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AN ABSTRACT

Seining collections were made during 1957 and 1958 at
ten stations in Augusta Creek, Michigan. Three ecological
groups were set up by combining stations with similar hab-
itats. Records of the numbers and kinds of assoclated fish
reveal that in E-I (pools) the Johnny darter constituted
604 of the fish population; E-II (riffles), 33%; and E-III
(rapids), 20%. The next most abundant fish in the stream

were Rhinichthys and Jjemotilus.

Certain ecological factors of the Johnny darter were
studied, including the assoclated fish, ayuatic plants,
aguatic insects, and algae. Monthly tests were also con-
ducted for temperature, alkalinity, pH, and oxygen concen-
trations at each station during 1957. nmEnvirographsn" of
the ecological factors show that the Johnny darter has an
ecological preference in the sugusta Creek for gulet areas
with dense agyuatic plants.

v%grhere is evidence to suggest homogeneity of tﬁe darter
population for the stream and differences in sex ratios for
all age-groups are not significant. First year darter
growth is equul for both sexes, after which the males ex-
ceed the fenales by 2.5 mm. The coefficient of condition
is slightly higher for young-of-the-year thuan for older fish
but is equal for both sexes. Values for the length-weight

relationship are also given,
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Fall age-group proportions showed 8% for the 1956 year
class, 43¢ for 1957, and 494 for 1958. Growth rates of
1957 and 1958 young-of -the-year were compared and no signif-
icant difference was found despite an earlier 1958 spawning
date. The mean survival rate was determined as 2.0 years.
The oldest fish taken was a male, age-group IV, 58.2 mn.

Ovaries develop slowly from June through September and
reach full maturity by January. Ovary counts showed three
classes of eggs: ripe, developed, and immature, all in
about eyual numbers. The three-year-old femaules lay approx-
imately 60 eggs per ovary and may spawn twice in one season.
About 654, of the one-year-old males and 864 of the females
were mature in their first spawning season. The spawning
period is from May 1 to June 1, but may vary by as much as
two weeks in the spring. Fleld studies of egg-batches re-
vealed that about 154 of the eggs laid die before hatching.

Saprolegnia was commonly found on the unviable eggs.)
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INTRODUCT ICN

(A.‘Earlx darter studies. The Central Johnny darter was

first described by Rafinesque in 1820 (Jordan, Everman,
and Clark, 1930) and previously was considered by those
writing on fish to be the young of some perch or bass
(Jordan and Copeland, 1876). Rafinesque named, and first
described, the genus as Etheostoma but it was later
changed to Boleosoma, from the Greek meaning "dark-body®.
Bailey (1956) has again adopted the term Etheostomidae to
include all of the darters in the subfamily Percinae.
Jordan and Copeland (1876) described the general
behavior of the darters and Forbes (1880) listed their
food. seal (1892) wrote about the breeding habits while
Moenkhaus (1898) did a limited study on darter variation.

A further study on darter breeding was done by Reeves (1907).

B. Recent darter studies. It was not until the third

decade of the twentieth century that darters were again
8tudied intensively. The breeding habité of such fish as
the Jowa darter, Log-perch, and the Eastern Johnny durter
were reported by Jaffa (1917), Reighard (1913), and Adams
8nd Hankinson (1928), resyectiyelyu) Lake (1936) made a
detailed study of the life history of the fan-tailed darter

(Gatonotus flabellaris flabellaris) in New York. The
1
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2

least darter (Microperca punctulata (Putnam)) was studied
by J. Petravicz (1936) and W. Petravicz (1938) reported on

the breeding habits of the black-sided darter (Hadropterus

maculatus). The next year, Raney and Lachner (1939) pub-
lished their study on the spotted darter (Poecilichthys

maculatus.)

/(For nearly five years, little or no work was done on
the darters until 1942 when Raney and Lachner (1942)
studied the predation on the eastern Johnny darter (Boleo-

soma nigrum olmstedi) by the yellow pike perch and the

northern small mouth bass.) Gosline (1947) reported on the
Variation of darters and Stone (1947) on their speciation.
Distribution studies were carried out by Larimore, Picker-
ing, and Durham (1952). Fahy's work (1951) on the Northern

greensided darter (Etheostoma blennioides blennioides

Raf inesque) is, to the best of my knowledge the most recent

darter 1ife history study.

C. Purpose of this paper. This is a detailed study of the

8cology of the Central Johnny darter in augusta Creek,
Michigan. It considers such environmental factors as
Yater chemistry, associated fish, bottom types, aquatic
Plants, ,lgae, and insect larvae, and their effectiveness

in determining the distribution and abundance of this

darter,
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A further objective of this study has been to consider

the age and rate of growth of Etheostoma nigrum nigrum

and the limiting factors found, first within the stream
as a whole and secondly within specific ecological units.
This work is justified because of little previous

work on so conspicuous a segment of our fish fauna. -
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AUGUSTA. CREEK

A. STREAM DESCRIPTION. This study was confined to the
Augusta Creek, a tributary of the Kalamauzoo River in south-
western Michigun. The present day topography of the Lower
Peninsula is the result of continental glaciation. The
glacier retreated from this part of the state approximately
12 to 15 thousand §Ears ago. The valley of the Augusta
Creek is thus a post-glacial development cut into an area
of sorted glacial outwash material. The size of the stream
may have been somewhat larger than it is today, when
draining glaciaul water into the Kalamazoo River.

The area drained by the Augusta Creek consists of a
Chain of lukes near its headwaters and a series of large
Swamps, extending from the Kalamauzoo moraine of the Saginaw
Lobe to the valley of the Kalamazoo River at augusta. The
total length of the stream is approximately 14.6 miles.

The gradient of the stream is not steep at any point
along its length. There is a drop of 117 feet from its
°rigin in Little Gilkey Lake to its outlet in the Kalamazoo
River. (gee map on pauge 5.) The stream is small, meander-
Ing through fields and pasture land. The banks ure muddy
40d the stream bottom is rocky where swift, sandy in the

deeper pools, and muddy to sand-silted in the slower parts.

Emergent, vegetation is abundant only in certain areas of

4
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the stream while algal growth is profuse in the swifter
riffles. The headwater 1is that of Little Gilkey Lake, and
the entire stream is subject to till drainage. In the
lower third, the stream passes through a well-defined
Valley whose width is about 4 miles and whose depth is

approximately 70 feet.

B. LIMNOLOGICAL FACTORS. Water analyses were made on
Samples taken throughout 1957 on or near the 15th of each
month. A few selected samples were also taken in 1958.

FOor purposes of comparison, several collections were made
in streams entering the Augusta Creek, the Gilkey Lake
series, and in the headwater at Balker Lake. Field and
laboratory procedures were adapted from Welch (1948),
Theroux, Eldridge, and Mallmann (1943), and Ellis, westfall,
and Ellis (1948). (Tables 1.1-4) Tests were made on con-
ductivity during the summer of 1957. pH readings made in
the field with a Hellige pH meter and those by the electro-

métric method made in the laboratory were comparable.

1. Temperature. Water temperature readings taken during

the 8rowing season ranged from near freezing in april to
2700' in Jgune. In 1958, spawning temperatures were reached
°n apriy 9, about four weeks earlier than in 1957. The
1mm°diitte return of cold weather, however, with its retard-

atlon of spawning activity, resulted in a spawning period
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of normal duration. Selected temperature readings over the
course of the stream within one hour (12:00 a.m., July 1l1)
showed a difference of only 2°c. from head waters to outlet.
Diurnal variations were about 10°C. during the summer, and
shaded woodlots were consistently 0.5°C. cooler than open
sunny areas. During June, the water temperature exceeds

the normal upper limits of a trout stream reaching as high

as 2700.

2. Oxygen. any ecological pressure exerted by oxygen
variation is very slight. Oxygen values never fall below
the critical amount of 5 ppm. (Lagler, 1956). There is
sufficient oxygen available at all times of the year and
pParticularly during the spring months. In January and
February, the ice cover is not complete and large areas
Femain exposed as bubbling rapids. The lowest reading was
tauken in June at station 1, and readings of supersaturation
Weére recorded at several stations for the month of April.
(Table 1.2)

The normal oxygen concentration for this stream is
approximately 954 saturation and this agrees well with
SXpected average stream conditions. (Ellis, Westfall, and

Ellis, 1948)
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3. Alkalinity. Tests for alkalinity were made
regularly and recorded in Table 1.3. The water is very
hard and the alkalinity increases but slightly from the
head waters to the outlet at Augusta. There is some
evidence to suggest an increase in alkalinity below the
full-out of Tamarack Lake, probably due to the high
alkalinity of this lake. Variations within the stream
are very slight, and do not appear to affect the ecology
of the Johnny darter.

All phenol-phthalein determinations were negative.






4. pH. In July, a check was made on the accuracy of
the pH determination conducted in the field. Water samples
were brought into the laboratory directly after pH readings
had been taken. Here they were tested by the electrometric
method and the two data were compared. The results showed
that readings made in the field with the Hellige pH meter
were in complete agreement with those made in the labora-
tory.

Table 1.4 shows the pH range for the stream to be
7.1 - 8.8. The water becomes slightly harder as it nears

Augusta.

5. Special tests. Work was begun on the determination

Of chemical variations affected by smaller streams flowing
into the Augusta Creek, from swamps, hardwater lakes, and
factories at Augusta. Water samples were thus taken from
the gilkey Lakes, Tamarack Lake, and above and below the
Junction of this lake's outlet with the Creek. The data
Suggest no temperature change resulting from water from
Tamarack Lake, but there is a slight increase in water
hardness below the Junction. Also, the extensive water

Surface of the Gilkey Lake series warms the water at the

YPPer limits of the stream. (Table 1.5)
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C. STATIONS. The stream wus divided into ten stations
nearly equally spaced over the 14.5 mile course. Each
station was identified with a bridge-crossing and extended
Up or down stream approximately 100 yards. The upper limit
was determined by a sharp change in the stream bottom,
depth, or other natural occurrence. Thus each stution was

limited to a particular habitat type. (Figs. 1.1-12)

Station 1. Origin: upper end of stream; NW ¢ Sec. 23,
T. 1 N, R. 9 W, Barry Co.; westward from bridge on Litts
Rd. 150 yds. to margin of Pitchfork Swamp,; rate slow,
1/3 ft. per sec.; width 12'; depth 8*; bottom sandy;

Sparganium, gtheostoma, and Tendipedidae all very

abundant,.

Station 2. Origin: bridge crossing on Co. Road 400;
NE § Ssec. 26, T. 1 N, R. 9 W, Barry Co.; northward 200 yds.;
Fate glow, 3'/sec.; width 20'; depth 10*; bottom sandy;

Etheo stoma wbundant among Typha, Potamogeton, and Spargani-

4m; insects Notonecta and Anax common; Spirogyra in small

.ddieg.

Station 3. origin: 400 yds. below bridge on Mann Road;
SW 1 sec. 26, T« 1 N, R. 9 W, Barry Co.; southward 100 yds.
t‘hl‘ough woodlot; rapids; rate 1'/sec.; width 12'; depth 5v;
bottonm gravelly; Poecilichthys abundant; Nasturtium and

lLig at the margins only,; mold and algae on submerged rocks
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Fig. 1.2 sStation 1

1.1 Head waters

Fig.

