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 Sel® yopula!ionc i four akes on :he Avalon Peninsula, Newfound-
ula’nd /ﬁex'/: investigated m thl! s:udy. Symputtic yopull!inns of xarge
(guf.t) and mall’ (dvarf) smelt Live'tn one of ‘these'lakes, Black River
\Eond.\lhe remuinlng three lakes :ol\tuin only. the mll:nu smu
Small’ race emelt’ luve a very -short lifes span, usually. two yenra,
whtthhz urgz rsce may attnin an age ‘of stx yean smu race meh
aeldnm excéed a“length o130 im lnd many llrge rice smelt exceed 250
* mm, Sm.n race. smelt nuly attain & u:ighr. of 10°g while gt to not

jy I glant omelt to weigh: e’ thisn 10 ‘tines :hu lmuunt..

_Four-of the st me hological stics slmuea

lsignlﬂcdn: diiference betueen the two nympztrl: rages.

Bnth Taces are upnng upauners, with' the actual time: of ApAwning

varying from one locality to the ‘next, and from year to year. They
!PAwn both in tributaries and uround the lhores af the’ lake. 'S;npll
rau umel\: ruch uxua\ maturity at :he end of their ucand growing *
season: nnd ‘the 1nge race smelt a year later.” The gympanxc popula-
tions, at Black Rlver Pan dre rep:oduc:ively lsolnted :zmpatully and

aps, apadlﬂy. “he iarge race spawns. first, |
69\4'

n'tlng almost two
eelcs priot to the beglnning of -paunxng n the|

11 race.

Food analysis siudies showed that smill race smelt are principally

Beithis fabiers vaiying mainly on sgsatic’inssct larves ‘add dyuphs snd

“to! a lesser degree on’amphiipods.:: The relative {mportance of any
particular aquatic invertebrate group showed Tegional variability,
The ‘Large race at Black River Pond are vety cannibalistic, feeding

_ wpon younger wall race emelt, They forage on timature stages of

uqulti: lnsectl to a lelser d!gtae.
.o




-Combining information on rate 615[‘ grouth, 11fe span, age and ‘uzj
AE SRl RREGELEY), Fe oE i, feeding habits, and sorphologieal
. ; differeneed 1t nppean evidunt :hn the -two syqpltvic forms at Blnck
- 5 2 .‘ “River (ond are dls:tau pupulatiaﬂa, and that at least a puuux

barrier to gene flow e!d between lhem.
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Landlocked American smelt from Black River Pond.

1. V* Large Race

2. 1vt Large Race

3. IIT* Small Race

4. IT* small Race

(Photograph taken by Mr. Leo Cave, Photographer, Scientific Photo
Section, Environment Canada).
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Lo - il INTRODUCTTON . )\
"Second’ cousin to the glayling and trout, and ome of the meatest, 3
by ', . .most graceful, ‘and delicate of all.our food fishes, is that universal’
favorite, the smelt." (Semuels,.1904):
‘ ‘WL PR oy
’ s s . 2 ) .
-~ The American ‘smelt, Osnerus mordsx (Mitéhild) 1815, occurs iy

/Iandlnnkm in many lakes nnd ponds throughout its runge in eu:em

Nnrth Amgtica. o forus, the lane sad mmall xacey; have bem”

,» A G
reported from & nimber of lakes (Greene. 19303 2{111o0x and-Youngs,

- \1958 ‘Brooks and Deevey, 1963; Delisle, 1969). Smelt'are indigenous in

S L B S somg of, thiese bodies of wafer but-they have been introduced into many ]

’ others.: Delisle (1959) - repon’a they are present in_ 128 Quebec : .

fakes and r‘ivers. “Rupp (1969) ‘has reported they are presentin 114 2.

Kl Maine lakes.  They have been qntraduc‘ed into all gf /the

‘(Hankirison and Hubbs, 1922; Greaser,.1925; Van Gosten, 1937; Dymond,

1944). - Many different aspects 6f its ecology and life.history have & ° |
<. bedn studted and duc\;;zen:?aa n regions outside Newfoundland. ;Referénces. = ; -

€0 most, of "thedt works are fnludéd ta'a bwucgraphy of’.the. smelt

fumuy, onﬁndae, by Gruchy and McA]uiane: (1972). . & : -\ |

E wuthough séveml studies have’been.darried nu;’. on some of the e

- Deavinaar s anadromous omelt populatinns (Dyke, 1964; Copman. 1973, 2

N'hwanl, 1973). nc/invenm!y has been done on the 1anglnckgd pupﬂlntions

\ " o nl ot insylar Newfoundland: Scott and Crossman {1964) reported that smelt )
4 S e
) eggs were inported trom New York seate. tn"1893 and 1895 and planted n 7
!L . . some Newio\mdlmd 1-kea. They also repurted that at’ me ‘sa time meny
- = g g

Newfoundland Ilkesvnlrudy contained smelt.




k A . . Sim:e then no- mention is made’ in the 1jterature of the land- -

i L loéked smelt except :ha: thiay ske folad fn some Newfoundland lakes.

m{e to this, lack of 1n£armah1nn of 1And10cked smelt in Newfound-

land, this study was initiated to lnvestigate some AspectL of the smelt' s
' ”biology and £o evaluate the possibility and Eeas}buity of introducing
sy ﬂ,mdlock:d amelr_ L potential forage fish for the resident salmonids
y " in urusn lukes on the AvA‘Lon Peninsuta, Newfnundland. Rupp (1959
1968), McCaig and Millan (1960), Havey and Warner. (1970), Warner (1‘172), :
“and Havey ,(’1973), thaye shgwn thetr Ioeebasenas. bigordhesgie whlien

species; pnr:iculxxly salmonids.

e study vas deslgncd to inélude inveq‘:iga:ion of .grouth rate;

e survival and mor:ality rates; qu and \size ut:um:ilre, food habi’ts‘ und
' spavning clues; ;ue., and’ behavior, - A “
z ]
. ; . 1
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DESCRIPTION OF .THE.STUDY ‘AREAS .

“YFour lakes on the Avalon Peninsula, known to contain smeit, were
Samp: ed for this study’ (Figure'1). 'These dnclude Larkins Pond and

Clxrku Pond ‘in the Placentia area; rlne Island Pond South near Avondale,

and IElnck River Pond in the Salmonier area. BAthymetric maps of "the

four Lukee are shown in Figures. 2-‘5.

Location ~ gy
Larkins Pdnd 1s olthated 47°13m.53%8"w,
- Clarks Pond ldes at 47°13'N.54%W.
Nire Island'Pond South i situated 47°22!w, 530150,
* Black River Pond'{s sicuaced 47 °13'N. shozhw,”
Dratnage Arg' Substrate
All ‘four lakes: lie u( a zeglen of Ptecﬂmbtian seamen:ary and
volcnnic rocks: The dratnags basins of Latias und Clarks Pond contiln
Hadrynian siltstone, arkose; :mglomemce,_alna,,_md actdte to
1ncemadla:e voleani rocks of the Quagzéu;pwh Group. * -The similar
strataof the other [ vo lake ‘a:umg; bastns belong to the Conceprion
Group (Geoxngicul Survey of Canada, Map' 12314, 1967). X
Vajararive Cover ‘ - o . &

Most: of . the aurmundmg atea of the four lakes 1s forested:with

<




.t e

black spruce (Picea mariana), balsam fir' (Abies balsames), and white birch

(Betula papyrifera).
T .

Physical and Chemical

& (A R
,The 'lakes range in size from 22,3 ha (Clarks Pond) ‘to 108,6 ha

“(Black' River Pond). ' Black. River Pond| has the greatest maximum depth

* conductivities tange between 30.7 and 92.0 (Tablé 1).

7| (18:9 m) and mean depth (6.3 m). . pH values range £rom 5.9, to 7:0; and

Table 1. Physical and chemical properties of the four study areas

Larkins 3 Clarks * Nine Is. ’£d. . ..Black Ri.vek[
Pond ... . Pond South Pond'. !+
Area (acres) . 61.1 55.1 203.6 . 268,3° °
@) 27 22.3 82,4 108.6
SMaxtmm " -
depth (£8) . < 36.0 30 0.0 2o 62:0
R 11.0 1.6 8.2! 18.9. . .
Hean . )
depth’ (££) 16.6 18.8 1.1 20.5
(mL_ . s 3 6.3
. pH 7.0 5.9 6.5
Spedific Con- | ..
. ductance micromhos ¢
at 25C 92,00 89.4
Thtal Hardness ,as
: i 17.2 16.9 6.0

Caco,

* The'lakes are usually icé-covered from carly December to'the latter

part of April.  Mean md(lliiﬂy surface temperatures for tha ice-free




s

5 W . 3

e ‘ertod for three of the lakes are given in Appendix L. Dissolved iy
. “oxygen concentrations taken durtng the summer of 197: range- fm. n 3 to
9.6 mg/liter at the surface and 9. 8 -glun: at the

N ‘Black River- Pond: o:ygén and cemperature. r!-dingl for the four lakes

i

are given in Appendix Zrmd 28, Wiawman (1973) and Wiseman and Whalen .

(1975) m an invlm’.ary of lakes on the Avalon Penlnlllll described. lhﬂe B :

. four lakes in gone detail. . . P g

. l.nki.nu, ‘Clarks, and Black ‘River Ponds, bésides cwnninlng Tand-

Tockeh meie; omeru Sordax, also contain brook trout; Salvelinus

; ' . fontinalis, thr:elpina lticklebu:k, Gasteroa

" American eex, -Anguilla gostrata: o sddition‘te thess, species; Nine.'

Island Pond South contains oisneniche or landlocked Atlantic salmon,
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g

‘. BATHYMETRIC MAP OF CLARKS POND. ., )
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o % ' MATERIALS AND METHODS

‘1 p TR RV gy ; g
i ;

i

b

}

Sy X Data- For this study were collected between the Fall of 1972 and

; o . 5 o
: the qu:ng of 1974 (Table 2). | Most.of the fish were collected using - ]
: - |

i

“lake trap mets (live traps) fishing overnight in Mater'1.2.to im deeps e
* Seines, dip e, i STIL HACH veEe MLapiiead,. The 1ive: tesgevers ‘
“constiusted of 3/4" (19-em) or 172" (1:3em) ‘stvetched nésti kniuea g,
nykon,, They consist of a 30. 5w 1eader, twp 9.1 m'wings, a bndy of
1.2 o frane and 4 - 0.61m fremes mnd a teatithg cad end. " The
Leader and wings Vi 1 8w (Figure 6). - The shore setne vas 1,8 f deep,

7.6 m long and was made of 3/16" (0.48 x:m) knotless, lquure melh ace

atyle natti,ng‘ Dip nets m&de of 3/1"‘ (l‘f\cm) ltre:ched mesh nettf,ng

|
vere used to capture smelt.for sex determination during ‘the spaning

fun. A ganig.of monofﬂame\\t 2417 nets, cnnsistlns of ‘thrée nets with.

. stretchied mesh size AL g

3 em); 36 (1.9 cm), and 1" (2. 5 cm) was

ks Fshed at vnyﬁag depths. [hroughout the seasons f’f che year. .
These. nete were set undefneath the lce during Pebruafy snd March, 1974

"usfng the "prairie-ice jigger! unémzque (5pzu1u,.19h9) (Figure 7).

i

“The holes were ct thrmgh, he|dee ustig a Stihl power chain say..-A X T

m!d-wnter tragl with a cod end: of 3/16" knntleaa, square mesh ace
% q

. style net:ing was -lso used in'an lctnpt to.collect you-[\ of- zhe-yenr
£1sh, : I t
The Lakes vere echo wu-}deﬂ liging a’ Ferrograph "Off.hnie gco""

depth récorder’ with 4 transduger arm attiched to the gunvhale of
efther a 16171 Boston Vhaler or a 14!, aluritn boat. i morphonetric
perancters vete calculated accordify to Welch (1948): Eron topographical

maps. from the ‘Canadian Mines' and Techinical Suryeys series.




. Water analysis wis CAtried vt hy both the Inlund nuen n

P

Directorate, Water Maragement Servlce, Deparbment of the, Eavironment,
-, .

Mencton, New Brunswick-and by the laboratory Services Unit: of the’

Recreational Fisheries,Group; Resourcé Development Branch, St. John's. '
Table 2.7 Location, date,- and gear used in ca‘l;ec:{ng’ smelt ‘from fall
v <) 1972 t0 spring 1974 - ] Y

b o et Ee S e k G aca:  Sample Stze
y “Lerkins Pond .- May 8 (1973) ﬁﬁqu Teap et 57 ¢ i
) 9 as7h) . ¢ Lake Trap Net gl .
; 10.(1873), Laké' Trg;; Net .. R f
: ; Clarks Pod= " . April 28 (1913)  Shore Sefng o Hy o
i = P by May 2 (1973) Lake Trap'Ner o 7725
. | o 'Nln‘s.Isv.'Pd“.,S.. _ October ns (1972) | Lake Tap Net i :
" Noveriber 19.(1972) Lake Trap Net . . 178, E !

