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ÀBSTRÀCT

Shorthead redhorse, Moxostoma macrolepidotum, from

Dauphin Lake r^rere studied during the open water period from

1983 to 1-987. Spawning habit.s, â9ê, length frequency and

counts (meristic characters) were evaluated for t.he

shorthead redhorse migrat,ing into the Ochre River, from

Dauphin Lake. Short.head redhorse spawning rnigrat j_ons

varied in numbers of fish (85? 6568) and timing
(May 6 - April 26) within the three years of this study.

Spawning migrations began when mean daily stream

temperatures reached l-0 C. Upstream and downstream spawning

movement.s were most intense from mid-aft,ernoon until two

hours after darkness. Fish moved up t.o 32 km upstream and.

the overall spawning period was 3 to 4 weeks.

The mean fork length for spawning females and males

ranged from 353.5 to 375.6 mm and 323.0 t.o 338.2 nm

respectively. Both mal-es and females reached sexual mat.urit.y

at. 5 years however, a few males matured at age 4. Spring

caught femal-es produced L2,660 to 44,329 eggs for fork
Iengths 3l-0 to 418 nm. Both fecundity and egg diameters

increased wit.h f ork length.
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spawning occurred over a gravel/sand/rock substrate on

the downstream side of riffles, at water velocities 0.3 to
0.7 m/sec, and depths of 20 to 90 cm. Shorthead. redhorse

tagged in Ochre River returned to spar^rn in the stream in
successive years.

Sections of l-eft pectoral fin rays were used for
determinations, with vatidation accomplished by aging

right. pectoral- fin of recapt,ured tagged. fish. Ages up

years were observed. Females grew fast,er than males.

Juvenile shorthead redhorse (less than or egual to 100

fork length) preferred planktonic organisms including
cladocerans, copepods and ostracods while adult. fish

age

of the

to 18

(great.er than 100 mm fork length) consumed a wider range of
food items with chironomids, Ephemeroptera, Mollusca and

Diptera other t.han chironomids being predominant.. shorthead

redhorse generally were free from external parasites;

acanthocephalans, trematodes and a nemat.ode were the major
j-nternar parasites found in the digest.ive tract.. Juvenil-e

shorthead redhorse represented 4% of the diet of juvenile

walleye from Dauphin Lake.
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TNTRODUCÎION

The redhorse suckers, Moxostoma spp., Fami_Iy

Catostomidae: Tribe Moxostomatini, are a morphologicarry and.

bioJ-ogical1y diverse group of freshwat.er fishes found in
eastern and centrar Nort.h America. Moxostoma contains four
subgenera (Jenkins f970); (Moxostoma) redhorse suckers,

(Scartomyzon) jumprock suckers, (Megapharvnx) redhorse

suckers, and (Thoburnia) torrent suckers. Moxostoma

macrolepidotum (Leseur) the shorthead redhorse is one of
seven species in the subgenus Moxostoma, which incrudes the

only two other redhorse species found in Manitoba,

M. anisurum the silver redhorse and M. erythrurum the golden

redhorse. Distribut.ion of t,hese three species is shown in
Fig !, Jenkins (1980), Franzin et aI. (l_986) and Franzin

w.G. & K.w. stewart (pers.comm.). The shorthead. redhorse has

t.he widest and most. northerty distribution of all the

redhorses.

shorthead redhorse occupy a variety of habitats: crear,
fast water in rarge streams with gravel bottoms; natural_

lakes with sharrow wel-l protected. locatities; impoundments;

shal-1ow pools of smarr rivers with moderate flow verocities;
small streams with negligible current; rareJ_y, in brackish

water (Sule and Skelly 1-985) .
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The redhorses are caught commercially and market.ed as

"mulLeL" and are occasionally caught by sport fisherman.

There have been few comprehensive studies of the

ecology of the shorthead redhorse. Meyer Q,962) studied the

general life history of shorthead redhorse from Des Moines

River, fowa; Reed (1,962) evaluated the âgê, growth and food

habits of shorthead redhorses from the Saskatchevlan River,

Saskat.chewan; SuIe and Skel1y (1-985) determined habitat,
fecundity, growth and food habits of shorthead redhorses in
the Kankakee River, Illinois; Jenkins (f970) presented a

complete cl-assification and known ecology for the species

found in the tribe Moxostomatini. The majority of the

remaining informat.ion either deals wit.h only one or t,wo

aspects of the species or is a stat.ement of its presence in
a specific loca1ity.

This study (1983 to 1987) was conducted in conjunction

with a cooperative project on Dauphin Lake, Manitoba (Sf0

!7' N, 990 LAt W) involving the Department of Fisheries and

Oceans (Canada), (DFO), and the Department. of Natural

Resources, Fisheries Branch (Manit.oba) . DFO, s overall
project objective was to develop hydrological and ecol-ogical

data which could be used to attempt to rehabilitate Dauphin

Lake's declining walleye populatíon. This portíon of the

study investigated t,he reproductive period, spawning

behaviour, juvenile and adult growth, dietary composition,

meristic and morphometric features and population structure
of the shorthead. redhorse in Dauphin Lake
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The shorthead redhorse of Dauphin lake provided an

opportunity to study a population that is uníque in that it
is a rucustrine popuration. There is littre known about the

ecorogy of the shorthead redhorse in this northern latitude,
to some extent determine the role the shorthead redhorse

plays in the ecosystem of Dauphin Lake and the importance

the short.head redhorse has to the walleye population of
Dauphin Lake.

STTIDY AREA

Dauph,in Lake

Dauphin Lake is approximately 305 km northwest of
Winnipeg, Manitoba (Fig.2) . It has a surface area of 497

km2, a maximum widt.h of 19.3 km, a maximum length of 41.8

km, an average depth of 2.4 m and a maximum depth of 3.6 m.

rt. is a remnant of glaciar Lake Agassiz and is situated on

lowlands that are primariry made up of glaciar tirt overlain
by clay deposited by Lake Agassiz. A port.ion of t.he Manitoba

escarpment (Riding Mountains and Duck Mountains), l-ies

south, west, and north west of Dauphin Lake and forms most

of the watershed supplying the lake. The streams which

discharge off the escarpment, flow through deposits of
gracial tiI] and soft shale in their upper reaches and pass

through Lake Agassiz clay deposits at lower el_evat.ions.

Because of this, and. agricurtural and drainage practises now

affecting the watershed, Dauphin Lake receives large

quantities of fine sediment.s, resulting in high turbid.ity
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throughout the open waLer season (ChLpman l-98?). This

turbidit.y is compounded by t,he shalrowness and wind exposure

of the lake.

The eastern shoreline of Dauphin Lake varies from areas

which are dominated by rock, boulder and sand t.o areas of

sand and silt. The south, west and north shorelines are

mainly sand and silt with a few boul-der points.

OCSRE RI\/ER

The ochre River watershed comprises a total- area of 344

km2 which lies mainry within Riding Mountain Nationar park.

The ríver has an average gradient. of 2 percent. The lower 30

km of the river has a lower gradient and is confj-ned in a

well defined channel which overfl-ows its banks during high

water periods. This l-ower stretch contains a number of
rif f le-pool sequences. The riffl-es have rock, graveJ_ and

sand substrates, whil-e the poors have sand and silt bot.toms.

since the major portion of ochre River is in Riding Mountain

National Park, man-made modÍfications to the channel are

limited to the l-ower 30 km section of the river within the

agricurt.ural zone. Naturat drainages in t.he lower reaches

have been al-tered to al-Iow water from other drainages to
discharge int.o Ochre River. Land clearing to the riverrs
edge in the lower section has caused increased siltation and

erosion of the stream banks.



MATERI.ã,IS .ÈND METEODS

FISB S.âI{PLTNG

Fish spawning migrations in the Ochre River r^rere

monitored. using a t,wo way fish fence'.. The fence v/as a

modification of the design of Anderson and McDonal-d (j-9?g).

The fish fence was l-ocated in a riffle area L.6 km upstream

from the mouth of Ochre River at. Dauphin Lake (E.ig. 3). It.

was felt, that once the spawning fish had migrated t,his far
upstream, they wouÌd probably spawn in the stream. The fish
fence was inst,alled each year at, the first opport,unity

possible, usuaJ-j-y after the spring runoff had subsided.

During normal operation, the wings from each side of the box

ran t,o the shore and directed all fish moving upstream or

downstream into the appropriat,e collection box. The d.ate of
installation varied over the t.hree years because of
differences ín warming and discharge rates each spring
(Table j-) . Part or aIl- of the fence often washed out, aft,er

major precipitation events and had to be reinstalled once

the water level subsíded again. The fence was operated unti]
late JuIy l-983 to ensure t.hat. aII large fish species

utirizing ochre River for spawning were evaruated, but in
1984 and 1985 the fence stayed in operation onry until t,he

majority of the migrating fish had returned to Dauphin Lake.

Daily stream discharge information was obtained from

Environment Canada, Water Surveys of Canada (1-983, Lg}4l

L985) . Water t.emperatures at the fence site were record.ed
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vrit,h a Ryan continuously Recording submersibre Recorder

during the 1983 and L984 seasons and wit.h a Robertshaw

Recording Thermometer in r985. Mean daiJ-y temperat.ures

(Appendix I) r¿¡ere calculated from the means of each four
hour period.

Migrating fish vrere herd in the upstream and d.ownstream

boxes until they could be passed over the fence in the

direct,ion that t,hey were migrating. They $Iere released. at

least twice a day. The capture boxes'. each could accommodate

approximately one hundred fish without causing damage to the

fish. All fish were counted and identified to species.

shorthead redhorse fork lengths, measured from the anterior
extremity to the notch in the tail fin, (t,o the nearest mm)

and weight,s (to the nearest. 10 gms) were taken in 1983 and

1984, but only fork lengt,h was taken in 1985. Sex and

mat.urity stages of all fish were determined by external-

appearance and by appJ-ying gent.le pressure on the abdomen.

rf t.he sex products did not frow freely they were considered.

g'reen,' íf they f l-owed f reety they i^rere consid.ered ripe. If a

male's sexual product.s appeared cl_ear or dilut.e, they were

considered spent and when a femal-e abdomen was fl-accj-d. and

t.he sexual products released consisted of clear fIuid., they

r{rere considered spent. External- features such as abraded.

pectoral, anar and caudal fins or a swol-len vent brere also

used to identify a spent fish.
A mark-recapture progiram on shorthead redhorse spawning

in the ochre River was initiated in 1984 and continued in
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1985. Floy anchor tags were used to tag 424 short.head

redhorse in r9B4 and an additional 935 in l-985. Tags were

inserted into the left side of the fish just betow the

middte of t.he dorsal f in base. The T bar of the tag was

securery locked through t.he interneural spines. only fish in
good condition r¡/ere tagged. A few fish from the upstream

migration were tagged to al-]ow for evaruation of time spent

in the spawning stream. The majority of fish tagged were

from the downstream migrants. No anaesthetic was used during

the tagging operation.

The first. four rays of the left pectoral fin were

removed from each tagged fish for aging purposes. After
removaL from the fish, fins were driêd in envelopes, Lhen

imbedded in cold-cure epoxy resin. Transverse sections

.50 .70 mn thick were cut from the base of the fin rays

using an rsomet low-speed sectioning saw. These secLions

were mount.ed in Diatex mounting medium on glass srides. Ages

hlere estimated from presumed annuLi counted. using a compound.

mícroscope wit.h a bright field condenser and a green firter.
commercial and sport. fishermen r¡rere paid a $2.00 reward

for each tag returned with information on location and. date

of capture of each tagged fish. This information was

augmented with recapt.ures obtained from the Department of
Fisheries and oceans, Dauphin Lake projects throughout this
study.

During the L985 fish fence operation, any recaptured

tagged shorthead redhorse were checked for tag number, fork
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length, maturity, and the first four rays of the right.
pectoral fin were removed for age varidation. unt,agged fish
which had a clipped left pectorar fin and showed scarring at

the tag site were cl-assified as fish showing a tag loss.
The distance of movement in the Ochre River above the

fish fence for shorthead redhorses \.¡as evaruated by direct
observation, seining with a smalI, fine mesh bagless seine

and a CoffeIt. BP4 electroshocker.

spawning behaviour of shorthead redhorse was observed

during daytight hours at times when water clarity was

sufficient t.o allow for light penetration to t,he bottom of
the stream. During the spawning act an observation point was

chosen which offered enough erevation to see down into the

water (spawning area) as well as t.o provide cover to timit
any distraction of the fish.

Larval fishes r^rere sampled in the Ochre River by using

larvar drift samplers as described ih Franzin and Harbicht,,

(unpublished data) . The drift net.s were set in fast current,

near t.he water surface (approximately 20 cm below t.he

surface) . The larval drift samplers were used. in l-984, l-g85

and 1986. They sampled the stream continuously throughout

the entire larval drift period and each samprer was creaned.

at l-east t.wice a day.

During the period of larval drift in the Ochre River, a

subsample of minnows, were captured. with a CoÌfelt Bp4

el-ectro shocker. These were preserved in 10å formal-in and

their gut content was examined at a later date.



FECUNDITY À}ID EGG SIZE

Ovaries were removed from 3? and 22 pre-spawning

females migrating up the Ochre River in 1984 and l_985

respectivery. The fish sampled represented the range of fork
lengths t.hat. were found in the spawning runs. A further 48

ovaries were removed from ripening females corl-ected by

commerciar fishermen on Dauphin Lake in the early winter of
1986. All fish were weighed to the nearest 10 gms in 1984

and 1985 and in 1986 to the nearest.l gm. Fork 1engths of
all- fish were measured to t,he nearest 1 mm in aII three
years.

The ovaries were removed, weighed and preserved in
Gil-son's solution (BagneaI 19?8) . Twenty-four hours after
initiar fixation, t,he eggs were gentry separated to all-ow

f or penetration of the preservative. All ovaries r^rere left
in fj-xative for at Least 4 months before the eggs were

counted. The eggs brere washed several- times with water to
remove ovarian tlssue. Numbers of eggs were estimat.ed by

using the dried weight rnethod. Five groups of 1000 eggs

each, along with the remaining eggs .from each fish were air
dried for a minimum of forty-eight. hours at about. 2r c. A1r

dried sampres were weighed with a Mettler AE l-60 bal_ance to
the nearest .0001- gm. The mean weight of an individ.uar egg

was determined by dividing the weight of each i-000 egg group

by 1000. Fecundity was determined by dividing t,he mean

weight of an ind.ividual egg into the t.ot.a1 dried. weigrht of
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t.he sample. The accuracy of the dried weight est.imat.ion was

evaluated by counting nineteen complete ovaries in
conjunction with the dried weight *.trroa and carculating the
percentage difference.

Egg size was determined from preserved eggs. SubsampJ-es

of 20 eggs were removed from each 1000 egg sample and each

egg in these subsamples was measured to the nearest. .01 mm

with a pair of digit.al- calipers. The mean size of eggs from

each pair of ovaries was calculated from the grand

( i.e. mean of means) mean of the 5 sub-groups.

SAMPLTNG OF SEORTEEJAD REDEORSES FROM DÀT'PEIN I.AI(E

SEINING

Beach seines (30 m, 6.4 mm mesh and 18 m, 3.2 mm mesh)

were used to capture fish arong the shorerine of Dauphin

Lake. seining bras conducted during the dayright hours from

late June untiÌ mid Sept.ember, L984 to l_987. The seining
program in 1984 was irregular and consist.ed of 100 m haurs

with the 18 m bagged seine at the mouth of ochre River. The

seining program was expanded to weekly sampres in 1985, t.hen

truncat.ed to biweekry in 1986 and monthry in r.9B? using the

30 m bagged seine. sample sit.es r^rere sel-ected. to represent,

coÍìnon types of shorelines f ound on Dauphin Lake. The

stations (Fig.3) $iere #2 - west side of Ochre River
(silt/sand. with emergent vegetation):, #3 Stoney point

(sand/silt with scat.tered J-arge boulders), #A Sifton Beach

(sand/sitt/graveL away from shore and rock/graveL cl-ose to
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shore), #5 oak Brae (sand/silt and scattered bourd.ers away

from shore and rock/ gravel close to shore), #6 - Mil_Iion

(hard packed sand and scattered boulders ar^¡ay from shore and

sand/graveL/scattered boulders cÌose to shore) , #'7 - Methley

Beach (sand and a few large boulders) and #8 - lrlel_come Beach

(sand/sil-t away from shore and. bourders/gravel cl-ose to
shore) . one 1-00 m seine haur was madl perpend.i-curar to the

shore at each site except at oak Brae and stoney point where

the depth of water restricted the wading distance from shore

At t.hese sites 2 or 3 short,er hauls were made inst.ead.

shorthead redhorse were removed from the seine catches

and stored on ice until fork length to the nearest 1 mm and

wet weight to the nearest .1 grm could be determined. Fish

that were kept for stomach content analysis or specimen

storage were subsequent.ly preserved, whole body, in 10t

formalin.

Near shore water temperatures of Dauphin Lake r^rere

measured at a depth of l- meter wit.h a chart record.er for
L9B4 and L985 and a Ryan continuous Recording submersible

Recorder in 1981. Mean monthly water level-s of Dauphin l_ake

v/ere obtained from Environment canada, water survey of
Canada (1984, l-985, 198 6,198'7) .

GILLNETIING

sampring of the rake population for the period. i-984 to
1987 was accomplished using a standard gang of gillnets
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( 6 20 meter panels consisting of 3. 8cm, 6.4cm, 8 . 9 crn¡

1-0.2cm, 10.8 cmr L2.7 cm stretched mesh opening) . Net sets

were positioned according t,o a random sampling design,

throughout the lake and sampred at three interval-s during

the open water season,. just after ice out, mid sunmer, and

mid to late faIl. Each net was set for an average period of
14 hours. All fish collected were identified to species,

measured for fork length (nearest, 1 rmr), weighed

(nearest .1- gm) and sex and maturity were determined.. The

left pectoral fin rays r^rere removed from shorthead red.horses

and used for age det.ermination as delcribed earl-ier.

AGE À}¡D GROWTS

Thin sections of pectoral fin rays are the most

rel-iabre technique for age det.ermination of white suckers

(Beamish and Harvey 1969, Beamish and McFarLane 1983,

Chalanchuk 1984) . This method was therefore used for agÍng

of short.head redhorse. val-idation of f in ray ages was done

using t.he total of r77 recaptured tagged fish taken in the

l-985 fish fence operation, the 1985-97 gil1 nett.ing survey

and commerciar fish catch sampling t.hrough the same period

of time. Regression anarysis was used to examine growth with
age and length:weight relationships. Growth and

lemgth:weight rel-ationship between years was compared using

analysis of covariance.

Fork lengt.h frequency dist.ributions for juveniJ_es

captured in the seining prograrn were plot.ted. aqrainst time
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for each sampling period. The separation of 0+ and L+

cohorts was evident as there was no overlap in fork length

between groups. The 2+ and 3+ cohorts overlapped in fork
length, therefore, separation of these cohort.s was not

possible. Growth rates during the growi-ng season, as werl as

between years was determined and evaruat.ed using rinear
regression analysis. Analysis of covariance was used to
compare between year data.

DIETARY À}TAI,YSIS

Digestive tracts were removed from 54 adult and 29

juvenile shorthead redhorse col-lected by seines and gilr
nets at various times from just after spring breakup to
early winter. Each digestive t.ract was preserved in 10t

formarin unt,il examination. contents: of t.he ent.ire length of
juvenile digestive tracts r¡Iere removed by apprying gentle
pressure and forcing the contents out, while ad.urt digestive
tracts were cut open longitudinally for their entire length
and the contents lifted out. wit.h forceps. st.omach contents

were examined under a stereo microscope. rdentifiabre
organisms were counted, but in cases where the gut r¡¡as

filred wit.h fragmented bivarue shel-l-s or invertebrate bod.y

parts vorume or numbers of any particular organism could not
be est.imated. onry presence/absence and a subjectivery
determined estimate of abundance of a particurar food item

were recorded. The amount of each item consumed by each fish
analyzed was categorized. as abundant (great.er than 20 iterns
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found), few (3 to 20 items found) and rare (1 to 2 items

found) .

MERISTICS A¡¡D MORPEOMETRICS

Meristic counts and morphometric measurements were

taken from shorthead redhorses that were cotlected either by

seine haul-s or girr net caLches throughout i-985 and i-986. A

totar of 118 juveniJ-e and adurt shorthead red.horses r^rere

examined. characLers were measured or counted. according

Hubbs and Lagler (L964) and Reist (198S) . A1I measurements

were taken with digitar caripers to the nearest .0j. mm. The

charact.ers examined are present.ed in Table 2.
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RESTILTS

SEORTEEJA.D REDEORSE SPAI'INING ITTGR.â.TTONS IN OCERE RI\TER

Daily counts of upstream and downstream migrating

shorthead redhorse, stream water temperature and stream

discharge for the years 1983 to 1985 are tabutated in
Appendix 1. shorthead redhorse began their l-983 upstrea*

migration before 6 May (Fig.4), when daily mean water

temperature had reached 10 c rhe main upstream migration

cont.inued from 25 May through to l-3 June. Downstream

migration ranged from 26 May through to 20 July (Fig.5).

The 1984 upstream migration had commenced by 19 April
(Fig.6), when daily mean water temperatures were lZ.0 C, but

there was a rate spring snor^r faIl and stream temperatures

dropped to 0 C and discharge rose. Fish migrat.ion stopped

and fence was washed out.. The fish fence was reínstalled on

20 May by which time t.he upst.ream migration had resumed and.

sLream temperature had returned t.o the l_0 12 C range.

upstream movement cont.inued until 20 June when the fence was

removed. Downstream mi_gration had started by Z0 May (nig. 7)

and intensified until 20 June.

The shorthead redhorse upstrearn-*'migration in 1995 began

on 26 Aprir (Fig. 8) and continued. in pulses untir i-0 June.

Daily mean water temperature ranged between 8.3 and j-9.3 c
during t.his period. Downstream migration had begun by T May

(Fig. 9) and conti-nued until 24 June after which t.he fence
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was removed. The majority of the shorthead redhorse had

returned to Dauphin Lake by that date.

fn Lhe three years of rnonitoring the Ochre River, the

shorthead redhorse began their spawning run each year when

daily mean water temperatures reacheã about L0.0 C. This

t.emperature usually followed the peak discharge associated

with t.he spring runoff . fnLensified short.head. redhorse

migrations both upst,ream and downstream usualry coincided

wit.h an increased discharge event.

Alr male shorthead redhorse were ripe on their arrival
at. the spawningr grounds, while the majority of the females

arrived green. shorthead redhorse upstream and downstream

migrations peaked in the period from nid afternoon until two

to three hours after sunset. shorthead redhorse migrated up

to 32 km upstream from the mouth of the river. During the

1984 a shorthead redhorse in spawning condition at site #g

Ì^ras captured using a electro shocker (Fig. 3) .

Whether or not shorthead redhorse were spawning during
peak discharge could not be determined due to high

turbidity. However, as discharge decrined, t.he wat.er usuatty

creared allowing observations of spawning activities.
Spawning activities r^rere observed. in daylight hours,

generally from late afternoon to late evening. Water

temperatures at this tíme were 10.0 to l-8.3 C. Spawning

redhorse usually preferred riffle areas with water depths of
20 90 cm and current velocities from .3 t.o .i m/sec.

substrat.es consisted of fine sand, g-ravel, cobbJ-e and the
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occasional boulder.

During spawning, female shorthead. redhorse held a

position in the riffle with 4 - 6 males positioned. just
behind or off to one side of her. prior t.o the female

rel-easing her eggs the mares would. move up beside the female

and nudge her sideways. This would be repeated several times

by different mal-es and often by two to three mares at once.

During the release of their sexuar products there wourd be

rapid bod.y vibrat,ions by both sexes t(th" 
number of males

could vary from one to three) and a forward movement into
the current causing the sexual-.products to be broadcast onto

t,he stream substrate. The adhesive eggs lvere f ound sticking
to boulders, rocks and gravel. Once the gametes had been

released, the female and males would drop back downstream,

and agaín hold in the stream, facing the current. rt. could

not be ascertained whether spawning by a group was repeated.

The timing of spawning activity for shorthead redhorse

varied each year. spawning was observed in 1983 between zo

May and 20 June, in 1984 between 25 May and 20 June, and in
1985 from 1 May to 10 June. Nuptiar tubercules on the anal

and caudal fins of males were wel-l- developed throughout the

spawning period.

The best evaluation of the upsLream run of the

shorthead redhorse was done in 1983 because in both 19g4 and

1985 there were significant periods when the fence r^¡as

washed out. There r^¡as no apparent difference in timing
between upstream migration of males and females. The rat.ios
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of females to males in the upstream migrations were, in
1-983, L20.76, in 1984, 1,:L.73 and in 1985, 1:L.35. Sex of
downstream migrants $¡as determined j-n 1984 and 1985 but not

in 1983. The males in both years init.ialry ret.urned in
higher numbers forlowed by an increase in numbers of females

as t.he run progressed. About 0.5t of the downst,ream

migrating female shorthead redhorse were sexuarJ-y immature.

