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ABSTBÀgT

fn take Manitoba two eyprinid speeies (Netropls)

occur'' synpatrical3-y and. show ecological dÍvergence. rn
Jr¡Iy and August the fry of emerald shiners rìrere near the
s¡rrface in the limnetic zone ¡rhire spottail shiners

appeared, to be littoral. By septenber both species rrrere

most abur¡d.ant near shore and, overrapped in vertfear dis-
trLbutlon. Enerard shiner fry fed on prankton, and spot-
tail shiner fry on prankton and bottom foods. Emerard

shfaers of age r and old,er ín l,{ay and June Ìûere nainly
in offshore su¡iface waters and. at shoar edges oecupyf.ng

tbe whole water eoLuun. spottaÍr shlners of age r and

ord,er ürere Rear the bottom onshore in the shoal ¡raters.
As the season progressed,, spoËtaÍl shiners appeared to
move sffshore aad off the bottom, whire eneeraLd shiners
moved on to shoar waters but were most abundant near the
surface or midlvaüer. Emerald shiners showed a diel_

onshore-offshore movenent, whieh occurred at irregurar
times in";June, July and august, and a dter vertieal üovê-

ment to Ëhe surfaee at níght in June and July. spottail
shiners showed, no dier rnovements but appeared to be inac-
tive between dr¡sk and, dawn. The diet of both species

reflected their spatiar distribution. Enerald. shlners
fed, primarily on pJ-ankton, and. spottail ehi.ners ate
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nainly bottop food but

larva in July.

lbe eeologieal

ing congeneric speeÍes

gatÍ.on.

both shared a comnon diet of Diptera

segregation between Ëhe two eohabit-

is possibly drae to selective segre-
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IT{?RODUCTION

Tbe emerard shiner, Notropis atherinoides RafÍn-
esque, aad the spottail shÍner, Notropis hudsonius (clinton),
are eyprinfds vrhose geographical ranges overlap. They occur

synpatrically in the T{ackenzie River system (south of the

lower Liard Rlver), and most of the river systems from
Arberta east to Quebec incrudÍng the upper MississlppÍ
RLver system and. the Great takes d.raÍnages ( îrautrna n L9)57;

MePhaiL and Lindsey 1920; Paetz and Nerson l-97o). lhe pur-
pose of this study is to provide comparative ecological
lnformation in an area of sympatrlc occuruence. No sueh

infor¡aation is avalrabLe arthough each species hae been

the obJeet of separate studies. The nsst recent of these

are stud,ies on the life history of the enerald shiner
(campbetl and Maccrimon 19zo; Flittner MS rg6t+; Fuchs

Lg6?) and its diet (Gray MS I9t+2; Manny Ir{S 1928). Sini-
lar information on the spottall shiner is provided by

Griswold (1963), Mccann (Lg:)g't, smlrh and Kramer (r.96l})

and, Price (1963).

üIhen two congeneric species oecur in synpatry there
ls a potential for a sÍuultaneous denand by both on re-
sources in the envÍronment. rf the potentlal denand

exceed,s the swppry, then accord.ing to the principre of
Gause (L93/l+1, eaeh species must utillze different por-
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tÍons of the resourees avaiLable if they are to eoexist.

lhis study provides informatior,r durj-ng the ice-free períod

on the reLative abundance and distributlon of emerald and

spottaiJ. shiners, both horizontally (dieüance from shore)

and vertical-Iy (depth ln the water eolun¡r) and on food.

consumed. llenee ühis study seeks to describe the ecolog-

ical diyergence between the two species that allows their
coexistence.



¡{ATERI.A.LS ÁND METIiOÐS

A. Study Area

Lake Flanitoba i.s a rarge (trr1a6 m2), shal-row (5 s
mean depüh), saline (f¡+fe mg/L d,issolveA sàtias), turbid
(O.25 - 1 m seehi disc), honothernfc Lake.

The study area ¡ras Loeated near Èhe University
Fierd sËation--Delta lrilarsh, where shiners were corrected.

in 1969-7Q at the south end of the lake arong a transeet
which had eight stations of differing dlstanee from shore.
Physical- variables at each staËion urere as fsllows:

StationNusber I 2 3 h. j 6 T I
Distance from

shore (t<m) 0.15 0.20 o.26 O.gO 1.61 3.22 l}.93 g.O5

Ðepth (m) 0.9 L. j z.h 3.7 t+.j tr.3 l+.6 h.g
substrate sand sand, sand silt- sirt- silt- silt- silt-clay elay elay elay elay

B. Distribution and Relative Abundanee
of Fry (Tor¡ag of the Year)

Fry were collected from July üo September, L97A, to
determir¡e Ëheir relatÍve abund,anee, horizontal, a¡rd, vertical
distribution. rnitiarry a nod,ified plankton net (Faber

1968) uras used, but after Aug. 9 a seni-ba[on Èrawl, modi-

fied for sa.urpllng surface and botton waters (Trent Lg6?) was

used, eriminaËing the possibllity of aet avoid.anee by J.arger

fry.
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Tlvro plankton nets (3 m long, Q.5 m mouÈh d.1am. , 2 wm

mesh, nitex soreen br¡eket LO meshes/cn) tflere towed frora

one boat wlth the nets suspended. from either side of the

bow by a V-shaped boors (Plates l aad 2), the arms of which

extend,ed, approxinately 600 fron the tip of the bo¡¡. For

sanpling at varùous depths, a gal-vanized steel wedge-shaped

depressor hj x 30 x I em) of about 5 kg was attaehed üo the

net by two movable brass brackets (Plate 3). Desired, depths

were sampled by adjusting the J-ength of tow line and tbe

angle of the depressor to the net. A lazy line (Faber 1968)

was used to prevent contamLnation of the sample when retriev-
ing the net at the end, of a harlL. These nets ¡ìrere towed for
J nin; at approximately 0.8 n/see.

lhe seni-ballon trawl had the folLowing specífica-
tions: height and width of mouth - 1.2 and l+.9 rn, body -
3.8 cm stretch mesh, codend - 3.2 em stretch mesh, inner

liner of eodend 2 nro stretch mesh knotLess nylon netüing.
The trawl doors !ìrere CI.6 x 0.3 m and rigged with 3O.5 n of
nylon rope. The trawl was towed. for 5 min parallel to
shore at a speed of about I.J m/sec.

Four repJ.Ícate tours for the plankton net at stations

3, 5 and 7 and three for the semi-ba1lon trawl at statfons

3, 6 and I were eollected when possibLerfor eash depth.

Each station was sampled between 800-1000, 1l¡O0-L60O, and

2OOO-22O0 hours.



Plate l. Plankton tolr nets used' for
collecting fry (young of the year).

Plate 2. Boom ¡aoì¡nted on bow for
towing plankton nets.
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Plate 3. The d.epressor used for tow-

ing at varlous depths.





7

C. ÐistributÍon and Relative Abundance
of Age ï and Older Shiners

Relative abundance, vertical and, horiøontaL dis-
trlbutlon of shÍnersr âSê I and old.er, were d,etermined,

uslng catches taken frsm raonofilament nylon glllnets. These

nets ïrere each L5.2t+ n Long and designed as continuous ver-
tical curtains of different depths for varfous stations.
Each set oonsisted of two nete (L2.7O m and, 19.05 m ,,:

stretched mesh) tie¿ together and set parallel to shore.

Naryow horÍzontal white bands at intervals of O,5 m narked

nete lnto panels and permitted the recording of depth of
capture. $etting was condueted in L969 and 1970 at sta-
tlons I, 2, 3 and 5 for Ëwo hours at five different tines,
800-1000, 1l+OO-L6OO, 2OOO-22OO, 2¿IO0-2OO and t+00-600 hours.

Ïn October the time LnËerval-s for the nettlng program r{rere:

$taülon Oct.I8, t¡ours Oet.L8-19, hours Oct.1p, hours

1, 2' 3 and 5 1l+00-L60CI 2l-00-9OO

1700-2100

3 and 5

While in Deeenber, físhing underneath the iee,
lntervaLs trere;

Station Dec.28-29, hours Dec.29-30, hours

3 lrsoo-Ll}oo 1100-1000

7 1500-1100 1500-1100

I

900-13O0

the tine

Ðec.30-31, hours

1200-t-o00

1000-900



Nets containLng fishes were taken ashore and, pJ-aced. in a

coor (¡-ro c) water bath. They ïrere removed, from the nets

and the numbers of each species captured at each depth

Ínterval were reeorded. All shlners $rere then preserved,

in Lú fo¡malín for later anarysis of stomach contents.
0n JuIy Lj-J.6rLg7O a eomparÍson of day and nlghr

girlnetting with trawríng was mad.e ts d,eterrnÍne the effi-
eiehcy of gillnets irrr eapturing spottatl shiners aü night.
Gillnets urere set for two hours at stations I and p aE 1lroo

and 2lr0o hours. While nets were fishing three botton trawLs
were made at station 2.

D, Diet

To compare the dlet of both species, a sample of up

to 15 fish of age r and oLder was selected from eaeh sta-
tlon (statLon 1 and 2 pooled because of sinilar diet) at
each period of sampring. The dÍet of fry of ress than 12 mrn

toüar length eourd, r,rot be determined, quantitatfvely by the
method adopted. Therefore onry a sample of zj emerald

shlner fry collecüed by the plankton tow net on July Jo

could be used. Those eaptured by the eemi-barlon trawL

?rere rarge enough and. a sample of 25 fry was taken at
statlon J and the most offshore station sampred for the
months of July (spottall shiner only), August and, septern-

ber (Uottr species).

I



For fish of age I and older, the contents of the
anterior one-third of the aLinentary canal yrere removed.,

blotted dry, weighed (t r ng) exeluding undigestable
material such as cad.dis-cases, and identified to genus

where possíbJ-e. The fsod was separated. ints iteus, then
the total weight of each food item ín alL stoqachs in the
sampre was taken. Fry were anaryøed in the saÌne proeed,ure

except that weight of food, present in individual stopaehs

¡uas not Ëaken.

Three nethod.s were used. to assess differences in
díet between speeíes. rn eaeh, fÍsh urith enpty stonachs
rrere excruded, l. oeeurrence, the number of stoaachs in
which eaeh food Ítem oecurred,. z. The weíght of each

food item expressed, as a percentage of total weight of
food consumed. 3. Consumption index (Godfrey Lg| j) which
provided a varue of the relative inportance of each food
item. This value was found by taking the square root sf
the product of the nunber of fish in the sanple Èhat eon-
sumed, a specifÍe food iËem times ttre average weight of
Èt¡at food item in all stomachs.
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RESULTS

A. DisÈrlbutfon and Belative Abund.ance ofFry (Toung of the Tear)

There rirere no vertical or horizonüal changes in
caËch per unLt of effort !Íithin or between stations over
a 2t+ hour period, henee the resurts within eaeh period
urere combined. Howeverrthere hrere differences in cateh
per unit of effort at dlfferent stations whích did vary
betvreen months. 0n July 13 the greatest catch per unlt
of effort of ernerald shiner fry was in surface waters at
all stations (Fig. LA), and was greatest near shore (sta-
tion 3 ) . catch per u.nf.t of effort differed signlficantly
between aLl- stations (p <0.05 from analysis of variance).
By July 3o and Augu.st z the greatest catch per unit of
effort of ühese fry oceurred in surface waters but it
lnereased. offshore, rnainly at statÍ on 5 (FÍg. 1A). No

slgnificanÈ differences in eatch per unit of effort in
surface waters between stations ïrere for¡.nd. spottail
shlner fry were rscarce. By Arrgust 10-13 ühe catch per
unlt of effort of emerard shiner fry was greatest tn
surface waters. significant d,ifferences in caüch per

unÍt of effort in su,rface waters between stations j, 6

and I were found. (F, P<0.O5) and ühey trrere caught in
greatest numbers offshore at süation I (Fig. lB). Spot_

10
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Fig. 1. The horizontal and. verti.cal dis-
tributÍon of emerald and spottait
shlner fry expressed, as numbers/5

mln üor+. The vertieal depth that the
gear sampled. is ill,ustrated by depth
of the squares. Numbers in parenthesis
refer to nunber of 5 mJ,n to!ús. 0pen

eircles slgnify thaü no shiners r,{ere

caught at that depth. Station g in
September L6-L8 was not sampled,.

plankton tow net catches

semi-baIlon trawl eatahes

A.

B.
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tail- shiner fry were captured only near the bottom near

shore at statlon J at this time and on September l-6-18.