.n‘hck River ‘Pond' April'19 (1973)  _ 'Lake TrapNet - 57
(Small race) £ :

e T Y  May.1 (1973) Lake Trap Net. . .’ 76
k 2.(1973)" .- Lake'Trap Net S o
T pe mavar Pona Lhpri1 19 /(1673) 0 Lake Trap et 9
. (Large race! e ] o, ;
K May.1.(1973) , * Lake Trap' Net' !
¢ A S a iy . fdke teaper o 16
; *apeil s 1978) | lake Teap Net e
i L11 qerw)’ Lake Teapnbe’ 1 .
i L | ; 16 (197{»)? Lake Trap Net © Cem, R e

. § W Jn e vay 4.01974) Lake Trap Net = © . 18 ;




=15

Fig. 6. Lake trap nets used to sample smelt

Fig. 7. Prairie-ice jigger used to set gill nets beneath

the ice.




;

e e e L

!

off with paper fowels “befofe weighinga were madé.’ /

e ) s,

i Temperature and oxygen determinations werd made in the deepest
jere of each lake whenéver -time permitted., They weré taken at 2 (0.7 m)

or 4 (1.4 m) foot intervals using either’a Model 85 Deltd Scientific

oxygen or a Model S1A YSI .combination

| oxygem metér-thermistor. -Surface water temperaturé data for three of

“the four lakes'were obtatned from a contindous rewrdi.ng Rym thermograph.

AL were ‘frazen’ {mmediately upon capture or shortly. - =
¢ . -

apd all e were made at a later dste.

Measurements *

The £ork Tength (t1p of head to. fork in tail) of each fish vas
’detemined to the nearest millimeter. Weights' vere de:emxned to the

néarest 0.1 g usinga Mettler 1200 balatice.  Excess water was drained

Lerigth-weight Relationships
Length-weight relationships. were calculated using a Log-Log
1

Linear Regressién Program for an IBM Series 155 electronic computer.

 Scale sanples vere taken from the Jefs atde of euch t1ab tatvaen
the 'lateral .line and the dorsal fin. They vete placed on aeale’ -
papers’and then put into scale envelopes. They were later examined
'usmg 4 Bausch and Lomb mmpm;em} with a mugnificnnor; of 43
Jdime;ezé and aged sccording to the 'shlny line' cri:er!nn (HcKenzie.

X958) :The; ucnles vere meadured from' the centte or iccus to the

mia-point of the posterior margin. fhe annuld, ideneitied by the




s

‘measurements were made at a later.date.

“-15-
'shiny line', were reasured along the same radius. ‘The projected image

of the scale with annuliwas traced on white sheets of ‘paper from which

. [
Morcalltx (L &

. Survival ram; between age groups were cdleulated from the formula:

s= N+ 1
) N

s ropresentative sample (Ricker, 1958).

» where 1‘: Tepresents the number found in each age group, in

!l Tvo qualitative methods. of. food assessient were used in-this study:
(1) frequency ‘of occurunne,| and (2) velght or gravimetric.

Stomach contents, removed from lover esophagus to pyloric, aphinctet,
were ‘placed in vials concsmxng 107 formalin. Eanh stomach saiple vas
placed i, an {nmmuu'vxu. he samples were exanined m a Petri
dish using a dissecting micruzcope. Dry wedght of food refers:to weigh:
aEter ;he food items weré drizd in a drying oven for ‘24 hours at a.

tamp:xab\.\re of 80F (25 7°C)." These dried: food 17@.; .were then weighed

:n the mmm g ueing & Sartérius 3400 balance,
Food organians wert identified o taxovomic order by referring to
Pennak (1953), Ward and Hnipple (1959), Neediian’ snd Needhan (1962);

a\r\d Borror, und Demng (1971).

ganada but irmature £ish of gro ,,p tequired opic exai

ination. 'Sex co\gld not, be determined with coifidence for smelt af:this
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‘subbs -and Lngxer (1947

i

age_group.

Fecundity
“The 'ovn:iea' from 100 ripe f;mleu‘-from Clarks Pond were ‘Jre!erv!#‘ : i
in 5% formalin. <They were ey weighfd before being preserved, . i
Fecunﬁn:y was detérmined at a ‘later date using the volumetric | me:hnd . i % Ty
(Burrows, 1951y, _ ' ; . |
The mean actual and estimated egg count for ﬂ‘sm‘nple‘cf zo*,:énl;_. o :

of ovaries showed mo significant difference (t = 0.009, d.f. = 38, p-

0.05) (Appendix '3),.3, ’ ’ ) :

Morphometric Characters

Morphometri¢ characters were messuzea ‘using Vernler. calipers and a

ruler (l‘endlng przcision 0 1 mm)‘ ’!‘he d‘ll!‘ﬂctetﬁ mensnred were: body
Gapth exproseed o'a ratio of fork Iength head length as a ratio ot
fork length, caudal peduncle depth as'a ratia of head length, and
dlaneter. ot the oppic ab a atio of head Lengih.

Gounts were made for gill rakers end vertébrae,, Separate counts
were made of ‘the upper and lover limba of ‘each ‘g111 arch and all . .

rudimentary rakeis were. included. | These counts were made using &

binocular microsc ALl J vere counted, those of

“the hyputal plate. - These counts were made fron radiographg ‘using an

x-ray reading machine. . A hand les was nlso used in cnundng t'he

vertebrne of the small race smelt.

Methods of meauuting and :ounting folioued those described by
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RESULTS

SI1ZE COMPOSITIO!

A. Length iia ! w g MR .
Size dfstributioh’studies from eich. lake showed ‘thdt the large
|

“and .smdll race forms ekisted. in. Black River Pond,

The sn\nll race smelt from each lake were gruuped into 10 o

Tength classes and the large rhce snelt frum Black Klver Pond were

grouped into 15 mm 1Eng:l? claeses.' Fork length dislﬂ.butiono are

shoii in Table 3 and presented in histogram form in Figure 8.

ALl of the small race lengr.h dtsr.rwutions are ummudnl with :he,

52
'majur{ty{ of the £1sh batween 80 end 100. i Tepgeh, except n fhe

case,of Nire Island Pond Séuth where the majarh:y fall between 70 and

90 1, I'he length dlstrthur,ion af 1atge race fish from Black River.

Pond shows & bimnd41 dfatribution, | Thé-Hrst mode oceurs be\:ween ‘115°

and 129 mm and the second modé occurs Tzetuun 235 und 249 m.

Males ‘and femgles showed similar. ‘Lengeh dlstr!butionu (Table A)

The nodal classea for bath‘ sexes are, for the mo pm.'t, the. same.

‘Females attained”the greatest length in-all of the simples exuept at,

‘Clarks Pond, =’

The mleu =xceed the females in average éize in thrée of tha

[
£ive populations, but the dlffet?nce 18 signlﬂclnt 1 only ‘the two'

populaf_lons fedm Black River Pond. While the fenales had-a greater

an Tenith {2 eha other ‘two populations, the i fredessenin not.

significant in either ome.

!
{



':—15‘-'-

L6 o
oo
S s

e etrel  vim g sees  epw
e ) o e
TV W G T 9 N
rearien sen pun pauyee: 00) 33 w21 1(en peRSOTFIR] 70 uetaieodess water] - ( WaNL
=== 5 g
J g v

e s




Fork length distribution of landlocked smelt from the'
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e _. i s 1
: ¥ i
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Table & . Comparison of mean fork length (mm) by i
smelt collected from the four study aress |
e S e lengih L 23 i
Locality =, Sex (mm) $.0. ( S.E. d.f. t-vilue & |
Larkins Pond  Male .(18) 90.28 e L6 w6 . o7 f
. “Female (130) - 92.37 . 7.90  0.69 i
Clarks Pond . . Male.(30)  95.98 [ 863 0.9 s Lsd
; | Remale (107) . 93.83: U 12.98  1.26 L
% - ! ; N G & . |
. Kine Island Male (9) - 8232 | - 6.32 . 0.65 | 198 1.5
“Pond South < i fy i 4
ST Female (106) 8354 | 7.8 | 0.72 e By
‘Black River Male (95) - 92.51° . 8,01 135 | 171 . - 2.21% '
Porid_(Small * 2 T .
Race) || Femieqdn). 8.5 652 0.3
Black River  Male (95) -225.60°  24.83  2.55 13 - 3,39 y
Pond {Large . < ” .
Race) . Femite (20) - 196.60 . 56.42 - 12.62

* Significant at p<£0.05

** Significant at p<0.01 . I >




'

il .

Whole weight dfstributions are shown in %‘abla '$, where ‘thé small

Hetght

vage anell ath BrGuped dBts 20E VeLEHE cldsesand thelarge r}ac; smelt
from Black River Fond are grouped into 10 g weight clasees: The whote
weight qismbu'uuns' are presented in histogram form in Figure 9, °

Lil:e “the Tength ﬂxs:rn;nnuna, all of the small r;;ée weight dis~
trtbu;.iuns are u‘ni;w‘dnl. Be:uaen 84 and 97 percent of the ssmples 1lie
\dithin ‘the 2 l’.4 5.98 lnterval‘ ﬂla distribu:lm\ fc{ the,large Tace
smelt’ 1a ngatet bimodal. The moden oceur a the 0-9.9 and 100.0- 109,9
intervnls.

There Wlé little di:fference between the male and female_ distri-

butions, the modal weight classes béing generally the same for both.

. Here again, the femplés attained the greatestiweight in all of the

ahples except the sample from Clhrks Pond.

i i . <
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. Whole weight di
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2k o ek ey

\The'males had a signlﬂ.cnntly grent.er mean we(ght than the Eemales

in three of the pnpulsticns stidied. There lva‘u no aigniﬁc‘ut atffer- g

ence between che sexes..in Lukms Pond uhlle the fmulza possessed a

significantly ‘greater mean ueigg‘ in Wine Tslaad Pond South.. |

' Table . Comparison of mean whole welght (g) ):y sexes for. lindlocked
smelt collected from the four study areas

e 1
. Mean weight * X ! 3 ta
- Locality .. Sex -  (g)- §D.. . S.E.  d.f.  t-value

B E v R
Latking’ Pond ' Male-(18) . 4.03. -0.88 0,21 k6 0.04
Femaie (uh) 4:06 L4803 )
i i !y s e :
Claiks Pond  Male (90) (" 2.05% 0,22 195, "2.41¥ -
& * X X . B . =
‘ ' . Female (107) 4.43 © 198 0.107
Nine Toland' Male (94) 3.80 0.84 . 0.09 198 1.98%

-Pond South, B .
pmxe (106) ADQ» oLile t0.11

. Black River Maie (35) ,A.‘Js' Tlez 027 171 4w
® Pond- (Small
*. Race)

Fmale (138) 3. 53 ©0.90  0.08

127.12° 7 13.04| 113 -7 2,.61%

* 50,07+ 11.20

* Significant at’p<0.05

"% Signiffcant at pe0.01

]
|




L . The léngth frequency dis:ribucﬁonu (fork 1angth at time of -
captuze) of age groups of mh from the’four study nre.ls appear in & 7

* Tables 7a-c;

of the

Aga-gx‘oup ot ot the émall race fish. and age-group

" lhrge vace Eish from Black River Pond cbuld not be Bexed, Size digtri-

‘butions nf :he ol:her Age-grbuyu, for both races, are gi.ven by sex..
3 The five age group 0% fish from ‘Larkins Pond and. ClarkssPond did:

| *,. not overlip the length distribucion of fish of either sex of of fage- group
K . it in efther lake. There. was oveﬂap between the 1* and -u age groups

for+ buth sexes taalt populations of small race smélt me males dis.

| 6" played x‘.he gteatest amount of overlap for :heu age groupe. -The ‘over-

lap ranged from 4 mm {n Nine I,jld!!d Pend Snuth to-49 in Qlurku Pond’,

¢ The t'emnleu of nge gmup 1 o‘Jnrlapped!the l-ength range of Age Sl‘oup

flsh by IA imn in Blnck River Pond and 19 wm, in the’ remnintng three
4 : popuJJ-qu. “The one TIT' female smelt” from Larklm Pond fell within S
LT the u age graup fenale length range; the'two IIIX females from

Clarkh Pond were uithin the 11 female size’ range and two. 111" miales

ere dischéte with respect to the IT* mne_ size. range. The one IIF*

In the large race’smelt from Black River Pond the, maled
“‘once .again slmv.}e r.he gteutent degree nf overllp of length distribution

a7 betueen age groups 1T and\11t. The aver].Ap here was 29 mn and 14 m

for ‘the males and females, respectively. This géngral situation alnn

mld true within the oldér age: grnups where the overlap” ranged from s

28 mm for gge groups II' and TII' and 59 m between age’groups wtang -
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. from the length-velght relationships using the back-calculated lengthis.

sexes, _!ili'lple sizes were too small to make conclusive statéments con-

vt The femalea showed a 14 mm and 44 mm overldp within these same Age

2% -

e

Broups. The i g:oup males oveEtagped.the VF groug males by 29.um.

GrRoWm 1 LENGTIIAND WETGHT

The mean lengths’ and weights of fish in. each age group were -

determined and the results are shown in Tables 8 and 9. The lengr.hs

‘ised were the back-calculated Lengehs while the welghts were tomputed

s ¥ . Sy
The'empirical age-length and age-weight relationships for dexes come -

bined apd sepa d are given'in Appendi 4 and 5.

