THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

Southeastern Fishes Council Proceedings

Volume 1

Number 23 Number 23 (February 1991) Article 2

2-1-1991

Life History of the Brighteye Darter Etheostoma Lynceum (Pisces:
Percidae), in Terrapin Creek, Kentucky

Dianna Bell

Tom J. Timmons

Follow this and additional works at: https://trace.tennessee.edu/sfcproceedings

b Part of the Marine Biology Commons

Recommended Citation
Bell, Dianna and Timmons, Tom J. (1991) "Life History of the Brighteye Darter Etheostoma Lynceum
(Pisces: Percidae), in Terrapin Creek, Kentucky," Southeastern Fishes Council Proceedings: No. 23.

Available at; https://trace.tennessee.edu/sfcproceedings/vol1/iss23/2

This Original Research Article is brought to you for free and open access by Volunteer, Open Access, Library
Journals (VOL Journals), published in partnership with The University of Tennessee (UT) University Libraries. This
article has been accepted for inclusion in Southeastern Fishes Council Proceedings by an authorized editor. For
more information, please visit https://trace.tennessee.edu/sfcproceedings.


https://trace.tennessee.edu/sfcproceedings
https://trace.tennessee.edu/sfcproceedings/vol1
https://trace.tennessee.edu/sfcproceedings/vol1/iss23
https://trace.tennessee.edu/sfcproceedings/vol1/iss23/2
https://trace.tennessee.edu/sfcproceedings?utm_source=trace.tennessee.edu%2Fsfcproceedings%2Fvol1%2Fiss23%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=trace.tennessee.edu%2Fsfcproceedings%2Fvol1%2Fiss23%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://trace.tennessee.edu/sfcproceedings/vol1/iss23/2?utm_source=trace.tennessee.edu%2Fsfcproceedings%2Fvol1%2Fiss23%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://trace.tennessee.edu/sfcproceedings

Life History of the Brighteye Darter Etheostoma Lynceum (Pisces: Percidae), in
Terrapin Creek, Kentucky

This original research article is available in Southeastern Fishes Council Proceedings: https://trace.tennessee.edu/
sfcproceedings/vol1/iss23/2


https://trace.tennessee.edu/sfcproceedings/vol1/iss23/2
https://trace.tennessee.edu/sfcproceedings/vol1/iss23/2

3 ) N4 Southeastern Fishes Council
%7 PROCEEDINGS
DEDICATED TO THE PRESERVATION OF SOUTHEASTERN FISHES
Number 23 February 1991

LIFE HISTORY OF THE BRIGHTEYE DARTER ETHEOSTOMA LYNCEUM
(PISCES: PERCIDAE), IN TERRAPIN CREEK, KENTUCKY

Diana Bell and Tom J. Timmons

Department of Biological Sciences
Hancock Biological Station
Murray State University
Murray, Kentucky 42071

ABSTRACT

The brighteye darter, Etheostoma lynceum (Hay), is limited to
eastern tributaries of the lower Mississippi River below the Fall Line. E.
lynceum from Terrapin Creek, Graves County, Kentucky, was studied
from January 1983 through December 1983. It was collected in undercut
stream banks with dense tree roots in winter and in fast flowing, shallow,
gravel riffles in summer. Chrinomids were the predominant food item
(50% by volume; 68-100% frequency of occurrence). Feeding was
diurnal, peaking at 1700 hrs. Adult and juvenile brighteye darters ate the
same bottom invertebrates, but juveniles ate smaller and fewer items. The
reproductive season extended from April into June. The bright green
coloration of the vertical bands, fins, breast, and belly was more intense
in males than females. Females exhibited greatly enlarged genital
papillae during breeding and could be sexed externally. Fecundity varied
from arange of 33-116 mature ovaforagel fishto 65-201 for ageIl. Ripe
ovawere 1.1 to 1.6 mm in diameter, translucent, yellow, and appeared as
early as February. Both sexes attained age III, and the oldest fish was a
female (44 mm) approximately 3.5 years old.

INTRODUCTION

The brighteye darter, Etheostoma lynceum (Hay), was for-
merly one of two recognized subspecies of E. zonale (Tsai and
Raney 1974). The difference in appearance and meristic charac-
ters between E. zonale and the allopatric E. lynceum have been
discussed in depth by Etnier and Starnes (1986). The distribution
of E. lynceum is limited to eastern tributaries of the lower Missis-
sippi River below the Fall Line in Kentucky and Tennessee
(Obion, Hatchie and Wolf river systems) and Mississippi
(Yazoo,Black and Homochittoriver systmes); and in eastern Gulf
slope drainages in Mississippi and Louisiana (Tangipahoa, Pearl
and Pascagoula river drainages). E. zonale is found in the Mis-
sissippi River drainages above the Fall Line, western drainages of
Lake Michigan, and headwaters of the Savannah River on the
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Atlantic slope (Tsai and Raney 1974).