1.4 Station 3

Fig.

1.3 Station 2

Fig.
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making bottom dark in color.

Station 4. Origin: bridge on sheffield Road; SE % Sec.
34, T. 1 N, R. 9 W, Barry Co.; southward 150 yds. to
Aorn's fence line; rapids; rate 1l'/sec.; width 15°,

depth 7»; bottom gravelly; Semotilus, Rhinichthys, and

Etheostoma predominant; Typha and Scripus at margins only.

Station 5. Origin: bridge on Lepper Road, NW } Sec. 3,
T« 1 5, R. 9 W, Kalamazoo Co.; westward 200 yds.; some
riffles; rate 1.3'/sec.; width 21'; depth 8"; bottom
Pebbly to gravelly; Poecilichthys abundant among Johnny

dart.ers; .tufts of Potamogeton natans within stream proper,

811t greatly reduced.

Station 6. Origin; bridge on Lepper Road, NW } Sec. 10,
T« 1 s, R. 9 W, Kalamazoo Co.; northwest 100 yds.; rapids;
rate 24/sec.; width 25'; depth 7"; bottom gravelly;

Etheostoma very few us are ayuatic plants. Hyborhynchus

Predominates.

Station 7. Origin: bridge on C Ave. E., SW 4 Sec. 10,
T« 1 S, R. 9 W, Kalamazoo Co.; westward 200 yds.; riffles;
rate 21/sec.; width 187; depth 13", bottom gravelly to

Pebbly; ptheostoma and Rhinichthys abundant. Scattered

Potamogeton.
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Fig. 1.6 station 5

Fig. 1.7 Station 6 Fig. 1.8 Station 7
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Station 8. Origin: bridge on Route 89 southward 25 yds.
and northward 80 yds. from Lookout Point Bridge in Kellogg
Forest Tract; N& ¢ Sec. 21, T. 1 S, R. 9 W, Kalamazoo Co.,
bottom sandy, rate moderute, l'/sec.; width 18'; depth 25",

Many species of associated fish.

Station 9. Origin: bridge on EF Ave. E., SW % Sec. 27,
Te 1 S, Re 9 W, Kalamazoo Co.; northward 100 yards; strong
rapids; rate 2'/sec.; width 30'; depth 1ll"; bottom gravelly,
Catostomus in deep holes, Cottus in silt margins.

Etheostoma in specialized areas only.

Station 10. Origin: dam site below augusta, SW 3 Sec.
54, T. 1 5, R. 9 W, Kalamazoo Co.; southward 80 yds. to
Junction with Kalamazoo River by-pass; rate variable de-
pending upon position of dam gates; no aquatic plants;

alga Cladophora in swifter parts.
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Fig. 1.9 Station 8 Fig. 1.10 Station 9

Fig. 1.11 Station 10 Fig. 1.12 Stream outlet
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D. ECOLOGICaL GROUPS. By correlating the data on stream
characteristics given in Table 1.7, the ten stations were
then combined into three ecological groups identified as
E-I, E-II, and E-1II. Consideration was given to the
following factors as they collectively constituted a part-
icular ecological setting in which the Johnny darter found
its niche: rate of flow, bottom type, silt deposition,
agquatic plant abundance, species of associated fish, algae,
and aquatic insects. Separate species lists are given
under Ecological Analysis. (See chapter on Ecological

Analysis.,)

E-I (Stations 1, 2, 8) This ecological group charact-

eristically has a slow rate of flow (i'/sec.), a sandy-
silt bottom, and is covered with snail shells of Planorbis,
Amnicola, and the tiny white broken parts of the clam
Sphaerium. Fine soft silt piles up at the margins shift-
ing freyuently as the depth of water and consequently the
rate of flow varies. Sgargadlum, Sagittaria, and Anacha-
ris form dense mats at the center of the stream in the
upper portions and at the silt-laden sides of the lower
section. The width averages 12' and the depth 6". 1In
September filamentous algae Spirogyra and Cladophora form
long "algal ropes" and cover the larger stones in small

riffled areas.




TABLE 1.7

ECOLOG ICAL COMPARISON OF 10 STATIONS ON AUGUSTA CREEK 1957
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This represents the optimum of conditions for repro-
duction, protection, and food sources, this latter being
supplied first in the form of algae for the fry (Coelo-

sphaerium, Closterium, Scenedesmus) and secondly as insect

larvae for the adults (midges). Their natural fish preda-
tors, the large and small mouth bass, are very rare. From
this ecological setting, approximately 504 of the 2000

durters used in this study were taken.

E-II (Stations 5, 7, 10.) This group is characterized

by their scattered deeper holes. These render an abundance
of associated fish but because of the shallowness of the
rest of the station and its resultant swifter current and
rocky bottom, the Johnny darter is found in isolated areas
only. Here the bottom is pebbly to sandy. Depth is 8% and
the width averages 15'. Llarger rocks break the surface and
form backeddies. Silt is reduced at the edges and the
aguatic plants are not abundant, consisting mostly of Pot-
amogeton and Nasturtium in isolated areas. Algae such as
Cladophora and molds are profuse on the larger rocks. The
aquatic insects are not abundant as in E-I. Present also

are planorbis, amnicola, and Cambarus but in reduced num-

bers. The western black-nosed dace Rhinichthys and Semoti-

lus are the most abundant associated fishes. Often lumber,
iron wire, and hardware debris litter the blackish, firm

pebbly, unchanging bottom.
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Fig. 1.13
Ecological Group I

Fig. 1.14
Ecological Group II
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The lack of aquatic plants is reflected in the reduced
kinds and numbers of the "desired" aguatic insects such as
Chironomids and Ostracods. There are few breeding areas
supplied with stones large enough for satisfactory egg-
laying.l The gravelly, pebbly bottom is less effective
in providing a natural cover than is a speckled sandy
bottom. Here the Johnny darter constituted only 33€ of

the catch taken at these stations.

E-1I1 (Stations 3, 4, 6, 9) This ecological group is
typified by its raplds and broken surface water. The
bottom 1is stony and gravelly. A blackish mold and blue-
green algae grow on most of the stones. The sand has
washed away and there is little silt at the sides of the
stream. It averages 5" in depth and 24' in width. This
group is devoid of aquatic plants in the stream proper.

Nasturtium, Pontederia, and Decodon are found at the sides

in the quieter regions. Small patches of Potamogeton exist

at Staution 9. There is very little muck and conseyuently
few aquatic larvae (Table 6.4). Semotilus, Notropis, and

Rhinichthys are the predominant associated fish. Of the

total catch for this group, Etheostoma nigrum nigrum com-

l. Only six of the ten "nesting plants" were used in 1957
while 15 of the 15 were used in E-I. Those utilized
were in back-eddles at the extreme edges of the stream
in quiet water,



Fig. 1.15

Zcologicul Group III
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prised only 233%. Dense shade from surrounding woodlots
render the bottom a dark color. Wild roses and red osier
dogwood crowd the banks. From all standpoints, this would
be considered a less favorable habitat for the Johnny

darter.



METHODS AND MATERIALS

A. COLLECTING TECHN IQUES

l. Johnny darters.

collections made in sugusta Creek, Michigun, between Sept.

This study is based on seining

15, 1956 and Sept. 28, 1958. Nearly 2000 darters were
taken and of these, 1200 were studied for such factors as
age and rate of growth, sexual dimorphism, age groups,
mortality rates, spawning ecological preferences within
the stream and seasonal changes in the condition factor K.
All collections were made with a one-man darter-net,
(fig. 2.1), except the collections made at Station 2 in

September of 1957 and 1958. These were made with a two-man

W

Fig. 2.1 Darter-net

25
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six-foot common-sense-seine of 3" mesh. These collections
were used for population studies as the entire number of
245 fish (1957) and 300 fish (1958) were taken from one
small area of the stream 80 yards long. Use of traps and
two-man seines were generally ineffective. By means of the
darter-net, fish lying on the bottom, between rocks, and
among roots were successfully taken.

Most of the seining was done downstream, but in some
of the yuieter waters, individual fish were sought by sein-
ing upstream. The latter method was used almost exclusive-
ly at station 10 due to the debris of iron, lumber, and
Wire on the stream bottom.

That the fish of this study represent a random sample
is suggested by the fact that no effort was made to avoid
Focky places, brush, shallow or deeper holes. The entire
Aregq of a given station was carefully seined. Fish of all
lengths and ages were taken from nooks and crannies, in
d.eep and shallow water, throughout the entire growing sea-
S0n. pue to the heavy matting of the algae which formed on
the inner surface of the net, fry as small as 20 mm. were
€d8ily tuken. At the same time, the techniyue used was
ddeyuate to capture the older and larger fish of 50 mm.

The average length of the station was 100 yards. The
Tajority of fish in this study were taken on the silt

Dargins and sandbars located in six to nine inches of water.
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2. Associated fish. Representatives of all associated

fish were kept in proportion to the numbers actually cap-

tured. For example, in August 1957 several score of yellow

bullheads (Ameiurus natalis natalis) were picked up in the

normal seining activities at Station 1. Only a few hand-
fuls of these were retained. The ubove method applies to

Notropis cornutus frontalis of most deeper stations and to

Poecilichthys caeruleus caeruleus in the swifter rapids.

These associated fish were identified by the use of Hubbs

and Lagler's Fish of the Great Lakes Region (1949), then

were wrapped in cheese cloth and preserved in 104 formalin.

B. METHODS AND MATERIALS

1. Sex determination. The sex of each darter was de-

termined by examination of the external genitalia and then
by Qissection of the gonads. The males have a single palp
Or 1labium directly behind the vent; the females, two palpi
(fig. 5.1). These palpi were not easily distinguishable in
fish less than 20 mm. in length. Body color aided in iden-
Uf ication only during the spawning period.

All fish measured were also examined for gonad devel-
°vmient. The method of rating the gonad growth as suggested

oy w. C. Beckuman and found in Lagler's Freshwater Fisheries

ai‘)\l&gy_ (1956:141) was used. This evaluates the condition
°f the gonads during the spawning season as immature, ripe,

or Spent, and during the post-spawning season as immature
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and mature.

2. weight. All fish were weighed to within one-tenth
of a gram on a Fisher platform balance. Before weighing,
each fish was dried in cheese cloth for one-half minute
(see validation of techniyues). Newly hatched fry and
fish less than 20 mm. long were below the accurute range
of this scale and were thus recorded as weighing 0.1 gram.

(fig. 2.2)

"~ Fig. 2.2 Fisher platform balance

3. Length. The fish were measured to within one-tenth
°f one millimeter with a modified vernier (fig. 2.3). This
Consisted of a vernier calipers fastened t¢ a stundard
%0 that the movable arm might pass over a fish supported
%N a block and located between the measuring arms. Each
fish Wwas placed on the support with the snout just touching

the mzero-arme. The slider was then moved over the fish so



29

that its "indicator arm" was directly over the tip of the
tail and then over the vertebral column terminus. These
limits were read directly from the vernier scale and re-

corded as total body length and as standard length.