Liule hae differences existed he:wezn the sexes in =1ther popu=

1a:(cn, 50 the combi.ned sexes were used in.constructing the growth

curves: (Figures 10 and.11), Wherever differcces| occurred between the

‘Cerning the observéd differences. The back-calculated Length for age-

- group I males for the large race in Black River Pond appears a little

high, and 'the fessons for :hu are ‘ot completely understood.”
| The mean buck-cnlculsted lengths and veights for''the different ™
age-groups ‘vere iised to calculate the absoluts and: relative rates of

growth'.(Tables 10 and 11). . These relults gefnnsl(ly show.that. for small

- race smelt the maximum {nciease in 1eng:h occurs during’ the nm: year

*of life and ammual 1 decrease th " Generally speakt

7
the relative rates of growth are. Ecntes: during:the" eurlies: years u{

life and continue to decrdase :herezf:er. e
The grow:h rate of the two sympatric populations at Black River

Pond starts’ to diffetentiuta diring the Aecond yelar af life. As nhwn

from the back- cllculaden of growth, there te very lieeps

4
|

fference in"
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e 'u; u. Ann.. -ng-:- (.) of 'n.- dittarsut o e .mq. of lnndloend

smelt. frn the Enur study areas.
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ot capture.

1, Tengell bécvein ‘the' two populltianu ac the’ end ‘of the firac grwing
- Sensamiie the end of ‘the sewnd groving season the luge racé smelt
: nt:rrap?rnxtmately 129 mm'while the small race nmel‘t ate’approxinately
96 o skt beinens S oter biriane. B baes g groups, of the"two
races Snctessi?with age. i 4. N : G T : i."
smau race smelt do not gain the greatest weight mcumem during
thieFirat growing season as as the case with lengeh, Annyal fncfements
1n veight do not fouéu‘ihe 4ame trends as length increments and they 4
vaey|grom orie. popiutation to anttier. " In three of the small race, popu-

1ntlonl the greatest uexghc 1ncrmelx: oceutred betueen the first and:

econd year of life, whtl$ the Nlne Taland Pond South population:

+ attained the greatest uelg‘ht zhe flnt year of 1184
The' caleulated uelght ‘at age one for darge uce smelt fn” Bluck

Rlvat Pond 1s much too low ll\d "“H used 1:\ culculal:ing elther the

ahsolu:e or the reuuv " ntel of g{wth. ; Rensnnl for.this low value
aré jiot completely undeystood,’ :
S TR 1 art W e . -

COMPARTSONOF GROWTH WITH OTHER NORTH AMERLCAN POPULA 11 NS

~¥hen conparing the grouth ‘Fates’ of NewFoundland- smelt; with other
locxlir_ies in North Anexica the, tweor races must be distinguished. Most.
of thé growth studies on fzeshunter omelt.deal with ‘the: lax‘ga rface amelt.

Anoche: difﬁculty in cmnpnlng growth rates within: different. loculltleu

rlinol

“1g lthe’ di £ferer in'age 'plus growth' ‘and time

- Only wenitfey vhede, the aythor was sure of umu.J age designations
were included: for ‘comparison purpnu- 10 this ll:udy. Large-race smelt

in plewfmmdlgnd appear to grow at an =qua1 or ‘even gréater. rate during




of the first growing season. : X

'maigh: Lind to the 1ogarlthms o

the ﬁrs: year as-do” smelt of theJGreat Lakes but they do not gtau as .

.fau in aubsequent years ('rable 11). An Lnterestlng fedture in Tafie 12

is the sim

|
Hefiey,” Quebec,” add Black River Tond; Newfoundland. Both races in Black

‘River Pond: dis;lay & sllghtly ‘saver geanth rete thus'thogs in Lake

“tigriy (rigure 12): palike the'situation'in Black River Pond where there,
L.n0 difference in length betueen P P end of ane
“groving season, the large race ‘amele (gldnts) in Lake ety aes approx:
tmately 15 m lovger than the spall Tace smelt (dwar'fs). at thé completion
s . : 14 i
D. _LENGTIWETGNT RELATIONSHT? - R

" ‘fhe andlyéis of length-yeight data th Zisheries bology has
usdhlly beén directed Eowards’ bwo rather dLfferént o’rfjecci'veu’: ay
describing mathematically the relationship betveen Ie-ngéhvuvnd welght,
f;r{ngarny s0 that bne may be convertad fnto the other;"and (2) measuring

. 3 2 .
the| variation from the expected weight for length' of tndividual £ish or

relévant groups of individuals as indications of fatness, general Ywell- '

i / - 3 2
being", gonad development, etc. (LeCren; 1951). .~ [ ° . ;

The . length-weight :exsmmsmp W= e 18 expresaed in the loga- .

rithmic form: Log W= log &4 1eg L, whara < and’n are constants

by the method Gf least squares

by fitting ‘a

"¢ The generil leng!

length “and weigh:, ixe given in

Table 13 fot sexen s;puruted and comblned At test was used to.check -

: for slgniflcuuce of differences her.ween the llupeu Gf the ltne

ar growth pdtterns exhibited by symp&l’.tlh zaces' both in. Lake -




-38-

o "Table 12.: Comparluan of gxem rates of freshwater smelt. from variods
5 North. American localities. i
g Age-Group and Length | (mm) Y -
Location . T I, 11 r v VI

i

Western Lake Superior

(Bafléy, 1964) _ . . - 66.04  150.0 - 190.50 210.82 . 228.60 258.92
¥ Gull Lake, Michigan ' e . : k
g (Burbidge, 1969) . : 60.2, ° .149.8 163.2 - 188.2 197.7 186.5"
i . i ; :
¢ Main Lakes - 5 v iy S ’
i (Ruppe; 1953) . 88.90 128:01 . 166.10 203.36 261,62 -

Lake chmplam (Glants) - © ... o~ G .

¢ (Greene, 1930 & 237.76 . 269.24 . 289.56 292}.@4 - .

. Lake Champlain (Dqlrfs) i !
ol (Greene; 1930) - 149.86. 160.02" .- - - -

i o Lake Béney (Dwarfa) i ' - 4 e .
. (pelisle, 1969) * 70.00 85.00 ©95.00..105.00 .120.00 -

Lage Heney (Giants) ' g ) 3
(Deflisle, 1969) o 85.0 128.00 152.00 '190.00 < 230.00 248.00

;
i Black River Poud. :
(Dwarfs) B 90.06 . 99.08 .. .- -
Black River Pond o ¢ 4 a8
(Giants) : 7249 .128,59 171,16 ' 208,45  230.20 . -

-describing each sex. Whenever theré was.a significant difference

between the gexes, {mth curves were plotted.for the one population
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Fork Length (mm) ™" .

| »——x. Lake Heney (Dwarfs)

[ ----~ Black River Pond vmw-r's)

2.8 3.

8
3

Wil 1 aKE u_er;ev'-’gaian_ts)

o— —o Black River 'Pond (Giants) |
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(Figure 13). When no significant difference existed between the -
sexes, the combined' data were presented graphically (Figures 14 and 15).

[is = { . The mean weights calculated (u-mg the, computed len.th»veigm equations)

. for the mesn lengths -of fish In edch 1L|;n- group are the basts for.the

curves in Tigyres 13-15. THere vas good agresment ‘Batwesn the empiri-

_cal and calculated weights in each population.(Tables 14 and 15), The

in each popilation ¢ for the longest n'.

greatest di

i

'and in ell:h case there were” very few flah in these lengeh ‘intervals. .
The un;m at.cupnncu} were, 2.99 g and 3z 5.8 for the asntivand

large ncu, re-puczlvlly. PR 4 ' R

There vas a .i.nlﬂ:.nt dtEference in the exponent value'betueen
: the sexes in Clarks Pond and ling Island Pond South. ?he lll%l‘ were.

‘.7 heavier than the females for:.a given length at Clarks Pon

" observacion appears. real and not the taflueace of gonad ve ! )
3 because the female gonads make up a greater percentage of :j: body -
weight .during-this time of yu_r. Smelt from Nine Tsland Pond South had
*% Ehie Towest ‘exponent values. i 4
f. .. - The .xpon.nt or fu' values for. sexes combined and separated 1n . N
each locality were' all very clo'! to 3, with a rdnge from-2. 6021  for

the males in Nine Island Pond sVu:h 0 3.9066 for :h- sexed cmhin-dl

B .- for the large race smelt at nhck River Pond,

“The high values' for the, ‘corzelation cnefﬂciel\ta (r) 16 Table 13,
i S - T ranging’ from o 87 to 0.98, 1ml£clte a high de;ne of rgllu.on'hiy and.

e i predictability b:tvaen length st ] i




Tdble 13.

Length-weight relationships’ (sexes combined and ‘separated of

landlocked smelt collected from. the four study areas,
i Larking Pond
: ) Tog Regression Form Jixponenual Forw ] r ¢
¥ v 3,0071
Gombined Log W = 3.0071 Log 1-5:3165 ¥ = 0.0000048251°" 0.87
" Males J Log ¥ = 28810 iog ‘L-4.6465. W = 0,0000225712 6819 gl91. -
. . Vaid « # . 0.9262
&) ) . ., .
: " 3.0908"
Females: Log W = 3.0908 Log L-5.4858 W/ = 0.0000032671 0.88
o Clarks ‘Pond
" Combined ,LLg W' 371110 Log 1-5.4935 W = 000000321717 1110 .93
. 3 i g 3.3321 ¢ .
Males ' log W& 3:3321 Log 15925 W= n,Inoooouen. 0,955 icsen
L g 2,8292 “ . ¢
Females Log W = 2.8232 Log L-4.9295" W = 00000117652 0.92.
[+ Nine xmmu Pond South o
Combined - log ¥ = 2.7329 Log 14,6543 W'm 0. uqoozzm.z 73297 g 96"
: .. 2.2601 %
CMajes ' og Wim 2,602 T0g 14,4093 ¥ = 0.000038971.2" % 0.96, ga71x
! . . Females' - Log W= 208151 Log L-4.8072 W = 0.00001559.2-8151 " g "g7
. " ‘BldckRiver Pond (snall race) s +
= o W i ] 3.0407
Combined Log W = 30407 Log L-5.3880 W = 0.0000040935°* %477 0,89
S . ; [ 3.0760 .
Males ' Log W= 3.0760.Log L-5.4220 ¥ = oqﬂgganu. (0 T
e L0 208879 g g
Femiles. ' 'Log W = 2.8879 Log. L-5,0987! W = 0. 0000079671.2" 0.89
' Black Rivdr Fond glarg: race) 8 i
. Combined Log'W = 3.9066 Log i-7. zaLo it »0.00000005213+99%6: .57
Males'  Log W = 3.8868 Log L-7.2381 W = 0. ooouoousu: +8868 9601517
i o ,3.8585 .
Females . Log W= 3,8585 Log L-7.1956 W'= U.WDDUOUEI‘L 0.98
e s!guiflcan! at the .05 and .01 Tevel
*% ‘Significant at :ha_.os level
< . .
{1

i
g
1
1
1
|
]
;




Table 14.

b

dlocked smelt (sexes

Length-vetght relationof 1 )
from Clarks Pond and Nine Island Pond South (the lengths and
empirical weights are averages for £igh in.6 mm and 4 mm
. ‘intervals), thecaleulated veights were computed from the -
\.equations given in the text
Clarks Pond
T ales ; Females - il
.* WamBer . Avg.length Nomber. Avg.length . Welght
of. fish (am) of, fish (mm) ‘Bmpir. Calc,
1 80.5 2,94 2.70 2 80.5 2.92 " 2.82
17 86.5 373 '3.38, - 26 . 86.5°. 173,63 3.4
37 92.5 %.20 4.22.. 49 92.5 4.07 4.18
16 9.5 492 50210 12 98.5 5.25 4.9
= 1
9 106,5 . 6,14 6,36 .13 106,57 0 ;. 6.04 " 5.90
6 1i0.5 7.14 7.64 4 110577 5.5 690,
5 1165 8.69 9.12 - o1es T e -
2 122.5 12.56 10.77 4 & L s 10:31°  9.24
1 128.5 15 63 12.64° "_ R N o 2
Nine Taland Pord: South ;i
"a L5 3047 2:60 100 75,5 3.13
13 75,5 3.10 -.3.00" 55 79.5 3.52
507 11798 3.3 343, 10 8305%". 384
9 83.5 3.80. '3.90° 6 87.5 4.38. 457
2 87.5 3.66  4.41 6 9.5 4.98 . 5.18
13,0 loLs 5040 4950 11 95.5 5.88) . 5.84
% 95.5 5.44" '5:53° " 3 99.5 . 6.41 - 6.56
1 ©99.5 5.99° 6.15° . 2 103.5 7312 7.33

i



Table 15.

S k3

. Black River Pond (Ldrge race) = [

3

12

107:0
122.0
.137.0
+ 152.0
167.0

.is2.0

4.83
8.40
11.65

14.85

.25.38

33.30
70.80

83432

. ‘97:66
_107.87,
E 113.40 °
"134.60.

11.. 55
TRCH
210.66

3478
47,39

63.08

. 82.39

105.83

133.81

-167.11 -

i

Length-vetsht ‘relation qE Vil e combiped)”
from Larking Pond and Black River, Pond (the lengths and'
vempirical weights.are averages fdr fish.in 6 mm and 15 mm °
intervals, the calculated weight's were l:ompul‘.Eﬂ from the
equations given in the text /. i,
8 Larkins Pond ' Black River Pond (small race) -
i Number . Avg. length  Welght- Fmbet ~4ve. Leogtii - Welghc .
< of fish (mm)’ Empir. Calc [ of fish - (mm) Empir. Calc.
g 1 74.5 o250 2,06 2 74.5 170 * 2.02
[‘ 4 80.5 " 12.85 . 2.60 " 16 805
56 865 3.45 7 3.22:77 76 86.5
; 56 92.5 3.73 3.4 53 92,5,
15 98.5 &6l 476 16 98.5
LS 104.5° 5.90 5690 B 104.5
6 110.5 7350 6713 -3 110.5
] 116.5 8.30 7!.9()’ 1 116.5
2 122.5 10.20 12257




Fig.13 .