Enerald shiner fry in September were not restricted to
surface waters and they ürere found at all depths samp1ed,,

but they appeared to be more abund,ant near shore at süation

3.
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B. ÐistribuËLon and Relative Abundance
of Age I and Older ShÍners

a ) Belative abr¡nd.ance

The relative abundanee of each species of shiner,

expressed in terms of catch per unf-t of effort (nr:mbers/

^2¡n l, Ì¡ras calculated. nonthly from tr{ay to 0ctober (Tab1e 1).
The greatest catch per unit of effort oceurred. in Jr¡ne and

July along the transecÈ. Enerald shÍners d,onrlnated the catch

in all months exeept May. In Deae¡nber, however, only three

fish (t¡ro euerald, and one spottail shiners) were captured.

though the fishÍng effort was L5rg}t+.s n2 of net hours.
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TAtstE L. ïhe monthly eatch per.unLt of effort of emerald
and spottail shineis (aee I and older) eauEht
by giilnets from trtlay to-October J-969.7O. -

tgumbers,/sr2^rr

Emerald, shiner

SpottaÍl shiner
o.Effort-ú lhr

Age Groups

Emerald shir,rer

Spottail shíner

May 23-21¡ June 26-27

1970

0.0339

o.4799

2973.Ai'

L969

o.5oL1

O.3l+31+

2378.1+

TT+

II+

0.8016

0.2L88

1189.3

TI+

r, rr+

o.2722

0.0310

ü,756.8 -

IT+

r, rI+

0.0806

a.o39b

2378.h

II+
r, rr+

0.0008

0.000¿t

6837.9

r,
r,

ri+
TÉ

T,

I,
IT+

II+

Pr



b ) Horizontal distribr¡tion
During May and Ju.ne the highest proportion of spot-

tail shiners captured, was inshore at station L (Fig. 21,

and they ürere signifieantly more abundant than enerald

shiners which Ì¡ere present in the hlghest proportion off-
shore aü station 3. From JuIy to septernber spottaiL shiners

Lnereased in proportion offshore, eventually reaching slm-

ÍIar values at statÍons l..r2r 3 and 5. fn August a simllar
proportion of ennerald sbiners was found. at süations 1, z

and 3, and this specÍes was signíficantly more abundant

than spottaÍ,l shiners at stations I, 2, j and, j. By Sep-.

ternber the greatesÈ proportion of eneraLd shlaers was off-
shore at statior'rs 2 and 3 lrhere it was the most abr¡ndant

shíner.

There were marked changes in the catch per unit of
effort of emeratd. shiners at stations 1, 2, j and ! over a

24 hour perlod ín Jr¡ne, July and August (Fig. 3). But

this was not observed in fllay and september when low catcheg

per unit of effort were obtained. In June, the catch per

unit of effort in the afternoon uÍas sfmflar at stations 1,

2 and J, but from evening to early nornfng the greatest

cateh per unit of effort wae found offshore at stations 3

and 5. fn July, a similar catch ¡ler unit of effort vras

found. at statlons 1, 2 and 3 in bhe morníng with an increased

catch per unit, of effort at stations 2 and 3 from afternoon to

t5
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Fig.2. The horizontaL distribution of emerald.

and spottail shlners (age I and old.er,)

from May t,o September at stations l, à,

3 and 5. The catch per unit of effort
at each station is expressed as a per_
eentage of the total morlth1y cateh per
unit of effort for eaeh species. The

ratÍo is the nunber of emerald shiners
for every spotüail shlner. The differ_
ence between the nunber of spoËtai1 and

emerald shiners at each station was

tested. with a chÍ-square test (x d,enotes

sígnificance aü J/o LeveLI.
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Fig. 3. The diel horizontal distribution of
emerald shj.ners (age I and older)
caught by gillnets from FIay to Sep_

tember l-969-Z0. The nunber of
shiners caught at each statLon at
different times within a Zt+ hor¡r

period of a partlcular nonth is
expressed as nunbers,/mz /n . Areas

not sampled. are nornlng of June,

early norning of JuIy and September,

and station 5 in JuJ.y.
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nidnight. But in August the greatest eatch per unÍt of
efforü in the morning was onshore at stations I and 2.

fa tbe afternoon and evening a sinilar catch per

unit of effort was found at stations L, 2 amd.3. How-

ever, by early morning the cateh per unit of effort ¡ras

largest at stations 2 and ). Ai-though there urere ehanges

in the horlzontal dlstribution of emerald shiners within
a 24 hour period in June, JuJ-y and August, Ëhey occurred

at different times each month.

Spottail shlners (Fig. l+) dld not show sueh marked,

changed. in diel horízontal distribution, but the eatch per

unit of effort at nídnight and early nor^ning (exeept for
May) were generally the lowest. To deÈermine if spottail-
shlners were present in Ëhe transeet after sunset but ¡vere

not being eaught by gillnets, simultaaeous gillnetting and

botton trawling rrere cond.ueted durÍng the day and at night.
The foLlowing eatches of spottail shiners Hrere recorded:

GilLnets BotËom trawl (statÍon 2)
(sËations I + 2l Replieates Total

123
Ðay 3? 57 7h. 136 26?

Nighr 7 s9 I+A L8 Lt+?

The results showed Ëhat spottail shiners rìrere present in
the area at night and more were eaught relative to those

18



during t'he day by trawling than by gilInets. But it' is
inpossible to eoarpare catehes by gillnets during day and

aight with the totaL eateh caught by trawl beeause the

ratlos of the eatch at the three sites varíed. by more than

chanee.
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Fig. ¿1. The diel horizontal dlstribution of
spottail shiners (age I and oLder)

caught by gÍIlnets frou XIay to Sep-

tember L969-7O. The nr¡nber of
shiners eaught at each station at
different times withín a 24 hour

period of a particular nonth is
expressed. as numbers/mz /hr. Areas

not sampled are mornÍng of June,

early norning of July and September,

and station 5 in JuLy.
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c ) Vertical distrÍbution
The vertical distrfbutÍon of- both species showed

conslderable overlap (Fig. 5l but severar features are

evÍd.ent. When present at statÍon 1, spottaÍl shiners
generally had a unifor,'nr verticar distribution. rn deeper

water at stations 2 and 3 the eatch per unit of effort
rtras greater near the bottom except for september where they

hrere present throughout the water colu.rnn. Emerald shiners
$rere caught throughout the water coh¡mn although at statûons

l and 2, fron June t'o september, more Ìvere caught in sur-
face sraters. Offshore at station 5 emerald shfners Ìrere

found malnly from midwater to st¡rface from FIay to september.

at this station few spottail shiners were eaught in earJ-y

summer buÈ in August and Septernber they were present through-

out the water colurnn.

There uras no evidence of a change in vertical dis-
tribution of spottail shiners over a 2t+ hour period wÍthin
any rnonth ([4"y to september). rn June and July enerard

shíners (Fig. 6) rrrere caugþü throughouü the water column

at stations r, 2 and I during the dayright hours (8oo-ezoo

hr). But offshore, ât statÍon !, in Jr¡ne, they were only
present fron nidwater to surface. After sunset (2å00-

600 hr) at' süations 2, 3 and 5 the greatest catch per unÍt
of effort was in the surface waters.

2T
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Fig. 5. ïhe vertical distrfbution of emerald

and spottai] shiners (age I and older)
caught by gillnete at statÍons 1, Z,

3 and 5 for May, June, JuIy, August and,

September (fnom top to bottom). Shiners

are expressed as nunbers/mr/n times lo.
StaËion 5 in JuIy was not sampled. The

open and closed. t,riangles are values of
less than 0.J for emerald, and, spottail
shiners respecüively.
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Fig. 6. The dieL vertieal distribution of
emerald shiners (age I and older)
caught by glllnets at statlons I,
2, 3 and 5 for Jr¡ne 26-2T ho and,

JuIy 25-26/69. Shiners are

expressed, as numbers/nz/hr tines
10. Morning Ln June, early morning

and station 5 in Jr,rly were not

sampled..
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Though both species overJ.ap in dlstríbution,
gillnettlng lndicates :

l. Shiners are most abundant along the transect fn June

and July, and enerald shfners dominate the catch

during ¡nost of the ioe-free period.

2. During early summer, spottail shlners are ühe

do¡ninant shiner onshore, while enerald, shiners are

found nainl-y offshore.

3. Catch per unit of effort of both speeies declines

throughout the transeet,by -SèpÈenber.

4. Spottail shíners are found nainly near the botton,
showing no ma¡þsd change i¡r diel horfzontal or
vertical distribr¡tíon except that fe¡¡ are caught

between sunset and sunrise.

5. Ernerald shiners are generally present througþout

the water column onshore, and. from mfdwater to
surface offshore except in Jr¡ne and July when

they are found at the surface at night.
6. Emerald shiners show narked changes in diel hori-

zontaL dfstribution, but the tining of these events

is imegular.
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C. Díet

The diet of emerald and spoütail shlners was simi-

lar in that bottr species fed to a large extent on the sa&e

items (Table 2). But differences were evid,ent Ín the

quantÍty and time of year that particular ftems urere coo-

suned,. To facilitate the explanaüÍon of these dÍfferences,

food items were plaeed int,o three categories: plankton

food, bottom food and surface food. Food itens composing

each category are Il,sted..ín Table 2. To conpare Èhe dÍeü

of the two speci.es at particular stations at particular
tines, a coefficient of sinilarity (Wt¡ittater and Falr-
banks 1958), based on the pereent eonüributíon of the con-

sunption índex for each food. item, sras cal-culated.

The coefflclent of símilarity r¡ras not used for
fry of either species d.ue to ühe difficulty of separating

different cl-adoeerans for weight d.eterminations of which

some cladocerans were eaüen by both speeies and others

rtere eaten exclusively by eÍther species. In Ëhe cese

of age f and oLder shiners, the compositÍon of the clad-

oceran food item was eonpletely differenü between the t¡yo

species, Justifying the use of the coeffj-cient of sini-
lariüy.
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TABLE 2,. Fsod and
of fry,
spoütail
Lg6g_70

Fsod items

AIgae

Gladocera

Daphnia sp.

Latona seti.fera

Diaphanosoma sp,

Leptodora kÍndt,Í

0t,hers

'Copepod,a

0straeoda

Arnphipoda

Deeapoda

Hydracarina

F1ying in-sects
(adults )

Od,onata

Megaloptera

Triehoptera

Diptera

the three food
age I and older
shiners Ín Lake

Food of shiners
emerald, spottail

eategorles
emerald and,

Manitoba,

Food categories
sr¡rface plankton botton
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TABTE 2. (conttd).

Food 1üems

Aquaüic insects- (adults )

Hemiptera

Corixidae

Coleoptera

Aquatic Ìarvae,
pupaer nTnph

Ephemeroptera

Trichoptera

Ðiptera larvae

pupae

Mollusca
( Sphaeriidae)

Fish eggs

Unidentifiable
maffer

Number of fish

Food of shÍners
emerald spottail

ll

#
tl

Food eategorS.es

surface plankton botton
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a) DÍet of fry
Botton food, composed maínIy of Diptera larvae,

do¡ninated the diet of spottaiL shiners in July. Emerald

shiners ln JuJ.y fed onJ-y on pl,ankÈon food,. The dÍet of

both specles in August and September conslsted mostly of
plankton (Fig. ?I ¡rith Lap,þnia sp. and oüher cladocerans

eommon to both sfecies. Latona setifera and Diaphanosoma sp.

were exclusive to spottail and emerald shfners respectively.
($ee Appendix G for further details. )

b) Diet of age I and older shiners

An exaninatlon of the dlet of age f and older

emerald and spottaÍI shlners (Ffg. 8) revealed the foLlow-

ing polnts:

1. Diet of both species varied. seasonally.

2. Spottall shi.ners consumed more bottom food than

euerald shiners while the latter consuned more

plankton food than the former.

3. Surfaee food is eaten by both speci-es, particu-

larIy in June and July.

l+. 0f the bottom food eonsumed by emerald shiners,

more is eonsumed at statÍons nearesü shore.

5. The greatest percentage of sinilarity of food

eonsumed oecurred in July when both species

consumed. Diptera larvae.
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Fig. 7. Ðiet of emerald (stations J and I
combined) and spottail shiner fry
(statÍon J only) caught by seni-

balLon trawl , LTIO. Numbers in
parentheses are the sanple size.

The X denotes emerald shiner fry
caught by plankton tow nets at

stations 3 and 7 on JuIy 10.
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Fig. 8. Diet of emerald and spottall shiners (age

f and older) caught by gillnets L969-7O.

The numbers enci.rcled are the percentage

sinilarity of diet betvreen eaeh specfes

for each süation of eaeh monüh. lhe DrxrÌl-

bers are the number of fish examined,

excluding those wíth empty stomachs.

Statlons I and 2 are combined because of
sfmilar diet. At station 5 there was only

one spottail shÍner 1n June and none in
May, and in July this station was not

sampled. The legend is as given in Fig.

7.

