximately 987 ha m to the current storage
capacity of 2,089 ha m. Water levels fluctuate from near or full
capacity in the spring, followed by water drawdown during the summer
as water demands dictate, with subsequent midwinter and early spring

filling.



Easements on the north and south shoreline, plus the availability
of an additional boat ramp, provided fishermen more access, which
promoted steadily increasing fishing pressure on the lake. The influx
of midwesterners and southerners, who traditionally have originated
from areas where warmwater fishing was popular, to the Uintah develop-
ment basin, coupled with resident angler interest in warmwater
fisheries, placed more use on the fishery. Anglers soon realized that
Pelican Lake bluegills were rivaled by few other panfish fisheries in
Utah in consistently producing quality-sized bluegills (quality-sized
bluegills used in this context refers to fish averaging greater than
210 mm total length [TL] and 300 g total body weight).

Investigation of the harvest, catch per unit of effert and angler
use patterns on the lake were made between 1969 and 1974 by conser-
vation officer interviews and creel census card questionnaires.
Although the lake is open year-round to fishing, most fishing occurs
between the first of April and the Labor Day weekend in early
September. Until the winter of 1978, few anglers fished through the
ice. Creel checks by Utah DWR personnel indicated that fish could not
be caught during this period (Shipley and Grandison 1976, Vernal,
Utah, Personal communication).

Popularity of the lake as a bluegill fishery was spread via
personal communication until national attention was brought to the lake

in the July 1974 issue of Outdoor Life (Zumbo 1974). Subsequently, two

additional popular magazine articles have been written about Pelican
Lake (Zumbo 1977; Lyons 1978). Prior to 1974, creel census information

had not distinguished nonresident from resident anglers; but in 1975,



creel information indicated out-of-state vehicles frequented the lake
(Utah DWR 1975). Information collected between 1969 and 1974 indicated
a rather rapid increase in angler day use (A.D.U.) at Pelican Lake from
2,959 A.D.U. to 8,917 A.D.U. (Utah DWR 1969-1974) (Figure 2).

Although bluegill populations often become stunted due to inade-
quate fishing exploitation and/or predators (Beard 1971; Bennett 1970),
the bluegills in Pelican Lake have remained large, even though fishing
pressure was apparently low between 1954 and 1967. The population did
not become stunted because other natural controls were keeping it in
balance. The population of bluegills which existed at Pelican Lake
appeared to be balanced naturally; however, a future increase in
fishing pressure may cause overexploitation of the population. Since
the increased fishing pressure might deplete the large 5- to 6-year-
old bluegills (bluegills were aged by Chad Crosby, regional fishery
manager, Utah DWR, Vernal, Utah, 1974), a daily bag and possession
limit of 20 bluegills was initiated by the Utah DWR in 1975. The
rationale behind the establishment of the bag limit was that with
increased angling, the older, larger bluegills would be "cropped off"
faster than recruitment could replace fish in the population and,
therefore, smaller and younger bluegills would dominate the catch.

As larger bluegills became scarce, the fishery would deteriorate in
quality. The daily bag and possession limit of 20 bluegills and 10
largemouth bass is currently in effect.

Following promulgation of the bluegill bag limit, studies were

begun in March 1975 to determine the response of the fishery to the
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regulation., Results from this preliminary work were incorporated in

and expanded upon in this thesis.

Ob jectives

At present, no campground or fish cleaning facilities exist at the
lake, but a campground facility on the west end of the lake has jointly
been proposed by the U. S. Bureau of Land Management and Utah DWR.

This campground will undoubtedly promote more use of the lake for
fishing. Maintenance of the quality fishery under increased fishing
pressure and at the same time allowing optimum, sustainable yield to
the angler should be the ultimate goal for the fishery management
program.

The major cbjective of this study was to consolidate existing in-
formation and obtain baseline data on the bluegill fishery upon which
to base sound management decisions that would preserve this quality
fishery. The specific objectives were:

1. To provide data on the basic biology of bluegills and large-

mouth bass in Pelican Lake which included: age and growth (including
length-weight relationships and condition factors), age composition,
size and age at sexual maturity, fecundity for females and maturity
index for males, location of nests, winterkill loss determined by
shoreline transects after ice-out and mortality rates.

2. To determine the impact of fishing pressure on the bluegill

population of Pelican Lake through a creel check which summarized data
on angling pressure, the total numbers and weight of fish harvested,
the age and size composition of the harvest and sex ratios in the

creel.



3. To determine the mortality (initial and delayed) of bluegills

caught and released by anglers.

4., To obtain information on various limnological parameters that

were needed to interpret the behavior of the fish and biological data

obtained.

Description of Study Area

Pelican Lake is located in the Leota-Randlett, Utah bottomlands
(Latitude %0° 11' N, Longitude 109° 41' W, Township 7 South, Range
20 East, Sections 20, 21, 28 and 29) approximately 35 km southwest of
Vernal, Utah and 33 km southeast of Roosevelt, Utah (Figure 1).

This natural lake lies in the Uintah Basin section of the Colorado
Plateau province at an altitude of 1,463 m with a maximum and average
depth of 4.88 and 2.74 m, respectively. This area is drained by the
Green River and its tributaries. The lofty, east-west Uinta Mountain
range can be seen to the north and the Tavaputs Plateau, or Book
Cliffs to the south (Wilson 1940). The surrounding topography has been
described in detail as smooth, gently sloping benches and mesas (Wilson
1940). The soil is moffat fine sandy loam, which has good drainage
Wwith unrestricted water movement within the soil. A second soil known
as Winslow clay is found within the lake basin and its shores during
periods of low water. The soil and rocks found'in the area are derived
from ancient stream deposits which were laid down during the Quaternary
period of the Cenozoic era.

The area has a semiarid to arid continental climate characterized
by wide daily and annual variations in air temperature and by well-

defined seasons. Annual air temperatures may range from a maximum of
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49 C in the summer to a minimum of -40 C in the winter. Average annual
precipitation is approximately 0.178 m.