{Length-weight

Pond and Nine

ﬂtlnnlhlp af andlocked smelt from Clarks
and Pond South (séxes neparnzd),
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A.. TIME OF ANNULUS FORHATI(JN . = =5 S

v 0 Thé majorityof smelt “in this study laid down the aniulua after

spawhing. This usually uccutrad around :h_e month o; June. A few fish

o were observéd to-have the annulus 6n-the edge nf he, scale during

* spawning, 'l'his means that fish showing one Annulus ‘%) have actually

Y . completed tuo eaons (winter) growth.  They are Viredally T year

olds. The same age teminulngy applies :a ?11 :he olddr age fish in

this. smdy

- : BACK CALCULATION OF} GROWTH

The 'back-calculation’ of growth of a fish from its

. . been” appli:d to many. species. The method 1s based on the.s a nual

- eharaceie of  the check aad \n there being Foportional rel :1onan1p
betweeri:the growth! of ‘thé Fish and its scales. In wdking sny huk— : . .

cauulutm&;qf growth of vany species, it is necessary first.toldetermine [

w70 | -erpirically tHe actual'relationship between the ‘growth’ of some Yimension

] e, = & the scale (in' thia case séale length) ‘mci the length of the ffsh: -

L For this purpose .a.plot of fish lengeh uguns: scale fadius is mﬂde i

from as large a series as 1s av atlable of geale measurements, ‘nd Vi
correspdndfng fish lengch- (meker, i9705. Scale :eJdiugs were made of
‘all the cellecr.ed smelt to test 1if ‘this :elntionship held ‘true for

. Newiaundl-nd smelt.




Z48-

o

it fish) from each: sr.udy ‘area vere used to détermine the body- scale
[
. dlameters for each popular_ian indicated the data'was beat ‘described by

. © a straight line (Pigure 16). The regression line for each population
is a graphic representation of the ‘calculated regr.ession equation)
; while Ene seatter pints repl‘escnt the ‘enpirical data of average fish

lengths and average scale Stametets (Table16). = %

. The caldulated lengthg for the various age -groups of fish from /

-“the four study areas are given in Teble 17. N sy
g
'The lengths at. time of cApl:ure are “sialler in most: Cases.. This )

| : s becauu the' Fish kuve not 1aid down thelr annulus yet and sqme

growth ocfurs before atinilng formagion. Thc reason that £igh length

at capture exceeds calculated Lengehs for age|

11 £foh from Latking [
Pond and Clarks \Pond may be attributed to the smsll{ number Df IIX
6ld fish.in bo[h populations. The(e wla only one III nld fish in

“the Larkins Pond sample and ;hree in the‘snmpl: from Clarks Pond.

AGE. COMPOSITION

| The age compoaitfon of landlocked melt from the four lakes
lmpled tn this study!is gfven in'Table 16 and pr:aented zrlphically . !

1n histogian form {n Figure 17. - a

Fron' these.data 1t 18 evident that Landlocked smele ‘are short i

!

!
AL .\ “1ived.  The. small race adte Yery seldonly reach age IV (III Y.

{ (leus than 1% ‘6 this Study) while the mnjurity (71-81%) 1ive tio-
|

years. - They hatch ‘in ‘a given yenr. s two years later and die

before: the ;ubnequen:‘yeur. The, num large race smelt from Black

_River Pond vere V¥ years old, Approximately 207 of ‘the sample vas

; PN |
. in this age class.with age-group IV dominating the spawaing. run of
y = N

i
i
5

. i . e i
| ¥ o o 4 v i
|
{




" Fig. 16. Body length l@rehthﬁlhlp for smelt from the four study - . . -
5 areas, - s . % Fpant . 3
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Ty ol : © -50- . k a
oy Table 16 . Relation between fork length of fish (mm) and magniEied 2

(X43) scale diamefer of smelt from the four study areas

Larkins Pond . Clarks Pond - i
- Number:. Average  Average Number Average’ Average g
of. lengthl Scale Dm. of length Scale Dm. ¥
4 £ish - (mm) - (mm) fish. (omm) . () 3
. 5.5 : T2 s s | o =
2 coo s ; i 1 6415 R :
. ) 74,5 . - 7A.S'v # )
84.5 45 Cgas . 4.8 )
gt 67 %5 w6 eus 572 1
- 13 1005 67,2 7 - 37 T 1045 63.3
: 4 . 15 120 o | iaso. ceris
, 1845 eI - P45 . 775
g % o 2 s, B\hck’n"{ur?onav " Nine Tsland Pond South]
A R Small -Race LTI S S r »
| : 40 mst s 80 e "48.6
R VR T 54.4 B B A 49,2 - =
Pl o5 C.Ssle T 4o 57.8 =
' 7 o 1045 636 . 3k 598 >
i . A 114.5 4.8 L T g -
: : L st o o e =
"/slack River Pond {Large Race)? . -
7 | 109.5 70,00 716 L 2005 »1‘287.'7
15) 12057 e1.s 38, 2995, 136.3
. ; i " B W' s 90,5/ | a0 nels ) uf1.6> i
& fow w g 169.5 RUZSY AN 2 269.5".- 1630 |
i SR A N o M b oy ® B g
- - ean or fon ithth o 10, intervnl Zean for- Fiah within 420 mm




o
‘Table.17. Calculated fish lengths (mm).at Eormﬂt‘lan of ‘annulus for ° i
: - smelt foom the four study areas. (Lengthy st time of capturd; o0
before annulis fﬂrmtlun, are given in parentheses) s 9 !

Locality T 53 I TR v |
: Larking Pond ' . . 66,58 ' 90.01 © 95.4. ° B e
H b (64,0 ) | .(89.67)" (102.77) T B l

fo 2 e @ Clarks. Pond 66.68 - 90.50 ' 97.0
B . (59.67) " (91.31) (102.46) *

- .. Nine Tsland Pond - . s

gy “South " # 69.70, . 82,24 ot

2 . o - L (79.65) -
Black River Pond 71.43 - 90.06 . 99.08
(Small ‘Race). % (88.14) - (97.78) .
* Black ‘River Pond 72,49 . 128.59 . 171.16 208.45 230.23

+(Large Rn‘l:e) (120.33) . (152.20) (205.21) . "(233.27)

‘1974 (43.2%).

Agé-group OF figh were not included in the analyses for'this study. ,
yl‘ 3 Ten‘ age OF £ish were t;ollectad.durlng thi‘s s:‘pdy. Two in Larkins Pond.
(64 mm -each) ; thiree-in Clarks and (55, 59, and 65 mm); and five from, .
Black River Pond (68, 69,70 and (2) 71 mm). "It is not known whether *
2T L hede 496 16 Fron Black Biver Pond balodiedfo the smalllzate ors %
large ;rscgj As shawn earlier from. back-caleulation of gr:gwth', thisads .

. | . ; iy )
very litfle difference between them in length after ‘oie|growing season.

MORTALITY g ol oSy e @ g &

s oy . Results from survival and mortality estimates for ‘age groups
| within the four study-areas’(Table 19), show :that between age groups +

‘11" and. 111%, the mortality rate ranges from 67 to 78% for the small’
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Table 18,  Age composition (sexes combined and separated) of landlocked
smelt collected from the four study areas (percentages in

pareritheses) *

Clarks Pond

“Larkins Pond
3 ct it e oy

T

mt ot N

Males 120 27 1 ‘148 137
and . R i y |
Females (81.1)  (18.2) ~ (0.67) (100.0)| (71.0)'
Males - 12 § - ;18 63
©i o (66.67). (33.33) = (100.0)  (71.59)
Females ‘108 21. iy 130 74
. (83.08) (16:15) '(0.77) '(100.0) ~ (70.48)

52 4 193

(26.9)- (2:1) ° (100.0)
23 0 2. " 88
(26.14)(2.27) '(100.0)

29°: "2° . 105
(27.62)(1.90) - (100.0)

80 26 5
(75.47) (26.534 sl

Black River Pond ‘(Large Kace)

06 117
00.0) (84.78)

20, 1 R -
(14.49)(0.72) " (100.0)

7 . ‘8
(35.0) . (10.0). (40.0)

. E N . art '’ vt N ¥
Ty e ==
Malts and is 5. 14 51 23
‘Females (12.7) | (12.7) (11.9)  (43.2) . (19.5) _ (100,0) : .
Males = - 8 o, 12 43 20 . 83
A . 9.6) . (14.5) . (51.8) "(26.1)  (100.0)
Females .. | - . .

3 w20
(15.0) (100.0) -

)

Ninle Tsland Pond South 3 "Black River Pond (Shall Race
Males »‘ 155 ¥ kS‘»’ . 200 Av 140 2 1 17;1.
;:;au's’ @7.50)  @z.50) - (100.0) V(Bo.si)b(lﬂ.‘99)(c.5s), (100.0).
Males 5 L1 ot ottegh ovhas Diqalel T g
79.79) (20.21) - (100.0); (65.71) (34,299 =" . (100.0)
Females i

!
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race- smelt. Lg{ge race smelt in.Black River Pond show a 55% mortality.
rate between age groups IV and V'. There is a.94.3% rortality rate-for

the large race smelt between the, age-groups 1t ana v, i

Taple 19. Survival and mortality rates calculated from age composition
for. landlocked smelt collected from the four study areas
(sexes combined)

i

Survival ( ) and Mortality (1~ ') Rates

¥ Locality Age Clagses Survival Rate - Mortality Rate

! : e ;

i . +. 5o« S L A

b Larkins Pond R 0.225 0,775 ,

; 1 R 0,037 - . 0.963 |
' Clarks Pond B 0 2 AT K- 0.620

@ %
ot -t 0.077" . L 0.923

Nine Tsland Pond : B o g
South . S . 0,290 0.710,

Black River:fond

0,229 - L0771
(small ‘Race) . + .
. ' 0.031 . 0.969
“ Black River Pond 0933 0.007 7|

L (Large Race) f £ . . b nw
| . X ©U0.451 T 0:549 il

=

| , There is very 1little difference in mortality Tate. between ‘the sexes

of the small race smelt in Clarks Pond and Niné Island Pond Soith, ror

o . the large race smeltsin Black River Pond! (Table 20

it R
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oy a 4
+ Table 20.- Survival and mortality fate calculated ffom age cumpnucten

‘for landlocked smelt collzctud from- the four study areas

‘(sexes separated)

I Survival (.) and Morcaliey (1-
}ccalicy . Sex ‘Age Classes. Survival Rite Hortality ane
'Lurklns Poid Male FAE - & ©l0us00 e 1,“ §:s00 \
2 <" Female EAREE - © 0.9 - | To.8os
o st o.pu8 < 0:952
B . N o .
e 3
© . Clarkg Pond Male I» LJ ¢ 3 B 0.365 0.7535
I S ) < 0.087 0,913,
Female  17: 11" 0.392 0.508
Bt U 0.069. . Vo931
. 1 F Gk -
Nine Island = Male Her © 0.253 0.747
Pond South . ‘pepire.’ TV - 17t . 0.325 © 0675
Black River, 'Male' 0.522 s 0.478
Pond (Small . pepale 0.171 0.829
Race) i ¢ S
R 1 .05 - .0.950
©  Black River :'Male 0.465 0.535
Pond (Large : + & tee |
Race) Female . 11" 111t @ - 0.286 0.714]
Tz .

1wt oy 0.375. . 0.625

The ‘females of the small race show a relatively high mortality

River Pond. -

‘than males betwéen.age groups I and IT* in Lhrkins Pand and Black

i
|
J
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FOOD OF, LANDLOCKED SMELT AND-~
" SMELT AS FORAGE FOR SALMONIDS i3

“A._FOOD HABITS  QUALITATIVE ANALYSIS -

i;e’r{:h'ic organisns comprised the ‘matn food (percentage occurrence
and weight) of all flsh sampled. excpt the large race £ish from Black
Hiver-Pond [Table 21). 'zphmexuage;a ‘nymphs, - Trichoptera larvae,
amphipods, tfand Dlp’;efﬂ pupae vere’ the ‘most. common food items. Their

relative order of: importance varied from sample to sample.’ The only.

.nsh Temains (mostly. smelt) were found in the large smelt £Eom. Black

River Fond. Zooplnkitcn occurred in all of the small race smelt- smmlen

g but were’ never a major component of the diet. No'large.rdce smelt had®

consu_med plankton. Hydracuriﬂa ot:urrs’\i m only one (three’ £ish) .and
shelt eggs odeurred in all samples except the one from Nine Island Pond
0

The, unidencifiable indect pimatnd gonsist musl’.ly Of antennge ‘seg-

ments and Lo partal Most of the debrls sppeared to consist of srigs

=nd ‘gtones used in constriction of the caddisfly cases,
M lnterestlng féature observed in'a larad cumber ‘of ‘thé smalt

nag) the presence of ‘smelt scales.

ai E Y

stomachs examined

“B. 'FOOD .OF FISH FROM THE VARTOUS STUDY AREAS

I
1. L;-rk_iw o

The dominant food organilmu by percentage of occurrence were

‘caddfafly larvae mtchap:eu), nmyﬂy siymphs (Ephemarnptgrn), aurphi-

pods (Amphipoda); capepodn t::apepndn), \slackuy pupue (Bipt:rl) and

water fleas (Clndacera). % $
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Clarks Poad RO ¥ » -

e . The domtnaat Food J by percentage of vere ..

mayfly nymphs (Ephemeroptera) , caddiafly farvai (Trichoptetu), mpthods

(Amphipeds), blackfl}l bupse (Diptera), wates mites (Hydracarina), and

»

cnpepode (Copepﬂda)A . w8 F . ¥ cY 5 !
3. Nine Island Pond

. | The dominant food itéms congumed’here were mayfly nymphs 4

\(Ephemetuptex‘:a), smpm;.ods (Amphipoda) , " copepods -(Copepoda) , water .

