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ABSTRACT

IVlovements and. populatíon fluctuatÍons of the tad.pole

madtom, Np$_urus gy{.inBe.u in the Rat Riveru Manítoba were in-
vestigated. during two consecutive sulnaer sampling period_s.

Mad.toms were found excfusively in aquatic vegetation, and" the

scarcity of this type of habitat in the Rat River apparently

restrieted. both movements and. distribution. Populatíon feveLs

were greatly d.eereased by drought in l-967 which caused severe

habitat d.essication in the late suüimeru resulting in heavy

mortality of young*of-year and ad.ul-ts. This mortality was

refleeted by fow l-968 populatÍon l-evels" iVlinor fluctuations
1n populatíon fevefs wíthin each sampling period. were probably

a reflectiori of short*d.istance movements in the vicinity of

each. sampling station and possibly from sampling error, lab:
oratory and- fiel-d. fin-cli-pping experiments did. not reveal- adverse

effects on any specimens from the marking method..

Nlad.toms apparently overwj-nter in the Rat River near

their su.mmer habitat. Specimens heLd. in the laboratory were

able to tolerate water temperatures approaehing OoC. with no

apparent adverse effeets.
IVIain food items in madtom stomachs examined. were

iÀXgÀg¿ÀA qgEgge and mature and. immature insectsu chiefly
chironomid. ]arvae and. other diptere"ns, In the laboratory

no feeding occurred. at water temperatu.res of ]ess th.a¡r 3.5oC,

There was rÀo evidence of pred.ation on N" gyË¿nl&q

1l-
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in either laboratory or f,iel-d- situations" A toxin assoeiated.

with 1ts pectoral- and. d-orsal- spinesu when injected into
Stig_Qq:Led:Lu-q_ggnad.ense_u Þglmq gaj44rer:L and EesS .Igg_U¡s inca-
pacitated. them al-most irnmed.Íately" This toxln was probably

a:r effective defence mechanÍsm"
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INTRODUCTION

The tad.pole madtom, ]rlqtqnÀÞ. €Lqr4UÞ (tltitctretl), is
a smal-l- species of freshwater catfish, rarely exceeding loo
ma' in total- length. rt is best dístinguished- from ot!:er
members of the genu.s Nell¿rus in the fewer rays of Íts paired.

finsu broad- l-ateral extension of its premaxillary tooth patch,

wid.e caudal- finu and- laek of serrae or barbs on the posterior
ed,ge of its pectoral spines (Taylor , L956) "

The species is generally found. in slow-moving waters

of rivers or l-akes in regions of heavy growth of aquatic

vegetation. rn lJianitoba, col-lection record.s ar.e generaÌl¡r

confi-ned- to southe:r'n regions of the province. rt has been

colleeted- infrequently from the Assiniboine and Red. R.ivers

as v'¡el-l- as from tributaries of the Red, primarily the sal-e

and. Rat Rivers, One eol,leetío:r record for central- Lake Winnipeg

was reported- (Keleher u 1952) "

The purpose of this stu.d.y was to investigate some

aspects of the ecology of ]!_r__.gfr]EUs" The primary goals were

to d-etermine if any movements or migrations occur witkrin the

stud.y area, since the Rat River d.istribution appeared_ to be lo-
cal-ized. (stelvarte Þer" comm"), and to d-etermíne population ]evels
and- fluctuations d-uríng the two srunmer sampling period.s. secon-

dary consid-erations investigated- were food. habits, breeding

habits and. life historyu pred"ation, and. effects of toxin" little
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published. d.ata are available on these aspects of tad.pole mad-

tom biologys with the exception of food. habits,



I]TERATURE REVIEVd

Taylor {1956) gives a synonomy

corupiled a bibfiography of the species to

primaríly systematic review and. revÍsion of the species Noturus,

E&i*e l+p p_leg_:þr Ð_e t€ ruor-na-! i o_n o f _ U ev eme n'LE_ snJX _P o pulqaE;L en

l,evels" Its .ulffects on Fishes

Fin-clipping has been used extenslvely as a meth,od.

of marking in experiments to determine both movements and. popl,l-

]ation sÍzes of fishes. Ba]l- (1944) used this method of mark-

ing in a study of, movements of severa] fish speciesu includ.ing

the yellow bulfhead. (IçleluguË gajEal-is) in Third. Sister J,akeu

IVlichigan" fn a check of the fín-clipping method of marking

for estimating fish population sizes of lake Senaehwine,

fflinois, Krurnholz (L944) found. that the estimate obtained.

from netting and fin-clippÍng operations was very cl-ose to

that obtained from poisoning the fake,

Some d.isadvantages to fin-clÍpping exist. Ricker

(1949) showed. that survÍva} rate of fingerling largemouth

bass (lVlieropterus Eal@gåd-e_q) d.ecreased. as a result of fin-
clipping" This ef,fect was more evid.ent if two or more fins
were removed in this species and in th.e yellow perch (!cgçg

€Àgveêç.g4g). Shetter (fg¡f) foun¿ that removal of pectora]

fins in fingerling lake trout (Ë_alveLifiUs namayçl¿gh) resulted

Ín higher mortality, Another d.isad.vantage of fin-clipping,

of N-qtrgrus gyg¿IriÀe and

that date in his
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as with other marking methods, is the possibii-ity of behaviour*

Íal- dÍfferences resulting from hand.ling and marking proced.ures,

wbich may be difficul-t to d.etect" Gerking (rg¡o) cautioned.

against overLookÍng the possibility that fin-clipping aff,ects

movements or mlgrations from one area to another. One further
d"isad-vantage is that movements of ind.ivid.ua] fish cannot be

traeked. as they can with nrarks such as the numbered. Pe¡erson

rag"

Howeveru the disad.vantagæ of fin-elippíng are out*
weighed. by the ad,vantages, General-ly th.ere is low mortarity"
Ricker (L949) states that it has no immedíately fatal effeets
upon either }arge or smalf fishes of the kind.s rnost frequently
used in marking experiments, ehiefly salmonids and. centrachids"

fhe fin-clipping procedure is simple, and marked_ recaptures

are easily id.entif iable. Ba]} (L944) fowo that even in cases

where fin regeneratio¡r had occurred. in recaptures, it was

recognizeable by malfornation of th.e regenerated- fin, Ricker
(1958) claimed. that pectoral fins of several speciesu including

ictalurid.s, did not regenerate at allu and peJ-vic fins only

rarely vøhen clipped. at the base" In ad.d.itionu fin-clipping
feaves no external projections (such as dis.k tags) which

could ímped.e movement in a stream or become e¡¡tangled. wíth

vegetation.

Ulovements in Streams and" lakes

SeveraL experiments have indicated l-imited" or res*
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trÍcted. movements of stream fishes"

GerkÍng (fgfO) stated that if a fish population

is stalol-eu it must be able to withstand. environmental srress

without d"isrupting its composÍtioÌl. He then presented. a

strong case for stability of focation of a stream fish popr¿-

]ation fgold.en redhorse sucker (Moxçlsjoma erythrutuq), hog

sllcker (gypeq!91¿fq 4¿€I¿çepq) spotted. sucker (iuti&yjrgge

¡nC¿e&qpe), longear sunfish (i.,-ppq¿ç mç-ge!gtl-q) green sunfish
(].,r__çXeneÀ]¿_Ð), rock bass (Amblepfites rupe¡!r-!Þ) s spotted

bass (Mieroplerqg pu4çlu¿cll¿s), and smal-]mouth bass (lu" ¿_otomieui)]

by showing that seventy-five per cent of the fish were found.

in their original loeation fo]lowing an unusualfy vrolent
suumer f,l-ash flood which rncreased the normal f,low of the

river by more than three-foJd""

Crossman (tgfø) d.emonstrated- from recapture data

that muskellunge (Esox masquinq.rgl') moved. very fittle in the

summeru sínce numerous fish were eaught several- tinnes at the

site of markÍngu and very few fish were caught in the summer

at a site other than where marked. in Nogies Greek, Ontario"

Funkss (f955) stud.y of movements of stream fishes

in ll{issouri showed that a}f species studied. had. high proportions

of sedentary individ.uafs in the suÍrmeru includ.ing the channel

eatfish (Jctafenas pwrctatuq), ffathead. catfish (f¿¿ggæÞE

q¿¿varÀ_Ð.), and" yel}ow bullhead (IetaluruÊ nalelfg)" He pointed

out, Ì¡oweveru that if most of the sanplíng is d.one in linited
areas rrea,r refease sítes a strong bias in favor of, restrieted.



6

movements is introd-uced.u and" that al] water aecessible ro

the fish shoul-d. roe sampled with equal intensity,
Bal-f (1944) and Sh"oemaker (IgjZ) for.ma that a large

percentage of yellow bul-fh.ead.s (r._xlgtstis) were recaptured.

in the same sites as tagged-; Bal-l recaptured some tagged

índ-ivid.ual-s severaf tj-mes 1n the same areau in Third sister
l,akeu lVlichÍgan and. used- this is a criterÍon of a tendeney ro

remaÍn in a Limited. area for considerabfe period.s of tirne.

Hol-ton (1953) eompared m¡mber of recaptures to total-
sample size (pcrcentç reeapture or recapture rate) .tou' eaeb in*
d-ivid.ual inventory as an ind.ication of population stabili{y, or

extent to which trout remained. in one ayea in a smalf Montana

creek.

MccLeave (rg0+) stated. that recapture of many marked

sculpins within a restri-cted. area would. d.emonstrate linaited.

movement" Both Mccleave and. .Flol-ton reported" a d.ecr:ease in
rate of recapture from censìås to censÌås. Ulcül-eave attríbuted
this d.ecrease to mortality from shocking procedures"

In afl- marking experimentsu the method. of capture,

hand.lingu and. id.entifying the fish may affect subsequent be-

haviour of the fÍsh (Gerking, L959) " stefanich {,tgnz) stated,

that d.isturbance of fish at time of sampling and, marking may

caì¿se the fish to move out of the seetion sampled., arrd mor-

tality resul-ting from brandling and- marking may red.uce total
rtumbers,
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Several assi;raptions must be made in using mark-

recapture d.ata for popul-ation inventories such as the Peterson

and" schumaeher estimatesu and the schnabel- multiple eensus

(Riet<eru ]958) "

Delury (fg¡B) stated that the assr,:mptions which

must be mad-e for both schumacher and schnabef censu.s a;rea

(i) that the population does not ehange in size

d-uring the samplnng i.e" mortal_ity and re*
crultment negligible, and. all samples returned.

to the population.

(ii) that animals are sampled. at rand.om from the

population.

Bailey (L952) added. to these the assi.emptions that
marked. and, ur:.¡narked. animals have the same likeljhood. of being

caught "

Thus f¡aræ possible sou.rees of error in markine

experÍments are that
(f) the population estimate wil-l be too high if a

nrmber of, marked. f,ish d.ie (or move) as a
result of marking,

(Z) the population estirnate wiff be too l_ou¿ if
marked fish are more likely to be eaught than

r.¡nrnarked flsh (letury u 1947) 
"

(3) population estimate too high if both marked

and urrmarked d.ie or leave area at rand.om,
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Delury tI947) stated that population estimates

based on recapture of marked. fish have very large sampling

errors, since each estimate is based. on a very smalf number

of recaptu.res.

ín making

Iacustris

Hamlson (1953) found. tagglng to be of l-ittle val-ue

stream inventories of the channef catfish lgjeluggq
since returns were onJ-y about 3.,5 peu' eent of marks.

Cateh per unit eff ort s oÍ' C/f , is d.efined. as the

catch of fishu 1n numbers or in weight, taken by a d.efined.

r¿nit of fishing effort (nicUere 1958), Delury d.efined. C./f

f,or a given tÍme period. (t) as ru¡nber of fish caught, c(t),
dlvid.ed. by number of seine haul-s, e(t). His assuraptions

were that catchability is constant and that the population

is either constantu grad.ually lowering due to natural mortality,
or becoming greater d.ue to recruitment.

C/f shoul-d ind.icate relative abundance of fish, but

may be somewhat d.istorted. by several- factors. These incl-ude

changes in eatehability of the fish from year to year d.ue to

d.ifferences in their d.istribution or behavior¿r, variatj-ons in
d.eployment of the fishing apparatus, or its variable effectÍve*
ness because of weather conditions (nicteru f958).

Taylor (L956) noted that NelgIUq gyrlngÊ is partí-
cularly abund,ant in lakes and. their outlets, sloughsu pond.s,

quiet backwaterø and ín the oxbows and. base=l-evel- outfets of

streams. Their apparent preference for weedy habitats has

been reported by Bailey (fg:B), D¡rmond- (tgql), Evermarur and.

Cl-ark (r9zo), Hankigson(1908), Hubbs and- l-,agler (L964)e and.
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Ra:rey (1950), Hay (1894) reported- f,inding the species u.nd.er

stones and J.ogs in streams.

There have been several_ stud_ies of food- habits of
N*__gLrinus_; Evermarur and. Cl_ark (fgeO)u Forbes (IBBB),

Hankinson(f9OB), Pearse (J-gl5, 19f,8), and Sibley (tg3Z).

Food items consisted. chiefly of both l-arval and- ad.r¿lt insects
arrd. crustaceansu occasional- small f,ish, and smafl a¡¿oirnts of,

vegetable fibre and algae"

Notrux'us gxriÃll¿g has been varÍousl-y d"escribed" as

spawning from lüiay to July, Very few observations of egg

clusters have been reported." Brief notes on breed-ing habits

record-ed- by Bailey (fg¡B)u Everroann and tl-ark (tgZO), Forbes

and" Riehardson (fgO9) u Hankinson(f9OB), Raney (fgf O, Richard"*

son (fgf:), and Wright and. All-en as cited. in Ad.aros and.