A-
B-

Emerald Shiner

Spottail Shfner



STATION 5

43

@@

STATION 3

It 21

AS

@@@@@

STATION 1&2

M

12215681¿

MJJAS

@@@@@

250
l¡¡
o
E
l¡J
À

;o
l¡J
o

=
2
9l-

= 
loo

=3nz
oo

50

59 71 22 20

JJAS

ló

MONTH ]II



SeasonaL varj.atíon in diet is mosË pronounced

arrong emerald shiners. It 1s eharacterized by a shlft
frona plankton food (copepods) in May to surfaee food

(Diptera adr¡lts ) in June and July, and, with a returr¡ to
plankton food (Daphnia sp. and, Leptodora kind,tii) in
August and September. lhe dieË of spottail shiners

changed frour botËom food (Diptera larvae) in May to

surfaee food (oiptera pupae) in June, reverting to
botÈon food. (Diptera larva and sphaeriids) in JuIy,

Aregnst and September. They also fed to some extent on

plankton (exelusÍve1y La.tona setífera) in August.
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ÐISCUSSTON

Spottall shinersr âBê Ï and oLder, vrere most abun-

dant near shore in early sunmer and appeared. to move off-
shore from July to September but showed, no diel movements.

They appeared to be inactlve between dusk and dawn. During

the day they oceurred near the bottom, except in shallow

water ( < f.5 ml, and fed nainly on bottom food. IR con-

trast, emerald shiners vrere most abundant offshore in
early srunmer, moving inshore by July and August and return-

ing to offshore waters by September. They shovred a dieL

onshore-offshore movement which occurred at irregular tÍmes

betureen the months of June, JuIy and August. Ïloey showed

a diel vertical movement to the surfaee at night in June

and July. ALthough they occupied the wbole waÈer colunn

when near shore, they ìrere found from midwater Èo surface

offshore, feed,lng mainly on planküon food. Both species

shared a common diet (Diptera larvae) in July.

Emerald shi.ner fry were found. in the limnetie

zone in July and August, but in September they were pres-

ent throughout the waËer columr¡ and appeared üo concen-

trate near shore. They fed only on plankton. Spottail

shiner fry were found inshore near the surface in July

and near the bottom in Ar,l.gust and September, feeding on

pl-ankton and bottom foods.
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Recently emerged fry of many lake-dwelling fishes

migrate to the linnetic regÍon and nay renain there for
several weeks (Faber L967; Heard 1965; Hubbs L92L; Sin-

elair 1968; !{erner l:969l. The occurrence of reeently

emerged emerald shiner fry in this zone eould be d.ue to:
(f-) the eggs being spawned. offshore and remainlng there;

or Q) spawning occurrlng elsewhere and the fry being

earried offshore by J-oca1 wÍnd-generated, eurrents. Tt¡e

latter is most likeJ-y in take Manitoba since spawning

occurs in shoal areas (correspond.ing to slations 1, 2 and,

3) and fry at that stage are not capable of any active long

distance movemenüs (Flittner MS 1964). lhfs area offers

few predators and abundant food,. Such dispersal may serve

as a mechanl,sm to d.ampen densÍty effects (Johnson L9651 .

Similar concentrations of emerald shiner frT lnshore fn
September have been observed by Flittner (MS f964) and

Campbell and Mac0rin¡aon (1970). The latter ínferred a

preferenee for $rarmer inshore waters as a cause for ühe

change in d,istrlbution.
The searclty of spottall shíner fry in JuJ-y and

August, despite exte¡rsive sampling with tow nets, is dif-
ficul-t to fnÈerpret. This may be d.ue to several factors.
Fírst, spottail- shiners spawned earlíer than emerald

shj.ners as indlcated by gonad deveJ-opment (Appendix E).
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By JuIy Ëhe fry raay have been large enoragh to escape the

tovr nets as Noble (L97A) found for yellow perch fry.
Secondly, spottail shiner fry may retsaÍn inaetive near

the bottom and so avoid. eaptrere. Many larva1 fishes

are eaught in greater ntmbers at nigbt Ëhan drlring the

day (Brid,ger Lg56 and Isaaes 196¿r for marine Larval flsh;
Faber Lg67 ared Noble L97O for fresh¡vater fish). This nay

well be correl-ated with aetivity of fry sinee Werner

(L969) has shown that bluegill fry uredergo a diel activlty
pattern ÌrÍth peak aetivity at dusk and dalrn. Third1y,

they Eay oecupy a different area tt¡an ühat sampl-ed. Me0ann

(1959) and Griswold &g6l) four,'¡d spottaJ.l shíner fry tø be

uost abundant aü nigbt in areas of noderate emergent and,

submergent vegetation. Ïlowever, Peer (MS 1961) dÍd not

find any fry below 19 nn totaL length on the st¡ores of
Ne¡reÍben Lake buÈ suggested thaÈ they uay be found off-
shore. Though few spottail shiner fry of less than 19 mn

fork length yrere found, larger fry were inshore and near

tbe botto¡a in August and Septenber. It appears most likely
that spotÈaíI shiner fry are found. close to shore j.n waters

too shallow to sample with tow nets.

The seasonal novements of spottail shiners (age

I and older) between onshore and offshore waters are

3l+



probabLy related to spawning. Spawning occurs on shoal

areas Ín eÍther Siay, June or July, dependíng on the lati-
tude, Peer (f966). In take Manitoba some ripe spottail
shiners (age II+) urere caught :[n or near shoal areas

(süatLo¡rs 1, 2 and )) in trday, but nost age II+ fish cap-

tured 1n June ürere ripe (Appendix E). FolLowing spawnÍng

ühere was an lnerease in eatehes offshore which probably

reflect a breaking up of spawning aggregations and a oovê-

ment inÈo deeper waüer, as observed by Reckahn (rgZo) and

Peer (1966). But the distrÍbution is conplicated by the

presence of lnmature age f spottail shiners after May

which seened to be dispersed throughout the transect.
The catch of spottaÍl shiners in gillnets durfng

the ise-free period at midnight and early morning was

greatly reduced. But caüches by trawring indicated their
presence, possibly in red.uced, numbers. MeCann (Lg|¡gl

suggests that lncreased eatches by seining at night in
shallow waters indicates a movement into such plaees or

a greater suseept,ibility to seining at night. Horrrever,

Hubbs (192I) suggests a movement offshore at nlght. Such

movements were not observed in Lake Manitobar or by Peer

(MS 1961). Based. on gil-I-net catches, several investigat-
ors hypothesized. that some fishes are aetive at different
times of the day (Carlander and Cleary Lgl+g; Hart 1931¡

Lawler L969; Scott L955; Síeth and Parsons L}SA; Spoor
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and Schloemer L939; and others). It appears most likely
that spottail shlners are inactive at night and, some may

nrove into shallow waters at dusk.

Emerald shiners show a more complex pattern of
movement and nigratíon which appears to be related in
part to spawning. They have a proloaged spavming season

from Jr¡ne to August and spalvn in areas slÍgþt1y offshore

of an exposed shoreline in water of 2 m or deeper (Ft¿tt-
ner MS l96h; Canpbell- and Mac0rimnon 19?0). A 1arge pro:
portion of emerald shlners captured in June and July r¡rere

rlpe (Appenditc E). This corespond.s to the large aggre-

gations of spawning eunerald shiners which FLittner (MS

L96l+) and Campbell and Mac0rimmon (1970) for¡nd near ex-

posed shoreLines. By August and September in Lake Mani-

toba the relaüive abundance i.n onshore waters d.eereased,

possibly reflecting a breakdo¡un of spalrr,ring aggregati-ons

followed by offshore movements as suggested by Flittner
(MS Lg64).

According to McNaught and }Iasler (1961) ttre diel
vertlcal mlgration of emerald shiners may be a response

to light intensity, or the following of a food sourcer or

a preferred spawning place. Ana1ysÍs of the feedÍ.ng

actlvity (Appendi:c C) during this tfme suggested that
feeding, v¡hieh begins between 2l*00 and JOO hours, mlght be

invoLved. ÐurÍng this time the diet conslsted nainly of
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surface food. Light inüensity nay also be involved as

lndfcaËed by lilarver (1970) for und.eryearlfng soekeye

salmon and Norüheote et al (196r+) for peamouth chub.

But light may act tndirectl-y on fish by affeeting the

migration of ühe food source (MeNaught and Hasler 1961).

In Lake Manitoba the rnigration could be relaÈed to

spawning since in June and July emerald shiners are

rípe and they sparrn at nigþt near the surface (FIitü-
ner MS 196t+).

The imegular occurrence of the diel onshore-

offshore movements of emerald shiners did not appear to

be eorrelated luith diel changes in illumination. The

sltuatÍon is obviousLy conplex and it nay be attributed
as Northcote Ã967) suggests to nloealfzed semi-d.iscrete

popuJ-atÍons with varying amounts of novement and inter-
change between adjacent or nearby populations.n Wind

action could also be an important factor as Lorz and

Northcote 111965) found for mature kokanee salmon where

dÍe1 fluctuations in onshore-offshore movements were

related. to differences 1n wÍnd action.
The diet of the two congeneric specÍes was con-

siderably dtfferent. Fry of emerald shiners fed only

on plankton while spottail shiners fed on a variety of

foods. However, the plankton component of the diet of

)7



spottail shÍners was composed in part of a cladoceran

tatona setifera, not consumed by eurerald shiner fry.
Pennak (L953) states thaü Latona setifera ls cornmonly

found among submergent vegetation, suggesting ühaü spot-

tail shiner fry feed in the littoral zone. Enerald

shfnersr âBê I and older, ïvere prinarfly plankton feed,-

ers whÍIe spottail- shiners ïrere mainly bottom feeders.

FlexibiLity ln diet occurred, in boÈh species but it ¡ras

more evid,ent for emerald shlners. ïn June and July

they shifÈed from plankton to surface and botton foods.

SiniLarity in diet beüreen species occurred in July

where both fed on Ðiptera larvae. This wouLd be ex-

plained by what Nilsson | 1955) and Keast 11965) refer
to as superabundance of foodr or perhaps a combinatlon

of superabundance of a parüicular food with a low avaiL-

ability of preferred food. tr\rehs {tgAZ) found that
emerald, shiners eat more insects ¡¡hen Daphnia sp. were

scarce. lhougþ the available food was not measured,

large hatches of Dipüera adults were observed in June

and JuIy and a few gualÍtative bottom sampLes suggested

an abund,anee of Diptera larvae Ín July. Similarity in
diet was nore pronounced near shore and thls cou1d, be

d,ue to an abund.ant supply of Diptera Larvae in onsÌ¡ore

waters.

HartJ-ey (19118) and tarkin ll956) imply rhar
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anongst cohabÍting freshwater fishes fl-exj.billty and

adaptabiì-ity is the nrl-e rather than the exeeptlon.

Ifowever, specialization in norphology may be inportant

in dete¡rnining feeding habiÈs of eoexistíng speci.es.

Northeote .].95l+) discusses the importance of nouth

síze of two speeies of eottids, and Keast and, Idlebb (f966)

Í.nvestigated the mouth and body forn of fourteen co-

habltj-ng speeÍes of fj.sh Ln Lake Opinicon. They oar-

cluded that stn¡etr¡ral specializatLon gives eerüaln

advantages while still allowing for flexibility ia feed-

Íng. Enerald shiners have a slight dorso-termlnal rnor¡.th

and a eonnpressed fusifora bod,y, and spottaiJ- shiners have

a slíghtly subte¡'minal and slightly oblÍque mouüh and, a

moderately conpressed. fusiform body. These differences

relate elosely to the spatial dífferenees and diet
observed. Emerald shiners appear partLcularly sulted

for a pelagÍc mode ef life whiLe spottail sbiners are

beËter adapted as a bottom-dwelling speefes, Another

differenee Ís the number of gíllrakers. Emerald shiners

have a total of 9-12 and spottail shiners lr-9 gll1nakers

(Paetø and, Ne1son 1970). This roay have some bearÍng on

dietr âs more gillrakers may aid in capturing planküon.

llowever, the reLaËionshíp of food ts nunbers of gilJ--

rakers, J-ength and. space between them, nay be eompS-ex

as ín eoregonid,s (Klierver ]-97}l .



Gause $934) sËates that two or more specfes

earmot utillze similar resources in their envíronment

but tf they are to coexíst they must segregate and util-
Íze different portions of the environment. The most

notable work in this fleld on fishes is by NiLsson

(1955, L96O, 1961, 1963, L965) on the eomperlrÍve inüer-

action between arctic char (SalyelÍnus alpinus) and the

bro¡rn trout (Salmo trutta ) . Emeral-d and spottail shiners

are spatÍaIly segregated. In early su¡mer emerald shiners

are nainJ-y in offshore surface waters and at shoal edges

occupying the whole ¡rater colu¡nn. Spottail shfners are

near Èhe bottom onshore on the shoal waters. As the sea-

son progresses, spottail shlners move offshore and off
the botton while emerald shiners move on to shoal waters

but are most abundant near the surfaee or raidr,rater areas.