1

£leas (Cladocera) and caddigfly larvae (Tichapzem)i

“4.(a) Black River ‘Pond (Smal]l Race) E } “ %

. e Wajor “facd Ltdis cosiied Kete:werd ‘mayfly nymphs ¥

¢ ), (as a), blackfly pupae (Diptera), water I
fleas (c1uAuc=}a)J and.caddisfly larvae (Trichoptera).,

4.(b) Black River Pond (Large Race)
The fain food 1:=ins utilized by these smelf vere fish (mostly-|

> smelt). mayfly nymphs (Ep‘nm&roprera), blackfly pupae’ (Dlpl’.era),

R r drsgunny nymph (Udanatn) and amphipods (Amphipoda).

Lo 3 . C._FOOD OF THE smnxm PoPmTIolls

Bla:k River Pond 1s_the only lake scudied which contains R
I

.ympa:uc pupulltlons Heré the small’race smelt rely on-squatfe

. 55 insects, -amphipods and: plankton. . The llrge race relies mainly on fish,

I 'moauy smelt; land aquatic tnsects, parcicularly mayfly ayuph. The

: i mﬂyfly aymphiis sa supocast ccnstituent ‘4 ‘the £ood‘of both tucau
“where it conprises 727 and 401 (by wetght) of thé dled for the smali;

and large races; respectively. ~ .~ t . . ° S g T 8 ‘ e

b
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D.  SEASONAL VARIATION IN THE' FOOD OF LANDLOCKED SMELT - . . - . E

In this study most samples were taken ‘during the spring spawnilng ’

run and didn t permit a seasonal cumparison of foud. However, 32 gmall
3 - xace suelt were taken in'June and July, 1973, from Black River Pond.'
- Eighteen of these atomachs were empty: -Cladocerdns were Seaentiin g

7w - . of .the stomachs containing food and.insects were present in:eight. ' The

‘Nine Island Pond South sample was’ taken in the fall, .Tnsect larvae and )
reiiatns vere prominént in the dietwith a frequency of 54 percent‘

Crus(al:eans were pmsen: 4n 38% of ‘the stamachs containing Foods iy

all the small race spawning smelt, insectu were! the duuin nt food = 52

percent frequenny of occutrence 4n ‘Larkins Pond, ‘83 ve:cent sedirrence
“

1o Clarks Pond, and 91 percent occurrence ‘in Black River Poni, - Tn .the

5 g R
large ‘race melt), ingects occurred dn 56.6 percent of ‘the stomachs and

fish renaing in- 58,5 percent. However, fish'remains accounted for.96.6. .’
! R

= perce?t Gf the food by _weight.

] "
Feon. thie abios dlecugelon sl TabLs U . appears that saslt e

opportunistic fzaders and will ‘eat whncevar is uvailablz. Also, there N

J *'- ¢ ia no gubstantial evidenca to suggeat\:hst gmelt cease, feeding during ) :

the spnwnlng run.

Yo defiuice tt.tem:nt can-be made’ with raspect to the faod oz the - *

I @ smelt during the winter. A numbex Gf small' mesh a5y 3/6", 1") mono-

oo tﬂament 8111 net aer.s undernea:h the ice Ln Clurk.s Pond and Black -

River Fond durtng 1974 Euileﬂ to capture”any, smelt.
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.‘and this shows an app‘mximnce 1:1 ratio. This should i:e r‘ep’iqnauhc:va'

7 . *". REPROBUCTIVE BIOLOGY
)

SEX_ i\ums - '

The sex uun for .the me popnln:inna sampled tn thits study

;tled zteatly (Table 23). Thege razios may nnt be Tepre lentnrive of

the total populntinn. Sex rauns change durins the spafmmg “Beason und

aleo"tn a single night. " Both sanples. from Blnt;k River Pond were’taken

towards the ‘end of the spawnlig run. In the case. of the Large tace

smelt, males weré dominant at'thfs time. In the shall race the females

. the males 4 to 1. }l'he Clarks Pond sample, taken'before

ou‘:numb t

domkins Mhad Jaefaiay started, had a neu)y 1 ratio." . Tife Nine Island

. & ‘Pond Scuth sample was.the cnly one not’ taken' during’ the spawning season

of the ,total populuion in the Yake becuuu both sexes were.caught. the

same L!me of year using’ “thé m# type of gear. ..




" Black River. Pond .

"population  (Table 24)

. 1% of the mpawning figh:

.spayning run.

~61- ]

Table 22.. Sex ratios of landlocked smelt collected from the four study
areas %
2 i

o XeN-151d.f.

* E Sex Rati TG Loy »
Locality .. Male:Female . X7 value Difference
Larkios Pond 18:130 " . ¢ 84,76 . Sighificant at

: ; . T s 0.
Clatks yonb s, 190107 * No significarice -

Nine Tsland Bond: ’ g " W ¥
South = 94106 | 0,72 . " No significance

L . ~ A
(small Race) © 60.48 Significant “at
s . i o P..0.001
Black River Pond ¢ s I
(Large Race) 31,50, . -Significant at
oot b 0.001 ]
re

. s " »: .
A | -
Classifying the/sex ratios.by age-groups for.the small race. samples:
fiom all lakes ‘studied, femaled .are domfnant in each age-group for each

They comprise 68,4%, 61.5%, and 71,4% of ‘age-

groupe 17,.11" and, 111%, respectively. Overall,:they constitute 67% of

the' total umber -of ‘spawning smelti Five of the 7 IIT age-grobp were
fenales - @ o .

smelt 6f age-gro 4p"I" made up, 77.2% of the combined samples while.

agesgroup 117 couprised 21.8%:" Age-group 111" ‘individuals hade'up only

There ﬁLere o’ I" fature. fish in the large race sample from Black’

RiVer Pond.. Age-group ‘1v* “domtnabed: the aiplé makihg -up 50% of the: |

Age-group V' folloved (22.5

) while age-groups II™and

111" mide up 13.7% each. . The males outtumbered the'females 1f the last

th‘(‘:e‘ age-groups.




{

Locality e

Taple 23. Sex ratios of landlocked smelt, by age-group, cnuefqed at
the four study areas i X %

Larking Pond .- 12 . 1082 6 21 ; .
*"Clarks Fond' “.- 63 74 ., 23" 29 52 PR

' | vt W

Nine Teland iy l b

.Pond South. T 80 19 26 - - - - - i
* Black River ] 4 R : . L
-Pond, (small: ' %7 . #5 g 5 o

race) - 23 205 =% 1 - 5 W b g
. Total L Uahs oa7e; Teo 96 2 /3 L o

Black ‘Ri - 2

5 feadues o

e race) - ’ ~ 712 20 43 8. 20 <

s"'mu ‘r‘ane smelt mature at the end of their sedond.growing eason

.a ¥, and both ‘sexes mutura at the s

ne age Gable2s)... © '/ .

Tha llrge ware whale An Bleck River Pond do not mature untﬂ the

end of theté ‘tird, groving seasty oi LT yests (‘Eablﬁ 25). .

& .

1)12 Lorge race smelt had all rzgen:ruted !cnlen nd " thereford couldn't
‘be ‘aged. 3 &

N
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P . ) J " . . - 7
] £ Table 24, Percentage, of mature sielt by age class in samples from the | -
9 our study areas (sexes separated) N . E h
;- i 'Age-Ciass i - :
I Lacnllty L sex ot oot w* o8 Namber
"% Latking Pond Male . 99.4  100.0, . £ . - - I )
... Female §9.2:. 1000 100.6 .° - . s 130,
s ci‘a’zk.-.ra d _Male  100,0 100.0° 100.0 v - 88
fos Female,” 10000  100.0 - 100.0° - 105
i E : ¥ B ! .o °
Nine Island - 'Mald. .100.0 10020 . '100.0, et e ° 94
¥ Pond Squth™ Femalé . 100.0 100.0 .- - - N 106
Blick River . - .Male 10000 .100.0°. - . ‘-
Pond (small. - Female * 100.0 -, 100.0. '100.0 -
: race) : S (
|7 Blask|River 7 Male® 0.0 100.0 '100.0 100.0 100.0 *.
; Pond (large’ Temale. . 0.0 '100,07:100.0 . - 100.0 100.0,
. rice) . R Ty, .
N s FECUNDITY 1 -

- ‘a. Vaiiation in Fecumity . - A T e B :
) - i o sl
; | Pecundity 1n #oh £ nown €0 ary® ‘hityden. tadividuals of the ‘sane - 4

| el
aize; seasons’ of the year, habifat, und slze of the Fish: This last
fadtor 1 con!idered one ‘of ‘the most 1mpor|:ant varu(zles and:will be = :* .
il .
J ducusned iere in gomé §en11. ’ !
b Vartat fon’ wlt Lengr.h . g s 2 ; ‘g
. ‘1 R
+ Tn: Eshes ‘there 1s a direct relnzionnh o bitwesn £1ah engih lnd
total. Ee:undu’.y. This ratto 1o u-unrlly cutvilinexr (Ribker, 19323 -
Smith, 1947; Vlndykov, 1956) Bnd 16 exprossed by an aqum:ion of tha
Eype Fe b. Sm:h an ‘exponent fal equnl’.ion cat be l:hange.d to 1ts. lLreAr
form by’ cunvetting to’ Logarithus, i.e: QBQ)F % ath log L, where F =" ¢
facundity, L= leng[h of the fish (m), and a and'b . dre conutdnl‘-!. . .

LTI T Sl




mlted fec\ludtty oE the 100 females, giving lh! equa

as, Al Log L -0:945 ‘or expresséd ‘exponentially F = 0,0101

- The co-efficient of correlatfon (

1=an|: at the 0. o1 level

" 7" Table zs. n. rel

64"

. 2 and the mean number Of eggn was co...puud for each length cln

. number of fish'in these two size interval

36) for this re!

A logartthmic tranafornation was applied to-the length and estis

ion’Log F =-2,2213
2. -2213-

tionship is signif-.

The 100 female f.ilh were tbu\ lrtunxed lnrn 3.0 mm length c\nluu

some of che larger fmlel appdat to have 1.x5e eges, thus ‘causing them
5 M- Wi ih 2
to.contain prnpﬂrl:lon.r.ely few . eggl.

P

un-hip between th* numbér of mature eggs ger fish
léngth for 100 female smelt from Clarks Eond

. Fork Length B:txppud Humber Calculated Numbér
. . of Egge-~ * of Eggs
8L 1,722 1,757
- 8- 1,960° 1,905
: 5 87 2,140 2,060
' 2 i90 ‘2,266 2,221
. 93 "z,sos 2,388
% 3,551 22,563 "
' ‘99 89 . 2,764
102 - 2,532
: o ' 6 . 3,12é>
5 ¥ :_.,557-.: : 3,329
* ‘:\,;33

1,247

(8100, =.36).




Fig. 18." The relationship Hetwe

Eandl‘ocked smelt from CI
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only|four large race smelt contained cggs’in_the present s(ud){.’ Thetr
lengc s and estimated egg counts are given in Table'27. The low egg

count for two of the Jarger £15h seems to tndtcste ‘these Fiah'may have
been' paxtially spené because they uu;e,uught: during the spayhing Tun,

Table 26. | Tork Tength (mm) and estimated egg count’for four large rade
e

melt from Black River Pond el
.For-kvaengﬂX(mm) DO heradead wg dount, .
R e - 41,467 2
e NG St T Al
Vs . ¥k J2ngie
- v e

275

"A lake trap net, wis set L& theoith of ‘the major ‘inlet on April
17, this ‘betng the un: dIy that there was enough open water to'set’ |

the lrap. Catches durlﬂg he feuwxng week lndlcuted that the smelt

had started spa\mh\g beiore ice-out. The firur_ nsght the’'trap caught

avproxima:ely eoo 6mall race:smelt, nedrly aIL of which Hera spent. "x:v

and the

also contained 9 1nrge race nmelt, ‘some of "hm\lwe" Lmnatig

The trap caught. few smelt the' gl owing nights indivating | <

we had Clug’| the end of the lplwning mn.' Exept for this area of:

open fwater, the wda -u@l !ct-:overed. ¥
These .rse’xg Tﬁ.zt-; upprnximutely 1-3.5- feet (o 0.1 Tm) "




of water, but no ¢age were found. An'intensive:search for eggs through-
out. the river and the'surroiding shoreliné proved uhsuccessful.. No

zvsp vés set in the viclnity of ‘the minor .inlet that spring.
1974 Results £rom l’.!up ne_!a set 'l'n the“two inlet areas showed

the: tvo raccs spawned at dlfferent tamad and pethups ateferent pluceg,

'Ihe large ‘race smelt had compenced spuvining soetine befare April’3,

gy being the £irer day the crap vas emptied. : They'yere spavning il

_the area of the minor inlet. Except [or. the talet afeas the lake qas

covered with sndy and ice (Figuu 19). : Most of - the syuwning was

B of the large race smelt.were

completed by April 16. (Table 28).
found ‘ol April 8 1 approxinately 18 iuchu (45.7 cm) of water 75 feet:

(22,9 m) off-shore.
& The small Tace émelt did not ‘start spawning uatdd Aptll 16 and,

continued into early.May. - Although some amall race ‘smelt were taken in
the same trap as: the large. race fish, it'te nul: known whecher; they uae.
1

the aame spawning groundn since o sl ot the emall race. smélt tould

be ‘found,

2) . Nine Island Podd South

x973 Spawning “also stlrted before ice-out. . Trap net catches on’

Aprll 19221 in “end arre. of the mgn 1nlet Feveaied spawning' was. in

_ progress. mm other. parts of the Take ‘weté still covered with tee.

