
Ecology of the Quillback (Carpiodes cypri.nus)

of Dauphin Lake, Manitoba

by

Brian Parker

A Thesis Suburitted to

The Faculty of Graduate Studies

The Uníversity of Manitoba

In ParËial Fulfillment of the

Requirements for the Degree

of

Master of Scíence

Department of ZooLogy

August 1987 
@



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend. or sell
copies of the film.

The author (copyright owner)
has reserved other
publication rights, and
neither the t.hesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

L'autorisation a êté accordée
à la Bibliothèque nationale
du Canada de microfilmer
cett.e thèse et de prêter ou
de vendre des exemplaires du
f ilm.

L'auteur (titulaire du droit
d'auteur) se råserve les
autres droits de publication;
ni la thèse ni de longs
ext.raits de ceIle-ci ne
doívent être imprimés ou
autrement reproduits sans son
autorisation écrite.

rsBN 0-315-37276_L



Ecor,ocy oF rru eurLLBAcK (cenproors cvpnruus)

oF DAIÍPETN I.AKE, IíANTTOBA

BY

BRIÂN PÂRKER

A thesis submitted to the Faculty of Graduate Studies of
the Univcrsity of Manitoba in partial fulfìllment of the requirements

of the degree of

MASTER OF SGIENCE

@ L987

Permission has been granted to the LIBRARY OF THE UNIVER-

SITY OF MANITOBA to lend or sell copies of this rhesis. to

the NATIONAL LIBRARY OF CANADA to microfitnr this

thesis and to lend or sell copies of the lilm, and UNIVERSITY

MICROFILMS to publish an abstract of this thesis.

The author reseles other publication rights, and neither the

thesis nor extensive extracts from it may be printed or other-

wise reproduced without the author's written permission.



1.

ACKNOTLEDGEMENTS

' I thank Dr. W. G. Franzín for províding me with the opportunity

to carry ouÈ this study and for actíng as my supervisor over the course

of rny graduate work. Mr. S. Harbícht and Miss L. Livingston helped

implement the summer sampling schemes from which I shared data.

Mr. J. Babaluk and Mr. P. Schaap provided me with data from sampling

programs with whích I had no direct ínvolvement. Last, but not least,

I thank Mr. George and Mrs. Yvonne Geisel who allowed us the run of

their property and made nany tedious days on the fish fence far more

enjoyable than they otherwíse would have been.

This work was made possible by a graduate student stiPend awarded

by the Canada DepartmenÈ of Fisheries and Oceans t Freshtrater Institute

in support of graduate student research.



ii

ABSTRACT

The ecology of the quÍllback (Carpiodes cyprínus) of Dauphin

Lake, Manitoba, rdas studied during the open water periods of l-984 and

1985. Spring spawning runs were monítored with a fish fence on the

Ochre River while quillback were collected from Dauphin Lake in beach

seinÍng surveys carried out each sunner. Quillback spawning nigrations

commenced when waÈer temperatures reached 5 C but were confíned to

pulses of runoff following snowmelt and precÍpítation events. Move-

ments were concenÈrated in the mid-afternoon and earl-y night hours.

Some migrants moved upstream as far as 32 krn but.others only 1.6 km.

Spawning r¿as observed, usually over riffles, at wáter temperaÈures of

7 to 18 C in late April to mid June. The mean fork length (FL) of

spawning adults was 420 mm and mean weight 1770 g. Fecundity ranged

from 51,600 ro 360,000 in fish of. 970 ro 3150 g (358 to 507 nm FL) and

vras linear r¡ith wet weight where ln(fec) = 2.35 + L.27 ln(wet weight).

Large (>1200 g) females had sígnífieantly heavier ova and greater 7"

weÈ gonad weight than small individuals. The maximum recorded % gonad

weÍght was 22.5"/". Hatching of larvae occurred 229,8 degree days after

spawning. Mean total- length of newly hatched larvae was 7,95 nm.

Larvae drifted overnight while sËí11 in the proJ-arval stage. Overnight

predatíon on larvae by shiners (Notropis cornutus and N. hudsonius)

and darters (Etheostorna nigrum and Percina shunardii) was recorded.

Adults marked wíth Floy FD anchor tags had an 8.6% annual tag loss

rate. The mean growth rate of tagged adults r¿as less Èhan 7.5 mn/year.
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Commercial exploitaËion of the marked populatíon nas <I7. per year and

recreational exploitation negligÍble. Fin ray ageing r¿as validated,

but only to age 8, and otoliths, opercles, vertebrae and scales were

validated to the ""r" "r. by comparison. Otoliths gave the oldest

ages t.hereafter. Male quillback mature at 41 5 or 6 years of age

and females at 6, 7 or 8 years at mínimum fork lengths of 280 and 345

mm respectively. The largesÈ individual captured was a pre-spar¡rn

fenale of 560 nrn FL (626 mn TL) and abouË 4 kg wer weighË. Length-

weight relationships were ln(wet weight) - -9,839 + 2.834 ln(FL) for

spent adults and ln(wet weíght) = -!2.136 + 3.243 ln(FL) for juveníles.

Quillback ate small (..6 mm diam.) benthic items including chirono-

mids, entomostracans and Difflugia. Large quantitíes of sand and

organic detritus usually hrere present in stomachs. The diet of

large (>200 mm FL) and small quillback from inshore sanples vras very

sirnilar. Several quillback taken offshore consr:med nearly 1002 entomo-

stracans but very 1ittle sand suggesting that facultatíve midwaÈer

feeding may occur. Post-spawning migrants consumed smal1 quantÍtíes

of fish eggs. Preferred substrates were loose sandy to sandy-silty

conbinations in areas sheltered from wave action. Young-of-year (YOY)

were taken only in shallow inshore lùaters, whlle adulÈs preferred

deeper water except on hot, calm days when they could also be taken

inshore.
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INTRODUCTION

. The carpsuekers (Catastomidae: Ictiobínae: CarpÍodes spp.)

are a group of morphologically similar suckers (Cornelius 1966) that

are widespread across much of south-eastern North America (Fig. 1).

The ríver and highfin carpsuckers and the quillback (C. carpio,

C. velifer and C. cyprinus respectively) all occur in the United StaÈes

r¿hile only the latter is known from Canada (ScotÈ and Crossman 1979).

Carpsuckers usually are of limited commercíal or recreational

importance and there have been few comprehensive reports on any of

the species; in partícular, none on Canadian populations of C. cyprinus.

The river carpsucker has been the most extensively studied

species to date buÈ most authors provide líttle more than age and

growth data (Elkin 1954, Purkett L957, Bass and Riggs 1958, Morris 1965,

SÈucky and Klassen 1971) ¡sith few studies directed to or includíng

fecundity (Behmer L965, 1969b), díet (Buchholz 1957, Brezner 1958,

I^lalburg et a1 I97L, Surmnerfelt et al L972) or behavíoural analyses

(Behmer 1969a)

Except for a study on quil-lback larval developnent by Gerlach

(1973) most studies on quillback ecology have been ancillary to work

on the highfin carpsucker. Vanícek (1961) provided age and growth data

on both species with other authors includíng, in addition, fecundíty

analyses (Woodward I973, Woodward and l.lissíng 1976) and presumed

evidence of competítion among the species (Beecher 1979).

Hor¡ever, there remaíns a lack of broadly based biological
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studies on any population of quíllback. The present sÈudy was under-

taken to provide a reasonably complete life history of C. cyprínus

f rom Dauphin Lake, Manítoba (approx. 51 l-7'N: 99 14 rI{) .
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STUDY AREA

DauphÍn Lake, Manitoba, and íts tríbutary streams are currently

the focus of a Canada DeparÈment of Fisheríes and Oceans (DFO)

research efforÈ aimed at rehabilitating the declining walleye

(Stizostedion vitreum) population there. This study was made possíble

through the cooperation of Dauphin Lake Walleye Rehabititation Project

staff who operated a fish fence on the Ochre River and maíntaíned a

samplíng program on Dauphin Lake.

Dauphin Lake ís a large, shallow, turbid prairie lake located

about 20 kn northeast of Dauphin, Manítoba (Fig. 2). It has a surface

area of approximately 500 k^2, a mean depÈhof 2.34 m and a maximum

depth of only 3.1 m. Ster¡7art-Hay (1951) has described the lake and

its surrounds in detaíl.

The Ochre River originates in Ríding Mountain National Park at

abouÈ 660 n asl before descending the Ríding Mountain escarpment and

crossing the former Lake Agassiz floor to enter Dauphln Lake at about

256 m asl. The Ochre River draíns an area of >420 kr2 (P"rrrrer and

Oshoway 1982). The lower 30 km are generally of 1ow gradient (approx.

1.8 n per km) and are slow flowing wíth riffles ínterspersed r¡ith

sand and mud bottomed pools. On the escarpment, gradients average

approxiurately 9 m/krn and the river ís composed of virtually contínuous,

often unstable, riffle areas. The headwaters have not been directly

nodified by ur,an due Èo Ëheir inclusion in Ridíng Mountain Park but

outside the park the basín is subjecÈ to heavy agricultural usage and
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some meander cuttíng and ditehing of tributaries has taken place,

The Ochre Ríver probably is the least modified draínage entering

Dauphin Lake. The rÍver Ís prone to flash flooding during snowmelt and

precipitation events but is usually reduced to near zero flow during

the summer months.
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MATERÏALS AND METHODS

Ochre River Sparrning Migrations

Fish spawning migrations r¡ere monitored with a two-way fish

fence (rnodified fron Anderson and McDonald 1978) operated on the

Ochre River about 1.6 krn upstream frorn Dauphin Lake (Fig. 3) from

April 15 to June 22, L984 and Apríl 14 to June 25, 1985. High water

Ievels prevented fence operaÈion over the periods May 6 to 9 and May

11 to 20, L984 and April 18 to 25, L985.

Staff gauge readings were taken at about 10:00 h (1oca1 time,

GMT - 6 h) daily at the fence site except during several high water

periods ¡chen the gauge washed out. lJater levels frour April L9 to 25,

1985 were estimated from markers set Ínto the bank at 10:00 h each day.

VJater temperaÈures rrrere t.aken to the nearest .loC by hand-held

thermometer in 1984 at about 9:00 h while in 1985 a Robert-Shaw

recordíng thermograph was operated at the fence site. Mean daily

temperatures for 1985 v¡ere calculated dírectly from the thermograph

charts.

Físh were passed in both dÍrections at least twice daily wíth

enumeration as often as once an hour when runs were heavy. Fork

l-engths (FL) were taken for all quillback in boÈh years, whíle wet

weights to the nearest 10 graurs were recorded for fÍsh taken in 1984

only. The sex of all upstream migrants ¡uas determined by external

appearance and/or stríppíng. Quillback were considered tgreen'
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(usual-ly applicable only to females) íf they had not spawned and

stripping failed to produce freely flowing sexual products; running

if sexual products were freely flowing and spent if in post-spar4rning

condition. Due to dífficultíes ín detemíning the sex of some spenÈ

fish, downstream migrants frequently rùere not classified by sex.

In 1984, 857 adult quillbaek on their downstream migration

were marked with individually numbered Floy anchor tags. Only físh in

good condition rrtere tagged and no anaesÈhetic rsas used. Tags were

applied near the ant,erior end of the dorsal fin such that the T-bar

interlocked wíth the dorsal pterygíophores. A portion of the first

2 to 5 rays from the left pelvic fin were taken from all marked

fish for agíng purposes. A further 115 individually nuurbered and 402

batch mark, unnumbered Floy tags r^rere applíed to 517 adults in 1985

but none were fínclipped. Fish marked in 1984 and passíng the fence

in eíther, or both dírectíons in 1985 were recorded by tag number and

had the left pelvic fin clipped for age valÍdation material. Quí1l-

back that had previous pelvíc fin clips but no tags hrere considered to

have shed their tags.

Fecundíty, Egg and Larval Measurements

A total of 43 pre-spawn females r^rere sampled frorn the Ochre

Ríver fence síËe for fecundity analysis: 35 ín 1984 and I in 1985.

Round weíght to the nearest 10 grams and fork length hrere recorded for

all individual-s. The ovaries hrere removed from the body cavity,

weighed to the same limít and preserved in Gilsont s solution for three
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months before examinatíon.

Fecundity was estimated from preserved ova rinsed free of

ovarian tissue. Five groups of 1000 eggs each were counted and

then dried, as well as the remainder of the ova, for 48 hours at

approximately 21oC. All groups were weighed to the nearest .0001 g

on a Mettler 4E160 balance. Fecundity was estírnated by divísion of

the mean 1000 egg weíght inÈo the total dry weight of eggs.

Two female and 3 nale quillback from the Ochre River were

spawned together on May 16, 1985. After water hardening for I hour,

without hardening agents, the fertilized ova htere transferred to and

held in the Mobile l{alleye Hatchery currently under development by

DFO. The hatchery used Ochre Ríver r^rater at its prevailing tenp-

erature regime over the full incubation period. The number of degree

days to hatch was calculated from mean daíly temperatures derived from

the Robert-Shaw thermograph operated at the fence site. Upon hatching

50 larvae r{ere sampled and preserved in 10% formalín. Total lengths

(TL) were measured to the nearest .01 mrn with dial calípers.

Dauphín Lake Sampling

The seinÍng schedule in 1984 consisted of approximately weekly

100 n hauls r¿ith a 10 ur bagless seine, on either síde of the Ochre River

mouth, during the period July 4 to Septernber 30. The eastern shore

had a wave-washed hard-packed sand and gravel substrate devoid of

vegetation. A plume of Ochre River rÀrater often extended down the east

shore for .5 krn or more and there usually hras a notíceable onshore
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current. The western shore hras more protected from wind action and had

both submergent and emergent vegetation. The substrate uras sandy with

sÍ1t and mud patches and there usually vras no noticeable current.

The seining program was expanded in 1985 to a weekly seining

effort with a 31.5 m bag seine from July 1 to Septenber 29. Seining

locations included the hrest side of the Ochre River mouth, I.Ielcome

Beach, MeÈhley Beach, SÈoney Point Beach, an unnamed beach 2 km south

of Oak Brae and an unnamed beach off the east side of the mouth of

Èhe Valley River (Fig. 3). The Oak Brae, Valley River and l^lelcome Beach

sítes were not seined in September. One 100 to 150 m seÍne haul

perpendícular to the shore was made at each site except at Oak Brae

and Stoney Point where 2 and 3 shorter hauls r.rere made respectively,

due to a more steeply slopíng lake bottom.

trIelcome Beach had a cobble shorelÍne with a hard-packed clay-

sand substrate beyond 10 u offshore. Methley Beaeh had sand bars

alternating with gravel sËríps and a scattering of large boulders

close to shore. The Valley River site was clean hard sand and was

very similar Èo the abandoned site on the easÈ side of the Ochre River.

Oak Brae had a soft silty-sandy botÈom wíth pockets of cobble and

submergent vegetation. Stoney Point had a loose sandy-gravelly base

with occasíonal larger boulders. There ltas usually a strong onshore

currenÈ at Èhis location.

All quillback taken by seining were sampled. Fish under 200 mm

EL were immersed in 102 forrnalin on capture and measured to the nearest
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.01 mm FL and weighed to the nearest .01 grams on return to camp.

Larger quillback were held cool untí1 return Eo camp and were measured

to the nearest mm FL and weighed to the nearest gram.

Age and Gro¡vth Analysis

Validation of fin ray agÍng was attempted rdith seine caught

juveniles of 1985 and 96 tagged and recaptured físh taken eíther aÈ

the Ochre River fence ín 1985 or by conrnercial físhermen in November and

December of the same year.

