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ABSTRACT

The age, rate of growth, reproduction, feeding habits and

population dynumice of the emerald shiner (Notropie atherinoides)

wvere studied from 10,375 fish collected in Lewis and Clark Lake,

South Dekota. The population consisted of four age groups dominuted
by young-of-the-yeaur during the summer and fzll and by uge group 1
during spring and early summer. Aige group l1I was common only in the
spring and early swmmer while age group IlI was rarely found. iver=
age length at annulus formation was 66 mm for age group I and 84 mm
for age group II. F[emales attained a size advantage over m:les after
the firat year. The spavning seuson extended from June thrcugh
sugust, A rapid and precise method was devised for conducting food-
habit determinztions which could be analyzed statistically. .dult
emerald shiners fed selectively on Daphnia. & gradual change in young-
of-the-yeer food habits was evident; fish smaller than 40 mm fed pri-
marily on algae whereas larger fish fed chiefly on cladocerane and
copepods. lopulautions of emerald shiners were churacterized by a fast
turnover. #ales had & higher mortality rate than females during their

second and third years of 1ife.
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INTRCDUCTION

The emerald shiner, Notropis atherinoides (xafinesque), is

widely distributed eust of the Rocky Mcuntains, typically inhabiting
large open lskes and rivers (Hubbs and Lagler, 1958). Eailey und

allun (1962) state: ‘'the emerald shiner was probably uncommon oripgi-
nally in the Missouri i‘iver, but following impoundment it has increased
and will likely become a dcminant species in the reservoirs.'" walburg
(1964) reports the emerald shiner is the dominant minnow in Lewis and
Clark Lake (Gavins foint iieservoir).

North Central Reservoir Investigations, U. S. Iureau of Sport
¥isheries and »ildlife, Ysnkton, South bakota is concerned with fish-
eries research on the Missouri Kiver main stem reservoirs. Cne aspect
of their studies is the population dynamics of the fish population in
Lewis end Clark Lake. The emerald shiner is an important forage

species, being utilized by sauger (5tizast§giog cgnadenpe) and white

bass (ioccus chrysops) (Vanicek, 1%64; Ielson, unpublished; and

3iefert, unputlished). lecause of the emerald shiner's importance in
the predator=prey relationship, information on its 1life history is
needed for a better understanding of the population dynamics in this
reservoir. This study is concerned with the age, rate of growth, re=-
production, feeding habits @nd populution dynamics of the emerald
shiner.

Although the emerald shiner has a wide distribution and is am

important bLait and forage fish, life history research has been limited



to Lake Zrie. The embryology of the emerald shiner was studied by

Fish (1932), and Gray (1942), Ervers (1933), and Manny (1928) studied

its food habits. An intensive study on the morphometry and life his-

tory of the emerald shiner was conducted by Flittner (1964).



STUDY Alia

Lewlis and Clark lLake, located in southeastern Louth bLakotsz, is
the smallest and southernmost of six kMissouri River main stem reser-
voirs. It hus a length of 21 milee, an aversge width of two miles, and
an area of 26,000 acres. The depth varies from a few feet in the upper
end to a maximum of 55 feet near the dum. # complete turnover of the
lzke's volume (450,000 acre feet) occurs every eight to ten days during
the navigation season. Changes in discharge rates from Fort Aundall
iieservoir, 76 miles upstream, ceuse extreme daily water level fluctua=-
tions. The shore line of S0 miles varies from steep rocky cliffs to
flat sandy beaches. 7The Hiobrara iiver enters the lake near its upper
end and carries a large silt load which increases the turbidity ot the
lake. The upstream section of the lake has numerous small islends and
extensive areas of flooded timber. The reservoir is described in de=-

tail by Shields (1957).