Again,. 1nzenuiva mrcheu “for eggs r.hxonghout both rivers and the

< siirroundicg, Bh!ﬂrellne proved unsum:eseful.

3) . Clarks Pond. X

1973 Spawning in'the’ stream (river) started around May 2,

" spproximately 20 days after ice-out.. The'spawning run lasted for

nearly two weeks. g I
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T jusd off :he rivér mouth.

in 1974.

-69- .

The smelt were approximately tvo weeks later sterting
oA

vning Lh!.s year. Thé-leke had been ice-free Tor ‘approximately 5
wekks. ' The smelt d1d'not use the strean for spawnlng this year. Some

.eggs were founl in 2-4 feet (0.61-1. 2m) of bater o debrin ang- rncka

4) ; Larkina Pohd

1073 In x973\ e st da this Lake, spawned apprnximm’.ely the

same time as those iy Clarks Pond.. This was nearly 3 Weeks after the

; tce had lef[: the pund\\ The major, infloy £rom Clarks Pond was i.mpﬂlssble

|
because of -a Togk barr ex. Mo Sags were Foind'in the Lake. throughout
the study period; \

No “observations, of ﬂmelc spnwnmg were carried out 4t thia lake

During this atudy rnly on§ spavning populatich was obaerved to
use a'atrean. ‘This was thé 1973 ‘fpawning ruiat Clarks Pond: Smolt
moved 76 m upgtréam where' they “Gachiatered s Eidlvert'with a watst drops
: Most of the spawning occurred within 20 m of 'the culvert

g

As o q,ga 3 the snmll tass smeit. u were found in thé:streass o

ulong thz shauune in :he meediste vicinity of streams in Larkine

Pond, Nine sland Pond South, -gnd Black™ iu.vu ‘Pond, Bpuwning edther

'occurted in‘ deep watér or' in other ateas around ¢helshores

WATER TEMPERATURES DURING| THE SPAWNING SEASON

_Resultsfrom this study show great variability in spawning time
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Fig. 19. Spawning site of large race smelt at Black River Pond.

Fig. 20. Smelt eggs deposited on stone from Clarks Pond inlet.




i with respect to wa‘sér temperature. In Black ‘Hiver'Pond and Nine lsland agh e B

Pond South in 1973 apawmr.g was observed when the water, temperture vas

4 i hethun ST 1974 the large' race smelt spawned ac un:er SRR

f -is ¢ .° _temperhtures. between 1.&(111\-‘1 3.9.C. The smau race in Black R.lver Pam{ !

’ o spawned in wa{er between 3 and 8 C, wi:h mesn,of 5.5 ¢ In 1973 the' -

“two pnpulations-in the Placentia ared lakes didn't spawn un:u the . 7

water temperatire m(s about's c In 1974 the: melt /in Clarks Pond'

} spavned £ the Take abi tenperature around 815 C. 13

AR TN

e

SPAMNING BEHAVIOUR ‘OF LANDLOCKED. SMELT

G e “Spa!-ming behaviour of strem spawners was observed at Clarks. Pond e

""between Apﬂl 28 -nd May 15, .1973.
- Smelt were ﬂu: observed to' be 11:\3e:1ng around the mouth of fhe’

river ab nuo ﬁoum, Aprt1 28, Thiy vere swimning xmdamly» 16'achopls.’ .. -

SF o as Some moved ‘into :he xiver for ahort 1’\terva1s A’ seine haul. made at, .
= o o | .
the mouth of the Sizan £300: Hacks caught’ appraximately 200 smelt; .

D 'l'Here was appraxﬂnlzely a'l:l.8ex ratin in :hu sample. fhu was, fnur

days bgibre spming actially lturted. Later that. evening smelt we;

ebserved doving. @ the' stream ir schools. n\ey":i»aveued up for short ’
e 5 5

dis[lnces ‘o eithie side of the river after dusk . During :hué short |

4 3 o wavmenta mna r.he river tbey sometimes, drlf:ed ai,dewayn across the

2 main’ rl'uer aurrem: and_then, fell back to thg river mu:h uluyn fncing I

up_ut'(ea'm- No ‘smelt entend the xivex that. ni.ght after, duBkA mnﬂg

the next(f % aights they’, exhibi.t.ed simiiar behaviour but moved Eurther

Upikedi aadisigh, myuma abaervazians Showed that some'smelt vzre

a0 " Wi sl rlvex mouth wiming cloge to the Take o ey “fhey alad

‘.. .
i \mngq_ daytime mu;en:a 1ito the ,:1»_::: where chey swam close to thé




- . b’omm. During “thesé earlier scagu lhey were ‘easily startled by .

aruuctel 1ights or witer diatur‘bance. o o MTE g s g .

Ac:ual‘spmm was first obezrved the' mghc Of ‘May 2 in 3-4. o

iy lnchesmf xiffles over 4 clean grivil botn‘am. fhe smelt weve clug:ered !
rs, %ethar and facing upstrean| When ppawidhg they do ot respond to

: . i i . ; R
laghe, L. oo : § g RS

B s Smeln‘contmued sﬁ-wning the :e1iw1ng nights but they changed

. ‘theirf'spauning grounds'. This,,msy have been a response to current and
- water level cmmges in the river. Spring £26w plus rainfall x:hj.s tize’

of yenr nauses the tiver levels to fluctuate. it 18 beiteved :he same

r b | smeln return to the stream a number. vf nights benauae ynrtially spent
oo : Eemales ere couected on several occasxnna in the evening ag they uet;
Ey just u:nrtmg to run. (IS & By i i

» \Obsecvations 6o May, 4.and 5iteveqléd that the heaviest spming’

occurs betueen 2150 and 2400 hours. - Few rematned after 0130 hours. and G
all ish had returned ¢ the 'pond before daylight: During the peak of

4 :hs /fun (in :hfs cnse May 5 nnd 6) ume].: were at cimes 5%r 6 deep over

the spavning srouda,’ s . N

sl -, No smelt entered the river on he nishtu 5f May 7'and 8 because

% an unusually hegvy flnw resultigh Eroda fow, days of huvy rain plus’
the anren.se in conuol flw ‘tnto the Takek Clarks rand;s 4 réservolr

supplying drinking water -for the U.§. Naval Station at Argentia and as g

such experiences significant inflow variations.due to upstream régula-
tion. “The spawning run ,reau’med,ma night of the 9th and fever. fish

§ Mo tered ¢ach subsequent might. SpnwnLng was completed by my 18.

b % o All throughnut the ‘r\m, sdmols cf sticklebscks w&te seen in clnae

assbciation vith the smelts. Brook troutnalso folloved the dmelt up

P




river

" ‘understood. . . E )

r.he river and vere seen fnrnglng on’ smel: both In che; dayti.me and dux\ing e,

the night, “butimostly at nlsh!.

o

Fourtedn dead male stielt were collec:ed over three days in ths

y?ey all nppEAred to Rave died as & teJuL: of spswning straas :

e

_tmmcamm.mT}r ST S G )

2 ¥ B ¢ o s
. Smelt gonads are asymmetrival, with the teft gonad occupying-the v
greater portion of the’ abdominal cavity. The 1ntetgunadul ratid is

expressed as

w"‘“ R.G: equal to the weig)\r. “of the rlgh( &
gonad {(ovary or testis) and L.G., the weight of e Lkt Gt A
suh-uampxe vag :uken from the Clarks Pcnd sam})le and was used,' to
de:mune the rat1o bervden the- veights of the right and left gonada.

- Resulte show that on’the average the weight of the rightiovary |
s gaual, €3 2 j.4% of the Left.ovary while the righc zep,:\u,\m the
* average 1s eMtn 21.4% of the zefe testls (Tlhle ). ¢ .

Thé reason for. thia disparity: n. gonad size s not\clefrly

Table.28i " Intérgonadal ratto of enm “Porid . saelt diring “15 epawning
period

Females

Hales
Avg. Helght Ava: HEight
of

T -
Avg. Weight of . Avg.-Weight. of
Left Ovaries, Right Ovaries i Laft Teatis Rig]\t Testin /

(8) (8) - 7 Ratlo ‘N " . (). (13 Ratid

76 . 0.49.. 0.10 . 20,41 26 'vo.ll. : 'o.o'a 24




Therg vqno significant differenca (»0.05, t=0.61, N-AO) be:w&n

. total gill raker cmmps for ahe large and small races. There was: very

-little range in 5111 xnker counu for eLtfmr race amd the, two poyuln-

tions dlaplu)\ed great owrlnp in this Charactex. Counts, for the“lower
14mb were identical for both pup\tlatlom! byt there was some disparity
in the ‘upper 11mb counts (Table 30). A 8111 raker 11} smelt 1s: cop-

sidered deformed Hen it is branched and consequencly has-moresthan one

ain." None'of the ML race smelt had:deformed gill rakers while all *

§

. The mean vertebrae' count for large race smelt (62.0) was.signifi-

the large rdce smelt possessed the:

2)  Vertebrae . ;'

cantly higher (p-0.05, t2¢85, N=38) than the méan count Yor small réce
smelt(61.7). There was no range in vertebralcounts 1n this study for J

the e

ace smelt/and the: small race smelt, caunts varied 8 msximum L

. uf 1 wrtgbxn fqz :he 20 fish examined.

"3)  Body Ratios I 475
Three. of the four mfasuréd body ratios showed a signific .
zn‘i: ratio

difference between the tws races,” The body depth-to-fork 1

“showed no significant difference between the tiwo'populations (p 0,05, ¢
\

" £=0.55, N40).  There wiinalmost complete averlap between the range in

counts:for the two racés for this character. The most useful ratio

found fn this_study distinguishing the tvo races was the diameter of

* the"orbit-to-hedd length ratio (p 0.05, t=13.88, Ne40). Theré wasmo

.




: h
overlap in rlnge of vllues for (lﬂn chltucter betv:en the two. races. . A

‘.xgnuxcmc diffexance wwas also folmd for the head length-t n—fork length .

ratio (p 0.01, t=2.45, N=40) and the caudal peduncle lengsh-to-head §

SN Length (p 0.95, i-s.s: n-w‘) between the two races, The latter char-

acter displayed more nvethp in range between the two popull:innn than .

) the Former (Tablz 30). R ae : b I
v )
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Avalon Peninsula, Newinundllnd. J\u is true' for. \:he {nur lakes

Flone.  one of the four ke

Resuite Erom m, atudy show that genu.ny Landlocked smelt

‘bepulations are iuirly hmwgenous fiom one area to another on the '

S J T £
sutveyed in this study cun@a%smc sRal). rive smelt \mpu.- R

‘e
1.:[.2 g populncioh whose members  displayed Tifexen: e&logmu and .

1§ stice than their
E v

Fopulﬁ ’ . AR . % \\

wm\ any flshety 1nmugm.on of’\chh sort, the time of Emgliug .

is very important , and ?nfluancea somg.of the inferences drawn from

| the study.’ 'l'he 1ideal - situation wvuld be to alm;)le the payulal:ion

throughout che' year. . This was an:emptep with one lnke (Black River.

Pond), but gill nets set underneath the tée pravegl‘)m&eusi\xl PO
~

taking any fish.. o a

Samples.from.three of -the lakes were taken during He spawning

Tun ‘yhile the remaining ome (Nine Island Pond South) ‘waé taken during
the fall of ‘the. ygar. Therefore, 1t should be rembcred\ that some |

observations made d\lri.ng the aplwning time, e.g. sex.ratics and

feeding habits, may not be rtpxeunucme of c'nn pqyulutien thtqughb\lr. -

Fheyear. ¢ . vt L] B0

With :hese eonuxdenuonu 1n mind, the nmauxng diacupﬂ.on is

divided 1nto twn secr.ionn. (1) a cm\:lxilnn of . ¢ biology of the small

race amelt from the four studied lakes, -Ld (2) & discussion of the
. . Ko ® . ]
twof races co-existing in Black River Pomd. - - ‘- A # \

F

. i N " >

Black River Pond,-contained a .ympunc By sl

! in the amall race ' i s .




Size and Age Comj
T =~

SmAlt £rom the tour utudy areas showed ' similar length A welght

. }\l . dutribu ons &inh wele .uy unimoda]l with the fasjority of the f1af .