These females contaíned small developing eggs in the

ovaries, and probably would have matured in the following
year.

One hundred and forty-six (34.2*) of 427 short,head

redhorse tagged in the ochre River during the j-984 spawning

rnigrat.ion returned to the ochre niver in 1985. Twenty-five

of these fish hrere recaptured in the upstream trap and. one

hundred and twenty-one were captured on their downstream

run. The 25 t.agged f ish recaptured ín the upstream t.rap

stayed upstream an average of L5 days with a range of 6 - 29

days.

Length frequency distributions of upstream migrants

for the three years are presented in Fig. 10; the data are

presented in Appendix 2. The mean fork lengths for al-I

migrating shorthead redhorse were 354.1_ mm, 334.3 mm, and

339. 6 mm for 1-983, l-984 and 1985 respectively. Femal_es \^rere

larger than males in al_I three years. Mean lengths of
femal-es and mares were 375.6 e 338.2 mm, 364.1 & 323.0 nm,

and 353.5 & 328.9 mm in 1983, ]-984,1985, respectively. The

longest fork length t.aken for a femal-e was s05 Írm, and for a
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male, 47 4 mm.

Age frequency distributions for upstream migrat,ing

shorthead redhorse for all three years are presented in
Fig.11, and Appendix 3. Ages of spawnj_ng fish were 3 - 14 y

and 3 1,6 y for males and females, respectively. Age of
sexual maturit.y for both mal-es and females was 5 y (mal-es

rareJ-y 4) . Modar ages in the spawning runs were for mal-es

and females I and 8, 6 and 9 and 6 and ? for 1983, Lgg1-, and

1985, respectively.

FECT'NDITY ÀìID EGG SIZE

The reliability of the dried weight method for
estimating fecundity was tested by actual counts on 19

ovaries (Appendix 4) . This method of fecundity estimation
yielded a mean error of +1.6?t with a range of -2.79? to
+5.23*.

Female shorthead redhorses sampied from the spring
spawning migration in the Ochre River contained from

12,660 44,329 eggs and had fork lengths of 310 t.o 418 mm.

Females sampled in the early winter from Dauphin Lake had.

10,464 30,557 eggs and fork lengths of 341 mm to 405 mnr.

Fecundity showed posit.ive linear rel-ationships to fork
length and age. Linear regression equations for fecund.it.y

and fork length for spring sampres of 1984 and 1985, for t.he

winter 1986 sampJ-es and for fecundity and age of the j-994

and 1985 samples are shown in Fig. 1,2. rnsufficient numbers

of fish were aged in 1986 to determine the linear regressi-on
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of fecundity to age.

The mean gonadal somatic indices (GSI), (wet gonad

weight expressed as a percentage of wet body weight), for
spring caught females was 20.22 t and 14.79 t for years 1994

and 1985 respect,ively (Table 4. ) . The females caught. in
early winter (1986) had a mean GSï of B.B5 t.

shorthead redhorse larvae drift.ed downst.ream at night
with maximum drift occurring between 22200 and 06:00. This

corresponded with white sucker and quillback 1arva1 drift, in
ochre River. Predat,ion on drifting rarval fish in the ochre

River by conmon shiners (Notropís cornutus), spottail
shiners (Notropis hudsonius), johnny darters (Etheostoma

niqrum), river darters (Percina maculata) was documented.

stomach cont.ents of the above noted species contained as

many as r7 unidentified larvae. The t,ime of day this IarvaI
predation took place in unknown

DÀUPFTN I,ÃKE WATER TEMPERATT'RE

Dauphin Lake water temperat.ures for j-984, 1985 and l-9g7

are presented in Appendix 5. A quadrat.ic regression equation

using five day t.emperature means ptotteo against the number

of days after 1 Aprir was used to eval-uate the differences
among years. This equation provided the best. fit. for the

temperature data from Dauphin Lake (Fig. 13) . The regression

equation' for each line is given in Tab1e 3. Orthogonal

contrast was used t.o determine whether differences existed
between years. There was a significant difference between
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1984 and the other two years (p

significant. differences between l_985. and j-98?.

DÀUPEIN IJIICE WATER LEÑTELS

Mean mont.hly water l-evel-s of Dauphin Lake are shown in
Fig. L4. V'Iater level-s of Dauphin Lake are regulate by a

control structure located at it.s out.let, Mossy River. The

lake lever presently is controlled at. 260.4 m above sea

level in sunmer and 259.9 m in winter. Maximum outfrow is
allowed if the water lever is 260.4 m or higher and zero

outflow if the water rever is 2sg.g m or rower. The rowest

spring revel of the four years of this st,udy occurred in
1985; the highest in 1986. Lake levers within any given year

can fructuate over a met.er due to limit.ed outfl_ow capacity
and the large drainage basin.

¡l'GE AI{AI.YSIS

Juvenile shorthead redhorse 0+ and l-+ cohorts colLected

in 1984 formed non-overlapping fork length cl_asses

(Fig. 15). Therefore the apparent separation alrowed. for age

determination. There was evid.ence of overl-apping fork
lengths among cohorts of age 2+ and. o]d.er; therefore
sections of pectorar fin rays were used to det.ermj_ne age of
shorthead redhorse order than 1+. The first annurus was

usually distinct and laid down very blose to the focus of
the section if the fish had developed. from an early spawn

and had good first sum.mer growth. This first annul-us was
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counted as L+. Fish from a late spa$¡n with poor first sunmer

growt.h usuarry did not show a distinct first annulus and t.he

focus was usually considered as the l_+ annulus.

validation of ages determined from pect.orar fin ray

sect.j-ons was based on the examinat.ion of remaining pectoraJ-

fins from L71 recaptured tagged shorthead redhorse that had

been at large more than one year after t.agging (Appendix 6).
The correct number of annuli from the t.ime of tagging had

formed in r43 (80t) of these fish. Thirty-four fin ages

coul-d not be varidated because of one or more of the

fol-lowing: reasons: one or both fins were unreadable, both
fin sections gave the same age or the two sections provided.

ages t,hat differed by more than one year. plates lt 2 and 3

are photographs of pect.oral fin ray sections from three
shorthead redhorse. Plates 1 is an exampre of good sunmer

growth, but showing a smalr increment, of bone formed. on the
outer edge of t.he fin ray. plate 2 is an example of poor

sunmer growth and showing a small increment. of bone formed

on the outer edge of the fin rây, while plate 3 is a fish
with good sunìmer growth and showing a good increment of bone

formed on the ouLer edge of the fin ray.

AGE, GRO9ÍTE ÀÈID CONDTTTON OF SEORTEEjAD REDEORSE

DAT'PSIN I,AKE SEINE SAMPLES

Juvenile shorthead redhorse were col-lected by beach

seine from the inshore region of Dauphin Lake (Fig. 3).
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Bot.tom substrates at sample sites ranged from sand and. silt
to gravel and rock in water depths from 0.5 m or less to
1 .25 m.

There were apparent differences in t.he relative
st.rengths of year crasses both within and between years

(Tab]e 5) . The was evidence, in 1984, of a strong 0+ year

cl-ass (1984) and a poor 1+ year class (1983) . Seining effort
v¡as increased to weekry in 1985. There was a continued.

strong 1984 year cl-ass, but a relatively weak 1995 year

cl-ass. The seining effort in 1986 vras decreased to bíweekIy,

and a strong 1986 year crass and rurther evidence of a weak

L985 year cl-ass vras detected. The seining effort in l9B7 r.¡as

decreased to monthJ-y. There was a strong L98? year class and.

further evidence of a strong 1986 year class.

Young of the year shorthead redhorse with fork lengths

of L6 to 27 mm became collectable by seining during the rast
half of Jury. The mean fork rength associated. with each year

class is indicated in Table 5.

There was a significant difference (ANCOVAR) in slope
(P<.001) and intercept (p<.001) of 1og weight. on rog fork
length between years (Fig. 16). Using least square mean

(LSM) from the generar linear mod.el the expected mean for
1984 vras signif icantly dif ferent from 1985 , Lgg6 | and l-99r.

Log weight and 1og fork length for 1+ shorthead redhorse

I^rere significantry dif ferent (ANcovAR) in sJ-ope (p<.001) and.

intercept (P< . 0 01- ) between years (Fig. 17 ) . The expected.

mean for rg}l was significantJ-y different from 1985 and 1986
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and 1986 was significantly different from 1985.

Growth of each year cl_ass during the sampling season

was evaruated with linear regression anarysis of log fork
length to days of growLh for each year and for each year

crass. Days are represented by number of days after 1 April.
There was a significant difference (ANCOVAR) in slope

(P<.001-) and int.ercept (P<.001) between years for 1og fork
length on days of growLh for 0+ shorthead redhorse

(Fig. l-8) . The expected means were significantly different
for all years except. l-984 and l-985. There was a significant
dif ference (ANCOVAR) in slope (p<.001-) and intercept
(P<.001) between years for rog fork length on days of growth

for L+ shorthead redhorse (Fig. 19) .

DAI'PEIN I.AKE GILLI{ET S.AI-íPLES

Length and age freguency data of shorthead redhorse

sampled by gillnets for alr years are presented in Fig. 20.

The overarr sex ratio of females to mares was 120.824. Mean

fork lengt.hs and ages for females were 319.9 mm and 6.4 yr
and for mares 282.6 mm and 5.5 yr, respect.ivery. The ranges

of fork rengths in males and females caught in girlnets were

125 to 448 mm and 131- to 491, ffir respectively. Femares at
any given age \^rere, on the averagie, longer than mal-es of the
same age. Ages of girJ-net.ted f ish ranged. f or females f rom 1_

to 18 years and for males l- to 1-4 years. The modal age for
mares and femal-es was 5 yr and 6 yr respectiveJ-y. percent

frequency distributions for fork lengt.h and age for each
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sampling year are presented in Fig. 21- and. Fig. zz. comprete

fork length and age data are in Appendices ? and g.

condition of the fish for each year sampred was evaluated

with linear regression of log weight on 1og fork length
(Fig. 23). AnaJ-ysis of covariance of 1og weight on rog fork
lengt.h showed no significant differences Ín intercept, and

slope among years. The expected means for the forlowing
years r¡rere significantly different (p<.001); 1984 and. the
years 1985, 1986 and l-987, 1985 differed from l-98?, and. 1986

differed from L987.

Growt,h of t,he fish for each year was evaluated r^rit.h

linear regression of log fork length to age. Log fork lengt,h

on age was significantly different. (ANCOVAR) in slope

(P<.001) and intercept (p<.001) for between years (Fig. 24).

However, using LSM from the general linear model-, t.he

expected means $rere not significantly different between

years at (P<.005).

Growth rat.es of mates and femal-ês were also evaluated

using l-inear regression. The equatj-on for each line is given

in Table 3. Log fork length on age vrere significantty
different (ANCOVAR) in intercept (p<.001) and slope (p<.001)

between sexes. using LSM, from the general rinear model_, the
expected means for the two sexes \¡rere significant.ly
different as well (P,.001).
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TÀG RETURN À¡üATYSIS

Two hundred and thirty-eight (16.8t) of the L4fB

shorthead redhorse tagged in 1984 and 1985 were recaptured

within the Dauphin Lake system through t.he period of L9g5 to
1987 (Appendix 6). one hundred and forty-six of the 426

shorthead redhorse t.agged in 1984 returned to ochre River in
1-985, 26 vlere recaptured in the Ochre River from the

shorthead redhorse that were tagged in the 1985 spring
spawning run and 66 r^rere recaptured from various locations
of Dauphin Lake (Fig. 25) .

Most recaptures from non-DFo staff or students were by

commerciaL fishermen. Recapture locations ranged from near

shore t,o well off shore (Fig. 25). Two recaptures were from

sport fishermen, one each from I¡'lilson River and valley
River. Ten of the 238 (4.2%) shorthead redhorse tagged in
L984 and recaptured in i-985 at the ochre River fish fence

had lost their tags.

The change in J_ength of tagged and fin cJ_ipped adul_t.

shorthead redhorses that had been at rarge for one year

ranged from -3 to 44 film. The initial fork rength measurement,

at the time of tagging was taken on live unanesthetized

fish. The pot.entiar error of this meãsurement \^¡as eval-uated

on 22 tagged shorthead redhorse which were measured twice
during the l-985 spring spawningr run. The timing bet.ween

measurement.s varied from l- week to three weeks. Assuming

that lit.tte growth would occur d.uring this period., the
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variability of fork length measurement r^¡as from -4 to +s run.

Therefore it was assumed that measurements of live fish had

an accuracy of + or 5 mm.

Tagged shorthead redhorse that were recaptured in the

Dauphin Lake commercial fishery ,rarilo in fork rength from

-8 to 36 mm and within these measurement.s 50t had apparentry

negat.ive growth.

Eighty femare shorthead redhorse tagrged in i-994 were

recapt,ured as they reLurned to ochre River to spawn in L995.

An adjusted Peterson estimate (Ricker 1975), based on

numbers of tagged shorthead redhorse of t,he 1984 and 19gs

downstream runs in the ochre River and the tag recaptures

from the 1984 and l-985 Dauphin Lake girlnet.ting program,

gave a whole lake population est.imate of 9,350 +/- j-Or549

(1984) and 33,558 +/- 24966 (1985) for adul_rs

fork length.

FOOD E.ABITS

Stomach content.s of short.head redhorses were id.entified.
to 1'6 general categories (Appendix 9). Fish ress than or
equal to 100 nm in fork rength preferred smarl- pranktonic

organisms such as cladocerans, copepod.s, ostracods and. very

smarr benthic chironomids and trichopterans. To a much

lesser extent Ephemeroptera, Amphipoda, Diptera other than

chj-ronomidae, conchostracoda and origochaeta r¡rere found.

Shorthead redhorses great.er then 100 nm in fork length
conLained a wid.er variety of foods, þredominantry benthic
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organisms. Chironomidae, Trichopt.era, Ephemeroptera,

Mollusca (fragmented shells only) and Diptera, were the most.

abundant food types while Ostracoda, Amphipoda, a1gae, and

Acarina were found to a lesser extent.. sand was arso found

in the guts of some shortheads.

some stomachs contained a large amount of unidentified
materiar. This material was interpreted as being organic and

$¡as usually associated with gut. samples which contained an

abundance of mollusc shelL fragrments.

The guts of nine adult. shorthead redhorses taken in the

1986 winter fishery were examined. Eight of the nine were

empty. Theref ore feeding during the wint.er mont.hs probably

was much reduced. The cont.ents of t,he one gut containing
food was composed of Chironomidae and Trichoptera.

The gut contents of five post. spawning shorthead

redhorse taken from ochre River brere examined to eval_uate

feeding during the spawning stage. Feeding did occur at this
time with the main diet components being argae, chironomids

and to a lesser extent, Trichoptera.

It was possible to observe feeding behavior of one

captive juvenile. rn addition to feeding on the substrate

and sorting food particles from the substrate in the mout.h,

it al-so fed on the surface of rocks, plant.s stems and

leaves. unwanted particles r^rere ejected. via t.he mouth and

opercurar openings. water corumn feeding was al-so observed.

when food pellets were placed in the tank.

Four intestinal parasites r^¡ere found in the gut of the
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shorthead redhorses: Acanthocephala - pomphorhynchus

bul-l-ocolri and Neochinorhynchus sp., Trematoda - Lissorchis
qullaris and Nematoda - Dorylaimidae sp. (ident.ified by A.

szalai). No externar parasites were found. on any of the fish
examined during the five years of study. A comprete rist of
parasites associated with shorthead redhorse in Dauphin Lake

can be found in Szalai (1989) .

MERTSTICS .AI{D MORPEOMETRICS

Table 2 is a summary of meristics and morphometrics

values associated with all fish examined. During spawning,

nuptiar tubercures brere well deveroped on t,he anal, caudal
:

and to a lesser extent on the pelvic and pectoral- fins of
males.



30

DTSCUSSTON

OCERE RIVER SPABTNING MIGRA,TION.

rn addition to shorthead redhorse the ochre River al_so

supports spawning runs of northern pike, white sucker,

silver redhorse, walJ-eye, sauger, quirlback, t,rout. perch and

several species of cyprinids. The shorthead. redhorse is the
last of the larger fish species to arrive on the spawning

grounds of Ochre River.

. Previous to 1984, Ochre River had a rock crossing
rocat.ed approximatery 1.8 km upstream from its mouth. This

rock crossing, during the spring freshet,, rest,ricted most

fish from migrating further upstream. The removal of this
rock crossing, and subsequent, instarlation of an overhead

bridge, has all-owed for unrestricted. migration of alL fish
:

using the Ochre River.

The gradient in the first 32 km of Ochre River is
approximately 0.3å. The onry obstructions ih this section
of the river wouÌd be beaver dams that may have survived the

spring freshet. The ochre River al-so contains severar

riffre-poor sequences within this section, which provide

resting areas and suitabl-e spawning substrate for fish
utilizing this river. The riffle-poor sequences which are

located closer to the Riding Mountain escarpment are

unstable. This instabil-ity is due to the upper reaches of
the river containing easiry eroded share and a stream
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gradíent which is much great,er, causing large movement.s of
stream bed mat,erial-. This type of stream channel_ habitat is
not ideal- for successful spawning. The rower portion of
ochre River contains most of the spawning grounds, but it is
arso the area that is most affected by the agricultural
practices that are being used in the area. These practices

incrude land ctearing to the edge of the stream bank and

construction of addit.ionar drainage channers which bring in
water from other drainages. This increases sittation and

stream bank erosion rates. This added silt and water affects
spawning beds in two ways. First, increased flow changes

once stabLe spawning substrates into unstabre ones and

secondly the silt will cover fish eggs and suffocate them.

There are no historicar data to draw upon to evaluate

whether these arterations t,o the system have affected
shorthead redhorse.

short,head redhorse migration in ochre River commenced

when the mean daily water temperat.ure reached j-0 c. spawning

activities began when mean daily water temperatures reached.

1-0 to 12 c. sule and skelly (1985) found that both sexes

from Kankakee River, Iltinois are ..rr.rrirrg ripe when air and

water temperat.ures r./ere 7.0 c, Burr and Morris (j,977) noted

that spawning activity of shorthead redhorse from Big Rock

Creek, Illinois occurred at j-6 C, while Meyer (L962)

observed spawning at 11.1 c in the Des Moines River, rowa.

The short.head redhorse spawning migrations within ochre

River appeared t.o be affected by st.ream discharge and
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temperature. once stream temperature had reached. the

critj-cal temperature for migration (¡0 C) , they would begin

their spawning run. Throughout the spawning period both up

and downstream movement.s would intensify if the stream

discharge increased. Parker (1987) noted the same phenomenon

in quillback from Ochre River.

shorthead redhorse spawning behaviour was observed in
ochre River from l-500 tiII 2200, which coincides with t.he

dairy period of time when t.he water temperature of ochre

River is the warmest. This daily spawning period is contrary
to Burr's (r917 ) observations of shorthead red.horses from

Big Rock Creek, I1linois, he indicated that spawning

occurred from 1-100 to 1600.

spawning in the ochre River occurred in water 20 90

cm deep, with water velocity from .3 to .j m/sec, comparabre

to t,hat found in a wabash River tributary (curry 1990) . Burr
(1,971) noted that spawning occurred in troughs and cj-rcular

"nests". He suggested that the nests and troughs may have

been depressions resul-ting from bottom disturbances during
spawning activity and not the resurt of nest buirding
behaviour. There was no evidence of nest building in the
ochre River, and acti-víty of the fish prod.uced rittle
disturbance Lo the substrate. sexuar products were broad.cast

over the stream substrate.

scott and. crossman (l-980) notecl that spawning rasts
onry a few days. This was obtained from Meyer (L962), who

described. an rowa popuration. short.head. red.horse in the
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ochre River however, spawned over a 3 to 4 week period.
The rate arrival of the shorthead redhorse to spawning

areas resul-ts in no overJ-ap with the northern pike, walleye
and white sucker spawning activities. However guillback and

shorthead redhorse spawning do overlap in time and space,

which may cause some of the spawned. Fggs to be over-crowded..

This may resurt in an increase in mortality to the eggs of
both species due to either suffocation or an increased. risk
of fungaJ- or bacterial- infection. shorthead. redhorse

spawning behaviour probabry has littre or no effect on the
walleye, northern pike or white sucker eggsr âs t.here was

ritt,le disturbance to the substrate. But the same affect. as

that identified with guillback eggs may arso apply to the
spawned eggs of the walleye and white sucker.

Dauphin Lake shorthead redhorse appear to be annual

spawners as indicated by the recaptures of tagged ripe
adults of both sexes returning to ochre River. Data on

spawning frequency in other popurations are not avairabl_e.

ochre River has an abundance of spot.tail shiners
(Notropis hudsonius), johnny darter (Etheostomus niqrum),
longnose dace (Rhinichthys cataractae), and bl-acknose dace

(Rhinichthvs atratulus) throughout the spawning areas of
ochre River. These fish feed on fish eggs and l_arvae.

stomach analysis done on twenty of these fish indicated
t.heir diet incl-uded unidentífied fish eggs and larval fish.
The extent of this predation on shorthead. redhorse eggs and

larvae was not determined.
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FECUNDITY, EGG SIZE À}TD I.AR\IA¡ DRIFT

Dauphin Lake shorthead redhorse with fork lengt.hs 310

to 418 mm cont.ained L2,660 to 44,324 eggs, with diameters

that varied from l-.53 t.o 1.81- mm. Becker (1983) examined. six
shorthead redhorses from the Wisconsin River which had total
Iengths of 460 to 537 mm and contained, 22,000 to 44,000

eggs. sule and skerly (1985) found the shorthead redhorses

from t.he Kankakee River had t.otar lengths varying 32? 419

nm, and 9,491- to 26,550 eggs. Dauphin Lake shorthead

redhorse have higher numbers of eggs at given bod.y lengt.h

than these two riverine populations.

Becker's (1983) egg size measurements (1.6 to Z.L mm)

were similar to those from the Dauphin Lake popuration. Both

egg size and numbers are positiveJ-y correrated to fernale

body size in Dauphin Lake. Data from other areas are

insufficient, to determine whether this rerat.ionship exists.
To all-ow for comparisons of GSr (gonad.-somat.ic indices)

with other studies the shorthead. red.horse varues from

Dauphin lake \^rere pooled. The GSI for spring caught females

$/as 14.54 (range 7.7r 20.22) whire mean GSr of the earry
winter caught. females was I . 85 with a range of S.Z4 t.o

13.21'. The GSr is low in the fart because egg development

is not completed before winter. Sul-e and Skelly (1995)

reported.mean GSr of 13.9 just before spawning and Becker

(1983) report.ed a GSr of 13.2, measured from his largest.

female. Both of these values are lower than t.he GSr observed
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for Dauphin Lake spawning females. Shorthead red.horse from

Dauphin lake have the largest mean GSr reported t.o d.ate.

The higher mean GSI or fecundit.y may result from a

population living in a productive lake being abre to put

more energy into producing eggs. River fish woul-d. have to
expend more energy t.o maintain position in the current.

shorthead redhorse larvae drift.ed in the protolarval
stage as defined by Buynak and Mohr (1979) . Larval d.rift.
occurred at night with t.he highest numbers occurring between

2200h and 0600h. Drift also.appeared to be passive and.

dependent on stream velocity. shorthead redhorse larval
drift occurs at t.he same times as white sucker and quiJ_Iback

larval- drift. Gale and Mohr (1978) not,ed a similar pattern

of drift for shorthead redhorse, quij-rback and white sucker

larvae drifting in the susquehanna River, pennsyrvania.

All of the larvae in Ochre River are subject to
predation by spott.aiL shiners, johnny d.arters, conmon

shiners and blacknose dace. The survival of these Ìarvae may

be enhanced by noct.urnal drifting in large numbers during a

short period of time. parker (1gBT) presumed. survival
advant.ages for nocturnal- drifting of quirrback l-arvae in the

ochre River while Gale and Mohr (1978) stated that rarvae

drifting at night, like particres of floating d.ebris, might.

be more difficutt for sight-feeding predators to detect than

l-arval f ish that oriented themsel-ves into the current. once

the shorthead redhorse larvae began drifting, the rength of
time that they remained in the river was not d.etermined..
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shorthead redhorse larvae continue their development in
Dauphin lake. severar years of stream sampJ-ing within the

Dauphin Lake drainage, has yielded only a few juvenile

shorthead redhorses. Shoreline seining of Dauphin Lake

produced large numbers of juveniles, while offshore sampling

with ott.er trawrs by DFo staff yierd.ed onry a small number.

rt seems t.hat juveniles are more abundant in the inshore

areas of Dauphin Lake.

walleye larvae drift earrier than shorthead redhorse

larvae (Gaboury 1-985), so t.here would be very littre overlap

for "first food" between the larvae of these two species.