METHODS

North Central ieservoir Investigztions divided Lewis and Clark
Lake into $ix sampling areas approximately equal in size and extend-
ing from the lower to the upper end (ligure 1), imerald ehiner san=-
ples were collected during 1563 in conjunction with a fish population
monitoring program. Ei-monthly samples were collected in each area
from May through september with an electric boom shocker. tach aan-
pling effort consisted of u run between two predetermined points,

Sampling was restricted to two fixed collecting stations during
1965 to allow more intensive sompling of fish, plankton, and tottom
organisms. These two stations were selected to represent sheltered and
non-sheltered areas of the lake. <elgand Boat lasin, located in areu 2
was chosen to represent sheltered areas whereas non=sheltered aress
vere represented by a sandy beach with a gently sloping shoal area lo-
cated in urea 3,

<eekly samples were collected in both areas from June through
mid-ieptember. Monthly samples were collected from area 2 in CGctober
and November and from area 3 in april, May, Gctober and November., Fish
were collected slong the shore line with a 6- by 100~ foot bag seine
contzining 1/b-inch square mesh in the wings and 1/8-inch square nesh
in the bage The seine was laid out perpendicular to the shore line and
the far end was then towed to shore. zach haul covered approximately
7,590 square feet. Collectinns were made with a 16-foot trawl at
depths ranging from 4 to 10 feet whereas a 27-foot trawl was used at

depths of 10 2nd 3% feet. The 15-foot trawl contained 3/U-inch square




SAMPLING AREAS
1-6 1963

l

" Figure 1. Map of Lewis and Clark Lake showing sampling areas.



mesh in the wings and body, 1/2-inch square mesh in the cod end, and a
1/b=inch liner. The 27-foot trawl contained 3/l-inch square mesh in
the wings and body, 1/2-inch ssuure mesh in the cod end, and a bobinet
lining. A one=half meter fry net, 2 meters in length with 0.9 mm mesh,
was towed at various depths to collect fry.

sampling geur were selected to collect all sizes of emerald
shiners from all depths of the lake. The electric boom shocker and the
10C=foot seine were found to be the most effective gear for collecting
emerald shiners more than 20 mm in length from relatively shallow shore
line areas heavily utilized by the emerzld shiner. The seine was more
useful for quantitative sanmpling because of the many biases associated
with electric boom shocking. The one-=half meter fry net was effective
for collecting fry 5-15 mm in length. The 16= und 27-foot trawls
proved to be ineflective collecting gear. Only occasional specimens
were collected by trawling during the regular sampling periods and
these data were not used in this study. Larger numbers were collected
with the 27-foot trawl during s special 2U-hour sampling period in
early leptember. live sumples collected durinc daylight averaged one
young-of-the-year emerald shiner per sample, which was similar to
catches durinyg regular sampling periods. Three samples collected
during darkness averaged 42 young-of-the-year per sample, with a maxi=-
mun of 61 being collected at midnight. The larger number of emerald
shiners captured during hours of darkness may suggest a diurnal move-

ment of young=of-the=year away from the shore line areas. Further



study would be necezsary to determine emerald shiner utilization of
deeper areas of the lake.

Flankton was collected with a riller sempler with number 10 mesh
and bottom samples were collected with an orange-peel sampler. Fish
and bottom samples were preserved in 10 percent formalin and plankton
samples were preserved in Lugol's solution.

Food-hubit determinations were conducted on adult emerald
shiners collected from area 3 during 1965. Stomach contents were ex-
amined from bi-sonthly samples collected from June through :eptember
and monthly samples collected in April, Kay and Uctober. Iish were
separated into age groups; then each age group was stratified by five
millimeter-length incrementa. A stratified random sample of five fish
was subsequently selected from each age group. The first one-third of
the 5-shaped digestive tract (stomach) was removed and stomsch contents
of the five fish were combined and diluted to 40 milliliters. urgan-
isms present in three, 3-milliliter subsamples were counted in a
zooplankton counter (:ard, 1955). Total cwunts were made only when the
sample contained few organisws. This procedure was repeated on three
sets of five fish for each age group and thus gave three separate
qualitative and quantitative estim-.tes of food utilization,

Young-of-the-year emerald shiner stomachs were examined to de-
tersine changes in food habits associated with increased size. Fish
were obtained from seine and fry net collections in area 2 on July 8,
sugust 5 and September 8. Three sets of five fish were anulyzed from

each length group present in the July sample. #ecause of food hubit



similarities smong the three sets, stomsch analysis was thereafter re-
stricted to one set of five fish for esch length group. Stomach con-
tents of the five fish were removed, cosibined and diluted to 10 milli-
liters. Microscopic organisms present in three l-milliliter sub-
sumples were determined from counting ten randomly selected fields at
100x magnificuation in a Sedgwick-iafter cell. Total counts were made
on all macroscopic organisms present in the combined sample.

