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DESCRIPTION OF THE STUDY AREA

Lake Fort Smith, a 525 acre (212 ha) reservoir, was impounded in 1936
as a water supply for the city of Fort Smith. The reservoir is located on
Clear Creek (Frog Bayou), a tributary of the Arkansas River, in the Boston
Mountains 28 miles (45 km) northeast of the city of Fort Smith in Crawford
County, Arkansas. A map and morphometric characteristics of Lake Fort Smith
are given in Fig. 1 and Table I (Hoffman, 1951; Nelson, 1952).

In 1956 Lake Shepherd Springs, a 750 acre (304 ha) impoundment, was
created one mile upstream of Lake Fort Smith (Rorie, 1961). Both lakes
have a shale substrate and are subject to periods of high turbidity. The
two lakes have a water shed of 65 square mile area (168 kmz) of mountainous
oak-hickory forest.

Lake Shepherd Springs has not acted as a settling basin for sediments;
thus, the upper portion of Lake Fort Smith has numerous shallow areas with
a mud bottom supporting various submergent and emergent aquatic plants. The
lower portion of the lake has a rocky, shale substrate with only limited

emergent vegetation.



Figure 1. Map of Lake Fort Smith,
I-IV: Areas of mark and

recapture study,



LAKE FORT SMITH

CRAWFORD COUNTY
ARKANSAS

scole: I_ZP_OL_‘



Maximum effective length N, S, 2086,97 m

Maximum effective length N, E. 2406,87 m
Maximum length 4204,40 m
Maximum width 792.14 m
Mean width 505,75 m
Maximum depth 20,11 m
Mean depth 7,01 m
Length of shore line 11,821,07 m
Shore line development 2,29 *
surface Atrea 2,129,328,00 m2
Volume of lake 14,716,744,00 m3
Volume development 0.95 *

* Method described in Welch (1948)

TABLE I, Morphological features of Lake Fort Smith (Nelson, 1952)



INTRODUCTION

Limnological Phase

The limnological portion of this report on Lake Fort Smith represents
a part of a program, begun in 1938, which was designed to follow physico-
chemical and plankton changes during the aging of small impoundments in
northwestern Arkansas. Two other manuscripts of long-range studies, one
dealing with lakes impounded on limestone bedrock and one impounded on shale,
are now in preparation. Lake Fort Smith, a municipal water supply, is of the
latter type; however, some of the watershed is on limestone bedrock.

Hoffman (1951) conducted a temperature and turbidity analysis of Lake
Fort Smith during 1949-1950 when temperature comparisons were made with
similar records taken by him in 1938-1939. Nelson (1952) investigated the
physical, chemical, and biological features of Lake Fort Smith during.l950-
1951 and noted several features that made this lake unique when compared
with other lakes in the same geographical region. During the fourth year
of the lake's impoundment, Hoffman and Causey (1952) conducted a physical,
chemical and biological study. Hoffman (1952) showed that heavy rainfall
resulted in a decline of the standing crop of phytoplankton from the surface
to the bottom. Zooplankters were concentrated in the 7 to 12-m level and
reduced in the surface waters. Similar studies which have been conducted on
other small northwestern Arkansas lakes are: Tatum (1951) on Lake Atalanta,
Owen (1952) on Lake Wedington, and Hulsey (1956) on Lake Fayetteville. These
three lakes are somewhat smaller than Lake Fort Smith. Rorie (1961) compared
the chemical and biological features of Lake Fort Smith with Lake Shepherd

Springs (ref: Shepard Spring Lake, General Highway Map, Crawford Co.,



Arkansas) which is located approximately one mile upstream.

The purposes of this phase of the investigation during the 35th and
36th years of impoundment of Lake Fort Smith were fourfold: (1) to document
the physical and chemical features; (2) to establish some biological features
of the phytoplankton and zooplankton communities; (3) to determine the
relationship of some of the physical and chemical parameters to the biological
features; (4) and to utilize the physical, chemical, and biological features
to formulate a critique of the present water quality.

The future objective of the principal investigator is to correlate
these data, procured during 1971-1972, with those of six former annual
investigations of the physico-chemical parameters and plankton communities
of Lake Fort Smith since 1938, The study, now in manuscript preparationm,
will also include physico-chemical data from two annual studies of Lake

Shepherd Springs.

Ichthyological Phase

Largemouth and spotted bass are sympatric throughout much of their
ranges. The spotted bass occurs naturally from the Ohio River system of
I11linois, Indiana, and Ohio south to the Gulf states and northward through
Texas to Oklahoma and Kansas. The largemouth bass occurred originally
from southeastern Canada throughout the Great Lakes region routhward through
the Mississippi Valley to Mexico and Florida (Blaif et al., 1968).

Although largemouth and spotted bass are sympatric in many areas,
they segregate to a large degree due to habitat selection. Viosca (1932)
and Brown (1932) stated that in streams spotted bass select areas of
greater current while the largemouth bass select more lentic conditionms.
This preference for lotic conditions by spotted bass is probably a signifi-

cant factor in the frequently noted decline in their abundance following



impoundment of a stream (Eschmeyer, 1937; Jenkins, 1953; Chance, 1958).

In lakes and reservoirs largemouth bass select areas of greater vegetation
than does the spotted bass. Howland (1932) reported that Ohio spotted bass
were found in high numbers in areas with silt and decaying matter; however
this does not apply to spotted bass of Lake Fort Smith. Dendy (1946) found
that in reservoirs largemouth and spotted bass tend to segregate with
respect to depth, the spotted bass being more common in cooler, deeper
water. Field observations have shown that the preferred temperature for
spotted bass is 23.5-24.4C compared to 26.6-27.7C for largemouth bass
(Ferguson, 1958).