Hankínson(tgZ\) are sunmarized. in Tabl-e I"
little information is avaifabte on the life history

of U.e._gyrinUÞ. other than the preceed.ing on spawningu habrtat,
and. food-, .Evermann and Cfark (fgZO) reported_ capturing the

species during winter rakíng operations in ÇþAge beds of an

Ind.iana lake, One specie of catfish, the brown bullhead

(fçSg]uqus qeþU¿gSI¿q) was observed" buried in the substrate

und.er laboratory water temperatu.res of O-l-BoC" (loeb, n963)"

From vertebral ring cor,l¿ets and length.-frequeney

d.ata, Hooper (1949) for.md three distinet size and age groups

of N=_€il{¿pug in Demming T,ake, IV1irrnesota, from a Large samp}e
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TABIE I; Observations of breeding babits of U:__gyr1nuq,

AUTTIOR LOOAT]ON

Stated.
Spawning

Time

"Aetua]
Nest

Obser-
vatíons

R.EI\[.ARKS

Baile_y
( rg¡a)

New
llempshire

June L4 86 mm" d guard"ing
1f,7 eggs in beer can;
eggs adhering to one
another in compact
mass; eggs l.þ mm"
diameter"

Evermann
& Clark
(rgzo)

June &
Jul.y

lake Maxin-
kuclcee,
Ind.lana

i\{ay}B=Id.i*tend.ed
with 50 egßs.
Julyl-0=Yd.ístended
with 93 eggs. All-
others in July spent
or immature"

Forbes & I]l-ínois
Richard-
son (rgog)

May
(probably)

3'" taken
already spent.

cñ es

June
&
X

Hankinson Southern
/a 

^^ô 
\ *,-.

( 190ö J lVrichigan
JrÀne 26 2 3/B* long specimen

guard,ing cl-r¡ster of
eggs in ol-d. tin can"

Raney
/r nrnl
t f,y)u J

Virginia t -+^.Ld. U E

Jrine
Eggs are l-aid. in l-ate
June in a clunp und.er
a stone or board_, and
in old- tin eans,

Richard.- IflÍnois
/ - ^- - \son {"ryrji

July }u 1910; ? fu}l
of nearly ripe eggs"

lVright & Tthaca,
Al-len (1913) N,Y"
as eited- in
Ad.ams &
Hankinson
( te28 )

lìrTq r¡ -
July I

Nest und.er board-s 
"in cans u und.er

crockery.
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colleeted August .;--5s 1945" The groups were as fol-Iowss

Year 0 young-of*year (15-35 mm. ), I (+¡-gf mm. ) and II (fA-

l-04 mm" ) " No growth str¿d-ies have been und.ertaken on N. gJs_i4¡¿g"

Howeveru a study of the margined. madtom (tU_æg¿æ¿_q), a

slightly Ìarger species than IV. gruinus, revealed that most

growth takes place between Jr¡ne and- September (Clugston and.

Cooper, ]960) "

Few instanees of natural predation on iVe__gyä¿nuE

have been reported.; predation by rock bass (i.mþlopl-iteç_

n¿psstris) reported by .tver¡nann and. Clark (fgZO)u and- oiae

instance of pred.ation by a snake, f ound. drear a fish. rearing

station with a J,2tøu mad.tom in its stomach (T,agler and. Salyer,

L945)" Ad.ams and. Hankinson (fge8) reported that t!=*gy_rlnuE

was valuabl-e as bass bait Ín Lake Oneid.au New York, due to

Íts tenacity for l-ife, Bean (J.903) stated" that it was rn

great d.emand. for hook and. fÍne fishingu 'uespeeially in the

eapture of bLack bass (Micropterus sp, ) for which it is one

of the best baits knoffii.u e'

The tadpole mad.tom possesses poison gland-s at the

base of its dorsal and, pectoral- spinesu and has frequently

been reported. as prod.ucing a painful stÍng when the fish is

h.a¿ed.led-. Reed (f90?) described- the histology and. meehanies

of operatlon of these gland-s" He termed. the sting produced

by injury from a pectoral or d.orsal spine as like that of

a bee, while dvermann (M.S,) as cited in Reed. (rgOZ) aes*

cribed. ít as s'Líke that whieh woufd. resul-t from a severe
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nettle sting,'u No inforraation pertaining to toxic eff,eets

orl organisms other than man has been reported. in the fitera-
ture.



&LATERIAIS AIVD UIET}IODS

P4y s_i_c_al ÐeÐ r r.iæJ i onq

A " Ðe E g¿' í pl¿-qa __AE*EA!__8¿ v_ç r=Ð{q í nae e - é{ee
The Rat Riveru a tributary of the Red_u d.rains 460 sçæe

mil-es of south*eastern ]Vlanitoba. The physiography ranges

from swamp and" sand. p1aín at its south-east extremity to l-evel

]acustrine prain toward. its convergence wÍth the Red. River.
During its meand.eríng course of 104 ]m, (65 m:-res) the average

grad-ient is about seven feet per mile. The river bed compo-

sitíon varies greatly" The upper two-third.s inelude boralderu

rubble, and gravel sectionsu associated. u¡ith steep gradients

where the stream d.escend.s strand. Lines of Glacial- lake Agassizu

as wel-] as sand.-sil-t sections" A transÍtion to clay and. silt
substrate occurs on th.e l-acustrine plain" No part of the R.at

River watershed, d.rains the Precambrian shiel-d.

B, Dqscriptiqn of Studvlree
The section of the Rat Ríver chosen for stud.y was

situated 64 h, (40 mlfes) south*east of Winnlpeg near the

town of St. IVlafo. The stud_y section was 72 Im" (45 mifes)

from the source of the river and 32 ]fln, (zo miles) f,rora Íts
coxlvergence with the Red. River" PhysiographÍcally it is in
the transltion zone between gently irnd-utating titl plaln and.

leve] l-acustrine plaln. Natural teruestrial- vegetatÍon con*

sists of wooded- grassland near tafl- grass prairie; chief,Iy
sand.bar wilfow {Ëeli¿ ¿¿!Sr+gg} and peach J.eaf vuill-ovu
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(S" amvgdaloides) bord.er the river,

fnmed.iately upstream from the study ayee- a d.am was

l-ocated-u creating a reservoir approximately 0"1 square l<il-ometers

lying in the regÍon of the original Rat River bed, The stud.y

section was situated. on a 2"4 Lffi." long sectÍon of the river
with substrate ranging from silt and. sazrd to sand, and gravel

Ín the mai¡: channef" Sid.e channel-s were heavily sil_ted""

Approximately 160 meters d-ownstream from the stud.y area there

was an abrupt change to clay and. sil-t substrate at the border

of the lacustrine pf,ain.

/\(a,i lhye¿Ce]_lelg

Data on St, i\lalo reservoir l-evels and. Rat River

water levels and. diseharge rates for 1967 and ]968 were ob*

taíned fronn the I'ed.eraf Department of Energyu Mines and.

R.esources, Inf,and. Waters Branch, fn ad.d.itionu water }evels

and. temperatures were reeorded. d.aily at three separate samp-

ling areas d-uring the 1968 sampling period., Fig" I com*

pares rate of d.ischarge of the Rat River for L967 and, 1968,

ind.ieating fluctuations between the two years, Read.lngs were

taken 1"1 ]fln. belovu the St. illalo d&m, Fig" 2 shows Rat River

rvater fevef and. temperature data for l-968 only. Plates I to

4 iflustrate dÍfferenees in water levefs and. flow rates for
l967 and 1968 at for¿r sampling stations"



Fig. }s Rate of d.ischarge of Rat River"

L967 - t96B
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Fig" 2e lVater temperatures and l_evefs of
Rat River, 1968



t¡
l 

2
o G t1

I
F

.- z T
U (J tn LI
J t¡
l t (r
l

Ld
r

o z Ld É
. J t-
- É
.

LU o_ tt¡ È
-

./\ ,\
t t

,\
,-

 
,\.

¡ 
\ 

,_
,\)

 i

\, t 
, 
--

\,

f, ¡t It t\

I I
h tY

t \ l/ tt l¡ þ

W
A

T
E

R
 L

E
V

E
LS

@
 - 

- 
S

 
// 

// 
-f

.r
og

m
ø

nt
or

y 
do

to

@
--

--
.-

--
@

 //
 

// 
- 

fr
og

m
en

tc
ry

 d
ot

o 
on

ly

A
ll 

do
ta

 to
 J

ul
y 

30
 o

n 
ov

ø
ro

gø
 o

f 
tw

o 
do

ily

rø
qd

in
gs

 to
ke

n 
be

tw
€ø

n 
S

t. 
M

ol
o 

do
m

on
d.

 S
to

tio
n 

I

¿
\)

M
A

Y

W
A

T
E

R
 T

E
M

P
S

.

I t; ¡l tl

to
 

20

JU
N

E
JU

L'
.

I(
J 

¿

A
U

G
U

S
T

¿
J

t5

Þ
È

r 
I

m ! - - z z a) T (

t5 oc
T

t5

N
O

V

t(

ñE
¡/

-



17

The following plates iflustrate d-ifferences in l-evel-s

and. fl-ow rates between the L967 and ]968 sampling períods,

Photos were taken as river ]evel-s approached. their lowest

values for each sampling periods (see Fig. l- and. Z)"

Pl-ates f and. 2 show Rat River stations l and Zu

taken froru St " Mals d.am.

Pl-ate f ; September Bu L967. River fl-ow ceased." Most of
Station l- (large sand.bar on right) obliterated.

except for dÍtch extending off to right from sand,bar,

station z is shown in far backgroi.md, right sid_e of
river"
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Pl-ate 2e Stati-ons l- and. 2e July

approximately L2"5 emn

September 1968. l,owest

ling was approximately

on Ji¿ne 30, L968,

Ie ]968. vVater leve]
below mean for lllay -
water }evel- of samp-

6 cflr, lower than shovrn,
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Pl-ates 3 and_ 4 shov¡ stations a{a} (foregrou-nd_,

vegetation on both sid.es of r-'iveru extend.ing up to 
"""orr¿

large rock in centre of riverbed.) and. station 4(b) (in back*

gz'ound-u beyond- large rocks); taken from llwy, 59 brid.ge.

Pla.te 3; Stations 4(a) and 4(b), Septeraber Bu L96T, Irtote

d"essicated- vegetation on both sid.es of riveru former

madtom habitat. Station 4(b) 1ay between second

large rock in foreground. and. the tu¡o smal_l-er rocks

in background-" I'fote a]-so this section of river
was at this time eompletely cut off f,rom upstream

sections due to low r.¿ater level"
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Pfate 4z July 1, 1968. Stake

bound.ary of stat¿o¡a

rock was water ]evel_

at l-ower left shows upstream

+(a), Stake in front of centre

gauge '

( b ) S:Ee¡bjþE__De scripti ons

Five sampling stations were establ-ished between the

st' IVIafo reservoir d.am and- Provincial Highway No" ]r9s a dis-
tanee of 2"4 fuil" (t.5 miles) of rÍveru in areas where rnadtoms

rrere most abmdant i,e, Ín regions of d_ense aquatie vegetation
(see Fig" 3)"

ÊIg!¿gE-¿, situated. 30 meters d.ownstream from the reservoir
darn, consisted. of a sand.bar in the main channel

surround.ed. by a mod.erate growth of þùlisneria
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Fig" 3¿ Rat River sampling stations,
Insets show detaiL of each

station and, seim.e haul_"
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emerica4a_ (tapegrass)s and. a d.itch containing thick
growth of El-odea cane4leIlsjlq (common waterweed ).
The ditehu branching off for 30 meters to the

northe was consid.erably deeper than the main channel,

exceed-ing I meter in d.epth rn some places during

the summer. Tl¿is could coneeivably serve as a
refuge area for fish d.uring times of environmentaf

stress such as floodu d.roughtu and. heavy icing.
þ2 meters downstream from Station lu similarly had"

a nearby deep pool vuhich coul,d_ have been a refuge

area" This sampling aTea had a sandy substrate in
the mid.d.fe of the main channel_ with a moderate

growth of tapegrass u and. a mud,d.y substrate on the

north sid.e, with moderate growth of common water-

weed."

station_f was l-ocated, 1030 meters ("64 miles) from station 2u

near the junction of the main channel and. an oxbow"

At the junetion was a deepu heavily vegetated. pool,

agarr- a possible refuge aTea d.uring tirues of, cli*
matie stress" The mud. and. silt substrate of the

oxbow contained sparse growth of pond. weed, (Loto-

rûagelen__qp" ) whil-e sparse elodeg occr.lpi-ed the oxbow¡

sid.e of the main chrannel-.