Age and growth determinations from scales were conducted on
emerald shiners collected from Ksy through iugust in 1963. Length
(mm), weight (grams), and sex were recorded for each fish. 3icales
were collected from an srea located below the front edge of the dorsal
fin and immediately above the lateral line. FEnerald shiner scales are
easily sloughed off, thus uwere often missing from the scale collecting
areas This area often had a high percentage of regenerated scales.
The thin translucent scales, which were impossible to read vhen mounted
in a standard mounting medium, were stained with red recording ink,.
Scale readings were made with the ald of a scale projector at a mag-
nification of 42 diaireters. it least two separate readings were made
for each scale sumple. A third reading was necessary on &0 percent of
the scales. Some scales were easily read as the amnuli were clearly
defined, whereas others had poorly forned annuli,

~ge and growth determinations by the length-frequency method
were conducted on fish samples collected from April through November,
1955, <ex, length and state of maturity were reccrded for each adult

eterald shiner. Total counts were made on collections of larger



young-of=the=year while a volumetric method was used to estimate total
numbers of small young-of-the-year. Iotal-length measuremnents were
generally made on all young-of-the-year collected; however, when large

nunbers were collected a subsumple of 150=-200 fish was used.
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AGz AND GROWTH

Comnents on scale method versus length freguency

Age and growth determinations from scales were conducted on 216
emerald shiners to determine the number of age groups in the population
and the relationship betwe;n age and growth estimates from scales and
those from length frequencies. Validity of the scale method for the
emerald shiner was established by Flittner (1964),

Fish used for age determinations were collected from all six
areas of the lake. The number per area ranged from 86 in area 3 to
only two in area 6. Sixty-seven of the fish were collected during
May, 57 during both June and July, and 33 during ~upust. 7The samples
were composed of 93 males, C5 femcles and 37 immatures. Age grours
present vere: age group O (young-of-the-year), 29; age group I, 128;
age group II, 533 und age group ILI, L.

Annulus formation occurred at approximately the same time in
both sexes within an age group, althcugh it occurred earlier in sage
group I thun in age group I1I (lable 1). . nnulus formation first took
place on Bxy 21 in age group I snd on June 11 in age group 1I. Fifty
rercent of age group 1 fish and 14 percent of age group II fish col-
lected in June had formed an annulus. 3eventy=nine percent of age
group I fish und 67 percent of age group II fish collected in July had
formed an znnulus. ~nnulus formation was coumpleted for all adult fish
collected in August.

The Dahl-Lea method was used for estimating totzl length of



‘Table

l. trogressive seasonal formation of
annuli in age group 1 uni 11 ewerald shiners,

Lewis and Clark Lake, ¥-y through July, 1963
Nunmber {ercent with
bate collected annulus formed
I i1 I II
5/8=5/24 2k 39 b 0
5/20-6/12 34 ? L7 14
6/13=6/24 15 0 56 _—
6/25=72/10 25 3 64 33
7/11=7/25 12 3 100 100
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fish at the formation of previous snnuli., .verage length at annulus
formation was 66 mm for age group I and 84 mm for age group II. Aage
group I females averaged 69 mm at annulus formation whereas males
averaged 63 mme Growth compurisons of age group 1I were limited by the
small sample silze; however, it was evident that females retained the
growth advantage gained during the first year. Length of females aver-
eged 5 mm longer than males and the maximum difference attained was

17 mm.

Spawning season of the emerald shiner extended from June through
rugust and caused a wide variation in fish length at annulus formation.
At annulus formation, age group I fish ranged from 45-92 mm and age
group II fish ranged from 75-96 mm. Fish hatching early in the season
were considerably lerger at annulus formation than those hatching
later. Apparently, there was no set or critical time at which the
strength of age claszes was determined.

iige group III comprised a small percentage of the fish sampled.
The four fish, 211 females, reprecenting this age group apparently
hatched late in the spawning season. The average calculated length at
the formation of the first annulus was 15 mwm smaller than the average
calculated length for one-year-old females. Fish hatched late in the
spawning season are subject to mortality only during the latter part
of the growing season. This may account for their increased longevity.