The life history of E. zonale has been described from several
regions: Pennsylvania (Lachner et al. 1950), Ohio (Adamson and
Wissing 1977), Minnesota (Erickson 1977), West Virginia
(Holbrook and Tarter 1977), New York (Nemecek 1980), and
Illinois (Cordes and Page 1980). There have, however, been no
studies on the life history of E. lynceum. The objective of this
study was to provide information on the life history of this new
species, not only for comparison to E. zonale, but also because the
habitat of the brighteye darter is often destroyed by channelization
and the adverse impacts from intensive agricultural practices.
Etheostoma lynceumis found in Kentucky only in Terrapin Creek,
astream included in the list of Outstanding Resource Waters by the
Kentucky Nature Preserves Commission (Hannan et al. 1982).

MATERIALS AND METHODS

Specimensof E. lynceum were collected from Terrapin Creek,
Graves County, Kentucky with a 3-m long seine from January to
December 1983 and preserved in 10% formalin. Datarecorded on
field conditions included depth and width of stream sites, description
of substrate type and size, presence of vegetation or cover, and
water temperature. Flow was measured using a Teledyne Gurley
water current meter.

Each fish was blotted dry with a paper towel and weighed to
the nearest 0.001 g on a Mettler analytical balance. The standard
length (SL) was measured to the nearest 0.1 mm with a dial caliper
and the sex was determined. Scales were removed from the right
side above the lateral line and near the junction of the soft and
spinous dorsal fins. The scales were mounted between glass slides
and viewed with a microprojector. Fish were assigned to age
groups by counting the annuli. Age class designations consisted
of O-III years, with fish spawned in the spring or summer consid-
ered to be age class 0 until January 1.
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The population density (number of fish/m?) of E. lynceum was
estimated on 6 September 1983 by the Leslie method (Leslie and
Davis 1939). A 12-m long section of stream, with a surface area
of 24 m? and an average depth of approximately 0.3 m, was
sampled. The length of the stream section between two 5-mm
mesh block nets was sampled by numerous short seine hauls on
each sample until only a few fish were collected per 24 m? sample.
Fish were identified, counted, and released below the downstream
block net. The number of seine hauls per sample was constant. A
regression line was then projected to the intercept of the X-axis to
estimate the population size.

Changes in the ova diameters and ovarian weights were
observed. Ovaries were removed and weighed to the nearest 0.001
g. Ovarian weight was calculated as a percentage of the somatic
body weight. Ova, taken from fish collected from April through
July, were separated from other ovarian tissue and measured with
a calibrated ocular micrometer. Fecundity was determined by
direct counts of mature ova.

Feeding habits of E. lynceum from Terrapin Creck were
evaluated by removing contents of the digestive tract anterior to
the intestine and examining them under a dissecting microscope.
Food items from each fish were identified, counted, and their
relative volumes estimated using an ocular micrometer. Volume
wasestimated because numerical analysis may overemphasize the
importance of small food items (Windell 1971). The frequency of
occurrence of food items and the percent volume of a food item
were calculated.

The feeding periodicity of E. Iynceum was determined by seine
collections at 3-hr. intervals from 0500 hrs on 13 July to 0200 hrs
on 14 July. Drift and bottom invertebrates were sampled every
three hours using Surber samplers and drift nets set upstream from
the area seined for darters. Drift nets were left in the latter and
checked every three hours.

Study Site

Terrapin Creek is a tributary of the North Fork of the Obion
River in Graves County in western Kentucky. The study site was
4.2 km upstream from its mouth and 3.2 km south of Bell City.
County road number 1270 crosses the creck at the study site. The
creek bottom was shifting sand and fine and medium-sized gravel
without a constant pool to riffle ratio. It was common in some
areas to sink 0.3 m into the loose sand and gravel while walking in
the stream. The loose bottom allowed the stream to meander and
constantly change within the banks. The study site consisted of
pools less than 1 m in depth, riffles, and undercut banks. Except
in winter, the tree-lined banks shaded the entire stream. Aquatic
macrophytes were absent and fallen trees and tree roots were the
only cover in the pools. Water overflowed the 3-m banks into
nearby farmland and woods after heavy rainfall. Small springs
flow into Terrapin Creek, and it was one of the few streams still
flowing during the severe summer droughtin 1983. The inflow of
spring water keeps the temperature cool during the summer
(maximum of 22.2° C) and ice free in the winter (minimum of 4 4°
C). The discharge was 33 cfs and the velocity was 0.63 m/son 6
July 1983. A list of fish species known from Terrapin Creek
appears in Burr and Warren (1986).
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RESULTS AND DISCUSSION