Stations a(a) and 4(b) were situated L234 meters (,W míIes)

upstream from thefrom Station l, imrned.iately
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Provincial Highway 59 bridge aeross the river.
These statíons were j-n cLose proximity, their
l-imits being only 6 meters apart. Vegetation was

chiefly sparse lgfptnegçtogu with some bar reed

(Þpgrgaeiw ensusti-fg}!'urn), The vegetated areas

of both stations were in sh.all_ower water than the

previous three stationsu and. were therefore more

susceptible to d-essication d.uring times of d.rought,

No appreciable overhanging terrestial cover fl_ora

v{as present, In ad.ditionu there were no potentia}

refuge areas avail-able nearby,

Fishes other than Noturus gyr}nus ind.iginous to

the study area includ.ed young*of-year northern pike (Eågë

]Bç¿feq), Johnny d"arter (Etheostoma n¿g_ri¡B) , blacksid.e d.arter

(Perclna meçl¿fa!ê) e mudminnows (UmUre f¿BL) u and yor"rng white

suckers (Çet!ÊLq¡qup gpg¡neË_Þ_Qnl),

åanpl-Lng_ ernd IVIaI'king_ Proc e d.\.¿re s

(¿) Seinlnge Sampling of f,ish was camied out at

regular intervafs of tíme usÍng a J meter length,

3/l-6u' (5 *ro.) mesh nylonu two*man seine, The net

was puJ.}ed. through d.efined areas of aquatic vege-

tation at each sampling station (see Fig" 3) at

aff times against the eurrent and with the ]ead"

fine kept as close to the bottom as possible" At
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soroe times duz'ing the 1968 sampting period, a one-

mane l-,5 meters seine was used.u at which tinne care
was taken to cover tire same area as the I meters

seine (i"e' tvuo f .5 meterg seine haufs = one J meters

seine iraul). fn instances where habitat v,¡as belng
damaged by the seining operations, d-ifferent haul-s

at each station were earyied out on a rotational
basis to l-essen the number of times eac]n d.efined_

area was seined, per time interval-, Generally u eack^L

area was seined. twice a week in l_967e onee a week

in fg68uercept where excessive habitat destruction
vdas occuffing, Table rr describes seine hauls for
each sanpling station"

(n)@e
(") Pspcedure; FÍn-cripping proced-ure invor-ved.

clipping off a fin or combination of fins with a

scalpel as close to the bod.y as possJ-ble. fn the
case of pectoral- and. d-orsal fins, spines uuere also
cut off . Iùo anaestiretic was used, A different fin
or combinatÍon of fins was cut off at each sampring

stationn and- was consistent over the two sampring

seasons' The fin clips utifized. and_ numbers of fish
marked are shown in Tabl_e IIf 

"

(n) Eff,ects -of Fin-Cl_lppine

A total- of 24 marked. and. unmarked. tadpole mad-toms

were hel-d. together for extend.ed period-s of time for
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Seine baul descriptions

Stn" I{o" Seine
I{au} #

Seine i{au-f/-,\lJgÏn ktvlJ @

Acluatíc Vegetation Substrate
Type

sand.)
)
)

sand )

I
¡lI l--main

channe]-

2-maln
channel-

3-d-rtch

9.15 lvr

u th

VaU-isneria arou-nd.
%bar (maiñ charurel)

Val-l-isneria around.
Ërffiõhan:ret)
EIQêçe, (tirict) ; ditch Mud

Sand

JÕ"JU

2L" 3+

Ye]-}i_ege¡:¿e; mid.d.te
maÍn charineL

Elpd-e_a; N" sid.e main
ehannel-

)
)
)
)

Mud and
Sand

]4. 33

L2"2Q

Bq=t-oqAgçtqai (sparse) ;
OXþOW

EIodçA (sparse);
S" sid.e u main
channel

liiud and.
Sand

Sand.

4{a} LL"28

l-5.24

N, sid.e, maixt channel-
( Spareanium aus-tisti:'ããã --- \

r_e!¿_lllû e lj oï_qr0ege J qlJ

q. sj-d.eu roain channel-
( 9p+rsaslgln . ess¡ls t L- .{pfiUq, lotomageto&)

Sand- and
Gravel

+tn)z 9 "L5

1]-.28

L2,50

l{" side)
)
)¡ì..\ù, slc.e J

)
S " sid.e )

Sparsanium
( sparse )

Po!pmAgeton
Sand- and"
Gravel-¿

IJ

1--yromr-nant
interior *
ffiow"

2- ^--LyO I OnJy.

eover fl-ora at Stations
sand.bar will-ow " Sal-ix

Ly 2s and, 3
emygd4eiêe s

is Safix
* naqnì¡ I aqf
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TABIE IfI; Fin clÍpped. totals - Lg6T and f96B

Stn. No. Fin Ofip

1968

Young*of-
year

L

L

I
1

+ (a)
¡ /r \4{Þt

TOTAI,S

Á-d.ul-t

AnaL

Dorsa]-

Dorsal- and
Anal-

left Pectoral-

R.isht
Pectora]-

observations of effects of fÍn-clipping; ]2 were

held. ín a laboratory aquarium for 19 months and_ l_2

were Ïleld. in minnow traps secured_ in midstream of
the Rat River for a period. of five weeks"

(i) leþs{et!äJt¿ T}re marks r¿sed" on the }aboratory
speeimens were the folÌowing: 3- dorsal and

anal f,ins clipped

I - left pectoral and. anal- fins clipped_

3 * d.orsalu aqal, and left peetoral fíns elipped

3 * controls (no clips)
These fish were placed in an aquarir"m with

q

<t

2a

f0

0

0

0

l-967

Ynt.ø cr-nf-ad.ul-t ¿ ur¿¿¿b
year

]86 23

I ìq -ìo
.J¿ ÈJ

99 12

r_12 13

82 ro

6]8 -17
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vegetationu kept at room temperatl¡.res (Il to
ar

20"C range) and observed- periodically from August

7, L967 to February LZu 1969 for effects of fin-
clipping and for incidence of rê.ror,r âr.â+-ron of

clipped fins"
(ii) }.¿Cfê: Twelve mad.toms were held in two

plastíc minnou¿ traps anchored on the bottom in
mÍd.stream of the iìat River near stations l_ and_ z

f,or five weeks (October 6 to November 11, ]968),

Trap fl was located in midstream near staiion I in
0.5 meters d-epth of water. Six rnadtoms were placed

in the trap. Three vrere marked_ (two l-eft pectora]
anÀ rlnrc¡l ^ne anal and. dorsal fins clinned ) anrlw¿lu uv! Ða¿ J ¿¿¿Ð vr:}J}JÇu j aLL¿

three were r¿nmarked."

Trap 1t'2 was situated. 4 meters npstream from station
2, Six madtomse three marked_ (two ]eft pectoral and,

anal-e one anal- and. dorsal fins cfinnerl) and. three

i.¡nmarkede were placed. in the trap"

lVater ternperatures ranged from LzoC to 2oC and

current was appt'oximately two to three feet per

second, Bottom cover v'/as chiefly green algae; traps

were camouflaged with algae and Eþ4çs. Traps were

examÍned twice d-uring tire five week period_,
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(C) $+mpt:Leå gala _Eecord_e_È

1¡or each seÍne krau}, the fol_l-owing data rryere

record.ed. for Noturus gvrinus:

(a) *o*-rîîl äJo*" eaptured on sample

day t [Ct]
(n) number of previously marked- fish recaptured-

lat l
(c) nrxaber of fish marked on d-ay t [w¡r]

(A) totaf number of marked. fish at large [mt]
(u) total length (snout-end. of tail) for alt

mad-toms seined- (1968 only)

A}]- madtoms seined u¡ere retr,l_rned. to the same area

from which. they were captured.,

Tr,eatment of lfiark Becaptl¿rg D_ata

A. Movements

Rate of recapture, used. as a eriterion of extent of

movement of fishe was calcufated by d"ivid.ing sample size Ct

by recaptu.ræRt for each sampling day" Average rate of re-
capture was d-etermined for each samplÍng station" If the

popr.llation is stabl-e i.e. very l-imited. movement oceurringu

then rate of recapture shoul-d. increase throughout the sampling

period., since the numbers of marked ind.ivid-ual-s at large in*
crease with each prod.uctive seining operation" llovuever,

mortality of marked ind-ividuafs, emigration of marked fish
out of the sampling areae or irnmigration of r.¿nmarked. fÍsh into
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the sampling area are all possÍb1e factors that would tend

to l-ower the expected. inerease in rate of recapture"

Since d-ifferent fin elips were util-ized_ at each

sampling statione am.y evidence of movements coul-d- be traced by

examination of fins of fish seined. at each station and- from

areas between stations" I{ovements oecurring both. within each

sampling seasons and between the two sampling seasons coufd.

then be d.etermined 
"

since no systematie sampling was pz'actÍceù. during the

winter months d.ue to ice eond.itions on the riveru the possí-

bility existed that mad.toms migrated. elsewhere for over-

wintering, In ord-er to test the assumption that mad.toms do

not nigrate f or this purpose e a serÍes of raboratory and- fiel-d.

overvulntering experiments were earried- out, The objects were

to d.etermine extent of tol-erance of N" _ggr:Lg]¿s to ext:iemely

eold water temperatures in the laboratoryu and to determine if
th.ey overwinter in their Rat River habitat, either on or

buried in the substrate.

In the laboratory, seven Nr__gy_rlnl¿qc l- - 1967 aduft
(yr" II), 2 - t96T your3g (Yr', I)u 3 * t96B ad.ul_ts (yr. I or

II)u and I - L969 ad.ul-t (yr, I) were acelimatized. to a vuater

temperature of 3,54Ç, for varying amounts of tÍme rap to 40

d.ays in a þ gallon aquaririm with f ine sand substrate, For

further eoolíng d.own to approximate winter water temperatures

(Oto foe) the aquarium was partiatly immersed- in a L75 Liter
00fnstant Oceangu aquarium equipped. with a water cÍrcul-ation
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system and coofing u-nit with thermostat u and, containing a

sal-t:water sofution to prevent freezing of the system. Ob-

servations of mad-toms living under simufated- winter cond.itions

of water temperature P"25toGT5oC) and. photoperiod (ranging

from B hrs" light - l-6 hrs. darkness to lO hrs. light - 14

hrs. d.arkness) were mad.e at l-east twice d.aily for a period of

33 d-ays, On the seventeenth d.ay, J live GAqng{rÀg__Þp" were

introd.uced- into the aquarium as food.. ilxtensive icing was

evÍdent in t}¡.e bottom of the aquarium on the l-ast 10 d.ays of
the experiment, but at least one quarter of the substrate

surface area was ice-free at al-] times"

In ord.er to observe madtoms overwintering in the

R.at River a 4"9 meter circumference fish contaírunent area (:
nt[.o mesh hard.ware c]oth supported. by ]"J cm" d.iameter rein-
forcing rods) was set up in the Rat Rlver near Station Z on

T{ovember }J, }968. Seven mad.toms (¡ fin*elipÞede 4 urr:narked)

were placed- in the tra.p and- the area was checked. in December

and" iviarch for evid.ence of su-rvival, substrate consisted of

fine sandu sticksu vegetative debris, and algae, Water

temperatures were 2.zoT in i{ovember and. l,5oC in mid-t\{arch

(probabfy lower in December, Janu-aryu and. February)" Water

depth was approximately Q"5 meters"

B" lopule!¿-griE (Levels and" Fl-uctuations)

Populatlon estimates were cafculated. f,or each samp:

ling station using the Schnabe] multiple censi;s teehnique
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/,1 - r :^F^\(Rieker s L958J whereby

,,\ 5 r^-
Total- Population 'N = @

<..-

where Ct = total sample on d.ay t

Iu(t-]) = tota] m¡mber of previously

marked. fish at large

Rt = number of recaptures in
sample C

I\ 95f, confid-ence Ínterval was calculated_ for the

population estimate at each sampling station.
Al-l- mark-recapture data were eonverted_ to catch per

urrit effort e expressed. as average nunber of madtoms captured.
/̂per 15 meter- area seined.e generally a weekly average. Thls

arbitrarily set area of 15 meters2 was based on the average

wid.th of the seine when fr¿netj"oning of 2"J met,ers X arbitrary
hauf length of 6 meters = J.5 M2, ALJ. sej-ne hauJ. d.ata was

converted. to this common area sinee Ìraul lengths varied from

station to station. The formufa used waså

Ni.¡mber or adut-t madtoms,/r5 lvi2 = ilåårÏnif,::: ï:""
(e atctr per Unit Æff ort )

or C/f 6 Meters

fl+ \r É,VU I\ U

Total- seine haul- length

Using this formulau eeteh per unlt effort,used as an
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ind-ex of abund-arrceu could. be effeetively compared_ at the

d-j-fferent sampling stations" Where weekly means u{ere caleulated

on the basis of two ind.ívidual- sampring d-ays, coefficients of
variation were ealcufated for the means" Yorrng*of-yeay

N=_ gy+'l¡lLg were not incfud.ed. ín population estimates or C/f
d-atap so recruítment problems were negligible" However,

approximate abundance of young*of-year was recorded"

Ol_þçf_BÍ ologè rgl. Ç q4Eège rq!è e¡tq

A" Food. llabits

Stomacits of 61 iif=-€yE¿pUq coll-ected- from the Rat

River ('lune u L967 and. Ju]yp ].968) and. from St, I{.a1o Reservoir
(Julys f96B) were dissected- and contents analysed"" AlI recog*

n:.zeabl-e food- items were counted. and- percentage of stomachs

containing each type of food item was record.ed_"

B, Bgeeding fiabr":LÊ

The only recorded evid.ence of spawning in N" g[rrnus.

has been the observations by Bailey (rg:B) and i{ankinson (1908)

of adult madtoms guarding egg clusters in ol_d_ tin cans" Six
pípes , 45 cm, long by 4 cm" d.iametere were placed. in heavy

aquatic vegetatíon at stations ]-e 2s 3u and 4(a) in Jr.¡ne 1969

in an effort to eapture and obser.ve spawning mad.toms"

^ ^-^ r\1-^^^,\¡ e JrH,e U¿ä,li$eS

* 
"ttempt 

was mad-e to age preserved madtoms bv the

vertebrat ring method- of l{ooper tlg+g) "
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Speclmens captured. Ín September s L96-l and_ Jurre,

1968 were measured. (totat length); length-frequency graphs

were constructed to d-etermine size distribution and year

cl-asses 
"

D, Pfe-Èalige

During July @f l-968, a large number of Northern

pike (¡eqë lU-s.+US_) ranging in slze from 12 to 17 "5 cm. were

seined. 1n madtom habitat, in assoelatíon with tad-pole madtoms"

The possibility of you.ng r¡orthern pike acting as predators

on madtoas was Ínvestigated-,

Forty young ¡northern pike seined in mad_tom habitat

were killed-, the stomachs removed., and- contents recorded. In
addition, several fisir ind-iginous to the Rat River, namely

Johnriy d-arters (Etheoqtp¡aa eigqug) u blacksid.e d.arters (!Crçinq-

maçglgruE), mudminnows (Up¡re timf)u and. you.ng vuhite suckers

(Catostomug g_ernmgrE_Qeè_) p together with young northern pike

(Ssox l-ueius) and. tadpoLe mad-toms (No_.Euruq gxr.lnug) were hefd

together in a l-aboratorJ¡ aquarium and d.eprived. of food- for
one month. Any observations of occurrence of pred.ation were

rec orded.