All clipped fins, an initial left pelvic clip frorn the tíme

of tagging and a right pelvic clip from the tÍ¡ne of recapture for each

fish, were dried and coated in a cold cure epoxy. Sectíons .65 to .85

nm thick were taken wiÈh an Isomet low-speed dianond sar^r as close to

the fin base as possible. Fin sections were mounted on glass slídes

with Díatex mountíng medium and read under Ëransmitted light. Right and

left fíns from recpatured marked fish were compared to assess annulus

formaÈion, whereas the fin ray age of juveniles was compared to the

putative year-size class to which they belonged.

In addítion, 27 mature quillback and 34 juveniles were sampled

for scales, vertebrae, otoliths, operculars and pelvic fins to provide

a comparative assessment of age between dífferent structures. A

further 32 adults ïrere sampled for 4 of the 5 structures and 2L for 3

of the 5 in different combinations.

Slides of longítudinal sections of vertebrae rdere prepared in

the same manner as for pelvic fíns. Cross sections of .60 mm
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thfckness (Fig. 4) were taken from operculars and mounted on slídes

for aging. Otoliths were burnt in a gas flame in the manner of

Christensen (1964) but were then embedded in epoxy and cross-sectioned

through the sulcus with the isomet sar^r. Otoliths were not broken as

described by Christensen (l-964) because they disíntegraÈed r.rhen a

needle was pushed through the sulcus. A drop of glyeerine was applied

to the cut surface of the oÈolith to provide better resolution of

presumed annuli just before examination. All of the above structures

were examíned under reflected light. Scale samples were pressed

between 2 slides and viewed with transmitted light. Individual

structures from any fish rrere examined without knowledge of the age

given by any other structure for the same fish.

Length-weight relationships were determÍned for the spent down-

stream migrants of 1984 and seÍne iaught juveniles of 1985. Lengths

and weighÈs ürere transformed with natural logs prior to regression

analysis.

Díetary Analysís

Stomachs rdere removed from 49 adult and Juvenile quíllback

caught in seines in 1985, 9 posÈ-spawning migrants taken from Èhe Ochre

River in May 1985 and 6 adults taken by the comnercial fishery in

December of the same year. In addition, 11 storrachs were examined from

fish caught more than l- kn offshore by DFO staff Ín the sunmer of 1983.

SËomachs qrere considered to be that portion of the gut from

just anterior to Ëhe muscuLat "gízzard" to íts firsÈ bend where it
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doubles back on itself. Stomachs were preserved ín L07. formalín for

5 to 7 days and then held ln 707" ethanol until examínation. Gut

contents were examined under a dissecting mícroscope at magnífications

up to 500X to ensure the evaluation of microscopic food items.

Occurrence and the esÈÍm ated 7" volume (by eye) of each taxon were

recorded for each sÈomach. Trace volumes were arbitrarily assigned a

value of. O,57.. Total volumes r¡rere corrected to totâl l-00% after a

"mucous and gut lining" caÈegory had been deleted.

Individual sÈomach data were combined for fish in the following

groups: winter fishery; 1983 offshore; 1985 inshore <200mm FL and

1985 inshore >200 mm FL. Average volumes of <0.57" f.or any taxon, in

any group, $rere considered only as tttrace.tt

Meristics, Morphometrícs and Tubercle DÍstributíon

Counts and measurements were taken from a combination of spríng

spawning migrants and fish caught Èhrough the summer. All fish

hrere preserved ín LOï" foruralÍn for at least I month and rinsed in water

for 3 to 4 days before examination. Characters were recorded according

to the definitions of Hubbs and Lagler (1964) with the exception of head

length, which was measured from the tip of the snout to the post.erior

edge of opercular bone. All measurements were taken with díal calipers

to the nearest .01 mr.

Tubercle distributions were based on 12 female and 11 rnale

quillback Èaken from the Ochre River downsÈream Ìun between May 20

and 25 1985. These fish were initially Èaken for meristic and morphometric
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study and r^rithout regard for the degree of theír tuberculatíon. All

individuals were held as above except that three males rlere re-examined

after 3 mont.hs st.orage in 507. isopropyl alcohol.



-13-
REST]LTS

Ochre River Spawning MigraËíons

Daily counts of rnigrating quíllback, 9:00 h r.rater depth and

mean daíly water temperature for Èhe ochre River ín 1984 and 19g5

are given in Figs. 5 and 6 respecrívely (Appendíx 1). Quillback

runs courmenced before hrater temperaÈures reached 6oC on April 15, 1984

and at less than 7oc between April 18 and 23, 1985 r¿hen a síngle

quíllback r¿as taken in a trap net at the fence site after the fence

had washed out. NorÈhern pike (Esox l-ucius), white sucker (Cataslornus

commersoni) and walleye (Stizostedion vitreum) had commenced their

upstream migratíons (in the order given) before the first quillback

was taken. The shorthead redhorse (Moxostoma macrolepídotum) was the

last of the larger specíes of fish to run ín the Ochre RÍver. A

small number of sílver redhorse (Moxostoma anisurum) also ran up the

Ochre River each year.

Upstream movements of quillback coincided with decliníng dis-

charges and rising rÂrater temperatures following runoff peaks caused by

snor¡melt and precípitation events. Each pulse of runoff was

accompanied by a successively smaller pulse of upsËream migrant

quillback from rnid April untíl late June when runs ceased.

Quillback ran as far as 30 kn up the Ochre River in 1983

(S. Harbicht pers. conm.) and 1-985 (equívalent Ëo a vertÍcal gaÍn of

53 n fron lake level). In 1984 Lhey were reported frorn 32 km upstream
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(about 63 rn above lake level). However, lengthy niígrations \rere

noted only after periods of high discharge; rnigrants runníng upstream

during minor peaks of discharge often migrated no further than 2 to

3 krn.

Both up and downstream movements of quillback occurred

primarily ín the nid-afternoon and just afÈer dark. Migrating

quillback shor¿ed a strong tendency to school, even well after spawning,

unlike any of t.he other suckers that ran in the Ochre Ríver.

Quillback spawning was intermittent in the Ochre River and

generally followed peaks ín discharge. Spawning was observed at

Èemperatures between 7 and 17oC frorn AprÍl 16 to June 8, 1984 and

at temperatures beÈween 7 and 18oC from April 25 to June 4, 1985.

Spawníng usually occurred in riffle areas over coarse to fine

gravel substrate, especially when river discharge was high. As

discharge declined spavrners moved to progressívely deeper and slower

reaches with loose sandy bottoms, but were never seen spawning over

uruddy substrates. Usually spawníng groups consisted of 2 to 5

individuals although the membershÍp of groups frequently changed.

Individuals were very active and often engaged in spawning acts over

50 m stretches of river bottom, espeeially when water levels were low

and quillback were working sandy runs.

In both 1984 and 1985 the first dorvnstream migrants rrere large

(>450 nn FL) spenÈ females. As the downsÈream run Progressed the sex

ratio increased Ín favour of mal-e quillback. Since both the 1984 and
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1985 upstream runs were largely missed due to físh

was not possible to determíne a mÍgratory sequence,

fence washouts it

by sex, for the

upstream runs.

One hundred twenty-eíght of 857 quillback rnarked in 1984

returned to spa\,¡n in the Ochre River in 1985. Ninety-four quillback

marked in 1984 that ran upstream between April 18 and 25, 1985, when the

fÍsh fence \das washed out returned downstream after a mínimum average

of 39.2 days (range 12 to 60). Sixteen previously rnarked adults that

returned after April 25 stayed upstream an average 29.5 days

(range 9 to 46). Most quitlback, both marked and unmarked returned

to Dauphin Lake following Èhe high water períod of June 2 to 6, 1985,

that saw the híghest rdater 1eve1s sínce the snor^¡melt flood, regardless

of when they passed upstream.

Nearly all downstream migrants vrere spent ín both 1984 and 1985

except during the period May 9 to 11, L984, when many prespawn

females returned to Dauphin Lake. This anomalous behaviour r¡as coin-

cident wíth culvert removal and bridge construction .75 km upstream

from the físh fence.

Distríbutions of fork length for dor^rnstream migrants were very

símilar between 1984 and 1985 (Figs. 7 and 8). Mean fork lengths were

4L9,7 urn (approx. 469 nn TL) anð. 42L.4 mrn (approx. 471 nm TL) for

l-984 and 1985 respectively.

Females were on average larger than males in both years,

based on upstream migrants only (figs. 7 and 8) with means of 443.6
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and 449.0 ¡nm FL for females and 413.0 and 409.L mm FL for males in

1984 and 1985 respectively. The longest female taken was 560 mm FL

(626 mm TL) and w-eighed approximately 4 kg while the longest male

was 521 rnm FL (581 u¡m TL) and about 2.7 kg wet weight.

Fecundíty, Egg and Larval Measurements

The fecundity of Ochre River quillback ranged from an estí-

mated 51,600 in a 1010 g, 370 rnm FL female to 3601000 in a female of

3150 g and 507 urn FL (Table 1). Fecundíty increased as a lÍnear

function of wet weighÈ, but the data were transformed wit.h natural logs

to meet homogeneity of variance assumptions of linear regressÍon.

The relationship of the transformed data was ln (fecundíty) = 2.35 +

I,27 Ln (wet weight) (t2 = .885, Fíg. g).

I,trithin the Dauphin Lake population, large quillback (>1200 g or

>390 mm FL) had signifícantly heavier ova than smaller females, (Appendix

2) at .6092 and .457L g dry weight per 1000 ova respectively (t = 4.704,

df = 5, a<.005, two sample T-test for samples of unequal size and

varíance (Snedecor and Cochran 1980) Fig. 10). A sirnilar occurrence l.las

noted in 1985 r¿hen mean dry weíghts of 11000 ova for 4 large and 4

s¡nall females trere respecÈively .622L and .4334 g (Table 2).

There r^ras a significant difference in wet gonad weÍght expressed

as a percentage of wet body weíght betr,¡een large and smal1 quillback.

The mean 7. wet gonad weight for small females was 9.9L7" and for large

females l-7.25:l (t = 4.7, df = 4, I <1005. Appendix 2). The maxintnt 7"'

wet gonad weíght recorded was 22.57., There \^ras a trend towards
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increasing 7" wet gonad weight as qret weight increased (Fíg. 11),

considering even large females only.

Eggs fertí.1ized on May 6, 1985, r^rere successfully incubated

until larvae hatched on May 23 after 229.8 degree days. Hatching of

quillback larvae was synchronous and nocËurnal as for ryhite sucker

and r¿alleye larvae reared in the same facílity. The mean length of 50

newly hatched and preserved prolarvae was 7.95 +/-nz mm TL (Appendix 3).

Virtually all quillback larvae taken in DFO larval drift
studies on the Ochre River in 1984 and 1985 drifted overnight and in

the prolarval sÈage. Overnight predation on drifting larvae by common

(Notropis cornutus) and spottaíl Gglropis- hudsonius) shiners and

johnny (Etheostoma nígrum) and river (Percina maculata) darters was

recorded. Up to L7 larvae were found in an individual predators

stomach. The length of time for which the predators had been feeding

is unknown.

Dauphín Lake Sampling

Sixty-nine quillback were caught in 1984 (Appendíx 4), all

from Èhe west side of the Ochre Ríver mouth over sandy-sílty sub-

strates, No quÍllback were taken from the east shore site over hard

packed sand and gravel substrates.

Seine catches of quíllback ín 1985 (Appendix 5) líke those of

L984, rdere greater over soft rather than firm substraÈes. No

quillback were taken from the Welcome Beach or Valley Ríver sites

where the substïate rùas hard-packed sand. OnIy 10 of the 110 quillback
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caughÈ r¡rere taken over hard subsËrates and all were juveníles taken

from MeÈhley Beach, Seventy-four quillback (11 adults, 63 juveníles)

were taken from the west shore of the Ochre Ríver mouÈh. Adults were

taken most frequently from Stoney Point (15) and sometímes from Oak

Brae (4) where qrater depth increased rapidly as one moved offshore.

All but two juveníles were taken from the Ochre R-iver and Methley

Beach sítes where the shorelines slope very gently ínto deeper ürat.er

and there are extensive shallow-water areas. The other two juveniles

¡^rere taken from Stoney Point but both of them were larger índívíduals

of age 3*.

There appeared to be differences in the relative strengÈhs of

the l-984, 1985, and 1986 year classes on the basís of seine catches

of YOY quillback on the wesÈ side of the Ochre Ríver (Tab1e 4).

Sixty-six YOY were taken in 1984 with a 10 rn seine but only 6 in 1985,

when a 31.5 n seine r¡as used. Taking ínto account thaÈ seine size

was increased, catch rates of 1984 YOY were about 30 times greater

than for YOY Ín 1985 (Table 3). Further DFO seíning in 1986, with

the 31.5 m seine at bi-weekly intervals, took only 1 YOY quillback

frorn the west side of the Ochre River (S. Harbícht pers. comm.).

There was thus nearly a 100-fo1d difference in YOY abundance between

1984 and 1986 based on seine catches.

Tag Return Anal-ysÍs

One hundred and Èrltenty eight of 857 quillback tagged ín 1984

returned to the Ochre River in 1985 (Appendíx 6). Eleven recaptured
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quillback were pervic finclipped but not tagged and were assumed

to.represent fish that had lost their tags. A tag loss rate of.8.6%

for quillback at large I year r¡as indicated.

Tagged fish were recaptured all over Dauphin Lake duríng the

non-spawning period (Fíg. L2) lndicating widespread dispersal of

spanners from Èhe Ochre RÍver.

Only seven marked quíllback were taken in the 1984-85 commercial

fishery (Appendix 7). Assuming that all mechanical tag failure

occurred prior Èo the onset of the físhery and that no death of marked

fish occurred only 792 of. an origínaL 857 tagged quillback r^rould sÈÍll

have borne tags u¡hen the fishery opened. The exploitatíon rate of

marked fish under this assumption rras 0.881¿. Two of a potential 473

1985 tags were returned from the 1985-86 commercial fishery yielding

(assuming the same tag loss rate as prevÍously) an estímated 0.42%

exploiÈatíon rate. An addítional 5 1984 marks were also returned

from the 1985-86 fishery. Assuming no death and two years tag loss

at 8.6% per year and accountíng for all known removals the 1985-86

exploÍtatíon rate of fish rnarked in 1984 was O.757..

No tags rdere returned by dionetters on any hratercourse entering

Dauphin Lake despite widespread dipnetting of suckers (mosËly C.

commersoni) for home canníng. Only one group of dipnetters lilas ever

observed deliberately capturing quillback on the Ochre River.

A one-sample Petersen estimate based on numbers of quillback

ín the 1985 downstream run in the Ochre River gave a whole lake
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population estimate, assuming that adults do not return to a fixed

stream to spawn every year, of 18,089 +/- 2812 adurts over 370 rnrn FL.

The same estimate was applíed to DFo pound net catches from

MeÈhley Beach over a 15 day period in August 1985 consideríng only

those fish rnarked in 1985 (Appendíx 8). All catches rdere lumped and

considered as one sample. An esÈímaÈe of 32r7L2 +/- LBrg72 adults

>370 rnrn FL rvas obtaíned.

Age and Growth Analysis

Pelvic fin rays were validated for aging quíllback to age 2*

by comparison of fín age to the síze class to ¡¡hích an índívidual

belonged. Cohorts of juveniles formed non-overlapping size classes at

any partícu1ar poínt duríng the open-r^raËer season (Fig. 13). The

first annulus r¿as usually distÍnct from the ray centre untíl age 3*

but aË greater ages the first distinct ring was usually the second

annulus as found by Beamish (1973) for C. commersoni.