Life History

In the winter, E. lynceum specimens were collected in water
0.3-0.6 m deep with moderate current among dense tree roots
beneath the undercut banks. Also common in seine hauls with the
brighteye darter were Lampetra aepyptera ammocoetes, Semotilus
atromaculatus, Erimyzon oblongus, Aphredoderus sayanus,
Etheostoma nigrum, and E. pyrrhogaster. During the summer the
brighteye darter moved into the shallow gravel riffles. They were
commonly collected inriffles with E. nigrumand E. pyrrhogaster.
Young-of-the-year brighteye darters were found over a solid
gravel bottom in the lower portion of a riffle as it entered a pool.
They were commonly collected with young-of-the-year E. nigrum,
E. pyrrhogaster, and several cyprinids.

The density of brighteye darters was estimated to be 4.2 fish/
m?. Theprojected regressionline (r=0.88) indicated 100 brighteye
darters per 24/m?. The density of the second most abundant darter,
E. nigrum, was estimated to be 44 per 24/m? (r = 0.98).

The monthly, mean standard length of each group by sex was
determined for 406 E. lynceum. Little growth occurred from
October through May for most brighteye darters. The most rapid
growth occurred between June and August. After the second year
males were longer than females of the same age. Age Il fish were
absent or poorly represented in samples throughout the year.
Annuli were readily identified on scales by changes in spacing of
circuli and cutting over of circuli at edges of lateral fields. Itis
unlikely that age II fish were not recognized. A poor spawning
season or destruction of eggs or young from floods may account
for reduced numbers of that year class. Matthews (1986) docu-
mented alterations of species compositions during a catastrophic
flood in the Piney Creek watershed in Arkansas. He noted that
benthic species in riffles showed the least reduction in numbers
during the December flood. Young-of-the-year centrarchids and
cyprinids were extremely susceptible to downstream displace-
ment by flooding in Brier Creek, Oklahoma (Harvey 1987). John
(1964) observed that flash floods in streams of the Chiricahua
Mountains, Arizona, could annihilate, or at least displace down-
stream, a fish population, especially young of the year. Occasional
spring floods in Terrapin Creck raise the water level more than 3
m and may have been responsible in 1981 for the missing age I
darters. A flood at spawning time could wash away or destroy
eggs, since the loose gravel bottom of Terrapin Creek must move
and be churned to a considerable depth during floods.

Of the 406 fish for which the age was determined, 12.1% were
age 0,69.0 % were age I, 2.4% were age II, and 16.5% were age
III. Males of age O-II represented 14.5%, 68.3%, 4.1% and
13.1%, respectively. Females age O-1I1 represented 7.5%, 71.8%,
1.6%,and 19.0%. Agel fish of both sexes comprised the greatest
percentages. Sixty-seven brighteye darters were in age group II1L.
Assuming an April spawn, the oldest fish was a 44.3 mm female,
3.5 years of age, collected November 1983.

The sex ratios (male:female) were determined for all bright
eye darters (1:1.7) and by age groups. At age 0 there was no
significant departure from 1:1 ratio (X2 = (.10, 0.90<P<0.75).
Femalesdid outnumber malesatageI1(1:1.8, X2=24.01 P<0.001)
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andageIll(1:2.5, X2=12.55, P<0.001). Thiscould indicate either
an accelerated male mortality rate or sampling bias of males
because of preferential habitat selection. AtageIl, males outnum-
bered females (1:0.67, X2 = 0.40, 0.70<P<0.50). Values for the
age group Il may not be accurate because of the small sample size.

Breeding males attained greater lengths than females of the
same age, and displayed more intense green coloration of the
vertical bands, fins, breast, and belly than females. In both sexes,
the green coloration persisted most of the year, and was least
intense in the fall. The intensity of coloration increased not only
within females and males, but also with age, the oldest fish being
the deepest green. Mature females exhibited greatly enlarged
genital papillae (upon intensification of breeding coloration) and
could be sexed externally. The abdomens of females started to
enlarge by February, and eggs were expelled with slight pressure
on the abdomen in April. All females collected by August were
spent.