.8, Effects of Toxin

The effects of toxin froro mad-tom spines on ma31

has often been d.eseribed. as extreuely painful; (Reedu f907;

-0vermannp âs cited- in Reed-, 1907). llov¡everp &o records of
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its effects on other fishes were evid.ent in the líteratu.re"
Spines of live madtoms were injected. into the latera] muscl.t-

l-ature of various fishes - the northern pike (_Eso¿ lrÀç¿ua),

saìr.ger (Ë-!¿¿q_Þ!edÍum cauaÉçnss_) s and. rainbow trout fry (Þglm"g

g?ildne,{å) and. any observed effects wetre noted."



RESUITS

d Éf e_c t ç _-q f llip3QJ¿pp rrts
(i ) !aÞqra!-qr"y !þFeqyel¿_ans

ITo d.etrimental- effectsu either Ímmed.iate or long-
term were observed- on madtoms fin-c]ípped_ and hel_d. in a

laboratory aqu.arium" swimming ability d.id. not appear to be

impaired e even lmmediately after placing the elipped. fÍsh back

into the aquarium" No fungus d"eveloped u and. no mortality of
marked fish oeeurred between August 7 e 1967 and, February Ì2u

J-969 u the entire observation period,

some regeneration of elipped fins was observed_

2I d.ays after initial clipping in the ]aboratory" Regenera-

tion of some dorsal and anal- fins was complete within sevenry

d"ays of elj-pping" However, a d_isti:rct demarcatÍon l_ine persis-
ted. where the cut had been madeu and. regenerated parts were in
all instances a lighter col-or tjran the original fin" No re-
generation of d.orsal spines oceurred.u buet in tvuo cases pectoral
spines appeared to regenerate. Peetoral fins regenerated more

slowly than anal or d.orsal fins. fn two large mad_toms (Bo to
90 mm. ) very lÍttfe regeneration occurred." rn both fish
there was no evidence of dorsal, fin regeneration d.uring the
nineteen rnonths of observations. Fin cl_lps on a}l mad.toms

were evident at the end of the observation tíme. There was

a trend- tovsard faster fin regeneration 1n the smal-]er fishes"
( ai ) F!e_1_d__Q_Þeçryat i *&e

After being held for five weeks in minnow traps in



the lì.at Riveru neither the

showed any harmful effects.
from trap 2"

iViovements

fín-clipped specimens nor controls
All but one unmarked madtom eseaped.

(a.) Ee!e--q-{ Eecaplsqe

Reeapture ratee expressed as a percentage f+trìL U-E J was

used. as an Índ-ication of population stability (Uolton, 1953)u

whereby high recapture rate ind.icates highly stabl-e population,

Recapture d.ata for each" inventorys sr.unmarized. in Tables fV and,

Ve showed. an increase Ín recapture rate durÍng the first month

of sampling Ín L967 u foÌlowed by a general d.ecrease. This d"e-

crease can be a result of marked. fish dropping out of the

population through emigratj-on or mortalityø or of r.rnmarked.

fish immigrating into the sampling areas" llighest average

rates of recaptures tn L967 occurred at stations l_ (37 "j/") and_

3 (35.51") whife the fowest was at station 4(a) (l-Z">%)"

Rates of recapture for l-968 were much lower than Lg6T at alr-

stations 
"

{¡) }_9_AT Samplins Seasoq

A total of 6]8 tadpole mad-toms were fin*ctipped_

in the }l-week sampling period.u June through September" During

this time, only five marked. fish lvere recaptured. at sites
other than where they were marked. and released (Fig. 4)" One

fish had. moved a distance of 2.L kcrrl" (1.4 miles)u another 52
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TÀ-tsJlV: Iìate of recapture Recanture (Rt )

--------------i:----]-l-i=; 

- r--Lotal sarup-Le \u t /

,/;';- o

3/r5 20.0

5/ù 45.4
4/L3 10.7

't/to 70
r/3 33" 3

3/5 60" o

4/6 30" 7

t/B t2"5
5/LO 50.0
z/2 roo

t/3 33.3
r/5 20"0

3/ro 30"0
B/tz 66"6

r/7 16" 6

o/22 o
. 

^ 
la.L¿/ JO JJ. J

n/34 38.2

!2/25 48.o
ß/l+ 52.9
r4/2O ?0.0

g/t-B 50. o

6/L2 50"0

v5 20" o

7/L3 5l"B

4/LO 40.o
5/2L 23"8

3/L3 23.0

4/LO 40"0
4/6 66"6

3/9 33" 3

3/ro 3o.o
1 /^L/ J JJ"J

o/3 o

o/z o

2/2 100

0/6 o

2/L5 r3.3

L/9 1r.r
4/r5 26"6
2/28 7.r

3/rL ?-t "2
o/9 o

3/ro l0"o
2/ro 20

3/ro 30
o/12 o

2/6 13"3

o/q o

3/ 3 r-oo

L/rz B" 3
1 /1!/ J JJ.J
L/3 33"3

Date Coll-.
No.

June
26 I
262
2C) ì

,IuIy
44
65

]1 6
4r+t

lBB
219
25 10

28 1I
Aug.

t12
B13

1l_ r.4

L4 1.5

15 16

18 L7

22 18
2q lo

29 20
Sept.

52L
L2 22

18 23

Average rate
of recapture

Stn. No . l-
Rt/ct /"

Stn. l¡"o " 2
''¡.t/ct %

Stn. No. J
Kr/ct %

Stn. No.
Rr/ct

o/;
V+
oh

t/2
o/12
5/13
5/L3

o/B

3/25
5/TB

2/rB
o/6
o/+
L/O

o/o

o/o
o/r
o/0

tr::

r/6
2/rr
o':__

2/Lr
12/26

3/ro

3/e
4/13
2/6

o/5
o/r
o/o
o/o
o/o

o/o
o/o
o/o

16"6
-ìQ l

0

¿(a)
7.

0

25 "O
0

20

0

lB"4
lB.4

0

12"0
27 "7

11" I
aì

0

'1u

Stn. No"
Rrlct

4(b)

18. _l-

46. I
_10"0

33"1
30.7
33.3

0

o

Averase rates comnu ted usinlr only collectioirs v¡here total samole vras one or more FqElot1ts.

AIl percentage values indicate nunbers of madtoms recaptured in same area in which marked"

x=¿6þ
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T/rBlE V; R.ate of recapture ffi fo" 1968 marks only

of recapture 7 .Q/" IO.O\" 3.5% Q "Ol"

Date t-qå]' Stn" No.l- Stn" I'io " 2 Stn. N o. 3
Stn" No,
q(a)

Stn, No 
"

4 (b)

I\,IAY2r]
292
3f3
Jr¿ne
74
a-nhvJ

f]*12 6

I ì-t4 "7*¿ !

w-18 B

I q:2C) a
J

24 r_0

26-27 r_].
July
2L2
¡l^Õ-Y IJ

l_6-t8 L4

22-24 L5
1t th

J¿ +v

Ã(itÈ;o

9L7
26 LB

iJ+ILU

o/2
v/u
o/L

v/u
v/t
o/o
Q/U

o/o
a/o
o/o
v/L
o/t
o/o
L/¿

a/o

o/3
o/a

50

p+ /rr+

o/0

o/e

vro
o/3
L/¿

r/2
o/t
O/L
o/L
o/2

o/o
o/o
o/o
ol'

o/a
o/o

l_o

Ãrl

5A

otr::_

o/q o

o/z o

r/q 2j
o/2 o
¡ /¡ 1 a aL/O JÐ"O

0/6 o

o/z o

o/r o

o/o
o/+ o

0/6 o

o/3 o

a/o

o/2 o

o/o

l¿+ /¡+

---

o/t
o/o
a/o
o/o
a/t
o/L
a/3
o/0

a/o
a/o
O/O

o/o

'If + /rl+

,4
o
(n

-Õ

F'
(D
H

a

nl

ff
c.
r-J
(D

P

tt.
H

verage rare

Ct & Rt inctud.es Lg6B marks only x - j%
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meterse and three moved. about 9 meters each.

Further evidence of species Loealization was ind.icated

by the resufts of seine haul-s rnad.e at locations other than the

established. sampling statÍons. seÍning in aquatic vegetatíon

between stations l- and 2 in late Jury and mid-August yielded.

five and" 3l- madtoms respectivelye none of which had. been fin-
elipped. Nineteen of the latter were tagged, with white thread.

attached. through dorsaf muscufature and, refeased. Six of these

were recaptured at station 1 wÍthin 22 d.ays, It is presumed_

that the other tagged- f,ish remained. where they were rel-eased."

There were JJ young-of-year madtoms fín-clipped in
1967. Ì\one were reeaptured. other than at the site vuhere marked"

( e ) 19_6-9- Ëenp_f¿ng_Seasoe.

During the f2-week sampli-ng period", iüay through

August u 75 ad.ul-t madtoms were marked., None were recaptured

at a site other than wh.ere they were first collected.u fin*
clÍpped, and released-, Seining between stations I and. 2 in
early August yield.ed- 23 ad.ults and. 2 yor.r.ng-of-yearu and in
J.ate September f5 ad.ults" None of these fish had been marked_"

Of alf the fish col-fected. at the sampling statíons

in 1968, fl were marked. yL L967 e representing only f.4 per

cent of the total- marked. tn L96"1" fnclud.ed were both yoìLÏ19-

of:year a:rd ad.ul-ts marked in the first year. These obser-

vations are summarized in Table Vf and- il-l-ustrated in Fig, 4"
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{e?r recaptures of marked Lgxcå*gq,1967 * 1968. -

1967 1968 No.
liecapture lV1arking Recapture 1967

Date locatlon Location RecaÐs,
L{ark Probabl-e Age

in 1968

2L/5/68 Stn" 2 Stn. 2

zg/n/68 Stn" 2 Stn" 2

^- /- /ra3I/5/6ð Stn,2 Stn" 2

Dorsal- Year ff (recap*
clip tured again

3 Us/ øal

Dorsal Year I i"e. 1967

12/ 6/ 68
uç(i Ä ¿ó e

L4/6/68

Le/6/68

"ß/7/aa
See Fig"

Stn" 3

Stn" 2

Stn. 2
a (e)

Q*n

( side

q+-
U UÀ.[ 6

(side

ll
J

charulel )

3f
channel)

stn" 4(b) stn. +ta)
4(f)

clips yor.rng-of-year
(Recaptured again 3L/5/68)
lJorsal Year I J2 mm.

Dorsal- Year If 66 mm.
(Recaptured again 6/6/68)

Left pec_ Year fI * '12 mm.

tã"åf-"" (lVlovement of 9

;;;;- meters appr.ox" )

Dorsal & Year ff * 83 mm"
ana]
n'l i nv 4¿¡r

Ðorsal- & Year I 55 mm"
anal- (reeaptured-
clip again 20/6/68)

Dorsaf Year I (t)
clip 58 mm.

Dorsaf Year If * 74 '¡;rm"clip
iViovenent of approx. 52 ItI"(Ínto refuge?)

LB/6/68 Stn" 3

Stn" 2

Stn" 1
( d.r-t c1L J

Total- l_1

þ[ovement between stations occuryed-"
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Fie. 4z i\{ovemer¿ts of marked. Notl¿rUq €y_r¿qr¿s

in the Rat River wlthin each sampling

period. and. between 1967 and l_968u

vuith recapture d-ates of alL marked,

fish showing movement"



A-E: Movemants

F-G: movqments

within onø sompling secson

of l9ó7 mørks reccptured in l9ó8

RECAPTURE DATES
A' z/y'oz (r onty)

a. r/z/oz (t onry)

c'28/7/67 (t only)

D, t/s/67 (t onty)

Et . n/B/6t (t onty)

F. tz/6ßB (r onry)

G' ts/7/68(t onty)
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(A) OverwrnterÍq.e ObservatfuqÐ

!ïhen the aquarium containing fish accl_lmated_ to

3"5oC was immersed in the Bulnstant Oceanu' for further cooling

to between O"ZJ and. O "75aTu the fish exercised. a group d.igging

reaetion in one corner of the aquarium" This saae behavrour

was observed when fish were hel-d. at room temperaturee (f¡"C)

and may be the result of general d.isturbance rather than of

exposure to col-d temperatures,

During the 33 day observation period. when the fish
were held at 0,2, to 0"?5oC water temperaturesu they were

oceasionally active hut spent niost of their time hud.d.led. to-
gether on the bottom. No fishes attempted, to bury themselves

in the substrate" VThen ice f,ormed. on the bottom materials of,

the aquariurn the fish J.ay motionLess but respond_ed to prodding"

One mad.tom, captured in the Rat R.iver a month prior to placing

it in the aquarirunu exhÍbited more activity than the rest u which

had- been coflected. in the swnmer of 1967 and. 1968. .A.s ro¡ater

temperat'ures increased. to room temperature of 13oC the fish
became progressively more active,

None of the seven Gee¡uasps _qp.. placed. ín th.e aquarium

was eafen by rnad.toms wlxle the water was eol-d.est. When th.e

water temperature rose to 3"5oe alt the amph.ipods were eaten

in one day.

Some of the field experiments on the overwintering

behaviour of tad.pole mad"toms were inconcfusive, All- fish
ptaced in the trap on November f]e 1968 were stifl there ot'L
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December 2u 1968, but on Deeember 2l-, f96B when lvater rempera-

ture was 2'2oÇ only one d.ead. fish was found- in the trap. on

Niarcr, i, L969 the water temperature was l.5oc and" no fish were

found in the trap either by seining or digging up the sub-

strate, on l[arch ]6, L969 one fish was coLLected in vegetatrve
debris near the trap" Seining in d.etritus near station l_

yield.ed one tadpole mad.tom on Februa:y -l , Lg|O"

IspUlatipr¿s

A " _EelimAt e_Þ___aE_-4þuåd-ang_q_

Population estÍmates d-erÍved- by the Schnabef cens1rs

method. are summarized. in Append.ix ff " Conf,idence limits were

established- usÍng reeiproeals and- ß!-bs' val-ues as outlined b¡r

Ricker (f958). Vr¡ith the exception of station J, the estimated-

madtorr populatÍon levefs were much higher in L967 than in
1968.