Validation of annulus formation in the pelvic fin rays of

adult quillback was based on the recapture of 92 finclipped, tagged

físh returning to Èhe Ochre River in 1985 after one year at large and

4 recaptures from the commercial fÍshery after the marked inclividuals

had been at large from May 1984 to December 1985.

Thirty-five f,in paírs could not be validated for annulus

formation because one or both of the fin sections hrere unreadable for

one of a varíety of reasons, including fín regrowÈh foll-owing ínjury,

poor readability of presumed annulí oï poor fín clipping. Higher ages



-2L-
r{ere usually obtaíned from the 3rd or 4th rather than the first or

2nd fin rays and consequently fin clips of less than the fírst 3 fin

rays were discarded

All recaptures of físh of fin age 3 through 8 at the time of

tagging were validated for the additíon of one annulus after 1 year at

large. Only 24 of 55 could be validated from fin age 9 and onr¿ards

(Appendix 9). Of the four at large 2 years each, only one formed 2

annuli, one formed a single annulus and the others showed no annulus

formation. Therefore, fin rays could only be validated for annulus

formation up to fin ray age I for Dauphin Lake C. cyprinus.

Figure 14 shows, for quÍllback of specific otolith age, the

mean age provided from the pelvic fins, scales, operculars and verte-

brae of all aged quillback ín that otolith age class. Si¡nílar ages up

to age 8 r^rere obtained using all of the structures and because pelvic

fíns had been validaÈed to that age all structures rüere considered

validated by comparison. Beyond age 9 otoliths consistently provided

the highesÈ ages of all structures (Appendix 10). The presumed annuli

were always clear and age estimates were very precise between readings.

Quillback otolith development rras similar Èo that described by Power

(1978) for lake whitefísh (C. cl-upeaformis).

Opercular sections gave ages similar to those given by otolíths

but were usually I to 2 years lower especially in o1-der quÍllback.

Dissolution of bone from the interior of larger opercles obviously had

removed early annuli ín numerous cases and this probably accounËed for
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much of the age dífferences seen between the tr¿o structures. Oper-

cular annuli, like those of otolíths, were very clear and age deter-

minations were co-rrespondingly precise. Operculars \.rere sectíoned

because they were too thick to read whole in larger specimens.

Vertebral age estimates were the same as for otoliths and

opercles until an otoliÈh age of 10 years r¿hen differences were first

noted. Annuli were diffícult to discriminate on the outer edges of

vertebrae in large adults because Èhey became very crowcled.

Fin rays and scales provided the lowest age estimates of any of

the structures used. Consequently, most adult quillback were aged

with otoliths while smaller fish were aged by síze class or with pelvic

fín sections.

Seíne catch data (Fig. 13) show 1984 cohort growth was from

approx. I urm TL at hatch ín May or June, to 57 to 96 mrn FL (64 to 107

mm TL) in September 1984 and to 111 to 160 rnm FL (L24 to 179 urm TL)

in September 1985. Because the mean size of the 1984 cohort in May

1985 was not greaÈer than in September 1984 it appears that growth, at

least of juveniles, was largely confined to the May to September period

in l-984.

The growth rates of narked adults at large 1 year and returning

to the Ochre River ín 1985 were highly variable, ranging between -2

and *24 nn. Many of the increments were less than the presumed accuracy

of measuremenÈ of. +/- 5 mm. High variability of indiviclual growth rates

also was suggested from the lengths of aged quillback; quíllback of
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420 mm FL ranged frorn 16 to 52 years of age. Average growth rates

of.marked fish by size class (Table 4) showed a Èrend towards declíning

growth rate Ín length as length increased. Average annual growth

rates for larger adults were less than I rnm/year; assuming Èhat there ,

Idas no effect of tagging on growth. These values were símilar to

those indicated by plots of age versus length for Dauphín Lake quill-
back (Fig. 15).

Male quillback matured at 4, 5 or 6 years of age at a mínimum

FL of 280 mm (313 mm TL) while females rarely matured by age 6 but more

frequently by 7 or 8 years of age aÈ a minimun FL of. 345 rmn (386 run TL).

After maturiÈy, females of any given age are on average larger than

males of the same age (Fig. 15, Appendices 11 and 12).

Length-weíght relatíonships (Fíg. 16) for rhe spenË adults of

1984 and separately the juveníles of 1985 were ln(wet weíght) =

-9.839 + 2.834 ln(FL) (t2 =.87) and ln(wet weight) = -L2.136 +
,

3.243 ln(FL) (r' = .99) respecrively (Fíg. L7). The difference

between slopes is signifícant at p = .gg5,

Dietary Analysís

The diet of large and srnall quillback taken ínshore r¡as símilar

(Fig. 1-7, Appendices ]-6, l-7, 20 and 21). The mosr importanÈ iden-

tifiable comPonents by volume for large indivíduals were chironomicls,

5.57.; osÈracods, 2.9%; cladocerans, 15.2i¿; copepods, 6.8%; and

Difflugia, 6.6"a. comparative volumes for small inshore fish were

chíronomids, 7.77"; ostracods, 10.7%; cladocerans , 5,2%; copepods, 6.87.
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and Dífflugia 5.4i4. Stomachs of físh from both size classes contained

large amounts of sand (37.6 and 31 .97" respectively) and flocculents

(2J-3 and 21 .97" r?spectively), here interpreted as organic detritus.

Although fílamentous algae, diatoms and plant parts hTere presenÈ in

stomachs, they never formed more than a minute part of an individualrs

diet.

Vírtually no sand or flocculent material was found in the

stomachs of quillback taken offshore in 1983. Entomostracans and

chíronomids nere the najor food items at 48.7 and L5.21¿ of stomach

volume respecËively (Fig. 17, Appendices 16, 17 and 19). Three quill-

back taken from Stoney Point in 1985, over loose sandy botÈoms, but

where the water is relatively deep had sírnilar gut contents to the 1983

offshore samples with up to 957" of gut volume consisting of ento-

mostracans and few sand particles present.

The stomachs of 6 adults taken from the winter commercial

fishery in 1985 were empty and suggesÈed that feeding rnay be reduced

in the winter months.

Most food items ín these groups were less than .6 mm ín

diarneter, but adults occasionally took items up to 2 to 3 mm in

diameÈer. The larger food iterns included fingernail clams, sponges,

amphipods and Ínsect exuviae.

Seven of 9 spent adults sampled on their reÈurn to Dauphín Lake

afÈer spawning in May 1985 had been actively feeding in the Ochre River.

The largest identífíable component of the díet was fish eggs (6.3i¿
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by volume) followed by chironomids G.8"Á) and planr par'ts (L.5y")3

usually seeds and woody tissue. Large amounts of coarse 2-3 rnm sand

(67.97") and flocculent marerials (2r.oi¿) also were íngested (Fig. 17,

Appendíces 16,17 and 18). Mosr feedíng quírlback in the ochre River

were observed aÈ the tail of riffle areas over loose sandy bottoms.

Fish holding ín deeper pools ürere never seen feeding.

The feedÍng behaviour of laboratory held juveniles involved

the excavation of a series of small pits in sandy rather than gravelly

areas of aquaría. The protrusibility of the jaws allowed penetration

to at. least 1 cm ínto the substrate rdíthout requiríng indivíduals to

significantly deviate from a horizontal orientaËíon. Unwanted

particles were ejected through the lor¿er gill cover while food items

Idere retained; presumably between the gill rakers and the palatal

organ.

At least three inÈestinal parasites were found in quillback

stomachs including: an acanthocephalan, Neoechínorhynchus carpiodii;

a trematode, Lissorchis gullarís and a Carryophyllid tape$rorm,

Monobothríum hunteri (ídentified by A. Szalai).

Meristics, MorphomeÈrics, and Tubercle Dístribution

Morphonetric and meristic values for Dauphin Lake C. cyprÍnus

are sunmarized in Appendices 22, 23 ar.d 24.

All fish examined showed tubercle development (Appendices 25

and 26). Casual observaÈion of other quillback in the spawning run

suggested that probably 100% of males and >907. of females bore at
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least some tubercles

. Tubercle distribution on the head r¿as similar to Huntsmants

(1967) Fie. 18 except that the Èop of the head frequently was covered

with many small tubercles that continued up the dorsal crest to the

base of, and often along, the first dorsal ray. Male quillback also

bore tubercles on the cornea of the eye but numbers r^rere very varíable,

ranging from 1 or 2 tubercles to a seríes completely surroundíng the

pupil.

Up to the first 11 pectoral and 8 pelvic rays bore tubercles

although only the fírst L or 2 rays of each had tubercles on both

the upper and lower surfaces. tr{hile pectoral and pelvic fin tubercles

were found on most individuals a smaller number, mostly males, also

had tuberculaÈe anal and caudal fÍns.

Tubercles on the body ranged from absent, to present along

the full length of the lateral líne scale series, with heaviest con-

cenÈrations on the first 3 or 4 scale ror¿s above and below the laÈeral

line. Scales in this region usually carried 5 to 18 tubercles with

fewer per scale outsíde this area. A few, usually less than 10 or

15, of the anterior belly scales, particularly of males, carried I or

2 tubercles.

Patterns of tubercl-es frequentl-y were not bilaterally

symretrical on any indivídual fish. Female quillback were generally

less tuberculate Ëhan r¡ere males, but the most tuberculate individual

examined üIas a female. After the spawníng period, Dauphin Lake
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DISCUSSION

Ochre River Spawning Mígratíons

Quillback migratíon in the Ochre River was limíted by

both water temperature and discharge. Pulses of upstream movement

occurred over a range of water temperaËures above 5oCrindicating

temperature probably would lirnit migration onJ-y when less than 6oC

during very early snowmelt runoff or following late season snowfalls as

occurred bet$reen Apríl 27 to 29, L984. Low discharge prevented

migration, even when temperatures were in the range considered optimal

for spawning. In early April 1984 water temperaËures reached 12oC but

quillback present in the lower Ochre River would not Pass the first

riffle. Discharge was 1or¡ at thís tíme, and reduced !,rater depth over

the riffle seems to have prevenÈed quillback from ascendÍng the Ochre

Ríver.

Corroborating this possíbility, when north or north-rsest winds

caused water levels to ríse ín the lower river as far as the fence site

the passage of quillback, both up and downstream, increased even

though discharge did not. This suggests that absolute r^tater depth was

critical for migrating quillback. However, since rlater deprh usually

was closely related to discharge in the Ochre River díscharge must be

considered a factor Èhat regulated quillback migrations above the first

riffle.

Temperature was judged an fmportant regulator of migrations in
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both whíte (-calgg.tonus commersoni) and longnose (c. catastornus)

sucker migrations (Barton, 1980, Geen et al, 1966). only Barton

(1980) noted that. discharge was ímportant, but discharge may never

have been limiting in the Geen er al (1966) study. rndeed, the

low levels of discharge that apparently prevented quillback mígratíon

in the ochre River appeared to have no significant effects on the

whiÈe sucker and walleye runs underway at the same time.

Migratíons of quillback 30 to 32 km upstream placed the adults

at the base of the Ríding Mountain escarpment where extensive riffle

and presumably good spawning areas hrere found. The actual distance

of upstream migratíon for each pulse of migrants probably was dependenË

on the levels of discharge reached during the migration period.

During periods of low discharge riffles and shallow sandy runs probably

acted as physícal barriers to quillback movement.

The long residence times of adult quillback

in 1985 night be indicative of stranding of adults

in

by

the Ochre River

decliníng water

leve1s after they migrated well upstream Ëo spa!¡n in that year. The

large flush of spent individuals in June of that year corresponded

with the highest díscharges since thaÈ years I spring flood and may

have allowed quillback held upstream to reÈurn to Dauphín Lake. Many

spent quillback rrlere seen holding in deeper upstream pools prior to the

dÍscharge event and were presumed trapped by shallow riffle areas.

In 1984 such an event was not recorded but this may have been due to

removal of the fish fence before a number of quillback visible upstream
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had been washed dovmstream, or perhaps because Ochre Ríver discharges

were hígh for an extended period in 1984 and little stranding of

spavrners occurred.

Spawning temperatures of 7 to 18oC are the lowest recorded Èo

date for quillback reproduction. Spawning occurred at 16 to 24oC ín

Florida (Beecher LgTg), 10 to 22oC ín Indiana (Currie and. Spacie

1984) and 19 ro 28oC ín Ohio (!,Joodward and l{íssing 1976) . I,Jarer

temperatures in the Ochre Ríver and other Dauphin Lake tributaries

reach these higher ranges but only in summer when díscharges are very

1or¡ and spawning migrations would not be possible. Also, only a very

shorÈ growing season would be available for larval quíllback if

spawning were delayed into the summer months.

The preference for spawning wíth freshets, also noted by

Curríe and Spacie (1984) in Indiana rivers, mây be an adaptaÈion Ëo

allow spawning over more stable riffle substrates thaÈ ürere accessible

only durÍng high-waÈer periods. Egg attritíon rates probably were very

high on the urobile sand substrates used when water levels forced

quillback from the preferred riffle areas. Dauphin Lake quillback were

never seen spawning over nuddy substrates as was reported for Èhe

species by Harlan and Speaker (1956).

Dauphin Lake quillback appeared to be annual sparÂIners, as

indicated by the return of tagged adults of both sexes to the Ochre

River in 1985.
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Fecundity, Egg and Larval Measurements

Dauphin Lake quillback fecundities are the highesÈ carpsucker

fecunditiäs reported to date, but they are also frorn the largest

individuals sampled for fecundity so far. I^loodward (1973) found

fecundiÈies of 25,500 to 63,779 ín quillback of 315 to 1032 g r4rer

weight. Iüoodr¡ardrs (1973) largest female r¡as Èhe only físh with

either a weight or a fecundity reaching the ranges of the Dauphin Lake

population (Fig, 9). Fecunditíes of river carpsucker of 41430 to

1541000 in fish of. L82 to 737 grams (Behrner 1969b) and 4,828 to L49,744

in females of. 244 to 358 nm TL (Buchholz 1957) r^rere reported from 2

Iowa populations, This suggested, because of the high fecundíties

reported in the small adults, that other carpsucker populations may

have had smaller ova, on average, Ëhan Dauphin Lake quillback.

Within the Dauphin Lake quillback population small females bore

smaller ova than did larger, older Índividuals but there r¿ere no data

avaílable to deËermine if thís phenomenon rras restricted to the Dauphin

Lake populatíon or whether it níght be solely responsíble for the

apparent differences ín egg síze between carpsucker populations.

A strong positive correlation has been found between egg size

and larval size in herring (Clupea harengus, Blaxter and Hempel 1963),

anchovíes (Engraulis anchoita, Ciechonski 1966), arctic char,

(Salvelinus alpinus, Wallace and Aasjord 1983) and PacifÍc salmons

(Onchorhynchus spp., Beacham et al. 1985, Beaehan and Murray 1985).

Large larvae showed lower urorÈality rates from failure to conmence
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feeding (Blaxter and Hemple 1963, ciechomski 1966, wallace and Aasjord

1983), had larger mouths and were capable of taking a wider range of

prey sizes (I,Iallace and Aasjord 1983). rncreased size would improve

swimming performance and their ability to escape predators and to find

food (Mílls and Mann 1985). These facrors inruírively give large

larvae a survival advantage over their smaller brethren and thus

larger quillback might be expected to produce larger and hence higher

quality offspring than small females. This should give large females

a signifícant reproductíve advantage over small females and favour

large adult size and late age of maturity as rras seen in the Dauphin

Lake quillback population.