Largemouth and spotted bass are spring and early summer spawmers.
Initiation of spawning activities and egg deposition in black bass is tem-
perature dependent (Bennett, 1965). Largemouth bass are reported to spawn
at 14.4-20.0C (Miller and Kramer, 1971; Bennett, 1965); while spotte&.bass
spawn at 17.2-21,1C (Towery, 1964; Ryan, 1968). In Beaver and Bull Shoals
Reservoirs, Arkansas the peak of spawning activity of largemouth and
spotted bass occurs at 15-17C (L. Vogele, pers. comm.).

The nesting and spawning behavior of black basses have been ihten-
sively studied (Carr, 1942; Howland, 1932; Reighard, 1906). The male clears
and forms a circular redd. Following completion of the nest a ripe female
approaches and_cohrtship begins. Courtship is terminated by egg deposition.
The fertilized eggs sink to the bottom and attach to the substrate. The
female leaves the nest but the male protects and cares for the eggs.

Knowledge concerning the fecundity of largemouth and spotted bass
is severly lacking. Carlander (1953), summarizing the work of earlier
researchers, stated the fecundity of largemouth bass ranged from 2,000 to
109,000 eggs per female. Kelley ( 1962) found that the range of fecundity

of largemouth bass of Maine was 5,000 to 82,000 eggs per female. He stated



that the variation in fecundity between individuals was primarily a function
of age, but that length and weight were also important factors. A definite
relationship between the condition of gonads and the condition of fish has
been found by James (1946). This would suggest that the overall condition
of a fish could be a factor in the number of eggs produced. Work relating
to the fecundity of spotted bass is very meager. Towery (1964) reported
the total annual egg production of this species to be 14,000 to 47,000 eggs
per female, but he apparently did not determine the number of mature eggs
produced. Vogele (pers. comm.) determined the fecundity of spotted bass

of Bull Shoals Reservoir, Arkansas to be within the range of 3,000 to
30,000 eggs per female.

The success of a largemouth bass year class is usually determined
after hatching, but before the fry are two weeks old (Kramer and Smith,
1962). Mraz et al. (1961) found stable water temperatures, absence of.
predation on eggs and fry, and abundance of plankton to be importanf factors
in establishment of successful year classes. In Lake George, Minnesota wind
was determined to be the most influential factor in determining year-class
strength (Kramer and Smith, 1962). Von Geldern (1971) concluded that stable
or rising water level during spawning, high surface water level in April
and May, and low abundance of adult threadfin shad were necessary for estab-

lishment of a strong year class of largemouth bass in Lake Nacimiento,

California.

Growth rates of young-of-the-year spotted and largemouth bass have
been intensively studied (Brown and Tatum, 1962; Hodson, 1963; Holland and
Chambers, 1971; Kramer and Smith, 1960; Lambou, 1958). Growth rates vary
greatly, even within a brood (Meyer, 1970). Availability of food (Lambou,
1958) and mean daily water temperature (Kramer and Smith, 1960) have been

suggested as two of the major factors affecting the growth rate of young-
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of-the-year largemouth bass. Under laboratory conditions, optimum tempera-
ture for growth of largemouth bass fry is 27.5-30.0C (Strawn, 196la).

Differential growth rates between sexes are dependent upon local
conditions. Beckman (1946) and Stroud (1948) found no difference in the
growth rates among the sexes of Michigan largemouth bass and Tennessee
spotted bass, respectively. Padfield (1951), found female largemouth bass
to grow faster than males in Alabama while Pardue and Hester (1966) found
the male largemouth bass to grow faster and mature earlier than females
in Alabama ponds. A comparison of previous age and growth studies reveals
that while bass in the northern portion of the U. S. grow slower than those
in the southern part, they tend to live longer. From the northern waters the
maximum age of largemouth bass was reported as 15 years in Wisconsin
(Bennett, 1937), 13 years in Wisconsin (Mraz and Threinen, 1955), and 9
years in Maine (McCaig and Mullan, 1960) whereas from the southern waters
the maximum ages were 6 years in Tennessee (Hargis, 1965), 7 years in
Virginia (Rosebery, 1950), and 5 years in Oklahoma (Jenkins, 1953).
Although much less data are available, the same trend appears to apply to
spotted bass.

The numerous age and growth studies dealing with largemouth bass
allow several generalizations regarding the growth of this species in the
U. S. Llargemouth bass tend to grow faster in larger bodies of water (Roach
and Evans, 1948; Jenkins and Hall, 1953) and in newer impoundments (Jenkins
and Hall, 1953; Tharratt, 1966; Bryant and Houser, 1971). Turbidity
(Jenkins and Hall, 1953) and high population densities (Cooper et al.,
1963; Kramer and Smith, 1960) tend to retard the growth rate of this species.

Food habits of largemouth and spotted bass appear to vary with local
conditions. In general, fry and fingerling bass utilize entomostracans and

small aquatic organisms very heavily (Applegate and Mullan, 1967; Hodson,
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1963; Holland and Chambers, 1971). The diet of adult largemouth and spotted
bass 1s usually composed of fish (Aggus, 1972; Dendy, 1946), crayfish
(Finkelstein, 1960; Snow, 1971), or insects (Smith and Page, 1969). Aggus
(1972) found the diet of largemouth more diverse than that of the spotted
bass.