B" Relative Aburrd.ance anê Flucluatþns
Relative abrxrdance a¡rd. fl-uctuations in population

]evels at al-] sampling stations tn :--967 and. f,968 are expressed,

in terms of catcÌl per rrnit of, effort, c/f , complete tables of
c/f data are plaeed. in Appendix r. coefficient of variation,
ÇV., where CV, = å " l-OOp was cafcul-ated. for weekly samples

when number of samples was greater than one. A much smal-ler

proportion of 1968 d-ata was subject to cal-eulation of C.V"

The L96B C/f for a]-l.- sampling stations was consrs-

tently lov¡er than Ln 1967 (figs" 5 to g). At sta'üaoyÀs f
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and, 2 (Fies, 5 and" 6) it generally dropped, as sampting period,

progressed during both years" The 1967 c/t for stations 4_(a)

and- 4(b) (f igs, B and 9) exhibited t-ike patternsu peaking in
mid--surnmer, then rapid.ly decÌÍnÍng" The ffuctuation pattern
at station J, (¡'ig. 7) was i¡nrike al-r other sampling stations
d.uring both L96V and l-968" A comparisan of c/f, for af.r samp-

ling statÍons in L967 and f96B is shown in Figs" r-o and ]-r-

re spect j-vely.

Q$þ_e_q *Ð ]_g] pef ç e 1_ J o_r¡ ç rg e rA t¿_qqp_

A" fg_qd_daþrts

The stomach contents of 6L tad,pole mad.toms collected.

from both the Rat lìíver and st, i\talo reservoir in olune and

July, L967 and l-968 s are summarized in Table vfr. Major food-

items were cru.staceans and inseetsu the prominent forms roeing

ll.yalel-La aztgc,e and. chironomid.s respectively. some strong

såmÍl-arities exist in the food. items of, river mad.toms over the

two successive years, notably in the percentage of stomachs

containing crustaeeans (+Z"f and 42"L per cent respeetlvely),
fn both years a liigher proportaom of Rat River mad.torn stomachs

hel-d insects than crustaceans {Dz,z and 68"4 per cent respec*

tively), but the L967 sample had a krigher íncidence of dip-
terans than in f,968.

Difíerenees in food items between river and reservoir
fish sampJ-es were considerable, rnsect material was tacking
j-n reservoir fish stomachs, but they contaíned" a greater amount
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Fig" 5e Çatch per unit effort : Station

]e ]"967-1968"
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Fig" 6e Catch per r"mit effort - Station

2e L967-L968"
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Fig" T e Catch per unit eff,ort - Station

3s L967*L968"
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FiS. I0¿ Catch per unÍt effort at

al-l- sampling stations

L967 (usi-ng weekly means)"

Fig.1J.; Catch per unit effort at

all sampllng stations

l-968 (using weekly mean) "
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of Uydg¿]A øZigSA than river samples. Evid.ence of parasitism

by nematod.es and trematod.es was for.rnd only in 1968 Rat River
samples. Vegetable materiaÌ may have been ingested" inci-
dentally whi]-e browslng for other food. items" The percentage

of empty stomachs was consistent for both river and reservoir
samples.

The main method of feed.ing observed ín the labora*

tory was browsing on the substrate. Some feed.ing at the sur:
face oceurred. when food. was first introd.uced into aquaria,

Tad.pole madtoms withstood, extended- periods of time without

food- in col-d water in the laboratory, with no obvious detrÍ-
menta] effeets"

B . Erec_4ips_ hiaþ¿l å

Attempts to observe spawning behavíour or egg clusters
proved. fruitless d-uring both the L967 and l-968 sampling period.s,

See Tabl-e I for observations of breed-ing in N=_gyJ¿ruLS re-
corded in the l-iterature"

C.Aeg_C_¿AËË_eq

Aging attempts by the vertebral ring meti:-od (Hooperu

1949) and. by otolith readings vdere u.nsu.ccessful-, probably d.ue

to length of time specimens had- been preserved in formald_e*

hyd.e before aging was attempted-, As a resul-t s ag€ class deter*

mination was based. on l-imited. length*frequency d-ata and by

extrapolation from llooper0s dL949) agíng d.ata,
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Figure 12 shows lengtl:.*frequ.ency d.ata for N._gxfinuq

specimens captured. in September v L967 and Jr.rne s L968, There-

fore, the data can be considered. as a comparison of spring and

faL] fish lengths between two srÀccessive years. Three d-is-

tinct age groups are evid-ent 
"

Young-of-year mad.toms (year Q) which emerged in early
August were easily recognized. by their smal-l-er size (size range

28 to 40 mm. ; mod.e of 33 rn¡n. ) " The year o group is d.istinct
ín Fig" L2 (September, L967 captures).

Yeay I t[-_gIr]nuÞ eaptured in Jr.¡_ne, f96B (range of
28to 50 mm"; mod.e of 40 mm.) were a second d-istinct grol¡.p"

This size gror.i"p would- be the prevÍous year s s young-of*year,

and. therefore ind.ícates very littfe growth d.uring the month-s

of september through June. ft ean be extropolated that year f
ad.ul-ts grow consid.erably between Jr.¡-ne (mode 40 mm.) and

September (mode 77 mm"),

Another fairly d_istinct size group in t96B (range

of 56to 85 mm.) probably consists of Year If ad.ufts" The

number of madtoms of length greater than 85 mm" vras limited
in both L967 and" l-968, particularly toward.s the end- of the

sampling periods (maximum record.ed tength of Rat RÍver speci-
mens was ]OB mm" ) firese may be regard.ed as large year f I
ad.ults or possibly ol-d.er, Gravid. femal-es eaptured June 29s

1967 and July 16u f96B ranged in length fram T9 to 93 mm,

Therefore it is probably that sexual- maturityu in femal-es at



Fig, LZe lengi;h-frequency d,ata for Noturus

gyr3nr¿s in two consecutive years"

Probabl-e year cl-asses are ind.ieated

by Roman numerals. Al-l- d-ata in

class interval-s of ! mm. d26 - 30,
,\3t * 3> erc"J,
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feast, is not reached. until Year II" Mortality following

spawnlng is also indÍcated by catch per rmJ-t effort d.ata"

D' Egedclprå

Stomach analysis of th.e 40 young northern pike

(EE!ë lUgèf¿å) which were seined. in mad.ton"r habitat yielded a

great variety of food items" These incl-ud-ed inseets (Uotfr

l-arvae and adufts)u amphipod.s, yorrng crayfish (Oqc_qqeqïeq

vèa¿l-¿q), mudminnows (UqlUra l-imi)e young white suckers

(Qef oslor¡Us gprungqp_epÀ) ø and. one 70 ¡rua. tad.poJ-e (tsA4g pplgnq) 
"

Howeverp Ro tad.pole madtoms (N_r*ey"¿pfÀs) were found in the

stomachs "

Young northern pÍke (SEeð ¿Bgf¿Þ) were held and.

starved in l-aboratory aquaria along with several- indlginous

Rat River f,isbesu including mad.toms, The E*_*fggjl¿s specimens

d,evoured alf the other flsh except the madtoms within two

weeksu then reverted- to cannibalism until only one pike re-
mained-. This one pike lived. with both fin-clipped, and un-

rsarked mad.toms in the same aquarium for five weeks with no

incidence of predation on the ad-ults. Howeveru one yor-mg-of-

yeaT N. _gIråriug in the same aquarlum d.Ísappeared.u presumably

d.evoured by the pike.

E. Defence

The typical defence posture exhibited by N_._gyrinus

¡¡¡hen hand-Ied- was arching of the back and erection of the
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dorsaf and peetoraf spÍnes. Thus spines pointed. out in
three directrons. Effects of toxin directly injected from
pectoral spines of five N= gyg¿4]Àg into ]ateral muscu-]ature

of other fish are summarized. below.

A sauger (stizosje4iqgr canaêense) exhibited sl_owed,

responses to prodding with a stick; fuÌ] reeovery occr.rffed

within five hours, A raínbow trout fry (Þ.armo gai¿dneri )

turned. on its side for a few minutes imnediately following
injection" Jts evasive responses to gentle prod,ding were

sl-owed for about one hour; fu]l- recovery to&place within
five hours. The Northern pike (geq* Àucrr¿s) of JO cm" length
was most severery affected- by ínjection of madtom toxrn" rt
exkribited. l-aboured- respiratory movements and turned_ belly*up
after lþ roÍnutes, Fufl_ recovery took twetve hours,



DISCUSSICIN

i\[ovements

Il{ark-recapture d.ata indicated. that movements of
tad.pole mad.toms were l-imited-u both withÍn each sampling season

a:rd. between saniplíng seasons, The onl¡r record.ed instance of
extensive movement d.uring the two summer sampling perj_ods was

that of 2"2 1ürr (f"4 mil-es) by one specimen during the summer

af L967 (Fig" 4), Most f,requent movement in ]-96T vuas between

station 4(b) and {(a)e a d.istance of about 9 meters, by three
ad.ult mad-toms, There was no record_ed movement of mad.toms

between stations d-uring the 1968 sampring period." rn add.ition,
there was no evÍd.ence of movements of marked. yoimg:of-year

madtoms d.uring either L967 or l_968 sampling periods"

SeÍning in the area of the Rat River between stations
l. and 2 in both 1967 and, 1968 yield.ed no marked. fish from

either stationu ind.ícating that mad.toms were not emigrating
frora the sampring stations into this ar-e¿-, Howeveru six of
nineteen fish seined- in this area, specially marked. with
thread tag, and- returned- to the same a;rea tn 1967 were recap*
tured at station 1u suggesting immigration from this between*

station areà upstream into station l-" The fact that sample

síze (ct) d-id- not d.rastÍca]ly increase at station ] or Z

during sampling period- (Append.ix r) further su-ggests that
irnmigration rnto these two sampling stations was not wid-e*

spread. The rel-atively high recapture rates at these -Ewo

statÍons tn 1967 (taute rv) supports this contentj-on" sj.nee
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immigration of unmarked" fish into the sampling stations w¿oul_d_

tend. to inerease sample size but lower rate of recaptu_re.

Mark-recapture data of, l-968 ind.Ícated neither immigration

or emigration in tiris avea of the Rat River. conversery,

at stations +(a) and 4(b) d.uring the Lg67 sampling perÍod,

the ad"ul-t population l-evels íncreased sharply before emergence

of young:of-year (¡'igs" B and. 9), The ]ower rate of recapru.re

at these sitesu particularly station +(a) (faUte fV) may

indÍcate a more extensi"ve movement of madtoms into these pre:
ferred- habitats from immed.iately suruor¿nding vegetation"

Of the eleven 1967 fin:clipped_ madtoms recaptured

in l-968 (1" 4 per cent of the 1967 marked total-) u two had

moved from one station to another, d.istances of nine meïers

a:;.d 52 roeters respectlvely (taUte VI and. Fig. Ð " fhe re-
maind.er were captured. at theír 1967 marking site, These d.ata

suggest that mad.toms may occupy the same habitat d-uring

both summer and. winter, The isol-ation of stations 4(a) and

4&) by low water ]evel-s in th.e faft of 1967 (ftate 3) may

have confined. the surviving mad.toms to these areas for the

u¿inter" The capture of l'{:__€xti4ug specímens in vegetative
detritus of the -Rat River on March l6u Lg69 and. Febru"ary Tu

1970 YLear stations 2 and 1 respectively supports the contentíon

that mad.toms overi,vinter in the viclnity of their summer habi-
tat.

The laboratory observations give some ind.Ícation
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of the manner in whiclr tad.pole mad-toms respond_ to a u¿inter

enviror¡nent" At temperatri-res bel_ow 3.5oc these animals
may enter a state of torpor r¡¡hich enabl-es them to end.ure the
sometimes adverse winter cond.iti-ons" Temperatures increasing
from 3.5oc probably stimur-ate the fish -uo resume normal

activities.
using mark:recapture d.ata primariry from set samp*

ling stations establ-isk¡.ed in the most apparently favourabfe
habitat may lead. to an inherent bias in favor of restricted.
movement (¡'u.nt, f955), However, sarnp]-ing the entlre section
of Rat River between the st" IVialo d.am and Highway jg (¡,ig, 4)
indicated. a l-ack of both madtoms and suitabfe madtom habitat
except at the regular sampling stations and- the area between

stations L and" 2. Therefore this parÌ;icular stream situatÍon
did. not l-end. itseff well- to ser-ection of samplj-ng sltes at
rand.om, which in other stream environments woul_d possibly
reduce the probability of biased d.ata"

I'ac-bpsÞ_:\ff e e t ing Movexßent s

several factors may have contributed to restricted
movements of mad.toms" Fírstu they were found. excl_usively in
heavy aquatic vegetationu obvj-ousl_y their preferred habitat"
rn the Rat Ríver stud.y area, the patches of aquatic vegetation
vúere as a rul-e separated by large areas of l_ittle or fro vege*

tation which may have acted. as barriers to ventures into
other sui-table habitats, Even where there was a conrinuous



bed of vegetatlon as between stations I and 2e there was

little evid.ence of movement between stations, indicating that

even where physical barriers to movements did not exist u

movement d.id- not occur in any signlflcant amounts.