Two large females, on gross examination, contaíned eggs of two

size classes. Both Buchholz (1957) and Behmer (1965) have reporred

this condition ín the river carpsucker. Behmer (1965) felt that this

índicated urultiple spawning in the specíes. There rüas no evidence of

multíple spar,míng in Dauphin Lake quillback ín part because no

Partially spent non-spardning fish were ever taken. Ochre River migranÈs

were, at least superfícíally, either fully maËure or fully spent when

taken. Also, no quillback rsere taken during the suruner months that

appeared as though they would have been able to spa!ùn before the next

spring. Even Íf nulËiple spawning had occurred, low wat.er discharges

in tribuÈaríes to Dauphin Lake would have pre-empted stream spawning

in the late spring or surrmer months. Further, larvae resulting from

late spawning would have a restrícted growíng season in which to
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transform to and grol¡r as juveniles. Large juvenile size was positively
correlated with over-winter survíval in cypriníds (Mills and Mann

1985) and suggesLs that late spawned quillback would have suffered

reduced survival over the winter months.

Gerlach (1973) recorded for newly hatched quillback a mean

length of 5.5 rnrn TL in Indiana, or much smaller than recorded here or

by Gaboury (1985) for quíllback rarvae in the vall_ey River, Manitoba

(8.2 rnn TL).

This study confirmed the observations of Gaboury (19g5) and

Gale and Mohr (1978) that quillback drift rnainly while in the pro-

larval stage, Quillback larvae probably left the spawning rivers

before they transformed into juveníles because during 5 years of DFo

sanplíng no postlarvae and only 5 juvenile quillback were taken in

streams entering Dauphin Lake. postlarval quíllback were taken only

from Dauphin Lake, albeit in low abundance.

Nocturnal drifting has a presumed survival advantage in

reducing predation on larva1 stages, but in this study virtually all
cyprinids and many darters taken at nÍght had consumed sucker larvae.

Forage fishes could exact a heavy toll on larval fishes if Èhey were

present in high densities. A large number of cyprinids and darters

move into the ochre River each spring, presurnably to spahrn, but perhaps

also to utilize the abundant food resource that larval físhes represent.

Larval quil-lback could have been parÈicularly susceptibl-e to this form

of predation because they were smaller than the white suckers with which
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they commonly drífted and would have been available to a greater size

range of predators.

Dauphin Lake Sanpling

Juvenile quillback vlere seemingly confined to shallokr water

areas as noted for oÈher carpsucker populations (Becker, 19g3, Beecher

1979 and Buchholz 1957). In way of supporting evidence, otter trawling

by DFo staff in 1983 more than .5 km offshore failed Èo produce any

juvenile quillback in 176 three to seven minute trawls(J. Babaluk pers.

couuu.)' Five large adults were taken though and íf juveniles were

present they should have been more susceptíble to the gear than the

adults. Large quíllback commonly were taken by seíning in shallow

inshore r^rater but prÍmarily on hot, calm days. with the exception of

these days there appears to have been a marked segregation of adult

from juvenile quillback of Gl- to 2* years of age. This could have been

a facultative adapÈation to reduce íntraspecific cornpetitÍon between

adults and juveniles that shared a common dietary specíalízation but

perhaps represented the relegation of juveníles to areas of suboptiural

habitat by the large populatíon of adult quillback in the manner of

Johnson (L976).

Quillback recruítment rilas highly variable between years despite

siurílar magnitudes of their spar,ming runs, at least between l-984 and

1985. The near faílure of the 1986 year class ÌÍas most probably due to

an extreme late spring flood that affected rnany of the tributaries of'

Dauphin Lake. Extensive erosion of the stream channels occurred and
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may have destroyed any quillback ova present. virtually no larval
drift nas recorded in the ochre River between May lo and 22nð,, 19g6,

during which time- walleye, white sucker and quillback drift should

have taken place (I,l.G. Franzin, pers. cornm.).

The difference ín 1984 and 1985 year classes is rnore dífficult
to explain, since larval drÍft was qualitatively good in both years.

Because improved production of larvae has been found for Valley River

quíllback in years of high discharge (Gaboury 1985) a strong year

class htas expected in 1985, due t.o the high, but not catasÈrophic,

díscharges recorded that year, rndeed, the 1ocal walleye population

produced a strong year class in 1985 probably ín response to the high

IÀ'ater levels. Beecher (L979) noted reduced abundance of carpsuckers

in years of high flow, but he studied rívers open to the Gulf of

Mexico and quíllback larvae could have been lost to saltwater.

Strong year classes of Englísh cypriníds appeared to be

correlated t¡ith hrarrn sunmer water temperatures that allowed greater

larval growth and oven¡inter survival rates (Mills and Mann 1985).

The recruitment of rainbow Ërout (Sal¡ro gairdneri) in sub-alpÍne lakes

also may be dependent on sunÍner rùaËer temperaÈure (Donald and Alger

1986). Recruitnent in Dauphín Lake quillback which are near their

norËhern limít of range; a range that ís not linited by direct physieal

barrÍers to northward expansion could be affected similarly. Quill-
back preferred water tenperatures near 29 to 30oC in Indíana (Becker

1983) or well above the ranges usually encountered in Dauphin Lake.
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Mean water temperatures at 1 m depth at MeÈhley Beach for the period

July 4 to Augusr 28 were 22.3 c ín 1984 bur only 1g.6 c in l9g5

(p. Schaap pers. comm.) so ternperature related effects on recruítment

cannot be ruled out.

Some form of population self-regulation Èhrough intraspecific

competitÍon may also affect juvenile recruitment. yoy quillback

occupy the same habitat as and consume sinilar food items to 1* and

2* quillback. rf one year class or a group of year cl-asses has been

partícularly successful, as perhaps the 1984 year class was, then it
is possible that succeedíng year classes will be repressed by the

abundanÈ year class(es) unÈíl they approach rnaturity and move further

offshore into deeper water. The strong 1984 year class in Daupfrin take

may have suppressed the 1985 cohort in this way. The suppression of

YOY alewife by established alewife through diet has been proposed by

OtGorman and Schneider (1986). This nechanism could lead to alter-

nating periods of good and poor recruitment as has been reported for

lake whitefish (C. clupeaformis) by Healey (1980). CyclÍcal recruit-

ment might be detectable in age class distributions but insufficient

numbers of quillback were reliably aged to claim that such a pattern

ís evident ín DauphÍn Lake. A long term evaluation of envíronmental

variables and year-class strengÈhs would be required to evaluate the

rel-ative importance of either possibílíËy.

Tag Return AnalysÍs

The 8.62 annual tag loss raÈe r^ras sirnilar to that reported for
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Floy anchor tags by Franzin and McFarlane (1987) for white sucker at

LO7" and by Ebener and Copes (L982> for lake whítefish at IL.L7L.

Growth of filarnen-tous algae on the tags r^ras especially prominent on

fish in the Ochre River duríng periods of low flow r,rhen the water was

clear and warm. several fresh tag scars Ì{ere noted at that time

índicatíng aLgal growth may have affected tag retention as suggested

by Ebener and Copes (1982).

On the basis of low tag return rates from the commercial

fishery, incidental cormnercial exploítation of the quillback population

was very low, despíte an intensive winter gillnet fishery for norÈhern

píke (8. lucíus) and walleye (s. vitreun). Even under an assumption

of 507" loss of tagged adults ín the first 6 nonths at large, commercial

exploitatíon would still have been less than 27" of the adult

population per year. Because tags may increase the probability of

capture by gíllnets these exploiÈation rates may have been higher

than for the unmarked population of quillbaek. The cornbined exploi-

tatÍon of quíllback by boÈh cornrnercíal and sport fishermen probably

was negligible for the Dauphin Lake quillback populatíon at least ih

1984 and 1985.

It is unlikely that eiÈher population estimate accurately

reflects the Ërue size of the Dauphin Lake quillback population. Both

estimates should have overestimated the true population sÍze due to

tag loss and the growth of juveniles into the target population. The

estimate from spawning run recapÈures could be biased up or downrvards
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dependíng on ¡¡hether or not spaqTners in Dauphin Lake return or have a

propensity to return to the same stream to spa\.rn each year. In

support of the estimaËe, quillback appear to disperse widely over

Dauphín Lake followíng spawning and tag returns to the Ochre River in

1985 were lower than expected if quillback returned to spawn in the

same stream every year. Also, quillback marked in the Valley River

by Manitoba Department of Natural Resources staff (Gaboury 1985) were

recaptured ín the 1984 and 1985 spawning runs ín the Ochre River

further suggesting that homing is unlikely in Dauphín Lake quíllback.

The Methley Beach population estimate probably hras the least

accurate, in parË due Ëo the removal of marked físh, while unrnarked

indíviduals were released, but rnight be consídered as a hígh estimate

for the Dauphín Lake population. The upper 957. confidence liurit

of approxímately 50r000 adults indicates that the density of adult

quillback Ín Dauphin Lake probably r^ras < L/ha. Such a low density would

explain in part the low catch by the commercÍal fishery and the

difficulties the author encountered ín capturing quíllback outsíde

the spawning season. A lack of proÈrudíng mouthparts, fin spines and

teeth in addition to a steeply sloping brow may also account in part

for the 1-ow exploitatÍon of Dauphín Lake quillback in entanglement

gear. The large average size of Dauphin Lake quillback may also have

línited their capture in the 4.5 inch gillnets used by most courmercial

f isherroen.
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Age and Growth Analysis

' The use of scales for aging fish has come under attack for

its inaccuracy (Beamish rg73) especially with respect to older,

slower growing indivíduals. orGorman and schneider (1986) have

documented the complete failure to form annulí on the scales of entire

age classes of alewife (Alosa pseudoharengus) as their growth rates

declined. Beamish and McFarlane (l-983) have reconunended the use of

fin rays for aging suckers as they appeared to yield more accurate age

estímates than did scales. However, the use of fin rays for aging

Dauphin Lake quillback greater than I years of age appears to be un-

satísfacÈory, Quinn and Ross (1982) also found difficulties aging

unexploíted r¡híte suckers older than 7 years of age wíth fín ray

sections. The aging of riverine r^rhite sucker populations with fin rays

also has proven dífficult (Beamish r973). Erickson (1983), Barnes

and Po¡.rer (1984) , Skurdal et al (1985) in studies on a variery of

species found, as reported in the present work, that otoliths

provided the highest ages of any of the sËructures used. Fin rays,

where used alr¿ays gave younger ages than otoliths but greater ages

Ëhan scales.

Unfortunately, few studies have atÈempted otolith age

validation, Because the use of otoliths requires the destructíon of

their donors¡ êDy further attempts to validate aging structures for

Dauphin Lake quillback will requíre some form of internal mark applied

through the use of t.eÈracycline or other injectíons.
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The oldest aged quillback r¡ras assessed an age of 52 years.

This Ís the oldest reported age for any Canadian sucker and much

higher than the 2-3 years reported for white suckers by Beamish and

Harvey (1969). Power (1978) has found lake trout and whitefish from

unexploited northern lakes to exceed 50 and 60 years of age

respectively. Dauphin Lake quillback appeared essentially to be un-

exploited and individuals of great age night be expected in this

population. The high survival rates of adults necessary to reach

great age have been recorded even in aler¡ife where 92 to 997" annuaL

survival raÈes have been estimated (OtGorman and Schneider 1986).

There seems to be no obvious reason why survival rates of Dauphín Lake

quillback could not be of a similar magnitude.

For comparíson of growth data with other sÈudies lengÈh at

annulus formation was calculated from quillback caught beËr4'een September

15 and May 15 during which period growth r{as assumed to be negligible

(Appendices 13 and 14). Fork lengths r^rere converted to total lengÈhs

with a conversion factor of fork to total lengths obÈained through

morphometric analysis ¡¡here TL = approx. 1.118 x FL. Scales r¿ere used

for aging in all other studies however, and the gro\{th estimaÈes

therein rnight best be considered as the maximum possibl-e grorÀrth rates

for the respective locations.

Dauphin Lake quillback grew faster than studied lowa populations

(I,loodward'J,973, Vanicek 1961, Fíg. 16, Appendix 15). Florida (Beecher

f979) and Nebraska (McCarraher et al 1971-) populations were consistently
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greater in length at age Èhan the Dauphín Lake population, but most

of the difference results from an initial difference in the length

of age 1 fish. Growth between 2 and 3 years .f 
"; 

is 111, 101 and

97 mm/year for the Dauphin Lake, Florida and Nebraska físh respec-

tively. Gíven the great latitudínal variation of the populations and

differences in habitat type, the sirnÍlarity of growth rates ís

noteworthy. This seerns to be an exception to the theory that more

northerly populations of a species are slower growing than southerly

ones. Perhaps, as suggested by Healey (1980), there is a maximum

growth rate that all populatíons of a specÍes will tend to, regard-

less of their geographic location.

The differences in slope between juveníIe and adult length-

weight regressions suggests positive allometric growth untí1 maturity

followed by negative allometríc growth after maturíty. In way of

confirmation, the relative body depth of quíllback increased until a

maximum r.ras reached near 300 rnrn TL r¿hereupon it declined with

further increases in length (Fig. 18). The change occurred at

approxímately the length at !¡hich quillback reach sexual maturity and

nay be due to a reallocation of energy from growth to reproductive

purPoses.

The maximum length of 560 mm FL (626 mm TL) was sínilar to that

reported for quillback in the United States (Trautman L957) but much

larger than reported elser¡here in Canada at about 457 rnrn TL (Scott and

Crossman L979).



-42-

Díetary Analysis

' Dauphin Lake quillback consumed a broad range of usually

smal1 benthic and plankÈonic Ínvertebrates, similar to that found

eaten by other carpsucker populations (Buchholz L957, Brezner 1959,

summerfelt et al 1972, tr{alburg er al 1971 and Beecher rgTg). The size

range of items taken by Florida quillback, where most ítems fell
through a .85 rnm sieve, rÂras similar Èo thaÈ of Dauphin Lake quillback

where few items râtere > .6 mm in diameter. Quíllback pharyngeal arches

reflect the srna1l size of items consumed because they are thin and are

not suited to Èhe mastication of large food partícles (Eastrnan L977>.

The sirnilarity of díet between adult and juvenile quillback

suggesËs that there may be competitíon beÈween the groups for food

resources.

The feeding behaviour of captive juveniles indicates that

quillback probably do not pick individual food particles off the bottom

but rather sort food in the pharyngeal cavity after drawíng both

inorganic and organie particles up from the bottom. The quillback

palatal organ has a large complement of tasËe buds (Miller and Evans

1965) and a muscular response to small partÍcles that would enable the¡n

to selecÈ food items from a sEream of particles passing between the

palatal organ and their long, fine gÍllrakers. Quil-lback have large

vagal lobes of the brain, this further suggests adaptation to Ëhe oral

sorting of food items (Miller and Evans 1-965). DespÍÈe rhis suire of

adaptations quillback stl-ll ingest large quantities of sand particles
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when feeding, which perhaps, when they pass through the muscular

t'gízzard" help break down associated food items.

Most índivídual-s taken offshore and a number taken ínshore had

gut contents that. contained virtually no inorganíc or flocculent

particles, but rather extremely large numbers of eíther copepods or

cladocerans. SubstraÈes r{ere sufficiently loose in the capture

locatÍons that numerous inorganíc particles and flocculents should have

been ingested if these indíviduals had been feeding on the bottom.

This suggests thaË at Èimes Dauphin Lake quillback may act as faculta-

tive plankÈivores Íf they encounter dense patehes of zooplankton.

Quillback were observed feeding in the Ochre River only on

their downstream run. The large number of fish eggs consumed indicates

that quillback could be egg predators of other, comrercially valuable

fishes. However, only shorthead redhorse vrere spawníng at the time

egg predation was observed and the larvae of other species should have

hatched and drifted out of the Ochre River by the tírne quillback were

observed feeding.