There is overrap in food types during their first year, but,

because the walleye larvae reach t,he rake sooner than the

shorthead redhorse larvae and st.ay off shore where they

remain pelagic until they are about. 30 mm long

(Morse1 L970) , there probably is tittle or no competition

for the same food type.

walleye rarvae were captured in. the inshore areas of
the lake by mid. Jury and. they had increased. in size t.o where

size and type of food (Harbicht. & Franzin, unpublished d.ata)

was much different than that required by shorthead red.horse

larvae. Quill-back and shorthead redhorse rarvae drift during
the same period of time and reJ-y on the same food types
(Parker 1987) during their first season of growth. Only a

smarl number of juvenile quiJ-lback were caught in inshore

seine samples (Parker 1987), which suggests that either
these two species use different. areas of the lake for their
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init.ial juvenile development. or there were very l-ow numbers

of juvenile quillback to be captured.

AGE À¡{D GROWTE OF .TUIENILE SEORTEEJAD REDEORSE

D.AUPETN I.AKE SEINING

Beach seining of Dauphin Lake provided usabre numbers

of juvenile shorthead redhorses throughout most of the

sampling periods, except for late falÌ when seining did not
yield f ish of any type. Wat.er temperature had d.ropped

substantially by this time and most fish probabJ-y moved to
deeper waters.

Open water offshore otter trawling in Dauphin Lake in
1983 yielded juvenile shorthead redhorses of age 1+ and

order (.r. BabuJ-uk, 1984 pers. comm.) . Juvenire shorthead

redhorses are not restricted to shore line habitat onry, but
will range throughout the lake. paired. prankt.on trawling for
fish larvae in 1984 and 1985 in Dauphin lake capt.ured very

smal-I numbers of Iarval (0+¡ shorthead. red.horses (Ken Rowes,

1988 pers. comm. ) suggesting t.hat 0+ shorthead red.horse

preferred the inshore areas of Dauphin Lake. However al-l- age

cl-asses of shorthead recihorse were taken by seining from arl_

locations sampled on Dauphin Lake sntretine.

YEJLR CI,ASS STRENGTE

shorthead redhorse recruitment was variabl-e amoungr

years and like many other species was probably d.ependent
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upon the magnitude of the spawning poputat,ion, condition of
the stream discharge within the spawning streams, rake water

level-s and temperatures and pJ-ankt.on abundance in Dauphin

Lake. There were strong 0+ year clas.Fes in 1984, Lgg6 and

L98'7, while there was a small 0+ year cl_ass in l_995.

spawning migration in 1,985 was relativery good, and there
shoul-d have been sufficient recrui-tment. possibl_e reasons

for a poor 1985 year class could. be low lake water

temperatures (Fig. l-3) and/or lower than average initial
lake water lever (rig. 14) . Milrs and Mann (19g5) have shown

strong positive correl-ation of year crass strength of some

English cyprinids with temperature or a combinat.ion of
temperature and high precipitation. years with Low

temperatures or high precipitatlon or both in t.he month

following spawning produced poor year crasses. KalJ_emeyn

(1987) showed significant positive correlations between lake
level and year class strength for young of year walleye from

four lakes in voyageurs Nat.ional- park, Minnesota. weaker

year classes r^rere produced when rake revers hrere 1ower. A

year of high precipitation caused a near fairure of the 1996

year class of quilì-back from Dauphin Lake (parker 1987) .

However, there was a strong year cl_ass of shorthead redhorse

in that same year. The shorthead red.horsers extend.ed.

spawning period al-lows the species to spawn through a period.

of time during which some environmental problems for the
survival- of the eggs might occur, therefore insuring the
survival of the year cl-ass (i.e. 19g6).
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The lengt.h-weight. relationship can be useful in
comparisons using t.he same population over several_ years or
among populations. There were significant. differences in
slope and intercept. among years in comparisons of
length:weight relationships for 0+ and 1+ shorthead. redhorse

year classes throughout. the four year period. These

differences may have been the result. of varying lake

t.emperatures, water level-s, abundance of food. and the timing
of spawning. If one or more of these environmental

conditions are not optimal, the rength:weight relationship
will be altered. since both low water temperatures and. low

lake Levels were prevalent. in the spring of 1995, t.hese

fact.ors may have been the cause of a significantry different
length-weight relat,j-onship for t.hat year.

The significant. differences in slope and intercept of
linear regression of sunmer growth of 0+ and l-+ shorthead

redhorses probably resulted from differences in water

temperature among the years. The l-owest mean dairy water

temperat.ure during t.he four years was in l-985, resurting in
the slowest growth of 0+ shorthead redhorse, while l_994 had

the warmest daily mean water temperature in t.he period

resulting in the fastest growth rate for 0+ and 1+ shorthead

redhorse. Growth rate of juvenile shorthead. red.horse has a

strong positive correration with water temperature. The

variabilit.y in n2, among' years for the regression equations

of log weight to age deveroped for the 0+ and j-+ year crass

may have been due to the long spawning season of the
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shorthead redhorse resuJ-ti-ng in year classes containing wide

ranges in fork lengths.

Maximum fork lengths of Dauphin Lake 0+ shorthead

redhorse through the years 1984 to l-987 were 65 t,o ?3 mm.

Mean summer growth was 25.02 to s1.56 mm. Farl- caught. young-

of-the-year from Ohio were 51-100 nm (Trautman 1981),

43 45 mm in N. wÍsconsin, j6 B? mm in s. wisconsin and

96 103 mm in Lake Poygan, Wisconsin (Becker l9g3), but.

less t.han 44 mm in the s. and N. saskatchewan Rivers,

Saskatchewan (Reed L962). The growth rate of Dauphin Lake 0+

shorthead redhorse is slower than the growth rates of the
more southern populations, but equars those found in the

northern wisconsin and is much faster t,hen the growth of
juveniles from the saskatchewan River. The southern

popurations have a much longer growing season which arLows

the popui-ation more time t.o grow. The northern popurat.ions

have a much shorter period of growt,h, therefore they are

expected to grow l-ess each year.

AGE À}TD GROWTE OF DAT'PEIN I,ÀKE SEORIEEAD REDEORSE

PoPttI,à,rroN.

The advantages of using the fin ray method over the

scare method for aging fish has been outrined. by several

authors (Beamish and Harvey 1969, Beamish and. McFarl-ane

1983, Maccrinrmon r979) . Beamish and McFarr-ane (l-983)

recommended the use of fin rays for aging white suckers¡ âs
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the fin rays appeared to give more accurate age estimat,es

t.han did scales. All previous researchers aged shorthead

redhorses using scares. However, when scales were aged from

the Dauphin Lake popuration, fish greater then 6 years had

ages that appeared to be unsatisfactory. Annuli of these

scal-es were crowded at the extremities of the scare which

resulted in doubtfur counts. The varidat.ion of annuri

formation in pectorat fin rays indicated that the fin ray

cross sections are a reriabre method for age d.eterminat.ion

of shorthead redhorses from Dauphin Lake.

Growth of Dauphin Lake shorthead red.horse was compared

with four other populations by protting the mean total-
lengt,h at annulus formation against age (rig. 26). where

needed, fork lengths were converted to totar rengths
(TL = L.l-1 FL) . In the Dauphin Lake population, the
relationship was determináo to ¡. ,", = L.j-0 FL. The d.ata of
other workers r^rere obtained from Biron Reservoir, wisconsin

River (Becker 1983), Des Moines River (Meyer 1962) , Kankakee

River (sule and skerry 1985), and. North/south saskatchewan

Rivers (Reed L962). Dauphin Lake shorthead redhorse appear

to gfrow more slowry than do those from further south, i.e.
Des Moines River, Biron Reservoir and Kankakee River. A much

longer growing season wourd rikery account for their faster
growth. Dauphin Lake and the North and south saskatchewan

Rivers are at approximatery the same l-atitude, with the
saskatchewan River's shorthead. redhorse having slightly
faster growth rates. The growth season is possibly ronger
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due to warmer waters being avairabre for a ronger period. of
t.ime. However, onty 91 fish were sampled from the

saskatche\¡/an Rivers populations and the data may not

represent the t.rue mean rength at. the various ages for t.he

popurations. Because the ages for the other shorthead

redhorse popurations were determined by scal-es, the resul_ts

coul-d have been underestimated. due to the inaccuracy in
scale aging of fish older than 6 years. This error wourd

then suggest a faster growing population.

scott and crossman (l-973) have reported that femare

white suckers are universal-ly longer then males of the same

age. This was t.rue for shorthead. redhorse in Dauphin Lake

and in Kankakee River (Sule and SkeJ-Iy 1985) . This

difference is evident at, age five in the Dauphin Lake

population and becomes more pronounced by sexual maturity.
The oldest aged shorthead redhorse taken from Dauphin

Lake was an 18 year old fe¡nare. scott and crossman (l-gr3)

suggest.ed a maximum age for short.head redhorse in canada of
t2 1'4 years and ages further south rarely exceed 9 years.

The oldest shorthead redhorse Reed (L962) found in the
Saskatchevran River was L2 years.

Only 2.2eo of the shorthead redhorse taken in the
gilrnetting survey of Dauphin Lake were greater than 11

years. This l-ow incidence of ol-der fish may be the resurt of
exploitation by t.he commercial- fishery. shorthead redhorse

by eight or nj-ne years of â9ê, are large enough to be

captured in the all-owed. mesh size of the commerciaj_ fishery.
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They may therefore, be removed from the popuration aft.er

they become availabre to the fishery.. Suckers are harvested.

by local fisherman during the winter commercial fisheries to
provide additional prot.ein for cat.t.le and hogs.

There was no significant difference in 1og weight on

log fork rengt.h of Dauphin Lake short.head red.horse bet,ween

years; therefore, for comparj-sons with other popurat.ions ar1

years were poored (tog wt. = -5.3281 + 3.1_51(rog total
length) . Equations for the data of sure and skelly (1995)

and Meyer (1962) were rog wt - -5.0?69 + 3.02g(1og total
length) and 1og Wt = -2.454 + 3.020?(Iog total Length)

respectively (Fig. 2'7) . The sropes of the three regressions

are similar, but there is a significant difference in
intercepts between Des Moines River and the ot.her two

popu]-ations. Des Moines River fish are more robust than both
t.he Dauphin Lake and Kankakee River popurations. perhaps the
Des Moines River is particularly prod.uctive or there may be

genetic variation between these populations.

TAG RETT'RN A¡{ALYSIS

shorthead redhorse in this study showed good. retention
of Floy anchor t.ags when compared. with stud.ies on quilJ_back

(Parker 1987) and white sucker (Franzin and McFarlane r9g7) .

Tags on recaptured.shorthead redhorses that had been at
:

large for one year or more had accumulated very l_ittLe argae

along the tag. Tags on quitlback that had been at. rarge for
the same period of time had acguired largre accumul-ations of
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filamentous al-gae (Parker l-98?) which would. promote tag
loss.

The attachment site of the anchor tags on shorthead

redhorse heared poorly due to movement of the vinyl tube on

the monofilament anchor, preventing the tissue, muscJ-e and

skin from healing. This type of wound and the stress
associated with it. could possibly affect the survival,
growth and condition of the fish. The wide variation in
growth observed in recaptured shorthead redhorses supports

this. In Iight. of thís, studies rshich rely on a tagging
program t,o evaluate growth of a species shouLd be observant

of this growt.h variation due to tagging.

Measurements of commercially caught fish were taken

from samples which had been frozen previously t.hen thawed,

which may have increased measurement error. As fifty percent.

of the tag recaptures from the commercial samples had

negative growt,h it provides evidence that measurement error
is increased when taking length measurements from previously

frozen fish.

Spawning stream fidelit.y by shorthead redhorses

(assuming no tag l-oss) was 34% of tagged short.head. red.horse

to Ochre River, the year forlowing t.agging. Because these

fish were tagged while in spawning condition in 1984, once

they reach sexual maturity, females probably spawn annually.

Gaboury (1985) tagged 183 shorthead redhorses at a site on

the VaIl-ey River, anoLher Dauphin Lake t.ributary, during

their 1983 spawning run. There were no recaptures of Valley
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River tagged shorthead redhorse at the trap site during the

three years that Ochre River was fenced. However other

tagged species (walleye and northern pike) that vrere tagged

in varley River were recaptured at the ochre River fence

site, thus indicating that mixing of other spawning

populations did occur between streams. Neighbouring

inflowing streams to Dauphin Lake were not sampled for tag

returns t.herefore the extent. of mixing of spawning

populations between stream coul-d not be determined and wirr
reguire further investigation. :

spawners from ochre River dispersed widely in Dauphin

Lake. Recapture l-ocations inci-uded of f shore and inshore

waters and the backwater zones of some of the major streams

flowing into Dauphin Lake.

The two population estimates for shorthead redhorse of
Dauphin Lake showed a wide variation in values. These

est.imates could either be bíased up or downward depending on

whether or not the assumptions for the population estimates

are being satisfied. All tag returns for shorthead redhorse

came from within Dauphin Lake thus providing evidence that
no emigration was occurring, however the assumption of no

recruitment to Dauphin Lake cannot be supported. The

assumption that random mixing of marked and unmarked físh
occurs in Dauphin Lake is supported by the wide dispersar of
tagged shorthead redhorse that occurred after tagging.

The 1985 population estimate for shorthead. redhorse

represent.s the most accurate of the t.wo, as it incorporates
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a larger number of tagged fish, a higher rate of tag returns
and a much larger number of shorthead redhorses were

captured in the gillnetting program. By using the l_985

estimate the upper 95t confidence interval is approximatery

59,000 which would represent a d.ensit.y of L.2/ha for aduÌt
(> 290mm) shorthead redhorse in Dauphin Lake. parker (19g7)

estimated quiJ-lback density to be

FEEDING

Suckers, in general, obtain t.heir food by ingesting
bottom material-, sorting within the mouth cavity, and

ejecting the unwanted materiaÌ either out, of the mout,h or

opercular openings. .Juvenile shorthead red.horse feeding
behaviour consists not only of feeding from the substrate,
but. also feeding within the water cor-umn, and searching the

surface of plants and rocks for food. Adurt shorthead

redhorses feed primariì-y on the bottom as judged by their
diet. '

Eddy and Underhil-l (Lg1 4) noted t.hat short.head. redhorse

is the onry Minnesota redhorse that take baited. hooks and

this is t.rue at Dauphin Lake also.

Bastman (L917) classified Moxostoma macrolepidotum int.o

a feeding group of suckers which is structuralty
int.ermediate between molrusc and f ir-ter feeders. Their
pharyngeal apparatus is adapted to permit moderate

mastication by occlusj-on of t.he pharyngear teet.h and t,he

paratal organ. Therefore, their food t,ypes probably would
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consist mainry of insect larvae and. smarr sheLled. molluscs.

stomach contents from Dauphin Lake adurt. shorthead

redhorse sometimes cont.ained fragmented. bivalve shell_s and

at other t.imes intact insect rarvae. They are capabre of
breaking up bivalve sherrs, but the flexibre exoskeleton of
insect. larvae is not. broken.

The dietary habits of adult shorthead. redhorse have

been described by sule and skelly (1985), Meyers (L962) ,

Becker (1983), scott, and crossman (1980), Jenkins (19?0),

Yant (L979) and Redd (L962). Their find.ings are simirar to
those found for shorthead redhorse in Dauphin Lake. The

majority of this literat,ure deaLs with riverine popurat,ions

and the most conmon food type from each study varies widely.
Reed (r962) found Ephemeroptera, yant (L919) Tríchoptera,

and SuIe and SkeIly (1985) Chironomids and Trichoptera as

t.he most important, respectively. shorthead. redhorse of
Dauphin Lake and in other popuJ-ations apparentJ-y are

opportunistic, a funct.ion of the habitat occupied, the
seasonal- avail-ability of foods and t.he environmental

condit.ions. rf habitat cond.itions favor a particul_ar fauna
(i-e. Trichoptera) which may be utirized. by shorthead
redhorse, then this becomes the most'important. food item.

stomachs from juvenile shorthead redhorses from seine

sampres onry were examined. The food habit.s associated with
these fish probabty reflected the food organisms avaiLabl_e

within the inshore region of the lake. The primary food type
selected. by juvenile was pl-anktonic invertebrat.es.
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An evaluation of prey size eaten by juvenire walleye

expressed as a percentage of fork length was done on three
years of young-of-the-year walleye s.amples taken from

Dauphin Lake (Harbicht and Franzin unpublished data). The

mean prey size of young-of-the-year walleye was 34.'lZ, of
fork length t.o a maximum of 56t of fork tength. young-of-

the-year shorthead redhorse therefore were a potentiar food

source for young-of-the-year warreye. shorthead redhorse

juveniJ-es comprised 4.7% of identifiable food. organisms

found in stomachs of 329 young-of-the-year walleye.

There was dietary separat,ion, wit.h only slight. overlap,

bet,ween juvenile and adult shorthead redhorse, therefore
intraspecific overlap wit.hin the same habitat wouLd presenL

littte problem. Quillback gut contents from Dauphin lake

contained large numbers of copepods and cladocerans

suggesting that at times they act as plankt.ivores (parker

1987) . Therefore quillback have d.iet.ary overrap with t.he

juvenile shorthead red.horse.

The most conmon of the four parasit.es found in the gut

of the shorthead redhorse was pomphorhvnchus bul-bocoll-i.

This parasite was found in both adurt. and juvenire shorthead

redhorse, but those juveniles which were infect.ed with this
parasite had a wid.e rang'e of numbers per individ.ual. rn some

cases the concentrat.ion of this parasite within the gut

appeared to be sufficient to cause blockage to t.he

intestinal- tract. Therefore this parãsite coul-d. pf ay a rol-e

in the survival and growth rate of juvenile shorthead
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redhorse.

MERISTIC À}TD MORPEOMETRTC CEAR,A.CTERS

The meristic and morphometric varues of Dauphin Lake

shorthead redhorse were simil-ar to t.hose reported by Jenkins
(1970) and Phillips and underhilt (19?1) with the exception

of snout length, caudal peduncle length, head depth, dorsal

fin base length, and caudar fin length. These measurements

in Dauphin Lake shorthead redhorse were reratively smarrer

than those reported by the above authors. The Dauphin Lake

populat.ion lies further north and is a Lacustrine
population, t.herefore morphological adaptations may have

occurred since their dispersal forlowing g'tisconsinan

graciat.ion. Further study might be warranted to forrow up

these morphological differences with electrophoretic or DNA

analysis which would aIlow cornparison of genetic

characterist.ics of the Dauphin Lake population with those

from the southern locations.

ST'M¡dARY

The short.head redhorse population of Dauphin Lake

suffers from an occasional- reduction in recruitment. due to
environmental fluctuat.ions. winter commerciar girrnet.
fishery for walleye and northern pike aLso take some

shorthead redhorse. when the market arrows, they are sord.

together wit.h white suckers as mul-Iet. The gillnet mesh size
is regulated at 10.8 cm stretched mesh which resul-ts in only
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the rarger and older fish being removed from the popuration.

This allows at least two or three year crasses to spawn

before they reach harvestabl-e size. Sport fishing on Dauphin

Lake concent.rates on walleye and norLhern pike and very few

shorthead redhorses are taken. Therefore, environmentar

change, either natural or man made woul_d infLuence the

condition of this population more than fishing mortarÍty.
The shorthead redhorse of Dauphin Lake plays a rore in

t.he dynamics of the fish community. They overlap with
quillback for similar food. types. During their juvenile

st,age t,hey provide part of the food base for waJ-reye and

northern pike. shorthead redhorse larvae have been shown to
contribute to the first food of walreye fry switching to
piscivorous feeding, thus a thorough knowledge of shorthead.

redhorse biology can make a significant contribution both to
understanding the Dauphin Lake community and to potential
management decisions about economj-calry important species.

Development of a commercial_ fishery for shorthead

redhorse should take these biologicar interactions into
account. A significant reducti-on in rarvar or juvenire

abundance for example, might affect growth and survival- of
piscivorous species. At. a minimum, it woul-d shift some

predation to cyprind and other catostomid. species about.

which much less is known at present.

As is always the case, a chang:e affecting one species

of a fish community cannot be considered in isoJ_ation,

ult,imately the ent.ire community will be affected.
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Fig. l-. Geographic distribution for Moxostoma
macrolepidotum, M. anisurum and M. ervthrurum.
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Fig. 2. Location of study area, Dauphin Lake, Manitoba.
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Fig. 3.

!

Location of fish fence and upstream sampling
of Ochre River in 1983, L984 and l_985;
Seining sites on Dauphin Lake used in 1984, 19g5,
1986 and 1,981 t.o sample shorthead redhorse

1. Fish fence location; Seining locations; 2. Bay
West of Ochre River; 3. Stoney point ; 4. Sifton
Beach; 5. Oak Brae; 6. Million; ?. MethJ_ey Beach;
8. Welcome Beach,. 9. Furthest point of
migration in the Ochre River for shorthead.
redhorse.
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Fig. 4. Daily upstream counts of migrating shorthead
redhorse, mean daily water temperature and
discharge for Ochre River, 1983.
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Fig. 5. DaiJ.y downstream counts of migrating shorthead
redhorse, mean daii_y water temperature and
discharge for Ochre River, 1983.
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Fig. 6. Daily upstream counts of migrating shorthead
redhorse, mean daily water temperature and
discharge for Ochre River , 1984.
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Fig. 7 - Dai.J-y downstream counts of migrating shorthead
redhorse, mean daity water temperature and
discharge for Ochre River , LgB4.
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Fig. 8. DaiIy upstream counts of migrating shorthead
redhorse, mean daily water temperature and
discharge for Ochre River, 1985.
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Fig. 9. Daily downstream counts of migrating shorthead
redhorse, mean daily water temperature and
discharge for Ochre River, l-99S.
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Fig. 10. Fork length frequency
during the 1983, 1-984,
t,he Ochre River.

of shorthead redhorse
L985 spawning runs in
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Fig. 11. Age frequency of shorthead redhorse during
the 1983, 1984, 1985 spawning runs in the
Ochre River.
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Fig. L2. Linear regression of shorthead redhorse fecund.ity
to f ork length (À', B) and age (C) .
A - Spring of 1984 and l-985, Ochre River.
B Early wj_nter, 1985, Dauphin Lake.
C Spring of L984, and 1985, Ochre River.
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Fig. 1-3. Quadractic responce function of S day mean
t,emperature (C) pJ-otted against time for Dauphin
Lake, L984, 1985, and 1987.
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Fig. 14. Monthry mean water levels for Dauphin rake,
L984 to L987.
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Fiq. 15. Fork lengths of juvenire shorthead redhorse
taken in t9B4 seine samples, Dauphin Lake.
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FÍ9. 1,6. Regression of log
length (mm) for 0+
Dauphin Lake.

weight (gm)
shorthead

on log fork
redhorse,
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Fig. ]-'l . Regression of 1og weight (gm) on 1og forklength (mm) for i+ shortneãd redhorse,
Dauphin Lake.
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Fig. 18. Linear regressíon of 1og fork length on
number of growing days for 0+ shoitheadredhorse, Dauphin Lake.
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Fig. 19. Linear regression of log fork length on
number of growing days for l_+ shoitheadredhorse, Dauphin Lake.
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Fig. 2Q. Fork length and age freguency distributionsfor shorthead redhorse, giIlñetted in
Dauphin Lake.
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Fig'. 2t . Percent length frequency of
in gílì-net samples for each
Dauphin Lake.

shorthead redhorse
year, L984 Lggi,
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Fig. 22. Percent, age freguency of
gillnet samples for each
Dauphin Lake.

:

shorthead redhorse
year, 1984 L997,

t-n
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Fig- 23- Linear regression of log weight to log forklength of shorthead redhorse sampleO ÉygilInet, from Dauphin Lake.
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Fig. 24. Linear regression of 1og fork rength to age ofshorthead redhorse sampJ-ed by gilÍnet frori
Dauphin Lake.



z7

s'up*
q)

z1
-Y¡-()zg
lL
q1?2
oJzt

2.O

1984

z7

-C,28
o)-_F 2.!,
(l)

24
-Yl-o ze
u-
g¡22
oJzt

2ß

123466789r011121314

Log FkIt - 2.192 + 0

R-Squâr€d - 0.660
N - 7?

1986

z7

-C,28
(')- _Fzþ
o
-24-Ylrc ze
lL
q¡?2
oJzt

2ß

1985

Log Fklt - 2.224 + 0.0¡¡O(Àg€)
R-Squâr€d - 0.666

68789t0tl121314

Age (yr)

z7

s"p*
o
-24-Y
()zg
]L
9122oJzt

2-O

123468789101112131/.

l.og FklÈ - 2.782
R-Squâr6d - 0.740

N - 313

0.046 (Àgel

Log Eklt - 2.259 + 0.042(Àgel
R-Squôrod - 0.666

N-202

õ875910 1t12fi¡14

Age (yr)



79

Fig. 25- Locations and numbers of tag recapt.ures fromtagged shorthead redhorse, Dauphin Lake.
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Fig. 26. Mean totar rength at annulus formation of fivepopulat.ions of shorthead red.horse.
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Fig. 2-| . Linear regression of rog weight to rog forklength for 3 populations of Àhorthead
redhorse.
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TABLE 1. Operational dates of the fish fence that was
used to monitor the migration of short.head
redhorse in t.he Ochre River.