Terrestrial plants found surrounding the lake are representative
of the desert shrub-sagebrush vegetative type. Cottonwood (Populus
spp.), willow (Salix spp.) and tamarisk (Tamarix sp.) are well
established along the floodplain of the lake. Other riparian
vegetation commonly found adjacent to the lake includes sagebrush

(Artemisia sp.), rabbitbrush (Chrysothamnus sp.) and curly dock

(Rumex sp.) (Appendix; Table 16).

The lake is filled by the Colorado Park and Moffat Irrigation
diversion canals of .the Whiterocks River during the nonirrigation
season, November 1 to April 30 (Dudley 1977, Randlett, Utah, Personal
communication). Rooted, aquatic veggtation and filamentous algae
abounds in vast areas of the lake, especially in littoral zones. The

dominant species present is pondweed (Potamogeton pectinatus) while

other aquatic plants present are small pondweed (P. pusillus), musk-

grass (Chara sp.), coontail (Ceratophyllum spp.), water buttercup

(Ranunculus sp.), water milfoil (Myriophyllum spp.) and cattail
(Typha sp.) (Hotchkiss 1967). One of the more common filamentous
algae present is Spirogyra spp.

Pelican Lake has been classified as a shallow eutrophic, slightly-
saline lake comparable to Utah Lake in central Utah (Merritt et al.
1976). Total dissolved solids range from 625 mg/l in March to 1,150
mg/l in late September (Bessey 1977, Vernal, Utah, Personal communi-
cation; Appendix, Table 17). Total alkalinity is around 140-200 mg/1l

and total hardness about 260-300 mg/l (Merritt et al. 1975; this
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study). Available nitrogen and phosphorous concentrations analyzed
by Merritt et al. (1976) were moderately low (NH3 + NO3 - N

0.05 to 0.12 mg/1l, PO, - P : 0.006 to 0.018 mg/l) in the lake

4
indicating that at the moderate productivity observed, these species
had been reduced to limiting levels.

Water temperatures may range from a minimum of 0 C in the winter
months to a maximim of 32 C in the summer months (this study). The
shallow nature and absence of any substantial windbreaks plus the
extensive length of the shoreline do not allow strong or extended
water temperature stratifications to occur in the summer months, but a
classical inverse temperature stratification occurs during the three-
to four-month snow and ice cover., Complete ice cover usually occurs by
mid-December and ice cover disappears during late March or early April.
During this period, dissolved oxygen concentrations decline due to
biotic, respiratory processes and decay of suspended and dissolved
organic matter. The water quality of Pelican Lake usually begins to
deteriorate in February with anoxic conditions developing near the
bottom initially and proceeding upward toward the ice sheet throughout
the ice-covered months. Subsequent buildup of hydrogen sulfide under
these anaerobic conditions was detected in both 1977 and 1978. Con-
centrations reached as high as 5.0 mg/l in March 1977 (this study),
levels which are lethal to fish species.

In addition to providing a fishery, the lake also provides an
important staging area for migratory waterfowl during spring and fall.
Numerous species of shorebirds utilize the lake during early spring on

their migrating passage north to nest.
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MATERIALS AND METHODS

Biological, Physical and Chemical Parameters

A description of phytoplankton and periphyton in Pelican Lake has
been conducted (Merritt et al. 1976). No further effort was made in
the present study to characterize the phytoplankton population.

Water level drawdown was monitored biweekly from April 1 to
October 30 of 1976 and 1977, and monthly from November 1 to March 30
at the concrete outlet structure on the south side of the lake. Cal-
culatiocn of the amount of water in the lake was determined using an
area-capacity curve map (Nielsen, Maxwell and Wangsgard Consulting
Engineers, Salt Lake City, Utah).

Surface water temperatures were obtained by a Ryan, Model D, 30-
day, recording thermometer from April 1 to October 30, 1977. A pocket
and max imum-minimum thermometer was used in 1975 and 1976 to zollect
surface water temperatures. Temperature profile data were collected
in June, July, August and September of 1976 and January, February and
March of 1977 and 1978 at 1 m depth intervals with a Yellow Spring
Instruments, thermistor thermometer. Ice and snow depths were recorded
during the ice-covered months of January, February and March of 1977
and 1978 for each station.

Water quality analyses were conducted once monthly in June, July,
August and September of 1976, and January, February and March of 1977
and 1978. The parameters measured included dissolved oxygen (azide

modification of the Winkler method), hydrogen ion concentration (pH),
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total alkalinity (as CaCO,), total hardness (as CaCO,) and hydrogen

3 3
sulfide HZS). A Hack DR-EL engineer's chemistry field kit was
utilized for water analysis. Dissolved oxygen determination in 1977
and 1978 was made in the laboratory after the samples had been fixed
in the field with manganese sulfate, alkaline-iodide-azide and sulfuric
acid.

Profiles of dissolved oxygen, specific conductance and tempera-
ture were determined on March 25-26, 1978, using a Yellow Spring
Instruments Model 54 meter. Water samples collected were iced and

transported to the Utah State Department of Health where they were

analyzed for hydrogen sulfide.

Fish Biology
Collection of Fish

Intensive sampling of fish was conducted from ice-out in late
March through October of 1976 and 1977. Complete ice-over of the lake
from December through late March precluded sampling except for the
creel check of ice fishermen.

Fish were collected by experimental gill nets varying in length
from 30 to 46 m with a minimum and maximum bar mesh of 1.3 and 7.5 cm,
respectively. Trammel nets, 46 m in length with an inside bar mesh of
2.5 cm and an outside bar mesh of 25 cm, were also utilized to capture
fish. A deepwater trawl (4.9 m trawl width with a 3.2 cm #15 Cod End)
and a purse seine (61 m long and 2.54 cm bar mesh) were utilized in
April 1977 to sample midwater areas. Four bag seines measuring 46 m

in length and 2 m in depth each (2.54 cm bar mesh) were spliced
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together to form block-off netting for the rotenone population
sampling. In addition, young-of-the-year fish were captured using
a 9 m bag seine with 1.0 cm bar mesh. Fyke nets (1.2 m by 1.5 m door
width and 3.7 m in length) were utilized in shallow water areas to
capture fish when samples from anglers' creels were unavailable.