Meristics, Morphometrics, and Tubercle Distríbution

MerisÈic and morphometric values generally were similar to

those reported by Scott and Crossrnan (1979) with the exception of gill-

raker counts and lengths. ScoÈt and Crossman (1979) characterize

quíllback gillrakers as ttshort, approxírnately 2 run in length" but

this study confirms the observations of SteÌrtart et al (1985) that gill-

rakers are approxímately 2.37" of. total length. Large quíllback from
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Dauphin Lake frequently had gillrakers exceeding 15 rnrn ín length.

Adult Dauphin Lake C. cvprinus have hígher gillraker counts

(¡g - 48) than reported by either ScoÈÈ and Crossman (1979) ( ZS -

29) or Stewart et al (1985) (3f - 37) but l-ower than Florida quill

back (approx. 43 - 58, Beecher 1979). The lower counts reporÈed by

Ster,rart eÈ al (1985) nay reflect on1-y the smaller size of the fish

they examined. Juvenile quillback have lower gíllraker counts than

adults ín both Dauphín Lake and Florida (Beecher L979). Adult gill-

raker counts rnight prove fruitful for taxonomic purposes: Beecher

(1979) also noÈed differences in gillraker counts between Florida

quillback and highfin carpsuckers.

HunËsman (1967) and Madsen (1971) described nupËial tubercle

distribution of quíllback from the midwestern United States. Dauphin

Lake quillback are more tuberculate than described in either of Ëhese

studies. NeÍther author described tubercles occurríng on the dorsal

surface of the head, the cornea of t.he eye or the anal and caudal

fins of this species.

PreservaÈion of samples in formalin improved the visibility of

tubercles as noted by Alt (1971) for coregonids. Also, 3 individuals

held for a further 3 monÈhs in 50% isopropyl alcohol displayed tubercles

more promínently due to the shrinkage of fleshy tissue, especially in

the head region. Sirnílar preservation and storage r¿ould be recormended

for further studies of tubercle distrÍbutions.

Three of the male quil-lback examined for this study have been



placed in the University of

thesis completion they had
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Manitoba fish collection, but as of

not been assigned a catalogue number.
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OVERVIEI^I

The Dauphin Lake quillback population showed at least one of

the characteristics of unexploited populations of northern fishes

(Johnson I976, Power 1978) adapted to unpredíctable environments.

Adults were large and usually long-lived, which allowed for the amelio-

ration of possibly frequent spawning and/or recruitment failures.

This is an important life history feature in light of the susceptibility

of quillback spawning streams to flash-flooding events and the

possibility of temperature related or other stresses on the Dauphin

Lake population brought about by the proximity of the popul-ation Èo Èhe

species northern range lÍurits.

Under heavier exploitationrlongevity would certaínly be reduced

with possible coincidenÈ declines ín age and size at maturity and

changes in fecundity and egg size (Healey 1978). This r¿ould reduce the

populationrs ability to withstand environmental fluctuatíons and hence

it would be prone to more dramatíc oscÍllaÈions than noÈed uP to the

present

Hopefully, this sÈudy has provÍded sufficienË general information

on quillback lífe history to al-low Èhe formulation of more directed

research on this populatíon and has added to the lirnited pool of

Ínformation available on this species in Canada.
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Fig. 1. Approxirnate ranges for: A, C. cyprinus: B, C. carpio and

C, C. velífer after Lee et a1. (1980).
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Fig, 2. Location of the study area.
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Fig. 3. Location of

and 1985. A, Valley

side of Ochre River;

F, Methley Beach; G,
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the fish fence and seining sites used in 1984

River rnouth; B, Stoney Poínt Beach; C, west

D, east side of Ochre Ríver; E, Welcome Beach;

Oak Brae; H, Ochre RÍver fence siËe.
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Fig. 4. Location of opercular sectíon used for agíng.
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Fig. 5. Daily counts of migratíng quillback and records of 9:00 a.n.

water temperature and depth for the Ochre River in 1984. Dashed

lines, between points of ínfl-ection, cover missíng data points.
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Fig. 6. Daily counts of mígraÈing quillback and records of mean

daily water temperature and depth for the Ochre River in 1985.

Dashed lines, between poínts of inflection, cover rnissing data points.
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FÍg. 7. Fork length dístributions by sex for upstream migrants and

the cumulaÈive downstream run of 1984.
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length distributions by sex
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for upstream migrants and



3034-384?4650

Fork Length ( I cm closses)



-61 -

Fig. 9, Fecundíty of Ochre RÍver and Ohio (trüoodward 1973) quillback.
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Fig. 10. Mean dry weights of 11000 ova for Ochre Ríver quillback

Circled weights are from adults that had 2 síze classes of ova.
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Ì{eight as a function of total hret weightFíg. 11, Percent hret gonad

for Ochre River qulllback.
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Fig. L2. Location and number of tag recaptures, for both individually

numbered and batch mark tags, from Dauphin Lake and the Ochre River

fence site.
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Fig' 13. Fork lengths of juveníle quíllback raken in 1984 and 1985.
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Fig. 14. I'fean ages provided by opercles, vertebrae, scales and

pelvic fÍn sections from indíviduals of fixed otoliËh ages. hrhere

only one symbol is shown all ages equalled otolith age.
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Fig. 15. Fork length at age for Dauphin Lake C. cyprinus.
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Fig. 16. Length-weight relaÈionships for spent adult and juvenÍle

quillback.
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Fig. J-7. Percent occurrence and volume of food ítems in Dauphin Lake

and Ochre Ríver quí1lback sÈomachs.
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length at annulus formation for five populations ofFig. 18. Total

C. cyprinus.
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Fig. 19. Change in body depth, expressed as % TL, with increasing

fish length.
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Table 1.
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Fork length, wet weight, and estimated

quillback sampled from the Ochre Ríver

fecundity for 35

in 1984.

Físh
tÍ

Fork
length

(uun)

[,Iet
weight

(e) Fecundity

1

2

3

4

5

6

7

I

9

10

11

T2

13

L4

15

16

497

473

356

503

455

531

478

467

503

476

515

465

502

372

370

380

2070

2150

970

3080

2340

3410

2L60

2270

2890

24L5

2540

2L70

2645

970

1010

1015

166, 600

173,100

59,200

229,300

248,400

270,600

2L4,!OO

163,500

331,700

238, 600

236,600

198, 600

187 ,400

81,000

51,600

66,100
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Table 1. Continued.

Fish
ll

Fork
length

(mr)

hlet
weight

(e)
Fecundity

L7

18

19

20

27

22

23

24

25

26

27

28

29

30

31

32

33

34

35

4L5

459

44s

430

370

432

480

444

497

434

499

507

398

387

405

522

401

434

435

1870

2200

1900

1710

1100

1755

25L0

1815

268s

1910

2695

3150

L470

LLzO

1805

2890

1340

1880

1890

L29,4OO

1_51,900

174,400

125,000

80, 500

r49,600

266,500

158,500

235,000

196,000

203,300

359,900

L22,OO0

71,100

170, 300

231,300

118,100

123,000

121 ,100



Table

(tggo

dry

FL)

2.

nm

Fork length

FL) and small

and mean

(< 390 nrn
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weight of 11000 ova for large

quillback taken in 1985.

Físh
#

Fork length
(rnn)

Mean weíght of
1,000 ova (g)

1

2

3

4

5

6

7

8

44L

392

4L5

510

382

373

389

345

.6062

.6684

.6007

.6130

.5310

,4034

. s384

,26l-0



Table 3. Catch per unit effort

of the Ochre River ín 1984, 1985

-75-

for YOY quillback from the r¿est sÍde

and 1986.

Year
// YoY
caught

il seine
hauls

YOY/seine
haul

Corrected
YOY/ seine
haul*

Seíne size

1984

1985

1986

1986

66

6

1

0

13

11

8

I

5.08

0. 55

0. 13

0. 00

1Om

36n

36rn

1Om

the 10 m

L5.24

0.55

0. 13

0.00

times the area of* assuming the 31.5 n seíne fishes three se]-ne.
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growth rates by síze class for Dauphin Lake C.Table 4. Mean annual

cyprinus in mm/year.

Size class
(urm FL)

ll of.
observations Mean Range

300 - 319

360 - 379

380 - 399

400 - 4L9

420 - 439

440 - 459

460 - 479

480 - 499

I

10

20

35

24

L7

3

2

24

7.2

6.8

4.9

5.0

3.6

4.3

3.5

0-15
o-2r

-2-L9

-1-11

-1-11

1-8

3-4
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Appendix 1. I,later Èemperature, depth and quillback catch

thé fence site on the Ochre River in 19g4 and 19g5. fo =

= upstrea* rigrrrrts, down = downstream migrants.

records for

fence out, up

Date
temp.
(oc)

L984
depth

(m)
quí1lback
up dor+n

Èemp.
(oc)

1985
depth quillback
(ur) up dor¿n

April 13

L4

15

16

t7

18

19

20

2T

22

23

24

25

26

27

28

29

30

6.0

7.5

9.0

11. 0

L2.0

L2.O

L2.O

10. 5

6.8

2.0

0.5

0.8

1.0

3.1

5.5

5.2

4.2

4.3

5.6

6.5

7.5

6.8

6.8

7.5

8.4

8.7

8.5

8.3

TL,2

13.6

12.6

.68

.74

.74

.68

> .75

> .75

>.75

1. 39

> .85

> .85

.84

.60

.38

.35

.20

.L7

.L4

.13

.1_3

.18

.40

.35

.20

.L4

fo

fo

fo

fo

1

2

fo

fo

fo

fo

fo

1

18

2

2

fo fo

-fo

-fo

-fo

-fo

fo

fo fo

fo fo

fo fo

fo fo

fo fo

fo fo

fo fo

39 fo

13 fo

36 fo

100 fo

54 fo
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Appendix 1. Continued.

Date
temP.
(oc)

r984
depth

(ur)
quillback
up down

temp.
(oc)

1985
depth quillback
(m) up down

May 1

2

3

4

5

6

7

8

9

10

11

L2

13

L4

15

16

I7

18

19

20

0.5

2.8

3.3

4.0

5,2

4.8

3.0

6.2

6.8

6.8

7.8

7.6

7.0

L6.3

13. 0

9.3

,26

.28

.20

.30

,48

.68

.48

.56

.60

.60

.7L

.37

,43

.38

.40

]-3.2

13.4

L2.4

L2.6

L2,5

13.1

14.0

t_5.6

16. I

15.0

14.3

L2.5

9.8

9.2

LO.2

13. I

t5.7

16. 8

L4.6

l-3. I

.15

.L2

.10

.10

.09

.08

,07

.06

.05

.03

.04

.09

.10

.24

.20

.16

.10

.08

.07

.05

2

4

I

2

fo

fo

fo

fo

fo

fo

fo

fo

L4

3

11

9

3

fo

fo

31

91

52

fo

fo

fo

fo

fo

fo

fo

fo

fo

24 fo

15 fo

7 f.o

10 fo

418

820

L37

s4 43

477

10 35

940

516

81

l_3 35

9L9
27 32

101 37

237

6

119

fo

fo

7

27

5
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Appendix 1. ConÈinued.

Date
temp.
(oc)

1984
depth

(m)
quillback
up down

temp.
(pc)

1985
depth quillback
(m) up down

May 2I

22

23

24

25

26

27

28

29

30

31

June 1

2

3

4

5

6

7

I

9

9.2

L2.0

11. 0

8.5

7.O

9.8

12.0

13.5

15. 5

15. 6

16. 0

17. 5

20. 0

19.0

17.0

17.4

L7.O

13. 0

15.4

16. 5

17.2

L6.9

16.4

16.8

16.1

L6,4

18. 3

]-6,4

13. 0

10. 5

10. 8

9.9

9.9

Lt.2

L4.6

L7.2

]-7.7

15. 0

.04

.01

.00

-. 01

-,o2

-.01

-. 01

-.o2

-.o2

-. 03

.02

.20

.37

.30

.30

,47

.35

.30

.18

. l-6

.50

.40

.40

,37

.58

.57

.38

.33

.29

.29

.28

.19

.18

.17

. t_5

.15

.18

.52

.39

5

86

32

47

2

1

1

1

37

48

57

54

60

40

53

74

88

130

63

77

33

72

65

30

39

39

76

I

10

I

r28

-40
-43

-46
L6

-7L

-9

-3

-7

-1

-31
42r

-t2
-16
38

938
10 27

655

9 r92

- 2L6

38

20
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Appendix 1. Contínued.

Date
temp.
(oc)

L984
depth

(m)
quíllback
up down

Èemp.
(oc)

1985
depth quillback
(ur) up dorrrr

June 10

11

L2

13

L4

15

16

I7

18

T9

20

2T

22

23

24

L2.0

16.0

16. 0

16.0

16. 0

16. 0

18. 5

20,o

L7.5

19 .0

L5.2

16.1

t_6.1

L6.9

16.7

18. 3

18.0

15. 3

L6.2

17.9

19. 5

L8.2

14.1

L5.2

.09

.06

.04

.02

.02

.02

.06

.08

.06

.00

-. 01

-.02

-. 03

.38

.32

.25

.2r

.20

.18

.15

,15

.26

.24

.L7

1

5

4

11

851

915

5 228

2 306

7 150

5 2L5

99

fo fo

fo fo

T4

-79
88

_24

32

8

1

51

20

1

1

fo

fo

fo

fo

fo

fo
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Appendix 2. I,Iet weight, qret gonad weight , T" wet gonad

weight of 11000 ova, S.D. of mean weight 1,000 ova and

of ova for 35 quillback sampled from the Ochre River ín

weight, mean

total dry weight

L984,

Fish
#

l.Iet
weight

(e)

l{ér
gonad
weight

(e)

%

lset
gonad
weight

Mêan
weight
1,000
ova (g)

S.D.
mean
weight

total
weighÈ
dried
ova (g)

1

2

3

4

5

6

7

8

9

10

11

T2

13

L4

15

16

L7

18

2070

2150

970

3080

2340

3410

2L60

2270

2890

2415

2540

2L70

2645

970

1010

1015

1870

2200

370

340

90

520

440

580

440

320

490

510

480

390

430

70

190

75

285

340

L7.9

15.8

9.3

L6,9

18.8

L7 ,0

20.4

14.1

L7.O

2L.I

18.9

t7.9

16. 3

7.2

T7.L

7.4

]-5.2

15.5

.54t7

.470L

.4810

.5844

.4984

.6101

.5378

.5808

.6414

.6441,

.6208

.5485

.6293

,32L6

.5494

.3713

.6s98

.7009

.0051

.0039

.0021

.0033

.0010

.0036

.0060

.0027

.0034

.0026

.0051

.0012

.011_9

.0039

.0025

.0036

.0025

.0050

90.242r

81.3665

28.4559

133.9804

L23.784r

165.0906

t_15.1417

94.9740

2L2.7 533

153.6s13

t46.9054

116.0859

LL7 .9469

26.0509

28.3317

24.5365

85.3603

106.4603
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Appendix 2. Continued

Fish
#

trlet
weight

(e)

tlet
gonad
weight

(e)

7.

wet
gonad
weight

Mean
weight
1,000
ova(g)

S.D.
mean
weight

total
weight
dried
ova (g)

19

20

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

1900

1710

1100

L755

25L0

1815

2685

1910

2695

3150

L470

1120

1805

2890

1340

1880

1890

320

230

95

225

470

280

520

340

415

660

255

110

325

650

235

310

280

16.8

13 .5

8.6

L2.8

18. 7

15.4

L9.4

17.8

15.4

2r.0

L7.3

9.8

18.0

22.5

t7 .5

16.5

14.8

.6062

.6326

.4338

.5548

.6622

.5953

.6676

.6108

.6724

,6342

.5985

.5856

.6096

.6310

.6158

.5723

.6988

.0022

.0023

.0007

.0017

.0045

.0042

.0043

.0011

.0038

.0011

.0036

.0052

.0020

.0029

.0059

.0012

.0149

105.7053

79.O470

34.9360

83.0322

L76.4960

94.35L4

156.8768

rr9.7057

l.36.7 256

228.259L

73.0233

41.6351

103.7861

]-45.92t5

72.7366

70.3736

84.6046
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Appendix 3. Total lengths of 50 quillback larvae, in mm, preserved

aÈ Èhe time of hatch.