The lack of data pertaining to the life history of spotted bass is
surprising in view of its value as a sport fish. While the life history of
largemouth bass has been intensively investigated, the spotted bass remains
one of the least understood game fishes. Therefore, this investigation deals
with the dynamics of ecological 1life history of spotted bass as well as
largemouth bass in Lake Fort Smith, Arkansas, with a comparison of the two
species. An attempt is made to evaluate the environmental effects on the

life history of each species.

Parasitological Phase

The environment of a parasite is of dual character. Both the host
and the host's environment form the habitat of a parasite. A community
of parasites inhabiting one host forms its own biocoenosis living under a
mutual set of environmental factors. In studying such parasitocoenoses,
not only the host but also the host's environment must be taken into con-
sideration. This is especially true for ectoparasites. The community approach
to fish parasites has been grossly neglected and much is yet to be understood
concerning fish parasite communities and how they are affected by their
environment.

Seasonal changes in the parasitocoenoses of fishes are related to
seasonal, environmental, and physico-chemical changes which influence the

reproduction, migration patterns, and feeding ecology of the hosts, determine
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the abundance of intermediate hosts, or directly affect the development and
infectivity of parasites. Except for reports by Bogitsh (1958), Chubb (1963),
Connor (1953), Holl (1932), Crane and Mizelle (1968), Spall and Summerfelt
(1969), and Rawson and Rogers (1972), knowledge of seasonal variation in
parasitic incidence in fishes is limited. Even more limited is our knowledge
of the action of physico-chemical factors on abundance of parasites. The
present study will attempt to gain insight into the seasonal changes of
parasitism in relation to water quality in Lake Fort Smith, Crawford County,
Arkansas.

The objectives of this study were to (1) determine the species and
extent of helminth and crustacean parasites in selected game fishes (channel

catfish, Ictalurus punctatus (Rafinesque); largemouth bass, Micropterus

salmoides (Lacepede); spotted bass, M. punctulatus (Rafinesque); warmouth,

Lepomis gulosus (Cuvier); bluegill, L. macrochirus Rafinesque; blacf‘

crappie, Pomoxis nigromaculatus (Lesueur); and white crappie, P. annularis

(Rafinesque) from Lake Fort Smith, (2) correlate parsitism with age and sex
of the hosts, (3) determine seasoﬁal }luctuations of paraistes from large-
mouth bass, warmouth, and bluegill, and correlate the seasonal changes

with physico-chemical factors, (4) describe and evaluate parasite community
structure by use of species diversity indices, and (5) compare this study
with a previous survey of Lake Fort Smith fish parasites (Houghton, 1963;
Becker and Houghton, 1969) to determine any qualitative and/or quantitative

changes since the previous study.
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METHODS AND MATERIALS

" Limnological Phase

Plankton samples were initially collected with a 10-liter Juday
closing plankton trap equipped with a number 25 silk bolting-cloth net at
l-m intervals from the surface through the 15-m level. Two samples were
taken at each depth and combined to provide a 20-1 sample. In February
of 1972 a change was made to a low water pressure, rubber impellar water
pump (Garringer brand) mounted to an electric motor which was powered by
a gasoline-fueled generator. Twenty liters of lake water were pumped
through a number 25 silk bolting-cloth plankton net and then concentrated
to 20 ml. All plankton samples were preserved in 3% formalin solution.
A 5-ml subsample was later removed from each 20-ml sample. These subsamples,
taken from the surface through the meter 5 samples, were combined.to provide
a composite subsample.for analysis. Identical procedures were performed
to provide composite subsamples for analyses representing 6-10 m and 1ll-

15 m. Numbers of organisms or cells per liter were derived by determining
the mean of two l-ml direct counts using a Sedgwick-Rafter counting chamber.
Temperatures were recorded with a Yellow Springs Instrument Company
tele-thermometer. Hydrogen ion concentrations were determined in the field

with a portable Analytical Instruments Company pH meter. A Secchi disk

was used to measure transparency. Turbidity was recorded in Jackson Turbidity
Units using a wavelength of 450 mj, Water samples were collected with a 1-1
Kemmerer water sampler at the surface, at meter one, at each subsequent

odd meter level through meter 15, and immediately above the bottom. Chemical
analyses of nitrate nitrogen, nitrite nitrogen, ammonia nitrogen, ortho-

phosphate, metaphosphate, and silica followed the methods outlined in the
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Hach Chemical Company guide "Colorimetric Procedures and Chemicals for
Water and Waste Water Analysis" (1971). Determinations were performed
using a previously calibrated Bausch and Lomb "Spectronic-20" colorimeter-
spectrophotometer. Colorimeter calibrations were analyzed periodically
with standard solutions to assure accuracy.
The titration method was used to analyze total alkalinity by the
methyl orange indicator method and dissolved oxygen by the azide modification
of the iodometric analysis (APHA, AWWA, WPCF, 1971). Relative abundances
of dissolved solids were determined with a conductivity bridge in the

laboratory.

Ichthyological Phase

During July, 1970 and July, 1972, a total of 327 largemouth bass and
394 spotted bass was collected by electrofishing, gill netting, angling,
rotenone, and seining.

Electrofishing was done by a'boat mounted 230 volt AC gemerator which
adequately sampled largemouth and spotted bass during the spring, summer,
and fall, but was highly inefficient in sampling spotted bass during the
winter.