Both largemouth bass and bluegill were measured to total, fork and
standard lengths (nearest mm) and weighed (nearest 2 g). Total length
(TL) was defined as the distance from the tip of the head (jaws closed)
to the tip of the tail with the lobes compressed (Hile 1948). Fork
length (FL) was measured from the tip of the snout to the end of the
rays in the center of the caudal fin and standard length (SL) was
measured from the tip of the snout to the end of the vertebral column
(Carlander 1977).

Young~of-the-year bluegills captured during the rotenone samplings

were preserved in 10% formalin.

Age and Growth

Scale samples from bluegills and largemouth bass were collected
from April to October in 1976 and 1977. The scale method was used in
determination of age and growth as described by Van Oosten (1929).
Scales from both bluegills and largemouth bass were removed from an
area located near the left posterior tip of the pectoral fin as sug-
gested by Lagler (1956). Scales were placed in coin envelopes and
later impressions were made on cellulose, acetate cards (7.5 cm x
12.5 am x 0.05 mm) using a Carver Model C, hydraulic, laboratory heat
press. The impressions were magnified 80 x on an Eberbach #2700 pro-

jector. Five scales from each fish were read twice for age. The



14
ventral anterior-lateral radius was used to identify annuli due to
distortion and irregularity of the scale edge at the anterior radius.

The characteristics used to identify annuli were incomplete
circuli or "cutting over'" and relative distance between circuli (Lagler
1956). Generally, the annuli became more difficult to distinguish as
the age of the fish increased. On many bluegill scales, the first
annulus was either difficult to locate or completely missing. First-
year annuli may be absent or unrecognizable and young-of-the-year
bluegill from a late summer spawning may grow little during autumn
and winter and therefore do not form an annulus (Regier 1962). The
location of the missing first annulus was estimated from scale measure-
ments of age I and IT bluegills.

The length-weight relationships for largemouth bass and bluegill

were best described by the logarithmic equation (Ricker 1975; Tesch

1971):
Log W = b1 Log TL - bo
where: TL = total length in millimeters,
W = total weight in grams, and
bo,b1 = empirical constants.

The body length-scale radius relationships for largemouth bass
and bluegill were best described by a linear squation (Whitney and

Carlander 1956; Regier 1962):

T = b1 SR + bo
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where: T total length in millimeters,

SR = scale radius x 30, and

b empirical constants.

O'b1 =
The length-weight, body-scale regression equations were calculated and
back-calculation of growth was accomplished with the computer program
'SHAD' on file at Utah State University Computer Center (Nelson 1976).
Slopes of the body-scale radius and length-weight regressions were

compared by the analysis of covariance (Snedecor and Cochran 1967).

The condition factor (K) was calculated by the formula (Hile

1936):
&
K W 10
(3L} (SL)3
where: K = condition factor,
W = total weight in grams, and
SL = standard length in millimeters.
Reproduction
Fecundity

Female bluegills and largemouth bass were captured from gill nets
and sampled from anglers' creels to determine fecundity during May and
June of 1975. TL of each fish was measured ﬁo the nearest mm; weight
was determined to the nearest 2 g. Ovaries were removed from each
fish, placed in separate sampling bottles and preserved in 10%
formalin.

In the laboratory, the ovaries were soaked in distilled water to

remove the formalin and partly dried by blotting. Wet weights of
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ovaries were determined on a Fisher Model 200 tare balance after the
ovarian tissue had been removed from the eggs. Fecundity was deter-
mined by the gravimetric method. A random ova sample approximating 10%
total ovary weight was weighed to the nearest 0.1 g and counted. Only
mature ova were counted as described by Kelley (1962) for largemouth
bass and James (1946) for bluegills. Mature ova were characterized
by a distinct, yellow globule which gave them a yellow, translucent
appearance, Immature ova were characterized by their small size and
transparent, white color. The rest of the ovary was weighed and
fecundity calculated by direct proportion. The accuracy of the method
was determined by total counts of all mature ova from three fish of
both bluegill and largemouth bass.

Since only mature ova were counted to determine fecundity, an
estimate of the proportion of the ovarian mass consisting of ovigerous
lamellae and immature ova was made. All ovigerous lamellae and
smaller, immature ova from ovaries of two bluegills and two largemouth
bass were separated from mature ova and weighed to the nearest 0.1 g.
The mean weight of immature ova and ovigerous lamellae from two fish
of each species was determined. This mean weight value was deducted
from the total ovary weight of each bluegill and largemouth bass from
which fecundity for mature ova was estimated.

The TL-fecundity relationships for bluegills and largemouth bass
were best described by the logarithmic equation (Quasim and Quyyum

1963; Bagenal 1967):

Log'F = b1 Log TL - bO
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where: TL = total length in millimeters,
F = fecundity (mature eggs per female), and
bO'b1 = empirical constants.

The total weight-fecundity relationships for bluegills and
largemouth bass were best described by the linear equation (Quasim and

Quyyum 1963):

F=b, W+bD

1 0
where: W = total weight of each fish in grams,
F = fecundity (mature eggs per female), and
bO'b1 = empirical constants.

The regression equations were fitted using the 'STAT PAC' programs

available at Utah State University Computer Center.

Sexual maturity

Sexual maturity for male and female bluegills was determined from
samples collected in May, June and July of 1976 and 1977, the period of
peak spawning. Females were judged mature if ova were exuded from the
vent or if large, yellow eggs were present in the ovary (James 1946).
Males were considered mature if they emitted sperm when slight pressure
was exerted externally on the abdomen or when the testes appeared
enlarged and white (James 1946)., Sexual maturity was determined both
in the field and in the laboratory.

| The maturity index or annual reproductive cycle was calculated
for female bluegills in 1976 and 1977 and for male bluegills in 1977.
Gonads (testes and ovaries) were collected from bluegills which were

obtained biweekly, April through November, from gill and trammel nets
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and from anglers' creels. The gonads were weighed to the nearest 1 g
in the field using a triple beam balance.

The maturity index was calculated by the formula:

MI = GW x 100

BW
where: MI = maturity index,
GW = gonad weight,
BW = body weight, and
100 = gonad weight expressed as percent of body weight.