Tkris extremely sed.entary mode of l-ife coul-d_ not be

attributed- to territoriality, sínce laboratory specimens mad.e

no effort to establ-ish and. defend. a terrj-torÍe but instead

tend.ed to group together in any corner of the aquariurn,

Pred.ation as a factor in the mad.torns I adherance to

a sedentary existence Ín aquatÍc vegetation cannot be entirely

discormted" lloweveru stomach. analysis and. laboratory obser:

vations revealed, that the northern pike (ggqë lugrl¿q), a
predator of most Rat River fish species, was not a pred-ator

on iad.pole mad.toms u even in aquaria wíth no vegetation" In

fact, the effects of mad.tom toxin were more severe on the

¡aorthern pikee apparently affecting the respiratory function,

than on sauger (Stizostediw c,enad.ense) or the much smaller

rainbow trout fvy (Satmo €slrdner!), neither of whieh are

rnd.iginous to the Rat River. I'[o other fish of large enough

size or numbers to be eonsidered- a threat as predators rdere

f,ound. Ín i{.=_gyË¿nBs habitat or elsewhere in t}:.e study area.

Neit}:er pred.atory bird.s nor terrestrial- animals Frere conmon

near the Rat River study area" Afso, the d-efence posture of

N" _gxrr4us_ woul-d, appear to effectively thwart pred.ation

atternpts" Therefore pred.ation cannot be regard"ed as an
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important factor in the restrÍcted movement (or d.ecreased.

nurnbers) of tadpole madtoms"

Food supply may be an important faetor restrj-cting

N"_gyrlguF_ to aquatic vegetation" Fyalella qZIeSa_ (Saussure),

the greatest single f,ood soìrrce in the d.iet of tad.poLe mad.toms

examined. n L967 and l-968 (taUte VII) is prÍmarily a benthic

animal, preferring P_otomageton (pond weed) in shall-ow vsaters

(niette, M.S")" This plant was found in bed.s of aquatic

vegetation at 3 of the 5 sampling stations in the Rat River"

Vegetable fibres were present in afmost 20 percent of river

madtoms examÍned., Therefore it is probable that madtoms are

restricted. to aquatíc vegetation since it provides irabitat

for tlieir chief f,ood supply, Hyg¿e]__a. Vfhife vegetation may

serve as part of the d,iet, it is possible that Ít is ingested"

ineid.entally d.uring browsíng"

¿qpulAlåAnÞ

The two method.s used. to obtain information in regard-s

to population l-evels (SctrnaUel census) and retative abundance

and. fluctuations (catch per r.enit effort) Uottr required- certain

assumptions e discussed. in the I iterature review"

The d-ata ind.icate that population d.ecreased in size

during saurpling, particularly in L967. Therefore th-e main

assumption for the Schnabe] eensl¿su that the population does

not change in size d.uring sampling, was not satisfied., This

faet alone renders the Schnabel- estimates ambiguot¿s,
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During both sampling period.s al_l previously unmarked

mad-toms seined. were subsequently marked. and returned. to the
popuration. Because of the evid.ence of Limíted. movement u it
is assumed that most X{=_gJr'¿puÞ at each station were sampled.

at some time during each sampling period., Therefore the total-
nurabers of 618 madtom adults marked. in L967 and 75 in l_968

indicate actual abund.ance for each year" The problem of
recruÍtment within eaeh sarapling period d"istorting these totaLs
was el-iminated since yor.Lng-of-year were easily differentÍated
from adul-ts on the basis of size, and_ were not incl_ud_ed. in
marked" totafs"

The catch per writ effort (c/r) method. for d_etermin_

ing relatíve abund-ance and. fl-uctuations in population size is
ad-vantageous in tirat d.ata are not d.istor.ted þy changes in popu-

l-ation levels, small sample sÍze or small recapture rate, The

main assi.mption for c/t data is that catchability is constant.
Year to year changes 1n catchability are cornmonry caused by

d-ifferences in d-istribution or behaviou_r of the fish s or
variable ef,fectiveness of the fishing gear because of weather
cond.itions (nicteru l95B), l/iark-recapture data ind_icated very
h-mited movements and. restriction to heavy aquatic vegetation,
Therefore distribution of U-ejyr¿a!ÀÞ probably remained. constant
over the tuuo year stud.y period. Effects of repeated_ capture
and. rel-ease on the behaviour of madtoms \'úere ímpossible to
determine in the naturaf stream situati_on, but laboratory
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observatíons d-id- not reveal- any aberrant behavicur fotlowing
handling and. marking proced-ures. sinee d.ischarge rates were

much greater d.uring the 1968 sampling perj-od, than during 1967

(Fis. f), it is possible that efficieney of the seining opera-

tions varÍed between the two years, No correl-ation berween

C/t aata and. discharge rate is evid,entu however (Fig. 13),

so the possibility of changes in ef,fectiveness of the fishine
gear is not strong"

Catch per r,mit effort d.ata for both Lg67 and 1968

ind-icates eonsid.erable fl-uctuations in population l-evef,su both

within each sampling period as vr¡e]l- as between L96T and L968"

The folfowing lnterprets in detail- station*by-station results
of catch per i,mit effort datau which are presented" in graphs
/^. - ^ \f¡'rgs" ) - 9)"

$!aÌèpp No" l- (Fig" D)

The L967 eatch per i.Lnit effort indicates a marked_

initial- d.rop in popuration during Ju1y, probably a resurt of
intensive seining causing some habÍtat destructionu leading to
some d-ispersal of madtoms into fess d-isturbed- habitat further
r¿p the ad.jacent ditch" Ðecrease in population levef during

-augusi; was fess marked.. This was possibly d-ue in part to some

immígration of mad.toms into statÍon l- from the vegetated. area

between statj.ons f and. 2, Tite decrease in population was

aga.l.n more evid.ent in September, probably due to environmental-

stress in the form of low water l-evels in the sampl-ins areas
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Fig, f3e Correlation of catch t7/f)
with Rat River d-ischarge rate at

stations 2 and- 3s 1967 - 196B.



5 4 ?

(J

¿ Ì

S
T

A
 T

 IO
N

 3

@
 

@
@

6

@

6@

@
a @

-

ü
F

ll -f
i Í I

44
fl t

(J

S
T

A
T

IO
N

 2

@

(J

@
8@

@

@
@

*@

s@

@
 t

9ó
7

x 
l9

ó8

80
 

90
 

to
o

IJ
IJ

\-
ñA

 
H

'(J
 L

ilo
 

t2
0 

t3
0 

r4
C

- 
ts

o 
ló

o

R
A

T
E

 ¡
N

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

.

23
0 

24
0



forcing emigration of mad-toms from station l- into the d_eeper

vuaters of the heavily vegetated ditchu which served as a refuge
,?ã^

Population l_evel_s were d_rasticalÌy 1ower than 1967

]evel-s at station l- through.out the entire 1968 sampling perj_od..

sample sizes in ]968 were too smafl to show any definite popu*

lation trend.s at the station, No adul-t mad_toms were seined.

after August 9, f968"

Young-of-year mad.toms were first observed- here on

August 22u L967' No you-ng were seined- in r-968 at station 1u

but t¡¡ro were seined. between statrons 1 and z on "{ugust g"

Statron No. 2 (¡'iS" 6)

with the exception of one r.rnexplainably high catch

on July 11, the A967 population level-Ied. off just prÍor to
first observed emergerlce of yowrg-of-year on August l. This

was foll-owed. by a general s.ow decrease 1n popuratíon fevel_

d.uring Augustu wrth a marked decrease after river flow ceased-

on August 29"

ÇatcÌl ß¡er unit effort of 1968, while much lower than

that of 1967, shows some similarity in that it had one unex-

plained increase in population level- at the beginning of the

sampling perj-od., followed_ by a general decl_ine, In Ig6Ba

howeveru this d.ecline reached zero by July 2 while in L96T j-t

did not reach zero populatÍon r.mtil- september j" No yor.r.ng*of-

year lvere observed or seÍned at station 2 d.uring 1968, It
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should- be noted- that in the area between stations l_ and Ze

2J ad.utts and. 2 young:of*year were seined. on August 9s Ig6Bu

and a furtlier 15 adufts seined. in the same area on sentember

27 s 1968; indicating some recovery of the population,

Steti-q$Às_._3 (Fie" 7)

This sampling station exhibited the greatest popu-

lation fluctuations during both L967 and f968 sampling period-s.

T,lttl-e explanation can be offered- for the seemingly erratic
fluctuations" It should be noted-u however, that 1968 poprÀ-

]atÍon l-evelss âs with the previous tu¡o statronse were con-

sistentl-y lower than L967 levefs.

It may be hypothesized that ts 196'l the initia]
d,ecrease in population d-uring July was the result of d,isturbed.

habitat by seining operationsu leading to emigration of madtoms

into the nearby d-eep pool which may inave served. as a refuge

area" The increase in late August may be a reflection of

increased. food. resources in the aquatic vegetation eausing a

greater density of, mad.toms in the sampling areas, The final
d.ecrease tn L967 population d-uring September probably

refleeted both post*spawning mortality and. emigration from

the sampling area back into the refuge area because of

environmentaf, stress i.e. J-ow water l-evel-s in areas of aquatic

vegetatíon after the ríver flow ceased., Young-of-year were

first seined. on Augr.rst L5 u L967 "

Less explanation can be offered_ for the 1968
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population fl-uctuations. No correlation exists between catch

per uni-t effort at station I and Rat R.lver flow rate d,ata

(nig" f3); therefore fl-uctuatíons here cannot kre exptained

on the basis of differences in efficiency of operation of the

seÍne net in d-ifferent fl-ow rates and water l-evels of, the

river, The only basic trend obvious from 1968 popr.llation

fluctuations at station 3 is that it d.rops off to zero by

August 25s three v*eeks earlier than it did in 1967. No yoiÀng-

of-year madtoms were seined" here during the 1968 sampling

period"

Þ!a$èqeÞ_J_a*__L(a) aTlé_4(þ) (r,iss, B and 9)

Both stations vcere similar in many respeets, the

sparse vegetative areas being in shalfow vsater with no

appreciable eover fl-ora, and no read.iry availabl-e refuge areas

or preferred. habitat to which madtoms could migrate, unlike
the previous three sampling stations" catch per unit effort
data were quite simifar at both stations in f967" Both

exhibited. a slight initia] d"rop in population, probably due

to d,isturbance of, habitat resulting in some dispersal of

mad.toms into surrouu:d.ing areas. Thís was fol_lowed_ by an

increase in abund-ance of ad.ults, probably by immígration frorn

immediately surro¿.¿nding areasu particularly at statlon 4(a)u

ref,leeted by íts large sample size but low rate of recapture

d.rrring early August. At tllis same time, station +(b) Lrad a

consid.erably higher rate of recapture and" there vras sorne
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evid-ence of a migration of road"toms from 4(b) to +(a) (¡'ig, 4).
During the latter part of Augustu L967, adult populations

d-ropped- sharply at both sampling stations whiåc at the same

tÍme young-of*year madtoms vlrere becoming increasingfy abu.ndant.

This d-ecrease in ad.uft popuJ-ations coruespond_ed. w¡ith a steady

d.rop in river leve] v+ith resulting dessicati-on of the aquatic

vegetation serving as habitat" This probably accounts for
the migration of some adul-ts from station 4(b) to A(a)u sinee

habítat of the latter lay in slightly d.eeper water and. vuas

therefore not as susceptible to dessication. The L967 adult
populations at both stations approaehed_ zero at the same time

that J¡ourrg-of,-year mad-toms uiere most abwrd"ant at the end of

August" River flow ceased. entírely August 29u and by Septem-

ber B the entire vegetative area of station 4(b) was d-ried. up

with only a small- fractj-on at +(a) remai-ning und-er water
/-^ . - \tyJ_afe 3)"

The low population level at station +(a) and. com-

plete absence of madtoms at 4(b) d.uring 1968 refl-ects the

severe nortality of, L967 yoi.rng-of*year and ad_u-}ts caused by

dessicatÍon of their habitat. From a total of 194 ad-ul_ts and

2J yor.r.ng*of,-year fin:elipped. at these tlvo stations during

L967, only one v{as recaptu-r'ed. in }968, These d-ata support

tlre contention that heav¡r mortality occurred tn L96"[. Shetter

(1951) found that removaf of pectoral ¡1rr= of fingerling l-ake

trout resulted- in higher mortality. The fact that recapti.lre
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rate within sampling period-s was l-ower at stations a(a) and

4(b) u where pectoral clips were used, than at the other

sampling stations may indicate higher mortality d.ue to pec-

toraf f,in*clipping' Hower¡er, it may arso be attributed. to
greater d.egree of iramigratÍon into these two stations,

Absenee of 1967 recaptures in 1968 was evidenced. in
the entire tì.at Ri-ver study ã"Tè&ø Only 1.4 per cent of al_l-

mad-toms marked tn 1967 (uotrr ad-u-fts and young-of-year) were

recaptured in 1968" Thís appears to be chiefly the result of
envi-ronmental stress in the form of drought causing excessive

mortarity to the L967 tad-pole madtom popuration d.uring the

l-atter part of August and. throughout Septembe:., L967 
"

Another factor whícir must be eonsidered in con-

jr.mction with trlopulation d.ifferences is efficiency of the

seining operations in l-968" ft was impossible to seine as

quickly in the faster currents and higher water levels of
1968u therefore the eff,iciency of the seåne net may have d.e-

creased." Hovueverp ho eorreLation exists between l-968 water

Level/flow rate d.ata and. eatch per r¿nit effort in that samp-

ling period- (Figs. Ìu 2e and,l3)"

The possibility that" mad.toms may have sought refuge

from the fast current in ]968 by migrating into d.eeper pools

(such as the ditch at station l-, and d-eep pooÞ adjacent to

stations 2 and. 3) u was not substantiated. because of the ín*
accessability of these areas to sampling by either seining or

electro-fishing techniques.
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The foregoing ind.icates a close relationship between