Gill nets were the most efficient means of sampling spotted bass
during the winter. Largemouth bass did not appear nearly as vulnerable to
gill nets. Gill netting was employed only during the winter.

Rotenone was used once (July, 1971) to study the structure of the fish
community of Lake Fort Smith in a cove of 2.5 hectares (6.2 acres) by
blocking off with a 65 m block-off net. Liquid rotenone was applied at a
concentration of 1 ppm. Fish were picked up for three days and classified

according to species and maturity.
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Seining proved very useful in securing young-of-the-year basses.
Seining was performed only during the summer using 6 m bag and minnow seines
of 6.2 mm mesh. Due to the presence of large rocks and the contagious
distribution of young basses no effort was made to standardize the seining
efforts.,

Total and standard lengths of all fish were measured to the nearest
millimeter, and weight was taken to the nearest gram. Scale samples were
taken from the left side of the fish between the lateral line and the
spinous dorsal fin at approximately the tip of the appressed pectoral fin.
Plastic impressions of the scales were made using a Carver laboratory press.
The plates were heated electrically to 95 C and a pressure of 1050 kg/sq cm
was maintained for 10 seconds. Scale impressions were viewed on an Eberbach
scale projector, and the best impression studied. Measurements were re-
corded from the focus to each annulus and the edge of the anterior field.
All fish were considered to have an annulus at the edge of the scale starting
January 1 (Hile, 1950).

The relationship of scale radius to body length was determined by step
up polynomial analyses. Male, female, and immature fish were tested
separately to determine the effects of sex and maturity on the scale radius-
body length relationship., Samples from different years were pooled to
minimize the influence of annual fluctuations in the scale radius-body
length relationship.

Coefficients derived from the appropriate scale radius-body length
relationship were used in back calculating the length of fish at previous
ages. The growth parameters of the von Bertalanffy growth model,

L =L (1- e-K(t-t°)L were determined as described by Walford (1946)

t [e]e]
and Ricker (1958).
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The length-weight r.lationship was expressed as log W = log A + B log L,
where W is weight in grams and L is length in mitlimeters. Sexes were treéted
separately to test for differences due to sex. Coefficient of condition
(K) was determined as K = W x 105/L3. Condition coefficients were computed
for individual age groups to determine the relationship of aging and
condition.

The instantaneous mortality rates were computed from catch curves
(Ricker, 1958) and from parameters derived from the von Bertalanffy growth
equation (Beverton and Holt, 1956).

Immediately after removal, stomachs were placed in individual vials
containing 107 formalin for a period of one week, at which time they were
removed, washed in cold water, and placed in vials containing 407 isopro-
panol until examined. The stomachs were split longitudinally and the entire
contents carefully flushed into a petri dish. The contents were examined
under a binocular dissecting microscope, and all items identified to the
lowest possible taxon. The remainder was observed under 30X, and zooplankters
were removed and preserved on glass slides with CMCS-QMC-10. Mounted
planketers were later identified under a compound microscope. This method
was efficient in sampling only the larger zooplankters.

In view of the small size and rare occurrence of several of the food
organisms and the inherent inaccuracy of the volumetric method, the stomach
contents were analyzed by the frequency occurrence, numerical, and gravi-
metric methods. Frequency of feeding (percent of stomachs containing a
measurable amount of food) and mean diet weight (total weight of food divided
by the number of stomachs examined containing food) were computed for immatures,
males, and females of each species for each season.

The feeding intensity in relation to the time of collection was analyzed
to determine diel trends in feeding. For this fishes were collected at 3-hour

intervals.
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The effect of several physico-chemical factors on the mean diet
weight and frequency of feeding were tested by multiple regression analysis.

The time of spawning for each species was determined by field observa-
tions, gonado-somatic indices, and examination of the gonads. Spawning
sites were analyzed to determine differences in habitat selection and
degree of competition for nesting sites. The age at first spawning was
determined by means of gonadal observation and results of the age and
growth analyses.

Due to compression within the ovary and preservation, many ova were
not spherical. To overcome any tendency to select for the longest or
shortest diameter the measurement of each ova was taken parallel to the
horizontal axis of the ocular micrometer (Clark, 1934). Ova were measured
using an ocular wicrometer fitted in a dissecting microscope calibrated at
a magnification of 20 diameters.

To determine if the ova are homogeneously distributed throughout the
ovaries the frequency distributions of ova diameters from inner and outer
sections of cross sectional discs from the anterior, middle, and posterior
thirds of the right and left overies of a mature female spotted bass were
compared by Kolmogorov-Smirnov two sample tests.

Each ovary was removed from the preservative, trimmed of nonovarian
tissue, blotted dry, and allowed to air dry for 15 minutes. The entire
ovary was then weighed to the nearest milligram. A cross sectional disc
was removed from the middle of one of the ovaries and from this sample a
wedge-shape subsample was also weighed to the nearest milligram. The
diameters of all ova exceeding 0.20 mm in the subsample were measured.

The ova in the last normal mode of the ova diameter frequency dis-
tributions of mature ova were considered to be mature. The number of

mature ova in both ovaries was calculated by a proportionality formula:
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Number of ova in subsample - Total number of ova
Weight of subsample Total weight of the ovaries

The relationships of fecundity to total length, standard length,

condition, age, and weight were analyzed by regression analyses.

Parasitological Phase

The fishes used in this study were collected from Lake Fort Smith
from July 1970 through June 1971, from the northern sector of area I, at
the junction of areas II and III, and III and IV in the littoral zonme.