4. Preserving: Darters, aquatic Plants, iInsects, algae.

The darters were preserved in 104 formalin. The same
solution was used for the aguatic insects. Some herbaria
mounts were made of the less abundant aquatic plants for
future study on this stream. Most of them were identified

in the field. Fassett's A Manual of aquatic Plants (1940)

was used for this identification. Algue were collected at
Various times of the year and preserved in 6-3-1. Pres-

Cott's keys in Algae of the Western Great Lakes Area (1951)

Sexrved for the identification of these plants.

S. Validation of Techniyues. To determine the validity

°f the methods for measuring the fish, control tests were
Cornducted. The yuestions of how much excess water remained
On the fish at the time of weighing and how much of the
°riginal body length and weight are lost due to preserving
re answered in Table 2.1 and 2.2. Before weighing, each
fish wus wrapped and dried in cheese cloth for about 20
Seconds., This removed the excess water without drying out
the body. To test this method, five fish, all of different

'eights, were successively dried and weighed five different
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times. Table 2.1 shows that the greatest difference be-
tween any two weighings of the same fish is 0.1 grams --
and because the scules read accurately to only one-tenth

of a gram. it was assumed that this method of drying before
weighing provided good and consistant data throughout this
study.

TABLE 2.1

VARIATION IN WEIGHToS OF THE GAME FISH WHEN WiZIGHRD
SEVERAL TIMsES CNEAFTER THE CTHER™

Weighing tries
Fish Greatest
—_ _No. First Second Third Fourth Fifth difference

1 3.8 3.7 3.7 3.8 3.7 .10
< 3.1 3.05 3.1 3.1 3.1 .05
S 1.3 1.3 1.2 1,3 1.3 .10
494 1.1 l.1 1.1 l.1 1.1 .00
S 0.2 0.21 0.2 0.1 0.1l1 .10

*Data Ziven in grams.
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A second study measured the differences in length and
weight between living fish and the same fish when pre-
served. The weight and length of a living fish were
recorded and then redetermined once each month for four
months in the preserved state. Table 2.2 shows that pre-
serving the fish causes it to lose about 14 of its original
length and about 3% of its original body weight. While
these results are in agreement with what Van Qosten (1929)
found for the lake herring and Shetter (1936) for trout,
it should be noted thut these observed differences could
be accounted for as human errors and as limitations of the
8Cales and vernier. No effort was made to compensate in
this study for this loss of weight and length -- but
whenever length or weights are compared, the fish are

taken all from the same collection.
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6. Scale sampling. Scale samples were taken from the
mid-body on the left side at the tip of the pectoral fin
just below the lateral line (Carlander, 1943). Other areas
were test sampled, but this one gave the largest scale size
with uniform shape. Approximately ten scales were removed
and placed in scale envelopes. During the early part of
the investigation, permanent mounts were prepared for
reading. Later the scales were studied directly by plac-
ing them in water and reading them under the low power of a
compound microscope. A fish was considered to be one year
0ld when taken in its second summer. It would thus have
one annulus and would have passed through one winter. It
Was cons idered to be in Age-group I and of a Year-class
one less than the year of capture. Young fish taken be-
fore the first of January showed no annulus and were re-

garded as being in Age-group O.

Fig. 2.3 Vernier calipers



CENTRAL JOHNNY DARTER

A, GENERAL DESCRIPT ION
(1. Etheostomidae. Bailey (1956:369) lists the ma jor

characteristics of the genus Etheostoma as follows: Breast,
interpelvic space, and belly variously marked or covered
vith normal scales, but never with a median series of en-
larged and modified scales. (Pelvic fins separated by a
8pace which varies from nearly as wide as the pelvic base
t0 less than half that distance. Caudal fin forked,
""“ncat.ed. or rounded posteriorly. lLateral line, infra-
orbital canal and supratemporal canal complete or incom-

rlete. vyertebrae 52 to 41)-)

2. General description of the Central Johnny darter.

Uh‘ Central Johnny darter is a small awl-like fish living

" the bottom of streams among aquatic plants in riffles of
foderate swiftness. The body is brownish above with small
black op dusky "W® markings on the sides and caudal peduncle.
™e moyth is inferior and the lips are prominent in the
larger fjgn. The overly large pectoral fins and well-devel-
°ped Pelvic fins serve as "resting" organs of support.

T™is £ 3sh moves with swift darting motions and often buries
lt.self with only the large dorsally located eyes protruding

ab
°Ve <the sand. The body is somewhat depressed, being

34
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flat tened above and below. The body surface feels rough

to the touch, this characteristic giving to the species the
nickname of Sandpaper darter. During the spawning season
the males are a deep velvet black and display various
wigwagging activities as part of the mating behavior. Many
who huve fished a stream for years are never aware of

the ir presence.)

3. Taxonomy. ( Considerable study has been made of the
Serial and proportional characteristics of this fish, and
the following generalizes its taxonomy sufficiently well:
lateral line complete or nearly so (Bailey 1956:369);
there are more than 10 pored-scales and the scale rows on
the body exceed 40; pores of the preoperculomandibular
Canal are 9 or more; anal spine very thin, single and
fJ-exible; premaxillae protractile. There is a dark bridle
°n the snout which is interrupted at the midline. Breast,
Nakeq; cheek naked or with few small scales behind eye;
Nape naked or with few scales.

The scales of the Johnny darters completely cover the
b°dy except for the head, parts of the cheeks, and fins.))

The @astern subspecies Etheostoma nigrum olmstedi (Storer)

sh°"a only the cheeks scaly, with the nape and breast un-
scaled. The western form found at the base level of the

treat Lakes, Etheostoma nigrum eulepis (Hubbs and Greene),

has Lhe breast completely scaled; cheeks usually moderately
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scaled, and nape completely scaled (Bailey 1956). (’The

dartexr concerned with in this study is the Central Johnny

darter, Etheostoma nigrum nigrum, and it shows both cheeks,
breast, and nape as naked. It is usually upon these two
criteria -- geographic location and nakedness of the cheek,
breast, and nape -- that these subspecies are separated

from one anot.her.)

B. SYNONOMY

/(}The following synonomy is taken from Check List of

Eishes of North and Middle america by Jordan, Evermann,
and Cclark, 1955, page 287. It gives well enough the early

géneric changes.

Boleosoma nigrum (Rafinesque). Johnny darter; Blind

Simon. LEastern United States, Ohio Valley, ureat Lakes

region, and upper Mississippi, west to Colorado and
north to Manitoba.)

Etheostoma nigra Rafinesque, Ichth. Chiensis, 1820, 37,

Green Rivel“. Kyo

mgosoma maculatum sgassiz, Lake Superior, 1850, 305,

Lake superior.

B\c’l\eosoma olmstedl brevipinnis Cope, Jour. aAcad. Nat.

Sci. phila., VI, 1868, 214, Kiskiminitas River, Pa.

R&gilichthls beani Jordan, pProc. U.S. Nat. Mus., VII,

1884, 479, Tabo Creek, Mo.
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In 1956 pailey (1956) proposed the return to the

original genus of Etheostoma and he has included all of

the Johnny darters under this heading.

C. GEOGRAPHICAL DISTRIBUTICN.

There are three subspecies of the Johnny darter:. the

Central darter (E. n. nigrum), the Eastern darter (E. n.

olmstedi), and the Western darter (E. n. eulepis). These

are found most typically throughout the eastern United
States (Forbes and Richardson, 1920). Here they are
abunduant and ubiyuitous in their habitat selection. The

two subspecies gtheostoma nigrum olmstedl and Etheostoma

Digrum eulepis have, however, accepted widely different

habitats and are thus localized in their distribution.

Etheostoma nigrum olmstedi has the more easterly dis-

tribution extending from the Canadian Maritime Provinces
S8Outhward to the Ottowa River. In the United States it
includes the eastern part of the Lake Ontario drainage,
Where in the lower elevations it intergrades easily with
Etheostoma nigrum nigrum. Its southern range extends along
the Atlantic Coast east of the Alleghenies to North Caro-
lina, jnhabiting the quiet waters and riffles of the

SMal ler streams. (Hubbs and Lagler, 1949).

Etheostoma nigrum nigrum occupies the central area

ot this darter distribution. Its range extends from Sas-

k“tche\mn to western Quebec along the northern United States
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and throughout the Great Lakes region, except in those

areas pre-empted by Etheostoma nigrum eulepis; eastward to
the Appalachian Mountains; south to the Gulf of Mexico,

then westward through the Arkansas River drainage systems
to the eastern slopes of the Rocky Mountains. (ibid.)
Etheostoma nigrum eulepis is confined quite specifi-
Cally to the northern lakes of the Mississippi River drain-
age and to the base-level lakKes marginal to Lake Michigan
in wisconsin, Indiana, and both peninsulas of Michigan.
It is further limited to Lake St. Clair and the Detroit
River; also to inlets and bays near the islands of Lake

Erie in ontario, Ohio, and Pennsylvania. (ibid.)

D. DsRTER HABITAT
l. General hubitat. ('rhe Central Johnny darter inhabits

Small streums and lakes, differing from other darters such
@8 the Iowa darter which prefers larger lakes and streams
(EQdy and surber, 1947). Occasionally the Johnny darters
4re found in small rivers or shallow parts of glacial lakes
(Adang and Hankinson, 1928; Forbes and Richardson, 1920)
but in yichigan they tend to inhabit the small inland
Streams and brooks whose depth is only a few inches in the
SUmmey and whose bottom is dense, soft, silt-sand.
1”’"'~1llltar'e. Pickering, and Durham (1952) found the Johnny
darter in deeper waters than the other darters they collect-

ed, &nd in greatest numbers in those areas where it was
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associated with sandy bottoms.) Starrett (1950) in his

study of Boone County, Iowa, reports Boleosoma nigrum

nigrum (Etheostoma) as being the most abundant and widely
distributed darter in the county, and that this species
showed no particular habitat preference.

In the Augusta Creek, however, this species does show
@ strong habitat preference. It was observed at Stations
4, 5, and 6, that above the bridge construction which
détermined one limit of the station, there was a distinct
8hift in habitat type from that of the area .below the
bridge. @petream the water is deeper, slow-moving, the
Yottom sandy, and aquatic plants and insect larvae are
dbundant. Here the darters abound.) Downstream the water
is swifter in character, shallow with rocky bottom. The
Shade is dense and there are no aguatic plants, few insect
l‘*""&e, and the s8ilt margins typicai of the weed matted
Sldes of the area above the bridge are gone. Here the

darters are rare. Thus within a distance of 100', darters
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may be taken in goodly numbers or not at all. They do not
appear to cross these habitat barriers. (Fig. $.1)

Forbes (1909) further supports this concept of
habitat preference. In his work on the distribution of
fishes in Illinois, he gives ten different habitat types
wider which he lists the number of Johnny darters captured.
Three were taken in large rivers, 25 in small rivers, and
93 in creeks. Other large collections of 68 and 89 were
taken in streaums of moderate rate of flow, and over rocky-
Sundy bottoms.

In contrast to the slow-moving, quieter streams of
which the Johnny darter is an inhabitant, Lachner et al.
(1950) 1ist the following fish as riffle-inhabiting

Species; poecilichthys variatus (Kirtland); Poecilichthys

20nalis zonalis (Cope); and Etheostoma blenniocides

blennijoides (Rafinesgue).