Comparizona between age determirations by the scale and length-
frequency methods during 1963 demonstrated emerald shiner age groups

could be separated by their length fre:uencies, because only a small
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amount of overlup was found among age groups. In 1965, age groups were
separated as peaks in the length-frequency distributions. Fish falling
in the smull overlapping areus of adjucent age groups were separated by
scale examination. Growth estimates made in 1963 by the scale method
were similar to those made in 1905 by the length-frequency method. ige
and growth determinations from scales involved considerable time and

difficulty in collecting, mounting and reading scales.

weasonal growth und differences between areas

sge and growth deterininations by the length-freocuency method
were made from measurements of 10,159 fish collected from ipril through
November, 1965. Iiopulstion growth estimates by the length-fresuency
method vwere considered more precise than estimates based on the scale
method because of the larger sample size.

flittner (1964) reyorts that newly hatched prolarvae of the
emerald shiner messure approximately 4.0 mm in length. The emerald
shiner grows ruapidly during the first growing season. They often at-
tain 55 percent of their maximum adult size and may exceed 65 am in
length. This rapid growth is clearly shown by the rapid increase in
the maxismum size of young-of-the-year throughout the collecting period
(Table 2).

Monthly increases in the average calculated length, or a modal
group, did not accurately represent seasonal growth of ycung=of-the-
year. I'he monthly averuge length of young=-of-the=yeur cuaptured with

the 100=foot seine in area 2 (.eigand “usin) was 24 mm in July, 20 mm



Table 2.

Kinimum and wmaximum length of young~-of-the-year
emerald shiners collected from June through Noveuber:,

1965, areas 2 snd 3, Lewis and Clark Lake

14

area 2 Ares 3

lumber Number

weas-  Length in mm ness- Length in mm
vate ured minioun meximun ured mininum maximum
6/30 127 8 14
7/7=7/8 281 6 26 172 13 27
7/13-7/15 258 ? 33 188 15 29
7/20-7/22 290 3 4o 120 16 39
/27 264 6 46 h12 5 45
8/3-8/5 423 6 60 191 13 52
8/10 384 6 54 261 5 5h
8/17-8/19 b2 6 52 199 15 52
&/24=8/25 L2y 7 69 225 6 58
8/21-9/2 242 ? 53 397 16 65
9/8 252 14 72 275 16 71
9/15=9/16 112 18 58 45 17 62
10/19-10/21 242 17 77 232 23 71
11/10 233 1% 69
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in August, 4/t mm in September, 36 mm in COctober and 31 mm in November.
Collections in area > gave a somewhat better indication of seasonal
growth as young-of-the-year aversged 29 mm in July, 26 mm in asugust,
37 mm in September znd 52 mm in Uctober. These biased growth estimates
resulted from the emereld shiner's extended spawning season and high
morality of young-of=-the-year. OSamples were dominated by recently
hatched fry and contained relatively few older fry.

4 monthly mean length was calculated for age groups I and II,
with an adjusted collecting date for those months when more than one

sample was collected. 4djusted collecting date =

Number of fish x day of month . bonthly means with their
‘iotal number of fish collected in month

adjusted collecting dates were graphed to facilitate growth comparisons
between age groups and between sampling areas (iizure 2).

Age group I grew faster than did age group II in both areas.
Fish from different sampling stations also showed growth differences
within an age group. The estimzted mean length of age group I on
June 15 was 58 mm in area 3, and only S1 mm in area 2. On September
15, age group I averaged 81 mm in area 3 and 83 mm in area 2. During
late September and Uctober the mean length of age group I decreased
in area 2. This may have resulted from the limited sampling during
these months, mortality, or movement of larger fish out of weigand
Basin.

Percent of total growth in length completed during each year of

life was estimuted from data collected in area 3. .n averesge of 55
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Figure 2. Seasonal growth of age group I and II emerald shiners collected
in areas 2 and 3 from April through November, 1965,
Lewis and Clark Lake.
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percent of the totzl growth was completed during the first year, 33
vercent during; the second, snd 1 percent during the third. These
estinztes only represent ceneral trends beczuse they are influsncad by
the extended epawning season, yearly fluctuations in growth, differen-

tial growth rates between sexes and higher mortality of males.

Growth differences between sexes

In area 3, age group 1l males and females grew at the same rate
during May and early June but females exhibited a faster growth rate
during late June, July and iugust (Figure 3). They averaged 3 mm
longer than the males on July 15 and 8 mm longer on iugust 15. Both
3exes grew at agyproximately the same rate through lieptember and
Lctober as females retained their 8 mm size advantesge. Age group II
males grew slightly faster than the females. 'The growth advantage
gained by the females during the previous year was retained through
Kay and June but was reduced to 6 mm by July 15 and 3 mm by sugust 1S5.