At least two collection trips were made each month. Most fishes were
captured by electrofishing. Gill nets were used to supplement electrofishing,
especially during the winter, and some fishes were captured by angling. All
fishes were taken to the laboratory alive to await dissection and examina-
tion for parasites.

A scale sample was consistently taken from each fish between the
dorsal fin and the lateral line. Age-determinations were made from
the scale annuli.

Each fish was completely examined for helminth and crustacean
parasites using a dissecting microscope.

The recovered parasites were prepared for indentification using
conventional methods (Becker and Heard, 1965; Becker, Heard, and Holmes,
1966).

Temperature, pH, dissolved oxygen, ammonium, nitrate, orthophosphate,
methyl orange alkalinity, and turbidity were sampled at each collection
date by other investigators on the project. Seasonal changes in these

physico-chemical data were correlated with seasonal changes in parasitism.
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The data were analyzed with the aid of an IBM 360-50 computer.
Multiple correlation-regression analysis (CORREG, Univerity of Arkansas
Computing Center) was used to correlate parasitism with seasonal changes
in physico-chemical factors. Significance was considered at the .05
level. Species diversity indices based on methods derived from information
theory (Margalef, 1958) were calculated in order to quantitatively describe

the structure of the parasite community in each host.
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RESULTS AND DISCUSSION
Limnological Phase

Physical and Chemical Parameters for 1971-1972

TEMPERATURE

Semimonthly temperatures taken from December 15, 1971 through November
27, 1972 indicated that Lake Fort Smith should be classified as a warm mono-
mictic lake (Reid, 1961). Temperatures did not drop below 4 C at any depth.
Water temperature data are summarized in Tables II and III and graphically
depicted in Fig. 2.

The highest temperature at meter one was 29.5 C on July 19, 1972, and
the lowest was 5.2 C on February 14, 1972, The mean temperature at the l-m
level, during stratification, was 23.3 C; during overturn itlwas 8.8 C.
Stratification was first observed April 7, 1972 and continued until overturn,
which was in progress by November 27, 1972, At that time the mean temperature
between the surface and meter 15 was 8.99 C. The mean temperature at the

15-m level during the stratification period was 12.22 C.

DISSOLVED OXYGEN

Average semimonthly dissolved oxygen concentrations per collecting trip
at selected depth intervals are graphically given in Fig. 3 and tabulated
in Tables II and III. Mean concentrations ranged from a maximum of 11.48

mg/l 0, between meters 6 and 10 on March 1, 1972 compared to a low of 0.2

2
mg/1 02 betweeﬁ meters 11 and 15 .on September 14, 1972, During thermal

stratification, oxygen depletion (< 0.1 mg/l 02) was not observed. Oxygen
depreciation (< 4.0 mg/l 02) in the hypolimnion was first observed in July
1972 and continued through October 1972. Concentrations as low as 0.1 mg/l

02 in the hypolimnion were recorded on several collecting trips. On March 1
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and April 24, 1972, there were significantly greater concentrations of oxygen

between meters 11 and 15 than near the surface to the 5-m depth.,

HYDROGEN ION

Hydrogen ion concentrations at meter one ranged from 7.0 to 8.8. The
annual mean pH at meter one was 7.5. Nelson (1952) reported a pH range similar
to that found in this investigation, although his maxima during the summer
were slightly lower. Hydrogen ion data for 1971-1972 are summarized in Tables

II and III.

ALKALINITY

Mean methyl orange alkalinity values in Lake Fort Smith ranged from a
low of 10.3 mg/l on April 24, 1972 to a maximum of 35.8 mg/l on August 18,
1972 between the surface and the profundal zone (Fig. 4 and Table II).

Lake Fort Smith can be classified as a soft-water lake because of its
comparatively low total alkalinity values. It should be noted, however,
that some of the other lakes in northwestern Arkansas do not have this
characteristic. Meyer (1971) observed methyl orange alkalinity values as
high as 141 to 155 mg/l in Lake Fayetteville. Alkalinity during this study

was the result of bicarbonates, since carbonates were rarely present.

TURBIDITY

Turbidity in Lake Fort Smith appeared to be a result of rainfall. The
mean maximum turbidity, 124 JTU, was recorded on December 15, 1971, after a
period of extended rainfall the preceding week (approximately 8 in.). During

the summer months, the outlet valves are opened in the Lake Shepherd Springs
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dam to maintain a high water level in Lake Fort Smith. Although Lake Shepherd
Springs has not acted as a settling basin for sediments, it does settle the
water somewhat in periods of limited summer inflow, thus creating less turbid
water in Lake Fort Smith. Average turbidity data for each collecting trip

are summarized in Fig. 5 and Tables II and III.

TRANSPARENCY

Secchi disk data are presented in Fig. 6 and Table III. The minimum
Secchl disk reading was 16 cm on December 28, 1971. During this investigation
low transparencies were recorded from December 15, 1971 until June 21, 1972,
and then they steadily increased through the summer months until the maximum
of 570 cm was observed on September 14, 1972. Nelson (1952) and Rorie (1961)
also reported low transparencies during the winter months in Lake Fo{t
Smith. During 1950-1951 Nelson (1952) recorded a maximum transparency of
249 cm. The higher readings in 1972 may be the result of drought conditions,
with d;creasing water flow allowing for increased sediment fallout in Lake

Shepherd Springs and the upper portion of Lake Fort Smith.