7.84

7.74

7 .85

7 .83

8. 04

8. 06

8.16

7 .6r

8 .07

8.01

7 .99

7 .96

7 .93

7 .76

7.98

7,89

8. 05

8. 03

8.10

7.78

7 .90

7.80

7.69

8. 01

8.00

8.06

7 .73

8. 05

7.77

8. 00

7 .92

7 .95

7.93

8.02

7,86

8. 06

8.27

8. 07

7. 81

7 .85

8 .13

7 .96

8.11

8.06

7 .94

7 .94

7 .94

I .16

8.11

7,9L



Appendix 4. Seine catches from

of the Ochre River only. Date =

-84-
the 1984 seining program, r.rest

DDMI"TYY.

side

Date rL (mm) Ì.¡et rì'eight (g)

200584

040784

150784

010884

100884

56

20

161

153

43

51

45

45

44

34

s9

52

35

54

54

47

60

51

57

63

3.4

81.1

77.9

r.45

2.34

1. 58

1. 65

1.59

o.64

4.50

3.07

.80

3.2t

3.21

2.08

4.49

2.7 4

3.87

5.13
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Appendix 4. Contínued.

DaÈe FL (uun) wet weight (g)

100884 52

52

54

45

50

54

55

39

4L

42

4L

49

50

45

46

49

39

47

53

58

49

47

2.76

2.93

3.r7

1.86

2.47

3.23

3.23

L.L7

L.34

r.46

L.52

2.40

2.34

2.40

r.97

2.LO

1.19

2.28

2.94

3.96

2.44

2.O2

100884
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Appendix 4. Continued.

DaÈe FL (mrn) wet weight (g)

170884

260984

260984

45

49

42

45

46

79

59

62

72

67

64

7t

62

81

58

63

64

63

63

64

87

L.7L

2,37

1.53

1,,96

L,92

10, 66

3. 39

4.32

6.7L

5.51

4.69

6.34

4.26

10. 11

3.9s

4.97

4.96

4,97

5.52

4.94

11.91
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Appendíx 4. Continued.

Date FL (mr) wet weight (g)

270984 64

61

82

63

82

5.24

3.94

10. 54

4,77

1_1.38



Appendix 5.

Ochre River,

Beach, okb --

length. Date

-88

Seine catch records for

met = Methley Beach, stp

Oak Brae, mvr = mouth of

= DDMI'íYY.

1985. mor = west side

= Stoney Point, trlc =

the Valley Ríver, FL =

of the

Welcome

fork

Date Location ¡I- (rrn) I{et trIeight (g)

170585

260585

300585

200685

030785

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

mor

met

mor

mor

73.90

49.92

62.96

57,62

54,23

67 .O2

57 ,74

52.04

50. 11

66.L3

53,10

59.31

55.23

49.9L

49.56

60. 51

58. 39

52.89

6.r2

1.48

3. 11

2.7 5

1.81

4.r9

2.40

r.99

1.68

4.37

2.LL

2.60

2.3L

1.61

r.76

3.00

2.72

1. 93
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Appendíx 5. Continued

Date Location FL (mm) !üet !{eíght (g)

040785

040785

040785

040785

050785

100785

10078s

10078s

100785

100785

100785

L70785

170785

L70785

L70785

mor

mor

mor

met

stP

wlc

okb

mor

mor

mor

mor

okb

stp

wlc

okb

mvr

okb

mvr

wlc

mor

mor

82.76

78,74

1 large

2r4.57

190.35

82.64

84.54

426

adulË

9.86

8. 05

179.00

L34.34

9.99

11. 00

t727

28924r

203
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Appendix 5. Continued.

Date Locatíon FL (rnm) Ilet l.Ieight (e)

L70785

L70785

2l-0785

240785

240785

240785

mor

mor

mor

mor

mor

mor

mor

mor

mor

nor

mor

sÈP

stp

sÈP

sÈP

met

met

met

okb

mvr

stp

300

r24.95

LOz.72

98. 00

96.95

85 .49

ø7.44

77 ,09

73.85

66,96

74.46

401

327

39s

380

81

116

106

614

35.29

16. 63

]-6.29

15.63

9.L2

7 .22

6.82

6.02

4.15

6.52

r266

697

L265

1137
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Appendix 5. Continued.

Date Location FL (mm) trIet l,Ieight (g)

240785

250785

300785

300785

300785

300785

300785

310785

080885

mor

met

wlc

mvr

okb

stp

stP

sÈp

SIP

stp

stp

mor

mor

mor

mor

mor

mor

mor

meÈ

met

392

420

362

434

388

395

4l.7

345

388

428

4L3

357

r02.40

L33.24

93.04

1182

L562

1,026

1750

L259

L2L8

2009

895

114 3

l-520

L453

1086

18.83

42.10

14.0s
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Appendix 5. Continued.

Date Locatíon FL (mm) I{et i{eight (g)

080885

080885

080885

080885

080885

1s0885

150885

150885

l_50885

150885

okb

stP

wlc

mor

mvr

mor

mor

mor

mor

mor

mor

InOr

mor

mor

mor

mor

mor

met

w1c

ttrVr

stP

L27.90

L43.48

115.36

105.52

114,18

r_05. 14

93.20

37. 38

75.4r

82.O5

83. 85

35.96

34.98

48. 30

22.54

28. 50

29,25

L9.62

13. 56

0.80

7.IL

9,56

8. 68

0. 69
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Appendix 5. Continued.

Date Location FL (nn) I^Iet lteight (g)

150885

200885

200885

200885

200885

200885

200885

280885

280885

okb

met

stP

wlc

mvr

mor

mor

mor

mor

nor

mor

mor

mor

mor

mor

mor

mor

mor

okb

wlc

met

83. 84

207.79

22r.94

136.56

110.74

111.54

89.90

99.84

79.53

71.58

38. 85

38.08

34.75

38. 10

2 Large

IL,26

162.67

230,46

s6.97

22.00

2L.66

11. 70

18. 39

7 .99

5. 58

0.85

0.75

0.57

0.69

adults



-94-
Appendix 5. Continued.

Date Location FL (mn) Wet tteight (g)

28088s

280885

09098s

090985

110985

110985

240985

240985

240985

300985

stp

stP

mor

mor

stp

stp

sfP

stB

stp

met

met

met

met

mor

mor

mor

mor

met

mor

stP

mor

433

433

398

4L6

239

533

436

548

149

159. 90

126.08

L25 ,44

140.16

252

368

430

425

111

1505

L864

1313

1591

296

3184

L756

2943

62,20

70.48

33,25

33.72

46.73

344



Appendix

rnigranÈ

River.

_95_

6. Tag return data for marked quillback. Oru

in the Ochre River, ord = downstream migrant in

FL = fork length. Date = DDMÌ"[YY.

= upstream

the Ochre

Tag
no.

Date
tagged

FL
(run)

Recap
date

loca-
tíon

FL
(uun)

Recap
date

loca- FL
t ion (rnn)

L269 030684

1562 L40684

1287 020684

1500 L20684

LL75 060684

L748 280584

]-366 030684

L758 240584

1252 030684

1530 150684

1340 010684

L674 300584

1198 010584

1727 260584

L032 100s84

t240 050684

1187 050584

1134 080684

1159 060684

440

418

415

377

402

484

432

?

384

454

445

403

417

403

425

426

47r

399

391

260485

260485

280485

280485

280485

280485

290485

290485

290485

290485

300485

070585

080585

080585

080585

080585

090585

090585

100585

oru

oru

oru

oru

oru

oru

oru

oru

oru

oru

oru

ord

oru

oru

ord

ord

ord

ord

oru

439

426

418

385

407

487

438

47L

393

454

445

410

4]-7

4]-5

428

432

472

410

401

310585

090585

100585

ord

ord

ord

4t7

385

403

463

390

4s2

18058s

260585

260585

ord

ord

ord

120685 ord

240585 ord

41,5

4L3

210585 ord 399



-96-
Appendix 6. Continued.

Tag
no.

Date
tagged

FL
(ìn*)

Recap
date

loca-
tion

FL
(n*)

Recap
daÈe

loca- FL
tion (nun)

1433 130684

L2r0 040684

1395 300s84

1437 130684

L362 030684

]-205 040684

L676 240584

L2s0 050684

1196 030s84

1447 130684

1185 050584

L297 030684

1364 030684

1049 120684

1_635 290584

1,327 310584

L432 130684

1729 270584

1237 050684

1289 020684

1148 080684

422

4L7

405

397

443

404

432

374

449

444

477

435

39s

398

387

424

401

432

383

41.5

395

100585

110585

120585

120585

120585

120585

140585

140585

140585

150585

150585

150585

150585

160585

160585

160585

17058s

170585

170585

170585

170585

ord

ord

ord

ord

oru

ord

ord

oru

oru

ord

ord

oru

oru

oru

ord

ord

oru

ord

ord

ord

ord

433

436

407

406

450

4L0

434

387

453

444

485

440

399

413

395

430

407

433

388

413

408

260585 ord 446

210585 ord 380

210585 ord

290585 ord

396

406
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Appendix 6. Continued.

Tag
no.

Date
tagged

Fl
(mn)

Recap
date

loca-
tion

FL
(rn¡n)

Recap
date

loca- I"L
tion (nm)

1665 300585

1481 L20684

1486 L20684

1186 050584

1443 130684

Lr46 080684

1891 220584

1324 310584

1288 020684

L482 L20684

1063 l-20684

1155 070684

1468 L20684

rt92 040584

1156 070684

1361 030684

L376 300584

L640 290584

1401 130684

L753 240584

420

417

427

384

369

420

391

427

446

42r

440

418

427

422

44s

44L

410

442

404

456

170585

200585

200585

200585

220585

230585

230585

230s85

240585

240585

260585

310585

310585

050685

060685

070685

080685

080685

080685

080685

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

426

4L9

432

387

375

425

391

43r

452

432

448

423

429

426

457

443

4L7

444

408

456



-98-Appendix 6. Continued.

Tag
no.

Date
tagged

FL
(rnm)

Recap
date

loca-
tion

FL
(m¡n)

Recap
date

loca- FL
tíon (mm)

1828 300584

L670 300584

1633 290584

1688 250584

L642 290584

Lr57 070684

L428 130684

ro74 L20684

1469 L20684

1204 040684

r67L 300584

L2r9 040684

L27L 030684

L949 200585

1071 L20684

r2r4 040684

LL74 060684

L265 030684

1658 L40684

L492 L20684

429

475

389

388

392

4r4

40s

429

404

400

494

4L2

430

388

402

384

375

453

393

4L5

080685

08068s

080685

090685

090685

09068s

100685

100685

100685

100685

100685

100685

100685

100685

100685

100685

110685

110685

110685

110685

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

433

479

394

409

392

419

410

432

4r6

404

498

4L6

438

389

402

393

390

457

396

422

1528

1054

150684

r20684

423 110685 ord

? 110685 ord

434

3]-2
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Appendix 6. Continued.

Tag
no.

Date
tagged

FL
(mm)

Recap
date

loca-
tíon

FL
(urm)

Recap
date

loca- FL
tion (nun)

L257 030684

1348 020684

I470 L20684

L654 290584

1582 130684

1551 130684

r42L 130684

1201 040684

1772 240584

1153 070684

1282 050684

L6L4 2L0584

1653 290584

1166 060684

L636 290584

1136 080684

1516 130684

1229 040684

L892 220584

L373 030684

1170 060684

4L5

300

4L7

4r3

443

439

444

407

45s

376

4r2

400

438

383

399

376

376

408

4L3

401

43r

110685

110685

110685

120685

120685

120685

120685

120685

120685

r20685

13068s

130685

130685

130685

130685

130685

130685

140685

140685

140685

140685

ord

ord

ord

ord

ord

oru

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

4L7

324

422

4L2

446

438

453

410

458

381

4].7

402

443

392

405

384

384

4r4

418

408

438

210685 ord

130685 oru 4tt
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Appendix 6. Continued.

Tag
no.

Date
tagged

FI,
(rnn)

Recap
date

loca-
tfon

FL
(rnm)

Recap
date

loca- FL
tion (nmr)

1113 100684

L575 140684

1130 080684

L263 030684

1226 040684

1596 130684

1110 100684

1675 300584

1262 030684

L652 290584

]-367 030684

L752 240584

L22r 040684

1111 100684

388

402

377

427

409

378

44r

420

372

409

408

4L4

393

397

140685

140685

180685

180685

180685

19068s

190685

190685

190685

19068s

210685

2L0685

230685

240684

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

ord

402

4L2

380

434

4L2

378

444

419

378

4r5

410

4L4

393

400



Appendix 7. Tag return records

Lake. Mil = near Million, okb

River, met = Methley Beach, p =

caught by commercial fishermen.

-101-
for quíllback recaptured from Dauphin

= Oak Brae, mor = mout.h of the Ochre

caught by project staff and c =

FL = fork length. Date = DDM¡'[YY.

Tag
no.

Date
tagged

FL
(nrn)

Recap.
date

Loca-
tion

FL
(rnm)

Recap.
by

1586

L566

]-790

1567

1409

IzL6

r597

L273

1509

1438

1119

L97L

1819

1338

r876

130684

140684

230584

L40684

130684

040684

130684

030684

130684

130684

110684

160585

280584

010684

220584

420

434

420

438

42L

4LL

450

38s

355

424

448

469

474

4s4

506

130884

84 / gSx

84 / 85*

84/ 85*

84/ 85*

84 / Asx

84 / gSx

84 / 8S*

290785

220885

200885

210885

20088s

190885

160885

ni1

ni1

okb

okb

okÞ

okb

okb

okb

mor

met

met

met

met

met

met

420

361

439

459

47L

482

459

506

p

c

c

c

c

c

c

c

P

p

P

P

P

p

P

*taken ín the 1985/86 commercial fishery, exact date of capture unknor¡n.
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Appendix 7. Continued.

Tag
no.

Date
tagged

FL
(mn)

Recap.
date

Loca-
tíon

FL
(uun)

Recap.
by

L997

L767

1963

1430

!8s4

ITT2

1605

]-259

r375

170585

240584

150585

130684

270584

100684

220584

030684

030684

435

45L

393

399

4L3

333

394

369

398

060985

06098s

050985

230885

85/ 86*

85/ 86x

85/86*

85/goo

85/86*

met

met

met

Ioet

okb

okb

okb

okb

okb

440

460

394

412

350

425

369

398

P

p

P

P

c

c

c

c

c

*taken in the 1985/86 cornmercial fishery, exact date of capture unknor¡n.
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Appendix 8. DFO pound net caËches of quíllback from Methley Beach in

1985.

Day // of quillback /É of 1985 tags

227

228

23L

232

233

234

235

238

239

240

24r

242

245

246

247

248

27

85

60

38

64

99

90

10

65

6

L2

19

35

T6

34

6

1

1

1

2

1

0

0

0

0

0

0

0

0

0

2

3
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Appendix 9. Valídation of annulus formation ín pelvíc fin sections

for marked quillback at large for 1 year. Fin age = initíal age.