YBAR FENCE
INSTALLED

DATES OF
FENCE WASH OUT

FENCE
REMOVED

1983
t9B4

r_ 985

06 May
15 Apr

14 Apr

18 May
06 May
11 May
18 Apr

24 May
09 May
20 May
25 Apr

JuIy
June

June

22
22

25
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TÀBLE 2. MORPHOLOGICÀL VARIÀTIONS OF MOXOSÎOMÀ MÀCROLEPIDOÎUM
STANDÀRD LENGTH IS MEÀSURED IN MM ALL OTHER BODY
MEASUREMENÎS ÀRE EXPRESSED IN THOUSANDS OF STÀNDÀRD LENGTH.

CHÀRÀClER GROUP ¡{EÀN MIN enn t

STÀNDÀRD LENGTH

BODY DEPTH

CÀUDAL PEDUNCLE
LENGTH

HEAD DEPTH

CÀUDAL PEDUNCLE
DEPTH

ÏNlERORBITAL
WIDTH

EYE LENGÎH

HEAD LENGTH

SNOUT LENGTH

LENGTH OF DEPRESSED
DORSAL FTN

LENGTH OF PECÎORAL
FIN

DORSAL FIN BASE

PELV]C FIN LENGTH

FEMÀLE
MLT F

ALL**

FEMÀLE
MÀLE
ALL

FEMÀLE
MÀLE
ALL

FEMÀIE
MÀLE
ÀLL

FEMALE
MALE
ALL

FEMÀLE
MÀLE
ÀLL

FEMÀLE
MÀLE
ALL

FEMÀLE
MALE
ALL

FEMÀLE
MÀLE
ALL

FEMÀLE
MÀLE
ALt

FEMÀLE
MALE
ALL

FEMÀLE
MÀ,tE
ALt

FEMÀLE
MALE
ALL

?0
44

118

70
44

118

70
44

118

?0
44

118

'Ì0
44

118

70
44

118

70
44

118

10
44

118

70
44

117

4'l
21
19

70
44

118

10
44

r7'1

303
211
288

282
218
280

119
119
118

138
137
t37

109
108
109

95
95
95

42
44
43

L94
L91
I97

13
74
13

273
294
aa1

208
2II
209

178
r82
L79

711
186
1. 81

r41
L20
120

252
230
230

94
95
94

L22
L24
122

99
97
91

86
B6
86

34
3't
34

1?3
L82
173

59
61
59

236
258
25r

183
180
180

153
161
L53

153
t 61
161

70
44

118

38? 40.3
332 44.9
38? 4'1.r

32L 0.013
32L 0.01?
32t 0.015

141 0.024
145 0.012
145 0.020

L52 0.006
14 9 0. 005
150 0.006

I20 0.005
117 0.005
120 0.005

101 0. 003
104 0.004
104 0.004

53 0.003
57 0. 004
57 0.004

223 0. 010
226 0. 010
226 0.010

93 0. 008
88 0.006
93 0.007

3),2 0 . 014
318 0.014
318 0.016

229 0.010
226 0. 011
230 0.011

272 0. 013
2I5 0.013
2r2 0.012

254 0.013
204 0.009
254 0. 012
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TABLE 2. con't- MoRpHoLocrcÀL vARrÀTIgNg o.F MoxosroMA MÀcRoLEprDoruM
sIANDÀRD LENGTH rs MEÀsuRED r¡¡ uu ãi,i õrgen-sobf-
MEÀSUREMENÎS ÀRE EXPRESSED TN THOUSÀNDS OF STÀNDÀRD LENGTH.

CHÀRÀCTER

ANAL FIN LENGTH

CÀUDÀL FTN LENGTH

NO. OF IÀTERÀL
LINE SCÀLES

PECTORÀL RÀY
COUNT

DORSÀL NÀY
COUNT

ÀNÀL RAY
COUNl

PELVIC RAY
COUNl

GROUP N MEÀN

70 240
44 226

MIN MAX STD. *

FEMÀLE
MÀLE
ALL

FEMÀLE
MÀLE
ALL

FEMÀLE
MÀLE
ÀLL

FEMÀLE
MÀLE
ALL

FEMÀLE
MALE
ÀLL

FEMÀLE
MÀLE
ÀLL

FEMALE
MALE
ALL

115 249

259 0.011
30 6 0.022
306 0.02I

296 0.015
306 0.015
226 0.017

L1 0.760
11 0. 600
L'? 0. 707

15 0. 680
L4 0.390
15 0.560

I 0.000
I 0.340
I 0.201

199
2IL
199

226
236
226

55 262
38 273
96 268

62 4't
38 46.8

103 46.9

70 15.9 14
44 16.t ls

116 16. 0 L4

70 13.1 L2
44 12.9 12

118 13.0 t2

10
44

118

70
44

118

45 49 1.140
45 49 1.210
45 49 1.133

8.0 I
'1 .9 1
8.0 1

9.0
8.9
8.9

? 10 0.5207 10 0.550
7 to 0.516

** = Males + Femal_es + unknown* - Standard devlatlon



TabJ'e 3. Regresslon equàtLona for vàt€r temp€râtur€ of Dauphln Lake, fecundlty, Log velghÈ to I,og FkLt
and Log FkIÈ to age of ehorthead redhorse frora Dauphln Lake.

Sou rce

Dauphln Lâk€ Hâter È€mpsrâture

Temp 1984 Y - ßO+ BtX + ßZX Temp Eo Day + Eray2
Temp 1985 Y - gO+ 8tX + ßZX Temp ro Day + Day-¿
lemp 198? Y - 8;+ StX + ß¡X Temp to Day + Dayz

Shorthead redhorse f€cundlty

1984/85r Y - ßo+ ßrX Fecundlty ro FklE
1986¡. Y - ßO+ ßtX F€cundlty ro Fklr.

y - ßO+ ß, X F€cundlty to â9€
ShorÈhead redhorse popuLâtlon glllneÈ aurvêy

1984 Y - ßO+ AtX Log HÈ ro Log FklÈ
1985 Y - ß9+ ß1X Log ¡{c ro Log FkIÈ
1986 Y - ßU+ ß¡X Log ¡{È to Log FklE
198? Y - ßO+ ß,X Log ¡{c ro Log FklE

Àll yeara Y. - ßO+ ß,X l,og t{È Eo Log FklÈ

1984 Y - ßo+ Â| X Log Fklr Èo Àgo
1985 Y - ßg+ ß,X Log FklÈ Èo Àg€
1986 Y - ßO+ ßtX Log FkLr ro Àge
198? Y - ß9+ ß, X Log Fklr ro Àge

ÀIl years Y - ßO+ ß,X Log Fklc to À9e

M¿le shorthead redho¡se growth råt€

ÀIl yeare Y - ßO+ ßt X Log FkIr ro Àge

FemaIe BhorEheåd redhor6e growth ràte

ÀlI years Y - ßO+ ß,,X Log FkIt to Àge

Type of
€quat 1on

Varlables
u sed Eguàt lon

lemp - -1-?95 + (0.399(dàyl)+(-0.002(day¡2¡
lemp - 4.092 + (0.261(day)l+(-O.0Ol(day)¿)
lemp - 0.285 + (0.389 (day) ) + (-0. OO2 (day). I

Fecundlty - 53581.3 + 208.5(FklÈ)
Fecundlty - 39{9{.6 + 161.9(FkIÈl
Fecundlty - 2208-56 + 3112.0(Àget

Log tlÈ - -5.0{3 + 3.099(Ioq Fklrf
Log HÈ - -5.192 + 3.146(Io9 Fklrl
Log Hr - -5.215 + 3.156(loq Fklr,
Log HÈ - -5.158 + 3.13? (log FklÈl
Log Ht - -5.328 + 3.151(tog Fklrl

Log Fklt - 2.19? + 0.0{?(Àge,
Log FklE - 2.182 + 0.046(Àge)
Log Fklt. - 2.224 + 0.040(À9e)
Log Fklt - ?.259 + 0.035(Àge)
tÆ9 FklÈ - 2.2t0 + 0.0{ 2 (Àge)

Log Fklr - 2,182 + 0.0{6(Àge)

IÆg FklÈ - 2.255 + 0.037 (Àget

23 0. 850
23 0.715
23 0.502

59 0. 805
48 0.478
43 0.652

73 0.98?
326 0.996
38? 0.992
201 0.984

1018 0.992

77 0.660
313 0.740
379 0.666
202 0. 666
9?4 0.669

¿131 0.70?

520 0.667

2
R

co
Ltl



lable 3. Con't. Rogr€salon equàtlonr for vat€r t€mperaturo of Dauphln Lake, fecundlÈy, Log rrelght to Log FkIt
ând Log Fklt to age of chorthead redhorge from Dâuphln Lâke.

Sou rce

Junv€nllo shorthe¿d redhorse øelnlng aurvey

0+ 1984 Y - ßg+ ß,X
0+ 1985 Y - ßo+ ßtX
0+ 1986 Y - ßo+ A,¡
0+ 1987 Y - ßg+ ß, X

Àll yeare Y - ßO+ ß, X

Type of
equåt lon

1+ 1984
l+ 1985
1+ 1986
1+ 1987

ÀlI yeara

0+ 1984
0+ 1985
0+ 1986
0+ 1987

ÀJ.l yeara

1+ 1984
1+ 1985
1+ 1986
1+ 1987

ÀlI yoars

Y - ßO+ B,X
Y - ßo+ ßtX
Y - ßg+ ß'X
Y - ßO+ ß,X
Y - ßO+ ß,X

Y - ßO+ 8tX
Y - A9+ Â¡X
Y - ßO+ ßlX
Y - ßg+ ß,X
Y - 0g+ ß,X

Y - ßO+ 0tX
Y - ßg+ ß,X
Y - ßo+ ßtX
Y - ßO+ ßrX
Y - ßo+ orx

Var I able¡
u sed

Log Í¡t to Log Fklt
Loq Ht to Log FkIÈ
Log WÈ ro Log FklE
Log ¡.lE to Log FkIt
I,og HÈ to Log FkIt

Log Wt Èo Log Fki.t
Log ¡¡E to Log Fklt
Log ¡{È to Log FklÈ
Log Wc Èo Log FklÈ
Log Wt co Log Fklt

Log Fklt to Dày
Log FklE to Oây
Log Fklc to Day
Log FkIÈ Èo D¿¡y

I,og,FklÈ to Dåy

Log Fklt to Day
Log FklE to Dây
I,og FkIÈ to Dày
Log FkIÈ to Day
Log Fklt to Dây

FkLt - Fork lengch
HE - Helghc
r - sprlng samples

rr - yLnt.€r silnpleg

Equàt lon

Log ¡{E - -5.633 + (3.491(Log FkIr)}
Log HE - -¡l .789
Log Hl - -¡l .?{6
Log HE - -4.919
Log HÈ - -5.146

l,og Ht - -4-570 + (2.900(Loq FklÈll
Log Ht - -4.729 + (2.930(Log Fklrll
Log HÈ - -4.862 + (?,998 (Log Fktrl )
Log HÈ - -¡1.821 + (2.984(Log Fklr)|
Log Hc - -4.812 + 12.976(Loq FkIr)l

Log FkIr - 0.578 + (0.006 (Dâyt I
Log Fklt - 1.133 + (0.003(DâyI
Log Fklt - 0.931 + (0.004(Dây),
Lpg Fklt - l-210 + (0.003(Dây))
tÆg Fklr - 0.857 + (0.00S (Dày) I

lÆ9 FkIt - l.{81 + (0.004(Dây))
Log Fklt - 1.64{ + (0.002 (Dayl I
Log FklÈ - l.{02 + (0.003(Dôy}}
Log FklE - 1.573 + (0.003 (Dày) l
Log FkLr - 1.608 + ( 0.002 (Day l l

( ?.9{ { (Log Fklt } }
(2.9I8(Log Fkl.r!t
(3.020(Log Fkltl )
(3. r65 (Log Fklt ) )

310 0.987
290 0.817
815 0.958
680 0.9?5

2082 0.917

50 0.987
790 0.971
121 0.964
805 0.985

1785 0.982

310 0.834
290 0. 306
199 0.616
680 0.396

2082 0. 517

50 0.850
790 0.421
121 0.403
805 0.697

1?85 0.529

R2

@
Or



ÎABTE 4. l! \r Lt

AND

YEAR

STZE
1986

1984
1985
1986

(mm) FOR SHORTHEAD
DAUPHIN I,AKE.

* GSI =(gonad weight/fish wet weight)x100

3't
22
48

MTN

1 .208
1.15?
1..?40

REDHORSE 1984r1985, OCHRE RIVER

EGG STZE

MÀX

2.L82
1.995
1.768

MEAN

1.743
r-. 687
1.453

VAR

0. 048
0. 0s0
0.020

I'{EAN
GSI*

14.28
L4.79
8-8s

MIN
GSI

7 .7I
]-4.79
5.24

Mi\x
GSI

20.22
14.79
L3.21.

co\¡



TABLE 5 Counts
shorth

YEAR

1984

1985

1986

1 987

and
ead

YE.ê,R

CLÀSS

fork length measurements of junvenile
redhorse caught by seine hauls in Dauphin lake.

0+ 31.L 25.02 14 65 14.00 occasional
1+ 5l- 87.30 47 135 28.86 occasionat
0+ 292 35.08 22 49 4.96 weekly
1+ 790 80.48 52 126 L2.39 weekly
0+ 820 41.33 16 64 10.56 biweekJ_y
L+ I22 79.97 47 l_15 L2.39 biweekly
0+ 694 5L.67 29 73 B. 98 monrhly
1+ 77 4 102. 85 36 L25 t7 .Zg monthly

* = Standard Deviation

N

FORK LENGTH (rmn)

},fEAN MIN MAX STD*
SEINING
EFFORT

co
co
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P]ate 1. Pect,oral
with good
increment

A. Tag #
B. Tag #

fin ray section of shorthead.
sunì.mer growth, but showing a
of fin ray growth.

redhorse
small

= 337mm
= 349mm

8993, Tagged 31./05/Bs
8 9 93, Recapt,ured 0Z / IZ / Bs

FL
FL



A

43

B
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Plate 2. Pectoral
with poor
increment

A. Tag #
B. Tag #

fin ray section of shorthead.
summer growth and showing a
of fin ray growth.

redhorse
small

= 330mm
= 333mm

5008, Tagged 20/05/Bs
5008, Recaptured 02/1,2/Bs

FL
FL
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Pl-ate 3. Pectoral fin ray section of shorthead
with good sum.mer growth and showing a
increment of fin ray growth.

A. Tag # 8853, Tagged 2\/05/gs
B. Tag # 8853, Recaptured 02/12/Bs

FL
FL

redhorse
good

= 337mm
= 345mm
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ÀPPENDTX l. càtch sumåry of shorth€ad redhorse mlgratlon, yätèr tempêràture ànd atreàJ¡ dlscharqe
durlng flsh fence op€ràÈlon on Ochr€ Rlvor, 1983r198¡l and 1985.

19 83
DÀTE

}¡ÀTER
TEMP

c

06-laay 6.7 3.22
07-May 6.9 2.69
08-l'1ay 1 .7 2.22
09-May 9.3 2.O3
l0-May 10.8 2.06
1l-May 8.8 1.90
lz-M¿y 3.8 1.69
l 3-Hay 1 .0 1 .87
14-Hây 1.9 1.78
1s-¡ray 3.6 L .52
1 6-Mây 5.4 2 .23
1?-MÀy 1 .4 4.20
18-May 8.1 11.20
t9-Måy 7.5 16.00
2 O-¡rày 6 .7 12 . 10
2 l-Mây 9 .2 9.1 5

22-May 9.1 7.18
23-Ùray 10.7 6.0{
24-May 11.1 5.18
25-May 11.1 4.r5
26-}{ay 72.6 3.65
21-taay L4.7 3.53
28-May 14 .2 3.09
29-May 12.4 2.69
3O-May L7.6 2.44
3l-Måy 11.2 2.31

DISC.
¡13lsec

UPSTREÀH

COUNT

FEM. MÀLE TOT.T

DOWN

SlREÀM
COUNT

lOTÀL

I
1

1

1

2

4

1

1

I
0

0

I
I

'.1

l¡À1ER
1984 TEMP DISC.
DÀTE C M3/SEC

1

2

TRÀP OUT

ÎRAP OUl
îR¡P OUT

TRÀP OUT

ÎRÀP OUl
TRÀP OUT

TRÀP OUl
1

76
17 19
924

r0 12

19 15
2t 4l

1 9-Àpr
2 0-Àpr
2 I -Àpr
22-ApE
2 3-Àpr
2 4 -Àpr
2 5-Àpr
26-Àpr
2 7 -Àpr
2 8-Àpr
2 9-Àpr
3 0-Àpr
0 1-May
02-May
03-May
0 4 -Mây
05-May
0 6-May
07-Måy
0 8-May
09-May
I 0-May
I 1 -May
I 2 -Mày
1 3-May
1¡l -Måy

9.9 l.1l
11.1 0.98
12.5 0.86
r2.l 0.78
10.5 0.?0
9.8 0.67
5.5 0.67
0.{ 0.63
0.0 0.58
0.0 1.48
1.2 0.69
2.6 1.?l
5.0 r.2¡l
5.7 t.24
5.9 1.24
6.2 1.88
4.2 2.52
3.2 3.90
5.6 3.28
6.2 2.80
6.1 3.21
6.8 4.24
5,4 7 -'t 3
7.0 r1.30
8.5 11.50

10.0 10.{0

UPSTREÀI{
COUNT

FEH. MÀLE TOT. FEH. M.AI,E TOT.

2

77 1

36 1l
33 I
268
34 L2
626

DOWNSTREÀM

COUNT

1985
DÀTE

2 6-Àpr
2 7-Àp r
2 8-Àp r
29-Apr
3 0-Àp r
0l-May
0 2-Ma y
03-May
04 -May
0 5-Mây
06-May
07-Måy
08-Mày
09-MÀy
I 0-Mây
I l-Mây
I 2-Ma y
I 3-Mà y
14-Mày
I 5-May
I 6-May
17-May
18-Måy
1 9-Ma y
2 O-May
2I-May

WÀTER

1E}4P

1RÀP OUl
TRAP OUl
TRÀP OUT

I

TRÀP OUT

ÎRÀP OUT

TRÀP OUT

TRÀP OUT

22
l2

DISC.
u 3/ sec

8.5 5.38
8.3 4.55

1r .2 3 .92
13.5 3.33
72.6 2,87
13.2 2.58
13.4 2.28
12.4 2.15
12.6 l.e?
r2.5 1.80
13.l 1.6{
14.0 1.52
15.6 1.38
16.8 1.32
15.0 I.24
14.3 1.68
L2.5 1.91
9.8 2.52
9-2 3.09

10.2 2.68
13.1 2.26
15.7 L.92
16.8 1.55
14.6 1.43
13.8 1,28
15.4 1.1?

UPSTREAM

COUNT

FEM. MÀLE TO1. FEH, MÀLE TO1.

I
3

I
l4

1

1

3

9

I
34

I
1

I

DOTTNSTREÀI-I

COUNT

2

6

14

13
52
I
I
1

912

10 11
42
97
99

36 59
39 58
43
94
2

72

9

4

7

4

I
2

9

2t
6

16
18
95
97

7

13
2

1

15 ?7
19 ?8.
21 31
35 42
2L 25
l0 11

17 19
22

45 62
39 48
2L 26
28 38
18 29
18 45

I 54 225
110 166

\o
N)

77
9

5

10
lt
21
7l
56



ÀPPENDIx l. con'È. câtch summary of shortheàd l€dhorse mlgråtlon, vàter temperàtu16 ànd atreâ.E dlscharge
durlng flsh fence operatlon on Ochr€ Rlv€r, 1983r1984 and 1985.

HÀTER
1983 ÎEMP
DÀÎE C

0l-Jun 13.3 2.13
0z-Jun 1 3.3 2.01
03-Jun 11.7 2.49
O{-Jun I 1.8 3.96
05-Jun ll.8 4.93
06-Jun 12.8 3.57
0?-Jun l4 .9 2.85
08-Jun 16.0 2.66
09-Jun 16.2 2.45
1O-Jun L7 .6 2.17
1 l-Jun 20.1 1.89
12-Jun 20.7 1 .65
13-Jun 18.0 1.89
l4-Jun 15.6 2.01
1 s-Jun 13 .5 2 .85
16-Jun I4.1 3-12
17-Jun 1?.0 2.49
l8-Jun 18.3 2.16
19-Jun 18.9 1.69
2O-Jun 18,7 1.73
2 l-Jun 1 8.1 1 ,57
2z-Jun 18.8 1.57
23-Jun 18.0 L.77
24-Jun I8.2 1.68
2 s-Jun I I .6 1. 87

26-Jun I7.6 1.76
2?-Jun 15.7 1-54
28-Jun 17.1 1.36
29-Jun 1?.9 1. l4
30-Jun 1?.4 1.33

DISC.
u3lsec

UPSTREÀM

COUNT

FEM. MÀLE 1OT.

65
70
54

73
82
82
74
't4
55
30
32
I
5

2

0

5

0

2

3

DOWN

SlREAM
COUNT

TOTAL

77 136
44 114
't3 I34
53 136
44 r27
't8 163
28 103
41 116
24 79
11 41
11 4 3

3 11

5 1r
27
00
16
01
25
37
t2
11

0

I
I
0

T2
0

0

0
0

19
12

5

{5
36
20
34

42
22
{8
?1
47
4l
l1
30
61

11?
19
50
85
14

4

23
2

20
41

4

t7
36
19

- HÀTER
1984 TE¡,!P DIsc.
DATE C H3,/SEC

1S-May 11.5 8.68
16-May 12.0 6.76
17-Måy 14.2 5.34
1.8-Mây 10.5 {.07
I 9-Vây 9.3 3 .6 3
20-Mày 9.0 3.69
zl-t4ay 1l .6 3. 8'l
22-¡4ay 1f . ¿l 3 .21
23-May 11.3 2.76
24-May 9.0 2.9I
Z'-raay 8.5 3.98
26-May 9.6 3.59
21-Hay lI.¡¡ 2.93
28-May 12.4 2.40
29-May 13.8 2.05
30-May 15-1 1.78
3l-May 18.{ 1.5?
01-Jun L6.2 1.35
02-Jun 1,1 .5 1.15
03-Jun 15.6 0.98
04-Jun 16.6 0.87
05-Jun 1?.0 0.78
06-Jun f5.6 0.?9
07-Jun 21.2 2.38
08-Jun 18.6 3.05
09-Jun 1{.0 2.33
lO-Jun 14 -2 2.32
1I-Jun 11.6 1.8{
1z-Jun l?.0 l.{{
13-Jun 16. I 1.22

UPSTREÀH
COUIIT

FE}I. HÀI,E 1OT. FEH. MÀLE 1OT.

ÎRÀP OUT

îRÀP OUl
ÎRÀP OUT

TRÀP OUT

ÎRÀP OUl
lt

22

DOWNSlREÀü
couNl

23
2 2.
t9

2S 57
7L7
05
18

l3
I
2

5

46
10 3
85 I
244
51
9l

WATER

I985 TEMP DISC.
DATE C H3ISEC

22-May r6,5 1.07
23-l'{Ây l7 .2 0.95
24-t4ày 15.9 0.8?
2 5-Mày I 6.4 0.8 {
26-May 16.8 0.87
21-Hay 16.1 0.84
28-Måy 16.4 0.78
29-May I 8.3 0. ?0
3O-May 16.4 0.72
3l-May 13.0 2.15
0l-Jun 10.5 3.83
02-Jun 10. I 4 .6 I
03-Jun 9.9 3.70
04-Jun 9.9 4,1 8

05-Jun 11.2 5.25
06-Jun 14.6 4 .O2
07-Jun 11 .2 3.03
08-Jun 17.7 2.26
09-Jun 15.0 1.91
1O-Jun 15.2 1.62
11-Jun 16.1 1.4?
1z-Jun l5.l 1.32
13-Jun 16.9 1.15
14-Jun 16.7 1.0{
I s-Jun 1 8.3 I .2 I
16-Jun 18.0 1.35
1?-Jun 15.3 1.26
18-Jun 16.2 7.77
19-Jun 1?.9 1.67
2o-Jun 19.5 1.3¡¡

68
l0 16
6 l0
69
33

1? 23
11 24
15 16
9 13
67
?3
4¡¡
l3

15 l7
9 10
ll
o2

43 85
s5 78
33 4¡l
2t 36
9 tl

t6 3t
7 15

4t
I

22
1

61 94
82
3

2t

2

5 ¡2
ll
40
t2

43
r55 23
10 1l
3 15
32

l5
38

UPSTREÀH
COUNT

FEÞ'. MÀLE 1O1. FEM. MÀLE TOT.