NITRITE NITROGEN

Semimonthly distributions of nitrite nitrogen are given in Tables IV
and V. The highest mean during this investigation was 0.019 mg/l on September
14 and October 25, 1972 between the 11 and 15-m depth, and the lowest was
0.0 mg/l on December 28, 1971. The Public Health Service in Standard Methods
(APHA, AWWA, WPCF, 1971) reported that nitrite nitrogen rarely exceeds 0.1

mg/l in drinking water.
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NITRATE NITROGEN

Nitrate nitrogen represents the most highly oxidized phase in the
nitrogen cycle and normally reaches important concentrations in the final
stages of biological activity (APHA, AWWA, WPCF, 1971). Mean concentrations
of samples taken between the surface and the bottom ranged from 0.12 mg/l
to 0.75 mg/l. Rorie (1961) found a range of 0.09 mg/l to 1.2 mg/l in 1959-
1960, while Nelson (1952) reported a range of 0.58 mg/l to 2.39 mg/l for the
years 1950-1951. Hrbac&k (1964) reported that nitrates were a limiting factor
only in oligotrophic lakes. Although Lake Fort Smith is apparently oligotrophic,
the ample nitrate nitrogen appeared not to be the limiting factor on producti-

vity. Tables IV and V present semimonthly distributions of nitrate nitrogen.

AMMONIA NITROGEN

Mean ammonia nitrogen concentrations between the surface and the bottom
ranged from 1.85 mg/l to 0.74 mg/l on September 14 and November 8, 1972,
respectively (Table V). The mean between meters 1l and 15 ranged from 0.86
mg/1l on December 15, 1971 to 2.24 mg/l on October 25, 1972 (Table IV). The
highest average ammonia nitrogen concentrations between the surface and the
bottom were found on March 1 and September 14, 1972 (Table V). During the
winter, concentrations between the surface and the 5-m level were greater
than in the other seasons; however, significant increases were found at the

15-m level and just above the bottom during the autumn months (Fig. 7).

ORTHOPHOSPHATE

The mean concentration of orthophosphate between the surface and the

bottom ranged from a maximum of 1.48 mg/l on December 15, 1971 to 0.04 mg/l
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on July 19, 1972. Semimonthly distributions of orthophosphate are presented
in Tables 1V and V. Hutchinson (1967) reported that spring algal blooms in
natural bodies of water deplete the phosphates. The diatoms peaked in Lake
Fort Smith on April 24, 1972, and this bloom coincided with a decrease in
orthophosphate from the previous collecting date, April 7, 1972 (Tables IV

and VII).

METAPHOSPHATE

Phosphorus, an essential element to the growth of organisms, can often
ba the nutrient that limits the growth that a body of water can support. Most
relatively uncontaminated lake districts are known to have surface waters
that contain 10 to 30 mg/l of total phosphorus; however, in some waters that
are not obviously polluted, higher values may occur (Gales et al. 1966).
Between the surface and the bottom of Lake Fort Smith, the metaphosphate per
meter ranged from 0.02 mg/l on December 28, 1971 to 0.65 mg/l on April 7,

1972 (Table V). Chu (1943) reported that Tabellaria spp. are less tolerant
of excess phosphate than other genera of diatoms., However, the phosphates in
Lake Fort Smith may not have attained concentrations to inhibit T. flocculosa

growth.

SILICA

The major source of silica in natural waters is from the decomposition
of aluminosilicate minerals in the drainage basin from which the waters
flow. Many natural waters contain less than 10 mg/l, but the amounts may
range up to 60 mg/l or higher (Hutchinson, 1957). During the present investi-
gation, the mean range for samples from the surface to the profundal zone was

1.35 mg/1 to 2.69 mg/l (Table V). Deevey (1957) reported that the silica
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content of surface waters in Texas and Mexico ranged from 4 to 50 mg/l,
with a mean of 20.9 mg/l. Kilham (1971) hypothesized that declining ambient
silica concentrations may influence the sequence of seasonal succession of

diatoms, but he emphasized that a great deal more study is needed.

SPECIFIC CONDUCTANCE

Specific conductance is a simple determination of a water's capacity to
convey an electric current and is an excellent measurement of the total
dissolved solids in a solution. Data from Lake Fort Smith revealed mean
specific conductance values ranging between 32.5 and 57.0 micromhos/cm. These
relatively low values strongly suggest that Lake Fort Smith is oligotrophic.
Some of the ions that influence conductance are: sodium, potassium, magnesium,
calcium, carbonate, sulfate radical, and chlorine (Rodhe, 1949). - Specific
conductance was not monitored throughout this study; however, available data

are summarized in Tables II and III.

Biological Parameters

PHYTOPLANKTON

General

The productivity in any body of water is limited by many factors, e.g.,
light penetration, dissolved nutrients, pH, and temperature. In most lakes
primary productivity is largely confined to the upper strata of water (euphotic
zone), although it is not limited to that area. Because of the abundance of
some of the common phytoplankters appearing in the lower strata of Lake
Fort Smith (e.g., Table VII) and the tendency of zooplankters to migrate,

remarks regarding plankton communities and seasonal appearances on each
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collection date will refer to the average standing crop per meter between
the surface and the 15-m level. In the text, references to average annual
standing crop per meter will consist of averages per trip for the surface to
15 m unless otherwise stated. Twenty-four semimonthly collecting trips
were made.