Ð1el horizontal and vertÍca1 movements of emerald shiners

(mainly in June and JuIy), and spottail shlnerst appar-

ent state of inactivity at night, reinforces spaüia1

segregation bet¡¡een the two species. The least amount

of spatial segregation was found in September. Símilarly

the fry of both species are',most abundant onshore in
Septenber but in JuIy and August the fry of emerald

shiners are lirnnetíc and, near the surface, and, spottail
shiners appger to be littoral. The temporal and spatial

changes Ín distributÍon would support Ëhe view of NiLsson
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(L967 ), and And.rusak and. Northcote (fgZf ) that spaÈial

segregation bet¡reen cohabiting specles can be of seasonal

occurrence.

Both speeies show food segregation at times.

Enerald, shiners fed prinarily on plankton and spottail
shlners on botton food, This breaks d.own in July when

both species of age I and. older shiners feed to some

extent on Diptera larvae. Other studies, Nilsson (fg6O)

on arctic char and brown trout, And.rusak and Northeote

ft97l-) on adult eutthroat trout and dolly varden, Gee

and Northeote $963) on leopard and longnose daee, have

described a sinilar situation.
The cause of this segregation could be the result

of either interaetive or selective segregatJ.on (Brian

it956l. In the former, slight ecological differences

between speefes in food consumed, or spaee occupied are

magnified by competÍüion and/or predation. Se1eeüive

segregation is the end process of interacÈive segrega-

tion whereby phylogenetieally distant or cl-oseJ-y related

species have erolved dÍfferences, either fn sympatry or

allopatry, whích are great enough to result in segrega-

tÍon. But as Lind.str8m and Nilsson (l.962) point out,

one must compare closely related species when living
alJ-opatrícally and sympatricall,y in dj.fferent combina-

tions in order to determine the cause of segregation.

tr.l



Hoyrever, the dlfferences in position of the msuüh and

general body form, which are adaptive to differing modes

of 1ife, strongly suggests that selective segregation

is the cause of ecological differences resulting in the

sympatric occuruence of the two species with little
ínteraction.

42



IITERATIIBE CITED

And,nrsak, H., and l. G. Northcote.. +27I. Segrggation
beúweeúr adr¡Lt eutÈhroat tror¡t (Sa1no cIãrkí1) and
doLly vardera (salvelinus mal'ua) in s¡ral-l coastaL
BrÍtish Cotunbî,ãffi ffiisl¡. Res. rld. Oanada
28: 1259-t268.

Brian, M. V. L956. Segregatíon of species of the ant
genus Mvrmj,ea. J. Ani-m. Eeol' 25; 3L9-337 -

Bridger, .tr, P. 1956., On-ühe d.ay and-nígh!-vq1ia!i"g.s- in catehes of fish larvae. J. Oonseil 22: l&-57.

Campbell, J. R., and H. R. Mac0ri¡nmon. LyLO. ^ _Biology- of-the emerald shiner T{otropls atherino*des
Rafinesque ln take SÍmcoe, Canada. J. Fj.sh
Blology 2: 259-273.

Carlander, K. D., and R. E. _O1-e_ary. L2\9: ÐalLy
actívfty påËterns of, freshrvater fish. Amer.
Midland Natur. 41: 4l+7-l+5L.

Faber, D. L967. timnetic larval fish in northern-Wisconsin Iakes. J. Fish. Res' Bd,. 0anad,a 2ll,:
927 -937 .

Faber. Ð. 1968. A net for catching lÍ¡nneüic fry.'Trans, Amer. Fi.sh. Soc. 972 6L-63.

Flittaer, 0. A. MS 196r+. MoqPhonelry and life bistory
of 

- the emerald. shiller, NotropLs atherinofd'es
RafÍnesqu.: 

- -Frr. D. rt¡e
+ zLi p.- Universfty ¡41s3efi1rns, Inc., Ann Arbor,
I,{ichlgán, No. 6h-L2, 597.

Fuchs. E. H. L967, tife History of the emerald shÍnert'Notroois atherinoides. in terris and Clark Lake,'Amer. FÍsh. Soc. 962 2h7-
256.

Gause, G. F. 193&. Ihe struggl,e for existenee. Wil--Iia¡ns and Wilkins, Baltinorer L63 pp.

Gee, J. H_., and_T. G. Ii[orühcote. L963. -Compar+!.1Ye- -

43

ecoLory of tcro sympatrie speeies o

thys)'Ín the Fraser Blver System,
biá. J. Fish. Res. Ed.. Canada 20:
thvsl Ín the Fraser Blver Systeu
bíá. J. FÍsh. Reg. Ed. Canada 2

of two sympatrie speeies of daóe (Eninjiab-
B¡¡:ltÍsh Co}¡.u-
r05-1r8.



Godfrey, H. L955. 0n the ecology of Skeeaa River white-
fishes, Ooresonus and Prosopiun. J. FLsh Res. Bd.
Canada'Lffi42.

Gray, J. Uf.
oldesEifr:
Ohio,

Griswold, B. L. L963. Food, and. growth of spottail
shireer and other forage fishes of Clear Lake,
Iowa. Iowa Acad. Sci. ?Ot 21,5-233.

lXart, J. L. L93L. 0$ daily movenents of coregonine
fishes. CIanadian FieLd,-Natur. l+5: 8-9.

Hartley, P. H. T. 19&8. Food and feeding relationships
ln a GonmunÍty of freshwater fistres. J. Anin.
Ecol. l-7: L-L4.

Heard, W. B. 1965. Llnnetic coËtl.d, larvae and tt¡eir
utilizatÍon as food by juvenile sockeye salmon.
Trans. ABer. Físh. Soe. 9l+t L91-193.

Hubbs, C. L. L92L. AB ecologleal study of the life
history of the fresh-water atherLne fish Labldes-
thes siceulus-. Ecology 2: 262-276.

Isaacs, J. D. L96l+. Hf,ght-caught and day-caught larvae
sf Caltfornla. sardine. ScÍence 1t+l+: LL32-LL33.

Johnson, UI. E. 1965. 0n mechanisme of self-regulation
of populatS.on abundance 1n Oncorhynehus nerka.
¡{itt,.'inü. Verein. theor. angevr. ffi-o'fTTF 66-
87.

Keast, A. L965. Besouree subdivÍsion anongst eohabit-
ing fish speeies Ln a bay, Lake Opf.nicon, Ontario.
Iflnlv. MlehÍgan Great takes Res. Div. PubI . L3z
106-132,

Keast,4., and Ð. Blebb. L966. Mouth and body form
relative to feeding ecology in the fieh fauna of
a snall lake, Lake 0pinicon, Ontario. J. Fish.
Res. Bd. Oanada 23: 1845-]..87h.

MS 19&2, Str¡d.ies of ltotropLe a. atherin-
Baf. i¡i trre Bass Is1and-ffin-ofEËã-
4,S. Tbesis. Ohio State üniv., Colunbus,

29 g.

l+4



Kliewer, E. V. 1970. _ Gillr,aker varLation and, diet ln
Iàke whltefish Coresonqst clupeaformÍs 1n northertr
trflanitobg, g. fa ey and C. S.
t{oods frAJ Biology ofToregonid fishäs. Univer-
sity of Manitoba Press, WÍnnipegr Ulanitoba.

tarkLn, P. A. 1956. InterspeelfÍc coupetitlon and popì¡-
latiorl controL in freshwater fish. J. Fish. Res.
Bd. Canada 13: 327-31+2.

Lawl.er, G. II. L969. ActÍvlty perlods of sone fishes
in ÌÍening Lake, Canada. J. FiEh. Res. Bd. 0anada
262 3266:jz67.-

lt
Lindström, T., and li[.-A. N1lsson. L962. 0n the compe-

tltlon between whÍteflsh speef.esr3._126-3h0. In
Þ. D. Le0ren and M. W. Holdgate LedJ ÏLle explof,ta-
tÍo¡l of natural aninal population. Jl-ackseLl-
Scientiflc Fublicatlons, Oxford and EdÍnburgÈ¡,
Eng1and.

torz, H. W., and T. G. Northcote. L965. Faetors affect-
ing strean location, and tlning and intenslty.of
enüry by spawning kokanee (@l*tIgghqli nerkal into
an inlet of Nicola take, British Col-r¡mbla. J. Fishr
Res. Bd. Canada 22¡ 665'-652.

Manny, {. A. ¡[^S 1928. The çüt4{ of the food of the
minnow, lilotropie atherinofdes. M. A. Ihesis. Ohio
State Ún 13.p.

Mc0ann, J. A. 1959. Life hÍsÈory studles of the spot-
ùaiI shiner of Olear Lake, Iowa, with particular
reference to some sanplÍng problens. TraRs, Amer.
Fish. Soc . 88 : T6-31+1.

McNaugbt, D. C., and A. D. IlasLer. 196I. Surface
schooling and feeding behavior ln the white bass,
Roceus Ghrysops (Rafinesque). in take Mendota.
ElffiI.rõõ,ããGr. 6: ii-6o. '

HcPhatL, J. Ð., and C" 0. tindsey. 1970. Freshwater
fishes oi northrqestern Canada and, Alaska. Fish.
Res. Bd. 0anad,a Bull . L73. x + 381 p.

I$arver, D. t[. 19?0. Die]- vertieal movements and feed-
ing of underyearJ-ing" sockeye_salmon and the llm-
netic zooplaäkt'on in Babine Lake, BrÍtísh Colu¡n-
bia. J. Fish. res. Bd.. Canada 27-: 2ô1-3L6.

l+5



NÍlsson, N.-4. L955. Strrd,íes on the feeding habits of
tror¡t and char Ín noröh Swedish lakes. Bep. Inst.
Freshwater Res. Drottningholn 36: L63-225.-

1960. Seasonal fluctuations fn the food.
segregation of trout, ehar and whiteflsh tn 1l*
north $yedish lakes. Bep. fnst. Freshwater Bes.
Ðrottninghola lrl: L85-2O, ,

Lg6L. Tf¡e effecÈ of water-level fLuetuation
on the feedj,ng habits of*örout and ehar in the
Lakes Blasjön and Jornsjön, North S¡red,en. Bep.Inst. FreshwaËer Bes. Ðiotüningholn /ç2: 2]'8-26L.

1963. Interacüion between trout and, ehar Ín
Scand,inavía. Trans. Amer. Fish. Soc. g?z 2T6-285.

Lg65. Food, segregation betu¡een salmonoid.
species ín Nortir Sweden. Rep. Inst. Fresbwater
Res. Drottningholn 46: 58-?8-

tíon. BlaeÌ<well Scie¡rtific Publicatíons, Oxford
and Edinburgh, EngJ-and.

Noble, B. L. L97A. Evaluation of the MllLer high-
speed sanpler for samp3-lng ye1low perch and wall-
eye fry. J. Fish. Res. Bd. Ganada 2f : 1O33-10&t+.

Northcote, T. G. L95l+. Observations on Ëhe compÉ¡,ra-tive ecoLogy of two lplefeg of_fish,, 0otÈus asper,
Cottus rhoãjreus, in giitistr Colunbiá.-G!-eiã-
f9542 2J-28.

Northcote, T, Gl. L96?. The reLation of movements and
nfgration to production in f¡esþwater flshes, p.
3:!4t+h. Ig 3. D. Gerking f.al The bÍologícär
basis of freshr'¡ater fish prod,uetion. Blacknell
ScÍentific Publlcatíons, Oxforrl and Edínburgh,
England.

ñorthcote, T. G., H. Bf . Lorz, and. J. C. ülael,eod., L96l+.
Studies on dfel vertical movement of fishes Ín a
BritÍsh Ooh¡nbia lake. Verh. Internat, VereLn
timnol. L5t 9¡t0-986.

].967. Inferacfive segregatioa between fish
specÍes, p: 295-313. Ig _5. D. Oerking GaJspec1es, P ¿Y)-ttt. IIr Ð. r,. tierking Led2lTt'e blologf.cal basis of freshruater fish-prõdu.e-

J.967. Interactive_segregatíoa betwegn f

l+6



Faetz. M. J.. and J. S. IileLson. 1970. ?he fishes of'Albertá. 0onmercial Printers, Ed,rnonton, Canada.
vi + 282 p.

Peer, D. t. MS L961. Aspeets of the life hlstory and
ecology of the spottail shíner, Notropis hudson-
ius. *i{. sc. rheËis. unÍv. of's@ica-
ñ-o'n, Canad.a. ?O p.

Peer, D. t. L966. Belationship between si.ze a¡ld matur-
ity 1n Éhe spottafl shiner, I{otropis Þg$ggs.J. Fish. ¡¿esl Bd. Oanada 23: 455-l+57.

Pennak, R. $I. 1953, Freshryater invertebrates of the
Üqlted StaËes. The Bonald Press Co.¡ New lork,
769 p.

Price, J. W. L963. A study of the food habfts of some
Lake Erie fish. BulL. Ohio BioL. Serv. Ztt) p.

Beekah4, J. A. Ly|O. Eeology of young lake wbiteffsh
(Coregonue c}¡pea,formisl.. ia Soutb Bav. It[anltoulin
f 7-h6O. In C.'C. Lind.sey
and C.'S. Itlooas fiótJ niòlogy ofïoregonid fishes.
Univ. of lfanitoba Press, TtlinnÍPegr tanada.