Fin age /É valídated // not validated

3

5

6

7

B

9

10

11

-L2

13

T4

15

L6

18

19

20

1

I

I

1

3

2

2

2

4

2

3

3

2

2

1

0

0

0

0

0

0

2

2

2

2

5

7

3

3

2

0

1
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Appendix 10. Mean ages from operculars, vertebrae, pelvic fin

sections and scales ín comparíson to assigned otolith ages (Number

of samples in bragkets).

Otolith
age

Opercular
age

Vert.ebral
age

Fin Ray
age

Scale
age

3

4

5

6

7

8

9

10

19

20

2T

22

23

24

26

36

46

3 (1)

4 (1)

s (3)

s.s (4)

7 (4)

7,5 (2)

e (1)

10 (1)

1e (1)

18 (1)

zr.L (7)

2L.r (11)

2t.4 (r+¡

22 (4)

24 (2)

36 (1)

45 (1)

3 (1)

4 (1)

5.2 (6)

6.s (6)

7 (4)

I (2)

e (1)

10 (1)

L6 (1)

20.2 (s)

Le.4 (10)

2L (10)

Le (2)

22.s (2)

24 (1)

40 (1)

3

4

5

6

7

I

9

9

L4

(1)

(1)

(6)

(s)

(4)

(2)

(1)

(1)

(1)

(4)

(6)

(e)

(1)

(1)

(1)

14.8

16.8

17. 8

12

L2

L8

3 (1)

4 (1)

4. I (4)

6.3 (s)

7 (4)

8 (2)

e (1)

e (1)

e (1)

ls. s (4)

L4.r (7)

13.7 (10)

L4 (1)

14 (1)

22 (1)



Appendix 11. Fork lengËh at

Unsexed immature fish to age

-106-

age for all aged rnale quíllback.

3* included.

Age (+) Mean
FL

(nmr)

Range ll of.
obs.

0

1

2

3

4

5

6

7

8

11

16

18

19

20

2L

22

23

24

26

52.8

105.9

2L8.4

258.7

297 .6

3r7.9

332.7

348. 5

359. 0

372.s

375.O

368.5

402.0

392.3

408.0

403.3

410.1

408. 0

422.0

18- 96

53 - L77

r90 - 252

24L - 289

289 - 304

294 - 34s

3r9 - 349

345 - 352

345 - 373

357 - 388

368 - 369

380 - 410

388 - 428

387 - 4r2

369 - 440

4r8 - 426

101

53

7

3

3

16

L2

3

2

2

1

2

1

3

2

6

16

I
2
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Appendix 11. Continued.

Age (+) Mean
FL

(mm)

Range ll of.
obs.

28

30

34

42

45

52

463.0

4L6.0

420.0

457.0

451.0

425.O

1

1

t-

1

1

I
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Appendix 12. Fork length at age for all aged female quillback.

Age (+) Mean
FL
(rn¡n)

Range ll of.
obs.

6

7

I

9

10

11

L6

L7

18

19

20

2L

22

23

24

26

27

28

29

30

348.0

355.8

370.0

364.2

376.3

380. 0

423.5

443. s

416. 0

424.0

435.5

444 .4

437.6

440.3

446 .4

444.0

502.0

504.0

510. 0

498.7

350 - 360

355 - 380

370 - 389

375 - 385

405 - 44L

432 - 455

398 - 434

380 - 467

4r7 - 454

406 - 472

395 - 497

408 - 480

425 - 489

478 - 531

4L6 - 499

1

4

1

5

3

2

3

2

2

7

2

9

11

I

8

1

1

3

1

3
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Appendix 12. Continued.

Age (+) Mean
FL
(urm)

Range ll of.
obs.

32

33

34

4I

42

45

46

467.0

507.0

499.7

548. 0

460.0

533. 0

500. 0

462 - 522

1

1

3

1

1

I

1
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Appendix 13. Fork lengËh at annulus formaËion for imrnature and male

quillback.

Annulus Mean
FL
(nun)

Range ll of.
obs.

1

2

3

4

5

6

7

I
11

18

20

2L

22

23

26

28

30

65.5

L46.2

245.5

289.O

317. 3

331. 6

345.0

359.0

357.0

369 .0

410. 0

428.O

399.0

400.6

422.0

468.0

416. 0

294

319

369

418

50

125

239

90

t77

252

345

349

40

6

2

I

15

11

1

1

I

1

1

I

1

5

2

1

1

4L4

425
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Appendix 14. Fork length at annulus formation for female quíllback.

Annulus Mean
FL
(rur)

Range ll of.
obs.

I

4

1

5

3

2

3

2

2

6

6

7

I

9

10

11_

16

17

18

L9

2L

22

23

24

26

27

28

29

30

32

348

3s5. I

370.0

364.2

376.3

380. 0

425.3

443.5

416. 0

427.0

453. 8

445.8

44r.0

437 .7

444.O

502. 0

504.0

510. 0

489.7

476.0

350 - 360

355 - 380

370 - 389

375 - 385

405 - 44L

432 - 455

398 - 434

380 - 407

444 - 468

4L6 - 497

408 - 480

425 - 459

478 - 53L

473 - 499

5

4

3

3

1

I

3

1

3

I
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Appendix 14. Continued.

Annulus Mean
FL
(rnm)

Range ll of.
obs.

33

34

507.0

518.5 5L5 - 522
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at annulus formatíon, Ín mm, for five populatíonsAppendix 15. Length

of C. cyprinus.

State
Author
annulus

Florida 1
Beecher(1979)

Towa 2
Vanicek (1961)

Ohio
I^loodward (1973)

I
2

3

4

5

6

7

I

9

10

11

r28

265

366

380

400

418

]-24

165

20L

234

269

340

36r

399

386

4L9

84

156

206

242

280

312

342

368

398

428

448

1.

2.

Appalachicola RÍver only.

Converted to mm from lnches.
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Appendix 15. Continued.

State
Author

Nebraska
McCarraher et al

(le71)

Present
Study

annulus

1

2

3

4

5

6

7

I

9

10

11

108

243

340

398

446

462

73

163

274

323

355

372

395

406

407

42r

4r6



Appendix 16.

stomach data.

-115-

Percent occurrence of food

FL = fork length.

items ín grouped quillback

Taxon inshore
<200 mrn

FL

inshore
>200 mrn

FL

offshore
>200 mm

FL

Ochre
RÍver

sand

flocculents

Difflugía

cladocerans

copepods

ostracods

chironomids

other insects

insect parÈs

tardigrades

arophipods

sponges

bivalves

fish eggs

diatoms

fil. algae

plant parts

100.0

91.3

91. 3

56. 5

87. 0

69.6

73.9

8.7

13.0

8.7

0

4.3

0

0

82.6

4.3

43.s

84.2

89. 5

73.7

73.7

94.7

63.2

84.2

2L.O

36.8

10.5

5.3

26.3

15. 8

5.3

84.2

26.3

57 ,9

10. 0

80.0

70.0

30. 0

90. 0

40. 0

60. 0

0

10.0

0

10. 0

0

0

0

90. 0

0

10. 0

100.0

100. 0

0

0

0

]-4.3

100.0

14.3

57.1

0

0

0

0

85,7

100. 0

85. 7

85.7



Appendíx 17.

data. FL =

Percent volume

fork length. t =

-116-

of food items

trace.

in grouped guillback stomach

Taxon inshore
<200 nm
FL

inshore
>200 urm

FL

offshore
> 200 m¡o

FL

Ochre
River

sand

flocculents

Difflugia

cladocerans

copepods

ostracods

chironomids

other insecÈs

insect parts

tardigrades

amphipods

sPonges

bivalves

fish eggs

diatoms

f il-. algae

plant parts

31.9

30. 9

5.4

5.2

6.8

10.7

7.7

t

t

È

0

È

0

0

t

t

.6

37.6

2r.3

6.6

L5.2

5.6

2.9

5.5

t

t

t

È

1.0

2.3

t

t

t

.6

1.5

18. 3

1.1

.5

48.7

L3.7

15. 3

0

È

0

t

0

0

0

0

0

t

67.9

2r.o

0

0

0

t
1.8

t

È

0

0

0

0

6.3

t

t

1.5



Appendix 18.

feeding in Èhe

contents, FL =

-LL7-

IndivÍdual stomach contents, by

Ochre River following spawning.

fork length, DaÈe = DDMM.

Z volume, for quillback

t = <.57" of stomach

Date
FL (rnm)

2405 2405 2405
345 409 418

2405 2405 2505
402 426 432

2605 2605 2605
409 357 356

sand

flocculents

mucous

Difflugia

cladocerans

copepods

chironomids

ostracods

insect parts

other insecËs

tardigrades

aurphÍpods

plant parts

fil. algae

sPonges

moLluscs

fish eggs

díatoms

80.0 75.O

10.0 10.0

r 5.0

2.0 r

tt

tt

5. 0 8.0

tt

20.o 75.0

70.0 5. 0

5.0 10.0

70.0 60.0 40.0

5. 0 25.0 10.0

15. 0 10.0 35.0

5.0 r

t-

tt

tt

r r 2.0

- r 5.0

-tt

10.0 5.0 5.0

ttt

tt

- 5.0

tt



Appendix 19. Individual

>200 mm FL taken offshore

marker, where mor_ = mouth

and meÈ = Methley Beach.

date = DDMM,

- 118

stomach data, by Z volurne, for quíllback

in 1983. Location is the closest shoreline

of the Ochre River, wil = the trIílson River

t = <.57" of stomach contents, FL = fork length,

Date
Location mor

1608
mor

0908
wil-

0608
met

0707
mor

2008
met

sand

mucous

flocculents

Difflugia

cladocerans

copepods

chironornids

ostracods

insect parts

other insects

tardigrades

amphipods

plant parts

fÍ1. algae

sponges

molluscs

fish eggs

diatoms

4.0

1.0

95.0

t

1.0

99.0

t

95.0

1.0

4.0

3.0

2.0

95.0

t

È

1.0

99 .0

t

2.0

90. 0

5.0

3.0

tt

t



-119-
Appendíx 19. Continued.

Date
Location

2008
met

2607
mor

0608
met

0508
met

0408
mor

sand

mucous

flocculents

Difflugia

cladocerans

copepods

chironomids

ostracods

insect parts

other insecËs

tardigrades

amphípods

plant parÈs

fil. algae

sPonges

molluscs

fish eggs

diaÈoms

35.0

t

È

5.0

60.0

10. 0

3s. 0

t

t
1.0

5.0

25.0

20.0

t

2.0

t

45.0

t

50.0

5.0

5.0

9s.0

È
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Appendix 20. Individual stomach daÈa, by Z volume,

>2OO nrn FL taken onshore. Mor = mouth of the Ochre

Methley Beach, okb = Oak Brae, stp = Stoney Point,

contents, FL = fork lengÈh, date = DDMM.

for quillback

RÍver, met =

t = <.57" of stomach

Date
Location
FL (nm)

1007
mor
190

1007
mor
2]-4

1007
mor
246

L707
mor
240

L707
stp
327

1007
okb
426

sand

flocculenÈs

mucous

Difflugia

cladocerans

copepods

chironomids

ostracods

ínsect parts

other insects

tardigrades

anphipods

plant

fil. algae

sponge

molluscs

fish eggs

díatoms

20.0

25.0

5.0

t

t

1.0

15. 0

30.0

t

4.0

Ë

t

30.0

35. 0

5.0

25.0

f

t

5.0

t

t

t

t

t

5.0

5.0

80.0

t

t

5.0

5.0

45.0

4s.0

3.0

t

t

2.0

t

t

t

5.0

35.0

30. 0

5.0

5.0

È

t

5.0

8.0

t

t

t

30.0

t

55.0

5.0

t

t

t

t

ttt

t

t

t

t
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Appendix 20. Continued.

Date
Location
FL (rnm)

'r707
stp
401

1807
mor
387

3007
mor
345

3007
mor
388

3007
mor
4L3

3007
mor
428

sand

flocculents

mucous

Difflugia

cladocerans

copepods

chironomids

ostracods

ínsect parts

other insects

tardigrades

arnphipods

plant parts

fil. algae

sPonges

molluscs

fish eggs

diatoms

50. 0

25.0

10. 0

t

t

t

t

5.0

10.0

t

20.0

30.0

t_0. 0

f

t

10. 0

5.0

t

t

25.0

t

50.0

15. 0

20.o

5.0

10. 0

t

t

70.0

5.0

25.0

t

t

t

t

t

35. 0

30.0

10.0

t

25.0

t
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Appendix 20. Continued.

Date
Location
FL (urn)

3007
okb
392

2008
mor
208

2008
mor
22L

2008
mor
222

2808
met
4L8

sand

flocculents

mucous

Difflugia

cladocerans

copepods

chironomids

ostracods

insect parts

other insects

tardigrades

amphipods

plant parts

fil. algae

sponges

molluscs

tr_sh eggs

diatoms

40.0

30. 0

10.0

t

t

5.0

t

t

15. 0

È

15.0

20.o

5.0

t

È

50. 0

5.0

t

t

2.0

5.0

60. 0

15. 0

5.0

È

8.0

10,0

t

70.0

15.0

10. 0

t

t

t

3.0

2.O

t

t

t

t

t

t

t

E
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Appendix 20. Continued.

Date
Locatíon
FL (nrn)

2808
stp
433

0909
SIP
436

0909
stp
s33

0909
stp
239

0909
stp
548

sand

flocculents

mucous

Dífflugia

cladocerans

copepods

chironomids

ostracods

ínsect parts

other insecÈs

tardigrades

anphipods

plant parts

fil. algae

sponges

molluscs

fish eggs

diat.oms

25,0

45.0

15.0

t
t

15.0

t

t

E

t

t

5.0

90. 0

5.0

t

t

t

95.0

2.0

t

3.0

99 .0

t
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Appendix 21. Individual stomach data, by Z volume,

<200 rnm FL taken Ínshore, Mor = mouth of the Ochre

Methley Beach, t = <.5% of stomach contents. FL =

DDMM.

for quillback

RÍver, met =

fork length, date =

Date
Location
FL (urm)

L705
mor

50

1705
mor

74

2605
mor

52

2605
mor

58

2605
mor

67

0307
mor

53

sand

mucous

flocculents

Difflugia

cladocerans

copepods

chironomids

ostracods

insect part.s

other ínsects

tardigrades

amphipods

plant parts

fil. algae

sPonges

molluscs

fish eggs

díatoms

50. 0

10. 0

15. 0

25.0

15. 0

5.0

60. 0

5.0

10.0

t

2.0

2.O

t

30. 0

30.0

20.0

10. 0

5.0

5.0

t

t

20.0

15.0

5.0

60.0

t

t

l_0.0

70. 0

10. 0

3.0

5.0

2,0

t

10.0

80.0

10. 0

È

t

t

tt
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Appendix 21. Continued.

Date
Location
FL (mrn)

0307
mor

79

0307
mor

83

1007
mor

83

1007
mor

85

L707
mor

67

L707
mor

74

sand

mucous

flocculenËs

Difflugia

cladocerans

copepods

chíronomids

osÈracods

insect parts

oEher insects

tardigrades

arnphipods

plant parts

fil. algae

sPonges

molluscs

fish eggs

diatoms

Ë

5.0

95.0

t

20.0

10.0

30.0

2.0

2.0

10. 0

20.0

30. 0

15.0

20.0

t
2.O

t

5.0

30. 0

t

20.o

30. 0

10.0

20.o

t

t

10. 0

15.0

5.0

75. 0

t

t

t
t

t

tt
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Appendíx 21. Continued.