Fishery

Creel Census

An intensive, monthly, stratified, creel census program was
conducted from March to October in 1975, 1976 and 1977, to estimate
angling pressure, catch rates and total harvests. Each calendar month
was segregated into four sampling strata (two weekday and two weekend
strata). Scheduling included 40% of the available weekdays and 50% of
the available weekends and holidays within each stratum. Each census
day was subdivided in a.m. and p.m. periods of sunrise to 1300 and
1300 to sunset, respectively. Only one period was censused daily on
a sampling day. Sampling dates and a.m. and p.m. periods were selected
from a table of random numbers. Within each sampling period, instan-
taneous angler counts of shore and boat fishermen were conducted at
two-hcur intervals. Between count times, both shore and boat anglers

were interviewed. The information collected from anglers included
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(1) angler catch effort, (2) fish species composition of the harvest,
(3) scales from fish species for age composition of the harvest,
(4) TLs and total weights of fish species in the creel, and (5) sex
ratios of fish in the creel. Priority on angler interviews was given
to those fishermen who had completed fishing because data collection
was then maximized.

Data collected from the creel census and instantaneous counts
were expanded to monthly estimates of mean total angler hours and total
harvest, stratified by weekday and weekend and shore and boat anglers
(Appendix; Table 18). Statistical analysis of the data was made using
the method of Neuhold and Lu (1956).

The total possible angling days per month were multiplied by the
total length of the angling day in hours to obtain the total possible
angling hours. Although the lake was open to fishing 24 hours per day,
the length of day was defined as one-half hour prior to sunrise to one-
half hour following sunset. This criteria was based on daily use
patterns of anglers which indicated that most anglers fished only in
daylight hours. The total number of anglers counted for the month was
divided by the total number of counts to obtain the mean number of
anglers per count. This value was then multiplied by the total

possible angling hours in the month (Appendix; Table 18). Thus,

G = LE)EE)
where: G = mean total shore fishing hours,
F = mean number of shore anglers per count, and
C = total possible fishing hours.
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The precision of the value for mean total shore fishing hours was
determined by calculating the standard error of the mean from the

variance of the mean number of shore fishermen per count:

where: SF = the standard error of the mean,
32 = the variance of the mean shore fishermen per count, and
N = number of shore counts for the period covered.

Once the standard error of the mean was calculated, the confi-
dence interval of the fishermen per count could be estimated using a
t-distribution:

+

F - (t.95,n-1)(SF)

where: F mean number of shore anglers per count, and

(t.95,n=1) 95% of the "student's t" value,

and is expanded to

+

(F)(C) - (t.95,n—1)(SF)(C)

where: (F)(C) = G = mean total shore angling hours, and

95% of the "student's t" value.

t(.95,n—1)8F
The mean number of anglers per boat, determined from the creel
check, was multiplied by the total angler hours to obtain the mean

total boat angler hours (Appendix; Table 18):

I = G)F)H)



where: I = mean total boat angler hours,
G = total possible fishing hours,
F = mean number of boats per count, and

H = mean anglers per boat.

The precision of the estimate was calculated by the formula:

el 2 2 2 + % *
S; = (I) SF + SH - Z(QF)(SH)(TFH)
@* . a” FH
where: 812 = the root mean square error of the combined mean,
I° = mean total boat angler hours squared,
SF2 = the root mean square error of the mean number of
boat angler hours,
SH2 = the root mean square error of the mean rate of
anglers per boat,
TFH = coefficient between the numbers of boats and numbers

of anglers per boat, and

thus, the standard error of the mean was

where: SI = standard error of the mean total boat angler hours.
Using the standard error of the mean, the confidence interval
of the mean total boat angler hours could be estimated from the

t-distribution:

+

I - (t.95.n—1)(SI)

¥If the correlation coefficient between the numbers of hours and
numbers of fish was positive, this quantity was subtracted. If the
correlation coefficient was negative, this quantity was added.



where: 1

(t.95,n=1)

n-=

The rate

mean total boat angler hours,
95% of the "student's t" value, and
number of boat counts for the period covered.

of success was determined from the creel check by
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interviews for the entire month by .totaling the numbers of fish caught

and dividing by the total hours required to catch the fish (Appendix;

Table 18). This was described by the equation:

where: L=

K =

J =

[
"
Skl

the mean rate of success,
the mean number of fish per angler, and

the mean number of hours per angler.

The precision of the estimate was calculated by the formula:

2 2 2 2 + %
SL = (L) SK + SJ - 2(SK)(SJ)(TKJ)
S KJ
where: SL2 = the root mean square error of the combined mean,
L2 = the mean rate of success squared,

SK2 = the variance of the mean number of fish per angler
divided by the number of interviews (mean root square
error for fish),

SJ2 = the variance of the mean number of hours per angler
divided by the number of interviews (mean root square
error of hours),

TKJ = correlation coefficient between the numbers of hours

and numbers of fish, and

¥Ibid,
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thus, the standard error of the mean was

where: SL = standard error of the mean rate of success.
The confidence interval of the mean rate of success could be

estimated using the t-distribution and standard error of the mean:

L Z¢(.95,n~1) (s.)

where: t(.95,n-1) = 95% of the "student's t" value.
The total harvest was calculated by multiplying the mean total

angler hours by the mean rate of success (Appendix; Table 18):
Moz I L)

where: M = total estimated harvest,
I = the mean total angler hours, and

L the mean rate of success.

The precision of the total harvest estimate was calculated by the

following formula:

sz ] (M)2 SF2 + (SL)2 for the shore harvest,
@2 e
and,
SP2 = (M)2 SI2 + (SL)2 for the boat harvest,

(T3 Ly
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where: SP = the root mean square error of the combined estimate,
SF2 = the variance of the mean number of shore anglers per
count,
SI2 = the root mean square error of the combined means of
boat hours,
SL2 = the standard error of the mean rate of success

squared (combined mean root square error), and
thus, the standard error of the root mean square error of the combined

estimate was

Again, the standard error was used to calculate the confidence

interval using a t-distribution:
+
M~ (£.95,n-1) (S.)

where: (£.95,n-1) = 95% of the "student's t" value.

The angler day use value was calculated by dividing the mean total
angler hours by the mean number of hours needed to complete a fishing
trip, which was determined from the creel check (Appendix; Table 18)

and described by the formula:

= |

angler day use,

where: 0
I = mean total angler hours, and

N mean number per completed angling trip.