E. MICRO-H\BITAT

During the early weeks of June there is an abundance
of Very small newly hatched fry on the silt shelf. Here
the wa ter averages 2" in depth, is very slow moving and
bright, and sunny. The bottom is jet black, silty, and
®48ily roiled. The average length of fish is 16 mm.
BY July 15, the fish have moved off the shelf to the very
farro v strip of sandy bottom directly below the stream's

8
d® margin. Here the water is faster moving, is about
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Fig. 3.2 Micro-habitat

6" in depth, clear, has a whiter background and fine to
Small pebbles. Farther out, the bottom has fine stones,
Snail shells, many roots from the marginal plants, the
water ig clear, sunny, and the surface shows ripples in
Some areass,

A8 the fish reach a mean length of 55 mm., they have
Moved sideways from the silt shelf to the center of the
Stream with its sandy bottom, depth of 30", and associated

SWifter-moving channel. (Fig. 4.2)
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AGE AND RATE OF GROWTH

A+ SCALE METHOD

> d 6.
l./perch family. Etheostoma is in the family percida

e the
Fish of this genus therefore have scales much 1lik

of age
mperches® and the scale method for the determination 8

ted
and rate of growth has been used extensively for rela

. . of
fish of this family.) Adamstone (1922) worked on rates

tudied
growth of the blue and yellow pike-perch. Harkness s

the pike~perch in 1928 and peason (1933) the same fish in
1903, The scale method was proven valid in the age and
rate of growth studies on the yellow perch by Hile and
Jobes (1940), Jobes (1933), and then later by Schneberger

ne
(1935). The more recent studies on the darters by Raney

lidit
and Lachner (194%) and Fahy (1951) also showed the va y

heo-
of the scale method for members of the subfamily Ethe

Stomidae.

Raney and Lachner (1943) were the first to use the
8cale methoq for the determination of age and growth in
darters, Previous to this study, Lake (1956) and Raney and

e
lachner (1939) used length-freyuency data to determine ag

8M0Ups in the barred fantuil darter, Catonotus flabellaris

% and the spotted darter poecilichthys maculabus
l‘esyect,i‘,ely.
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(2. Scale taxonomy. The percid scale is subquadrate,
ctenoid with nucleus apicad of the middle, and strong
basal radii, (Cockerell, 1913); stomatinae, are strongly
ctenoid, thin, eliptical in the anterior portions of the
fish and roughly rhomboidal in the posterior regions.
They are slightly concavo-convex with concentric ridges or
circuli grouped on the upper surface (Lagler, 1949;
Cockerell, 1913). Apical teeth rather long, the greater
Part free from the marginal membrane; subapical elements
below the teeth, transversely elongated and usually in
four rows, (Cockerell, 191(5).) Raney et al. (1943:231)
State that the scales of Ztheostoma are much like those of
Stizost edion, but differ from them in having no annulus
°n the lateral field, such as occur in the yellow perch
and centrarchid scales. The radii are somewhat more numer-
%Us than in perca flavescens or Stizostedion vitreum (Evans,

1915, )

Fig. 4.1. Scale of Central Johnny darter
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3. @\nnulus formation. It can be shown that a new annulus
is formed each year in the spring and there is evidence to
suggest that the time of this formation is dependent upon
three factors: (1) temperature of the water -- at least
17°C. (Hankinson 1919), (2) latitude (Raney et al. 1943),
and (o) degree of maturity.} Raney and Lachner (1943) found
that the annulus did not form until after spawning in the

older f ish of gtheostoma olmstdi (Storer) and Etheostoma

longimanum (Jordan). (Table 4.1)

That a new annulus is formed each spring is clearly
evident from a study of scales taken on advancing dates
from the first of March to the last of September. These
data Suggest that the annulus is completed by March 15th
(see Table 4.2). 3cales of fish taken from the same loca-
tion (Station 2) throughout the year show wide circuli in
the SPbring und early summer when growth is more rapid;
closer circuli in the winter when growth is reduced or at a
Standst,4)]. (see fig. 4.4 and 4.5 of Prlate I.) Secondly,
from & giudy of the newly-hatched young it was observed that
during t..he first spring and summer, the young showed the
Yype of circulus pattern which is seen in the anterior parts
of °lder scaules, namely between the focus and the first
Year-mapk (see fig. 4.2). Raney and Lachner (1943:231)
have interpreted "the point on the anterior field of the

s
Cale wWhich is laid down between the cessation of growth in
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Fig. 4.2 showing spring Fig. 4.3 showing key
and fall growth of circuli characteristics of three
rows of subapical cells

*Fig. 4.4 showing rapid #Fig. 4.5 showing slower
8rowth of mule, growth of female,
Age-group I Age-group II

PLATE I

*
“g“l‘es 4.3 and 4.4 are reproductions of drawings of scales
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the fall and just before the resumption of growth in the
spring...as an annulus, or year mark." I have followed
his interpretation and have designated these marks by
Roman numerals.

scale data taken from fish of approximately the same
length and of different age groups show the relative rates
of growth between the two sexes. The fish start out at
approximately the same rate of growth. Soon, however, the
male exceeds the female so that a male in its second summer
is as long as a female in its third summer. This dif-
ference in rute of growth continues until they are both

in their fourth summer. Then the rates level off and

death ensues.

4. circuli analysis. The circuli are laid down with

i”‘egular spacing throughout the year (Cooper 1951). Such
factors as water temperature and food availability alter
their deposition. The first circulus space following the
aNlulug is quite wide and is followed by two other such
SPuces, Each space is apyroximately three times as wide as
the ¢ jirculi spaces of August, and four times the spacing of
Novemp er and pecember. On or near May 1, growth is slowed
down gor 4 period of approximately 30 days. This is during
the Spawning period when the number of circuli laid dom
per Un it of time seems to remain the same but they are much

c
losel‘ together. Seventy fish, taken on June 6, showed no
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statistical difference between spawned and unspawned indiv-
iduals in the average number of circuli laid down for both
sexes. There is no evidence to suggest that growth begins
after spawning. Rather it seems to begin earlier and 1is
slowed down during spawning, as suggested by the closeness
of the circuli. Further retardation of this growth 1is sug-
geésted by fig. 4.8 ' showing the mean length of Age-group I
males for each month of the growing season. At the onset
an increase of 0.3 mm. per day is normal. Thus an increase
of 7 mm. for the period of May 9 to June 1 would be expect-
ed as shown by the dotted line. The actual growth achieved,
2 mm., indicates a near standstill. Following the spawning
Period, the normal "seasonal" rate of increase returns.
Thus, on either side of the May growth period, there are
8ingle large circuli spaces. One of these spaces, that an-
terior to the May circuli group, is formed about June 1
immediately following the spawning activities.

Normal sumaer growth continues throughout July and Au-
8u8t with a reduction in number of circuli and spacing be-
‘ween them. Then in August there seems to be a jump in the
8rowth rate. This I have called a "Bumper-circuli-space".
(See plate II.) This new growth is probably due to the in-
Crease in the abundance of insect larvae. Then begins the
fali ana winter growth period. Here the circuli crowd in
UPOn one another and become greatly reduced in number. Fin-

ally by February, the year mark starts to form and is com-



49

“UOTN ‘¥eeanH wvisniny

cuosess Furmosd puooes eyj qnoydnosys

uax®q °‘T°S ‘ww Gp :8TLIS Pazrssyjufs Jo sTEATBRUR TTNOJTD

urdaew oT®OS —
yrox8 gequweAoN — ——
yimoad 18q0190 BT
T 1sndny
w20uvds snnoaro Jedumga
y3“oJd s,JoWmWNS DPUODOS

t eump
wooeds snynoayo redumg,
TTNOITO 7]
98070 ¥ ‘0 AN - T A®N 7,
u30¢ Trady /
yigT Trady
ysmoad
Burads meu - YlIGT YOIWN =
TTNOJTO ¢ - snrnUUY
Jeef 18T Jo TTRd — NG AC
> 1774
noad Jewums 38 8 . P
umo. 84 18T \Qﬁ\ (7
yqMoa8-But I-BuTys4vH Poc L]
snood mv ¥ 1a..\m=4w..-.v”r¢m
“.\K,J. 7,

IT FIIVId

9'v *31

d



50
pleted by March 1. (Creaser 1926)

B. AGE AND RATE OF GROWTH
l.(Population study. Fish (1935) reports the new-born

fry as being 5 mm. in length. At the end of the first week,
it is approximately 6.6 mm. and by the end of the first t
month, 10.20 mm. Hubbs (1921) gives the figure of .34 mm. :
a8 the rate of increase per day for a mont.h) Spring-of- ]
the-year fish taken in ;June 1958 showed a mean length of i
16.9 mm. with a range of 14.5 to 18.2 mm. when both sexes
were grouped. Figure 4.6 shows that there is little dif-
ference between the males and females in the rate of growth
for the first year. { At the end of the first growing season,
the meun standard length for the males is 28.5 mm. and
2706 mm, for the females. This difference increases, how-
éver, throughout the second year and remains about constant
for the third and fourth year if this latter upper age
limit 35 achieved. Two-year-old males average 2.5 mm. lon-
8 thun females of the same age.) (fig. 4.5)
Wwhile the males show an advantage in gziowth size over
the T emales, the latter appear to show greater survival
POWer ., Thus Table 4.12 indicates that there is an increase
In the proportion of females per age group as the fish grow
°lde,. At the end of the first summer, the males constitute
4 Of the first-year-fish, the females 49¢. But by the end
°C the third sumner, the females make up 604 of the age-
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group II population. It should be noted, however, that

while the figures suggest a slight increuse in the pro-
portion of females, these differences are not significant
at the 54 level when tested with Chi-syuare.

That this is the normal population change, however,

may be indicated by comparing the sex ratios of other dar-

ters with that of Etheostoma nigrum nigrum,) Thus Raney and
7

Lachner (1943) in their studies of Boleosoma nigrum olmsteddi
throughout New mngland collected fish which included all
four age groups. The percentage of females for Age-group O
in New BEngland was 43%, for Aungusta Creek, 49%; age-group I
New jnglund 43%, Augusta Creek 51%; and age-group II New
England 57%, augusta Creek 60%; It can be seen that these
Fatios show the same tendencies as that of the Augusta

Creek fish.

('rhe upper maximum longevity of Etheostoma nigrum nigrum

S€eéems to be four full years of life, i.e. four f:ompleted
SUmmers and perhaps the fourth winter.) Of the 612 fish
taken by Raney and Lachner, three were of aAge-group III

8nd these were all females. A similar collection of 357
fish made in Augusta Creek in the spring of 1957 contained
®ight males and eight females of Age-group III. A male,
S.L. 58.2 mm., believed to have completed its fourth winter,
"8 the oldest fish captured during this study. It is in-
t"“est..’mg to note that the longest and oldest fish taken by
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Raney and Lachner in Connecticut in 1943 was also a male,
3.L. 88 mm,.