* between the 70-100 mm Lnter‘ul. Very little difference wvas, b:exvad in

: the léngth and weighl Wﬂst:l\m!im\s betueen the sexes in the faur}aw-

s~
‘lations Thwottelt and longelt smelt umpled were 55 - and 126 mm

fespectively and they were, collected An Clarks Pond. " Thege' fish weighed
0460 g and 15,63 B rupectiva‘ly. P T |

s Thege, size diatribytions Lre in tyrn reflectéd in the age distri-
. Qutlan of each population. The{e dstrtbotions represent’spmmidy £1oh

which, tn mog% iases, are spnwr\tna for the first time. Smgll race smelt

. Yeach seual paturity at the'sge 1* yeirs and this age group~4g dominant

iy spiheEs A TAke, T Tage BEGH 1" constitute Between 71.0%

(Clnrkl Pond) nnd 5‘17. (Lsﬂdm Ponrl) of the spuwning ﬂlh. The smelt
3 frnvm Nine Islnm‘l Pond South wére not lpnwmlnﬁ when c-ptured but the.

\‘}unuda were utlrting to mume. v Age'group” 11F made up between 18.27
1

(LI&(“! Pond) and 26. 97. (ﬂllrks Pond) of the mature fish. Age graup

,m unldmn mu:i:um more than 1, 0‘1. of the ppmlng populauun and »

,bnty ta Cla:ku Pond does u Axne;d ‘this (2.1%): Thiu evidence luggeqn
‘that saill sacs amafthave 4 very short 1tfe dyels, apprnxtmataly tivo

. Cyears. " They hateh fn a gtven year, gpawn tio yelrl Later, and die "

" befors the end of the subsequent yeaf. Rupp (196&), ‘reporting en g 10
year. stidy of hndlucked it 1n tixtos, alséas he’ mean lunghvicy G

there 'is only lllghtly greater l:hl t\:o yeltl,, .lnd :he uldesl‘. '1nd1vid-

© uul! found wefe Betvegn §ix end seven years old, ‘Sadnders lnd Pwez—(_’

(1970) found ‘dnly. one vn smelt in Matamek Lake, Crgn!x (1925), Hale
(1950), and n.}uy (1964). have™ reported q,« i o nld smelts in the
Pt

#




< T e
Great Lakes, while ‘Baldwin' (1950) and Burbidgs (1359 reported five year
) ; ¢ i yed

olds. as the oldest fish for these same waters. 3,
SRS : . o
“ L Lo Y
’ L . - . 3K
Growth E et e . :

5 * ’ st gy
Age and growth have been determined for fréshwate¥ ‘amelt in the
Great ‘Lakes  (Creaser, 1925; Schnevberger, 1937; Balduin, 1950; Hale,

1960 Bailey, p&h;»ﬂurbidga, 1969), several New Engl ind lakes (Kendall,

1927; cmne, mo; 24llox and Youngs, 1558; Rupp, 1959, 1968 Huop and

Redmond, 1966); Yeeyatat Lnke, Hichfgan (Becknan, 1942) ; LAke umy, )

. Q\A&bec (Delisle, 1969) {Lm Matamek Lnke, Q.xebe¢ (Slunderl and Pnusx,

1970)

szh rates. using bagk-galculated Lingehn o previnua nnpld,
shoked s simlla\' trendu in, the fnur lakes ‘containing small race am 1e.

Hach smelt pop\llltion n:cunud ‘the greatest length lncrenent’ dunng its

“firet year ci llfe wll‘th !ubuquent anremenu showing a’gradual dectence.

|
Age-length rellucnnhipl e, quua llmlllr for mh popu\ldcn except

fn the case SEvo yese. olds from Nise. Tsland Pond ‘south, Theue fish
ﬁwure smaller at this'age than fish of r.he( oo age e e statig
thrée-populacxono. At thia age Chese fish nre 83 m in leagth whlle " s
*fish of the other populations have attatned a length Gf 30 fm. mg

calGulated 1engms “of Hsh of euch\lax for different age groups showed *

very Tiele difference 1p elther populutlun. & Lo,

Smel did,no: have their besz growth ln wedght dunng ‘the’ first
year as vas the case vith grrm:h in'langth. ‘In ‘two of the three popu-
lations where nl 1nd1v1dug. occurred, _the greatest. increment in

ueight accurred betn ’}r:he third and fourth years. w

h-welght -relatlonship" ts (" vnm) were-very closé




&

to 3-in three of (he four  popélations -nuuungl Taometric nmh. \zu;.,

mue Tsland Pond South ssaple showed the “lovest eanunt ulu: @. 7319;4

This, “together with m,m gr@th than that desonstrated Vy the ather S
three populltlunl -fnz the mm year of Yife, suggests this isa

slover xruwh\; popull:lvn 3=n.zdxy. Bajley (1964) has reported an 2

= value ai 2.9523 for the smelt ern h.h Superior -nd Iurbldu

(1969) gave a vnlue of L9539 for the mul( in Gull Ll}(e, !ﬂchlgn\.

Réproductive Biolagy T . - . = s s

[ | Suelt mature and’ spawm for the tifat tine -:’ the endof st
year of gnmn (). creaser 11925), Gregne (1930, Buldutn (1950), )

. Hele (1960). and Rupp (1968) have reported aimilar ﬂ.ndlnp. Greene

(1930) also found th-t some . &gl: "of the' Finger Lakes spawn at -the end

of the first pwing- season.: Less™ than 20% of the popul-tlon !y-m‘ more .
mm once. = ; : . % x4 A% . :

_ Smelt are principally l;:ﬁng spavmers md‘they spawn during the \ .
gk T adtedd. Eiga ¢€ spaiag varies from one area,to anggher and i
siso from year to year. .unmg.h the majority of poptlatios ‘epemi o

J

wr!.ng or shortly afnr lee mz (L-ngxnu, 1935; noover.'lssé Baldwin,™ .

1950), dome populations bpawn before 1e-out (Cress ©, 1925; Rupp, 1959;
b!gault ‘and nau-ld' 1968). Rupp (1959, 1n & sutvey_of 114 smelt runs g

“in Maina, (epo_rted that. 10 Lmll pllce vholly ‘Fore 1ce-mlt. 31 on the

. date ‘of 1&.—au:‘ and 73 after il:e-mlt. Hm’ev“, m 10 poputiations

|plu'n1ng bafnu Lca-wt actuall: -pmad in {ce-fre tributaries, The

- ™ first run started Fabnury 23 asd "the last one ended May 23, Spaming

runs in this study ocurred between the: -:.m; of Aprl (Bladk River -

md) n(f.ha niddle ofH-y (Clarks Pond): 3 5

ey




Saelt are both stream -waen (Crease: iszs;_le;mm,'mn;

5 . V . Langlois, l935i ‘othlr_hu.‘. 1961) , and. Ohvn spawners (Vnn Oobten, MS
i ’ 19405 Liz'enle. 1954; Rupp, l959. 19651 DCHII.(. l969). th!y also-spavn
" ln deepe‘vlqu Delisle (1969) xepnn’.ed that* Fe!'mn (1964, unpub- °

’ = lished results) collected smelt GB’I in 100 fuut (0.5 m) of vlder in

Lake Erfe. ]‘Gnmz (1930) mentioned that smeit 1n Lake Chasplain may

awn in wnter 10 feet (3.0 m) deep, or mores °

|

& pré{énce of ‘obstructions 1n the s

m?\u-mu they trgvel upstrean depends upoy current and thg

en. smelt are mot very strong

swimiers and strong currents apd/or s slight falla (up to | foot (0.3

5 LTI S ¥ ¢ o
y %) exgmefor] ohstacles o éha, Ususlly, they epam within o fev

;,n

hundred yards above the wout

the gtrean but they agy migrate as far
as 5 miles (8.0 kn) (Rupp, 1968). \"n.. stréas spawning population 1n

Cllxks Pond”".(1973) " spawmed. in the first 76-m nf the stream.. v_.'

Sielt do not gusrd their egge’and they shed then. indiscrininately
over. a vartet) of -.un.u. small racks, boulders, sand, squatic
v!(etauon. aticks, mud and clay banks, and alsost luythln; else that
1 * 3¢ is present. m eggs are very unm-xu and 'stick to the ﬂut :hm; )
they touch. This lack of parental ‘care’ over the, eggs 1 ‘comengatid
\ .. fox ¥y the high f(cundhy of the smelt in comparison with other fish of
N . asimiler size vhich display parental care, - °

] ’ . 3 Fecundity v-:iu vu:h the. gize oE the fish. * In this study actual -

egg couita for 20 Eemales 4n Clarks Pond rasged £rom 1,538 (82 m)’ to
S8 oA ;

™~ : 3,740 (101 mm) and on the average, a 95 m uelt contlin.‘ed spproximately |
; 3 '2,760 eggs., Yot fucuatity Wtk o6 llndlock!d 6melt reports the nuiber -

| % o of eggs for a .Lven £1ah length, Kendall sy’ xeported a amel

2 4 L s < ur:- a'New Englind lake “contained 57893 eggs. Llnshuu ot

i I =

P & A .

13 » ¥ o =

& & - . .




(1935) reported that melt ?atween 185 mm and 165 i ‘10 L‘:ystal Lake con-

n‘vetlg: number of eggs per femilz vith lengths betveen 202 ang 280umn

. thlt smelt “in ‘ake ‘superior ber.ween 135 and sz\m conninad 31,338 - esso

un»:he Avaxage with a range Erom \Zl 53!0 ta 40,894, .

“ responsible for this vgriation.

) vhen the water is around 7 C,

was 44,964 .nd)r,ngzé £rom 14, 269 to 61 91.0. Bailey - (1964) “reported

v
Smelt do not’ necessarily spm m«:hg lume locali(y each yeat n\
|
was evidencw by the 1973 and 1§1A !pawning :yn., at’ Clarks, B _}nd In

i q;\ln 5 asi b enm.:mm Tio ap. unmg S
oceufrid here.’ Rupp (1968) suggested that strean or lake Tobel e

ations, which in turn change cuzrmtfaelerns, muy be one of che factors

o one lul is" heu'évea relpcmuibl: Eor inducing the lpuwnlng
behnviaur of amelt. The ralense of x‘aprndun:ive hehavla('lr u!ms to be ’
‘the. result of the effect “of external ang, thteraal stimu]i (i’abriclua,
1950). Evldenge £rom che,ummg of Bpavning, runs fn Bleck River Pond

(undemeglh ice cover) and Clurkn Pﬂnd (nfter 1:e-out) leem to.rule mlt

'chq pousxbuny of light betng the cmmmng flctor tn 1m.umng

. smelt spawning. Water €emperatures recorded during these rungranged

from 1.1:C to 9.0.C. Smelt apawning has beén reported to have €aken®)

I3 ki - : v -
place in water " tempfratures ranging fron0 to 15 C. (Greene;” |93
. < ; ;
Hoover, '1936; Marcotte “and Tremblay, 48; Rupp, 1959; Hale, 19605 "‘

Hekenale, 1964; Legault aid Delisle, 1968), \am the mljotit:y oceun—lng

¥ ¢ e 4

4 tained on ; e ayerage zs 102)5553. .smmdiu Rl Power (1970Y found the: b .




L w b EF o o
Food and Feeding ., - .°- .

Kengall (1927) reviéwed the published duta on the i’eedlng hublts of

i nndlu&e‘{ melt, From this sy, and the resu‘lts rn( his own work in. o -

" habife'of helt.

New. Englanq,uacgra,_y\e co cl\nded that“smelt vere pgedaminnnt!y plankten -

érs while'they uccalianqlly au msecxs and mnll £1gh,

feed Cnnser

(1929); Greene (mzo). Hoover (1935 Van Oosten (19370), Schnerhergerf

(1937)1 Beckman (1942), Baldwi (1950), Roecker (1961) ," Ferguson. (1965),

I
Rupp (1968) Burbidgh (1969), and Bellsle (1969) have studied the food

mhough they all feport und;ng zooplankton, th:hic

-
invertegrltel (mostly insect larvaetand ‘nymphs) and £1sh rematns, they,

ines|disagree on the relative inportance .of Hhana. gacelGiLHc Fosd

Atems. L. u

Food analysts . o£ tHe iour smu race melt. pupulauuna in this

a:udy r&venlldv‘thqn fish uué pmuruy benthlc feedeu r:lying l 3
'pztmnuy on aquatiic. tsect lurvaL o b Snd peia Lenwis iR

Bmphipods The relative impertar\ce nf any parti,:\ll&r Aqual:ic insect
" grouwp m_‘ua ‘between'the four populations.. hin 1w £t babaniey oF

occurrence of zooplankton in smelt stomachs is of particular interest.

Since sneit samples were takemin the spring, sumer, and £all they*
*'should Le fairly Tepresentative of séasonal treids im food habits.

dre vety scarce L. |

Studies’ on the zooplankton of Newfouridland 2ei

(Davis, 1972 1973; Dagget, 1973); and stace no quantitsttv: plankton
. amplu were taken dmng this study, no cmnpnrisnna .cén be made vlth
other lakes., Davis (1972) rgpornd that the quantity’ of zaoplaskton - ',
1n»}l'aglns Pnnd, Avalon Penlnsu_ll. 1s low Jcmp§red ‘to th,!t of lee Eriel
_The above evidence, tdgg;h_eé u:}h the sampling dothods (lake trap 2
netsi used, suggests that amelt ove mc‘e the littoral zome'during the ~

! % !

.

L.