"

During the creel check, both bluegill and largemouth bass were

measured to TL (nearest mm) and total weight (nearest 2 g). All the
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fish from a creel were counted and measured whenever time allowed and
fishermen cooperated. During May and June of 1976, scale samples were
obtained from creeled bluegill and largemouth bass for age analysis.
Estimates of the total annual mortality rate due to fishing and natural
-causes were determined from these aged fish by the use of Baranov's
catch curve described by Ricker (1975). The log frequency was plotted
against age and the slope of the line was multiplied by 2.303 which
yielded the total instantaneous rate of mortality. Survival was

calculated from the equation (Ricker 1975):

the total annual survival rate,

where: S
e = a constant, 2.7182818, and

~Z

the instantaneous mortality rate.

Mortality rate, the complement of survival rate, was calculated by:

where: A the total annual mortality rate, and

S the total annual survival rate.

Creeled bluegills were sexed by the method recommended by Brauhn
(1972) and McComish (1968). Largemouth bass were sexed by internal
inspection in the nonspawning season and externally by the method
recommended by Parker (1971) in the spawning season. The 95% confi-
dence interval for proportion of males and females was calculated by

the formula (Simpson et al. 1960):
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£ L ¢(.95,n-1)
&

N

where: N = the total number of males and females observed,
fx = the total number of males or females observed, and
£t(.95,n=-1) = 95% of the "student's t" value.

A statistically significant number of males or females were observed in
the catch only when the confidence interval (p = 0.05) did not include

the hypothetical value of 0.50, the normal Mendalian sex ratio.

Hooking Mortality

Bluegills were captured with conventional spinning tackle in June
1977 to determine the fate of caught and released fish. Fish were
captured with various sizes of hooks (number 4 R, 6 R, 8 R and 10 R
[R = regular shanks]) and artificial jigs (number 6). Earthworms were
used for bait. Fish captured in trammel nets that were checked once
every hour were used as the control. Thirty fish were caught on each
of the hook sizes except 60 bluegills which were caught on hook size
8 R. In part of the experiment, the hook was removed carefully with a
hook remover to minimize mortality; and in another part, deeply
embedded hooks (number 8 regular shank) were left in place in 30 blue-
gills by cutting the line. TL (nearest mm) and total weight (nearest
2 g) were determined for each fish. Fish captured on each hook size
were held in separate live cages to separate individual treatments.
Initial mortality was determined during the first 24 hours and delayed
mortality was followed to 72 hours. All dead fish were autopsied to

determine the anatomical location of hook penetration.
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Anglers were asked to complete a card questionnaire as they fished
to determine the number and size of bluegills released, the size of
hook(s) used, the type of terminal gear(s) used (i.e., bait, spinners,
jig, fly), the method of hook removal and the total hours fished
(Appendix; Figure 43),

The mean number of bluegills released per hour after capture was
calculated from the card questionnaire by dividing the actual number
of bluegills released by anglers by the actual angler hours. The
monthly mean projected number of bluegills released by anglers was
calculated by multiplying the mean number of bluegills released per
hour by the mean total angler hours from the expanded monthly creel
census.

By multiplying the total mortality by hook size from released fish
from the June experiment by-the projected number of released bluegills
by hook size from the questionnaire, an estimate was made of the total
number of bluegills lost after being caught and released by anglers.
Since anglers did not have an opportunity to weigh fish, an estimate
of the mean monthly weight loss caused by angling was determined from
the monthly mean length of bluegills released converted to weight by

the calculated length-weight relationship (sexes combined).
Population Sampling

Sampling of the population was conducted in August 1976, May and
August 1977 and June 1978 to obtain population age structure data.
Three 0,405 ha areas were encircled with block-off netting to inhibit

the migration of fish in and out of the sample plot. At least one each
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of a cove, an open shoreline and midwater station was selected for each
sampling in an attempt to sample representatives of each habitat type.
Complete eradication of the population in the sample plot was attempted
by the use of 5.0% emulsified rotenone at a recommended concentration
of 0.5 to 1.0 mg/l (Surber 1959). Rotenone was premixed in a 30 gal
(114 1) barrel and application was made with a boat bailer attached to
the shaft housing of an outboard motor.

All dead fish were collected with aquaria and dip nets as they
surfaced. Age groups I and older fish were measured to TLs, FLs and
SLs (nearest mm) and total weight (nearest 2 g). For young-of-the-year
fish, only several hundred of the thousands collected were measured to
the above parameters, The remainder of the young-of-the-year fish were
weighed and total numbers estimated by direct proportion. Scale
samples were collected from all dead fish to determine age analysis of
the sampled population.

Estimation of the natural mortality for age classes 0-I and quali-
tative survivorship curves were generated from the aged fish collected
with rotenone. The natural mortality was estimated from catch curves
in the same manner as the total annual mortality following the method
of Ricker (1975) (see page 25). Since age classes 0 through I blue-
gills were not vulnerable to the creel, it was possible to partition

them from older age classes to estimate the natural mortality.

Overwinter Mortality

The extent and magnitude of winter-killed fish were estimated by

counting dead fish along shoreline transects in March and April of
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1976, 1977 and 1978 following ice-out. Annual shoreline transect
counts were conducted along (1) the 1.8 km east shoreline paralleling
State Highway 88; (2) the north shoreline commencing at the north boat
ramp parking lot and extending approximately 0.40 km eastward; and
(3) the 1.6 km south shoreline extending from the south outlet canal
eastward to State Highway 88.

Winter-killed fish were measured to TL only, as their deteriorated
condition precluded any measurement of weight. Scale samples were
obtained from a random portion of the dead fish along the shoreline to

determine the age structure of this overwinter mortality.
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RESULTS AND DISCUSSION

Biological, Physical and Chemical Parameters

Biological

Samplings conducted in August and October 1975 indicated a rather
diverse algal community-—more diverse, in fact, than other lakes in the
Intermountain West (Merritt et al. 1975) (Appendix; Tables 19, 20, 21
and 22). Diatoms in bottom sediments obtained in August 1976 showed a
high diversity (d = 3.0895) as did green and blue-green plankton

algae (Merritt et al. 1976).