In area 2, age group I males and femules grew at the same rate
during June (figure 4). Fem:les grew faster during Julye-they aver-
aged 6 mm longer than the mzles on July 15. ©Doth sexes grew at ap-
proximately the sume rate during .ugust. Data collected after ..ugust
vere insufficient for making precise growth estimates but females mzin-
tained their size advantage. Growth comparisons between sexes in age

group 11 were impossible because only females were capturede.
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collected in area 3 from April through October, 1965,

Lewis and Clark Lake.

NOV

g1



IN MILLIMETERS

LENGTH

100
90
80
70
60
50
40
30
20
10

—————— — FEMALES
B ‘ MALES

| 1 i) 1

1 ]
APR MAY JUNE  JULY AUG SEPT OCT

Figure 4. Growth differences between male and female emerald shiners
collected in area 2 from June through November, 1965,
Lewis and Clark Lake.

NOV

61



Length~weight relationship

A general length-weight relationship was calculated for a com-
bined sample of 497 fish collected from area 3 on June 10, 1965 and
262 fish collected Gctober 19, 1965. Fish ranged from 30-105 mm and
were grouped by 5 mm intervals. The length-weight equation for the 759
fish was: log « = =3.5417 + 2.9218 log L. Differences between empiri~

cal and calculated weights were generally small.
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REPRCDUCTICN

Spawning activity was determined from weekly observed changes in
ovarian conditions of adult females and weeily collectiomns of young fry
(5-10 mm). Cvaries were classified into one of three categories:
green, ovariss qontaining eggs incompletely filled with yolk; mature,
ovaries containing eggs fully developed; spent, ovaries whose egss8 had
been daposited. The onset, peak and completion of spawning activity
were determined from changes in percent composition of these three con-
ditions of ovarian development. ZLstimates of hatching time of Iry less
than 10 mm in length were based on early life=history data determined
under controlled conditions by Flittner (1964). He found emerald
shiners hatch 24=32 hours after spawning at a size of approximately
4 on; at 4.9 mm their estimuted age was 30 hours; at 6.1 mm it was
90-95 hours; and at 3.9 mm it was about 11 days.

The number of fry collected in a sample was affected by spawning
activity several days prior to sampling and by dispersion of fry after
hatching. Young fry are weak swimmers and subject to considerable
drift from wave and current action. 3Because of this dispersion, fry
net catches could be misleading. Interpretation of this data was more
meaningful when considered with inforsmation on changes in ovarian
condition.

Young fry (5-10 mm) were collected in area 3 from June 2 through
August 25, VYery few fry and no spent fenales were captured in June.

n July 7, 172 fry 13=27 ma in length were captured with the 13C=foot




a2

seine, Their size indicated they hatched during June although it is
uninown whether this occurred in area 3. Large fry nat catches were
first made July 20 and spent females were also captured for the first
time on this date. The peak fry net catch occurred July 27 and the
last large collection was made .iugust 25. The majority of spawning
occurred in late July and August as the percent of spent females in the
catch steadily increased over this period (Table 3). Four percent of
age group I females in the catch were spent on July 27, 13 percent on
iugust 3, 40 percent on August 10, 61 percent on August 17, and 90
percent on August 25. iAll age group I females captured after
September 1 were spent. ZForty age group II females collected in area
3 from June 10 through iugust 1C vere mature. No spent females be-
longing to age group II were found.

Larger numbers of fry were collected with the one-half meter fry
net in arex 2 than in arez 3. The protected nature of ..eigand Dasin,
whicn prevents widespread dispersal of fry, may account for this in-
creased catch. Young fry (5-1C om; were collected from June 24 through
August 31 and large numbers were collected from June 30 through July
22. Inspection of ovaries showed the majority of spawning occurred
throughout July and in early iugust. Forty=nine percent of the age
group I females captured in July were spent, as were 90 percent of
those captured on :ugust 10 and 1CO percent of those ciptured after
this date. Althouzh the majority of spawning occurred earlier in
area 2 than in area 3, progression of spawning folloved the same

pattern in both areas.