2t l1 23
134
336
33

DOWNSTREÀM

COUNT

54
63

331
303
273
217
I't 6

150
13

296
L42

54
7

19
26
62
45
29
17
32
52
83

181
68

3

27
20

9

63 117
14 77
27 358
33 336
39 312
?1 288
?8 254

I 57 307
51 6{

418 ?l{
{ 86 628
268 322
24 31
44 63
58 8{

106 168
81 126
41 ?0
32 49
28 60
36 88
36 119

322 803
391 459

91 94
179 206
?0 90

100 109

ll
t23
9 2 11

16 25 41
448

\o
UJ



ÀPPENDIX l. cÕn't. cåtch aunmary of 6hÒrtheåd redhorse hlgratlon, vàter temper¿rture ànd Etreåm dtscharge
durlng flsh fence operâtlon on ochre Rlver, l9g3rl9g4 and 1985.

HÀTER

I 983 TEIíP DrSC.
DÀTE C M3ISEC

0 l-Jul l7 .2 2 .7 4

02-Jul l'l .7 2.19
03-Jul 18.3 2-0'l
0{-Jul 11 .2 1.94
05-JuI 15.2 2.78
06-JuI 19.2 I.72
07-Jul 22.1 1.36
08-Jul 23.8 1 .1 4

09-JuI 23.2 1.01
1O-JuI 23.L 1.81
1 1-Jul I 9. 6 5. ?4
lZ-Jul 20.3 3.80
13-Jul 22.0 2.51
l¡l-Jul 23.1 1.88
15-Jul 24.3 1.50
16-Jul 22.2 1.95
17-JuI 2L.3 2.47
18-JuI 21.3 1.?9
19-JuI 22.9 1.39
2O-JuL 24.l 1.16
2l-JuI 23.8 0.95
22-Jul 23.0 0.80

TOlÀ1,

SÊX RÀTIO F:M

UPSTREÀM

COUNT

FE¡{. MÀLE TOI.T

DOWN

STREÀM

COUNT

TOTÀL

2 174
5 119
0 33
342
0 18
0 43
t32
48
547

16 17

18 145
0 36
53
39
3 14
02
57
24
00
01
o2

0

IIÀTER
198{ TEMP DISC.
DATE C H3/SEC

1 4 -Jun
1 5-Jun
I 6-Jun
I ? -Jun
1 8-Jun
I 9-Jun
2 0-Jun

lOTÀL

r MÀl€ + Femal.e + Unknown s€x

16.5 1.03
17.9 0.9r
19.4 0.80
20.2 l.14
19.¡t 1.79
20.2 I .2 9

21.0 0.98

UPSTREÀ.I''

COUNT

FE}I. MÀLE 1OT. FEH. MÀLE TOT.

805 615 15{ 5

0.7

2 7 9 35
1122
1l

l15
ll2t6
lil 5l

4

DO}NSlREÀM
couNl

7862

131 226 358 239

5? 92 zl-Jun 18,2 1.11
¡¡ 1 53 22-Jun 14.1 1.00

23-Jun 15.2 0.95
41 46 24-Jun 0.87

lt2 128
32 33 TOTÀL
36 40

62{ 88{

SEX RÀTIO F:M

1985
DÀTE

}IATER
TEMP DISC.

c M3/sEc

UPSTREÀ.È{

COUNT

1.7

FEM. MÀLE TOT. FEM. MALE 1OT.

11 70 8t
246

2 t6 18

207 280 489 3012 {013 ?325

2-6

DOI,INSTREÀM

COUNT

SEX RÀTIO F3M 1.3 1.33

\o
Þ



APPEND¡X 2. Fork Iength-frequency distributions for spaxning
shorthead redhorse from Ochre River.

=========
Year 1983

tength
I nterva I

(nm)

191
201
211
221
231
2/r1
251
261
271
28r
291
301
3rl
321
311
3t1
351
361
371
381
391
401
1,11

t,21
1,31

1.1,1

tts1
lr61

200
21A
220
210
2t0
250
2ó0
270
280
290
300
310
320
330
3r,o
350
3ó0
370
3B0
390
400
110
t,20
430
1,1,0

150
t60
170

Hates
Lcngth (nm)

HEAN SID

1 211.0
1 226.0

l
5

9
20
22
25
lr2
67
BO

91
70
50
32
1ó
6
2

I

253.7 r.155 0.55
265 .0 3 .16? 0.92
277.9 3.r00 1.ó5
286.t, 1.3ó0 3.óó
295 .5 2.939 4.01
301 .9 1.308 /. .58
31ó.5 2.965 7.69
326.6 2.814 12.27
336.t, 3.012 1t.65
3/,5 .6 2.82t 16.67
355 .2 2.831 I 2.82
3ó5.9 2.8ó0 9.16
375 .0 2.840 5. Bó
385 .8 3.250 2.e3
394.8 1.329 t.'10
405 .0 0.000 0.37
11t,.0 0-18

0- 18
0. r8

Femates
Length (nfn)

HEAN

Tota
Hean
Min
Hax

I 24 1.0
I 252.0
I 270.0
? 271.5
2 28¿.5
1 ?92.O
2 305.0
2 317 .5

tó 327 -8
30 3ló.8
50 3/,6.3
97 15ó. I

11t, 3óó. I
130 375.7
I I I 385.9
91 39t .6
57 t 05.t,
3l t,lt, .6
l5 t25.3
t0 435.1
3 115.7
I 453.0

SID

438.0
1t 3.0

t 66.O

5t,6
338.2 29 .6t,t,
213.0
t,77 -O

0. l3
0.r3
0.13

0 -707 0.2ó
2 .121 0 .26

0.ll
0.707 0.2ó
J.5ló 0.2ó
2.176 2.08
2.ó80 3.90
2.993 6.t 9
1.05r 1?.60
2.880 14.81
2-91ó ló.88
2 -725 11 .t,2
2.5?9 1 1 .82
2 -907 7 .t,0
2.761 t, .29
2.920 I .95
2-7¿6 1.30
1.2 r5 0.39

0. 13

Conrb i ned
Length (nm)

1

1

5
4

B

1l
2t
27
32
ll
30
50
96

t2t
1ó0
185
17 t,

171
130
100
62
3t,
15

12
1

I
I

HEAN

0.lB
0.18

0.18

200.0 0.07
203.0 0.07
2 1 3.0 1 .225 0.31
226.0 l.ó30 0.?7
235 .6 2.992 0.t,7
2t3.1 2.532 0.53
255.5 ?-39t, O.B7
265 -7 2.660 1.ó0
277.O 2.512 1.80
28ó.3 3.366 2.13
?9t,.7 3-o8t 2.07
305.1 3.118 2.00
3ló.5 2.971 3.14
326.7 Z.Bl5 ó.40
336.5 2.899 8.07
3t5.9 2.888 10.67
355 .8 ?.91t, 12.3t,
3óó.0 2.866 11.ó0
375.6 2.930 11.4',l
385.9 2.829 8.67
39t,.6 2,t71 6.67
t 05 .t 2. B3B 4 .1rt
t,1t, .6 2.725 2.27
425.3 2.920 1.01
4t5.8 2.9?7 8.05
1t 5 .0 2.gt,t 0.27
453.0 0.o7
4óó.0 0.02

STD

770
375.6 2ó.0ó0
24t.0
153.0

1t 99
35t .1 19.304
200.0
t 66.O

\o(¡



APPENDIX 2. Con't.

Year 19B4
tcngth

I nterva I
(nrn)

201
2¿,1

251
261
271
?81
291
301
311
321
331
31,1

351
3ó1
371
3Bt
391
401
1.11

lr21
1,31

111
t,51
1,61

171

Fork Iength- frequency dístributions for spãHning
shorthead redhorse from Ochre River.

210
250
260
?70
280
290
300
J IU
320
310
140
350
ló0
370
380
390
400
410
l,¿0
130
1t,0
450
4ó0
tt70
180

Hates
Length (MH)

2

I
1

HEAN STO

205.5 0.707 0.32
2t,6.0 0.1ó
255.0 0. tó

1 279.0 0. ló
12 287 .? 2.106 I .93
71 296.2 2.885 ',t l./.1

141 305.8 2.768 22.71
130 315.3 2.887 20.91
79 325.7 2.971 12.72
48 336.2 ?.873 7.7t
t,1 145 . ó 2.880 ó. ó0
35 355.1 2.881 5.6t,
29 366.6 ?.527 1.67
1 3 375 .1 2.900 2.09
9 385.7 1 -936 1 .t 5
3 395.0 0.000 0.48
2 t 05 .5 6.361 0.32
3 t 2t, .3 3.055 0.48
I 428.0 0.1ó
I 435.t 1.528 0.48

1 /,5ó.0 0.1ó

Fc*na I es
Iength (HH)

HE AN

lotal
Hcan
Hin
Hax

t 2óó.0

I 28/. .0
2 295 .0
I 108.0

l0 3r5.7
22 327 .5
21 131.9
?t, 145.8
23 3s5.9
23 lóó.5
23 37t,.6
3t 385 .5
21 391.8
B 405.8
9 t,ls.g

3 415.1
2 112.0

SID

621

0.12

O.lrz
1-t,11, 0.85
0.000 1 .?7
?-710 1.21
r.Br9 9.3?
2.8¿,2 10.17
¿.90t, 10.17
2.58r 9.75
2.6?6 9.75
2.115 9.75
2.9r8 13.98
J.330 B.89
3 .327 3.19
2.315 3.Br

1.528 1.?7
0.000 0.85

o.t,?t 72.O

323.0 26.409
205 .0
t 72.0

Conrb i ned
Length (HH)

2
1

1

I
1

l3
t5

lt1
140
101

72
65
5B
52
36
lr2
U.
10

I
l.

3

2

I

2

ME AN

205.5 0.707 0.23
246 -0 0. 12
255.0 0.12
2óó.0 0.12
?79 .0 0. l2
286.9 2.t,65 I .52
296.2 2.856 8.52
305 .9 2.756 1ó. B0
315.3 2.867 16.31
326.1 2.858 11 .78
135.8 2.908 8.10
345.7 2.867 7 .58
155.4 2.7?7 6.77
366.6 2.51,6 6.O7
37t, .B 2.587 t'.20
385 .5 2 .73t, 5 .0?
394.8 3.10ó 2.80
t,05.7 3.6?3 1.17
415.9 2.1i5 1.05
t,?5 .3 3.09ó 0.17
435.3 1.528 0.35
1t,2.0 0.000 0.23
45ó.0 0.12

t,72 .5 0 -707 0. 230. 1ó

SfD

236
3ó4. I 32-¿93
2óó. 0
173.6

173.O

857
33t, .3 33. ó04
205 .0
t 73.0

\o
Ot



APPENDIX 2. Con,t.

=:=======
Ycar 1985

Iength
lntervat

( nm)

201
231
2/.1
251
261
271
28r
291
101
311
321
311
3t1
351
361
371
381
391
400
t 11
t21
t,31
l, /.1

1,5 1

t61
471
501

Fork tength-frequency distrib'Jtions for spaHning
shorthead redhorse from Ochre River.

2'l 0

210
250
260
170
280
290
300
110
320
310
340
350
3ó0
370
380
390
400
/-10
t,20
t30
t,10
450
/.ó0
170
480
510

Hates
Length (HM)

)
I

HEAN STO

20ó.5 2.121
2t 0-0

252 -O

2 280.0 0. 000 0.05
8 287.1 3.226 0.22

1 0l 297 .0 2.706 2.77
191 306.2 2.805 1 0.53
B7B ltó.0 2.792 23.6t,

1022 325.t, ?.753 27 .52
6t9 3t4.9 2.710 17.17
258 31r,.7 2.717 ó.95
1U, 355.7 2.872 3.34
83 tó5.5 2.t,66 2-23
61 375 .0 3.055 1 .7¿
37 385.5 2.902 0.99
25 396.6 2.501 0.67
15 t,05.9 3.105 0.40
15 t 15 .3 2.582 0.40
10 t,26.9 2.8t,6 0.27
5 t37.4 1.949 0-13
8 t,tt,.6 3-2t9 0.22
6 t 55 .0 3.013 0. 1ó
6 t 6t,.o 3.01 I 0. 1ó
1 17r, .0 0.02

0.05
0.02

0.02

Femates
Length (HH)

HEAN

I
I
I

Tota
Hean
Hín
Max

2t 5.O
258.0
2ó5.0

STD

1 291 .O
15 307 .7
75 3ró.8

291 3?.6 -3
5ót 135.7
616 3t 5 .7
50r 355.0
221 36t,.9
1t,t, 375. I
r r9 385.3
t 23 395 -t,
7t, 405.0
52 t,14.1
23 t 25.6
I I 13t, -5
5 tt5.2
5 t 52.1
2 t,6!..0

0.01
0.01
0.0J

0.01
2.769 0.51
2.760 2.63
2.705 t0.21
2.789 19.75
2.8t5 21.ót
2.9t,1 17 .57
2.930 7 .86
2.634 5.05
2 . 88ó t, .17
2.810 4.31
2.707 2.60
2.510 t.82
2.t 56 0.Bl
3.017 0.¿.6
3.271 0. t 7
1 .tt ? 0.17
2.828 0.70

Combincd = mates + females + unknol¿n sex

37 1t,

Combi ned
Length (MM)

328.9 22.635
205 .0
t 74.0

2 206.5
I 240.0
1 2t,5.0
2 255.O
1 2ó5.0
2 280.0
I 287.1

105 297.O
40ó 30ó.3
951 31ó.1

r314 3?5.6
121¿ 335 - 3

87t, 3t,5.5
626 355.2
307 365.1
208 375.1
1 5ó 385.4
r4B 395.6
89 105.3
67 l,1lt.6
3l t,?2.9
1 8 435.3
13 /.11 .B
1 I 45t.8
I 46t,.5
1 (r71..0

2 504.0

HEAN STD

2.121 0.03
0.02
0.02

1.263 0 - 03
0.02

0.000 0.01
3.227 0.12
?.703 1.50
?.81t 3. 'lB

2.79' 14.51
?.763 20 . 0't
2.771 18.15
2.8?9 't3 .31
?.937 9.53
2.821 1.67
?.761 3.17
2. BBt 2.38
2.787 2.?5
?.772 1.3ó
2.55¿ r.02
2.616 0.50
1.025 0.27
3.132 0.19
2-677 0.1ó
2.777 0. 1 2

0.02
1 -114 0.02

285 t
353.5 25.201
2t 5.O
505 .0

506.0 r.414 0.70

ó5ó8
339 .6 26.731
205.0
505.0

\o
-¡



Àppendlx 3.

YEAR 1983

Age
(yr)

N MEÀN STD t N HEÀN SlD T N MEÀN STD t
__i___-___

3 1 290.0 1.66 1 294.0 1.3? 3 2gg.0 90.835 1.?34 7 315.6 2'l .7r2 11.66 2 332.5 6.364 2.74 17 2gt.3 40.819 9.S35 6 312.5 2'l .848 10.00 2 32't.o 29.699 2.74 14 30?.4 33.13s 8.096 4 325.5 20.745 6.66 2 362.0 2.828 2.14 10 33?.? rg.417 s.?81 6 342.0 8.325 10.00 I 343.0 40.089 10.96 20 346.3 2'1 .2s8 11.56I 2L 348.0 16.613 35.00 26 373.0 32.317 35.62 55 361.4 2't.54t 31.?99 9 362.0 15.098 15.00 17 383.0 16.342 23.29 28 3?6.9 18_96? 16.1910 3 363.0 15.s24 5.00 10 401.0 13.548 13.?O 1? 389.9 20.886 9.8311 1 381.0 1.56 3 409.3 13.503 4.11 5 389. O L5.227 2.8gL2 2 391.5 31.820 3.33 1 397.0 1.3? 3 393.3 22.-120 1.?3
13
14
15 I 447.0 1.3? 1 44?.0 0.58

Àge-freguency distrlbutlons for mlgraEion of
spawnlng shorthead redhorses from ochre Rlver.

MaIes
Fork Lengt h (rnm)

Total
Mean
MIn
Max

* Comblned - maLes I females .f unknown sex

60

Females
Fork LengÈh (mm)

342.9 21.169
280.0
414.0

?3

Comblned *
Fork Length {mm)

3?6.8 33.0?9
252.O
441 .O

1?3
353. 4 42.293
200.0
441.0

\o
co



Àppendlx 3. Con't.

YEÀR 1 984

Àge
(yr)

Àge-f requency dl sÈ rlbut lons
spawnlng shorÈhead redhorses

3

4
Ê

6

7

B

9

10
11
I¿
13
L4
16

MaIes
Fork Lengt.h (mm)

MEAN

19
1s1
I4
3l
26
19
1l

30?.0
315.9
340.0
353.3
366.0
362-6
31 9.7
363.0
364.0
385.0

Total
Meàn
Mln
Max

slD

12. 568 23. sl
14.308 44.94
15.855 4.1?
19.388 9.23
27 .385 7 .1 4

14.462 5.65
29.550 3.2't

o.29
0.29
0.29

1

1

1

for mlgratlon of
from Ochre Rlver.

r Comblncd - males + fcmales t unknown scx

336

Females
Fork Length (rnm!

327.8 28.389
219.O
412.O

HEAN

13
35
2L
29
42
17
I
3

31?.5 76-924 ?.60
340.6 20.8?4 20.4'I
360.1 21.15? t2.28
375.3 20-362 16.96
363 -2 2L.42L 24.56
39?.1 25.539 9.94
419.2 31.425 4. 68
410.3 L3.429 1.?5

432.O 7. 071 1 .1 ?
435.0 0.58

STD

2

I

1?1
365.6 32-732
266.0
473.0

Comblned r
Fork Length (rnm)

MEÀN

92
186

35
60
68
35
19

4

1
3
1

308.1 13.750 18.15
320.1 L't.971 36.69
352.1 2r.377 6.90
363.4 22.339 11.83
3?0. 9 23.983 39.71
373.5 23.819 ?.10
394.2 34 .258 3. ?s
398.5 26.083 0.?9
364 .0 0.1 9

416.3 27.592 0.59
435.0 0.19

STD

50?
340.5 34.843
266.O
473.0

\o
\o



Àppendlx 3. Con't.

YEAR 1 985

À9e
(y r)

3

4
ç

6

1
I
9

10
11
72
13
14

Age-freguency di strlbut lons
spawnlng short.head redhorses

MaLes
Fork Lengch (mm)

22 309.1
239 323.9
1?1 329.2

I 345.1
23 365.?
18 369.8
6 359.3
2 389.5

1 395.0

MEAN STD

lot.aI
Hean
Mln
Max

1.625 4-49
11.288 48.78
12.134 34. 90
13.601 1.63
12.528 3.33
17.013 2.61
9.993 0.87
0.707 0.29

0. 14

* Comblned - males + females i unknown sex

for nlgratlon of
from Ochre Rlver.

490

FemaLes
Fork Lengch (mm)

329.9 18.161
280.0
403.0

1

I
1s4
226
3t
40
44
1?

7

5
3

MEÀN

258 -0 0.18
335.0 ?. 630 1. 4 9
340.9 13.188 28.73
350. 3 I 3. {50 42.76
368.4 18.961 5.?8
381.9 L5.324 't.46
3 90. 9 27 -162 8.2r
396.1 19.599 3.11
{03.? 16.8?9 1.31
428.2 25.292 0.93
423 .'l 23.459 0.5 6

STD

536
35?.2 25.25'l
258.0
466-0

Comblned *
Fork Lengrh (nm)

1

30
394
397

39
63
62
23

9

5

MEAN

258.0 0.09
316.2 14.15? 2.92
330.5 14.581 38.36
34L.2 16.594 38.66
363.6 20.2L 3.80
375. 9 L6.296 6. 1 3

384.8 22.L73 6.04
386.5 23.975 2.24
400.6 15.907 0.88
428.2 25.29 0.49
416.5 23-924 0.39

slD

L027
344.2 25. 98 5

... 258.0
466.0

Hoo



ÀPPENDIX 4. SHORÎHEÀD REDHORSE FECUNDITIES, DÀUPHIN LÀKE 1984, 1985, 1986.

ACTUAL
FORK WEl WT I BODY EGG

YEAR LENGTH WETGHT OF EGGS WT COUNÎ
(n'¡n) (Sm) (gm)

1984
1 984
1984
1984
1984
1984
t 984
198 4

1984
1 984
198 4
198 4
1984
1984
1 984
L984
1984
1984
198 4
1984
1984
1 984
r.98 4

1984
1 984
1984
1984
1984
1984
1984
1984
1984
1984
1 984
198 4
1 984
1 984

307
310
322
325
332
340
340
340
341
345
345
348
350
aq<

355
35?
369
3?0
377
31 4
31 4

378
384
385
386
389
391
394
399
404
406
410
418
420
422
424

490
640
600
530
660
710
6r0
640
900
660
690
1q0
'120

?50
790
?60
880
640
755

l- 010
490
880
?50
930
900
880

1075
1200
11,00
111 0

1170
11 60
L370
1150
13 90
r320

41 - 9 9.18

66 -'t 11.12

61.2 8.62

80.2 12.L5
53.2 7.'tI
81.5 1L.01

103.1 13.?5
69.1 8.?5

I29 .6 14.'t3
L29.4 20.22

98.7 20.r4
161.0 18.30

?8.8 8.'t 6

2L0.2 19. s5
2l'l .0 18.08

\7 4 .6 15. 73

184.4 15.90
176.8 12.91
r92.r 15.?0
235.9 16. 97
251. 0 19.O2

t
DIFF -

t 2s89

18643
1 6548

15358
18892

IJÎ. MEÎHOD
EGG STD.* OF EGG STD.* OF

COUNÎ DRY EGGS SIZE EGG STZE
(run)

-0.56

r.32
r.32

-0.05
1. ?0

13630 0.004?
12660 0.0048
151 94 0. 00 61
18400 0.0089
16332 0.0033
19486 0.0r,65
153 66 0. 0023
185?6 0.0028
16412 0.0018
25033 0.0025
14498 0.0096
2044s 0.0035
15394 0.0146
25185 0.0869
20802 0.0029
L9321 0. 0209
1?936 0.0220
23486 0.0068
20600 0.0062
23937 0. 005 9

21179 0.0095
20?79 0. 014 9

30223 0. 0309
2s814 0.0387
27248 0. 0028
20466 0. 0064
22138 0.0064
31113 0. 0104
327 45 0.0424
26063 0.0221
29516 0.01 96
26518 0.0249
374't8 0.0280
35016 0.01 38
32318 0.030?
3?010 0.0151
32551 0.02'17

15653 1.68

,2 418 8
20966

1.2080 0.0412
1.6113 0.0135
1.5995 0.0388
1.5430 0.0231
1.5?40 0.0r51
L.6111 0.0234
1.6980 0.0304
1.2900 0.0230
1 . 63 60 0. 0205
1-8231 0.0316
r.9200 0.0352
1.3 612 0.0024
1.9040 0.0305
1.??95 0.0515
1.?860 0.0316
1.4?89 0.0305
1.9022 0.01?0
1.8?50 0.0222
1.7280 0.0180
1.7690 0.0263
L.5190 0.0095
1.?885 0.0380
1.8668 0.0293
1,.8680 0.0298
L-42'lO 0.0104
1.5263 0.0158
L.8229 0.0238
t .85?5 0.0435
2. 080 9 0. 03 98
1. 9558 0.0262
1.9930 0.0353
2.L820 0. 023 9

t.7970 0.0437
1.?990 0.0511
1. ?180 0.0356
2.0240 0.0332
2.0648 0. 0735

2.99
1. ?8

32't39

2946r
21418

34745

38310

(yr)

5.23

-0.19
3.62

-o.77

3.51

6

6

6

1

6

9

9
a

HO
ts

9

10

11
L0

9

9

9

t4
t-3



ÀPPENDIX 4. Con't.

ACTUÀL
FORK WET WT T BODY EGG

YEAR LENGTH I.¡EIGHT OF EGGS WT COUNÎ
(mm) (sm) (sm)

1 985
1 985
1 985
1 985
1 985
1 985
1 985
1985
1985
1 985
1.985
1 985
l" 985
1 985
I 9U5
1 985
1 985
1 985
1985
1 985
1 985
1 985
1 986
198 6
198 6

1986
1986
198 6
r-986
1986
1 986
198 6

1 986
1986
198 6
198 6
1,98 6

SHORTHEÀD REDHORSE FECUNDITIES, DÀUPHIN LÀKE 1984, 1985, 1986.

313
?t?

324
336
344
344
351
353
356
361
366
369
405
409
413
415
418
420
426
430
433
444
330
332
335
338
341
343
344
344
344
?¿q
345
345
347
348
34 9

r220

11 70

t
DIFF.