Physical

Surface water fluctuations

The rate of monthly fluctuation of the privately owned Pelican
Lake was dictated largely by the agricultural demands of water users,
although the large amount of surface water lent itself to considerable
evaporative loss. Water drawdown commenced in mid-April to the first
of May and continued until late October and November when agricultural
demand declined, and the lake was filled by the Colorado Park Canal
(Appendix; Figure 44),

Historically, the lake level has never dropped to the 493 ha m
conservation pool. Water levels in 1977 were much lower than in 1976,
due to the low amount of precipitation in 1977. The water level came

0.20 m from the outlet pipe on the concrete outlet structure in
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September and October 1977, approximately 60 ha m from the conservation
pool. Local farmers believed the lake was lower in 1977 than it had

been for nearly 15 years.

Surface water temperatures

Water temperatures increased rapidly following ice-out, but inter-
mittent cold periods in April 1975, June 1976 and May 1977 interrupted
this trend (Appendix; Figure 45). Water temperatures peaked in late
July and August and began to decline in late August. The shallow
nature of the lake caused wide fluctuations in surface water tempera-

tures which corresponded to air temperature fluctuations.

Temperature profiles

The shallow nature of this desert lake (maximum depth = 4.88 m),
the absence of any substantial windbreaks and the extensive length
of the shoreline do not allow strong or extended water temperature
stratification. Water temperature profiles in the summer months of
1976 indicated a rather weak temperature stratification (Appendix;
Table 23).

The classical inverse temperature stratification occurred in the
ice-covered months of 1977 and 1978 (Appendix; Tables 24, 25, 27 and
28). Temperature profiles on March 15, 1977, displayed a rather
peculiar stratification (Appendix; Table 26). At this time, colder,
denser water laid immediately beneath the ice sheet, with the less
dense, warmer water at the bottom. Hutchinson (1957) explained that
when melt-water flows under clear ice, particularly in lakes with hard

water such as that of Pelican Lake (220 to 300 mg/l CaCO3 total
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hardness), the difference in density between the lake water and very
dilute well water may permit water temperatures up to 7.5 C under the
ice without disturbing the stable density gradient. Pelican Lake, on
March 15, 1977, was receiving water inflow from the Colorado Park

Canal.

Ice depth, snow depth

Ice depth between 1976 and 1977 did not vary considerably, but
monthly increases in ice depth were noted from January to March in
both years. The mean ice depth on January 8 and 9, 1977, was 0.288 m,
increased to 0.387 m on February 11 and decreased to 0.270 m on
March 15 (Appendix; Tables 24, 25 and 26, respectively). Mean ice
depth on January 7 and 8, 1978, was 0.178 m, increased to 0.324 m on
February 11 and 12 and further increased to 0.348 m on March 11 and
12 (Appendix; Tables 27, 28 and 29, respectively).

Snow depths in the winter months of 1978 were slightly greater
than the same months in 1977. The mean snow depth on January 8 and 9,
1977, was 0.031 m as compared to a threefold increase to 0.089 m on
February 12, but decreased to 0.012 m on March 15 (Appendix; Tables
24, 25 and 26, respectively). The mean snow depth on January 7 and 8,
1978, was 0,048 m, increased to 0.082 m on February 11 and 12 and
decreased to 0.260 m on March 11 and 12, 1978 (Appendix; Tables 27,

28 and 29, respectively).

Ice and/or snow on the surface of a lake may produce changes in

the limnological conditions of that lake. By interfering with gaseous

exchange and photosynthesis, the cover may have a great effect on the
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dissolved oxygen balance. Varying depths of ice and/or snow cause a
reduction of light reaching photosynthesizing, oxygen-producing, sub-
mergent vegetation. Without oxygen replenishment, respiration and
consumption of oxygen caused by decomposition of organic material
results in reduced oxygen levels in the water column.

Ice was typically opaque with numerous air pockets throughout the
three sampling periods in 1977 and 1978. Snow was typically crisp,
dry and crusted. In March of 1977 and 1978, ice was covered by 0.250
to 0.102 m of top slush. Percentage light transmission through various
ice and snow depths has been determined for numerous ice conditions in
Wisconsin lakes (Greenbank 1945). However, it has been difficult to
generalize on the varying qualities of ice and snow and heterogenous
properties of light. Percentage transmission values through mediums of
ice and snow are a function of the quality, conditions and properties
of each and probably are not predictable from one lake to another.

German researchers reported the light transmission through 0.025 m
of clear ice to be about 84 to 87% and through 0.040 m of "Schneeis"
to about 45%. Croxton et al. (1937) gave: 0.102 m, 86%; 0.152 m, 66%;
and 0,346 m, 33% transmission values, respectively. Zinn and Ifft
(1941) reported only one measurement through 0.117 m of ice, with a
"slush cover," in which approximately 65% of the incident light pene-
trated. Chandler (1942) found 58% transmission through 0.400 m of ice.

Percentage transmission of light through various snow conditions
has been reported for Wisconsin lakes by Greenbank (1945). German
scientists recorded 13% transmission for 0.10 m of snow and 0.6% for

0.50 m of snow. Clean and fresh snow allows the greatest penetration,



clean but wet snow, the next greatest and granular snow the least
(Greenbank 1945),

Although no measurements of light transmission through the ice
were recorded during this study, it was apparent that ice and snow
depths could have contributed substantially to the deterioration of

water quality during the winter months.
Chemical

Total alkalinity

Total alkalinity (as CaCO,) ranged from 135 mg/l (this study) on

3
August 23, 1976 (Appendix; Table 23) to 189 mg/l on September 8, 1976
(Appendix; Table 17). These total alkalinity values place the lake at
the upper limit of alkalinity (as CaCO3) values. The bicarbonate

anion concentration was determined to be 231 mg/l on September 8, 1976

(Appendix; Table 17).

Total hardness

Total hardness (as CaCO3) ranged from 270 mg/l on August 23,
1976, to 330 mg/l on July 27, 1976 (Appendix; Table 23). Calcium and
magnesium cation concentrations were determined to be 23 and 55 mg/l,

respectively (Appendix; Table 17).