Table 3. Iercent of green, mature, and spent age group I females
collected from April through Septewber, 1965,
in areas 2 and 3, Lewis and Clark Lake
Area area 3
Number Cvarian classification Number Ovarian classification
¥onth collected green mature spent collected green mature spent
April — - -— - 28 100 -— -
June 426 80 20 - 564 b2 58 -
July 109 15 36 49 428 2 96 2
Aug 223 - 10 90 95 -- 57 L3
Sept 6 - - 100 37 - - 100
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There was a wide variation in time of maturation amonz age
group I fewales. Age group I females above 60 mm in length sliowed egg
development in early June whereas age group I femalea below 5O mm
failed to show this develorment. s these smaller fish grew during
June, the percent of females bearing developing eggs also increased.
In early July the majority of femzles either contained fully developed
or developing eggs. These amz21l age group I fish constituted a large
percent of the emersld ahiners which spawned later in the season.

Cbservations indicated each fish may spawn more than once during
the summer because mature females contained eggs in two stages of de=-
velopment. ‘The majority of fish spawn during their second summer of
life. Almost all fish above 60 mm in length showed gonad development,

and most age group I fish attained this size by mid=July.



FSuDING HABITS

Quantitative food-habit determinations were cocnducted on adult
emerald shiners collected from area 3 during 1965 to compare food
availability with food utilization and to study seasonal changes in
food habits. Statistical analysis of organism counts was performed
for age groups I and II using analysis of variance with a hierarchal
classification. Frecision was good within samples, as indicated by
the relatively small subsample mean sguare in both cases (Table 4).
Cifferences between samples were highly significant (0.01) for both
age groups, and differences between dates were significant (0.01) for
age group I. This was both a ragid and precise method for conducting
food-habit determinations.

Adult emerald shiners fed primarily on zooplankton, with insects
being of secondary importance (Table 5). The adults were not random
feeders, but fed selectively on certain organisms. Daphniz usually
made up less than 20 percent of the plankton by number but often con-
stituted more than 90 percent of the stomach contents. Age group II
fish were more selective for Daphnia than age group I fish. zmerald
shiners apparently selected Paphnia because of its large size. QJray
(1942) also noted this selectivity of larger organisis while studying
food habits of the emerald shiner in Lake Erie. He further observed
that when emerald shiners in an aquarium were fed zooplankton they
tended to select the larger iniividuals first, regardless of srecies.

Diaptomus was of secondary importance as a food item but on



Table 4, Analysis of variance of food organism
counts by age group

jource of
variation df kS EMS

Age group I
Dates 8 3726.055°*  geZ + 3.1060:% + 3.5550F
Samples/dates 16 365,480 gz + 3.1250F
Subsamples 53 70,922 &

Age group II
Dates l’ 1'067-720 o-ez + 3.21'4’0‘52 + 5.2500-Dz
samples/dates 4 740,500° @ L + 3.0000:%
Subsamples 19 64420 UZ?

**gignificant at the l-percent lavel.



Table 5. Comparison of food availability, determined from plankton samples, and food utilization,

deternined from stomach samples, for uge group I and II emerald shiners, April through October,
(Flankton data expressed as organisms per liter and percentage com-

1965, Lewis and Clark Lake.

position by generua. Food items expressed as average number of organisms per fish stomach and per-

centage composition by genera.)

ot
—

i

|

e—re—————
N

—
————

h

Date of Collection

hy28 s/20 6/10 6/22 7/7 ?7/20 8/3 8117 9/3 10/19
humber of fish
ige group I 15 5 15 15 15 15 15 15 15 15
iige group II 15 - 4 1 15 7 1 - -— -
Average length of fiah
.ge group I 48 38 61 56 64 66 70 78 78 86
Age group II 85 - 81 100 9k 95 101 - - -
~verage number
organismus/stomach
ige group I 15 13 3?7 16 5% 60 143 125 121 87
ige group II 105 -— 53 38 212 1ks 271 - - -
(rganisms/liter in plankton
samples 3. 1547 4,0 10.8 9.1 9.5 3.3 1.l 1.4 4.3
tood items
tyclops
) Lankton 94 76 55 9k 54 52 3l 10 19 60
~ge group I - - —— 2 3 — 1 - —-— —

Age group II

e



Table S (continued)