In September of 1957, a large collection wus made at
Station 2 and the mean lengths for each age-group per sex
are given in Table 4.3. It was found that the mean length
for the three-year-old females was far above that expected.
Thus two more collections, one on October 12 and a second
on November 23, were made at this same station. From among
the approximately 200 additional fish, 6 two-year-old fe-
males were takon; These showed an average standard length
of 43.0 mm. and a range of 5 mm. extending from 41 to 46 mm.
These data fit more closely the mean length for Age-group II
females as suggested in Figure 4.7. Because of the close-
ness of this fit, it is improbable that the inclusion of
8111l larger samples would change this mean significantly.
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2. geographical influence on mean length of age-groups

The mean length by sex for age-groups varies greatly among
subspecies, i.e. fish of the same species but from different
localities, und from different river systems. By taking the
data of Raney und Lachner in their hew ingland collection

and arranging the different mean lengths of femaules in de-
Scending order, each with their appropriate river system in-
dicated, it can be shown that those from the Susquehanna
River in N.Y. and those from the Otter River in Massachusetts
are approximately 8 mm. longer than females from Ontario,

New <York, the Miller River in Massachusetts, and Oneida, New

York. Males from these same two groups of river systems are

Separated by a 10 mm. difference. It would appear that fish

taken from the larger river systems show a gsreater mean

length per age group for both sexes.

Se 3easonal growth. Fig. 4.8 suggests that spring growth

18 renewed about the middle of March. This is supported by
°b3°l"\mtions on circuli growth made on March fish. These
data Showed that both males and females renewed growth on
“PProximately March 15, 1957.

(’l’he average overall growth achieved for the summer was
16.2 mm,, 509, of which was accomplished by June loth. Growth
is e@tarded during the latter part of May and the first week
of June during the spawning period. (fig. 4.8) Again,
durinEs July and August very little growth tukes place and in
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september increase in length is virtually stopped.)

4. Homogeneity of ecological groups and stations.

buring June, July, and august of 1957, some 273 young-of-
the-year were collected from among the three ecological
groups, and their mean standard length for both sexes com-
bined are recorded in Table 4.6. It was found that there is
no significant difference between the rate of growth for the
two sexes within a given ecological group during the first
growing season. {fBoth sexes grow at the same rate at all
Stat ions.ss Thus on July 17, 1957, the mean length for both
Sexes combined for station 3 was 23 mm.; for Staution 4, 24
Mhe; &@and for Station 6, 23 mm. Similar results were ob-
Served for other groups of statlons. Data pertinent to
either sex, any station, or any combination of stations
lndica te a homogeneous population for young-of-the-year
mu"’ughout. the stream for the first growing season.

It is thought that the early growth is equal throughout
the streum due to the fry's diet of algae, which are abund-
ant at 411 stations. Later in the summer, as the diet
shifts from algae to midges, more severe competition results
d this lack of food becomes a limiting factor. Field
Obset‘vations, regarding "insects as food for the Johnny
ddrt'el'", showed that at E-I there 1s an abundance of these
midgea, at E-II a relatively good supply, and at E-III a

Ve
'Y reduced umount. This difference in food availability
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is not reflected in the growth achieved in the one-year-old
fish as it is in the sunfish, for instance, but rather it
shows up in the abundance of darters supported by any
8tation or ecological group. There seemed to be no differ-
ence in growth achieved by all age groups at the end of the
growing season regurdless of the station considered. Thus
two—-year-old males aut Station 2 averaged 43 mm. and those

at gGStation 7, 44 mm.

5. Post-hatching growth, 1957 vs., 1958 It was desired to

know if the young-of-the-year in 1958 had an advantage over
the sumne age-group fish in 1957, this advantage accruing
from the 20-day advunce of the spawning season in 1958,

In 1958, spawning began early in April but was followed
after a few days of high warm temperatures by the normal
€old nights and rainy days. Thus not until the middle of
May were the expected spawning temperatures (18°c.) recur-
rent in the stream. Table 4.7 . suggests that this early
P8riod of hatching did not aid the fish, and that growth
"asS retarded until normal spring temperatures prevailed.
Thus pud they continued growing during this 20-day period,
they would have accomplished a 10 mm. increase over the
eXpected average for that date. The data, however, show
Yhat on June 27, 1957, the mean length for the young-of-the-

) 1
Year weas 20.2 mm., and that on June 27 of 1958, the aver-

L. Some fish taken on June 25 were averaged into this data.
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age length was only 17.8 mm. Comparison of the July and
August collections for the same dates in 1957 and 1958
substantiates the statements above.

(Thus it may be inferred that early or late spawning
does not greatly affect the mean length for a given age
group for the first year. IWhere cold weather follows the
€arly warm spells which set off spawning, growth is checked
until normal temperatures continue through the early weeks
Of spring and summer.) Ten to fifteen days bonus at the
beginuing or at the end of the growing season does not

affect the overall growth pattern. (See Table 4.7)

C. SURVIVAL RaTES
l. Theoretic natality. The fecundity of the Central

Johnny darter is not high as regards fish in general, but
is amply sufficient to maintain an abundant population in
the jpugusta Creek. The average number of eggs per female
is given in Table 5.3. (The older females lauy two to three
times as many eggs as the smuller one-year-olds. Thus a
Sma 11 one-year-old female would average 60 eggs laid and a
lal‘ge three-year-old, 160 eggs:> At Station 2, within a run
°f 50 yards, in a stream area abundant with fish, some
‘Wenty possible nesting sites were observed. Assuming that
Sach of these were utilized by an average-sized femule of
40 mnm, laying 76 eggs, this area of the stream would pro-

duce 1520 eggs. Actual field studies show this manner of
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reckoning to be inaccurate as the egg deposits are made
more abunduntly in certaln areas than in others, such as
ahead of rapids or small water falls. A further note of
interest lies in the observuation that when 10 tile pieces
were placed in this same run of 50 yds., some 6,500 eggs
were laid in a period of three weeks. While it is not
Known what porportion of ripe females successfully find
"spawning rocks", and thus the reual theoretic natality re-
mains unknown, the data does suggest that where these
Spawning places are available, an enormous number of eggs

Can be laid within a snhort length of stream.

2. Ecological natality. LOnly about 85y, of the eggs laid

ever reuch the hatching stage. Strawn and Hubbs (1956)
have suggested that 90% of the eggs would normally be ferti-
lized, and field observations support this concept.) Of the
€ggs 1laid, approximately 14 develop a growth of Saprolegnia
Within the first ten days. By the 14th duy, only 85% of the
riginual eggs are £ill viable. (Table 4.8) @ar‘ge losses
Ty be experienced from predation of the blunt nose minnow

(b o rhincus notatus) which uses the same nesting site.) A

Secornigy factor, that of storage of spawning sites, lowers the
€0l o zicul natulity. actual stream studies snowed that
Many Jdards of the stream bed were inhabited by the durters
With only one or two small pieces of wood, clam shells, or

s . .
Unken stones to serve as nesting sites. In those areas
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abundant with nesting shelters, such deterrents as hovering
crayfish, blunt nose minnows, and nest-guarding males
served to keep females from laying their eggs.

Thus it may be shown that from a female in Age-group
II, s.L. 39 mm., there would be laid approximately 80 ripe
eggs, 154 of which would become unviable due to mold, lack
of fertilization, or predation. Thus from batches of 150,

only 127 would be expected to hatch successfully.

3. Mean survival rate. ('rhe mean survival rate is 2.0

Jears. This would suggest that few fish pass through a
third winter or even see a fourth summer,) The oldest fish
taken was a male at the end of its fourth summer showing
three annuli and a summer's growth. Table 4.13 shows the
Percentage ratios of males to females for each of the age
groups. ét cun be seen that after the second year, the

females predominate over the males.)



67

D. POPULATION STRUCTURES

l. pProportion of age-groups at end of growing season.

In 1957 several large collections were taken at Station 2

during september, October, and November. These combined

collections provided a sample large enough to determine the
relative proportions of each age-group as it occurred at
the end of this growing season. The data of Table 4.9
suggest that the 1956 yeur class muy have been more success-
ful than that of 1957, inasmuch as this former class re-
Presents a very high proportion of the fall collection.
Thus the young-of -the-year show about 494 of the total
Population, and the 1956 class (age-group I), 43% -- de-
Spite the expected normal attrition which occurs through
the spring and summer months. If a curve of age-group
Proportions is established, bused on the percentuges of
48@ -groups 0, II, IlI, and IV, the expected percentage for
AZ®@—group I would be approximately 20%. That is, year
Clagsg 1956 would normally represent 20y of the fall pop-
Ulat ion. This difference between the observed 439 and the

Xpected 204 indicates the success of this year class.

<. Proportion of age-groups in spring vs. fall seasons.

The d ifferences between the abundunce of the various age-
8roups as found in the spring and fall seasons is indicated
by COmpuring the data of Tables 4.9 and 4.10. Thus it may

be Wderstood that during the winter -- and perhaps direct-
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ly after the early frosts of OOtoberl -- the three-year-old

fish tend to die off and be removed from the population.
Two-year-olds of late September, October, and November,
if they had lived through the winter to March 15th, would
at this time be classed as three-year-olds; and the three-
Year-olds of the previous fall would become fish with four
annuli. The number of three-year-old fish per 100 collect-
ed in the spring is far fewer than the two-year-old fish
Captured per 100 in the fall. The two-year-olds of the fall
represent approximately 84 of the population while the
three-yeur-olds (after the new annulus formation of Febru-

ary) make up only 5% of the spring population.

l. Fola owing the first hard frosts of late October, I
began to experience fewer and fewer large fish in the
Ccollecticns made in the same routine manner as in the

SUnmer and fall.



- H‘Lx
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3. Sex ratios. Twenty-three collections were made

between March 1 and May 18, and 287 Age-group I fish were
taken from selected statioﬁs representing each ecological
group. These were studied with a view to determining if
the sex ratio was different between the ecological groups
or was essentially the same for the stream as a whole.
Table 4.11 shows these relationships. Chi-square tests
show that for fish of age-group I, there is no reason to
Suspect that the sex ratio is other than one to one,
either within groups, between groups, or for the entire

Stream.

The same seems now Lo be true of the older age groups.
Thus while the percentuge of females within age-group II
and IIZ is higher than for age-group I, the sex ratios for
these age-groups is not significantly different at the 5¢

level. (Table 4.12)
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E. COZFFICIENT OF CONDITION

The coefficient of condition K;, was determined for
each age-group for both sexes, using the formula KX = w/L3
(Lagler 1956:159). Age-groups O, I, and II for both male
and females were collected from 3tation 2 on September 28,
1957 . Table 4.13 shows that the coefficient of condition
changes slightly with increase in age and that both mules

and femules exhibit a firm robust condition throughout life.

TABLE 4.13

COEFFICISNT OF CONDITION Kgi, FOR JOHNNY DARTERS

TAKEN AT THE END OF THE GROWING SEASON
AUGUSTA CREEK, MICHIGAN, 1957

Male Female
Age ) Age K.
Group sL yroup SL
o 1.8 0 1.9
1.5 I 1.5

{I 1.5 II 1.5
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F. LENGTH-WEIGHT RELAT IONCHIP.
The length-weight relationship was determined for fish

selected at random from all three age-groups taken on
September 28, 1957 at the end of the growing season. When
separate curves for males and femaules are drawn, they co-
incide closely. Thus curve B of figure 4.10 shows the
length-weight curve when both sexés are plotted simultan-
eously. This curve is based on the absolute values and
curve A upon the log-log transformation.