Cat mulumr fed primurlly at ‘dusk.‘and dawn with very little feeding .., - =«

_-imall race imelt 1{veé 2 two your. Late spnnl for less than 20% excde v

u(ternoan‘ nlmoaz nlwayl showed the nh.m;a of emelt. J‘hE l.n! :np

hauled 'the: next day contatned suelt rhu would mncwe the emelt/
pere. either moving msnoxe frcm the deeper areas or fron Sther inshore
areds umeclme ‘etween evening and enrly mamlng. n?e presence, of foqa:

i gmelt ucr.'muchs suggests they were Feading during this tine

N L
mgl.m (1965), found umalr_ nearthe bot ton’ f;;hng‘:hﬁ;—?#iout xh day B 4(

7
_yitd feeeung helng mast h\tenuz in: the late mnrnlng. He mm:ed Shose 4

activity tn Ehe eavy morning. .

£

s & con-yc& purrence wien ) opulatons sletssar any apecten
3 P -

(Fendeuan N 1?64' . Behnke,

There is Alau u difﬁgreﬂ:e in rhe life apan £ both races. ‘Less
than 1% of :he small We sﬂ\elt u:nin an age of. four yeau (III ) while = 1 LAy
20% of the lnrge vnce)mal: were murly su ye-xu uld (V ). Most of the
an age of 1" 'jears: On the uther hand, awﬁam:exy 87% of the large’
ran‘e manb!!s =xceeded this sma nge. The domumnt ;ge clln of the

large {me, whg run was IV yeul uhue thé 1% age gru\lp was dom:

nane; fa the smali ‘race spgwning zun. : o ke S L PR g

Cvm:(m{t.lnt vlth this difference in longevity hntwaen the tua &

‘\-nefa 18 the nnunment of - sexual mt\trfty at. different lgea. Hembers




af the small race accain sexudl wararity at age I while the lurae face
smeyt dQ e t ma[uﬁ unhll a year later. Thiu e&l’lle: attninment ef e
> sexual msturity by the small or dwurf form was gleo observed for syn®

% pAtric pupula[tons of lake whitefish i Maine (Fenderson, 1964).

with lage matturity: (alm, 1959), but Fehderson (1964) states this rule ¥
does 'not apply in the cabe of extremefy slowly growing dwarfed popula-

,c tions, Hestates 2In these populations unknown phfeiological factors

! apparently compensate for extreme. slow grmﬂ:h-bx sncelerutlng macurity",
‘
* In ordet for sympatrlc papulutlons of‘the oné“species to cu-exu:,
5 < " they must be repxnductively isolafedi This can happen in‘a smbeEEe

o . ways: E‘He ratete populabrons nay élwn at different tines,’ and/or in

v v ¥ X
Y gene £low. S - B, o 3 -

- ! This redyction Bf gene flow betveen the tup races An Black River

Pond 1 realized by the two zaces splwnlng at different tines and per-';

. \ : haf®even at different locazionu. 'l'he large r.

elc spauned fiTst

s i Black River Pond_ m the vicirity of the mnoz inflow. The large
- : Urace smelc also spswhed before the small rn:a smelt Tn Lake Heney,

"), Quebec (Legault and Delisle,. 1968).: m the spring of 1974 the large .

race smelt in Black River(Pond cmmencerl puming somet ine. befor

“April 3 and apming was cgmp!eued by Apru 16, Although some ., smm

race smelt were taken in: x:he same ‘vicinity during thi

interval, theéy
were not up'mxng a8 1o mu: or roe vas running at Lhis time.
o, e 'lhe emall dace: smelt dfd not- Cmm\elnce ‘spawiing in, 1974 until

hpril 16, :he last day of spavming for -the large face smelt, and con-

& unued intp the fltat uee,k uf May.' The mujority of spawming and upznt‘

Generdlly godd grouth’is PRy S earlynaturity and poor grovth
A

“dtserent pliices. Any one of these situations will act' as'a barrier to
iplac .




T amali race:smelc vers t:

RPN g EY

tn.the vlci.ni!y of the major tnflow (Black

‘River) but large minbers vere aléo taken in the area of the atnor Iunw.
Eggs Of the large Tace smelt: were located in .p&gxmuu 18 saches

(7 1 m) of water in the vxcmuy vhere the nduln “had been captured.
Even thiough speiit small race smelt vere cagtured 1n the shme arsa it.is
not known for sure Lf they -pmea Here singe o egas covld be Found.

For this reason ro can be made ¢ Lhe

averup m spawning .uu of the two rncel.
o Tne fact that theh spauning times overdap by one dly mgLe.c.
:h.r. hybridization hqtunn the tvo races may nke pllce even though
e ki evldan;a Lok 16 Suksn e L study. It da ql(ite conceivable
that !mEll’. may* ba spawning in othel areas Iro\lnd l‘.h: lake, Most of the

Lake is covered with. ice during p-wnLng time and Observations were’

confined to the two’ mm areas. es
Spatial umgnm [betueen the. tvo ratés n the 1ak 1s not con-
§ pl‘e‘te. Evidence for Ehts Ls seen ia the ‘stomach couteats of the large
raceemelt. They are malaly camiballstic, fedding mostly, upon menbéth
of the small race smely:  Apart from this, and the fact"that oth races

pay be collected togsther during the -pmm

son, they are not *
taken togsther during the summer mnl’.hl. rup net catches during June
and July, 1973, caught q;‘l small race smelt, Litelé can' be. said con-
cerning the' distribution of either race during t.he vinter mntiu for

niu net settings beneath the ice failed to u:ch ﬂ-h ‘from either

pupu:-uon. it -

" Distinet Aftsrencan dddet ooter between_the two races in Black

“River Pond:

. As ﬂ:ltud lbovu the large race are mlnly cannibaitstic but,

:n}y alsoeat the u-muu srages of lq’ul!tc insdcts: The smAll race

’
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+'18-24 for the nimber
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are mainly benthic feeders, eating.imature aquatic insect forns. and

‘ amphipods. They also eat zooplankton. Greeme (1930) in Lake Champlain,’

and.Delisle (19‘69), in Lake Heney, fonm:i zooplankton to constitute the
mafn food ‘iten’in the small race smelt diet: while the lafge race smelt
féé.primqtﬂy on small race smelt. In.this' atudy, members of _ha:{. race;
were collected during the spavning season and statements concerning
their feedi'ng habits during diher it Hieyha cannot be nade,
One of the 2 metiLtic counts (vertebrae) showed a significant
di{fetem:e between the two m:es. The large race had a slgnlficantly

higher mean number as lwﬂs the :asg with the 1sxge Tace Emelt of Lake

Heney (Deldsle, 1969): An interesting feature in the gill'raker-studies

was the presence of deformed gill rakers in all of the small race smelt

and none in the ‘large race. .Delisle (1989) comparing 50 each of Large -

* _and small race smelt in Lake éeney,(quebec, found only 2 (4%) small

Tacé to,possess deforméd rakers while (46) 92% of the large race smelt

" posspssed them. He suggests the different food habits of each race: may.

be a causative factor for this deformity. He also|found g1ll raker '

nunber 'to ‘fange between 30 and 37 while 32 was the highest recorded for

any fish in this study. - Scott and Ctossmnn (1973) have given 8-11 +

3 8111 rakers for rainbow smelt.

Three of the 4 morphological fatios showed @ significent differ-
ence between the two Taces. ' However, the samplé size was emall and

further work 1s ‘before statement dning ‘the taxonomic’

relationships can bd madL.‘

i




1. "sire and ade 411 tributions of the fish sampled in this.study
. show that- the two fatms uf amelt (luige and s-nmA races) occur sympe-
trically in a: 1258[ one ldke on thE Avnlon P:nlnsulm Newfnundland.

2. The duar form found in the ‘four lakes are very slow sroving,
They attdtn meu greateat Length tncrisent during she ﬁxsr, year and
increments decrease thazeitin, They seldom exceed b ani ot esiyedin
aNd less then 1% of all the fish sampled were older than.three years.
Large rm:.e smelt are ‘}g'ry fast growing. ‘They attain their greatest ,
length ncrement durtng their second year of 1ife-und they may-attain
an age of six years: A
; 3.‘ Smelt .afe spring spawners and they spawn during the night. "
{They spawn both in the lake and ‘tributaries :to the lake 1f they are
present. .Smelt may switch their spawning locat‘ion from year to year.
s S YWGREELS pApULatLons SppsEe £6)bs, Eespuralty, 13s18ekn wEtsg |
sP;wnlng and they may be sy’ﬁlallybisulued as well duripg spavning.

4y .Abnthic invertebrates,.particularly aquatic |tnsect larvae and

nymphs, are the main food 6f the small race smelt. The most important

" groups are mayfly nymphs (Epheheroptera) -and-caddiafly larvae

 (richopeera). ‘The ré.lative fmportance of each group varies {ron; lake
fo lake. These smelt algo eut anphipoda (Amphipuda) and zooplankton
(Gladocera and Copepoda), bfft to a lesser degree. The .large race smelt
urﬁ mmly piseivorous ea:L nembexs of the aympltric sall race . %
population. They also edt benthic hwerubrar_u. mayfly nymphs,

dragonfly nympha, auphipods, and dfpteran pupac.

8 Morphalogir.nl &nd meristic variation ‘existed between four of

the six chaxacterlq[ics investigated in this study.. Sample sizes used
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JAppendix 1. Hunthly surface water te\npex‘l:urn (c) of Clarks Pond,
Nine Island Pond South, and Black River Pond during the

|

ice-fre€ period 1973,

1974

Clarks Pond (1974)

Nine Isiand Pond South (1973)
Mean =~ High - Low,

‘Hont]’h Mean High® . Low
2 »
April 4.2 4.6 3.9 . ICECOVER
6.2 77 ol 73 1o 525
9.9 13, 720" 12,4 158 10.0
138 161 1 18.1 0.7 153
T T huguse o om9) 168 139 i1 19.0 T s
sptenber 13.0 143 1l 14 16,0+ 10.8
' October 8.5 © 12.0  .5.00 8.3 1.0 .47
.. November 3.4 | 75.0 0.9 31 5.4 1.5
s . December. I'CECOVER " tcBcovER
o i Black River Pond (1973)-
April ICECOVER 7,'
5 _May 8.6 103 5.0 . . l‘i . [,.
June 12,4 ! 6.1 10.3 .- I
CJuly 18.1 21.0  15.4 ¢ '
Auguse 1 1.4 155 (
” gptévher 1.9 167 111 B
¢ z October , 8.4 .1 49 :
v’uevmbe\:‘ 3.4 s 1 ! 9
© P pecember - 1GECOVER
12
.
W > i
. : '/ .
. .
¥




" Appendix 2A, Temperature (C) and dla

. olved oxygen (mg/liter) readings
3 # . for Black River. Pond anﬁ Niné Island ‘Pond South (June 1,
; o - - 1973))
) . &
Vo = T - : w o
oL Black River Pond Nine Tsland Pond South . . N
Depth (ft) *  Temp (C) "D.0. (mg/1) Tgmp (C) D.0 (mg/1) w3
. . T d -~
. - Surface 8.5 9.4 e A8E 83 .
| 2 18.0 B Taes e . "
4 18.0 9.3 . 19.5 8.3 . .t
R 17.8 ER 19.7 - 8.3
[ I 17.8 B R o 19.7 b.2
fo = (- 7.5 9.4 (™95 ¢ 8
5 A s .
0w e 9.5 . i . 19.5 8.2
14 : 17l .95 Sl 9.3 o 82 |
g i6 Rt R} Loee, T 19,2 RE . § 52
i 3 : - ] .
¥ “ ¥
: { 18 R X 9.7 o G, 8.1 s
2 20 7.0 e 19.0 8.0 B
" Y |
33, ; . a1 16.8 o, ‘06 & N -
i L1607 9.8
’ : - K
16.. . 9l .
‘. L2
. 28 15.9 9.8 4
) 30 15.0 | Tg
32 UL AR
ETREE . le 9.9 2
w36 w0l 9.8 . . .
2 38 £ 13:8 9.8 g o . fi by
40 S A '
: a2’ 1306 9.8 - .
PR T 9.8
E r ( o i - L3
- T 1
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Appendix 24 (cont'd.) o
-Black River Pdnd ' Nine Island Pond Soth " 1, i
‘ Deptly (E6)  Temd (C). .0, (mg/1) Temp (C)  D.0. (mg/1) See
¢ 3 — T 3 T . .
o & L 467 13:6 I ; 9.8 -7 PR ¢

Tug

) .50 .- 13
=3 A .

1306 0

LS B . T
9.8 - v il

9.8 - i C

k. .
I

S e,

" S’ i
B o ¥
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: 3 99~ 4
. by & Appemﬂx 2B. Temperature (c) and dissolved nxyzen (mg/uter) x‘eadings
N for Clarks Pond and-Larkins“Pond (June; 1973)
B z s Clatks Pond e : Larkins Pond
| © [ Tepen (D) Temp (C)  0.0. (@/1) Temp (G) 1D.0. (mg/l):
Surface |, 150, 9.1 ;
‘ T g AR, 15.0 9.1
. 4 4 g ¥ hen, L
s, . - 9.1 :
i ' H
2 BT R
; 8 9.1y
i : 5
o : 10 : 9.1 :
:'l 7 : ¥ .
et 12 15.0 9.1
i 14 14.9
i€ .= 14,9
¥ Vi i .
3 18 % 14.9 9.1 15:8 9.5 1
4 \'zo{ 149 R 158 - 9.4 )
.22 [, 4.9 9.0, 15.8 9.4
T 14.9 9.0" 15:8 9.4 :
26 . - 14,9 . 5 29.0 [, ©,.15:8 9.4 ot
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