Major algal community relationshins that developed throughout this
investigation are shown in Fig. 8. The Cyanophyta were dominant at the

beginning of the winter sampling period, with Aphanizomenon flos - aquae

contributing most to this association. In the spring Melosira spp., Tabellaria

flocculosa, and Fragilaria crotonensis dominated the relatively large diatom

communities. The two Melosira representatives were Melosira ambigua and

Melosira distans var. alpigena. By July 5, 1972 the spring diatom dominated

community was present in relatively small standing crops and was replaced by
a Chrysophyceae community. The Chrysophyceae were primarily represented by

Dinobryon cylindricum. A Chrysophyceae-chlorophyta association was found on

August 18, 1972 that developed into a Chlorophyte dominated community by
September 14, which continued through November 8, 1972. Sphaerocystis
schroeterl was the most common chlorophyte during this time, comprising

94.7% of the green algae on September 14, 1972. Coelosphaerium naegelianum,

a cyanophyte, was present from September through November.
Chrysophyceae

D. cylindricum was the dominant species of the Chrysophyceae, representing
85.5% of the cells/l1 (c/1) between the surface and meter 15. Dinobryon
bavaricum and Mallomonas sp. were relatively insignificant, comprising 62
and 8.5Z, respectively. D. bavaricum did not appear until August 2, 1972
and occurred sporadically into November. Although not abundant, D. bavaricum

was more numerous than D. cylindricum on two occasions, September 14 and 27,
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1972 (Table VI). Mallomonas sp. frequently appeared throughout the sampling
period.

Rodhe (1948) reported that Dinobryan divergens has a low phosphorus

requirement and that it does not appear until the phosphate phosphorus has
been reduced by the major spring species. Although no significant mathematical
correlations were found between phosphates and D. cylindricum, all correlation
coefficients (Carter, 1974) were negative, a result which suggests that de-
creasing phosphate concentrations intensify D. cylindricum growth. Average

semimonthly standing crops of D. cylindricum are illustrated in Fig. 9.

Bacillariophyceae

According to Hutchinson (1967) diatoms are the most important members
of the fresh-water phytoplankton. In Lake Fort Smith, diatoms were represented
by six major genera. Melosira was the most common genus and was ?resent in
relatively large numbers throughout the year. Major diatom biooms occurred
in the spring, with their peak densities in April (Fig. 8). Melosira';pp.
pulsed on April 7, 1972 with an average standing crop of 10,612 ¢/1 and
erratically declined until the middle of August (Table VII). Tabellaria

flocculosa pulsed in April and May, whereas the Asterionella formosa population

climaxed in late April and May (Figs. 10 and 11, respectively). T. flocculosa,
present throughout most of this investigation, pulsed at an average standing
crop of 3,252 c¢/1 on April 7, 1972. 1In a study of environmental requirements

of freshwater phytoplankton, Rodhe (1948) stated that Melosira islandica var.

helvetica had an upper optimum temperature limit of 5 C, and may be followed
in the spring by A. formosa, whose upper optimum thermal limit is about 15 C.
During this investigation, Melosira spp. and T. flocculosa maximum blooms
were found when the water temperature average was 12.5 C in the upper 10 m.

When the water temperature in the upper 10 m averaged 14.4 C on April 24, 1972,
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the Melosira spp. dominance was succeeded by Fragilaria crotonensis (Table

VII). The shorter pulse duration of F. crotonensis, compared to the other
major diatoms, is probably a reflection of a narrower range of tolerance to
its environment. A. formosa bloomed at water temperatures between 12 and

16 C and was not found in significant numbers when the average temperature

in the upper 10 m exceeded 16 C. Patrick (1971) reported that diatoms

have a fairly narrow range of tolerance to light and temperature. However,
Lund (1949) and Chandler (1944) have shown that the spring diatom increases
are more closely correlated with illumination than with increased temperature.
Carter (1974) found no significant correlations between diatoms and illumina-
tion (length of day); however, Synedra spp. and Melosira spp. were significantly
correlated with temperature. One may infer from this that temperature has a
greater effect upon these members of the diatom community in Lake Fort Smith
than length of day.

In the discussion of silica, it was reported that many authors believe
silica may be a limiting factor upon the productivity of diatoms. Lund (1954)
found Asterionella and Tabellaria to be limited out in nature by concentrations
of 0.5 mg/1 3102. In view of the silica concentrations found during this
study, silica was probably not a limiting factor upon the diatom community
in Lake Fort Smith.

On two collecting dates, April 7 and 24, 1972, Melosira spp. c/l1 were
considerably more numerous in the 11 to 15-m strata than in the shallower
ones (Table VII). Lund (1954) noted increased numbers of M. italica subarctica
in deeper water and attributed this phenomenon to its "relatively high sinking-
rate and inability to grow appreciably at high light intensities and perhaps
higher temperatures."

Seasonal and vertical abundances of selected diatoms are presented in

Table VII.
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Chlorophyta

Fourteen Chlorophyta (green algae) genera were identified. Sphaerocystis

schroeteri accounted for 77.3% of the total number of chlorophytes. Second

in abundance was the species Dictyosphaerium pulchellum (8.4%), followed

by Kirchneriella obesa (6.6%). The monocyclic seasonal cycle of S. schroeteri

climaxed on September 14, 1972, with an average standing crop of 4,814 c/1
per meter between the surface and meter 15 (Fig. 12). Pediastrum simplex,

D. pulchellium, K. obesa, and Staurastrum spp. exhibited monocycles culminating

in the late fall. Eudorina elegans. Microspora sp., and Mougeotia sp. were also
monocyclic, but their blooms occurred in the spring.