The percent of the body weight contributed by the ovaries
(Gonadosomatic Index or GSI) was compared monthly for the
degree of ovary maturity. The GSI increases until the start of
spawning, at which time there is a distinct decrease with the
smallest percentages occurring when spawning activity ends
(Pickford and Atz 1957). GSI decreased after the peak of 12% in
April (Fig. 1), indicating the start of spawning when the water
temperature was 18°C. The lowest value (1%) was in August,
indicating the time spawning was completed. The slight increase
from May to June may have resulted from an interruption of
spawning by flooding as has been observed in Etheostoma

Mean (+SE) gonosomatic indices
(ovary wt/body wt X 100)

GONOSOMATIC INDEX

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

Figure 1. Mean monthly percent of body weight contrib-
uted by the ovary for brighteye darters in Terrapin
Creek, January through December, 1983.

tetrazonum in Missouri (Taber and Taber 1983).

The ovarian development was followed throughout the year.
Only small, white, immature ova less than 0.7 mm in diameter
were present in August. These ova started to mature in October
and continued to do so during the winter months. Maturing ova
were yellow and 0.7-1.1 mm in diameter. Ripe ova (1.1-1.6 mm
indiameter and translucent) were presentas early as February. All
three types of ova were present through the possible spawning
months of April to July. The ova may have continued to mature
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during these months, being spawned as they became ripe. Spawn-
ing was complete for most fish by the end of June since most of the
ovaries were spent in July. Young of the year were not collected
until 27 August 1983. Those collect 6 September (n = 9) ranged
in size from 12.9 to 22.8 mm (SL).

Spawning activity was not observed in the stream or in
aquaria. Brighteye darters lived successfully in aquaria from May
until November when they were released. Many darters have been
observed to spawn successfully in aquaria (New 1966, Braasch
and Smith 1967, May 1969, Seesock 1979, Ryon 1986).

Examination of ova size-frequency distribution indicated ova
greater than 0.6 mm were spawned, and there was no sign of
reabsorption. Fecundity was estimated for fish collected in April,
May, and June. Females attaining age I and which were also at
least 27 mm SL were capable of spawning. Females were either
age I or age II1, and fecundity ranged from 21-116 for age I to 65-
201 for age III. Males were also sexually mature at age I.

The predominant foods of E. Iyncewm were Diptera
(Chironomidae and Simuliidae), Ephemeroptera nymphs, and
Trichoptera larvae (Fig. 2). The most abundant food item was
chironomid larvae, (50% by volume and 67 % frequency of
occurrence (Table 1). Chironomids did not make up the greatest
volume every month (Table 2). The greatest volume was Simuliidae
larvae in June (75.3%), Ephemeroptera in October (54.6%), and
Trichoptera in November (53.4%). Of the stomachs examined,
19.8% were empty. Adults and juveniles consumed the same food
items, but juveniles ate fewer and smaller organisms.

PERCENT TOTAL VOLUME OF FOOD ORGANISMS PER YEAR

CHIRONOMIDAE
50.1 %
OTHER
RICHOPTERA 13%
87% PLECOPTERA
SIMULIIDAE 26 %
EPHEMEROPTERA 20.5 % ’
16.8 %

The brighteye darter in Terrapin Creek had a diurnal feeding
pattern, with a peak in volume and number of food items at 0500
hrs and 1700 hrs (Fig 3). Feeding began at or just before sunrise
(0500 hrs), decreased after three hours, and increased to peak at
1700 hrs. Feeding decreased in the early evening and stopped after
sunset (2100 hrs). After sunset, all stomachs were empty or
contained extremely digested insect larvae.

Dipteran and Ephemeroptera larvae were the most abundant
food items in stomachs and in invertebrate samples made during
the 24-hour study. Food items in the stomach of brighteye darters
were those invertebrates predominantly found in the Surber samples.
The greatest number of invertebrates was found at 2300 hrs in both
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TOTAL NUMBER ORGANISMS PER HOUR
TOTAL VOLUME ORGANISMS PER HOUR

TOTAL VOLUME ey
TOTALNUMBER ¢— —

40

8

)
H3IGWNN TVL10L

TOTAL VOLUME

0500 0600 1100 1400 1700 2000

TIME

2300 0200

Figure 3. Total number and volume of food organisms per
three hour period in brighteye darters from Terrapin
Creek, during a 24-hr study on 6 September 1983.

Surber and drift net samples. The brighteye darter did not feed at
night and could not take advantage of the great number of
invertebrates present in the night samples.