10773

2r246

21444

14.?9 31401
3951r.
443?5

WT - T.IETHOD

EGG STD.* OF EGG STD.* OF
COUNT DRY EGGS SIZE EGG SIZE

(mm)

1?3.1

55?
610
s24
617
638
672
629
6?5
611
639
?08
635
?03
669
687

12868 0.0059
184 99 0. 0040
15432 0. 00?0
L?839
14078 0.0076
14640 0.0145
11081
18245 0-0146
15615 0.0028
21260 0. 001?
1833? 0. 004 6
21299 0. 0033
30329 0.006L
34133 0.00??
31161 0.04?5
38606 0.0082
44329 0.0r30
2951-3 0.0045
40602 0.0055
36489 0.0157
32630 0.0134
39344 0.0471
1897 4 0. 0231
14635 0.0095
16?91 0.0092
I'J.212 0.0166
72642 0. 01 69
L2846 0.0259
15814 0. 0155
16169 0.0459
20862 0. 0125
1?654 0. 0105
13741 0.0510
L2964 0. 00 63
10464 0.0296
17988 0.0063
20109 0.0078

-2.78

-0.0?

0. 68

0. ??
2.34
0-10

53.9
45. 0

45.4
54.5
39.1
61.8
67.7
65. 5

54. t-

50.1
33. 3
50.2
49.0

8.84
8.59
1.36
8.54
6.39
9.83
9.14

10.'t2
8.4?
7.08
5.24
1 .r4
1.32

1.3841 0-0442
1.2150 0. 01 69
1.15?0 0.0556
L.6620
1 - 5250 0.034 6
1.5006 0.0147
1.6350
1.7080 0.0200
1.5960 0.0296
1.5440 0.022L
1.6520 0.0129
1. 6620 0.2380
1 .8520 0.021?
1. 7040 0.0288
1.9950 0.013?
1,.7560 0.0535
1.9340 0.0462
1 . 9090 0. 0254
1.8006 0.0295
1.954? 0.031?
1. 9554 0.033?
1.9600
I.2128 0. 03 5?
1.5859 0.0333
L.3137 0.0426
1.6103 0.0066
1.5750 0.0196
1.4016 0.0512
1.3430 0.0228
1.5064 0. 0325
1.4280 0.0255
1.3799 0.0478
1.4323 0.0205
1.2958 0.0156
1.650? 0.0091
1 . 2833 0.02 90
1.4407 0.0234

ÀGE
(yr )

7

7

5
7

't

7
't

7

'l
'l
I
9

9

L4
t2
10
13

9

'l

H
O
N)

I
8

I



APPENDfX 4. Con't.

ÀClUAL
FORK WET WT t BODY EGG

YEAR LENGTH WEIGHT OF EGGS WT COUNÎ
(rnm) (gm) (gn)

198 6
1986
198 6

198 6

1986
1986
198 6
198 6
1986
1986
1986
198 6
1986
l-986
l-986
L986
198 6

198 6

198 6

1986
1986
198 6
198 6

1986
198 6

198 6

198 6

198 6

1986
l-986
198 6

198 6

198 6

SHORTHEAD REDHORSE FECUNDIIIES, DÀUPHIN IÀKE 1984, 1985, 1986.

350
350
351
351
353
355
,(E

356
35?
358
358
359
360
360
JbI
362
363
3 63 '..
365
369
369
313
3?5
3?5
378
380
386
388
395
395
399
399
405

?15
603
685
682
668
670
683
6¿ I

665
129
102
669
?60
?89
?L8
694
602
613
688
691
66L
80?
382
872
869
869
808
?95

10 93
819
894
8?9

10 90

75.1
49 .9
4s.8
51. ?

65. 9

69.0
58.5
58.5
53.1
56.3
s2.6
50.0
68.1
61.5
62.3
69.4
70.2
't8.6
40-4
12.6
7't .4
66 -2

90. 5

72.4
66.1
71".3
11.O

109.0

118. 1

90. I
r02.4

10.50
8.28
6.69
7.58
9 .8't

10. 30
8.57
9.33
7 -98
1-12
7 -49
7 .47
8. 96
1-79
8. 68

10.00
11.66
11. 68
5.8?

10.51
11. ?1

8.20

10.38
8.33
1-61
8.82
9.69
9 .97

13.21
10.33

9.39

t
DIFF.

9IT. METHOD
EGG STD. t OF

COUNT DRY EGGS

* - SÈandard devlatlon

18465 0.0069
18731 0.0092
14011 0.0073
18595 0.0137
19574 0.0107
19733 0.0143
13611 0.0220
20't 00 0 . 01 10
2068L 0.00?5
23155 0. 00?0
16215 0.0091
18536 0.0r-29
23585 0.0042
1?638 0.0233
14512 0. 0031
1?288 0.01 9?
22?60 0. 0119
25044 0.0050
15840 0.0104
2t332 0.0082
22668 0.0348
16505 0.0186
1 9?80 0.0123
14934 0.0179
2rr22 0. 0126
25992 0.01 05
22627 0.0160
2r63't 0.0099
22535 0. 0111
26596 0.0332
26t40 0.01?3
22281 0.O24L
3055? 0. 00 61

EGG

SI ZE
( rn¡n )

1.5r.38
1.2't8r
r.4240
1.3306
t.4-ì25
1.5??0
1.6288
1.4380
1.37'17
1.3391
1.5364
t.3290
L.2404
1.4110
1.5143
t-. 6?31
1.3426
1.4433
7.2610
1.3566
1.4816
1.5353
t.3't25
r.'t 617
1.5449
1.4058
1.5L?7
1.4591
1. ?570
1.?600
r.6263
1.45?5
1.4533

STD.* OF
EGG SIZE

o.0247
0.0230
0.024'l
o.0284
0.0635
0 .0293
0. 0153
0.0331
0.0463
0.0336
0. 007r.
0.0382
0.0458
o .021 9

0. 0181
0. 0251
o.0342
0.02't3
0.01-85
0.0200
0. 0333
0. 01 98
0.0{04
0.0340
0.0280
0.0581
0.030?
0. 04 90
0 - 0186
0. 0 915
0.01?8
0. 0324
0.0309

ÀGE
(yr )

10

HO
t¡J

11



APPENDIX 5. DAUPHIN LÀKE WÀTER ÀND ÀTR TEMPER.ATURES (C).

MEAN
WATER

DÀTE TEMP

05-May-84 L2.4
06-May-84 l-1.3
07-May-84 11.7
08-May-84 L2-3
0 9-May-8 4 12.6
10-May-8 4 12.'l
11"-May-84 12.6
12-May-84 12.7
13-May-84 l-3. 4

14-May-84 13.6
1.S-May-84 14. 6

1 6-May-84 L6.2
1-7-May-84 15. 7

18-May-84 13. 6

1 9-May-8 4 L2 - 4
20-May-84 13.3
21-May-84 14.2
22-May-84 13.7
23-May-84 12.8
24-May-84 l-1. 9

25-May-84 12.3
26-May-84 1,3.2
2?-Hay-8 4 L2.9
28-May-84 13.9
29-May-84 L4-9
30-May-84 1^6.2
31-May-84 16,1
01-Jun-84 I?,8
02-Jun-84 18.2
03-Jun-84 11.6
04-Jun-84 11 -1
05-Jun-84 18.0
06-Jun-84 17.0
07-Jun-84 l"?.0
08-Jun-84 15.3
09-Jun-84 L5.3
10-Jun-84 l-7.5
1.1-Jun-84 19.3
12-Jun-84 18.5
13-Jun-84 18.0
14-Jun-84 1?.8
15-Jun-84 l,9.5
1 6-Jun-84 2L.8
17-Jun-84 21.3
L8-Jun-84 2I.O

CUM. MEÀN
h]ATER ÀIR
TEMP . TEMP

L2.4
23.'t
35.4
4't -7
60. 3
?3.0
85. 6
91 .'t

111 . r.
124.1
139.3
1s5.5
T1]-.2
184.8
L97 .2
21 0.5
224.7
238-4
251 -2
263.1.
275.4
288-6
301.5
3r.5.4
330.3
346.5
362.6
380.4
398.6
476.2
433.9
451.9
468.9
485.9
502.2
517 .5
535.0
554.3
5'72.8
590.8
608. 6
628.1
649 .9
61L .2
692.2

5.4
0.1
r.9
4.6
6.¿
6.8
6.4
4.2
9.1

10.5
15.3
22.5
19. 9

10.5

9.1
13 .5
11.3
7.L
3.1
4.7
8.9
?.5

11. 9

16.6
22-4
21. S

14.6
15.4
74.2
14.4
15.4
14.7
L6-9

05-May-85 L4.2
06-May-85 13. L
0?-May-85 13.8
08-May-85 15. 5

0 9-May-85 L4 -1
1 0-May-85 1 3.0
11-May-85 L4.2
12-May-85 12.5
13-May-85 12-2
1 4 -May-85 12.6
15-May-85 13.0
I 6-May-85 1 3. I
17-May-85 15.0
18-May-85 15.1
19-May-85 12.9
20-May-85 12.9
21-May-85 14. 6
22-Hay-85 14.5
23-May-85 15.1
24-May-85 13.6
25-May-85 13. ?
26-May-85 13.6
27-May-85 13.5
28-May-85 14.3
29-May-85 19.8
30-May-85 1?.8
31-May-85 15.0
01-Jun-85 12. 0

02-Jun-85 13.3
03-Jun-85 12.5
04-Jun-85 11.5
05-Jun-85 14.8
06-Jun-85 16.5
0?-Jun-85 18.5
08-Jun-85 1?.8
09-Jun-85 18-9
10-Jun-85 18. 9
11-Jun-85 18.9
12-Jun-85 18. 9

13-Jun-85 20.0
14-Jun-85 16.0
15-Jun-85 15. 0

1 6-Jun-8 5 1 6. 3
L?-Jun-85 1 9.3
18-Jun-85 20.5

DÀÎE

T,ÍEÀN CUM. MEÀN
IiÀÎER I.¡ÀTER ÀIR
TEMP TEMP TEMP

14.2 13 -2
21-3 8.6
4r.-1 11.5
56.6 19.3
71.3 16.0
84-3 8-0
98.5 13.4

111.0 5.8
L23.2 4.8
135. I 6. 5
148.8 8.0
t62.6 11.6
17?.6 1?.1
192 -1 1?. 3
205.6 1-6
218.5 7.6
233.1 15.3
24'l-6 14.5
262.'t L't.2
276.3 10.5
290.0 11.3
303.6 11.0
31?.1 t0.2
331.4 14.0
35L.2 16.1
369.0 Lr.2
384.0 5.?
396.0 4.4
409.3 8.9
42r.8 5.8
433.3 8.3
448.1 13.5
464-6 18.?
4 83.1 20. 0
500.9 16.9
519.8 L2.3
538. ? 10. ?

55? - 6 t2.2
5?6.5 12.4
596.5 16.9
612.5 13. 6
627 .5 15. 9

643 _ I L2.2
663.1 13.?
683-6 14-I

MEÀN CUM. MEÀN
WÀTER WÀTER AIR

DÀTE TEMP TE}áP ÎEMP

05-May-87 14 -'l
06-May-8? 14.1
07-May-87 14.1
08-May-8? 14 - 4
09-May-8? 14.0
1 0-May-87 13.0
1 1-May- 8? I 3. 6
12-May-8? 14.6
13-May-87 16. ?

14-May-8? 15.1
15-May-8? 15.1
1 6-May-8? 15. 3

17-May-8? 14.0
18-May-8? 13. 4

1 9-May-87 14.0
20-May-8? 13.6
21-May-87 10.9
22-May-81 LL.2
23-May-8? L2.5
24-May-87 12.5
2S-May-8? L2.9
26-t"tay-87 13.3
21-t4ay-87 13.4
28-May-8? 14.8
29-May-8? 16.6
3O-May-8? 18.3
31-May-8? 19.?
01-Jun-8? 18.9
02-Jun-87 15.5
03-Jun-87 13.4
04-Jun-87 15.0
05-Jun-8? 15. 4
06-Jun-8? 16,1
07-Jun-8? L7.2
08-Jun-87 16.9
0 9-Jun-8? 1 ?. I
10-Jun-8? 17.9
11-Jun-8? 18.0
12-Jun-8? 19.'l
13-Jun-8? 2L.3
1 4-Jun-8 ? 21. I
1 5-Jun-87 2L.0
1 6-Jun-8? 20.9
1 7-Jun-8? 22.3
18-Jun-8? 22.1

14.'t 15. 5
28.8 t2.8
42.9 L2.9
57.3 22.4
?1.3 8.?
84.3 9.5
91 .9 9.9

112.5 25.4
I29.2 14.4
144.3 12.0
159.4 20,9
L7 4.1 11 . 9
188. ? 8.2
202.I 8.1
216.1. 13. 5

229.7 8.0
240 .6 3 .2
251.8 5.4
264.3 t4 .2
216.8 16.0
289.1 14.0
303.0 L2.6
316. 4 L4 .'t
331.2 r6.7
34?.8 16.9
366.1 18.7
385.8 23.'t
404.'t 15.9
420.2 r0. 9

433.6 11.5
448.6 L2.2
464.0 15.9
480.1 20.0
497.3 t2.9
5r4.2 Ir.2
532 - 0 17.0
s49.9 L7.2
56?.9 19.9
58?.6 2I.0
608.9 22.9
630.7 20.0
651. ? 24.6
6't2.6 25.5
694.9 19.8
'lt'l .0 L9.9

72-4
10.4
10.2
1s. 9

12.5
L2.0
13.3
19. 9

18.?
L7 .7
1?.5

Ho
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ÀPPENDIX 5. Con't.

MEAN CUM. MEAN
WÀTER WATER AIR

DAÎE TEMP TEMP TEMP

1 9-Jun-8 4 22.0
2O-Jun-8 4 22.3
21,-Jun-84 21.5
22-Jun-84 20-3
23-Jun-84 19.3
24-Jun-84 20.5
25-Jun-84 27.8
26-Jun-84 20.8
2?-Jun-8 4 2I.3
2B-Jun-84 23.8
2 9-Jun-8 4 24.0
3O-Jun-84 2I.0
01-Jul-84 2L.3
02-Jul-84 21, - g

03-Ju1-8 4 27.0
04-Ju1-84 20.8
05-Jul-84 1 9. I
06-Jul-84 19.8
0?-Ju1-84 17.3
08-Jul-84 20.0
09-Jul-84 2]..5
1.0-Ju1-84 23.5
11-Ju1-8 4 24.5
12-Ju1-84 23.5
13-Jul-84 22-8
L 4-JuI-8 4 1 9. 0

15-Ju1-84 20.0
16-Jul-84 20.8
17-Jul-84 21,.8
18-Ju1-84 23.0
19-Jul-84 22.6
2O-Jul-8 4 22.3
2L-Jul-84 22.3
22-Jul-8 4 23.3
23-JuI-84 22.0
24-Jul-84 23.3
25-JuI-84 22.8
26-Ju1-84 23 -O
2?-Ju1-84 24.5
28-JuÌ-8 4 24.8
29-Ju1-84 25.3
30-JuI-84 24-5
3l--Jul-84 23.0
01-Àus-84 23.5

DAUPHIN I.ÀKE WÀTER AND ÀTR TEMPERÀTURES (C).

-tL4.2 18.4
736.5 18.6
758.0 19.6
?78.3 L't-9
191.6 11.2
818.l, 17-1
839.9 22-5
860.7 19.5
882.0 18.9
905. I 79.7
929.8 23 -5
950.8 17.9
9't2.r [t.9
993. 9 1?.8

1014.9 L6.'t
1035.7 15.9
1055.5 11. 9
10?5.3 ]-I.2
L092.6 15. I
L7L2.6 t9.1
1134.1 18.4
115?.6 19.5
r.182.L 20.8
1205. 6 18. I
7228.4 t9.7
7241 .4 1?.1
1261.4 1?.6
1288.2 1?.3
1310.0 17.8
1333.0 19.0
1355.6 16.7
13?7.9 19.2
1400.2 23.2
1423.5 18. 6

1445.5 18.1
r.468.8 18.6
1491.6 19.8
1514.6 19.3
1539.1 2t.L
1-5 63. 9 26.3
1589.2 25.0
1613.? 22.7
1 636. 7 2t.L
1.660-2 20.2

MEAN CUM.
WÀTER T{ATER

DATE ÎE¡{P TEMP

L 9-Jun-85
20-Jun-85
21 -Jun-8 5

22-Jun-85
23-Jun-85
2 4 -Jun-8 5

2 5 -Jun-8 5
2 6-Jun-85
2 ?-Jun-85
28-Jun-85
29-Jun-85
30-Jun-85
0 1 -Juì -85
02-JuL -85
03-Jul-85
04-Ju1-85
05-Jul - I 5
06-Ju1-85
0?-Ju1-85
0 8-Jul -85
0 9-JuI-85
10-Jul-85
1.1-Jul-85
12-Ju1-85
13-JuI-85
L4-JuI-85
15-Jul-85
1 6-JuI -8 5

l.?-Jul-85
18-Jul-85
1 9-JuI -85
2 0-Jul -85
21-Jul-85
22-Jul--85
2 3-Ju1 -85
24-Jul-85
25-JuL-85
26-Jul-85
2?-Jul--85
28-JuI-85
29-Jul-85
30-Ju1-85
31 -Jul-85
0 1-Àu9-8 5

20.5 704.1 16.6
2L.8 't25.9 22.3
18. 8 't 44 -'t L2 .3
15.0 759 -1 9.5
15.3 ??5.0 1I.1
15.0 ?90.0 10.1
14.3 804.3 12.2
15.3 819.6 12.L
15-3 834.9 1r.?
14.0 848.9 9.8
14.3 863.2 13.5
18.0 881.2 15.6
19.3 900.5 16.4
20.8 92r.3 1 9.1
2r.8 943.1 21.0
20.5 963.6 20.1
23.3 986.9 21.6
22-O 1008.9 24.2
23.8 t032.1 2t.I
22.0 1054.? 18.3
2L.O 1075.? 16.5
22.0 L09't .'t L6.2
22 -8 1120.5 20 -2
21.0 1141-5 16.8
20.0 1161.5 L8.2
19.0 1180.5 15.?
20.3 1200.8 16.?
19.5 1220.3 17.1
19.8 1240.1 15.9
1 9. 0 1259.I 14 .2
1?.8 r276.9 15.5
19.0 1295.9 14.1
18.5 1314.4 14.0
20.0 1334.4 20.5
20.o 1354.4 19-2
20-0 13't4.4 15.9
20.o r-394.4 16.8
20.o 74L4.4 14.8
20.o r434-4 17.5
20 -o 1454.4 15 . 4
20.0 7414.4 16.3
20.0 t494.4 18.6
2r-s 1515.9 11.4
2L.O 1536.9 L't.1

MEÀN
ÀIR
TEMP

1 9-Jun-8 ?
2 0 -Jun-8 ?

21 -Jun-87
2 2-Jun- I ?

2 3-Jun-87
24-Jun-87
25-Jun-87
26-Jun-87
2?-Jun-8?
2 B-Jun-8 ?

29-Jun-87
30-Jun-8?
01-Jul-8?
02-Jul-8?
03-JuL-8?
04-Jul-8?
05-Jul-87
0 6-JuI -8 7

0?-Ju1-8?
08-Jul-8?
09-Ju1-8?

... 10-JuI -8 ?

11-Ju1-8?
12-Ju1-8?
13-Jul-8?
14-Jul-8?
1 5-JuI -8 ?

1 6-Jul-8 ?

L?-JuI-8?
18-JuI-87
1 9-JuI -8 ?

2 0-Jul-8 7

2 I -JuÌ-8 7

22-JuI-8"1
23-JuI-87
24-Jul-8?
25-Ju1-8?
2 6-JuI -8 ?

2?-Jul-8?
28-JuI-87
2 9-Jul-8?
30-Ju1-8?
31-JuI-8?
01-Àug-8?

MEÀN CUM. MEAN
WATER WÀTER ÀTR

DÀTE ÎEMP TEMP TEMP

23.'t 140-'t 2L.O
24.5 7 65.2 22 -3
23-4 ?88.6 23-I
24.L 8J.2.'t 23.9
2r.9 834.6 19.3
19.6 854.2 16.8
11.4 8?1.6 72.6
L't .2 888. I 74.7
18.0 906.8 !'t.9
11.9 924.7 15.1
78.2 942.9 15.?
19.2 962.t 1 6. 0

19.8 981.9 18.8
19.9 1001.8 1?.0
20.1 1022-5 16.8
2I.4 L043.9 23.4
21.8 1065. ? L9.1
21.3 108?.0 19.5
19.9 1106.9 7't.O
20.5 Lt21 -4 16.2
20.3 tI47.7 18.0
L9.5 t167.2 t7.4
18.5 1185.? 12.4
1?.8 1203.5 12.8
19.2 L222.? 14.8
L9.8 L242.5 15.8
19.3 1261.8 17.1
19.? 1281.5 L9.1
19.6 1301.1 16.4
18.5 13r.9.6 t5.2
L't.6 133't.2 l't.9
18.3 1355.5 1?.0
17.6 1373.1 L5.2
17.5 1390.6 15.4
19.0 1409_6 t7.6
22.r t43L.1 18.8
22.3 ]-454-0 19.4
2r.4 1415.4 19.6
23.0 l_498.4 2t.O
25.1 1523.5 25.r
24.6 1548-1 2L.6
23.9 t5't2.0 19.9
22.9 7594.9 22.I
23.9 1618.8

tso
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ÀPPENDIX 5. Con't-

MEAN CUM. MEAN
WATER I,IATER AIR

DATE TEMP TEMP TEMP

02-Aus-84
03-Aug-84
04-Aug-84
05-Àug-84
0 6-Aug- 8 4

0?-Aug-84
08-Aug-84
0 9-Aug-8 4

10-Aug-84
L1-Àu9-84
12-Àu9-84
L3-Àug-84
1 4 -Auq-8 4

15-Aug-8 4

1 6-Aug-8 4

L7-Aug-84
L8-Aug-84
1 9-Àug- 8 4

20-Àug-84
21-Aug-84
22-Aug-8 4

23-Au9-84
24-Àu9-84
25-Aug-84
26-Àu9-84
2?-Àug-84
28-Aug-84
2 9-Àug-8 4

30-Aug-84
31-Aug-84
01-Sep-84
02-sep-84
03-sep-84
04-Sep-84
05-sep-84
0 6-Sep- I 4

07-sep-84
08-sep-84
0 9-sep- B 4

10-Sep-84
11-Sep-84
1 2 -sep-8 4

13-Sep-84
1 4-sep-8 4

15-Sep- 8 4

DÀUPHIN LÀKE WATER AND ÀIR TEMPERÀTURES (C).

25.5 1 685. ? 2r. 5
27.0 I1I2.'t 22.3
21 .8 1740.5 23.O
26.8 L]61.3 23.9
25.8 1793.1 27.3
25.3 1818.4 22-3
20.8 t839.2 15.4
20.5 1859.? L't.6
2L.8 1881.5 15.5
22.O 1 903.5 23 .t
22.8 1926.3 23.3
24.3 1950.6 22.2
24.5 L9?5.1 22.'t
2I .5 I996.6 1,5.2
2I.8 20L8.4 2I.3
22.5 2040.9 19.3
22.3 2063.2 2L.9
22.5 2085.? 26.2
2t.3 2107.O 19.5
20.3 2127 .3 t 3.5
20.s 2).47.8 12.8
20.8 2168.6'.. 1?.8
23.3 2L9r.9 22.2
24.8 22L6.1'24.L
2 5. 0 224I .1 23 .6
20.8 2262.5 23.4
20.8 2283.3 L9.2
17.3 2300.6 15.3
16.5 2317.t 73.2
L6.5 2333.6 L0.2
15.8 2349.4 10.4
16.8 2366-2.12.O
16. 5 2382.-t ' I0 .4
1.7.8 2400.5 11.1
17. 0 2411 .s L2.7
16.3 2433.8 1?.8
18.8 2452.6 14.4
16.3 2468.9 10.0
14.0 2482.9 8.4
1.3.0 2495.9 't .7
L3.0 2508.9 6.'t
13.8 2522.1 10.3
13.5 2536.2 9.5
14. 0 2550 .2 9.3
L4.5 2564-7 9.I

DAlE

02-Aug-85 2I -3
03-Aug-85 21.8
04-Àu9-85 2I.3
05-Auq-85 22.0
0 6-Aug-85 2I -0
07-Àu9-85 20. 0

08-Àu9-85 20.5
09-Auq-85 1 9.0
10-Àug-85 1 9.0
11-Àug-85 19.0
12-Àu9-85 19.0
13-Àug-85 18.3
l4-Àu9-85 17.8
1S-Aug-85 18.0
1 6-Aug-85 18.5
1?-Aug-85 18.3
l8-Àug-85 18.0
19-Àug-85 1?.5
20-Àug-85 17.5
21-Aug-85 1?.8
22-Àus-85 18. 3
23-Àu9-85 18.3
24-Àu9-85 19.8
25-Àus-85 19.3
2 6-Au9-85 18. I
2?-Àus-85 18.5
28-Àug-85 18.8
29-Aug-85 18.8
30-Àug-85 18. I
31-Àug-85 18.5
01 -Sep-85 1 8. 3
02-sep-85 18.8
03-Sep-85 18.8
04-sep-85 18.8
05-sep-85 18.8
06-sep-85 17.5
0?-sep-85 18.5
08-sep-85 1?.3
09-sep-85 18.0
L0-sep-85 1?.5
L1-sep-85 17.5
12-sep-85 11.3
13-sep-85 1?.8
14-sep-85
L5-Sep- 85

MEAN CUM. MEÀN
WAÎER WÀTER AIR
TEMP TEMP TEMP

1558.2 L9.2
1580.0 r't .'t
t-601.3 18-2
1623 -3 1 9. 6

1644.3 19.9
1664.3 11 .9
1684.8 16.8
1?03.8 10.?
1722.8 10.6
1?41.8 11.0
1760.8 13.0
1??9.1 r2.0
1?96.9 I4.l
1814.9 11.3
1833.4 11.5
1851.? 11.0
1869.? 10.8
L88't -2 10. 9

1 904. ? 10. 9

L922.5 13 - I
1940.8 16.0
1959.1 14.3
1978.9 19.1
t998.2 L9.2
20L7 .0 15. 6

2035.5 L2.B
2054.3 11.5
2073.L 13.0
2091.9 L6-7
2LIO.4 1 6.0
2128 -7 11. 9
2147 .5 I4 -7
2t66-3 16.5
2185.1 9- 6

2203.9 11. 9
222I.4 10.6
2239.9 s. s
2251 -2 5. 9
2275.2 7.9
2292.1 8. ?