Inovements and- population fl-uctuations. The fact th.at nad_toms

exhibited very restricted movement resulted in fittle reinva*
sion into areas which were severery depopulated- from Lg67

mortalÍty. this was particutrarly evid.ent at stations l_ and_ ze

where populations remained. very l_oiv throughout 1968 although

they were fairly abr-md,ant in the vegetated_ area betv*een the

two statÍons toward.s the end of the 1968 sampling period., Thus

orrce populations were red.u.ced by envj-ronrnental stress in IJ6'l u

d-ata of 1968 ind"icate very sl-ow on complete fack of recovery

of popr.Llations Ín the areas most severely d.epopulated"

IVlost of the minor fluctuations ín populations witirin
eachr. sampling period, lvere probably a result of both sampling

error and short d.j-stance movements, incl-uding some immigration

into preferred. habitats for breed.ing and emigration out of
sampling areas into refuge area d.ue to d.isturbance from sein-
ing and d.uring times of, environmental stressu as occurred. in
L967 " The major d.ownward fluctuations were a resurt of mor-

tality, both natural- and- from the above:mentioned- enviroyunen-

tal- stresses,

Different environraents within the stud"y area

prod-ueed. noticeably d-ifferent trend.s in population fl-uctuations,
again related to movements. For example, ât statÍons I and_ z

with their nearby refuge areas u the population l-evel-s generarly

decreased. rapidly at first, then more slowly later in the
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sampl-ing period". This was a refl-ection of rapid, initial
dispersaÌ into refuge areas, followed, by moz.taliiy and some

emigration out of the statioreas the river dried up. stations

+(,a) and 4(b), on the other handu lacked- refuge areas and.

had. shal-l-ower vegetated areas. Here population generally in-
creased- du-ring the first tral-f of the L967 sampling period_u

probabl-y d.ue to a concentration of mad-toms in the most pre-

ferred" habitat for breed,ing and survival- of yor.mg" fhe l_ater.

d,ecrease to zero population was d-ue to heavy mortal-ity as

their habitat qu-ickly dried- up and the vegetated. areas became

isol-ated from the rest of the riveru thus cutting the fish
off from any potential refuge elsewhere" The great fluctua-
tj.ons in populati e¡¡s at statíon I during both L96"1 and. 1968

were probably a reffection of movements in and. oui of the

immediately accessible d.eep and. heavily vegetated pool ad_jacent

to both the maÍn and. sid,e charurels of this sampling area"

Fl-uctuations in populatÍons as shown by catch per

r.lnit effort d-ata if real- lvere probably the result of l-imited,

movements in the vicinity of each stations âs well- as from

mortality, both natura] and. stress*ind.uced-"
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The tadpole mad.tomu N_Qïgrus gyr.À41ÀÞe was fowrd

exclusively in aquatic vegetation in the Rat Riveru Manitoba,

2* i\{ovemenis of both ad-u1t and yor.ing*of-year tad.pole

madtoms d.uring the surnmer are very restricted and, over the

winter negligible.
N.__gyrlnus apparently overwinter in vegetative detri-

tus Ín the lìat Rj-ver in the vicinity of their summer habitat.
In the laboratoryu mad.toms tol-erated. water temperatures

approaching OcC wÍth no obvious detrimental effects; there was

Tlo eff,ort to burrow into the substrate at these l-ovu temnera-

tures "

4" Population- levels d.ropped. d-rasticalJ-y between 1967

and. 1968 sampling period"s" This was probably the resul-t of

severe d.rought d.uring tire late surTtmer and early autumn of

L96"1 causing heavy mortafity to both adul-t and yor.rng-of-year

mad-toms, Young-of-year Tvere partleularly affected sinee they

emerged- as habltat was being d.essicated. because of low water

level-s" IViortality of the latter was probably the chief callse

of l-ow 1968 population levefs, Sarnpling d-ifficulties due to

high v,rater level-s and velocities in 1968 may have been a

minor contributíng factor to the l-ov'¡er 1968 catch per unit
effort.

5" Fluctuations in population l-evel-s within each

sampling period. were probably caused by a combination of
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factorsu chiefly restrictecl movements in the vicinity of eac]:.

sampling station and mortalÍtyu both natural and as a resul_t

of unfavorabl-e envirorrmental- cond_Ítions tn L967,

6" Fin-clipping was a satisfactory marking method, for
the two year stud.y period, rt had no observable d.etrimental-

ef,fects on the tad-pole mad.tom"

7, IrTain food items of tad.pol-e madtoms in the Rat R.iver

and. reservoÍr were the amphipod Hy¿rl-ell-g q?tapa and insects,
chiefly d.ipterans, the former being the chíef item. since

the preferred- habitat of liyglç_]f,e is aquatic vegetationu parti*
eularly Pçlotqegçlm in sha]l-ow waters, it is probably that
this food Ítem is a factor l-imiting mad"toms to a hyd.rophytic

habltat" No feeding was observed in the þ,boratory at water

temperatures of }ess than 3"5oC"
R From length-frequency d.ata there appear to be a.t

least three distinct age cl-asses of N, gy¡inuÞ"
u No observations of predation on &__åyqt4uE by other

fishu bird-ss or. land vertebratesu was observed_. The most

abund-ant potential pred.atoru the northern pike (nsox f]:"cfus)
dÍsplayed a severe reaetion to madtom venom injeeted" d.irectly
into its lateral- musculature" The d-efence postureu venomori,s

spines, and cryptophylli-c behavÍour of madtoms probably ren*

dered- them immune to seriou-s pred.ation.
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APPENDIX Is Tables A * l. Swnmary of col-]ection

record-s for a]l- sampling statrons, L96T

and. l-968 sampling period.su stand-ard.

devÍations and CV for weekly Ç/f data

gíven where applicable"

Unvueighted. Schnabel estrmares are

ind icated. "
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lABLE A: Station No, l_: f96Z data

June
674/1 26

226
3 29.

July
4

6

L1
ì¡
18

21

2B

-%

serne iranJ_ J_gth.

I

5

I

Y

l0
ll

Aug.12 I
l3B
14 11
16 15
T7 18

18 22

19 25

20 29
Sept.

J

22 12

220
36 792
34 1564

25 t675
J+ z l¿a
20 Ig20

36. 6m.

36.6

36.6
27 .45
36"6

5. B_l

3"28

2. +e

t"83

r.64
2 "79

1. 3r

2"05

l" l1
r" 53

¿¿

¿+

2L

*J

16

6

22

46
67

BO

96
LU¿

o

L2

]-3

T2

-LÕ

1A

5" eo)
5.76/

4"09\
7 .43/
3. 28

0"0989 r"69fi

2.36L7 40"97y'.

o " 6929 28 " t6.ià

1" 4283 7B "t4/"

o "9263 y"26/,

0"4666 35"6L/"

0. 8061 39 " 32/"

9

6

+

6

6

1Ã,

10

6

¿

6
n
,

2

3

l
ô

1l_t
1t7
l2I
l-27

]31
149

159

165

rof
173

r_80

r-82

IÕ)

186
l-86

3 (7)
¿

¿

546

370
r")5
0" 66

u. oô

q

6

I
7

18 1836
lô r 11^Lé LJJ¿

J )v)
ìaJ.J L)IJ

10 1270
2L 2793
13 1937
l-o 1590
6 990
9 1503

ro(rz)* r73o
3(4) i4o

36.6
36"6
36.6

27 "45

36.6
36.6
36"6
36"6
36. 6

36.6
¿t.4)
IÕ. J

2. e5)
r.97,/
o"uì
2"84/

L" 64

3.4q
¿. LJ/

r.uol
o.98/
r.4sl
2"62/
1. 31

+

À

4

3

I
U

0

é

¿1"1)
18" 3

Co]1,.
No. Date

Number
ùiarked

Ittn

ül¿rrked
Tot¿rl

!IL

liu¡nber

Rt

Total
Sample r{( t-r )ct

lotal
l,gth. of
Seine
Hnrrl c

No" iirad-f 'l::nt{^ j stanaara I coert..liontS DerlÂve' rlo.
r5¡i2 - l,lil"?T.lz iDeviation l:iït"tÌR:

meters ) tx6

¿ 6.6m^+^ ì ^ r_86 12]- ìl ì 27638 2 "52 cv- =x 36 "7.4

d.f = 2O 5 rrr(t-r )ct
ãRt

ì\t - = ?Í# = 228"0 (3åffi:i"iä:i3i:i.

Numbers in brackets indicate total-sample, incJ-uding madtoms tagged betlveenstations l- and 2 whi-ch mrgratéã-into slatíon r_,.ã--ir".u used rn catch perunrt effort car-cu-r-atrons Ëut ''ot-in popuJ-ation estinares.
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TÄBTB B; Station l,lo" 2 - L967 data

67/L/2 26 6(7) 39. 64 1.0
2

ì
4
5

o

U

v

10

IJ.

12
ll

I4
IO

1q¿l

IX

-ìo

20

2L

22

26

¿y
July

4
6

1I
l-o

¿L

25

2B
Aug.

ì

I
]l

18

22

25

29
Sept "

5

L2

1B

tl

B

l_1

26

B

9

7

.|
t

L2
ÀT

11

¿

¿

0

I

].9

27

3B

64

72
BT

BB

96
-ì ô1

llq
'tlo

123

]-,23

134

136

].JÕ

138

¿J0 1Jö rl-lq

)..67

r. B2

4 .24
I rit

1" 37

^ 
Âl

0"84

U. r,

é

1

4

¿

ì
0
I

2

15 90

9]7]
l-5 405
28 1064
11 704
9 648

l-0 Bl0
10 880

to 960
t2 1236

6 690

4 476

3 369
L2 t476
3 4o2

3 408

39"64
39"64
39.64
39.64
39.64
39"64

39.64
19. 64

39"64
39"64
39. 64

39"64
39. 64

48 "79
2L.3q
2r" 3q

39.64
39.64

0.6415

0.2121

0" 00

o " 6435

0" 1r3r

o " 4525

)L" Jöi.

35 "45,ß

14 "o4/,

0.o0,4

47,r4,/,

4-Lø _) )ro

39 " 
oûy'

0\
ì

27,/

36)
27/
24

5l
)6/
.l\

I,L/

27

24
rìoo

l6

2.
1"

2,
A

L.
1.
t.
t"

J

o

¿

L
I

T

1" 82\
Io.9v

0" 6\
,o.45/

]" 4B\
I

o,84/
0. 84

0

l_

rì

0

]
1

oll-. | ^
No. I uare

Number
Iriarltecì

li.tr

iiiarked
Total

I{t

liumber lîotaÌ
.ù.ecaps {SampJ-ed.t I ct

I'i(t-I )ct
TotaI
Igth. o
Se ine
f{auls

¡*o. Mad-
fnmc na¡

I5Ii¿
Ave. No.
I i.r,ì + ¡'.-rrrdu ! v¡l¡ù ?
Ð C lî -i )Ììi

I Coeff.
Standard lvarj.ati.Deviation(s)ls,zi f

June
matorq I h+'t úú

setne
x6
hau-

l_ I
11065

0"1
¿ v g4!ð L = 1.29 CVI = 29"762

d.f = ]-9 unureì-shted. î = Iå8i,' = J81.5
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TABLE C¡ Station llo" 3 - f96T data

Col-l-.
No.

June
67/3/3 29

JuÌy
67/4/3 4-

56
6I}
B18
92L

r0 25

11 2g

L2

13

]4
r6
1'7

1B
'lo

20

2I

22

]3

L2

6
g

3

I

¿

7
q

0

2
A+
n
t

4

6

B

7
0

13

25

31
40

43

45

47

49

56

oJ-

61

63

ol
74

7B

B4

92

99

U

3

5

4

7
l_

3

.+

I
6

¿

I
l_

3

B

T

u

2

0

13

16

11

r3
l0

3

6

B

10

¿

J

10

t2,
7

B

9

o

U

275

403

400
12A

¿¿)

282

560
l22
IOJ
tlq

olu
8BB

546

OI¿

B2B

neters ) x6
serne hau

¿o.)J
¡l

tt

2"94

r. 81

2"04
0

It

It

€t

tt

gt

¡t

!l

!¡

t!

7a

tt

!t

It

tt.

3.39\
2"4s)
2.94
2.261
o"68/
r.131
r" 36/

J-. Õl_

2.26\
I

o"45/
0" 68\

I

L" LJ/

2. 26\
I

2.7t /

grn.

2"94

2"94

2"94

t"47

L" ¿)

.1" ÕT

1" le

0" 9]

2"49

J_o )O

1. 81

2"04
rì

0.6363

f I 1rÕL. LL I ¿

v. Lo¿ I

L" ¿ IyO

0.3182

0.3182

Coeff"
variatio:
s/x. IU,

2t.64ø

76 "oo/"

r_J. uoTb

J4 " +>7o

J) " rô7o

L2"BW

4ug,
]'
B

1Ì
15

J-0

22

25

29
Sept"'

9

L2

18

Number
Iúarked

ùln

Irlarked
Total

Mt

Number lIota1
Recaps.lSample

Rtlct
Iri(t-1)ct

Total
length
Se ine
i{auIs

No. llad-llTeekì-y
tomg perlAve. No. lStandardI5lvl' 

I tiadtoms, lDevlation(s )

IotaLs 7085 x = 1.79 CVx = 42"18

df = l-B unvrelghtea f = ZoA¡ = fJ9
5L
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TABLE D; Station ¡¡o. 4(a) - 1967 data

July
67/a/aG)-

4

56
611
OJö

92L
]0 25

1I 28
^,,-ó.u6o

tôL¿ I.

138
L4 r.1

16 L5

t7 18

rB 22

19 25

20 29
Sept.2l-5

¿¿ L¿

1

3

T

t2
B

B

g

22

13

r6
6

4

5

0

I
0

I
4

5

9

2L

¿>

37

+5

67

BO

96

102

106

111

111

112

LLz

0

L

0

I
0
q

q

0

3
F

¿

0

0

I
0

0

0

1

4

I
5

12

I3
13(14)x

8(lo)
25

IO

LÕ

6

+

6

0

L

o

0

+

4

25

108

273

377

?96

LTz5
1206
1440

576

408

::
1tI

¿o. )z
0t

¡t
.";;-
o"23

L"9z

3. 06

2"26

AQn

¿. l5

l.. .rJ

0

o.23
0

¡l

8l

q!