Scott, Ð. 1955. Activity patterns.of pereh in Bondeau
Bay, Lake Erie. Ecology 36¡ 32@-327.

Sieth, J. G., and J, Parsons. 1950. Aeüivity patterns
of seme Ol,ear Lake, Iowa fLshes. Iowa Acad. $ci.
56¿ 5l-1-51Ê.

Slnelair, Ð. g. 1968. Diel lÍrnnetie oecuruence of
youRg Cottus asrler fn two Brltish Co1umbÍa lakes.-J. FIsñfr6.8.-canada 2J : 1997-2OOO.

Smith, L. L. Jr., and R. H._Kramer. L96t+. The spot-
tail shlner ín Lower Red Lake, Minnesota. Trans.
Amer. Fish. Soe. 93¡ 35-h5.

Spoor, W. 4., and B. $chLoemer. L939. Ðiurnal aetivity
of the eorumon sueker and, rock bass in Mr,rsky Lake.
Trans. ,Aner. Fish, Soe. 68: 2L]'-22O.

Trautman, M. B. Lgi?. The fishès of ohlo. Ohio State
Ilniv. Fress, Co1umbus, Ohio. 683 p.

l+7



48

Trent. lV. Lee. ]-967. AËtaehnent of hydrofoils to oÈt'er'boards for taking surface sa.nples of' juveníIe fish
and shrimp. thesapeake Science 8; L39-133.

lflerner, B. G. L969. Ecology of limnetic
(tepomis macrochiras) frv in Crane
tiffi 8t:-16tù-180.

tfhittaker. B. H., and C. W. Fairbanks,
of filanktoir copepod cornmrenities
basin, southeaÈtèrn Washíngüon.
65.

bLuegill
Lake, Indiane.

1958. A study
Ín the Oolumbia
Eeslory 39: I+6-



APPENDIN A.

b9

Statistieal Analysis

Fry Ðistribution.



ñ r õ Degrees of Mean F Treatment meansl,ate öource frãedorn Square value Station 3 i z

TABTE L. The results of the analysís of variance and
Ðt¡ncanrs new rmrltiple-range test for Èhe
horizontal disüribution of enerald shiner fry
eaught with p3-ankton tow nets at stations 3,
5 and 7 in Lake fllanitoba, July-August, 1970.
Data in log ( x + I ) vair¡es.-

7 /L3 Plaee
Error
TotaL

7 /3O Place
Error
Total

8/Z Plaee
Error
TotaL

2
29
3t

2
18
20

2
3o
32

L.56g? 5.2976*
o.2963

o.76h5 1.5685
0.1+871r

0.131*1 0.5886
a.2278

*slgntficant at 5f,
I. o: no dffference (

L.L35h O.8833 O.33th Sra
Sta
Sta

IeYeI.
P < O.05) between stations.

Duncants
tesË

?

3
I+

vs. Sta.6Ï
vs. Sta.l+i
vs. Sta.6'

\rto



Source Degrees of
freedom

TABTE 2. The resulüs of Èhe analysis of varÍance and
Ðuncanrs new muJ_tipJ-e-ránge test for the
horizontal distribution of emerald shiner fry
caught with the semi-ballon trarrl at the sur-
face at stations -J, 6_and I in Lake lrdanitoba,
August 10-13, 1gTO. Data in x * I values.

PLace

Tlme

Inter-
action

Error

Total

2

2

b

I8

26

Mean
Square value Station 3 6

L292.062

i62.gg5

l2l+.?-60

Lg'.2g3

*signifÍcant

**signlfieant

rl¿-1,

6.62*n

0.82

0.64

I{o: no significant

Treatment means

af 5% Leve! ,

1% level.
difference between stations

af

Ll+.L7 2l+.Ol-

Duncants
E test

38.OI Sta

Sta

7

7

vs. Sta

vs. Sta

St,a 3 ve. Sta 5

and time of d,ay.

3*

5*

\tl
H



The obJeet of thls sanpling program was to deterrnine

the extent of the offshore distrfbr¡tion (vertieal and hor-

izontal ) ,,of both species.

Gillnets (prevíously described) were set at statlons

3, 6 and I and ïrere fished for two hours Ín the morning

800-J-000 hr, afbernoon 1400-16O0 hr and the evening 2OO0-

22OO hr durlng the sunx¡er of 1970.

The results of the netting program are glven in Table

3. Spoütail shiners ¡ûere found to be more abund.ant per

unit of effort near shore. E¡oerald shiners, however, were

found to be more abr,rndant per unit of effort than spottail
shiners and they ürere distributed throughout the transect.

Numbers of fish for each speeies were totaled fer
the depth 1nüervals of 0-2 n and 2-h.5 n for station 6 and

O-2.5 m and 2.5-5.0 m for statlon S. Sfnce t,he vertical
dÍstrlbution of eaeh epeeles was suffieiently consistent

throughout the su¡nner, data were pooled for all sets.

Chi-square tests were applied to test the nuLl hypothesls

that there wer€ no differenees ( P ( 0.05) ln the numbers

of emerald shLners eaught beüween the two depth lntervals

of station 6 and simil-arly for station 8. The same nul-l

hypothesl-s was tested for spottall shiners. EmeraLd shin-

Appendix B. The Offshore GÍllnetting Series

for the Sunmer of l97O .
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ers were found to be sÍgnificantly more abundant 0-2 m

Lnterval at statlon 6 and 0=2.5 n interval at station 8.

Spottall- shiners rârere significantly more abundant in the

2-l+.5 m and 2.5-5.0 m interval at stations 6 and I
respectively. At station J both species were dlstributed
as described in the result section, with emerald shiners
present throughouü the water colurn¡r and spottail shiners
concentraüing ín the bottom meter of ühe water coLunn,
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TABTE 3. The catch per unit of effort- (nunbers/vi¿/nrl of both species
for the offshore glllnetting ,':

program of 1970.

Date and.
time

June 2
Morning
Afternoon
Evening

Average

June 20
Morning
Afternoon
Evening

Average

Station 3
Enerald Spot'tail

o.35l.
O.1Il8
o.147
4.2j.5

StatÍon 6
Emeral.d Spottail

JuIy 26-27
Morning
Afternoon
Evening

Average

A,ugust 1&-I9
Mornlng
Afternoon
Evenf.ng

Average

0.036
0.019
o.322
o.126

0.589
0.1¿13
O.l+31
a .53L

5l+

0.136
0.112
o.oé0
0.1o3

0.015
0.0â5
o.117
o.o52

o.ohz
0.081
o.992
4.372

o.026
a.226
o.565
o.272

O.T5I
0.168
o.385
Q.235

L.627
1.268
o.563
L.L53

Station I
Enerald. Spottail-

0.003
o.003
0.o07
0.004

0.204
O.I2lþ
0.1+70
o.266

o.o25
0.068

0.01I
0.008
0.0
o.006

0.046

0.190
0.031
o.097
o.106

o.o
o.004

0.002

o.379
o.gttg
0.598
0.609

0.182
o.L57
O,TE7
o.162

o,o59
0.039
o.006
o.o35

0.038
0.o07
0.005
0.017

4.791+
0.01+2
o.635
0.ä91

0.005
0.0I0
o.o
o.oo5

0.0
0.006
0.005
0.00I+

0.L44
o.527
a .:36

o.o
0.033
0.016



Appendix C. Feeding Activity of Both
Species, Age I and 01d,er .

Feeding activity of emerald and spottail shiners,

caught by. gilJ.nets L969-7O, was deternined as follows:

F.A. r 1Å =

The feeding activi.ty for the stouaeh eonüent and for the

intesÈine content wae determined. IntestÍne activlty was

ealcul-ated to determine the rate of food passage through

ühe alinent,ary traet.
Á, random sample of 15 flsh, includíng fish with

enpty stomachs, for each specÍes was seLeeted for eaeh

saupling period.wÍthin a 2l+ hour period fronn May to SepÈem-

ber. ?he techniques for weighing are previously discussed

Ín method and naüerial. The resuLts are given in Tab1e 4

and age-groups were eornbined because of sinilar feed.ing

activity.
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Date, species and time

Hay 23-2t+/7O
Emeral-d Morning

Afternoon
Evening
Mídnight
Early mornlng

Spottail Morníng- Afternoon
Evenfng
MidnÍght
Early norning

June 26-27 noEnerald Afternoon
Evening
Mfdnight
Ear1y morning

Spotüai1 Afterrnoon- Evening
Hldnlght
Ear1y norning

TABLE 4. The feeding activity of
spottail- shiners (age Ï

Samp1e
size

Mean
{"

t5
I+

1g
t7
T7

t5
16I

3
L5

r5
L5
t5
T5

Stomach
na¿ee

o.o25
0.o95
O.06Il
0.0ô0
0.033

o.07o
0.161+
0. o33
0.051+
0.o19

1.r[1
0.L93
o.I72
0.708

l_.089
0.¿ll9
0.o35
o.o32

enerald and
and o].der),

0-0.210
0-0.338
o-0.199
o-o.335
o-o.168

0-o.592
o-2.L29
o-0.261
0-o.16L
o-o.206

0-2.881
o-4.773
o-o.965
0-5.01-2

O.Oh3-5 .L7l+
o-L.7 56
o-o.222
o-0.258

f"
Enpty

Ilean
f"

80. o.o
50.00
22.2
lt7.O
6\..7

60.0
81.3
87.5
66.7
73.3

3o
30I

ö

Ï¡testine ûîrúange lo

l,- Enpty

o.o53
0.079
a.062
o.o77
0.071

0.074
0.1o5
o.017
o.023
0.05r

4.57L
o.225
o.137
o,236

o.39h
o.262
o.063
o.425

@-0.272
0-0.L1+5
0-O.1r+7
O-0.19tt
0-o.268

o-o.21þ7
o-0.491
0-o.139
O-O.O¿+8
o-a.263

0.037-1 ..379
0-0.485
o-o.483
0-r.112

0.030-1 .236
o-o .7 66
0-0.301
0-0.11+3

6.7
20.o
53.3
6.7

0.0
Lo.o
75.O
87.5

6@.0
25.O
33.3
29 .4
l+L.2

26.7
56.3
87.5
33.3
53.3

0.0
6.7

26.7
33.3

0.0
l-3.3
50.0
62.5
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TÁ,BLE l+, (cont td) .

Date, specÍ.es and time

June 2O/?A
Ernerald Morníng

Afternoon
Evening

Spot,tail Morning
Afternoon
Evening

JuIy 25-26/69
Emerald lliorning

Afternoon
Evening
Midnight

Spottall Morníng
Afternoon
Evening
Ididnight

Sample
size

Hiean
f,

L5
L5
t5

2
h

IO

Stomaeh
naçee

L.L?g
0.620
o.359

o.579
o.060
0.l}94

L.261+
O,l+67
0.007
0.153

1,06L
L.2l+8
0.488

o.303-2.992
o-L.935
Q-L.966

0-1.159
0-0.128
Q-L.51+5

0-3 .358
a4.696
o-o.o8g
A-2.O31+

Q .193-2 .97 3
O-l+.877
o-1.929

f" Me
Empty

30
3o
3O
3O

20
lt'6
53

0.0
6.7

l+6.7

50.0
50.0
30.0

10.o
L3.3
90.0
50.0

0.0
8.7

18.9

a
f"

n
Intestíne
Ra4ge /"

f, Enpty

O.¿*3O
0.3&3
o.L52

0.1¿16
0.1,l+/+
o.23L

0.107-0.7l}1
0.07.6-0.Ë06

A-O.l+22

0.138-0.L'h
o-o.339
o-o.727

a .335
o.278
0.008
0.063

o,375
o.599
o.353

o.0
0.0

&0.0

o.o
50.o
20.0

0-1.151
o-0.830
O-0.083
Q-4.779

0-1.11-9
0-1.7O0
o-1.110

6.7
3.3

83.3
66.7

L0.0
8.7

11.3

vr
-.¡



TABLE ll,. (cont td) .

Date, species and tlne

Augrrst 2I-22/69
Emerald Morning

Afternoon
Evening
Mì.d.night
Early morning

Spottall Horníng
Afternoon
Eveníng
Midnight
Early morning

Sept. 8-9/69
Emerald Morning

Afternoon
Evening
Midnight

Spottail Morning
Afternoon
Evening
Midnight

Sanple
size

Mean
Åel^

l+

2l+
3B
2?
l+5

I+.