———

——o- —

Date of Collection
k28 s/20 6/10 6/22 7/7 72/20  &/3 8/17  9/3 10/19

i lankton 2 17 20 ok 24 11 21 19 14 11

O grou; 1 90 86 9‘4* 1’8 ‘#5 89 96 100 99 9906

e group II 100 -— 100 82 99 93 100 - - -
biaptomus

rlankton 3 5 9 2 1?7 15 31 Sh 51 23

.ge group I 2 - - 3 51 11 1l - — -

~go group II - - - - - 1 - - - -
Leptodora

i'lankion - - - - .3 .f) - - - -

age proup I - - - 1l - - 2 - 5 -

~ge group II - - - ~ - 6 - - - -
Ingects

age group: I - 14 5 46 1 - - - o5 b

Age group 1I - - - 18 1 - - - - -

—— L —

g2
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July 7 composed 51 percent of the stomach contents of age group I
emerald shiners, whereas Davhnia dropped to 45 percent. This increase

in Diaptomus utilization apparently resulted from the presence of two

large species, Diaptomus forbesi and D. clavipes, both of which are
considerably larger than other species of Diaptomus present in the
lake. These larger species, which have a short seasonal appearance in
iewis and Clark Lake, were selacted by age group I fish. Diaptomus
was not a major food item for age group II fish collected on July 7.
They continued to select Daphnia which ccrposed 99 percent of their
stomach contents.

Leptodora, a large zooplankton, was occasionally found in
stouach contents even when it did not aprear in the plankton samples.
Although Leptodora was very rare, it was apparently utilized by emerald
shiners whenever encountered. Cyclops often made up a large percent of
the available plankton, but was found in the stomach contents on only
three collecting dates. This was apparently due to its small size.
Bosmina composed a small percent of the avallable plankton and was
found in the stomach contents on only one collecting date.

Insects were important food items on June 22, composing 46 per-
cent of the stomach contents of age grcup 1 fish and 18 percent of age
group II." This heavy utilization coincided with the season's low for
vaphnia availability and utilization. Insects possibly were selectad
as food organisms because of the scarcity of uvaphnia, 1l immature and

adult insects fzund in the stomach cuntents belongsd to the order



siptera., The majority of insects eaten were adults and Ceratopogoniis
were the most numerous.

The number of orgonisms eaten by adult emerald shinera generally
increased throughout the sampling period, as a result of 1ncreésing
fish size. The total number of organisms per fish ranged from 13.3
to 142.56 for age group I and from 38.0 to 271.C for age group II,

Food=habit changes in young-of~the~year fish were primarily
associated with an increase in fish size. Food-habit differences
occurraed among the six length groups on 21l collecting dates, whereas
few differences occurred within a length group. Blue-4reen algae was
the major food item of the 5-10 mm and 21-25 am length groups, al-

though rotifers (Zranchionus) were found in small numbers. Ciliated

protozoa also occurred in the 6-10 mm length group, and green alzae
(iediastrum) was found in the 21-25 mm group. :otifers and protozoa
are digested faster than algae and therefore may be more izsportant than
indicateds Leptodora was first utilized by the 31-35 mm group, al-
though blue-green algae was the major food item. Leptodora and
Daphnia, in order of abundance, became the most important food items in
the 41-45 mm group, and blue-green algae assumed secondary importance.
Daphnia was the most abundant organism found in the 51-55 mm length
group. Leptodora and Diaptomus were secondarily important, and blue-
green algae and diatoms were found in small numbers. uuphnia became
the dominant item in the 51-65 mm group, whereas lLeostodora und
ciaptomus were of minor importance. .\t this size, young-of-the-year

waer2 similar to adulta, gelectivaly fea2ding onr the larger zooplankton.
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FOPULATIUN DYNAHICS

fopulation turnover of the emerald shiner was determined from
samples collected at both stations during 1965. Monthly ags group

composition and length frejuency were determined by summation of

weekly collections.

Population turnover iﬁ area 3

The popul:tion from :ipril through June consisted of age grouyps
I and II (Figure 5)« ige group I dominated the population, composing
74.8 percent of the catch in April and 93.5 percent in June. Age
group O was taken for the first time in July and composed 32.7 percent
of the catch. [he catch was dominated by age group I (55.6 percent)
whereas age group II constituted 1.7 porcent. The composition of the
auzuast catch was 94.3 percent age group O fish, 4.8 percent age group I
fish, and O.4 percent age group II fish. The catch in September was
composed of 37.2 percent age group O and 2.8 percent age group I fish.
No age group II fish were taken. In Cctober, age group O remained
dcminant (84.7 percent) and age group I increased to 15.3 percent.
This increase in age group I may be an actual increase resulting from
greater mortality among age group O during late Septamber and {ctober,
or it may represent only an apparent increase resulting from the

linited sampling in Tctober.