23tO.2 9.6
2327.5 L3.2
2345.3 15. 9

2345.3 15. 5

15. 6

MEAN CUM. MEAN
WÀTER }JÀTER AIR

DATE TEMP TEMP TEMP

02-Aug-87
03-Àug-8?
04-Aug-87
05-Àu9-87
0 6-Aug- 8 ?
0?-Aug-8?
0 8-Àu9- I ?
0 9-Àu9- 8 ?

1 0-Auq-8 7

11-Àu9-8?
12-Àug-8?
1 3-Àu9-8?
14-Aug-8?
15-^Aug- I ?
1 6-Àug-8?
1 7-Àug-8?
I 8-Aug- 8 ?

1 9-Aug- I ?
2 0-Aug-8 ?

21-Aug-8 ?

22-Auq-87
23-Àug-8 7

24-Àug-8?
25-Àug-B ?

2 6-Àug-8?
2 7-Àug-8?
28-Au9-8 ?

2 9-Àug-8 ?

3 0-Au9-8?
31-Àug-87
01-sep-8?
02-Sep- I ?
03-sep-8 ?

0 4 -sep-8 ?

05-sep-8?
0 6-Sep- 8 ?

0 7-Sep-8 ?
08-Sep-8?
0 9-sep-8?
10-Sep-8?
1l-sep-8?
12-sep-8?
13-sep-87
14-sep-8?
15-sep-8?

22.8 164r.6
19.8 1661 .4
1?.9 16?9.3
18.0 169?.3
18.4 1?15.7
2r.6 1737.3
22.6 I't 59 .9
21.1 1?81.0
19. 6 18 00. 6

79.'l 1820.3
1?.9 1838.2
1?.2 18ss.4
t1.2 7872.6
16.6 1889.2
16.6 1905.8
16.4 1922.2
1?.3 1939.5
16.? l-956.2
17.1 19?3.3
16.4 1989.7
14.6 2004.3
1s.2 20r.9.5
18.0 203?.5
1?.3 2054.8
76.7 201r.5
L9.2 2090.7
18.4 2109.1
I't.6 2126.1
15.2 2L4L.9
14.1 2r.56.0
15.0 2171.0
14.3 2185.3
t4.9 2200.2
t5.3 2215.5
15.0 2230.5
1.5.7 2246.2
15.O 226L.2
14.2 227s.4
14.2 2289.6
13. 9 2303.5
13.2 23L6.7
13.8 2330.5
13.1 2343.6
13.8 23s?.4
14.1 2312.r
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APPENDIX 5. Con't.

MEAN CUM. MEÀN
WATER WATER ÀIR

DATE TEMP TEMP TEMP

I 6-sep- I 4

1?-sep-84
1 8-Sep- 8 4

1 9-Sep- I 4
20-Sep-8 4

21-Sep-84
22-sep-84
23-Sep-84
24-Sep-84
25-sep-84
26-Sep-84
2?-Sep-84
28-sep-84
2 9-Sep-8 4

30-sep-8 4

DAUPHTN LÀKE WAÎER ÀND ÀIR TEMPERÀTURES (C).

14.0 25't8.7 13.0
18.6
17. 0

13.5
72.2
1.6
3.4
1.6
0.5
¿.¿
5.0
2.8
6.9
6.6
5.9

DATE

1 6-sep-85
17-Sep-85
18-Sep-85
1 9-Sep-85
2 0-sep-85
21-sep-85
22-sep-85
23-sep-85
24-Sep-85
2 5-sep-85
2 6-sep- I 5
2?-sep-85
28-Sep-85
2 9-sep- 8 5

30-sep-85

MEÀN CUM. MEAN
I{ATER IiÀTER ÀTR
TEMP TEMP TEMP

1?-5
13.4
5.?
3.8
4.0

10.5
6.8
2.4
2.r
5.0
8.L
4.1
2.9
3.4
3.4

MEAN CUM, MEÀN
WÀÎER WÀTER ÀIR

DÀTE TEMP TEMP TEMP

1 6-sep-87
17-sep-8?
18-sep-8?
1 9-sep- 8 7

20-sep-8?
21-Sep-8?
22-sep-8?
23-Sep-87
24-sep-8?
25-Sep-8?
26-sep-8?
27-sep-8?
28-sep-8 7

2 9-Sep-8?
30-sep-8?
01-Oct-8?
02-Oct-87
03-Oct -8?
04-Oct-87
05-Oct.-8?
06-OcL-87
0?-Oct,-8?
08-oct-8?
09-Oct-8?
10-Oct-87
11-Oct-8?
1 2-oct- I 7

13-Oct-87
14-Oct-8?
15-Oct-8?
L 6-Oct-8?
L7-Oct-8?
1 8-Oct-8?
L 9-Oct -8?

14.8 2386.9
14-6 2401.5
13.3 2414.8
L2.9 2427 .1
73.0 2440.'t
13-6 2454.3
15.4 2469.1
15.3 2485.0
t4-3 2499-3
13.3 2512.6
]^3.4 2526.O
L3.2 2539-2
13.1 2552-9
12.9 2565.8
17.7 2516-9
10.5 258?.5
8.9 2s96.4
9 .8 2606.2

tJ..5 2617.7
9.8 262't .5
8.8 2536.3
8.2 2644.5
6.1 2650.6
4.L 2654.1
2.3 265't.0
3.3 2660,3
4.5 2664.8
5.7 26?0.5
5 .L 26't 5 .6
4.8 2680.4
4.9 2685.3
4.9 2690.2
4.2 2694.4
3.6 2598.0

HO\¡



Àppendix 6.

IOB

Shorthead redhorse recapture tagglng dâta for
Dauphln Lake and Ochre River 1985,1986 and 198?.

ORIG ORIG
DÀTE FKLT ÀGE

TÀG f SEX TÀccED (mm) (YR)

RECÀP RECÀP
DÀTE FKIÎ ÀGE
RECÀP (r¡un) (YR)

FKLT CORRECT NO.
CHÀNGE OF ÀNNULT

(mm) FORMED

RECÀP

Y8l_81 F
Y8113 F
Y8132 F
83861 M

Y5636 F
Y5292 F
15692 F
Y5871 F
Y?805 F
Y?80? M

Y5293 F
Y7821 M

Y8695 F
Y5?09 F
Y5042 P
Y5656 F
Y8181 F
Y5666 F
Y5698 F
Y38'72 M

Y5299 F
Y5660 M

Y5?50 F
Y5?63 M

Y8176 F
Y5649 M

Y8683 M

Y5641 M

Y?865 F
Y5859 M

Y5268 F
Y8121 F
83858 M

Y5030 F
Y5863 M

Y8144 H

Y5895 M

Y5484 M

Y5754 M

Y5880 M

Y7895 M

Y5 717 F
Y8114 M

Y57?O F
Y5719 M

't5812 F
Y?564 M

Y5035 M

Y5896 M

Y8138 M

Y5664 M

Y3847 F
Y5?10 F
Y5012 F
Y5741 E

07-MÀY-85
1 I -JUN-8 4

0?-MÀY-85
25-MÀY-84
1 2-JUN- I 4
08-JUN-84
0 7-JUN-84
15-JUN-84
0 3 -JUN-8 4

03-JUN-84
08-JUN-84
30-MÀY-8 4
O 9-MÀY-85
14-JUN-84
10-MÀY-85
09-,JUN-84
18-,JUN-84
0 9-JUN- I 4

07 -JUN- 8 4

2 6-MÀY- I 4

08-JUN-84
09-JUN-84
l4 -,JUN- I 4

10-JUN-84
09-MÀY-85
I 3 -JUN-8 4

0 9-MÀY-85
l3-JUN-84
0?-JUN-84
I5-JUN-84
0?-JUN-84
18-JUN-84
24-MÀY-84
12-JUN-84
31-MAY-84
08-MAY-85
1?-JUN-84
10-MÀY-85
1 1 -JUN-8 4

l?-JUN-84
14-JUN-84
14-JUN-84
18-JUN-84
1-0-JUN-84
I 4 -JUN-8 4

15-JUN-84
28-MAY-84
I2-MÀY-85
1? -,luN- I4
08-MAY-85
0 9-JUN- I 4

2?-JUN-84
14-JUN-84
1 ?-JUN-8 4

14-JUN-84

I 24-MÀY-85
11 31-JUN-85
? 24-MÀY-95

NÀ 31-JUN-85
I 24-MÀY-85
9 31-JUN-85

10 24-MÀY-85
6 01-JUN-85

11 25-MÀY-85
6 03-,JUN-85

11 25-MÀY-85
6 01-JUN-85
6 25-MÀY-85
6 '01-JUN-85
7 25-MÀY-85
8 01-JUN-85
6 25-MAY-85

l0 02-JUN-85
7 25-MÀY-85
6 02-JUN-85
9 25-MÀY-85
5 02-JUN-85
6 25-MÀY-85
6 03-JUN-85

11 25-MÀY-85
6 06-JUN-85
6 25-MÀY-85
6 0 6-,JUN-8 5

11 25-MAY-85
9 2B-MÀY-85
5 26-MÀY-85
9 28-MÀY-85
6 0?-JUN-85
6 28-MÄY-85
6 08-JUN-85
6 28-M.AY-85

14 08-JUN-85
6 29-MÀY-85

10 08-JUN-85
6 29-MAY-85
6 09-JUN-85
9 29-MÀY-85
6 09-JUN-85

NÀ 29-MÀY-85
5 10-JUN-85
6 2 9-MÀ,Y-85
5 10-JUN-85
6 29-MÀY-85

10 11-JUN-85
6 29-MÀY-85
7 11-JUN-85

NA 3]--MÀY-85
6 12-JUN-85
I 31-JUN-85
6 12-JUN-85

NÀ OCIIRE
12 OCHRE

NÀ OCHRE

? OCHRE

9 OCHRE

10 OCHRE

10 OCHRE

7 OCHRE

11 OCHRE

? OCHRE
T2 OCHRE

7 OCHRE

NÀ OCHRE

? OCHRE

NÀ OCHRE

9 OCHRE

NÀ OCHRE

11 OCHRE

7 OCHRE
6 OCHRE

9 OCHRE
6 OCHRE

6 OCHRE
7 OCHRE

NA OCHRE
? OCHRE

NÀ OCHRE
? OCHRE

L2 OCHRE
9 OCHRE

7 OCHRE

IO OCHRE

7 OCHRE
6 OCHRE

? OCHRE

6 OCHRE

14 OCHRE
6 OCHRE

11 OCHRE
7 OCHRE
7 OCHRE
9 OCHRE

7 OCHRE

NA OCHRE

6 OCHRE

? OCHRE

6 OCHRE

6 OCHRE

11 OCHRE
6 OCHRE
6 OCHRE
7 OCHRE

10 OCHRE

9 OCHRE

7 OCHRE

390
394
332
305
357
389
402
335
385
319
395
320
335
326
340
383
338
390
3?1
308
378
311
335
304
389
372
325
308
400
348
363
362
317
359
333
330
385
322
365
30?
311
357
331
42t
303
331
296
335
341
332
319
392
361
374
2to

392
405
331
330
3?0
391
414
347
38?
330
400
335
332
350
338
386
365
394
385
317
39?
332
350
316
391
331
321
32'l
4L2
353
373
376
334
356
342
330
395
322
3't2
323
320
361
343
424
323
362
330
??¿

35?
aa1

2al

394
3?0
390
350

2
11
-1
25
13

2
T2
L2

2
11

c

16
-3
24
-2

2

27
4

14
9

19
21
IJ

L2
2

19

19
L2

q

10
tq
17

9

0

10
0

1

16
9

10
\2

?

20
31
34
-1
10

l2
)
3

16
2l

YES

YES
YES
NO

YES
NO

YES
YES
YES

YES

YES

YES
NO

NO

NO

YES
NO

YES

YES

YES
YES
NO

YES
YES
YES
NO

YES
NO

YES
YES
YES
YES
NO

YES

YES
YES
YES
IE>

YES
NO

NO

YES
YES
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Con't. Shorthead redhorse recapture tagglng daEa for
Dauphln Lake and Ochre Rlver 1985,1986 and 1987.

ORIG ORIG
DATE FKLT ÀGE

TÀc * SEX TAGGED (mm) (YR)

RECÀP RECÀP
DÀ18 FK]-T ÀGE RECÀP
RECÀP (nun) (YR) LOc

FKLT CORRECT NO.
CHÀNGE OF ÀNNULI

(r¡un) FORMED

Y5055 F
Y5670 r
Y5949 F
Y7808 H
Y8320 M

't5264 H

Y5653 F
Y8106 F
Y5051 F
Y8104 M

Y5?52 P
Y?873 H
Y5?3? F
Y8120 M

Y8644 M

Y?888 F
Y?837 F
Y5731 H
Y8107 F
Y589? F
Y5285 F
Y?832 M

Y5?04 M

Y7824 M

Y7866 F
Y?898 M

Y5738 F
Y5868 M

Y5?1 6 M

Y7854 F
Y7 811 F
Y5047 M

Y8078 F
Y5211 F
Y5866 M,t5284 F
Y7886 F
Y7845 F
Y5052 F
Y7803 M

Y8360 F
Y7896 P
Y5029 F
Y5065 M

Y7843 Fy8I24 M
-{7844 F
Y5852 M

Y5298 E
Y5889 M

Y5684 F
Y5062 M
y1862 F
Y5768 M

Y548L M

14-JUN-84
0 g-JUN-8 4

14-JUN-84
03 -JUN-8 4

25-MÀY-85
14-JUN-84
03 -,JUN- I4
18-JUN-84
15-JUN-8 4

1 8-JUN-8 4

11 -JUN-8 4

04-JUN-84
14-JUN-84
18-JUN-84
0 6-MÀY-85
14-JUN-84
27-MÀY-84
14-JUN-84
18-JUN-84
1 ? -JUN-8 4

OB -JUN-8 4

03-JUN-84
15-JUN-84
2B-JUN-84
0?-JUN-8 4

I 4-JUN-8 4

L4-JUN-84
15-JUN-84
14-JUN-84
0?-JUN-84
02 -JuN- I4
1 0 -MÀY-8 5

27-JUN-85
08-JUN-84
15-JUN-84
O 8 -JUN-B 4

14-JUN-84
04 -JUN-8 4

15-JUN-8 4

03-JUN-84
t 5-MAY-85
14-JUN-84
12-MAY-85
15-JUN-84
03-JUN-8 4

I 7-JUN-8 4

03-JUN-84
15-JUN-84
0 I -JUN-8 4

17-JUN-84
07-JUN-8 4

15-JUN-84
0?-JUN-84
L0-JUN-84
0 9-MÀY-85

2 6-MAY-85
12-JUN-85
2 6-HÀY-85
13-JUN-85
2 6-MÀY-85
13-JUN-85
2 6-MÀY-85
13-JUN-85
2 6-MÀY*85
13-JUN-85
2 6-MÀY-85
13-JUN-85
2 6-MÀY-B 5
13-JUN-85
2?-MAY-85
13-JUN-85
2?-MÀY-85
13-JUN-85
27-MÀY-85
13 -JUN-85
2 7 -MÀY-8 5
13-JUN-85
2?-MÀY-85
13-JUN-85
2 8-MÀY-85
1 4 -JUN-85
28-MAY-85
L 4 -JUN-8 5

2 9-MAY-85
2 9-MÀY-85
22-MÀY-85
23-M.AY-85
15-NOV-8 6
2 4 -MÀY-8 5
14-JUN-85
24-HAY-85
2B-MÀY-85
31-JUN-85
27-MAY-85
31-JUN-85
2?-MAY-85
31-JUN-85
2 6-MÀY-85
01-JUN-85
2 6-r.,lÀY-85
01-JUN-85
13-MAY-85
01-JUN-85
14-MÃY-85
0 1 -JUN-8 5

16-¡,lAY-85
01-JUN-85
2 4 -JUN-8 5

02-JUN-85
1 6-MÀY-85

? OCHRE
10 OCHRE
11 OCHRE
7 OCHRE
8 OCHRE

10 OCHRE
8 OCHRE

11 OCHRE
7 OCHRE

L2 OCHRE
6 OCHRE
7 OCHRE
6 OCHRE

T2 OCHRE
OCHRE

11 OCHRE
9 OCHRE

NÀ OCHRE
? OCHRE
7 OCHRE

9 OCHRE
7 OCHRE

10 OCHRE
7 OCHRE

NÀ OCHRE
6 OCHRE
8 OCHRE
6 OCHRE

NA OCHRE
9 OCHRE

IO OCHRE
7 OCHRE
8 OCHRE
7 OCHRE
7 OCHRE

L2 OCHRE
8 OCHRE

11 OCHRE
Ll oCHRE
6 OCHRE
? OCHRE
7 OCHRE
7 OCHRE
7 OCHRE

10 OCHRE
lL ocHRE
10 OCHRE
9 OCHRE

10 OCHRE
9 OCHRE

10 OCHRE
9 OCHRE

T2 OCHRE
6 OCHRE

NÀ OCHRE

321
35?
413
315
330
369
3s6
402
325
388
328
316
2?q

385
340
350
35?
348
338
332
383
306
34s
336
352
294
356
319
354
365
373
320
339
J15
325
361
360
392
3't 4

314
346
328
334
32'l
389
367
3't1
360
370
368
384
365
403
310
381

6

9

10
6

8

9

7

10
6

11
6

6

5
NÄ

6
10
I
I
6

6

B

6

9

6

NÀ
q

7

5

NÀ

9

1

7

6

6

L2
.I

10
10

1

6
'l
6

9

11
10

9

9

10
9

9
Ê

6

362
364
429
330
328
374
372
404
344
390
359
329
339
389
340
362
365
355
359
354
393
323
374
342
3s2
338
366
345
358
380
380
320
350
338
340
3?5
3'.1 4

398
383
338
346
??Á-

331
341
398
371
317
360
390
312
395
370
4L6
326
319

Þ

R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R,
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R.
R,
R.
R.
Þ

R.
R.
R.
R.
R,
R.
R.
R.
R.
R.
R.
R-
R-
R-
R.
D

R.
R.
R.
R.
R.
R,
R.

aq

7
16
15

5

16
¿

19
¿

31
13

.t

4

0
1)

I
,l

2L
22
10
L7
29

6

U

44
10
26

4

15
7

0

11
23
15
14
14

6

9

24
0

6

-3
T4

9

4

0

0

20
4

11
J

16
-¿

YES
ItES
YES
YES
YES
YES

YES
YES
YES
YES
NO

YES
YES

YES
YES

YES
YES

YES

YES

YES
YES
YES

YES
YES
YES
YES
YES
YES
NO

YES
YES
YES

YES
YES
YES
YES
YES
NO

NO

YES
YES
NO

NO

NO

NO



Àppendlx 6. Con't.

110

Shorthead redhorse recapture t.agging data for
Dauphin Lake and Ochre River 1985,1986 and 1987.

DÀTE
lAG * SEX TAGGED

ORIG ORIG
FKLT ÀGE DÀTE
(rn¡n) (YR) RECÀP

RECÀP RECÀP
FKIÎ ÀGE
(m¡n) (YR)

FKIT CORRECT NO.
RECÀP CHÀNGE OF ÀNNULI
LOc (mm) FORHED

Y7864 M

Y8108 F
y5729 M

83847 F
Y5?01 M

Y5873 P
Y5659 H
Y8364 P
Y5898 M

Y5280 M

Y5300 M

83863 F
Y5067 F
Y5291 F
,t'18 46 F
Y5693 F
Y5877 M

Y5899 M

Y5694 F
Y8135 M

Y5673 F
83854 F
Y8883 F
Y8l0 3 M

Y8313 M

83864 F
y5612 F
,t7 861 P

Y8158 F
Y5480 M

Y8126 M

Y833L F
Y5860 M

Y529'I F
Y1526 F
Y5061 P

Y814 5 M

Ys'I 46 M

Y7883 M

83856 M

Y']81 6 M

Y5269 M

Y5740 M

Y5878 M

Y'7882 M

Y5748 M

Y586? M

Y8118 M

Y?899 M

838?5 M

Y7834 ¡.t

Y?875 M

Y8125 M,t5642 F

0 7-JUN-8 4

1 I -JUN-8 4

14-JUN-84
27-MÀY-84
1 5-JUN- I 4

17-JUN-8 4

0 9-JUN- I 4
15-r.lÀY-85
1 ? -JUN-8 4

08-JUN-I4
1 B -JUN-8 4

25-MÀY-84
15-JUN-84
08-JUN-84
0 4 -JUN-8 4

0?-JUN-8 4

1 7 -JUN-8 4

1 7-JUN- I 4
0 ?-JUN- I 4

0 ? -MÀY-8 5

1 0 -JUN-8 4

24 -MÀY-84
24-¡'1AY-85
l0-JUN-84
14 -,JUN-8 5

2 6-MAY-8 4

10-JUN-84
07-JUN-84
08-MAY-85
0 9-MÀY-85
1 9-JUN-8 4

1 7-MÀY-85
l5-JUN-8 4

08-JUN-84
03-JUN-84
15-JUN-84
08-MAY-85
14-,JUN-84
14-JUN-84
24-MAY-84
1 4 -JUN-8 4

1 4 -JUN-8 4

1 4 -JUN-8 4

l7-JUN-84
14-JUN-84
L4-JUN-84
IJ-UUII-O9

18-JUN-84
1 4 -JUN-8 4

26-MAY-84
03-JUN-84
0 4 -JUN-8 4

17-JUN-84
13-JUN-84

6 02-JUN-85
10 31-MÀY-85
5 02-JUN-85

NÀ 22-HÀY-85
6 05-JrJN-85
9 22-MÀY-85
6 06-JUN-85
7 26-MÀY-85
6 06-JUN-85
9 28-MÀY-85
9 28-MÀY-85
? 27-MÀY-85
I 28-MÀY-85

2 6-MÀY-85
9 28-MÀY-85
9 14-MÀY-85
6 29-MAY-85
6 16-MÀY-85
9 26-MÀY-85

NÀ O?-MÀY-85
? 26-MÀY-85
6 22-MÀY-85
9 29-MÀY-85
6 14-JUN-85
6 29-MÀY-85
I 26-MÀY-85
6 29-MÀY-85

NÀ 15-MÀY-85
6 29-MÀY-85
6 18-MAY-85

l0 30-MÀY-85
6 2?-MAY-85
6 31-r.{AY-85
I 20-JUN-85

10 12-MAY-85
11 22-MAY-85
7 31-MÀY-85
6 24-JUN-85
I 18-JUN-85

NA 24-JUN-85
6 19-JUN-85
I 14-JUN-85
6 lg-JUN-85
9 14-JUN-85
5 14-JUN-85

NÀ 14-JUN-85
I 14-JUN-85
6 18-JUN-85
8 21-JUN-85
6 l- 4 -JUN-8 5
6 21-JUN-85
6 18-JUN-85
6 14-JUN-85

1 4-JUN-85

OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R,
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R,
OCHRE R.
OCHRE R.
OCHRE R.
OCHRE R

OCHRE R
OCHRE R
OCHRE R
OCHRE R
OCHRE R
OCHRE R

OCHRE R

OCHRE R

OCHRE R
OCHRE R
OCHRE R
OCHRE R
OCHRE R
OCHRE R

OCHRE R
OCHRE R

310
377
335
392
321
406
335
349
306
361
365
345
391
418
392
3?5
325
318
367
336
349
354
39?
312
334
383
359
421
350
325
370
341
310
418
?oç

398
322
324
349
326
318
359
311
336
3l_ 6

361
344
325
356
316
306
313
37'7
368

332
378
353
40q
334
425
349
347
326
3?8
375
35?
408
42'1
398
398
33?
326
3?5
345
368
366
394
333
333

NÀ
364
430
352
322
380
341
320
430
399
413
32r
328
352
338
J¿ö

361
333
343
333
359
350
328
362
335
327
32L
325
3'14

22
1

18
8

13
19
14
-2
20
11
10
T2
77

9

6

23
L2

8

8

9

19
L2
-3
2L
-1

YES

YES
YES
YES
YES
YES
YES
YES
NO

NO

YES
YES
YES
YES
YES

YES
YES
YES
YES

YES
NO

YES

YES

YES
YES
YES
NO

YES
YES

YES
YES

YES
NO

YES
NO

YES

YES
YES

YES
YES
t¿5
YES
YES

7
NA

6
10

1

10
'l
1

7
10
10

7
I
7

10
10

'l
'l

10
NA
I
'l
9

1
6
I
7

t2
6

NÀ
11

6
't

I
10
t2
NA

't

9
1

7

1t
't

9

6

10
9

7

9
a

7
't

1

11

5

2

-3
10

0

10
L2

4

15
-1

4

L2
10

o

22
1

L7
-2

6

6

19
2I
I
ö

6
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Àppendix 6. Con't. Shorthead redhorse recapture taggfng dat.a for
Dauphin Lake and Ochre Rlver 1985,1986 and 198?.