Comparison of E. zonale and E. lynceum
Published life history information for E. zonale was com-

pared with our data for E. lynceum in Terrapin Creek. E. zonale
is typically found in riffle areas of larger streams (usually order 4
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or larger), over large gravel or rubble and is often associated with
aquatic vegetation (Lachner et al. 1950, Erickson 1977, Nemecek
1980). Whereas, we found E. [ynceum in smaller streams (order
2 or 3) with fine to medium gravel and sand bottoms and utilizing
existing cover of undercuts. Brighteye darter young-of-the-year
were first observed at the edge of pools below riffles, whereas
Erickson (1977) observed young-of-the-year banded darters in
sand-gravel substrate in slow moving water 30-50cm in depth
below a large riffle.

E. zonale has its highest growth rate in the first year (Lachner
etal. 1950, Lutterbie 1976) and fastest growth during the summer
(Erickson 1977). E. zonale survives to age IV in both Wisconsin
(Lutterbie 1976) and Minnesota (Erickson 1977) and reach a
maximum of size of 62 mm SL in Pennsylvania (Lachner et al.
1950). E. lynceum also achieves greatest growth in the first year
during June to August. The oldest fish was estimated to be 3.5
years, and the largest specimen was 52 mm SL.

Nemecek (1980) observed E. zonale laying eggs on algae
(Cladophora) in water depths of 15-30 cm, and water temperatures
of 18.5 to 22.0° C. Some age I fish are capable of spawning
(Lachner et al. 1950,Erickson 1977). Spawning of the banded
darter has been reported from late March to June (Lachner et al.
1950, Cross 1967, Miller and Robinson 1973, Lutterbie 1979,
Nemecek 1980, Hubbs 1985). The ovarian weight to body weight
of Wisconsin banded darters average 13% from April to July with
arange of 9% to 19% (Lutterbie 1979) and average 13% in New
York with a peak of 29% in one individual in May (Nemecek
1980). The number of ripe ova (1.51-1.84) range from 80 to 262
(Erickson 1977).

Allage 1 E. lynceum of greater than 27 mm SL were sexually
mature with the reproductive season lasting from April to June.
The peak percentage for ovarian weight to body weight was in
April (12%) and slowly decreased until July. Brighteye darters
probably have multiple spawns during the three-month period.
Some individuals may have spawned laterasindicated by Burrand
Mayden’s (1979) observation of ripe females in July 1978 in

Table 1. Percent frequency of occurrence of food items in brighteye darters from Terrapin Creek, 1983.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Total Number 30 34 40 18 19 15 41 42 33 21 25 30
Number empty 11 4 2 1 2 0 17 4 3 2 11 12
Nematoda 59
Copepoda 33
Diptera
Chironomidae 89.5 96.7 1000 1000 706 933 8775 71.1 867 684 786 778
Simuliidae 33 353 235 867 83 131 7.1
Tabanidae 2.6
Plecoptera 31.6 6.7 11.1
Ephermeroptera 33 263 471 353 6.7 83 658 400 632 214 278
Trichoptera 13.3 105 500 36.8 6.7 35.7 11.1
Orthroptera 2.6
Undet. insects 53 33 19 42 10.5
Fish Eggs 2.6 59 42
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Table 2. Percent volume of food organisms in brigheye darters from Terrapin Creek, 1983.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Total Number 30 34 40 18 19 15 41 42 33 21 25 30
Number empty 11 4 2 1 2 0 17 4 3 2 11 12
Nematoda 0.3
Copepoda *
Diptera
Chironomidae 552 806 867 516 448 243 486 426 561 393 363 644
Simuliidae 1.0 128 153 753 44 135 4.7
Tabanidae 0.5
Plecoptera 39.1 39 154
Ephermeroptera 1.1 74 349 396 04 22 251 433 546 5.6 9.6
Trichoptera 17.5 2.7 428 183 0.6 534 10.6
Orthroptera 09
Undet. insects 5.7 0.7 1.6 1.3 6.1
Fish Eggs 0.8 0.7 0.8
* Jess than 0.01

Terrapin Creek. Fecundity ranged from 21 to 301. Spawning has
not been observed.

Feeding is similar for both species of darter and chironomids
are the predominant food. Simuliidae, Trichopterans and
Ephermeropterans are consumed toalesser extentby both E. zonale
(Erickson 1977), Adamson and Wissing 1977, Bryant 1979,
Cordes and Page 1980, Nemecek 1980) and E. lynceum. Feeding
activity in banded darters in the Iroquois River, Illinois increased
markedly after sunrise, peaked (in weight of stomach contents) at
midday (1800 hrs), and decreased after sunset (Cordes and Page
1980). Feeding activity in brighteye darters in Terrapin Creek also
increased at sunrise, decreased later in the morning, peaked at
1700 hrs, and ceased after sunset.
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