33
16

2
L5

Stonach
Range

tt
70

0. llt+8
o.9]-5
I.2O3
0.198
0.o80

o.238
o,270
o .]36
0.0
0.117

0.195-0.813 O.0
a .202-2 .3A9 0. O0-2.872 5.3a-L.277 l+5.5

0-o.956 66.7

a-o .37 6 25 .OO-1.616 2l+.2o-L.333 - tq.q
100.0

0-0.531 66.7

6,
70

Empty

27
16
30
26

Mean

f,

o.235
o.5t'6
o.279
O.1¿19

o.3'lr9
o.332
O.l+63
o.o

Intestine

6
2L
27

3

o.353
o.åL8
o.l+77
o.L72
o. g¿t5

o.369
o.247
o.287
0.o

0.087

Range
Ãî
70

0-1. L2t+ 11.:Lo-r.L08 6.3o-o.953 t3 .3
0.0¿13-O.3LI+ O.O

o.039-0.772 - 0.Oo-L.L72 3j ,3o-2.289 .22-.2100.o

O.275-A.l+64 0.0
CI-1.085 4.20-0.966 5.30-O.I&98 9.1
o-a .?72 57 .8

o.tg6-0.tü3 0.0
O-O.553 21,,.2o-o.898 

- &1.qI00.0
o-0.619 73.3

/"
Empty

0.L19
o.378
0.1l|.3
o.141

o.36L
0,389
a,267
o.Lgg

o-o.597 ho.70-0.760 6.3o-0.867 23.30-0.¿193 7.7

0-o. 960 16.7o-o.992 9 .5O-O.7tr6 18.5
0-0. 3 80 33 .3 E



Appendix D. The Diet of Enerald and Spottail
Shiners Caught by Gtllnets, JuIy

L969 to June L97o.

The deteruínation of diet is eseentially as

deseríbed in the materials and. methods except ühat flsh
with enpty stomachs are excluded and the occurrence of
food ltems in the lntestine was r:eeorrled. Age groups of
both species $ere pooled unless the pereentage of sinl-
larf.ty was lese than |Vo. However, stabions and tíme of
day were pooled.

The results are given in Tables 5 and 6 for
emerald and spoÈtalI respectivel-y.

An explanation of terms used ln these tables is
as follows:

0. - occttrrence - nusber of stomachs contalning the

organfsm.

ï.0. - oecurrenee in inüestfne - number of intestines
containÍng the organisn.

ïì1. - toüal- weight (.in mg) of the organisms of aLL

stomachg.

/orW. - percentage by weight - weight of the organisn

expressed as a percentage of ühe total wefght

of food consumed by all the físh.
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0.I. - consumption index - for explanation, see mate-

rÍals and meühods,

S. - sanple size, oxcJ-uding empty stornachs.

a - adult form

I - Iarvae

p - pupae

n - nymph

T - traee amount

IJ.M. - unj.d,entifiable materi.al.

The numbers in parenthesés refer to the oeeurrence

of eaeh cladoeeran group,
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Food

Cladocera

Copepoda

0stracoda

Hydracarlna
Fl-ylng inseets, a.
Odonata, a.
Diptera, a.

I{emfptera (0orixÍdae)
Aquatie Nymph

Ephemeroptera, n.
Triehopterar l.
Dipbera, 1.
Diptera, p.
Eggs

U.M.

TABIE 5, Ðlet of emeraS-d shiners, age ï and o1der.

Iúay 23-2t+/7O

@.

91
32 36 ?2

r.0. W.

2

9

%,vl.

2

5

s-¿rt

2

I

81.6

2.3

5,7

2.3

5.7

e .I.

2

5

June 26-27/7O

7.5

o.3
1.O

0.3

O.l+

o.

2

5

30 3L

L33
I1

2

r.o. ïü.

3

I
105

I
I
I

5

2

2

2

I

L65

3h
T

%rW.

1.1

1

s-132

3.2

o.7

1

0.I.

7o
25

t+626

L35

2L
2L

o.2

1.1

6.1

1.8

1

1.3
o.5

88.8

2,6
0.4
n.u

o.2
o.l_

1.4
0.I+o.1

I
3

2

2

L

5

L.3
O.Ir

6a.7

2.9
0.r+

a.h

0.6
o.3
1.1
o.5

11

7

7l+

18

o\
ts



TABTE 5. (conttd.).

Food

Cladocera

C opepod.a

Annphlpoda

Flying ínsects, a.

It{egaloptera, a.

Trichoptera, â.

Piptera, a.

Hemlptera (eorixidae)

Coleoptera

Eiptera, ï.
Diptera, p.

U.M.

JuIy 
"5-26/69

o. I.ô. If.

I

{orw,

s-7@

?

5L

l+

1

18

I
3

0.6

'l
I

c.r.

Aug. 2L-22/69

o,1

0.8

h5

2

1

t2

I
2

26

505

I5

I
978

20

10

0.

0.1

79 76

11

r.0.

L.7

32.3

1.O

0.1

62.j
L.3

0.ó

Yf.

1.1

L9.2

o.9

0.L

L5.9

L,5

o.7

L9 rI
9

L50g

I

forw.

s-92

81.7

o.I

c.r.

189

l+2

I

36.0

o.3

10.2

2.3

2

6.2

2.O

I

7 O.l+

1

I 0. tr+

0.3

92 5.O

0.¿l

?.8

O.
l\)



TABTE I (conttd),

Food

AIgae

Cladocera

Copepoda

Anphipoda

Flying insect, a.

Elptera, a.

Ileniptera (Oorixidae)

Col.eoptera

Trichoptera, I.
TJ.M.

sepr .8-9/69

O¡

2

L10

2

I
I

r.o.

Emerald
Age I

5

89

T

T*fll .

11

$a
T

2

/orw.

5-112 Sepr.8-9/69

r.7 0.4

97 .O7 2l+.9

c.r. o. r.0.

o.3 0.1

2

13 19

32 t5

Emerald
Age ïI

W.

6

I
I
I
I
I

Lo2

19¿+

forw.

s-36

0.9 0.3

I
2

I

28.7

5l+.7

c.I.

20

4

l+

T

20

6.0

13.1

5.6

1.L

r.1

6

I
2

o.8

0.3

0.3

1I

5.6

3.1

0.8

L.3

o\\,



Food

Cladocera

TABLE 6. Diet of Spottail shlners, age I and o1der.

tatona setÍfera
0stracoda

Amphipoda

Hydracarina

FJ-ying ínsecbs, a.

Diptera, a.

Henniptera (Corixidae)

ColeopÈera

Aquatie nynph

Epherneroptera, n.

Trichoptera, 1.

Ittay 23-2t+/7O

o. ï.0. IÍ1.

1

I
3

forw.

s-28

L.2

c.r.

June 26-27 /7o

T

1

2t5

,5 I
(r)

I

o.

6

.l+

8.5

r.0.

h

2

.2

I.5

23

I
(r)

I

w.

9.b

lû r#,

T

T

T

s-83

2.2

I
I

I
2

5

c. ï.

2

r.2

I

I
I

.5

.04

I+

2

5

287
5 ].l+

.2

.1

.2

.2

.I

.2

3.3

.5

,2

L.5

.9
o\r



TABLE 6 . (contrd).

t'ood

Clad,ocera (tatona sp) 3

Ostraeoda I
Amphipoda L

Deeapoda I
Ilydracarj.na I4
Odonata, a. I
Diptera, a. 2l+

HemipÈera (Oorixid.ae) 4
Ephemeroptera, n. l+

Trichoptera, 1. Lz

Diptera, 1. 109

Dipterar p. 18

Mollusca
Eggs 1

u.M. 30

July 25-26/69

0. r.0.

t2
T

1

6

211
6

I 17'l*

L5

5

523
89 3786
?5L

2L

7 131

W. %,w.

S-L27 Aug.2l-2?/69 SpoÈtait Age I S-9

.I

0.I.

.o2 .1

.l .2
,3 1.1

.1 .2
,+.r 5.7
.4 .7
.1 .4
.5 L.5

89.5 57.O

L.2 2.7

.5 .l+

3.1- 5.6

.2

o. r.0. T¡¡.

7L

%rW.

39.9

0.I.

3

5

6.9

3

I
L.7
l+.5

6,7

l+7.2l+. s4

.9
?.L

1.6

7.5
(}.
\tr



TABLE 6.

Food

(cont td ) .

Diptera,

Diptera,

Eggs

U.M.

1.

p.

o. r.o.

1l+

1lìI.

Ilr

forw.

L67 67 .g g.1

2

c.ï.

28 11.à 1.4

o. r.o.

28

\5
L2

2g

20

38

5

28

lr.

660

r6l}8

77

Lt+7

forw.

2l.o
62.3

2.9

5.6

c.r.

].,h.g

29.9

3.3

7.2

o\
O.



TABLE 6. (conttd).

Food

Cladocera
tatona setifela

0stracoda
Anphf.poda

Flying insect, a.
Dlptera, a.
Hemiptera (Corixidae)

Triehoptera, 1.

Ðiptera, 1.
Díptera, p.

Mol-Lr¡sea

U.M.

Aug.2L-22/69 __Ë-21 sept.8-9/69
ìtpotEar.I age rr

o. I.0.

3
(¡)
2

2

I
6

L2

2

10

2
(z)

lg. %,W.

II

I

l+3

22

9

67

I
28

b2

lr.8

.l+

r8.6

9.5
3.9

29.o

3.5
12.1
18.2

c. r.

L,2

.¿l

2.0

I.0
L.5

6.2
.g

2,O

lþ.5

5

I

0.

1
(r)
I
I
2

I
I

23

¿lO

r.0.

t_

3

l'[.

T

T

14
l+

I
L5

27

554

L72

518

,%,w.

s-58

L

I
18

29

I
3r,

c.r.

t1
3I+

1.1
.3

.1
L.2
2.r

I+2.5

13.2

39.7

,5
.l+

.1

.5

3.3
L9.5

5.7
L7.l+

o\{



APPENETX

lhe relationship between gonad weÍght and body

weight of each ffsh of each species was deternined as

follows:

E. Relationship between Gonad Weight

and Body hleight of Adu1t Male and

Female Shfners.

TotaL body weÍghr (blorted dry)

The two species of shÍners caught by gillnets in
r969-7CIlrere used for this determination. specimens used

for stomach anarysis were those used for gonad analysis.
Tabl-e 7 gÍves the results as mean percent of gonad weight
per total body weight.

Gonad weight (blotteA dry)

68

x 1O0



TABLE 7. The relatlonship of gonad weighü to

body weight of adult nale and, fernale

emerald and, spottall shinersr êx-

pressed as a &ean of the percent of
gonad, welghÈ to total body weÍght.

Female

Month No. Mean, f, Range, fo

wv/zø
JunehQ

JuLy/69

A,ug./6Ç

Ennera1d. ShÍner

l+4

113

lþ6

65

69

2.93

13.8O

6.11

L.59

l{.Y/zo

JunehO

¡uly/69

Aug. /6P

0.80-l+.79

3 .7L-2h.gg

1.08-19.23

a.76-2.76

Male

No. Iulean, /" Ramge, /o

Spottail

6,1+2

6.45

r'4r
L.7g

39

tt.8

38

39

99

66

7l+

68

shiner F,L.* > 66

lt'.b2-9.35 53

o .97 -L7 .96 14

o.97 -2 .2A 14

L.06-2 .55 L5

F,.1. is the fork length.

o.4l|.

o.79

0.61+

ø..32

o.l.3-L2g

o ,39-L.37

0.16-1.37

0.09-0.58

mm

1.08

0.85

0.28

o.2g

o.a9-2.22

o .37 -L.67

o .2o-o.52

o.16-0.46



APPENDIX F. Results of Trawling Progran for
Shiners , Lg6g-TO.

A trawling program ÌÍas adopted in 1969-70 in ord.er

to colleet addf.tional informati.on on the distribution end.

abundance of emerald and spottail. shiners.

A nodlfied semi-baIIon tra¡¡I (see materials and

methods for descrfption) was used to sample the top and

bottom L.2 m of the water coluur¡. The sanpling program

followed Ís described in Tabre 8. The emerald and spotüair

shiners were sorted from the samples, enumerated and. pre-

served in IA/, formaLin for length frequeney and. sexing.

The results of the fork length &easurements are

given in Table 9. All fish eollected in L969 hrere measured.

and all spottail shiners eolleeted in 1970. For emerald

shiners colleeted in 197O, only the first day of a complete

transeet study was used since nunbers of fÍsh eollected

for each repJ-icate were very large.

The nunbers colleeted and relative abundanee of

both species of dÍfferent age groups are given in Tables

1O and 11 respectively, and staüistical analysis of so¡ne

of the data is presented in ?able 12.
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TABLE 8. The

the

Date

August 19-25/69

June t3-L5/7o

July 2o-4na

August LO-L3/7O

Sepü, l.6-l.8/70

sarnpling program adopted for
seni-bal-Ìon trawl , 1969-70,

Statlons
sampled

7L

3

6

3, 6, I

3, 6, I
3, 6, I

?

6

Number of 5 min tows/station

1

3

3

3

3

2

1

h

5

3

2

?

2

1

6

6

3

2

3



TABTE g, Length-frequency of enerald and spot-

tail shiners eollected by the semj.-

baLLon traHrl Ín 1969-70. (Sexes com-

bined, nodes are indicated by asterisks.)