0t

It

w

0!

!l

n

0t

tt

00

It

o" 9o
0.23
1" 1ì\
2"7;)
2"eò
3.L7 /
2.26

2.OO \
I

4"o7/
4.07)
L. JO,/

o.90\
Ìr.36/

0

a - r -^LâLLI¿

v"Lo¿l

r. J.¿¡+J

t"916?

o.3252

58"rB/"

5 .32/"

23"LO/.

Iv") llo

28"77fi

0" 23

u

ônl I

No. Date
Nr-rmber
Narked

nln

llarked
f,^+^l1U !4I

Irlt

Number
¡(ecaps

Rt

lVU4I
Samn l o Irl(t-1)ct

Total
Length of
Seine
i{au1s

No. l\lacl-
tomq pet
]5lt¿

ìVeekJ-y
Âve. No.
Ivladtoms,
Per 151i1-

Standard
Deviation(s)

Coeff.
variatio
s/x . Lu

¡[e t ers Itx6
Èc

Totals ll2 23 x = 2.f9 cv*- - 37"]BB

df=16 rrnweighted î'= uä3" = 286, j
Numbers in brackets include narks from other stations, used in catchper'nit effort calcu-l-ations but not in popuratiãn Lstrmates.
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TABLE E: Station No. 4(b) - fg67 data

Nwnber I i,rarteal ìiumber lrotor
Ll:rkod l,|nfal I iìo¡¡n¡ rQ¡--l

I rLLuapò I ùdritp¿
ùhlhitlRtlct

T:-lî1 ,l *o. nt"u-l 'feekly
I,r(t_rlct I lglh. of] i:;*"'ï:ll.rve" Ìro.

" lSeine I i;iiã P"'l iiadtoms,

-LHquls 

tL)!L l¡cr f5l:*

CoIl .
No" StancÌard

Deviation(s)

Coeff.
varÍati-on
s/x tCC

June
67/2/4þ)

26
Jul_y

67/4/4$)-
4

q6,

o¿I
q 2l

I0 25

tl 2R

Äug"
J-¿ -L

138
r-4 ].1

LJ

ulB
.l-8 22
l^ É¿

20 29
So n*

/t h¿

22 L2

l1

r6

27

36

50
q'7

63

ÕI

B2

B2

B2

B2

B2

B2

0

66

h¿ ì

297

936

500

tx6

\,

0

2"00
o"59
2. 00

3" ¿O

r" 64

I" 83

o "55

0

0

0

0

seine hau 8rn.

]]

6

q

Z

a

L4

I

l

0

0

U

0

0

0

1

2

0

¿

t2
I

4

2

o

0

0

0

0

11

6

tl
¿

11

¿o

l_0

?

?

20"43

32"93
0t

0t

2.OO

o.59
2. 00

4,74\
It.82/

r"64
r rz\-"r, 

ì
T"28/
,. y, 

\
o"LB/
0\

Io/
0

tt

,!

0t

8l

tl

9g

¡t

¡t

t,

9l

9 513
13 Bl-9

6(T)" ßz
5 380
r ôÌI OJ-

0--
0--
0--
0

0--

2.0641

o "7707

o "5162

0. o0

o¿">qþ

42"23/"

J\" I t-F

0" 00

T ctal_s 2AB2 4250 I = l_.u cvfr - 49"970

df=16 urnweighted î=4.âi|o = 146.5

cne station 4(a) mark not included in population estÍrnates but used¡-n catch per unit ef'fort cal-cuLa.bions"
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TABLE Fe Station tVo, 1 - 1968 d.ata

sffi.
I\,Iay

6B/L/L2L 0 o o 2 27.4' O"44 0,44
2290000sso\
3 3l i- t- o l- ,, ;.22) o'11

Jurre
4 3 O r_ o 0 u' o \ o"lf
5 6 ] 2 Q r t_ n, 0"22) 

v(

6 l_l--f2 0 2 0 o so o\
713-140200,u") 

0o,/
B }7*fB 0 2 O o u' O\ ^lv9 L9'20 O 2 0 0 u, O/

10240200ÊÊo\
1l- 26*2V I 3 O l- 2 s' ;.zZ) 

o'11-

JuIy
12 2 I 4 0 l_ 3 6u 0"22 O^22
138-904OOu'OO

,L4 ]6-:.8 f 5 t 2"(3) g uû 0.66 0.66
x

L5

1631 05OO'uOO
Aug.

L7 g O 5 O 3 15 È' Q.66 0"66
1826050OuuçO

Sept.
192705a0'uOO

Totals 5

Co]1
No.

Tl^+^)JÕ, tJ Y,
I\urnber
IVIarked

t\ln

I\{arked.
Total-

IVit

Ni-¡mber
Reeaps

JT. I,

Total-
Sanrple

^+
M( t-l )ct

Totaf
Lgth"

uL
q^;-^

liauls

No" Mad-
toms per
I SMZ

þ/e oi¡-l 'ir

Ave. No 
"I{adtoms,

per r)ll'l
meters-I,UTXO

2Ad.f =lT r.inweighted"N=T= 29

XCt for population estimates d.oes not incf,u-d_e one Lg67 recapture
from station 2.

'No mad.toms marked. after Collection 14 (.fuly 16)"
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-TABLE G: Station No. 2 - ]968 data

Nurnberl I'iarkedl Number lTotaÌ
Date I I'larkedl Total lriecaps4Sample

lil¡'ll\itlRtlCt
r.:/¡ r \n¡!r\ u-alv u

Total
I -+ L!6Ur¡.
q^; *^

HauIs

I'lo. ITad.-
tnm< non

I5L\¿

bt*o

Ji eekly
Âve. lio.
M"dt gi!"rz

Coeff.
variat i or
S,/ X . J-UL

"lori
I

I

I npr I rilLl

Standard
Deviation( s )

68/L/r
L

4

5

Á

I

n

Y

l.0
l_]

ù{ay
2L

t'l

June
I

t_r-r2
I ì-l/
'ì 
".-t 

,q

r9-'20
24

26-27
u 4l.J

2

Õ-y

22
¿l

Àqó.

¿o

I

0'
^l

9

9

ì
]
I
3

]
1

t€I
J

6

I
+{

¿

1

I
[]

T

0

0

bU

L20

)Þ

o¿+

68

39"64
tl

t,

gt

8l

3l

!t

Í!

!t

¡t

0t

0

0

l7
)t

3
.|
,

lÃ

l_0

¿

¿

ì
a

I

2

0

0

0

o

I

I

t5

seine haul lgth.

0.45

1.14

o" 30

0.38

o" 23

0

0

0" 30

0

o

o.45
r.06\

.l
2 "27,/

r qr\
-. r* 

)
v" lo,/
,,r" JV )
o.30 /
0" 45\

I
o"30/
u.1, I
o "30/

0000'
000u0
000û'
o272n!

24

27

2B

2A

?ì

l4
36

36

36

36

:

U

0" 8556

o" 5303

0" 00

0. r-061

0 " 1061

>t. Joþ

+o" I¿þ

V . VVTd

28.34fr

4 f . J-O)õ

I2
lì
I4

I6

r7
J_O

3ø

!t

0

o

0

o.30

o

o

fotal-s 163l 764 Ï =0.48 cvÍ = 34"72

i,ll un arked fish retrrrned without
NOTE: 1967 clips recaptr-ued in l-968
Hind.icates 1967 marks.

47 "75

these two samph.ng days.
population estinates. (nt an¿ lrit).

d.f = 16 unweighted. ìI¡t _ 1.64--16
fì n-ol i nni ¡ø nn

are included in
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TABLE H¡ Station No. J - l-968 data

seãê-¡,auf-if.
Mav

68/r/3 2i
¿¿>
ì ?l

June
43
56
/ 11O LT-L¿

7 13-14
B r7-rB
9 19-20

t0 24

11 26-27
JulyìôL¿¿

13 B-9
:14 16*18
15 22-24
16 _ll

Aug"
L79
1B 26

00000

0

*
¡lo

J
0

B

/L

ç1À

L¿O

^Q

¿o

rnQ

oì

62

26 "53
!l

¡t

+

2

ì
¿

6

6

2

I

4

6

12
'rR

¿+

¿o

27

¿I
ì't

tl

ìl

{l

)L

11

4

¿

I

I

I

2

I

0

+

0

0

L.l

¿

0

0

u
I

x¡ar \
f \t/

2"(1)
*¡r 1 \1\',',

o

0

0

0

o

U

U

0

0.68

o.79

o.3q

U

0. 90
r.3e
o" 68

o

^ 
/aq

0. 3182

0.00

+ l.L+7o

L9 "6tfr

o "oafi

+)" IJl\

,, o" gol
* o"45/
" 0.go)
, o "68/
" 1" 58\
!r 'l ç,A l¿. /v/

,, 0.45ì
' o"23,/

€¡

3t

!l

!l

!t

0

0" 90
1" 3o

0.68
0

0" 45

nal f
Date

Number
lilarked

Irin

itiarked
Total-

Mt

Itumber
Recaps

Rt

lror"
SampJ-e

ct
¡ri(t-1)ct

TotaL
!ó UII. VI
Seine
Hauls

No. Iiad-
f 

^mê 
ñôÞ

15Ìii¿

rYeekly
Ave. No.
Àf ad t oms,
per f5i;:"

Standard
DeviatÍon(s) variar Í c

çlv ij

I ¡(ruetels ) 't I Ctx6

¿ v ù4Iü 29 792 I =0.635 CV; = 28"13

ctI = f)
1'No marking after JuJ-y 9"
*Ind.icates 

f96? statron J recapture;
number of 1967 marks in brackets.

unwergb.ted N = 158.4= J+-



TABLE f;

Çol-1,
l'{o "

BB

Station 4(a) - t96B data

Numbe
Recaps

p+ ru(r-1)cr
Total-
Sample

^+

Tota]-
lgth.

of
Seine
llaul-s

eeklyNo" I[ad*
toms per
I Ãn/T¿4)tit

Ave" No"
Madtoms^

- _--/I L¡lt¡-
lJs¿ L)X!

merers
0tx6

qoi na hqr¡'l I æ*hr¿@ua¿ ró u¿¡ èI!'IAY
6B/UaG)

2

a

T

5

I

Â

q

I\J

-t "t¿¿

T2

ll
1A

-ì6

1a

I
J

o
n

3

0
f
J.

I

))
ì
T

/1T

I

I
ô

11

ta

11

u-

n

l

n

n

I
J

I

ì

l¿

l

ì

L2

2L
/v

3r-

Jwre
)
J

LI*L2

rr-rR
T9:20

2A

^Tr r'l r¡

2

J_b-J-Õ

22-2 L

ìl

o.6B)
o./
o" r3)
o/
o.r\
0/
o.rì
o"68/

I

2L

U

U

0

n

0

0

^

l_ l_

a\

26.52
8É

E8

It

g,

a¡

gE

ßa

ga

ûf

Êg

o'3+

0. 13

0" 34

o"4e

0

n

Nunber ilvlarked
Ivlarked lTota]

I\tn I nt

lotals t_0 46 X = Uøl)

/]€ - l-ìU¿ * J¿ unweighted
'/\ A F,nr '+vr\ =î= 40

fnd.icates 1967 statlon +(a) c1ip"
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APPEI'IDIX II; Population estimates by the Sch-nabel-

cerrsus roethod u L967 - 1968"

95% confid.ence interval-s establÍshed. by

cal-eulating I/N 3 Est" $" E" and.

obtaining reciprocal val-ues Ín tabl_e of
reciprocal-s,
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APPENDIX II: Schnabel PopuJ_ation ¡lstimates

lfn

ii o.

iTot¿rl fTotal-
Dtarked lIìecaps "5un I lxl f (ct l,tt)

.dst . Pop.
r^aIul
I l(ct i'rt) 

|.€HrJ

Rec i-procal
/^ /-. ¿..r/li = Q ftt-7r,ì:-îrì'T

Z\ur/ iirL./

t val-ue
I occ, u"1- EstÍmated
\evLlr*-/- s.E"

ÆF.J({ cr ¡itr

J)/- v.L.

t_ I27638 | zzg tfu = .oo4i78 l.ooo¡rg x 2.086 - t .oooejo l rrr_ru,
2 r39 29 11065 382 29 _

]1065 - "002620 .0OO4E6 x 2"091 - o .oolg4 27i-624
3 99 5l- 7oB5 139 äð5 = .oo7198 .0o1oo7 x 2.10r- - : "oo2lr-5 rol-tgi

r(a) r12 23 6589 287 aE¡ = .oo349o .OoO727 x 2.120 = r .001541 199-r1l
1(b) 82 29 4250 r47 &u = .006823 .001267 x 2.rzo = I . oo26t6 Lo.--242

Total 6l_8 ItB j

-:s!.__.
)-5r29^^1 2<) ZE = .034482 "0344ò2 x 2.1_to = ! .o72757 g _

nê2+ Èr
ir'å" "iå¡:
val-ue2 3I ]6 764 ô.A ¡_6_ _+o ffi = "020942 .005235 x. 2.120 = t .ottog' i-toz

329579q r.)ö íîZ = "00ó313 .Oo2B23 x 2"1-jt- = t .oC60I5 Bt_¡j¡O ,

+(a) lo ì. 46 ". I46 ã6 = .ozt739 .ozt739 x 2.2ot =.! .o47}q7 14_
greater
than
+^Ll ^

value
4(b) o o

Totals 75 2BÌ

95% confídence intervals estabr-ished by carcurat:.ng ?N 1 E"t. s. E.a.rxd obtainj.ng reci_proca] vaLues in tabLe of reciprãcaLs.