PERCENT

100
80
60
40
20

100
80

60
40
20

L o) 0) 0
7 7
Z Z
2 7,
7 7
7 7
o U Ui Uk Us
T o &
I % 2 7
.
707
0 7 7
- mem
o in In él—L 2 |
APR |JUNE | JULY | AUG |SEPT | OCT | NOV

Figure 5. Percentage age composition of monthly seine catches in areas
2 (top) and 3 (bottom) from April through November, 1965,
Lewis and Clark Lake.
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ropulation turnover in area 2

The population in June consisted of age grouprs I and I, the
former amounting to 93.4 percent of the catch. 1In July, a very rapid
and sudden change occurred in the age composition of the catch. Age
group I was reduced to 3.3 percent and age group II almost disapreared
from the catch. age group O apreared for the firast time and made up
96.2 percent of the catch. It continued@ to dominate the population
from .wgust through November, compozing more than 97 percent of each
month's catch.

Zgtimates of the population turnover were made at both sampling
stations. : faster turnover occurred in area 2 (+eizand Basin).
lossible causes were: (1) failure of young-of-the-year to randomly
disperse out of weigand tasin; (2) differences in mortality rates be-
tween area 3 (unprotscted area) and area 2 (protected area); and
(3) movement of adult emersld shiners into and out of seigand Hasin.
xegardless of the differerces betw.eer stations, porulations of emerald
shniners were characterized by hizh rates of reproduction and mortality,

razid growth und a fast pogul:ti.n turrover.

rortality trends

Mortality trends of youny=of-theeyear and adult emer:ld shiners
wera obtainad from monthly changes in the seine catch-per-unit-effort.
Catch-per-unit-offort was influenced by wind ccnditions, fluctu ting

water levels and underwater obstructicna. Despite the difficulties
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involved, definite trends in the monthly average catch-per-unit-effort
were evident (Table 6).

foung=-of-the=year catch-per-unit-effort increased in area 3
during July and .ugust, peaked in September, and decreased during
Cctober and November. Catche-per-unite-effort in area 2 markedly in-
creased during July and .\ugust, then dropred sharply in 3eptemnber.
fhese increases resulted from continuous srawning of the emerald shiner
throughout July and .iugust. ilortality of young-of-the=year :robably
accounted for the rapid drop in catche-per-unit-effort at both asamvling
stations.

Adult emerald shiners were cartured in graatest numbers during
June, after which their numbers generally decreased. In area 3, the
average adult catcheper-unit-effort dropped sharply from 123 fish in
July to only 17 fish in August. This dropr may re;resent mortality or
movement of adults to deeper water. However, the number of adults
captured by trawling in the deeper waters did not increase =t this
time. In area 2 ther= was a drop from June to July, a smell rise in
~ugust and a decrease again in teptember. The fluctuations were
am=z1ller thsr those which occurred in area 3, however the saze general
trends existed.

Uifferencas in mortzlity between sexes were detzarmined from
changes in the sex ratio of adult emerald shiners. Jex ratios for age
grecur I males and females in arez 3 were approximat2ly ejual in Vay,
June and July. .ge grou; I females wers more abundant in the la.tter

part of the sampling reriod. They cumrosed 5 perceut of the caten in



Table 6. Monthly catch-per-seine haul of young-of-the-year
ani adult emerald shiners from :ipril through liovember,
1965, areas 2 snd 3%, Lewis and Clark Lake

Area 2 area 3
Month Hauls TY.-of-y. adult flauls Ye=of=-y. ~dult
april - - - L 0 18
vay - -- - 3 Y 2
June 13 o 69 9 0 131
July 11 457 15 13 63 128
Aug 11 887 2k 12 280 17
Sept [ 155 2 8 367 8
Oct 3 3 1 2 116 21

|
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August, 59 percent in Jeptember and 69 porcent in {ctober. This trend
continued among age group 11 females. They composed 71 percent of the
catch in april, 60 percent in June, 90 percent in July and 93 percent
in August,.

Age group I females in area 2 dominated the catch ovar the
entire sampling period. They composed 61 percent of the catch in
June, 71 percent in July and 80 percent in iuguat. All age group 1I

fish collected in arsa 2 were females.
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