The formula log W = log a ¢+ n log L was used to de-
termine the intercept and true slope of the length-weight
line of regression where values of a and n were .00002207
and 2.8983 respectively. The following formulae were used
to determine the above two unknowns:

([(103 W) (log L§] - (& Log W) ( € log L)

where n =

([(103 L)a] - ( £ log L)®
N

£(log W) - nﬁ[‘é(log L))

and log a =
N

Thus where a given fish length is known and its weight
13 des ired, the formula W = a LP gives u reasonably close

Tit for values between 20 and 60 mm.



76

Lo
/3 12 7" ,{?‘ 74 /b L7 .
- )
20 . .5
A - -
.3
a 2
p//AﬂA -/ Q
Ty
A‘/ ;9
V 78 8
/ .7 \3
5 P / .
& /4 aA—aA 1.
gb /0 7 "/'A g
/ / 7.4
\3 / ‘7(3) 73
N o= .
? / 4‘4/ A J.a
2 / QL_A(. 7/
.50 :v///l
L
4'A

/0
20 2£ 28 32 36 40 44 48 2 68

Standard /elvg// in mlmelers

Fig. 4.9 Length-weight relationship in
Johnny durter of Augusta Creek, Michigan, 1957.
curve B shows the absolute values; curve A the

log-log transformation.




REPRODUCT ION

A. SECONDARY SEXUAL CHARACTERISTICS

1( spawning coloration. During the last two weeks of
March, the males begin to take on their characteristic
spawning coloretions. The cheeks, lips, breast, and back
of the head become a deep bluish-black. The ventral and
dorsal fins look slate-like in color, except the very tips
°of the spinous and soft rays. The caudal fin deepens to a
8ray ish-black and the scales along the belly become spotted
with black pigment. The female does not take on this black
coloration but becomes browner generally. The seven dark
bands upon the back blend into one another and extend
“ight.ly downward along the flanks and the "W" markings
become broader. The caudal peduncle turns a depper olive
green.)

In April 1958, pairs of ripe individuals were placed
In battery jars at stream temperature of 12°C. These were
8llowed to come to room temperature slowly and observations
Yére made on the behavior and coloration changes. Several
Pairg were kept at 4°C. as controls.

Males whose fins were only slightly darkened when in
the Stream now became very black and showed intense sexual
Yehavior of wigwagging and territorial guarding. Approx-
ima.t.ely 12 hours after the temperature had reached 2000..

77
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males and females spawned.

Several hours after spawning, a certain male had lost
its blackish color and became a speckled brownish-gray.
When, however, he was put into another aguarium containing
& ripe female, the darker coloration returned within several
hours., It would appear that this spuwning coloration was a
highly variable trait, capable of being "turned on" or ';off"

88 a special sexual response.

2. genitalia. By April 15th, the genitalia of both sexes
become distended. The two palps of the female become erect,
be ing pushed upward by an enlarged bursa which lies between
the genital pore and the ventral fin. The body wall is en-
larged and the scales slide pass one another. The male palp
likewise is swollen, densely speckled with bLlack pigment at

the tip, and is somewhat erect. The genital bursa if present

i8 much reduced.

Fig. 5.1 genitalia of the Johnny darter seen from the
Ventral surface. Left: Female Right: Male

m;.‘.f- .o s
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Fig. 5.2 Male 40 mm. showing sexual coloration
april 15, 1958

-~y APTATRALY - M “‘"“"t ST
o, SV M ﬁ’ﬁ;;h;ﬁ T,
‘bﬁ
T .

= e

Fig. 5.3 Female 40 mm. showing sexual coloration
april 15, 1958
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B. GONAD D&V sLOPMaNT

l. Seasonal changes. Foliowing the spuwning act of May,

there is a period of nearly three months before the gonads

begin to redevelop to the point of producing grossly visible
eggs. in the female there are present at the time of spawn-
ing three "sets" of eggs each at a different stage of devel-
opment. pDuring the spawning act or acts, approximately one-
third of these eggs are laid. This leaves one-third to be

ripened by next spring and one-third as undeveloped. In the
Smaller fish there are fewer ripe eggs. (Table 5.3) Cooper

(1935) found in the Golden Shiner (Notemigonus crysoleucas

auratus) that maturity was apparently related to size at

the end of the first year of life, and that within any one
localivty, maturity was dependent upon size rather than upon
8ge. This same characteristic of gonad development seems to
be true with the Central Johnny darter. Of the 174 fish ex-
amined in March, april, and May, all in their first spawning
Yéar and between 22.9 and 45.9 mm., 35% of the males and 144
°f the females were immature. All fish, male and female,

TABLE 5.1

PERCENTAGE OF MATURE AND IMMATURE MALES AND
=~ FEMALES IN THEIR FIRST SPAWNING SEASON

Males Females
Mm‘ r .1 Age-group I
. No. No. % No. No. % No. %

Mture Mature Immat.Immat,Exam.Mature Hatureimmat.Immat.

lis 77 65 41 35 |56 48 86 8 14

o,

gy

o
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over 31 um. were mature in their first spamming season.
One-year-olds, taken in the spring of 1957, all born

in the spring of 1956, showed a length variation of some

23 mm. This difference is a result of at least three ecol-

ogica l factors which collectively serve as a strong deter-

rent +<o growth.

a)(blawning date. The spawning season is a month and

4 haldlf long. some fish may have hatched by May 15, while
others are not free from the egg until June 15. Thus a fish
born on the 10th of June as compared to that born early in
May has a shorter total growth period until May of the next

yea r/.)

b)/_syring-growt.h period. ‘since the biggest part of the

first yeart's growth is in the eurly spring, a difference in
Pirth dates is influential. Not only has the fish born on
June 15 4 shorter total growth period, but he misses the
Tapid growth wnich tukes place in the May 15 fry before the
late r ones are hatched. This results in sharp differences
In total fish length among the one-year-olds. Variations
thug appear as differences in length, weight, and the stute
T gcnad development.‘.)

c) Interspecies competition. The area inhabited by the

PO8 ¥ _p.tched Johnny darter is the same habitat as that of the

you‘ng of Cottus bairdil bairdii, found in abundunce through-

o
ut the stream and occupying the same habitat as the Johnny
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dart er generally. This competitor has, however, an ecolog-
ical advantage over the darter because it hatches before
the first of the darters. The two species remain closely
associated until the middle of July, at which time the
Johnny darters move to the more sandy areas and the Cottus

to those of muddy bottoms.

2. gonad regeneration. In order to determine the rate

at which regeneration of the gonads takes place, a standard-
ized method for comparing the size of the gonads was est-
ablished. Thus two sets of comparator tubes were set up,

the one bearing testes, the other ovaries. Each set of
twelve tubes contained gonads taken from fish captured in
April through March of the following year. Spawned gonads
removed in July were rated as 1 and those in april as 10.
these two dutes represent the minimum and maximum stages of
development. After these two terminal criteria were estab-
lished. the remaining 10 tubes were ordered according to
80Nad development. Fish studied throughout the late fall,
"’Ult-er. and spyring months were then evaluated according to
their gegree of ripeness by comparing their gonads with those
In the tubes. Thus a two-year-old male, taken in September,
oulda pe identified as: male, II, mature; (devel. =5).
Flgure 5.4 shows that most of the regeneration takes place
fter September of the spawning year. Gonud development is

Slow through the summer but speeds up rapidly during the
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fall., During February, March, and April, the eggs enlarge,
food supplies are increased, and approximutely one-third of

the eggs become ripe.

S. Fecundity. Eggs become grossly visible during late
aAugust and early september. They continue to develop
through January and become fully ripe by april lo. rThe
eggs in unspent ovuries may be divided into three classes:
Class I, eggs fully ripe, possessing a large oil-droplet,
orange in color and 1.5 mm. in diameter; Class II, eggs
Smaller (1 am. in diameter), lighter oruhge and with little
food supply, no visible oil droplet; cClass III, eggs less
than .5 mm., whitish in color and without oil or food mater-
lal. Table 5.3 shows the average number of eggs of each
Class for various fish sizes. In general the larger fish
lay more eggs, und my findings suggest that only the larger
tWo ~year-olds and some three-year-olds spawn twice. Data

tuken from actual field count suggest that 50 to 100 eggs

TABLE 5.3

AVERAGE NU. UF UNSEFAWNLD EGGS IN FISH OF DIFFERENT
SIZES T4KEN APRIL 13 THROUGH MAY 18, 1957-58.
(DATA GIVEN FOR ONE OVARY.)

\
Size Total per Class Class Class
Q\“roup ovary p Il L I1I1
©l<35 mm. 96 30 27 38.
36 <40 mm. 113 38 27 48
41-45 mm. 164 59 36 68

e————
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are laid in one batch, depending upon the size of the

female. (Tables 9 - 11)

C. SPAWNING
1. Field studies. In the spring of 1957, a number of

"nesting plants" were placed at different areas in the
stream. Pieces of broken drainage tile, numbered 1 through
25, were deposited in groups of five at the odd numbered
8tations. In addition, ten more pieces were used at Station
2 and were lettered 4 through J, and a third set labeled S
through zZ was used within a stream enclosure. In 1958, the
nest ing plants at sStation 2 were again studied. Tables 5.4
and 5,5 show the results of these spawning observations.
Seining collections and field observations were also made on
the breeding grounds during april and May 1958 in order to
Observye breeding behavior.

Early in April, the males move out of the areas of
deepDer and swifter water to those which ure shullower and
31°V'er moving. They investigate the new habitat and locate
@ £1at stone under which they swim and take up their vigil.

(Rane.y and Lachner (19%9) and Atz (1940) suggest that in
%stoma nigrum nigrum t;here is only one male to a nesting
Site or st.one) and that this is in contrast to Etheostoma

%m olmstedi which may permit three males to share the

8
“me nesting stone at the same t.ime.(l found that any male

o
t Xtheostoma nigrum nigrum which has located his "breeding
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stone", guards it against all intruders and drives off with
ferocious attack all other males who wander near his
acclaimed territory.

The site for the nest is usually upstream from a small
or slow-moving rapids, at the side of the stream, and at a
depth of approximately 8v.) Fish (1935) reports finding
Nests in water approximately 1' in depth in the Great Lakes.
(rhe bottom may be gravelly, marly shoals (Hankinson 1908),
or stony and shallow (Hankinson 1932). Raney and Lachner
(1939) found sandy bottoms best) "Nesting plants" placed
°n one inch of mud in the Augusta Creek at station 1 were
Not used. Those on saundier bottoms were most frequently em-
Ployed and those over aravelly bottoms only occasionally.
No effort is made by the male to excavate further the
Ratural nesting site. Something a little more than the
thickness of the body is all that is reyuired. Eggs have,
ho"ever, been laid on tile-channeling raised well over 13"
from tne stream bed.

The eggs uare most commonly attached to flat stones
about 5n ycross. Hankinson (1919) reports finding eggs on
"00den splinters, mussel shells, and pieces of tile.
SeVery i hundred eggs may be laid in one or more clusters.
The egg "patches" are about 3" in diameter. These are all
c'L°3ely packed and sometimes hauve one layer upon the other.

Flelq observations suggest that the same nest is often used
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by several females and that polygamy is probably the case.
Hank inson (1932) reports having made similar observations.
Between May 9 and June 17, 1957, some 28 nesting plants
were studied about every 7 days. Fifteen of these were
successful and 2,000 eggs were observed in the field or
brought into the laboratory. Observations were also made

on a yuaria-spawning individuals.