Hydrogen-ion concentration (pH)

The high buffering capacity of the water, as indicated by the
alkalinity, produced small fluctuations in the pH values. Hydrogen-
ion values were consistently near 9.2 to 9.5 in the summer months in

1976 but decreased to as low as 7.1 under the ice in February 1977 at

34



35
station F-3 (Appendix; Table 25). Hydrogen-ion concentrations were
as low as 7.7 on March 25 and 26, 1978. Values of pH could be used as
a rough index to conditions under the ice; pH values below 7.0 being
the result of severe decomposition in low buffered waters (Greenbank

1945).

Hydrogen sulfide

The hydrogen sulfide reading on February 11, 1977, at station F-3
near the lake's southern outlet, was 0.8 mg/l; while at station F-9,
located near the northwestern inlet, the hydrogen sulfide reading was
much higher at 2.5 mg/l (Appendix; Table 25) (Figure 3). "Rotten
egg" odor was also noted when the ice cap was broken in these areas
and dissolved oxygen was absent. Hydrogen sulfide concentrations as
high as 5.0 mg/l were reported on January 23, 1968, February 5, 1968
and February 14, 1968, at depths of 2.4, 1.8 and 2.1 m below the ice,
respectively (Utah DWR 1968).

Hydrogen sulfide concentrations of 0.5 mg/l in January 1978 were
recorded at 1.5 m below the ice for station J-5 (Appendix; Table 27)
(Figure 4). Dissolved oxygen was absent at this depth, also. An

additional buildup of H,S was detected in February 1978. Station

2
F-4, at 2.5 m below the ice, yielded a 1.0 mg/l reading; whereas,
station F-5 (3.5 m below the ice) yielded a 0.4 mg/l value (Appendix;
Table 28) (Figure 4). The values of hydrogen sulfide were highest of
the three months on March 11 and 12, 1978. Station M-8 (3.0 m below
the ice) yielded 2.5 mg/l; station M-4 (4.0 m below the ice) yielded
2.0 mg/l; and station M-3 (4.0 m below the ice) yielded 1.5 mg/l

(Appendix; Table 29) (Figure 4).
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Ice-out water quality analyses indicated trace amounts of st
present (Appendix; Table 30). Hydrogen sulfide was detected in 7 of
the 18 stations on March 25 and 26, 1978 (Figure 5). The greatest
concentration detected was 0.044 mg/l at 2.8 m of station M-17. A
noticeable concentration (0.026 mg/l) was found at 4.0 m of station

M-17. The detected values of H,S at this sampling date were found

2
at the surface (stations M-7, M-8), midwater (stations M-3, M-10) and
at the bottom depths (stations M-3, M-4, M-6, M=7, M=17), indicating

no apparent large concentrations at a particular depth.

Hydrogen sulfide is highly toxic to fish populations and occurs
naturally under anaerobic conditions at levels which can be unfavorable
to fish production and survival (Smith et al. 1976). Acutely toxic
(96-h LC 50) concentrations of hydrogen sulfide were found to vary
widely among life history stages of bluegills (Smith et al. 1976).

The most sensitive stage was the 35-day-old fry, which was approxi-
mately twice as sensitive as eggs and four times as sensitive as
juveniles and adults (Smith et al., 1976). The LC 50 by life stage
for bluegill tested in hydrogen sulfide was egg: 0.0190 mg/l (72
hours); 35-day-old fry: 0.0131 mg/1l (96 hours); Jjuveniles:

0.0473 mg/l (96 hours); and adults: 0.0448 mg/l (96 hours) (Smith

et al., 1976).

Dissolved oxygen

Ice-covered, shallow, eutrophic lakes in temperate zones are
frequently but unpredictably subject to oxygen deficiencies which can
and do cause massive winterkills of fish. The greatest and most sudden

fluctuations of dissolved oxygen occur in shallow, extremely eutrophic
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lakes. The supply of oxygen for fish respiration under ice is often
dependent upon the photosynthetic activity of plants, both macrophytes
and phytoplankton (Greenbank 1945; Bennett 1943). However, when ice
covers a lake, oxygen consumption can exceed oxygen production because
ice and snow cover retard light transmission which, in turn, may stop
photosynthesis. Ice cover also prevents reaeration by eliminating
gaseous exchange with the atmosphere and reducing wind-produced water
movements., Dissolved oxygen is further decreased by the aerobic de-
camposition of suspended and dissolved organic matter and respiration
of aquatic organisms (Bennett 1948; Birge and Juday 1911, 1926; Zobell
1940). Concomitant with this decrease in dissolved oxygen are
increases in the concentrations of toxic respiratory and decomposition
products; i.e., hydrogen sulfide, ammonia and carbon dioxide. However,
inadequate dissolved oxygen is considered the principal cause of winter
fish mortality (Greenbank 1945; Scidmore 1957; Johnson 1965; Bennett
1948 ). Winterkill seldom produces complete mortality in a fish popu-
lation (Moore 1942; Greenbank 1945; Moorman 1957; Bennett 1948;

Johnson 1965).

Pelican Lake is a natural, shallow, eutrophic reservoir with an
average depth at full capacity of 2.4 m. Investigators have peren-
nially noted dead fish at ice-out. The lake abounds with macrophytes
and algae to the extent that from late July to October the lake is
"weed choked." The presence of this large vegetal biomass may have a
significant influence on the dissolved oxygen regimes in the lake,
particularly under the ice in winter. Water quality samplings were

conducted during the ice-covered months to determine if depletion of
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dissolved oxygen did indeed occur in Pelican Lake. Dissolved oxygen
concentrations under the ice have been suggested as an index for pre-
dicting the suitability of a lake to support fish populations
(Greenbank 1945).

Water quality sampling on January 8 and 9, 1977 (Appendix;

Table 24) did not reveal low dissolved oxygen levels and closely re-
sembled readings obtained in the summer of 1976 (Appendix; Table 23).
Dissolved oxygen readings during that summer indicated no significant
stratification with depth and relatively high dissolved oxygen levels
(Appendix; Table 23). In February, deterioration and stratification
of dissolved oxygen was noted. Dissqlved oxygen levels below 1.3 mg/1l
were found at stations F-5, F-6, F-7 and F-8 (Appendix; Table 25)
(Figure 6). At the same time, however, dissolved oxygen readings
immediately under the ice sheet and at 1.0 m depths were higher
(Figure 6). Data collected during January and February closely
agreed with that collected during earlier studies (Utah DWR 1968,
1969).