Date
Location
FL (mm)

L707
inor

97

3007
mor
L62

0808
meÈ

93

1508
mor

75

1508
mor

93

1508
mor
115

sand

mucous

flocculents

Difflugia

cladocerans

copepods

chironomids

ostracods

insect parts

other insects

tardígrades

aurphipods

plant parts

fil. algae

sPonges

molluscs

fÍsh eggs

diatoros

30.0

10.0

50. 0

2.0

t

t

t

5.0

5s. 0

15.0

25.0

t

t

5.0

t

t

50. 0

10.0

5.0

10. 0

t

t

15.0

10.0

t

10.0

5.0

t

t

5.0

75.0

30.0

10. 0

10. 0

t

t

t

30.0

20. 0

60. 0

15. 0

10.0

È

t

5.0

5.0

t

È

tÈ

t
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Appendix 21. Continued.

DaÈe
Location
FL (rnrn)

1508
mor
L28

1508
mor
143

2008
mor

39

2008
mor

80

2008
mor

84

sand

mucous

flocculents

Difflugia

cladocerans

copepods

chíronomids

ostracods

insect parts

other ínsects

tardigrades

anphipods

plant parÈs

fil. algae

sPonges

molluscs

tr-sh eggs

diatoms

25.0

5.0

40.0

2.0

t

t

25.0

t

2.0

t

35.0

5.0

2.0

1.0

2.O

3s.0

20.0

t
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Appendix 21. Continued.

Date
Location
FL (urm)

2008
mor

90

2008
mor
100

2008
mor
111

0909
mor
160

sand

mucous

flocculenÈs

Difflugia

cladocerans

copepods

chironornids

ostr:acods

insect parts

other insecÈs

tardigrades

arnphipods

plant parts

fil. algae

sPonges

molluscs

fish eggs

diatoms

10.0

10.0

40. 0

t

35. 0

3.0

2.O

t

40.0

10.0

40.0

t

t

5.0

t

40.0

10.0

45.0

t

t

2.O

t

t

t

20.0

2.0

30.0

2,0

3.0

30. 0

5.0

2.0

t

t

t



Appendix 22. Summary of

Dauphin Lake quillback.

-L29-
morphometrics and gillraker counts for

TL = total length.

Size Range
(nm TL)

Body
Depth/TL

Peduncle
Depth/TL

Head
Depth/TL

30-49

50-99

100 - 199

200 - 299

300 - 399

400 - 499

500+

.22L

.2r7

.265

.298

.275

.27L

.270

.232

.27r

.30s

.318

.323

.301

.296

.094

.101

.111

.087

.103

.097

.101

.104

.108

.116

.119

.114

.109

.118

,242 - ¿.254

.2t6 - .243

.207 - .234

.r98 - .2r7

,I97 - .208

.186 - .2L0

.191 - .208
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Appendix 22. Continued.

Size Range
(run TL)

Interorbital
r¡ídth/HL

Eye Dían.
/Ht

Snout Length
/ur

30-49

50-99

100 - 199

200 - 299

300 - 399

400 - 499

500+

.304

.34L

.366

.397

.389

,375

.400

.338

.389

.43L

.428

.4L6

.464

.452

.238

.235

.206

.191

.r71

.r47

.163

.253

.266

,234

.206

.181

,L77

.r73

.290 - .298

,298 - .325

.300 - .369

.307 - .374

.346 - .380

.344 - .407

.339 - .363
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Appendix 22. Continued.

Size Range
(mm TL)

Eye diam.
/snout length

No. of
gíllrakers

Longest
Gillraker
as 7. TL

30-49

50-99

100 - 199

200 - 299

300 - 399

400 - 499

5Ocr

,799

.723

. s98

.464

.465

.386

.454

.859

.893

.7 48

.553

,500

,586

.486

18

23

31

38

42

39

40

23

34

39

45

48

47

46

.017 - .020

,0L9 - .026

.o25 - .O29

.025 - .027

.023 - .O29

.023 - .029

.o24 - .029
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Appendix 22. Contínued.

Size Range
(mm TL)

borsal base
/TL

Long/ Short
Dorsal Ray

Longest
Dorsal Ray
/Dorsal Base

30-49

50-99

100 - 199

200 - 299

300 - 399

400 - 499

50Gt-

.284

.283

.289

.304

.310

.32r

.342

.306

.300

.3r5

.34L

.340

.4L5

.355

3.5

3.8

4,0

3.4

4.8

5.1

5.2

4.2

5.1

5.5

7.4

9.5

7.2

7.8

.549 - .605

,670 - .845

,70L - .937

.798 - .982

.7Tl. -L.L37

.520 - .909

.605 - .838



Appendix 23.

measurements

-133-
Raw morphometrics for Dauphin Lake quillback. All

in mm.

FÍsh
Number

Total
length

Fork
length

lJet
weight (g)

Body
depth

Peduncle
depth

I
2

3

4

5

6

7

I

9

10

11

12

13

L4

15

16

t7

18

19

20

463.08

451.36

482,7 6

468.23

481. 13

483. 01

452.00

462.72

521. 88

347 .77

392 .64

264.96

249.24

27 6.45

237 .79

339.79

2r8.56

481. 19

235.75

520.53

416.00

399.32

435,23

4L4.L0

429.98

428.64

408. 51

4L0.73

46s.32

3L2.02

355.94

246.90

22r.94

24r.09

207.79

300.6s

190. 35

426.LL

2L4.56

468.76

]-426

1191

r687

L576

L645

L492

1355

L42T

1835

510

846

28r

230.46

289

L62.67

6L4

r34.34

L727

L79

2242

r34.45

L22.54

140.01

r43.2r

r37.82

L35 .44

130.16

L32,89

141. 16

95.89

ILs,32

86.05

79.38

85.41

7 2.70

109.80

65.31

L43.68

72,3L

154. 31

46.05

46.89

5L.T2

50.96

49.02

46.82

4s.96

48.r4

52,74

3s. 98

42.46

30. 69

29.68

29.96

20.84

38.82

24.45

49.40

25.62

55. 36
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Appendíx 23. Contínued.

Fish
Number

Total
length

Fork
length

I'rIet
weight (e)

Body
depth

Peduncle
depth

2T

22

23

24

25

26

27

28

29

30

31

32

33

34

34

35

36

37

38

39

40

464.99

49L.64

358. 01

498,98

500.26

482.67

103.56

r98.79

58. 60

94.r4

L22.O2

r24.L3

89.84

89.84

41.53

38.40

42.L0

L4L,66

162.66

79 .67

43.34

416. 83

444.43

322.OO

446.9L

440.82

430.43

93.20

r75 .63

52,89

83. 84

LLO.74

111.54

79 .53

79.53

38. 08

34.75

38.10

L27.90

r43.48

71.58

38.85

L579

r820

64r

1958

l-822

L627

L2.56

1.93

LL.26

22

2r.66

24.38

7 .99

0. 75

0. 57

0. 69

34 .98

48. 30

5. 58

0. 85

143. 58

r44.95

LOz.55

143. 86

L40.48

L36.20

27.48

57.40

13.68

20.39

34.42

35.25

9.s6

24.38

9.36

8. 89

9.29

43.29

46.,39

20.90

9.70

48.72

53,35

38.2L

49 ,10

59.2L

47.46

11.56

22,52

5.91

10. 31

]-3.94

13. 81

L5.76

9.s6

4.33

3.92

3,94

16. 39

18. 10

8.32

4.36
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Appendix 23. Continued.

Fish
number

Head
depth

Head
length

Snout
length

Orbit
diam.

Interorb.
wídth

1

2

3

4

5

6

7

I
9

10

11

L2

13

T4

15

L6

T7

18

19

20

82.46

78.7r

86. 95

75.8s

77.9L

82.54

82. 18

82.40

85. 84

57 .99

70.97

49.90

46.5s

48.68

40.18

60.46

36. 91

85.16

4r.90

90.72

91. 85

84.05

101. 32

93.16

96.12

100. 34

91.48

93.92

102.00

68.44

8L.79

54.31

54.L2

55.00

47.IL

70.L6

43.23

93.82

47.27

99.59

35.41

28.94

36.96

36.45

34.55

37.53

34.98

36.44

36.s6

23.69

30.04

18. 34

20.25

]-9.40

17. 03

26.67

L3.27

64.88

16. 95

33. 78

L4.46

15.01

15. 86

T6.2I

15.88

15. 78

L3.49

L6.47

L6.67

11. 82

13.98

11.18

9.40

10.50

9.06

12. 68

8. 69

16. 58

9.37

16.43

36.54

34.44

42.08

39. 04

40.00

37.66

38.42

36.17

4L.06

28.48

3r.82

2L,55

22.92

22.4r

19.59

29.38

18.49

41. 50

19.50

45.O2
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Appendix 23. Continued.

Fish
number

Head
depth

Head
length

Snout
length

Orbit
dian.

Interorb.
width

2T

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

84.16

18.00

34.93

10. 07

17 .67

22.r8

2r.94

L5.76

7 .50

6.76

7 .47

26.36

29.r8

L4.26

11.04

93. 80

95.96

72.22

99.13

104. 09

98. 38

24.24

42.00

L3.7 4

20.34

26.54

27..43

20.82

10.34

9.36

10. 18

32.39

33.73

]-9.34

11.04

38.18

29.24

25.O0

34.90

37 .82

39. 58

8. 01

13. 96

4. 10

6. 60

8. 81

8.24

6.4L

3.08

2.76

2.95

11.96

11.36

6.28

3.26

15. 73

L7.L2

12.50

16.64

18.00

L5.46

5.42

8. 66

3.66

4.81

6.22

6.L6

5. 31

2.46

2.37

2.52

7.16

7 .L7

4.54

2.78

4L.T2

44.53

30. 14

40.66

4r. 68

4L.95

8.87

L7.20

5.2r

7.9L

10. 14

10.45

7.6L

3.40

3.16

3.24

T2.9L

L4.54

6.59

3. 36
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Appendíx 23. Continued.

Fish
number

Mouth
width

Dorsal
base
length

Longest
dorsal
ray

Shortest
dorsal
tay

I
2

3

4

5

6

7

8

9

10

11

L2

13

L4

15

L6

L7

18

19

20

14.58

14.31

L6.76

18.91

t7,42

]-6.02

15.00

15.88

19.94

11.38

13. 15

9.46

9. 38

10.08

8.90

12.84

8.29

20.74

8. 56

1-7.24

162.r0

161. 3s

165.15

L54.62

176. 08

r70.26

169.30

156. 50

178.36

118.32

I22.6L

90.44

76.48

86.r4

74.TL

to5.26

66.34

200.00

72.74

185.06

118. 81

111.64

103. 49

140. 56

101.43

88. 52

96.72

103.34

L20.04

85.27

87.23

81 .15

66 .00

73. 83

65.09

105.46

65. 16

114. 68

58.07

111. 98

18. 56

17. 80

T7.6L

19.48

2L.T3

19 .88

16. 04

]-9.64

19.90

L2.9L

L8.26

11.00

19.28

TL.69

L3.22

16. 00

13. 08

20.L5

L4.L4

2r.36
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Appendix 23. Continued.

Fish
number

Mouth
width

Dorsal
base
length

Longest
dorsal
ray

Shortest
dorsal
tay

2T

22

23

24

25

26

27

28

29

30

31

32

33

34

3s

36

37

38

39

40

14.83

L7.62

9.95

17.70

18. 16

17,59

4.04

8. 39

2.59

2,8L

5.13

5.L7

3.19

1.70

L.2L

L.L7

4.9L

6.97

2.9L

1.55

r49.3s

L79.54

114.05

L77 .94

171. 50

L72.54

29.95

62.56,

L6.68

27.6r

38. 34

37.65

26.92

1,2.34

TL.7 4

L2.63

42.80

50.46

22.54

12.34

r2r.54

LzL.82

t29.62

roL.42

143. 86

96.95

22.Or

s3. 65

IT,2I

20.34

26.86

26.4L

18. 04

6,78

6.32

7.62

40.12

38.39

19.04

7 .47

17 .95

19.68

13.69

19.56

18.45

18.96

5.44

9.74

2.92

s.09

6.45

6.56

4,75

L,94

r.74

1.81

8. 63

8.73

3.76

2.04
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Appendix 23. Continued.

Fish
number

Ana-1
base
length

Anal
ray
long

Number
gi11-
rakers

Length
longest
gillraker

1

2

3

4

5

6

7

8

9

10

11

L2

13

L4

15

16

L7

18

L9

20

42

42

44

44

40

47

46

45

46

48

42

42

42

39

45

45

38

4I

40

40

36.44

37.00

36.r7

36.04

38.62

38.44

41.55

37.46

39.91

31.00

29.86

23.24

17.80

18.96

16. 95

25.94

13.69

4T.2I

L6.L2

41.55

7L.T6

64.53

66.46

73.34

66.79

63.4s

62.78

62.0I

68. 66

47.30

58.32

49.1r

38. 91

43.10

37.32

54.60

35.57

70. 30

34.60

76.00

12.46

10. 93

11.14

TL.77

11.80

12.t4

12. 04

13.45

L5,23

7 .86

LT,32

6. 80

6. 03

7 .47

6.38

9.L9

5.56

11. 56

6.48

12.67
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Appendíx 23. Continued.

Fish
number

Anal
base
length

Anal
tay
long

Number
gi11-
rakers

Length
longesÈ
gillraker

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

3L.76

39. 0s

27 .79

40. 00

37.05

37.64

7.03

L4.96

3. 88

7 .42

9.20

8.99

6.16

2.56

2.24

2.36

9.03

L2.24

4.78

3.00

6T.T4

69.8s

54.2L

70.64

69. 80

l-4.93

30.34

7 .66

13.84

L7 .43

18.58

13.38

6.44

5. 00

7.62

24.34

23. 00

43

42

46

43

44

39

31

39

23

25

33

36

34

2T

18

18

36

34

28

23

L2.02

12.74

9.76

11 .66

L2.59

L2.77

2.68

5. 78

1. 09

2.44

3.49

3. 56

2.06

o.82

0.64

0.76

3.64

4.L2

L,92

0.84
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Appendix 24. Summary of fin ray and scale counts for Dauphín Lake

quillback. (No. of observatíons in brackets).

Character Counts

dorsal rays 25(4) 26(8) 27 (l-o) 28(7) 29(5) 30(2)

pelvic rays 9(8) 10(28)

anal rays 7(35) 8(1)

caudal rays 18(35) 19(1)

pectoral rays 16(7) L7 (.14) 18 (14)

lat. line scales 37(6) 38(13) 39(10) 40(3) 4I(2)
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Appendix 25. Occurrence of tubercles on male and fernale Dauphin Lake

quillback.

location

pectoral rays

pelvic rays

first anal ray

first dorsal ray

caudal rays

top of head/nape

opercle/cheek

lateral line scales

be11y scales

cornea of eye

* evident only after preservation.

male (11)

11

11

7

10

1*

11*

11

11

6

5*

fernale (12)

6

6

1

6

0*

7x

10

5

1

0*
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Appendix 26. Detaíled occurrence of tubercles on pectoral and pelvic

fins and the lateral line scale series. Number of observations ín

brackeÈs

males

pecÈoral rays

1 through 3(1) 4(1) 7 (3) 8(1) 9(1) 10(2) LI(2)

pelvic rays

1 through 3(3) 4(1) s(4) 6(3)

lateral line

scales 1 through 18(1) 23(1) 34(1) 37(1) 38(5) 39(2)

females

pectoral rays

1 through 0(6) 2(L) 4(1) s(1) 6(2) 11(1)

pelvic rays

1 through 0(6) 2(2) 3(2) 4(1) s(1)

lateral line

scales 1 through 0(7) 25(1) 37(1) 39(3)