The role of the phylum Chlorophyta in seasonal succession is described
in Fig. 8. During this investigation green algae were dominant from
September 14 through November 8, 1972. Chlorophytes accounted for 20% of
the total algae and were outnumbered only by the Bacillariaphyceae. Certain
algae may occasionally be an important "grazing" source for herbivorous
zooplankters. It may be inferred from Figs. 8 and 12 that the major food
source for the pulse of zooplankton ''grazers' may have been some green algae,
particularly S. schroeteri.

Seasonal and vertical abundances of the Chlorophyta during this inves-

tigation are presented in Table VIII.
Cyanophyta

Cyanophyta or blue-green algae were tabulated according to the number
of filaments or colonies per liter. This taxor comprised only 4% of the

total algae. The two species Coelosphaerium naegelianum and Aphanizomenon

flos-aquae comprised 98.1% of the Cyanophyta (Table IX). A. flos-aquae was
present in significant numbers only on six collecting dates. (. naegelianum

first became evident on September 14, 1972, and remained as the most common
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cyanopl.yte through November. The maximum mean number of C. naegelianum
per meter between the surface and meter 15 was 77 colonies/l on November

8, 1972,
Pyrrhophyta

Pyrrhophyta, also known as dinoflagellates, were composed of only two

species, Peridinium wisconsinense (73.72) and Ceratium hirundinella (26.3%).

Both species pulsed on September 14, 1972 between the surface and meter 15;

P. wisconsinense peaked with 36.. ¢/l and C. hirundinella with 135 c/1.

Table VI summarizes the seasonal and vertical distribution of the Pyrrhophyta

for each sampling date.

ZOOPLANKTON

General

The tables concermed with the zooplankton data give semimonthly averages
for the depths from surface to 5, 6 - 10, 11 - 15, and surface to 15 m (Tables
X, XI, and XII). Unless otherwise stated in the text, the average standing
crop per meter for an individual collecting date is taken from the surface
to the 15-m level, and the annual standing crop for this level consists of
averages per collecting trip (24 trips).

The zooplankton annual standing crop was 111 organisms/l (o/1l) of which
Rotatoria comprised 24X, Cladocera 4Z, Copepoda 12%Z, and Protozoa 60Z. An
unidentified member of the Peritricha was the most common zooplankter, and

Codonella cratera was the second most abundant. The Rotatoria and Copepoda

displayed dicyclic seasonal distributions, whereas the Cladocera and Protozoa
were rimarily monocyclic. The number of organisms per collecting trip

is pr sented in Fig. 3.
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Rotatoria

In Lake Fort Smith the standing crop per meter of the rotifer'community'
ranged from 3 o/1 on March 15 to 81 o/l on September 14, 1972. The
annual standing crop of rotifers per meter was 28 o/1l.

Pennak (1953) reported that most plankton communities average between
40 and 500 rotifers per liter; but the waters of mountain lakes and large
oligotrophic lakes sometimes contain less than 20 rotifers per liter, especially
during the cold months. A relatively small number of species (16) were
identified during this investigation. This is in partial agreement with
the findings of Harring and Meyers (1928), who reported that alkaline
waters (above a pH of 7.0) contain relatively few species but a large
number of organisms. However, with a pH range of 6.93 to 8.40 in the surface
to 5-m level, both few species and small numbers were found during the
present study.

-The Rotatoria pulse on September 14, 1972 (81 o/1) was predominately
Polyarthra sp. (43%), Ptygura sp. (23%), and Keratella spp. (18%). Conochilus
unicornis (40%), Collotheca sp. (23%) and Polyarthra sp. (21X) were the most
common species in the spring pulse (53 o/1) on May 24, 1972 (Table X).

The phylum Rotatoria comprised 24% of the zooplankton standing crop.
Polyarthra sp. was the most common rotifer representing 33% (10 o/1) of the
annual rotifer standing crop (28 o/1). Keratella spp. was the second most

abundant rotifer (6 o/1l) followed by Kellicottia bostoniensis, C. unicornis,

and Ptygura sp. (2 o/l each). Semimonthly distrubutions of selected rotifers
are presented in Table X.

At the time of the day that the collections were made (i.e., noon -
4:30 p.m.), the largest numbers o{ rotifers were usually found in the upper

5 m; however, Polyarthra sp. and Keratella spp. were often found to be
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numerous between the 6 and 10-m level. K. bostoniensis was found primarily
between meters 10 and 15. Polyarthra sp. and Keratella spp. occurred at

the deepest strata only during periods of circulation.
Cladocera

Cladocera are of great importance in the aquatic food chain for both
young and adult fish. Various studies of the stomach contents of young fish
show from 1 to 95 per cent Cladocera by volume (Pennak, 1953).

Cladocera comprised only 4% of the annual zooplankton standing crop.

In Lake Fort Smith Ceriodaphnia lacustris exhibited the largest annual

standing crop (1.3 o/l) at the surface to 15-m level; however, 41X of the
average standing crop of this species was present on one sampling date,
September 14, 1972 (Fig. 15). Other annual standing crops of Cladocera at

this level were Bosmina longirostris (0.9 o/l1), Diaphanosoma leuchtenbergianum

(0.7 o/1), Daphnia spp. (0.5 o/1), and Holopedium gibberum (0.2
0o/1). Pennak (1953) reported that species of Holopedium are confined to
calcium-poor water.

All identified Cladocera species pulsed in September 1972 except H.
gibﬁerum, which pulsed on July 5 (Table XII). In studies of other north-
western Arkansas reservoirs, Applegate and Mullan (1967) and Damico (1972)
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