2. Spawning dates. The spawning period for the stream
beg ins around april <5, when the water t.empera.ture‘ is
ap proximately l&oc.. this temperature having been maintained
for about four days prior to the early spawning date.
Spawning continues until approximately June 10 with most of
the actual egg-laying taking place between May 1 and May 28.

(See 7Tuble 5.6) Some one-year-olds spawned in the first

TABLE 5.6
SPAWNING DATES OF BOLEOSOMA NIGRUM BY VARIOUS AUTHORS

Name of worker Year Location Egg-laying dates

Hank ingson 1908 walnut Lake May 16 - June 19
South Mich.

Forbes und 1909 Illinois Last day of april

Richardson to first of June

Hank inson 1919 Charleston May 1 - June 17

Illinois
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week of May but no two-year-olds spawned as early as this.
By May 18, all the one-year-olds had spawned and the two-
and three-year-olds spawned after this date only. By May
28, all muture fish had spawned once and some of the older

fish twice. (Table 5.7)

3. Number of eggs spawned. when one compares the num-

ber of ripe eggs of the different age groups with the number
of eggs per batch as found in the field, there is observed

4 good correlation. The observations made on the pieces of
tile showed that the eggs were laid in batches of 50 or
malt iples thereof. (0ften several sets were found together,
each at a different stage of development, suggesting that
Several females had used the same nesting site.

(Table 5.8)
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4. Egg viability. Between May 19 and May 24, eleven

new egg batches were discovered over a half mile strip of
the stream above Station 2. All the eggs in each batch
were recorded. This included the living eggs, those with
a mold on them, plus those which were completely dead and
white in color. For batches of 150 eggs there averaged
2 eggs with mold and 6 which were dead. The former were
identified by the long white filaments which grew on the
egg, and the latter were white and milky in color. During
the first 5 days about 5.9% of the eggs become unviable
and by the 10th to 12th day this has increased to 104,
Thus at hatching on the 1l4th day, about 85%4 of the original
batch are still living and hatch successfully. (Table 4.8)
In the laboratory, once a mold had started, it ran
QdWQickly over all the eggs and destroyed the entire batch
Within 6 days. This was at temperatures of approximately
2000. In the field (natural waters) it was observed that
ONnly a very few of the eggs develop the mold and that it
does not spread throughout the other growing eggs. Occas-
ionally, however, a batch of 60 to 100 eggs was found, all
¢&gs of which were milky white and dead. These were un-
doubtedly unfertilized.t

1. dn the laboratory, females unattended by ripe males laid

®ggs in the normal way under rocks, and where there were
no stones, upon the bottom of the ayuarium.
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5. Number left unspawned. A short study was made on

the number of ripe eggs left as unspawned in the body
cavity of spent females. Twenty fish were examined and

all had spawned completely.

(6. Spawning act of laboratory matings. Preliminary to

the spawning act and as part of the courtship, the male in
the presence of a ripe female begins wigwagging his pect-
oral fins. This is done slowly at first, only several
Cimes a minute. Later the wigwagging becomes more rapid
and vigorous. Often this act of courtship is initiated
fxrom within the "nesting house®. Then with short violent
Jerky motions, the male nudges the female toward the nest-
ing yuarters. This he does by biting at her caudal fin
and butting his head against her caudal peduncle. After
Several failing attempts to inveigle her to enter, he may
return to the nesting site only to begin the courtship
AQctivities again.

Oonce inside, the female then makes several passes up-
Side down along the surface of the nest roof. she may
@ither brace herself with the stiff dorsal fins, or by the
&ct ion of her pectoral fins remain for a brief moment
Pressed against the mid-roof without support. The male
M®anwhile keeps up his sporadic wigwagging. After several
MOoments rest, the female then inverts her body against the

“Ndersurfuce of the "nesting rock" and deposits several
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minute orange eggs. The male follows her in an inverted
position and fertilizes the eggs as she moves about. Once
initiated, the egg-laying m;.y continue for several hours.)
[The eggs are about 1.5 mm. in diameter and are laid
8 ide-by-side very closely packed together. several batches
containing 600 eggs are sometimes laid without over-lap.
In areas too small to accommodate all the eggs to be laid,
@ double layer is employed.

At the completion of the spawning act, the male
gUuards the nest and cares for the eggs. (Hankinson, 1908,
1952; adams and Hankinson, 1928; Seal 1892; Atz 1940)
This guarding continues unceasingly and he drives from the
&rea ali other males. Adams and Hankinson (1928) suggest
that this guarding is reully territorial defense rather
than an actual guarding of the eggs. While engaged in
this care, the male directs himself in such manner as to
have his tail lie under the eggs. He then moves his tail
back and forth while holding his position with his pector-
@ls (Atz 1940). This stirring action apparently aeriates
the water and cleanses the eggs. Newly laid eggs brought
into the luboratory and left unaeriated yuickly developed

& White mold (Saprolegnia) .j)j
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D. HATCHING

l. Embryonic development. In the spring of 1957, sever-

al nesting plants bearing freshly fertilized eggs were
brought into the laboratory and their embryonic growth was
Studied. Every day until hatching, one or two eggs were
Preserved for future study. Following hatching, samples
were removed every second day. Upon study, the details of
their development were recorded. (See Table 5.13 for
S8ummary of this development.)

<'rhe ripe Central Johnny darter egg measures approxi-
ldately 1.5 mm. in diameter. There are present a large oil
dAroplet, yellow yolk materiul, and a thin egg membrane
wh ich swells quickly in the presence of water. The eggs
equire constant circulation of the surrounding water in
Oxder to receive a sufficient oxygen supply. This is
Usually accomplished by the male who beats his fins and
ta il while guarding the eggs. Both unfertilized eggs and

Unaeriated eggs yuickly develop the mold saprolegnia.

Strawn and Hubbs (1956) found that normally about 90% of
the eggs laid in their natural habitat were fertilized.
The percentage of growing embryos within batches of 100
Or more eggs which the author studied in the field compared
Lavorubly with this figure. Not all the eggs laid remain
@ttached to the substrate, for the male knocks off many

While struggling to keep at the side of the moving female.
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Further, some eggs may be eaten by the male or female
immediately after being laidt) This was observed several
t imes in the laboratory.

The incubation period is approximately 17 days depend-
ing upon the water temperature. Jaffa (1917) gives the
incubation period of the JIowa darter in the laboratory
when the temperature was 13°C. to 16°C. as approximately
18 to 26 days. These darters were 3.4 mm. long when
kuttched.z’During the incubation period of the Johnny dar-
ter, the egg remains round and it soon appears a darker
orange. Two prominent black spots are the embryonic eyes
&t 8 days. The body trunk is conspicuous and the myotomes
become visible at 10 days. Prior to hatching, the oil

droplet becomes reduced and is very nearly absorbed by

hatching time .)

Ca. post-hatched fry. Fish (1935) lists the following
&8 characterisuvic of the post-hatched larvae: fry are about
S mm. in length; mouth very inferior with the upper jaw
Projecting,; a large silvery black eye, myomere count of
15 to the vent plus 19 to 22 behind the vent, and an em-
dryonic marginal fin fold which originates directly behind
the head.

At the 5.6 mm. stage, the fish is characterized by

Very large pectorals extending past the middle of the yolk;,)'
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region and by large well-imbedded eyes which have moved
higher upon the head.

In the more advanced stages, the protractile pre-
maxillaries and single anal spine help to distinguish the
individual. The adult characters do not become apparent
until the 15 mm. stage is reached, but by the time the

young females reach the 35 mm. stage, adulthood is attained.)



ECCLOGICAL ANALYSIS
A. ASSOCIATED SPECIES

l. Associated fish. Fish were collected from each of

the ten stations during a ten montn period, extending from
April 15 to Nov. 20, 1957. Unusually high water prevented
Some stations from being sampled once each month. The

S j,ecies were sorted and recorded for each station. A
dongitudinal distribution of these fish is shown in

Table 6.2. By lumping together the total catch of those

S tations making up a given ecological group, the three

me st abundant species in any ecologicul group was deter-
mined, Table 6.1. It can be seen that E-I with its slow-
moving waters, sandier bottom and abundunt aguatics, stands
in direct contrast to E-III in its capacity to produce
Johnny durters. This latter is characterized by rapids and
X avel covered with fungal and algal growths. E-II, having
®cCological differences halfway between E-I and E-I{iI, shows
&n abundunce intermediate to the two above groups.

Etheostoma nigrum nigrum was by far the most abundant

£ ish taken, constituting 414 of the total catch. Then

foliow semotilus, RBhinichthys, and Notropis in that order.

Ecologicul Group I produced 63% of all the Johnny darters;
E-11, 244, and E-III only 13¢. This shows that Etheostoma
106
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nigrum nigrum exhibits an ecological preference for sandy,

weedy areas in contrast to shallow, rocky rapids.

2. Aquatic Plants. Aquatic plant collections were made

during the summer of 1957 and the spring of 1958. The
Species, relative abundance, and their distribution
throughout the stream were recorded. Table 6.3 lists the
more common forms found in the stream proper.

(Reference to envirograph (a) of figure 6.1 shows a
8 trong correlation between the Johnny darter and aguatic
Plant abundunce. The rotting root stalks of Typha,

Nuphar, and gagittaria provide good areas for hiding

when being pursued. Also the plant parts of Anacharis,

Nas turtium, and Potamogeton form a deep organic medium in

which the insects abound. Thus these contribute indirectly
to the food source.) In such stations as 6 and 9 where the
@4uat ic plants of the stream proper are reduced to a few
8Caltered, isolated plants, the Johnny darter population

18 likewise limited to a few individuals.
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3. Aquatic Insects. The comwon and more abundant aguatic

insects are given in Table 6.4. No quantitative study of
abundance or distribution has been made but records for each
seining station have been kept. Because of the variety of
eco logicul niches within each station, many families
restricted to gravelly bottoms, or muck, or slower waters,
or" sandy bottoms appear in the same collections. (Only a
very few of the fauna types collected play any important
ecological role in the life history of the Johnny darter.
Such forms ué diatoms, Cyclops, and diptera larva are used
as food, with the latter making up most of the adult food
diet.) (see Table 6.6) Most of the larger insects such as
Agrion, corixa, Anax, and Hexagenia, although abundant among
large darter populations do not compete with the Johnny
darter for food, space, or oxygen. Rather they occupy
micro-habjitats just outside those used by the darters.

(It is significant to note that the use made of the
dQuatic fauna varies with the age and the size of the dar-
ters.  Tnus the diatoms and Entomostraca are used by the
young to supplement the early algae diet of the fry, and
the adults, averaging 42 mm., use Tendipedidae almost ex-
¢lusively (pearse 1921). This would suggest that the lar-
ger three-year-old fish found in the day-time on light,
Sandy bottoms in the deeper holes must at sometime move to

the 8ilt <bottoms for reeding.) These sandy bottoms used dur-
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ing the sunny hours do not support the midges found in their
st.omachs.l

The wide distribution of the Tendipedidae throughout
the stream is directly correlated with the data given in
Table 6.1 in which it was observed that the Johnny darter,
despite the ecological differences in the separate collect-
ing stations, remained highly abundant fish within each of

the ecological groups.

l. Only 4 few selected stomach analyses have been made to
date, The problem of night-time feeding and diurnal
mMOovement is now being considered and studied.