Dissolved oxygen readings on March 15, 1977 at all stations
approached "normal" with the lowest dissolved oxygen reading being
6.2 mg/l immediately under the ice sheet at station M-5 (Appendix;
Table 26). Inflow of water from the Colorado Park Canal and open
areas along the north and south shoreline may have accounted for the
increased dissolved oxygen levels., Although dissolved oxygen readings
were higher in March than February in 1977, 33 days elapsed between
the two sampling dates, and the ultimate degree of reduction in

dissolved oxygen and increase in HZS during that period is unknown,
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In 1978, ice and snow depths were similar to those in 1977, but
the water level in January was 20% lower than that in January 1977.
Deterioration and stratification of dissolved oxygen occurred on
January 7 and 8 in 1978 (Appendix; Table 27). Anoxic conditions were
found at 1.5 m at station J-5 and dissolved oxygen readings near the
substratum at various other stations (J-1, J-7 and J-10) were well
below 5.0 mg/l (Appendix; Table 27). A strong dissolved oxygen
stratification occurred in February 1978. At this time, dissolved
oxygen was less than 0.5 mg/l at 8 of 9 bottom stations (Appendix;
Table 28), although dissolved oxygen was greater than 6.0 mg/l, 1.0 m
below the ice sheet (Figure 7). Concurrently, anglers found greater
success fishing in the upper part of the water column than near the
bottom. This further indicated that suitable conditions for fish were
present to approximately 2.0 m below the ice.

Dissolved oxygen readings on March 11 and 12, 1978, were critical
below 2.0 m at all stations, but adequate amcunts were present in the
top 2.0 m (Appendix; Table 29). Water quality analyses at ice-out on
March 25 and 26 in 1978 indicated that dissolved oxygen was still near
or below critical levels at several bottom stations (Appendix;

Table 30). Stratification of dissolved oxygen during the March 25

and 26 sampling was not as strong as that in the completely ice-covered
months. This may have been due to reoxygenation by wind action and
water inflow through the inlet canal.

Fish adapt, behaviorally and physiologically, to low oxygen levels
by locating higher oxygen concentrations in the water column (Petrosky

and Magnuson 1973). Although fish cannot sense a dissolved oxygen



14-
12
10-

8

DISSOLVED OXYGEN (mg/1)

L ]

/

/.-

NS S SEhANS & S—— 0!305m

\
\
Sl s A
\
\
\

Figure 7.

+8-78 =
2-11‘78 -l @

/
21178-‘
21278-»

i

+8-78 —
2-12-78
3411-78
3-11-78
3-11-78
3-12-78

3-12-78 =
3-12-78
3-12-78

DATE

Monthly dissolved oxygen (mg/l) sampling at 0.305 m above the substratum and 1.000 m
below the ice sheet at various sampling stations, January to March 1978, at Pelican
Lake, Uintah County, Utah.

€t



uy
gradient, they respond initially to respiratory distress with upward
movement and increased locomotive activity which facilitates their
locating well oxygenated waters (Petrosky and Magnuson 1973). Dis-
solved oxygen tolerance thresholds for largemouth bass and bluegill
have been estimated to be 0.6 mg/l (Cooper and Washburn 1949).
Petrosky and Magnuson (1973) reported 0.5 mg/l as the critical low
dissolved oxygen limit for the same species. In Pelican Lake, dis-
solved oxygen concentrations were near or below critical levels during
the ice-covered months in both 1977 and 1978 at depths 2.0 m below the
ice sheet to the substratum. These conditions would be conducive to

fish winterkill and may explain fish mortalities reported historically.

Fish Biology

Bluegill (Lepomis macrochirus Rafinesque)

Age and growth

Length conversion factors. Age and growth comparisons are

commonly made with various bluegill populations. However, since many
investigators have reported their results using other length measure-
ments, equations were calculated to convert TL into SL and FL. The
conversion factor computed to predict SL from TL was calculated as a

linear regression equation:

SL.= 0.795TL - 0,487,

was significant (F = 280,180, p < 0.0005, r = 0.99, 272 df) (Figure 8).
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The linear regression of FL on TL was significant (F = 288,195,
p < 0.0005, r = 0.99, 272 df) (Figure 8) and was described by the

equation:

FL = 0.943TL + 0.U474,

Length-weight relationship. The relation between length and

weight ,
Log "W = 3.62 Log 'TL "= 5.97,

was significant for male bluegills (F = 13,372, p < 0.0005, r = 0.97,

737 df). The relation between length and weight,
Log W = 3.54 Log TL - 5.81,

was also significant for female bluegills (F = 13,928, p < 0.0005,
r = 0.97, 731 df), but there was no significant difference in this
relation between sexes (Figure 9).

Body length-scale radius relationship. The body length-scale

radius relationship was significant for both male (F = 23,136,

p < 0.0005, r = 0.98, 737 df) and female (F = 22,880, p < 0.0005,

r = 0.98, 731 df) bluegills, but there was no significant difference

between sexes for TL-scale radius relationships (Figure 10).
Examination of young-of-the-year bluegills with the aid of a

binocular microscope revealed that scales first appeared on the caudal

peduncle at 12 mm TL and complete squamation (100% of fish) was

attained at 19 mm TL (Appendix; Table 31). These empirical data

closely compared with the y-intercept value of the TL-SR regression
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H

0.399 SR + 19.499 (males),

TL 0.401 SR + 17.988 (females).

Back-calculation of growth. The scale method has been validated

for age and growth determination for bluegills (Regier 1962). The use
of the scale method for age determination and back-calculation of
growth for bluegills was considered valid by the following criteria
(Tesch 1971; Everhart et al. 1975; Hile 1941; Van Oosten 1929):

1. There was an increase in the number of annuli with an increase

in the length of fish.

2. Scale growth was proportional to body growth.

3. The annuli are formed once yearly a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>