Fork-length
(mÍ11Í-
raeters )

l2
1¿Þ

t6
18
20
22
2l+
26
28
30
32
3l+-

36
38
¿10

l+2
l+l+

l+6
lt.8
5o
52
5l+
56
58
60
62
6l+
66

Emerald Shiners

Aug. June JuIy Aug. Sept.
t969 t97O t97O tgTO L?TO

- 13.9
- L5.9
- 17.9
- 19.9
- aL.g
- ?3.9
- 25.9
- 27.9
- 2g.g
- 3r.9- 93.9- 35.9- 37.9

39.9- b]-.g
- I+3.9
- I+5.9
- l+7.9
- 49.9

5L.9
- 53.9
- 55.9

57.9
59.9
6L.g

- 6j,g
6j.g
67.9

72

lo*
766

23
63

196*
23A*
t25

53
10

2
3

t3
58

257
61r*
925*
5t+7
?22

3l+
3

Spottall Shiners

A,rg. June Ju3-y Aug. Sept.
L969 t97o L9TO tgTo tgTO

2
9

2h
36
6l
68
l+6

Lt+3
326*
333*
f.l,.2

27
3I

I
I
7

31
96

19¿+*
222-
]..62
131

82
5o
16
13

2I
I

l*
527

L79
l+1 ?l+
55* 59
72* LLÈ
53 92

7
T2
2l+
5o

to7
119
139
Lzt
120

69
61
23
1L

1
6

10
2l+
29*
37*
28
23
10

2
I
5

13

Lo'
8',
6
5
3
2*i

2

2
5ú19+ 

h.5
7O

1
6

L5
2l+
I+9*
7l-
66
39
10
12
L5

I
2
h.

22
47
66*
77*
l+2

42
20
I
2
?

I
I
6
6

2L
30
47*
75*
52

L
3*
l+-
2

3

5
6

10
22
22*
l+2*
l+0
33

2
7

1I
L6
L5
27*
35-
26
27
t7
16
L5

5

1

3I
I
I



TABLE 9. (cont td).

Fork-length
(mÍlli-
meters )

6g - 69.9
70 - 7L.9
72 - 73.9
7l+ - 75.9
76 - 77.9
78 - 79.9
80 - 8r.g82 83.9
8tl - 85.9
86 - 87.9gg - gg.g
90 - gl..g
92 - g3.g
9t+ - 95.9
96 - g7.g
98 - gg.g

100 -101.9

Enerald Shlners
Aug. June JuIy Aug. Sept.
L969 l-97o 1970 r97o r97o

58
lþ3
27
2L
14

3
3

113
too

7A
5L
20
1g

6

85* 3i* hg'- rT84 3l+- l+4 6
58 30 28 10
30233L919 10 L7 10*17 l-1 4 15-
85514
Lt38

l_1
7
5
3I
I
1

Spot,talJ- Shiners
Arg. June JuIy Aug. Sept.
L969 tgTO L97O L9TO tgTO

TotaI

73

t+35 14OIr. I¿l&9 3O7l LTLZ 116&

L

3
l+

b
9
5
h
7
3
6
2

62 I
57 1
3I2bzL62

37* I
15-12 I11 2
53
522
l*
l}*

I
L
1
I

*

2*
3*

I
2
1

26 )ot+ 823 23



TABLE r0. The totar monthry numbers and average nunbers

per 5 mÍn tow of the dÍfferent age groups of
both species collected in I9ZO.

Ðate

June L3-L5
Enerald AEe
Shiner

Spotüai1 Aee
S[riner

JUJ-y 2A-23
Emerald AEe
Shiner

Spottail
ShLner Age

Statlon 3

Surface Bottom

0
T

rr+
o
ï

II+

fi5
324

Station 6
Surface BoËtom

1
I

0
ï. 2O3

ïï1 Ðg

0
I

TT+

2
390

32
55

563
102

Station S

Surface Botton

2
I+55

5
8l

3I+
t67
2b

l+?L
3l+

7
9

55
L5

Average
Surface Botton

18
L72

78
267

Ltù7
75

3I

b9
20

h5.7
L6.2

< 0.1
< 0.1

86
201

3.O
4L.2

1.6
2.1+

97 .2
11.8

< 0.1
3
6

5.2
2L.7

1.6
10.4
2.4 {r



TABLE L0.(eonttd),

Date

Aug. 10-13
Emerald Age
Shiner

Spottail Age
ùnt ner

Sept. 16-18
Emerald Age
ShÍner

Spottail Age
Shiner

Statíon 3
Surfaee Bottom

0 2935r. 61rr- t&

07
I. I

II-F

Station 6
Surface Bottom.

7I
t+22
205

3t7
408

59

2h2
1t

3

7
2
7

0 863r. 29
IT- ÌO

o
r,

TI-

7t6g
160

11

Station I
Surface Boütom

32'h
53t+

6
5

76
239
r87

2
l+

1.l+,ZZ6
2

I+l+

2

Average
Surface Bottom

l+

ltlO
275

I
2

901.l-
8.3
1.9
o.3

< o.1

2.8
tû.8
37.6
LL.7
L5 .4
2.b

L5]..2
4.8
2.O

53.O
l+L,7
3L.7

L.2
0.7
1.8

{
\tr



TABLE 1l-. The relative abundance of different age groups

of emerald and spottail shiners taken in 81

surface and 81 bottom tows, LllO.

Tota1 # Percent of Av. number No. of tow Pereent fre-
coLleci;ed total catch /t"aw with quency of occ.

Surface Bottom Surface Bottom Surface Boütom Surfaee Bottom Surfaee Bottom



TABLE 12. The analysis of varj-ance and Ðuncanrs new nu1tlpJ.e-
range test on some of the trawling data. The nuII
hypothesis ûested wasr ro sÍgnifÍoant difference
( P < 0.05) between státÍons and tine of day of
collectfon. Duncanrs test was tested for signifi-
cance ( p < O.05) of .the treatment means for sta-
tions and tine of d,ay. Ïhe horizontal bar under-
lining statlon numbers 1n the Duncanls test colunn
sfgnifles no significant dlfference between compared
stations.

Species of shlner,
age and date

Emera1d. Age I
June L3-L5

Transfor-
,matíon

JuIy 20-22

Iog( x+ I)

Source

log( x + 1)

PLase
Time
Interaction
Error
TotaI
Place
Tlme
Ínteraction
Error
lotaI

Ðegrees
of

freed,om

Mean
square

2
2
4

I8
26

L.345
o.2L2
o.778
o.742

3.968
o.287
0.4r2
0.31_2

2
2
tr
9

L7

F
Value

Duncants
test

1.86 sta_?, j.r_9
0.30
1.1I

rz.Zb**'sta 31 6.8
4.92
L.32

\:\t



TABTE 12. (conttd).

Species of shiner, Transfor-
age and date mation

Spottail Age I
June l3-L5

JuIy 20-22

log( x+ 1) P1ace
Time

tpSlåÊtl31lB

Degreeùource of
freedom

Jul-y 2O-?2

rI= vffi

none

Interaction
Error
TotaI

PIaee
TÍme
Interaetlon
Error
TotaI
PLace
Time
InteractÍon
Error
TotaI
Place
Tlme
Interaction
Error
TotaI

-sígnificant at**significant at

2
2
l+

T8
26

Mean
square

1og( x+ 1)

O.571+
0.015
o.tu
o'048

1045 .333
L83 .083
t79.O83
69.000

I+.959
0.330
1.001+
o.tÃ9

o.?7L
0.087
o.o8g
0.066

I
2
2
6

11
2
2
4

18
26

2
2
l+

9
t7

F
Value

5f"
Llß

leveL.
Ieve1.

+ú
rL.96**
o.32
2.hl+

+J-

15.15'*
2.65
2.60

úù
11.84**
o.79
2.h,O

h.r2
L.32
L.36

Duncan t s
test

Sta 3, é,r_8,

Sta 3, 6

Sta 3, 6. I

SEa 3, 6, I

{
æ



Appendix G. The Dlet of Emerald and

Spottai3. Shiners Caught by

Seul-ballon Trav¡l , L97O.

The d.iet, of each age-group of both species (age

determined by length-frequencies, see Appendix F) was

determined for the trawl eatehes, colleeted fron June

to September, ly|O.
A sanple of not more than fifteen fish (excludÍng

fish with enpty stomachs) per statÍon (depth and tiu¡e of
day pooled) was seLeeted for eaoh available age-grotrp of
each speeÍee. lhe nethod of food anal.ysis and caler¡l,a-

tions rÍere essentlalry the same as describad in the nate-
riaLs and nethods excepÈ that welght of individuar stom-

achs was not d.etermined and the occurrenoe of food ite¡ns

in the Íntesüíne lras recorded. Stati.ons vrere pooled

when a percentage sínilarfty in diet af T5ît ana over was

obtained. otherrorise tt¡e stations exanined, rrrere kept

separate.

the results are given in Tables 13 to Ij for
emErard shiners and rabres 1é to L8 for spottail shÍners.

For explanation of tersrs used Ín the tables, see

Appendix D.
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Food

Cl-adocera

Copepoda
Ostracoda

TABLE 13. Diet of age O emerald shiners.

Jury 3o/7o sta 3 * 7" s-25 - 4qe: Lol.z/lL sta 3 + I s-50

Food

25 25

(20 ) (21)

(5) (3)
31

Cladocera
9gJbEþ sp.
ÞrbgËgæ, sp.
Leptodora kindli
0thers

Copepod,a
0stracoda

L7 100.0 ¿1.1

Sept L6-L8/7o sta 3 + 6

t+o
(¿*o)
( 31)

(21
(zsl
L7

*t* collected by ühe plankton net.

40 191
(3r)
(zgl
(r)

(2bl
I

50 50 ltO IOO.O 6.3
lbil ßglßzl (28)
(l}) Q',tlzl (r)
1T

99.5

s-50

f,2.k

4.5 o.6

@o



Food

Cladocera
Copepoda
Diptera, 8.
Fish Fry
U.M.

TABTE I4. Díet of age f emerald shiners.

June L3/70
a

Food

Cladocera
Daphnia sp.
Ðiaphanosoma sp.
Leptodo.ra kindti
0thers

Copepoda
Diptera, a.

IO
I
I
2

1

a

Station 3

I
5

5

L2
23

2t
L2

3

Jul¡r 2O/7O Srarion 3 + I S-30

L6.g
32.1+

29.6
L6.g

l+.2

s-15

29

2.8
3.5
3,1*
1.3
o.5

June

309

a

2

2

6

3

L3

99.b

I

Station I

3

2

15

T

2

L7 .3

T

I
23

Aug.IO-L?/7O Sration 3 + I S-3O

0.6

s-I5

30 3ø(30) (30)

QI

1

100.0

0. ¿+

h.5

L91 100.0 13.8

@
P



TABLE 1Il. (conttd).

Food

Cladocera
Ðephsþ, sp.
Diaphanosoma sp.
Leptodorê kindti
Others

Copepoda
Diptera, a.

Sept.1.6-l8n} StarLon 3 + 6 S-3O

o.

3o
(30)
Q6l
v'l

(16)

9

ï.0.

30
(zz I
Qsl
(l})

ul.

343

%,W.

100.0 17.l+

c.r.

T

o0
¡\)



Food

Cladocera
Lentodora kindti

Copepoda
Araneae
Diptera, a.
Coleoptera
Trichoptera, L.
Diptera, l.
Diptera, p.
Mollusca
Fish Fry

TABLE L5. Diet of age

June L3/7O Station 3

O.

åt
L3

3

I.0.

Food

Cladocera
!s@le' sp.

5
(¡)
11

5

L
II: emerald shiners.

ï¡¡.

Ðlaphãnosomg sp.
Leotodora lc.indti
0thers

Copepod,a
F1ying insect, a.
Diptera, a.
DíÞtera. l.
Diþtera, p.

Iept,oToFallnati

68

448

65

I
I
2

/orw.

s-15

1r.6

76.7

11.1

0.3

o.2

c.ï.

JuIy 2o/7o

Jr¡ne LSQO

5.6

Lg.7

3.6

0.4

0.4

22

2
T

l"

0.

19 I+9,9
(1r+)
(¡)

6

1L
I
7

r.0.

Sta3+8

I
2

L2 10
I

11
2?
36I

Statíon I

T

10 401
20

7 1tt0

Ïl.

h7 .L

/orw'

s-30

4
3

200

2
55
7l+
38

s-l5

19.l

c.r,

1.1
0.8

53.2

o.5
Ll+.6
Lg.7
10.I

Aug. L}-Lz/?O Sta 3 + I S-lO

37.8
L.9

l.3.2

3o
Qg)
(1)
(e)

I+

o.5
0.6

L2.7

0.1+
2.7
3.9
1.6

12.r
0.8
5.7

30
(28)

(¡)

879 roo.o

T

29.7

@\,



TABTE L5,(conttd).