W m e e
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4. Algae. The common algae of the stream have been
treated in much the same way as the insects. Those common
to the entire stream are listed in Table 6.5. There seems
to be no major shift in abundance or kinds of algae through-
out the growing season for any particular station. The
f ilamentous forms do, however, become more conspicuous dur-
ing september and October as they collect on the stalks of

Sparganium and gsazittaris. While no quantitative study

has been made on their abundance per unit surface of stream
bottom, the kinds of "food-type" algae are included in
Table 6.5.

(It was further noted that where the algue. were abundant
as at gStations 1 and 2, the darters also were abundant.
At Stations 3 and 4 the abundance and kinds of ulgae were
limited as were the darters.) These stations support few

but larger fish.



114

Bsxoudedo
sweuoydmwon

®rJeTnUUTd
®IpeulS
+TTeTarD
UOTDTION
eToy Ty
®TNOT AN
wmo3®Yq
IVIOXHJOIYYTITIOVE uoystAYTP-qQnS

BTI01PTITO80

8N920200IYD

TYIOXHJAOXXAN UOTESTATP-QnS

wxeyd
imwxed 80IPUT TAD
¥T1069n0N
¥uoudiz
vaXBoards

snwsepeusds

wI0ydoprId

AVAIXHJIOHOTHD UOTSTATP-QNS

LS6T NVOIHOIR ‘YIRYD VISNONY 40 SRHOL TVOTY NORNO)

G'9 ATVl



115

B. ENVIROG HS
The effectiveness of the relative abundance of seven

env ironmental factors within the stream is shown graphically

in fig. 6.1 a-d. The graphs show a strong correlation be-

tween abundance of aguatic plants, a sandy-silt bottonm,

moderate rate of flow and depth, as opposed to rapids with

a dark, gravelly bottom. Other factors making up the en-

Vv ironment such as temperature, oxygen concentration, pH,

and water hardness seem less effective in determining

darter abundance.




——
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C. ABUNDANCE
(Despite the very high numbers of successfully hatched

eggs per spawned female, the darters do not become overly
abundant, due, I think, to shortage of food for the newly-
hatched fry. They cannot successfully eat even the small-
est of midges. Food for these fry must consist primarily
of algae or large infusoria, both of which are available in
limited amounts in those areas where the fry are hatched.
These ureas are usually sandy or silty with a slight current
Under the nesting stone. Thus there is considerable com-
Petition for the limited amount of food.

Because they are hatched in only a few inches of water,
they are not eaten by other associated fish, as these latter
Seek out the center of the stream with its deeper channel.
The rainbow darter remaix.xs in the deeper rapids, the blunt
NOse minnow in the streuam channel,and the black sided dace
in the shallower rapids. There is, however, evidence to
Suggest that these fry are eaten by the larger darters fre-
ilenting these areas. as the fry hatch out and begin moving
around upon the.sllt shelf or leave the egz case in the
tYeésence of the guarding male, they are quickly eaten.

Once beyond 15 mm. they continue on to maturity or death

from Qqjsease or perhaps crayfish predation.)
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D. DISTRIBUTION

The most limiting factor of distribution is that of
stream gradiant and secondly, texture of bottom material.
The stream gradient introduces three controlling factors
simultaneously: (1) the swiftness results in a broken sur-
face and rapids-like environment which is strongly inhabited
by the larger, more aggressive rainbow darterl; (2) the
bottom contains neither sand nor silt but remains very peb-
bly to stony which bottom is avoided by the Johnny darter,
and (3) the aquatic plant abundance is reduced. Thus a
rapids affords competition for food, and territory; lack of
protective coloration from the background; and a more
limited source of food dependent upon the muck of decaying
plants. (The most perfectly adapted habitat in the Augusta
Creek for the Johnny darter is thus a yulet to slow-moving
area, about 6" to 8" deep, over a sandy to sand-silt bottom,
at the sides and margins of the stream, in areas brightly
lighted near heavy bottom vegetation.) The larger fish tend
to occupy the deeper, more sandy holes (Table 6.2) but the
bulk of the population is found in areas as described above.
This habitat preference varies somewhat from what Trautman

(1950) found in Ohio. While the larger fish both in the

l, Laboratory observations made on these two fish in the
same aguarium showed the rainbow darter Poecilichthys
casruleus c. to be more aggressive and to defend a
larger territory.
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Augusta Creek and smaller Ohio streams seem to prefer a

sandy-gravelly bottom first, he suggests that in the Ohio
stream they accept a "gravel-boulder-bedrock® secondarily,

and in preference to a silt bottom. I, however, found few

to none on the large rocky-boulder type of bottom, and took
tremendous numbers, particularly spring-of-the-year fish
off the silty margins. This would suggest that "preference

habitats" are correlated with size.

There seems to be no severe competition from the asso-

ciated fish. There may, however, be slight predation upon

the fry from Northern small mouth bass, Micropterus

dolomien dolomien (Raney and Lachner 1943) and from the

Plckerels, Esox spp. (Hunter and Rankin 1939) which use the
Johnny darter as supplementary food. Competition may also

Occur between the Northern Common Shiner, Notropis cornutus

frontalis, Hyborhynchus, and the Johnny darter at the time

Oof spawning. The former spawn at about the same time and
in relatively similar habitats. Because of the multitude of
POss ible spawning sites, however, this competitive pressure
is very low.

Perhaps of least ecological importance is the variation
In chemical und thermal factors from the source to the out-
let. Table 1.6 shows very little variation in such critical
1"5"""'01'3 as temperature, oxygen availability, and pH concen-

t
x""t'-‘lon:s. aAll remain within tolerable limits. Normal lower
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limits of oxygen at 5 p.p.m. (Lagler 1956:254) were never
exceeded. Jewell and Brown (1929) recorded pH readings of
8.0, 8.2, 8.4, and 8.6 in Michigan where darters were cap-
tured and Ccoker (1925) took specimens at concentrations of
7.2 to 7.4. Jewell and Brown (op. cit.) felt that a range
of pH 7.2 to 8.6 as found in :natural waters did not affect
the distribution of fresh-water fish., The other chemical
factors measured were alkalinity and 002 and these remained
relatively constant throughout the three year period of
Study. Wwhile there is a s8light gain in alkalinity from
head waters to outlet, this shift is slight and offers no
limiting pressure.

That the darters are found in such chemical environ-
ments should not suggest that these factors determine their
dAistribtution -- but rather that they have wide ranges of

to lerunce.

£« FOOD OF JOHNNY DARTER

(d number of investigators have studied the basic foods

°of the Johnny darter, (Forbes 1880). None, however, have
done 4o extensively and this study yet remains to be done.
Thus tpere is little known about the differences in food
bPref exence between the young and older fish, between the
V41l ability of the food and their chosen habitat. There
is

’ h(‘)wevm', some evidence to suggest that the shift in

m
icx‘°~haab itat as a4 lateral movement experienced during July
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and august is correlated in the younger fish with their new
food reyuirements as they grow during their first summer.
Thus Fletcher (1957) has suggested that the newly
hatched fry require infusoria for the first week, while Kidd
(1929) reports finding colonies of algue and diatoms in the

Stomachs that he examined, among them being Gomphosphaeria,

Coelosphaerium, Closterium, Scenedesmus, Melosira, Stephan-

odiscus, and Fragilaria. It should be noted that these are

found in the small eddies, inlets, and upon the silt shelf;
the exact micro-habitat of the newly-hatched fry. Heimbur-
gér (1915) found that the food of the adult Central Johnny
darter consisted almost entirely of the larvae of chirono-
Midae, while the young eut mostly Entomostraca. He further
Noted that the young eat more of the chironomidae as they
become larger. 4n early study made by Pearse in 1921
Concerned 10 specimen taken in June and July from Wisconsin
lakes upon sandy shores, and he lists their stomach contents
43 being 78% chironomid larvae, 3% Helea larvae, 2¢ maggots,
3. Sgz cyclops, 137 ostracods, and some sand making up about
O¢55. The ilusect data collected over a three year period

from ail ten stations shown in Table 6.4 shows the availabil-

ity of this food in augusta Creek.)
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F. PREDATORS
(;n their study of predation on the Johnny darter

Boleosoma nigrum olmstedi (1942) and in their investigation

of stomach contents of the fish of streams of Central New
York (1942), Raney and Lachner found that in 31 stomachs of
the Yellow pikeperch Stizostedion vitreum vitreum, 81.6%

had recognizable Johnny darters (Boleosoma nigrum olmstedi)
and this yuantity constituted 80.6% of the estimated volume

of all food. Further, these darters represented 61.44 of
the freyuency of occurrence of all food. They also found it
as an important item in the diet of the northern small mouth

bass (Micropterus dolomieu dolomieu) where these two occur-

red together in the streams of Central New York. Hunter and
Rankin (1939) found it as the food of the pickerels (Esox
8spp.). Embody (1910) observed that Boleosoma nigrum nigrum

served as food for the King Eider.)

Of the 2,569 associated fish taken throughout the en-
tire stream, only two specimens of the northern small mouth
bass (all immature) and two small specimens of the mud

plckerel (Esox americanus vermiculatus) were cuptured.

Therefore it is concluded that predation from such fish is

slight.

(Real predation pressure may, however, be experienced

from the blunt nose minnow (Hyborhynchus notatus) which

Hank inson (1908) reports as a most persistent predator of






124

the Johnny darter eggs. This fish was taken abundantly

throughout most of the stream.

Abbott (1873) reports finding Boleosoma olmstedi in

the claws of a crayfish where it was captured when hiding.
This is perhaps the one important source of predation) In
the Augusta Creex, the crayfish are as abundant as the
darters. any weakened specimen or any specimen which is
morphologically handicapped 1s (uickly eaten by this ever
present death trap. The darter's defensive pattern of
scurrying under stones increases its vulnerability to
capture. Into the waiting claws of these crayfish the

darters swim as an avoidance reaction to some lesser out-

side danger.

Thus the population is constantly being reduced and the
weak and dying are quickly eaten. That this is so is seen
in the fact that of the 65 fish tagged, clipped, or in some

other way impaired, none were ever recaptured.
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G. DISEASLS
(Little is known of the diseases attacking the darter

group. atz (1940) found Ichthyophythiruils maltifillis

(Fouyuet) to be the cause of deuth of a darter which he had
in his aquariwa. Many trematodes, particularly in their
earlier stages, attack the Johnny darter) Among these are

Neascus vancleavei and azygia angusticauda. Cestodes such

as Ligula intestinalis and pProteocephalus ambloplitis and

acanthocephalans such as Neoechinorhynchus cylindratus

and Leptorhynhoides thecatus have been reported in darters

by Van Cleave and Mueller (1934).

(The well known "Black pinhead" parasitizes the Johnny
darter and two and thrée-year-old fish are heavily infested.
The older females appear to be more densely covered than
males of the same age.) Fish taken from stutions of E-I
are more heavily infested than those of E-II. (It would
seem from this that the slower-moving waters of Station 1
and 2 plus the heavy silt bottom harbor this parasite to

a more prominent degree than the swifter and sandier bottoms

of station 8 and 103
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