ORIG ORIG
DÀTE FKLT ÀGE

TÀG * SEX TÀGGED (m¡n) (YRl

RECÀP RECÀP
DÀTE FKLT ÀGE RECÀP
RECÀP (¡run) (YR) LOC

FKLT CORRECT NO.
CHÀNGE OF ÀNNULI

(nun) FORMED

Y8330 H
Y8179 F
Y8570 F
Y8699 F
Yg'l't't F
Y8054 F
Y8055 M

Y8481 F
Y0867 F
Y8425 F
Y8887 F
Y8423 F
Y0876 M

Y5?09 F
Y08'72 F
Y5889 M

Y5023 M

Y804 6 F
Y8351 M

Y881? F
Y5005 F
Y?861 M

Y8199 F
Y8814 F
Y5855 F
Y5024 F
Y8O5? M

Y8993 F
Y8396 F
Y6960 P

Y8496 E'

Y8818 F
Y7863 F
Y8806 F
'18126 F
Y8343 M

Y8817 F
Y83?6 M

Y8984 M

'{82'18 F
Y8175 M

Y0859 M

Y8671 F
Y8858 F
Y8959 M

Y5008 M

Y8233 M

Y8783 M

Y8253 M

Y5021- F
Y5659 M

Y8470 F
Y0865 M

Y8990 F

17-r.rÀY-85
0?-MÀY-85
28-MÀY-85
0 9-MÀY-85
21-MÀY-85
2 ?-JUN-85
2?-JUN-85
2 6-MAY-85
01-JUN-85
2?-JUN-85
24-MÀY-85
2?-JUN-85
31-MÀY-85
14-JUN-84
01-JUN-85
17-JUN-84
20-MÀY-85
28-MÀY-85
l4-¡.1ÀY-85
25-MÀY-85
2 0-MÄY-85
0?-JUN-84
0?-MÀY- 85
25-MÀY-8 5
15-JUN-85
2 0 -MÀY-8 5

25 -JUN-85
31-MAY-85
1 6-MÀY-85
2 6-MÀY-85
2 6-MAY-85
25-MAY-85
0?-JUN-84
25-MAY-85
2 4-JUN-85
18-MÀY-84
25-MÀY-85
15-MAY-85
31-MÀY-85
24-MAY-85
0 9-MAY-85
01-JUN-85
1 9-MAY-85
25-MAY-85
31-MAY-85
20-MAY-8 5

0 6-JUN- I 5
21-MÀY-85
0 6-JUN-85
2 0 -MÀY-85
0 9-JUN-8 4

31-MÀY-85
0L-JUN-85
3 1 -MÀY-85

6 21-JUN-85
7 15-NOV-86

15 *NOV-8 6

I 15*Nov-86
7 15-NOv-86
7 15-NOV-86
7 15-NOv-86
6 15-NOV-86
6 L5-NOV-86

10 15-NOv-86
7 15-NOV-86
7 15-NOv-86
6 15-NOV-86
6 01-,JUN-85
7 15-NOV-86
9 01-JUN-85
6 15-NOV-86
6 15-NOV-86
6 04-sEP-85
9 15-NOV-86
7 15-NOv-86
6 15-NOv-86
6 15-NOV-86
7 15-NOV-86
6 15-NOV-86
7 15-NOV-86
6 15-NOv-86
6 02-DEC-85
7 15-NOV-86
? 02-DEC*85
6 15-NOV-86

11 02-DEC-85
9 15-NOV-86
? 02-DEC-85
7 15-NOV-86
6 02-DEC-85
9 15-NOV-86
7 02-DEc-85
7 28-JUL-86
7 02-DEC-85
6 15-NOV-87
6 02-DEc-85
6 15-NOv-87
6 02-DEC-85
7 15-NOV-87
7 02-DEC-85
8 15-NOV-87
6 15-NOV-86
6 15-NOV-8?
6 15-NOV-86
6 1s-NOV-87
9 15-NOv-86
7 15-NOV-87

NA 02-DEC-85

6 OCHRE R
8 DÀUPHIN
8 DÀUPHTN
9 DÀUPHIN
8 DÀUPHIN

DÀUPHIN
8 DÀUPHIN
? DÀUPHIN
7 DÀUPHIN

1O DÀUPHIN
7 DÀUPHIN
8 DÀUPHIN
? DÀUPHIN
? DÀUPHIN
8 DÀUPHIN
9 DÀUPHIN
7 DÀUPHIN
? DÀUPHIN
6 DÀUPHIN

DÀUPHIN
8 DÀUPHIN
B DÀUPHIN
? DÀUPHIN
7 DÀUPHIN
8 DÀUPHIN
7 DÀUPHIN
? DÀUPHIN
6 DÀUPHIN
8 DÀUPHIN
? DÀUPHIN
7 DÀUPHIN
9 DAUPHIN

11 DÀUPHIN
6 DÀUPHTN
8 DÀUPHIN
6 DAUPHIN

1O DÀUPHIN
? DAUPHIN
8 DÀUPHIN
? DÀUPHIN
8 DAUPHIN
6 DÀUPHIN
8 DAUPHIN
6 DÀUPHIN
8 DÀUPHIN
7 DAUPHIN

1O DÀUPHIN
? DAUPHIN
8 DAUPHIN
? DÀUPHIN
B DÀUPHTN

1O DAUPHIN
9 DÀUPHIN
5 DAUPHIN

YES
YES

YES
YES

YES
YES
YES
NO

NO

YES

rEs
YES
YES
NO

YES
YES
YES

YES
YES
YES
NO

NO

NO

YES
YES PIÀ18
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES

YES
YES

YES PIÀTE
rEs
YES

YES
NO
YES

YES

32't
J1J
359
342
34'l
35?
343
35?
354
402
373
340
319
326
320
368
340
326
324
3s2
350
30?
319
34't
308
3?0
337
316
340
382
320
386
382
342
345
332
352
352

361
332
331
345
371
340
330
l<?
a^o

328
345
335
360
319
339

323
32r
36'l

344

345
363
36?
399
369
349
326
350
324
3't2
338

328

329
332
343
344
3 65,

355
349
34r
317
338
38I
395
340
355
329
346
355
340
359
34r
328
364
364

NÀ
333
365
313
337
345
354

NA
ll9

I
õ

-3

2
6

13
-3

9
a

24
4

4

4

22
13

36
-5
18
JJ

1

-5
18

13

10
-?
-6

8

-8
9

-3
19
-1

3

5

9

0

t9

*1

+2



tJ2

Àppendlx 6. Con't. Shorthead redhorse recapture
Dauphln Lake and Ochre Rlver

tagglng data for
1985,1986 and 1987.

ÎÀG * SEX

ORIG ORIG
DÀTE FKLÎ ÀGE

TAGGED (¡nm) (YR)

RECÀT RECÀP
DÀTE FKLT ÀGE
RECÀP (mm) (YR)

FKLT CORRECT NO.
RECÀP CHÀNGE OF ÀNNULI
LOC (¡nm) FORÌ'{ED

Y8451 M

Y8878 F
Y8003 F
Y8368 M

Y8661 M

Y8004 F
Y5487 F
Y8018 M

Y8773 M
,t8243 F
Y8439 M

Y8001 H
Y?896 F
Y8945 M

Y7869 F
Y829I F
Y8853 F
Y8386 F

Y8142 M

31-MÀY-85 331 6
24-MÀY-85 384 10
29-MAY-85 386 10
15-MÀY-85 336 6

20-MAY-85 316 7

29-MÀY-85 355 6

10-MÀY-85 334 1

29-MÀY-85 341 7

22-MAY-85 343 1
06-JUN-85 349 5
31-MÀY-85 329 6
28-MÀY-85 311 6

14-JUN-84 328 6
30-MAY-85 335 6
0?-JUN-84 354 8
24-MAY-85 373 7

25-MÀY-85 337 6
16-MÀY-85 34'l 6

08-MÀY-85 329 6

15-NOv-87 339 I
02-DEC-85 376 9

15-NOV-86 10
02-DEC-85 329 6

15-NOv-86 323 I
02-DEC-85 365 6

15-NOv-86 345 I
15-NOV-86 345 I
15-NOv-86 341 8
02-DEc-85 355 5
15-NOV-8 6 325 't

02-DEC-85 310 6

31-MÀY-85 334 't

L5-NOV-86 332 't

02-DEC-85 360 8
15-NOV-86 375 8

02-DEc-85 345 6
15-Nov-8 6 351 'l
15-NOV-86 332 1

YES
YES
NO

YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES PLÀTE
YES
YES

DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DAUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHÏN L.
DÀUPHIN L.
DÀUPHIN L.
DÀUPHIN L.
DAUPHIN L.
DÀUPHIN L.
DÀUPHIN L.

I
-8

-7
'l

10
11
-¿
-2

6

-4
-1

6

-3
6

2
I
4

3

*3



APPENDIX 7. Length-freguency distributions for shorthead redhorse
Dauphln Lake 1984, 1985, 1986, 198?.

Length
Interval

(mm)

111 - 120
121 - 130
131 - 140
141 - 150
151 - 160
161 - 1?0
1?1 - 180
181 - 190
rgL - 200
20I - 2r0
2Lr - 220
22L - 230
23L - 240
24r - 250
25I - 260
26L - 270
27t - 280
28L - 290
291 - 300
301 - 310
311 - 320
321 - 330
331 - 340
341 - 350
351 - 360
361 - 370
371 - 380
381 - 390
391 - 400
401 - 410
ArL - 420
42L - 430
431 - 440
441 - 450
451 - 460
491 - 500

Males
Length (mm)

4

10
20
20
14

ð

5

6

1

1

13
9

16
20
16
1)

t4
23
31,

35
54
38
11
19

9
9

1

1

1

MEAN STD **

I21.3

135. 3

144.8
L56.2
r66.7
175.5
187 .2
r94.1
206.1
216.0
226.L
233.8
241 .4
255 .6
265 .9
21 4.8
286 .5
294.9
307.0
315. 6

325.7
335. 4

345.6
355.0
366.6
373.3
385. I
393 -7

430.0

448.0

1. 708 0. 91

2-541 2.2't
2.221 4.54
2.943 4.54
2.525 3.1?
2-118 I.81
2.588 L.13
1.966 1.36
2.'t34 L. ?0
4.243 0. 4 5
3.288 1.59
2.088 2.95
3.395 2.04
3 -324 3. 63
2.96L 4.54
3.256 3. 63
2.908 2-72
2.433 3. 1.7

2.523 5.22
2. 838 ?.03
2.9'12 1 .94
2.809 12.24
2.990 8.62
2.450 2.49
2. 835 4 .31
2.598 2.04
3.408 2.04
2-498 1.70

0.23

0.23

Females
LengLh (mm)

I'{EÀN

4

13
11

5

5
1

13? - 0 4.243
14s-8 2.340
155.? 3-101
164.4 2 --102
l?3.8 1.304
184 - 1 2.'t34
r94.2 2.768
205.5 5.364
216.O 4.690
225.2 2.864
235.9 3 -247
246.2 2.'150

2564.6 2.48L
264.8 3.256
213.3 2.964
285.2 2. 905
293.9 2.678
306.2 3-265
315.8 3.r92
326.7 2.507
335.0 2.8I4
346.1 3.0?1
354.2 2.199
3 65. ? 2.7 49
3?5. 3 2.780
385.7 3.341
395.3 3.226
405.1 2.445
415.0 2.500
423.3 3.25r
435.0 5-657

454.0
491.0

STD

5
2
4

5
10
11
2l
15
I

22
L2
22
2t
30
39
50
49
42
34
30
24
14

Y
't

2

Tot aI
Mean
Mln
Max

0. ?5
2-43
2. 06
0. 93
0. 93
1.31
0- 93
0.3?
0.75
0. 93
1.87
¿. u6
3. 93
2.80
1.50
4.11
2.24
4.11
3. 93
5. 6L
1 .29
9.35
9. 16
?.85
6.36
5. 61
4.49
2.62
1.68
1.31
0.3?

* Combined * males + females + unkonwn sex
** sID = Standard Devlation

Comblned *

Length (mm)

44i

1

4

15
tc

32
19
13
t2
11
10

6

T2
23
20
37
35
24
34
26
45
52
65
93
88
60
61
43
39
31
14

9

8

2

1

1
1

MEÀN

114.0
r21.O
135. 9

r45.2
155. 9

166.1
t1 4.8
185.4
194.5
206.4
216.0
225.8
234.7
246 .8
255.0
265.4
21 4.3
285.7
294.5
306.6
315.7
325 .9
335.2
345. 9

354. 4

365.9
3't 4 .9
385. 6

395.0
405.1
415.0
424.7
435.0
448.0
454.0
491.0

282.6 't4.329
125.O
448-0

slD

1. ?08
2 .981
2.282
2.992
2.706
2.400
2.999
1.968
3.340
4 .099
3.019
2.803
3.041
2-882
3.089
3.L79
2.932
2.549
2.902
2.9s6
2. 855
2.801
3 .029
2.7 36
2.789
2.830
3.322
3.114
2.445
2.500
3.834
5.567

0.10
0.41
1.53
3.5 6

3.26
1.93
t.32
7.22
7 -L2
t.02
0. 61
r.22
2.34
2.04
3.77
3.56
2.44
3.46
2.65
4.58
5.30
6.62
9.41
8. 96
5. 11
6.2I
4.38
3 .97
3.16
1.43
0 .92
0.83
0.20
0.10
0.10
0-10

1

1

535
319.9 69.685
131.0
491.0

0.1,8
0. 18

982
302.1 74. 905
1L4.0
491 .0

ts
H
tiJ



Appendlx 8.

Àge
(yr )

Age-frequency
Dauphln Lake

1
)
3

4

6
't

I
9

10
11
T2
13
14
18

Males
Fork Length (mm)

dlstrlbutlons for shorthead redhorse
1984, l-985, 1986, 1981.

2

49
43
qa

16
69
59
28
16
14
1.2

4

MEAN SlD **

l-36.5
149.6
186.8
2s4.2
295.r
323.8
333. I
339.9
363.9
31r -2
3?6.8
381.0

388.5

2.r2t 0.0s
12 .00't 11 . 3 4

33.158 9.95
22-927 13.43
25.564 1?.5 9

22.r25 1s.97
13.852 1.3.66
25 -'t 95 6. 4I

1s5. 6?0 3. ?0
25.929 3 -24
22.0'79 2.19
9.557 0.93

10. 60? 0. 05

ToEaI
Mean
Min
Max

* Comblned = males + females + unknown sex
** STD - Standard Devlatlon

432

Females
Fork Lengt.h (mm)

25
33
64
7t

105
80
44
37
2S
18

282.9 ?3.401
125.0
396.0

MEÀN

149-2 8.10s 4.81
189.4 30.L29 6.35
258-'ì 25.548 12.31
296.5 24.198 13.6s
334. 6 1?.188 20.I9
355.1 15.641 l-5.38
369.2 15.560 8. 4 6

38s.1 20.2L3 't.r2
384.0 12.994 5.38
396.8 33.48? 3.46
400.? 10.912 1.15
406.5 11 .2j^4 0.77
418.8 15.586 0.'t'l
454.0 0.19

STD

6

4
1

Comblned *
Fork Length (mm)

520
318.5 69.646
131.0
454.0

2

19
16

L23
L47
t't 4

139
12
53
42
30
10

4

6

1

MEÀN

136.5 2-I21 0.21
148.8 71-268 8.25
18?.9 31.695 't-93
256.2 24.60r 12-84
295.8 25.L20 1s.34
330.3 19.954 18.16
346.1 L8.23't 14.51
35?.8 24.636 7.52
3?8.? 21.790 5.53
3't9-'t 19.010 4.38
388.8 30.689 3.13
392.8 14.133 1.04
406.5 ]-1.2t4 0.42
408.7 20.304 0.63
454.0 0.10

STD

958
301. 4 ?4.300
114.0
454.0

H
H
,À



ÀPPENDIX 9. SÎOMÀCH CONTENT ÀNÀLYSIS OF SHORTHEAD REDHORSE FROM DÀUPHIN LÀKE.

Sam .

I FKf,T

10 52

15 54

258
559
664
766
I 78
4 't8

17 86
19 87
11 94
9 101
I 102

18 110
118 113
26 113
20 114
24 115
25 118

115 L20
110 r2r
16 I25

102 13 0

13 732
23 135

tLz 135
2t 143
14 L44
22 155

116 160
12 168

5265 r76
5261 18?
5260 189
111 19I

5266 200
5257 242
5263 251
3274 26L

37 263
5258 265
5262 265
5267 266

26-08-87
03-09-87
02-06-81
02-06-87
01-07-87
01-07-87
01-0?-87
o2-o6-87
01-07-8?
01-07-8?
24-08-87
26-08-87
2 6-08-8?
26-08-81
24-08-87
26-O9-84
14-08-85
02-01 -87
14-08-85
14-08-85
26-09-84
26-09-84
02-09-87
25-09-84
01-06-87
14-08-85
26-09-84
14-08-85
21 -08-97
14-08-85
2t -09-84
28-07 -87
26-O8-8't
26-08-87
26-08-87
24-O8-87
26-08-87
26-08-8'l
26-08-8?
24-O8-87
07-07-83
26-08-8'1
26-08-87
26-O8-81

ÀBUN

FEW ÀBUN

FEW

RÀRE

ÀBUN

FEW FEW

FEV{

ÀBUN

ÀBUN

ÀBIJN FEW

FEW ÀBUN
ABUN

ÀBUN FEW

FEW FEW

FEW

ÀBUN

ÀBUN

ÀBUN

FEW

FEW

FEW FEW
... ÀBUN

EMPT.
FEW

ÀBUN

FEW FEVI

ÀBUN ÀBUN

FEW

RÀRE

FEW ÀBUN

tEw

SÀND CHIR. TRIC. EPHE. OSTR. CONC. CLÀD. ÀMPH. COPE. MOLL. GÀST. DIPT. ÀCÀR. OLIG. ODON, ÀCÀN. NEMÀ. TREM.

RÀRE

FEW

ÀBUN

ÀBUN

FEI{ FEW

RARE

FEW FEÍI

RÀRE

RÀRE FEW ÀBUN
RÀRE ÀBUN

RÀRE ABUN

FEW

ÀBUN

ÀBUND

FEW

FEW RÀRE ÀBUN

FEI{
FEW FEW

FEW

ÀBUN FEW

FEW

RÀRE

FEW

RÀRE

PEW

FÉW

FEW RÀRE

FE!{ RÀRE

GROUPS OF ORGÀNISMS IDENTIFIED

ÀBUN

FEI{
ÀBUN

ÀBUN

ABUN

ÀBUN

ABUN

ÀBUN

ÀBUN

FEII
FEI{

ÀBUN

FEW RÀRE

FEII
FEI{

FEW

ABUN RÀRE
ÀBUN

ÀBT'N

ÀBUN

ÀBUN

FE¡{
AEUN FEW

ÀBUN

RÀRE
FEr,l

ÀBUN FEW

FEI{
FEW

RÀRE

REW EEW

FEI{
FEI{ FEI.I

FEW

FEW

FEW

FEW

FEW

FEW

ABT'N RÀRE

FE¡{
FEI{
FEIi ÀBT'N

ÀBUN

FE¡I

RÀRE

FEW

FEI{
ÀBUN FEW FEW

FEI{ RARE FE}I
RÀRE

FEI{ FEI{
ÀBUN

RÀRE

FEI{
FE¡{

tEñ

FEW

ÀBI.'N RÀRE
R.ÀRE

À3UN
FEW

ÀBUN RÀRE

FEW

RÀRE

RARE

FEI{

FEI{

RÀRE

FEW

R.ARE

RÀRE

FEW FEW

FEW FEW

FET{

RÀRE RARE

FEW

FEW

FEW

HF
tn

FEW

FEW

FEII



ÀPPENDIX 9. Con,t. STOMACH CONÎENT ÀNÀI,YSIS OF SHORTHEÀD REDHORSE FRoM DÀUPHIN TÀXE.

Sm.
+ PK1T DÀTE

5259 266
101 27 r
47 271
42 278
44 285
31 288
49 295
43 3r.r.

8818 3t L

46 314
32 320
34 320
40 32L
21 322
31 32't

82'18 329
39 335

859 335
30 340

8368 340
28 342
36 344
45 344

800L 344
50 348
41 352

8364 356
8993 361

33 362
8806 364

48 365
8343 3?0

35 3?3
29 {03
51 33?
52 340
53 325
54 315
55 369

26-08-81
25-09-84
27-08-86
04-08-86
04-08-86
01-06-86
l0-06-85
04-08-86
I 1-02-8 6

27-08-8 6

01-06-86
01-06-86
0?-07-85
27 -09-84
0?-07-85
rr-02-86
07-07-85
11-02-85
27 -09-84
11-02-86
26-09-84
20-08-83
27 -08-86
11-02-86
10-06-85
04-08-86
11-02-86
1 1-02-86
01-06-86
11-02-86
27 -08-86
11-02-86
2't -06-83
2't -09-84
09-06-85
09-06-85
09-06-85
09-06-85
09-05-85

SÀND CHIR. TRIC. EPHE. OSIR. CONC. CLÀD. ÀMPH. COPE. MOLL. GÀST. DIPT. ÀCÀR. OLIG. ODON. ÀCÀN. NEMA. TREM. ÀI-GÀ

FEW ABUN

RARE

ABUN FEW

FEW

RÀRE RÀRE

RÀRE ABUN

FEW ABUN

FEW ÀBUN

ÀBUN

ÀBUN ABUN

FEW FEW

FEW FEW

ÀBUN FEW

FEW ÀBUN

ABUN FEW

ABUN RÀRE

FEW

RARE RÀRE
ABUNÞ

ABUN ÀBUN

ÀBUN ÀBUN

ABUN ÀBUN

ÀBUN

FEW ÀBUN

FEW

ABUN

ABUN FEW

FEW ABUN

ÀBUN FEW

FET{ FEI{

EMPT.

RÀRE

FEtl
ABUN

FEW RÀRE

FEW

RÀRE

FEW

FEW

FEW

RÀRE

FEW

FEW

FEW

ÀBUN

ÀBUN

ÀBUN

ÀBUN

RÀRE

ÀBUN RÀRE

RÀRE

ABUN

GROUPS OF ORGÀNISMS IDENTIFIED

EMPT.

EMPT.

EMPT.

EMPT.
EMPT,

EMPT.

EMPT.

EnpE.- emptyr Chlr.- Chironomldae¿ Trlc,- TrlchopÈera, Ephe.- Ephemeroptera, OsEr-- Ostracodå, Conc.- Conchoat!åcar CIad.- Cladocera,
Anph.- Àmphlpoda, Cope.- Copepoda, Moll.- MoIIusca, Gast.- GasÈropodà, Dlpt.- DlpÈera oEher than Chlronomldae, Àcar.- Àcarlna, OIlg.- OllgochaeÈâ,
odon.- odonata, Àcan.- Àcanthocephala, Nema.- NemaEoda, Îrm.- Trenatoda, Àlga.- Àlgae.
Rare - 1 or 2 ltems, Few - 3 to 20 Ltems, Àbun - greaEer than 20 ltens.

FEI{

FETI

ÀBUN

ÀBUN

ÀBUN

ÀBUN

AAUN

ÀBUN

FEW

RÀRE

ABUN

ÀBUND

R.ÀRE

ÀBUN

FEW

RÀRE

RÀRE

RÀRE

RARE

RÀRE

FE}J RÀRE

RÀRE

RÀRE FEW

FEW

RÀRE

FEW

FEW

FEW

FEW FEW

tEn

FEW

FEW

FEW

RÀRE RÀRE

FEW RÀRE
R"ARE FEW

FEI{ FEW

RÀRE

FE¡,I

FET{

RÀRE RÀRE

FEW FEW

FET{

RÀRE

FE¡{ RÀRE R.ÀRE

FEW FEW

RARE RARE

FEW

Hts
Or

ÀBUN

ÀBUN

FEW

FEW

ÀBT'N