Food

Cladocera
Daphnia sp.
pjê,phag@, sp.
úeptodora kindti
0thers

Copepoda
F1ying insecÈ, a.

Sept. L6-t8/?0 Sta 3 + 6 S-30

o,

3o
(r8)
(2bl
(rz )
(r¡ )

L2

f .O. lì1. forW .

(ra)
(r¡ )

(rr)
(11)

2

708 99.9

c.I.

26.6

o.

0.1

r.0.

0.9

'hI
{orw. c.r.

@.r



Eood

0Iigochaetes
Cladoeera

Danhnia sp.
ffiãã-seiif-era
0ühers

Copepoda
0straeoda
Dlptera, 1.
Diptera, p.
U.M.

TABLE 16. Diet of age 0 spottail shÍners.

July 2A-22nO Statlon 3 S-25

0.

2

64
(é) (t+)

r.o. w. firw.

Food

Cladocera
Latona setlfera
Others

0stracoda

331
23 15 18

335
2l+I

r0.0

6.7

c.I.

Sept L6-L8/7o Station 3 s-7

Aug. LA-L?/7O Statlon 3 S-25

O,5

o.7

3.3
60.0
]6.7
3.3

0.

5

(¡)
QI
h

r.0. tü.

22 22(zzl Qz)
(:) (¡)
(l ) (1)

2

?

(zl
(1)

5

0.lt
4.1
0.8
0.3

1l+

/orw.

73.7

73 L00.o

26.3

c.r.

3.2

T

8.0

L.7

00.
\'l



June L3/7o Statlon 3 s-7 JuIy 2O/?O statton 3 s-15
Food

CLadocera
@,sp.

Ostracoda
Trichoptera, I.
Di-ptera, I.
Diptera, p.
Eggs
u.M.

TABLE L7. Dlet of age Ï spottail shiners.

o.

Food

0ladocera
Ðaphnia sp.
Laüona setifera
OËhers

0straeoda
Diptera, a.
Trichoptera, L.
Diptera, 1.
Diptera, p.
MolLusca
[T.M.

r.0.

7

uI. %rW.

7

JuIy 2o/7o

78 1O0.0

c. r.

3
l_

2
t0

6
3
2

Station 6

O.

8.8

2

I
II

2
l+

3

I
(r)
88
I
22
66
2
32

r.o.

27
l+

5
121

2g
L7

5

s-15

w.

L2.9
r.9
2.1+

58.2
L3.9
8.2
2.b

T

75
T
I+

1l+8
3I
I8

Aug.LO-L?/TO Station 3

%,W.

2.3
0.5
0.8
9.0
3.h
1.8
0.8

b
lrZl
QT
(1)

5

II
2

I+

27 .2

L.5
53.6
l..L.2
6.5

0. r.

(zl

I+

6.j
o.7
7.7
2.O
1.9

27

I
9 L2315
219

LLz

9.h

s-15

39.O

0.4
b2.9
L.7

6.6

2.7

6.L

0.3
8.L
o.8

2.3

@
Or



Food

Epherneroptera, n.
Trichoptera,1.
Diptera, L.
Diptera, p.
Eggs
U.M.

TABLE 18. Ðiet of age II+ spottalL shÍners.

June L3/ZO Srarion 3

Food

0.

Cladocera
Daphnia sn.
Latona seti.fera

0sñããõa
Trichopterar l.
Dlptera, 1.
Diptera, p.
Mollusca
U.M.

l+

?
h
1
I

r.o.

3 5h523
2l+

114
36
2

tÄtvla

JuIy 2o/7o

/orw.

5-6 JuJ-y 2O/7O Srarion 3 S-12

92.L
o.5
l+. O
2.h
1.0

c. r.

I
L3

l+

I
I

19.1
1.0
I+. o
I.5
1.0

Statíon 6

0.

L3
7
?
?

I
I
6
l+

l+

2

r. o.

75
25L

40
L76

6

s-15

L
3
5
l+

I
I

ü1.

L3.7
l+5.8
7.3

32.L
1.1

3(2) (1)
(r)
556.3 111l+..8 7 T

3.3 I
9.7 I I0.6 2 2

5I
f.2l+
r62
307
L9

Aug.10-J-2/ZO SratÍon 3 S-14

/orw.

0.9
L.3

19.8
25.9
h9.l
3.1

c.I.

4.7
0.8
7.9
7 .l+

10.1
1.8

16

73
31

1@1,
11
l+7
3l+

5.L

23.3
9.9

32.3
3.5

L5.O
10.9

1:g

5.1I.5
7.1
0.9
1.8
2.2

@.{



TABLE 18. (conttd).

Food

Cladocera
0stracoda
Eiptera, 1.
Mollusca
u.M.

sepr.l6-L8no Sta 3 + 6 S-14
0. I.O. W. Torrt{. C.I.

1
l-

11
I
2

21
l-I9no

T
h2

o.3
o.3

98.8

0.6

o.3
o,3

16.1

o.5

e.
@



APPENDIX I{. Anal-ysis of Day and Nighr

Gillnetting and TrawJ.ing

of Spottail Shiners.

The resulüs are given in Tab1es Lg

and 20.
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TABLE 19. Suunary of chi-square tests for day and nightgillnet catches of spottaiL shiners of Jul-y
L5-L6, 1970.

Proportions of spottails L2.7 !"y 22 1 ZZ.O Reject Hq
day and night catch Night 0
station 2 and 3

Proportions of spottails 19.O Day 15 I 2.9 Accept lle
day and night cateh Night 7
station 2 and 3

Proportions of spottails L2.7 Day 37 2O.4 ReJect He
day and nigþt catch and Night 7 I
station 2 and.3 I9.O

Mesh Number Degrges Chi- Ho: that the proÐor-
sÍze, rnm of fish r".ääo.o square tions are not ðtÍfferent*

*significant at 5/, LeveL.

\oo



TABLE 20. Test for the independence is 3 x 2 tabl-e of the day
and night trawl caÈch of spottail shiners. The nuIl
hypothèsis tested was no di.fference ( p< 0.05)
between the ratio of day and night trarrl catch of
spottaÍl shiners, frou replicate to replicate.

RepIícates

I
2

3

TotaL

Day

57

74

L36

267

p-

Nlght

267/t+l.t+ : O.6t+5

X2 = f$ x Dav

89

l+O

r_8

f,l+7

+
f signiflcant at 57o leveL.

TotaL

^,\F(r - p¡

-F

ll+6

L14

L5l+

å11r.

*ln^y : I90.40I - LTZ.ZLI

p: Ðay/Tota1

0.39r

O.6l+9

0.883

o.6h5 ß.3551

p x Day

22.287

b8.026

120.088

19O.tlOl

= 79.l*15*

\o
H
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Â,ppendix I. Parasítism of Spottail Shiners

by the Pleroeercoid Larva of
Liqå-la intestinalis

spottaiJ. shiaers were observed to be infeeted with
tisula intesËinÊlis, the plerocereoÍd larvaL stage. To

d,eter"nfne the extent of parasitism of the cestode, aII
spottall shi.aers eollected by gilJ-nets from July L96g to
June L97o hrere exanlned in the foLlowlng way: nr¡.mbers of
larva, wefght of üotal nunber of rarva (bLotted, dry) and,

weight of the gonad.s urere reeord,ed, for each infeeted fish.
The resuLts are given in Tab]es 21, ZZ and,23. Spottail
shÍners whlch were colleeted with ühe senl-ba11on trarrl in
l97o ïrere aLso exanined,. Ëowever, onry the percent oceur-

reace and number of Larva per flsh of age r and rr* were

recorded.. (See Tab1e 24)

The plerocercoid larva was found in the eoelom. In
most cases lt was loose or unattached. to any organ in the
coelom. However, in some cases it was eoired around tl¡e

dlgesti.ve traet and in two eases it had pushed iüs head

into the stonaeh, puneturing it. ra sone fistr tÌ¡e larva
were surround,ed by tissr¡,e whÍeh nay have been a hosË tissue
response.

ït ¡rras observed, that duning the spawning season,

infeated- adul-t (age II+) spottall shiners had suppressed

gonad, development (Tab1e 23'1. One or both ovaries in
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s@ne rrere €ompletely suppressed. in d.evelopnenÈ and in
one ease Ëhe ovaries had hardened. Si.nilar1y i.n males

the testes ïrere sometimes snppressed, so that onJ.y a thin
trhitish thread eould be detected.

0ther parasites for¡.nd in spottail shiners urere

the nematode Bhqbdoehona easeadilla (identlfied by Fred

.å,ustin) whíeh was also fsr¿nd in emerald shiners, the

Falaeaaanthoeephala, LeptorhvchoÍdes theeatr¡s (fdentified

by Robert Baron) and. ArEr¡Iu,s sp. In emerald sbiners a

small leeeh Mvzobdella noorejt (ldentigied by Dr. R. I¡1.

ÐavLs ) uras fourrd attaehed in some sn the operculrrm and

in others on Ëhe peetoral fin.



TABLE 21. The occurrence of the pleroeercoid. Lar-
vae, Lieula intesglnPlis, Ín spottail
striåeffigñTlffiïïIiGús, t969-7 o,

Date and
station

NIay 23-24/70
Station 1

2
?
J

5
Total-

June 26-27 /?o
StaËion 1

2
3
5

Tota].

Numbers
Ínfected.

5I
I
0

Ll+

Sarople Percent
size oecurrence

July 25-26/69
Statíon I

2
1

I+9
l+l+

37
3

L33

189
t59

41
5

39t+

TotaI

Aug. 2l-22/69
StatÍon 1

2
3
5

TotaI

Sept. 8-9/69
Station I

2
3
5

Total

Grand Total

20
29
L1
I

61

9l+

l_0.2
18.2
2.7
CI.0

10.5

10.ó
L8.2
26.8
20.o
15.5

20.9
L3.9
L3,2
L4.7

l-8.2
34.3
L3.3
L3.6
19.8

f,2.5
1,8.2
l-3.6
9,t

Le.6

I¿+.8

Number of
larvae/fish

9
L5
L5
39

1.1

I+3
08
1l+
65

2
t0

b
3

tg

1
I
2

I.2

1L
33
3o
22
96

I
L
3
4

L2'

1.2

I
22
22
I+3

95

983L45

L.0

1,3

r.l



TABLE 22. The reLatÍonship of body weight to weight of the
plerocercoid, larvae, Lizula intêstinglis, in
mpottail shÍners caught by gil1nets.

May 23-2t+/7O

June 26-27/70

JuIy 25-26/69

Aug. 2l-22/69

Sept. 8-9/69

I¡IË. of larvae (mg. )
Numbers of fish Mean Range

1l+

lt6

L7

9

L2

239.7

233.21

285.8

382.22

168.0

68-8lS

1O-111r¡.

8-Lb59

3t+-LLo3

8-555

Larvae TÂIt./Body Ht., f"
Mean Range

tl.09

l+.3L

h.38

5.21

3.O5

L.39-L3.59

O.2J--I7 .21+

o.l+]--L6 32
O.l+g-LJ-.79

o,15-1o.83

\o
\tl



TABLE 23. The relatiolship of gonad weight
to total body weight of infectçd
and non-Ínfected adul_t (age II*)
spotËail shiners_caught by gill-
nèts 4n LllO. ¿So. õenotäs-sample
sízeJ

Daüe and
sex

No.

Iqay 23-2/,+

Fema].e

Mate

.trnfeeted
Mean Range

June 26-27

Female 16

Male 9

Gonad, T{t,./Body ttrt. r /,

7

9

5 . 08 3 .Ig-6 .22 39

o.8o 0.12-1.16 53

96

No.

L.39 O.g7 -2 .22

o.26 0.15-0.38

Non-infected
Mean Range

6.hz

1.08

l+8

1[

h.l+2-9.35
o.og-2.22

6.1+5

0.85

o.97 -r7 .96

0.37-1.67



TABLE 24.

Ðate and
age of fish

97

The occurrence of Lizula iptestinalie
ü-"póit'ãn "rnrttérñr-agel-Err 5 - ^collècted by the serní-ballon trawl, I97O,

June 13
Age ï
Age II+

Total

JuIy 20-22
Age I

.L
Age II'

Tota1

Aug. L0-12
Age ï,
Age II'

Total

Sept.16-18
Age I
Age II+

Total

TotaL

Age I
+

Age II'

Grand. Total

Numbers
infected

Sanple
size

2
?

5

Percent
occurrence

55

1ó
7L

108
L5

123

5

6

11

I4
L2
26

224

50
270

b34
62

h96

l-'l+.3

25.O
L9.2

25.O

32.O
26.3

2lþ.9
2h.2
24.8

62.5
75.O
68.8

Number of
larvae/fish

L.3
1.0
L.2

I.2
1.1+

L.2

L.3
L.3
1.3

1.0
1,3
L.2

I
I

16

L70

&0

zLCI

676

]-32

808

25.2

34.3

25.9

1.3

I.3
L.3




